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INTRODUCTION

During recent years, the practice of using irrigation
to supplement natural rain fall, has tecome more common
among tree fruit growers,

Since the investmert ir irrigation egquipment is
rather large, the grower would like to have the assurance
that there will be a higher value fruit crop 2s a result
of irrigation, to eventually pay for the investment,

The value of the irrigated crop is increased not only
by greater tonage, but by quality also, as large fruit is
worth more than small fruit, This fact alore is not
sufficient assurance that irrigatiorn is desirable., The
duration and frequency of the drough®t must also te great
enough that the irrigated orchard will produce crops of
sufficiently higher value than unirrigated orchards in
order to justify the effort ard expense of irrigatirg,

Basic information on the rate of water use bty the
fruit trees must be known in order that the lenrth of
time required for exhaustion of the soil water sunnrly may
be predicted., ‘/hen a drought exceeds the time that it takes
the tree to uce the available moisture, the crcp will
suffer., In peaches and cherries this is particularly true
during the weeks just prior to harvest as this is when
these fruits make their largest gain in size, but is true
in apples to a lesser extent, all throurh the growing

season,



When the length of time that is required for removal
of the soil moisture is known, the frequency of droughts
of this length or greater length may be determined from
existing Michigan weather studies, With this information,
the ﬁumber of times a grower might expect to have need of
irrigation equipment could te predicted, and consequently
the return on his investment could be estimated,

The problem resolves itself to one of knowing the
amount and rate of water use by the fruit trees, Consider-
able work has been done in the area of water requirement on
other plants, but very little has been done in the humid
éreas with regard to fruit trees., Most of the values of
water consumption for fruit trees at present, are based
on estimates,

The Penman energy budget method of predicting evapo-
transpiration has been used on some orchards in the Eastern
United States. Because the Penman method is very general
and is not exactly designed for orchards, the results are
questionable,

The intent of this study was to measure the water
consumption and rate of use for apnles, peaches and cherries
in a Michigan orchard and compare this to rates of water use
as computed by an energy equation, This comparisor will
give an indication of the reliability of the results given

by the energy method.



II. REVIEYJ COF LITLRATURL

Moisture Use by Irees

The problem of measuring the water used by trees and
plants is complex and one on which considerable work has
been done, There are numerous factors which influence the
amount of water used by trees and plants; The soil condi-
tions that affect the water use and the rooting depth of
plants are nutrition, texture, and compaction, Climatic
conditions such as the amount of energy received, length
of day, temperature of the air, wind, evaporation and relz-
tive humidity influence water use of the plant as doe;
competition for the water by other plants,

Relating to soil moisture, Viehmeyer and Herdricicson
(13, 19, 52,52) and Veihmeyer (4€) in their work in Cali-
fornia have fou~d that in the range of readily available
moisture (between field capacity and permanent wilting
point) the transpiration rate is independent of the soil
moisture. They report (15, 50, 51) that there is no benifit
in irrigating before permanent wiltingz point is reached,
only additional cost, and that it is not detrimental to
allow the trees to reach permarent wiltirg vnoirt if this
corditiorn does not exist for more than a few days. VWhen
water is annlied, recovery is swift, The effects are pro-
nounced if the trees remain dry for several weel's, They also
cite (54+) water use rates of from .1 inches/day for coastal
region, to 4 inches/day for the warm inland areas of Cali-

fornia,
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llagness, Degman and Furr (29) report that the growth
of avples was not slowed down until the moisture content
of the soil was near the permarent wilting point in the
driest part of the root zone., They found that the growth
rate was restored when the soil moisture was restored pro-
vided the foliage was not damaged, but that the ultimeote
size of the fruit was reduced in proportion to the lergth
of the drought.

lagness (31) reports that in Eastern United States,
mature orchards use about 4 inches of water per mcnth dur-
ing full leaf of the trees, May 1 to September 30 or 20
inches for the season, and that the moisture extraction
is proportionzl to feeder root density._

Taylor ard Furr(41) fourd that the tree did not suddenly
run out of water and wilt, but rather zs permanent wilting
point was reached, moisture wes pulled from the fruit for
transriration, This was rot detrimertal to the tree or crop
if rot alloved to exist for a prolonged time, There was ro
advartage in rot having the soil reach the permarent wilt-
ing poirt hefore water wes applied,

Kenworthy (24) found that whern Y0 percent of available
moisture was u<ed, tree growth was decrezsed, His exneriments
were on a finer textured soil thar Herndrickson and Viehmeyer's
ard were corcerned more with growth than yield,

In a survey of soil water requirements ard availability,
Kelley(23) cites moisture extractinr natterns for various
crops, all of which take £0 - 90 percent of their water

fromthetop 3 feet, He revorts a trarsviration ratio of



500 = 1000 parts water required for every pnart of dry
matter produced in alfalfa., This ratio depends on factors
such as moisture content, soil type, soll compaction, soil
fertility, and climatic factors, FkKelley's summary of work
done on the availability of soil moisture indicates that
water above wilting percentage is not equally available in
terms of plant growth,

Another factor that may have a bearing on the soil
water-plant growth, relationship, is the fertility of the
soil, It is a well established fact as »ointed out by
Hanks (11) that as the fertility increased the water required
for plant growth decreased, Stoltenberg (39) found that
when a nutrient deficieney is limiting plant growth, differ-
ences in transpiration rate due to so0il moisture level may
not be evident,

The extent of competition by sod and other plants for
the moisture in an orchard has an influence on the amount
of moisture available for tree growth and fruit production.
Clean cultivation in peach and sour cherry orchards h-s
become a rather well established pfactice to corserve mois=-
ture. Kenworthy (25) found that under clean cultivation
practice, the infiltratior capacity of the soil decrecsed
with age, probably due to a reduction in organic motter,

On the other hand with orchards insod, the water absorhing
and retaining properties improved with agé.
Alderfer and Shaulis (1) reported that in peach

orchards the infiltrstion capacity was decreased when



heavy sods were used, until the sods had time to become well
established, They concluded that trashy cultivation on a
deep soil appeared to be the best method of improving in-
filtration,

Higdon (21) fourd that clovers, alfalfas and quack
grass depleted moisture faster than other grasses. He found
that mowing the sod decreased moisture depletion at low
soil moisture but increased it at high soil moisture due
to rapid regrowth, He concluded that a cfown mulch seemed
to be the best méthodvof retairing sod without serious
competition between sod and tree for moisture,

Willits and Erickson(57) report from their worl on
alfalfa, clover, fescue and blue grass that above permanent
wilting point, moisture use ranged from a maximum of ,13
inches per day down to ,02 inches per day during the cdormant
time of mid summer, They also fourd that the stage of
crop development had more affect on water use than did
climatic conditions. ’

Shaw (38) revorted that in a Massachusetts apple

, orchard a heavy mulch proved very satisfactory and more
fruit was produced than similarly fertilized and cultivated
orchards,

Toenjes, Higdon and Kenworthy (45) renort that con-
serving moisture is best done in Michigan with a shallow
rooted sod cover. Toenjes (44) fourd that ir.pearoréhardé

in Michigan after 12 years, the orchard in sod had larger



trees, produced more and the soil was less dense than in
orchards under clean cultivation.

Tree root distribution and depth also have a bearing
on the amount of water the tree can reach, Havis (12)
found that in Ohio on Wooster Silt Loam, peach tree root
distribution was related to soil profile, About 60 per-
cent of the roots were in the top foot, 85 percent in the
top two feet with very few roots penetrating the "C"
horizon,

W. S, Rogers (3 ) reports in England that apple tree
roots extended beyond the branches of the tree and that
most of the roots were in the top soil layer, Sandy soil
produced a shallow root scaffolding and the smallest trees.
Loamed soil had the deevest roots and largest trees,.

Viehmeyer and Hendrickéon (49) report that at a given
derth on unifbrm soils, uniform root structure will couse
the soil midway between the rows to reach permanent wilting
point as soon as‘it will the soil close to the tree, They
state (54) that it is not true that with-heYdirg water will
make roots go deep seeking water, nor is it true that light
irrigation encourages shallow rootirs, They attempt to show
that capillary moisture does rot move by capillary action
but remains as it is until removed by the plant,

The work of Wiersma, and Veihmeyer (56) does rot lend
support to the theory that plants can rick up moistﬁre by
leaves in a high humidity atmosphere ard exude the moi-~ture
from their roots ir dry soil areas, pick up rutrierts and

take up this water again for plant growth.



Proebsting (34) reports in California that temperature
as well as water affect tree growth, He found 75°F, to be
the best temperature for growth, Where temperatures were
85 = 95°F. he found very few roots ir the top foot. Most
roots were in the 2 -5 foot layer with few below the 5
foot depth.

Hinrichs (22) found that the compaction of the soil
had a definite effect on the rooting of peach trees.
Loosenirg the soil by digging to a 4 foot depth was very

beneficial in stimulating root growth and top development,

Measured Transpiration of Fruit Trees

‘The use of moisture blocks and a Bouyoucos Bridge
has been the most common method of measuring soil moisture
and estimating evapotranspiration of plants, Anderson, and
Edlefsen (2) report that block measurements are very much
reproducible in behavior and bloclts possess a like resist-
ance at similar moisture content, They found that the blocks
could be calibrated at all moisture contents if they were in
soils with actively transpiring trees,but that there was a
tremendous lag in response by the blocit if planrnts wero not
growirg on the area,

Edlefser, Andersor and Marcum (7) report that moisture
blocks in all the soils they tested had approximntely the
same resistance for permanent wilting poirt, They had
resistznce readirgs of L400-600 ohms at field canzcitv or
above ard 500,000 ohms when all available moisture wns

gone,
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Bouyoucos and Mick (4) have made exhaustive studies
on cdetermining moisture consumption by use of molsture
blocks, They report excellent dependability ard reproduci-
bility,.

Mogness (30) cornducted a a study intended to show the
relationship of apple growth to soil moisture, Ile fourd
that fruit growth is fairly uniform whén the tree has
avallable water and retarded when the wilting point of the
soil is reached., He revorts a very close correlation
between growth and the hours that stoma were opered,

Hendrickson and Veihmeyer (14) have shown that the
growth of peaches is characterized by three distinet periods.
The first being rapid and ending about the first week;
the second, slow lasting from early June until late July;
the third, final period of rapid growth. They fournd that
the final size was reduced if the available water was ex-
hausted during the growing season.

Lilleland (28) reports thot the cyclic growth of
the peach is characteristic of many stone fruits, First,
fast for a short time periods; second, slow for a long time
period; third, fast until harvest. The last stoge was the
most critical as far as final size was concerned,

Hendricl:son and Veihmeyer (16) report that the volu-
metic growth rate of pears increases durirg the season as
cortrasted to uniform apple growth and cyclic growth of

peaches,
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Pieniazek (33) found that the transpiration rate of
apple fruit was very high early in the season when the apple
skin was permeable, then decredsed to a2 minimum at harvest,
and increasing again if the fruit became over ripe,

Verner (55) made daily measurements of apple develop-
ment and reports a variable rate of growth, He found that
when the evaporation power of the air is low, the apple
swells rapidly due to moisture available to the fruit,

This lasted for a day or two and then leveled off to normal
even though humidity remained relatively high, Days of
high evaporation were accompanied by slow rates of growth.
The rate of growth seemed to depend more on evaporating
power of the air than on air temperature,

Tetley (42) found the growth rate of apples decreased
during periods of rainy sunless weather, but the average

rate of increase over the season was nearly constont.

Energy Methods of Computing Evapotranspiration
Gentilli (8) has pointed out that semi- emperical

equations for evavotranspiration do rot give the same re-
sults, so obviously not more than one equation can bte
generally correct. Halstezd and Covey (9) state as reasons
why Gentilli's conclusion is true:

1, Areas and differences between surrounding country;

2, Correlation between temperature and evapotranspiration
is complicated by the fact that actual evapotranspiration

tends to lower both the maximum and mean temperature;
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3, Any system which employs orly one wind speed (as Pen-
man) must rely on extremely crude measurements of turbulance;
4, Any method which is based upon mear monthly and even
daily figures must devend uporn a correletiorn betweer instant-
anious znd mear values which varies with season, location

and climate,

Lemon, Glacer and Satterwhite (27) shovw thzat evapo-
transpiration is 2 function of three things; soil mais*ure,
plant, and meteorological factors, and any attempt to
predict evapotranspiratiorn without corsicering 211 perztinent
foctors will meet with orly qualified success, Thev noint
out that evapotranspiration is controlled by soil mols.ure
tension, physiological factors, relation of sonil of irrigated
areas to that of its surroundings, as well as purely meteoro-
logical factors of radiation, wind air temperature orc
humidity.

Criddle (6) presented a comparisor of various erergy
equations poirting out advantages arnd limitation of each,

The prccedure outlired by Penman(32) has been fourd fairly
acceptable and was the method used by T, V, Wilsor (58)
in his work on peaches in South Carolira,

Arderson (3) from his work at Lake Hefner, Oklahoma
has presented a very exhaustive study of evaporation as
computed by energy-budget methods versus actual measured
evaporation from a lake, The energy equation he useé was

the Penman formula., He reports that the classical equztion
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must be modified, Best results were obtained by measuring

the solar energy in place of a calculation, as the reflection
depends on sun altitude and surface and not on wind, Ander-
son reports the energy budget gives t 5 percent accuracy for

periods of 7 days of longer.
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IIT, DROCEDURE

The study wrs conducted on the liichigrn State Univer-
sity Horticulture farm in East Lansing. (See figure 1.) Three
treés each of apples, peaches and cherries were selected for
the measurements, Care was used to choose trees well within
the orchard proper in order to eliminate border effects and
also to choose healthy, typical, mature trees, It is of
interest to note that the apple orchard had a sod cover

while the veach ancé cherry orchards were clean cultivated.

Moisture Blocks Installation

Bouyoucos moisture blocks were used to measure soil
moisture and were placed in four locations arcurd the three
apple trees, (See figure 2,) Location "A" being beneath
the drip point of the branches and location "C" beirg
midway between "A" and the trunk, Location "B"™ was also at
the drip voint, and "D" midway between "B" and thre trurl,
but "RB" and '"D'" were on a line pgrpendicular to a lire through
"A" and "C", This was done in an attemnt to mirimize any
affect the tree might have on irtercepted solar radiation and
consequently result in a difference in soil moisture, Moisture
blocks were placed at depths of 1 foot, 2 feet, and 3 feet
in each location arountl the apples. A bucket auger was used
to bore the hole to place'the blocks, as it was thought that
the bucket auger would disturb root structure as little as

possible,
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Blocks were also placed in similar locations around
peach trees and cherry trees, but only at depths of 1 and
2 feet as these trees are fairly shallow rooted, with the
bulk of the roots in this depth. Before the blocks were
buried, they were fitted with thermocouples so temperature
correction readings could be made, The blocks were soaked
to bring them up to saturation point,

Readings were taken on these 84 blocks twice a week,
beginning in July and continuirng until harvest of the apples,
a period of 12 weeks., Resistance readings were made by use
of the Bouyoucos bridge and temperature readings by a direct
reading potentiometer, Rainfall records were obtained

from a standard rain guage kept at the orchard.

Moisture Block Calibration

An attempt to field calibrate the blocks was made
during the summer, This procedure vas abandoned due to the
difficulty of obtaining soil samples close enough to the
blocks to give an accurate moisture content to correspond
to the resistahce'reading. Due to tke difficulty of field
calibrating the biocks, a laboratory calibration was used,
The soil was found to fal; into 13 different groups. This
was based on resistance reédings at field capacity moisture
content, Samples of these 13 soils were taken for calibra-
tion at the time of block removal, and the blocks that were
used in these solls were used to calibrate them. " The method

of calibration used was that described by Bouyoucos, This
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method employs a series of small metal trays mace of screen-
ing, which contain the moisture blocks, surrounded by the
soil to be checked, The series of trays were wetted with
distilled water and allowed to dry out. When a block dried
to a2 desired resistance point a spatula was used to remove
all soil but that 1/8 inch adjacent to the block. This
layer of soil surrounding the block was removed for the
moisture determination. The small trays that held the soil
sample and block were made of a 1/% inch mesh secreen, in

an attempt to equalize the evaporation opportunity around
the block, A paper liner was put inside the tray arnd the
soil, block and water added. Seven resistance voints were
checked for eéch soil, at approximate saturatior, 2000,
5000, 10,000, 20,000, 50,000, and 70,000 ohms. These values
were plotted giving resistance vs, soil ﬁoisture curves for
the 13 soil groups. The calibration process was conducted
at 70° F, room temperature to give a zero temperature

correction,

Processing of Data

The soil moisture resistance reading taken for the

trees were corrected for temperature using the resistarce
temperzture slide rule, that is based on the Bouyoucos
temperature correction chart. Those corrected readirgs
were then transpvosed to percent soil moisture, values using

the resistance vs., soil moisture curves. (See appendix IT,)
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The percent moisture of the four blocks at each depth level
were averared to give a single percent moisture for that
particular depth at each tree,

Ir order to convert percent soil moisture to irches
of water, it is necessary to ¥now the bulk density of the
soil, Five bulk density samples, (three inch diameter
cores) were pulled for ezch soil type. The five samvles
were oven dried, bulk density determired and averared,

The bulk density was then used to determine the amount of
water in inches that was held in each foot of soil depth

for all trees, The amounts of water held in each foot of

soil under each tree were added, giving a total quantity of
water ininches under the tree, This quantity of water remain-
ing was found for each tree for each day of data collection,
These bi-weekly values of water guantity were plotted vs.,
time, to indicate the water use of the trees,

The 13 soll groups were classified by the soil class-
ification ard mapping section of the Soil Science Depart-
ment ard ranged from fine sard, loamy sand, sandy loam to
one sample of loam. It was hecessary to know the nermanent
wvilting vnoint and field capacity for the 13 soil gr:ups.,

To find field cavacity, five field samples for each soil

type were removed. This was done by using a soil auger,
early in the sprinrg several days after a rair. These samples
were weighted and oven dried to determire the moisture con-
tent. A vressure membrane laboratory procedure (35),

using 6 atmospheres of pressure was used to fird the per-

manent wiltirg point of these soils. (See apperdix II.)
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It was believed from observation and literature cited,
that the bulk of the roots will be in the upper 2-3 feet
of soil and that the major part of water used will come
from this area. However, to investigate this theory a
little more completely, soil borings were taken for every
foot of depth to a depth of 6 feet and a radius from the
trunk out to mid row at intervals of 2-3 feet, (See figures
3, 4, and 5.) Soil moisture percentages were determined
from these samples in an attempt to locate the extent of
dry soil or the maximum depth from which the tree was remov-

ing water,

Plotting of Data

The plot of the values of soil moisture content versus
time involved some difficulties due to the spasmotic rains
that occured throughout the first part of the summer, A
precipitation rate greater than the rate of water used by
the tree during the same period would result in an increase
in soil moisture content, Under these conditions it be-
came very difficult to estimate the water used by the tree.
The percolation rates of the water th{ough the soils were
not known, hence it was difficult to know the length of
time required for the blocks to reach equilibrium after
a rain, Plotting this data results in graphs similar to
the one shown in figure 9. Because of these difficulties
with rainfall, a different prccedure for handling the data
was used, It was decided that in order for any reliability

to be attached to the data, usable readings must be in a
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sequence of two or more, and must follow a rain by two or
more days. To plot the data for the difficult 3-4 week
period in July and¢ August, the total precipitation in inches
for the period was totaled, starting from a known soil
moisture content on July 25 and drawinrg a constant slope
to a knovn soil moisture content on August 13, thus an
average moisture use rate for the period was established,
The above procedure was used for the August 18 to
August 30 period also, after which time the absence of rain
permitted a very reliable sequernce of reacings to be taken
until harvest, _
Plotting the data in}dry weather provided the most
reliable picture of weter use, the slope of the curve
gives the rate of water consumption a basis for comparison

of the evapotranspiration of the trees.
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Lnergy Equation

The energy equation for evavnotranspiration the author
chose to use was ceveloped by Permar, This procedure has
proven quite reliable within its limitations. The limit-
ation being that the time period considered must be 7 days
or more, The accuracy of estimate decreases as the veriod
considered decreases, cue to differences in energy storage.
This energy storage averages out over a period of time, so
as the period of time increases, the accurécy of estimate
also increases, The length of periods under consideration
for this study are 7 day increments, Values of wind speed,
temperature, length of day, hours of sunshine, and humidity
were recorded and averaged to give an average value of
each for the weekly period, A slight deviation from the
caléulated formula for radiation was used., This was in
the form of actual recorded values of total radiation from
the pyroheliometer that is located at the Uriversity Exver=-
iment Farm, This substitutiorn was used as it was thought it
would provide a measurement that would give greater accuracy
than a value calculated from an equation,

The average weekly climetic wvalues were then substituted
in the Penman formula which was solved-to give a solution in
terms of inches of water per day, that would be evavotran-
spired from a vegetative surface, Daily values were found
for the 12 week period, and plotted against time to vrovide
a graph of rate of water use by the trees. A comprrison
could then be made between measured water use and calculated

water use,
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Calculation of evapotranspiration by the Penman formula

involves the following equation:

=AH + ,27 Ea
£t A+ ,27/SD

where:
E; = potential evapotranspiration in mm/day.
A\ = slope of saturated vapor pressure curve,
(see appendix X, A.)
Ht = net radiation,
Ea = Auxiliary quantity.
S = factor denoting influence of diffusion resistance
D = factor denoting influence of length of day.

Net radiation values were obtained by altering the
emperical equation of:

H, = Ra (1-r) (.18 + .55 }) =CTa *(.56-,092T&2) (.1 +.9p)

to include the Epply Pyroheliometer values of radiation.
This took the form of:

H, = (l1-r) (Pyroheliometer)(Ta L+(.56-.0927"63)(.1+.9§)

Fy roheliometer values were obtained from the ARS-
SWCRB-USDA Cooperative Project

r = 0,20 radiation reflection coefficient for vegetation.
ﬁ = ratio actual to possible hours of anshine.

o~ = Stefan Boltzman constant 2,01 x 10~7 mm/day.

Ta = absolute temperature of air R,

eg = saturation vapor pressure at mean dew point,

n = hours of sunshine,

Values of E, were calculated from:

E, = .35 (ea-ed)(1+.,0098u,) mm/day. .

e, = saturation vapor pressure at mean air tempverature.
u, = wind speed at two meters, vp = uy x gigg g, )

Ra = mean monthly extra terrestial radiation in mm of

H20/d aye.
Values of S were calculated from:
S = La/La + 0,16)

where La = effective dlffu51on length of air which is
equal to .65 (1+ 0,0098 u2)
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Values of D were calculated from:

/2% + 1/7 sin Nw/24
hours from sunrise to sunset,

D
N

Pyroheliometer values of gm-cal/cm2 were converted to
mm of water,

Example - 418 cal/em x 1 c.c, X 1
gm of HoO 790 cal/gm(ﬁéo Vapor)

x 10mm = 7,09 mm of H20 Evaporated,
cm

The questiqn arose, of the actual percentage of solar
energy that the trees were interceptirg. If the enrnergy that
falls on the ground is not used to evaporate water from this
surface, due to dry soil conditiors, it is conceivable that
it may be available as heat energy to remove water from the
tree, Therefore it is necessary to know the percentage
that the intercepted energy is of the total energy. This
was investigated by measuring the tree crown diameter and
row spacing, giving an indication of the ground covered
by the trees, (See figures 6,7 and 8.)

The values of evapotrarspiration as given by the Penman
equation using calculated values of radiation were found for
comparison purposes, Values of Ra were used as described by
Criddle (6) and the equation handled in the general way.
This compgrison of evavpotranspiratior, calculated from

computed radiatior values is shovn in table 1
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FIGURE 6
APPLE ORCHARD TREE SPACING

TREE COVER - 44 %
OPEN — 56 %
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FIGURE 7
PEACH ORCHARD TREE SPACING
TREE COVER- 259 OPEN— 759

18' TREE DIA.
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—/

FIGURE 8
CHERRY ORCHARD TREE SPACING

TREE COVER —4i1 % OPEN — 599
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IV, DISCUSSIOL OF RESULTS

Calculated Water Consumption

As all the trees under study were within 1000 feet
of each other, they were all subjected to the same climatic
environment, so theoretically, using the Penman energy equa-
tion, they would all have the same opportunity for potential
evapotranspiration. Plotting the values calculated from
the Penman Equation for week;y increments provided the rate
of water use curve shown in figure 19, This curve was also
overlaid on figures 20-28 to make an easier comparison,

The rate of water use data given by the energy equation,
was affected by temperature and this accounts partly for
the trend of the curve., The curve shows a rate of approxi-
mately .12 inches per day in early July decreasing fairly
consistently to a rate of approximately ,07 inches ver day

late in September,

Measured Water Consumption

The graphs figure 10-18 show the amount of water in
inches that was present in the soil. The rainrs in mid sum;
mer raised@ the soil water content to near field capacity,
from which point water consumption continued without inter-
uption until the soil moisture content was near permanent
wilting point., This provided a fairly reliable picture of
water use for this period, The average slope of this water
use curve was calculated for weekly increments to give the
rate of water use per week. This calculation was brolen
down to daily rate figures. The daily rate of water consump-

tion is shown plotted for each tree in figures 20-28,
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‘Aggle Tree Evapotranspiration es (Figures 20,21 and 22)

A comparison between the rate use curves (moisture
blocks) of the apple trees, shows there is not exact agree-
ment on the rates of water use., The variation in root
structure, tree sizé and soil texture can largly be held
responsible for this differencé. Superficially, soil
texture may appear to have more effect on the rate qf water
use than it actually does. The fact that a plant growing
in a coarse texture soil would remove the available water
faster than it would if grown on a fine textured soil,
would make it appear that it was using the water at a higher
rate,

Although there is not exact agreement bepween trees,
the general trend of all three is similar. The water use
rate is fairly low for all early in July, about .05 inches
per day, This rate increased to a maximum of .16 inches
per day toward the end of August and then gradually decreased

again to about ,05 inches per day.

Peach Tree Evapotranspiration Qﬁ;veg (Figures 23, 24 and 25)

The behavior pattern for the tree peaéh trees is
similar to that of the apples in that there is not exact’
agreement between individual trees, but the general trend
of all is in agreement, The rate of water use was fairly
low .O% - ,05 inches per day when the data recording was
begun in July. ‘Tt remained low increasing slowly during the
rainy part of the summer, until about the middle éf August,
At this point there was a sharp increase in rate, all three

trees reaching a maximum rate of approximately .2% inches per
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day, at harvest time, the first week in September, Follow-
ing harvest, the rate of water use declined sharply to .06
inches per day throughout the remaining part of September.

This trend of water use, low during the mid part of
the growing season, and increasing during the final few
weeks of growth until hérvest, lends support to the findings
of Viehmeyer and Hendrickson (15) and Lilleland (28) re-
garding the growth rate of peaches,

Cherry Tree Evapotranspiration Curves (Figures 26,27 and 28)

The graph of water use rate for cherries shows the
greatest difference between trees; but, some general trends
may be seen,

The cherries were just entering their ripening stage
as data recording was begun on July 12, This is indicated
by the high rate of watef use 6f approximately .20 inches
per day during the first two weeks, decreasing to a minimum
of .03 inches per day in the fourth week, This minimum rate
continued during the wet part of the summer until the sixth
week, At this time the weather became fairly warm and dry,
and as the cherries were not harvested, the rate of water
use took a sharp increase reaching a maximum of .32 inches
per day during the 8th and 9th week, Pieniazek (33) revorts
similar increase in water use by apples when they were not
harvested., From the 9th week on to the end of September,
the cherries began to dry up and drop off, which waé accom-
panied by a decreasing rate of moisture use to the minimum

of .03 inches per A4ay.
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Sinmilarities and Differerces Petween Measured Water
ard Calculated Water Consumption
(Figures 20=2%)

From a study of the graphs, it is obvious that there is
considerable variation between the Penmcn curve for evaro-
transpiration and the curve developed from moisture block
data for any fruit tree corsidered in this experimert.

The differences between the czlculated evapotranspiration
and measured evapotranspiration vary with the type of
fruit tree being considered,

The author feels that there is wvalid justification
for these differences, Although the Penman ecuation pro-
duces fair results for a period of time of a few weeks or
longer; Halstead and Covey (9) have poirted out that some
rather crude estimetion of climatic conditions, greatly
affect the accuracy over a short time interval, It is in-
teresting to note that while weekly rates of evapotrarsvir-
ation varied considerable, the total evapotranspirationr for
the complete experiment (12 weeks) for all trees stucdied
was within 7.7 percent of the total calculzted from the
Penman equation, Tris lends support to the fact that as the
time interval considered increases, the agreement between
calculated =znd actual evapotranspiration improves,

Arother reason why there is cornsiderable variation
between Penman rates ard measured rates, is cdue to the
physiological characteristics of the fruit tree, The Penman
equation was first developed for a body of water, and modi-
fied to include a factor to simulate the evaporatiorn from

a vegetative surface., The factor is very nordescriminating
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with regard to the type of vegétation surface, assigning
the same value to all, with no regard as to varying water
requirements of plants with maturing fruit crops.

Penmans original work was done using 12 cylinders,

6 feet deep and 21/2 feet indiameter., They were treated

as uniform surfaces of open water, bare soil and turfed
soil, He fbund that when the watef table was deeper than

24 inches, the soil and turf surfaces were not kept supplied
with moisture for the maximum evaporation rate, and actual
values did not correspond to the calculated values,

In explaining values of evapotranspiration that did
not agree with calculated values, Penman States on page
144 (32): ;"Ffom the conclusions, one would expect the
corresponding values of the annual evaporation from cropped
land to be 3/4+ of Ea (water surface evaporation) if the crop
transpired at maximum rates all the year; in practice the
rates ﬁill be less than this because of the ripening pro-
cess in annual vegetation and /or the lack of summer rain-
fall,"

In an attempt to explain the larger amount of water
indicated as used, above the amount shown possible to
transpire by the energy available, the possibility of water
storage in the fruit was investigated, The average yleld
of an apple tree is about 15 bushel. The apple weight is
45 pounds per bushel and water content is 84,1 percent,
This gives é total water storage of 567.,5 pounds of water

or 8,78 cubic feet, This quantity of water spread out over
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the area from which the tree removes its water, amounts to
about ,034% inches of water for the seasor, a very negligable
amount, It is obvious then, that if only a small port{on

of the water is actually stored in the fruit croon, the
balance of the water extracted from the soil must be tran- |
spired. The question then logically arises, that the Penman
equation is based on heat or the energy that is available

to evaporate water, and if this heat is not available, how
can water be transpired, This can be explained by noting
the amount of solsr rezdiation that is intercepted by the
trees, In the case of the Penman formula, the rate of
evapotranspviration is calculated and it is assumed that

the figure fourd, for example .12 inches per day, represents
the quantity of water that it is possible to evaporate from
100 percent of the area considered, The situation of the
orchard differs from the assumed set up for Penman procedure,
in that the trees in the orchard only intercept about L4
percent or less of the solar energy. The remaining 56 per-
cent of solar energy falls on'the ground between rows and
when the ground is wet, this energy is used to evaporate
moisture from this surface, This leaves the water transpired
by the trees proportional to the 44 percent of the erergy they
receive, As the ground drys out and grass goes dormant,

the energy that falls on the ground is changed to heat and
is available to pick up water from the tree, This eﬁergy

combined with that intercepted by the treec can conceivably

’
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double the energy available for transpiration from the tree.
This is supported by the results of the graphs which show
the rate of water used by the tree about double the Penman
values, during the warm dry part of the season.

The comparison of calculated values of evapotransniration
based on phyroheliometerradiation data and values based
on computed radiation are shown in table 1. This comparison
shows that weekly evapotransviration rates based on computed
radiation range from 2 minimum of 1% error on the Lth week
to a maximum of 41 & on the 11lth weeli, The values are ran-
dom with some being high, others low, The average error
for the 12 week period was 3% of the value given by the
pyroheliometer, This emphasizes again that the accuracy
of values of evapotranspiration calculated by the Penman

equation increase as the length of time considered increases.,
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TABLE I

COMPARISON OF CALCULATED EVAFOTRAI'SrIRATICN
USILG PYROHELIOMET;R RADIATION VALULS
A'D COMIUTED RADIATICH VALUEZS

ven | dniiny (Eprengioneten g e, | Feren

Radiation

Values
1 116 .128 +10
2 .098 «103 + 5
3 o119 «099 -17
l* -083 .096 +16
5 .101 117 +16
6 .103 ~104 + 1
7 ,081 ,088 + 9
8 082 .0E5 + L4
9 .078 <064 -18
10 . 0592 ,045 -2l
11 <Ol 048 + 8
12 .055 .032 41
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V. CONCLUSIONS

From a study and comparison of the graphs of water.use
rate given by Bouyoucos moisture blocks, and the potential
evapotranspiration rate calculated by the Penman procedure,
the following observations are noted: |

1. The potential evapotranspiration as calculated for
weekly intervals by the energy equation, is not a reliable
indication of the actual evapotranspifatibn of fruit trees.,
This is due to the partial ground cover by trees, variations
in root structure, soil conditions and physiological plant
functions,

2. The solar energy falling between rows, is available
to the tree when the ground is dry or the cover vegetation
is dormant, and accounts for a much higher rate of water use
by the tree than would normally be expected,

3. The use of moisture blocks makes possible a more re-
liable procedure for determining the correct time of irriga-
tion than does the energy equation.

4, The rate of water use indicated by the energy equation,
should be multiplied by a factor of 3 or 4 when using this
method to determine the time of irrigation, prior to harvest,
for a young orchard,

5. Irrigation water should be placed as near the tree
as possible rather than in mid row in order to be available
to the roots,

6. The physiology of a maturing fruit crop causes a vari=-
ation in moisture use, This is particularly true in peaches
and cherries, which have a low moisture use rate in mid season,

increasing prior to harvest ard decreasing again at harvest.
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VI. SUGGESTIQLS FCR FUTURE STUDY

To further check the reliability of the Potential
Evapotranspiration as given for orchards, by the Penman
method, and to possibly alter the modifying coefficients
so that they would be more correct, various other studies
could be made, These might be:

1. Make a more exhaustive stucdy of the same tyve as
done here, using mary more moisture blocks on a uniform
soil tyve, This would eliminate variables and give more
weight to the data,

2. Use arother method of checkirg water consumptior,
such as neutron scattering method,

3. Employ a weighing lysimeter to obtair the quantity
of water used by a fruit tree during a growing seasorn,
Use this informetion to alter the erergy equation to
include the area and plant affect, thus giving more re-

liable results,
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APPEIDIX II

FIELD CAPACITY - WILTING FOIIT, BULK DENSITY

AND CALIBRATION CURVES OF SOILS

 Soil Permenent Field Bulk Density
Yo, Soil Texture ‘.;J%iging %aggfg.étgre Gm/3 inch core
% Moisture

1 Sandy Loam 2,64 12,56 55,2

2 Sandy Loam 4,68 115,33 599.9

3 Sandy Clay Loam 6,63 17.71 571.0
4  Loamy Sand 2.51 92,30 578.9

5 PFine Sand 1.41 8.45 578.8

6 Fine Sand 1.52 10,57 555.7

7  Loam 7.71 16,85 611.5

8 Loamy Sand 2.83 12,24 571.8

9 Loamy Fine Sand 2,87 12.90 589.6
10 Sandy Loam 3.57 10,24 507.7
11 Sandy Loam 3.72 13.15 600,1
12 Loamy Sand 2.73 11,58 541,3
13 Loamy Fine Sand 2,04 8,84 529,0
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APPENDIX IV

(From Ref, 4)

TEMPERATURE CORRECTION FOR MOISTURE BLOCKS
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APPEIDIX V

SAMPLE CALCULATION - IKCHES OF WATER PER FOOT OF SOIL

Percent Water Weight of Water x 100

Weight of Soil ’

V'eight of Water Percent Water x Weight of Soi

100

Percent Water x Weight of Soil rams
100 Volume of Soil écu. in,)

X cy, em x i x 12 in,
gram 1%,E cu, cm ft.

L x 571 rams) X 1C.C, X gﬁ. in,
21,2 (cu, in, ) gram 164 c., c.

x 12 in

Tt—.—-l—

12.% x 571,0 x 0345
2.44 in,/ft,

Inches of Water/foot

Inches of Water/foot

The depth of water for each foot of soil was calculated,
using the percent moisture at that position, The depth
of water for each foot was then added giving a total of the
three foot depth, This was done for each of the four block
locations, A, By C and D, around the tree, The amount of
water for the four locations, was then averaged to give a
revresentative depth of water for the tree, This data was

then plotted to give the moisture use curves, Figure 10-18,
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