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SUMMARY

It has become evident that the winter-pear industry of the
Medford area can survive only by maintaining its reputation for
high quality and by meeting competition on a cost-of-production
basis. The yield per acre is known to be the most important
factor in reducing cost per box. Earlier studies have shown that
irrigation is an important factor in yield. The irrigation water
supply in the area is limited.

The grower is thus faced with the problem of using a limited
water supply in the manner that will provide the greatest yield
of pears without sacrificing any of the desirable qualities of the
fruit (including size) or unduly increasing operating costs.

The experiments reported in this bulletin were designed to
obtain the information necessary to help solve this problem.
Final interpretation of the results and comprehensive recommen-
dations for the irrigation of pear orchards cannot be made until
many questions, both horticultural and economic, have been
answered. In the meantime, certain tentative conclusions and
recommendations appear to be justified.

The results show that with the heavy soil and the climatic
conditions at the Medford Station, whenever a reasonably large
number of fruits are set, larger fruits will be produced by main-
taining soil moisture high in the available range throughout the
season and particularly late in the season. A larger number of
boxes per tree and per acre will thus be produced.

Over the period of these studies a definite tendency toward
a smaller percentage of blossoms setting fruit approximately bal-
anced the larger number of blossoms resulting from the growth
of the trees, so that the number of fruits per tree and the yield
showed no increase. This tendency was common to all the irriga-
tion treatments. Unless and until the tendency of Anjou pear
blossoms to fail to develop into fruit can be overcome, full ad-
vantage of better soil-moisture conditions cannot be obtained.

The best flavored pears were grown on those trees that suf-
fered rather severely for water during the last month or so
before picking, but the difference was not very great.

When the fruit was held in storage for as long as 6 months,
pears from trees that had suffered drought during the late season
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showed a considerably larger proportion of 'physiological break-
down" but considerably less scald.

No evidence of injury to the trees from maintaining high soil
moisture throughout six consecutive growing seasons appeared.

On an average over the 6-year period 14 inches of water in
three or four applications in the latter part of the growing season
produced within one-half box per tree as large a crop as 21 inches
in six or seven applications.

Two economic factors not reported on in this bulletin should
be considered in planning an irrigation program. Under certain
market conditions, particularly when the general price level of
pears is low and the price penalty on larger sizes is heavy, the
net return to the grower may be just as large, or even larger,
from a somewhat smaller number of boxes of smaller fruit. Each
application of irrigation water, even when ample water is avail-
able, involves additional expense.

Very briefly and in general, these studies indicate that the
largest yields will result from keeping soil moisture high in the
available range throughout the season, especially during the last
month or so before harvest, but that this larger yield should be
balanced against the cost of extra water and labor in application,
the danger of a price penalty on over-large fruit, and a possible
lowering of the dessert quality of the fruit.
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Anjou Pear Responses to Irrigation
in a Clay Adobe Soil

INTRODUCTION

THIS
bulletin is a progress report of pear irrigation studies on the heavy

soils in the Rogue River Valley.*
A report (21)f of studies in two orchards during 1930, 1931, and 1932,

made in 1934, discussed the pear irrigation problem in this area, and reported
increased yields for Bartlett and Anjou varieties from sufficiently frequent
irrigation to Inaintain average soil moisture in the upper 3 feet above 50 per
cent of the available capacity.

The subsequent studies were designed to develop detailed information on
four questions of commercial importance

1.If the season's supply of irrigation water is limited, should the entire
available supply be used for frequent irrigations to prevent serious water
deficits in early summer or in late summer; or should the available supply be
used for one or more irrigations throughout the summer, applied when trees
begin to show pronounced symptoms of distress from water deficits?

Can the practice of more frequent irrigation to prevent appreciable
water deficits be used as a practical means of increasing the productivity of
Anjou trees in this clay adobe soil?

What injurious effect, if any, might result from a continued practice
of maintaining soil moisture above 50 per cent of the available capacity?

To what extent does the maintenance of high soil moisture to prevent
appreciable water deficits in the trees affect time of maturity, flavor, or keep-
ing quality of Anjou pears?

To obtain answers to these questions, a careful study was made of tree
responses to soil moisture conditions produced by five different irrigation
procedures during the 6-year period, 1932 to 1937, inclusive. The results, with
particular emphasis on cumulative effects, are given in this report.

Part I presents the description of plots, the soil moisture and tree response
data, and interpretations of tree responses in relation to soil moisture. Part II
describes the quality of the fruit from these plots, and relates this quality to
soil moisture and tree conditions given in Part I.

These studies were started in 1930 on a cooperative basis by the U. S. Bureau of
Agricultural Engineering and the Oregon Agricultural Experiment Station. In 1932 the
Medford Branch Experiment Station was established and thereafter the U. S. Bureau of
Plant Industry also participated.

t Italic numbers in parenthesis refer to Literature Cited, pages 74-76.



Part I
Tree Responses

By

W. W. ALDRICH," M. R. Lwis,f and R. A. WORKj

METHODS

IN the spring of 1932 a series of four plots, each in turn subdivided into
two parts, was laid out. The plot boundaries, arrangement of record trees

and border rows, and depth of soil are shown in Figure 1.
The soil (27) is Meyer clay adobe, a dark brown clay of pronounced adobe

structure from 3.5 to 7 feet deep. The soil structure and texture seemed quite
uniform at all depths to the horizon of disintegrated shale from which the
soil appeared to be derived. The water table stood below the surface of the
bedrock at all times, except during and for short periods after prolonged winter
rains. The Anjou pear trees, on French roots, were about 15 years old when
work was initiated. During the summer of 1931 irrigation water was not

8

Figure 1. Arrangement of plots and depth of soil,

Senior Horticulturist, Bureau of Plant Industry.
Irrigation Engineer, Bureau of Agricultural Engineering and Oregon Agricultural

Experiment Station.
Associate Irrigation Engineer, Bureau of Agricultural Engineering.
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available after July 1 and the trees suffered from lack of water during the
late summer. They were heavily pruned during the winter of 1931-32, but
each winter thereafter were given only a light-to-medium pruning.

Irrigation. Double border or guard rows were left on all sides of the
four plots, but there was no border row between the halves of each plot.
Each of the four plots was subjected to a different irrigation treatment, but the
halves of each plot were given, as nearly as possible, the same treatments.
Essentially, the plan of the experiment provided:

Plot F. Frequently irrigated throughout the season.
Plot FL. Frequently irrigated during the latter part of the season.
Plot FE. Frequently irrigated during the early part of the season.
Plot D. Permitted to become relatively dry before irrigation.
It was intended to maintain the average soil moisture content of the upper

3 feet of soil above 75 per cent of the available capacity during periods of
frequent irrigation but, as the graphs of soil moisture in this bulletin show,
this objective was not always reached.

In 1933 an additional series of three irrigation plots was started in the
same block of trees to study the relation of pruning to irrigation. In this series
Plot M was irrigated when average soil moisture in the upper 3 feet was
depleted to about 50 per cent of the available capacity. Since Plot M more
nearly represents commercial practice in the Medford area than any other
plot, some of the results from it are presented.

The plots were irrigated by means of shallow furrows spaced 36 inches
apart, six or seven furrows being used between tree rows. Irrigation water
was measured through free-flow orifices or Venturi tubes. No run-off was per-
mitted from the plots. At each irrigation an attempt was made to add suf-
ficient water to bring the moisture content of the upper 3 feet of soil up to
field capacity. Examination of the soil moisture curves will show that on many
occasions field capacity was not reached, chiefly on account of the impermeable
nature of the soil.

Soil moisture. The soil was sampled in 1-foot increments beginning
below the mulch, whenever there was a mulch, by means of soil tubes. During
the years 1933 and 1934 samples were taken at five locations in each half
plot at each sampling. During the other years, samples were taken at 10
locations in each half plot at each sampling. The moisture content of each
sample was determined separately. The probable error of the average moisture
content (expressed as a percentage of the dry weight) of the upper 3 feet
when 5 holes were used was usually about ±0.25 per cent; when 10 holes were
used, about ±020 per cent, as determined by computation of results of 13
samplings including 780 individual determinations in 1932. In terms of per-
centage of the available capacity these probable errors are about ±1.7 and
±1.4 per cent for 5 and 10 samples, respectively.

The determination of field capacity, moisture equivalent, and permanent
wilting percentage of the soil has been reported elsewhere (34). The sunflower
plants in the permanent wilting percentage tests were allowed to reduce the
soil moisture until the lower four or six leaves wilted and would not recover
in a saturated atmosphere. It is believed that the values are slightly below
the upper limit of the wilting range (28) but above the ultimate wilting point.

Table 1 gives the average moisture equivalent, field capacity, permanent
wilting percentage, and available capacity of the upper 3 feet of soil in each
half plot.
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Table 1. MOISTURE EQUIVALENT, FIELD CAPACITY, PERMANENT WILTING PERCENTAGE,
AND AVAILABLE CAPACITY POR THE UPPER 3 FEET

The moisture content of the soil is expressed in this bulletin as percentage
of the available capacity, here taken as the difference between the permanent
wilting percentage and the field capacity.

Fruit growth. Fruit enlargement was determined by semiweekly measure-
ment of the circumference of the same tagged fruits. From 10 to 20 fruits
on three or four representative trees in each half plot were used. The volume
of spheres was calculated from the circumferences. Since fruit shape was
essentially the same in all plots and the actual volume of individual fruits
approximated that of spheres of the same circumference, comparisons of sphere
volumes in each plot give virtually correct comparisons of fruit volumes. For
simplicity, enlargement of fruit is considered "growth," regardless of whether
enlargement is due to increased water or increased dry matter, or both.

Fruits were measured between 7 and 10 a.m. Any changes in fruit volume
during this period were not measurable. Repeated measurements at noon and
again in late afternoon indicated that growth of fruit usually occurred during
the day as well as during the night, information which agrees with precise
apple fruit measurements by Harley and Masure (16). Where trees were
showing relatively great water deficits, some fruits frequently failed to show
any increase in volume during the day, and occasionally some fruits seemed
to show a decrease. Shrinkage of fruit during the day, to the extent noted
for peaches by Weinberger (32) and for citrus by Furr and Taylor (13),
was not observed.

Indicated fruit growth between measurements varied for individual fruits,
probably due both to unavoidable errors in measurement and to location of
fruit on trees. Probable errors of average fruit growth per day were greater,
as might be expected, for the shorter periods between measurements. For
semiweekly measurements, probable errors of average growth per day for all
averages studied were ±0.05 cm8 or less. Therefore, for statistical significance
a difference between growth rates would have to be 3 X V (0.05)' + (0.05)',
or about 0.21 cm' per fruit per day.

Plot
Moisture

equivalent
Field

Capacity

Permanent
wilting

percentage
AvaIlable
capacIty

Per cent Per cent Per cent Per cent
Plot F

West 41.4 81.5 15.8 14.7
East 88.9 31.4 17.5 13.9

Plot FL
West 41.7 34.3 17.6 16.7
East 40.0 33.0 18.0 15.0

Plot FE
West 37.9 31.3 16.7 14.6
East 35.9 29.6 16.5 13.1

Plot D
West 39.9 33.4 17.6 15.8
East 40.3 33.7 18.8 14.9

Plot M
West 29.9 15.8 14.1

Average 39.5 82.0 17.8 14.8
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To determine the general relation between estimated volume and actual fresh
weight of fruit, 21 fruits within 2 mm of the average circumference for the
plot and day were selected from each plot and the total fresh weight of all
fruit was determined. The fresh weight per fruit divided by the calculated
volume gave values that varied somewhat, but showed no consistent relation
to water deficiency. The average ratio of 1.112, obtained in both 1932 and
1934, has been used wherever necessary to calculate fresh weight per fruit
from volume per fruit.

To determine the relative extent that water and dry-matter deposition
contribute to fruit growth, approximate rates were calculated for certain per-
iods from determinations of the water content of the fruit made by drying
slices or borings at 700 C for 72 hours without vacuum. The absolute quantity
of water per fruit was calculated by multiplying the fresh weight per fruit
by the percentage of water on a fresh weight basis. Dry matter per fruit
was the difference between fresh weight and weight of water. The rate of
water and dry-matter deposition was the difference between the weight of
water or weight of dry matter per fruit at the beginning and at the end of a
period, divided by the number of days in the period.

Shoot elongation. When the new shoot growth started in the spring,
20 shoots per tree were tagged, and their length was measured once or twice
each week until growth in length ceased.

Scaffold limb and trunk enlargement. Scaffold limb circumference was
measured to the nearest millimeter at the same point monthly during late spring
and summer. Cross-sectional area was calculated assuming limbs to be cylin-
drical. Trunk circumference was measured yearly, resting the steel tape on
three nails driven into the trunk.

Yield records. Fruit from each tree was picked separately, and the yield
in lug boxes determined. Lugs from record trees in each half plot were then
marked, and fruit from each half plot was sorted and packed separately in
a commercial packing house.

Chemical analyses. Blossom-bud, fruit, root, and bark samples were
preserved in sufficient 95 per cent alcohol to make final concentration approx-
imately 80 per cent. Fruit samples were made up of radial slices, including
seeds, from 21 fruits typical of the plot. Sugars were extracted with 80 per
cent alcohol. Carbohydrate fractions were determined by the Bertrand Modi-
fication of the Munson Walker Method. Disaccharides were hydrolized with
2.5 per cent hydrochloric acid at room temperature for 24 hours. Starch in
dry residue after sugar extraction was hydrolized to dextrins with saliva; then
polysaccharides other than dextrins were precipitated by making solution 60
per cent alcohol. Dextrins in the filtrate were then completely hydrolized with
boiling 2.5 per cent hydrochloric acid. Another aliquot of the dry residue after
sugar extraction was hydrolized with boiling 2.5 per cent hydrochloric acid, and
reducing power determined to give a measure of all acid-hydrolizable poly-
saccharides including starch. For simplicity, this fraction has been termed re-
serve carbohydrates. Nitrogen was determined by the Gunning-Kjeldahl Method
as modified to include nitrates, with precaution taken to remove all moisture
from sample before adding acid.

RESULTS IN 1932
Blossoms and set of fruit. Because of spring rains, soil moisture dif-

ferences were slight until early June between Plots F and FE that were ir-



Figure 2. Daily maximum air temperatlire, rate of fruit growth, arid average and lowest
soil moisture in the upper 3 feet for 1932.

Note: Points marked by different symbols in lower part of figure show the moisture
content of the driest 1-foot sample in each plot at each sampling
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rigated and Plots FL and D that were not irrigated. To determine whether the
slight soil moisture differences (Figure 2) affected set of fruit, the percentage
of growing points blossoming and the percentage of blossoms setting fruit for
each plot was estimated at the beginning of the experiments in the spring of
1932. Estimates were based on counts on six small lateral limbs on each of
seven to nine trees per half plot. These data (Table 2) show an initially greater
set of fruit in Plots FE and D, but a greater final set of fruit in Plots FL
and F. Since Plots FL and F are nearer to Bartlett trees on the north side
of the plots (Figure 1), it is possible that better cross-pollination of Anjou by
Bartlett in these plots caused this greater set of fruit.

Relation of rate of fruit growth to average available soil moisture
in upper 3 feet. Since fruit growth has proved to be a readily observed
index of water deficiency in fruit trees (7) (10) (13) (17) (22) (32), it
is used to show when during the summer appreciable water deficits in the trees
occurred in one plot as compared with another. To make differences in fruit
growth readily apparent, growth is shown (Figure 2) as rate. Rates for the
halves of each plot were quite similar, and therefore are averaged. "Rate of
fruit growth" is the calculated increase in fruit volume between measurements,
expressed as cm5 per fruit per day.

Table 2. PERCENTAGE OF GRowING POINTS BLOSSOMING AND OF BLOSSOMS SETTING FRUIT

Percentages based on Counts of six limbs on each of seven to nine trees per plot half.
Total leaf area estimated by Counting each cluster and multiplying number of clusters

by 100 square centimeters, the average total area of the leaves in one cluster.
Approximate.

Since evaporating power of the air has been found inversely related to rate
of pear fruit growth (4), a measure of evaporating power of the air is
shown for comparison with rate of fruit growth. During 1932 and 1933 no
atmometer records were kept, and it has been necessary to show the daily
maximum air temperature as an indicator of the evaporating power of the air.
For later years the daily loss of water from a white atmometer is shown.

Since rate of fruit growth is influenced by the amount of leaf area in pro-
portion to the number of fruits, the leaf area per fruit was usually estimated

IN EACH PLOT, AND TOTAL LEAF AREA AND LEAF AREA PER FRUIT
IN PLOTS F AND D, us 1932

Plot

Growing
points

blossom.
ing*

Blossoms setting
fruit Average

fruits
per

tree

Estimated?
total leaf

area
per
tree

Average?
leaf
area
per
fruit

Initial
volume

of fruits
measured
(May23)

Initial
(May 16)

Final
(Aug. 24)

Per Cent Per Cent Per Cent Number Square
Cenh-
meters

Square Cubic
centi- Cents-

meters meters
Plot F

West 37
East 32

8.9
8.5

5.0.
6.5

1,082
932

900,000
890,000

800
1,000 4.6

Plot FL
\Vest 33
East 17

7.8
9.1

6.1
5.6 4.8

Plot FE
West 34
East 29

12.0
13.4

4.5
4.8 4.1

Plot D
IVest 34
East 19

12.5
12.8

4.9 843
5.0 765

830,000
870,000

1,000
1,100 4.9

ANJOU PEAR RESPONSES TO IRRIGATION 13
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(Table 2). Below 1,200 to 1,000 cm2 of leaf area per fruit, a difference of 100
rm2 between plots may be expected appreciably to affect rate of growth (2).
Above 1,200 cm2 of leaf area per fruit, larger differences may cause only slight
differences in growth rate.

The soil-moisture curves on Figure 2 (as well as the corresponding
figures for the other years) show the average moisture content of the upper
3 feet in terms of percentage of the available capacity. On the same chart the
moisture contents of the individual samples showing the lowest value for each
plot at each sampling also are shown. In general, these points will serve to give
an idea of the spread of moisture contents within each plot, since the average
shown by the curve is usually about halfway between the lowest and highest
values. These lowest values indicate, moreover, how nearly the soil-moisture
content of the driest soil sample approached the permanent wilting percentage
(0 per cent of available capacity). No one depth or location in the plot con-
sistently showed the lowest moisture content, but the upper foot showed it most
frequently, with the third foot next.

Rainfall and applications of irrigation water are shown at the bottom of
the chart. The height of the triangles represents the quantity, in each case to
the appropriate scale, and the base of the triangle shows the time during which
the rain fell or irrigation water was applied.

Inasmuch as some of the general relations of rate of fruit growth to avail-
able soil moisture and to evaporating power of the air have already been dis-
cussed (1) (4) (22) in technical papers, all instances in the following results
where such relationships are demonstrated are not discussed. Where water
deficits in the tree of particular importance are indicated by rate of fruit
growth, they are pointed out.

Following the irrigation of Plot F on June 18, the rate of fruit growth
(Figure 2) in Plot D was slightly less than that in Plot F, although these
small differences were not all statistically significant until after June 25 (77
days after full bloom) when average soil moisture was 84 per cent in Plot F
and 48 per cent in Plot D, and the driest sample in Plot D was 31 per cent.
These indications of water deficits in Plot D are important in the consideration
of fruit-bud formation, discussed later.

During the entire period between June 29 and August 12, while the rate
of fruit growth in Plot D was less than in Plot F, dry-matter deposition
(Table 3) in Plot D was 27 per cent less than in Plot F, but water deposition
was 48 per cent less than in Plot F. In other words, water deficits in the trees in
Plot D as indicated by reduced rate of fruit growth resulted in a greater
reduction in water deposition than in dry-matter deposition in the fruit. On
June 29 the water in fruit of both Plot D and Plot F was almost exactly 80
per cent of the total fresh weight. By August 12, following a lower rate of
water deposition in the fruit in Plot D than in Plot F, the water content was
79.11 per cent in Plot D and 82.49 per cent in Plot F.

During the period of high maximum temperatures, August 2 to 6, rate
of fruit growth was very greatly reduced in both Plot D and Plot F. At this
time soil moisture in Plot D was about 10 per cent and in Plot F about 83
per cent of the available capacity. With cooler weather after August 7, how-
ever, and before the irrigation of both plots on August 12, the rate of fruit
growth in Plot D, as well as in Plot F, increased. This would indicate that
the extent of water deficits in the tree is related to some extent to air
temperature.



Table 3. EFEECT op REDUCED WATER SUPPLY TO TREES TN PLOTS D AND F ON WATER
AND DRY-MATTER DEPOSITION IN FRUIT DURING 1932

Increased rate of fruit growth following irrigation on August 12 was the
result of an increase in both water and dry-matter deposition (Table 3). The
rate of dry-matter deposition in Plot D was increased 114 per cent during the
August 12 to 20 period as compared with the August 5 to 12 period, whereas
the rate of water deposition was increased 250 per cent. This relatively greater
water deposition in Plot D following irrigation, however, did not bring the
water content of the fruit up to that in Plot F, for on August 20 water con-
tent of fruit was 8298 per cent in Plot F and only 80.56 per cent in Plot D.

During the 27 days previous to harvest on September 8, the average soil
moisture in Plot FE decreased from about 37 per cent to about 16 per cent,
whereas in Plot F it was maintained by irrigation above 75 per cent of the
available capacity. During this period rates of fruit growth and of water de-
position in Plot FE were less than in Plot F (Table 4), but rate of dry-matter
deposition was not. Thus in Plot FE, just previous to harvest, water deficits in
the tree, while reducing water deposition in fruit, did not reduce dry-matter
deposition.

During the June 23 to 30 period, both the daily period of stomatal opening
(data not shown) and the rate of fruit growth in Plot FL were slightly less

Period and plot

Range of
daily dura-

tion of
stomatal
opening

Average rate of deposition
Rate of per day
fruit

growth
per day Water Dry matter

Hours Cubic Grams J Grams
June 29 to July 8 centimeters

U 4.5 0.82 0.31 0.11
F 8.25 1.16 .75 .16

July 8-16
D 6.25 1.09 1.07 .24
F 11.25-16.5 1.64 1.16 .21

July 16-22
D 5.5-6 1.27 1.08 .25
F 10-13.5 1.85 2.18 .36

July 22-29
D 3-4.5 110 .96 .26
F 75-10 2.01 1.56 .28

July 29 to August 5
D 0-1.5 .93 .88 .29
F 4.5-5.75 2.10 I

2.14 .45

August 5-12
D 3 .75 .68 .21
F 10 2.21 1.79 .41

August 12-20
D 8 2.66 2.39 .45
F 11 2.83 2.74 .50

August 20-26 I

D 5.5 2.82 2.85 .52
F 7.5 2.88 2.89 .58

August 26 to September 2
D 8 2.69 2.11 .62
F 10 2.93 I 2.16 .28

September 2-8
D 8 2.72 2.54 .41
F 10 2.10 3.91 .82

ANJOU PEAR RESPONSES TO IRRIGATION 15
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than in Plot F. During this period average soil moisture in Plot FL was be-
tween 64 and 56 per cent (with the driest sample about 20 per cent) and in
Plot F between 90 and 76 per cent of the available capacity. The average rate
of fruit growth for the entire June 23 to 30 period was 0.92 ± 0.012 cm3 per
day for Plot FL and 1.08 ± 0.014 for Plot F, indicating the statistical signifi-
cance of this slight difference.

The irrigation of Plot FL on July 22, 5 days before the irrigation of
Plot F, resulted in a faster rate of fruit growth in Plot FL, in spite of the
fact that the average soil moisture in Plot F was about 68 per cent of the
available capacity.

Composition of fruit in 1932. In Plot FE, with greater water deficits
in the trees during the last 25 days before harvest than in any other plot as
a result of lower soil moisture, fruit at harvest (Table 5) had, as percentage
of fresh weight, slightly more reducing sugars and total sugars, but slightly less
starch. Thus Plot FE had a much higher ratio of total sugars to starch than
the other plots. Expressed as percentage of total dry matter, the total sugars
in Plot D were appreciably lower and in Plots FE and FL were slightly lower
than in Plot F. This suggests that serious water deficits in the tree by reducing
photosynthetic activity of leaves reduced supply of sugars moving to fruit.

Final size of fruit and yield at harvest. To show the changes in total
fruit size during the growing season as affected by soil moisture the average
fruit volume on each measurement date is shown in Figure 3, with a repetition.
of the soil moisture data given in Figure 2. The ends of the "fruit volume"
lines on the right side of the figure indicate relative fruit size a day or so
before harvest.

Table 4. EFFECT OF REDUCED VATER Suppry CO THE TREES ON WATER AND DRY-MATTER
DEPOSITION IN FRUIT DURING 1932

Period and plot

Ran5e of
daily

duration of
stomata!
opening

Rate
of

fruit

Average rate of deposition
per day

growth
per day \\rater Dry matter

Juuc 29 to July 22
Hours CNbic

centimeters
Grams Grams

F 6-13.5 1.5 1.26 0.23
FL 5.5-8 1.2 .96 .24
FE .75-13.5 1.4 1.21 .23
D 4.5-5.5 1.0 .77 .19

July 22 to August 12
F 7.5-10 2.1 1.SI .38
FL 6.25-10 2.0 2.39 .34
FE 4.25-10 1.9 1.71 .33
D 0-4.75 .9 .84 .25

August 12-26
F 7.5-11 2.9 2.80 .53
FL 75-405 2.9 2.04 .50
FE 5-8 2.3 2.32 .52
D 5.5-8 2.7 2.59 .48

August 26 to September 8
F 10 2.5 2.76 .49
FL 10 2.8 2.57 .54
FE 3-3.5 1.8 1.55 .49
D 8 2.7 2.15 .44



Fruit in Plot FL was slightly smaller than in Plot F in mid-July because
of water deficits in the former plot during the preceding month. Thereafter
both rate of growth and soil moisture were the same in both plots until just
previous to harvest when the growth slowed up in Plot F but not in Plot FL.
The final size was the same in both plots.

Figure 3. Fruit volume and average soil moisture in the upper 3 feet in 1932.

In Plot FE, water deficits during the last 40 days before harvest reduced
final fruit volume (Table 6) 13 per cent, as comiared to Plot F. This re-
duction, however, was principally the result of reduced water content, since
reduction in dry matter was only 2.6 per cent.

Water deficits in Plot D in late July and again just before harvest reduced
final fruit volume 21 per cent, as compared with Plot F, and reduction in dry
matter accounted for about 14 per cent.

Tagged fruits showed the same fruit volume in Plot FL as in Plot F
at harvest, whereas the yield per tree in field lugs was 13 per cent less in
Plot FL. The explanation is not clear. The 19 per cent lower yield in Plot
FE and the 41 per cent lower yield in Plot D than in Plot F, although in
part due to smaller fruit size caused by reduced water supply during the sum-
mer, was also apparently in part due to the smaller percentage of blossoms
setting fruit (Table 2) in Plots FE and D.

Shoot and trunk growth in 1g32. By August 11, when shoot growth
in diameter had ceased, shoot diameter was significantly less in Plots FL, FE,
and D than in Plot F (Table 7). The smaller shoot diameter in Plot FE than in
Plot F indicates the effect of water deficits in the tree between July 24 and
August 11. Shoot growth in length was probably completed by the end of
June, before appreciable water deficits occurred in Plot FL, so it is not sur-
prising that average length per shoot was nearly the same in Plot FL as in
Plot F. The shorter average length in Plot D than in Plot F indicates an
effect of water deficits in Plot D some time before shoot growth in length had
entirely ceased.
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Table 5. EFFEcT OF WATER DEFICITS IN THE TREES IN 1932 ON COMPOSITION OF FRUIT AT HARVEST (SEPTEMBER 8) IN 1932

0o

Carbohydrates

Total carbohydrates = total sugars plus reserve carbohydrates.
t The ratio is expressed in parts of sugar to 1 part starch.

Ratio
sugar to Alcohol
starcht soluble

Per cent

Nitrogen

Alcohol
insoluble

Per cent

Total

Per cent
Expressed as percent-
age of fresh welght

F 16.63 6.40 1.06 7.46 1.00 3.02 10.48 7.5 0.037 0.03 9 0076
FL 16.76 6.21 1.08 7.29 1.08 3.18 10.47 6.8 044 .037 .081
FE 18.61 6.94 ..94 7.88 .74 3.01 . 10.89 10.7 038 .039 .077
D 18.60 6.36 1.08 7.44 1.52 3.77 11.21 4.9 .034 .039 .073

Expressed as percent-
age of dry weight

F 38.47 6.43 44.90 6.03 18.12 63.02 .222 .232 .454
FL 37.06 6.45 43.51 6.45 18.98 62.49 .266 .218 .484
FE 37.29 5.04 42.33 3.98 16.22 58.55 .205 .205 .410
D 34.19 5.81 40.00 8.16 20.24 60.24 .182 .210 .392

Reserve Total
Dry Reducing Total carbo- carbo-

Plot matter Sugars Sucrose sugars Starch hydrates bydrates

Per cent Per cent Per cent Pe cent Per cent Per cent Per cent



Table 6. COMPARATIVE EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1932
ON VOLUME AND DRY MATTER PER FRUIT AND PER TREE IN 1932

Increase.

Table 7. EFFEcT OF REDUCED WATER SUPPLY TO TREES ON SHOOT DIAMETER
AND LENGTH AND TRUNK GROWTH IN 1932

Increase in
cross-sectional
area of trunk

(3-29-32 to
4.14-33)

Square
centimeters

30.7
27.3
25.2
23.6
29,4

C Based on measurements of all shoots on each of six representative trees per plot.

The greater number of shoots per tree for Plot F than for other plots
suggests that the trees in Plot F may have had a greater number of growing
points at the beginning of the experiments. Trunk growth, which probably
continued throughout the summer, was less in all plots showing greater water
deficits than Plot F.

Summary of results in 1932. Although many of the 1932 data have
already been reported (1), certain features deserve emphasis:

Water deficits in the Anjou pear, as indicated by reduced fruit growth,
were first apparent when the average soil moisture in the upper 3 feet (major
root zone) was between 48 and 64 per cent and the driest sample about 30
per cent of the available capacity.

Even with soil moisture as high as 83 per cent, relatively high air tem-
peratures temporarily reduced rate of fruit growth.

Plot

F FL FE D

Average final volume of fruit- I
Cubic centimeters 180.4 180.7 157.6 143.3

Percentage reduction in final vol-
ume as compared with Plot F-
Per cent .2* 12.6 20.6

Average fresh weight per fruit-
Grains 207.4 201.8 179.2 169.3

Average weight water per fruit-
Grams 172.9 168.0 145.6 129.7

Average weight dry matter per
fruit-C rants 34.5 33.8 33.6 29.6

Reduction in dry matter as corn-
Pared to Plot F-Per cent 2.0 2.6 14.2

Yield per tree (orchard run)--
Lugs 9.1 7.9 7.4 5-4

Reduction in yield as compared
to Plot F-Per cent 13.2 18.7 40.7

Yield per tree-Packed boxes 7.1 6.1 5.1 3.8
Reduction in packed hoxes as

compared to Plot F -Per cent 14.1 28.1 46.5

F 4.25 ± 0.03 855 24,023 37
FL 3.49 ± 0.02 546 19,266 35
FE 3.90 ± 0.05 588 23,168 39
D 3.25 ± L02 556 17,426 31
M 656 21,023 32

Total shoot growth per tree
Shoot

diameter Average
Total Total new length

Plot August11 number length per shoot

Millimeters Centimeters Ceutimeter

ANJOU PEAR RESPONSES TO IRRIGATION 19
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When rate of fruit growth was reduced as a result of insufficient soil
moisture, rate of water deposition in fruit was reduced more than rate of dry-
matter deposition.

When rate of fruit growth was increased by the irrigation of trees
showing relatively great water deficits, rate of water deposition was increased
more than rate of dry-matter deposition.

At harvest, fruit on trees showing serious water deficits in early and
midsummer (Plot D) or in later summer (Plot FE) showed a lower per-
centage of water than fruit on trees that had not experienced such water
deficits.

Decreased water supply during the 20 to 30 days before harvest caused
a high ratio of total sugars to starch in fruit at a given date (152 days after
full bloom).

Where water deficits were sufficient to reduce the total dry matter per
fruit (Plots D and FE), the percentage of sugars making up the dry matter
was reduced slightly.

When serious water deficits occurred while shoots or trunk were grow-
ing, such woody growth was reduced.

RESULTS IN 1933
Effect of water deficits in 1932 on initial tree vigor in 1933. To

measure any hold-over effects of water deficits in 1932, the rate of shoot
elongation (Figure 4) was measured in the spring of 1933. While soil moisture
was as high in Plot FE as in Plot F during the first 40 to 50 days after full
bloom (April 12), the rate of shoot elongation was lower in Plot FE than
in Plot F. This is interpreted as an indication that water deficits in Plot FE
in 1932 resulted in lower vegetative vigor at the beginning of the 1933 grow-
ing season. The slightly lower rate of shoot elongation in Plot D than in
Plot F during the first 30 days after full bloom could have been due either
to lower vigor in Plot D as a result of water deficits in 1932, or to the slightly
lower soil moisture in Plot D during early spring of 1933, or to both. The
minima in shoot elongation during the first 10 days in May, and again between
May 16 and 18, coincided with periods of abnormally cool, rainy weather.

Amount of bloom and set of fruit in 1933. Aldrich and Work (3)
found that in 1932 the period during which Anjou blossom-bud formation could
be influenced extended about 90 days after full bloom. They concluded that
the significantly greater percentage of growing points blossoming in Plots D
and FL than in Plots FE and F in 1933 (Table 8) resulted from the greater
water deficits in Plots D and FL during the period between 75 to 90 days after
full bloom in 1932.

This greater percentage of growing points that blossomed resulted in
considerably more total blossom clusters per tree for Plot FL than for any
other plot and with equally high set of fruit, the total number of fruits per
tree was much greater for Plot FL than for other plots. This, together with
a rather low total leaf area per tree, resulted in a smaller leaf area per fruit
in Plot FL than in the other plots.

Rate of fruit growth in relation to soil moisture. That the rate of
fruit growth was about the same in all plots until after June 29, 78 days after
full bloom, is interesting in view of the fact that irrigation of Plots FE and F
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on June 5 maintained soil moisture above 60 per cent (Figure 4) of the avail-
able capacity for the remainder of June, whereas soil moisture in Plot D
decreased from 45 to 27 per cent and in Plot FL from 60 to 42 per cent.
Apparently, fruit growth during the 60 to 70 days after full bloom was not
as sensitive to soil moisture as it was during the late summer of 1932.

Figure 4. Daily maximum air temperature, rate of shoot and fruit growth, and average
soil moisture in upper 3 feet in 1933.
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During the period July 13 to 21, Plots D, FE, F, and FL were irrigated
in that order and just after each irrigation the most recently irrigated plot
showed the highest rate of fruit growth in spite of the fact that other plots
had soil moisture contents as high as 80 or 90 per cent of available capacity
(Figure 4).

Table 8. EFFECT OF REDUCED WATER SUPPLY TO TREES IN 1932 AND 1933 ON AMOUNT OF
BLooM, SE-c OF FRUIT, TOTAL LEAF AREA-PER TREE AND PER FRUIE IN 1933

" Based on the same six limbs per tree on each of 7 to 9 treef per half plot, for which
percentage of blossoms setting fruit was determined.

I Based on six trees per entire plot.

When the irrigation of Plot F on August 12 increased soil moisture to
about 90 per cent and soil moisture in Plot D was decreasing below 50 per
cent, the rate of fruit growth during a period of high maximum air temper-
ature increased in Plot F, but decreased in Plot D. With lower maximum
temperatures during the August 18 to 24 period, rate of fruit growth in both
Plots D and F increased above that during the previous warmer period.

In 1933, as in 1932, soil moisture in Plot FL decreased less rapidly than
in Plot D during May and June, probably because the 1-foot deeper soil in
Plot FL furnished a larger reservoir for soil moisture. With soil moisture in
Plot D at about 20 per cent and in Plot FL at about 35 per cent of the available
capacity by July 11, the rate of fruit growth in Plot FL was only slightly
greater than in Plot D.

After about August 5, absolute rate of fruit growth in Plot FL was
appreciably less than in Plot F, although the soil moisture was about the same
in both plots. The slower growth in Plot FL earlier in the season had resulted
in smaller fruit (Figure 5) than in Plot F. When rate of fruit growth is ex-
pressed as percentage of the fruit size (data not presented), the percentage rate

West -- 1 10.7 3.6 4. 1±0. 14 1,334 920,000 700
41.0±0.73 4,163 1.03

East j 13.0 4.5 4.0± .14 1,329 1,080,000 800
Plot FL

1West
-. T50.o± .73 5,193

12.3 3.4 4.6± .15 1,702 890,000 500
1.22

East... j 14.2 4.3 3.6± .15 1,652 900,000 500 1

PlotFE
\Vest

42.2± .81
1

3,937 1
15.9 4.1 3.9± .11 1,363 1,140,000 800

1.07
East j 14.5 4.0 4.1± .12 1,104 970,000 900

Plot D
West -- 1 16.9 5.1 4.1± .15 1,348 860,000 600 1

49.0± .80 3,799 1.15
East 15.4 3.5 4.0± .16 1,245 890,000 700 j

Plot M
West 5,434 3.1± .08 1,301 1,090,000 800

Amount of bloom Blossoms setting fruit

Aver-Total
bios. 6 limbs per tree Total tree Aver-

age
age
leaf

Initial
volumesom

Growing clusters Final fruits Total leaf area of fruits
points bios- per Initial June Final per area per per measured

Plot soming treet - May 20 19 (July) tree tree fruit May 19

Per cent Number Per Per
- cent cent

PlotF I

Per cent Num-
ber

Square
centi-

meters

Square I Cubic
centi-cent

meters I meters



was almost the same in both plots. This seems to show that rate of fruit growth
was influenced to some extent by the size of the fruit, as Whitehouse (33) and
Hailer and Magness (14) have reported.

Composition of fruit in 1933. As in 1932, the ratio of total sugars to
starch was much higher in Plot FE than in other plots (Table 9), again in-
dicating that serious water deficits in the trees in later summer had caused
more rapid starch hydrolysis. In the same year also, total sugars, expressed as
percentage of dry matter, was lower in Plot D than in Plot F.

Figure 5. Shoot length, fruit volume, and average soil moisture in the upper 3 feet in 1933.

Size of fruit at harvest. Reduced water supply to Plots FL, FE, D, and
M as compared with Plot F, resulted in smaller final fruit size (Figure 5), due
both to lower water content and to less dry matter per fruit (Table 10).

With nearly the same number of fruits per tree the smaller-sized fruit
in Plots D and FE resulted in much smaller yields than in Plot F. The larger
number of blossoms per tree resulted in more fruit per tree in Plot FL, how-
ever, and the yield in lugs was only 9.7 per cent less than in Plot F in spite
of the 17.6 per cent smaller size.

Shoot and trunk growth in 1933. As compared with Plot F the num-
ber of shoots per tree was 17 to 21 per cent less in 1932 (Table 7) and 1933
(Table 11), respectively, for Plot FL, 10 and 35 per cent less for Plot FE,
and 15 and 32 per cent less for Plot D. The carry-over effect of water deficits
in 1932 on the number of shoots produced in 1933 was slight in Plot FL but
quite pronounced in Plots FE and D. In Plots FL and D the number may have
been slightly reduced by low soil moisture in early spring both in 1932 and 1933.

Reduced water supply to Plots M, FL, and D during the period of shoot
growth and of maximum scaffold limb growth in 1933 decreased both average
shoot length and scaffold limb enlargement as compared with Plots F and FE.
Low soil moisture in Plot D in 1932 probably accounted for part of the de-
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Table 9. EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1932 AND 1933 Os COMPosxTxoN OF FRUIT AT HARVEST (SEPTEMBER 15) IN 1933

Plot
Dry

matter

Carbohydrates Nitrogen

Reducing
sugars Sucrose

Total
sugars Starch

Reserve
carbo-

hydrates

Total Ratio
carbo-sugar to

hydrates starch
Alcohol
soluble

Per cent

Alcohol
insoluble Total

Per Cent Per cent Per Cent Per Cent Per cent Per Cent Per Cent Per Cent Per Cent
Expressed as percent-
age of fresh weight

F 16.51 6.22 1.64 7.86 2.54 2.80 10.66 3.1 0.030 0.049 0.079
FL 17.38 6.65 1.59 8.24 2.31 2.70 10.94 3.6 .027 .024 .051
FE 19.27 7.79 1.37 9.16 1.50 2.61 11.77 6.1 056 .046 .102
D 19.71 7.42 1.44 8.86 1.99 2.96 11.82 4.5 .043 .042 .085

Expressed as percent-
age of dry weight

F 37.63 11.94 4.9.57 15.38 16.92 66.49 .181 .300 .481
FL 38.27 9.16 47.43 13.31 15.52 62.95 .155 .136 .291
FE 40.43 7.11 47.54 7.79 13.57 61.11 .293 .237 .530
D 37.62 7.28 44.90 10.09 15.00 59.90 .220 .211 .431



creased growth in that plot. As in 1932 lower water supply to all plots other
than Plot F resulted in smaller increases in cross-sectional areas of tree trunks.
This result may perhaps also be accounted for in part by low water supply
in 1932.

Table 10. COMPARATIVE EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1932 AND
1933 mc VOLUME AND DRY MATTER PER FRUIT AND YIELD PER TREE IN 1933

R To total new shoot length in 1933 has been added the total 1932 shoot length left
after dormant pruning in February 1933.

Summary of additional results in 1933. In addition to substantiating
the eight features pointed out in the 1932 results, the 1933 results indicate the
following:

I. Serious water deficits late in the summer of 1932 (Plot FE) seemed
to cause a hold-over effect evidenced by lower initial rate of shoot elongation
in 1933.

Plot

F FL FE D Itt

Average final volume of fruit
-Cubic centimeters 151.0 124.4 107.2 94.7 134.6

Reduction in final volume as
compared with Plot F-
Per cent 17.6 29.0 37.3 10.9

Average fresh weight per
fruit-Grams 163.5 135.4 115.5 104.0 128.7

Average weight of water per
fruit-Grams 136.5 111.9 93.2 83.5 105.6

Average weight of dry matter
per fruit-Grams 27.0 23.5 22.3 20.5 23.1

Reduction in dry matter per
fruit as compared with
Plot F-Per cent 13.0 17.4 24.1 14.4

Yield per tree-Lus 11.3 10.2 6.6 6.3 8.0
Reduction in yield as com-

pared with Plot F-
Per cent 9.7 I 41.6 44.2 29.2

Yield tree-Packed boxes 8.8 7.0 2.2 1.7 6.5per
Reduction in packed boxes

as compared with Plot F-
Per cent 20.5 75.0 80.7 I 26.1

F 4.20 1,631 37,365 23 49,824 3&1 66.8
FL 2.46 1,285 24,882 19 34,381 23.4 50.7
FE 4.17 1,058 23,152 22 34,661 34.2 59.4
D 1.89 1,103 20,524 19 30,266 20.5 44.1
M 2.48 1,724 31,699 18 44,925 31.0 60.4

Table 11. EFFECT OF REDUCED WATER SUPPLY TO TREES IN 1932 AND 1933 ON GROWTH
OP SCAFFOLD LSMR5, SHOOTS, AND TRUNK iN 1933

Increase
Total

increase
Increase Total new shoot length Total in cross- in cross-
in cross- in 1933 combined sectional sectional
sectional length" area of area of

Averagearea of of 1932 trunk trunk
scaffold Total Total length and 1933 (4.14-33 to (3-29-32 to

Plot limbs number length per shoot shoots 4-25-34) 4-25-34)

Square Centi- Centi- Centi- Square Square
cents-

meters
meters meters meterS cents-

meters
centi-

meters
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When water deficits in trees occurred in 1932 during the period when
blossom-bud formation could be influenced (Plots D and FL), the percentage
of buds differentiating blossom primordia in 1932 was increased, with the result
that the total number of blossoms per tree in the spring of 1933 was increased.

The water deficits in 1932 in Plots D, FL, or FE did not have any effect
on the percentage of blossoms setting fruit in 1933.

Serious water deficits in late summer of 1932 (Plot FE) apparently
reduced the number of shoots per tree produced in 1933.

The relatively moderate water deficits in Plot M, fairly representative
of commercial practice, reduced fruit size, dry matter per fruit, and yield per
tree, to some extent.

RESULTS IN 1934
Initial rate of shoot growth. In 1934 the rate of shoot elongation

(Figures 7 and 8) was at a maximum about April 13, 25 days after the begin-
ning of full bloom, and then gradually decreased until elongation ceased about
60 days after full bloom.

The slightly lower rate of shoot elongation in Plot FE than in Plot F
during April was apparently due to lower vegetative vigor resulting from
water deficits in 1933.

The much lower rate of shoot elongation in Plot D than in Plot F
probably resulted both from hold-over effects of water deficits in 1933, and
from lower average available soil moisture in 1934 during the period from 20
to 60 days after full bloom. Anticipating such hold-over effects, samples of
blossom buds, 1933 shoot growth, and fibrous roots under 2 mm in diameter
were taken in February 1934. When the very marked differences in vegetative
vigor between plots were noted in the spring of 1934, these samples were
analyzed to determine whether such a hold-over effect was caused by the
amount of stored carbohydrates or nitrogen. Shoots showed (Table 12) a lower
percentage of starch in Plot D than in the other plots, which would suggest
that initial rate of shoot elongation might be directly related to the amount of
insoluble stored carbohydrates. Otherwise, there was no correlation between
percentage of carbohydrates or nitrogen in shoots in February and the rate of
new shoot growth 2 months later. Low water supply in 1933, however, re-
duced both the length and the diameter of the 1933 shoot growth and there-
fore also reduced total carbohydrates and nitrogen per shoot in February 1934.

Amount of bloom and set of fruit. Lower rate of shoot elongation and
rate of fruit growth in Plots FL and D indicated that the trees suffered from
the low soil moisture supply in the period 50 to 90 days after full bloom in
1933. This appeared to result in a higher percentage (as compared to Plot F)
of growing points blossoming in 1934 (Table 13), which is in accord with the
results on these plots in 1933. Similar results have been reported for apples
(9) (25). Typical clusters of spurs in Plots D and F are shown in Figure 6.
Plot FE, with only slightly greater leaf area per fruit than Plot F in 1933
(Table 8), had about 18 per cent greater percentage of growing points blossom-
ing in 1934 than Plot F. This difference cannot be explained by the small dif-
ference in leaf area or by water deficits in 1933. Cumulative secondary effects of
water deficits in 1932 and in 1933, however, may have been as influential in
determining the amount of blossom buds differentiating in 1933 as any direct
effects of water deficits in the tree during the critical blossom-bud differentiation
period in 1933.



Table 12. EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1932 AND 1933 ON INITIAL RATE OF SHOOT ELONGATION IN 1934 AND ON COM-
POSITION ON FEBRUARY 2, 1934 OF 1933 SHOOT GROWTH

I')

A Average rate for the period April 10 to 16 1934.

Plot F
West 1.3 4778 147.80 3.63 7.89 30.90 34.53 0.34 1.00 1.34
East L3 46.39 13719 4.13 7.61 30.75 34.88 I .30 1.08 1.38

Plot FL
West 1.1 45.07 108.90 4.33 7.06 28.75 33.08 .34 1.03 1.37
East 1.1 45.94 103.20 3.79 7.25 29.98 33.77 .37 1.06 1.43

Plot FE
\Vest 1.0 44.82 113.43 5.67 26.45 .36 1.02 1.38
East 1.0 46.45 103.22 4.60 8.55 30.52 35.12 .24 .91 1.15

Plot D
West .8 46.30 91.98 4.60 5.32 27.47 32.07 .27 1.05 1.32
East .8 48.18 93.17 3.63 6.02 28.00 31.63 .24 .96 1.20

Plot

InitialA
rate of
shoot

elonga-
tion,

per day

Dry

Results expressed as percentage of dry weight

matter Carbohydrates Nitrogen

Fresh
weight

Per Total
shoot sugars Starch

Reserve
carbo-

hydrates

Total
carbo-

hydrates
Alcohol
soluble

Alcohol
insoluble Total

Centi-
meters

Per cent Mild- Per cent
grams

Per Cent Per cent Per cent Per cent Per Cent Per cent
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The lower set of fruit in Plots M and D than in other plots is outstanding.
Also, the east half of Plot FL had a slight but significantly lower set of fruit
than the west half. Analyses of fruit buds in February 1934 showed (Table
14) in general considerable variation in carbohydrates for halves of the same
plots, whereas there were seldom appreciable differences in set of fruit between
the halves of the same plot. Total sugars were low, however, in plots where

r

Figure 6. Typical clusters of spurs from Plots P and F.

Note the greater number of growing points blossoming for D (above) than for F (below).



Table 13. EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1932, 1933, AND 1934
ON AMOUNT OF BLOOM, SET OF FRUIT, AND LEAF AREA PER TREE

AND PER FRUIT IN 1934

percentage set of fruit was low (coefficient of correlation between total sugars
and set of fruit = +0.54), indicating that such soluble carbohydrates might be
related to set of fruit. Starch, a storage form of carbohydrate, was not re-
lated to set of fruit.

During the period March 19 to April 20 following the abnormally early
bloom in 1934, soil moisture in Plot D decreased from about 58 per cent to
about 38 per cent, whereas in Plots FE and F soil moisture varied during this
period from about 88 per cent to 73 per cent. It is possible that this lower
soil moisture in Plot D permitted serious water deficits in the trees, and that
these water deficits in the spring, rather than a lack of carbohydrates, directly
caused the lower set of fruit. Roots sampled in February 1934 were also
analyzed (Table 15). The carbohydrates or nitrogen do not show a relation
to set of fruit. The percentages of reserve carbohydrates, however, were least
in Plot D and greatest in Plot F, with Plots FL and FE intermediate.

The data (Tables 10, 12, 15) indicate that much greater water deficits
in the trees in Plot D than in Plot F in 1933 reduced carbohydrate manufacture
to the extent that the supply both for the fruit and for storage in shoots and
roots was reduced. This reduced carbohydrate storage in the roots following
serious water deficits in the tree may be compared with the reduced carbohy-
drate storage in the roots during a year of heavy fruit production as found by
Davis (8) for sugar prunes and by Waugh and Smith (31) for pecans.

Rate of fruit growth in relation to soil moisture. In 1934 fruit was
not measured until about 85 days after full bloom, by which time Plot F had
received three irrigations and Plot D one irrigation (Figures 7 and 8).

Amount of
bloom Blossoms setting fruit Initial

volume
Total Total Aver- of

Grow.
ing

bIos-
sons

6 lImbs per tree tree Aver.
age

Total
leaf

age
leaf

fruits
meas-

Initial Finalpoints clusters fruits area area ured
bIos- per April June per per per June

Plot sorning tree 20 21 Final tree tree fruit 11

Per Nuns. Per Per Per Num. Square Square Cubrc
cent her Cent cent cent her cents-

meters
cents-

meters
centi-

meters
Plot F

West.. 40.4 4,672 5.4 1.9 2.5±0.12 952 1,250,000 1,300 35.5
East.. 37.4 5,053 6.5 2.6 2.8± .11 1,113 1,480,000 1,300 35.7

Plot FL
West.. 49.0 5,250 4.3 1.3 2.3± .10 942 1,040,000 1,100 33.0
East.. 44.9 5,508 3.6 1.2 1.8± .08 811 1,020,000 1,300 33.4

Plot FE
West.. 49.8 4,474 4.2 2.2 2.6± .22 831 1,160,000 1,400 27.5
East. 42.3 4,763 4.8 2.2 2.4± .12 898 1,200,000 1,300 28.2

Plot D
West.. 57.5 5,268 2.6 .9 1.1± .08 487 700,000 1,400 21.9
East.. 51.6 4,044 2.8 .8 1.3± .08 414 700,000 1,700 24.0

Plot M
West.. 5,550 .... .... 1.2± .08 , 562 1,220,000 2,200
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Table 14. EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1932 AND 1933 ON COMPOSITION OF BLOSSOM BUDS ON FEBRUARY 2 AND SET OF
FRUIT IN 1934

Data expressed as percentage of dry weight

Material analyzed was the 1933 growth of spurs which blossomed, but did not set frut in 1933, plus the 1934 fruit-buds on the 1933 spur
growth.

Plot
Set of
fruit

Dry matter Carbohydrates Nitrogen

Fresh
weight

Per
fruit
bud

Total
sugars Starch

Reserve
carbo-

hydrates

Total
carbo-

hydrates
Alcohol
soluble

Alcohol
insoluble Total

Per Cent Per cent Milli-
grams

Per Cent Per Cent Per cent Per cent Per Cent Per Cent Per cent

Plot F
West 2.5 47.24 41.71 4.68 2.25 16.80 21.48 0.10 1.39 1.49
East 2.8 47.14 53.49 474 2.57 19.22 23.96 .11 1.35 1.46

Plot FL
West 2.3 46.88 47.84 4.67 1.90 18.86 23.53 .11 1.38 1.46
East 1.8 47.45 41.83 4.23 2.25 18.14 22.37 .08 1.40 1.48

Plot FE
\\Test 2.6 46.70 37.85 5.29 2.10 18.51 23.80 .07 1.38 1.45
East 2.4 45.62 42.52 5.96 2.24 18.85 24.81 .10 1.85 1.45

Plot D
West 1.1 46.42 33.30 4.21 1.69 16.36 20.57 .11 1.30 1.41
East 1.3 46.48 37.98 4.12 2.80 23.44 27.56 .15 1.33 1.48



Table 15. EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1932 AND 1933 ON
INITIAL RATE OF SHOOT ELONGATION AND SET OF FRUIT IN 1934 AND ON

CoMPosITIoN OF ROOTS 05 FEBRUARY 5 OR 6, 1934

Composition of roots expressed as percentage of dry weight

Average rate for the period of April 10 to 16, 1934.

The smaller fruit volume in Plot D than in Plot F on June 11 was probably
in large part the result of the lower soil moisture in Plot D before it was
irrigated on May 31.

The smaller fruit size in Plot FE than in Plot F on June 11 (Table 13)
could not have been due to differences in leaf area per fruit or in soil moisture
earlier in the season, as these factors were about the same in both plots; it
apparently was another manifestation of lower vegetative vigor in Plot FE
than in Plot F resulting from water deficits in 1933.

Between June 11 and July 4 soil moisture in Plot F ranged between 55 and
78 per cent; in Plot FE between 65 and 97 per cent. The rate of fruit growth
expressed in cm3 per day was less in Plot FE than in Plot F but expressed
as a percentage of the size of the fruits it was the same in both plots, which
indicates that these soil moisture differences high in the available range and
early in the season had no direct effect on rate of growth. After July 4, with
lower soil moisture in Plot FE than in Plot F, both the absolute and the per-
centage rates were lower in Plot FE.

The lower soil moisture after June 20 in the east than in the west half
of Plot FE was apparently responsible for the generally lower rate of fruit
growth in the east half.

During the last 10 days before harvest, when soil moisture in Plot FE was
below 20 per cent of the available capacity and evaporating power of the air
was relatively high, the rate of fruit growth was extremely low, indicating
very severe water deficits in these trees.

Composition of fruit in 1934. As in 1932 and 1933, the ratio of total
sugars to starch in the fruit at harvest (Table 16) was much higher in Plot
FE, which showed greater water deficits in late summer, than in the other

Plot

Initial
rate of
shoot

elonga-
tion,

per day

Set
of

fruit

Carbohydrates Nitrogen

Total
sugars I Starch

Reserve
carbo-

hydrates

Total
carbo- Alcohol

hydrates soluble

Alcohol
insol-
uble Total

Cessti- Per Per Per Per Per Per Per Per
meter.s cent cent cent cent cent cent cent cent

Plot F
West 1.3 2,5 4.05 6.25 28.08 32.13 0.212 0.580 0.792
East 1.3 2.8 3.36 5.42 26.84 30.20 .142 .560 .648

Plot FL
\Vest 1.1 2.3 2.04 6.09 24.49 26.53 .245 .433 .678
East 1.1 1.8 3.44 6.09 24.07 27.51 .125 .522 .647

Plot FE
West 1.0 2.6 3.17 4.03 24.65 27.82 107 .487 .594
East 1.0 2.4 3.05 5.85 24.60 27.65 143 .461 .604

Plot D
West .8 1.1 3.18 3.92 22.60 25.24 .182 .502 .684
East .8 1.3 3.73 5.30 22.30 26.03 .171 .590 .761

ANJOTJ PEAR RESPONSES TO IRRIGATION 31



1
:1

32 AGRICULTURAL EXPERIMENT STATION BULLETIN 374

plots. Total sugars expressed as percentage of dry matter were lower in Plot
D than in Plot F.

Figure 7. Daily atmometer loss, rate of shoot and fruit growth, and soil moisture in each
half of Plots FE and D in 1934.
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Final size of fruit at harvest. Not only was final fruit size reduced,
as compared with Plot F, by reduced water supply to Plots D and FE (.Table
17 and Figures 9 and 10), but total dry matter per fruit was reduced from 22
to 34 per cent.

Figure 8. Daily atmometer loss, rate of shoot and fruit growth, and soil moisture in each
half of Plots F and FL in 1934.
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The irrigation of Plot D on July 24 resulted in moderately high soil
moisture during the last 30 days before harvest and enabled the fruit in that
plot to catch up in size with that in Plot FE at harvest. In no other year of
the experiment did this occur. Figure 10 shows that after June 15 soil moisture
was as high in Plot FL as in Plot F but the rate of growth of fruit was
lower in Plot FL and fruit was 9 or 10 per cent smaller at harvest. This was
probably due to the lower soil moisture and rate of growth before June 15 and
the slightly smaller leaf area per fruit in Plot FL.

Plot D Plot FE Plot FL Plot F Plot M

Figure 9. Comparison in average size of fruit for each plot at harvest (August 23, 1934).

Figure 10. Shoot length, fruit volume, and average soil moisture in the upper 3 feet in 1934.

Low soil moisture in the latter part of the season resulted in a reduction
in the size of fruit in Plots FE and D of 32 to 41 per cent as compared with
Plot F. Plot D had only about half as many fruits per tree, however, as did
Plots F and FE; therefore, the yield of Plot D was reduced much more (64
to '3 per cent below Plot F) than that of Plot FE.
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Table 16. EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1934 ON CoMPosITION OF FRUIT AT HARVEST (AUGUST 24) IN 1934

EXPRESSED AS PERCENT-
AGE OF FRESH WEIGHT

Plot F
\\Test 18.48 7.33 1.59 8.92 1.25 3.49 12.41 7.1 0.020 0.020 0.040
East 18.97 7.11 1.32 8.43 1.16 3.84 12.27 7.3 .021 .028 .049

Plot FL
West 19.11 7.04 1.51 8.55 1.51 4.20 12.75 5.7 .019 .034 .053
East 18.94 7.07 1.17 8.24 1.63 4.00 12.24 5.1 .014 .022 .036

Plot FE
West 21.02 8.11 .80 8.91 .89 6.00 14.91 10.0 .027 .033 .060
East 21.06 7.43 1.70 9.13 .83 586 14.99 11.0 .026 .026 .052

Plot D
\\Test 21.43 7.00 1.28 8.28 1.95 5.70 13.98 4.2 .020 .031 .051
East 19.79 7.14 .95 8.09 1.87 5.18 13.27 4.3 .019 .028 .047

EXPRESSED AS PERCENT-
AGE OF DRY WEIGHT

Plot F
West 39.68 8.56 48.24 6.77 18.90 67.14 .109 .109 .218
East 37.45 6.98 44.43 6.11 20.25 64.68 .113 .149 .262

Plot FL
\Vest 36.88 7.85 44.73 7.92 21.99 66.72 .098 .177 .275
East 37.30 6.17 43.47 8.63 21.11 64.58 .076 .118 .194

Plot FE
West 38.59 3.82 42.41 4.22 2857 70.98 .130 .158 .288
East 35.25 8.09 43.34 3.92 27.83 71.17 .125 .124 .249

Plot D
\$Te5t 32.64 6.00 38.64 9.12 26.60 65.24 .094 .146 .240
East 36.12 4.78 40.90 9.44 26.19 87.09 .098 139 .237

Carbohydrates

Ratio

Nitrogen

Reserve Total
Dry Reducing Total carbo-carbo- sugar to Alcohol Alcohol

Plot matter sugars Sucrose sugars Starch hydrates hydrates starch soluble insoluble Total

Per cent Per cent Per cent Per cent Per cent Pee cent Per cent Per cent Per cent Per cent



Table 17. COMPARATIVE EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1932, 1933, AND 1934 ON VOLUME AND DRY MATTES PER FRUIT
AND ON YIELD PER TREE IN 1934

Percentage change based on comparison with West half of Plot F.
t West and East halves of each plot compared to West and East half, respectively, of Plot F.

Plot F Plot FL Plot FE Plot D Plot M"

West East West East \Yest East West East
Average final volume of fruit-

Cnbsc centimeters 205.1 198.6 185.2 181.0 120.1 135.2 122.0 132.8 164.5
Reduction in final volume as com-

pared with Plot Ft-Per cent 9.7 8.9 41.5 31.9 40.5 33.1 19.8

Average fresh weight per fruit- I

Grams 228.2 220.9 206.0 201.2 133.5 150.3 135.7 147.7 186.7
Average weight of water per fruit-

Grams 185.6 179.5 166.8 163.1 105.0 118.1 107.8 117.3 151.8
Average weight of dry matter per

fruit-Grams 42.6 41.4 39.2 38.1 28.5 32.2 27.9 30.4 34.9
Reduction in dry matter as com-

pared with Plot F-Per cent 8.0 8.0 33.1 22.2 34.5 26.6 18.1

Yield per tree-Lags 11.8 11.3 8.3 8.6 6.4 5.7 4.3 3.1 7.4
Reduction in yield as compared

with Plot F-Per cent 29.7 23.9 45.8 49.6 63.6 72.6 37.3
Yield per tree-Packed boses 8.5 7.8 5.7 6.4 3.5 3.1 2.7 1.6 4.9
Reduction in yield as compared

with Plot F-Per cent 32.9 17.9 58.8 60.3 68.2 79.5 42.4



In Plot M moderate water deficits in 1934 reduced fruit size as com-
pared with Plot F about 20 per cent. Because of the reduced number of fruits
per tree, yield was about 42 per cent below that in Plot F.

Shoot, limb, and trunk growth in 1934. All other plots had a great
many less shoots per tree (Table 18) than Plot F, probably as a result of hold-
over effects of the reduced water supply in these plots in 1933. Trunk growth
in all other plots was distinctly less than in Plot F.

Total scaffold limb growth was less in all other plots than in Plot F.
For a better understanding of scaffold limb growth, changes between each set
of measurements during 1934 are given in Table 19. The growth of shoots
(Figure 10) and of scaffold limbs during the period April 24 to May 31 was
much. slower in Plot D than in the other plots. This was probably largely on
account of low soil moisture (Figure 10) but may have indicated also low
vegetative vigor in Plot D resulting from reduced water supply in earlier
years as did lower set of fruit and relatively low content of starch in shoots
and of reserve carbohydrates in roots in February 1934. The- increased scaffold
limb growth in Plot FL during the June 29 to August 4 period and the de-
creased growth in Plot FE during the same period were probably results of
corresponding soil moisture increase in Plot FL and decrease in Plot FE after
mid-June and early July. The shrinkage of scaffold limbs in all plots during
the August 4 to September 20 period may indicate that the prolonged period
of high evaporating power of the air in late August, when soil moisture de-
creased below about 50 per cent of available capacity in all plots, removed
water from these limbs.

Table 18. EFFEcT or REDUCED WATER SUPPLY TO THE TREES iN 1932. 1933, AND 1934 ON
Gisowrn OF SCAFFOLD LIMBS, SHOOTS, AND TRUNKS IN 1934

" To total new shoot length in 1934 has been added the total 1932 and 1933 shoot
length after dormant pruning in February 1933 and 1934, respectively.

Total Increase
Total in-
crease in

Increase Total new shoot growth combined in Cross- cross-in cross-in 1934
sectional

lengths sectional sectional
of 1932,

1933,
and 1934

area of
trunk

(4.25.34

area of
trunk

(3-29-32
area of
scaffold Total

Average
Total length

Plot limbs number length per shoot shoots to 4.4.35) to 44.35)

Square
centi-

meters

Centi- Cents.-
meters meters

Centi.
meters

Square
cents-
meters

Square
centi-

meters
Plot F

West 4.98 1,176 29,393 25 54,845 41.5 102.1
East 5.59 1,414 33,125 23 63,659 42.7 115.6

Plot FL
West 4.00 729 15,557 21 35,082 33.4 87.9
East 2.88 721 16,840 22 34,230 34.4 81.2

Plot FE
West 2.69 486 11,220 23 30,929 30.1 85.5
East 4.37 597 14,536 24 36,101 34.5 97.7

Plot D
\\rest 1.14 273 4,199 15 21,423 23.1 65.6
East 1.91 529 8,805 17 27,621 25.6 71,3

Plot M
West 2.24 871 17,632 20 44,978 32.2 92.6

ANJOU PEAR RESPONSES TO IRRIGATION 37



38 AGRICULTURAL EXPERIMENT STATION BULLETIN 374

Table 19. EFFECT OF REDUCED WATER SUPPLY TO THE TREES TN 1932, 1933, AND 1934 ON
INCREASE IN CROSS-SECTIONAL ASEA IN SQUASE CENTIMETERS OF SCAFFOLD

LIMBS BETWEEN MEASUREMENTS IN 1934

(Data based on 4 limbs per tree on each of 6 to 9 trees)

The amount and type of branch growth at the end of the 1934 season is
shown by Figure 11. The smaller amount of branch growth for Plot D than
for other plots is fairly evident.

Summary of new results in 1934. The greatly reduced branch growth
and set of fruit in Plot D as compared to Plot F in the spring of 1934 em-
phasizes the importance of water deficits in previous years (1932 and 1933)
in reducing tree vigor at the beginning of the growing season. Since water
deficits reduced the daily period of stomatal opening and dry matter per fruit,
it would seem that such hold-over effects of water deficits might be largely
due to reduced carry-over of stored carbohydrates. Although the chemical
analyses of blossom buds, shoots, and roots in 1934 show a slight reduction in
some of the carbohydrate fractions, the variability of the analytical data leave
some doubt as to whether the reduction in carbohydrate manufacture in 1933
was the principal factor responsible for the reduction of tree vigor in 1934.

The fact that Plot FE, which suffered from very low soil moisture in late
summer of 1933, did not show a reduction in set of fruit, indicates that water
deficits one year do not necessarily cause a reduced set of fruit the following
spring. Since in 1934 the initial rate of shoot elongation in Plot FE was
reduced below that in Plot F, however, the effect of serious water deficits in
reducing shoot growth the following year, indicated by the 1933 results, is sub-
stantiated.

RESULTS IN 1935

Rate of shoot elongation. The fact that with approximately the same
soil moisture in Plots F and U between May 1 and June 1, 1935, the rate of
shoot elongation was slightly greater in Plot D, is of particular interest (Figure
14). A possible explanation is that less shoot growth, fewer fruits per tree, and
less fruit growth in Plot D in 1934 may have permitted a greater storage of
carbohydrates in the trees, which caused the slightly greater vegetative vigor in

Plot
4-24 to
5 -3 1-34

5-31 to
6- 29-34

6-29 to
8-4-34

8-4 to 9-20 to
9-20-3 4 10-4-3 4

10-4 to
4-2-3 5

Total
increase

Square
centi-

Square
ceuti-

Square
centi-

Square Square
ceuti- cents-

Square
cent

Square
ceisti-

meters meters meters meters meters meters meters
Plot F

West 1.42 1.13 1.76 -0.70 0.24 1.15 5.00
East 1.74 1.38 1.65 - .62 .30 1.13 5-57

Plot FL
West .95 .75 1.57 - .28 .20 I .81 4.00
East .56 .57 1.25 - .41 .18 .73 2.88

Plot FE
West .92 .58 .39 - .74 .18 1.36 2.69
East 1.43 1.18 .84 - .98 .14 1.76 4.37

Plot D
West .05 .23 .69 - .67 .19 .65 1.14
East .05 .57 .83 - .61 .24 .84 1.92



the spring of 1935. Analyses of roots (Table 20), showing slightly more starch
in Plot D than in Plot F, would tend to substantiate this explanation.

The minimum in rate of shoot elongation in all plots about the middle of
May was probably partly due to the relatively cool weather on May 10, 11,

and 12.

ri

Figure 11. Typical trees in each plot (on March 2, 1935). Note lesser amount of branch
growth in Plot D at end of 1934 season. (Before 1934-35 dormant pruning.)
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The usual vetch-oats cover crop was grown on both halves of all plots
during the winter of 1934-35. On April 12, 1935, this crop was disked under on
the east half of each plot and sweet clover planted. A very poor stand resulted.
Until May 20 in Plots FL and D and June 5 in Plots F and FE the west halves
of each plot supported a flourishing oats-vetch crop, whereas the east halves
had very little growth. On those dates the cover crop was disked under and
for the rest of the season the west halves were clean cultivated. Except in Plot
D only small differences in soil moisture occurred between the halves of each
plot during the period of shoot growth (Figures 12 and 13). After May 18
in Plots FL and FE and after May 25 in all plots shoot growth was slower
in the west halves. In June the leaves of trees in the west halves had a dis-
tinctly more yellowish-green color. Two possible explanations of these dif-
ferences, in addition to the small soil moisture variations, are suggested that
the heavy oats-vetch crop depleted the nitrogen supply both during growth and
the early stages of decomposition, or that disking under the cover crop about
June. 1 may have decreased root functioning by the destruction of surface
feeders.

Table 20. EFFECT OF REDUCED WATER Surety TO THE TREES TN 1932, 1933, AND 1934,
ON CARBOHYDRATE AND NITROGEN CONTENT OF RooTs OH FEBRUARY 20, 21, AND 22, 1935

Amount of bloom and set of fruit. Plot FE, with the same leaf area
per fruit and about the same soil moisture in the spring of 1934 as Plot F,
would be expected to have about the same percentage of blossom buds as
Plot F. However, the smaller length of new shoot growth since 1931 in Plot
FE than in Plot F would seem to explain the smaller number of blossom clusters
per tree in Plot FE than in Plot F.

The much greater number of blossom clusters per tree in 1935 in Plot FL
than in Plot F, in spite of less shoot growth since 1931, indicates that water
deficits in the trees as a result of the lower soil moisture in Plot FL between
April 20 and June 15, 1934, together with the lower vegetative vigor, had a
very marked effect in increasing blossom-bud formation.

The percentage of blossoms setting fruit (Table 21) showed as much
variation between plot halves as between different plots. Blossom buds and
cluster-bases from Plots D and FL were preserved on February 27 and from
Plots FE and F (which were opening about two days later) on March 1.

Results expressed as percentage of dry weight

Carbohydrates Nitrogen

Plot Total Alcohol Alcohol
sugars Starch soluble insoluhle Total

Per cent Per Cent Per cent Per cen5 Per CentPlot F
West 4.04 5.39 0.14 0.70 0.54
East 4.40 5.44 .16 .70 .86

Plot FL
West 5.22 5.53 .12 .67 .79
East 5.75 4.91 .11 .70 .81

Plot FE
\Vest 3.31 3.52 .05 .54 .59
East 2.65 4.12 I .09 I .67 .76

Plot D
West 3.96 7.23 .10 .64 .74
East 4.54 5.90 .11 .68 .79



Analyses (Table 22) of blossom buds show higher total sugars in Plot FE than
in other plots, but neither total sugars, starch, nor nitrogen are consistently
related to set of fruit that spring.

Table 21. EFFECT OF REDUCED WATER SUPPLY TO THE TREEs IN 1932, 1933, AND 1934
ON SET OF FRUIT AND LEAF AREA PER TREE AND PER FRUIT IN 1935

Since shoot elongation and leaf color indicated less vegetative vigor in the
west than in the east halves, perhaps due to soil nitrogen depletion by the oats-
vetch cover crop in the west halves, the tendency for greater set of fruit in the
east halves of Plots D, FE, and F may have been 1ue to a better nitrogen in-
take by the trees during May. The indication of a greater set in the west than
in the east half of Plot FL in 1935 also occurred in 1932, 1933, and 1934; but
the explanation is not clear.

Top-root ratio. In general the ratio of plant tops to roots is increased
as vegetative vigor is increased. With the total leaf area per tree in Plot F
increasing from year to year much more rapidly than in Plot D (Tables 13
and 21), the top-root ratio of the trees must have changed unless root develop-
ment had kept pace with leaf area. In order to study this factor the weights
of feeder roots in ten 1-foot cubes of soil from just below the depth of culti-
vation in Plot F and in a similar number in Plot D were determined in 1933,
1934, and 1935 as previously described (5). The holes made in 1933 were
refilled immediately with moistened tamped soil and were re-excavated in 1934
and the weight of roots that had grown during the year determined. No con-
sistent or statistically significant differences in root population were found
between the two plots. Since the leaf area per tree was much greater in Plot
F than in Plot D each year it appears that the top-root ratio was greater in
Plot F and tended to increase with the increasing leaf area.

Rate of fruit growth in relation to soil moisture. On June 12 fruit
volume was smaller in the west half of each plot than in the east half, probably
for the same reasons that caused lesser shoot growth in the west halves.

Plot

Total
blossom
clusters

Blossoms
setting fruit

total tree

Average
fruits

per tree

Total leaf
area per

tree

Average
leaf area
per fruit

Initial
volume of

fruits
measured
June 12

Plot F
\Vest
East

Plot FL
West
East

Plot FE
West
East

Plot D
West
East

PIotM
West

Number

4,863
4,416

5,322
5,678

3,895
3,347

5,339
4,301

5,716

Per cent

2.3 ± 0.14
3.6 ± .17

3.2 ± .24
2.8 ± .10

3.4 ± .20
3.8 ± .23

2.1 ± .14
2.6 ± .09

2.1 ± .13

Number

853
1,226

1,199
1,345

928
915

924
870

956

Square
cent imetera
1400,000
1,760,000

980,000
1,120,000

830,000
990,000

800,000
940,000

1,230,000

Square
centimeters

1,800
1,400

800
300

900
1,100

900
1,100

1,300

Cubic
centimeters

14.2
15.5

137
14.3

11.8
13.0

12.6
14.5
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Table 22. EFFECT OF REDUCED WATER SUPPLY O THE TREES IN 1932, 1933, AND 1934 ON
CARBOHYDRATE AND NITROGEN CONTENT OF FRUIT BUDS AND CLUSTER-BASES

ON FEBRUARY 27 OR MARCH 1, 1935

Results expressed as percentage of dry weight

When Plot F was irrigated on August 7, during a period of high evapor-
ating power of the air, the rate of fruit growth in this plot increased while the
rate in Plot D decreased (Figures 12 and 13). At this time, average soil
moisture in Plot D was about 57 per cent of the available capacity. On July 29
and again on August 25 water content of fruit in Plots D and F was about
the same (Table 23). Thus between July 29 and August 25, the slower fruit
growth in Plot D than in Plot F was accompanied by as much reduction in dry-
matter deposition as in water deposition. During the August 25 to September
9 period, however, when water deficits in Plot D as compared with Plot F
were greater, the rate of water deposition in Plot D was reduced more than the
rate of dry-matter deposition. Therefore, at harvest the percentage of water
in fruit in Plot D was less than for fruit in Plot F.

Up to August 25 soil moisture, rate of fruit growth, and percentage of
water in the fruit were all about the same in Plot FE as in Plot F. After
August 26, when Plot F was irrigated and Plot FE was not, the lower rate
of fruit growth in Plot FE was due to reduced dry matter as well as re-
duced water deposition in the fruit.

Plot

Carbohydrates I Nitrogen

Total
sugars Starch

Alcohol
soluble

Alcohol
insoluble Total

FRUIT BUDS

Plot F

Per cent Per cent Per cent Per cent Per cent

Vest 6.22 1.49 0.21 1.54 1.75
East 6.14 1.18 .21 1.55 1.76

Plot FL
West 6.11 1.34 .16 1.42 1.58
East 6.02 1.50 .17 1.56 1.73

Plot FE
West 7.58 1.66 .17 1.61 1.78
East 7.18 1.32 .18 1.60 1.78

Plot D
West 6.12 1.25 .20 1.57 1.77
East 5.82 .71 .20 1 1.54 1.74

CLUSTER-BASES

Plot F
West 6.05 3.23 .15 .91 1.06
East 5.71 2.78 .15 1.09 1.24

Plot FL
\Vest 5.34 3.31 .14 1.00 1.14
East 5.66 3.41 .17 1.01 1.18

Plot FE
West 6.58 2.96 .15 1.00 1.15
East 6.04 2.57 16 1.02 1.18

Plot D
West 5.93 2.10 .16 1.03 1.19
East 6.01 2.36 .14 1.01 1.15
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The much smaller leaf area per fruit in Plot FL than in Plot F probably
was largely responsible for the slower rate of fruit growth in the former. It is
probable, however, that the reduction of soil moisture to 40 or 50 per cent of
available capacity between 70 and 90 days after full bloom also contributed

Figure 12. Daily atmometer loss, rate of shoot and fruit growth, and soil moisture in each
half of Plots FE and D in 1935.
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to this slower growth, and this is confirmed by the abrupt and large increase
in rate of growth after the irrigation of July 11 to 14.

Composition of fruit. The ratio of total sugars to starch in fruit at
harvest (Table 24) was slightly higher for Plot FE than for Plots FL and

Figure 13. Daily atmometer loss, rate of shoot and fruit growth, and soil moisture in each
half of Plots F and FL in 1935.
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Plot

Plot F
West

East
Plot FL

West

East
Plot FE

West

East
Plot D

West

East

Table 23. EFFECT OF REDUCED WATER SUPPLY TN 1935 ON PERCENTAGE WATER
TN THE FRUIT DURING THE GROWING SEASON

Date of sampling

(s) refers to water content based on radial slices from entire fruits; (c) refers to
water content based on cylinders taken at equatorial region of fruit.

F, but the difference was not as great as in each of the earlier years. This is
apparently because soil moisture was not reduced as much in Plot FE as in
former years, and this is confirmed by small reduction in fruit growth in 1935
(Figures 3, 5, 10, 14). Furthermore, the relatively high ratio of total sugars to
starch and the severe water deficit in late summer in Plot D in 1935 but not
in 1934 are correlated.

The slightly higher nitrogen in the east half than in the west half of all
plots (Table 24) bears out the other indications that soil nitrogen was more
available to the trees in the east halves, in which there was no oats-vetch cover
crop in late April and May.

Final fruit size and yield. The fact that final fruit size in Plots FE
and D was not as small, in comparison with fruit in Plot F (Table 25 and
Figure 14), as in 1933 and 1934 may be attributed largely to a smaller spread
in soil moisture conditions in 1935. Soil moisture was reduced below 50 per
cent of available capacity three times in Plot F in the late summer of 1935
compared with once only just before harvest in 1934 and not at all in 1933.
On the other hand Plot FE had high soil moisture later in 1935 than in either
1933 or 1934 and Plot D had higher soil moisture in the early part of 1935.
The relatively low evaporating power of the air, moreover, during the last
20 days before harvest, when fruit-growth rate normally reaches its maximum,
probably minimized the water deficits in Plots FE and D owing to low soil
moisture. The explanation of the smaller final fruit size in Plot FL than in
Plot FE seems fairly clear. In 1932, 1933, and 1934 the final fruit size was
greater in Plot FL than in Plot FE, largely because in Plot FL serious water
deficits occurred in early summer when fruit growth was relatively slow,
whereas in Plot FE these deficits occurred in late summer when fruit growth
was most rapid. In 1935, however, the smaller leaf area per fruit in Plot
FL than in Plot FE was a dominant factor in slowing fruit growth in Plot FL

July 8
(s)

July16
(c)

July 29
(c)

August25
(c)

September 9 September 9
(c) (s)

Per cent Per cent

82.61

Per cent

84.38

Per cent

83.07

Per cent Per cent

83.30 83.17
81.70

84.94 83.25 83.61 82.55

85.11 83.08 84.02 83.20
81.20

85.39 83.67 83.81 83.40

84.53 82.47 82.65 81.44
81.40

84.80 83.08 83.18 81.53

83.06 84.91 83.11 82.61 81.58
81.18

81.30 85.04 82.88 82.10 81.20
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Table 24. EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1932, 1933, 1934, AND 1935 ON FRUIT COMPOSITION AT HARVEST (SEPTEMBER 9) iN
1935

EXPRESSED AS PERCENT-
AGE OF FRESH WEIGHT

Plot F
West 16.83 6.49 0.80 7.29 1.21 1.47 8.76 6.0 0.032 0.033 0.065
East 17.45 6.82 .24 7.06 1.16 1.64 8.70 6.1 .039 .045 .084

Plot FL
'Vest 16.80 7.11 .34 7.45 1.09 2.68 10.13 6.8 .030 I .026 .056
East 16.60 6.85 .47 7.32 .94 2.42 9.74 7.8 .040 .028 .068

Plot FE
West 18.56 7-55 .63 8.18 1.01 2.41 10.59 7.4 .029 .032 .061
East 18.47 7-73 .45 8.18 .82 2.27 10.45 10.0 .044 .032 .076

Plot D
\Vest 18.42 7.80 .46 8.26 .87 2.66 10.92 9.5 .044 .035 .079
East 18.80 7-77 .12 7.89 .92 2.88 10.77 8.6 .054 .036 .090

EXPRESSED AS PERCENT-
AGE OF DRY WEIGHT

Plot F
West 38.55 4.74 43.29 7.18 8.75 52.04 .187 .198 .385
East - 39.09 1.35 40.44 6.64 9.39 49.83 .225 .257 .482

Plot FL
West 42.32 2.02 44.34 6.49 15.97 60.31 178 .154 .332
East 41.26 2.81 44.07 5.67 14.58 58.65 .238 .167 .405

Plot FE
West 40.66 3.34 44.00 5.43 12.96 56.96 .156 .173 .329
East 41.88 2.45 44.33 4.44 12.29 56.62 .240 I .173 .413

Plot D
Vest 42.33 2.52 44.85 4.72 14.46 59.31 .239 .189 .428

East 41.28 .65 41.93 4.87 15.32 57.25 .289 .191 .480

Carbohydrates Nitrogen

Reserve Total Ratio
Dry Reducing Total carbo- carbo- sugar to Alcohol Alcohol

Plot matter Sugars Sucrose sugars Starch hydrates hydrates starch soluble insoluble Tot-al

Per Cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent Per cent



Table 25. COMPARATIVE EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1932, 1933, 1934, AND 1935 ON VOLUME AND DRY MATTER PER
FRUIT AND YIELD PER TREE IN 1935

* Percentage change based on Comparison With west half of Plot F.
j Final fruit measurement in M was made 10 days before harvest and therefore was not comparable with the other plots.
. Packout records lost, so packed boxes estimated by multiplying yield per tree by percentage packout for other half of same plot.

Plot F Plot FL Plot FE Plot D Plot M*

West East West East West East West East

verae find vo1e of fruit-
Cubsc centimeters
eduction in final volume as Com-
pared with F-Per cent
verage fresh weight per fruit-

169.0 174.5 144.4

14.6

146.6

16.0

151.1

10.6

160.1

8.3

123.8

26.7

135.5

22.3

Grams
verage weight of water per fruit

187.8 195.0 160.5 162.9 168.0 178.0 137.7 150.7 180.7

-Grams
verage weight of dry matter per
fruit-Grams
eduction in dry matter as coin-
pared with F-Per cent

154.7

33.1

160.3

34.7

133.3

27.2

17.8

135.4

27.5

20.7

137.8

30.2

8.8

146.7

31.3

9.8

112.9

24.8

25.1

123.0

27.7

20.2

149.1

31.6

4.5

ield per tree-Liegs
hange in yield as compared with

6.7 8.4 9.2 10.3 6.3 4.9 7.3 4.8 6.2

F-Per cent +37.3 +22.6 6.0 41.7 +9.0 -42.9

ield per tree-Packed boires
hange in yield as compared with

4.5 6.4 7.1 7.3 5.1 4.0 5.7 3.7 5.4

F-Per cent +57.8 +14.1 +13.3 -37.5 +26.7 -42.2 +20.0

A

R

A

A

A

R

Y
C

C
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throughout the summer. Moreover, in Plot FE the relatively late application
of the last irrigation (115 days after full bloom) delayed soil moisture de-
pletion until late August, when relatively low evaporating power of the air
minimized water deficits due to low soil moisture.

Figure 14. Shoot length, fruit volume, and average soil moisture in the upper 3 feet in 1935.

Table 26. EFFECT OF REDUCED WATER SUPPLY TO TREES IN 1932, 1933, 1934, AND 1935
ON GROWTH OF SCAFFOLD LIMBs, SHOOTS, AND TRUNKs IN 1935

" To total new shoot length in 1935 has been added the total 1932, 1933, and 1934 shoot
length after dormant pruning in February 1933, 1934, and 1935, respectively.

40-

0 . I 20 10'0

Ii
-

EJI 'tQl.3lM6

M!,!I!.!!,!!IT!AZ08;Rii.

Plot

Increase
in cross-
sectional
area of
scaffold

limbs

Total new shoot length
in 1935

Total
combined
length" of

1932,
1933,
1934,

and 1935
shoots

Increase
in cross-
sectional
area of
trunk

(4-4-35 to
4-7-36)

Total in-
crease in
cross-sec-

tional ares
of trunk

(3-29-32 ti
4-7-36)

Total
number

Total
length

Average
length

per shoot

Plot F
West
East

Plot FL
'oVest
East

Plot FE
West
East

Plot D
West
East

PlotM
West

Square
cents.-

meters

2.60
4.09

3.25
2.51

3.10
5.45

2.29
2.97

2.35

923
1,011

669
796

478
584

673
972

716

Cent-
meters

24,122
29,642

17,079
22,866

11,145
16,824

17,938
30,362

18,823

Centi-
meters

26
29

25
29

23
29

27
31

26

Centi-
meters

60,703
72,891

42,777
47,388

35,087
44,129

37,206
52,662

53,243

Square
cents-

meters

40.0
39.3

21.7
26.2

33.5
39.1

20.7
29.5

34.6

Square
centi-

meters

142.1
154.9

109.6
107.4

119.0
136.8

86.3
100.8

127.2



Perods between measurements

The greater yield in Plot FL than in any other plot, in spite of the medium
size of the fruit, was due to the greater number of fruits per tree, and that
in turn was due to the greater number of blossom clusters and the relatively
high percentage of blossoms setting fruit.

Shoot, limb, and trunk growth. Total scaffold limb growth (Table 26),
like set of fruit, was less in the west halves of Plots D, FE, and F than in
the respective east halves, but was greater in the west than in the east half of
Plot FL. The smaller scaffold limb growth in the west than in the east half
of Plots D, FE, and F was doubtless owing to the same factors that affected
rate of shoot elongation, set of fruit, early growth of fruit, and leaf color. As
in 1934, scaffold limbs showed a shrinkage (Table 27) during August.

Figure 15 shows a typical tree in each plot on February 25, 1936, and
indicates the relative size of the trees at the end of 4 years of different soil
moisture conditions.

Table 27. EFFECT OF REDUCED WATER SUPPLY TO TUE TREES SN 1932, 1933, 1934, AND
1935 ON INCREASE SN CROSS-SECTIONAL AREA OF SCAFFOLD LIMBS

BETWEEN MEASUREMENTS IN 1935

Data based on 4 limbs per tree on each of S trees.

Summary of new results in 1935. The apparent effect of an oats-vetch
cover crop in reducing shoot growth, size, and green color of leaves, and also
nitrogen content of fruit, points to the importance of available nitrogen in
soil during the first 60 to 70 days after full bloom. That soil nitrogen might
have been deficient in the spring following 4 years of anlrnonium sulphate
applications ( to 2 pounds of nitrogen per tree) suggests the need for careful
study of nitrogen availability in this soil.

The fact that the percentage of blossoms setting fruit in Plot FL was
as great as in other plots that had fewer blossom buds per tree than in Plot FL,
indicated either (1) that the relatively heavy bloom in Plot FL did not de-
vitalize individual blossoms to the extent that set of fruit was reduced, or (2)
that some condition in this plot so favored set of fruit that any devitalizing
effect of the heavy bloom was overcome.

Plot
4-2 to
5-3-35

5-3 to
5.29.35

5-29 to
7-9-35

7-9 to
8-3-35

8.3 to
8-28-35

8-28 to
12.9-35

12-9 to
4-4-36

Total
increase

Plot F
West
East

Plot FL
West
East

Plot FE
West
East

Plot D
West
East

I

Square
cents-

meters
0.10

.10

.18
.12

.00
16

.01

.02

Square
cents-

meters
0.43

.57

.59

.59

.48

.82

.43

.70

Square
centi-

meters
1.24
1.57

.70

.60

.86
1.84

.45

.67

Square
cents-

meters
1.02
1.06

111
.65

.99
1.71

.87

.94

Square
cents-

meters
0.03

- .30

- .24
- .22

- .32
- 63

- .51
- .56

Square
cents-

meters
0.73
1.04

.78

.77

.94
1.29

.92
1.03

Square
cents-

meters
0.05

.05

.13

.00

.15
.26

.11

.17

Square
cents-

meters
3.60
4.09

3.25
2.51

3.10
5.45

2.28
2.97
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The fact that the fruit size, as well as composition of the fruit, in Plots D
and FE as compared with Plot F was not affected in 1935 as much as in 1933
and 1934 was apparently the result of one or more of three conditions:

In 1935 there was a smaller spread of soil moisture conditions between
Plots F, FE, and D.

Relatively low evaporating power of the air during the 20 days before
harvest may have minimized the effects of low soil moisture.

With an apparently higher ratio of top to roots in Plot F than in Plots
FE and D in 1935, water deficits in Plots FE and D as a result of low soil
moisture would not, by comparison with Plot F, be indicated as clearly.

Figure 15. Typical trees in Plots F, FL, FE, and D (on Feb. 25, 1936). Note less branch
growth in all other plots than in Plot F.

(Plots F, FL, and FE before 1935.36 dormant pruning.)
(Plot D after 1935-36 dormant pruning.)

öTi (+reej-16

/TL

PL(rFu



RESULTS IN 1936

Initial rate of shoot elongation. The lower initial rate of shoot elonga-
tion (Figures 17 and 18) in Plots D and F than in Plots FL and FE indicates
lower vegetative vigor in Plots ID and F. After May 4 there was little con-
sistent difference between plots.

Amount of bloom and set of fruit. A study of limbs on representa-
tive trees in Plots D and F on February 25, 1936, (Figure 16) shows that
in both plots a great many blossom buds had formed on the shoot growth
produced since 1931. The smaller number of blossom buds per tree in Plot ID
than in Plot F in the spring of 1936 (Table 28) seemed to be explained by the
smaller bearing area in Plot ID resulting from the less branched, shorter growth
in 1932, 1933, and 1934.

As in the winter of 1934-35, a grain-vetch cover crop was grown on both
halves of all plots in 1935-36. On the east halves of Plots F, FL, FE, and
ID this cover crop was disked under and sweet clover was planted on March
15, 1936. The winter cover crop was disked under on the west halves of these
plots and on Plot M on June 16.

Percentage of blossoms setting fruit indicated by the terminal portions of
six limbs on each tree in a half plot (Table 28) does not agree with that based
on three entire representative trees in that half plot. Therefore, differences
between plots, as indicated by the three representative trees, may not give a
true picture for the entire half plot. Certainly no distinct differences in set
of fruit can be related to water deficits during the previous season. Although
in Plot M there were more blossom clusters per tree than in other plots, the
relatively low percentage of blossoms setting fruit resulted in about as many
fruits per tree as in Plot D.

Figure 16. Typical limbs in Plots D and F at the time of rapid blossom.cluster enlargement
in the spring of 1936. About 4-years growth is shown from hands to tip.
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Table 28. EFFECT OF REDUCED WATER SUPPLY TO THE TREEs IN 1832, 1933, 1934, AND
1935 ON SRI' OF FRUIT AND Lr.sp AREA PER TREE AND PER FRUIT IN 1936

In an attempt to measure food reserves in the tree at the end of 1935, which
might be related to vegetative vigor and set of fruit in 1936, bark taken from
scaffold limbs in the fall of 1935 was analyzed (Table 29). The lower per-
centage of starch and of reserve carbohydrates in the bark in Plot D than in
the other plots was probably the result of the reduced water supply to this
plot during late summer of 1935. The carbohydrate differences found in the
bark, however, did not seem related to tree vigor or set of fruit in the spring
of 1936.

Rate of fruit growth in relation to soil moisture. Soil moisture
(Figures 17 and 18) in Plot D decreased below that in Plot F after 40 days

Table 29. EFFECT OF REDUCED WATER SUPPLY TO THE TREES AND LEAP AREA PER FRUIT
ON CARBOHYDRATE AND NITROGEN CONTENT OF BARK or SCAFFOLD LIMBS

ON SEPTEMBER 21, 1935

Results expressed as percentage of dry weight

Analyses of duplicate samples presented to show sample variability

Plot

Total
blossom
clusters

Blossoms setting fruit

Average
fruits

per tree

Total leaf
area

per tree

Average
leaf
area
per
fruit

Initial
volume

of fruits
measured

June 8

Six limbs per tree Total tree

Initial
May 7

Final
June 10 Final

Plot F
Number Per Cent Per cent Per cent Number Square

centi-
meters

Square
Cents

meters

CuNc
Cents.

meters
IVest .. 6,874 3.6 1.3 1.5±0.12 804 1,370,000 1,700 15.5
East . 6,806 4.7 1.4 1.4± .09 789 1,500,000 1,900 16.5

Plot FL
West . 6,452 2.4 1.6 2.1± .09 1,067 1,000,000 900 15.6
East . 6,234 2.6 1.4 1.4± .09 690 1,300,000 1,900 14.8

Plot FE
West .. 5,654 4.6 1.6 2.2± .10 1,052 1,170,000 1,100 17.1
East -- 5,292 5.1 1.5 24± .13 959 1,510,000 1,600 17.0

Plot D
West -- 5,608 2.8 1.7 1.6± .10 7.43 1,140,000 1,500 14.6
East .. 4,789 3.1 1.6 2.1± .11 726 1,100,000 1,500 14.5

Plot M
West .. 7,136 . 1.3± .07 754 1,440,000 1,900

F, West 1,600 9.78 3.83 60.4 0.06 0.50 0.56
9.60 3.66 60.8 .02 .53 .55

FL, West 800 10.70 3.54 59.5 .04 .54 .58
10.74 3.66 58.5 .02 .45 .47

FE, West 900 10.35 3.97 61.7 .05 .53 .58
10.46 3.93 62.3 .00 .48 .48

D, West 1,100 11.01 57.4 .05 .48 .53
10.77 2.74 56.8 .02 .53 .55

Carbohydrates Nitrogen

Leaf area Reserve
per fruit Total carbo- Alcohol Alcohol

Plot in 1935 sugars Starch hydrates soluble insoluble Total

Square Per cent Per cent Pe,' cent Per cent Per cent Per cent
Cents-
meters
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from full bloom (April 8), and was between 50 and 57 per cent of the available
capacity when fruit was first measured on June 8. The slightly lower rate of
fruit growth in Plot D than in Plot F during early June might have been due
to the slightly smaller leaf area per fruit in Plot D than in Plot F or to the
lower soil moisture in Plot D.

Figure 17. Daily atmometer loss, rate of growth of shoots and fruit, and soil moisture in
each half of Plots FE and D in 1936.
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Irrigation of Plot F on June 19 raised soil moisture to 100 per cent of
the available capacity at a time when soil moisture in Plot D was at about
40 per cent. From June 19 to July 23 the rate of fruit growth in Plot D was
materially lower than in Plot F. During the period of very low evaporating
power of the air on July 8 and 9, due to a light rain, the rate of fruit growth

Figure 18. Daily atmometer loss, rate of growth of shoots and fruit, and soil moisture in
each half of Plots F and FL in 1936.
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West halves of plots.
t Sugar based on I sample instead of 2.

in Plot D became almost twice as great as before, and nearly as great as in
Plot F, in spite of the fact that the soil moisture was 18 to 28 per cent in
Plot D and 47 to 60 per cent in Plot F.

When Plot D received its single irrigation of 1936 on July 23, the rate
of fruit growth became greater than in Plot F, in which soil moisture was
about 70 per cent of the available capacity. Then when Plot F was irrigated
on August 5 the rate became greater than in Plot D, in which soil moisture
was between 60 and 70 per cent of the available capacity. When Plot F, but
not Plot FE, was irrigated on August 5, rate of fruit growth in Plot F was soon
greater than that in Plot FE in spite of the fact that soil moisture was about
80 per cent in Plot FE. In other words, following an irrigation during the
period between 90 and 140 days after full bloom, the rate of growth was in-
creased over that in another plot, even though the soil moisture in the other
plot was as high as 70 or 80 per cent of the available capacity.

As in Plots D and FE, rate of fruit growth in Plot FL was temporarily
increased during the period of low evaporating power of the air on July 8
and 9, due to a light rain.

Between July 24 and September 8 in Plots FL and F and between August
26 and September 8 in Plot FE soil moisture in the west halves was higher
than in the respective east halves but the rate of fruit growth tended to
be higher in the east halves. This lack of correlation between amount of
available soil moisture and the rate of fruit growth might have been due to
the larger leaf area per fruit in the east halves with the lower soil moisture.

The temporarily high rate in all plots for the August 17 to 19 period
can hardly be explained by the relatively small drop in evaporating power
of the air.

Composition of fruit. Analyses of fruit at harvest in 1936 (Table 30)
showed no effect of water deficits in Plots FE and D on total sugars-starch
ratio, but did show the lower proportion of total sugars to dry matter observed
in 1932, 1933, and 1934. However, reserve carbohydrate was so much higher

Table 30. EFFEcT OF REDUCED WATER SUFFLY TO THE TREES IN 1932, 1933, 1934, 1935,
AND 1936 ON FRUIT COMPOSITtON AT HARVEST SEPTEMRER 3 in 1936

Plot
Dry

matter

Carbohydrates

Ratio
sugar

to
starch

Reduc-
jog

sugars Sucrose
Total

sugars Starch

Reserve
carbo-

hydrates

Total
carbo-

hydrates

Per Cent Per cent Per cent Per cent Per cent Per cent Per cent
Expressed as
percentage of
fresh weight

Ft 17.17 6.26 1.21 7.47 1.48 3.01 10.48 5.1
FE 17.32 6.84 1.01 7.85 1.20 2.92 10.77 6.5
FL 17.61 6.14 1.29 7.43 1.62 2.55 10.98 4.6
D 18.27 6.65 .97 7.62 1.89 3.80 11.42 4.0

Expressed as
percentage of
dry weight

Ft 36.60 7.03 43.63 8.64 17.52 61.15
FE 39.53 5.76 45.29 7.07 16.84 62.13
FL 34.88 7.20 42.16 9.21 20.15 62.31
D 36.80 4.77 41.57 10.32 21.78 63.35
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Table 31. COMPARATIVE EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1932, 1933, 1934, 1935, AND 1936 ON VOLUME AND DRY MATTER
PER FRUIT AND YIELD PER TREE IN 1936

Percentage change based upon comparison with west half of Plot F.
West and east halves of each plot compared to west and east half, respectively, of Plot F.

Plot F Plot FL Plot FE Plot D Plot M

West East West East West East West East

Average final volume of fruit-
Cubsc centimeters 163.8 167.5 143.8 151.6 149.9 154.2 128.8 126.1 150.8

Reduction in final volume as com-
pared with Ft-Per cent 12.2 9.5 8.5 7.9 21.4

i 24.7 7.9

Average fresh weight per fruit-
Grams 182.2 186.3 159.9 168.5 166.7 171.5 143.2 140.2 165.8

Average weight of water per fruit-
Grams 150.7 154.3 132.3 119.4 137.4 141.4 117.0 114.6 138.7

Average weight of dry matter per
fruit-Grams 31.5 32.0 27.6 29.1 29.3 30.1 26.2 25.6 27.1

Reduction in dry matter as corn- I

pared with F-Per cent 12.4 9.1 7.0 5.9 16.8 20.0 14.0

Yield per tree-Lugs 10.1 11.3 8.8 9.0 10.8 9.3 7.7 6.4 10.8
Change in yield as compared with

F-Per cent -12.9 -20.4 +6.9 -17.7 -23.8 -43.4 +6.9
Yield per tree-Piwked boxes 9.2 9.4 7.1 6.1 8.8 7.3 2.1 4.5 8.4
Change in yield as compared with

F-Per cent -22.8 -35.1 -4.3 -22.3 -77.2 -52.1 -8.7



t

for Plots FE and D than for Plot F that total carbohydrates were slightly
higher, as occurred in 1935.

Final fruit size and yield per tree. Final fruit sizes in 1936 in all
plots except Plot M were much similar to those in 1935 (Table 31 and Figure
19). However, in Plot FL in 1936 water deficits in the trees due to low
available soil moisture rather than to low leaf area per fruit seemed primarily
responsible for the slow fruit growth. In Plot FE in 1936 as in 1935 the delay
of the last irrigation until 117 days after full bloom delayed the reduction in
fruit-growth rate. In Plot D the yield in packed boxes was reduced, as com-
pared to Plot F, more than the yield in field lugs because much of the fruit
in Plot D was too small to pack.

Figure 19. Shoot length, fruit volume, and average soil moisture in the upper 3 feet
in 1936.

Shoot, limb, and trunk growth. The greater numbers of shoots (Table
32) per tree in Plots FL and F than in Plots D and FE were responsible for
the greater total shoot length per tree in Plots FL and F. The greater increase
in number of shoots in 1936 as compared with 1935 in Plot FL than in the
other plots would indicate the existence of some more favorable growth con-
dition in the soil or in the trees in Plot FL, but the explanation of this condi-
tion is not clear. Scaffold limb growth in Plot D, like fruit size, was reduced
below that in Plot F, probably as a result of the greater water deficits in Plot
D. The greater limb growth in the west than in the east half of Plot FL
in 1936, as in 1935, is not understood; but the greater limb growth in the east
than in the west half of Plot FE may have been the result of the greater leaf
area per fruit in the east half. Some limb shrinkage again occurred in Plots
D and FE in August (Table 33).

The appearance of a representative tree in each plot at the end of the
1936 season is shown in Figure 20.
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Table 32. EFFECT OF REDUCED WATER SUPPLY TO THE TREES IN 1932, 1933, 1934, 1935,
AND 1936 ON GROWTH OF SCAFFOLD LIMBS, SHOOTS, AND TRUNKS IN 1936

To total new shoot length in 1936 has been added the total 1932, 1933, 1934, and
1935 shoot length after dormant pruning in February 1933, 1934, 1935, and 1936,
respectively.

Table 33. EFFECT OF REDUCED WATER SUPPLY TO THE TSEES IN 1932, 1933, 1934, 1935,
AND 1936 ON INCREAsE IN CR055-SECTIONAL AREA OF SCAFFOLD LIMBS

BETWEEN MEASUREMENTS IN 1936

Data based on four limbs per tree on each of five trees.

Total
combined
length Increase

Total
increase
in cross-

Increase
in cross-
sectional
area of

Total new shoot length
in 1936

of 1932,
1933,
1934,

1935, and

in cross-
sectional
area of
trunk

sectional
area of
trunk

(3-29-32Average
scaffold Total Total length 1936 (4.7.3610 to

Plot limbs number length per shoot shoots 4.24-37) 4.24-37)

Square Centi- Ceisti- Ce,sti- Square Square
Cents-
meters

meters meters meters cents- cents-
meters meters

PlotF I

West 3.34 1,210 26,138 22 70,061 37.3 179.4
East 3.87 1,152 23,214 20 74,115 35.4 190.3

Plot FL
West 3.05 1,177 23,625 20 54,354 28.0 137.6
East 2.56 1,200 25,284 21 56,669 33.3 140.7

Plot FE
West 1.96 818 17,741 22 44,912 34.0 153.0
East 3.80 880 20,821 24 52,962 32.7 169.5

Plot D
West 1.36 853 17,347 20 42,864 236 109.9
East L71 909 19,084 21 49,981 23.1 123.9

Plot M
West 1.95 1,141 22,187 19 31.6 158.8

Plot

Periods between measurements

4-6 to
5-6-36

5-6 to
6-2-36

6-2 to
6-30-36

6-30 to
7-31-36

7-31 to
9-1-3 6

Total
increase

Square Square Square Square Square Square
cent2nseters centimeters centsrneters centimeters centimeters cenhmeters

Plot F
\Vest 0.25 1.19 1.05 0.72 0.13 3.34
East .20 1.15 1.37 .89 .26 3.87

Plot FL
Vest .25 L32 .71 .67 .10 3.05

East .15 .96 .69 .65 .11 2.56

Plot FE
West .07 1.02 .65 .50 -.28 1.96
East .35 1.49 1.24 L05 -.33 3.80

Plot D
West .07 .82 .30 .30 -.13 1.36
East .15 1.09 25 .45 -.23 1.71



Summary of new results in 1936. Results in 1936 appear to show that
even when the average soil-moisture content of the upper 3 feet of soil was 70
per cent of the available capacity, an application of irrigation water stimulated
fruit growth. This indicates that even with average soil moisture high in the
available range the trees suffer some degree of water deficit.

I

PL FETeea-l5) - PLD (tree C3)

Figure 20. Typical trees in Plots F, FL, FE, and B on January 23, 1937. Note that at the
end of 5 years trees in Plots FL, FE, and D were nearly as large as those in Plot F.
(Before 1936-37 dormant pruning.)
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RESULTS IN 1937

Amount of bloom and set of fruit. All plots in the spring of 1937
had more blossom clusters per tree (Table 34) than in 1936. The greater num-
ber of blossom clusters in Plot F than in other plots was probably the result
of both the greater leaf area per fruit in Plot F in 1936 (Table 28) and the
greater total length of accumulated shoot growth since 1931 (Table 32) which
gave more potential bearing area.

During the winter of 1936-37 the usual grain-vetch cover crop grew on
the east halves of Plots F, FL, FE, and D and on Plot M. This crop was
disked under on June 14. On the west halves of Plots F, FL, FE, and D
alfalfa was seeded in the fall but made little growth during the winter and was
reseeded on March 8.

In each plot the west half with no cultivation after March 8 and little
growth of alfalfa before June 1 had a higher set of fruit than the east half
with the heavy grain-vetch crop during the same period. Fruit drop was about
over by June 1.

Size of fruit and yield per tree. Figures showing rate of fruit growth
in relation to soil moisture for 1937 are omitted. As in 1935 and 1936, there
was a relatively slight reduction in fruit size in Plots FL, FE, and D as com-
pared with Plot F (Table 35 and Figure 21). This seemed largely due to rela-
tively small differences in soil moisture. In Plot F soil moisture was frequently
depleted to 35 to 40 per cent of available capacity before irrigation; whereas
in the other plots soil moisture was maintained a little higher than in the past
to facilitate the growth of the alfalfa in the west halves.

Table 34. EFFEcT OF REDUCED WATER SUI'PLY TO THE TREES IN 1932, 1933, 1934, 1935,
AND 1936 ON AMOUNT OF BLOOM, SET OF FRUIT, AND SIZE OF FRUIT

AT FIRST MEASUREMENT IN 1937

The larger number of fruits per tree in the west and east halves of Plot
FL as compared with the corresponding halves of Plot F more than compen-
sated for the smaller size of the fruit in Plot FL, with the result that the yield
per tree was slightly greater in Plot FL than in Plot F.

Plot

Total
blossom
clusters
per tree

Blossoms
setting fruit

total tree

Average
fruits

per tree

Initial vol-
ume of fruits

measured
June 8

Plot F
Number Per cent Number Cubic

centimeters
West 7,895 2.05 1,003 8.5
East 9,182 1.28 768 8.6

Plot FL
West 7,704 2.49 1,123 9.2
East 7,883 1.78 861 9.0

Plot FE
West 6,173 1.88 754 8.8
East 6,988 1.35 587 8.6

Plot D
West 6,593 1.86 790 9.2
East 5,893 1.49 554 9.0

Count made on July 29.



Table 35. COSePARATIVE EFFECT OF REDUCED WATER SUPPLY TO THE TREES ZN 1932 1933, 1934, 1935, 1936, AND 1937 ON FRUIT SIZE AND YIELD
PER TREE IN 1937

Percentage change based upon comparison with west half of Plot F.
t West and east halves of each plot compared to corresponding half of Plot F.

Plot F Plot FL Plot FE Plot D Plot M

West East West East West East West East

Avera5e final fruit volume- - 162.3 175.9 154.4 166.3 155.2 165.8 146.7 151.2 166.6
Cubsc centimeters

Change in final volume as corn-
pared with Ft-Per Cent

-4.9 -5.5 -4.4 -5.7 -9.6 -14.0 +2.6

Yield per tree-Lugs 7.0 5.4 8.6 7.4 4.9 4.3 6.8 3.7 5.9
Change in yield as compared with

F-Per Cent +22.9 +37.0 -30.0 -20.4 -2.9 -31.5 -15.7
Yield per tree-Packed boses 4.9 3.8 7.4 6.5 3.8 2.5 5.5 2.9 4.9
Change in yield as compared with

F-Per Cent +51.0 +71.1 -22.4 -34.2 +12.2 -23.7 0.0
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Shoot and trunk growth. .The greater total shoot length per tree in the
west than in the east halves of each plot (Table 36) was due to more shoots
per tree as well as to greater growth per shoot in the west halves. In 1936
only in Plot F were there more shoots per tree in the west than in the east
half. Therefore, some influence must have operated at the start of growth
in the spring of 1937 to cause more growing points to develop shoots in the
west than in the east halves of Plots FL, FE, and D. Such an influence so early
in the spring would be expected to be a hold-over effect of the 1936 season
rather than an environmental factor of the 1937 season.

Figure 21. Fruit volume and average soil moisture in the upper 3 feet in 1937.

Special root growth and soil gas measurements in 1937. In order to ob-
tain more information on the relation of amount of soil moisture in this clay adobe
soil to the amount of root development, a new technique for root measurement was
used in 1937. This method consisted in measuring the length of all white root
growth found in soil cores 4 inches long taken with the standard soil tube. Other
root growth under 2 mm in diameter was air dried and weighed. Since the roots
were removed from the clay adobe soil with difficulty, the soil samples were allowed
to stand over night in tap water and the soil-water mixture was poured into
a shallow glass dish the following day. The roots could then be picked out
of the water with small dissecting forceps. The white root growth was placed
on glass slides and the length estimated under a microscope to the nearest mm.
Root growth that had turned brown was not included in the measurements.
It was not possible to determine the age of the white root growth, so the
measurements gave "total white root length" rather than "new" growth.

To obtain soil oxygen, soil cores 4 inches long were taken inside celluloid
tubes by the method described by Lewis (23) and the soil gas in the core was
extracted by submerging the core in mercury, using the method described by
Magness (24). The percentage of oxygen in the soil gas was determined by
the Bonnier-Mangin method also described by Magness (24).
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Table 36. EFFECT OF REDUcED WATER SUFPLY TO THE TREES IN 1932, 1933, 1934, 1935,
1936, AND 1937 ON GROWTH OF SHOOTs AND TRUNK IN 1937

Total new shoot length
in 1937

Total
combined
length of

Increase in
cross-section-

al area of
trunk

(4-24-37 to
4-18-3 8)

S9uore
centsmeters

Total
increase

in cross-sec-
tional area
of trunk

(3-29-32 to
4-18-3 8)

Square
centimeters

To total new shoot length in 1937 has been added the total 1932, 1933, 1934, 1935,
and 1936 shoot length remaining on the trees after dormant pruning at the end of each of
these years.

The trees used for these special studies in 1937 were in Plots D-2 and
F-2. In Plot D-2, soil moisture conditions during the previous 4 years had been
very similar to those in Plot D, and therefore the trees had experienced ser-
ious water deficits each season. In Plot F-2 soil-moisture conditions were very
similar to those in Plot F, except that one irrigation was applied after harvest
in 1934, 1935, and 1936. Two representative trees in each plot were used and
five soil samples in the 6- to 12-inch depth were taken 6 feet from the trunk
of each tree. Soil moisture was expressed as percentage of dry weight of soil
and porosity calculated by the formula:

Weight dry soil

Porosity = 1
\'olume original soil sample X 100

Real specific gravity of soil

The "volume original soil sample" was assumed to be the volume inside the
celluloid tube, which was 35.35 cm3 and real specific gravity was assumed to
be 2.70.* Free pore space was calculated by subtracting percentage water by
volume from porosity. White root length (in mm) and weight of old root
growth (in gm) are expressed as amounts per 35.35 cm2 of soil.

Unevenness of root distribution in this soil (5) caused the average weight
of older roots per soil core to vary even when the average was based on 10
cores. Since such variations in the amount of older roots might be expected
to cause fluctuations in the number of white root growths, the length of white
root growth is expressed in proportion to the older roots. The quotient of white
root length in mm divided by older root weight in gm has been divided by
1,000.

R This value was found to be more nearly correct for this soil than the more usual
assumption of 2.65.

Plot
Total

number
Total
length

Average
length

per shoot

1932, 1933,
1934, 1935,
1936, and

1937 shoots

Centimeters Centimeters Centimeters
Plot F

West 756 24,354 32 77,118
East 623 18,680 30 78,441

Plot FL
West 632 20,188 32 59,057
East 647 18,002 28 58,932

Plot FE
%Vest 637 22,318 35 55,454
East 581 19,759 34 58,430

Plot D
West 634 20,687 33 51,555
East 513 15,254 30 52,664

Plot M
West

42.0 221.4
43.0 233.3

34.7 172.3
32.7 173.4

40.7 193.7
50.1 219.6

31.2 141.1
354

I

159.3

37.8 196.6
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Results in root growth. On June 8 the soil moisture (Figure 22) in
Plot F-2 was only slightly higher than in Plot D-2, but earlier in the season
soil moisture had been maintained by irrigation considerably higher in F-2
than in 13-2. However, the 0.0121 gm of old roots (per 35.35 cm' of soil)
in D-2 as compared with 0.0184 gm in F-2 was probably the result of water
deficits in 13-2 during the previous 4 years. The "ratio of white root length to
weight of the older roots" (Table 37) was likewise less for 13-2 than for F-2
on June 8. This suggests that the lower soil moisture in 13-2 during May and
early June of 1937 had reduced the amount of white root growth produced by
each older root. This smaller quantity of white root growth in 13-2 than in
F-2 could have been due, however, to lower carbohydrate reserves in the spring
of 1937, as the result of water deficits in 13-2 in previous years.

Figure 22. Moisture content of the soil 6 to 12 inches below the surface in Plots F.2
and D.2 during 1937.

The gradually decreasing length of white roots in both plots during the
summer indicates either a gradual browning with age of the white root growth
first observed, or a reduction in the amount of new growth produced. The
ratio of new to old roots showed a larger decrease, however, between June 8
and August 22 for Plot D-2 (1.62 to 0.49) than for F-2 (2.48 to 1.24). This
may have been due to the fact that water deficits in the tree reduced photo-
synthesis to the extent that the supply of carbohydrate or some other substance
necessary for root growth was reduced and the normal root extension likewise
reduced. Oxygen in the soil in Plot F-2 was lower on the fifth to seventh day
after an irrigation than just before the irrigation, showing a slight reduction
in soil oxygen when soil moisture had been increased to approximately the
field capacity. However, 15.2 per cent oxygen was the lowest average value
found; and such an average concentration for the soil as a whole would not
be expected to limit root growth or soil nutrient intake.

These data show that the frequent irrigation of Plot F-2, while reducing
soil oxygen below the concentration of atmospheric air, did result in greater
root growth than in Plot D-2. No evidence was obtained, however, to show
whether the root development in F-2 was optimum for maximum water intake
by the tree.
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Table 37. RELATION OF SOIL MOISTURE TO ROOT GROWTH AND PER CENT CARBON DIOXIDE AND OXYGEN IN SOIL IN PLOTS D-2 AND F-2 IN 1937

os

R Soil moisture expressed as percentage of dry weight.
t Free pore space and oxygen expressed as percentage of volume.
I Based on 4 instead of 10 determinations.
§ Average affected by 1 or 2 excessively low weights of old roots.

Date D-2 F-2 D-2 F-2 D-2 11-2 F-2 D-2 F-2

Per Cent Per cent Per cent Per Cent Milli-
meters

Milli-
meters

Per cent Per cent

June 85 21.5 22.5 18 18 26 62 21.1 19.9
June 22 20.5 30.0 19 13 30 38 1.62 2.48 19.7 17.7
July 6 20.5 25.1 21 10 16 58 1.03 2.50 21.7 19.5
July 12 19.4 31.8 23 7 0 28 .00 2.49 22.3 15.2
July 26 18.2 25.0 25 7 12 26 .85 3.06 22.2 19.6
August 3 17.6 31.2 27 12 19 48 .95 2.53 21.4 15.8
August 14 18.2 22.5 33 14 8 32 .67 1.18 21.8 19.6
August 22 18.3 33.3 21 20 8 26 .49 1.24 22.2 16.7
September 1 17.9 27.2 33 13 9 31 1.238 2.93
September 22 16.3 20.5 34 25 6 21 .76 1.54
September 29 18.5 21.0 34 24 3 17 50 .99
October 8 25.6 31.4 8 8 26 1.648 1.06
October 15 21.7 24.8 13 15 8 18 1.28 § 1.22
October 22 23.0 22.6 18 16 11 28 2.188 1.20

Ratio of white
root length to

Length of weight of older Oxygenf in
Soil moistureB Free pore spacef white roots roots soi gas
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Inasmuch as Aldrich and Work (4) obtained indications that the top-root
ratio of Anjou pears affects the response of the tree to soil moisture, it is of
interest to calculate a value for top-root ratio of these trees. In midsummer in
Plot F-2 approximately 2,500 mm of white roots were found for each gram
of roots under 2 mm in diameter. From earlier studies (5) the average value
in this orchard for weight of roots under 2 mm in diameter per cubic foot of
soil was 4.1 gm; therefore, the total length of white root growth per cubic foot
at that time may be estimated at 4.1 X 2,500 = 10,250 mm. With a total volume
of soil per tree (trees planted on a 25-foot square, soil 4 feet deep) of 2,500
cubic feet, then 2,500 X 10,250 or 25,625,000 mm is the approximate total
length of white growth for one tree. On the assumption that the average
diameter of this white root growth is 0.2 mm, the surface of this root length
would be about 160,000 cm2. The total leaf area of these trees in Plot F-2 in
1936 was about 1,200,000 cm2. From these estimates it would appear that there
was about 7.5 times as much leaf area as white root area.

Summary of new results in 1937. The set of fruit seemed to be influ-
enced not by the water supply to the trees during the previous season or during
the current spring, but by factors related to the presence of a winter vetch-
oats cover crop, as in 1935. In 1937 the set of fruit was higher on the west
half of each plot, which had no cultivation and little growth of alfalfa, than
in the east half of each plot, which had a vetch-oats cover crop during the
period of fruit drop.

Measurements of white roots in two adjacent plots indicate that high
soil moisture (as in Plot F) resulted in more root growth than did low soil
moisture (as in Plot D). For high soil moisture the oxygen (removed from
soil by reduced pressure) during the summer was not below 15 per cent, and
only slightly lower than for low soil moisture.

DISCUSSION

Suggested concept for fruit-tree responses to soil moisture. Fluctua-
tions in rate of fruit growth of these Anjou trees in Meyer clay adobe soil
were definitely related to moisture conditions. A relatively low rate of fruit
growth was usually correlated with low average available soil moisture. A tem-
porary decrease in rate was usually correlated with relatively high evaporating
power of the air. A temporarily high rate of fruit growth usually either fol-
lowed an irrigation or occurred during a period of relatively low evaporating
power of the air. Fruit growth data for pears in lighter soils (without differ-
ential soil moisture treatments) likewise show the inverse correlation with
evaporating power of the air. In other words, water deficits in the tree seem
to be increased by high evaporating power of the air as well as by low average
available soil moisture.

Since increased water deficits in the tree during periods of high evaporating
power of the air occurred while average soil moisture was well above 50 per
cent of the available capacity, it is apparent that for the Anjou pear the rate
of transpiration may exceed the rate of water intake by the roots while there
is considerable available moisture in the soil. There is also evidence that some
degree of water deficit in the tree occurs most of the time during the summer.
The relatively high rate of fruit growth during a period of extremely low
evaporating power of the air, or immediately after an irrigation, was invari-
ably of short duration. Whether the temporarily high rate of fruit growth



was due primarily to hydration of cells previously under moderate water deficit,
or to increased dry matter from photosynthesis, was not definitely determined.

The increased rate of fruit growth and longer period of stomatal opening
when leaf area was reduced, observed by Aldrich and Work (4), indicated that
the moisture supply to the tree during periods of relatively high transpiration
was limited by or at the roots. Whether the forces within the root active
in water intake were limiting, whether the roots failed fully to explore the
soil, or whether water movement (from soil not containing roots) to the roots
was too slow, is not clear.

Furr* has suggested that as water deficits in the plant increase, the forces
within the root active in water intake (suction pressure) are increased, but
that if the soil is not thoroughly explored by the roots, increased suction
pressure might not increase water intake sufficiently to prevent water deficits
that would result in decreased tree functioning.

Information upon extent of distribution of fruit-tree roots within the soil
mass in the major root zone is meager. Many root excavations during this
study substantiated the earlier report (5) that root distribution was not uni-
form, and that many soil masses the size of a soil core or larger contained
no roots. In view of the rather small length (from 20 to 60 mm per 35.35 cmi
of soil) of white root growth found in 1937, it does not seem possible that
even the smallest feeder roots could be in direct contact with more than a
small fraction of the soil mass.

If this be true and in view of the fact that the whole mass of soil in the
root zone lost water rapidly, it appears that a large proportion of the moisture
removed by the roots must move (presumably by capillarity) through the soil
to the roots. Such movement will occur only if soil in contact with the root
has a lower moisture content than soil from which moisture comes. Lewis (23)
has recently shown that rate of moisture movement between two points in the
soil varies directly with the difference in moisture content at the two points;
but that as soil moisture becomes lower, a greater difference in moisture con-
tent is necessary to maintain a given rate.

Thus when, for these pear trees in clay adobe soil, reduced rate of fruit
growth occurred while average soil moisture was at 50 to 40 per cent of the
available capacity, the moisture content of the soil in contact with the roots
may have been much lower. Under conditions of moderately high evaporating
power of the air (50 to 70 gm of water loss from white atmometer in 24 hours)
the rate of transpiration probably greatly exceeded rate of water intake of
the root about midday, when 80 per cent of the stomata closed. The increased
suction pressure of the root resulting from the increased water deficit in the
leaves may have temporarily increased rate of movement of moisture into the
root from the soil particles in contact with it. With the decreased moisture
content of those soil particles in contact with the root, the soil moisture
gradient to distant soil particles was increased, and rate of moisture movement
through the soil could have been increased. The fact that reduced rate of fruit
growth occurred would mean either that the root area was not large enough
or the rate of moisture movement through the soil not rapid enough to prevent
continued appreciable water deficits in the tree during the afternoon.

When average soil moisture was above 50 or 60 per cent of the available
capacity, however, reduced rate of fruit growth did not usually occur. Under

Furr, J. R. Is soil moisture as readily available to the plant at soil moisture content
just above the wilting range as at field capacity? Unpublished paper given before the
Western Section of the American Society of Plant Physiologists at Denver, Cob., in July
1937.
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such conditions the moisture content of distant soil particles was higher, and
the rate of moisture movement through the soil was apparently sufficiently
rapid to permit enough water intake by the root to prevent appreciable water
deficits in the tree. If, under these soil moisture conditions, evaporating power
of the air was higher and reduced rate of fruit growth occurred, the explan-
ation would seem to be that the rate of transpiration was so great that even
relatively rapid moisture movement to the root did not prevent appreciable
water deficits. On the other hand, when under these soil moisture conditions an
irrigation was applied, the rate of fruit growth was increased temporarily. The
irrigation would have increased the moisture content of the soil particles in
contact with the root to the field capacity. As a result, water intake by the
root was extremely great for a short period, water deficits in the tree were
very slight, plant cells became more turgid, and perhaps the increased hydra-
tion increased growth processes. Likewise, the increased rate of fruit growth
during a period of extremely low evaporating power of the air could also be
explained on the basis of reduced water deficits permitting increased cell tur-
gidity and perhaps increased growth.

Although Furr and Degman (11), Magness, Degman, and Furr (25) and
Claypool (6) also found reduced fruit growth while the average soil moisture
in the principal root zone was above the permanent wilting percentage, the
average soil moisture value at which reduced tree functioning was first detected
varied considerably.

Taylor and Furr (29), studying lemons with rather intensive soil sampling
per tree, found that the first indications of water deficits in the tree occurred
when the moisture content of the major part of the soil containing roots was
greater than that at which sunflower plants showed the first sign of wilt, but
that the moisture content of a small part of the soil was within the "wilting
range" (28). Furr and Taylor (13) found that the proportion of soil in the
root zone in which moisture was reduced to the wilting range before water
deficit symptoms appeared varied with the soil type, being greater with the
lighter soils.

Undoubtedly fruit tree response to any given value of average soil moisture
will be influenced by such factors as the depth of the principal root zone, the
extent that the roots penetrate the soil mass in this principal root zone, the
texture of the soil (moisture moves more rapidly in a light than in a heavy
soil), the size of the root area in proportion to the leaf area, and the evaporating
power of the air. Thus, where deep soil is thoroughly explored by roots, active
root area is relatively great as compared with leaf area, and soil is relatively
light, appreciable water deficits in the tree might not occur until average soil
moisture has been depleted nearly to the permanent wilting percentage. Also,
if the root system was rather well developed at depths where soil moisture was
rapidly replenished by an underground water table, average soil moisture in
the top 3 or 4 feet might be reduced to the permanent wilting percentage
before decreased tree functioning would occur. Some approximation of these
conditions may have been largely responsible for the conclusion reached by
many workers (7) (15) (17) (18) (19) (26) (30), that tree functioning is
not materially reduced until average soil moisture in a considerable portion of
the root zone is reduced almost to the permanent wilting percentage.

These considerations indicate that, whether soil moisture in contact with
the root surface is equally available throughout the "available range" or not,
differences in trees, soil, and weather will affect the numerical value of average
soil moisture (as determined for a relatively large mass of soil in one or more
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cores taken by the standard soil tube) at which reduced tree functioning can be
detected as a result of insufficient soil moisture. Under the conditions of these
studies 50 per cent of the available capacity was the approximate value of aver-
age soil moisture below which a definite decrease in tree functioning occurred.
Under other conditions the critical value might be different. Therefore, in
determining in a new location when soil moisture should be replenished to avoid
a reduction in tree functioning, some index of tree functioning (such as fruit
growth) should be carefully observed. Since fruit growth cannot be used in the
spring, it is desirable to determine for any location the approximate value of
soil moisture in the major root zone when a reduction in tree functioning
might be expected. A knowledge of soil moisture conditions is of considerable
additional value for learning the extent of penetration of water following an
irrigation. Thus, for intelligent determination of irrigation practice, some
knowledge of average soil moisture and careful observation of tree response
to the soil moisture are essential.

Physiological effect of water deficits in trees. The results show
that, when reduced rate of fruit growth indicated appreciable water deficits in
the trees due to inadequate soil moisture, the rate of dry-matter deposition in
the fruit and the total dry matter per fruit at harvest were reduced. Such water
deficits, moreover, reduced shoot elongation, scaffold limb and trunk growth,
and in some cases carbohydrate content of bark or roots. Since dry matter of
fruit, shoots, limbs, and trunk is composed largely of carbohydrates, it would
seem that water deficits in the tree resulted in reduced carbohydrate manufac-
ture by the leaves.

Magness, Degman, and Furr (25) considered the possible physiological
basis for reduced carbohydrate formation in the leaves as a result of water
deficits. They suggest that, since in the leaves carbohydrates are synthesized
from carbon dioxide (from the air) and water (from the soil), the shorter
daily period of stomatal opening under conditions of water deficits in the trees
results in a reduction in the amount of carbon dioxide entering the leaves
through the stomata, and this limitation in carbon dioxide in the leaf limits
carbohydrate formation.

Thus, from a practical standpoint, it should be borne in mind that when
low available soil moisture permits appreciable water deficits in the trees, the
efficiency of the leaves in manufacturing the food necessary for fruit, leaf, and
wood growth is reduced.

Significance of shape of fruit-growth curves. The curves of fruit
growth on plots with high soil moisture each year show a definite trend for
increasing rate nearly to harvest. In some cases, where the fruit became
relatively large, the rate of growth slowed down during the 10 to 15 days
before harvest. From the Anjou fruit-growth curves for Plot F, and from
the somewhat similar curves for Bartlett and Bose fruits from trees without
appreciable water deficits, the data in Table 38 were prepared.

Because fruit growth of all three varieties was most rapid during the 30
days preceding harvest, this period is extremely important in determining the
final size of the fruit. For Bartlett pears, of course, this period occurs about
20 to 30 days earlier in the summer than for Bosc and Anjou. Since during
that final period the fruit adds from 1.3 to 2.0 per cent of its final size each
day, it is evident that, unless premature fruit dropping is serious, the total yield
will be increased from 1.3 to 2.0 per cent each day or from 9 to 14 per cent
each week that picking can be delayed without fruit becoming overmature.
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Most economical use of limited supply of irrigation water. The
total yield per tree in relation to the use of irrigation water for the 6-year
period is summarized in Table 39.

Of Plots FL, FE, and M, with about the same average annual use of
water, Plot FL had the greatest average yield per tree. Thus, if irrigation water
must be conserved, the highest yield of Anjou pears over a period Of years
would be expected by delaying the application of the available irrigation water
until about 90 days after full bloom, and then during the 60 days before har-
vest applying the available water in sufficiently frequent irrigations to avoid
appreciable water deficits in the trees.

There seem to be at least three important reasons for preventing appreci-
able water deficits during the 60 days before harvest:

1. The rate of fruit growth in late summer is usually reduced more by
a given reduction in available soil moisture than it is in early summer.

Table 39. AVERAGE DEPTH OF IRRIGATION WATER APPLIED PER YEAR AND AVERAGE
ANNUAL YIELD PER TREE FOR EACH PLOT OVER THE 6-YEAS PERIOD

120 to 150
days after
full bloom

Per Cent

1.30
1.40

The rate of fruit growth is faster in late than in early summer; there-
fore a reduction in rate of fruit growth in late summer will result in a greater
reduction in final fruit size than the same relative reduction in the rate of fruit
growth in early summer.

The effect of low available soil moisture in reducing the rate of fruit
growth is much greater in hot than in cool weather, and there is usually more
hot weather in late than in early summer.

All the fruit growth data, however (with the exception of Plot FL in
1932), show that, when the rate of fruit growth is reduced by water deficits,
the size of the fruit is permanently reduced below that of fruit where such
water deficits were prevented by irrigation. Furthermore, water deficits dur-
ing the 60 to 100 days after full bloom also had a tendency to reduce shoot
growth and leaf size. The resulting reduced leaf-fruit ratio also probably
limited the subsequent rate of fruit growth when water deficits were prevented
by irrigation. Thus, when low available soil moisture in early summer causes

Plot

F FL FE D M

Average depth of irrigation
waterInches

Average yield per tree
Field Jugs

20.8

9.4

13.9

8.9

14.8

6.8

8.5

5.7

16.1

7.8

5 years only.

Table 38. DAILY GROWTH DURING THREE 30-DAY PERIODS IN TERMS
OF FINAL FRUIT SIZE

Years for
which data 60 to 90 90 to 120

were days after days after
Variety obtained full bloom full bloom

Number Per cent Per cent
Bartlett 4 1.00 L97
Bose 2 .60 1.15
Anjou 6 .60 1.07



Figure 23. Trunk growth, total leaf area, blossom buds, percentage set of fruit, number of
fruits, and yield per tree on each plot for the 6 years
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water deficits in the trees, the resulting check in fruit growth is permanent,
and subsequent careful irrigation to prevent water deficits cannot be expected
to overcome fruit size already lost.

Effect of maintenance of high available soil moisture on bearing
capacity per tree. Figure 23 and Table 36 show that the greatest increase in
cross-sectional area of trunk and in accumulated shoot length occurred in Plot
F, and the smallest increase in Plot D. Thus, preventing serious water deficits
in the trees by maintaining soil moisture high in the available range through-
out the growing season resulted in the largest increase in tree size. Although
Plot F usually had the largest (and Plot D the smallest) total leaf area per tree
and total number of blossom buds per tree, the number of fruits per tree was not
consistently greatest in Plot F. This was because in some years Plot F had a
smaller percentage of blossoms setting fruit than some of the other plots
In fact, there does not seem to be any definite relation between the soil moisture
conditions and the percentage of blossoms setting fruit. In general, the per-
centage of blossoms setting fruit shows a downward trend throughout the
6 years.

Thus, while the potential bearing capacity of the tree was increased by
maintaining soil moisture high in the available range, some factor or factors
limited the set of fruit to prevent a corresponding increase in the number
of fruits per tree. It appears that some method of increasing the percentage
of blossoms setting fruit must be found if yield per tree is to be increased
from year to year.

Possible injurious effects of high moisture considered. The main-
tenance of average soil moisture high in the available range (ic., above 50
per cent of the available capacity) might be expected to injure tree growth
by excessive leaching (to below major root zone) of soil nutrients, by prevent-
ing adequate soil aeration for optimum development of roots and soil microor-
ganisms, or by making the soil more susceptible to packing during such orchard
operations as spraying, propping, and harvesting. No injury was noted, how-
ever, from the high soil moisture. The fact that the greatest trunk growth, leaf
area per tree, and total number of blossom buds per tree occurred in Plot F
indicates that if any undetected injury from the high soil moisture occurred,
such injury was masked by the effect of the high soil moisture in improving tree
functioning during the summer period of high evaporating power of the air.

SUMMARY OF PART I
The responses of Anjou pear trees to five different irrigation treatments

were followed through a period of 6 years, the same irrigation treatment being
given the same trees each year.

The moisture content of the upper 3 feet of soil was determined through-
out the period.

Reduced rate of fruit growth indicated appreciable water deficits in the
trees when the average moisture content of the upper 3 feet (principal root
zone) of soil was reduced below about 50 per cent of the available capacity.

Regardless of the amount of available soil moisture, relatively high evapor-
ating power of the air (due to high temperatures, low humidity, or strong
winds) temporarily reduced the rate of fruit growth.

During periods of high evaporating power of the air, the rate of fruit
growth was usually greater in a plot just irrigated than in one not just irri-



gated, even when the average soil moisture in the latter was as high as 80
per cent of the available capacity.

When rate of fruit growth was reduced by water deficits, the rate of water
deposition in the fruit seemed to be reduced more than dry-matter deposition.

When rate of fruit growth was increased by the irrigation of trees showing
relatively great water deficits, the rate of water deposition was increased more
than the rate of dry-matter deposition.

When reduced water supply to the trees reduced rate of fruit growth, the
size of the fruit at harvest and the total dry matter per fruit were usually
reduced.

Appreciable water deficits during the 30 to 40 days before harvest reduced
the percentage of water in the fruit at harvest; and when the late summer
water deficits were relatively great, the ratio of total sugars to starch was
increased but the percentage of sugars on a dry weight basis was usually
reduced.

When appreciable water deficits occurred during the first 75 to 90 days
after full bloom (the period when blossom-bud differentiation could be influ-
enced), the percentage of buds differentiating into blossom buds was increased

When relatively great water deficits occurred during late summer, a hold-
over effect resulting in lower initial rate of shoot elongation occurred.

The rate of fruit growth increased nearly to harvest, so that about half
of the total fruit size was produced during the last 40 days before harvest.

The largest fruit size; the largest shoot, limb, and trunk growth; the
largest leaf area; and the largest average yield for the 6-year period was pro-
duced by the trees with appreciable water deficits prevented between full
bloom and harvest by maintaining average soil moisture in the upper 3 feet
above 50 to 75 per cent of the available capacity. These soil moisture condi-
tions, however, did not show any tendency to increase the yield from year to
year.

The results indicate that if irrigation water must be conserved the least
reduction in yield may be expected by delaying the application of water until
about 90 days after full bloom, and then during the remaining 60 days before
harvest (of Anjou) utilizing the available water in sufficiently frequent irriga-
tions to avoid appreciable water deficits in the trees.

The results show no injurious effect as a result of maintaining average
available soil moisture in the upper 3 feet above 50 to 75 per cent of the avail-
able capacity for 6 consecutive years.

Although high soil moisture, as compared with low available soil moisture,
reduced oxygen in the soil slightly, greater root growth was found in the soil
that had had the higher available soil moisture for 5 years.
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Part II

Fruit Quality*t

By

A. Lloyd Ryall and F. C. Reimer

INTRODUCTION

THE pear industry has for several years cooperated in private and public
research in efforts to place a more desirable product in the hands of the

consumer. These endeavors have met with considerable success in such lines as
proper harvest maturity, prompt and effective cold storage, improved transporta-
tion facilities, and preripening practice in the consuming centers. Very little atten-
tion has been given, however, to the effect of growth conditions on storage and des-
sert quality of the fruit. Most of the research pertaining to growth conditions
has had as its goal increased tree vigor and increased yield of marketable
fruit. Since the grower's return is measured, however, not only by the quantity
of fruit produced but by its quality as well, it seemed important to deter-
mine the influence of irrigation, pruning, thinning, and fertilization on those
qualities in the fruit that make it desirable to the consumer.

With the inauguration of detailed irrigation experiments at the Medford
Experiment Station the opportunity was afforded for a comprehensive study of
the effects of water supply to the tree upon maturity, storage life, and dessert
quality of Anjou pears. This study was begun in the harvest season of 1932
and continued with fruit from the same experimental plots for five consecutive
seasons.

REVIEW OF LITERATURE
There is little published experimental evidence on the effect of moisture

supply to the pear tree on composition or storage quality of the fruit. Some
published work is available concerning the effect of irrigation on apples, plums,
and peaches. Most of this appears to be concerned principally with the effect
on composition rather than on storage quality. Jones and Colver (9) report
extensive chemical analyses of irrigated and nonirrigated fruits. These data
show the only significant difference to be in moisture content; the irrigated
fruit had a consistently higher percentage of water at harvest. Calculations
made on the basis of dry weight showed no significant differences in sugar
and acid content between irrigated and nonirrigated fruits. Batchelor (2), in a
study of the effect of irrigation on peaches, gives no chemical analyses and
apparently conducted no storage trials, but states that fruit from the plots
receiving very little irrigation was very sweet and pleasing to the taste even
though shrivelled and worthless commercially. Hendrickson and Veihmeyer
(6), in experimental work with canning and drying peaches, report differences
in moisture content of fruit at harvest time of 3 to 5 per cent between dry

Data for 1932 were obtained by C. L. Powell, formerly Junior Physiologist with
Division of Fruit and Vegetable Crops and Diseases.

The writers are indebted to Edwin Smith of the U. S. Bureau of Plant Industry and
Henry Hartman of the Oregon Agricultural Experiment Station for valuable suggestions and
assistance with certain examinations.

Assistant Posnologist, Bureau of Plant Industry.
§ Superintendent, Southern Oregon Experiment Station.
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and wet plots. in explanation of these data they suggest that the leaves may
have withdrawn some water from nearby fruits in the dry plot, leaving them
in a wilted condition. Analyses for acid and sugar content showed that on a
fresh weight basis fruits from the dry plot were somewhat higher than those
from the wet plot, particularly in sugar. When calculations were made on the
basis of dry weight, however, the differences were not apparent. Storage tests
with two canning varieties indicated no difference in rate of decay between
fruit from the wet plots and fruit from the dry plots during an interval com-
parable to that between picking and canning. Fruit from the wet plots decayed
more rapidly when stored at 700 F. than did fruit from the dry plots; the
authors suggest that this difference was due to more bruising of the fruit from
the wet plot in the course of transportation from the orchard to the storage
rooms.

Hendrickson and Veihmeyer (7), reporting a 3-year study on the effects
of irrigation on French prunes, state that no consistent differences were found
in dry quality, sugar content, specific gravity, or drying ratio between fruit
grown on trees irrigated frequently enough to keep soil moisture always above
the wilting point and that grown on trees that wilted about the first week in
July and remained wilted the rest of the season.

Fletcher (3) in a study of factors affecting the red color of apples reported
differences of 3 to 4 per cent in dry matter between apples from dry and wet
plots. Analyses of carbohydrates showed the reducing sugar in fruit from
the dry trees was higher than in that supplied with water, while nonre-
ducing sugars and starch were generally higher in fruit from the irri-
gated trees. At harvest, starch was markedly higher in fruit from the irrigated
trees than in fruit from the nonirrigated trees. It is suggested that
this is apparently due to the fact that the irrigated trees had sufficient
water to keep the leaves functioning at a normal rate throughout the season,
while the nonirrigated trees did not. Plagge (15) irrigated apple trees
under drought conditions and found, as did Fletcher, that fruit from the
irrigated trees was lower in reducing sugars but higher in nonreducing sugars
and total sugars than fruit from nonirrigated trees. Plagge has suggested that
the lower sucrose and total sugar content under the control treatment denotes
a decrease in photosynthetic efficiency attending low soil moisture. Storage tests
conducted with fruit from these plots showed no difference in susceptibility
to physiological storage disorders.

Haller and Harding (4) have recently reported investigations conducted
near Hancock, Maryland, which indicate that apples grown on irrigated trees
were lower in percentage of dry matter, softer at harvest, and more subject to
scald and physiological breakdown than apples grown on nonirrigated trees
in the same orchard.

Lewis, Work, and Aldrich (10), in reporting the effects of irrigation on
pear orchards, state that "From these studies it seems safe to conclude that the
different irrigation treatments carried on in these studies and the different
soil moisture conditions observed have not caused any differences of commercial
importance in the quality of the fruit." Work and Lewis (17), in reporting the
effect of soil moisture on the wilting of pear trees, show that firmness of
flesh as determined by the Oregon-type pressure tester was higher in fruit
from wilted trees than in fruit from unwilted trees. This is consistent with
the reported results of other workers, which show more total dry matter in
fruits from nonirrigated or dry trees. In reporting studies on the irrigation of
Bartlett pears on a clay adobe soil, Hendrickson and Veihrneyer (8) state that
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storage tests of fruit from irrigated and nonirrigated plots showed no essential
differences in keeping quality in either of the 2 years the studies were con-
ducted.

Magness, Diehi, and Allen (13) investigated the quality of Bartlett pears
from different producing regions and found that differences in the fruit occur-
red. They report that color and firmness of fruit when in a satisfactory pick-
ing condition were not the same in a warm district where fruit was grown under
water shortage (such as the Placer County or Vacaville districts), as in a
cooler district (such as the Santa Clara Valley) with more abundant soil
moisture. They found further that fruit from the hotter districts remained
edible longer after becoming ripe than fruit from the cooler districts. While
these workers have stressed differences in growing temperatures in interpreting
their results, it seems possible that water supply to the tree and evaporating
power of the air may have been contributing factors.

In a recent study with Bartlett pears grown on two soil types under
extreme conditions of soil moisture, Ryall and Aldrich (16) have reported
that Bartlett pears grown on heavily irrigated plots were significantly higher in
water content and lower in average pressure test than pears grown on non-
irrigated plots. Furthermore, pears from the 'wet" plots developed a higher
percentage of core breakdown when ripened after 2 months cold storage than
those from the "dry" plots.

EXPERIMENTAL METHODS

Harvesting. During each harvest season three pickings or more were
made from the experimental plots. The second picking coincided each season
with the commercial harvest of fruit from the experimental orchard. The first
picking was made 8 to 12 days before, and the third picking 8 to 12 days after
the commercial harvest. Fruit of the first and third pickings was taken either
from separate lateral branches of the same tree or from separate trees of each
plot. When different laterals were used those for the first picking were strip-
ped clean of fruit and other laterals used for the later picking. In this way
the effect of thinning on fruit maturity was very largely avoided.

Fruit of the second or commercial picking was taken from the regular
pack in the packinghouse. As fruit from each plot was segregated and packed
separately it was possible to obtain the required number of boxes from the
conveyors as each lot was packed. When sufficient fruit had been graded to
determine average size for the lot, the required number of boxes of that size
were taken. It appeared desirable to have composite samples of fruit from all
the trees in each plot for each picking; since that did not appear feasible,
however, the first and third pickings were from single trees and the middle
picking was a composite of fruit from all the trees in a given plot. This
may account in part for the variation sometimes found between fruit of the
different pickings, as it is possible that fruit from certain trees was of more
desirable dessert quality or less susceptible to physiological disorders in storage
than fruit from other trees.

Handling. All fruit was removed from the orchard immediately after
picking and was washed, packed, and placed in cold storage within 24 hours of
harvest. All pears were packed in standard pear boxes and, with the exception
of a few lots for scald comparison, were wrapped in oiled basic-copper-sulphate
wraps.
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Pressure tests. Fifteen fruits of average size and typical shape were
selected from mixed samples of each picking from each plot for the determina-
tion of firmness by mechanical means. Determinations were made with both the
United States (12) and the Oregon (14) pressure testers using a 5/16-inch
plunger in the United States tester and a i-inch plunger in the Oregon tester.
The United States tester was used on areas from which the peel had been
removed, while the Oregon tester was operated with the peel of the pear
intact. Two sides of each of the 15 fruits were tested with each mechanical
tester. The average of 30 figures in each case was then used as the pressure
index. Unfortunately the pressure tests in the different seasons were made by
several different persons and with several different instruments. This intro-
duced possible errors due to personal and mechanical factors and may explain
some of the discrepancies in the pressure-test data.

Storage. All fruit, except where otherwise noted, was placed in cold
storage within 24 hours of harvest and held at a temperature of 30° to 31° F.
until removed for ripening. Refrigeration was furnished by a brine-spray,
forced-air circulation system. Relative humidity in the cold-storage room was
maintained at 85 to 87 per cent.

Ripening and examination. Enough fruit was stored each season to allow
three or four withdrawals of half-box samples from each lot. As the marketing
season of Anjou pears extends over a relatively long period, an attempt was
made to time withdrawals to approximate the beginning, middle, and end of
the normal storage season. The first withdrawal was made either the latter part
of December or the early part of January each year. As the fruit was of
the best dessert quality at this early withdrawal, particular emphasis was given
to comparative dessert quality of the different lots at this time. Physiological
disorders associated with storage were rarely in evidence at this time. The
later withdrawals and exaMinations made in mid-February and early April were
concerned particularly with the detection of storage disorders, although dessert
quality was also considered, especially the comparative loss of dessert quality
in different lots.

Immediately upon withdrawal from cold storage all lots were placed in a
ripening room having a temperature of 70° F. and a relative humidity of 60 to
70 per cent. As ripening progressed examinations were made to determine the
number of days to reach prime eating quality, color when ripe, amount of
surface scald, texture of flesh, dessert quality, internal breakdown or other
physiological disorders, and number of days the fruit maintained good quality.
The number of fruits examined depended mainly on the information sought.
Early in the storage season, when comparative dessert quality was the principal
concern, only 10 to 15 fruits were cut. Later, when physiological disorders
became a factor, from 25 to 50 fruits were cut to obtain percentages.

Respiratory activity. Carbon dioxide output of the pears in storage
was determined, by a modified "Truog tower" method. From 7 to 8 kilograms
of fruit were placed in a wide-mouth, 5-gallon jar with the lid tightly sealed.
By means of glass tubes inserted in the stopper a measured stream of air free
from carbon dioxide was drawn into the chamber, and after passing over the
fruit was bubbled through a KOH solution in a Truog tower. Determinations
were made for a definite number of hours at intervals of approximately 2
weeks. After the absorption period a double titration with standard HC1 solu-
tion was made against the KOH solution, using phenolphthalein as indicator



15 fruits, two sides, pared.
15 fruits, two sides, unpared.

1932
2 September 8 152 13.4 13.0 13.6 13.2
3 September 16 160 12.9 12.9 12.8 12.9
4 September 23 167 12.5 12.7 12.4 12.9

1933
1 September 11 152 16.5 23.5 17.3 24.1 15.9 23.5 16.0 23.8 17.3 25.0
2 September 19 160 15.2 20.8 15.6 21.3 14.3 20.4 15.0 20.5 14.4 20.7
3 September 28 169 13.7 17.9 14.6 19.6

p
13.1 18.9 14.0 20.5 14.6 20.5

1934
1 August 16 152 15.4 25.3 15.9 25.0 13.2 23.0 14.1 23.6
2 August 25 161 13.0 22.4 14.2 23.5 12.6 21.8 12.7 22.4 12.6 22.9
3 September 5 172 15.9 24.9 11.5 19.7 12.3 20.0

1935
1 September 4 144 14.0 24.8 13.8 23.7 13.7 24.0 12.5 23.2
2 September 12 152 13.5 23.0 12.7 22.5 12.7 22.7 12.5 23.5 13.0 23.6
3 September 25 165 12.1 20.6 12.0 20.5 11.0 19.8 11.6 20.9 11.6 20.9

1936
1 August 28 142 14.3 23.9 14.2 24.9 14.3 24.7 13.5 24.2
2 September 8 153 13.5 24.0 13.3 24.0 12.8 23.1 12.9 24.0 13.0 23.3
3 September 21 166 13.3 25.0 12.9 24.0 13.4 24.0 12.2 23.0

Average, all pickings 13.8 22.8 14.1 23.2 13.2 22.1 13.2 22.5

Table 40. EFFECT OF WATER Suet'Ly TO TREE ON PRESSURE TEST OF Aujou PEARS AT HARVEST

Picking and date
of harvest

Days
from full

bloom

Average pressure test

Plot D Plot FE Plot FL Plot F Plot

U.S.
tester

M

U.S.
tester

Oregont
tester

U.S.
tester

Oregon
tester

U.S.
tester

Oregon
tester

U.S.
tester

Oregon
tester

Oregon
tester

PoundsNumber Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds
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for the first (excess hydroxide) titration and methyl orange for the second
(carbonate) titration. Results were calculated as milligrams of carbon dioxide
evolved per kilogram hour. Plot designations used were the same as in Part
I. A few data obtained on fruit from Plot M (moderate irrigation) are
shown for comparison with the results from the regular irrigation plots.

RESULTS I

Effect on firmness at harvest as measured by the pressure tester.
In Table 40 are shown the average pressure-test readings for each picking in
each of the five seasons. Although there is considerable variation in these
figures, it will be noted that fruits from Plots D (dry) and FE (frequently
early) were generally firmer at the same date than fruits from Plots FL
(frequently late) and F (frequently). The figures for the 5-year average show
that fruits from Plot FE were slightly firmer than those from Plot D whereas
fruits from Plots FL and F were slightly softer than those from either Plots
D or FE. Differences, as shown by the 5-year average, are comparable for
the United States tester on peeled surfaces and for the Oregon tester on
unpeeled surfaces. A strict comparison cannot be made between firmness at
harvest in the different seasons, as measured by the United States tester, for
the reason that the determinations in 1932 and 1933 were made by a different
person and with a different instrument than the determinations for 1934, 1935,
and 1936. The differences in results are particularly apparent in the figures
for the United States pressure tester for 1933, which are obviously but of line
with those for other seasons and with the figures for the Oregon tester. That
significantly large differences in pressure-test readings can be obtained by
different operators, both of whom used recently calibrated instruments, was
shown by a comparative series of tests on two varieties of pears. These results

Table 41. CoMPARIsoN Or RESULTS OBTAINED BY DIFFERENT OPERATORS IN TIlE DETER.
MINATION OF PRESSURE TEsTS WITH U. S. DEPARTMENT OF AGRICULTUSE PRESSURE TESTER

Determination made on 15 fruits in each lot, 2 sides, peel removed.

Lot"

Operator 1,
instrument 1

Operator 2,
instrument 2

Difference
in

averageAverage
Range

average Average
Range

average

Bartlett pears, August 26, 1937
Pounds Pounds Pounds Pounds Pounds

17.4 16.5- 18.5 19.5 18.5 -20.5 2.1
17.4 16.0 -19.0 19.4 17.5 -21.0 2.0
17.5 16.5- 18.5 19.5 18.5- 2 1.5 2.0

4 17.7 16.5- 18.5 19.7 18.0-21.5 2.0
17.5 17.0-18.5 19.9 19.0 -21.5 2.4

Mean for all lots 17.5 19.6 2.1

Maximum deviation from
mean .20 .30

Bosc pears, September 17, 1937
6 11.7 11.0- 12.5
7 11.7 11.0- 12.5 13.2 12.5-14.5 1.5
8 12.0 11.5 -12.5 13.2 12.0 -14.0 1.2
9 12.0 11.5- 12. 5 13.2 12.0- 14.5 1.2

10 11.9 11.0 -13.0 13.0 12.0- 14.5 1.1
Mean for all lots 11.86 13.15 1.29

Maximum deviation from
mean .16 .15



Records made by W. W. Aldrici

1932 73,303 20 65.6 81.40 13.4 81.39 13.0 83.24 13.6 83.37 13.2
1933 81,757 33 69.0 80.29 16.5 80.73 17.3 82.62 15.9 83.49 16.0
1934 77,425 17 68.1 79.39 15.4 78.61. 15.9 80.97 13.2 81.27 14.1
1935 80,180 29 66.7 81.39 13.5 8 1.48 12.7 83.30 12.7 82.86 12.5
1936 84,829 19 67.2 82.83 13.5 83.38 13.5 83.84 12.8 84.16 12.9

Table 42. RELATION BETWEEN SEASONAL TEMFESATURES, WATER CONTENT" OF Faui AND FIRMNESS OF Anjou PEARS AT 152 DAYS FROM
FULL BLOOM.

Year

Telnperatures Fruit characteristics

Total degree
hours above
40 F. from

bloom

Days with
maximum

temperature
above 90" F.

Mean teni-
perature for
June, July

and August

Plot D Plot FE Plot FL Plot F

Water
content

Firm-
ness

Water
content

Firm- Water
ness content

Firm-
ness

Water
tontent

Firm-
ness

Hours Days Degrees F. Per
cent

Pounds Per
Cent

Pounds Per
cent

Pounds Per
cent

Pounds
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(presented in Table 41) emphasize the importance of having pressure-test
determinations made by the same operator throughout the course of an experi-
ment.

It has been shown in Part I that water supply to the tree influenced the
accumulation of water in the fruit. Analysis at harvest time has shown that
the water content of fruit was consistently higher in Plots FL and F than
in Plots D and FE in which there were greater water deficits at certain
periods in the growing season. It seems probable that this higher water con-
tent or conversely, the lower percentage of dry matter, affected the firmness of
the fruit at harvest. Although not entirely consistent, the results shown in Table
42 indicate that those fruits with the highest water content have the lowest
pressure test. Temperature conditions throughout the growing season, as
measured by mean temperatures, days with maximum above 900 F., and total
degree hours above 400 F., have no consistent influence upon water content or
pressure test of the fruit at harvest. It is possible, however, that temperature
and the evaporating power of the air for several days immediately preceding
harvest do materially affect firmness and water content.

All of the figures given in Table 42 represent the condition of the fruit
at 152 days from full bloom. For the three seasons, 1934, 1935, and 1936, during
which pressure tests were made by the same operator, there was a striking
similarity in firmness at harvest of fruit from Plots FL and F. Fruit from
Plots D and FE did not show this relationship; these plots, however, suffered
water deficits sufficient to introduce another variable into the determination
of firmness by pressure test. Since the water deficiencies were not the same
each season, pressure tests could be expected to be variable. At 152 days from
full bloom fruit from Plot FL tested 13.2 pounds in 1934, 12.7 pounds in 1935,
and 12.8 pounds in 1936; that from Plot F tested 14.1, 12.5, and 12.9, respec-
tively. It will be noted that water content of the fruit was significantly lower
in all plots at the 1934 harvest than in any other of the five seasons. This may
account for the greater firmness in 1934 than in 1935 or 1936.

Changes in firmness of Anjou pears throughout the harvest season are
shown in Figure 24. Fruit from Plot D was consistently firmer than fruit
from Plots FL and F. As shown in the growth curves in Part I, Plot FE did
not have as severe water deficits in 1936 as in the previous seasons, a fact
that is reflected in the water content of fruit from this plot at harvest. Dur-

Figure 24. Changes in firmness of Anjou pears during harvest season-1936.
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ing a period, of relatively high evaporating power of the air (Sept. 4 to 13),
however, fruit from Plot FE became firmer, approaching the firmness of fruit
from Plot D.

Effect on respiratory activity in storage. Respiratory activity in
storage, as measured by carbon dioxide output, is shown for the seasons of
1932 and 1933 in Figures 25 and 26. A general similarity between the curves

Figure 25. Carbon dioxide output of Anjou pears during storage at 32 F-1932-33.

Figure 26. Carbon dioxide output of Anjon pears during storage at 32 F-1933-34

for the two seasons is apparent. Fruit from Plots D and FE had a somewhat
higher output of carbon dioxide in both seasons than fruit from Plots FL and
F. This is particularly true late in the storage season at the time physiological
breakdown began to occur in the ripening pears. It must be kept in mind, how-
ever, that the rate of carbon dioxide output is calculated as mg of CO2 per
hour per kg of fresh weight. Since there were differences in the water content
of this fruit, as given in Table 41, it is possible that differences in carbon
dioxide output are at least partly due to differences in total dry matter in the
fruit. Calculation of the CO2 output per kg hour on a dry weight basis reduces
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the differences found between plots but does not eliminate them. Assuming that
the rate of respiratory activity is a measure of potential storage life, it appears
that fruit from Plots D and FE should have a shorter storage life than fruit
from Plots FL and F. The results presented in Table 49 support this assump-
tion because they show that ripened fruit from Plots D and FE showed
significantly more physiological breakdown after 6 months in cold storage than
fruit from Plots FL and F.

Effect on number of days required to ripen. The number of days
required at 7O F. for the pears to reach the eating ripe stage after 4 to 6
months in cold storage is shown in Table 43. In general, it is evident that pears
from Plot FE required longer to ripen after 4 months' storage than pears from
Plots D, FL, or F. Except in 1933 the fruits from Plot M required the same
number of days to ripen as those from Plots FL and F. After 6 months storage
there was no significant difference between fruit from the different plots. Fruit
from Plot FE was firmer at harvest due probably to lower water content,
and this is probably the reason why it required a longer time to become ripe.

It will be noted that in the seasons of 1933 and 1934, in which the greatest
water deficit occurred in Plots D and FE, as judged by water content of the
fruit (Table 42), pears from these plots after 4 months storage required dis-
tinctly longer to reach the eating ripe stage than pears from Plots FL and F.
During the 1936 season, in which the least differences between plots occurred,
all fruit required about the same time to ripen. In some seasons the later pick-
ings ripened somewhat more rapidly than the first picking, whereas in other
seasons fruits from all pickings ripened together.

Effect on color development of fruit after harvest. Water deficit
at different times throughout the growing season had little effect on ground
color of the fruit at harvest. The change of color after harvest, however,
varied somewhat with the irrigation treatment. The ground color, as shown
by the color chart, for the different lots at time of withdrawal from cold
storage and after ripening is shown in Table 44. The data show that fruit
from Plot FE, which generally had the greatest water deficit near harvest,
was greener after storage and ripening than fruit from the other plots. This
relation was consistent through each of the five seasons. Fruit from Plot D,
while showing more yellow color than that from Plot FE, was generally slightly
greener than fruit from Plot FL and Plot F. Very little difference was evident
in the ground color of fruit from Plots FL, F, and M, none of which had
an appreciable water deficit near harvest.

Effect on texture and flavor of fruit. Dessert quality as determined
by texture and flavor of the ripened pears is shown in Tables 45 and 46. Al-
though fruits within the same lot were often quite variable, impressions of the
lot as a whole were obtained by cutting and tasting several fruits. As judged
by this method distinct differences between fruit from the different plots were
apparent. When ripened after only 4 months cold storage the fruit was gen-
erally of good texture and fair to very good flavor; when ripened after 6
months cold storage, however, it was sometimes mealy, coarse, and lacking in
flavor. A comparison of quality in the different seasons shows that climatic
conditions apparently affected this character, as all lots were of better texture
and flavor in some seasons than in others. Pears from the 1934 harvest were
of good quality after 6 months cold storage, whereas pears from the 1933
harvest showed excellent quality after 4 months storage but had depreciated
materially in dessert quality after 6 months storage.



Table 43. THE EFFECT OF WATER SUPPLY TO THE TREE ON THE NUMDER OF DAYS REQUIRED FOR ANJOU PEARS TO RIPEN AT 70 F.

Plot D Plot FE Plot FL Plot F Plot M

4
months

Picking Storage

6
months
storage

4
months
Storage

6
months
storage

4
months
storage

6
months
storage

4
months
storage

6
months
storage

4
months
storage

6
months
storage

Days
1932

Days Days Days Days Days Days Days Days Days

2 6 6 7 7 7 7
3 6 5 6 7 7
4 6 5 5 7 7 6

1933
10 6 11 7 8 8 8 10 8
10 7 11 7 S 8 8 8 10 7

9 6 10 7 8 8 8 8 10 7

1934
10 8 8 8 8 8
9 7 8 7 8 7

12 8 8 7 8 7

1935
8 7 9 7 8 7 9 7
8 7 9 8 7 8 7
8 7 9 8 7 8 7

1936
10 8 10 8 10 8 10 8

8 8 8 8 5 7 8 7
8 7 8 8 8 7 8 7

Average number of days to ripen 8.1 6.6 9.0 7.2 8.0 7.1 8.0 7.3



Table 44. EFFECT 010 WATER SUPPLY TO THE TREE ON CoLoR° DEVELOPMENT OF ANJOU PEARS AFTER HARVEST

When
ripe

3.3
3.4
3.8

4

3
23-
3

3+
I4

Plot FL

4 months 6 montlss
storage storage

4 months
storage

6 months
storage

4 months
storage

6 months
storage

As measured by U. S. Department of Agriculture color chart for pears, in which 1 represents dark green and 4 represents light green or yellow.
(The lower the value the greener the color.)

Out
of

stor- When
age ripe

Out
of

stor.
age

When
ripe

Out
of

stor.
age

When
ripe

Out
of

stor.
age

When
ripe

Out
of

Stor. When
age ripe

Out
of

Stor. When
age ripe

Out
of

age ripe
ator. When

Out
of

age ripe
stor. When

2.4
2.6
2.7

3.0
3.0
3.1

2.6
2.8
2.7

3.4
3.7
3.7

2.3
2.0
2.7

3.
3.
3.

2 3 2 3 3 4 3 3+ 2 2 3 2 3
2 3 3 4 3 4- 2 2 3 2 4- 4-t2 3

2 3- 2 3 3 4- 3 3+ 2 4- 2 3 2 4- 3 4-

1 2 1+ 2+ 2- 2+ 2 3 1+ 2 2-
1 2 2 2 2-- 2+ 3 2- 3 2- 2- 2 3-
1 2 1+ 2- 2 2 3- 2- 3 2-- 2+

2- 2 2+ 2+2+ 2+ 2+ 2+
3+ 3

2 2- 3- 3-
2 3- 3 3- 3+ 3+ 3+
2 3- 4 3 4

Pick
ing

Out
of

stor-
age

Out
of

When stor-
ripe age

1932
2
3
4

1933

2.4
2.7
2.8

so 1
o 2

3+ 3
2 3 2
2 3 2

1934

3 2

1935
2
2
2

1936
3

2 3-
3 3

Plot D Plot FE

4 months 6 months 4 months 6 months
storage storage storage storage

Plot F Plot M



PlotD
Pick-
ing Texture Flavor

1933
1 Fairly

juicy,
slightly Sweet,
tough astringent

2 Fah'ly Sweet,
juicy, some slightly
granular aslringent

3 Juicy, Sweet,
few well
granular flavored

1934

2 Juicy, iweet,
lew ighly
granular lavored

3

1935
iweet,

Juicy, rather
slightly stringent,

ranular cid
2 Iweet,

Juicy, slightly
fairly stringent,
smooth well flavored

3
Juicy, Jweet,
fairly well
smooth flavored

1936
Variable, Fairly
smooth to sweet,
mealy astringent

2 Juicy, Sweet,
mostly mostly well
smooth Ilavored

3 Sweet,
Juicy, well
smooth flavored

Table 45. EFFECT OF WATER SUPPLY TO TOIl TREE ON DESSERT QUALITY OF Asjou PEARS AFTER 4 MONTHS STORAGE

Sweet,
welt
flavored

Jweet,
ather

astringent,
risipid

Sweet,
air
lavor

Flavor

Fairly
.jweef,
stringent

iweet,
well
flavored

Sweet,
well
flavored

Texture Flavor Texture Flavor

Fairly

Texture Flavor Texture

Fat rlyFairly
juicy,
some
granular

Sweet, Juicy,
slightly smooth,
astringent buttery

sweet,
slighily
flat

Juicy, sweet, Granular,
smooth, slightly lacks
buttery Ilat juicyness

Fairly
juicy, some
granular

Sweet, Juicy,
highly smooth,
flavored buttery

Sweet,
well
flavored

Juicy,
smooth,
buttery

Sweet,
lacks Juicy,
Ilavor smooth

Juicy,
few
granular

Sweet, Juicy,
highly smooth,
flavored buttery

Sweet,
well
flavored

Juicy,
smooth,
buttery

Sweet,
veil I Juicy,

flavored .moolh

Very Fairly Very Very Fairly
juicy,
smooth,
mellow

sweet, juicy, Fairly juicy, ;weet,
slightly smooth, sweet, smooth, slightly
astringent mellow mild mellow art

Very juicy,
smooth,
mellow

Sweet,
well
flavored

Very juicy,
smooth,
mellow

Medium Very juicy, Medium Very
sweet, mild smooth, -weet, juicy,
to flat mellow .ntld smooth

Very juicy,
smooth,
mellow

Juicy,
firm, some
granular

Very sweet,
highly
flavored

Sweet,
slightly
astringent,
acid

Very juicy,
smooth,
mellow,

Fairly
juicy,

I slightly
granular

Sweet,
mild

Fairly
sweet, Some-
what astrin-
gent, mild

Very juicy, 4edtum
smooth, :weet,
mellow -ather flat

Fairly
juicy, Fairly
slightly sweet,
granular astringent

Juicy, Sweet,
firm, slightly Juicy,
fairly astringent, fairly
smooth well flavored smooth

Sweet,
slightly
astringent,
lacks llavor

Jweet, Variable,
Juicy, nild, granular
fairly acks fo fairly
smooth lavor juicy

Very Sweet, Very
juicy, slightly acid, juicy,
firm, highly mellow,
smooth flavored smooth

Sweet,
mild to
flat

Very juicy,
mellow,
smooth

Sweet,
well
lavored
Fairly

fatrly Mostly
Juicy, :weet, mealy to
smooth astringent granular

Fairly Juicy,
sweet, fairly
astringent smooth

dweet,
rather
astringent

Very
juicy,
smooth

sweet, well Variable,
flavored, juicy to
slightly acid mealy

Sweet, Juicy,
mild to mellow,
flat smooth

Sweet, Variable,
mild to granular
flat to juicy

Very juicy,
mellow,
smooth

Sweet, Mostly
highly smooth, few
Ilavored mealy

Sweet, Very jufcy,
mild to mellow,
flat I smooth

Sweet, I

mild to
flat

Plot FE Plot FL Plot F Plot M



Table 46. EFFECT o WATER SUPPLY TO THE TREE os DESSERT QUALITY OP Asjou PEARS AFTER 6 MONTHS STORAGE

Pick-
ing

Plot D Plot FE Plot FL Plot F Plot M

Texture Flavor Texture Flavor Texture Flavor Texture Flavor Texture Flavor

1932 Mostly Mostly
2

Slightly
sweet,
slightly

Smooth to
slightly

sweel,
slightly Slightly

Slightly
actd, lacks Mostly

Slightly
acid, lacks

mealy astringent mealy astringent mealy flavor mealy flavor
3

Mealy
Sweet,
mild Mealy

Sweet, mild
to flat

Slightly
mealy

Medium Medium
sweet, sweel,
mild to flat .ilealy mild to flat

4

Mealy
Sweet, fair
flavor Mealy

Sweet,
mostly flat

Slightly
mealy

Medium Fairly Medium
sweet, I smooth sweet,
lair o slightly good
flavor nealy flavor

1933
juicy,
Fairly
granular

Fairly
sweet,
astringent

Juicy,
fairly
smooth

Fairly
sweet, good
flavor

Juicy,
smooth,
firm

Fairly
sweet, mild
to flat

Juicy,
smooth,
firm

Fairly Mostly
sweet, mild granular
to flat to mealy

Fairly
sweet,
flat

2 Juicy,
fairly
smooth

Sweet,
well Juicy,
flavored mooth

Sweet,
good
flavor

Juicy,
smooth,
firm

Mild to flat,
fairly
sweet

Juicy,
smooth

Sweet, Fairly Sweet,
mild to juicy, fair
hat smooth tlavor

3 Fairly
Juicy, sweet, well Juicy,
smooth flavored smooth

Very sweet,
highly
flavored

Juicy,
smooth

Fairly
sweel,
mild to flat

Sweet, mild,
Juicy, lacks
smooth flavor

Fairly
juicy, few
mealy

Sweet,
fair to
flat

1934
I

Juicy,
slightly
granular

Acid, fairly
astringent,
sweet

Variable,
smooth to
mealy

Fairly
sweet, lack
flavor

Jutcy, Fairly
'airly sweet, lacks

mooth flavor
2 Fairly

juicy,
smooth to
granular

Sweet,
slightly
astringent,
sprightly

Juicy,
smooth

Sweet,
sligbtl'
astringent,
sprightly

Fairly
juicy
to rather
mealy

Fairly
sweet,
rather
flat

Juicy, Sweet,
mostly mild,
smooth pleasant

Variable,
fairly
juicy to
mealy

Sweet,
rather
flat

3 Very juicy,
smooth,
mellow

Sweet,
highly
flavored

Mostly
mealy

Variable,
Sweet, juicy to
flat mealy

Sweet,
mild to
flat

1935 Fairly Fairly I
Mealy,
dry

Flat, poor
flavor

Fairly juicy
to mealy

sweet,
rather flat

Fairly juicy
to mealy

sweet, Mealy,
mild to flat dry

Flat, poor
flavor

2
Fairly
juicy

Sweet,
fair
flavor

Juicy,
fairly
smooth

Sweet,
well
flavored

Fairly
juicy to
mealy

Fairly I Mealy to
sweet to granular,
flat dry

Sweet,
mild
fair

Granular
to
mealy

Flat
and
insipid

3 Variable,
juicy to
mealy

Sweet,
well
flavored

Fairly juicy,
mostly
smooth

Sweet,
well
flavored

Smooth,
mostly
juicy

Sweet, mild Fairly
flavor juicy,
lair smooth

Sweet,
fair
flavor

Fairly
juicy to
mealy

Sweet,
fair to
flat

1936
mostly
Variable, Poor,

lacks
Variable,
fairly juicy

Astringent,
lacks

Mealy
to

Mostly Flat,
Very mealy poor

mealy flavor to mealy flavor granular poor to dry flavor
2 Fairly

juicy to
mealy

Poor
flavor

Smooth,
mostly
juicy

Sweet,
well
flavored

Mostly
dry to
mealy

Poor
flavor

Mostly
juicy,
smooth

Sweet,
mild to
flat

Fairly
juicy to
mealy

Sweet, flat,
lacks
flavor

3 Mealy
dry

Poor
flavor

Fairly juicy
to mealy

Sweet,
mostly flat

Mealy to
granular

Poor
flavor

Mostly juicy,
smooth

Sweet, mild
to flat
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Comparison of fruit from the irrigation plots in any one season showed
that certain water deficits affected both texture and flavor. Fruits from Plots
FL and F, neither of which had serious water deficits near harvest, were usually
very similar in dessert quality. These pears tended to be juicy, smooth, but
often lacking in sweetness and flavoring constituents; since the texture was
pleasing, however, they were generally acceptable for dessert purposes. With
greater water deficits near harvest, the fruit was firmer when ripe, juicy but
not melting, and the flavor was distinctly richer and sweeter than that of fruits
from the wetter plots. Fruit from Plot D was often intermediate between
Plots FL and FE in these characteristics while Plot FE, which usually had
the greatest water deficits near harvest, was of firmest texture and highest
flavor. The pears from Plot FE were often somewhat astringent, especially
those of the earliest picking each season. A slightly high acidity, as judged by
taste, was also evident in the fruit from Plot FE. Pears from Plot M more
nearly resembled fruit from Plots FL and F than those from the dryer plots.

Differences between pickings in any one season were generally small,
indicating that the picking season for Anjou pears is relatively long. The earliest
picking was not in any season quite equal in quality to the later pickings; only
in the 1936 season, however, was the first picking distinctly immature as
measured by ripening response. The data indicate (Table 40) that a period of
150 to 170 days from full bloom can be relied upon to produce Anjou pears
of satisfactory maturity in the district where these studies were conducted.

Effect on development of Anjou scald. Anjou scald, as described by
Hartman (5), was not a serious problem in this fruit as all of the pears that were
used in the regular experiments were packed in oiled wraps. Fruit ripened
after 6 months in cold storage, however, generally showed some scald and
there appeared to be a fairly consistent relationship between water deficit
in the tree as indicated by rate of fruit growth and the amount of scald
that developed. Table 47 shows the amount of scald on the ripened fruit
after 4 and 6 months storage for each of the five seasons. With a few ex-
ceptions, a greater percentage of the pears from Plots FL, F, and M showed
scald and a greater proportion of surface on these fruits was affected; fruit
from Plot D generally showed the least scald. With the exception of the first
picking in 1936, which was distinctly immature, fruit from Plot FE showed
less scald than that from Plots FL, F, and M. Evidence that scald may be
influenced by factors affecting the rate of fruit growth is shown by the fact
that in 1933, when rate of growth of the fruit in all plots was slower than
in other seasons, no scald appeared in any of the experimental lots, even in
the latest withdrawal; in 1934, when fruit growth was relatively more rapid in
Plots FL and F, severe scald appeared in these lots and in 1936 when no great
water deficits occurred in any of the plots until after the first picking, scald
was apparent in the ripened fruit from all plots. It may be significant that the
mean temperatures of July and August were exceptionally high during the
growing season of 1933, whereas the mean temperatures of these months were
appreciably lower during the growing season of 1936.

During the season of 1935 a special study was conducted to determine the
degree of scald development when the fruit was stored in dry (nonoiled)
wraps and also to determine the effects of delay at higher temperatures before
cold storage. Results of this study in Table 48 show that the relationship
between fruit from the different plots, with regard to scald, was about the same
when the fruit was packed in dry wraps as when it was packed in oiled wraps.
In dry wraps 75 per cent of those from Plot F and 97 per cent from Plot FL



Table 47. EFFEcT OF WATER SUPPLY TO THE TREE AND FRUIT MATURITY ON DEVELOPMENT OF SURFACE SCALD 1N RIPENING AnjoU PEARSt

4 months 6 months
storage storage

4 montlss
storage

6 months
storage

Notes taken on first day pears were considered eating rIpe.
t All data cover pears packed in oiled wraps.
9 No determination of scald after 4 months storage.

4 months 6 months
storage storage

4 months
storage

6 months
storage

4 months
storage

6 months
storage

ing
Pick

Fruits

Per
Cent

A rca Fruits Area its Area Fruits Area Fruits Area Fruits Area Fruits Area Fruits Area Fruits Area Fruits Area

19329

3--..

1933

Per
cent

Per r Per
cent cent

Per
cent

35 4-10 25
75 3-15 75
50 12-15 39

Per Per Per Per Per
cent cent cent cent cent

4-15
2-10
4-8

Per Per
cent cent

45 8-17
80 3-15
44 2-8

Per Per
Cent cent

Per
cent

30
65
47

3-15
3-15
4-7

Per Per Per
cent cent I cent cent

Per
cent

1 ... None ... None None .... p None None 4one None .. Nonc None 18 3-10
2 . None INone None ... None None None None ... None None None
3 .. None ... None None .... None None None None Non - -. - None None

1934
30 2-15 20 6-20 60 3-10 100 3-60 100 2-15 100 8-70

2 ....1None 5-15 None - . -- None 60 3-8 80 3-10 50 3-10 100 5-15 50 2-5 3-20
3 --------- None - None 60 3iS 80 5-15 60 5-15 100 5-60

1935
1.

2
None .. 20 2-5 None -- - 30 2-5 None
None .... 2 3-10 None .... 9 3-10 None

30 5-50 None
52 5-50 I None

30 2-5
12 1 5-10 10 2-5 .Icj

None ... None ... None ... 10 2-5 None 50 i 10-50 None 30 5-10 None 30 3-15
1936

1 None .... 24 5-15 None .... 76 5-15 None 10 2-5 None 4 2-5
2 None ... 32 5-15 None I .... 8 3-10 None 18 2-5 None 24 3-10 None 5-10
3 None .... 4 3-10 None .... 4 3-10 None 4 3-10 None 4 3-10'

Plot D Plot FE Plot FL Plot F Plot M



were affected with scald, whereas 41 per cent from Plot FE and only 17.5
per cent from Plot ID showed scald. The figures show further that a much
higher proportion of the scald in Plots FL and F was of the severe type. The
data indicate that 3 days delay at 65 F. or 10 days delay at 455 F. materially
reduces the incidence of Anjou scald. Such treatment, however, is not justifiable
merely for the reduction of this disease, as it materially reduces the storage life
of the fruit.

Effect on physiological breakdown. During the course of the investiga-
tions a physiological breakdown was encountered that does not appear to have
been described in previous publications. This condition is characterized by a
watery appearance in the vascular tissue and a mealy condition in the surround-

Figure 27. The type of physioloica1 breakdown herein described as "internal breakdown."
It was most prevalent in fruit from plots suffering severe water deficits late in season.

ing flesh (Figure 27). In later stages the cortical tissues turn brown and
complete internal collapse occurs, accompanied by surface cracking. The condi-
tion is not to be confused with overripeness, as it often occurred to a large

ANJOU PEAR RESPONSES TO IRRIGATION 93



Table 48. EFFEcT OF TYPE OF WRAP AND DELAYS BEFORE STORAGE ON THE DEVELOPMENT
OF Anjou SCALD AND BREAKDOWN

Dry wraps, immedi-
ate storage

Fruits showing

24 40

Withdrawn from cold storage on March 1, 1936.
Delayed fruit ripe at 5 days; immediate ripe at 8 days.
Percentage based on 25 fruits cut.

94

Fairly juicy, some
mealy, fair flavor.

Juicy, fairly mellow,
good flavor.

Fairly juicy, smooth,
rather tasteless.

Fair flavor and texture.

Fairly good texture
and flavor.

Good texture and fair
to good flavor.

Fair to good texture,
fair flavor.

Fair flavor and texture.

40 Very poor, dry.

0 Inedible.

24 Sound fruits fairly good
texture and flavor.

Sound fruits
mealy and flat.

Dry and tasteless.

Inedible.

Mostly mealy, few
fairly juicy.

Sound fruits moder-
stely juicy and good
flavor.

32 52 Dry and tasteless.

80 20 Inedible.

32 40 Mostly mealy)
few fairly juicy.

36 52 Sound fruits fairly
uicy and good.

Plot F 47 30 45

Plot FE 68 12 29

Plot FL 68 53 44

Plot D 75 1.5 16

Oiled wraps, imme- 1

diate storage
PlotF 43 0 12

Plot FE 58 0 8.6

Plot FL 50 8 44

Plot D 50 0 2

Oiled wraps, delayed
3 days at 65' F

Plot F 48 0 8.3

Plot FE 64 0 3.1

Plot FL 67 0 18

Plot D 75 0 0

Oiled wraps, delayed
10 days at 45' F.
Plot F 48 0 0

Plot FE 68 0 0

Plot FL 68 0 4.4

Plot D 75 0 0

Dry wraps, delayed
10 days at 45' F.
Plot F 47 13 36

Plot FE 70 5.7 23

Plot FL 67 13 34

Plot B 74 0 5.4

Scald when

Packing
Fruits
exam

ripet

Severe Slightand storage med

Number Per cent Per cent

28 56

68 32

56 28

44 20

0

0

Breakdown
when ripe

Condition when ripeSlightSevere

24

20

56

100

56

Per cent I Per cent

0 0

4 4

12 4

4 0

24 4

44 4



'o

Breakdown of the watery vascular, mealy flesh type, called 'internal breakdown."
t Notes taken on first day pears considered eating ripe.

Table 49. EFFECT OF WATER SUPPLY TO THE TREE AND FRUIT MATURITY ON DEVELOPMENT OF PHYSIOLOGICAL BREAKDOwN IN RIPEN1NGt ANJOU PEARS

Pick-
ing

Plot D Plot FE Plot FL Plot F Plot M

4 months
storage

6 months
storage

4 months
storage

6 months
storage

4 months 6 months
storage storage

4 months
storage

6 months
storage

4 months
storage

6 months
storage

Ser-
ious Slight

Ser-
ious Slight

Ser-
ious Slight

Ser-
ious Slight

Ser-
ious Slight

Ser-
ious

Ser-
Slight ious

I

Slight
Ser-
ious Slight

Ser-
ious Slight

Ser-
ious Slight

Per Per Per Per Per Per Per Per Per Per Per Per Per
i

Per Per Per Per Per Per Per
cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent

1932
2 NonL None 1 2 None None 4 8 None None None None None None None 1
3 None None None None None None 5 9 None None None None None None None 2
4 Nom.. None 4 3 None Nonu 19 19 None None None 1 None None None None

1933
1 NOnC lone 20 I 54 None Nom 4 50 None None None 12 None None None 16 None None 4 16
2 None lone 18 48 None None 50 46 None None 8 38 None lone None 10 None Nonu None 32
3 None lone 22 50 None Nonc 2 18 None None None 20 None lone None 8 None Nonc None 64

1934
1 None None None Nonc None None None None None None None lone None None .
2 None None None None None None None None None None None None None None None 10 None 10 lone 30
3 None None None NonC None None None None None None Non lone None None

1935
1 None None 100 None None None 60 None None None 10 10 None None 30 None
2 None None 20 None None None 44 4 None None 24 None None None 24 4 None None 50 10
3 None None 40 20 None None 30 20 None None 30 20 Non lone None 10 20 10

1936
1 None None 24 8 None None None 4 None 5 22 14 None lone None None - - - -

2 None None 32 20 None None 22 8 None 5 6 6 Nonc lone 4 6 None None
3 None None 62 18 None None 30 26 None None 50 22 Nonc lone None
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degree before the fruit had attained the dessert stage. For the purposes of this
publication it has been termed merely internal breakdown" as it was the only
type of breakdown, aside from that due simply to overripeness, that was en-
countered during the course of these investigations.

The internal breakdown was rarely found in fruit ripened after 4 months
cold storage but was common in fruit ripened after 6 months storage, at which
time serious breakdown often appeared with, or previous to, the eating ripe
stage. In Table 49 are shown the amounts of internal breakdown encountered

Percentages based on 20 fruits cut.
I Percentages based on 50 fruits ..cut.

in the different lots after 4 and 6 months storage in each of the five seasons.
Although the data are not entirely consistent, there appears to be a relation
between water deficit in the tree and internal breakdown of the fruit. Pears
from Plot F showed less internal breakdown than those from Plot FE in every
examination made. With one exception, fruits from Plot FL also showed less
of this disorder than those from Plot D. It appears probable that an inter-
related group of factors such as water supply to the tree, temperature, and
evaporating power of the air during the growing season, are concerned in the
tendency to internal breakdown. It is apparent from the data in Table 49 that
there are seasonal differences in the development of internal breakdown as
well as differences between plots in arty one season. It will be noted that the
least breakdown was found during the seasons of 1932 and 1934. Reference to
Table 4.2 shows that the lowest accumulation of heat, as measured by degree

Table 50. DEVELOPMENT OF PHYSiOL0GIc.\L BREAKDowN IN ANJOU FEARS
AFTER STORAGE AND RIPENING

Date withdrawn from cold storage
and days in ripening rooms

Physiological breakdown-
Plot D Plot FE Plot FL Plot Fat 70 F.

Per cent Per cent Per cent Per cent
JANUARY 8, 1934
9 days rsPenno

1st picking None None None None
3d picking None None None None
3d picking None None None None

FEBRUARY 15, 1934
8 days rieniIsg

1st picking 15 5 5 5
2d picking None 80 50 15
3d picking 10 None 45 None

13 days rienisg
1st picking 30 35 25 40
2d picking 10 60 50 10
3d picking 20 35 40 5

MARCH 31, 1934
7 days npeising

1st picking 74 54 12 16
2d picking 66 96 46 10
3d picking 72 20 20 8

10 days ripenino
1st picking 80 32 4 20
2d picking 56 84 12
3d picking 88 24 40

Average breakdown 34.7 35.0 23.3 9.3-
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hours above 4O F. occurred in these two seasons. This is consistent with the
fact that, in any given season, those plots that had the more rapid rate of
growth showed the least internal breakdown.

Table 50 shows the development of internal breakdown in pears of the
1933 harvest that were ripened after different intervals in cold storage. When
withdrawn from storage on January 8 these fruits showed no breakdown when
ripe. Pears of the February 15 withdrawal showed considerable breakdown
after 8 days at 70 F. It will be noted, however, that the percentage increased
only slightly in the period between 8 days and 13 days at 70 F. This indicates
that certain fruits in each lot that had potential breakdown at withdrawal had
mostly reached this condition after 8 days and the remaining pears in each
lot ripened normally. An increased percentage of breakdown was found in
fruit withdrawn on March 31. The examinations at 7 days and at 10 days
again indicate that most of the internal breakdown was evident at the end
of the initial period.

Reference to Table 48, in which are shown comparisons of internal break-
down after immediate cold storage and delayed cold storage, shows that delay
at a higher temperature before cold storage materially increased the amount
of breakdown occurring in the ripened fruit. It will be noted also in the same
table that more internal breakdown occurred in the immediately stored fruit in
oiled wraps than in the immediately stored fruit in dry wraps. Throughout
the study there are indications of an inverse ratio between scald and internal
breakdown. The lots from Plots D and FE, which usually showed more
internal breakdown, showed less Anjou scald, and in 1932 and 1934 when scald
was relatively severe, there was little internal breakdown.

DISCUSSION

In the results reported, differences between plots are not entirely con-
sistent in any one season and vary widely between seasons. Certain trends,
however, are sufficiently apparent to indicate that water deficits at certain per-
iods during the growing season significantly affect the storage life and dessert
quality of the fruit.

That the proportion of water to total dry matter in the fruit at harvest
is affected by water supply to the tree has been well established by Aldrich (1),
Haller and Harding (4), Jones and Colver (9). Ryall and Aldrich (16), and
the investigations herein reported. The possibility that this effect on composi-
tion is reflected in the firmness of the fruit as measured by the pressure test
is indicated in results of Magness, Diehl, and Allen (13), Ryall and Aldrich
(16), Haller and Harding (4), and is further substantiated by the present
investigations.

The data indicate that the period required for the fruit to ripen is affected
by the water deficits in the tree near harvest. Since temperature and evaporating
power of the air are related to the water deficits in the tree, it is impossible
to separate them entirely. It appears, however, that in seasons of greatest
water deficit the fruits from Plots D and FE required the longest time to
reach the dessert stage.

Magness and Ballard (11) found that the respiratory activity of Bartlett
pears (at 60° F.), grown under relatively cool conditions with ample water
supply, was greater than the activity of those grown under high temperatures
and with restricted water supply. Determination of carbon dioxide output of
similar pears at 30° F., however, indicated that the relation was the reverse
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of that at óO F. Since all of the CO2 determinations included in this study were
made at 312 to 322 F., the relation found; namely, that fruits from those plots
having the greatest water deficits near harvest evolved CO2 more rapidly, ap-
pears to be consistent with the findings reported by Magness and Ballard.

Comparative dessert quality of the pears was rather difficult to determine,
because characteristics of flavor that appealed to one taste sometimes did not
appeal to another. Nevertheless the persons who sampled the pears compared
in this study were practically unanimous in the opinion that those from Plot
FE had the most desirable flavor. This fruit, from trees that had a distinct
water deficit near harvest each season, had more sweetness, flavor, and character
than fruit from any of the other plots. Pears from Plot D were usually ranked
next in sweetness and flavor, whereas those from Plots FL and F, while desir-
able in texture with juicy, melting flesh, were often lacking in sweetness and
flavor.

Although Anjou scald is not a serious problem when the pears are packed
in oiled wraps, sufficient scald appeared during late-season ripening to indicate
that fruit from the plots with a plentiful water supply near harvest developed
more scald than fruit from those plots with restricted water supply near
harvest. Although the causes of Anjou scald and common storage scald of
apples do not appear to be identical, the two diseases are similar in appearance
and both can be controlled with oiled wraps. It is interesting to note that Hailer
and Harding (4) found more scald in apples from irrigated plots than in those
from nonirrigated plots. This is consistent with the results shown in this report.

The internal breakdown described is distinctly a physiological disorder,
although it is quite different from "core breakdown" as often found in Bartlett
pears. Although it appears possible that the internal breakdown might have
been associated to some degree with peculiar soil or growth conditions in the
orchard from which the experimental pears were obtained, there was a fairly
consistent relation between the results from different plots, indicating that fruit
from trees with the greatest water deficits developed more internal breakdown
than that from trees having more available water.

Haller and Harding (4) have found that apples of the varieties tested
were more susceptible to physiological breakdown when grown under irrigation
than when grown with more restricted water supply. Ryall and Aldrich (16)
have reported that Bartlett pears grown on 'wet" trees developed more core
breakdown upon ripening than fruits grown on "dry" trees. Under the condi-
tions of this experiment, however, less internal breakdown developed in Anjou
pears grown on the trees with a nearly adequate water supply than on those
in which distinct water deficits occurred at some time during the growing
period.

SUMMARY OF PART II

Firmness of the fruit at harvest time, as measured by the pressure tester,
was usually affected by the magnitude of the water deficit in the tree near
harvest. Fruit from trees having the least water deficit near harvest time usually
showed a slightly lower pressure test during the picking period.

The water content of the fruit at harvest time was affected by the
magnitude of the water deficits in the tree near harvest, those having the
greatest water deficits showing the lowest water content.

Respiratory activity of the fruit while stored at 310 F. was somewhat
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greater in pears from the plots that had the greater water deficits near harvest
than in those that had smaller water deficits.

The ground color of the fruit from different plots, although not materially
different at harvest time, was frequently different after storage and ripening.
in general, fruit from those plots having the greatest water deficit in the trees
near harvest developed the least yellow color on ripening.

There was generally a distinct difference in dessert quality between fruit
from the plots with slight water deficits near harvest and those with appre-
ciable water deficits near harvest. Fruit from the trees with greater water
deficits was inclined to be more astringent, more acid, and more highly flavored,
with a somewhat firmer texture; while fruit from plots with only slight water
deficits in the trees was mild, sweet, and not highly flavored but had a smooth,
juicy texture.

The development of scald in storage, although not an important problem
when the fruit was packed in oiled wraps, was usually more evident on fruit
that had the most rapid growth rate late in the season as the result of sufficient
water supply and in seasons when weather conditions were favorable to rapid
growth.

A type of internal breakdown often found in ripe fruit of the late with-
drawals was found to be somewhat more prevalent in fruit from the plots with
the greater water deficits near harvest. This trouble was least prevalent in pears
from the plot that had frequent irrigation throughout the season.
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IRichard Shuman, D.V.M Junior Veterinarian, Bureau of Animal Industriesr

Otto
L. Montgomery, D.V.M Junior Veterinarian, Bureau of Animal Industries"
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STATION STAFF(Contiisised)

Division of Plant Industries
G. R. Hyslop, B.S Agronomist; In Charge, Division of Plant Industries

Farm Crops
H. A. Schoth, M.S Agronomist; Division of Forage Crops and Diseases
D. D. Hill, Ph.D Agronomist
R. E. Fore, Ph.D Associate Agronomist
H. H. Rampton, M.S Assist. Agronomist (Division of Forage Crops and Diseases)'
L. E. Harris, M.S Assistant Agronomist
H. E. Finnell, M.S Assistant Agronomist
Elton Nelson, P.S Agent, Division of Cotton and Other Fiber Crops and Diseases
Louisa A. Kanipe, B S Junior Botanist, Division of Seed Investigations

- A. E. Gross, M.S Research Assistant (Farm Crops)
L. R. Hansen, M.S Research Assistant (Farm Crops)

Food Industries
E. H. Wiegand. B.S.A Technologist in Charge
T. Onsdorf, M.S Assistant Technologist
E. \V. Harvey, M.S Research Assistant (Food Industries)
II. J. Allgeier Assistant Technologist

Rortscuitiire
'IN. S. Brown, M.S., D.Sc Horticulturist
H. Hartman, M.S Horticulture (Pomology
A. G. B. Bouquet, M.S Horticulturist (Vegetable Crops
C. E. Schuster, M.S Horticulturist (Division of Fruit and Vegetable Crops and

Diseases)"
\V. P. Duruz, Ph.D Horticulturist (Plant Propagation)
G. F. Waldo, M.S Associate Pomologist (Division of Fruit and Vegetable Crops

and Diseases)
E. Hansen, M.S Assistant Horticulturist (Pomology)

Sin1 Sciessce
V. L. Powers, Ph.D Soil Scientist in Charge
C. V. Ruzek, M.S Soil Scientist (Fertility)
M. R. Lewis, C.E Irrigation and Drainage Engineer, Soil Conservation
R, E. Stephenson, Ph.D Soil Scientist
E. F. Torgerson, B.S Associate Soil Scientist (Soil Survey)
J. M. Haley, B.S Assistant Irrigation Engineer, Cooperative Agent, Soil

Conservation Service
James Clement Lewis, M.S Research Fellow (Soils)

Agricultural Chemistry
7 [. S. Jones, M.S.A Chemist in Charge

}&. H. Robinson, M.S Chemist (Insecticides and Fungicides)
I J. R. Haa0, Ph.D Chemist (Animal Nutrition)

D. E. Bullis, M.S Associate Chemist
M. B. Hatch, M.S Assistant Chemist
L. B. Wright, M.S Assistant Chemist

Agricultural Engineering
F. E. Price, B.S Agricultural Engineer in Charge
\\J M. Hurst, M.A Agricultural Engineer, Bureau of Agricultural Chemistry

and Engineering"
H. R. Sinnard, M.S Associate Agricultural Engineer (Farm Structures)
C. I. Branton, B.S Assistant Agricultural Engineer

R. Stafford Engineering Aid, Bureau of Agricultural Chemistry and
Engineering"

F. Carnes, B.S Junior Agricultural Engineer, Bureau of Agricultural Chemistry
and Engineering"

L. M. Klein, B.S Mechanical Engineer, Bureau of Agricultural Chemistry and
Engineering

Bacteriology
G. V. çopson, M.S Bacteriologist in Charge
J. E. Simmons, M.S Associate Bacteriologist
W. B. Boilers, Ph.D Associate Bacteriologist

Entomology
D. C. Mote, Ph.D Entomologist in Charge
J. C. Chamberlin, Ph.D Associate Entomologist (Division of Truck Crops

and Garden Insects)"
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STATION STAFF(Coistinued)
B. G. Thompson, Ph.D Associate Entomologist
S. C. Jones, M.S Assistant Entomologist
K. W. Gray, M.S Assistant Entomologist
H. E. Morrison, M.S Assistant in Entomology
Joe Schuh, M.S Assistant in Entomology
A. E. Brown, B.S Junior Entomologist (Division of Truck Crops and

Garden Insects)"

Home Economics
Maud M. Wilson A.M Home Economist
Helen McCullough, M.A Assistant Home Economist

Plant Pathology
C. E. Owens, Ph.D Plant Pathologist in Charge
S. M. Zeller, Ph.D Plant Pathologist
F. P. McWhorter, Ph.D Plant Pathologist"
B. F. Dana, M.S Plant Pathologist (Division of Fruit and Vegetable Crops

and Diseases
B. Bailey, M.S Associate Plant Pathologist (Insecticide Control Division

P. W. Miller, Ph.D Associate Pathologist (Division of Fruit and Vegetable
Crops and Diseases

R. Hoerner, M.S Agent (Division of Drug and Related Plants
C. G. Walton, B.S Agent (Division of Drug and Related Plants
John Milbrath, Ph.D Assistant Plant Pathologist

Publications and News Service
C. D. Byrne, M.S Director of Information
K. T. Reed B.S., A.B Editor of Publications
D. M. Good'e, M.A Editor of Publications
J. C. Burtner, B.S Associate in News Service

Branch Stations

L. Childs, A.B Superintendent, Hood River Branch Experiment Station, Hood River
F. C. Reimer, M.S Superintendent, Southern Oregon Branch Experiment

Station, Talent
D. E. Richards, B.S Superintendent, Eastern Oregon Livestock Branch

Experiment Station, Union
H. K. Dean, B.S Superintendent, Umatilla Branch Experiment Station

(Division of Western Irrigation.Agriculture), Hermiston"
Obil Shattuck, M.S Superintendent, Harney Branch Experiment Station, Burns
H. B. Howell, B.S Superintendent, John Jacob Astor Branch Experiment

Station, Astoria
Arch Work, B.S Associate Irrigation Engineer (Division of Irrigation),

Mcdford"
G. A. Mitchell, B.S Superintendent, Pendleton Branch Station (Dry Land

Agriculture), Pendleton"
K. B. Platt, M.S Superintendent and Assistant Range Examiner (Division of

Grazing)- Squaw Butte Range Experiment Station, Burns"
R. G. Johnson, B.S Leader of Livestock Research Projects, Squaw Butte Range

Experiment Station, Burns
M. M. Oveson, M.S Superintendent, Sherman Branch Experiment Station, Moro"
K. S. Degman, Ph.D Superintendent and Associate Pomologist, (Division of

Fruit and Vegetable Crops and Diseases), Medford"
G. G. Brown, A.B., B.S Horticulturist, Hood River Branch Experiment Station, -

Hood River
L. G. Gentner, M.S Associate Entomologist, Southern Oregon Branch

Experiment Station, Talent
5. F. Martin, M.S Assistant Agronomist (Division of Cereal Crops and

Diseases), Pendleton"
It. E. Hutchison, M.S Assistant Superintendent, Harncy Branch Experiment

Station, Burns
Bruce Allyn, B.S Jenior Irrigation Engineer (Division of Fruit and =

Vegetable Crops and Diseases), Medford"
J. R. Kienholz, Ph.D Junior Pathologist (Division of Fruit and Vegetable

Crops and Diseases), Hood River"
It. \V. Henderson, B.S Research Assistant, Sherman Branch Experiment

Station, Moro
R. D. Frichtel, B.S Junior Range Examiner (Division of Grazing), Squaw

Butte Range Experiment Station, Burns
Joseph Belanger, B.S Cooperative Research Agent, Conservation Experiment

Station (Division of Soil Conservation), Moro"
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