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INTRODUCTION

Since the beginning of horticulture, fruit growers and investigators
have studied the factors that appear {o be assoeiated with hlossom-bud
formation in fruit trees. The apple has probably been the object of
more study of this type than all other {ruit trees combined. The liter-
ature covering investigations on factors associated with fruitfulness
in the apple is exceedingly voluminous,

Two problems in apple production have greatly stimulaled interest
in the study of blossom-bud formation. The first and most important
of these is the tendency of many apple varieties to bear heavy crops
one vear and little or no fruit the year following. This alternate- or
biennial-bearing tendency is recorded in the earliest horticultural
writings, and the condition can be found today fo a greater or less
degree in practically every orchard. All varietics may become hi-
enniad in bearing habit under certain conditions, and once the habit
becomes firmly established in & tree it has usually been extremely
difficult to correct. There is, however, a great difference in the tend-
ency of varieties t0 become bienninal wn bearing habit. The second

t Suhmitted for 1 shiiention May 1L L
7 WWritten by J. 1o, Magoess, head horffealiurist in charge,
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problem that stimulated study is the relatively long time that is re-
quired with many apple varicties before they begin to bloom and bear
fruit. Both of these problems are intimately associated with the basic
conditions within the trec and within the individual buds which are
associated with the formation of flower parts.

For many years attempts to maintain trees in annual bearing or to
restore them to the annual-bearing condition dealt mainly with
modilying such practices as pruning, culbivabion, and the application
of fertilizers. During more recent years the problem has been ap-
proached through chemieal and physiological sticlies of tree tissues,
porticularly the specialized reproductive porvions or fruit spurs, to
try to determine the nvtritional conditions within these organs as-
sociabed with the formation of flower buds.

The investigations reported in this bulletin include (1) an intensive
and accurate study of the changes in nutritive materials in buds asso-
ciated with their differentintion into either flower buds or lenl buds;
(2) studies througl adjusiment of leal areas and ringing to modify the
performance of buds; ard (3} studies fo determine the practicability
of {ruit thinning as a mcans of modifving the biennial-benring habit.

This work has been conducted in the irrigated orchards in the
vicinity of Wenatchee, Wash., and in orchards m the Potomsac Valley,
representative of those in the eastern United States. Not only vigor
of trees but also light intensity, injury to folinge from sprays, and other
factors differ in the castern and western areas. While the funda-
mental [actors that influence bud differentiantion are undoubtedly
similar in different scetions of the United States, the practical results
that may be expeeted from orchard treatments may vary groatly.
The detailed biochemical and physiologirnl studics herein reported
were made at Wenatchee, Wash,, where mato rial of very uniform be-
havior was available for study. Ivtensive tests to determine the
practicability of fruit thinning as n means ol controlling biennial
bearing were made both in the Wenatchee district and in eastern
orchards, where ihe practical problem of bienuinl bearing is more
acute than in western orehiards.

Because some variability in results from practical orchard thinning
tests is to be expected and was found, the results from the work in the
two arcas are presented and discussed sepacately.

INVESTIGATIONS IN THE PACIFIC NORTIHWEST?

SUMTABILITY OF THE AREA FOR STUDIES

The commereinl apple-growing sections of the Paecific Northwest
offer many advantages for studies of this kind as the physical charagtor-
isties tend to reduce to & minimum certain disturbing influences found
in many other fruit-growing scctions. Some of these advantages are
control of soil moisture, practieal freedom from spring frosts, absence
of certain fungus diseases and sprays for their contro] that may cause
injury to foliage, maximum quantity ol sunshine during the growing

1 Writlen by ¢, B, Harley, physiolopist, and M. P, Masure, junior physiclogist. The writers wish to
agknawladge Lthe helpful assistanes, [ront time to time, of Teving W, Smith, W, &, Luce, and . 1. Kirk-
phtrick. They wigh partleularly to express Lhieir ppreelation to the fallowineg orchardlsts, whn provided
cxperimental troes and pleeed ather orghnrd feilities ot the writers” disposal: [ A, Van Vaolkenburg, A, B,
Anlersan, Bruce MeRinstry, R 12 Cain, W_ .. Vnnna, A, K. Chase, J. L Fewkes, Co AL Loy, and

P. J.n;i‘err;u Without their generous cooperntion, the rvesuigations hereln reported would oot have been
psible,
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sea?ion, and availability of a wide selection of trees best suited for the
study.

Three general types of investigations have been conducted for o
period of 7 seasons at Wenatchee, Wash. They included chemical
analyses of bearing (on-year) and nonbearing (off-year) tissues,
physiologieal studies of effects of leaf-fruit ratios and ringing on
bearing, and commercial fruit thinning,

BroceemicAL STUDIES

The classical worl of Kraus and Kraybill (27),* in which they found
fruitfulness in the tomato to be associated with a relatively high pro-
portion of earbohydrates to nitrogen, prompted many other investi-
gators to discover a similar relationship in other plants. Flooker (24)
was the first to make & systematic chemical analysis of nonfruiting
and fruiting apple spurs. He concluded that the ratio of starch to
nitrogen was a better index of fruitfulness than was the total earbo-
hydrate-nitrogen ratio of Iraus and Eraybill. A high pereentage of
starch and a low percentage of nitrogen in the spur ab the time of
differentiation were considered essential for blossom-bud formation,
and a relatively low concentration of starch was considered essential
for leaf-bud developmeat. '

Many workers have since found evidence Lo support in gencral this
starch-nitrogen relationship, although others have obtained what
appear to be contradictory resuits, Explanations for this laclk of
unity are varied, but two prineipal reasons have been advapeed:
First, difficulty in the interpretations of the data, and second, materials
selected for analysis by dilferent individuals were not physiologically
the snme and henee the variations in results. Methods of chemical
enalysis have alse been subjecled te their share of eritieisn.

Regardless of the sceming confusion attending chemical analyses,
the preponderance of data, gathered from both microchemical and
macrochemical studies of many species of plants, tends to sliow
relatively high consentrations of starch in tissues giving rise to flower
primordia.  Neither she total carbohydrate-nitrogen ratio nor the
starch-nitrogen ratio, however, has been generally accepted as the
key to the fundamentals underlying the initiation of blossom buds, and
the specific factor or factors responsible [or this phenomenon remain
unidentificd. The hoped-for solution to the problem by chemical
analysis has, therefore, been somewhat disappointing, but considera-
tion must be given to the fact that mueb of the later and perhap- more
productive physiological work is based to a measurable degree on
the results of these biochemical investigations.

DESCRIPTEIN OF TREES SAMPLED I¥ 1945

During the growing season of 1935 a chemical study was made of
certain carbobr-zate and nitrogen fractions in fruit spurs, bark, and |
wood tissues of bienninl-bearing Yellow Newtown apple trees. A
group of trees was located from which samples for analysis could be
taken with more confidence as 1o their physiologicnl character than
from any trees that have heretofore been observed. They were large
and vigorous, about 28 years of age, and growing in a dcep, well-
drained soil, classified as Wenaichee loam (26).  The bicnnial bearing
exhibited by these trees was of the “individusl main ieader’” type, that

1 Ttalic numbers in perentheses refer to Literatura Cited, p, 56,
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" is, some main branches bore a heavy crop and the remaining bore
practically none in the same year.

It was found (#9) that these individual main scaffold limbs or main
leaders of the trees functioned independently of the remaining above-
ground portions of the tree and that one or more main leaders may be
definitely in an off- or on-year condition, regardless of the fruiting habit
of the other leaders. A careful study of the spurs of these leaders
has shown this variation in performance to have been mainteined over
a period of several years.

Thus it was possible to obtain from & single tree samples of fruit
spurs of extreme physiological contrast without the introduction of
such variabies as tree vigor, fertilizer treatments, and soil types, which
arc difficult to eliminate if different trees are used. That fertilizers,
especially those containing nitrogen, may affect the chemical eompo-
sition of apple spurs has been pointed out by Lagasse (28).

ANALYTICAL PROCEDURE AND METHODS

COLLECTION AND PRESERVATION OF SAMILES

Chemical samples were taken from four trees. Spur-performance
history of the main leaders of these trees is shown 1 table 1.

Taprk 1.- Spurs blossoming en main lenders of Yellow Newiown trees sampled for
chemical analysis @l Wenulchee, Wash., 1955

1 i B ]
! o Bpurs blosspming : © Spurs Mlossoming
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Two classes of spurs were colloeterd for analysis; Those taken from
off-year leaders making vegetative growths only and differentiating
blossom buds for the next year are designated here as nonbearing spurs;
and those from on-year leaders, cach bearing n fruit and having second-
aty growths that were forming leaf buds, are ealled bearing spurs.
The spur as taken from the tree comprised growths made in hoth 1934
and 1935. Not only was the new growth separated front the old but
nlse morphological components of both the old and new growshs were
preserved and analyzed separately, The samples consisted of the
following componenits:

(1) Benring spurs;

1934 vegeiative growths,

1935 cluster bases,

1935 sceondury growths,
(2) Nonbearing spurs:

1934 cluster hases.

1934 sceondary growihs.

1935 vegetalive growths.
(3} Boerk tissue from 2- to 4-yeur-old nonhearing branches.
{4} Wood tissue from 2- to 4-year-old nonhearing branghes.
(5) Bark tissuc from 2- to d-venr-old henring hranchos.
{(6) Wood lissue from 2- (o d-yenr-old bearing brauvches,
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In some of the earlier investigations no distinetion was made betwesn
the current and previous seasons’ growths, which were preserved and
snalyzed together. It was found (78), however, that the chemical
composition of older spur tissues differed considerably from that of the
Dew Or current season’s growth, and that the new growth alone prob-
ably gave a more accurate index of the relationship of chemical content
and blossom-bud formation. Any inclusion of old growth in the
saxnples, therefore, might tend to mask this relationship,

Samples were taken on the following dates during the growing season
of 1935: April 15, May 1 and 17, June 4 and 18, July 8, and August 13.
In terms of duys from full bloom these dates represent 18 days before,
2 days before, and 14, 32, 46, 66, and 102 days after full bloom,
respectively. All collections were made in the morning hours, usuaily
between 8 and 11 a. m. The spurs were carcinlly sclected for anatom-
ical uniformity with special sttention to length and thickness of the new
growth portions. To insure further uniformity in samples a like
number of spurs of each type were taken from each of the four trees.
Leaves and fruits were removed when the spurs were cut {rom the tree.

After collection, samples were immediately taken to the laboratory
where the spurs were quickly divided into their 3 types of growth,
weighed, and killed with boiling redistilled 95 percent cthyl alcohol.
The tissues were preserved in 80 percent alcohol, and the flask
stoppers were covered with paraffin, The number of spurs comprising
2 sample averaged aboub 85. A greater number was required in the
earlier samples to insure a sufficient quantity of new growth fissue for
analysis. It wasfelt that because of the physiological uniformity of the
material a greater number of spurs per sample was neither necessary
nor desirable. Beork and wood tissues were preserved in the same
manner s the spurs, and each semple comprised 40 to 60 gm. of fresh
tissue. All samples were snalyzed within 6 months of the dates of
collection. Since sowe deviations {from the usual analytical methods
appear in this work a rather detailed deseription of certain steps in the
procedure will be made.

PREPARATION OF MATERTAL

The sleoholic preserving extract was separated from the solid portion
of the samples by filtration into volumetric flasks. After several wash-
ings with 80 percent alcobol the residue from the containeis and Glter
papers was transferred fo & vacuum oven and dried at & temperature
of 80° C. {for 48 howrs and weighed. An aliquot of the liguid fraction
was evaporated fo dryness and then dried to constant weight at 80° in
vacuo, Total dry werght of the fissue was obtained from the combined
weights of the two dried [raciions.

The dried tissue was ground to a fine powder in & ball mill, ang the
entire sample was passed through a 100-mesh screen and dried sgain
for 48 hours at 80° C. in vaeuo.

EXTRACTION

The method herein deseribed for the extraction of soluble carbo-
hydrates and soluble nitrogen has been found to be more rapid, simple,
and complete than the standard Soxhlet method.

Aliquots of from 2.5 te 5 gm. of the dry powder for carbohydrate
analysis and of 1 to 2 gm. for nitrogen analysis woere transferred to
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filter funnels containing & fine qualitative filter paper, and ench sample
was extracted 20 times with 5-ml. portions of cold 50 percent alcohol,
Qualitative tests for carbohydrates and nitrogen on the filtrate of the
last extractions were always negative with this type of woody tissue,
and it was found that both carbohydrate and nitrogen fractions were
much more soluble in 50 percent alcohol than in hlEl] er concentr atlons
of this solvent employed in Soxhlet extraction. Also, the number of
samples that could be extracted at one time was not limited by the
number of Soxhlet extractors on hand, and the use of ordinary folded
fitter paper lent iteelf to an easicr and a more complete removal of
extracted residue than did the Soxhlet thimbles,

The following substances were determined in he combined fractions
of material soluble in 50 and in 8¢ percent alechol: Free reducing
substances, sucrose (soluble carbohydrates hvdrolyzed with cold
2.5 percent hydrochloric acid), and nitrogen. The isoluble residue
was analyzed for starch and nitrogen.

PETERMINATION OF REDUQCING POWER

In all carbohydrate determinations the reduction procedure was
essentially that of Quisumbing and Thomas (37). In the estimation
of the cuprous oxide & modifieation of the Shaffer and Hartmann (47)
iodometric method was used. This modification consisted of col-
lecting the cuprous oxide preeipitate on an asbestos mat in a Gooch
crucible and washing it with hot distilled water before it was dissolved
for titration. It was discovered that certain materials, other than
reducing substances, were present in the tissue extracis and inter-
fered with the odinc-oxidation procedure. Subseguent titrations
were therefore vartable and insecurate. Gardner (70) found this same
deviation from the Shaffer and IHartmann method neeessary when
analyzing pear shoots. Since the F chling solution was discarded in
the filtration, a smaller quantity of 5 N sulfuric acid was required
to dissolve the copper precipitate. In this work 10 ml. was
sufficient.

Sugar eguivalents of the copper values were obtained from the
tables of Quisumbing and Thomas (87) for dextrose {glacose). This
expression was applied to all carbohydrate determinations.  According
to Quisumbing and Thomas (87), for dextrose, the mean crror in their
reducing method is +0.08 mg. of copper, or +0.12 pereent.  Although
they recommend the use of 50 to 150 mg. of dextrose per reduction,
presumably this crror applies within she limits of thetr table, namely,
5 to 250 mg. of dextrose per reduction.  Data obtained from analysis
of varving amounts of pure dextrose, however, indieated o larger and a
seriously inereasing error with decreasing amounts of dextrose, helow
2 9 to 10 mg. content per reduction. Recovery of dextrose in low
concentrations is shown in table 2. A factor curve was therefore
constructed and applied to all reductions when there was less than
10 mg. of reducing substances in the aliquot.




BIENNIAL BEARING OF APPLE TREES

TisLe 2.—Reducing value of low amonnts of pure dexirose

Dext 0.11 N Dext 1N D
extrose | sodium extrose Dextrose | sodinm cxbrosa
present | thin- | recovered Semple Ne. present | thio- | recovered
sulfate sulfate

M Rigran| Afilliliter | Percen Milligram| Milliliter | Peareen)
10. 5 3.8 1 4.6 1.5

(0. 0,
0.0 3.4 9. . 3.1 1.0 8l
7.8 L g?, Lb . 64,

6.1

DETERMINATION OF FREE REDUCING SUBSTANCES

The 50 percent alcobolic extract together with its corresponding
aliquot from the original SO percent preserving alcohol was dealeo-
holized on & water bath in a current of air. A volume of about 10G ml,
was maintained during the evaporation by frequent additions of dis-
tilled water. The water extract was cleared with neusral lead acetate
and made to voiume, Altered, deleaded with anhyvdrous sodinm oxa-
late, and again filtered. Suitable aliquots of this cleared cxtract were
taken for reduction,

DETERMINATION OF SUCROSE

An aliquot of the cleared extract was hydrolyzed with 2.5 percent
hydrochloric acid for 24 hours at laboratory temperature. After
hydrolysis the sclution was brought almost to the neutral point with
sodium hydroxide, made to volume, and the reducing power was
determined. The difference between the free reducing values and
those after hydrolysis was considered as sucrose,

BETERMINATION OF STARCIT

Bince considerable importance has been assigned to the association of
the starch content of spurs with blossom-bud initiation, a earcful
study was made to develop a method for the estimation of starch in
these tissues. While these studies were under way some chemical
methods for starch determination appeared in the literature (9, 36,
4%2). None of these methods was adopted, although later it was
found that the procedure herein described gave values in good agree-
ment with the method of Sullivan (42). The present method involves
the digestion of starch in the pround sugar-free tissues with o com-
merecially prepared purified pancreatic amylase. This preparation
was capable of digesting not less than 75 times its own weight of starch
to soluble carbohydrates, and gave no blank reduction with Fehling
solution even in relatively large amounts. The use of this starch-
digesting enzyme of the pancreas overcame practically all of the diffi-
culties found in other enzyme methods, cspecially those involving
the use of enzymes of plant origin. Saliva was found to be gencrally
satisfactory, although the digesting power was at times variable, and
it was inconvenient to obtain a supply sufficient for a large number of
determinations,

The powdered residue, from which soluble sugars had been removed
with 50 percent aleohol, was transierred to 500-ml. Erlenmeyer flasks
by washing through the punctured filter paper with about 50 mi. of
hot distilled water. The flasks were then placed on a hot plate and




8 TECHNICAL BULLETIN 782, U. 5. DEPT. OF AGRICULTURE

the contents boiled for 1 hour. After cooling to 35° to 40° C., 5§
ml. of & 0.25-percent suspension of the pancreatic amylase was added
to ench flask and the mixture meubated at 40° C. for 1 houwr. This
gelatinization and cnzyme treatment was repeated, and incubation
was continued until the tissue was free of starch as determined by
the iodine fest, Following the second digestion the mixture in the
flasks was brought to the bLoiling point to inactivate the enzyme,
cooled, cleared with neutral lead aectate, filtered, and deleaded with
dry sodium oxalate. The reducing power was determined divectly
op 50-ml. aliquots of this cleared solution by the modification of the
Shaffer and Hartman (41) and the Quisumbing and Thomas (37)
metliods as deseribed nbove.

Values for starch. were obtained dircctly from the reducing power of
the cleared enzyme hydrolysate by the use of a factor instead of by
the usual acid hydrolysis. This facior was computed from data
obtained by digesting known amounts of Lurified potato starch with
the panereatic amylase under the same conditions as those given the
tissue samples. Analyses of & number of purified potato-starch sam-
ples ranging from 5 to 50 mg. in the 50-ml. aliquots furnished date
for a factor curve applicable to the extremes of sample siac.

Starting with weighed duplicates from uniform samples of powdered
spur, bark, and wood tissues and camrrying through extrrelion and
enzyme digestion to the final reduction, the degree of accuracy was
obtained us indicated by the following average percentage variations,
caleulated from starch percentage on basis of total dvy matter: Be-
tween 68 pabrs of duplicate samples, 3.0 percent; between the best 9
paws of lot of 68, 0.02 percent; and between the poorest ¢ pairs of
lot of 68, 7.2 percent.  The range of aciual starch content was [rom
3.1 to 15.0 perecent,

DETERMINATION OF BOLUBLE AND INSOLURLE KITROQGEN

From 1- to 2- gm. samples of the dry, powdered Lissue wore ex-
tracted 20 times with 5-ml. portions of 50 percent aleobol on filter
papers.  The extract was combined with a like aliquot of the origi-
nel preserving aleoholic solution, slightly acidified, and evaporated
to dryness in Kjeldah! flasks with a etwrent of warm air. Nitrogen
was determined on this dried material by the official Kjeldahl-Gunn-
ing-Arneld metlod.

Theresidue from the 50 percent aleoholic extraction was dried and
transferred to Xjeldabl flasks, and nitrogen was determined by the
Ejeldahl-Gunning-Arnold method.

EXVRESSION OF RESULTH

All anglytical results are expressed in percentage of dry weight.
Although 1t is desirable, whenever possible, to study and present
analyses on the bases of fresh weights and absolute amounts, the
tissues to be compared were in some eases in this study so dissimilar
in moisture content and velume per unit that interprotations on these
bases might not represent the true ehemieal picture.  This is illustrated
in table 3.
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‘TaBLE 3.—Differences in doial fresh weight per unil and tn moisture conlenl of
the spur comporsnis of Yellow Newlown frees sompled al Wenatchee, Wash.,
May 17, 1985

Avernge Moiature
fresh Water |on fregh-
welght | per unit | weight
par uait basiz

Leader £ype and sample No. : Spur compononts

Nonbearioe: Gram Gram Percent

1 1935 growth 117 0. 832 716}
1034 seeondnry gTowth. o e aes .52 . 303 58.6
| 1934 eluster hase LT i b 58.4

1935 growth. . 55 .401 3.4
1635 closter base, . 67 412 72.7
1934 vegelative growth oo .60 L343 5.8

Chemical differences between samples 1 and 4, or 1 and 5, for
example, could be interpreted accurately on the basis of fresh weight
but not in absolute amounts. On the other hand, snmples 2 and 4
could be compared as absolute amounts but not as percentages of
fresh weight. Samples 1 and 2, I and 3, and I and & could not be

-compared on either basis.

It was therefore concluded that percentage of dry weight would be
a more reliable basis to express the results of this study than either
the percentage of fresh weight or abselute amounts per unit. Con-
sideration was given to the expression of results on the basis of residual
dry weight (total dry weight minus weight of sugars and starch), as
this tends to reduce fluctuations due to seasonal changes. This
method of presenting analytical results has considerable merit in many
instances, although in the present Investigation the comparative
values were not altered by this procedure except to accentuate some-
what the maximum and minimum values.

RESULTS OF 1935 ANALYSES

The chemical composition of spurs ini tiatin% blossom buds as con-

trasted with those developing vegetative or leaf buds is shown in
table 4. Caleulations as percentage of fresh weight gave results
much in line with those found in this table, although they showed
mere variability between tissue samples varying in moisture content,.
Likewise, when computed as absolute amounts per unit, the trend
was similar to analyses cxpressed as percenteage of dry and fresh
weights, but the chemical content: of spur components was generally
in proportion to the actual volume ol tissue comprising the component
rather than to its possible physiological significance. In order to
conserve space, results in percentage of fresh weight and absolute
amounts are omitted from fable 4,

323481 —42——-2
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TABLE 4.—Free reducing substences, sucrose, starch, soluble nitrogen, and insoluble
nitrogen in various componerts of bearing and nonbegring leaders of biennial-
bearing Yellow Newlown lrees sampled ol Wenalchee, Wash., 1985

{Culenialad s porcentages 6f dry weitht]
FREE REDUCING SUBSBTANCES!

Rreoring londoers Nonhearing Jcaders
];"?o[] Spor emmponants Spur conponenis

8 . ( ¢ ;’“:_ » o | Bark | Waoa | _ . Bark | Wood

agg; e‘ Bg e u? from [mn?i o { wﬂ; fr?m

- Ol |2-tod-|2-tnd- . i 2-tod-|2-tod-

({S) fall 1}' by - New |vesebn-| venr- | year- vfcé;_ a_usccond cig;:]er yeur- [ Tear-

0on 5"'&‘,’3 cluster § tive old oldh t;;ve ﬂ:‘_\'i bises bmnmh o aldl
el buses |prowths|branchies hratehes| ; Erow ks . nohesfhruches

prowths (1931) growkhs: {1934} {1934}

Percent s Pereent | Percend | Percent | Percend | Percant | Percent [ Pereent | Percent | Percent
L . . [ 1,22 K L ¥ G4 144 0.47
. 046 L .27 (48 I 105 LG 1. 56 i
340 .46 .80 L. N 161 i .24 1.03 .44
208 .34 L5 1. 58 i 1.4% Lod .60 1. 45 .47
L6 .67 E24 .42 it 139 1,18 W TH 1.35 L35
145 L84 1.42 i. 856 LT a2 1.0 .48 1.28 .42
i1 LB6 1.3% 1. 53 i) ) B4 AT .18 .81

SUCROSE!
Apr, 16 . —18 - P 0.85 2. 0.3 .. ... 1.2t L83 1.78 0. 43
Mayl__. .. =21... .. 13 ] 1. 65 .38 1,50 ] LG 1,83 .48
May 17 i 1.3 2.1z .8 .13 il 1 in &3 Lok 1.03 A4
Juned_ ____ -+a2 .02 1. if ) i A .51 .48 .62 .54 i)
June 18, -4 .58 1.33 .50 L87 .12 N 5% .72 LTI L2
July 8 ... il .5 148 N .08 .24 i .72 OB 105 .27
ADgE. 13, 4133 .03 1. 44 i) a2 .34 .77 i) Lh2 ! 1.38 .38
¥
STARCH
Apr. 16, _. -8 1 . . 508 2 014 . B2t .05 £ 00 §.34
Mayl..... —2 0 .. .68 1,95 L2 1.26 | Trace 3. 88 4. 24 1.37 3.45
Moy i7.... 414 | Trace . 0 0. Eg 1.2 2.3 147 4.67 5. 68 2,50 4,47
Juoed.. .. <432 150 | Troee 1.5 a4 e 358 5.90 4. 65 4. 21 2.70
June 18, G 2. R 368 1,25 LBh 5. 68 B34 £ 08 3.35 1.27
Juiy 8. _.. 46 fdl 2.59 3.405 186 1.28 L) 8.53 7. 47 442 4. 82
Aug. 13 _. 4102 | 11695 16.85 B 57 3.25 227 18 15 13.15 13.45 g 8.8
SOLUBLE NITROQEN
Apr. 15 .. —-181.__.‘..‘_.. . 0261 816 0403 .. 024 054 01t 13 3]
Mari .. —a1 126 .37 ARt} 1 .81 _17 .48 B L03
Mayv 17.. -1 | L1 .27 .23 L .08 .52 .21 it -id Kl
Jused. . 432 t .21 a6} .4 ) .82 g2 .13 LAY .08 Ri<]
June18__ .. 46 .23 La6, 18 .08 i) .26 L4 .46 .00 L2
July 8 ... =60 .18 B M ¥ .03 1] it .58 08 iix)
Aug. 13 ) +162 At 08 Al N s AT L8 i) R .5
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- —

Apr, 18 veeo L 0.71 .18 (. - 047 136 0.72 .0
May ... 2.7 . B L8y .25 2,08 .8l L1 .83 ig
NMav 17 1L LT Rt .30 1.40 78 .12 ik &
Juned. __. 1.43 BB . B .82 L 1,435 .05 18
June 16, .. 1.4 N .y L2 ] L2 07 . bb .18
July&. ... L &7 ) = 17 .08 .08 1.0 L1 i
Aug. 13 .. 128 A8 N7 L8 43 i B . .55 W17

t Bxurassed o5 daxirose.

The data {table 4) show some important chemical relationships
between the vazious spur components.

Pronounced chemical differ-
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ences exist in the various morphological structures comprising the
spur. This appears to give ample justification for the steps taken in
excluding unlike tissues from samples in this investigation. Also, it
may be noted that, with the exception of the starch analyses, samples
of similar tissues, from leaders showing extreme physiological diifer-
ences insofar as blossom-bud formation is concerned, show a striking
parallelism in chemical composition. This reflects the uniformity
of materials selected for sampling.

Teo assist in following the chemical changes in various tissues it
might be well to point out that under the headings of bearing and
nonbearing leaders the type of tissue in the samples, arranged {from
left to right, corresponds to the peosition they occupied on the tree in
relation to the spur bud. For example, in bearing leaders the buds
(leaf) were borne by new secondary growths which had their origin
on new cluster bases. Old vegetative growths gave rise to new
clusfer bases. With nonbearing leaders, the buds (blossom) were on
new vegetative growths, which in turn were borne by old secondary
growths, ete.

Results of analysis for the various substances are discussed under
their respective headings.

FREE REDUCING STUBETANCES

In general, little seasonal change in reducing substances, as shown
in ta.b%e 4, was found to occur in structures showing but slight increases
in dry matter; in other words, with those not having made extension
growth. New secondary growths of bearing spurs and new vege-
tative growths of nonbearing spurs, on the other hand, show a gradual

reduction in percentage as the season progressed, and the new second-
ary growths are at each date slightly higher in reducing substances
than the new vegetative growths.

New cluster bases of bearing spurs show values considerably lower
than those for new secondary growths throughout the period. This
fact is probably worthy of special emphasis, for it ilustrates that as
intimately as these two components are connected they differ ma-
terially in chemical composition. Not only is this true of the new

rowths, but it may be seen that old 1934 cluster bases are also much
ower in free reducing substances than new vegetative growths, old
sceondary growths, or bark of the nenbearing leaders. Bark tissues
in branches of both bearing and nonbearing leaders are significantly
higher in reducing substances than the wood tissues.

From the June 4 sampling date to August 13, free reducing sub-
stances were higher in comparable components from branches bearing
fruit than from nenbearing branches. Thus the new sccondary
growth from bearing lenders was higher in free reducing substances on
each date than the new vegetative growth from spurs of nonhearing
leaders, although the lafter were initiating flower prinordia during
thiz period and the former were not. Similerly, bark and wood of
bearing leaders were higher in reducing matter than bark and wood
of the nonbearing leaders on the same dantes. Thus these analyses
would indicate that a high concentration of the compounds included
in free reducing sugars, as & group, is not responsible for the differcnti-
ation of blossom buds,
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SUCRGSE

No seasonal trend is evident in the sucrose content in any of the
spur components which could be considered as having a divect bearing
on the initistion of blossom buds. However, it is rather interesting
to note that, in practically every case, the lowest percentages were
found during the period in which blossom-bud initiation was assumed
to take place.

At given dates new secondary growths of bearing spurs and new
vegetative growshs of nonbesring spurs are very similar in sucrose
content. Wood samples of both bearing and nonbearing brunches
show the lowest sucrose contens, and the values are very similar
throughout the season. Corresponding analyses can be found in bark
from bearing and nombearing branches with gradients descending to
the June 4 to 18 samples and ascending somewhat thereafter. The
sucrose percentages of old vegetative growtbs and old secondary
growths show nothing significant when contrasted, and little seasonal
trend is evidenced. New cluster bases show o relatively high suerose
content as comparcd with other tissues at cach sampling date. In
relation to the now secondary growths the chemical picture of new
cluster bases is just reversed from that of free reducing substances.

STARCE

Aside from the fact that spurs were separated tnto their components
and snalyzed as individual samples, the cycle of seasonal starch
changes is in general agreement with analyses that have appeared in
the hterature on similar nvestigations.

With the exception of the April 15 sample of bark and wood, non-
bearing spur components, bark, and wood were at all times higher in
starch than comparable tissues of bearing leaders. The high values
in the April 15 samples, of course, are due to reserve starch from the
preceding growing scason, and this shows 2 rapid decline by May 1,
especially in the bearing tissues. In nonbearing leaders starch
appears to accumulate immediately after full bloom, and in general it
displays ascending gradients in all tissues, reacbing quite high con-
centrations by August 13.  Samples from bearing leaders, on the other
hand, did not increase permanently in starch concentration .until
after May 17 in new sccondary growths and not until after June 4 in
all the other components.

Since leaf buds originate on the new secondary growths of bearing
spurs, and blossom buds on pew vegetative growths of nonbearing
spurs, differences in stareb percentage of these structures are of par-
ticular interost. The fact that growth structures resulting in the
formation of blossom buds develop earlier, accumulate stareh eardier,
and contain a higher percentage of starch preceding, during, and fol-
lowing bud differentiation than those resulting in the formation of
leaf buds, offers additional evidence of the associrbion of the mech-
anism of starch syathesis and deposition with “nat of blossom-bud
fermation.

However, starch, as such, can hardly be the active principle in the
initintion of flower primordia. For, were it so, the buds of new
secondary growths should have differentiated blossom buds late in the
season when the starch coneentration equaled or excceded that of
nonbearing spurs ab their differentintion period, If an association of
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starch eand fruitfulness exists, it is undoubtedly correlated with the
?bysiologicai state or age of the bud meristem. This point is reserved
or-later discussion (p. 30).

Differences in starch percentage between spur components are
again evident. Had new cluster bases of bearing spurs been included
with new secondary growths the combined tissues would have shown
lower starch concentrations at all sampling dates. If old vegetative
growths had been included, the Msy 1 and May 17 samples would
have shown values for starch when it wes nonexistent in the new
growths. ‘

In semples taken August 13 the percentages of starch-in both bear-
ing and nonbearing tissues show & descending gradient from the strue-
tures bearing the bud to the more distant portions, This scerns to
indicate that, in the building up of reserves in the spur, dominance for °
starch deposition is correlated with proximity to the apical bud.

SCLUBLE NITROGEN

As celculated in percentage of dry weight the seasonal trend of
soluble nitrogen in the main 1s of & descanfing order. This is not so
evident in the old spur growtbs, bark, and wood, but quite uniformly
so in the new growths of both bearing and nonbesring spurs, With
the exception of new cluster bases, concentrations of soluble nitrogen
in all samples, especially those of bark and wood, are rather low.
The higher percentages found in new cluster bases are of inferest.
Even the old cluster bases of nonbearing spurs show retatively higher
values. The possible physiological role of soluble nitrogen in cluster
bases is perheps a matter of conjecture.

The date in table 4 show that percentages of soluble nifrogen in
the new secondary growths of bearing spurs and the new vegetative
growths of nonbearing spurs, for a& given dabe, are guite similar,
though during the period of bud differentistion {June 4 to August 13)
those on non%ea.ring leaders, and thus the ones differentiating flower
parts, were always slightly higher. Other like tissues of bearing and
nonbearing leaders, excluding cluster bases, were very similaer in
soluble nitrogen content,

INSOQLUBLE NITROGEN

The values for insoluble nitrogen in genersl show & parallel seasonal
trend with those for soluble nitrogen, although the actual percentages
are substantially higher. Higher concentrations of nitrogen, included
in this insoluble fraction, are again present in the new cluster bases
as compsared with new secondary growths, or for that matier, any
other type of tissue sampled. Comparable tissues of bearing and
nonbearing leaders sampled on the same date exhibit very similar
analyses. Thisincludes the new secondary growth and new vegetative
growths; consequently no reletionship can be found between percent-
age of insojuble nitrogen and blossom-bud differentistion.

1636 ANALYSES
METHOD OF SAMPLUING

To link chemical composition definitely with blossom-bud formation,
the 1935 analyses in table 4 are subjcct to two main criticisms, First,
a further separation of tissue is neccessary. Heinicke found 2 con-
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spicuous difference in chemical content between buds and the remain-
ing portions of new spur growths (87). Therefore, samples of bud
fissues alone would have beon very desirable, but it was not possible
to remove the large number of buds required in 1935, The second
criticism pertains to the lack of information regerding the critical
time of differentiation.

To obtain information relative to the latter, duritig the early summer
of 1935, a large number of bearing and nopbearing spurs on fhe same
tree but on different main leaders were tagged and measured ab
mtervals for extension growth; and terminal-bud formation was also
observed. 1t was found thab on spurs making a final growth of 5 em.
in length, terminal buds were formed on nonbearing spurs in 23 days
after full bloom, and on bearing spurs 25 days after full bloom,
The proximity of time of terminal-bud formation on these different
types of growth is of interest in view of the difference in time of the
beginning of growth. Nonbearing spurs began growth about 10 days
earlier than the secondary growths of bearing spurs. This indicates
that in determining the periods of terminal-bud appearance, termi-
nation of elengation, and blossom-bud differentintion, the number of
days after full bloom may scrve as a more suitable index than, for
example, days after beginning of growth.

Microscopic examination of buds from nonbearing spurs, 5 em. in
length, revealed the first indication of Rower primordia 45 days after
terminal-bud formation, or 68 days afier full bloom. Since it has
been shown {(18) that blossom-bud differentintion on these biennial-
bearing Yellow Newtown trees can be influenced by leaf adjustments
as late as 44 days after full bloom, it was concluded that the interval
between the latest dey on which buds could be influcnced by leaf
adjustments and the appearance of flower primordia should be selected
as the time to take bud samples for chemical analysis.

In 1936, 58 days after full bloom, samples of new secondary spur
growths of bearing Jeaders and new vegetative spur growths of non-
bearing leaders were talken for chemical nnalysis, Cove was exercised
in the selection of spurs for this study, and only those that closely
sppreximsated 5 em. in length were included In the samples. 1§ was
felt that for this length of new growth, 58 days after full bloom closely
appreached the sctual time of blossom-bud nitiation.

Over 600 bearing spurs and over 400 nonbearing spuis were re-
quired to furnish sufficicnt material for snalysis. Leaves were re-
moved in the orchard, and the spurs were taken to the laborstory
where bud tissues were separated from the remalning portions of the
new growths. The merisiematic tissue abt the base ol the bud was
included in bud samples and was separated from the woody portion
of the new growth by cubbing thin slices of the soft tissue uniil cells
sneourtercd were somewhat resistant to culting. Buds and basal
portions of the new growth were preserved and analyzed separately.
Methods of preserving, extracting, and snalyzing were identical with
those previously described (p. 5).

RESULYS OF 198 AWALYSES

The ansalyses (table 5) are given as percentages of dry weight and
of {resh weight and as absolute amounts per unit.  In comparing the
three methods of expression, due consideration should be given te the
differences in welght of dry matter of the components, fs misleading
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interpretations may reswt if absolute smourts alone are considered.
Differences in composition between samples on the basis of fresh
weight follow those of dry weight rather closely and for these tissues
would probably be equally reliable.

TaBLE §.—Composition of buds and new growths of bearing and nonbearing Yellow
Newtawn apple spurs sampled 58 deys after full Mloem at Wenglchee, Wash., 1856

Free reducing Starch

substances Soluble nitrogen |{nsainble nitrogen

Daeseription of samplae

bnsis

hasis

Dry matter per unit
Dry-welght
binsig
Fresh-welpht
Dry-welght
Fregh-weight
Fresh-weight
Dry-walght
hinsis
Fresh-weight
hasis

Ter tunit

Per unil
Y Dry-welght
asis

t
I
i

|

B .
Bon | Por unit

Bearing spurs:
Buds [rom second-
ary growth
Waw secondary
growths minns
bods. s
Nonbearing spurs:
Buds from vegoetn-
tive growth. .. . N . 4.85 | 2,08 |3, . .m
Mew vogebative
growths minus
buds, e . . X 9,72 | 4.50 |28, . BURINT . . 1.04

S
g
Wy

B3
T
¥

ES
=
bk
=]
=}
E

L

,.
=3

Sy

af

=

of

22 |

zh
b2
=1
&

-3
=2

Considering the data on cither of the percentage bases, the com-
position of buds differs significantly from that of the corresponding
new spur growths, Both bearing and nonbearing buds show higher
percentages of reducing substances and insoluble nitrogen than the
bassl new-growth tissue. The differcnces in soluble nitrogen are
probably within the limits of ecror and ave therefore not considered
as significant. The greatest contrasts are found in starch, and here
the basel new-growth tissues ave manifestly higher than bud tissues.

That buds containing or soon to develop blossom primordia differ
in composition from those forming leaves alone is quite obvious. The
differences are not great in reducing substances or soluble and insol-
uble nitrogens, aithough the buds (leaf) on bearing spurs show higher
percentages than those on nonbearing spurs. Comparatively high
concentrations of starch arc again associated with the develop-
ment of blossom buds. Although the starch content of buds is less
then that of the spur tissues on which buds are borne, differences
between the two types of buds are of a greater magnitude than when
bud and spur tissues were combined in the sample (table 4).

It is therefore definitely concluded that the higher percentages of
starch found in new spur growths of nonbearing spurs, as compared
with those of bearing spurs, reflect a similar relative condition existing
in buds at the time of blessom-bud initiation.

DISCUSSION OF RESULTS FROM CHEMICAL ANALYSES

The pronounced differences in chemical composition found in the
various parts of the spur make it evident that, in analyses for carbo-
hydrate and nitrogenous metabolites, it is highly desirable to deter-
mine, separately, rather restricted portions of the spur. By grinding
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up and anelyzing whole spurs, combining new and old growihs or
even dissimilar structures of the same year's growth, one may obtain
&n average composition that is quite unreliable from the standpoint of
physiological interpretation. Disagreements in analyses and clucida-
tions of chemical studies of fruit spurs, by many investigators in the
past, have undoubtedly been due, in part, to the inclusion of materials
having little or no rolationship to the bud meristem.

Lagasse (29) previously found very marked diflerences in composi-
tion of new cluster-base and secondary-growth structures espectally
i the nitrogen fractions and suggested thal these components be
separated for analysis. Results obtained in the present investigation
are in complete agreement with those of Lagasse. The high nitrogen
content found in the new growth of bearing spurs by Harley (78) and
many obhers was undoubtedly the vesull of ineluding new cluster bases
in the sample. Physiological significance heretofore atiributed to
high nitrogen in bearing spurs, as related to the initiation of vegelntive
buds, is therefore probably witheut foundation.

In this sbudy high starch content appears to he correlaled with the
ineeption of blossoms. A slightly lower reducing-sugar contenl was
also found in differentiating buds. In what way these correlations
can be translated to necount for the profound change thal takes place
in the bud meristem with the induetion of floral primordia is not known.
However, two possibilities, both of which may serve as uselul working
hypotheses, can be considered,

The first of these is based on the assumption that encrey is required
for diflerentiation and thab this cncrgy is supplied by the roserve
carbohydreate, starch. It is somewhat diflicull teo conceive that a
comparalively inevt substance like starch could be the active prineiple
in supplying this encrgy, buk it is recognized that in living lissues
starch is quite reactive and can be rapidly converted to soluble forms
cepable of furnishing energy.  Soluble sugars are seldom stored as
reserves in woody Lissues of the apple. 1t is of inlerest, however, that
reducing sugar is actually lower in he new vegetative growths of
nonbearing spurs (table 4) that arve differentiating blossoms than in
simnilar tissues of bewring spurs.

Late in the growing season when bud eelis are no longer meristematic,
starch fends o accumulate in all tissues, especially the bud-bearing
new secondary growths; however, no blossom buds are formed.

The other possibility to account for blossom-bud differentintion is
that a specific hormonelike substance is produced in leaves and moves
to certain regions of the stem where blossoms are initiated. This is
but a new version of an old suggestion advanced by Sachs as far baek
#s 1865, which, in the light of our present knowledge of plant phyvsi-
ology, is now highly probable. Tl a specific factor, or & group of
factors, is the active principle in the ineeplion of flower primordia, it
can be concluded with rensonable cerfainty that the mechanism giving
rise to (his faclor or hornone is very intimalely related to Lhe synthesis
and deposttion of stareh.  TFor all practical purposes, the concentra-
fion of starch in meristematic bud Ussues can prebably he used as an
index of the fruiting potentinlities of thal bud. This starch-Truitful-
ness relationship is not fimited Lo apple spurs but bms been found in
reproductive Lissues of other species (8, 44).



http:a('./.iv

BIENNIAL BEARING OF APPLE ‘TREES 17

PHYSIOLOGICAL STUDIES

Meny attempis heve been made te influence the formation of
blossom buds in the apple by such cultural methods as pruning, fer-
tilizing, and other field treatments (3, 17, 25, 30, 38). Much of this
work was conducted on biennial-bearing varietics in an cffort to
diseover a correction for the alternating habit by bringing trees into
a nutritional balance corresponding to the fruitful class 3 of Kraus
and Kraybill (27). Insummarizing the results of a 12-year invesiiza-
tion, which represents in general the conclusions of others, Auechter
and Schrader (8) state:

Various gulturel, fertilizer, and detailed pruning treatments of York Imperial
trees in Maryland have failed lo materially influence the biennisl bearing habit
of this variety even though the growth eonditions of the tree approached the
vegetativeness which has been associated with annual cropping.

Under the growing conditions of the Parilie Northwest 1t was found
(17} that, after formation of the terminal bud, variations in soil mois-
ture aud applications of nitrogeuous fertilizers had no pronounced
effect on blossom-bud formation in the Delicious variety. The soil
in the experiments, however, was not permitted to remain at the
wilting point for anv appreciuble time,  Studies conducted elsewhere
(2, 12, 32. 33) indicate that blossom-bud lormation is increased as a
result ol rather prolonged periods of enrly summer drought.

Perhaps no approach to the problem has contributed as much to
the present knowL‘dge of the basie principles nuderlying blossom-bud
initiation as has the full appreciation of the influence of leaf area on
growth and reproduction in the tree. [t has been demonstrated
(1, 17, 18, 35} thal unless apple trees possess enough leaf arca above
that necessary for fruit and tree growth, no blosseni buds are formed
for a crop the lollowing year.

In view of the apparent vital importance of leaf function in repro-
durtive processes, experiments werve condueted by making leal-fruit
and leaf-bud adjustments in apple trees, to study the cffects of such
treatments on the development of blossom buds.  Varicties studied
were Yollow Newtown, Delicious, Jonathan, and Winesap,

BLOSSOM-BUD FORMATION ON SPURS. WITH DIFFERENT LEAF AREAS

Magness (37) in 1917 and later Harvey and Murneek (20) and
Roberts (39) lound that removal of leaves from nonbearing spurs
effectively prevented the development of flower parts in the bud. It
was also shown that the bud of a spur was influenced primarily by
the leaves of that particular spur. Results abtained in the present
investigation with bicnnial-bearing Yellow Newtown trees are in
ggreement with these findings.

Alternale spurs on nonbearing main leaders were defoliated to 1
large leaf (immediately below the bud) per bud 33 days after full
bleom: remaining spurs averaged from 6 to 10 leaves per bud.  The
average area of the leaves on defoliated spurs was 8.65 square inches.
Bioom reeords the following spring revealed that 65.6 pereent of the
untreated spurs had blossomed.  Only 2.6 pereent of adjacent spurs
with 1 leal per bud had formed blossom buds.  In some instunces
deuble spurs were encounfered where 2 vegetative-spur growths
originaled from n single cluster base.  When | of these was delolinted

373481°—42——3
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to I leaf per bud, but the other remained untreated, 17.5 percent of
the buds on the dofolinted part formed blossoms,

These results offer further evidence that single fruit spurs tend to
function as individuals insofar as blossom-bud formation i1s con-
cerned, and that differentiation is dependent largely on substances
originating from leaves borne by the immediate new spur growth.
With double spurs some movement of materials responsible for
blossom-bud initiation from one branch spur to the other appears to
teke place. This apparent limited ability of the bud to obtain
metabolites, othor than those having their origin in the parent tissue,
is in direct contrast with the power exhibited by apple fruits tu
obtatning nutrients from relstively distant sources (74). When
records were tnken if was noted thot where blossoms oceurred on
defolinted single spurs the buds were invariably borne on spurs that
had made rather short wvegetative growths the preceding summer.
This suggests that sor.e difl crentiation might have taken place in
these spurs prior to defoliation {43).

Further information on the effect of different leaf areas on blossom-
bud formation was obtalned from defoliation experiments during the

rowing seasons ol 1634, 1935, and 1936. Again using the mam
ender method, nonbearing spurs of completely off-year trees were
defoliated to 1. 2, 3, and 4 large leaves per spur on separate leaders,
Whenever available, 1 leader was left untreated. Lieaves were
removed by eutding the petioles about midway between the leaf hlade
and spur with scissors or {ruit-thinning shears.  Injury to the spur
or drying out of spur tissue was not observed to oceur lollowing this
practice.  The number of spurs on each leader varied from R00 to
1,208. Buds on terminal growths, although defoliated, were not
included in the final averages in this study. Alver deflolintion, espe-
cially on those leaders defoliated (o 1 or 2 leaves per spur. the terminal
buds would sometimes hecome vegetative and push oul into second
growtl, Whenever this tnok place the spurs were either redefolinted
and mcluded in the data or fagged and omilied from the pereentage
figures. This second elongation growth will be discussed later
{p. 20).

Rosults of these experimenis on Yellow Newlown and Delicious frees
are summarized in table 6. The relattonshp between leaf area and
the development of hlossom bads is agnin apparent.  In general, the
inerease in percentage of spurs blossoming follows the inercase in
aumber of leaves borne by the spur the preceding summor, although
in most instances the gradients are not unilorm.  The abrupt nse
in pereentage of spurs blossoming on leaders with three leaves per
spur over thal on those with two leaves per spur is of particular inter-
ost.  That this sudden merease is nol due to ehanee varialion is
evidenced hy its occurrence to some degree on every tree. The per-
formanee of the Yollow Newlown troe defoliated 29 dnvs after full
bloom (table 61 is the only instance that could be considered as o devia-
tion from the striking differences found between the two- and three-
feal spurs,  The fact Lhat this ivee had somewhat lareer loaves than
the others might partially account for this appuarent deviation.
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TasLe 6.—Effect of different leaf greas on blossom-bud formation on spurs of non-
bearing main leaders »f Yellow Newlown and Deliclous lrees at Wenatchee, Wask.,
198436
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I Spurs with B-10 led ves were untrented.

The data as o whole indicate a basis for three important assumptions
bearing on the formation of blossom buds. First, in trees where free
movement of photosynthates is permitied, there is a quantitative
relationship between leaf arven and the development of blossom buds.
Leaders used in this experiment bearing no fruit show a critical leaf
arca for blossom-bud differentiation somewhere between 17 and 28
square inclies per spur bud. Second, since relatively few buds differ-
entinted flower parts with one and two leaves per spur bud and a
relatively large number resulted with three leaves, it is evident that
the movement of the fower-producing substance is away from the
bud until the requirements of other tissues have been met. When
this movement was prevented, by bark-ringing smaller branches on
the same leaders, an aversge of 86.8 percent of the spur buds on the
girdled branches with two lenves per spur bud formed blossoms, where-
as only 1.7 percent of those on the adjacent unringed branches formed
them. Ewidence that the flower-producing substance moves to the
Toots is found in the analyses of Davis (8} where, on May 7, June 9,
and July 2, 1928, the roots of nonbearing prune trees showed a much
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higher percentage of starch than did the nonbearing spurs. Third,
the ability of a given leaf area to form the flower-producing substance
appears to vary with the variety. It can be noted that s higher per-
centage of the spur buds formed blossoms on the Delicious than on the
Yellow Newtown, although the area perleaf wasless. This conclusion,
however, could not be accepted as final on the basis of the present
limited date if it did not have the support of other investigations (33).

The differences in blossom buds formed between the 3 and 4 Jeaves
per spur bud in Yellow Newtown trees do not show any consistent
quantitasive relationship. In view of the extremely high percentages
of fruit buds formed with 8 to 10 leaves per spur. a larger number of
blossom buds are undoubtedly actually formed with 4 loaves. but in
this study the percentage increments were probably not sufliciently
great to overcome normal variation.

BLOSSOM-BUD FORMATION ON VEGETATIVELY ELONGATING DEFOLIATED
SPURS

As stated previously, when entire main leaders were defolintod to
one or two leaves per spur bud, a second apical growth somotines
occwrred. This phenomenon is by no means rare in deciduous fruit
trees, for mid- or late-season foliation has often heen observed following
leaf destruction by insects or oiher agencies. The fact that this
second growth may be found on nonbearing spurs following defolia-
tion is of interest from the standpoint of growth and reproductive
relationships,

It was noled during the summer of 1935 that of Lhe nonhearing
spurs on off-year leaders defoliated to one and two leaves por spur
bud ahout 40 percent pushed out into second growth. Aboul 3 per-
cent of second growth occurred with three leaves per spur bud, but
none with four leaves or more.  Leafl per spur bud adjustments wore
made 36 days after Tull bloom, and sccond growths were observed 38
days after defoliation or 74 devs after full bloom. A relatively large
leal area developed on these new growths, followed by terminal-hud
formation. Blossom records in 1936 disclosed that 88 percont of
these second-growth spurs had formed blossom buds.

It can be conservatively estimated that flower buds in these second-
growth buds were initinted more than 100 days alter full bloom, and
the resuits indicate that differentintion is possible over a rather long
period if the buds are brought into the proper physiological state.
The experiment also indicates thal the bud meristem is primarily
vegetative, and it will only develop lower primordia when associnted
with & given leal area,

Additional studies on the effect of defoliation und bark-ringing on
blossom-bud [ormation and vegetative elongation were made in 1936,
Two large main leaders of » biennial-bearing Yellow Newtown tree
in the off vear were completely defolinted, except for two leaves
immediately below ench spur bud, 30 days after full bloom,  Lendoer A
received no further defolintion trentments, whereas leader B was
redefolinted to two leaves per spur bud 63 and 93 days after full
bloom.  One large branch of ench leader was bark-ringed 44 days
after full bloom. Blossom development from these leaf per spur
adjustiments is shown in table 7,
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TasLe T~—Effect of defoliation and bark-ringing on second-growth and blossoni-bid
development on [ main leuders of a nonbesring Yellow Newlown irec al Wenat-
chee, Wask., 1936

Teader A; defolinted to 2 leaves per spur | Leader B, defpliated to 2 jeaves per spur
budd 30 days after (ull bloom:; no re- bud apd redefoliated 63 and 83 days
defoliation after (¥ bloom

Spur buds making
e gecondary
grawth

Spur huds maklag
no secondary
growth

Spur buds making

apnr buds making
sccondary growth

Branch teeatment sccondary growth

!
Portion i‘ Eﬁg; Fortion | ggg; ;
of total : of tatal of tolni of Lotnl
fcmmngs spur buds ;tlm_!_\{;gs spar buds, {fonning forming

ispur buds) gIFEET hiossoms [TPOT US| pioccams
f B i ; -
i : e

Spur

Spur
buds 5

1
e binn f .
Fortion Partion brds

Percent ' Percent | Percent 1 Percent | Percenl 1 Pevcent | Percenl | Percent
67 v 3 1 42 1] 53

Urnringed...cuo. oo, 7 . 2
Ringed 7 108 ; 26 1 83 61 48 a0 83
i

With only two leaves per spur bud, more than hall the buds pushed
out into second growth except on unringed branches of leader B,
Similar fo findings in the earher exporiments, a high perceutage of
second-growth spurs on unringed branches formed blossom buds,
whereas but 1 percent of those that did not become vegetative (loader A)
formed them. On ringed branches both types of spurs differentinted
& very high percentage of blossora buds i both leaders A and B, On
unringed branches of leader B (redefelinted), however, but 2 percent
of the spurs that did not make second growth and none of those that
did formed blossom buds.

These data again emphasize the relationship between leaf avea and
blossom-bud tnitistion. They also indicate that much less leal area
is required for blessom buds to form if the movement of photosyn-
thates to other portions of tlie iree, presumably the roots, is prevented.

Aside from the effect of the above treatments on blossom-bud for-
mation, the growth performance of defolianted spurs on ringed brooebes
is of interest from the standpoint of growth-promoting factors, It
can be seen that second growth took place on branches ringed as well
as unringed, suggesting that sthe substance responsible for growth
initiation is stored in tfissues above the ring., A ecriticism of this
assumption lies in the fact that the rings were made 14 days after
defolintion, in which cvent the growth substance could have moved
inte the buds before the bark ring was made, To provide a further
test for this possibility, branches from an off-vear Yellow Newtown
tree were both defoliated to one leaf per spur bud and ringed at four

different periods after full bloom, as follows:

Spura producing
. second groiotha
Period after full bloum: {percent)

e mmmm s emeemeaae - P - |

These results scem to indicate that, unless transported in the

lem, the growth-prometing factor is located above the ring, proba-
bly in thie bud tissues, and its activity is apparently inhibited by leaf
metabolism when a sufficient leal area is present.

In the experiments of 1936 (table 7) the interval between the first
defoliation and redefolintion was 33 days. Second growth following
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the first redefoliation was in all cases vegetetive, and these were again
redefoliated 30 days later. No blossom buds were formed in any of
the redefoliated spurs (leader B)., Since blossom buds were formed on
second growth when not redefoliated {leader A), it was of interest to
determine when flower primordia were }aid down and what the response
of these buds would be to redefoliation after blossom differentiation.

In 1937 a large main leader of an off-year Yellow Newtown tree was
defolinted to 2 large leaves per spur bud, 32 days after full bloom.
Of the defoliated spurs, 230 made second growths, and these were
redefoliated 45 days later. Opn August 18, or 25 days after redefoli-
ation, it was found that 13 of the 230 redefoliated spurs were blossom-
ing. This indicated that bud tissues were capable of growth even
though blossom buds had salready differentiated. Also, the critical
time for the beginning of blossom-bud initiation was probably some-
what nesr 45 days after defolintion in these trees.

TIME OF BLOSSOM-BUD DIFFERENTIATION

Microscopic examination of bud meristems has been employed for
many years in defermining the first vistble evidence of blossom-bud
differentiation and at the present time is probably the only known
effective method. Many excelient studies have been reported on the
time flower primerdia appeared in buds, and this information has been
of incalculable velue to the knowledge of fruit-trec reproduetion.
Urfortunately, these researches have bad rather limited applications
in many instances owing to the lack of a prescribed “physiological
base line” for time measurements. Calendur dates of ipitial spring
growth and blossoming are known to vary as much as 24 days from
one year to another. This obviously precludes the use of calendar
dates for bud-initiation studies exeept for the conditions that cxist
in a particular vear and at & definite place.

Some growth indexes that may serve to date from are Iull bloom,
cessation of extension growth, formation of the terminal bud, or, as
suggested by Barnard and Read (8), the time when spur leaves have
reached full growth. Throughout {his and other Investigalions
(17, 18, 18, 34) full bloom hias been the physiological index, and all
time records of treatment and response have been signified as the
number of days from its occurrenee.  Full bloom, as here designated,
refers to the day blossom petals begin to fall.  In all cases records of
full bloom apply only fo the orchard in which the experiments were
performed and o the varieties under study.

In summarizing the results of a comprehensive microscopic study
on the time of blossom-bud differentiation in pome and stone fruits
of Austraiia, Barnard in 1938 (5) stated:

In pome [ruits the time of bhud differentialion secins Lo be more closely
related to the size of the current season’s crop and Lo the time of cessetion of shoot
elongation growth [italics writers’] than 1o climatic conditions, * * * Generally
speaking, all the evidence indicates that differentistion cceurs latest in the trovs
of {he one vurioty which are most vigorous and vegotative.

Barnnrd and Read (6) also found apple buds lo differentiste Mrom
5 to 6 weeks after the spur leaves reached Tull growth.

Here is convineing evidence thal the time of differentiation of a
spur bud depends primarily on the growth charaeferistics of that spur
and that seasonal influences are operative only as they alfect growth
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conditions. The faet that differentiation nccwrred within a given
time after cessation of extension growth jsuggests at once thati this
fime interval is probably very similar in all spurs regardless of the
time of growth cessation.

In the spring of 1935 & large npumber of spurs were tagged and
elongation was messured at frequent intervals until it had ceased.
These measurements were made on a Yellow Newtown tree that
exhibited the main leader type of biennial bearing. Twe leaders
were definitely on year, while the remaining three were entirely off
year. Both secondary growths of bearing spurs and vegetative
growths of nonbearing spurs were included in the study. ‘Terminal-
bud development was recorded in all growths. After measurements
were completed both types of spurs were divided into five classes
according to their length growth., The results are graphically repre-
sented in figures 1 and 2.

The question might well be raised as to whether or not a length
growth of 35 em. could be considered as spur growth. The trees in
this experiment were very vigorous, and growths of this length from
fruiting structures were quite numerous. Account must also be
taken of the fact that these biennial-bearing off-vear leaders formed
blossom buds on practically every new growth regardless of length
or character.

It is quite evident from this study that the time of terminal-bud
development in both bearing and nonbearing spurs varies with the
length of growth made by the spur. The longer growths tend to
form terminal buds later in the season. In view of the findings of
Barnard and Read (6) on the relation of blossom-bud initiation to
shoot growth, it is believed that length of growth, tune of terminal-
bud formation on the spur, and time of blossem-bud initiation are
very closely correlated.

This offers an explanation for the observed bebiavier of certain
varicties or of mdividuals of & given wvariety which tend to be
annual bearers whereas others tend to be biennial. Rome Beauty,
normally an annual-bearing variety, makes rather long spur growths,
and it has been shown (84) that by leaf-fruit adjustments these spurs
can be influenced to form blossom buds over o longer period than
other variefies making shorter spur growths. Dolicious trees in a
high state of vigor were found to respond to similar treatments by the
formation of blossom huds at a later date than less vigorous trees of
the same variety (34).

Figures 1 and 2 are of interest also {rom the standpoint of selecting
spurs for chemical analysis in blossom-bud studics.  The desirability
of selecting spurs of uniform length to represent aceuralely counditions
within the spur in relation to blossorn-bud initiation appears to be
amply justified. TFor example, in figure 1, class 1) spurs reprosent an
entirely different stage of bud development from those n class 4 at
a given sampling date, and i is Jogical to expeet that the chemienl
compaosition would alse be diffevent.

TIME DURING WHICH BUDSE CAN BE INFLUENGCED TO INITIATE BLOSSOM
PRIMORDILA

It has been known sinee 1808 (/1) thaé in the summer a eritieal
period exists in huds during whieh the differentiation of the following
season’s blossems can be seen.  Only within comparatively recenl
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years, however, has the period during which buds could be influenced
{0 form blossoms been brought to Light €2, 17, 84}, and therein lies
the basis for the present method of attack on the problem of biennial
bearing.

The techuique employed in these investigations to determine the
time during which buds could be influenced consisted of bark-ringing
at tutervals during the growing season and of making leaf-fruit ad-
justments on the ringed branches. In the following spring, detailed
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¥igore 1—Rlongation growth of nonbearing Yellow Newiown spurs and its
relation o timme of termiinal bud formetion et Wenatchee, Wash,, 1935. X
indicates when terninal buds were formed.

records were taken of the number of blossom buds formed on these
branches, If ringing was performed eorly in the summer, Magness
and Overley (35) observed that Delicious branches with a ratio of
only 10 leaves per spple lormed no blossom buds, but with 40 to 50
leaves per apple almost every bud was o blossom bud.

In 1931, Harley, Masure, and Magness (17) conducted two sys-
temetic scries of ringing treatments with Delicious, one series having
leaf arcas adjusted to 10 large leaves per apple and o parallel series
having 70 lnrge leaves per apple. In the former treatment any
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blossom buds formed during the summer would have either differ-
entiated before the treatment was given or failed to respond to the
inhibiting effect of defoliation. On the other hand, with 70 leaves
per apple, any increase in blossom buds over similar unringed branches
was considered due to the influence of the excessive leaf srea. Evi-
dence was obteined that indicated that some blossom buds had
normally differentiated as early as 47 days after full bloom, whereas
others could be definitely influenced to form blossoms as late as about
30 days after full bloom, with a suggestion that » still later date was
possible in some buds.

A summary of this study (I7) iz disgrammatically reproduced in
figure 3. Here the percentages of growing points forming blossom
buds as a result of treatment are plotted as ordinates, with the number
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TFicore 2.—Elongation growth of bearing Yellow Newtown spurs and its relation
1o time of terminal bud formarion at Wenatchee, Wash,, 1935, A indicates
when terminal buds were formed.

of days affer full bloom as abscissae. At 30 days aftwr full bloom,
redueing the foliage to 10 leaves per apple offectively inhibited the
formation of blossom buds on ringed branches, Thinning the fruit
to 70 leaves per apple on the same day caused almost all the growing
points to form blossom buds. Seventeen days later, or 47 days after
full bloom, however, with 10 leaves per apple, a few buds had already
differentinted blossom buds, or the treatment failed completely to
inhibit the dilferentigtion processes slready inaugrated. Similarly,
with 70 leaves per apple adjustment made 47 days after full bloom,
16 percent of the buds had already passed beyond the stage in which
increased legf area per fruit could influence blossom-bud differentiation.

As the curves tend to approach cach other the effective influence
of leaf adjustments becomes less, and at the point of intersection, or
closest approach, susceptibility to influence is practically nil. Leaf
adjustments on ringed branches of annual-bearing Delicious frees, in

323481°—42-—4
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a similar state of vigor, may then be expected to influence a consider-
able number ¢f buds to form Hower parts 89 or more days after full
bloom, but this influence had slmost terminated by 119 days.
Magness, Fleteher, and Aldrich (34) conducted similar investiga-
tions in 1931 and 1932 on different varieties, using 100 leaves per
frait on ringed branches and untreated branches as checks. The
responses of different varictios as found by these investigators are of
particular imbterest. The period during which Yellow Transparent,
York Imperial, Oldenburg, and Delicious could be influenced after
full bloom was relatively short as compared with Jonathan, Staymean
Winesap, and Rome Beauty. This is in accord with the genera!
hehavior of these varicties relative to their bearing hahit, the second
group of varieties being much easier to maintain in regular production.
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Fioone 3. Percentage of growing points forming blossom buds on Delicious
trees with 70 leaves and with ) leaves per fruis on periodically ringed branches
ut Wenatchee, Wash,, 1931, Rings end leaffruit adjustments made 30, 47,
70, 89, aud 119 dayvs after full bloom.

Figures 4 and 5 show results of sludies conducted ot Wenalehee,
Wash., in 1932 on the time during which spurs and terminal growths
can he inflaenced to form blossom buds in the Jonathan and Winesap
variotics, respectively.  The method employed was very similar to
those desoribed previously (I7).

A large number of branches, about 1 to 2 inches in diameter, cach
carrying approximalely the sume amount of fruil in relation to leaf
aren. were selected after fruit set could be determined.  Six branches
of pnch variety were ringed and Jesf and fruit adjustments were
madebeginning 37 days after full bloom and at 15- to 18- day intervals
thereafter. Some of the Jonathan branchics were thinned to 50
leaves per apple. and others were defoliated to 5 leaves per apple; the
Winesap adjustments were made to 70 and 10 leaves per fruit.  Six
branchies of ench variety received no treatments and appear on the
charts as checks., At blooming time in 1933 records were made of the
percentage of all growing points forming blossom buds. Bud-per-
formance records of terminal shoots were separated from those of
spur buds.




BINNNIAL BEARING OF APPLE THEES 27

The curves in figare 4 add further evidence to that already obtained
(34) that Jonathan buds respond to leaf-fruit adjustments over a
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SPURS AND TERMINALS FORMING BLOSSOM BUGS

relatively long period. A definite response can be noted as late as
105 days after full bloom in both spurs and terminals. and cessation
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Freune 5~ Percentage of spurs and terrainal growths forming blossom buds on
‘Winesap trece with 70 leaves and with 10 leaves per fruit on periodically ringed
branches at Wenatchee, Wash., 1932. Rings and leaf-fruit adjustinents made
37, 55, 71, 87, 103, snd 120 days after full Hloom,

of response was not apparent until 120 days after full bloom. In
contrast, Winesap spurs and terminals (fig. 5) show practically com-
plote lack of response at 105 days and little, if any, significant response
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at 87 days after full bloom in spurs and terminals thinned to 70 leaves
per fruit. On the other hand, spurs with 10 leaves per fruit show
response, as compared with untrested branches, at 87 days. There
gecms to be no obvious explanation for this rather wide divergence in
performance except for inexplicable variability of the selected branches
at this ringing date.

Although Jonathan buds apparently can be influenced to form
flower parts later in the summer than Winesap buds, & more complete
response to leai-fruit adjustments earlier in the season, especially n
terminal growths, is indicated in the Winesap curves. This may
explain, in part, why under Pacific Northwest conditions both these
varieties tond to bear heavy crops annusally. Also, she fact that
terminal growths can be more completely influenced later in the
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Fiaure 6.- -liffect of soil applications of nitrate of soda on the percentage of
rrowing poinls forming blossom buds on Delicious branches at Wenalchee,
Vash., 1931, Branches ringed and leaf-fruit adjustments to 10 and 70 leaves
per fruit made 30, 47, 70, 89, and 119 days after full bloom,

season than spur growths affords additional evidence [or the concept
that with equivalent leal areas the time of blossorm-bud initiation is
governod primarily by the length of growth made by the bud-bearing
shoot.

It was hoped that o comparison could be made in the time of bud
influence with Yellow Newtown, a varicly with strong biennial tend-
encics. Unfortunately, results of ringing and leaf-fruit adjustment
experiments on Yellow Newtown were lost because the grower-coop-
erator inadvertently removed many of the ringed branches in pruning.

In addition to the studies in 1931 on the time during which buds
could be influerced to form blossoms in Delicious, dpia were obtained
on the effects of soil applications of nitrate of scda and varying
amounts of soil meisture on the time buds could be influenced by leaf-
fruit adjustments, as just deseribed. The trees were 13-year-old
Delicious in good vigor as interpreted by length of terminal growth,
although the leaves were rather light green in color,indicating that
at the time they were somewhat nitrogen deficient. The soil consisted
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of 2 feet of light sandy loam with underlying coarse gravel. Trees
ineluded in this periodic ringing study reccived from 4% te 9 pounds
of nitrate of soda each, The nitrate was distributed in irrigation
diteches and watered into the soil 27 days after full bloom. At this
date apical buds had formed on all growing points with the exception
of some terminal shoots in the upper portions of the trees.

The percentages of growing points forming blossom buds on periodi-
cally ringed branches with 10 and 70 leaves per fruit are shown in
figure 6. Curves representing blossoms formed on trees receiving
nitrate of soda are designated as nitrated and those formed on un-
treated trees, as checks.

The curves representing blossom buds formed on the branches with
10 leaves per fruit show no consistent effect of nitrate on the inhibition
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Ficurg 7.— -Iifiect of differences in soil moisture on the percentuge of growing
puints forming blossom budg on Delicious branches at Wenatchee, Wash,, 1931.
Branches ringed and leaf-fruit adjustiments to 13 and 70 leaves per fruit mude
30, 47, 70, 8% and 119 days after Tull bloom.

of differentiation ever the unfertibized checks. With 70 leaves per
fruit therc is somne indication that a slightly higher percentage of
buds could be influenced to form blossom buds in the nitrated trees
ab all except the first ringing dates. Inasmuch as this increase in
percentage of fruit buds on nitrated trees lncks supporting evidence
in the curves for 10 leaves per fruit and in view of the possibility
of rather high variability in treated branches, the effect of nitrogen on
the time blessom-bud formation can be influenced in these trees is
doubtful.

Figure 7 represents the cffect of different moisture contents of the
soil on blossom-bud formation, as influenced by 10 and 70 leaves per
fruit ‘on periodically ringed branches of Delicious trees.  The plot
designated as wet contamed trees that received [requent irrigations,
and the soil moisture was maintained near the ficld capacity. The
dry plot was irrigated at the beginning of the experiment, and there-
after only when the soil had reached the wilting percentage and the
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trees showed definite indications of wilting. Wilking percentages
were reached in the dry plot 65, 85, and 122 days after full bloom.

The curves in figure 7 suggest that with 10 leaves per fruit, the
restricted leaf aren of the wet plot more completely inhibited the de-
velopment of blossom buds than that of the dry plot at 70 and 89 days
after full bloom. Here again, however, the evidence is not sub-
stantinted with 70 leaves per fruit, and it is therefore coneluded that
under the conditions of this experiment differences in soil moisture had
little or no significant effect on the time spurs could be influenced to
form blossom buds after terminal buds had formed.

{n summarizing the results of this and other investigations on the
time buds can be influenced to initiate flower parts by periodic ringing
and leaf-froit adjusting, several {actors of fundamental importance
have been brought out. First, the time range in which apple buds
are phvsiologically capable of differentiating llower parts is not neces-
sarily a short one, but may extend over a period of 2 to 3 months or
more, depending on variety. Second, varielies that normally produce
annual crops can, by teaf adjustments, be influenced to form blossom
buds over a longer period than those less inclined toward regular
eropping. Third, buds on frees of high vigor can be influcnced to
form blossom buds later in the seasen than those of low vigor. This
is apparcatly due to the longer spur growths on vigerous {rees which
differentinte later shan the buds on shorter spurs,  Heinicke (21) ve-
ported that spurs on high-nitrogen trees did not form their terminal
buds quite as early as on the low-nitrogen ones. Fourth, application
of nitrogenous fertilizers after apical buds are formed or variations in
soil mosture after apical buds are formed apparently have no pro-
nounced effect on the time buds can be influenced to initinte flower
parts in that year.

LEAF-FRUIT ADJUSTVMENTS ON UNRINGED MAIN LEADERS

Although leaf-fruit adjustments on ringed branches are of value in
determining when buds ean be influenced to initiate fower primordia,
it is desirable to know the degree of influence leaf-fruit ratios exert on
blossom formation in structures where free movement of elaborated
materials is not prevented by bark-ringing,

In the defolintion studies with a total absence of fruit, u larger leaf
area was required to form blossom buds on unringed leaders than on
ringed branches of the same leader, indicating the existence of a prior
demand other than developing [ruits for the flower-forming substance
by certain tissues. Evideuce {rom other chemical investigations (8)
indieates that during the formative peitod of differentiation, the move-
ment of this substance is mainly to the roots. These demands by
fruit, voots, and possibly other structures must be recognizod belore
the principles of leal-fruit adjustments can be efiectively applied to
promote annual production through the practice of fruit thinning.

The experiments to follow have all been performed ou unringed
individual main leaders of bienniat-bearing trees in their heavy crop
Or OT years.

To study the time during which buds of bearing spurs can be in-
fluenced o form blossom buds by establishing relatively high leaf-fruit
ratios, an cntire Yellow Nowtown tree with 6 main leaders was
selected. This trec was very vigorous but deeidedly biennial, for
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practically every growing point on each leader was bearing a cluster
of fruits at the time of the first treatment. At intervals during the
summer a single leader was selected and the number of fruits on that
leader was reduced from u ratio of 3.5, to one of nbout 70 leaves per
fruit. The average aren of these leaves was 4.2 square inches, as
determined by planimeter measurements of representative lots of
leaves. Only well-developed leaves were included in counts and
measurements; small lenves about the cluster bases were disregarded.
- Leaders were thinned to 70 leaves per fruit 33, 38, 54, 66, and 76 days
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Fioone 8.—Pereentage of growing peints forming biossoms on main leaders of a
biennial-bearing Yellow Newtown tree following periodie fruit thinning to 70
leaves per fruit 38, 38, 54, 66, and 76 days after full bleom in the bearing year
at Wenatchee, Wash.

nfter full bloom. One leader wus allowed to remain unthinned. Par-
centages of growing points forming blossoms on the lenders the follow-
ing spring are shown in table 8 and figure 8.

TarLe 8.~ Effect of fruit thinning to 70 leaves per fruil ab different periods after full
blogwm. on blossom-bud formation on individual main leaders of a biennial-bearing
Yellow Newtown trec at Wenatchee, Wush,
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The dats show that with leaf-fruit ratios appreaching 300 square
inches of leaf surfece for each fruit, blossom buds could be influenced
to form in on-year spurs of biennial-beering Yellow Newtown. The
period of coffective mfluence for this vigorously growing tree was
about 54 days. As illustrated in figure 8, the percentages of bloom
show o sharply descending gradisnt from 33 to 66 dnys, The eurve
suggests the possibility of the existence of a mathematical relation-
ship between the time of thinning and the percentage of blossoms
formed. From the 33- to the 54-day points, a reduction in blossoms
of about 10 percent occurred for cvery 7 days thinning was delayed.
This correlation, of course, would not be the same for all varicties or
individual trees within the variety unless they were neayly identical
in growth and crop with that used in the experiment. With trees of
less vigor the period and degree of influence undoubtedly would have
been less {16, 34). Basieally, however, the date further substantiate
the already existing evidence (I, I8, 19, 34) that if fruit thinning is
performed within the range of effective influence and to a sufficient
leaf area per fruit, the biennial-bearing habit of apple trees can defin-
itely be broken.

At the time leader C (table 8) was thinned, 54 days after full bioom,
it was observed that many of the small fruits had begun to show yellow-
ing of the stems and & few had alveady dropped. This was interpreted
as the beginning of the so-called June drop. When leader D was
thinned, 66 days after full bloom, the drop had apparently reached
its highest point. This indicates rather definjtely that effective
influence of fruit thinning in forming blossern buds cannot be
expected if the thinning operation is delayed until the young fruits
hegin to drop.

TanLs 9.—Sffect of different leaf-fruit rativs established al different periods after
bloopm ir 1985 on blossem-bud formation on main leaders of bigunfal-beuring
“ellow Newtown trees ol Wenalchee, Wash.
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The results of [urther studies on the relation of time and degree of
fruit thinning o blossom-bud formation are found in table 9. These
data were obtained from 4 vigorous Yellow Newtown trees having
the individual main leader Lype of alternate-year cropping. Each
tree had at least one off-vear leader in 1933, Blossom records in
1934 fully substantiate those in table 8 and, in addition, suggest that
a lower leaf-fruit ratio than 70 leaves per apple, il established suffi-
ciently early in the season, could influence enough buds to form
blossoms to produce a good crop the following vear.

A comparison of the cflect of varying leal aveas and periods of
thinning alter full blvem on blossom-bud farmation in dillerent
varieties is presented in table 100 The leaf-fruit adjustments were
macle an main leaders of a single biennial-bearing tree of ench variety.
Tree vigor, as designated in this study, was evaluated on the basis
of lenf characteristics at the time of thinning,  Trees with large leaves
for the variety and deep green in color were elassificd ns high vigor.
Trees with small, light green leaves for the variety were eonsidered
as low vigor, Numerical indexes of vigor on the basis of leafl character-
istics, although desirable, would be rather involved and relative at
best. Lengths of terminal growth have heen emploved as a measure
of vigor, bul this method is subject to much erilicistn in studies
relating to blossom-bud formation. A given length of growth may
mdicate a high degree of vigor, while leal injury by diseases, inseets,
or chemical injury from spray materials may, reduce the cofficiency
of the leaf to a point of blessom-bud reduction.  For this reason all
references pertaining to tree vigor in this report have been estimatod
in terms of leaf size and depth of eolor,

Tanre 10 Effect of fruit thinning on fudividuol main leaders of bienniol-bearing
Yetlow Newtown, Winesup, and Delicions frees in 1935 on blossaming in 1930
al Wenntcker, Wash.
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Differences in responses to thinning freatments in biennial-bearing
Delicious trees of high and of low vigor are clearly evidenced in table
10. At 32 days after full bloom, a leaf-fruit ratio of 70 leaves per
fruit was required to influence 15.7 percent of the growing points
to bloom in the low-vigor trees. On the other hand, the Delicious
tree high in vigor differentiated almost twice that percentage of grow-
ing points with only 30 lesves per apple at 31 days after full bloom.
In fact, when thinning was performed 23 days after full bloom, a
bloom on 35.6 percent of the growing points was obtained with but
25 lenves per fruit. A very definite response can be seen from thin-
ning to 25 and 30 leaves per fruit even as late as 39 days after full
bloom in this vigorous tree.

The differenee in response to thinning treatments of trees of different
vigor may be explained in part by the greater area per leaf of the
vigorous frees. This apparcntly relutes only to individuals within a
variety, for it can be seen that on the vigorous Winesap tree a bigh
percentage of growing points bloomed as compared with the low-vigor
Delicious tree thinned at the same date, although the average avea
per leaf of the Winesap was somewhat less.  That the leaf-fruit ratio
necessary for blossom buds to form may be a distinet varictal charac-
teristic 15 also sugeested when the data for Winesap and Yeliow
Newtown are considered. Both trees were in o similar condition of
vigor, but the ratio of leaf area to blossom buds formed is significantly
higher for Yellow Newtown. The possibiliby of a greater leaf effi-
cieney in Winesap, correlated with the lime dwring which buds can
be influenced, may explain why Winesap is usually an annual bearer
whereas Yellow Newtown is, in gencral, notoriously biennial.

» Perhaps the most important consideration of the results in table 10
from a practical and cconomic poiut of view is the fact that blossom
buds, sufficient for a good ¢rop, were formed on these bienntai-bearing
trees when eatios of 26 and 30 leaves per fruit were established eardy
in the season.  Leal-fruit rafios as high as 70 or wore leaves per apple,
although more effective in breaking the biennial habit, necessitate
the sacrifice of o large part of the cuwrrent season’s crop. With 25
or 30 leaves per apple a good production should be realized in the
henvy erop year and still permit sufficient blossom buds to be formed
for a crop the following year. As can be seen, however, this took
place only when trees were in a highly vigorous condition and when
thinning was performed within about 3 fo 5 weeks after full bloom.

CONCLUSIONS DRAWSN FROM PHYSIOLOGICAL STUDIES

Defolintion and leaf-fruit adjustment studics have provided evidence
that the specific factor responsible for the initintion of lower primordin
is » product of leaf muoinbolisin. Just what particular substance
constitubes this facltor has nol been determined, but it appents that
the lenl arca required to synthesize the necessnvy quandity Lo initinte
s blessom bud is not particularly great. This suggests o hormonelike
substance us the conbrolling facior. L a hormeone, its specificity for
buds seems to be quite limited, for apparently it is earried to strue-
tures making a greaer demand than bwds for carbobydrate substances.
That developing fruits make the first and greatest demand for the
blossom-bud-forming substance, followed by rools and finally by
the spur, is strongly indicuted in the leaf-fruit adjustment, defoliation
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and ringing experiments. 1l retnains then that, until these demands
are met, movement of such & hormone would logienlly be in a divection
awny from the bud. The role of a blossom-forming hormone in root
development or fruit growth would be highly speculative. If the
hormone hypothesis be accepted, it would probably be diflicult
completely to dissociate the hormone from soluble carbohydrates in
its synthesis and translocation, or from starch in its deposition.
Factors thal reduce the carbohydrate supply, such as hesvy fruit set,
defoliation (20, 85, 41}, and shading (4, 13), invariably inhibit blossom-
bud differentistion.

Together with the already existing evidence (1, 16, 18, 18, 36) the
present results of leaf-fruit adjustiments made on main leaders of
biennial-bearing trees In the on vear demonsirete that the biennial-
benring: hinbit can be brolken by fruit shinning alone. The relative
degree or severity of such thinning to influenee the formation of
blessom buds should be governed by vigor of the tree as interpreted
by the size and color of [olinge, and by the number of days after full
bloom thal thinning is perfermed.

Certain eriticisms, notably by Roberts (40), have been directed
toward {he apphication of frwi# (hinning as & corsection for biennial-
bearing, on the premise that varlety for variety the average aren per
feal is in general greater for north-central Wushington trees then for
those of many other fruit-growing regions, und that thinning on the
hasis of certamn leaf numbers per fruit would be applicable only to o
speciat loeation.  Obviously, leaf numbers alone cannot be comparable
when leaves may vary greatly in size. Only with equivalent leaf
areas can rue comparisons be made, and, since it s nghdy tmprae-
ticnl to measure all leaves to determine the leal-fruit ratio, the number
of leaves per apple has beenr used as the hudex of relative leal area.

Othier factors may be more imporlant in favoring responsivencss
to fruit thinning,  Trees growing in the irvigated {ruit dislvicts of
Washington may bave s higher photogyuthetie level than those grown
in cortain other localities,  Relndively high sunlicht intensilies, long
growing seasons, and extended lengths of daily light, which charac-
terize these districts, may contribute to increased leal efliciency.
[nder these conditions, leal areas used in the present studies might
influence the fornwiion of blossorwe buds to & greater extent than
eaguivafent leal sreas elsewhere,

The foregoing eriticisms are tmely and worthy of consideration,
but it should he emphasized here that they relabe only to problems
arising in the wide or general application of thinning treatments as
s correelive measure for biennial bearing,  In no way do the criticisms
upply to the principles involved in the relationship of leaf-fruit adjust-
ment znd blossom-bud formation.  Accumulnting cvidence indicates
definitely these prineiples to be fundemental and basieally sound.

Commenciat, FrorrTHisxise ExporivesNTs

Durinyg the summers of 1836 38 records were taken on the pereent-
ae of growing points forming buds on biennial-bearing trees following
early commercial fruit thinning. The prineipel deviations from the
genersd commercial thinning practices In Wenatehee orehards con-
sisted of establishing somewhaut higher aversge lenf-fruit ratios, nnd all
thinning was performed before the June drop. Common orehard
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labor was employed to do the thinning under immediate supervision
of the writers. Records obtained at the time of thinning consisted
of the date each tree was thinned, the average number of large leaves
per apple after thinning, and the relative vigor of each individual tree.

Bloom records the following spring wera obtained by estimating the
percentage of growing points besring blossom elusters. These
estimates were checked by frequent counts. All estimates were made
separately by two individuals, and in all cases counts were made if
estimates were not In good agreement. Varietles studied were
Delicious, White Pearmain, and Golden Delicious apples, with a
small experiment on Flemish Beauty pears.

EXPERIMENT ON DELICIOUS APPLE TRERS

For this study an orchard was selected that had shown a decided
biennial tendency sinee 1932, In the early summer of 1936 the
Delicious trees were carrying an extremely heavy crop, practically
every spur bearing a cluster of [ruits. One bundred frecs, approxi-
mately 22 years of age and the majority moderately to highly vigorous,
were selected Tor carly thinning treatments.  About 30 percent, how-
ever, bore rather small light-green leaves and were classified ns being
low 1n vigor.

Table 11 shows these Delicious trees to have been very responsive to
early thinning. When thinned within 31 days after full bloom, cven
trees classificd as of low vigor blossoimed sufficiently for o good crop in
1937. When fruit was thinned 3% days after full bloom, moderate-
to high-vigor trees developed a relatively bigh percentage of bloom,
but the low-vigor trees cdid not preduce enough bloom for & erop the
following serson. Unthinned trees [ormed blossom buds on only 1
percent of the growing points. The amount of bloom was in relative
proportion to the amount of foliage per fruit,  An exception occurred
1n the moderate- to high-vigor tree thinned to 10 to 20 leaves per fruit
39 days after full bloom.  As only one tree fell info this class, it is not
surprising that such a deviation might he found.

TasLe 11, fffect on blossowding in 1987, of fruit thiwning of bivaniol-benring
Deliciaus trees of different vigor in 1936, at Wenatchee, Wagh.
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Perhaps the most important feature of this study is the fact that
these Dalicious trees, although definitely biennial, were capable of
forming blossom buds for a crop the following year with a relatively
low leaf-fruit ratio. Thinning to 25 leaves per apple is not an un-
common practice for fruit growers in the Pacific Northwest, although
it is seldom performed before the June drop.

Total production of Delicicus fruit from tbis biennial-bearing or-
-chard from 1932 4o 1938, inclusive, was as follows:

Yield az equiplant of

Year pncked standard Loces
1088 e 6, 823
B = SO 1, 626
iggd_. B e e e e e e e e e 7, g:‘i{)

= i)
1836 1. . L e e e i el ... T 820
1087 e . m e e cmeo 7, 439
2 . 1 U UURPRPR A §1 1 |

Y Thinned eorly; see tabie 11,

These yield fgures were taken from the growers’ harvesting and
packing records, and some trees other than those in the experiment
ave included. For the most part, those outside the experiment were
somewhat less inclined toward alternate cropping than the experi-
mental trees. Production fluctuated greatly prior to the thinning in
1936, but was uniform thereafter,

EXPERIMENT ON WINTE PEARMAIN APPLE THEES

The effects of early fruit thinning on 36 White Pearmain trees were
stuclied in 1936, These frees had been deeidedly biennial bearers for
several years. They were growing in the same orchard as the Delicious
trees deseribed in the foregoing test and were located immediately
adjacent to them, The White Pearmain trees began to bear in alter-
nate years just prior to 1932, and since the off and on years of Delicious
and White Pearmain trees coincided, it is quite evident that pollination
was the primary influence causing the Delicious trecs to assume the
biennia} habit. The other variety adjacent to Delicious was Winesap,
and these trees, depending on Delicious for pollen, were showing a
simitar trend of bearing in 1936,

The results of early fruit thinning on White Pearmain trees are
shown in table 12. The data reveal that thinning to 25 leaves per
apple 25 days after full bloom resulted in the formation of sufficient
blossom buds to produce a good commercial erop for the following
year on trees high in vigor. Unfortunately, no trees of low vigor were
thinned on this date. The amount of bloom on frees thinned to 20
and 23 leaves per apple 39 and 46 days after full bloom was not great
enough to produce a desivable erop. This is in contrast to the response
of high-vigor Delicious trecs at 39 days after full bloom (table 11)
and indicates that Delicious trees can be influenced by leaf adjust-
ments later than White Pearmain.
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TasLE 12.—Effect on blossoming in 1837, of fruil thinning of Hennial-bearing While
Pearmain trees of different vigor in 1938, at Wenatchee, Wash.

High-vigor {rees Low-vigor trecs Both vigor classes
Purlod from full
blogtu to thinning | Leaves Growing | Leaves Growing Growing
(days) per fruit | Trees aints | per fruiit | Trees ulnts Treas points
after treated | blossom-|  after treated | blozssom- | treated { blassam-
thinning ing thinoing ing ing
Number | Number | Percend | Number | Number | Percemt | Number | Pereent
Ghuck LI 2 J 13 O M E . 2 1.3
26 3 6.4 0 3 2.0
20 ] 5B 3 o 4.7 15 51
b2 12 7 o 4 1.2 16 ol

'Thinoed after June drop,

EXPERIMENT ON GOLDEN DELICIOUS APPLE TREES

Under the conditions of the Pacific Northwest, Golden Delicious
trees tend strongly toward alternate-year cropping. The habit is
sometimes apparent in the early bearing years and increases in inten-
sity as the trees grow older. In some inslances it may appear only on
main leaders or individual trees, but entire biennial orchards are com-
monly found. Since this variety has recently gained considerable
favor, 1t is quite important that some attention be given to the possi-
blhty of meintaining annual production.

Early fruit-thinning tests were conducted on 43 exiremely biennial
Golden Delicious trees in 1936. These trees had been grafted over to
Golden Delicious, and the grafts were about 14 years old. At the
time of thioning, most of the trees were decidedly lacking in vigor.
Leaves were quite small and light green and averaged only six per
spur. Practically every spur, however, had set a cluster of fruits and
when first thinned the fruit averaged three to each spur. At 44 and
45 days after full bloom a few fruits were beginning to drop. Asin the
two foregoing tesis, hired orchard labor was employed to thin the crop.

Treatments in 1936 and blossom records of 1937 are given in table,
13. In no case was there bloom that could be considered sufficient
for & good erop, except where moderately vigorous frees were thinned
to 30%9&%5 per apple 28 to 31 days after full bloom. This seems to
indicate that unless the trees exhibit & rather high degree of vigor
Golden Delicious cannot be expected to respond to fruit thinning
unjess a relatively high leaf-fruit retio is established very early in the
SeASoN.

TanLe 13.~-Effect on blossoming in 1987, of fruit thinning of biennial-beering Golden
Delicious trees of different vigor tn 1936, at Wenatchee, Wash.
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EXPERIMENT ON FLEMISH BEAUTY PEAR TREES

The discovery of several biennial-bearing Flemish Beauty pear trees
presented an opportunity to determine the effect of early fruit thinning
on the fruiting response of these trees. Four decidedly biennial trees,
in the on year, were thinned o 30 to 35 leaves per fruit, 23 and 24
days after Tull bloom. Two similar trees were not thinned until after
the June drop (60 days after bloom). Another tree, No. 5 (table 14},
with 8 main leaders was thinned to 35 leaves per fruib. One leader
was thinned 23 days after bloom and the other two 61 days after
bloom. All trees were of good vigor and very uniform as to the per-
centage of spurs bearing fruits.

Tapre i4.—Effest on blossoming in 1937, of frudl thinning of biennial-bearing
Flemish Beauty pear trees in 1936, af Wenalchee, Wash.
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Results of this thinning test (table 14) indicate that the biennial-
bearing habit of these Flemish Beauty trees was completely broken
by the early and somewhat severe thinning. When the operation was
postponed until after the June drop the percentage of blossom buds
formed was less than that required for a good succeeding crop.

EARLY ¥FRUIT THINNING
GENERAL CONSIDERATIONS

The thinning of apples has long been recognized as & Decsssary
adjunct to good orchard management, but in most instances the ex-
pected benefits from the practice had to do only with size improve-
ment and guality for the immediate crop. As evidenee accumulanles
it hecomas more apparent that the beneficial offects of systematic (ruit
thinning are numerous and lasting.

Winter injury to the above-greund portious of {ruil trees has often
been observed to be more prevalent in trees that had an excessive crop
the preceding season. Chandler (7) found low-Semperature njury ic
buds greatly reduced on trees that had been thinned. Waring (46}
studied bhe residual effoets of fruit thinning on the Lombard plum
and found beneficial influences on tree growth and behavior to the
fourth year following I year’s thinning. These consisted of increased
trunk circumference, shoot length and diameter, spur growth, and
foliage ares.

Practical impleations from the present investigations are rather
definite that early fruit thinning provides the mos{ essentinl bagis for
annus] and uniform production. Thus, aside lrom such benefits as
preventing breakage or injurigus bending of branches by beavy crops,
physiological eilacts of fruit thinning, as deseribed above, assume im-
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portance not generally attributed to the practice. Fruit thinning
then could well be classified not only as a simple supplementary aid
in the production of high quality fruit, but also as a principal factor
in the production of annual crops and a potent infiuence in maintaining
vigor and hardiness in structural tissues.

That biennial bearing in apple trees can be broken and annual pro-
duction maintained thereafter through fruit thinning has been dem-
onstrated in these and other investigations. Practical success in
the application of this method cannot be attained however unless cer-
tain apparently Jundarmental rules are carefully adhered to. In the
present experiments, failure of trees to respond to thinning has been
directly traced to lack of one or more of the following requirements:

(1) A high depree of tree vigor should be maintained. A pood healthy dark-
green foliage is essential for best response to fruit thinning. Thinning necessary
to bregk the biennial-bearing habit need not be so severe as to lower the quality
of fruir or decrense production if the trees are highly vigorous, Biennial hearing
can be corrected in trees of relatively low vigor, but in this condition very severe
and very carly thinning is apparently required.

{2y Thinning should be performed early in the growing senson. It was found
that in order to influence blessom-bud formation thinring should in all cases be
compleied some tirnee before the June drop.  In varieties where the biennial hahit
was not firnly fixed good response was obtained in most fustances from 30 to 40
days after full bloom. With varieties having a strong tendency to alternate
cropping there seemns to be no date too early to commence thinning, from the
standpaint of blossnm-bud influence.  Thirty days after full bloom appears to be
the it of rime thinning should be deferred in biennial varieties if buds are to be
influenced with 23 to 30 leaves per apple. On strongly bieunial varieties, when
thinniug was delayed beyond 30 days after full bloom, or if trees were not highly
vigorgus, it required 40 or more leaves per apple to obtain sufficient fruit buds fora
good crop the following year., Preliminary tests suggest that hand blossom
thinning may be feasible with certain varieties such as Golden Delicious.

(37 Thinning must be relatively heavy. In these thinning experiments the
distribution or spacing of fruits has heen based entirely on the relation of leaf
area, or on 1he number of large leaves per apple, rather than on o definite distance
between fruits. This may be rather difficult or confusing fo the orchardist
aftempting this method of thinning for the first time, but after a few trial counts
it should be possible to estimate the number of leaves per appie about as readily
and accurately as judging a given number of inches for spacing the apples.

The degree or severity of thinning necessary to influence blossom-
bud formation on biennial-bearing trecs seems to vary directly with
tree vigor and the number of days alter full bloom thinning is per-
formed., The interrelationship of these Iactors is indicated in table 15.
These data represent the average of a large number of observations
made on main leaders and entire trees of biennial-bearing Yellow
Newtown and Delicious varieties at Wenatchee, Wash., and they
show the approximate number of leaves per apple required to influence
i5 pereent or more buds to differentinte blossoms at various intervals
from full bloom, on trees of relutively high and of relatively low vigor.
Under conditions in the Pacific Northwest fruit districts, if blossoms
are evenly distributed throughout the tree, nd conditions for pollina-
tion are good, this amount of bloom should be sufficient to produce a
ratber heavy crop.
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TABLE 15— Approvimate number of leaves per apple required to influence 15 percent
or more buds to form blossoms on biennial-bearing Yellow Newipwn and Delivious
trees of high and low wiger af Wenaichee, Wash., 1981-88

Avearage large leaves . Avorage large leaves
. peEr apple per apple
Pericd from rull bloom Feriod from full bloom
te thinning (days) . to thinning (deys) K
High-vigor | Low-vigor High-vigor | Low-vigor
trees frees treos treas

Number Number Iumber Number

. T 22 3 44 &7

.. T 30 A3 ] 40, - 1 il 100

As shown in table 15, the thinning should be increased proportion-
ately with the increase in number of days after full bloom. Trees
with relatively poor foliage systems required heavier thinning at a
given date to produce sufficient bloom for a successive crop than did
vigorous trees with good leaf areas. These figures, of course, represent
means of s large number of observations, and a wide devistion from
them might well be expected among individual trees in practical
application. It is felt, however, that they serve to illustrate the
fundamental relation between time and degree of thinning and the
Importance of tree vigor in the early thinning program.

DISADVANTAGES OF EARLY THINNING

Unless strict attention is given to thinning to an approximate
number of Ieaves for each fruit, the orchardist attempting an early-
thinning program for the first time will, as a rule, underthin, At 20 %o
25 days after full bloom the apples are very small and it is difficult %o
visualize their size and position in relation to each other when they
become fully developed. Also many small fruits may be bidden in
the foliage and are likely to be overlooked resulting in too many fruits
remaining on the tree for either sufficient blossom-bud formation or
desirable fruit size. A second thinning later in the season has been
found necessary in some instances.

With certain classes of orchard labor careful supervision and in-
struction mey be required. This will tend to slow up the operation
and also increase the cost.

The initial cost of thinning before the June drop can be expected to
be counsiderably higher than that of late-season thinning, The added
expenditure, however, should not be required beyond the first year if
the alternate-cropping tendency has been corrected.

At harvest, apples from early-thinned trees are usually lerger than
those from similar trees thinned later. Also, if an extremely severe
thinning is required to influence blossom-bud formation, the remaining
Iruits are very likely to grow too large. Large apples are generally
more susceptible to certain disorders, such as water core and bitter pit,
and the market value is often less than for medium-sized fruits.

The degree of thinning necessary for blossom-bud production may be
such as to seriously reduce the current season’s yield of fruit, although
this has not necessarily followed when very eerly thinning was
practiced on trees of high vigor.

Because of the fruit shape, certain varieties are extremely difficult to
thin by hand when the apples are quite small. This is especially true
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of Golden Delicious, and it was necessary to employ thinning shears to
remove the small fruits at 20 to 28 days affer full bloom.

SUCCESTIONS AND RECOMMENDATIONS

The results of blossom-bud differentiation studies along with obser-
vations on esxly leaf-fruit adjustments in commercial orchards provide
the basis for this discussion. The suggestions, although founded on
factual evidence, are tentative, for many uestions remsin to be
answered. It is believed, however, that the following recommends-
tions will assist materially in the promotion and maintenance of annual
production in healthy apple trees:

(1) Within a given varieby, trees with a heavy set of fruit should be thinned first.
If aiterngte-year bearing exists in certain trees these should be thinned within 30
deys after full bloom and the thinning should be relatively severe. In light-sed
frees, thinning should be delayed as long as possible or omitted cntirely.

{(2) In orchards containing mixed varieties and where bicnnial bearing is not
evidenced, the varicties that diffcrentinte early or in which the period of influence
is short should be thinned first. Many growers thin varieties accovding $o harvest-
ing dates. Duxperiments have shown that from the standpoint of bud influence
this would be a wrong practice in many instances. With the principal varieties of
apples now grown in the Pacific Northwest the following order is recommended:
Golden Delicious, Yeollow Newtown or White Pearmain, Delicious, Winesap,
' Jonathan, and Rome Beauby.

(3) In order to grow fruit to a desirable size, maintain vigor in roots and tree
structures, and form sufficient blossotn buds for the succeeding year, the erop on
the tree should be adjusted to the existing leaf area. This can seldom be accom-
plished effectively hy space thinning. In the Pacific Northwest if a tree is vigorous
and bas healthy dark-greon leaves, 25 to 30 large leaves per apple should form
gnongh buds for a good commercial crop, provided thinning is pevformed within
95 days aftor full bloom. If foliege is injured or lacking in size and color, or if the
fruit is thinned later than 25 davs after tull bloom, b may be necessary to thin to
40 or more leaves per fruit to inflnence blossom-bud formation in alternate-bearing
varieties.

{(4) Little or no influence on blossorn-bud initiation can be expected if thinning
is delaved to or until after the June drop. Unless there is o rather high percentage
of nonbearing spurs in the tree during o henvy-set year, the following year’s crop
will eudoubtedly be small if thinning is delayed until the June drop.  Perhaps the
benchts derived from late-season thinning do not extend much beyond incressing
the size of fruit, although some inerease in the accumulabion of claborated tree
reserves probably does oveur.

(3) The cost of early thinning for the corvection of biennisl bearing should be
considered over a period of 2 years or more rather than the high initial expense.
Tl regular bearing is recstablished the increased production should largely offset
the additional cost of early thinning. Also, the cost of maintaining the trees in
regular crops by thinning affer the first year should not be in excess of that ususlly
allotted for the practice. Information gathored from producticn and cost records
of growers who have carefully employed early thinring $o obtain and mainiain
annual bearing indicates that it is economieally feasible; furthermore, considering
the imvestinent, few other orehard operations will do as mueh toward making the
growing of apples profitable.

CONCLUSIONS AND SUMMARY OF INVESTIGATIONS IN Paciric
NorruwesT

Investigations have been conducted at Wonatchee, Wash., for 7
growing seasons within the period from 1931 to 1938, to study factors
associnbed with blossom-bud initiation and the influence of early
fruit thinning to ecorreet biennial bearing in apples.

Chemical analyses of fruit spurs show that separate morphological
vomponents of the spur differ widely in composition. By the inclu-
sion of old and new growth, or dissimilar structures of the same year's
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growth, in a sample, an average composition quite unrelinble as to
physiological interpretation may result.

Of the chemical substances determined, a much higher starch per-
ceatage and a slightly lower one of free reducing substances were
found in tissues initiating blossom buds as compared with similar
tissues forming leaf buds. No explanation for this intimate associa~
tion of starch and bud differentiation is apparent, but it appears that
the factor or factors responsible for this change in the bud meristem
are correlated with the synthesis and deposition of starch.

Defoliation exporiments on off-year main leaders of biennial-bearing
Yellow Newtown trees indicate that the substance responsible for
the initiation of blossom primordia is synthesized mainly in leaves
borne by the immediate new spur growth.

Diffeventiation of flower primordia in the bud meristem appears to
bear a quantitative relationship to the foiiage area. Between 9 and
17 square inches of healthy leaf surface was required to form blossom
buds on ringed branches of off-year Yellow Newtown leaders; unringed
branches required between 17 and 28 square inches of leaf surface in
Yellow Newtown, and from 12 to 18 square inches in Delicious, for
the initistion of blossom buds.

There was n strong implication that roots and other structural
tissues make the first demand for the substance which carries the
blossom-forming factor in trees devoid of fruit. With a good leaf
area, requirements for roots and other parts are quickly met and
blossom buds are formed. When present, the voung fruits make a
prior demand over all competing tissues for the blossom-forming
prineiple.

Buds on spars of nonbearing leaders defoliated to a lesf avea appar-
ently insuflicient for blossom-bud formation often hecame vegetative
and pushed out into a second elongation growth. Unless the accom-
panying leaves of this second growth were removed, blossom primor-
dia woere induced in the new apical bud. Following this differentiation
there apparently was a eritical tirne wherein bud cells were still meri-
stemadtic, for upon {urther leaf removal a third growth often occurred
and late blossoming sometimes resulted,

The time of bud differentiation apparenily depends on the advent
of terminal or apical bud formation. 1t was lound that the time of
terminal bud appearsuce in both bearing and nonbearing spurs was
related to the length of current growth made by the spur. Short
spurs formed buds early and longer spur growths relatively late in
the sceson; therefore the time of differenbiation can logically be
expected to show a rediprocsl relation to length growth and bud
development.

Results of leaf-fruit adjustment studies on main leaders of apple
~ trees demonstrate that blossom buds will be formed if o f{oliage avea
in excess of ‘the demands made by developing [ruits, roots, trunis,
branches, etc., be established early in the growing season.

For a given leri-fruit ratio the effective period of influence to form
blossom buds is determined to a large oxtent by free vigor, the time
leaf adjustments are made, and the varieties under test. Buds from
vigorously growing trees eould be influenced to initinte flower parts
over & longer period of time than those from weak or less vigorous
trees, probably because of later differentiation on longer spur growths.
The earlier the leaf-fruit adjustments were made, the greater was the
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response in biossom buds formed. Varieties with biennial-besring
propensities could be influenced to initiate blossom buds over a
relatively short period es compared with varieties that normally bear
regular crops.

Neither nitrogen-carrying fertilizer nor soil-moisture variations
had any pronounced effect on the time during whick buds could be
inﬂuence(F to form blossom buds when sodium nitrate was applied
after terminel buds had formed, and when soil moisture did not reach
the wilting percentage until 65 days sfter full bloom.

By leaf-fruit adjustments on main leaders of biennial-bearing trees,
and by practical early fruit thinning in commercial apple orchards,
biennial bearing was definitely broken and annual production main-
tained thereafter.

The severity of such fruit thinning necessary for the formation of
blossom buds was primarily governed by the vigor of the tree and by
the number of days elapsing between full bloom and thinning.

INVESTIGATIONS IN THE POTOMAC VALLEY?®

CoOMPARISON OF BIENNIAL-BEARING PROBLEMS 1IN THE JLAST AND
TRE WEST

Growing conditions in apple orchards east of the Great Plains
region in the United States vary greatly from conditions in the western
irnigated districts. Because apple trees in general make less vigorous
growth in the eastern areas and because environmental conditions
are quite different, results of fruit-thinning tests to correct the
biennial-bearing condition in western orchards are not directly appli-
cable to castern conditions. Although the underlying principles
governing the initistion of flower parts in apples are undoubtedly the
same everywhere they are grown, the resulis obtained from specific
treatments may differ greatly. Some of the important factors
governing conditions in the eastern orchards are discussed herein.

Most of the orchards are msintained in sod or with partial cultiva-
tion. Many are on rather shallow soils where periods of rainfall
deficiency are quickly refleeted in a shortage of the moisture supply
to the trees. As a result of these conditions, most of the trees through-
out the castern part of the United States make much less vigorous
growth than in the irrigated orchards of the Western States.

Pruning in bearing orchards, on the whole, is less severe and less
detailed than in the western areas. This tends to result in & greater
number of growing points per trec of stmilar size under eastern eon-
ditions as compared with western conditions. The amount of growth
per growing point and the total leaf surface per growing point are iess
under the eastern conditions.

Control of apple scab requires the use of strong fungicidal sprays
during the carly part of the growing season in practically all eastern
orchards. Liquid lime-sulfur sprays are gencrelly used—azb least
prior to bloom. These spravs [requently result in foliage injury,
reducing both the size of the individual leaves formed and their
effectiveness in photosynthesis (22).

During the summer the light intensity is likely to average much less
then in the Western States. Ab the United States Horticultural

s Weitten by J. R, Magness, beas! horticniturist in charge, T A. Flateher, fortnerly sssistant pomologlat,
aud E. 8. Depmsn, assoclelc pomologlat,
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Station, Beltsville, Md., approximately 80 miles from the district
where the eastern Investigoiions were conducted, average light
intensity for the month of June has been from 60 to 70 percent of that
of the brightest days during the past several years. While detailed
light records are not a.va,ilab%e for Wenatchee, Wash., or other typical
western apple districts, avernge light intensity therc undoubtedly is
very much higher. According $o the results of Heinicke and Childers
{23), photosynthetic activity of apple leaves with decreased light is
reduced almost in proportion to the light intensity. Thus, because
of less vigor of tree, the dwarfing of the foliage under many conditions
by fungicidal sprays and reduced light supply, total photosynthetic
activity per tree is greatly reduced under eastern conditions. This is
reflected in the much greater sverage fruit production per tree in
western irrigated orchards. It is also undoubtedly a vital factor in the
greater tendeney of the same varicties under eastern eonditions fo be-
come biennial in bearing habit and to make & less favorable response in
meny cases to treatments to control biennisl bearing than i the
West. Thus in many castern orchards such varicties as Jonathan,
Delicions, and Winesap are strongly biennial, whereas these same
varicties in western orchards are gencrally sunual producers.

Although the basic relationship of leaf ares and fruit production
to the formation of blossom buds outlined in the first part of this
bulletin apply under castern conditions, the exnct values in ferms of
foliage arcas neccessary to obtain blossom-bud formation may be
very different. Also, response under castern conditions to similar
fruit and folinge ndjustments may vary from year to year because of
fluctuation in moisture or light conditions, or in the amount of injury
to folinge from fungicidal sproys.

As heretofore discussed (p. 23), the time during which fhe buds
sre sufficiently meristematic to form flower parts, if other conditions
are favorable, varies with the amount of growth the spur or shoot
mey meke. Thus the much shorter growth on indiv icﬁmi spurs in
most eastern orchards would be reflected in a shorter time after full
bloom during which blossom-bud formation might be affected.

Since 1931 oxtensive field tests have been conducted to defermine
the practical value and limitations of fruit thinning to correct the
biennial-bearing condition in orchards in the Potomac Valley area.
These orchards and trees are typical of those in many eastern fruit
districts. In many of the experiments detailed records have been
made of the number of growing points on large “record” limbs on
many trees. The number of fruits in relation to approximate num-
bers of leaves before and alter thinning, and the percentage of growing
points that formed blossom clusters following the various treatments,
have been recorded. Not all of these experiments are discussed in
this bulletin, but sufficient defailed dala are included to indicate the
trends. A discussion of each experimental sel-up will be made in
connection with the presentation of the resulbs.

Frurr-Tmisnmne Exeemivents oN Yorg Ismeeriar TREes
TRINNING IN 1932
Sinee York: Imperial is one of the most pronounced biennial-bearing

varieties and it is also one of the most widely grown varietics in the
Potomac Valley nrea, it has been more extensively used than eny other
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in experiments to correet the bienninl-bearing habit by fruit thinning.
An extensive experiment was established in 1932 in a block of large
York Imperial trees about 27 vems of age at the time the experiment
was started. Twenty trees were sclected in which an attempt was
made to determine fairly accurately the total number of growing
poinis per tree, the leaf nrea per growing point, and the number of
fruits set per growing peint before the veeurrence of the June drop.
As some of the expermental thinning was done before the time of the
June drop, all records on numbers of growing points per fruit before
thinning were necessarily based on the relationship before the time of
the June drop.

As there was considerable variation in the set of fruit on various
branches of the tree, records were made on an individual branch basis
and are so reported in table 16.  All the record limbs lsted had more
than 300 growing points per limb., These individual timbs were so
marked that blossom records could be taken on the same limbs the
following spring,

TasLE 16~ Effect of frudl thinning af 27-year-old biennial York Imperial Irees in
1832 on blossoming in 18938, Fancock, Afd,
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The limbs are classificd aeeording to the amount of fruit carried in
1932 in relation to total growing points. Only Llmbs thaf ecarried
more thun 1 lewit per § growing points are listed.  Most of the iunbs
with less than this amount of Truil v 1932 were ab the bottoms of the
trees where the effect of shading in reducing productiveness of the
branches was pronounced.

Four of the 20 trees received no thiuning and woere used as ehoeks.
The other trees were thinned to the degree and at the Lime shown in
table 16,

It is of interest to compare the leaf surface on these trees per
growing point with that on the very vigorous and more heavily
pruncd Yellow Newtown trees used at Wenalcheeo Lo meny respeets



http:reported.in

BIENXIAL BEARING OF APPLE TREES i

the Yellow Newtown and York Irnerial varietics are quite similar in
habit of growth and in type of {oliage. The foliage per growing point
at Wenatchee sveraged about 50 squarve inehes. The average leaf
system on these York Imperial trees avernged between 13 and 14
square inches per growing point.

It is apparent from table 16 that there was litile bloom on the eheck
trees in the spring of 1933, Trees thinned to 10 growing points per
fruit 35 days alter full bloom had considerably more bloom in 1633
than limbs having a comparable set of fruit on the cheek trees. The
amount of bloom on these trees, hbowever, was not sullicient to produce
nearly a full commercial erop in 1933, Under conditions of fairly
good fruit set, bloom on approximately 20 percent of the growing
points would be reguived lor o full erop on York Imperial. The
bloon on these frees averaged o little less than 10 pereent, or not more
than hail enough for a Tull fruit erop.

Thinning to | fruit to 10 growing points 30 days alter full bloom
had little eMeet on the mitiation of lower parts for the next year,
Thinning to t fruit to 20 growing points 50 days after [ull bloom in
this experiment was about equal to thinning to 1 [ruit to 10 growing
points 35 days alter bloom,

Thinning the crop to 1 fruil to 10 growing points 85 dnys after full
bloom, which would constitute a laivly heavy thinning at {he date
normally practiced commercially. had no significant cffeet on the
amount of bloom for 1933,

THINNING 1% 1933

Only one small experiment on (hinning frait on York Tmperial trees
was condueted in 1933, 3ix Lrees, all completely bictnial and earrving
a very heavy crop of fruit, were used. These trees, whieh were about
22 vears of age, were wm\\'nur on relatively shallow soil and were in
moderate to rather low vigor.  Aetual feal arvea per growing point
was not obtained in this experiment, but it is probable that it was not
greater Lhan in the York Llmperial trees used in the 1932 experiments.
Results obinined on these trees are shown in table 17,

Tanue 17, Fffeet of frol fawning of 22gpav-old Fighly bienniel Yark Fmperial
frece tn 1534 on blmwmmg 1 J’fd., Ditlon orchard, Hancoel, M.
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Two trees having an average of approximately 3.6 nnd 3.2 growing
points per [ruil, respectively, were used as checks without thinning.
Neither of these trees produced any blossoms in 1934,

Two Lrees were thinned Lo 10 growing points per [ruit 38 days after
full bloom, and 2 other trees worp thinned to 20 crowing points per
frait on the same date.  While all of these thinned trees had n few
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scatbered blossom eclusters in the spring of 1934, none had sufficient
to produce an appreciable erop. Thus the thinning of these relatively
weak growing and biennial trees 88 days after full bloom was not suf-
ﬁcien&y early or heavy to break the biennial-bearing habit,

THINNING IN 1934

In 1934 the same block of trees used in the 1932 exporiments was
again used for fruit thinning, Half of the trees in this block Lad not
received nitrogen fertilizer affer 1931; the remainder had received
modernte applications (about 8 pounds per tree} of nitrate of soda
each year. Data on these trees are shown in table 18.

Tanre 18.—Effect of fruil thinning of 29-year-old nonnitraied and nifrated poartiaily
biennial York I'mpericl trees in 1934 on blosseniing in 1985, Hancock, Md,
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On the whole, the nonnitranted trees tonded to form somewhnd
fewer blossom buds than the nitrated trees, as shown by pereentage
of points blossoming in 1935, Nonnitrated cheek drees had but Little
bloom, whereas the nitrated check trees had an appreciable amount of
bloom in 1935. :
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All of these trees thinned in 1934 appeared te form blossom buds
somewhat more readily than in the 1932 experiments on the same
trees. Nonnitrated trees thinned to 1 [ruit to 10 growing points 30
deys after bloom produced sufficient bloom for a good commerecial
crop in 1985. Two other trees thinned even more heavily on the same
date (1 fruit to 20 growing points) did not bicom so heavily in 1935,
Similerly, noanitrated trees thinned to 1 fruib to 20 growing points
46 days after bloom had a moderate bloom in 1935, but less than the
20 percent average, which is considered essential for n full commercial
crop.

Y'I‘:'ith the nitraled Lrees, 1 tree thinned 19 days after bloom to 1
fruit to 10 growing points produced & moderate bloom in 1935, Two
trees Lhinrmd 10 days later Lo the same doegree earried a lighter bloom.
However, 2 trees thinned to 1 Truit to 20 growing points 29 days after
bloomn had a heavy bloom in 1835, and even trees thinned 46 days
after bloom produced a moderately heavy hloom in 1935.

Although the results of the 1934 thinning appear to indicate that
thinning up to 30 duys after bloom was guite effective in increasing
blossom-bud formstion, results were somewhat varigble and not wholly
consistent. Some of the cheek trees and the frees thinned 59 days
after bloom when other resulls would indicate that thinning had no
offect on blossom-bud formation carried a moderate bloom. Hence,
it must be assumod that some of the blossom-bud lformation on the
thinned trees might have ocourred had no thinning been done.

M easmemontq made on several thousand growing poings on these
trees 11 1938 showed an average of 13.3 square inches leaf surfaece per
growing poinl {or nonnitrated trees and 14.8 for the nitrated ones,

These difforences probably are similar to those in 1634 when the
fruit-thinning work was done.

THINNING IN 1935

Since the carlier results with York Imperial trees had indieated
that fruil thinning more than 30 days after Bloom ususly had but
little efTeet in influcncing blossom-bur formation, two experiments
were sef up in bhe summer of 1935 to delermine the effeets of very
early fruit thinning. The first of these (tabie 19, Dillon orchard} was
in 5 block-of relativ cly small 20-year-old York lmpm ial trees which
liad set a heavy crop, as indicated by the number of growing points
per fruit before thinning.  Three of the thinned trees carvied & heavier
crop than the choek (ree. In 1936 all of the thinned trees had a good
bloom, amnple for a commercinl crop.  There was o scatlered bloom
on the check tree.
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‘Tabre 19.—Effect of fruil thinning of 20-year-old and 18-year-pld York I'mperial
trees in 1988 on blessoming in 1936, Hancock, Md.

20-YEAR-OLD BILLON ORCHARD

Approximate
growing points
prer fruit before

thinning

Perigd Irnm
Appreximate degree and date of thinolog full Bloom to
thinning

Growior
noints blos-
soming

Dnys INtiher Pereenl
Tathinned eheek . o o ooe e vmm e e s e e e o ) 4.

1 fruit to 10 grawine points: Moy 31 . ceemeaaas -] {

1 fruit to 20 growing poinis: May 31 emveerreea e 25 {

18-YEAR-OLD CASPER ORCHARD

L=

B3=Gop

bbbt st vd ot o
SwocasSo

S OO0 D e R R

——
Ll

The same experimenial setup in another orchard with trees about
18 years of age is shown in table 19. The sebt in this orchard was
somewhat variable. Of the 3 check trees used, 1 had approximately
8.4 growing points per fruit before thinning, and it formed blossoms
on 12 percent of the growing points in 1936. Four trees thinned 17
days after full bloom to & ratio of 1 fruit to 10 growing points all
formed sufficient biossom buds to give a moderate to good commereial
fruit erop in 1936, These 4 trees all carvied a heavier set of fruit
prior to thinning than did check tree 4a, which kad bloom on only
2.5 percent of its growing points in 1936. .

Two trees thinned to i fruit to 10 growing points 48 days after full
bleom appeared to have slichtly more bloom than comparable trees
that were not thinned.

SUMMARY OF RESULTS ON YORK IMPEHRIAL THEES

Results of these thinning experiments conducted during several
years indicate thal, as in the western work, thinning must be done
very catly to obtain dependable results in increased blossom-bud
formation. York lmperial trees thinned more than 30 days after
bloom did not consistently produce suflicient bloom for a commercial
erop the following season. Thinning within 20 days after bloom
appeared to be more consistently successful than thinning 30 days
after bloom in obtaining adequate blossem-bud formation. Thinning
g0 1 fruit per 10 growing points or approximately 1 fruit per 140
square inclies of leaf surface was nlmost as effective as thinning twice
as hieavily if it was done suflicicntly early. I thinning was posiponed
more than 30 days after bjoom, even the heavier degree of thinning
did not consistently result in increased blossom-bud formation.

All of these experiments were performed on what might be con-
sidered typical biennial-bearing York Imperial trees.  All of the trees
were charactlerized by abundant development of relatively short spurs,
cach carrying only & moderate lenf surlnce, fotaling slightly under 15
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square inches on the aversge. It secms highly probable that very
vigorous trees wonld respond to thinning somewhat later in fhe season
than the trees used in these tests, although the additional time would
not be more than a few days.

Frupr-Timsnine ExperiMeEnts on Yenrow Transrarent TrREES

The Yellow Transparent under conditions in the Potomac Valley
is, on the whole, perhaps the most biennial variety. The trees
form a moderate number of spurs, but the blossoms tend to set very
heavily—frequently thyee to four apples setting from each biossom
cluster. lnvestigetions to determine the time during which buds
could be influenced to form Hower parts (34) indicated that the
interval alter bloom during which Yellow Transparent could be
influenced was less then for the other varictios studied.

The first thinning experiment to correct the biennial-bearing habit
in Yellow Transparent was cstablished in 1933, Trees were approxi-
mately 20 years old, relatively small [or their age, closely planted in the
orchard, and in & completely hiennial condition.  More than 80 per-
cent of the growing points blossomed on all trees in the fest in the
spring of 1933, and the set of fruit prior to the June drop was gencrally
two to three fruits per blossom cluster. Results of the thinning test
are shown in tabie 20.

TABLE 20— Effect of fruit thinning of highly biennial Yellow Transperent trees on
blossaming the nert year, Hancoek, Ald.
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On the 4 unthinned trees that scrved as checks, no blossom buds
were present in 1934. Four trees thinned to 1 fruit per 10 spurs 30
days after bloom formed a limited number of blossom clusters in 1934.
In 1934, 7 to 13.4 percent of the growing points bloomed on trees
thinned on the same date to 1 fruit to 20 spurs.

Because of the very heavy set that usually oceurs on Yellow Trans-
parent when well pollinated, bleom on 15 to 20 percent of the growing
points is usually ample for a full crop.  Thus on these 4 trees the bloom
in 1934 was sufficient for from half to almost & full crop.  These trees
produced 3 to 6 bushels per tree in 1934. The fruit was of large size
and required practically no thinning.

Trees thinned 54 days alter bloom developed a small amount of
bloom, but not sufficient to produce an appreciable portion of a erop
in 1034, .

The four trees that produced a moderate crop in 1934 hloomed
heavily in 1835, bub there were many nonblossoming spurs in 1935,
Heavy early thinning was repeated in that year with the result that
these trees agaio produced & good commercial crop in 1936, Under the
conditions of this test, it was possible by very early thinning to obtain
good annual production of large-size Yellow Transparent spples.
Thirty days after bloom, at which time the first thinning was done on
these trees, appeared to be the latest date that effective results could
be expected. Had the thinning been done even easficr, it is probable
that better results would have been obtained.

Another experiment on Yellow Transparent apples (also reported
in table 20) was started in 1936. The 3 unthinned check irees pro-
duced practically no bloom m 1937 except on 1 branch on 1 tree.
Two trees were thinned to 1 fruit to 7 spurs 27 days after full bloom.
One of these frees produced approximately half encugh bloom for a
crop in 1937, with the bloom well distributed over the trec; the other
produced ouly a scattered light bloom. Two frees thinned on the
sarue date to 1 fruit to 14 spurs had sufficient bloom in 1987 to produce
gbout o half erop of {ruit.

Four trees were thinned on June 4, 1936, 37 days after {ull bloom.
Two of these failed to respond with additional bloom in 1937, and two
formed & moderately well-distributed bloom sufficient for about a
half crop.

Because of the very heavy bloom that normalty develops on biennial
Yellow Transparent trees, folinge buds are usually late in developing
during the on vear, and the foliage systemn is limited during the sarly
part of the growing season. Results of these experiments indicate
that heavy thinning, leaving from 15 to 20 spurs per fruit, done within
30 days will vsually result in & fair bloom for the following scason.
To be effective in producing a full crop for the following year. such
thinning on Yellow Transparent should spparently be done not more
than 20 to 25 days after full bleom,

Frurr-THinviNG EXPERIMENT ON STAYMAR Winesar Trees

Stayman Winesap is one of the more regularly producing varicties
in the Potomac Valley arca. Normally, the fruit does not set heavily,
and the ratio of fruit set to folinge is usually such that at Jeast some
bloom forms following the mederate erops that are usually produced.
However, frequently the trees altcrnate from a heavy crop to a light
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crop of fruit. An experiment in such & block of trees, not completely
biennial but alternating from a light to & beavy crop, was established
in 1935. The trees were approximately 30 yvears of age, of rather small
size, and only moderately vigorous. The results of the thinning
experiments are shown in table 21.

Tasie 21 —Effect of fruil thinning of poritally biennial Stayman Winesap trees in
1985 oxm blossoming in 1836, Tonoloway orchard, Hancock, Md.
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Two check trees were left unthinned. The three trees thinned July 1,
62 days after full bloom, were probably not affected by the thinning
treatment, Of these five trees only one produced blooms on as many as
20 percent; of its growing points in 1926.

Two trees were thinned to 10 growiny points per fruit 22 days
after full bloom; 2 additional trees were thinned similarly 31 days
after full bloom; and 4 additional trees were thinned to 20 Erowing
points per fruit 32 days after bloom. Of these 8 trees only 1 had less
than 20 percent of its growing points with bloem in 1936. Thus it
would appear that the thinning treatments had been effective in
increasing the amount of bloom on these partially DLiennial trees.
The variability that occurred in individual trees, however, must be
considered in evaluating the results of this experiment.

Four additional trees were thinned 50 days aftar full bloom, three
of which carried heavy bloom in 1936, These results might indicate
that blossom-bud formation could be influenced Iater on the Stayman
Winessp than on the other varieties studied. Such a result would be
expected from the studies on the time during which blossom-bud
formation could be influenced (84). Axn appreciable number of buds
of Steyman Winesap apparently could be mfluenced to form flower
parts up to 85 days after full bf(:OIn, as compared with 55 days with
Yellow Transparent and 51 to 62 days with York Imperial.

Frulr-THINNING EXPERIMENT oN JoNaTHAN TrEES

Results of 2 small experiment with Jonathan trees are shown in
table 22. These trees were approximately 25 years of are, of small
gize, and in only moderate vigor. They were completely bienniel,
rather unusual condition for Jopaihen, An experiment conducted
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in 1933 consisted of only 6 trees, 2 of which were unthinned, 2 were
thinned to 10, and 2 to 20 growing peints per fruit, all on June 6,
37 days after full bloom. No blossoras were formed on either of the
check trees. The growing points with bloom in 1934 on the thinned
trees ranged from 3.5 percent to 7.6 percent. Thus while there was
clear evidence of increased blessom-bud formation following thinning,
it was not sufficiently great to result in & commercial crop in 1934.
Also, there was little difference in results in the trees thinned to 10
and those thinned to 20 growing points per fruit. Apparently in such
completely biennial trees thinning as much as 37 days after full bloom
failed to cause a large amount of blossom-bud formation in Jonathan,
However, there was distinetly more blossom-bud formation following
the thinning on Jonathan thao on the York Imperial trees (table 17),
which were in an adjoining row in the same orcbard and thinned at
approeximately the same interval following bleom. .

Tasue 22—Effect of fruit thinning of ghly bieanial Jonalhan frees in 1988
on Dossoming in 1034, Dillon orehard, Hancoek, Afd,
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GexeraL IDiscussion orF Frore TuisNiNe I8 Tae East

Results of these thinning investigations conducted during several
years indicate clearly that hlossom-bud formation can be influenced
under conditions prevailing in the Potomae Valley arca by sufficiently
early thinning with trees in moderate vigor, generally used in these
tests.  Sueh thinning was usually quite efective H done within 20 to
25 days alter full bloom and if sufficiently beavy to leave as much
as 150 to 200 squarce inches {10 growing points or more) of leaf surface
per frait.  If thinning was delayed as much as 30 days alter bloom,
a much smaller quantity of bloom usually resulted, Thinning with
most varietics more than 30 days after full bloem was not generally
effective, although in some experiments some inereased bloom
resultod.

These results are in general accord with those abtained in the
western arens, excepl that the time Interval during which the thinning
must be done is apparently shorter than with the more visorous trees
in the Western States.

Because of the very early thinning required and the large numbers
of fruits that must be removed when all Uie thinning is done prior to
the June drop, such trestmenis would appear to be of doubtiul
practicability when applied to large orchards, particularly on sites
subject to frost, where e biennial-bearing condilion might be
reestablished relatively soon.  Since wo other means of correcting
the bienmal-bearing habit ure now available, such thinning might he
feasible with such varieties as Yellow Transparent which, because of




BIENNIAL BEARING OF AFPLE TREES 55

their tendency to set so heavily in the on year, frequently fail to
attain mearkeb size. The maintenance of such a variety in regular
bearing with the more moderate sets and larger size of fruit might be
feasible even though the costs were high.

SUMMARY OF INVESTIGATIONS IN THE POTOMAC VALLEY

Experiments to determine the response of biennisl-bearing apple
trees to fruit thinning at diflerent intervals of time following bloom
were conducted in commercial orchards in the Potomac Valley from
1932 to 1837, inclusive.

Moderately vigorous biennial York Tmperial trees thinned during the
bearing year in these experiments formed sufficient blossom buds for a
crop the following year when thinning was completed withun 30 days
after full bloom and when 10 or more growing points, carrying an
average of 13 to 15 square inches of leaf area, were present for each
fruit remaining after the thinning. Similar trees, thinned 35 to 40
days after full bloom, generally developed more blossom huds than
unthinned checlk trees, but not enough for a full cropthe following
vear. Thinning 50 days or more after full bloom had no censistent
effect on blossom-bud formation.

The greater the vigor of the tree the greater in genern] was the
response from eazly fruit thinning. -

Yellow Transparent trees, thinned within 30 days after full bloom
to 14 or more growing points per fruit, formed blossoms on only
about 10 percent of the spurs. Apparently 30 days from bloom was
the limit for fruit thinning to be effective in correcting biennial
bearing in this variety.

Staymon Winesap trees, only partisily biennial, apparently showed
some response in incregsed blossom-bud formation following thinning
up to 50 days from full bloom.

Completely biennial Jonathan trees formed some blossom buds
when thinned to 10 and 20 growing points per [ruit 37 days after full
bloom, although bloom was not sufficient for a full crop the following
year.

Earliness of thinning appesrs t0 be more important than degree of
thinnipg in inducing blossoni-bud formation in biennial trees under
eastern conditions.

Possipiities iy OtEer TYPES OF APPROACE TO BIENNIAL-BEARING
ProprLem

The basic principles established in this and dther work for the
control of biennial bea-ing, basyw -m adjustment of fruit to the
foliage system, suggest the possibility of other less expensive methods
of approsch to the biennial-bearing problem. Possibly the most
promising of these is to reduce the set of fruit during the heavy
crop years by early caustic sprays, which will prevent the set of &
large propertion of the blossoms. At the present time, special
emphasis 1s being placed on studies of this character. Evidence has
been sccumulsted to indicate that the year during which the heavy
crop is produced can he changed by such spray treatments. Whether
or not such treatmenis can be used to reduce the set without almost
entively eliminabing the crop can only be determnimed by fwrther
experiments.
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