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Relation of Light Intensity to Fruit Setting
in the Sour Cherry.

G. F. Gray

The validity of results secured in pollination experiments
in wnich bees were excluded by cheesecloth or wire screens has
been open to some doubt because of the possible effects of the
screens in intercepting lignt and thereby affecting the metabo-
lism of the trees. This paper sets forta the results of a study -
of the effects of tne screens., Since some advantage would arise
from the use of a self-fruitful variety and since results from
the use of screens had already been reported on this variety (4%)

the llontmorency cnerry was used in this study.

Review of Literature

Tne various factors that nave a direct or indirect bearing
on tne setting of fruits have been discussed by a number of
investigators. Tne importance of bees as pollenizing agents
have been set forth in a number of instences, (1), (15), (2),
(53), (s6), (30), (40), (41), (43), (46), Gardner (23) states
that the honey bee is probably more important in this connection
than all the wild forms put together. In a series of very com-
prenensive pollination studies in South Africa, Reinecke (48)
found that next in importance to bees are the syrphid flies.
The investigations of Waugh (57), Lewis and Vincent (38), Howlett
(29), Murneek (43), and others show that wind is of no direct
importance in bollen distribution in fruit trees. Reinecke (48)
states that wind may adversely affect the set of the stone fruit

crop by increasinz the rate of transpiration. -
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Lack of fertilization from self pollination, especially with
self-sterile varieties, nas been attributsd to slow zrowtn of the
pollen tube throusn the stylar tissue by Osterwalder (44), Dorsey
(14), Crane (9), and Chittenden (6). Slow growth of the pollen
tube may be caused by low tcmpereture (15), (31), (6), by the
presence of an inaibitor (17), or by the absence of acceleration
rather than the presence of an innibitor (20), (21), (18), (19),
(8). Sandsten (51) reports that in most plants pollen tube growth
was not affected by sunsanine, the tomato being one exception ob-
served wnere cloudy weatner decidedly retarded pollen germination
and growta. ¢

A number of investigatars, (28), (3), (5), (55), (4), (23),
and (49) report that most sour cherry varieties are nigaly self-
fruitful and set good crops without cross pollination. Schuster
(53) states that the Montmorency variety, so far as testcd, was
self-sterile. On the otaer hend, Crane (9) found that not all
varieties are self-fertile. Einset (22) found that while some
varieties are nearly self-unfruitful, others, includinz lMontmor-
ency, appeared to be self-fruitful.

Most investigators believe tnat, in the majority of cases,
the growth and development of the younz fruits ceases when embryo
abortion occurs or shortly tnereafter. Crane (10), however,
states: "Considering the numerous cherries which reach maturity
without developing perfect seeds, in many practically only tne
empty seed coats remaln, it is safe to conclude that if embryonic
growta is not arrested until a fairly late stasze the fruits, if

favorable conditions prevail, are able to remain and reach maturity.'

Miss Bradbury (4) end Dorsey (16) found taat suppression of the






embryo sac takes place even before bloom. Knowlton and Sevy (31)
assume that low temperatures wnich retard pollen tube growth may
delay embryo abortion for a snort time but not indefinitely. It
was observed by Miss Bradbury (3 , 4), Detjen (1l1), and others
tnat fertilization had occurred in a large number of fruits that
dropped. It 1s the opinion of many investigators that tahe lack
of some nutritional substance or substences is responsible for em-
bryo abortion)though no definite experimental evidence is available
wnich proves eithner carbonydrates or nitrogen to be the limiting
factor. Mﬁller-Thurgau (42) demonstrated, by ringing experiments,
as early as 1897 that nutrition is one of the factors affecting
the setting of fruit of the grax;e. Harvey &g Murneek (27) emphasize
the importance»of carbonydrates. MacDaniels and Heinicke (40)
state that "IA addition to water and soil nutrients the developing
fruits require large amounts of carbohydrate and other food manu-
factured by the leaves." Petri (45), according to Chandler (95),
seemed to find with the olive that an insufficient nitrogen supply
resulted in an abortion of the ovaries and a dropping of the fruit.
Althougn it is recoznized that photosynthesis plays an import-
ent part in maintaining tree vigor, tne relation of different degrees
of light intensity to fruit setting or development has received but
little experimental attention. It has been assumed, however, that
a reduction in light intensity, as with continued cloudy weather or
snading, might affect the set of fruit. Howlett (27) found that
bazzing tne flowers after self- and cross-pollinations did not appear
to reduce tne set wnen compared with the flowers left without cover-

ing. Shoemaker (55) stetes that "abnormal conditions such as tempera-






ture and snading under bags or tent may have exerted a detrimental
effect on the setting of fruit."” Dorsey (15) reports that, "other
conditions being favorable, cloudiness does not prevent the setting
of fruit." Gourley (25) and Gourleyf:ﬁNightingale (26) shaded fruit
trees for tne purpose of studying the effect of shade on fruit bud
differentiation. Comparative intensities were measured by the use
of photographic paper. After analyzing samples from these trees
Kraybill (35) states that shading is probably effective tarough
reducing carbon assimilation or increasing nitrogen intake or by
both actions. Roberts (49) and Roberts & Langord (50) found that
shading cherry trees gave a tremendous reduction in set over trees
not shaded but did not report how much the lisant was reduced by
snading.
Statement of Problém

From the information that was available at the beginning
of this experiment it was assumed that reduction in light intensity
might affect the set of fruit by retarding, .(1) bee activity ,thus
reducing the percentage of blossoms pqllinated, (2) the rate of
pollen germination and (3) pollen tube growth; and (4) by increasing
the amount of embryo abortion due to a change of nutritional con-
ditions. It was the purpose of this experiment to determine, if
possible, which, if any, of these factors is influenced by a reduc-
tion in light intensity.

Experimental Metnods

It was realized at the outset that in a stuly of this nature

a large number of trees could not be used; therefore, it was neces-

sary to have trees as nearly uniform in size and vigor as possible



and not too widely scattered, yet so situated that the shade
from the caze over one tree would not fall upon another tree
under tne treatment. With this in mind, in the sprinz of 1930,
six mature trees in tne cultivated liontmorency block of the
college orcnards at Zast Lansing were chosen and treated as
follows:

Tree 1. Check

Tree 2. Completely enclosed with wire screen to exclude
bees and otner pollinating insects (Fig. 1)

Trees 3 and 4. Enclosed in one large cage as No. 2 with
a small colony of bees placed inside. (Fig. 2) The screen was
removed from Tree No. 4 immediately after petal fall.

Trees 5 and 6. Covered with nmuslin and burlap, respectively,
ovar tne top and nalf way down on taree sides, leaving the norta
side open (Fig. 3). Tnus several degrees of lignt intensity were
secured.

All cages were 18 ft. square and 14 ft. nigh. Tnese were
placed over the trees just before the blossoms opened, and, with
the exception of that over Trece 4, were removed at the end of
tne second wave of drons., Tnhe end of this wave of drops, as well
as tne trend of the drorping of fruits, was determined by gather-
ing the dropped fruits daily on screens placed under the check
tree (Fig. 1) in the manner described by Detjen (11).

In 1931 this exneriment was repeated at tnhe Graham Horticul-
turel =xperiment Station near Grand Rapids upon fully developed,
nore vigorous trees upon wnich production records were available.

Tne treatment of the trees was the same as that of tne previous






season,althouzn since the limbs were closer to tne ground it
was necessary to lower the sides of the cages on trees 52:(16
Fig. 4) The trees were covered before the fruit buds opened
or about four weeks before full bloom.

For a third season's records on shading, the work was re-
peated in the college orchard at East Lansing in 1932. Four
trees were used, two as checks and two shaded as before, one
each snaded with muslin and burlap. Tnhe shades were erected
one week before full bloom.

To cneck on bee activity, hand pollinations were made on
a number of blossoms in 1930 on the shaded trees. Hand pollina-
tions on the other trees were not made due to the rapidity of
opening of the blossoms after being retarded by cool'weather.
Blossom counts were made in all trees for fruit set records.

No hand pollinating was done in 1931. Records on nomal set from
bee pollinations were made and considerable time was devoted to

a study of bee activity under the shades and in the open. 1In
1932 records were taken on both normally and hand pollinated
blossons.

The pollen used for all hand pollinations was a composite
semple teken from blossoms of trees not used in the experiment.
It was collected by gently rubbing the blossoms over a wire
screen, thus combing off the anthers into petrl dishes, then
stored at room temperature until the anthers had dehissed. The
pollen was then stored in vials loosely stoppered with cotton.
For the most part, pollen was collected the day before it was

5L
to be used, although some was collected several days earl& from



blossoms which had been forced open in the laboratory. Wnhere

a great amount of pollination work is to be done, large amounts
can be collected and stored for a considerable length of time,
according to Kosemanoff (52)}who found that pollen of almost

all sweet and sour cherries remained germinable in a desiccator
over CaCls more than 107 dgys and that by this kind of storage
an after ripenin> and an increase of germinability of the pollen
ocecurs, with optimum between 27-40 days.

All pollen that was used was tested for germinability in
12 per cent sugar solution. Although no counts were made in 1930
and in 1932, the tests snowed good germination. In 1931 germina-
tion tests were made of the samples used for pollination and alsc
of samples taken from each of the trees under treatment.

Temperature and humidity records were secured with hyzsro-
thermograpns both in the open and under the burlap shade during
the seasons of 1930 and 1931 and only in the open in 1932. Records
were also kept of the general weather conditions.

Lignt intensity measurements were secured with a Macbeth
Illuminometer (57))using the horn attachment with transluscent
disc directed toward the lizgnt source. It was realized that
light intensity would vary from day to day and in fact within
a few minutes during the day. Readings were therefore taken at
four periods durinz the day as follows: 9 A. M., 11 A. M., 1 P. M.,
and 3 P. M., every day except in rainy weabher. These readings
were teken in 1930 in the open to get total available sunlight
and in the trees subjected to the four treatments: check, wire

screen, muslin, and burlap. The relative positions in the tree



at wnhich the readinzgs were teken were approximately 8 feet above
the ground at three differemnt points around the tree and approxi-
mately half way between the trunk and the outer ends of the
branches. Readinzgs were taken near the top of the cages on
several clear days to detemine the reduction in light intensity
by the wire sereen and cloth.

In 1931, light intensity readings were teken as in the
previous season and in addition readings were tzken approximately
4 feet below the top of each cage, thereby securing the daily
range of intensity transmitted by each screen. It was observed
during the mid portion of the season that wind and rains had
opened up the burlap mesh to such an extent that there was little
or no difference in light transmission between it and the muslin,
yet it seemed that there was considerable difference in inteasity
under tne two shades. 1In order to measure this difference the
testinzg disc in the horn of the illuminometer was held in a
vertical plane, instead of at right angles to the source of lignt,
and directed toward the four points of the compass. Tnese
"vertical plane readings" as they will be termed in the following
discussion were expected to give some index of thne relative in-
tensity of thne diffused light under the several treatments. This
then gave three sets of readings, namely, (1) total light, or
that transmitted by the screens, (2) the amount of light within
the tree, and (3) vertical plane readings or diffused light.

These tnree sets of readinzs were taken also in 1932, using

new burlap for that treatment.



As mentioned above, a number of investigators believe
that unfavorable nutritional conditions are responsible for
tne dropping of immature fruits. It has also been demonstrated
that leaf area has close relationsnip to the amount of food
synthesized by tne plant. For comparison with effects produced
by shading in 1932, several branches were partly defoliated on
one of tne check trees, 60 per cent of the leaves being removed
as soon as they nad separated sufficiently in the cluster to
reveal the number. Anotner tree was given less severe defoliation.
This was a small tree one-nalf of which was left normal while
40 per cent of the foliage was removed from tne other nalf.
Counts were made on both hand pollinated and normal blossoms.

Observations were also made on bee activity and pistil
receptivity.

Analytical Methods

It was realized that large samplings of leaves could not be
taken without materially affecting the nutritional balance of the
tree and especially the branches upon which the blossom counts were
made. Tnerefore no leaves were removed from the branches tagged
for fruit set records and histological studies. A sample of
leaves was collected May 24, 1930, from each of tne trees for
carbohydrate analysis and moisture determinations. Since the
results of this preliminary analysis were rather striking}samples
were collected more frequently in 1931, Leaf samples were collected
from all trees at 5 A. M., 12 L., and 6 P. M., on May 21, also at
12 Mf. on June 8, and July 7. Tne last collection was just before

harvest and a month after the cages had been removed. On June 7,



-10-

1932 ,two lots of leaf samples were collected, one at 5 A. I.,
and one at 6 P. .

All leaf samples were preserved in alcohol, about 80 per
cent, by boiling in a water bath 45 minutes. Determinations were
made on free reducinz substances and total sugars by the titration
method of Shaeffer and Hartman with several modifications. The
nature of the material made it impossible to filter, after evaporat-
ing of f the alconhol and taking up with water, before clarifying
with lead subacetate. They were, therefore, clarified without
filtering. It is possible that some of the sugars were tarown dowﬁ/'
by the clarifyinz agent but as all samples were treated in this
way the results should be comparable. Another modification of the
Schaeffer and Hartman method was in tre reduction of Fehling solu-
tion. Instead of being boiled over a direct flame, the samples
were reduced in a water bath at 80°C. for 30 minutes, as described
by Quisumbing and Taomas (47).

In addition to the carbohydrate analyses mentioned above it
was planned to make analyses of starch and hemicellulose on the
dried and ground residue from the alcohol extracts. A sligat
sliminess made difficult the filtration of the samples teken early

-~

in the season. Tnis was probably due to the presence of certain
gums and resins which‘increased as the season advanced, so that
the residues from samples teken later in the season, after being
soaked in water about three hours, were gummy gelatinous masses
wnich could not be filtered even after being centrifuged 15 or 20
minutes, Since the standard methods of analysis could not be

used for starcnh determinations on tnese samples they are not in-

cluded in this paper.
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Histologzical llethods

To determine the possible effect of lisnt intensity on
pollen germination, pollen tube growtn, fertilization, and embryo
development, a number of blossoms were emasculated in the "full
balloon™ stage, care being taken to use only those blossoms tiat
anppeared to nave perfectly normal pistils and in es neer a
uniform staze of advancement as possible so they would all become
receptive at approximately the same time. In 1931, sanples were
collected at 12 hrs., 24 ars., and 2, 3, 4, 5, 10, 15, and 21
days after pollination. 1In 1932, samples were collected at 9 hars.,
24 ars. and 2, 3, 4, 5, 6, 8, 10, and 15 days after pollination.

As soon as aborting fruits could be distinguished from te normal
fruits they were collected separately. These samples were killed
in alcohol-formalin-acetic acid killinz solution and later imbedded
in paraffin for sectioninz. Sections were cut at 8 and 15 microns
until it was found that the thicker sections were better for pollen
tube studies.

Of the several stains tried, including Delafield's haema-
toxylin, Delafield's haematoxylin and liznt green, acid fuchnsin,
acid fucnsin and lignt green, and acid fuchsin and metayl green,
acid fucnsin and lignt green gave tne most satisfactory results
(acid fuchsin--1 grem in 100 cc. of 707 alcohol and lisnt green
0.2 gram in 100 cc. of 70% alcohol). Tne material was stained 45
minutes to one hour in acid fuchsin and 10 minutes in ligat green.
Tnis gave just as good, if not better, results than in acid fuchsin

alone for a much longer period.
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Weatner Conditions

It has been shown b; Dorsey (15) that weather conditions
nave a direct bearing upon fruit settinz in the plum. Cold
weather before the blossom buds oren mgy also result in serious
injury. Such a cold wave occurred about taree weeks before tne
bloominz period in th= spring of 1930 when the temperature fell
to 23°F. An attempt was made to prevent serious injury by the
use of fire pots witn partial success. Counts made wnile the
trees were in bloom revealed tnat all trees nad from 60 to 66
per cent live blossoms except the one covered with muslin shade
wnich had only 49 per cent live blossoms. No such adverse con-
ditions developed during 1931 and 1932; less than three per cent
of the blossoms were injured in either season. ‘'ieather data
durinz the bloominz and fruit settinz periods for the three
seasons are presented in Table 1. For the most part, the blooming
periods were favorable for pollination and fruit setting, althousn
the low temperatures in 1931 retarded development of tae blossoms
after some nad opened on May S5 and 6. Observation indicated that
at temperatures below 60°F. visible development of cherry blossons
takes place very slowly. Whether or not embryo development con-
tinues at these low temperatures is still undecided.

Wind Velocity

A few ancmometer readings taken in 1930 indicated that wind
velocity is materially reduced by a wire screen cage and that
air currents under the cloth shades were almost negligible. 1In
1931 readings of 10-15 minutes duration were taken throughout the
day durinz the blooming period in four different locations: (1)

In the center of the square between the trees at an elevation of






13-

‘wooTq ITnF JO 93B8(Q ,
It8d 29 a8 | ¥ u 29 GL | ¥ utey Ge 9% 92
‘10 9aI8d 09 28 | ¢ £Lpnotd 66 W e *TD 9a8Jg ce T9 G2
utey 29 v. |2 u LY 9. | 2 u LS eg ¥2
Lpnotd 68 L | T/9 u o¥ eL | T/9 u 8V 08 23
‘10 3Ja8d L3 | 64 | T2 IBOTD 2% 99 | 12 IBOT)H 09 28 22
u Gy eL | oe a8y eg 29 | o¢g ITRI eq LL 12
I8OTDH 2y 69 |62 Lpnotd 09 v, | 62 *10 3a84d 42 99 02
utsy % 19 |82 u 19 88 | 82 utsy % 8% 6T
LproT1)d LY L9 | L2 u 29 28 | L2 Lpnot) 2% 8Yy 8T
u 68 ¥. | 92 I8OT) 1% eL |92 Ited 2% 9g LT
utrey 69 6L | ¢2 IT B 34 99 | g2 u 0¢ 99 91
u 9% ¢g | ¥2 Lpnot) ee 9¢ | #2 u 6% %q ST
IBOT) 3¢ eL | e2 X184 o¢ 09 | ez Lpnot) %G 09 T
I1Bd 62 39 | 22 u o¢ 28 | 22 ugey $g 9L et
Lpnot)d (524 89 | 12 £ynot)d 2% es | 12 IT8J 19 84 2t
" 9% 8 |02 ‘IO gaed 9% 09 .| 02 M 8¢ SL 1T
u 2% 2L |61 utrsy 24 89 | 6T u 09 cs 0T
IBOTD Gg L9 |8t ITed 2g L8 | 8T u eq g8 6
*TI0 %aed 8¢ 68 | 4T IR oy L9 | LT I80TD 9% 08 8
Lpnot) LY 2L | 9T *TD 3a%8d 9% gL |9t urey ¢9 GL 4
IBOT) 29 98 | ST XT84 Ly gL | at 8 u 8¢ ¢s 9
I89TD LS 28 | ¥T I8OTD ¥ L | 9T, ‘10 3Ja8d Gg es S .
I18d 2v oL | et 4 u cy 69 | ST I8OTD 8¢ Gl ¥
‘10 gaed (5 4 e9 |zt *T0 3a8J LY 29 |2t IBOTD 62 1L e
utey 9% gg | TT/¢ u 8% 6 | IT Ie0TD g% 29 2
,Baemoug 4 2 ge |oOT I80T)D 09 LL 1/8
TD 3gsd 14 9¢ |6 X184 0g eL o¢
ursy 2 8% | 8/¢ I184 62 T4 62/%
SU0T91PUO) ‘utf ] °*xef | e38qa | suotq tpuo) ‘Ut | *xey | e38q | SUOT3TPUOY ‘Ul | *x8f | e38Q
I3l BON exnqBISdWOY, JaYqeomM eangBIOdWO, b -0 68 -1 exngsaedwe]
TB8JIOUSN) TI8JI0UTON TBIUSL)
2261 T¢6T 026T
spotaed Jurqqes JTNIJ pPUB SUTWOOTq JUTIND BYBD JOylBemM °I OTq8T







-14-

10 ft. (the trees in the orchard averaged about 14 ft. in heiznt);
(2) At about the same neiznt in the center of the check tree;

(3) similarly in a tree under wire screen caze, and (4) under cloth
snade. The results of these readinzgs are ﬁfesented grapnically

in Figure 5. Tne prevailing wind direction fdr t he period was

from the southwest,except on May 16 whnen it was from the nortawest.
This cnange in direction accounts for the rise in wind velocity
recorded that day under the cloth shade which was open on the north
side. Althouzh the records secured in these observations are com-
paratively low it must be remembered that wind veslocity within

any block of trees is considerably less taan in the open and this

fact reduces tne value of the wind as a pollenizinz agent.

EFFECTS OF SHADING

Lizht Intensity

The data on liznt intensity are presented in Tables 2, 3,
and 4. As already stated, ?his varies continuously durins tne
day. Tne readings taken at the four different periods of each
day were averaged and are presented as the average dally intensity
in apparent foot candles. Although this method does not give an
accurate presentation of the total amount of light available for
the entire day it is well suited to comparison. Shirley (54)
states that the total radiation received at the earth's surface
on a cloudy day may be as low as four per cent of that received
on a bright day during the same season. Although considerable
reduction of lisnt intensity during cloudy weather was observed,

the lowest recorded was that on lay 15, 1930, which was 12 per cent

of the intensity recorded for thne brigantest day during that season.



Table 2.

S

of available sunlight for respect

ve days.

Light intensity for 1930 in terms of apparent foot

candles and percentage

Available light in the trees

Tight In shaded trees (per

Average of daily readings in (per cent). Lizht in open = | cent) Iight in check tree=
apparent foot candles. 100. 100.
Date Open |[Check |Screen |Muslin Burlap [Check|Screen [Muslin |Burlap Screen |Muslin | Burlap
May 6 4162.3/1110.3|1013.6}410.81104.5 26.7 24.3 9.9 2.5 91.3 37.0 9.4
7 1273.7| 588.0| 218.2|1%3.5| 41.8 46.1 17.1| 13.6 3.2 37.0 29.5 6.9
8 4868.5|1852.511237.2425.2{200.8 38.0 25.4 8.7 4.1 66.8 22.9 10.8
9 3695.111199.9| 587.5|383.7]102.8 32.5 15.9| 10.4 2.8 49.0 31.9 8.6
s 1l G R, e, Bl e =ad Rl o —— = o=
12 4124.7]| 856.1| 345.3|218.5| 67.5 20.7 8.4 5.3 1.6 40.4 25.5 749
13 891.3| 269.8] 157.3) 70.2] 32.5 30.3 17.6 7.9 3.6 58.3 26.0 12.0
14 1476.8] 304.1| 119.0{113.5| 36.6 20.6 8.0 ol 2.5 39,1 37.3 12.0
15 593,.8]| 133.5 63.3| 60.3| 19.7 22.5 10.7| 10.2 3.3 47 .4 45.2 14.8
16 2788,0| 890.9| 388.8|262.1] 67.4 31.9 13.9 9.4 2.4 42,6 29.4 7.6
17 3775.9/1162.8| 619.3[208.8f 92.5 30.8 16.4 5.5 2.4 53.2 17.9 T
18-19 | =====]| —--e- e e S AL Sel e xs o e
20 | 3534.5|1346.1| 628.8|186.2/106.4 | 38.9| 17.8| 5.3 3.0 46.7 13.8 7.9
21 3478.211042.8| 698.4(208.6| 95.5 30,0 20,0 6.0 2.7 66,9 20.0 9.2
22 | 4649.9[1416.3[1103.7|209.7|142.0 | 30.5| 23.7| 4.5 3.0 7.9 14.8 10.0 y
23 2299.0| 813.5] 490.8|138.8| 33.8 35.4 21.3 6.0 1.5 60.3 17.0 4.1
24-25 | mmmeme| ceemee] mmeee ]| wme- e . R s —— — _—— )
26 874.6| 136.4| 117.3| 69.0| 56.2 15.6 13.4 7.9 6.4 85.9 50.6 41.2
27 1442.9| 196.4 84.1]| 70.4| 30.8 13.6 5.8 4.9 2.1 42.8 35.8 15.6
28 1115.2| 139.0 69.6( 60.0| 22.5 12.5 6.2 5.4 2.0 50.1 43,1 16.2
29 4667.1]11624.0|1362.8|205.9({140.3 34.8 29.2 4.4 3.0 83.9 12.7 8.6
Ave, 2993.9| 88l.5| 592.2|224.6| 87.4 29.4 19.8 7.5 2.9 67.1 27.7 9.9
Fhru
Bereen | 5409.4 3245.6|821.7|304.0 60.0| 15.2 5.6




15 of apparent foot candles and
e M respective days.
=3
Light intensity under various treatments
Available Tight®
transmitted by Light in shaded Light on vertical
sereens (per cent) trees (per cent) plane (per cent)
(Light in open = Light in check (Vert. pl. read-
100) tree = 100) ings in open = 100)
(A1) [ (18] (& + I)[(7 + T)J(10 + I)|(5 + 2]|(8 + 2T [(IT + 2T|(6 + 5] |{° + 3] (12 +
In | Vert. |Wire Wire Wire
tree | plane |screen |Muslin | Burlap |screen | Muslin| Burlap [screenm | Muslin | Burlap
1¢ 345 33,9 14.6 L& 44,5 12.9 99
B E 267 58.4 12.2 10.0 72.3 13.7 11.0
1€ 249 | 52.2 12.5 11.0 59,0 16.1 11.8
16 238 42.2 11.7 8.2 34,9 13.2 8.7
1 2379 600 348 | 65.4 | 14.3 11.6 | 56.8 12.9| 12.5
18 2539 474 239 | 67.7 12.6 12.3 572 9.7 1.2 75
19| --=| === - —_— - - - - St s -——— - o= -———
2013710 |2547 1787 |1539 450 343 375 269 48.2 12.1 10.1 60.4 12.7 10.6
2111224 {1021 791 601 275 252 181 165 64,6 22.5 14.8 49.1 24,7 16.2
2211075| 779 684 484 233 196 153 147 63.7 21.7 14.4 62.1 25.2 18.9
23]4987 |4068 3005 |[2485 531 360 536 302 60.2 10.7 10.7 61.1 8.8 7.4
24| 538| 387 270 200 147 125 76 70 50,1 27.4 14.2 51.8 32.2 18.0
25|2839 (2080 1890 |1286 468 307 502 276 66.5 16.5 273 61.8 14.7 13.2
26| 4506 [4003 2488 |2109 459 331 508 390 55.2 10.2 11.3 52.7 8.3 9T
274542 |3736 | 674 2726 (2127 374 474 320 204 428 354 | 104 60,0 10.4 9.4 56.9 8.6 9.5 57.8 31.5 16.0
28|4209|3432 | 644 | 2587 |1866| ®65| 478 | 348| 224| 517 | 372 | 108 61.5 11.4 12.3 54 .4 10.1f 10.8 56.7 34,91 16.8
2911317 | 904| 370 909 482 199 236 201 199 184 124 9% 69.1 L7S9 14.0 53.3 22.3 13.8 5%.9 53.9 26.2
3031} wes] ssnl =5 R e e e 2 s o -- - - --- - -—- --- - - =
fune 14349 |3633| 695 2249 |1676 345 407 289 95 506 367 84 51,7 9.4 11.6 46,1 () 101 49,6 28.1 12.0
213606 |3295| 642 2180 |1957 339 402 278 197 476 306 el 60.4 11.2 13.2 53.4 8.4 9.3 52.8 30.7 15,1
311096 | 738 | 286 690 463 175 248 152 1%6| 169 11) 79 63.0 22.7 15.5 62.7 21.6| 15.0 60.9 47.6 | 27.2
412622 |2238 | 508 1638 [1063 311 383 204 179 449 289 93 62.4 14.6 1768 47.5 Qe 12.9 61.1 35.2 18.3
5% 672 1471 |1102 327 401 250 198 374 276 96 46.2 12.6 135 40.7 9.2 10.2 52.9 32.0 15.6
6-7 - - —— - - - - - - - e i =<3 R P A e e —-———
8¢ 741 2884 |2425 41% 509 %40 177 730 488 93 57.2 10.1 14.5 5543 7.7 L3E 55.7 23.9 12.5
9 446 899 |1009 262 265 221 136 526 142 60 60.7 A% 22.0 79.3 17.4 11l.2 5847 30.6 13.4
hve., |3257[2525| 560 | 1824 |1385| 314 417 | 291 184f 389 | 267 96 56.0 12.8 11.9 54.9 11.5| 10.6 55.9 32.91 17.1
5 ]
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Table 4. Light intensity for 1932 in terms of a pparent foot candles and percentage

of available sunlight for respective days.

Daily average of light intensity in

Light intensity under various

treatments

apparent foot candles
Available Amount of avail- Tight on vertical
light transmit- |able light on plane (per cent)
%3 : ted by screens vertical plane (Vvert. pl. readings
heck Muslin Burla (per cent) (per cent) in open = 100)
Ay | &1] (3) Z) [(5) | (6) 7] _[(8) [(9) 4+ 1) (731 [ (B+1)](6+ IJJ(3+ L][(6* 9+ 3]
In [Vert.| Thru In [Vert.| Thru In |Vert.

Date | Open|tree|plane|screen |tree|plane|screen|tree|plane | muslin |bullap open muslin| burlap| muslin| burlap
13 2536(1784| 602 428 333 231 225 151} 110 16.9 8.9 23.8 Gt 4.3 38.3 18.2
14 4090|3100 | 658 549 294| 265 299 188} 107 13.4 7.3 16.1 6.5 2.6 40.3 16.3
is 4141)3182 | 662 652 248| 249 278 150 94 15.% 6.7 16.0 6.0 2.3 37.6 14.2

6 G W o ) e e e Nk e e K s o s
17 355412522 | 766 537 225| 264 301 141] 112 15,1 8.7 21.6 7.4 3.1 4.5 14.6
18 469614150 | 896 636 260| 250 346 1791 106 13.5 7.4 19:% 5.3 2.3 27.9 11.9
19 490913805 ( 618 647 249] 251 374 218 91 13.2 7.6 12.6 5.1 149 40.6 14.7
g;). 441313715 | 711 603 240| 244 364 188] 112 ateglid 8.3 16.1 5.6 2.5 34.3 15.8
22 4924 (4120 | 747 632 159 | 266 271 149 161 12.8 5.5 15.2 5.4 2.7 35.4 13.6

23 4907|4766 | 731 660 181 | 247 346 180 86 13.4 7.0 14.9 5.0 L8 33.8 11.8

2;; 4943 (4285 | 699 650 | 145| 303 344 | 170| 101 13.1 7.1 14.1 6.1 2.0 43.3 14.4
29 4548 13955 | 688 582 135 | 261 370 IBE 98 12.8 8.1 15.1 8.7 2.2 37.9 14.3
30 4889 14085 | 762 637 145 260 382 132} 109 13.0 7.8 13.0 5.3 2.2 54,1 14,3
31 3694 |2525 | 653 558 117 ] 221 319 941 113 8.6 15.1 6.0 3.1 3349 17.4

Pune 1 |1995]1494 | 607 379 98 | 211 223 101 89 11.2 30.4 10.6 4.5 34.7 14.7

2 728 | === - - - - — ~a 28 . v e —— — ———

3 3879 [2851 | 619 461 116 | 201 257 86 86 6.6 16.0 5.2 2.2 32.5 12.4

4 3639|2230 | 636 457 68| 176 230 52 81 6.3 17.5 4.8 2.2 27.7 127
5-6 —— ——— - - - - - - e, = —— - - —_—— —_—

¢/ 4045 |3486 | 548 556 119 | 200 331 78 95 8.2 13.5 5.0 2.3 36.4 17 .4

8 |4434|3701 | 588 589 | 120 195 347 | 101| 88 7.8 13.3 4.4 2.0 33,1 14.9

live 3902 |3320 | 677 567 | 181 | 239 312 | 137] 99 7.6 17.3 6.1 2.5 35.2 14.6







=18~

It must be remembered, however, that no readinzs were taken on
rainy days. In a similar experiment in 1931 Roberts &mg Lanzord
(50) covered sorie trees with a burlap enclosure waich they state
"nad the effect of cutting out the direct rays of the sun, thus
creating much the same result as would be true if the weather were
continuously oloudy." It can be seen readily by comparing columns
l, 7, and 10 in Table 3, and columns 1, 4 and 7 in Tablg 4 that
shading witn either muslin or burlap redwes tne lignt more on a
clear day than tne difference between a clear and a cloudy day
(Compare liay 23 and 24, 1931 or May 24 and June 2, 1932. Tables

3 and 4). Furthermore, as tne light intensity is reduced by
clouds the reduction in intensity under muslin and burlap is in-
creased althouzh not proportionately.

To permit more satisfactory comparison these intensity records
were reduced to a percentage basis. Tnhese percentages also are
presented in Tables 2, 3, and 4. Several interasting facts are
brougnht out:

1. The results shov that a considerable reduction in light",
intensity was caused by wire screcen as well as by muslin.and
burlap. Readings taken on several clear days in 1930 show that
wire screen transmitted 60 per cent of available lignt, muslin
15 per cent and burlap 5.6 per cent. The averaze for the entire
season in 1931 was: wire screen 56.0 per cent, muslin 12.8 per
cent and burlap 11l.9 per cent. As mentioned above, however, the
small difference between muslin and burlap was due to the gradual
openinsg of the burlap mesh due to wind and rains. In 1932, the

muslin had been laundered and new burlap installed; the average

transmission was’muslin 13.7 per cent and burlap}?. 6 per cent.






-19-

These results with muslin correspond closely to the results

of Coblentz et. al. (7) who found that muslin (4.6 oz.) trans-
mitted 13.1 per cent of ultraviolet liznt and 21.5 per cent of
the visible lignt rays.

2. Tne percentage of available liznt under the snades is
greater on cloudy than on clear days.

3. The relation between the available lignt and that trans-
mitted by the screens, and the relation between the licat witain
the tree in tne oven and that within the trees under the shades
snow similar trends.

4. Vertical plane readings snow a greater difference in
intensity under the two shades than readings of direct transmission
(Fipure 6).

5. Daily variation may be greater in one season than in
another (Fizure 6). It would seem from these results that in ”}».
studies of lignht intensity as related to plant growth, differences
in amount of diffused liznt are not to be overlooked.

Fruit Set

The records on the per cent of blossoms setting fruit are
presented in Table 5., As several degrees of lignt intensity were
secured, as snown above, one might expect the same relation to
nold with respect to fruit set. The records sanow, however, that
with a reduction of light intensity to elmost 50 per cent, as
under wire screen, there is no reduction in fruit-set where bees
are enclosed for pollination purposes. In fact there was a better
set in these trees than in the check tree. Tne question raised by

MacDaniels (39) that stigmas may be injured by excessive work of
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Table 5. Fruit set under different lisnt intensities
for 1930, 1931, and 1932.
Set at
end of Set just
Total 2nd.wave before
blossoms|of drops harvest
Year Treatment counted | (per cent)} (per cent)
1930 |Check 1236 31.0 25.5
® |Wire screen--no bees 1212 10.2 8.0
" » ® --bees enclosed 1644 30.8 25.0
" " " _.bees enclosed* 2172 41.3 33.8
" |Muslin shade--bee pollinated 1006 44.1 38.6
" " ® -hand pollinated 3078 39.8 34 .2
" Burlap shade--bee pollinated 1339 23.2 20.4
" n -hand pollinated 5044 23.8 19.7
1931 |Check 1917 27.1 20.1
" |Wire screen--no bees 1502 6.1 5.6
" " " «-bees enclosed 2056 35.1 23.6
" n " __bees emclosed* 1728 39.1 28.5
" Muslin shade 4091 34.2 2l.4
" |Burlap shade 2392 18.0 10.0
1932 Cneck (L) hand polllnated 1068 48,0 42.5
hd bee 3725 46.5 35.2
" Check (2) hand " 438 24.6 19.4
" bee " 2932 35.5 32.9
" Muslin shade--hand pollinated | 1187 26.7 20.3
" " --bee pollinated 2137 22.4 15.2
" Burlap ®» -hand pollinated 1256 25.9 18.7
" " " --bee pollinated 3322 19.8 14.2

*Screen removed from this tree at end of petal fall, all other
screens removed at end of second wave of drops.
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insects is answered in the negative by these results. One of
these screened trees gave practically the saie set es the check
tree in 1930 but this tree had a hnigher percentagze of live blos-
soms tnan the check tree.

In 1930 the tree shaded by muslin gave a higher per cent
set than the other trees. This may have been due to the fact
?hat this tree nad 51 per cent of 1its blossoms killed by frost
before openin: while the other trees had only 34 to 40 per cent
killed., Tnis killinz of blossoris had thc effect of blossom
thinning, zivinzg a hicher per cent set of the blossonms pollinated.
This is in line with the results of Sax (52) who reported a much
better set of flowers pollinated on thinned trees than on trees
not tninned. Tne tree snaded by burlap, having tahe same ratio
of 1live blossomrs as tne check tree, gave a much lower per cent
set.

In 1931 there was little or Ho blossom injury and the trees
were uniformly vigorous. Tnhe tree shaded with muslin gave a
slisntly lower set than those enclosed with bees and slignhtly
nigher set than the check tree but the differences are not sig-
nificant. However, the reduction in liznt intensity, as mentioned
above, was in excess of the reduction norrmlly obtained during
¢cloudy weather. Tne tree snaded with burlap, wnich gave the great-
est reduction in liznt intensity, set only 10 per cent as compared
with 20 per cent set on thz check tree.

The results for 1932 do not snow suchn wide differcnces between
the two types of shade but the relation is the same. The orcnard

had not been cultivated for two seasons and the trees were in a






non-vegetative condition; tnerefore, tnese records may not be

as representative as tnose of tne previous season. It is
possible, that trees in a non-vegetative condition are more
easily affected and thnerefore the shading caused by muslin was
sufficient to reduce materially the per cent of blossoms setting,
wnile the difference in intensity between muslin and burlap was
not sufficient to reduce the set of fruit much beyond that caused
by the muslin.

A comparison between hand- and bee-pollinated blossoms in
1932 shows a difference in favor of hand pollinations in every
case except one., Thnis advantage in favor of hand pollination may
nave been due to the fact that the blossoms were not emasculated
and may nave been visited by bees also, or it may have been that
pollinating tne tagged branches several days in succession affected
a nigher percentage of blossoms.

It seems obvious that tnere was sometning wrong with the two
branches that were nand pollinated on check tree No. 2. Another
single brancn included in the data on bee pollination on the same
tree gave only 23 per cent set out of 300 blossoms while the total
of 2932 blossoms gave 33 per cent set. It should be emphasized,
therefore, that in studies of this nature small populations will
not always give a true index of the entire tree's performance.

The results on fruit set secured in these experiments are
not in accord with those secured by Roberts (49) and Roberts and
Langord (50) in similar shading experiments with sour cherries.

The set of fruit where insect pollination was prevented by

enclosing the tree in a screened cage was very low. This i8 1in
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accordance with the findings of other investigators. It is
of interest to note that practically all of thne blossoms nad
dropped by tnhe end of the second wave and that there was no
material reduction in the per cent set by the so-called June
drop wave. The number of fruits falling, in the June drop wave,
from the other trees was of some conseiuence, varying from 3
to 13 per cent.
Bee Activity.

Observations made in 1930 seemed to indicate that bees were
just as numerous on the trees under tne shade as in the open
and te records on fruit set support this view. In 1931 more
extensive observations were made and again the bees seemed to be
just as numerous under the shades as in the open, in fact during
periods of higner wind velocity they seemed more numerous under
the shades. To check on the visitation of blossoms by the bees,
numerous blossoms were examined with a hand lens each day during
the blooming period and in every case wnere the stigma had become
.receptive and the condition of the flower indicated that it had
been open during at least 24 hours of weather favorable for bee
activity, there was an abundance of pollen on the stisgma. It was
also observed that during days of occasional showers and hizh
humidity the bees would become quite active after each shower be-
fore the blossoms nad dried sufficiently to cause normal shedding
of pollen.

Developrent of Blossons
The interval between the erection of the cages and full bloom

was not sufficient in 1930 and 1932 to have any influence on the
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rate of blossomn develonment. In 1931, nowever, the cages were
ereoted about four weeks before full bloom. One would not expect
any great effect on the rate of development by a reduction of lignt
intensity as rats of development is thought to be influenced mainly
by temperature and noisture relations. There was no apparent dif-
ference in the rate of development between the tree under muslin
snade and tne surrounding trees, wanile the tree under oburlap was
slower in reacninm this staze by almost two days. Tnis retarded de-
velopment however, may nave bzcen due to indiv;dual trece differences
ratner than to snading.
Receptivity of tne Pistils

In 1931 end 1932 a number of flowers were emasculated on lMay
14 and records kept on their receptivity as evidenced by the pres-
ence of stignatic secretion. In 1931 browninz and an apparent re-
duction in amount of stigmatic secretion occurred in five to six
days in the open and six to seven days in the snade. In 1932 tais
occurred in four to five days in tne open wund five to six days in
the snade. Tnis shorter period in 1932 may have been due to tne
nimner temperatures during the first three days of their receptive
period. The apparent prolongation of receptivity under the shades
was provably due to the protection from stronz air currents rathsr
than the difference in lignt intensity.

Pollen Germination

In 1931 samples of pollen were collected from each of tne trees
and germinated in 12 per cent sugar solution at room temperature.
Tne pollen from tae check tree and those under wire screen gave prac-
tically the same per cent germination (78.6, 78.1, 79.5 and 79.6),
wnile that from the trees under muslin and burlap gave 72.1 and 71.5

per cent, resvectively. Althougn the latter two did give a lower
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percentase of pollen germination it was still sufficient to
effect good pollination. A composite sariple from a number of
surroundingz trees gave £€1.3 per cent germination. This sample
was used in pollinatinz blossoms that had been emasculated for
nistolozical studies. Composite samples taken in 1930 and 1932
snowed good germination, althowsn no counts were made.
Abscission of Fetals and rruits

Tne periods for petal fall and abscission of fruits were
apparently delayed to some extent by shading. However, upon
examination it was observed tnat abscission nhad taxen nlace but
due to the absence of strong air currents both petals and fruits
remained in place for a longer period after abscission was con-
pleted.

Condition of tne Foliage

Gourley and Nigntingale (26) reported that shading of arple,
peach, and plum trees caused an increase in leaf area, reduction
in leaf thickness, intensified the sreen color, the surface becane
distinctly glabrous and the leaves lost their convex character,
becoming distinctly flat. Tnhese sane conditions were observed in
the shaded cnerry trees.

Tenperature and Humidi ty

The constant temperature and aumidity records for 1930 and
1931 showed tnat the differecnce in tenperature under the shade
and in the open did not vary more than two dezrees . in either
direction and tae differcnce in relative humidity was likewise

insignificant.
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Effect of Defoliation on Fruit Set

The results of defoliation tests are presented in Table 6.
These results snow that with 60 per cent defoliation there was
a reduc tion in fruit set wnile with 40 per cent defoliation no
such reduction was secured. Tnis would indicate that a cherry
tree could function normally during the fruit setting period with
but 60 per cent of its leaves. However, such an assunption would
be nazardous from only one season's results. Harveyésd llurnsek
(27) found, however, that defoliation with apples had a direct
effect on the setting of fruit., The fact that the tree wnich had
40 per cent of its leaves removed nad not reached full size and
that the normal set on this tree was less than the normal set on
either check trece is sufficient to minimize the importance of
these results. However, they are important for the purpose of
pointing out the fact that too frequently conclusions have been
drawn f?om results secured wita younz trees that have not become
stable in their ability to set fruit. It is also undesirable to
draw any conclusions from the results where 60 per cent of the
foliaze nad been removed. Nevertheless, it is interesting to
note that the set at the end of tahe second wave was practically
the same on the defoliated branches as on the nor:ial branches.
It is possible to account fof this when one considers tne fact
tnat by the time the leaf cluster has developed su’ficiently to
reveal the number of leaves tnerein fertilization has been
effected and the embryo well started; a reduction in nutrients at
this time might be slow in mekin~z itself manifest because all

of the developinz fruits would be affected ecually at first.
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Table 6., Effect of defoliation on fruit set., 1932.

Leaves Set at
re- end of Set just
moved 2nd .wave |before
(per |Blossoms| (per narvest
Treatment cent)] counted | cent) |(per cent)
Check (1) normal 0 3725 46.5 35.2
Check two
brancnes defoliated 60 6646 43.5 28.3
bmall tree--West nalf--
normal--nand pollinated 0 714 28.7 21.8
Bmall tree--iest half--
normal--bee pollinated 0 4050 21.6 16.7
bmall tree--fast nalf--
defoliated-hand pollinated 40 1124 25.2 20.5
$mall tree--East half-- :
defoliated--bee pollinated 40 7951 22.1 20.0

ANALYSIS OF LEAF SAMPLES

It has been frequently mentioned that an abundant supply of
available nutrients is necessary to a good set of fruit. Thouzh
nitrogen, because it 1s within the fruit grower's control, has
received most attention in this respect, carbohydrates have been
suzgested as important (42), (27), (40). The results of the
anglyses presented in Tables 7, 8, and 9 do not snow any gfeat
differences, but they bear the same general relation as differences
in fruit set (Table 5).

Free reducing substances--The analyses of free reducing sub-

stances are not very consistent, althoush the general trend seems
to be that with a reduction in light intensity there is a slignt

reduction in reducing substances. It is believed that these sub-
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Table 7. Analyses of leaf samples taken 6:00 A. 1.,
liay 24, 1930. (Carbonydrates in per cent of dextrose,
dry weisnt basis)

Free reduwe ing Total Dry
substances sugzars matter
Treatnent (per cent) (per cent) | (per cent)
Check ‘ 3.4 4.7 25.0
Wlire screen--no bees 3.0 3.5 25.7
" " --bees 2.7 3.3 24.0
*n " " 3.4 4,9 26.7
Muslin shade 3¢9 3.9 23.0
Burlap shade 1.9 2.6 20.4

*Screen was removed from this tree at end of petal fall.

stances are ratiner unstable and thnerefore no great differences
could be expected.

Total Suzars--The analyses of total sugars are more :onsistent.

It is snhown tﬁat with a great reduction in light intensity there
is a reduction in total sugars. Tnis is true with but very few
exceptions in samples grown under burlap (Table 8). The results
of tne analyses of leaves grown under muslin are less consistent.
However, this inconsistency may account for the fact that the set
of fruit on the tree under muslin shade was not materially reduced.

Water soluble and insoluble starches--No fisgures are presented

on starch analyses due to the extreme variation in results and
because those results wnich were considered reliable showed very
slizht differences in starcn contente.

Dry matter--The results snow that tne amount of dry matter

produced under shade is lower than that produced in full sunlight



(Carbohydrates

Carbohydrates Dry matter per cent
12:00 Noon 6:00 P, M. 12:00 Mt. 5:00 A. M.| 12:00 M. | 6:00 P. M. 12:00 ¥
Free Free Free
pid reducing | Total [reducing Total |reducing |[Total
s tances| sugars [substances| sugars| substances|sugars

5 5.9 9.7 5.9 10.6 25.7 25.4 27.0

5.7 5.0 9.0 5.4 10.2 24.7 25.0 26.0

4.7 5.5 9.2 5.6 10.1 22.8 25.9 25.8

£ n bid ! 5.5 6.0 9.5 6.1 9.4 22.2 25.7 25.6

. b Muslin shade 5.3 3.8 8.4 5.8 10.2 23.1 26,9 24.2

» i Burlap shade 3.6 3.4 6.1 6.3 8.1 20.6 22.2 22.3
| June 9 Check 1 4.2 4.3 7.0 4.4 7.8 4.2 7.0 a7.1 29.1 29.9 28.1
2 " Wire screen-no bees| 2 4.2 4.7 6.9 3.9 7.2 4.3 7.1 26.4 29.5 27.5 2642
"o " " bees 3 5.2 4.9 7.5 4.9 7.4 596) %6 24.8 27.9 27.5 25.3
i n " n 4% 4.0 £l 6.2 4.2 6l 3.9 6.9 26.6 29.0 29.3 27.9
i g fuslin shade 5 4.4 4.2 6.7 4.5 7.5 4.5 6.9 24.1 25.4 25.5 22.9
% b Burlap shade 6 4.7 4.1 6.5 4.7 7.2 4.7 6.7 22.0 22.4 21,8 20.9
Fuly: 7> Check 1 2.3 3.8 2.3 4.6 2.6 5.1 2.3 4.7 52.1 34.5 33.0 3245
9, i Wire screen-no bees| 2 1.8 3.8 2.2 4.4 139 4.3 2.0 4.4 3.4 37.2 37,9 55.0
n oom " " e 3 S 3.1 2.0 432 1.9 5.6 20, 4.1 31.8 34.4 35.2 32.5
s " " " 4 8.1 3.6 2.3 4.4 2.5 4.6 2.3 5.3 38,1 34,8 35.2 329
" " Muslin shade 5 e 3.4 159 4.0 AL gl 4.0 1.8 4.1 32,1 5.7 35.1 30.6
R Burlap shade 6 1.4 2.7 1.7 3.7 147 3.8 1.9 3.6 32.7 36,1 35.2 33,6

e was removed from Tree No. 4 at end of peteal fall and from all other trees June 11.

Cag
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Table 9. Analyses of leaf samples teaken June 7, 1932.
(Carbonydrates in per cent of dextrose--dry weignt basis.)

Free reduc-
ing substa?ces Total sugars Dry matter)
er cent gger cent) gper cent
:00 :0 :00 |16:00 :00 16:00
Treatment A M. P.M, A M. P.M. Ao P.M.
Check 4.1 4,1 7.5 8.1 28.8 | 31.5
Check 5.0 4.8 8.4 9.8 25.6 | 33.8
Muslin shade |4.8 4.6 6.7 7.9 25.6 | 28.1
Burlap shade 2.4 2.8 4,9 5.5 22.2 |1 24.9

witah one exception, i. e., the lot of samples taeken under muslin
May 21, 1931. (Table 8.) It should be mentioned, however, that
at this time the leaves were only 1/2 to 2/3 full size and in a
state of rapid growth. It is also shown in Table 8 fhat after
the shades had been removed for almost one month these differences
in dry matter no longer existed. |

HISTOLOGICAL STUDIES

So far as could be detemined from stained sections a reduction
in light intensity had no effect on pollen germination, rate of
pollen tube growth, time of fertilization, or rate of embryo develop-
ment. Within nine hours after pollination, germination had taken
place in 1932 and the pollen tubes had grown well into the stigmatic
tissue. The temperature at the time of pollination’was above 60°F.
and did not drop below that point within the next 48 hours. In
1931, the tsmperature at the time of pollination was Jjust 60°OF.
and remained above tnat point for a period of only 10 hours, yet

sections showed tnat pollen tubes had advanced farther in 12 hours
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after pollination than they did in a 9-hour period the follow-
ing season. (Plate I, A and B). There was a nizner mean tempera-
ture by about 10°F. durinz the 12-hour period immediately follow-
inz pollination in 1932 than in 1931 (See Table I.) Zxneriments
conducted by Goff (24), under laboratory conditions, indicate

that pollen germination is not likely to be much retarded until
the temperature falls below 51°F., whnile these observations seem
to indicate that with temperatures ranging between 60° and 80°F.
there is little difference in rate of pollen germination and
pollen tube growth under field conditions.

With the exception of the first sample of each season all
samples were collected at uniform time intervals after pollina-
tion, Comparison of the seamples that showed the most edvanced
stage of development, revealed a striking uniformity between
seasons and between treatments. ?ollen tube growth is apparently
rather rapid in the sour cherry under normal conditions. Within
24 hours after pollination the pollen tubes had passed beyond the
base of the style and in some instances were found in the ovarian
cavity (Plate I). Material collected 48.hours after pollination
snowed tnat the pollen tubes had entered the embryo sac but there
was no evidence that fertilization had teken place. However, the
considerable elongation of the embryo sac and the extensive de-
velopment of free nuclear endosperm at 72 hours would indicate:
(1) that fertilization had taken place soon after thne pollen tube
nad entered the embryo sac and (2) that endosperm developnent is
more rapid than embryo development as there was no evidence that

cell division had taken place within the ezg. The embryo nhad
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reacned tne eignt-celled stage in most instances in four days

and snowed fairly repid development after that. Althoush endo-
sperm development was rapid, the free nuclear condition seemed to
persist for some time. There were only sli;ht indications, in a
few specimens, of cellular endosperm in the samples collected 10
days after pollination. As mentionsd above, tnere was a striking
uniformity between treatments and between seasons and therefore
this discussion on the rate of development, which is illustrated
in Plates I, II and III, is representative of the conditions under
any treatment for either 1931 or 1932.

A number of pollgn tubes had develored pronounced swellings
on tne ends. This swelling occurred in some instances very soon
after germination and in others after the tube had grown a consider-
able distance down the style. Tnis type of growth nhas been ob-
served also by Osterwalder (44) and Cooper (8). Osterwalder states
that it is more common in self sterile varieties that have been
self pollinated but it has been observed also in varieties that
nave been crossed. He believes that in the latter case when some
pollen tubes reach the micropyle stimulatory action on the tubes
still in the style ceases.

Variation between specirmens collected from the same tree,
and also slignt variation between seasons, becamne more evident
as the season advanced. Tanls variation was noticeable in the
size of the fruits but was more pronounced in tne size of the
developing embryos [See Figs. A and B Plate III, 15 days after
pollination). It nas bzen observed that frurts wnich have been

fertilized develop fairly uniformly and that those fruits wnich



drop underso a rapid retardation in rate of development until
growta finally ceases (13). It has also been observed that
fruits waicn have been pollinated, even though fertilization nas
not taken place, undergo various degrees of developnment. Not
all of these fruits have functional ovules at the time of pol-
lination and therefore this development may be due to a stimulus
caused by pollen tube growtn. Pollen tubes were found in the
ovarian cavities, 24 and 48 hours after pollination, where the
ovules nad obviously aborted after they had undergone conrlete
develonment and before pollination was effected. Abortion of the
embryo after fertilization may take place at any stage of develop-
ment. It is first evident by a slizht separation of the cells
due eitner to a slisnt plasmolysis from a withdrawal of nutrients
or a slight enlargerent of the cell walls after normal developnent
ceases, At first all of the cell contents are distinzuishable but
later there is a co:plete breakdown (Fiz. C Plate IV).
Rate of Sheddinzg of Aborted fruits.,

It has been observed with apples, peacnes and plums (12),
that the same variety sneds its aborted fruits in a similar
manner in different seasons. Tne same relationsaip nolds true
with sour cherry (Figure 7) even taouzh the first drop may not
begin within the same number of days after either first or full
bloom each season. In 1930, 1931 and 1932 the first drop began
12, 22, and 17 days,respectively, after the first bloom and 8,
13, and 11 days,resrectively, after full bloom. It is interesting
to note how closely the two waves coincide and that there was an

interval of five days between the first and second waves. The
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anparent double peak of the second wave for 1930 was nrobably
caused by a neavy rainfall llay 19 causing dropping of fruits
wnich would othnerwise nhave shed on the next day)t03ether with
low temperature wnich retarded the rate of abscission, ziving a
nmucn lower number of drops on llay 20. Althougzh no counts were
made of the June drop wave, its significance can be noted by
comparing the set of fruit at the end of the second wave with
the set just before harvest (Table 5.) The rate of shedding on
the shaded trees closely coincided with that of the check tree.

DISCUSSION

The observations recorded above indicate that adverse weather
conditions during tne blooming period may reduce the set of fruit:
(1) by preventing pollination by bees durinz rainy weather even
thouzn the temperatures are sufficiently hish to permit normal
development of the pistils and (2) by preventing the normal shed-
ding of pollen during periods of high humidity when the bees may
be fairly active. It is obvious that with temperatures sufficient-
ly low to prevent bee activity there is also a retardation in
rate of development of the blossoms. Abortion within the embryo
sac before the time of full bloom, as recorded by liss Bradbury
(4) and Dorsey (l14), was observed in these studies. It has not
been determined whether this early abortion is duve to (1) adverse
weatner conditions, (2) insufficient nutrient supply, or (3) the
genetic constitution of the plant.

It appears from the results reportzd here that cloudy weather
alone does not reduce tne normal set of fruit by affecting nutri-

tion. The results show that, thoush shadinz with muslin reduced
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the 1liznt intensity to a point lower than that normelly received
during cloudy weather, there was littlé or no reduction in fruit
set even thouzn this shading did affect tne total suzars, dry
matter and character of the foliaze. Tae contention of Roberts

and Langzord (50) tuat faulty nutrition induced by cloudiness is
responsible for poor set of cherries during cloudy weatnzr is

not supported by these fesults. The evidence clearly indicates
that any such snading as is incident to the usual pollination
studies in screen, nmuslin, or other cages, paper bags, ctc.,

does not disturb normal fruit setting processes in tae lontmorency
cnerry and results’obtained under such experirmental condtions are
strictly applicable to field conditions. Furtanermore, whatever

tne other functions of pruning may be in the sour cherry tree, it
is not required from the standpoint of admitting more lisht to
blossoms and tneir associated leaves to promote better fruit setting.
Since light or cloudiness at blossominz does not appear to be a
limitiny factor in the setting of the sour cherry, one of tae most
important limitinz factors with nomal trees is the actual transfer
of pollen from stamen to stigma--and tanis factor is largely under
tae grower's control througn the use of bees.

Althoush there was little or no reduction in fruit set under
nuslin shade there was considerable reduction in fruit set under
burlap shade. It appears from the studies on the rate of embryo
development that a nish percentage of abortion takes place within
two weeks after pollination. Chemical analyses show that one week
after full bloom there was considerable reduction in total sugars

in the trees shaded by burlap. Simce lack of proper nutrition is
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undoubtedly the direct cause of embryo abortion it appears that
the reduction in set of fruit under burlap shade was not caused
by a retarded rate of development but rather by an increase in
the percentaze of embryo abortion.

Severe defoliation did reduwe the set of fruit but this was
not made manifest in either the first or second wave of drops,
althou:n there was an appreciable retardation in the rate of
development of tne fruits until the heavy June drop from the
defoliated branches.

Both defoliation and reduw tion in light intensity reduce the
supply of carbonydrates. However, this does not prove carbohydrates
to be a controlling factor in fruit settinz, since both manipula-
tions obviously affect the supply of elaborated nitrogen as well
as of carbohydrates.

SULILIARY
1. Shading by either muslin or burlap reduced the liznht intensity
in excess of the redw tion normally effected by cloudy weather.
2. Cnerry trees withstand a considerable redwtion in lizht in-
tensity witnhout materially reducing the set of fruit; therefore,
cloudy weatner alone is not responsible for a poor set when
adequate pollination has been effected.
3. Under normal conditions the reduction in lisat intensity in
the center of the tree is not sufficient to be the direct cause
of a reduction in fruit set.
4, Shadinz caused by covering a tree with wire screen or muslin
during thne blooming period was not sufficient to affect the set
of fruit.

5. Tne reductions in liznt intensity effected in this work suffic-



ient to decrease the production of total sugars and dry matter

and affect tne cnaracter of the foliare did not affect the set

of fruit.

6. The effect of light intensity reduction on time of blossoning,
pistil receptivity, bee activity, temperature and humidity,

petal fall, and abscission of fruits was insignificant.

7. Reduction of liznt intensity did not affect pollen germination,
rate of pollen tube growth, or rate of embryo developrent.

8. Very neavy reduc tion of liznt intensity indirectly affected the
set of fruit by reducinsy photosyntinesis, thus causiny a nizher
per cent of embryo abortion., Tnerefore, adverse conditions during
the first two weeks after pollination resultins; in a deficiency of
nutrients in general appear to be responsible for the majority of
aborting embryos.

9. Severe defoliation caused a material reduction in fruit set.
10. Zndosperm developrnent was more rapid at first than embryo
development.

11. Increase in diameter of the fruit was correspondingcly more
rapid tnan embryo development until the seed reached nomal size.
12. Cold weatner retarded the development of stigmatic secretion
after the blossoms opened but there is no available experimental
evidence to snow thnat developrment of the ovule can he retarded

to the samne degree and still remain functional.

13. Wind is of little importance in affecting pollination in the
center of larze blocks of trees. On the otner hand, stronsg winds

nay prevent complete pollination by interferins with boe activity.



l4. Pistils are not injured by repeated visits of bees.
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Tree enclosed with wire screen to exclude b
Jheck tree with screens underneath to catch
the daily drops.

:8.



Fig. 2. Large wire screen cage over two trees
with colony of bees for pollination.



Fig. 3. Burlap shade (1930) with instrument shelter
for hygrothermograph. The north side of the
freme was not covered.




Part of the set up in 1931 showing muslin
shade, in the foreground, wire screen (with
bees),and burlap shade. In the adjacent row

is also shown part of the screen under the
check tree.
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Fig. 6. Graph showing the amount of available 1light transmitted
by the different socreens and amount of d iffuse light or light

on vertical plane under soreens as compared with the same in the
open.
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Fig. 7. Graph showing the daily drop of fruits for
the first two waves of drops from the check tree for
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Legends for Plates

Plate I. Pollen tubes in stylar tissue at various periods
after pollination: A, 9 ars.; B, 12 ars.; C, 24 hrs. (just
above ovarian cavity); D, 24 ars. (in ovarian cavity); E,

48 nrs. (in embryo sac); F, 3 days (endosperm, but not embryo,
developing.) x 140.

Plate II. ZEmbryo development four (A),eisht (B),and ten (C,D)
days after pollination. Xx 140.

Plate III. Zubryo development: A, 3, 15 days after pollination,
snowinz increasing variation in sizej; C, norral embryo 21 days
after pollination; D, aborted embryo 10 days after pollination.
X 140.

Plate IV. Normal fruit (4) and a»ortins fruit (D) 8 days after
pollination (x 13). B. Wrinkled intezument and slow embryo
devclopment 10 days after pollination. C. .rinkled intesument
and avorted embryo 21 days after pollination (x 140). Compare
with 10 and 15 day nomal cnibryos.
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Plate I.




Plate II.




Plate III.




Plate IV.
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