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ABSTRACT

A 15-month study was carrled out in a terraced
apple orchard in Dahr-al-Baydar for evaluating the irrigation
practice and determining water use by apple trees and 1its
gorrelation with climatic data,

Changes in moisture content throughout the growing
sesson were determined by regular periodic sampling of the
soil and by the use of Bouyoucos gypsum resistance units.
The neutron scattering method was used for part of the grow-
ing season.

In general, the irrigation of the orchard was un-
satisfactory, because the soll molsture was allowed to remch
the permanent wilting percentage and even below 1t during
the growing perlod of the crop.

In 1963, daily average rate of water use rnngod‘ from
0.89 to 7.63 millimeters with an average of 3.12 millimeters
for the whole growing season. Peak water use was in the
months of July and August. Early in the season the rate of
water use was greatest from the shallow soll layers, but as
the season sdvanced the rate of water use was spproximately
the seme throughout the soil profile down to 120 centimeters.
By the end of the growing season almost all of the soil
profile down to 120 centimeters had reached the permanent

v



wilting percentage.

Water use as reflected by the Bouyoucos resistance
units showed a significant correlation with actual water use
for the top 120 centimeters of soll.

Correlations between rates of estimated potential
evapotranspiration by Blaney-Criddle formula, Penman egquation
and the difference in evaporation from black and white atmo-
meters were highly significent, but the correlations between
rates of motual water use and estimated potential evapo-
transpiration were not significant.

In 1964, comparisons of rates of water use as
determined by the neutron scattering method and by gravimet-
ric method d41d not indicate a significant correlation., This
was probably due to faulty eslibration of the neutron probe,
as the correlation between neutron counting rates and soll
moisture content was signifiesnt down to a depth of 80

genticeters,
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INTRODUCTION

Apple production plays a major role in the economy of
Lebanon, coming second only to eitrus 1in export trade. One
of the main factors limiting apple export is thelr high cost
which is due to both high production costs and low returns
of first class products. Irrigation plays a serious role in
both aspects comstituting one of the major costs in apple
production, and influencing the gquality of the produced frult.
Proper irrigation can only be practiced if a reasonable
knowledge of the rates of water use by apple trees is
avallable, _

The present study was designed to obtain information
about the rate of water use over short periods throughout the
growing season, WYith such information an apple grower can
be sure of the time for irrigation and of the gquantity of
water to apply and would save both water and money and grow
better apples at the same time. MNoreover, this study further
attempts to evaluate the effectiveness of a given irrigation
practice, and to recommend m simple method for estimating
water use, and consequently irrigation requirements,

The field work was carried out on a terraced apple
orghard in the mountain reglons of Lebanon. WYater use for

short intervals was determined by memns of the gravimetriec
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nethoﬁ, Water use was estimated by the use of gypsum
resistance units and the neutron scattering method as well
as by the use of the Blaney-Criddle formuls, the Fenman
equation and the difference in evaporation between black and
white atmometers,

Though earried out for the first time in Lebanon and
only for one season, and part of the following one, this
study promises to be of value not only in-the orchard where
it was carried out but for the whole apple industry. In the
orchard itself it showed the ineffectiveness of the irrigation
schedule followed which subjected the maturing apple trees to
injurious high soll molsture tensionms. For the industry, omn
the whole, it established a first attempt of quantitative
determination of rates of water use snd a local evaluation
of the most commonly used methods of estimating such use.

It 1s hoped that if such work could be repeated in other
areas end over a period of years data that would help reduce
irrigation costs and assure proper irrigation schedules ﬁnﬂ
practices would be obtained., This might be the aalvaflen of
the apple industry in Lebanon, '



REVIEY OF LITERATURE

The ultimnte objective of irrigstion 1s to counter-
act drought by making certain that the plants are not
deprived of water at any time during their development, It
1s not possible to determine to what extent rainfall falls
to supply the needs of plants for water without knowing
their water use, Therefore the determination of the rates
and amounts of water use under different types of cover has

been a research problem of major ilmpertance for a long time,

Fagtors Affeoting Water Use by Plants

Yater use by plants is affected by soil, plant, and
meteorological factors,

Penman (48) indicates no great difference in the
evapotranspiration rates of different crops grown under
similar soll and climatic conditions provided the soll is
covered with vegetation and moisture 1is adequate for
maximum transpiration. Allison gt al. (&) found a direct
and high degree of correlation betwean evapotranspiration
and dry welght of the crop produced regardless of the crop
rotation or fertility level. His data indicates thaet the
kind of crop is not an important fector except as 1t effects
dry welght. Krogman and Lutwick (38) found that the diffe-

rences in the seasonal water use by various crops were

-’-
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more dependent upon the length of growing season than upon
the kind of crop grown. Hunro and Wood (136) Prashar and
Singh (52) end Fritschen and Shaw (20) showed that the rate
of water use varles with the stage of growth of the orop.
Hutchinson et al.(30) showed that evapotranspiration of
cotton in Ugandn over the growing period was proportional
to the leaf area with sn allowance for evaporation from
bare soil in the early stages, they concluded that "the
within-season pattern of water requirement of an annual
arable erop is shown to be more dependent on its state of
development than on the pettern of a physical model bnsed
on ecnlculations of energy available”.

Velhmeyer and Hendrickson (71, 72 ) concluded, from
their own studies extending over many years and from the
work of others that transpiration is independent of soll
moisture so long as the molsture content of the soil in
contact with the absorbing portion of the root is above
the permenent wilting percentage. Doss gt al, (18) found
that the total amount of water used depended wore upoﬁ the
amount of available molsture in the soil than on plant
species. MNoisture was first extracted at shallow depth
beneath the plant and then at successively lower depths,
I1jin (32) reported that plants adjust themselves to drought
in various ways such as by limiting transpiration to a
minimum, or by getting sufficlent water from the deep soll

layers.
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When all plant factors are constant and favorable
for maximum transpiretion, evapotranspiration depends upon
two closely related groups of factors (64).

1. Those which affeot the svailabillty of heat at the
surface,

2. Those which affect the avallability of water for
evaporation at the soil surface and in the leafl tlssue,

Lemon g% al. (42) reported that net radlationm, which 18 the

difference between the incoming and outgolng radiation, is

the maln source of heat for evapotranspiration, As the soil

dried out the percentage of net radiation used for evapo-

transpiration decreased,

Determination of Wster Use
Water use is commonly estimsted through soll
moisture studies, growing crops in tanks or lysimeters, and
aren wide studies of ground water fluctustions or inflow and
outflow conditions. Of these, only soll molsture studies
will be discussed.
S0il Folsture Studies
A. Direct Soll Sampling - The Gravimetric Fethod
The gravimetric method 1s the most aoccursate
method now available (24). The standard procedure
requires removal of soil samples in the fleld with
a soll tube or suger. The woist soil is transferred
to a closed container and weighed. The contalner

1s then opened, placed in an oven, and dried at 105%1
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The soil sample is reweighed when 1t has reached
constant weight., The loss in weight represents
g0ll water and may be expressed as a percentage of
the dry soll., If the bulk density of a fleld sample
1s known, this amount of water can be expressed as
a percentage of the bulk volume or in depth of
water per unit of soil depth. This procedure is
repeated after an intervnl of time. The difference
in soll moisture between the two determinations is
considered as the amount of water use for the in-
terval of time,

Although all other methods of measuring
soll molisture are calibrated against the gravimetriec
method (19) 1t 1s laborious and time consuming,
Furtherzore, the information obtained by such a
méthod must be relnted to the properties of each
individunsl soil type. In addition, repeated
sampling cannot be mede at exactly the same locationm,
and the method 1s all but impossible to use in
stoney soils (55). In small plots it 1s insdvisable
to use this method because of the destruction of
plant roots and the relatively serious disturbasnce
of the soll profile that might result from fregquent
and numerous deep samplings. For best results,
with a reasonable number of samples, uniform soil

is essential. Furthermore, to reduce the influence
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of downward seepage of water, samplings should not
»
be taken before several days after each  irrigation.

Indirect Determination of Soll Holsture
1. Soill Holsture Tension Hethod

Tensiometers are most useful under conditions
of high acre-ylelds and where succulent crops such
as oitrus, potatoes, vegetables, and forage are
grown, These instruments do reguire regular atten-
tion and must be kept filled with water. However
they do not operate under dry soil ocondlitions, such
as those existing where irrigation water supplies
are limited (55).
2., Electrical Resistance Units

The more common units are made of plaster of
paris, though nylon and fiverglass units provide
greater sensitivity in the higher ranges of soil
molsture. One objectlon to thelr design and use in
the field arose from imperfect contact with the soil
when alternately wet end dried (28). The outsido
metal enclosure, which minimizes the tendency for
electricel currents to pass through the soil outside
the unit, apparently prevents intimate contact
between the fiber and soll particles.

The method 12 not entirely free of short-
comings. The main disadvantage is that 1t 1s not

entirely nuocossful in mucks, peasts, extremely sandy

% In personal communication from Dr. Hacksoud, 5.%.



soils and in salt-affected solls. Frobably the
greatest drawback is 1ts poor accuracy in salty
soils (10). Temperature nlso affects the resistance
reading of 2ll units, but the magnitude of resistance
change is small relative to other sources of
variation, Taylor (63) at Utah State Agricultursl
College found that the variatlon between plaster of
paris blocks arises largely from two sources -
randosm variation among blocks and drift from callib-
ration. The coefflcient of variabllity between
blocks was sbout 15 percent. The varlation could be
mininized by selectlon of units which did not differ
by more than 50 ohms after plunging in water. Callib-
ration drift of some units caused changes of as much
ag 1 atmosphere tension in a single season. The
magnitude of the change depends on the number of dry-
ing intervals 2nd the number of days between each
drying interval. Changes 1n galibration were greater
in the wet range (low resistance values) than in the
drier molsture range (63). Units treated with nylon
resin were more resistant to changes 1n calibration,
becoming considerably more stable after 10 wetting
and drying cycles. The nylon and fiberglass units
are relatively stable in comparison with elther the
plaster or resin-impregnated blocks.

Resistance blocks do have a few advantages
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over tensiometers, They can indicate the moisture
content of relatively dry solls; this is a useful
feature in areas with limited irrigation water of
with crops such as small grains which don't need

high soill moisture during the ripening state (10, 55)
Also the cost of adding extra units for testing more
locations 1s less than with tensiometers (55).

3. Neutron 3¢attering Fethod

This method rests primarily on two
considerations: first, hydrogen is, practically,
the only material that will slow fast neutrons,
second, hydrogen in solls is present =almost entirely
in the form of water (22).

The maln features of this method include
a neutron counting unit, and a probe unit. The
latter contalns both a source of fast neutrons which
is vusually a mixture of radium and beryllium and a
detector of slow neutrons (55).

The probe unit is lowered into an aluminum,
or other metal, access pipe to various soll depths.
At underground levels, the fast neutrons are pro-
jected out into the soll in all directions. Some
of them are slowed down by hydrogen atoms snd
deflected back to the counter tube. They are then
registered by the counting unit. Since most of
the hydrogen atoms in soll are associated with
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water, the slow neutron readings are related to
water content of the soill, Only a single chart
is needed for all or most soll types in order to
get an socurate measure of water avallability(55).
1t appears that a definite relationship
exists between the soll molsture content and the
counting rate of neutrons. This relationship
appears to be the same for five solls, including
a sand and a clay and varying specific gravity from
62.2 to 94.4 pounds per cuble foot. The relation-
ship is true, however, only if the molsture content
is expressed in terms of 2 unit volume of seoil (22).
KoGuinness gt al. (45) reported that the evaluation
of soll moisture changes with neutron method agreed
closely with that obtained from the weighing lysi-
meters, The correlation of the neutron reading
with the gravimetric determinations was 0.95 for
the 44 ealibration points,

This method i3 mssumed to be temperature
independent as long as the temperature is below
32°c. The probe gave incorrect counts when its
temperature was above 32°c (15). Taylor (63) found
a linear relationship between neutron counts and
water content of the soil, Stolzy and Cahoon (60)
and Stone gt al. (61) found a curve relationship
for a field ocalibration curve, The fileld



-1l -

calibration curve was in closer agreement with the
moisture content obtained by sampling than was a
calibration curve developed in the laboratory.
Stolzy and Cahoon (60) reported that Horonjeff and
Javek in Australia found an S-shaped ocurve obtained
in a laboratory calibration.

The neutron scattering method is the most
promising soll moisture method for determining
evapotranspiration since the soil molsture 1is
determined on depth fraction basis directly (no bulk
density measurement required) and because the
sempling statistics are greatly improved (the periodic
measurenents are mede at the same site and depth with
an absolute error of about + 0.5% on a depth fraction
basis) (64).

Estimation of “ater Use

Both direct and indirect methods for determining
water use, rejuire large numbers of measurements to avold
serious statistical errors and are laborious. In aﬂﬂltien.
tensiometric and eleotrical conductivity methods are subject
to moisture hysteresis ambiguities (64)., Therefore, attempts
have been made to determine use of water by crops from the
climatic data of the area in which they are grown. Some of
the more important empirical methods have been developed by
Blaney and Criddle, Thornthwaite and Penman. These methods
can be grouped into three categories.
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Those based on empiricsl relationships between
evapotranspiration and one or wore common climatic
factors such as that of Blaney and Criddle (6, 7, 8)
Lowry and Johnson (43) and Thornthwaite (65). On
this category, the 3laney-Criddle method provides
a rapld method of tranaferring the results of
careful measurements of evapotranspiration made 1in
gseveral areas to other arems of similar climate (7).
Briefly, the procedure 1s to correlate existing
measured monthly consumptive use data with monthly
temperature, percent of day time hours, precipita-
tion, growing pericd, or irrigation season. Co-
efficlents s0 developed for different crops are
used to transpose consumptive use dats for a given
area to other areass for which only clim=tological
data are available (1959). Expressed mathematically,
U= KF = Zkf where
U is the consumptive use in inches for any
period
F is the sum of the products of mean monthly
temperature in degrees Fahrenheit (%) and
monthly percent of annual day time hours (p)
and
K Empirical coefficient (irrigetion season or
growing period)
f = (t X P)/100 monthly use factor
k 1is the monthly use coefficlent



-13-

Acoording to 3tork (62) it is not justifiable, to
raupply the same K factor to other regions without
sufficient knowledge of the physical conditlions of
the region., Prultt and Jemsen (53) found that a
high correlation coefficient resulted from statis-
tically comparing estimsted evapotranspiration by
the Blsney-Criddle method with actual evapotrans-
piration. FKoreover, the value of the crop factor
should vary throughout the growing seeson. According
to Blaney snd Criddle (8) the seasonal coefficlent
(K) for each crop esppeers to be approximately
constant for most areas where irrigation is prac-
ticed. However, the coefficients do not appear to
be constant for oonseoutivé short perlods during the
growing season. Moreover, adjustments can be made
in areas where data are available. For short periods
and higher temperatures, the coefficlent (k) appears
to be larger but temperature has its own particular
growth and water use pattern. Thus for short
periods, use coefficlents vary, depending upon
temperature, and stage of growth,

The empiricel equation developed by
Thornthwaite (65) which relates evapotranspiration
to menn temperature is PE* = 1.6 (10!71). where T
is the monthly air temperature (°C); I is a heat

index for the station which depends upon long



period mean monthly air temperature; "a® is a
function of I (both "a" and "I" ¢an be found from
tables); and PE* 13 the monthly evapotranspiration in
centimeter. The PEX is an "unad justed" value based
on & 1l2-hour day and 30-day month and is corrected

by actual daylength in hours, h, and deys in a month,
N, to give the ndjusted PE

PE = PE° (B (8/30).

Decker (16) found that Thornthwaite's method
produces very preclise estimstes under Missouri's
climatic conditions, for average values over long
periods, This method produced biassed estimntes when
shorter periods of time were concerned., Both the
Blaney-Criddle and Thornthwalte methods have been
used successfully in design of irrigation system,
and errors incurred are generally not too serious
(57). According to Felton gt al. (47) the success
of "adjusted" mean temperature methods for monthly
growing season and annual estimates of actual evapo-
transpiration is due in large part to low varisbility
of the radiation, evapotranspiration, and mean tem-
peratures for all periods from year to year., In
addition the lag of temperature behind radiation
(which arises from the thermal storage of the soil)
which causes great error in monthly estimates of

evapotranspiration was very low,
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Mean temperature methods cannot be used for
short period estimates of actusl and potential
evapotranspiration (4#7). The Thornthwaite method
was found unreliable for daily, 3-day, and 6-day
pericd estimates, It fails for short perlod es-
timates principally because mean temperature is not
a suitable physical measure of the energy either
avallable frorused in evepotranspiration., According
to Van Wijik and De Vries (69) no method based on
monthly temperature can be expected to give reliable
results for different regions, The temperature of
the air lages behind solar radiation at moderate and
high latitudes and, therefore, the amount of energy
available for evaporation in spring is quite
different from that available in the autumn, if
periocds with the same temperature are compared. For
the Netherlands, for instance, this difference
amounts to nearly 300f between the two months of
March and November, with average temperatures of
5.o°c snd 5.b°c respectively.

A second gencrfl type of equation is the so-called
"heat budget" or “emergy balance" concept which has
been described by Penman (48), Halstead and Covey
(27), Tanner (64) and others. This procedure
exploye the concept of =mllocating incident net

radiation to the various processes in which 1t is
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oonsumed, namely evaporation of water, heating the
75011, heating the alr and use in photosynthesis,
Penman has incorporated certaln aspects of
aerodynamic theory that ocrudely incorporates
verticnal energy gradients in accounting for energy
disposition, Tanner recently elmborated on the
vertic=l energy balance and resulting implications,
Pernman (50) found that the meteorological estimates
for water use were in acceptable agreement with the
value measured by soll sampling and also the best
yields of sugar came from those plots that were
watered at a rate 2 little below the computed po-
tential transpiration rate. Israelson and Hansen
(31) reported that a very good correlation has been
obtained between computed and mensured consumptive
use values, Penman formula applies better under
huzid areas not far from the ocean and essentially
covered with growing vegetation than in arid-low
humidigy areas where temperature and radiant energy
may not be as nearly balanced., It appears to Van
Bavel and Harris (68) that the Penman method ean
provide reasonably accurate data on maximum evapo-
transpiration, Decker (16) found that the Penman
method estimsted the average daily evapotranspiration
with considerable precision where the soil moisture
was maintalned at or above field capacity. Vhen the
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goll surface 1s dry the Penman method overestimated

evapotranspiration by about 70f. Oerber and Decker

(23) found that the Penman method overestimated the
evapotranspiration when the soll surface was dry,
even though abundant sub-surface molisture was present,
but gave relisble estimates when the soill surface was
wet, Hearn and Yood (28) studied the relationship
between estimated evnpotranspiration as found by
Fenman and evaporation as measured by an open pan,
They found that from July to October (dry season) the
estimated evapotranspiration by open pan exceeds
Perman by a steadily increasing ratio, As this
difference 1z closely correlated to the actuasl value
of the Penman estimate, correlation between the pan
and Penman is good! from MHay to November the
correlation for 1l0_day means gave a coefficlient of
determination of rz = 0.,9532, n= 35. Hutchinson

et pl. (30) asserted that an annual crop, starting
with bare soll at planting and progressing to full
cover, departs from Pemman's model of a complete
cover and suggested that the crop water use will
increase proportionally to leaf area from 0,3 Eo
(the estimated evaporation from a free water surface)
at planting to a maximum of 1.4 Eo, as determined by
the energy limit,

A third general method for indirect estimation of
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evapotranspiration is use of evaporimeters such as

evaporation pans and atmometers, Use of atmometers
has been proposed by Halkias gt al. (26) and involves
a correlation of difference in evaporation from

black and white atmometers with measured evapotrans-
piration from crops. However, Stork (62), in Iraq,
found no relationship. Correlations with evapo-
ration pans have been proposed by Pruitt and Jensen
(53) and by Bouwer (11), The basis for use of such
devices is the assumption that they will successfully
integrate the evaporative factors and through
correlation give a reasonable estimate of evapotrans-
piration.

It is worth notingz that the empirical crop
factors relating evapotranspiration to water loss
from evaporimeters are generally constant for a
given crop and a fixed environment for the evapo-
rimeter, after development of complete crop cover,
This is in contrast to such factors in empiriecal
relationships based on messured climatic indices in
which marked sezsonal varistion in the crop factor
is usually required, (25), This indieates that such
evaporimeters when installed in s suitable environ-
ment will reasonably integrate evaporative factors
and therefore are more adaptable for estimoting

evapotranspiration for short-time periods, It should
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be pointed out, however, that the common practice of
accunulative plotting of data tends to mask short-
term deviations in such estimates, Extremely high
linear correlations may be obtained between cumu-
lative evapotranspiration and water loss from
evaporimeters, yet deviations for weekly or shorter
intervels may be appreciable. (57). According to
Thornthuaite and Mather (66) the most reliable
measurements of evapotranspiration that can be
related to climatic factors, in an effort to obtain
a valid and practical relationship, are based on the
monthly or seasonal data from irrigation and
drainage projects and on deslly observations from
carefully operated evapotranspirometer tanks. This
is 1n accord with the findings of Wilcox (73) and
Prashar and Singh (52) that better estimates of
evapotranspiration can be obtained by using evapo-
ration records than by using only one weather record
by itself. Prultt and Jensen (53) and Shigeyoshi
and Fukuda (59) found that during periods of good
erop cover, tank evaporation rates gave a much closer
estimate of actual water use rates than either the
Blaney-Criddle 6r Thornthusite procedure, It
appears to Fritschen and 5haw (20) that pan evapo-
ration may be used to estimate evapotranspiration

and irrigetion reguirements, provided that a
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relationship between the crop to be irrigated and
pan evaporation has been established for the given

aresa,

Genersl limitations of indirect methods for estimating
evapotranspiration:

Major limitations of the many indirect methods for
estimating evapotranspiration fall into three categories:
(1) with the exception of the turbulent transfer and energy
balance procedures, each ¢f the methods depends upon
empiricel relationships between factors employed and the
basic energy transformations involved in evapotranspiration;
(2) in all cases, except for the turbulent transfer and
energy balance methods, factors such as crop geometry, stage
of plant development, rooting behavior, season of the year,
ete., are composited by empirieal correlation into one or
more crop factors; (3) most of the procedures are best
adapted to conservative situations and are either not
applicable or difficult to apply in the more general ease
of advected hent (which 1s the case for areas similer to
the western parts of the United 3tates) (57). _

Acocording to Halstead and Covey (27) it is found
that the majority of equations involving the concept of
potential evapotranspiration or consumptive use tend to
assume a homogenious soil moisture regime infinite in
horizontal extent. Therefore, it has been d4ifficult to

apply these equations to irrigation practices which
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obviously wmust create isolated areas above normal moisture.
Horeov?r, several possible scurces of error, which are common
to a number of these ejuations, result from assuming either
explicity or implicity, that (1) size of the mrea is not a
facton (2) tempernture and evapotranspiration, which are only
correlated, are uniguely related physically, (3) the effect
of wind may be determined by its speed at one level, and (%)
mean values can be used instesd of instantaneous values.
Application of Penman's method and other methods as
Blaney-~Crlddle and Thornthwalte is possible only when
certaln restrictions are lmposed, The crop must be never
short of water and must be of uniform height., The crop must
also be a green crop, actively growing and oonplotkly
shading the ground (17).

danter Use By Apple Trees

l. Effect of Soll Depth

A number of investigators have reported that they
have found the rate of consumptive use of water in deciduocus
orchards to be normally greatest near the surface, and to
decrense progressively with increasse in depth,

Velhmeyer (70) found decreasing molsture use with
greater depth in irrigated prunes in California., Some
molsture was used, however, from a depth of 12 feet.

Aldrich gt al. (2), in testzs with pear trees in Oregon,
reported that the percentage of water lost from the top four
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feet of soll were 34, 28, 22, and 16 percent respectively.
Jensen et al. (34) working om apple orchard irrigation in
Washington found that little water was removed below seven
feet and about 60 percent of the totsl water used come from
the top 2 1/2 feet of the soil, Wileox and Mason (74) found
that the rate of consumptive use by apple trees was greatest
in the top foot, and decreased progressively with an increase
in depth. In older apple orchards there was still some
consumptive use at 2 depth of six feet. Horeover in most
cages the rate of consumptive use was negligible below a
depth of four feet. This is in accordance with Aldrich

et al.(2) who found that smaller amounts of water were used
from below the top four feet of soil under unirrigated
conditions., Wilecox and #Mason (74) found that early in the
geason the rate of consumptive use was greatest near the
surface and decreased with increases in depth, As the top
foot of the soil dried out, however, the rate of water use
ineressed in the second snd third foot, and later still in
the fourth and fifth foot. By the end of the season almost
all of the soil to the fourth foot had dried down to the
wilting point;, Markov (44) found that the top layer

(0-20 om.) gnined more moisture from rainfall than the lower
layers (60-80 and 80-100 om.) and lost more by evaporation.
The lower layers showed a reduction in moisture content over
the months from spring %o autuamn,

Among the factors that have been found responsible
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for reduced moisture absorption at lower depths are the
leauor'ooncontrations of fibrous roots at those depths,
colder temperatures, and leck of aeration. ‘'‘orkers have
commonly found (2,29) a reduction in concentration of
absorbing roots at greater depths. Aldrich, gt al. (2)
reported high positive correlations between the rate of
consumptive use and the count of fibrous roots of pear trees,
It has slso been found that the soill is normally colder at
greater depths during the summer (36), and that its atmos-
phere contains a higher ratio of carbon-dioxide to oxygen at
greater depths. (12,21). In addition, it has been found
that both colder temperatures (37) and an unfavourable ratio
of carbon-dioxide to oxygen (13) reduce the rate of water
absorption by pleant roots,
2. Effeot of Distance From Tree on Rate of Consumptive Use:
A number of workers have investigated the effect of
distance from a frult tree on the rate of consumptive use of
water from the soil, Aldrich g§ al. (2), working with pear
trees in Oregon, found considerable variations in rate of
consunptive use, with the greatest consumptive use at a
distance of 4 to 8 feet from the trunk, Veihmeyer and
Hendrickson (86), working with walnut, peach, and prune trees
in California found very little effect of distance from the
tree on moisture use from the soil., Wilcox gt gl. (75)found
that the rate of consumptive use by apple trees often varies

from point to point throughout the root area in the soil.
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The variation in consumptive use aoross a tree panel
depended to some extent on the age and size of the trees,
With the smaller trees, there was a tendency for the rate
of consunptive use to decrenmse from the trunk out to the
center of the tree square., Yith the larger trees, however,
the reverse held true, Observation indicated that these
results were closely assoclated with the degree of concen-
tration of fibrous roots; that 1s, these roots were most
concentrated within six to eight feet of the trunk with the
younger trees, and in the centers of the panels with the
older trees., FHNarkov (44) found that in apple orchards the
average molsture content, from July to September, at a
distance of 2 meters from the trunk was 2.6% less in the
0-20 centimeter layer, and 1.6% less in the 20-40 gentimeter
layer on the southern side of the tree than on the northern
side. HMNeasurements taken in August showed that the soil
molsture content increased with increasing distance from
the tree.
3. Water Use and its Correlation with Climstic Data!

Wileox gt al. (75) found a highly signifiocant
positive correlation between the rate of evaporation from
an open water tank and the rate of consumptive use by apple
trees, Aldrich and York (1) in Oregon reported a positive
relationship between the rate of evaporation and the rate
of transpiration, and a negative relatlionship between the
rate of evaporation and the rate of enlargement of pear
fruits,
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b, Time of Irrigation:

. Richard and Yadleigh (56) reported that Veihmeyer
and Hendrickson have made extensive fleld tests to determine
the most efficient irrigation practices in California. On
the basis of their observations on perenial fruilt orops,
they have reported that moisture 1s equally available over
the range from fleld eapemcity to nesar the permanent wilting
percentage. They state that theilr studles with grapevines,
peaches, prunes, appricots, apples, and pears in field
plots and contaliners and with sunflowers in containers show
that there is no single percentage of molsture above the
permanent wilting percentage which could be considered as
optimum for plant growth. Their experimentz show that
favorable conditions of soll nols?ure extend from the field
eapacity to about the permanent wilting percentage, The
extensive data of Aldrich gt al. (3) on pear fruilt growth
show that trees subjected to molsture stress early in the
fruiting season have abnormally low rates of enlargement;
and even though these rates approached the ideal, or
maximum following an irrigation, the loss in cumulative
size was never regained., Boynton (12) obtained comparable
data on the growth of apples in relation to soil moisture
supply. He also found a definite decrease in growth of
apples on a shallow soil in New York, if the soll moisture
content of the surface 2 feet deoreased to the wilting
percentage. Kenworthy (35) made a greenhouse study of the
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effect of soill molsture on the growth of young apple trees,
He used tensiometers to indicate soll molsture tension, and
spaced his irrigations so that in four treatments the trees
used 20, 40, 60, and 80 percent of the avnilable water before
irrigation. In the fifth treatment the trees were irrigated
when observable wilting symptoms appeared., Significant
growth decreases occurréd,however, with less freguent irri-
gatlons corresponding to the lower moisture levels in the
available range. In the arid climate of the south-eastern
Volga region, sprinkler irrigastion is most suitable for
seedling apple root stocks. '“hen various dates of appli-
cation were tested it was found that the critical dates are
those of the start and end of intensive growth (33), At
East Malling (58) it has been shown that apples e¢an be
increased in size by irrigation, even in a wet year.
Besearch there suggests that it i1z undesirable to let the
tree reach the wilting point, 2nd 1t 1s beneficial to apply
water when about 50 percent of the avallsble water hss been
used,

5. Rate of Water Use by Apple Trees:

Wilcox gt al. (75) found that the maximum consump-
tive use during any one length of irrigation interval ranged
from 0,435 inch per day with a 5-day interval to 0.153 ineh
per day with a 40-day intervel. Jensen gt gl.(3%4) found by
keeping the available soil moisture at 75% throughout the

growing season that the average monthly use of water in
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inches by apple crcherd (grass cover crops) was 2.4, 6.0,

8.3, 10.2, 8.6, 5.3 and 0.9 froa April tlll October.



MATERIALS AND KETHCDS

This study was conducted during the periods of May
9th to COctober 15th in 1963, and of July 16th to August 20th
in 1964. It consisted of both field and laboratory work,
The field work was conducted on a terraced apple orchard in
Dahr-al-Baydnr, Lebanon, situated at an elevation of 1510
meters above sea level and a latitude of 33° 49" north of
the equator.

The region of Dahr-al-Baydar, has very cold and wet
winters and warm summers with fregquent foggy afternoons.
Precipitation ranging from 900 to 1300 millimeters annually,
ocours between October and Fay and is heavliest during
December, January asnd February.

There are no wells or springs but winter runeff is
stored in reinforced conerete reservoirs for irrigstion in
summer., Decmuse there is little or no rainfall during the
growing season, all summer crops and trees depend on
irrigation for most of thelr water needs. An under tree
sprinkler system was used in this study for irrigation,

The soll in Dahr-al-Bayder is undeveloped, hetero-
genious, and stoney throughout the soil profile. This is so
because originally the land was a rough mountainside, that

was cleared from rocks then terraced by buldozers creating

-ze-
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a highly heterogenious soll consisting of stones, gravel,
and diffarent kinds of soil texture. Surface nand subsurface
texture range from sandy clay loam in the upper B0 centi-
meters to sandy clay in the following 40 centimeters,

A small plot of msture apple trees was chosen. The
plot consisted of five uniformly large healthy trees ad-
jacent to one another in a stralght line and spaced at 4.2
meters,

Eleld vork

The changes in soil moisture content and evaporation
from atmometers were determined throughout the growing
season. Besides, mensurements of water applied by sprinklers,
field capacity end volume weight were made. Three methods
for determining the changes in the soll moisture content
were used. One was direct oven-drying of scll samples, the
other was use of gypsum electrical resistance blocks, and
the third was use of a neutron scattering methed,

Direct-oven-drying method,

Gravimetric moisture measurements of soill sanflol
taken at three different depths from the root zone in the
test plot were made, DBecsuse of textural variability, the
moisture content and water use by the trees for each 40
centimeter depth of soll was determined separately.

Three sets of soll samples were taken, one just
after an irrigation, the second before the subsecuent
irrigation and a third between the two.
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Four ssmpling sites were chosen in the plot, each
site being halfway between two trees in the dlagonal direc-
tion. At each sampling period separate samples, free of
stones, were taken with a 3-inch soll conservation bucket
type nmuger at depths of 20, 60, and 100 centimeters. This
was done at each sampling site and no ssmples were com-
posited, After the first ssupling at emch site, subsequent
samples were taken within B0 gentimeters of the first suger
hole,

The soll samples thus obtained were held in closed
cans until they could be weighed., After weighing they were
dried to constant weight at 105°C and were welghed again.
The water content was expressed as a percentage of the
ovendry welght of the soll., The difference between these
meisture contents and those of the subsequent soll ssaples
were multiplied by the product of depth and bulk density
to give the water use in centimeters during this interval.

Resistance-block method,

Gypsum blocks were used to follow the changes in
avallable soll water.

The resistance block used in this study has two bare
electrodes imbedded in a block of Plaster of Paris, Two
insulated wires are connected to the electrodes snd these
extend upward beyond the soll surface.

Resistance blocks were placed at depths of 20, 60,
and 100 centimeters in each of four sites, Each site being
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halfway between two apple trees in the plot. The re-
sistance of the blocks wnas read at the same time direct
s0il samples were taken using a Bouyoucos moisture meter.

Neutron szattering method.

- - —— —— ——

S0il moisture measurenents were made by the neutron
scattering technique. 35ix access steel pipes, 2 inches in
diameter and 1.35 meters long, were located each 1 meter
away from an apple tree. Moisture measurements were nade
fellowing the same timing as that for other moisture
determinations., These mersurements were taken at depths of
30, 70, and 110 centimeters in all six pipes and at 50 and
90 centimeters in only two of them., Previous calibration
of the probe was made in the laboratory and had produced
a graph relating counting rate and soll moisture percentage
by volume., This graph allowed rapld determination of the
scoil molsture at various depths.

Volume weight.

Volume weight was determined by welghing cores of
undisturbed soil, 7.3 centimeters in dismeter and 6.8
centimeters high, taken at depths of 20, 60, and 100 centi-
meters in the field, The soll was oven-dried at 105°c for
g period of 72 hours. Volume welght was calculated by
dividing the welght of the oven-dry soil, stones removed,

by the volume of the core,
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Water applied by sprinklers;

- ——— - ——— ——

The axount of water applied at each irrigation was
accurately measured,

Sprinklers were fitted in the orchard 20 feet apart
from each other. A sufficlent number of circulsr cans each
7+.55 ocentimeters in diameter and 5,15 centimeters high was
placed around each sprinkler to measure representative
water application rates. After running the sprinklers for
one hour, the water collected in each can was measured with
a graduated oylinder. The depth of water was determined by
dividing the volume of water by the area of the can. This
was repeated twice and the averasge of the depth of water
applied was calculated by totalling the depth of water in
all the cans and dividing by the number of the cans.

Fleld capacity determination,

After flooding the soil with water for 6 hours, the
soll surfmce was covered by wooden boards to prevent
evaporation, After two days, soll ssmples were taken at
depths of 20, 60, =2nd 100 centimeters and the molsture
content of the samples was determined on an oven-dry basis,

Keasurements of evaporation by atmometers,

- - ——— - -

In order to obtain records on the rate of evapo-
ration two sets of black and white Livingston spherical,
porous porcelain atmometers were set out at two different

places at a helght of 3,5 meters in the apple orchard,



Each set had two atmometers, one black and the
other white, Each atmometer consisted of m hollow-porous
porcelain sphere 5 centimeters in dismeter and about 3
millimeters in thickness. It was filled with distilled
water and connected to a glass tube lending to a supply
bottle of distilled water, Ventillation in the bottle
takes place through a second tube the top of which is open
to the air., A one way valve was provided to prevent the
rainwater that might be abgprbed by the porcelain sphere
from reaching the bottle. The original level of water in
the bottle was indicated by a mark around its neck,

The evaporation for each perlod was deternined by
measuring the amount of distilled water recuired to refill
the bottle to the mark on the neck, To compensate for the
slight varistions in the size of these spheres each reading
was wultiplied by o standardization coefficlent,
DAifferences in evaporation from one set were used in this
study becsuse the other set was contaminated with fungl
after two months from the beginning of the experiment.
Climatic records,

Dally climatologicsl records of the fraction of sky
covered with clouds, minimum and maxisum alr temperature,
wind veloecity, relative humidity snd precipitation were

taken from the Dahr-al-Baydar weather statlonm,



-3“-

Laboratory Vork

Determinations of the Mechanical mnalysis of the
soil, its permanent wilting percentage, 1/3 to 15 atmosphere
percentages, and molsture equivalent were run in the labo-
ratory.

Mechanical analysis of soil was mmde by the
Bouyoucos hydrometer method (9). Permsnemt wilting per-
centage was determined by the sunflower method as described
by Piper (51). Molsture equivalent of the soll was
determined by the method described by Piper (51). The
method of Richard (55) was used for the 1 to 15 atmosphere
percentage. The one third atmosphere percentage was

determined, as described in U,3.D,A, Handbook 60 (67).
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Empirical Eguations Used

Two empirical ecuations were used in this study to
estimate evapotranspiration., These were the Blaney-Criddle
formula (6, 7, 8) and the Penman equation (48, b9, 50),

Penman's Equation,

Penman (B9) has developed a method of estimating
open-water surface evaporation, which he successfully
applied to the irrization requirements of sugar beets. His
formula representing the evaporation from a free water
surface (Eo) is as follows:

Eo = (.27 Ea +0 H)/(.27 +8) wm,/day ... (3)

with values of H and Ea given by
H e .95 Bu(.18 + .558/N) - U Ta*(.56 -.09¥ ®a)(.10 + .90n/N)
Sa = .35 (% - %) (1+ w100) ma/any Loooiiiiiiiill (D)
where
H is the dally heat budget at surface in mm azoya.;

By is the theoretical radiation intensity at the surface
in the absence of an atmosphere (in millimeters, where
1 mm, evaporation = 59 Cal./on?).

n/N is the ratio of actual to possible duration of bright
sunshine hours.

G'T.h is the theoretical black radiation that would leave

the ares in the absence of an atmosphere, Ta being the

mean alr temperature and U being Stefans constant.
€3 1s the saturation vapour pressure at dew point

temperature. (mm. Hg.)
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en is the saturation vapour pressure at mean air temperature
in (nu.ﬁg.) and
u is the run of the wind in miles/day.
O is the slope of vapour-pressure curve at mean ailr tem-
perature. (mm.Hg/°F).

He further proposes to set w/10 = l-n/N (48) and

(®a - ®a) = ®a(1-n). (50).
“here

w/10 is the fraction of the sky covered by clouds
and h 1s the mean relative humidity of the air,

The following example shows how Eo may be found by
the use of the Penman ecuation.

Sequired the evaporation from a free water surface
for the period of 9 to 24 Hay 1963; given the following
climatic data
Latitude = 33° 49"

Mean air tenperature = 11.2°C

Kean relative humidity (h) = 757

Hean run-of-wind (u) = 248 miles/day

Fraction of sky covered with cloud (m/10) = 0.b9

Solution

n/N = 1-m/10) = (1 - .49) = ,51
From the Smithsonian Tables (bl) we can find the following:
1. Rp: 5Since the available data in tables give one or

two readings per month only, and since we are
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interested in several determinations per month 1t was
Aeemed advisable te prepare a graph showing the
variation of By, from which dally reamd ings could be
obtained e2sily. The graph is shown in Figure 1. From

this By equals 16.05 mm,/day.

€2 for 11.2°C = 13.295 m.b.
= 13.295 X ,750062 mm,Hg.
(1 m.b, = ,750062 mm, Hg)
= 9.973 mm,Hg.
Since
(®a - ®d) = ®a(1-h)
(®a - ®a) = 9.973 (1-.75) = 2.59 am,.Hg.
and €3 = 7.48 mm, Hg,
O for 11,2% = ,8825 m.b,
= 8825 X ,750062 = ,66 mm,Hg,
o Ta® for 11.2°C = .5305 Cal/em?/min.
= ,5305 X 60 X 24/59 = 12.95 nm.
evaporation per day.
First we use equation (1) to find Eg
Ea = ,35 (®a = %) (1 + u/100 =

= ,35 (2.49)(1 + 248/100) = 3,03 mm. evaporation
per day.

Then we use equaetion (2) to find H
H o= .95 Ba(.18+.55 n/N)-0ra"(.56-.9 “a)(.10+,90 n/N)

= ,95 X 16.05(.18+,55 X,51)-12.95 (.56-10 7.48)
(.10+,90 X ,51)

= 4,77 em,. evaporation per day.
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Finally Eo may be computed from eguation (3).

Eo = (,27Ea+bDH)/(.27+0) mm, evaporation per day

Eo = (,27X3.03+.66X4.,77 K .27+,66)

Eo = 4,26 mm, evaporation per day.

or 4,26 X 15 = 63.9 mm. for the two week period.

The term ((potential evapotranspiration)) as used
in thies study refers to values cf Eo or estimated evapoe-
ration from a free water surface in Penman's ecuation and
to values of Ljiéanl or the monthly consumptive use factor
in Blaney-Criddle's formula.

Also the following terms, water use, consumptive use,
and evapotranspiration, will be used interchangebly in this
study as the sum of the volume of water used by vegetative
growth of a given area in transpiration or bullding of
plant tissue and what evaporated from the =adjacent soll,

Correlations between actual evapotranspiration and
estimated evapotranspiration, were determined according to

Le Clerg gt al. (39) finding the correlation value "r*,



RESULTS AND DISCUSSION

A l5-month study was undertanken to determine the
actunl water use by apple trees, This wamas obtained by the
scil molsture determination method using both direet soil
gsampling =and indirect soll moisture determinations, checking
these with scll molsture deterzinations by means of the
neutron scattering method, This water use was correlated
with potentisl evapotranspirstion calculmted by the Pemman
equation, Blaney-Criddle formula and the differences in
evaperation between black and white atmometers. A summary
of the results is presented in Table 2 through Table 10,
Calculations of actual and estimated potential evspotrans-
piration and analysis of variance appear in the appendix,

The various laboratory and field analyses of the
soll samples taken from the Dahr-al.Baydar orchard ylelded
the following basic date:

Sell charagteristics

The top 80 gentimeters of the field have a sandy
clay loam texture, while the lower 40 cenmtimeters have a
sandy clay texture (Table 1),

The average bulk density was 1,38, 1,38 and 1.28
for the top middle and lower 40 centimeter layer (Table 1)
with no significant difference between layers (Table 11).
Since the weight of stones was not included in the

- b0 -
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determination of bulk density, the bulk density reflects
only the soll that has a water holding capacity (5). These
determinations were nade with the soil halfway between
field capacity esnd permanent wilting percentage and no
approclablo shrinkage was observed at drier stages;
Holsture polding characterlstlos

The field capacity as determined in the field ranged
from 19,05 to 20.57 percent with an average of 19.77 in the
top 40 centimeters of soil, from 17.33 to 19.54 percent
with an average of 18.13 in the middle 40 centimeters, and
it ranged from 21.26 to 23.48 percent with an average of
22,08 in the lower 40 centimeters of soil (Table 1).
Statisticnl analysis of this data indlcated that the top
and middle layers could be assumed similer (at the 5% level
of significance) but both differed from the lower layer
(Table 12).

The moisture e2cquivalent as determined by the
centrifugal method was 19.51 percent for the top 40 centl-
meters of soil, 17.54 for the middle and 21,62 percent for
the lower 40 centimeters (Table 1). These results are in
agreezent with Lehane and 3taple in Cansda (B0) who found
that moisture equivalent i1s lower than fleld capacity when
the field capacity di1d not exceed 24 percent.

The permanent wilting percentage as determined by
the sunflower method was 11,51, 10,92 and 12.18 percent
for the top, middle snd lower 40 centimeter layer (Table 1),
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Eolsture release ocurves for the top, middle and
lower 40 contimeters of soll are shown in Figure 2, Seoil
molsture percentage at the 15 stmosphere pressure was
higher than that of the permanent wilting percentage
(Table 1). This is in complete agreement with the findings
of Lehane =nd Staple (B0),

Yater spplied by sprinklors

“ater applied by sprinklers in the four irrigsations
wes ns follows 8,02, 7.93, 7.69 and 7.72 centimeters
respectively, with a total of 31.36 centimeters,

Climagic dnta

The olimatie conditions =t the orchard were
assumed to be similar to those of the Deshr-al.Baydar
weather station locsted two kilometers further inland but
at the same latitude end with similsr hydrologic charac-
teristics. Monthly sverages for the pericd of Kay %o
October were as follows,

Hay June July Aug. Sept., Oect.
Temperature, °C: 10,96, 17.05, 18.4, 20,61, 18.24, 15.29
Relative humidity,

Percent 73, 52, 59, kg, 59, 62
Wind veloecity,
miles per dayt 238, 267, 300, 315, 1954, 180

Fraotion of sky
covered with
clﬂd’ 0051. °.1‘. °¢ 13. 00”. °- 1’. 0.”

Precipitation,
millineters per
month! l?c" 0, 0, o. 16, 6. 80,2
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Figure 2. Relation of moisture content to seil moisture tension in
the top middle and lower L0 centimeters of soil. Apple

orchard, Dahr-al-Baydar, Lebanon. 1963,



The deily olimatological records from whioh the
above were obtained are shown in Tables 13 mnd 1b of the
appendix,

Irpigation practloes

Variations in the soll molsture content throughout
growing season under study are shown in Flgﬁrea (3,4 and 5).
These indloate that the water applied by sprinklers in
each irrigation was enough to wet the scil profile down
to n depth of 120 centimeters, However they also show
pericds of deflcient soll molsture content, In these
periods the soll reached the permanent wilting percentage
or even belos, thus creating unfavourable conditions for
growth of the apple trees, This was due to the length
of the irrigstion intervals, and could have been averted
by reducing the time between irrigations but still using
the same volumes of water as before.

Aotual dater use

Total water use as determined by the gravimetric
method for the period May 9th to October 15th 1963, was
497.6 millimeters as is shown in Table 2, The range of
dnily rate of water use was between 0.89 and 7.63
@millizeters. The total water use as determined by the
gravimetric method (497.6 mm.) was higher than the sum '
of the water applied by sprinklers (313.6 mm.) and by
precipitation (27.% om,.) by 156.6 millimeters, This
difference (156,6 mm,) may be acocounted for by two con-
siderations, The first is by comsidering the difference
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in the avallable soll molsture between the beginning and
end of the growing season. By referring to Table 15 in the
appendix 1t is possible to calculate this value from
storage as 91.80 millimeters, The second consideration 1s
that of the tot=l horizontal projection of the area of each
terrace, considering a depth of one meter, 20 percent is
made up of stone walls, This part of the surface does not
consume all the water 1t receives but contributes a large
part of 1t to the =adjoining soil.

The total water use was less than that found by
Jensen gt pl. (34) and that reported by Isrselson end
Hansen (J1) which might be due to different climatie
environments. But assuming similer general climatie
conditions this may further be attributed to the fact that
the irrigation interval was too long and in such cases the
plant might limit its transpiration (32 , 56). Available
moisture content in the Jensen gt gl. experiment was kept
at 75 percent throughout the growing season,

The average dally rates of water use in millimeters
were 4,51, 3.86, 3.78, 1.95 and 1.88 during the months of
August, July, September, May and June respectively.

Faximum rate of water use was obsérved during a 6-days
irrigation interval in August and it was 7.63 millimeters
per day (Table 2),

The average daily rate of water use for the months

of July, August, and September was in agreement with the



Table 2

« 3So0ill moisture use by direct soil

-”-

sampling. Apple orchard, Dahr-
al-Baydar, Lebanon, 1963.
Date Date 4 Change in soil Yater use from
of of Inter- | moisture content
irri- |soll val [Top [fiddle|Lower otal #ato
gation |samp- (days)| 40 Lo 50 per
ling cus, | oms, |oms. inter-
(Avernge of L samples{vel (mm.) |(um/day)
Eay 9 x
(Rain) 15 3.18 1 1,582 | 2,21 |36.00 2,45
0.8 mm, |Kay 24 x
(Rain, 22 1.22 ]| 0,43 0.13 9.58 0.89
10.0 em.|June 15§
June 17 6 0.51]2.25 | 0.05 Q5,45 1 2.57
June 21
7 |0.7013.87 | 0.07 [25.47 | 3.64
June 28
7 0.25]1 0,34 | 0,82 7.02 11.06
July §
7 1.65)1.03 3.47 [B2.30 k.61
July 12
July 16 7 2.52 | 2.4 1.11 32.48 h,6h
July 19
5 2,63} 3.03 0.63 34, 05 6.81
July 2&
Aug. 1 &
6 1098 0-29 6.55 5-7? 7063 ;
‘ug.l2 JAug. 13 j
8 k.34 10,82 | 5,00 3.50 6.68
8 0.76 1,02 | 1.27 6.21 2.03
Aus. 29
7 2.33 12,21 1.15 0,58 k.37
Sept- 5
Sopt.n 7 2.21 1.92 2.62 5.80 5.12
Sept .12
(3 1.27 | 0,11 | 1.23 3.71 2.29
Sept.l8
(Bain) 7 |e=—-]0.72 | 0.25 |s.2& |3.12
16.6 Sept.25
-.. 7 2.60 e 2.76 8.2-8 b.ol
Oct, 2 :
13 o.“ 2.” - 7.18 1'32
foet, 15 |
Total 497,55

¥ Exclusive of rain, which was included in oaleulation of

dally

reate,

"Iuoluﬂo: 27.4 millimeters of precipitation.
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maximum rate of water use for a 40-day period found by
Wileox gt al. (75) in Canada, but less than that found by
Jensen gt al. (34), probably becsuse of the relatively high
soll molsture content msintained by them throughout thelr
experiment,

Total water use from each of the three soil layers
d1d not vary signifieantly. It uas 175.7, 137.5 and 156.8
millimeters from the top, middle and lower 40 centimeter
layers. This is probably due to the combination of several
factors namely deficlency in available soll molsture,
variations in soll texture and fluctuations in air temper-
atures. .

Early in the season, when there was enough available
molsture throughout the soll profile, it was found that the
rate of depletion in soll molsture was highest in the top
40 centimeters followed respectively by the middle and
lower 40 centimeters. (Figures 3, 4 =and 5). These results
were in agreement with Wilcox and HMason (7%) and Aldrish
gt al. (2) who found that the rate of consumptive use was
fastest in the top foot and decreased progressively with
inoreases in depth, This was probably due to a higher
songentration of fibrous roots (2, 29) better aeration (21)
end warmer soll temperature {4h) in the top 40 centimeters.
Kramer (37) reported that lower temperatures and unfavorable
C0p/02 ratio reduce the rate of water absorption by plant

roots,
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As the soil in the top 80 centimeters dried out, the
plant adjusted 1tself by getting more water from below the
top 80 centimeters., (Figures 3, 4, and 5). Thus a reduction
in the consumptive use due to the lack of avallable soil
moisture _151 the top 80 centimeters of soll was accompanied
by an 1ncr§§sé in the consumptive use from the lower 40
centimeters, These results sre in agreement with the findings
of Yilecox and Mason (74).

The rate of soil moisture depletion from the top
layer measured lmmedlately sfter irrig=tion in July end
August was faster than that in June and September (Table 2,
Figures 3, 4, and 5). This was due to the high temperatures
that prevsiled in July and August which produced higher
evaporation rates from the top soill layer. Horeover, higher
temperatures inorease the rate of water absorption (37).

The total water use from the lower 40 centimeters
was more than that from the middle 40 centimeters (Table 2).
This was due to the heavier texture of the lower 40 centl.
meters and subsequent incressed water holding capacity.

In addition to tﬁia there may be a higher concentration of
fibrous roots in the lower layer (75).
Bouyoucos resistance units

cmmgesl in the available soll moisture as measured
by the Boﬁyoueo- gypsum resistance units are shown in
rlguro'ﬁ"anlzﬂible 3. In "gcmrul these n_ro'm agreement
with the changes in soil moisture bwﬁmt as determined by
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Figure 6. Variationein the available soil moisture throughout the

growing season in the top, middle and lower LO cms. of
soil as measured by Bouyoucus resistance anits, Apple
orchard , Dahr-al-Baydar, Lebanon 1963. :
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the gravimetric method (Table 3).

The correlation between available soll molsture
as determined by the resistance units snd soil molisture
content as determined by the gravimetric method was
slgnificant for the top, middle and lower 40 centimeter
layers (Table 4). This result 1s in agreement with the
findings of Colman and Hemdrix (14) who found that in
direct calibration, the electrical resistance of the cell
is directly correlated to the molsture percentage of the
surrounding soil.

Table &, Correlation between percentage soil
molsture determined by the gravimetric
method and the percentage available soil
molsture estimated by Bouyoucos

resistence units. Apple orchard, Dahr-
al-Saydar, Lebanon, 1963.

r t value p value
Top 40 centimeters of soil .78 14 xx . 001
Kiddle 40 centimeters of soll| .75 .73 xx . 001
Lower 40 centimeters of soil | .59 3.01 xx .001-,01

XX Statistically significant at 1% level.

Regression lines relating availeble soll moisture
and the soll moisture content for the top, middle and lower
40 centimeter layers are shown in Filgure 7. By knowing the
depletion in the available soil moisture in a given
interval, the depletion in soil moisture content can be

found., Water use cam be found by multiplying the depletion



S0il moisture (Percent)
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Y=11.69173 3% 152,6072 ’
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184 / (Top 4O cms.)
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// Y=12,7.94x - 128,7280
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0 20 30 40 50 60 70 8C 90 100
available soil moisture, %

Fipure 7. Relationship between soil moisture content and
estimated available moisture by resistance umits,

Apple orchard, Dahr-al-Baydar, Lebanon 1963.



in the soll molisture content by the product of bulk density
and depth, It appears from this study that the Bouyoucos
resistance units may be used in determining water use and

consequently the time of irrigation,

Estimated available soll mojisture by soll molsture tension
Data in Table 3/ show that, in general, soil

moisture tension was more than one atmosphere, Therefore

under such conditions tensiometers are not a sultable

device for measuring the aveilable soll molsture,

Water use by the neutron scattering method
Table 5 gives the determined rates of water use

using the neutron scattering method, for five weekly
intervals from July l6th to August 20th, 1964. These range
from 2,10 to 4,57 millimeters with an average, for the whole
period, of 3.17 millimeters per day. Water use, as
determined by the gravimetric method for the same period
ranged from 1.07 to 3.76 millimeters with an average of

2.72 millimeters per day for the whole period,
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. Table € shows a comparison of both wanter use rates
together with the differences in evaporation from black
and white atmometers., Except for the interval from August
6 to 13, there seems to be close agreement in the values
obtained by the two methods and the ratlo: between the total
use as determined by each method is 1.,11. The lack of
agreement durinz this particuler interval (August 6 to 13)
is probably due to faulty operation of the neutron probe,
since the climatic dats, and the atmometers, indicate that
1t was a perlod of lower potential evapotranspiration than
all other intervals, while the rete as determined by the

neutron probe is the highest,

Table 6. Comparison of water use by gravimetrie
and neutron scattering method and
differences in evaporation from
black and white atmometers,

Apple orchard, Dahr-al-Baydar,
ubam' 19“.

Period £ MS8 o | Ratio of Difference
Gravi- | Neutron | gravimetriec |in evapo-
metric | soatter- | to neutron |ration from

ing scattering |black & white
atoometers
lll/!lj mm/day oce/day
July 23 - 30 J3.57 3.63 0-20 Iz-'lﬁ
July 30-Aug.6 2.76 2.39 1.!; 1 .22
‘}“‘o 6 - 3 -w -” o. 12.
3“8. 13 - zo 2.5? 2." 1.1’ 1 .“
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The totesl water use for this period 25 determined
by the neutron scattering method for the top, middle and
lower 40 centimeter layers was 43,04, 32,89 and 35.06
millimeters, respectively, These results do not differ
significantly from those found by the gravimetric method
which were 31.75, 36.24 and 27.30 millimeters for the top,
middle and lower 40 centimeter layers., However correlations
between rates of water use (excluding the August 6 to 13
interval) as determined by both methods were not significant
while those between water use by the gravimetric method and
the counting rate of neutrons were significant for the top
80 centimeters of the soll but again not significent for
the lower 40 centimeters. Since in the neutron secattering
method water use was determined by using the special
laboratory calibration curve estéblished for another soil
and the neutron counting rate, it is reasonable to assume
that the calibration curve is faulty. This however does ndt
explain the lack of correlation for the lower 40 centimeter
layer. The result in the top 80 centimeter layer were in
agreement with those of Gardner =nd Kirkham (22) and
Fe Guinness gt al. (45).

Estimated water use by empirical egquations

Table 7 gives the estimated potential evapotrans-
piration for the 1963 season as determined by the Penman
and Blaney-Criddle eouations. It salso gives the actusl
evapotranspiration as dotafninod by the gravimetriec method
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and the average dally difference in evaporation from
black and white atmometers, This latter figure, though
not given in couparable figures, might be used as an
indicetor of potential evapotranspiration and will be
treated as the flgures obtained by Fenman and Blaney-
Criddle. These estimates are expressed on a dally besis
for each perlod, Figure 8 shows the same datas in a
continuous graph form,

The data in Table 8 2nd Flgure 9 indicate a highly
significent correlation between potential evapotranspiration
as measured by the three methods, although generally they
give different results ( 47, 69). This may be due to the
low variability of the radiation and mean temperatures for
all periods during the growing season in this special
situation. lMoreover, the lag of temperature behind
radiation (which arises from the thermal storage of the
soll) which causes great error on monthly estimates of
evapotranspiration may be very low (47).

Table 8. Correlation between estimated

potential evapotranspiration

as measured by Penman, Blaney-
Criddle =2nd the difference in
evaporation from black and white
atmometers throughout the growing

season, Apple orchard, Dahr-sl-
Baydar, Lebanon, 1963.

Methods r t value p value
Atmometers vs Penman 0.8964) 8,0884 xx .001
Ltmometers ve Blaney-Criddle| 0,8893| 7.778 xx 001
Penman vs Blaney-Criddle 0.9516| 11,1829 xx 001

XX Statistically significent at 1% level.
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Correlation between actual and estimated water use
Table (9) shows that the correlations between sctual
evapotranspiration as determined by direct scil sampling and
potential evapotranspiration calculated by the three methods
were not significant. These relationships are also shown in
figure 10, Since the orchard went through perilods of
deficient s0ll molsture 1t was assumed that this lack of
correlation was due to the reduced rates of water use
during these periods of water shortage,
Table 9., Correlation between actusl
evapotranspiration and
estimated potenti~l evspo-
transpliration throughout
the zrowing season, Apple

orchard, Dahr-al-3aydar,
Lebanon, 1963,

Hethods AT r t value p value
Actual vs Pemman 0.,3295 1.3955 el=,2
Agtual vs Slaney-Criddle| 0,3923 1,7060 ole,2
Agctual vs Atmometers 0,3878 1.6829 o Ny 8

However Table 10 shows that the correletions between
actunl and estimated water use during the intervals whenm the
plants were not short of water, again were not significant,

The lack of correlation between actual evapo-
transpiration and estimated potentisl evepotranspirstion
as determined by the difference in atuometers is in agree-
ment with the results of Stork in Irag (62), but not in
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agreement with those of Halkias gt al.(26).

The lack cof correlation between actusml evapo-

transpiration and that estimnted by Blaney-Criddle does

not sagree with the work of Pruit (53).

Table 10. Correlation between sctual
evapotranspiration snd estimated
potential evapotranspiration
during periocd of high soil moisture

content,

Baydar, Lebanon, 1963.

Apple orchard, Dahr-al-

Period Actusl Estimated potential Difference
WAL OP avapotranspiration in
use Penman | 8laney-Criddle ESNREhere
Millimeters per day oc/day
Hay 9 to 24 2,50 b,26 5.06 12,19
Junﬂ 21 %0 28 3.6“ 7-“ 60“0 20.”
July 19 to 2b 6.81 7.33 6.48 17.18
Aug. 13 to 21 6.67 7.58 6.75 17.38
Sep. 12 to 18 2.29 4,95 5.38 11.65
Correlation Factor (r) 0.8108 0.8627 0.6625
t value 2,40 3.15 1.31
» valus 0i1-,05] 0.1°-.05 sReud
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The ratio of actual evapotranspiration to estimated
potentinl evapotranspiration for each interval during the
growing season 1s shown in Table 7. . In the case of
Penman's equation it varies from 0,15 to 1.03 with an ave-
rage of 0,52 for the whole growing season. According to
Penman (49) this ratio is 0.8 in the months of Fay to
August and 0.7 in September and October, with 0,75 for the
whole growing sesson. The ratio varies from 0.19 to 1.48
in the ease of Blaney-Criddle equation with an average of
0.64 for the whole growing season. This ratlo for the
whole zrowing season 1s in agreement with Blaney (6) who
reported that the ratio was 0,65 all through the growing
season. The ratio varies from 0,06 to 0.45 with an average
of 0.20 for the whole growing season in the case of
differences in evaporation from black and white atmometers.
Acocording to Halkals gt al. (26) this ratioc was 0.26

throughout the growing season.



SUEMARY AND CONCLUSIOCKS

The immedlate objective of this investigation was
to evaluate a certaln irrigation practice 2nd to determine
the rate of water use by apple trees through direct methods
and climatic data, The ultimate objective is to establish
a fleld technique for evalunting irrigation prasctices,
mainly in apple orchards snd to recommend measures for
their improvements,

Changes in the soll moisture content throughout
the growing sesson were determined by regular periodie
sappling of the soil, by the use of Bouyoucos gypsum
resistance units and the neutron scattering method. The
Blaney-Criddle formula, the FPenman equation and the
difference in evaporation between black and white atmometers
were used to estimate water use.

In general, the irrigation of the orchard was
unsatisfactory, becsuse the soll molsture was allowed to
reach the permanent wilting percentage and even below it
during the growing periocd of the crop. The quentitiles
applied in each irrigation were adequate, but the interval
between irrigations was too long. MNore frequent irrigations
would have resulted in a satisfactory irrigation practice,

In 1963, the dally average rste of actual water use

-6 -
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as determined by the gravimetric method ranged from 0,89
to 7.63 millimeters with an average of 3,12 millimeters
for the whole growing season, Meximum daily rate of water
use was 7,63 millimeters. The total semsonnl use was 49.76
centimeters or 497.6 cubic meter per dunum of orchard.
Since the orchard was underirrigeted, 1t would seem
advisable to recommend a larger value of water for proper
irrigation of apple orchards, The exnct inerease over
this figure would require further research for its
determination.

Early in the season the rate of water use was
greatest from the shallow depths of the root zone mnd
decreased with increase in depth. As the top 40 centimeters
of the soll became deficlent in available moisture, the
rate of water use incressed in the lower layers smd by the
end of growing season almost nll of the soll down to 120
centimeters had remached the permanent wilting percentage,

A highly significant positive correlation was
obtained between percentage solil molsture as determined by
the gravimetric method and the available soil molsture as
measured by resistence gypsum units for the whole soil
profile down to 120 centlmeters of soill.

Correlations between rates of potentisl evapo-
transpiration as estimated by the Blaney-Criddle tor:ﬁl..
Fenman equation, and difference in evaporation from black

and white atmometers were highly significant, but the
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correlations between rates of actual water use and
estimated potential evapotranspiration rates were not
signiflcant.

In the period July léth to August 20th, 1964, the
average Gally rate of actual water use as determined by
the gravimetric method was compared with that determined
by the use of neutron scattering method., The ratios
between these rates, excluding a period of suspected mal-
functioning of the neutron probe, ranged from 0,98 to 1.26
with an average of 1l.11.

The correlation between percentage soll molsture
content as determined by the gravimetric method and the
counting rate of neutrons was significant for the top B0
centimeters of soll but not significant for the lower 40
centimeters,

On the basis of the results of this study it
appears that the irrigation practice was not satisfactory.
Bouyoucos gypsum resistance units proved to be a reliable
device for measuring water use indireoctly and consequently
for indlcating the time of irrigation. The Blaney-Criddle
method gave closer estimates of the total water use than
either the Penman ecuation or the difference in evaporation
from black and white atmometers, The neutron scattering
method Aif used with fleld calibration curves would probably
give satisfactory results with the added advantage of
reduced field work and effort., However, the high cost of
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such ecuipment places it beyond the reach of the average
apple producer.

This work should be repeated for many more years
and in several other areas, Then i1t would be possible to
embark on the ultimate objective which is predicting the

time of irrigation and the water quantities recguired.
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Table 11, Helation between bulk density
in the top, middle and lower
40 centimeter layers,
Dahr-al-Baydar, banon, 1963,

Difference between means of

bulk density t value p value
Top B0 cms, vs Middle 40 cms. 1.3795 0,2-0.b
Top B0 oms, vs Lower WO ems, 0.8269 0.,4-0,5
Middle 40 ems, vs Lower 40 onms. 2.2762 0,05-0,10

Table 12, Helation between field capacity
in the top, midéle and lower
40 centimeter layers.
Dahr-al-Baydar, banon, 1963.

Difference between means of F,C, t value p value
v -

Top 40 oms. vs Middle 40 oms, 1.9683 0.100-0,200

Top 40 cms, vs Lower 40 ous. 2,.7798 0.02 -0.05

Hiddle 40 oms. vs Lower 40 cms. 3.9603 0.02 -0.05

x

Statistically significant at 5% level,



Table 13. Daily maximum, minimum, and average
temperature during themonths of
May to October, 1963, Apple orchard,
Dahr-asl-Baydar, Lebanon.

©
&

OO N

Honths
May June July

Max.| Min.| Aver, | Hax, |[Min, Aver, | Max, Min, |Aver.

6.2 2.8 k.5 | 14,2 9.8 12,0 20.7 14,6 | 17.6
9.8 g.a 6.8 | 14,7 | 7.6 |11.2 |17.6 |11.8 | 14,7
12,2 " | 8.2 {17.1 7.6 12.4 19.1 11.8 15.4
12.5 7.8 10,2 |21.8 10.3 16.0 21.8 13.5 | 17.6
13.0 5.8 9.4 | 24.8 |15.3 20,0 19.9 13.7 16.8
12.0 7.8 |10, | 21.2 j15.3 18,2 18.3 18, b 15.%
14,8 | 7.8 |11.3 |27.7 [15.8 |21.8 |=20,0 g 16.
12.8 8.0 |11.,9 |20.0 |13.2 16.6 20,0 14.8 |17.
15,0 | 9.0 11.3 16.0 | 8.2 12.1 20,2 15,5 117.4
9.2 5.5 7. lg.h 7.8 10,6 22.0 15.0 |18.5
9.2 5.71 7.5 |14.6 | 7.3 11.0 22.0 15.0 | 18,5
15.0 5.0 j10.0 |20,8 {10.0 15.5 23.7 16.1 19.9
21.2 |11.6 |16.% |23.0 [14.2 18,6 23.6 18.0 |20.8
13.8 9.6 111.7 |21.5 [14.3 17.8 23.8 17.3 20.6
12.0 5.0 8.5 (17.2 |10.3 13.8 22,8 16.8 19.8
12,0 a.e 8.9 18.8 2.8 lg .8 22.6 15.3 19.0
lut? .5 9.6 22.0 1“.5 23-2 16 o 1’.6
20.0 j10.0 1;.0 26.8 9.3 23.0 22.7 g .8 19.2
20,0 | 8,0 |15,0 |23.0 Rh3.0 18.0 20.8 14, 17.b
10,4 5.8 8.1 |15.8 | 9.2 12.5 23.0 13.3 16.8
15.0 5.7 |10.4 }17.8 QN11.é6 14.7 21.7 16.0 }18.8
23.4 1.2 |17.3 |21.6 Q1.8 16.7 22.2 18,0 |20.1
13.8 B.g 11.2 |23.8 13.6 19.7 23.% |17.0 |20.,2
13.0 b, 8.9 {24.8 n8.4 21.6 23.0 16.7 |19.8
21.8 B.2 |15.0 |21.8 Q5.2 18.5 20,8 15,0 |17.54
15.8 8.9 |12.4 |23.2 Q5.0 19.1 22.3 14,0 }18.2
12,8 6.3 9.6 |26.3 R7.1 21.7 21.8 15.3 18,6
11.0 7.0 | 9.0 |27.2 Q9.7 23.4 21.8 15.8 18.8
13.7 6.0 | 9.9 |25.0 8, 21.0 21.8 16.0 |[18.9
22.2 [10.8 |16.5 |23.8 k., 19.3 23.8 18.1 21.0
22.6 |14.8 |18.7 23.2 15.8 19.5




Table 13 continued.

Honths
August September October
Day
Kax. | Kin, | Aver. | Max., | Kin, Aver, [Max, | Hin, Aver,
1 23.81 18,11 21,0 | 24.4117.7 | 21.0 |23.9]| 17.4 | 20.6
2 23.7} 16.0}19.8 | 21.8|15.6 | 18.7 |24.3] 17.1 | 20.3
g 23.24§ 15.5}119.4 | 22.1{13.0 | 17.6 |23.0 1# 6 | 18.8
23.0} 15.9 | 19.4 | 21.8|15.,0 | 18.4 |19.4 2 16,0
5 22,01 17.0 | 19, 24,0 116.1 | 20,0 |19.6 13 16.5
6 22.74§ 17.0 | 19. 23.4% | 16.7 | 20,0 |21. 3 17.9
7 23.04 16.5]19.8 | 25,0 [17.0 | 20.5 |24.,0 ] 15. 3 19,6
8 23.3§ 17.0 ] 20,2 | 27.0}15.% | 21.2 |25.5| 16,2 | 20.8
9 23.91 13.9 | 18.9 | 24,2 |16.2 | 20.2 |26.1 | 18, 1 22.1
10 22.91 16.7 | 19.8 | 23.0 |16.7 | 19.8 |24, g '21.8
11 23.3 )] 16.8 | 20.0 | 22,3|13.2 | 17.8 |22.b | 1h.6 18.3
12 23,04 15,0 | 19,0 23.3 15.6 | 20.48 |21.4 % 17.
1 22.7417.0}119.8 | 25,0 |16,0 | 20,0 |22.3 1&. 18.4
1 23.3116.3]119.8 | 19.6{15.0 |17.3 {19.1 |13.0 | 16.0
15 25.0117.8 | 21.4 | 21.4)12.8 |17.1 [17.9 9.7 |13.8
16 | 27.3]18.2 22,8 |22.6(12.7 |17.6 |20.8 11,3 |16.0
17 27.7 1 19.5% | 23.6 |19.1 |12.0 |15.6 |25.1 15,9 | 20,
18 27.8§19,0 | 23.4 18,3 {11.0 | 14,6 |2b,5]|17.2 | 20,
19 29.1} 20,5 | 24,8 |17.3 |10.0 |13.6 [16.7 |12.5 | 14.6
20 27.01 19.6 23.3 16.1 |11,0 |13.6 [14.8 |10,9 | 12.8
21 29.2 | 20,0 16.6 |11.2 | 13.9 |12,0 ]| ‘8.7 | 10.4
22 26,9 | 17.0 { 22,0 |19.9 |11.5% |15.6 | 8.3 g.o 6.6
2 20,71 13.0 |16.8 | 23.5 |12.8 | 17.6 [10,0 .9 7.5
2 25,0 15.0 20,0 |19.7 11,4 |15.6 10,0} B,1 | 7.0
25 25.7 | 19,0 22.4 | 20.0 13.7 | 16.8 [11.7 | 4.0 7.8
26 23.9 | 17.9 | 20.9 | 20.4 |10.5 |15.4 12.6 6.7 9.6
28 | 22.5]17.7 |20.1 |27.5|19.0 | 23.2 15.8 8.0 | 11.9
29 22. 16.5 | 19.3 | 28.2 |18.2 | 23.2 [17.7 | 9.h 12.6
30 21.8 § 14,5 | 18,1 | 24,3 [17.3 | 20.8 |17.9 |11.0 | 14.4
3 24,8 Lls. 20.3 15.2{ 6.9 |11.0

R
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Table 14, Dally relative humidity, wind velocity,
fraction of sky covered with olouds and
precipitation during the months of Hay
to Cctober, 1963. Apple orchard,
Dahr-nl-Baydar, Lebanon,

Konth| May June July
Day |[B.H.|] wu | m/10| ppt.|R.H.| wu 10 |R,H.| u |m/10
mm,
1 96 | 362 0.96]| 6.2 | 65 | 43610.50 |47 2221 0,13
2 90 | 389 | 0.67 82 | 1810.33 |67 | 295 |0.38
3 Zﬁ 107 | 0.54 50 | 128 10,13 |85 369 |0.29
by 121 | 0,67 57 | 168 0,25 242 10,17
5 80 | 114} 0,25 35 | 128 jo, k2 |66 262 (0.21
6 88 | 130 0.58 b6 | 161 j0.25 |92 268 0.50
7 Gz 141 | 0.62 27 262 10,38 |77 228 |0.08
8 7 201 | 0,67 50 | 37610,21 |57 | 329 |0.08
9 85 87 | 0.62]| 0.5 | 80 | 349 |0.33 |6 322 |0.08
10 96 | 342 | 0.83 69 | 403 0,82 53 322 |0.00
11 98 | 382 | 0,83 77 | 376 0.50 |50 | 322 }0.00
12 76 | 2221 0,17]0.8 | 62 | 141 j0,00 |53 282 |0.00
13 52 | 215} 0.62 36 | 27510.00 |50 396 |0.00
14 82 | 322 0.50 56 gz; .00 |54 336 [0.00
15 | 78 | 309 | 0.38 52 25 160|255 10.13
16 72 | 29 0.38 29 | 376 10.00 |52 242 |0.08
17 86 | 154 | 0.17 33 349 10.00 |56 | 161 |(0.21
18 38 | 128 ] 0.21 201 |0.00 |43 | 289 |0.00
19 71 | 309 | 0.71 7 | 396 [0.04 |68 289 10.17
20 97 | 389 | 0.88 58 | 342 10.50 |68 | 383 |0.29
21 71 | 161 ]| 0,50 66 | 188 0,13 |50 83 |0.42
22 40 | 201 | 0,08 62 | 208 j0.0L }56 0 |0.00
23 81 | 201 0.50 gﬁ 115 j0,00 |55 | 383 |0.08
2h ;3 208 o.aa 195 10.00 |56 |27 0.04
25 i 188 | 0.46 E? 309 10,00 |60 | 181 0.%;
26 68 | 383 | 0.21 7 | 228 0,00 |54 228 (0,08
27 82 | 359 | 0.71 40 | 208 j0.00 |66 | 329 [0.08
28 95 | 302 | 1,00(10,0) 38 | 128 j0.00 |58 | 322 |0.04
29 87 | 2221 0.38 38 | 242 0,00 Eb 329 0.%:
30 56 b7 | 0,50 55 | 302 .00 |45 | 329 |O.
3 33 | 295 0,00 b6 | 282 |0.13
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Table 14 continued.

August Septenber October
B.H u |w/10 |[B.H, | u |m/10 |ppt.
mm,
50 | 369 | 0,08 | b9 |222 | 0.08. 0.21
55 | 336 | 0.0 | 72 322 0.18 0.08
0 |255}|0.08 | 60 |1 0.13 0.17
6 | 309 | o.,08 | 66 |221 |0.04 0.21
Eg 300 | 6,08 | 60 181 | 0.00 0.00
302 | 0,00 zg 221 | 0.00 0,00
b6 | 295] 0,04 201 | 0.00 0.00
50 z 0.00 | 47 |161 | 0.00 0.17
st 36| 0,17 | 38 |228 | 0.00 0.08
54 29 | 0,13 6. 1208 | 0,08 0.04
57 36 | 0.25 1 |161 | 0,08 0,08 i}
61 | 362| 0,25 | 28 |101 | 0.00 0.17
Zg 83] 0.25 | 51 |282]0.08 0.13
16| 0,04 | 65 |221]0.21 o.gg
39 | 295] 0.08 | 55 |235]0.17 0.
bo 168 o,08 | 66 |161 | 0.17 0.50
b 208| 0,00 | 81 |215] 0.25 o.go
50 | 201 0,00 | 8% |195] 0.29 0.83
51 | 201| 0,00 | B 195 | 0.25 ‘ 0.96
30 | 396 0,00 | 8 262 | 0.75 {11.9 1,00
6 | 208] o,00 ] 90 |[2h2]0.62 | 1.5 0.83 .
2 161} 0,29 | 66 |121 | 0,13 1.00
64 | 315 0,50} 58 | 362 0.67 | 3.2 0.7
56 | 3 0,21 | 66 |107 | 0.21 0.
gg 329 o.0b | 71 |121] 0,42 0.:9.
322 0.0 0 | 148 ] 0.00 0.46
B2 | 309| 0,13 1 87 | 0.00 0.33 }
6 | 322 o,08 | 36 |101} 0,08 0,08 |
1 | 396] 0.1 3% | 141} 0.13 0.17 |
53 | 302 0.0 36 | 222 0,58 0.25
62 | 148| 0,00 0.46
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“ater use by apple trees.

Table 15, Apple o
ate us

Dahr

Ave-
rage 2
of
four
sam

Irri-
ga-
tion
date

Sanp-
ling

date Sample nuzmber
20,

TC.55] 1508 20,57 1% 51
92.97

Nay 24 |12.52 13.:’ 19.6
12. 1006

3#.::;. 15} 15.80 11.38

June

June 2119.86{19.27{ 14,5911, ob|
18,07} 13. 55

June 28| 17,23 13.12
July 7 | 20.20{16. 00 12,79 11.95

12{ 15.86{13.37]12.2 |12.93
19} 19,00{18,56{ 19.5 {15.11
2b{ 14,78(18,18{ 17.08{11.6
Aug, 7 |14.10{13.27{ 9.06] 9.07
Aug. 13“13.19 20.1415,87[16.79
Aug. 21f 17.14{17.13}10.80| 8.55
Aug. 29/ 14,.03{13.543}10.50{12,60
Sept.5 | 11.16]11.97]10.16/ 8.00
Sept.12 18.35{20.81}14,258{12,24
Sept. 18 18.21/20,32] 9.20{12.81
Sept, 25 18.3816.48{12.35]14.1
Oot. 2 |15.76{14.69] 8.88]11.58
Oot.15 | 12,00{13.78{10.6 |12.5

i‘iﬁ, 9 -9
13.81
12, 591
16.19
15-”1
15.2
13.
18,
15.“
11.
17.7
h.34|2.32
13" i | :‘iﬂ“-
0.76| 0. 50741 0,
12.‘ : : ; 4

2.33|1.2489} 0,1
10. » % w

16,4 .:;

3.14
1.22

0.70
0.25
1.65

July
July
July

July 16
2.63
5,03 z.lsogﬁgyiéb

Aug,l2

Sept.l

1.27}0.68

15.
15.3
12.7
12,

|

1.3936| 0.199
[ ae
03430/ 0,
h i

2.60
0.64

X Vater use ¥ X depth X apparent welight of the soil
XX The average of two adjacent actual daily rate of we
figures,

Calecu
dally
rate

0.1691

Bayda!‘. I‘mf

ted** Sample

1963.

-
AL o iy

-

ctual

Ave-
rage
of
four

number

3 [

sanp-r__jr

Per in-
terval

om,”

Daily
rqto

O,

1 2
17.57]17.59

16.8

14,25
16,34
14.97
13.26
12.24
19.14
13.731

)
f
| 11.97
! 11,27

15.34
13.0
18.29
13.62
4.4
12,14
14,88
13.22
12,12
15.59
14,22
9.98
11,64
12,07
13.54
11.26
11.08
11.77

14,24
15.37
| 9.25
3 17.42
| 14,75
-‘ 15.99
' 16.94
12,63

17,.06[18.12
15.45/16.97
20.17[15.44
18.64]18.70
13.79{13.95
11.35/15.95
11.76{14.68
15.60{11,92
11.36]11.52
11.52111.76
14.77115.6
11.83]13.6
12,07{12,0
10.41) 9.74§ 10,26
10.8912.91§13.32
10,68 13.98‘13.21
10.48{12.24{12,49
15,6614, 20) 14,23

B.49114,07111,74

17.56
16,14
15.71
17.95
14,08
13.74
12.71
15,38
12.35
11.82;
14,31
13.49
12,47

1.42
0.543

0,7838
0.2374

2.1362
0.1877
0.5686

3.87
0.34
1,03

1.6726
0.2926

3.03
0.53

0.82
1,02
2,21

0.4526
0,563
1.2199

0,11
0,72

0.0607
0.397%

2.49 | 1.3785

0,0523
0,0112

0,3052
0,0268
0,0812

0.3345
0.0209

0,0566
0,0704

0,1743

0,0101
0.0568

0.1057

Caleou- |

lated
daily
rate

0,2072

0.1898

0,0268

0.1508

ple number

15.76
15.69
22,08
25,00
19.01
21,20
18,90
20,16
21.24

9.4
17.27
15.79
15.39

9.66
12.69
15.20
12,47
11.70

17.90
17.36
22.93
22,72
21,34
22,18
17.28
22,35
20,54
15,54
16,82
16.11
17.08
12.33
15.51
11.85
13.57
10.39

Ave-

four
BALD=

T B 1w

17.59
17.56
22,73
22,66
21.84
18,37
17.26
21,84
20.53
13.98
17.36
16.09
1,98
12,32
15.%9
15.24
12,48
13.23

Per in- Daily | daily |water
w. rate use
2,21 |1.1515] 0.0754 0,
0,13 |0.0666] ©0,0032 0, ol
0.0045 | 0,
0.07 {0.0358| 0,0051 0.36
0.82 |0.8198| 0.0600 0,10
3.7 1.n6:i 0.2538 0,156
1.11 |0,5683 0,0812 0.l
0,066 | 0,8
1.31 [0.6707] o,0n79 0,2:
6.55 S-S”ﬂ 0.5589 0.7
0.3201 | 0,
1.27 |0,6502 0,0813 0,:
1.15 |0, 0. 0841 0.k
2.62 {1.304 0.1916 0.5
0.1050 | 0,
0.25 {0,128 o0,0183 0,075
2,76 {1.5131 ©0,2019 0.4010]
0.1

dle and lower 4O

.'ﬁ" XXX !::ul dally rate of
. i

actual and calculated water use from top,

centimeter layers,




.. - _ 'y o i ghgrL Dahr-al-S8aydar, Lebanon, }”’-
Table 16, Dally rate of potentiel evapotranspin: estinated by Pcpuam egquation and Blaney-Criddle formula. Or »

fromtent 3 turation b H A Pm‘m'o T Blaney-Criddle
Fraction of b ‘ - n.m, ©
Period Temperature Belative f:yoetnnd vapour 0 Ta By Rg~Rp Hg e 0 T .
% op Humidity 1 0 a mn/dny v
Hay 9-28 11,2 | 52.16 75 Y 9.973 12.95 16,05 - 0.79
Nay 2h-dune 15 | 14,3 57.Z# 9 ,,;3 o 12,22 13. 52 16-22‘ _;; o.z; .
June 15-21 16.9 62, b2 a L 0.13 14, b 15, 02 16.62 7. 1. .
21-26 18.9 | 66.02 e 1637 | wm 16.61 6sh 100 7.
June 28-July 5 18.5 65030 57 | 0.14 . 1.97 lboa 16.?- 6. 3 G.” 6.“
July 512 17.2 62.96 66 | 0.1k 1h.71 14,0 16.h5 6.83 ¥ 7.62
12-1 19.8 67.64 53 0,06 (4 1pL 32 1k, 59 16,32 6.33 1. 7.3
19-2 18.7 65. 59 0.19 i 1 16.17 14,37 16.15 6.535 1.0h 7
July 24.hug, 7 19.54 66.92 5 0,07 {' 16.89 14,51 _15_.2{ 5.80 1.06 7.
Aug, 7-13 19.6 67.28 , 0,17 { 17,10 14,55 15. 5.84 1.2 ?.;g
Aug. 29-—50}‘43.5 19.1 66038 58 | 0.08 16.38 1“‘- .5 13' 7 .05 ) R z'a,
Sept, 5-12 19.9 67.82 50 | 0.02 17,52 14,61 13.45 ﬂ.u 0.97 9
12-18 18,0 6. 58 0.15 L 15,47 1u.§a 12,97 0.82 z.
18-25 b9 58,82 76 o.h2 1270 1. 12,50 3.0 1.09 25
Sept.25-0ct., 2 | 20.0 68,00 g 0,20 17.53 14,63 11.95 .08 1,02 b,
o, -2-15 18,8 65.84 48 oo 11 16.27 14,40 11,15 {.a 0. 65 5.18
1y Ixlay 31 10.96 | 51,73 73 0,51 Z.e; 12,91 16.00 6.32 0.92 6.92
June l-June 30 17.05 62,69 52 0.16 ] 1 '332 14,08 16.54 ‘.39 1.00 7.
July l-July 31 18,4 65.12 gg 0.13 15,865 14,32 16,32 o8 1.12 z.
Aug, l-Aug, 31 20,61 69.10 0.09 18,206 14,7 15.15 i. 0,98 .li
SO}"t.l-S&‘-”tljo 18,24 .83 59 0,19 15.71 14,2 13,00 3.91 - ) .
Qet, 1-Cct, 31 | 15.29 | 59,52 62 9.38 13,025 13,71 10,57

‘ = %# G-T-‘ (9-“ - 0,09 \r:" (0,1 + 0.90 !/B)
By = 0,35 (1 + 7p0) ( ea - €3)

Ry = 0,95 Rj (0.18 + 0,55 n/N)




Table 16, Dally rate of potentisl evapotranspir
Period Tenperature Helative
°c °p Husidity
Kay 9-24 3.2 52.16 75
June 15-21 16.9 62, 53
21-286 18.9 66,02
June 28-July § 18.5 65.30 57
12-13 19.8 67,64 53
12:2 18.7 65,66 59
July 28-Aug., 7 19.h 66,92 5
Aug. 7-13 19.6 67.28
13-21 22.4 72.32 3
21-29 20,7 69.26 b5
Aug. 29-Sept.5 19.1 66.38 58
Sept. 5-12 19.9 67.82 50
12-18 18,0 6.l 58
18-25 1b,9 58,82 76
Sept.25-00t, 2 20,0 68,00 L8
g:;. “2-15 18.8 65.84 L8
ay YIaMay 31 10.96 51,73 73
June l-June 30 17.05 62,69 52
July l-July 31 18,4 65.12 zg
Aug, l-Aug, 31 20,61 23.10
Sept.l=-3¢0%,30 18,24 .83 29
Qot, 1-Cet, 31 15.29 59.52 2

e S bt e s |

- & e ™
5 ' E {
e e e Szl

Bo = 0.95 Ry (0.18 + 0.55 n/N)

4 o
b - - ‘ Penzan's Blaney-Criddle
Fraotion of ::‘“r,“"“ U"l‘ab g s i

i ::{ha ;;::a ‘r‘.m. d‘" ’ ’.‘.'.’

k: %) 0 K .,. -/dl’ e e

| L 9.om 12,95 v |35 w7
o. 9. * - .
o.;% 12.22 13.52 k:% ,.8 S-g
0.13 1, bl 1k, 02 7. 9, 5e
0,02 16,37 14,51 7.00 9.82 Se
0.14 15.97 16,3 6.h2 9.87 5. .
o.lu Y ,1‘ '71 1“. ?.u ,." 5. 2
0,06 17.32 14,59 7.3 9.87 5.31.
0.19 16,17 1h, 37 7. 9.60 5 ;
0, 07 16.89 14,51 7. 9.33 Sedl: i
0,17 17.10 14,55 7. 9.33 5. 3
0.05 20.31 15.99 6. ‘.R z- B
0.16 13-31 15, 7 6.1 - b L
0.08 16. 8 14.‘5 z.” a.“ .. .
0.02 17,52 14,61 .9 l.gg &,
0.15 15.547 14,2 2 . be
0.42 12.70 13. -25 .23 B
0.20 17.53 14, 63 5. 7.90 4,2
0.11 16.27 14,50 5.18 9.7 ho18
0.51 9.838 12.91 6.92 9.69 514
0.16 15,532 14, Ob 7.0b 9.87 5--3
0.13 15.865 14,32 7. z.:a g-
0.09 18,206 14,7 I, .36 ?
0.19 15.71 14, 5, 7.90 3.85
9,38 13,025 13.71 4

. -,.+ 5 1e (0,56 - 0,09 (eg) (0.1 ¢ 0.90 n/%)

By = 0,35 (1 + 300) ( ®a - ea)
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