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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D.C.

. STUDIES OF THE IRRIGATION OF PEAR
ORCHARDS ON HEAVY SOIL NEAR
MEDFORD, OREG. '

By M. R. Lewis, irrigation engineer, Diviston of Irrigation, Bureaw of Agricultural
Engincering and Oregon Agricultural Bxperiment Station; R. A, Wonx, essistant
irrigalion engineer, Division of Irrigation, Bureaw of Agricultural Engineering,

and W. W. Auonien, assislont horticullurist, Division of Fruit and Vegstadis
Crops and Discases, Bureaw of Plani I ndusiry *
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INTRODUCTION

The practice of irrigating the pear orchards of the Rogue River
Velley, wherever water for mrigation is available, has become almost
universal in recent yenrs. Commercial orchard cxperience has dem-
onstrated that irrigation is of value in the production of satisfactory
yields of {ruit of marketable size, but no definite information has been
avatlable to the orchardists as to the proper frequency, amount, or
time of application of irrigation water. '

Within the past few years the competition of other districts in the
somewhat; limited winter-pear market has made it more and more
evident that the pear industry of the Rogue River Valley can survive
only by meeting such districts in a price competition. It has been
shown by .Besse, Brown, and Wilcox (2)? in a study of production
costs, that “yield js the dominant factor in reducing cost per box.”

! This bulletn is o roport of fnvestipellons earried on undor o cooperative agreemient Latween the Ru-
reaus af Agrlenliural Engineering and Plant Industry, U.8. Depariment of Aprieitlture and the Orapon
Agrieniturn! BExperiment Sintion,

! Bincere thonks yre due I, ¢, Relmier, spperintendent of (he Southern Orepun Rraneh Experlment
Statlen, und ta C. L. Powell, formery Junior phiysiologist, Burent of Plant Imdustry, or studies of the
dessert and kce}ﬁug gualities of Lha ears grown fn these experinents.  The caoporaiors, Chesier Fiteh,
owner of the Fitch orelnrd, nml Wond & Riddls, of the Klamath orchard, extended overy facility to

- Mugtier the progress of the experlmonis.
# Itnlic numbers in parenihicses rofer to Litoratnee Clted, 3.

BT —34——1
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Recent experiments show that the amount of irigation has a marked
effect on both the size and the tofal yield of fruit.

The watar supply in the Medford district is distinctly limited, and
_ it is highly desirable that information as to the bust use of this limited
supply be available, In some years the supply is far below normal,
and the small quantity available should be applied at tines when. it
will be most useful. In considering the possibility of increasing the
water supply by expensive works, definite information as to the value
of heavier irtigation in increasing the yield of fruit is essential,

FORMER IRRIGATION STUBIES

Tirigation investigations have been conducted in the Rogue River
Valley at various times. The oarly workers (4, 5, §) were interested
primarily from the engincering pownt of view and obtained informa-
tion from studies of soi! und climatic conditions and from observa-
tion of results secured Uy pioneer irrigetion farmers. They were
convinced that irrigation would undoubtedly prove profitable, if not
essential, to successful farming and fruit growing. The first exten-
sive experimental investigations of the results of irrigation on the
vield of fruit were conducted during the years 1907 to 1911, inclusive,
by Lewis, Kraus, and Rees (3). Their endorsement of irrigation is
somewhat qualified. Among their conclusions regarding the effects
of irrigation are the following:

Irrigation aided in giving a larger percentage of fruit that ecame up to good
pazking size. In several cases it was found that irrigation had an influcnce on
ihe succeeding crop,  The irrigated {rees had more numerous and stronger fruit
buds, Some of the heavier types (of soil) such as the stickics or wtlobes have
shown Dbest results under cullivetion without the use of water. The soils of
medimm texture heve shown o direct benefit from light irrigation . . . . When
Burtlett pory troes from 7 to § vears of age which are in goud vigor and planted
on strong soils wre irrigated, the trees have o tendeney to become more susceptihle
to disesse. The usec of an excessive smount of cold water in the irrigation of pear
trecs on sticky soil is a questionable practice. It fid not incrense the size or
quality and the result on the tree was detrimental rafhier than heneficial. Experi-
ments were conducted with Winter Nelis, d’Anjou and Bartlett pear trees 18
veurs of age located on a heavy type of soil of varying depth and quelity. The

orehard was so divided that the poorer soils received irrigation while the better
suils were given inlensive cultivation hub no irrigation.  The results were in favor
of the nonirrigated plot, showing that irrigation cannot be made to make up for
poor quality of soil.

Their conclusions as to the value of brigation on the sticky soil
appear to be based on the results obtained in the orchard described
in the last conclusion just quoted. Xt is possible that if the seil had
been equally good on the two plots their conclusions as to the value
of irrigation would have been reversed.

Studies on the rate of penetration of irrigation water were carred
on by Hartman® in 1925 and McCormick ?in 1926. Both found that
in the heavy soils it was difficult to secure proper penetration of irri-
gation water into the deeper subsoil by the methods of Irrigation in
common use. In neither ease did the investigations include records
of either the yield or the growth of fruit. MeCormick noted in
respect to one plot that by July 15, 30 days after the second and last
irrigation, the fruit on the trees near the head diteh, whick had

CHarTMaN, C, I, Unwlhllshud repurt of couperative irelgation studies. U8, Depf. Agr., Bur.

I'ub, Rards, wnd Oreg, Agr. Bxpt, Sta, 1026 .
s XgConsirk, 1. 1, Unpuolished report of cooperalive Irrieafion stadies. .5, Dept. Agr., Taar,
Pub. Roads, and Qreg. Apr. Expt, Sta. 1920,
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" received the larger quantity of irrigation water, was growing much
more tapldly than the fruit on trees farther from the diteh. He
concluded that “. . . three 4-inch irrigations would be nene too
much on this soil type during such a hot, dry season as 1926.” He
also found that a cover crop of vetch “seemed to aid penetration and
absorption of water.”

NEW IRRIGATION STUDIES

The series of irrigation studies doseribed in this report covers the
growing seasons of 1950, 1931, and 1932. It was started in the
spring of 1930 under a cooperative agrecment between the Bureau of
Agricultural Engineering, United States Department of Agriculture,
and the Oregon Agricultural Experiment Station and was oarried on
by them jointly during the seasons of 1930 and 1931. The Bureau of
Plant Industry, United States Department of Agriculture, also was
& party to the cooperative agreement in 1932.

The investigations covering the 3-year period were made in two
commercinl pear orchards belonging respectively to Chester Fiteh
and the Palmer Corporation of which David Wood is manager, the
owners assisting whole-heartedly in the studies. Wark in these two
orchards was discontinued in the fall of 1932 and as information
believed to be of material value to the pear-growing industry has been
obtained it is believed desirable to report the results at this time,
although more detailed studies were iitiated in 1932 at the Medford
Experiment Station. It is plauned to carry on these studies under
the triparty cooperative plan for & number of years and 1o publish
the results from time to time.

THE MEDFORD DISTRICT

The Medford district is situated in the upper Rogue River Valley
in Juckson County, southwestern Oreszon, The principal agricultural
lands of the area lie on the floor of the valley of Bear Creck, a tribu-
tary of Rogue River, and on the low foothills bordering that valley.

The climate is semiarid, with a comparatively long growing season
and with sunshine nearly every day during the summer months.
Preeipitation data for Medford for the past 4 years, with normals as
reported by the United Stetes Weather Bureau, are shown in table 1.

TaBLE L.—AMonthly and annual precipilation at Aledford, Oreg., 1999-92
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The soils of the Medford district are extremely varied, haviug a
very wide range in texture and other characteristics. Locally the
soils are grouped in three classes, designated “oranite’, “free”, and
t‘gticky.” The ““granite” soils, as the name indicates, are derived
from disintegrated granite and have a coarse porous surface soil,
often underisid ab depths of 2 or 3 feet with practically impervious
subsoil. The ‘‘free” soils, which occur chiefly along the stream beds,
are easily worked and are alluvial deposits of medium to coarse tex-
ture. The “sticky " soils are heavy clays, clay loams, silty clay lonms,
and clay adobes, which arc but slightly pervious to water snd ave
difficult to work, When the soil survey of this area was made in
1011 (6), 43 soii types were deseribed and mapped.

A detailed survey of the orchards in the arca west of Bear Creek
and south of Rogue River was made in 1930. The map showing the
results of this survey was compared with the soil survey map and the
areas of pear orchards on the various classes of soils were defermined.
It was found that of the 7,360 acres of pear orchards in the area,
1,375 acres were on light soils (sands and sandy loams), 2,655 acres
were on medium soil: (loams and gravelly loams), and 3,330 acres
. ste on heavy soils (dlay loams, silty clay loams, clays, and clay
adobes). It is estimated that two-thirds of the 4,000 acres of pear
orchards not included in this survey are on heavy soils. 1t appears,
therefore, that about vne-half of the pear orchards of the valley are
on heavy soils. This estimate agrees with the earlier study made by
Besse, Brown, and Wilcox (2) which showed that in 1924 to 1927
48.7 percent of the hearing pear frees were on heavy soil.

As is usual in irrigation practice, both the heavy and the light soils
of this ares cause trouble in irrigation. The application of water to
the soils of medium texture presents no especial difficulties. The ex-
perimental resuits by Harbman ° and MecCormick 7 and the experience
of the orchavdists indicate clearly that more difficulty is met in the
irrigation of the heavy soils than with the lighter soils.

As stated above, approximately half of the acrenge in pear orchards
has heavy soil. A much smaller proportion has very light soil. It
appeuts, moreover, that the orchards on the heavier soils hear more
heavily than those on the light soils. Therefore, the proportion of
the crop produced on the “sticky”” soils is even larger than the survey
figures of acreage indicate. For these reasons it was decided that the
first experimental worlk should be done on heavy soil.

ORCHARDS STUDIED

Two orchards were sclected for cooperative investigntions, In
selecting these orchards the following factors woere considered: (1}
Availability of irrigation water, (2) uniformity of trees in the portion
of the orchard available for plots, (3) willingness of the orchardist to
cooperate, (4) uniformity of soil type, (5) importance of the varieby
of pears in the valley crop, (6) depth to the water table, and (7}
typicalness and suitability of the soil type.

The Fitch orchard is located on the lower slope of the hills border-
ing the southeastern side of the Bear Creck Valley. The Klamath
orchard, owned by the Palmer Corporation, is on the floor of the

s fanTyaN, C., Jr, See funlnote 3,
1 McCousick, J, 11, See fostnole 4.
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valley not far from the same hills, the former about 8 miles and the
latter about 1% miles south of the city of Medford,

The Fitch orchard soil is clussod (6) as Mayer silty clay loam. Tt

is very sticky when wet, hard to work, ard but slightly pervious to
© water. The trees are Bartlett pears in full bearing. The orchard
kas been well cared for and, as far as is known, all of that portion
used in these experiments bad been uniformly handled up to the
beginning of these sfudies.

The soil of the Klamath orchard is classed (6) as Meyer clay adobe
and is uniform throughout the area covered by the plots. This soil is
similar to that of the Fitch orchard in that it s but slightly pervious,
sticky when wet, and hard to work. The troes are Anjou pear trees
in full bearing. This orchard also has been well and ueiformly eared
for in the past.

The soils of both orchards lie on somewhat disintegrated sandstone
or shale from 3 to 6 feet beneath the surface. The water table is
below the surface of the rock at all times, except oceasionally just aftor
gheavy irrigntion, when it may rise above the rock surface for a few

ays.
PLAN OF COOPERATIVE EXPERIMENTS

Experience has shown that experiments intended to determine the
proper time and quantity of irrigation must be based on the moisture
content actually present in the soil. Experiments based solely on
different numbers of irrigations, different quantities of water applied in
8 fixed number of irrigations, or any combination of these two factors
do nnt yield satisfactory results. In these studies the different irri-

gation treatments were based on the soil-moisture content of the upper
3 feat of soil. This depth was chosen, more or less arbitrarily, because
it was thought that most of the roots would be found within that
zone. Later investigations 8 have confirmed that opinion.

Definitions of cerfain terms used in $his report, given from the
standpoint of field practice and for farmers rather than for laboratory
practice, are as follows:

“Field capoeity” is the quantity of water retained, following plentiful preeipi-
tation or fvrigation, by oue ar all of the upper 3 feet of soil, ns designated, afler
the surface has heen sefficiently drained to permit the taking of samples under
field conditions.

This may be from 1 or 2 days for sandy loams to much longer
periods for clay soils, the length of the peried varying both with
nature of soil and climatic conditions, It relates to the quantity of
water normally stored in the soil prior to material reduetion thercof
by plans transpiration, but is not to be confused with the gross guan-
tity held by the soil when saturated,

“Permanent wilting pereentage’” refers to the quantity of water remaining in
the soil 2t the stage when the root hairs of the plant can 1o longer obtain enough
moisture to prevent permanent wilting.

“Aveilable water capacity” or “availablec moisture capacity” is the difference
between field capacity and permanent willing perecentage, and relates to the

‘quantity of water that the plant can normually take from {he soil.

Four similar plots having 5 or 6 suitable trees in inner rOWS were
selected in uniform orchards growing on uniform seil. Soil moisture
was to be maintained at high, mediam, and low states in threo of the

Y ArpRICE, W, W., Wong, . A.. and Lewis, M. R. prAk no0T CONCENTRATION IN RULATION TO 90IL
MOUSTURE EXTRACTION IN HEAVY CLAYT 53IL, Unpublished maengseript,
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plots, and the fourth plot was to be treated as in general cormmercial
. practice. It has been shown by Veihmeyer and Hendrickson (7)
that it is impossible to maintain the moisture in the root zone of
growing crops at any definite moisture content below the field ca-
pacity and above the permanent wilting percentage. The plan
adopted called for permitting a definite portion of the available soil
moisture—that held between the field capacity and the permanent
wilting percentage-—to he withdrawn from the soil of each plot before
applying water. At each irrigation a measured quantity of water,
canlenlated to be sufficient to bring the moisture content of the wlhole
soil mass up to the field eapacity was applied. On plot E the limit
below which the moisture content was not allewed to drop was 87
percent of the available moisture capacity; on plot D, 50 percent,
and on plot B, 20 percent. Plot C, the check plot, was irrigated
at the same time and with the same quantity of water as the owner
used on the portion of the orchard not ineluded in the experiments.
Since the permanent wilting percentage of these soils was not known
when these experiments were initinted it was assumed to be one-half
of the field capacity.

The crop from each plot was harvested separately and records were
lkept of the quantities of the diflerent sizes. Samples of fruit from
each plot were examined for dessert quality at the time of picking,
and other samples were stored for different periods and the storage
and dessert qualities were determined.

PLOT LAYCQUT

It was realized that duplication of plots would be desirable. Tow-
ever, funds and personnel have been distinctly limited throughout
these studies and the plan adopted with single, fairly large plots hias
certain advantages, The lebor involved in measuring and upplying
irrigation water was reduced to a minimum, it was possible to sample
the soil intensively, and, perhaps most important of all, the area
required for the experimental work was small encugh to assure reason-
able uniformity of trees and soil end not unduly burden the cooperat-
ing orchardists. Since there appeared to be some danger that hori-
zontal percolation of jrrigation water and distribution of the roots of
individual trees would permit the irrigntion treatment applied to one
row of trees to affect trees in more than one adjoining row it was
thought desirable to provide double guard rows between plots, where
fensible. Subsequent expericnce confirmed that opinion. Figure 1
shows the arrangenient of the plots in the two orchards. The loca-
tions of the record trees (those from which yield and othe:r records
were obtained), the soil sample holes, the irmigation flumes, and the |
direction of the slope of the land and of the mrigation furrows, are

shown on this figure.
SOIL MOISTURLE

As was the case in determining the number of plots to be used,
finaneinl limitations preeluded the use of either as many samples for
each determinntion of the moisture content of the soil of a plot or as’
frequent sampling a#s seemed desirnhle. The plan adopted was to
sample each plot hefore and alter each irrigation and at intervals of
1 to 2 weeks at 6ther times. Five holes were used in each plot for
each deteriningtion. These holes were so located that all parts of the
root zones of the ndividual trees atud all parts of the plot were rep-
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resented,  Samples were taken in 1-foot increments with the King
soil tube, . X

During 1930 and 1931 the moisture content was determined sep-
arately for each foot of each hole. During the 1932 season the cor-
responding foot sampies for all five holes ir. sach plot were placed in o
single large enn and the moisture content of the composite sample
determined. Moisture-content determinations were made by weigh-
ing and drying the whole sample as it came from the field. Samples
were dried for approximately 48 howurs at 110° (., & nsmber of trials
having shown that drying for that lengtii of time resulied in constant
weight,  Samples were taken to bedrock in all cases.

Large snmples for use in determining permanent wilting percentages
of the soil were secured with a posi-hole auger at enclt sampling point.
These constants were determined separately on each foot of soil from
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each hole. By making both moisture content and soil moisture con-
stant determinations separately for the individual samples, a better
picture of the variation in conditions throughout the plots is secured,

IRRIGATION

Iirigation water for the Fitch orchard is secured from the Talent
Trrigation District. The Medford Irvigation District serves the
Klamath orchard. Irrigation water was available for these expoeri-
ments throughout each scason except during the late summer of
1931, when no water was available for the Fitch orchard after J uly
I and none for the Klamath orchard after the middle of July.

Water was applied in both orchards by the furrow method. All
water applied was measured either by means of adjustable miner’s-
inch boxes under a constant head of 4 inches or over a 90° triangular
notch weir. No surface waste was permitted from tho plots except
in 0(1110 or two instances when small quantities of water escaped by
accident.
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CROP PIIODUCTION

The fruit from each record tree was picked separstely (data nof
presented) and the yield in lug boxes was recorded. The fruif from
all of the record irecs of each plot was then combined in one lot and
run through grading machines in the packing houses. A record was
Jkept of the number of pounds of cach commereial size of {rutt from
each plot, as well as of the weight ol culls.

Samples of the fruit from each plot wore saved for study of the
dessert and keeping quality of the fruit each scason.

TREE I'ESPONSES

In February 1932 the juniorwriter beeame aetively associntedin these
studies, and during the 1932 season it was possible to make additional
observations of the responses of the irecs to different conditions of
soil moisture. These studies have included the measurement of the
eircumference of 15 pears on each of three trees in cach plot ab semi-
weekly intervals from the time the penrs were large enough {o measure
almost to picking time. The same pears were measured every time,

The lengths of spur and shoot growth for the seasons of 1931 and
1632 were determined by mensuring 50 to 100 typical spurs and
shoots on each of three trees in each plot in March and November.

Bloom and set of blossom datu for 1920, 1930, and 1931 were
obtained during March 1932 hy a careful examination of 120 spurs
on each of five trees in ench plot. Data for 1932 werc obtained from
actual count of growing poinis, blossomns, and {ruits on three small
limbs on each of five trees in each plot. .

DATA AND DISCUSSION

It has scemed dosirable to follow the presentation of each section
of the data by its discussion, rather than to present the whole mass of
date and follow that with a discussion of all of it. Certain types
of data spplicable to all three scasons are presented apart from the
discussion for cach year.

SOIL-MOISTURE CONSTANTS

The values of the field capacity, permanent wilting percentage,
and aveailable water capacity for the soil of these plots are shown in
table 2. The ratios between these constants and a discussion of their
determination and meaning arve given by Work and Lewis. °

TABLE 2.—Ficld capacily, permancel wilting percentage, and available waler capac-
iy of the soil at different depths on cach plot of the Fileh and Klemall orchards

0-1 fapt depth 1-2 feot dept
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Field | willing Availnble Fied | willing Avnitable
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2 i 20 23
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Thi b o700 38 11T 7 L1
12,6 | 2. Ut Lk L 25

It siutn

btk et bt et B

bl e
LD CRLAENC

b

¢ WoRK, R. A, nnd LEws, M. R, MOISTURE EQUIVALENY, FIELD CAPACITY AND WILTING POINT AND
THEIR H4ATION IN A HEAVY 80iL.  Unpublishied work.



http:H.7�0.17
http:13.8�0.20
http:25.0�0.00
http:1Jercentu.ge

IRRIGATION OF PEAR ORCHARDS IN OREGUN 9

TABLE 2.— Micld c&mcz‘(y, permanen! willing percenlage, and available waler capac-
ity of the soil at different depths on cach plolof the Fitch and Klamalh erchards—Con.,

0-3 feet depth

i
E 2-3 feot depth
f
i

I
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.. These data indieate that in the two orchards the average capacity

for moisture in available form in the upper 3 feet of the soil is about
the same, but that at certain depths in ench orchard the available
capteity may be as much as one fifth laxrger in one plot than it is
in another. The data also show marked differcnces in the field
capacities and permanent wilting percentages of the soil at different
depths in cach orchard. In the Nitch orchard both of these values
increase with greater depth, while the reverse is true of the field
capacity in the Klamath orchard. In the latter orchard she first foot
has the highest capacity for available moisture. This variation in the
field capacity and permanent wilting percentage for different depths
in the soil made it necessary to adept some method of plotting soil-
moisture conditions that would permit & more direct comparison of
the relative availability of moisture at different depths and between
the two orchards.

The plan adopted shows the moisture content of the soil as 8 per-
centage of the available water capacity. In other words, the moisture
present ab the field capacity is taken as 100 percent and the moisture
present at the permanent wilting percentage is taken as zero. The
moisture content of the soil at any time may then be expressed as the
available moisture present in terms of the percentage of the eapacity
of the particular sotl zone to hold available moisture,

RATE OF PENETRATION OF IRRIGATION WATER

The rate of penetration of water into this soil is very slow and this
constitutes onc of the difficulties in practical orchard management,
It was found that the rate of penetration was as good with shallow
as with deep furrows. Furthermore, in maoking shallow furrows
fewer roots were cut and less power was required than for making
deeper furrows,

In the first irrigations an attempt was made to securs uniform
absorption by turning a compuratively large stream down each furrow
ab the beginning of the irrigation and as soon as this stream reached
the end of the furrow to reduce it to the amount that would just
maintain o trickle of water to the end of the furrow without causing

5adyd—3i—2
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any run-off from the lower end of the plot. This method was found to
be unsatisfactory, probably because the initial large stream of water
flowing in tho furrow silted over the absorbing area of the furrow, and
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this resulted in nn evon lower rate of water penetration. In Iater
irrigntion, very small streams were turned into each Lurrow, with the
result that a longer time was required for the streams to reach the
lower ends of the furrows, but in spite of that fact, it took less time
to make application of a given depth of water by this method.
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The extremely low degres of perviousness of this soil is illustrated
by the fact that, after it became wet, a stream of 3 gallons per minute
sufficed to keep a trickle for the full length of each one of the furrows
in & plot containing about one third of an acre. This represents a
rate of percolation of less than one hali inch in 24 hours. It is
probable that a large part of this amount was taken up by evaporation
into the ntmosphere. No attempt was made to correct the quantities
of water applied in irrigation for the loss by direct evaporation.

Soil-moisture smnples taken 2 to 5 days after each nrrigation
showed that in most cases the water applied had penetrated to the
third and fourth feet. Howover, & number of instances when the
moisture content of the fourth foot, and » Tew enses when that of the
third foot, did not show any increase 2 to 5 days after irrigation were
noted, whereas samples taken several days later did show an increase,
Such results indieate that several days were required for the water to
penetrate into the deeper subsoil,

FITGI ORCHARD, 1430

The moisture content of the soil in each of the upper 3 feet in each
plot in the Fitch orchard during the season of 1930 and the average
of the 3 are shown in figure 2. In this figure and in figures 4 to §
inclusive, moisture content is shown as percentage of the aveilable
capacity of the soil mass. Rainfall and irrigation water applied also
arc shown. The heights of the rainfall triangles indicate tha total
depth of rain [alling during each storm period that furnished more than
one half inch of rain. Tor irrigations the height of each triangle
likewise represents the depth. of water applied during that irrigntion.
In both eases the bases of the triangles represent the periods during
which the water was applied. The dates on which the fruit was
picked nlso are shown.

Perhaps the most striking featwre shown in figure 2 is the mueh
more rapid loss of moisture, after irrigations, in the upper foot than
in the sccond foot, and in the second than in the third foot. While it
is very probable that this difference is due in part to loss of moisture
from tho first foot, both upward by evaporation and downward into
the lower strata, it is not likely that such losses oceur to an appreciable
extent after the moisture content of the upper foot has fallen mnteri-
ally below the field capacity., The more rapid rate of moisture loss
from the first foot as eompared with the rates of loss from greater
depths appears to continue when the moisture content in the upper
foot is approaching the permanent wilting pereentage, long after an
Irrigation,

The differences in rates of deerease of moisture at different depths
appear te result mainly from diflerences in root concentration.
Aldrich, Work, and Luwis ™ have shown that in soil 4 to 6 feat deep
about 35 percent of the roots in the top 4 feet were in the upper foot,
about 25 percent in the second foot, and aliout 20 pereent in the third
foot. The loss of moisture was much less in the deeper subsoil than
from the upper soil and root concentration was very low.  Since most
of the feeding roots seem to be in the upper 3 feet, the mosture con-
tent of only this part of the soil mass is shown on the charts and con-
sideved in rorrelating soil moisture with the response of the trees.

T ALlwes, W w, Wank, H. AL nod TEWIg, A R. Fee funtnnie 8.
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Examination of the curves for plots B and C in figure 2 shows that
the moisture content of the first foot fell below the permanent wilbing
perccntagc about July i0. In plot C this condifion could have
continv: 1 for only 4 or 5 days as this plot was irrigated beginning
July 14. In plot B irrigation did not start until July 28 and the soil
moisture in the first foot was below the permanent wilting percentage
for ahout 2 weecks. The slope of a line representing the moisture
content shows the rate at which the soil was losing water at any time,
tha steeper the slope the greater being the rate of loss, These curves
do not indicate any slowing up in the loss of water from the first foot
of soil when the moisture content approaches, and even when it falls
helow the permanent wilting percontage. In only a few cases has
this continued rapid rate of loss been noted in these investigations.

The more usual condition found in these stu<ies is brought out by
the fret that in every case the curves of figure 2 show that before the
soil moisture in the sccond and third feet and the average for the
urper 3 feet dropped to 10 pereent of the available capacity the rate
of loss of moisture decreased. In most instances the break in the
curves oceurs at 20 or 30 percent of the available capacity. The sig-
nificance of this broak in the rase of wichdrawal of water by the trees
is that it helps to explain some of the effects of moisture content on
the rate of growth of the fruit.

Table 3 shows the vield of fruit of each of the commercial sizes
{from each plot in the Fitch orchard in 1930.

TanrLE 3.—Vicld of each size of pears from cach plot in the Fitch orchard, 1930

Yield frotn plat—

Commercindsize (number of po. o5 por 1] s} B i C
standard box)

First 1Semml Flrsl 1|Sm:nm1| Flrest 1Secnnd First | Sceond

pleking| pteking| pleking! pleking pleking; pleking| pieking; pleking

Pounds | Povnids | Ponnds | Ponnds | Pounds | Pownds | Pornds | Pousrds
s} 234 23 212 11 Hi I 145
4] ” g k 102 %} 117

11 f ! 172
21 k g 225

'T'otn), each picking..
Tolnl for ench ot .
Toir), 180 or lorger

Tereentnge 130°s or lnrger

The important feature of these data is the very much larger yield
of pears of size 180 or larger from plot E, the most heavily irrigated
plot. Bartlott pears of these sizes (180 and larger) are desirable for
two reasons. (1) The size of the individual pears is a major factor
in the yield in that a given number of pears of size 150 will fill 30
percent more boxes than will the same number of size 195. (2) The
medium sizes {135 to 165, inclusive) are usually in greater demand on
the markets and therelore bring better prices.

During the 1932 season, detailed studies were made of the effect
of variations in soil moisture on the rate of growth of pear [fruits in
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the Titch and Klamath orchards and also in the Medford Experiment

Station orchard. These investigations are reported in greater dotail

elsewhere (/). "' The results for 1932 show thas as the season pro-

gressed the fruit grew more rapidly, with the most rapid growth occur-

ring during the latter part of July for the Bartletts and during August

'if]or the Anjous. The Bartletts appeared to slow u:p slightly just before
arvest.

Comparison of the rate of growth with the average moisture content
for the upper 3 feet of soil showed that as the moisture content dropped
the rate of growth also dropped. 'This is well shown by the two curves
of figure 3 which indicate the rate of growth of fruit on plots E and B
of the Klamath orchard in 1982. Reference to figure 8 will show that
the soil moisture in plot 3 was not much below that in plot I before
the middle of June, but that from then until July 23 plot B was much
the drier of the two. During this period the rate of growth of the
fruit on plot B was much slower than on plot E. Between July 23
end 25 plot B was irrignted and for about o weel thereafter had as
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Fiount 3.—Rnte of growth of penrs on plots E and 1 in ihe Kinmath srebard in 1932, trronsured In cubia
centimetors,

much moisture as did plot I, As & result the rate of growth on plot
B was twice as great on July 25 as on July 18 and was nearly as rapid
as it was on plot B. Tor the remainder of the season hoth moisture
content and rate of growth fell off rapidly.

The data shown in figure 8 are somewhat typical of the results
obtained on all three orchards. Since the rate of growth of pears is
low in midseason as compared with late season, even when therc is
ample meisiure in the soil, the effect of soil moisture on growth in the
latter part of the season is relatively more impertant than it is in
midscasen.

The total yield in 1930 (table 3) wag largest on plot I2, the plot Linv-
ing the highcsh average moisture content during the season. There
was very hittle difference in the yields of the othor plots. One heavy
irrigation was applied to plot ¢ which seemed effective in incrensing
the size of fruit, hence plot C ranked second in the preduction of size
180 and larger.

At the timo the plots in this orchard were selected it was thought
that the size of the trees in the four plots was nearly the sare. How-
ever, the fnct that the yield of pears from plot D was smaller than tho

—
U Lewis, M, R, Wonrxk, R, A, and ALDRICH, W, W, THE INFLUENCE OF IMEFENRNT QUANTITIRS OF
MOISTURE IN A IIEAVY BOLL. ON THF. RATE OF QUOWTH OF PRA I, Unpuidished roport.
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vield from any of the other plots, while the moisture content was inter-
mediate between that of plot E on the one side and plot B on the other,
led to a search for an explanstion. An estimate of the top volume of
the record trees in these plots was made by photographing each tree
from two points so chosen that the lines of sight from the camera to
the tree made angles of 90° at the tree. All photographs were made
at the same distance from the trees. The total volumes of tue tops
of the five record trees in each plot as estimated from these photo-
graphs were as follows: Plot E, 1,904 cubic feet; plot D, 1,744 cubic
feet; plot B, 1,983 cubic feet; and plot C, 1,848 cubic feet. Thus plot
D had the smallest volume of top and this may explain the relatively
low yield fiom this plot. :

KLAMATH ORCHARD, 1830

Figure 4 shows the moisture data for the Klamath orchard plots
during 1930. Here again the loss of moisture was most repid in the
upper foot of soil, with a progressive decrease in the rate at greater
depths, but the differences were not so pronounceo as in the Fitch
orchard. The curves of this figure clearly show the higher available
soil moisture in plot E compared with plot D, and in plot ) compared
with plots B and C. The higher available soil moisture in plot B
compared with plot C is not so readily apparent upon inspection of
the figure. Application of the method described in another article ™
is necessary to properily weigh the differences in soil-moisture con-
tents between the two latter plots. Application of that method shows
txat plot B had the higher available moisture content at the tire most
favorable to rapid growth of fruit.

The yields of each size of fruit from the plots in the Kilamath orchard
for 19830 are shown in table 4. In this orchard, asin the Fitch orchard,
the yield of pears of the larger and more desirable sizes was much
grenter on the plots having the higher moisture content throughout
the season.

In this case the total yield from the plots is also clearly related to
the soil-moisture content during the growing season. The marked
effect of & low-moisture content during mid or late season is shown by
comparison of the yield and size of the fruit from these plots with the
associateo soil-moisture content.

The total yield of plot B was about 300 pounds grenter, and the
yield of pears of size 165 and larger was about 350 pounds greater than
that of plot D. This seems clearly related to the fact that in plot D
the moisture content, as shown on figure 4, was lower than in plot E
from about the middle of August until picking time. FPlot B had about
the same moisture content as plot I in the late sumimer, but was much
drier during most of July, and the total yield of plot B was much
smaller then, and the yield of the more desirable sizes was only half
s great as the corresponding yields of plot D. Flot C was the driest
of all the plots after about July 23, but had more moisture than plot
B during most of July. The total yield on plot C was somewhat larger
than that on plot B, but much soraller than on plots 2 or D. The
higher moisture content of the soil of plot B as compared with that
of plot C aiter July 25 may have been responsible for the slightly
larger yield of medium-size fruit on the former plot.

17 See loatnotoe 1.
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TABLE 4.—Yield of each size of pears from each plot in the Klamath orchard, 1530

] Yiek! {rout plot—
Commerelsl slze (oumber of penrs per standard box) ]
E i D B C
|
Pounds 1 Poundy Pounds Pounds
195 00U SEHIET - e e eeoommmsnm s snamse ssmmmmmmmmman e 86 ] 30 an 3
189 7! 87 i 109
piin} a3 pLis] 164 201
150, i6f 177 e ! 163
I3a5.. 4G ] 425 19 148
120 2 | 16 18 38
G, i b1EH 20 i1t
H_ 165 | &4 ) i
30 nnd larger. 1id I 15 1] ]
T 5 TT5 | 1,487 1,040 1,138
Taotal 185 ond BIrger oo missvmcsarmacimamm- LA b o] 0
Tercontugs of 165 01 TEEr e e e e h 85,4 i m 1.8 13,2
!

FITCH ORCHARD, 1431

The moisture content of the soil of each of the plots in the Fiteh
orchard during 1931 is shown in figure 5. During that season there
was o serious shortage of irrigation water in the Rogue River Valley
and no irrigation water was available for these plots after June 25.
As a result the moisture content in al} the plots decreased after that
date until the winter rains came, By August 5 all plots had reached
about the same moisture content, with an gverage of 20 percent of the
available capaeity in the upper 3 feet.  With low rainfall during the
preceding winter and spring, the moisture in all of the plots was com-
paratively low in the carly part of the season.

Table 5 gives the yield data for the Fiteh plots for 1931.

TARLE 5.—Yield of cach size of pears from cach plot in the Fitch orchard, 1981

1 Yield froan ploi—
Commereind size {(number of pours ‘ B 1L . B C
per standurd box) - vt
I First !Speomd, First t:-:ueo_m!: First [Seeomd ] First |Second
:;m-kmg1|}icking*;nickii:g:]:!ck:m:;;ﬂel.'mg’_pieking pleking |pteking
’;Pﬂm:dai Fou .inf.!.LPou.mIs; Paunds| Pen nds Pourdsp PoundsjPounds
195 mand smndlers o aeeemicamiia e FLEN!] i LA U4, 168 2.8 0,4 38,0 g
5 .00 MEy 954 I E T, 4 58.0 it 7
- - 11 1 L) IKT. 2 0.5 193, 5 170, 4
- LS TR L 'S 55 TLE g
3 i { L, B 3 14 1002 ity
L IUTITUTI msal oW gt 1.5' 5 I7.q
Hoand brger. ..o vr veea oo 1 TLES .37 7.9 . . 0 5.4 0
Tolad for each pieking.... . .. ¢ SSL3. 1807 ¢ ARLT 1852 A%ET IS BELG: 4623
Totnl for hetly picklnps . (0 1,008, & 1 (AN : U0 ; R, &
Total 165 nnd fnrger. ... ... 1, GIES. & i &0 : 513, 5 { T
Pereentags of 106 mind Merper .. - . T ! v—'.;j—‘.!T_-_:__ T s0.0 s

The total vield of all the plots was much siraller in 1931 than i 1930,
but the pesrs werclarger.  The fruitof all the plots was heavily thinned
in un eflort to secure inrge sizes in spite of the water shortage that was
anticipated at the heginning of {he season.  Asin 1930, the total yield
and more especially the propertion of pearsof the larger sives was great-
est on plot 1, which had the highest soil-irsisture content throughout
the season. The yield from plot 13 was the lowest. As previously
pointed out, this was probably due in part to the smaller size of the
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trees in this plot. It is known that the meisture content of the soil of
this plot was low during the preceding fall, winter, and spring, and
this condition may have been partially responsible {or the poor yield.
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Almost one-third of the pears on plot E were 120's or larger, too
large to hring the best price. It seems probable that somewhat less
thinning in that plot would have resulted in o greater yield of the
more desirable sizes.

54T =343
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KEAMATH ORCHARD, 1331

Figure 6 vhows the soil moisture in the Klamath orchard during the
1931 season. At this orcherd no irrigation water was available after
July 15, and as a result the moisture content of ¢!l plots decreased
after that date, reaching the permanent wilting pereentage in Sep-
tember and Qctober. As wrs the case with the Fitch orchard, the
low rainfall during the winter of 1930-31 did not bring the soil mois-
ture up to ficld capacity and all plots were comparatively dry up to
the time they were irrigated.

The soil moisture in plots E and D was above 50 percent of the
available water capacity during all of July, while on plots C and B
it was below that amount during the last half of the month except
in the second foot. Plot B was irrigated only once during the season
ang had less than 60 percent of the available capacity ol soil moisture
thiroughout the season except for the period [roin June 20 to July 13.
The curves of this figure show very clearly the murked slowing up
of the rate of moisture withdrawul from these plots when the moisture
content in the upper 3 feet was Itom 20 to 40 percent of the availabla
eapaciby.

The yields of fruit of the different sizes are shown in table 6. In
spite of the fact that irrigation water was not available after July
15 and as a result the moisture content of all the plots fell rapidly
after that date, the yield of (ruit f[rom the different plots was closely
related to the soil-meisture content ‘during the emlier part of the
season. In plots E nnd D two-thirds of the pears were 165%s or lnrger,
while on the other two plots only ahout one-sixth of the fruit was of
those sizes.  This result appears to be due to the large diflerence in
moisture content during the latter part of July and the smaller differ-
enco during August.  The greater yield of fruit from plot E than from
plot D wasin part because of the larger fruit ™ in plot E and in part
because of the larger number of pears per trec. The trees in these
plots were not thinned during the year.

TABLE G.—Yield of ench size of pears from each ploi in the Klamath orchord, 1981

Yield from plot—

Cominereint size (munher of pears per stnndoard bexy |-—
E [k} B ¢

Ponnids Founds Pounda
A5 i i

I e imicmes i
DO and dorger, .. el
Totalo oo e aaeea R 1, 1L 8
Totnl Wis's asd BIFgEr oe ey e -a- ] £00. 2
Trercentnge of 185" nndd larger.. . 7. 3

FITCH ORCHARD, 1912

The soil-moisture conditions in the Fitch orchard during the 1932
senson are shown in figure 7. The quantity of soil moisture in the
different plots during the season did not vary as much as was planned,
nor as it did in other years. The moest marked difference was in

1 See foolnote 11.
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the low soil moisture content of plot B during the period July 3
to 23. Plot D was materially drier than plot K during the period
June 20 to July 5 and a little drier during the period July 5§ ta 25,
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Comparison of the moisture content of plot B during 1930 and
1931 with that during 1932 typifies the marked effect of both winter
and summer rzins on the moisture content of the soil in these plots,
In nud-April 1930 the moisture content of the upper 3 feet in this
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plot was 75 percent, and at the same date in 1932, 65 pereent, yet in
1932, with no rairfall,the moisture content had dropped to 9 percent
by July 23, while in: 1532, with rain in late April and May, the content
was still up .to 38 percent at the corresponding date. During the
winter of 1930-81 the highest moisture content reached by this plot
was 72 percent of the avadable water capacity, waile in the spring of
1932 the soil moisture was up to its field capacity. There was verv
litsle rain in the spring and early summer of 1931 and as a resulp the
- moisture content of this plot dropped to 16 percent on June 11 when
the firse irrigation commenced. For plot C the high moisture content
in the spiing of 1932 and the rains during April, May, and June made
it possible to keep the moisture content above 55 percent of the
available capacity in the upper 3 feet throughout the growing season
with one hieavy irrigation applied in mid-July.

The yields and sizes of fruit from the differens plots of the Fitch
orchard. in 1932 are shown in ¢able 7. The comparatively small
differences in the soil-moisture conditions and the relatively high
moisture content in these plots during the 1932 season are reflected
in the relatively uniform total yield of the plots and the uniformly
high percentage of fruit of the lnrgersizes.  Asin the two carlier years,
plot E had the highest vicld 2s well as the highest moisture content.
By computation from the data in table 7 it is found that the number
of pears barvested from plot D was larger than the number harvested
from any other plot. This fact, taken in connection with the smaller
size of the trees on plot D, probably accounts for the smaller size of
the fruit from plot D than from plot B in spite of the lower soil
moisture in the latter plot during the greater part of July. Periodic
measurement of the frutt on these plots showed that until August 11
(zbout 1 week before the first picking) the fruit on plot C was larger
than that on cither plot B or plot D. "This is in accord with the higher
soil-moisture coutent in plot C up to that time. After August 11
the fruit on plot B scemed to have grown faster, with the result that
the yield and [rvit size for plot B was greater than for plots C or D.
This may be attributed, at least in part, to the higher moisture con-
tent in plot B during the last half of August.

TasLe 7—Yield of cuch size of pears from cach plot in the FPiteh orchy rd, 1932
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ELAMATH ORCHARD, 1952

Figure 8 shows the soil-moisture conditions which obtained in the
plots of the Kiamath orchard during the 1932 season. Moisture con-
ditions in these plots during thiz seaszon followed quite closely the
prearranged plan.

Table 8 shows the vield of the different sizes of fruit from the
Klamath plots in 1932. Perhaps the most striking feature in this
tabulation 1s the close similarity of the percentages of fruit of the
larger sizes in plots &, D, and C. While the percentages of 165’'s and
larger in plots }.I)E and D are the ssme, there were more of the very large
sizes in plot E and therefore the average size for the plot was larger.

The yields from plots E, D, and B appear to be very closely corre-
lated with the moisture conditions in the plots. The fact that plot C
matured only two-thirds as many pears as each of the other plots
accounts for the larger size of the fruits on that plot as compared with
what migh$ have been expected from tiie moisture conditions in the
different plots.

TanLe 8.—Yield of euch size of pear from each plol tn the Kilamalh orchard, 1032
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FRUIT GROWTH AND CRO? YIELD

The results of the 3 years’ experiments on the two orchards are con-
sistent in showing that a high soil-meoisture content throughout the
season, more particularly during July and August, results in relntively
rapid growth of the fruit. As a result the proportion of fruit of the
larger sizes was uniformly higher on the more heavily irrigated plots.
In the Klamath orchard, where tho fruit was not thinned, the total
yield of fruit also was greatest on the plots having the highest soil-
moeisture content. On the Fitch plots the thinning of the fruit, the
smaller trees in plot I), and the varisbility of the yield of the different
trees in each plot served to obscure the effect of soil moisture on total
yield. Under the conditions that prevailed In connection with the
Fitch-orchard experiments there seems to be suflicient reason for the
belief that on heavily irrigated plots lighter thinning than that actu-
ally done would result in larger yiclds of Bartlett pears of the more
desirable sizes, all other things being equal.
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SPUR AND SHOOT GROWTH

The average length of spur growth was determined by messuring
120 blossoming spurs on each of five trees in each plot. On the Bart-
letts in the Fitch orchard, both the spurs that set fruit and those that
did not were included in arriving at the averages. For 1831 and 1932
only spurs that blossomed but did not set [ruit were used in obtaining
the averages for the Anjous in the Klamash orchard.

The average length of shoots in both orchards for 1931 was deter-
mined by measuring on each of five trees in esch plot the length of
50 lateral or terminal shoots that had not been headed back in prun-
ing. For 1932 the average was derived [rom 100 measurcments for
each tree. For 1931, terminals that had made no growth were
inecluded in obtaining the averages.

Trble 8 gives therfengt.hs of the spurs and shoots in both orchards
together with the probable ervor of the average in cachicase, Although
the length of spur and shoot growths refleets the vegotative vigor of
the trees in these experiments, it is impossible to determine what
periods of soil-moisture differences between plots resulted in the
observed differences in vigor. Therefore, some of the plot differ-
ences shown by the defe 1n tabie 8 eannot be explained. On the
Fiteh: plois, top-volume measurements and vield records suggest s
lower vigor in plot D than in the other three plots. Spur and shoot
growth, usually least in plot D, also indicates low vigor, The irapor-
tant feature of these deta Is that in plot B the spur and slicot growth
during 1932 was grester than in the other plots indicating increused
vigar resulting from the consistently higher available soil moisture,

Tanve Q—~Leagih of spur and shoot growihs of pear trees fn the different plots in
the Fitch and Klomatlh vrehords
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In the Klamath plots, explanation for the larger spur growth in
plot C than in the other plots during 1931 is not readily found. The
slightly larger spur growth of plot E compared with plot C in 1932
may be the cumulative eflect of the consistently higher available soil
moisture in the former plot during three seasons, The shorter spur
growth in plot B than in the other plots in 1931 and 1932 indicates
the lower vigor resulting from less availuble soil moisture. The
greater shoot growth in ptots E amd D than in plots B and C during
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1931 indientes greater vegetative vigor resulting from higher avail-
able soil moisture during 1930 and 1931. In 1932 plots I& and D
again showed greater shoot length than plot B.  The greater relative
amouny of shoot growth in plot C as compared with the other plots
in 1932 than in 1931 can probubly be attributed both to larger
amounts of soil moisture during June 1932 and to the lighter erop on
plot Cin 1932, 1In general, these data indicate larger spur and shoot
growth in plots with more uvailable seil moisture.

Figure 9 shows typical trees in plots £ and B in the Klamath
orchard at the end of the third (1932) season of these experiments.
The larger number of long shoots on the tree in plot E than on the
tree in plot B indicntes the greater vegetative vigor resulting [rom
the greater quantities of available soil moisture during the three
seasons in plot ¥ than in plot B.

BLOS30OM ANID SET OF FRUIT

In March 1933 data on the amount of bloom and the set of {ruit
on the various plots for the previous years were obtained. Tor this
purpose 129 spurs were sclected ot random from each of the record
trees in cach plot. The portions of each spur produced in each of the
3 yenrs 1929, 1930, and 1931, were classified us cither nonblossoming,
blossoming but not setting fruit, or blossoming and holding fruit,
The datn given in table 10 nre derived from this classification.

TanLe 10.—Blossom and sel of fruil on the different plois of the Fitch and Klamalh
orchards, 1920-82

FITCIL ORCIOARD (BARTLETT)
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1 Dlossom expresswl as pereentage of spurs hlossowing,

1 Bet cxpressed ns percentage of biossotiing spurs enrrying frolt.

¥ Blossom expressed ns percentage of growing points blossaming,

4 Bet expressetl ns munber of frufls oartled per 106 Blessoming poinis.

The blossom records for 1932 were determined by counting all
growing points and all blossoming points on three small limbs on each
record tree in each plot. The set records were subsequently obtained
by counting all the frvits on each of those limbs. These data, which
gwe “percent of growing points blossoming” and “fruits per 100

lossoming points”, also are shown in table 10.
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Some of these data seem inconsistent. More detailed information
must be secured os to the time and eavses of fruit-bud differentiation
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and of the set and drop of fruit before definite conclusions can be
drawn as to the effcet of soil moisture on these tree respanses,
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QUALITY‘OF FRUIT

During each of the 3 years ruit from boti orchards was suved from
each plot and carefully examined for its dessert and keeping qualities.
This “study was made by F. C. Reimer, superintendent of the
Southern Oregon DBrunch Ixperiment Station. Also additional
observations on the quality of the Anjou pears from the Klamath
orchard in 1932 were made by C. L. Powell, formerly junior physi-
ologist, Bureau of Plant Industry, United States Department of
‘Agriculture.

Slight differences in the fruit from the diferent plots were noted,
but they werc of little if any ccmmercial importance. From these
studies 1t seems safe to conclude that the different irrigation trent-
ments carvied on in these studies and the difforent soil-moisture
conditions observed have not enused any differences of commereinl
importance in the quality of the fruit.

EFFECT ON YIGOR OF THE TREES

The data regarding the spur and shoot growth on the trees in the
different plots show that the trees on the more heavily irrigated plots
made the best growth. A similar result is shown in table 11, which
gives the average incrense in the circumfercnce of the trunks of the
record trees in each plot in both orchards.

TAsLE 11.—Average circumference of trunks of record lrees in cach plot in August
1930 and in March 1933 and the qverage tncreuse belween those dales in the Filch
und Nlamath orchards.
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Observation ol the trees in the different plots discloses no ovidence
of injury of any kind on account of the very frequent irrigation of some
of the plots. No detailed records have been kept of the incidence

of blight or of winter in f ury, but there seems to Linve been no diflerence

hetween the various plots, Tt should be kept in mind that hoth of
these orchards are well drained and that while the more heavily
irvigated plots have been irrigated very frequently cach applieation
has been small and there has boen no water-logging of the land. It
should also be remembered that tho experiment has continued for
only 3 years and it is impossible to tell what may be the effect of the
diflerent irrigation treatments if carried on for many years.

ECONOMIC ASPECTS OF THE RESULTS

These studies, together with those on the Medford FExperiment
Station reportod in more detail elsewhere (5), have shown that when-
ever the soil moisture in the upper 3-foot averago fell much below 70
percent of the available eapacity the rate of growth of fruit was reduced.




28 TECHNICAL BULLETIN 432, U.B. DEPT. OF AGRICULTURE

" It necessarily follows that with initially the same amount of crop the
plots having the higher moisture content produced the larger average
size of fruits and greater tonnage. Other factors, however, such as the
difficulty of carrying on the spray program, the cost of irrigation, and
the possible bad effect of keeping the soil continuously wet must be
considered.

These experiments were not designed to show the effect of thinning

" in connection with irrigation and the data do not show the relation
batwoeen the two practices, However, there seems to be no reason to
question that the proportion of excesstvely large Bartlett pears on the
most heavily irrigated plots in the Fitch orchard could have been
reduced or eliminated by less severe thinning, with a resultant increase
in the total yield,

By means of a tabulation of typical sales of Bartlett and Anjou
pears from Medford on the New York auction during 1930, 1931, and
1932, the average prices at which pears of four different-size groups
sold have been estimated. The data are shown in table 12.

Tavue 12 —Esiimaled average price per pound t paid for Bartlett and Anjou pears
from Medford on the New York auclion, 1950-32

BARTLETT

Price per pound lor pears of indiented size

180"s nnd _ 120"s pnd
smaller 135-120 larger

Ceniz Centy
] 4.8

4,
5
3.
4

&

I T'hiese prices arg based on an esiimated set welght of 46 pounds per packed box for the Rartiett and 45
pounds for the Anjou pears.

From these data it is evident that the sizes of [ruit that obtain the
highest prices vary from year to ycar but that both very small and
very large fruit ave nearly alweys discounted.

Table 13 shows the effect of the different soil-moisturs conditions
in the various plots on the returns to the grower, This effect would
be harder to see and understand if the prices used in the tabulation
varied from year to year. Tor this reason the average values of the
various sizes of fruit for the 3-yvear period shown in table 12 have
been used in all 3 years in table 13, In preparing table 13 the value
of the actual yield of {ruit of each group of sizes for each plot shown
in tables 3 to 8, inclusive, was determined. A uniform cost of har-
vesting and marketing the fruit has been assumed at 4 cents per
pound or $1.84 per box.




~

IRRIGATION OF PEAR ORCHARDS IN OREGON 29

- TanLy 13.—FBsiimated refurns lo grower fram pears of different sizes from each plot
on the Fitch and Klamath orchards, based on the average New York auction price
Jrom 1930 to 1583, inclusive, and on an assumed harvesting and markeling cosl of
4 cenis per pound or 31.84 per box

FITCH ORCHARD (BARTLETT)
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Year nnd plot less 150 120 erper er nere
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On the basis of market value, the difference between 4.4 and 4.9
cents per pound for Bartletts and between 5.2 and 6 cents per pound
for Anjous does not appear highly important but when the cost of
harvesting and tuarketing the fruit—which is practically the same
per pound or per box regardless of size-—is substracted froni the market
value the importance of securing fruit of proper size is evident. The
difference in the return to the grower would have been that betwoeen
0.4 and 0.9 eent por pound for Bartletts and between 1.2 and 2 cents
per pound for Anjous. In other words, on the basis of the average
value for the 3-year period, Bartletts of sizes 120 to 165, inclusive,
would have returned to the grower more than twice as mueh as those
of sizes 180 and smaller, and similarly Anjous of the more desirable
sizes would have returned almost twiee as much.

As uniform prices were used in meking up table 13, the effect of
size on growers’ yeturns can bo illustrated by comparitg the returns
per acre of Fitch plot C in 1930 with those of Fitch plot E in 1032,
The totel yields of these two plots wore almost identical, yeb, on ac-
count of tﬁn more desirable sizes of the fruit on the more Trequently
irrigated plot |, the return was 50 percent greater on that plot. In
the Klamath orchard practically the same total yield from plot I in
1931 returnod elmost 15 percent more than that irom plot C in 1930.

The effect of these soil-moisture conditions on the return to the
grower is due partly to the effect on size, as discussed above, and
perily fo the effect of total yield. An inspection of that part of
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table 13 reporting results from the Fitch orchard shows that in each
year the return from plot E has been greatest and that from plot D
smallest. The bearing of the smaller size and apparently poorer vigor
of the trees in plot 1D on the yield of that plot has been explained.
The returns from plots B and C have been ahnost the same over the
3 years. On the whole, soil-moisture conditions in the latter two plots
hiave not been very different. The return to the grower emphasizes
that (1} a high moisture content will produce larger fruit than a low
moisture content, (2) too small a set of fruit or too heavy thinning in
connection with a high moisture content will result in fruit of too large
size, and (3) a profitable use of frequent irrigntion requires that the
number of fruits on the trees be great enough to producs a large yield
of desirable sizes of pears.

In the Klamath orchard the table shows that in each year the
return was best from the plot having the highest moisture eontent
and decreased in the other plots in the same order ns the moisture
content. These data show very clearly the higher return which may
be secured by maintaining a high moisture content in this heavy
soil.

The average cost of irrigation on horse and tractor farms as deter-
mined by Besse, Brown, and Wilcox {2) is $3.34 per acre for each
application. It is often considered necessary to cultivate after cach
irrigetion and, although the authors do not believe this to be true,
the cost of such cultivation, found in the same study by Besse, Brown,
and Wilcox to be $1.35 per acre ™ for each cultivation, may be added
to that of applying water. When this is done it is possible to esti-
mate the ndditional cost per acre of maintaining & high moisture
content throughout the season.

Table 14 shows the number of applications of irrigation water and
the total depth applied to each plot on the 2 orchards during the
3 scasons.

TasLE 14 —Irrigations and lolal depth of waler applied on each plot en the Filch
and Klamath orchards, 1930-32
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Table 15 is designed to show the Increased return to the

by remson of more frequens irrigation.

1 Pnpubilsiied doin,

grower

It shows the increases or
decreases in dollars per acre in the return to the grower on plots Lk,
D, and C, as compared with plot B, on each orchard, the incrensed
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costs of irrigation of plots E, D, and C as compared with those of
plot B, and the net gains or losses.

As has been stated before, the trees of plot D in the Fiteh orchard
were smaller and apparently less vigorous than those on the other
plots in that orchard. It is believed that this accounts for the lower
returns from that plot,

It shonld he remembered that the Bartlett pears on the plots in
the Fitch orchard were thinned in an attempt to secure comparable
leaf-fruit ratios each year. However, in 1930 plot E was not thinned
a second time as were the other plots. The result was that in 1930
plot B produced the largest vicld of [ruit of desirable sizes and made
the greatest return to the grower after subtracting the cost of the
extra_irrigations applied to this plot. In the two Iater years, while
plot E produced the largest yields, many ol the pears were too large
to bring the highest price with the result that the larger return from
this plot ns compared with that from plot B was just great enough to
take care of the cost of the extra irrigations. Tt is believed that if
this plot had not been so heavily thinned it would have shown a
profit by reason of the extra irrigation. Plot O received the same
number ol irrigations as plot B during each of the 3 years, and the
return to the grower over the 3 years was practically the same from
each of the two plots.

Tanre 15.—JInereases or decreases per acre bebween estimaled return, cost of irrigation,
and nel gatn or loss to the grower from plots I, D, and € as compared o estimaled
relurns from plot 13 in the Fitch und Klamath orchards, 1930-32
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The results for the Kilamath orchiard are much more consistent and,
it is believed, give a much morc accurate picture of the results that
can be expected from irrigntion on these heavy soils. In cach yenr
both plot E and plot D showed a very substantial incresse in the
per acre return to the grower after subtracting the cost of more fre-
quent irrigntion, In 1931 two irrigations on plot C returned an in-
crease over ong irrigation on plot B, On the other hand three irriga-
tions on plot C in 1932 did not increase the return over that from
plot B enough to make up for the extra cost of irrigation.

The comparison between results obtained on plots D and C in 1932
in the Klamath orcitard shows the relatively greater importance of a
high soil moisture in the latter part of the season. Both plots recoived
three irrigntions and nearly the same total depth of water. However,
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plot D was irrigated late in August, whereas plot C reccived its last
irrigation early in August. Therefore the moisture content in the soil
of plet D was higher during the last month of the growing scason.
Plot D, with a much larger number of pears than plot C, produced
plmost as large fruit and & much heavier yield. IBstimates of the
average size of pears on these two plots from soil-moisture conditions
indicate that il the trees had borne the sume number of pears those on
plot. C would have been considerably smaller.

DUTY OF WATER

By reference to table 14 it will be noted that the maximum depth
of brigation water applied to a plot in the Fitch orchard was 1.12
{eet in depth and in the Klamath orchard, 2.02 feet. By relerence to
tnble 15 it will be noted that the net return after subtracting the cost
of extra irrigntions from plot B in the Kiamath orchard in 1932, which
received the maximum quantity of 2.02 feet of water, was only about
$7.50 more per acre than that from plot D which received only 1.09
feet in depth of water. It scoms probable that o depth of 1.50 '8 feet
will give practieally meximum returns under the conditions of these-
experiments.

The normai duty of water delivered to the farm, in the Medford
and Talent irrigation districts is about 1.5 acre-feet per aere; that is,
& depth of 1.5 feet over the irrigated acreage, It thus scems cvident
that the requirement for irrigation water for the production of maxi-
mum yields ol pears on heavy soils sucli as those in the Fitch and
Klamath orchards is not greater than the normal supply in these
districts. Other scctions of the Rogue River Valley Liave more, rather
than less water for irrigation,

SUMMARY AND CONCLUSIONS

The rate of growth of the fruit was found te be very closely related
fo the mwisture content ol the upper 3 leet of soil.  Studies of the
effect of =oil moisture on the rate ol fruit growth have shown that
whenever the moisture content fell below 70 percent of the available
capncity, the rate of growth of the fruit was reduced.

The rate of growth of the fruit was greatest during the latter part
of the growing season and thus the cffect on the size of {ruit at harvest
of a low moisture content Iate in the season was greater than the
eflect of equally low soil moisture earlier in the season.

A high soil-moisture content was condueive to long spur and shoot
growth. ‘There appeared to be no correlation between variations in
the storage or dessert quality and differences in soil moisture,

High soil moisture was conducive to the production of fruit of the
larger and more desirable sizes. Whoen Bartlett pears were heavily
thinned, the plots having high soil moisture produced pears that were
too large to bring the highest prices.

The thinning practice in the orchard should be coordinated with the
irrigation praetice in order that pears of the most desirable sizes and
heavy yields may be obtained.

The plots having the highest soil moisture produced the largest
yields and the greatest return to the grower,

On the Klamath orchard, the cost of the extra irrigation required
to maintain high soil moisture was not as great as the return from the

1 This estlmale makes o nilownree for surface wiste ue other losses,
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higher yields when the return was based on the average of the New
York auction prices for Medford pears for the 3 years of the study.

On the Fitch orchard the results were confused by the small size
of the trees in one plob and by the thinning practice but these results
are not believed to contradict those found on the Klamath orchard.

The requirement for irrigation water to maintain a high soil-
moisture content on the heavy soll of these orchards was no greater
than the normael duty of water for which the Medford and Talent
irrigation systems were designed.

In seme years the water supply to the Medford and Talent Trriga-
tion Disiricts has been .insullicient to meeb the requirements. At
other times the available supply has been more than sufficient to
provide a net duby of 1.5 ncre-feet per ncre. It would seem to be
most profitable in the long run to conserve by storage all water nof
urgently needed in years of excessive supply, m order that it may be
available later in a period ol deficiency.

The data veported herein indicate clearly that number of irrigntions,
depth applied, or both combined are not always reliable indexes of
soll-moisture conditions. The data show that it was always difficuls,
and. often impossible, to obtain penciration of irrigation water to the
entire root zone in smounts sufficient to raise the soil moisture to
field capacity. If methods of securing more adequate penetration
were known it 1s certain that as [requent irrigation as was necessary
in the most {requently irvigated plots described herein would not be
necessary. It is recommended that an available soil-moisture con-
tent of not less than 50 percent of capacity be muaintained. The
number of hrigations necessary to accomplish this will vary from
season to senson and {rom orchard to ovchard.

The only known way to be sure that soll moisture i1s present in
rendily available form is by frequent examination of the subsoil by
the use of 3 soil auger or similar tool.
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