SOME FACTORS ASSOCIATED WITH THE
PRUITFULEESS OF TiE DELICIOUS APPLE

By
Williem iollend Griggs

Thesis submitted to the rFaculty of the
Upraduate LHchool of the University
of karyland 1In partial fulfillment
of the requirements for the degrse

of Doector of rhilosophy
1243



UMI Number: DP70373

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript

and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Dissertation Publistung

UMI DP70373
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

ProQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M| 48106 - 1346



ACKROWLEDGHEHRT

The writer gratefully expresses thenks to
Dr. A. Lee Schrader for suggesting the problem, and
for his help and advice throughout the period of in-
veatigation and preparation of this thesis.

Appreclation 18 also due to Ir. I. Cs Haut for
pertinent suggestions all along the way, and to the
following who sided with the field work:; DIr. C., W,
Hitz, Dr. Julien C. Crane, bLr. Vliedimir G, Shutalk,
Francis C. Stark and Arthur li, Thompson.

b ook

014772



TABLE OF CORTERTS

Fage
INTROLLCTLOH 1
REVIEW OF LITEHATURE 3
Hitrogen Hutrition S
iinerel Content of Flant Farts 6
Interrelstion of Eitrogen;*ﬁhmaphoruﬁ
and Fotasalum i1
Light Intensity 14
Ringing 17
Follination 20
HATERIALS AHD HMETICLS 25
Kitrogen Studles 25
Light Intensity Studies 28
#uslin on indlvidual branches 28
Cheesecloth on individual branches 30
Shading of one~half of tree 31
Ringling of Branches 32
Environmental Control Chamber 35
Follination Studies 38
Statistical Treatment of Date 40
RESULTE 42
Effect of Ritrogen Fertilizers on Set of
Fruit, Dropping of Frult and Chemiecal
Content of Leaves 42
et of frult end yleld 42
Lropping of fruit 44

Chemicel Anmlyses 47



Fage
Tree Varieblility as & Factor in

Chemical Analyses 52
Effects of Reduction in Light Intensity
on Flower Bud Formation in Delieious 56
Snading of branches 56
Sheding of one-hslf of tree 60
Effect of Ringing and Defoliation omn
Fruit Set of Delicilous 60
Relative Effectiveness of Various
Iollenizers on the Delicious Aprle 64
Frult set 84
Number of seeds end fruit size 70
Environmentel Control Chamber 72
DISCUSS8IOR 74
SUMBRARY AND CONCLUOLIORS ]

LITERAT _RE CITEDB 86



LIST OF TABLES
Table fage

1 Set of fruit and yield of fourteen-
year~cld Delicious apple trees as
influenced by nitrouen fertilizer
treatments. 43

e Lropr ing of the Delicious aprle as
effected by nitrogen fertillzation,
1940 and 1941. 45

S Results of chemlcal enalysis of spur
leaves fror bLeliclious spple trees. 48

4 Spowing the number of trees whiich
must be samjpled to shww s signifi-
cant difference of ten per cent in
the nitrogen, rhosiiorus, and pot-
assium content of Lelicious apple
lesves, using anelyses of non-ferte-
ilized trees as 8 base,. &3

5 Spowing the minimum number of trees
which must be sampled for the mean
differernces obtained to e signifi-
carﬁt. 855

6 Effect of shading Uelicious brsnches
with heavy muslin st successive Iint-
ervals during the early growing sea-

son, 1%40. 57
7 Effect of shading Uellicious branches

with cheesecloth, 18540, 5¢
8 Effect of branch ringing before and

efter blossoming on the fruilt set of
twerty-year-old Dellicious srple trees,
1940. 61

g Bffect of ringing, ringling and de-
follation, snd hand rollinetion on
the frult set of branches situated
on previously ringed (1%40) bloss-
oming leaders of twenty~yesr-old
ivelicious srple trees, 1%4l. 63



Table Page

10 The effect of ringing end defol-
iaetion upon frult set of the Del-
icious spple. 656

11 Comparison of certaln varieties as
rollenizers for twelve-year-old
Dellicious sprle trees, 1840. 66

iz Comparison of certain verieties as
pollenizers for fifteen~yesr-old
Delicious aprle trees, 1l1l94l. 68

13 Comparison of certain varieties as
pollenizers for séxteen-yesr-old
Delicious sprle trees, 1942, 69

14 Effect of pollenizers on number of
seeds and fruit size, 1942, 71



LIET OF FIGURES

Figure Fage
1l Field rlan for fertilizer treat-
ments on Lelicious apple in
College Fark Orchard. 26

2 & 3 Blossoming of an individual branch
of the Delicious spprle in 1941 re-
sulting from the effect of ringing
in June 1640, 34

4 & B Control chember in cperstion showe
ing a branch of e lelicious sapple
tree enclosed In the transparent
section of the chamber. 56

6 Dropping of Lelicious fruits during
' harvest period in relstion to nit-
Vrﬂgen?rnnt;ligar:traatmgptn.> : 45



IRTROLUCTION

The Deliclous apple, Iintroduced under this name in
1895, has been widely planted in karyland, as well as in
other frult sections of the United Ltates, and is becoring
incresasingly important as additional orchards of this var-
iety come into commercial bearing esch year., uith grester
growers' experience with the Dellcious apple, certain of
ites limitetions are becoming more evident.

the pertinent problem i1s unproductiveness. In spite
of strong sales demand and excellent prices this variety
has proven to be disappointingly unprofitable for many
growers, due malinly to its lack of productivity. However,
under some conditions, not well understood, Delicious has
been satisfectory in production.

Obviously any study pertaining to production of the
arrle must concern itself with a host of interrelated factors
g8 the late Irofessor iH. U. Looker so aptly described in
1922 (83):

The response in termn of growth and ylelds
is the culmination of many different activities -
ebsorption, elaboration, utilization and astorage -
of correlative effects of other constituents of
distinct processes of growth, fruit bud differ-
entiation, fruit setting and development, each of
winich 18 conditioned by different factors or sets
of fecters.
Therefore, the present investlgation is not s quest

for 8 panscesn practice, but rather an effort to determine

certsin factors responsivle for low ylelds. The study in-



cluded experiments on niltrogen fertilizetion, sheding,
ringing, defoliation, controlled environment and pollina-
tion. <Such studies, toether with chemical analyses of
leaves, were designed to furnish informastion c¢un the mineral
nutrition, carbohydrate synthesis, and pollination require-

mentg of tois varietye.



REVIEN OF LITERATUHE

in this review of litersture only certain horticultural
experimental evidence will be polinted out to cover some
pertinent idees on nitrogen nutrition, chemical analyses
of leaves in reletion to minersl nutrition, interrelation
of nitrogen, rhosphorus, and rotassium in tree nutrition,
carbohydrate synthesis as influenced by ringing, defolia-
tion, defloration and lastly to present s few references

on pollination and xenis.
Nitrogen Hutrition

Of the several mineral elements which have given re-
sronse when epprlied under field conditions or heve been
associnted with certain deficiency symptoms, nitrogen hss
beern most outstending and, therefore, has recelived a2 great
deal of attentlon. Lksrecieslly since the emphssis on the
carbohydrate-nitrogen concept as given by Kraus and Kraybill,
1818 (72), horticulturists have hbeen extremely conscious of
all phases of nitrogen fertilizstion.

Hermy, 1913 (107) hes shown that if nitrogen content
of leanves in the fall gets below a certain level, flower
bud formation is inhibited. lLocoker, 1920 (62) concluded
that starch-nitrogen relationship is more indicative of con-
ditions favoring flower bud differentistion than totsl capr-

bohydrate-nitrogen relationship.



Hooker, 1922 (63) Chandler, 1925 (£22) Schrader and
Auchter, 1926 (113) Cooper and Wiggans, 1929 (25) Arm-
strong, Stuckey end Cochran, 1936 (3) Murneek, 1936 (87)
and Cardner, bDredford and hooker, 1939 (37) and many others
have shown with both peach and aprle trees that nitrogen
fertilizer aprlications haeve resulted in Iinereased vege-
tative activity, greater leafl area, and &n increase in the
amount of bearing surface. Uorsey and Enowlton, 1926 (30)
obteined marked increases in growth, bloom, set of fruit,
and yvield from the use of nitrate of soda. Frobesting and
Kinman, 1934 (105) found that:

Hitrogen influenced the amount of shoot growth,

abundance of foliage, color of leaves, time of leaf
fell, gnd time of maturity of the fruit.

{120) and daker, 1938 (9) concluded from extensive studies
of the response of arpple trees to nitrogen fertilizer that
terminal end trunk growth were correlasted with the nitrogen
content of the trees.

Cverley and Overholser, 1540 (101) (after ten years of
fertillzing iiome Seauty aprle trees with varilous forms of
nitrogen carriers) stated that no significant differences
were obtained in the growth and frultling resronses except
possibly in the case of calclum nitrste. Of tﬁe forms em~
ployed they recommend the use of the one which 1s the most
inexpensive per unit of nitrogen. According to Schrader
end Auchter, 1826 (113) trees deficient in nitrogen responded

with incressed follage color, terminal growth, spur growtn
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and trunk circumference from apylications of either nitrate
of sods or emmoniuws sulrhate.

Harley, #asure and d“agness, 1933 (50) stated that =nl-
though sulficient soil moisture and niltrogen are important
ic meintalining good growth conditions, in thelr exrerlments
they had no direct effect on the time or extent of fruit
bud formstion. The main factor corncerned in flower bud
initiatlion seemed to be the retio of the amount of follage
to fruit.

waltuen, 1940 (129) grew aprle trees in sand and nu-~
trient solutions varying in amounts of nitrogen &ené rhos-
rhorus. 4%hen the smount of nitrogen used was twice that in
the basic sclution, the trees increased in welght but not in
proportion tu t... smount of nitrogen added.

“mallou, 1916 {(11) and others have rerported an increased
set from nitrate of sodae applications made about the middle
of April. Haber, 1923 (47) found that the effect of nitrates
on Increasing set of fruit on Lelicious was not the result
of stimulsting peollen tube growth. iuth and caker, 1930
{112) compared correlations of bloom and yleld awmong nitro-
gen~fertilized and unfertilized apple trees. Llizhtly
higher correlstlions bvetween bloom and yield were found among
tize nitrogen=-fertilized trees.

southwick, 1839 (118) has presented datas which show &
correlation between the number ©f sBeeds and the date of
dror of arrles from individual icintosh aprle trees. A high

number of seeds was associested withh delayed drop. iioffman,
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1940 (60) and fouthwick, 1940 (119) have shown tint treat-
ments, cultural practices and condlitions which increase the
availability of nitrates during the latter Lalf of the grow-
ing season increased the pre~harvest drop of dcintosh.
lieinicke, 1940 (58) rerorted heasvy pre~harvest dropring of
arrles from heavy aprlicetions of barnyard manure. Since
the manure had markedly increased the organic content and
the amount of asvsllahle potassium of the s0i1l, he wrote:
Evidently the influence of abnormally high

amounts of nitroger cannot be offset by baslancing
this element with high amounts of svaileble potesh.

{inerasl Content of Flant rarts

Attempts to determine the mineral nutrition status of
the trees have usuelly Irvolved enslyses of plant parts such
eg sprple spurs, but more recently attention hss been focused
on leafl analyses. In both cases the matter of sempling
technigue assumes great lmportence. The interpretation of
leaf snslyses must necessarily consider the growth responses
of tiie trees as en index of tree behavior or defliclency
symptoms. Hence, conclusions of investigators may vary in
sccordence with sampling technigue and methods of measuring
growth responses.

The earlier chemicsl analyses of sapple spurs showed
wlde veristion resulting from the tyre of spur, age, length,
rortions of the spur and from the sesson during which the
semples were token. Hooker, 1620 (62) found wide differ-

ences in the chemical composition of epple spurs as & result



of seasonal changes., liarley, 1926 (486) has studied the
norwial variation in chemical composltion of bearing asnd non-
bearing epjle spurs. e found that the reliatility of spur
analysls mey cerenc upon tie uniifoimity ol spurs selected
for ssmples. unis conclusions indicested thet the new spur
srowbth is 8 nore satlslactory diiferential index of the nu-
tritional conditions in bearing ana non-besring spurs than
oluer wood. surther relinement oif the sampling technique
was practiced in 1942 (49) by separating the bucs from basal
portions of the new spur growtii. ilults, 1926 (125) showed
marked differences in the chemical composition of bark end
wood and cautioned workers aga&inst taking samples varyling
widely in their proportioms of bark to wood,.

Lillelany andc vrown, 1941 (7&) found from a study re-
garcding tree variability of si;nhteen-year-old peach trees
of uniform size and growing on uniform soil that:

Lluplicate samples of 100 basal leaves from the

sane tree senerelly do not differ by more than 0.2

rer cent K. uowever, tree varistions greatly exceed

thia - » * »
rom agreement bLetween the avera.ed data (varistions in the
leaf potassium content of individual peach trees mentioned
above) and thelr provable errors they suzzesat that ten trees
mey be an adequate sampling for a foliar survey. They
further ststed:

Thus a tree which distinctly exhibits a superior

K status in one season nmay, during the following year,

be at & constantly lower K level, The averages of

ten trees, however, remain about thhe same [rom year

to year. <Such transient K levels indicate the im-

portance of factoras otuner tnan the soll in determin-

ing the leaf K content of individual trees and stress
the need of sampling an sdequate number of trees.



The per cent of potessium in the lesaf was affected, as
evidenced 1n late July sand later, by the amount of Ifruit
on the tree.

Lillelend and Brown, 1939 (77) working with prune trees
said it was best to limit the time of leaf sampling to &
reriod from early June to early iupust, since later sampling
fails to distinguish the marked differences in the potessium
contents, and steted:

Young non~bearilng trees in general reflect 1in
thelr lesf analyses, the evallavle i content of the
s0il and exthibit symptoms In esccordance with sguch
data. Dearing trees, however, do not furnish such
confirmatory data., The effect of the cropy on re-
dueclng the K content of tie leaf is an important one
a8 can readily be demonstrated by defrulting trees
in early summer and comparing their leaf anslyses
with adjucent trees not so treated.

Weugh and Cullinan, 1941 (131) found thet the potassium
value from peach tree lesves taken at three different periods
showed a slight trend downward sas the sesson advenced. This
was previously observed by Lilleland and Lrown, 1839 (77).
After three years of potassiuwn application there was no in-
dication from the lesf enalyses that there had been an
increase of potgssium reserves in the tree,

Burrell and Cein, 1941 (19) studled the effect of
potassium treatments on condition and chemical composition
of #Mclntosh apple follage. They found that the per cent of
ash does not differ greatly from tree to tree and such
differences as exist were rnot correlated with trestment.
They also astated that the trends were ldentical whether the

potasslium is based on ash or 4dry matter.
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tiost of tne investigators ln thls country kave failed
to show definite beneflcial responses froxr the apprlication
of potassium to frult trees under orchard conditions,
Chandler, 1934 and 1936 (20 &and 21) and fotter and iercival,
1938 (104). 1t is known, however, that potsssium is used
by frulit trees In reletively large amounts in certein areas
where potessium deficiency oecurs. iwallace, 1926 (128)
ioblyn and sane, 1834 (58) in England, and Shaw, 1934 (114)
and Currell and Caein, 1941 (19) in the United States have
shown responses from the use of potessium fertllizer.

Owing to the recent discoverles 1in several aress at-
tention has been focused upon lesf analyses as & messure of
the level of potasslum nutrition. In other areas where no
deficiency exlists iatjer and kagness, 193¢ (15) found that
the potassium content of thie leaves of young York lmperial
arprle trees grown in send c¢ultures wlth varylng emounts of
poteassiuvum to be closely correlated with both the growth of
the trees snd the amount of potasssium supplied to the
nutrient soclution. Vigorous growth occurred in trees having
above 1.0 per cont potassium in the lesves, altiough the
maxinunm growth did not occur until the potessium content of
the leaves was above 1.7 per cent. Leaves of trees showing
definite deficiency symptoms contained less than 0.7 per
cent potsssiuwm. irom a survey of the potessium content of
leafl semples from orchards in the various widely sepasrated

fruit sections ¢of the United States they concluded that:
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Urchard trees of York imperial and Jonathan

hevin;, under 1.0 per cent potassivm in the leaves,

and bLeliclous and Home Lesuty having under 1.0 per

cent, would seem most worithy ol study from the

standpoint of response to potesh applications.

Wander, 1938 (130) found from spectrographic enalysea
of apple leaves that a tree grown in sand culture siowed 0O.44
per cent rotassium by dry weight wnen grown without potassium
in the solution, and 2.69 per cent when it was Included.

sat jer and Legman, 1940 (14) working with one-year York
Imperisl whips in various nutrlent solutions found that in
the nitrogen serles the nitrogen content oif both leafl and
bark tissue was directly related to the concentration of
this element in the nutrient solution. In the potassium
series the potasslium content also generally increased with
increasing concentrations of this element in the nutrient
solution and in turn was directly asscclisted with growth
response. They stated:

The fact that definite symptoms of potassium

deficiency were not observed until the jpotash con-

tent of the nutrient soclutlon was reduced to less

tnan 10 pelpemis indicates that respouse Lo potash

arrlicetions may ve expected under some conditions

where no visible symptoms of defliclency csn be

observed.
The rhosphorus content of the nutrient soclution required for
optimum growth was aprroximetely only one-fifteenth of the
concentration required for nitrogen and potassium.

Boynton, HKeuther, and Caln, 1941 (18) from leaf analyses
of several prune and sprle orchards found that in any one
orchard the leafl percentage of potasslium was proportional to

the amount of fertilizer aspplied to the socil.
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lunkle, ierkle, and snthony, 1939 (33) from studies
of potash svailability in lenansylvenls steted:

Leal anglyses did not correlete withi the re-
rlaceable soil potassium but in some cases gave in-
dicstions of the effects of pobast epplication wiich
could not be detected by exchenge analyses.

] L4 - « - - . - - - - - - [ » - * - L d £ . - -

This might be expected since the percentage of
any element present In tissue is expressed uron the
totel growth which in itself depends upon all growth
factors, nutritional and ctuerwise.

-

Cullinan, Scott and Laush, 193¢ (27) grew youni peach
trees 1n nutrient solutions. They 'ound no signlificant dif-
ferences in growtn when rhosphorue wes malntained in the
nutrient sclution sbove four peris per million. The potas-
sium content of the leasves of reach trees receiving varlous
smounts of rotassium stowed slmost a direct relationshilp teo
the concentration of thls element in the mutrient soliution
under the nutrient comxiitions malintained in the experiment.

waugh, Cullinan, snd fcott, 1840 (132) working with
young peaci: trees in sand culture stated that althiough the
rercentaze of each element found In the leaves was princil-
rally dependent upon the smount supplled, the effects of
other elements and intersctions were in some csases signi-

ficant.
Interrelstion of Hitrogen, Fhosphorus snd Fotassium

With the sccumulation of evidence from lsaf snalyses
there has svolved a greater appreciastion of the effects of
one element upon the inteke of other elements. In other

words, tioere is sn interrelatlonship of elements such as
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nitrogen, phosphorus, and potassium in the nutrition of
fruit trees.

vildenaus, 1931 (39) reported that kis experiments
falled to produce any direct evidence of a definite relation
between nitrogen and potassium although the results indi-
cated a relationship which 1s important to the normel growth
of spple trees. Colby, 1933 (24) showed that & potassium
deficiency resulted in reduced nitrate avsorption. Thomas,
1833 (124) grew Staymen Winesap apple trees in cylinders
under arrlicstions of X, F, and K. The entire trees were
removed and ansalyzed after & growth period of six yesars.

The omission of a&ny one element from the complete fertilizer
(¥, ¥, and X) was followed by & decreased absorption of the
remeining elements.

Chandler, 1936 (21) stated:

The relation of potassium to nitrogen seems

to be largely a cormon csuse assoclation; that is,

nitrogen and potasslum both being essentisl to the

life of the cell, more nitrogen snc rotassium occur

where more living cells exist.

He also stated that heavy aprlications of potassium increased
the nitrogen content of the trees, but the fact couwld not
be sdequately explained,

Cullinan, Scott, and waugh, 1939 (27) reported studies
of varying smounts of L, I, and ¥ on the growth of young
reach trees in nutrlent solutions. The potassium content
of the leaves of a&ll trees in the nitrogen series was uni-

formly high end appesred independent of the nitrogen content.

it alsc showed no correlstion with tree growth. The
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rhosphorus content of the leaves in this same series, on
the other hand, showed an inverse relationship with the
nitrogen content of the nutrient solution, belng highest
in the lesves of those plents which recelived the lowest
nltrogen.

Bat jer and Legman, 1940 (14) working with one-year-old
York Imperizl trees in pot culture rerorted:

Aelther the absorption of nitrogen in the

potassium series nor the absorption of potassium

in the nitrogen series was arrrecliably affected

by verylng the concentration oi the other element.
liowever, 3atjer, saynes, and cegeimbal, 1940 (13) later re-
ported thet the potassium and phosphorus content of follage
of young York Imperial aprle trees in ssnd culture Increased
with decreesling nitrogen, HNo exrlanation was gslven for the
confliceting results with similar materisl end technique.
The phosphorus content of the folisge wes not affected by
the different potassium and nitroger trertments at a low
rhosrnorus level. At a high phosphorus level, on the other
hand, there was a tendency for the phosphorus content of the
foliage to increase wlith decressing potessium.

taker, 1941 (10) studied the effect of different methods
of 3011 mensgement upon the potassium content of aprle and
peach lesves. lie gave further evidence of the effect of
ritrogen aprlicetion in reducing the potassium content of
the leaves, steting thet this difference was quite con-
sistent, esreclally on the earlier samprling dates, each

S5etlon,
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Waugh, Cullinen, and Scott, 1940 (132) studied the re-
sponse of youn; peach trees in sand culture snd found that
the reduction in growth due to inadequete phosphorus became
greater as the nitrogen content of the nutrient was in-
creased:

At the low levels of either nitrogen or phos-
phorus no follar potessium deficlency symptoms were
gseen, bubt they were obaserved in the low potassium
trees at the intermediste and adequate levels of
nitrogen and adequate level of phosphorus,

waltmen, 1940 (129) stated:

Wwhen the nitrogen or phosphorus supply weas

doubled, additional quantities of these elements

gccumulated in the tissues but not in prorortion
to the amounts added in the nutrient solution.

Light Intensity

With horticultural plents marked vegetative ané repro=-
ductive, responses to different light Iintensities have been
demonstrated. References regarding this subject are pre-
sented in & chironological order.

Kinney, 1896 (69) found thet there were less fruit buds
formed on ten aprple branches shaded or partislly shaded than
there were on ten similar branchea in the sunlight., Taylor
and Clarke, 1904 (123) concluded from various shading ex-
reriments with strawberries that thin cheesecloth incressed
the yleld, whereas heavier cheesecloth shading decreased
yield. Paddock, 1905 (102) reported greater and earlier
fruitfulness of trees in the increased sunshine of high al-
titudes. Blesckman and katthaei, 1905 (17) have shown that
with low 1isht intensities the rate of photosynthesis of
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different plents is almost directly prorortional to the
light intensity 1f other factors are not limitin.., In
1608 Clark (23) reported that flowers and flower bud for-
mation require a relatively high 1llumination. Hoberts,
1618 (108) concluded that pruning in the cherry may te
effective in incressing fruit bud formetion lergely by
removing the effect of dense shading.

vourley, 1821 {40) &nd Courley and Kightingele, 1921
(42) shaded verious horticultural plants. They ststed that
shading increased leafl srea, decressed thickness of leaves,
intensified gree: color of lesves, cesused leaves to lose
their convex character and become {lst, and was responsible
for frulit trees falllng to develop flower buds as freely as
unshaded trees. KrayL1ll, 1¢283 (73) snalyzed the trees
used by Gourley asnd concluded that sheding wes probably
effective by elither reducing carbon asssimiletion or increas-
ing ritroger inteke or by both sctlons. Vinson, 1924 (127)
observed &nd anelyzed various plants which had developed in
tlie shede. bhe stated that the growth of the plants in
shade wasn ch&racﬁerizéd by gremter length of internode,
more slender stem, and leaves ol larger area but with
smaller cross section. He found thet in general the rstio
of nitrogen to carbohydrate was higher in the shsded plants
than in those in the sun.

Auenhter, Schrader, lLagasse, and Aldrich, 1927 (7) and
Auchter and &chrader, 1926 (6) efter shading & whole Stayman

%inesapr sprle tree and halves of seversl Staymen Winesap and



i6

Grimes ~olden aprle trees listeu (z2long with other responses
of the shaded trees) & reduction in the percentsge of fruit
set ernd inbhibiticn of blossom Lud formastion,

noberts, 192Y (1lil, exposed young arrple trees to the
following trestuients: sun, siade, girdling, photoperiod,
end nitrogen nutrition. qae found that none of these treat-
ments had & specific effect, wut tnat shading could be
neutrelized by pirdiling, and vice versa., Thils led nim to
cor:clude tunat:

wrowto cusracter, inciuding vlossom bud forma-
tion, 1s primarily dependent upon internsl composi-
tion end secondarily upon external environment.
Shirley, 1929 (115) ststed, after an extensive litera-

ture review:
i generel, shecin, experiments siow toat the
light intensity cennot be recuced much below 50 per
cent of full sunli_ut in temperate regions without
ceuging a decresss in the growth of many plants,
From his own experiments with eleven srecles under four
sets of li.nt conditions he concluded, among other things,
that leaf area and plant height attained maxime at 1light
Intensities of gbout 20 rer cent of full sumzer sunlignt,
the time of maximur flowering sand frulting wes considerably
delevyed Dy low li.ht intensities. Irulting did not occur
at all in the plants studied under intensities below 8 per
cent of full summer sunlizht.

Tiie experiments of iaddock and Charles, 1929 (103)
indicated that the criticsl period during winlch shade could

inkibit bvlossom formetion wes either jJjust prior, during, or

Immediately following full bloom. 1n their experiments,
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shading arrle tree brasnches one week after full bloom was
too lete to influence flower bud formetlion.

From studies of the effects of shading uror fruit set-
ting in the sour cherry, uray, 1954 (43) concluded thet the
reduced light intensity of cloudy westher was not resrpon-
sible for poor set when adeguete pollinstion hsed been ef-
fectec. Lanyoard, 1936 (74) rerorted on six years' results
froxr both shading spd illumineting sour cherry trees, that
the effect of shadin: ver led considerably with the season
and the materisl used for shadling. «xuslin snd cheesecloth
were less effective in reducing the per cent of fruit setting

than burlar.

Ringing

Ringing, (cincturing, girdling or eny rpractice which
comrletely severs the bark or the phloem of either a stem
or branch) is 2 simple operstion that effects a drsstic
charge in the nutritiornal conditions both sbove and below
the inclsion. Hingings, therefore, is a convenient rprec-
tice for innumersble phyeloloricel studies sand occesionally
hes been recomrended as & prectice to promote fruitfulness
of fruit trees, Wirgens, 1918 (135) presentsd an extensive
reviev of the easrly litersture regarding this practice,

The vereficial Influence of rin ing on frultfulness was
observed by the ecarliest investigators.

Drinkerd, 1915 (32) obteined increased develorment of

froit buds by ringing st the time the folliage was fully
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developed. Alderman snd Auchter, 1916 (2) stated that ring-
ing usually results in dwarfing the top of an aprle tree,.
They mentioned, liowever, the possibllity that the dwarfing
may heve been caused by the Leavy {lowerlng eand fruiting
rroduced,

Wilggens, 1918 (138) studied the effects of girdling
wpon the concentretion of plent sap. He found thet
zirdiing resulted in an sccumulstion of substances above the
girdle, causing greaster bleossom production. Ersybill, 1923
(73) also obtslned increased flower bud formation from ring-
Ings. sirged brenches as compared to non-ringed were lower
in moisture, slightly nigher 1in free reduclng su.ars and
sucrose, and puchh oigher in starch.

Swarbrick, 1828 (122) reported from rinsing studies
with two-year-old sprle shoots that the date of ringing
markedly altered the responses produced, iealling of the
ringing wounds wes an lmportant lactor determining the
amount of starch accumulated sbove and below tne point
of ringing.

Fagen, 1926 (35) obtalned en increased yleld on filler
trees by ringing. Jourley and howlett, 1627 (41) ststed
that elther scoring or ringing resulted in incressed
flower bud formetion and that e normsl set of fruit was
developed. ‘aclseniels and iieinicke, 1929 (84) obtained
wide differences In fruit set in fsvor of ringing several
verieties of eprle trees. fiowlett, 1831 (67) declared that

st that time there was no known method of preventing
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excessive abscission of frultas during the first flowering
veers when 1t occurred in such varieties as Arkansas,
rarogon, Lelicious and Stayman. In 1937 Greene (44)
rerorted from extensive ringing studies with vigorous
eizht-year-old (rimes apple trees, that eerly ringing ap-
proximetely doubled the percentage of sypursa that set fruit.
The ringing was executed on different daya just prior to
blossom opening (April 2:-29) and on Hay 1. The spurs on
thie ringed branches wére found to be higher in susar and
starchy content than were similar spurs on non-ringed
branches.

Murneek, 1938, 1639, and 1940 (82, 88, 90 and €1) hss
shown that ringing increases set, size, sugar content and
effects earlier maturity and coler. iriggs and Schrader,
1941 (45) also rerorted s significant increase in set from
ringing Delicious apple trees. iowlett, 1941 (68) pre-
sented date which refuted Murneek's findings. Le stated
that 1n general, ringing jproduced neither outstanding nor
cderendable results.

As to wiien is the best time to practice ringing,
heinicke, 1924 (54) rerorted an incressed set of fruits on
several eyple varieties as & result of ringing branches just
before the blossoms opened. Ureene, 1937 (44) rpresented
éata wiich showed that fruit setting can be Influenced over
g considerable period of time durin; and following the blos-
soming reriod. le ringed or scored Urimes Uolden arrle

branches between Apeil 28 and Kay 18 in 1931, Althoush he
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obtained the greatest increasses in the rercentages of spurs
gsetting fruit (spproximetely double) from ringing April 28
and 29, Jjust prior to the opening of the blossoms, scoring
&8 late es May 18 markedly increased the numbers of fruits
that set. iurneek, 1940 (90) hss recom:ended ringing at
the time of full bloom to increase frult set for several

aprle verieties including Delicious.
Follination

No ettempt will be made to review all of the references
on rollinstion of the apple. Those references denling with
the lelicious aprle and the techinique of pollination ere
rresented.

The DUslicious apple is comrercially self-unfruitful,
thereby requiring rrovision for cross-pollination, %hiltehouse
end Auchter, 1927 (134), Luce and Horris, 1928 (79),
Marshall, Johnston, et. al., 1926 (82), lowlett, 1930 (&6),
¥urneek, Yocum and ¥cCubbin, 1930 (94), and Griggs and
Schrader, 1942 (46).

Hany experiments have shown relatively low percent-
ages of set for DLelicious with a considerable number of
pollenizers, Dorsey, 1922 (29), Heber, 1923 (47), Whitehouse
and Auchter, 1927 (134), Howlett, 19206 and 1930 (65 and 66),
Hurneek, Yocum and HeCubbin, 1930 (94), Cverholser and
Overly, 1932 (100), XKpowlton, 1932 (71), end Hurneek, 1932
(86). Ranker, 126 (106) stated that Dellcious, even with
adequate pollination, rnormally thins its flowers to not more

then one fruit per spur.



21

Hurneek, 1932 (86) has presented an extensive review
of the literature regarding the evolutlon of the methods
of controlled pellination since the clessical studies of
Walte, 1504,

Heinicke, 1917 (53) has presented ressons for showing
the mumber of spurs blossoming in regard to the relationahip
of the amount of bloom and the percentage set,

#acDaniels, 1929 (83) emphasized the importance of
recording the number of growing points as well as the
number of blossom clusters on the branches used for polli-
nation. Ilie steted that this gave an indication as to
whether the branch wes weak and spurry or vigorous. He
further stated:

A good commercial set on a 1limb 10 centimeters
in circumference is 20 to 25 fruits with large

sized epples like kclintosh, ifhode Island Greening,

and Northern Spy, and 25 to 30 with suech varieties

as Daldwin and Jonathan.

The term "xenia" is used according to the discussion
by Crane and Lewrence, 1938 (26) who applied it to the ef-
fects of poller upon the maternal tissue which they staeted
has been unneceasarily termed metaxenia.

Humerous attempts have been made to trage the imme~
diate effect of the male gamete upon the apple,

liebel and Xertesz, 1934 (97) gave & comprehensive re-

view of xenis and metaxenia. Hixon, 1928 (98 and 99),

working with the date paslm (Fhoenix dactylifers var,

Leglet Hoor) rerorted from an extensive investigation that

the time of ripenin,, as well as the size of bothh fruit and
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seed, may be directly affected by the pollen used. Lewis
and Vincent, 1908 (75) reported from cross-pollinstion
studies with verious aprle varietlies, instances of the im-
mediaste effects of pollen on the color of the fruit. They
found that with en incresse in the welght of the crossed
apple there was a proportional incresse 1n the weight of
the seeds.

Heinicke, 1917 (53) stated:

The aize of the frult varies with the number

of seeds, provided the aprles in questlion are

borne under similar conditions on spurs of egqual

Lelnicke, 1917 (53), MaclLaniels, 1929 (84), Wentworth,
Furr, and Kecartney, 1928 (133) and kurneek, 1932 (86) have
anoan,that thhe number of seeds in the mature frult gives
an incicstion of the relative effectiveness of the pollen-
izer.

Aldermen, 1918 (1) found two to six times ss many
seeds In c¢rossed fruits ss in the self-pollineted ones.
There was also a good correlastion between the number of
seeds anc the size and weipnt of the aprle.

Einset, 1930 (34) hes stated that in the Uravenstein
epple the frult weight is directly correlated to the com-
bined number of boti: empty and filled sseds. Hebel, 1930
{85) found dissimilaritles in height, width, color, weight
and seed length in the aprle, and later, 1936 (96) pre-
sented data from which he concluded that rotting of aprles

was differentielly affected by separate pollen parents.
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Hurneek and Schowengerdt, 1938 (93} presented data
showing thst the number of sesds in cross-pollinsted
sprles was considersbly larger than those oLtalned from
self~-pollinetion. They ottalned records from shaded and
not shsded fruift which showed pood correlation both between
weight of frult and number of seeds and welght of fruit and
weight of spur leaves., They concluded that from the point
of view of fruit size, flowers poorly situasted ss to organic
food supply would seem to require more efficient pollination
than thoae more fsvorably situated.

Tydeman, 1938 (126) mede a study of the progressive
development of fruits of apples and pears, pollinated by
different verietises, from the time of ypollination until
maturity. 7The study included the fruits of six varieties
of arples with eighteen pollinetions and of five varieties
of pears with fourteen pollinations. Le wrote:

Comraratively large differences in the size

of the fruits of esch varlety, fertilized by differ~

ent pollens, were found within the first few weeks

after pollinstion. These differences grew smaller

28 time went on and, by the time the fruits were

ripe, had become slmost negligible., 1t was ﬁosaible

to siow thet this reduction in size difference was

azsociated with fruit drop. In sll the crosses
studied 1t wes found to be the smaller frults which
fell, lrresprective of the variety with which they had
been pollinsted. The differences in final weight
between frults of eny one variety diiferently polli-
nated, were found to be larger, sowetimes of the
order oi 10 per cent. iliather large differences were
also found in the average seed content of the fruits,
but it did not slways follow that the larger fruits
nad the greater number of seeds.

Lewis and Vincent, 1808 (75) obtained satlsfactory

sets as & result of emssculation and hand pollinetion when
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the pollen was applied st the time of emesculstion. Alder~
man, 1918 (1) obtained an increased fruit set for two sea-
sons &8 & result of emasculstion plus cross-pollenization
over not emasculated plus ¢ross~-pollinated blossoms. Con-
trariwise, Enowlton, 1930 (70} found emssculetion to be
detrimental due to 1its drying effect. ilowlett, 1930 (66)
slsc mentioned the undeslirabllity of emasculation, Auchter,
1922 (4) stated that the delay between the time of emasculs~
tion and cross-pollination may greatly Influence pollination
results. Immediste pollination geve higher sets.



MATERIALS AKD WETHODRS
Hitrogen Studles

In April 1940 thirty-four Deliclous aprle trees were
chosen s materisl to be used in a study of nitrogen nutri-
tion in relestion to the phosphorus and potassium levels as
well a8 the vegetative and reproductive behsvior of the
trees. The trees were fourteen years o0ld, growing on
Sassafres sandy loam soll, exl moderately vigorous, al-
though they haed received no nitrogen fertiliszer aprplication
during 1939. The trees had been planted in two double rows
conslsting of eight peirs of trees and one single tree in
each double row, as shown Iin Figure l., Adequate pollen-
izers were located in adjacent rows.

L8 indicated 4in Figure 1, esch pair of trees (single
tree in the case of I and XIII) was subjected to one of the
following randomigzed treatments:

l. PFive pounds of nitrete of soda per tree grrlied

monthly throughout the growing season,

2. Two and one-half pounds of nitrate of soda, plus
five pounds of dried blood containing & per cent
nitrogen applied monthly throughout the growing
Season,.

3. Check, no fertilizer application.
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Figure 1., Fleld plsn for fertillzer treatments on Leliclious
arrle in College Iark orcheard.

Legend

By the randomlgzed selection the trees were placed in
the following categorles:

1. The treatment for trees 11, Vi, 1X, X, XIiV and
XVii was five pounds of nitrete per tree applied mounthly
April, Hay, June, duly and August, respectively.

£. The trestment for trees I, IV, VII, X1I, XV and
XVI was two end one~half pounds of seéium’nibrate, plus
five pounds of dried blocd contelning 8 per aant nitrogen,
aeprlied mﬁnthly.april, ey, June, July and August, re-
sprectively.

3. Check trees were 1iI, V, ViiI, XiI, Xiil and

XVIII.
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The fertilizer applications for 1940 and 1941 were
made on the fifteenth day of April, lay, June, Jduly and
August, resrectively. ko fertilizer was added in 1942.

An estimete of the per cent of bloom, which would
represent the total number of growing polnts blossoming,
wag made for eaech tree during the period of full bloom for
eacih of the three yesrs.

A rerreasentative Lranch was selected on each tree
during the blossoming period of 1940. Thie served as an
index for the number of blossom clusters produced, tne
number of vegetative points present, and the per cent of
vlossom clusters whichh set. 7Two additional check branches
per tree were tagged in the spring of 1942 snd similar
records tsken.

kxcept in csses where none was avallsble, lesves from
twenty bearing spurs were collected from eacnh tree at
monthly intervazls, and lesves from each tree constituted =
sample for snalyslis. Fresh welghts of these ssmples were
taken, &f ter which they were driled et 70-75° C. for three
deys. Upon reamovel from the oven dry weights were tcken.

The amount of total nitrogen in the lesf samples was
determined by the Kjeldahl-tunning-Arnold method with the
addition of selenium and other catslysts as adopted by
Hurneek and Leinge, 1937 (92). 1he potassium content of
the leaves was determlined by means of an agueous solution
of triscdium cobaltinitrite in the presence of nitric acid
as rerorted by wilcox, 1937 (138). The method of Flake
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and Subbarrow, 1925 {(36) was used for phosphorus deter-
minations.

Before the samples were subjected to the various
analyses they were run through e Wiley laborstory mill with
a 40-mesh sleve, redried for five hours at 75-80° C., and
cooled and stored in a desliccator,

At harvest time the mature frulte were sllowed to drope.
At frequent intervals counts were made of the number of
fruits under each tree, as s measure of the relative reriods
of dropping.

The only extremely dry period throughout the duration
of the experiment was during the month of June 1940; however,
toc overcome the effects of this dry rerlod the trees were
well irrigeted by means of the stationary spray lines from
June 27 to July 2,

Light Intensity Studies

Fuslin on individusl branches. During the blossoming

period of 1940 fifty large branches were selected at raendom
from nine LUelicious apple trees as meterial for the shading
studies. From 60 to 90 per cent of the growing points on
these trees were bdaring blossom clusters. ull bloom
reriocd was May 8 and $. These trees were growing on Sassa-
fras sandy losm, making ssatisfactory ennual growth and were

meinteined under good cultural practices,



The treatments were:
1. MKay 10, & brench enclosed in muslin on each of
flive trees.
2. Kay 10, flower clusters rexoved and branch en-
closed on each of five trees,
3. #ay 10, flower clusters removed and branch not
enclosed on each of five trees.
4. Hsy 18, s brench enclosed on each of five trees.
8. Hay 18, flower clusters and fruit removed and
branch enclosed on each of five irees.
6. May 25, & branch enclosed on each of five trees,
7. Hay 25, flower clusters and fruit removed and
brench enclosed on each of flve trees,
8. Jdune 3, & bramnch enclosed on each of five trees.
9. June 3, flower clusters and fruit removed and
branch enclosed on each of flve trees.
10. Check.
Heavy muslin bags 5x10 feet were used for enclosing
the brenches. Weston 1lluminometer readings from variocus
points withinrthe bags averaged 1009 foot eandles whereas
readings in the open sun averaged 7380 foot candles. There~
fore, the bags sdmitted only about 13.7 per cent of the
full sunlight.
At the time the branches were enclosed, counts were
made of the number of flower clusters and frulits removed
and of the purely vegetative and non-frulting points. Aphid
control was accomplished by the spplicaetion of Rotenone Dust
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st weekly intervals. All of the bags were removed on
August 2. On Leptember 20 the aprles were picked from
thiomse branches where fruits were prermitted to develop.

Cheesecloth on individusl brenches., Frior to blosszom

opening in 1940 (May 4) fifty-four branches were selected
at random from the same nine trees used for muslin shading.
At the time of selection these branches were enclosed in
Humber 90 cheeneeleth begs 3x5 feet and subjected to the
following treatments:

1. iay 15, removal of bags from six branches.

2. HMay 25, v " " " n w
3. June 4, " " " " ] "
4. dJune 14, " " " n ﬂ »
5. June 24’ o o # " ] ™
6. July 4, " " " 1t n "
7. dJuly 14, n n u n # "
8. July 24, u " n n " "
g. August 3, " " " n " n

10. Check, six branches.

The Humber 90 cheesscloth bags had been used the pre-
vious season for pollinastion work ami were thersfore
wecthered to some extent. Weston illuminometer readings
from within these used cheeseclotn bags averaged 3532 foot
candles while those in the open sun sverasged 8027 foot
candles., Therefore, they admitted 44 per cent of the full
sunlight. For the seke of comparison, readings were also

mede of the light intensity within new cheesecloth bags of
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the same dimensions and grede as the old and compared with

readings made in the open sun. The readings within the new

cheesecloth bags averaged 5285 foot candles, wheress those

in the full sunlight averaged 9249 foot candles, The new

bags, therefore, admitted 57 péfrcent of the open sunlight.
Aphids were controlled as for other bagginghgreatmenta.
Shading of one-helf of tree. buring Hay 1940 & twelve~

year-0ld Delicious sprle tree was chosen which lent 1tself
to being divided intoc a southern half and a northern half,

A three~sided canves shed which was open to the north was
constructed over and around the northern half of the tree,
The shed wae completed about the Iirst of June. Thus, the
northern half of the entire tree recelved only indirect
light from the north in eddition to that which filtered
througsh the hesvy duck., The southern half of the tree was
used &3 a check. Four branches on the shaded side (northern)
and four on the exposed (southern) side of the tree were
tagged and counts of the number of frulting, as well as
non-fruiting points were made. Light intensity reecdings
with 8 Weston illuminometer from verious rositions within
the canvas shed averaged 171 foot candles, wheress readings
outsgide In the open sun averasged 9300 foot czndles. The
aeverage lizht intensity within the shed was therefore only
1.8 per cent of that outside. The shed was removed Hovember
8, 1940. Luring the period of full bloom of 1641 counts
were rade of the clusters produced on all growing points of

the eight tagged branches.
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Ringing of Iranches

Forty twenty-year-old lleliclious trees nesr Sandy Spring,
s#aryland, growing on Chester clay leam s01l under bluegzrass
sod, were selected for these ringing studies. Frior to
1938, the trees recelved nitrete of soda asnnually et the
rate of five pounds per tree and s moderate smount of prun-
ing. In 1938 the grower, feeling that the trees were exceoss~
ively wvigorous, discontinmued fertilizer and pruning treatments,
with the intention of inereasing production. 1In spite of
the fact that these trees had blossomed profusely and had
made vigorous growih, they have been conslistently low yleld-
ing; however, no data were avallable relative to the per-
centage set for the years prior to the beglinning of these
studles.

The present study was concerned not only with the ef-
fect of rin;iny upon the frult set of these particular
trees, but slso with time of ringing as s factor in increas-
ing set.

In 1940, four large branches, ebout three inches in
dismeter et the base, were selected for ringins on esch
tree, ¢(ne of the four branci:es was ringed day 3 at the
rink stsgse, another iay 16, imnedistely following petsal
fall, and still another on June 2. The fourth branch served
as & check for the three ringed branches. hinging was ac~
complished by means of & pruning saw of the curved type and

tixe wounds were sealed with grafting wax., Counts of set of
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frult were Dased on aprroximately one hundred blossom
clusters tagged on the outer part of each branch.

it was found during the blossoming period of 1941
that only those branches which were ringed in 1940 had
produced blossoms. This was true in the case of all forty
of the trees. Typical exsmples of these blossoming branches
are shown in Fijures 2 and 3,

Three large leaders had been ringed on esch tres.
Therefore, the ringed branches provided not only from two -+
to three bushels of apples per tree, but more important by'
far, they provided a source of cross-pollination for Stark{
Black Twig end Staymen apple trees which made up the e~
meinder of the orchard.

In 1941, one of the previously ringed blossoming
leaders on each: of thirty trees was selected and subdivided
for the followlng treatments:

l. H#inged at petal fall.

2. Ringed at petal fall anc defoliated by cutting

off the proximal half of the leafl.

3. bBranch bagged for hand pollinstion.

4. Check.

The likelihood of insdequate pollenizers for these
trees led to furtiher investigestion. In order Lo obtaln
information regerding this question one branch on @vefy
thiréd tree was bsgged before the Llossoms opened. %haﬁ;the

blossoms were receptive Jonathen pollen was applied by hand
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with a cemel's hair brush. On kay 13 counts were ggde of
the set of frults ou all of the treated and check branches.

On the nine lelicious aprle trees which were u&ilized
in' the shading studies in 1940, fifty-one brenches were
selected for additionel ringing and defollation studies.
This work was executed on April 27 and 28, 1941, at the
time of petal fall, in the following manner:

l. Ringed.

2. Hinged and defoliated.

3. Check.

Environmental Control Chamber

in an attempt to modify the climstic conditions under
which the Lelicious apple 18 grown in ilarylend, an environ-
mentel control chamber was coustructed to be used under
orchard conditions., It consisted of two malin sections
which were bolted together. (See Filgures 4 and 5). The
eo&partmant which functioned as a service unit to hold
one tree branch was 2'x2'6"x3' and the chsmber was composed
of & wooden frame 2'x2'¢"x3'6" covered with cellulose
acetate.

The wooden service unit contsined three compartments.
The outernost portlion was insulated end served as & chest
wiriehh would hold 200 pounds of ice. Next to the lce chest
there wes space for an electric fan which forced the cooled
air turough a perforated board into the control chamber.
Setween the periorsted end of the control chember sud the
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Figure* 4 and 5* Control chamber In operation shoeing
a Oranch, or a Delicious apple tree enclosed in the trans-
parent section or the chamber.
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fan, space was provided for a screen insert which was
filled with calcium chloride. It was intended that this
calcium chloride insert would remove & high percentage of
the molisture from the cold alr before it was forced into
the cellulose acetate chember. Az an 8i1d in manipuleting
the equirment & hygro-thermograprh and thermometer were
rplaced 1In the chamber,.

On key 19, 1941, & branch holding thirty~two fruits
o the east side of a thirty-five-year-old lLelicicus arple
tree was enclosed within the chamber, Length and width
measurements of the leaves within the box and of leaves
from check branches were taken June 16, 1941,

Weaton 1lluminometer readings tszken &t 9:30 A.HM. July
21, 1941 from fifty points near fruilt locetions averaged
3470 foot candles, while readings in the open sun aversged
9867 foot cendles, The chember, then, admitted spproxi-
mately 35.2 per cent of the full sunlight.

¥ifty similar reacdings taken at about the same time
from fruit locations on check branches sveraged 6021 foot
candles, whereas those in the full sunlight averaged 8900
foot cendles., The fruit on the check brsnches was re-
celiving 60.8 per cent of the full morning sunlight,

Light intensity meessurements were also taken around
5:00 FP.H. on July 21, 1941, PFifty resdings from fruit
locations within the chamber, at this time, averaged 694
foot candles. Heacdings outside aversged 4600 foot candles,.
Therefore, only 15.1 per cent of the outside light was
availsble within the chamber st tinis time of day.



Hesdings from check branches at aryroximately the
sawe tlme aversaged 1248 foot candles at various frult lo-
cations, wiiile cutsilde readings aversged 3333 foot cendles.
£t ebout $:00 F.i, on a clear dsy, therefore, the check
branches were recelving 37.4 por cent of the open sunlight.

The fruilt was harvested snd the chamber was removed

from the branch on September 20, X941.
Follination ctudies

In the spring of 1940 & study was made to determine the
relative effectiveness of Colden Delicious, #¥illiams, Winter
Senane, Jonathan, Lowry, Yellow iransparent, Rome Heauty,
Gallis Zeeuty, and York iImperisl pollens, as well as open
polliinstion, in obtaining a set of fruit on Lelicious. ©On
Kay 4, forty-unine branches on eight twelve~year-old Leli-
cious trees were selected and escih branch waes enclosed with
a cheegeclotnh bag, 3'x3'. Ten of the forty-nine bme nches
were selected from tree 1 so that esch pollen source could
be represented on this tree, while tiie remeining branches
were distributed four to six per tree. & dDranch for open
rollinetion occurred on each of the eight trees and no
pollen source was used on rore than one branch on & glven
tree, althouyh it was impossible to place any one pollen
source on all trees. “nopened blossoms of the different
rollenizer varieties were collected from Kay 4 to 7, and
the anthers were shelled out and allowed to dry in Fetri

dishes. Follen from the various varieties was arrlied with
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camel's hair brushes to the test blossoms during full
bloom (iay 8 end 9). Counts of the number of blossom
clusters setting one or more frults each were made on June
2 after the "June drop".

With the results of 1940 indilceting the need for greater
replication, the work in 1941 was outlined to have eight
branch replicetions for each of five pollen sources, as
well as elght open-pollinsted branches. Accordingly, on
eight fifteen-year-old Deliciocus trees, six brenches were
selected per tree, which were used for & random plaecing of
the five pollen varieties, York, Home, Gsllis Besuty, Jona-
than, and Golden Delicious, leaving one branch per tree for
open pollinstion. Since the season was earlier the test
trenches were bggged April 19 asnd 20 and the rollen from
the verious verieties arplied April 22 and 23. JSet counts
were neade ilay 15.

The work in 1942 was & duplication of that outlined
for 1941 wilth the exception that there were ten branch
replications for each of the six treatments, (including the
five pollen sources and a brsnch for open pollination on
eachh of ten trees). The bags were pleced on the branches
April 19 and the varlous polliens were applied April 22 and
23. 38et counts were made lay 1lG.

Size measurements of all the fruits which set as a
result of the cross-pollinstion work, &8 well as those set

on the check branches were talken June 24, 1942, The widest
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dilameter of each frult was measured in centimeters with a
rair of calipers. Jn Awust 1, 1942 the {rult wae har-
vested.,. At this time the wldest diasmeter of esch frult wes
acain measured, and the weight and number of seeds per frult
recorded, Such measurements were designed to determine more
completely the relative efficiencies of the different pol-
lenizers,

in conrectlon with the pollination studies, it was of
interest to compare the sets of fruit from emasculated plus
hand pollineted blossoms with those bagged plus harnd pol-
linated, open pollinated, and emasculated plus open polli-
nated. Therefore, on April 24, 1942 thirteen branches were
selected at rendom on five sixteen-year-cld ilelicious apple
trees. The blossoms which had opened were dilscarded and the
unopened ones emssculsted. Home rollen was applied to the
sxposed stigmes of the emasculated flowers on seven of t he
brenches, while the remaining six provided checks. Since
the work was done during the period just preceding full
bloom most of the apical blossoms were open, necessitating
the use of the lateral blossoms of each cluster for the
emasculation studies, Follinstion was executed from Ilmme-

diately to three hours alfter emassculation.

Statistical Treabtment of Dats

Host of the following results are expressed as per-
centages, that 1s, per cent of clusters set, per cent of

vegetative points forming flower clusters, etc.
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Snedecor, 1940 (117) stated:

" .« « 1f percentages result from less
than 130 affected individusls, or if the event
enumersated 1s Iinfrequent, some transformetion of
the variable may be necessary before analysia of
variance is carried through.

Since some of the original data fell into this cate~

gory, the percentages were converted into angles, angle =

arc sine V percentage, by employing Snedecor's table of
angles eerrespéuding to percentages, Snedecor, 1840 (117).
Then, for the sake of comparison, both the percentages and
the angles were subjected to snalysis of varisnce.

The results of the enalysis of verlasnce of the per-
certages only, sre rpresented here since no appreciable
differences in the order of significence were found between

the two criteria.



RESULTE

Effect of Hltrogen Fertilizers on Set of Frult,
Dropping of Frult, end Chemicsl Content of Leaves

Set of fruit and yield. 1t may be seen in Table 1

that the trees receiving two and one-half pounds of nitrate
of soda plus flve pounds of dried blood hed a significantly
higher three-year average per cent of blossom clustiers set
{(47.6 per cent) at the one per cent level than did the
check trees (34.2 per cent). The trees receiving five
pounds of nitrate of sode monthly set an averege of 42.8
per cent of their blossoms, whilch was significantly higher
than the check (34.2 per cent) at the five per cent level.

There were no significant differences in the averasge
per cent set bassed on the total number of growing puints
{including both vegetative points and blossoming points)
for the trees.

In 1940 (the first season that the trees were under
treatment) the estimated mean per cent bloom produced by
trees subjected to nltrate of soda plus dried blood was
57 per cent of %heir total growing polints, for those treated
with nitrate of soda, 64 per cent, and for the check trees,
54 per cent. The aversge numbers of apprles produced per
tree for these trees were 1393, 1618 end 1458, respectively.

In 1841 the estimasted mean per cent bloom was 18 per

cent for the nitrate of soda plus dried blood treated trees,
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Table 1. Set of frult and yield of [ourteen-year-cld Delicious aprle trees as influenced Ly nitrogen fertilizer
treatments. Averares Tor set of fruit for three saazons.

}‘:

: Tetal 1 Averare 3 Averare : t Average :

: meer of 1 ter cent : estinmated : per cent

s rrowing r zet tesed 5 per cent : set s Average number of

:+ points ot ¢ oon all : bloom for : after s fruits produced
Fertilizer s selected ¢ - : entire : :  June : per tree
treatment 1 branches 3 i tree : 3 drop s 1940 3 1941 3 1942
2-1/2 1bs.
nitrate of
soda plus 74310 1iet 4545 gt L7.6 1,333 730 1,493

5 lbs. dried {11 trees)
blood applied
nonthly

5 1bs.

nitrate of

soda applied 25,271 175 FAS IR 3,732 L2.8 1,613 737 1,933
monthly (12 trees) ’

Check (no
fortilizer 15,941 15.4 418 7,531 34.2 1,459 495 847
application) (11 trees)

Difference reguirved for sirun

5.0 per cent level 8.42

1.0 per cent level 11.18
¥ value Tor ireatments 2414 54164k «
¥ value for replicates R e blini 2403

#5iend Mleant bevond the one per cent point.
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18 per cent for the trees under nltrste of sode only, and
24 per cent for the check trees. The esverage yleld per
tree, in terms of number of fruits per tree, feollowing the
sbove order, were 730, 737, and 495,

In 1942 the trees which hed recelved nitrete of soda
plus dried blood rroduceéd (mccording to estimates) flowers
on en esverage of 61 rer cent of theilr growing points while
the trees treated with nitrate of sode produced 63 per
cent, and the check itrees, 47 per cent. The average ylelds
rer tree for these trees were 1493 fruits for the trees
treated with nitrate of sods plus dried blood, 1933 for
those trested with nitrete of scde, and 247 for the check
trees,

Considering the bloom end yield records for the three
years it 1s evident that the lack of nitrogen was not ef-
fective until the season of 1941, as reflected by the lower
bloom end perellel yield of 1942 on the check trees. It is
recognized, however, that the bloom of 1840, formed in 1939,
would not be affected by omissior of nitrogen, snd the rela-
tively heavy yield of 1940 caused & considerable reduction
of bloom on ell plots for 1941,

Dropping of frult. Table 2 shows the mean rercentages

of the number of fruits which had drorped by variocous dates
during Septamber and Uctober. The same date exrressed as
the mean accumulated prer cent drop plotted sgainst time are
presented in Figure 6. 1t should be noted again that the
entire crop was sllowed to dropr and the dropping recorded

et frequent intervala.
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Table 2. Dropping of the Delicicus apple as effected Ly niitroren fertilization, 1940 and 1941.

Fertiliger : Per cont drop of totsl crop in 1940

treatment :  Sent. 4 1 Sente 17 1 fept. 26 : ek, 3 :  NDct. 10 :  Oct. 19 s Dete 27
Hitrate of

soda plus 15.2 21,7 £:e2 FNA 25.C 224 2.0
dried blood

tiitrate of

soda 17.8 229 5.3 7.5 249 20.0 1.4
Check 1,4.}7 1}.{} 5.1 7;4 2809 2300 1.0
Fertilizer ter cent drop of total crop in 1941

treatnent 3 Septe 16 t  Sent, 23 : Sept. 30 : Net, 7 3 Octe 34 2 Oct. 21 :

Hitrate of
soda plL‘LS ..}.,r;v{\“ "-;:.O 31.5 2304 10.8 1.8
dried blood

Hitrate of
soda 14.0 7.0 29.5 31.3 14e7 34

30.7 412 1043 2.1

AN
0]

Check 1C.1
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Figure 6. JLUropping of Lellclous frults durlng harvest
period in relation to nitrogen fertilizer treatments.
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A comparison of the mmber of fruits on the ground
as the season progressed revealed but small differences in
dropoing a8 & result of the trestments. There was slicht
lag in the per cent of the total crop on the ground from
the check trees at the diffaerent dates as compared to the
w.b heavy nitpogen fertilizer treatments for beth 1240 and
1941e In 1940 this difference woe mest noticezlie rn
September 17, September 26 and Jctober 3, (see Figure 6).
By Oectober 10, 1940, howewer, there were practicslly no
differences in the amount of fruit dropped as & result of
treatment. In 1341 the check trees displayed the same
slight lag in dropping. Differences in the per cent of
fruit dropped frem trces under the three treat:ents were
no looger evident after Octobeor 7 of this season.

Sumrarising, the results tend to show that althoush
the check trees held their fruits slightly longer than the
treeg treated with nitrate of sods plus dried bleod and
nitrate of soda alone, the differences in the amcunt of
fruit dropped at the various dstes were small and diminished
early in Octobrer.

Chemicel analyses, The resultis of the chemical analyses of

leaves from the nitrogen fertilised and check trees are presented
in Table 3. On July 12, 1G41 the mean per cent nitrogen conionts
of leaves from trees treated with either nitrate of scda plus dried
blood {2.03 per cent) or nitrate of scda (1.92 per cent) were sig-

nificantly higher at the tme per cent level than similar leaves from

¥



Table 3. Fesults of chemical analvsis of spur leaves from Tieliclous apple trees. Percontaes expressed on a dry
weicht hagis,.

tean for eleoven trees per treatment

Milligrams in total
lesvea rer spur
May 2, 1942
Nitrogens Phosphorus: Potassium

Per cent phesphorug :  Per cent potassium
July 12¢ fup. 11: Pay 2 ¢ July 12: Aug. 1ls May 2
1941 s 1941 3 1942 3 1941 s 1941 3 1942

s
H Par cent mitrocen
Fertilizer ¢ July 12: Aug, Yl Yay 2
treatment 3 1941 o+ 1941 5 1642

e oo lon we !

o8 #% Jea e

Witrate of
scda plus 2403 1.9% 3.27 Celd! Cells G.265  1.58 1.72 1.7% 11.6 0.952 6.07
dried blood

Hitrate of
soda Le92 1.46 3420 0.126 0,114 (3,275  1.20 1.46 1.55 11.7 1.007 5¢64

Check Le55 1edis 242 Cel3H 0.133 L.273 1435 1.51 1.68 A 0.833 5.06

Difference reguired for siini{icance
5.0 per cent
point .16 (1021 Cel7 0.009 .12 .21 1.10 0.10 0.66
1.0 per cent
point (.22 028 Q.24 ¢.012 0.016 0.29 1.50 O.14 0.90
¥ value for
treatments  20.40%% 11,363 63,1658 H,008x  5,00% 075 3.17 3.923 2.85 43.22%% 6,508 5.08%
¥ value for
replicates 1.22 (3,39 (.88 200 Qo2

o

«25 0e54 2.84 3. 728 0.92 1.4 1.10

Cigniflicant bevond the five per cent point
w3 rni Tieant beyond the one per cent point
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the no fertilizer treatment (check) treses (l.55 per cent).
The leaves teken August 11, 1641 snowed no significent dif~
ferences 1n nitrogen content from trees treated with

either nitrate of soda plus drled blood or nitrate of sods
alone. lLiowever, leaves from both of these trectments were
significantly nigher in nitrogern content than were those
from the check trees.

On day 2, 1942, immedisiely following petal fall, the
young leaves from all three treatments contalned relatively
hizgh percentages of nitrogen. Leaves from nitrogen fer~
tilized trees (elther nitrate of soda or nitrate of soda
plus dried blood) were significantly bilgher in per cent
nitrogen (3.20 per cent and 3.27 per cent) than were cor-
respondlng leaves from check trees (2.42 per cent). The
milligrens of nitrogen in total leaves per spur on iay 2,
1942 are sihown in the tenth colunn of Table 3. Again on
this besis the lesves from tihe nitrogen fertilized trees
contained significantly nigher amounts of nitrogen (1l.7 mg.
and 11.6 mg.) at the one per cent level than 4id the leaves
from the spurs from the check trees (7.4 mg.). On this
basis the srester Iintake of nitrogen per growing point i=s
clearly shown for nitrogen fertllized trees, Similarly,
there wasg a grester Iinteke of potassiuwm and phosphorus which
is not Indicated by the percentage lgures for the same date
of sampling. Calculating the amount of Intalte compared with
check trees, it can be shown from the {isures for milligrams

per spur that the nitrogen trees took up at least 50 per cent
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more nitrogen and apprroximaetely 20 per cent more potsssium
and 20 per cent more phosphorus then the check trees.

The per cent poosphorus found in the leaf samples
teken duly 12, 1841 was found to be signlificantly higher in
the leaves Irom the check trees (0.14 per cent) &s compared
to the leaves from the nitrate of sode (0.13 per cent) at
the [ive rer cent level and the nitrate of soda plus dried
vloocd treated trees (0,12 per cent) st tlie one per cent
level. The leaves from the nitreste of soda trees alsc con-
teined & significantly higher percentage of rhosphorus
than lesves from the itrees under nitrate of soda and dried
blood at the five per cent level., By August 11, 1941 the
rercenta e ol phosphorus had gone down & simllar smount
{0.01 per cent) in the leaves from esch of the three treat-
ments, but tiiere were no changes in the order of significance
from those of the preceding month,

As was true in the case of nitrogen, the leaf ssmples
taksen on May 2, 1942 were all comparatively high in per
cent phwsphorus. Ilowever, there were no significant 4if-
ferences in the phosphorus percentaze in lesves from trees
under the thrse treastments.

When considerin;; the milligrams of phosphorus in total
lesves per spur 1t may be seen that spurs from the trees
tracted with nitrate of soda contsined significantly higher
amounts (1.01 mg.) at the one per cent level than did the
cueck leaves (0.83 mg.). Spurs from the trees trested with

nitrate of soda plus dried blood contained significantly
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greater smounts of phosphorus (0.956 ng.) at the five per
cent level then the spurs from the check trees (0.83 mg.).

The potaessium content of the lesves from trees under
nitrate of soda plus dried blood was consistently higher
at the three sampling detes than from similar leaves cof
thie other two treatments. Leaves from nitrate of soda
trees had the lowest percentege ol potmssium. The lesves
from the check trees were initermediate in potassium content.

ko significant differences were obtalined in the per
cent of potesssium between leaf samples tsken July 12, 1941
from the trees subjected to the turee treatments., Uy
Auguet 11, 1941, bowever, leaves from the trees under ni-
trate of sode plus dried bloovd haed a signifilcantly higher
percentage of potsasium (1.72 per cent) at the one per cent
level than did similar leaves from trees of the nitrate of
soda trestment (l.46 per cent). They were slso significently
higher in per cent potassium than leaves from the check
trees (l.51 per cent) at the five per cent level.

Contrary tc the case of elither nitrogen or phosphorus
the per cent oi poteassium of young aprle leamves gathered
ey 2, 1942 wes not cutstandingly iolgher than tiie percent-
ages of potassiuw found in the July 182, 1941 and the hugust
1l, 1941 samplings. There were no significent differences
in the per cent of potasslium resulting from the different
treatments of the lecaves gathered on that date.

Spuras from trees treated with nitrate of soda plus

dried blocd contained signiiicantly greater amounts of
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potassium (6.07 mze.) than either spurs from the check trees
(5,06 mg.) at the one per cent level or spurs from trees
treated with nitrate of sods slone {(5.64 mg.) at the five

rer cent level.

Tree Variabllity as a Factor iIn Chemical Analyses

In regard to sample size, Snedecor, 1940 (117) wrote:

Investigators are often content with samples
less than 0.1 per cent of the population, wiile a
sample of 10 per cent is ususlly considered large.
Such loose statements can be replaced by wore
definite ones only if there is svailable some knowl-
edge of the mean and the standard deviation of the
population to be sampled. Althicugh this knowledge
may not be precilse 1t enables us to make falr ap-
proximetions to sample size.

L] * L . L 4 * L] L ] - . L * L L] L2 L ]

Ag for populetion parameters, you may be con-
fident that the samplse mean and the standard devia=-
tion are their best sveilable eatlimates 1f the
porulation distributlon 1s not greatly diffsrent
from the normal,

Before laying down an experiment the investi-
gator must arrive at some estimate of the size of
sample requlred to zain a deslred prscision., This
reg:ires a knowledge of the size of tie difference
to be exrected in the mesns together with the mag-
rnitude of the variablility in the experimsntal
material,

Table 4 presents informetion for estimating the minimum
number of Uelicious arple trees which must be ssmpled to
show & 8ignificant difference of ten per cent in the nitro-
gen, phosphorus, and potassium content of thelr lesves as
a result of various fertilizer treetments.

The figures were obtained by employing the chari for
estimating the size of sample required for significance in

group comparisons as given by Snedecor, 1940, (17). By
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Table 4. OShowing the number of trees which must be sampled to show a
sipnificant difference of ten per cent in the nitrogen,
phosphorus, and potassium content of Delicious apple leaves,
using analyses of non-~fertilized trees as a base. (The
fipures are based on thirty-ithree analyses of leaves, repre-
senting individual samples of thirty-three trees, taken
July 12, 1941, Aupust 11, 1941, and iay 2, 1342, from two
fertilizer treatments and check).

Minimumm mmber of trees which must be sampled to
give a significant difference of ten per cent in
the nitrogen,phosphorus, and potassium content
{expressed as the per cent of the dry weight)

Mitrogen 3 Pheosphorus 3 Potassium

o ¥k 160 w8 S0 o2 e 63 N

Nate of at 59 : at 1¥ : at 58 : at 1% : at 54 : at 1%

sgmpiing level : level : level : level : level : level
July 12, 1941 11 19 5 8 46 36
August 11, 1941 20 35 8 14 19 13
YMay 2, 1942 6 10 5 9 9 15

came as above excepl expressed as nmg. per spur

" SR 40 S8 $5 h sd we

Vay 2, 1942 20 34 12 21 18 31
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applying any actual or desired differeunce between means
(d) and the pooled standard deviation (s), as obtained
from anslysis of variance of the orizlnal data resulting
from chemical snaslyses, one obbtalns the flijures which rep-
raesent the required number of observatlons in ezch sample
for significance at Doth the five and the one per cent
levels.

Obviously, some of ithe mean percentages calculated
from the rosults of thie nitrogen, zhosphorus and potessium
analyses of apprle leaves (Table 3) suhowed no signiricant
differences as a result ol treatment. Irom samples tsken
July 12, 1941 the nitrogen content of leaves from trees
under nitrete oI soda plus dried bLlood was 2.05 per cent
and that of the leaves from the trees treatsd with nitrate
of soda 1.92 per cent. The mean difierence (0.11) between
tiiese two treatments is not signilficant. According to
Table &, twenty trees would have to be sampled for tihis
mean difference (0.11l) to be si_nificant at the five per
cent level and Jforty trees {for it to be significant at the
one per cent level., Table 5 was prepared for estimating
the minimum nunber of trees whichh must be sampled for the
mearn differences actielily obtained to be signirficent as a
result of the tiaree treatments (nltraete of soda plus dried
blood, nitrate of soda, and cihweck) and as revealed by
chemnical anelyses. The chart as given by iLnedecor, 1940
(117} for estimating the size of saemple reguired for sig-

nirficance in group compsrisons was agsin used to ovtain



55a

of trees which nust be sampled for the mean differences obtained

vs sor treatment).

Table 5. {cont.) SEhowins the
to b simificant.

s Minimum number of trees
: which nust be sanpled
s for this mean difference
s to be significant
3

: Hean

: difference
: expressed

: as per cent

Hean A4 e e

from treat:
titrate of

v ecent of potassium of leooves @ of higher Jean at 5% : at 1%
mean difference level 3 level
23 .35 7 12

Vate of
sarpling
July 1<, 1u4l

%S or 49 »2 0 we

nlug dried bLlood ve nitrate of soda

n ki i ) i ] 1 1w C‘.eCE{ 13 .2{} 23 33

[ i} 14 # # ll . 1 5 38 70
Aug . 11, 1243 " rooow d " B pitente of soda 15 .26 7 12

1 ki it i i ¥t 131 {}}h‘;‘c}{ :12 ‘21 ll 19

B L " " 3 15 100+ 100+
Hay 2, 1942 " RS Y " *o" nitrate of soda 10 o7 9 16

" oo " " " " check .02 .03 100+ 100+

1 4] L ki1 ¥t 8 .M 12 21

Bean differsnce fn milliprams of nitrogen per spur
of leaves Irom treatnents

Hay 2, 1942 Mitrate of =zods plus dried bleoed ve nitrate of sods 9 G.10 100+ 100+
W 1 o 1 # u 8 eheel 36 PN, ¢ 2 3
5 o n # " 37 430 2 3

dpan differencs in milligrams of phospuorus per
spur of legves from treatments
of soas plus Jdried bleood ve nitrate of soda

" ¥ b1 13 [4] T ﬂbeck

3t 11 #i 4] e
Yean difference in millisrams of potassiun ner
gour of leaves from treatmente
Hirate of sodn plug dried blood v nitraits of soda

W8 B4 RS 45 58 B8 AP AR 3¢ N BD G2 S8 & A% x4 (e

¥ay 2, 1942
? 13 0.12 8

6 0.06 100+ 100+
14
18 0.18 4 7

7 Ced3 19 33

*F a3z my 6 33 BT 8 H% 49 A% 08 46 &S #3 68 IV B #% 46 2 e3 B8 € o {68 G4 P 4P 4

e S& a8 ST AN B e

" @ # 3 " ¥ pheck 17 1.0L 5 8
It i i i " 10 Q58 11 19
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the figures presented in Table 5., To render some of the
differences significant i1t is shown that more than one
hundred trees would have to be sampled, whereas in other
cases shown in Table & as few as two or three trees would
be sulficient.

Effects of Reduction in Light intensity on
Flower Bud Formation in DLelicious

Shading of branches. Teble 8 snows the results {(in

terms of the per cent of flower clusters produced) of
shading, shading plus clusters removed, shading plus fruilt
removed, no shading but clusters removed, sand check. In
tihis table the results with heasvy muslin bags on individual
brenches sre presented. As given previocusly, the muslin
bag admitted only 13.7 per cent of the outside light. The
check branches and the branches with their clusters removed
but not shaded produced significantly higher percentages of
flower clusters than eitner the bagged Lrancnes or those
whichh hed thelr clusters or fruilt renoved &nd then were
bagged. LHo signifilcent differences as a result of enclosure,
or enclosure and deflorstion or defruiting were obteined in
the percentages of flower clusters produced when based
either on the non=-fruiting points or the total number of
growing points. Lowever, if one conslders the effect of
the one procedure, bagging the branches only, {(at the four
detes ikay 10, Hay 18, May 25 and June 3) then the effect of

the length of time the branches were enclosed 1s evidenced.



Table 6. Fffect of shading Delieious branches with heavy muslin
at successive intervals during the early growins season ’
1940. (Mumber of branches per treatment ranged from
five to ten).

: Total & Averace
:  mumber 3 Per cent ! Nusber 3 315’ cont
: Period : of 3 producing? of non- t producing
t of : growings f%mr : fruiting: flower
Treatment: treatment: points 1 © ggﬁm . points 1 clusters
: s 13840 : 1940 0 1941
Shaded ¥ay 10 te 1,790 9.4 1,666 10.0
August 2
Shaded ¥ay 18 gn 1,735 14.9 1,660 15.4
August
Shaded My 25 29 1,211 29.6 975 4244
August
Shaded June 3 to 1:899 33&0 l,m 35.6
August 2
Clusters
removed ¥ay 10 to 1,931 22,7 1,931 22.7
and August 2
shaded
Clusters
rexoved May 1;2 ;6 928 15.5 928 15.5
and Auvgus
shaded
Fruit re—-
moved and May 25 to 1,232 25.1 1,037 31.1
shaded August 2
Fruit re~
moved :nd June 3 to 1,222 38.1 1,077 4543
shaded August 2
Clusters ,
;Eemwad May 10 896 63.2 896 63.2
no
shading)
Check (x)xc 1,373 76.7 1,172 100.0
shading
Difference required for significances
at 5 per cent level 23.20 26404
at 1 per cent level 31.08 34.90
¥ value for treatments 3N, 8.96u%
¥ wvalue for replicates 6.194% 60204

i = Sienificant beyond the one per cent point
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Thus, the branches bagged Kay 10 produced the lowest per
cent of flower clusters (9.4 per cent), those bagged MNay
18 next to the lowest (14.9 per cent), those bagged May 25,
2¢.6 per cent, and those bagged June 3, 33.0 per cent.
These begs, therefore, shaded the branches for eighty~four,
seventy-s8ix, sixty-nine and sixty days resrectively. Like-
wise, the early bagging with flower cluster removal re-
sulted in low blossom bud formetion compared with later
bagsing with fruit removal. liowever, there was no effect
thaet could be ascribed to blossom or frult removal in modi-
fying the effect of shading.

The period between fLugust 2 (date when the bags were
removed from the bramnches) and September 19 (when the
frult was harvested) was sufficiently long for ample color
development and no apprecisble differences wore noted be-
tween the fruit which had been shaded and the check fruit.

The percentages of flowers formed on branches which
were enclosed withh cheesecloth bags just prilor to the bloom=-
ing reriod and removed at ten day Iintervals, starting day
15, are presented in Table 7. In thls shading work the
licht intensity was reduced to 44 rer cent of the normal
open sunlight. liere, as in Table 6, all of the sheaded
branches produced siz;nificaently lower percentages of blossom
clusters based on the total number of growing points than
similer unshaded check branches, However, this shading
procedure differed from the muslin shading, in that bags

were all put on et one time and removed at successive
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Table 7. Effect of shading Delicious branches with cheesecloth,
1940. (Full blcom period was May 8 and 9).

: Total 1 Average t Averaze : : Average
: number : per cent : Humber : per cent : Mumber : per cent
Peried : of @ producing: of nom~ : preducing: of nen- : producing
of t growing: flower : blossoming:s flower : fruiting: flower
treatzent: points : clusters : peints s clusters : :
3 1940 ¢ 1941 3 1540 3. 3941 2 3940 ¢ 1941

tay 4 to

Yay 4 to

May 25 641 36.5 155 0.4 509 47.1

May & to

June 4 869 20,7 128 575 70L 23.1

Uay 4 to

June 14 888 15.1 273 50,0 T 16.8

May 4 to

June 24 752 2.7 93 754 647 26.1

May 4 to

July & 886 A0.9 276 3.4 757 443

May 4 to

Hay 14 698 35.9 14 T4l 605 41.5
4 bo

?nwy 24, 679 39.6 303 76.0 721 4L0.7

¥ay 4 to

August 3 356 18.6 60 42.8 279 23.0

Check

(hot shaded)2,038 P04 489 100.0 1,715 80.2

F value for treatments 2478 1.07 2 GRu

+* Significant at the 5 per cent level
H#e # L LU T " "
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intervals rather then putting bags on at successive in-~
tervals snd all bags removed at the same time., HNHo
significant differences in the per cent of flower cluster
formation resulted frow the differences 1ln the number of
days during which the various branches were shaded. Fos-
sibly if wuslin had been used some significant differences
might have resulted es indicated by the trend of the re-
sults although not slgnificant.

thading of one-half of tree. No significent differ-

ences in bloessom bud formation were obtained as a result
of this tyre of shading. From & total of a thousand grow-
ing roints on the shsded half of the tree, 32.7 per cent
of these polints formsed blossom buds in 1%40, as shown by
blossom counts in 1941, compared with 28.6 per cent of
hlossom buds on 7H2 growing rpoints on the check halfl of
the tree. It should be noted that this type of shading
did rot invelve entire covering of the half rortion of the
tree, but permitted exposure to the north light,
Effect of Ringing and lDefoliation
on Frult Set of Dellclous
The date presented in Table 8 show thet the branches
ringed Key 3, at the pink stage, ylelded significantly
higher percentages set (10.9 per cent) at the five per cent
level than did¢ the check branches (7.7 per cent). Ringing
Hey 16, immedlately following petal fell, resulted In s
significantly higsher set (13.1 per cent) at the one per cent



Table 8. Effect of branch ringing beflere and after blossoming
on the fruit set of twenty-year-cld deliciocus apple
trees, 1940. (Mean for forty trees).

Ireatment : Mean set per 100 clusters
Ringing on May 3 10.9
Ringing on May 16 13.1
Ringing on June 2 8.1
Check (no ringing) 7.7
Difference required for significance:
at 5.0 per cent level 2.98
at 1.0 per cent level 3.86
F value for trees 4010m5
F value for treatments 5070

## Significant beyond the one per cent point.
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level than either the check branches (7.7 per cent) or
ringing on June 2 (8.1 rer cent).

The average set of 13.1 per cent for the best ringing
trestments rerresents an increase In set of 5.3 per cent
over the check treastments (7.7 per cent) or & rercentage
Inrcreasse of 68.9 per cent over the check. Hurneek, 1940
(90) reported thet ringing of Delicious in full bloom gave
a set of 5.3 per cent with 1.4 rer cent in the check, a
difference of 3.9 per cent or & rercentage lncrease of 278
rer cent, which may in part be explained by the unususlly
low per cent set on the check branches under Hissouri cone-
ditions.

Table 9 shows the mean percentages of fruit set of
branches ringed and defollated in 1941, located on large
leaders which had been ringed during the previous blooming
reriod, 1940. There were no significant differences in
set resulting from the following treastments: ringling at
retal fall, open pollinstion, ringing plus the defolistion
of one~hialf the leafl area plus open pollination and check,
The mean per cent set from the nand—fallinatad ranches
(26.3 per cent besed on total number of grwwing yointa,
and 38;& rer tent based on nﬁmber of blossom clusters) wes
sirnificantly 11gher then those resulting from the other
trestments. The excellent results from hand pollination
roint to the pollination faﬁtar as limiting in this orcherd
as will be discussed later.



Table 9. Fffect of ringing, ringing and defoliation, and hand
pocllination on the fy it set of branches situated on
previcusly ringed (19.0) blessoming leaders of
twenty-one-year-old Delicious apple trees, 194l1.

635

H t Averszze 3 t Average
: : per cent ;3 : per cent i
t Total : set based: 1 set baseds
t muwber : on totsl : Nunber : an the s+ Number
: aof : number of: of s rmumber of: of
Treatment in : growing 3 growing : blossom 3 blossam : trecs
1941 : points : points t clusters: clusters @
Ringed at petal
fall (open
Ringed at petal
£811 + 1/2 of
81l leaves cut
ewey {open
pollinated) 2,556 10.0 1,729 16.42 20
Pollinated by
hand with
Jonathan
pollen 1,158 26.3 T 38.4 11
Check (open
pollinated) 5,727 6.0 3,76 > A 34
F value for treatments 18,329 16,09

#t Significant beyond the one per cent point.
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In other ringing end defoliation experiments at
College ifark with younger lellcious irees, tinere were no
sizniificant differences in the mean sets suown in Table 10
as 8 result of elither ringing (5.5 per cent and 16,1 per
cent) or ringing plus defolistion (cutting awey one-half
ol eacii leal on the branch concerned «-~ 7.4 per cent and
14.1 per cent) and check. Again the low percentage setl
indicates tiie poesiblility ol inadequate pollinastion,

Relative Effectiveness of Varicus Pollenizers
onn the Lelliciocus Aprle

Frult set. 1In the pollinstion work of 1540 involving

the bLranch unit method with nine varietlez as pollenizers,
rather varisble results were obtained, partially due to
lJack of sufficient replications, The mean per cent sets of
frults based on the total number of growing points (includ-
ing vegetative points as well 83 tuose bearing clusters)
and set of frult based on the number of blossom clusters
polllinated are presented in Teble ll. From the low ¥
values 1t is evident that there was no sizgnificant differ-
ence in set resulting from the different pollen varieties
when based on either total number of growing points or
the number of blossom clusters pollineated.

With greater replication of branches in 1941 some
positive results were obtalned, which showed alignificant
differences among {ive pollenlizers used in that season.

The mean per cent sets based on the total number of growing



Table 10. The effect of ringing and defoliation upon fruit
set of the Deliciocus apple. (Mean sets for

nine trees).

t Total numbers Average s Number ofz Average

s of growing 3 per cent: blossam s per cent

m;mt s points s set ¢t clusters : set
Ringing + 1/2 of
all leaves cut 4
away 3,?7(5 704 2’118 uol
Ringed at
petal fall 1,672 9e5 1,033 6.3
Check 2,158 7.8 1,227 13.5
B value for treatments 0.41 .22
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ra for teelve-year-old Delicious apple trees (1940).

YV o, Vn N T ¢ - P 4 e s A Pl Y
Table 11. Comparison of certeln varietieo s

: Tor Tree I only
“unber of 3 “lean sett Set per: Wumber of : Set per
blossem ¢ per 100 ¢ 100 ¢ blossem ¢ 100
cilusters : blossom s growing: clusters ¢ blossom
pollinated: clusters: points : pollinated: clusters

e a2l L
i A £l ¢

ML) oy Y
CLINDEe 08

branch wmdls

s Z
LT ST £

Pollen variety orowing polnts

e wR W 98 4R

4% 04 IR ¥

Jonathan 4 623 23,7 516 28.3 22 112 29

:olden Deliclous 7 $36 1eh a8 28,0 27 67 45

winter Panana 5 714 Hie3 554, 26,6 11 61 18
Yellow Transparent A 474, 17.2 370 2448 1¢ 122 12
Lowry 5 548 1.3 385 23.0 39 93 42
#illiams 4, 571 1648 462 13.5 21 80 25
67 15
102 8

Gallia Deauty 4 559 11,6 407 17.3

B

Yory Pmpermial 3 333 1541 304 16.0
100 1C

L I o}

Home Desuby 5 82 1i.1 35 15.2

St

Jnen pollinoted 1,637 174 1,257 23.3 20 96 24

¥ ovalue for nollen treatments 0,720 0.87
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points, a8 well as of the number of blossowm clusters pol-
lineted, are presented in Teble 12. On the basis of either
totel growing polnts or of blossom clusters the mean per
cent sets with [lome, Jonathan, anc Galllie Ieasuty were apw
rroximetely grouped In one cless. They were significantly
higher than those cbtained by Colden rellcicus and York
Jmperiel. It is Interesting to note from the complete date
(not rresented) thet liome Lesuty, Jonsthan and Gsllis
Besuty gsve sets which were consistently nigh on each of
the eight trees whille Golden Ielliclious anc York on tnese
seme trees were much more varisble,

Ffarther resulis in 1942 with the same pollenizers
used in 1841 asre presented in Tsble 1l3. {n the basis of
the totel number of growing points the mean set obteined by
kome (33.3 per cent) was significently higher at the one per
cent level thsr those obteined by Golden Delicious (15,5
per cent), York lmperial (17.7 per cent), Gellia ieauty
(8.5 per cent) and open pollinated (18.0 per cent). The
mnean set obtained by Jonsthan pollen was significently
higher &t the one per cent level than that by Galliae Desuty,
in fect, at the live per cent level it was significantly
higher than all treatments except that atteined by Lome
rollen. The mean sets with both Colden ULeliclous and open
rollineted were significantly higher st the five per cent
level thern that of Gallla Deauty.

The meen per cent sets bssed on the number of blossom

clusters pollinated attained by both Rome (44.5 per cent)



Table 12. Comparison of certain varieties as pollenigers for
fifteen-year~old Deliciocus apple trees, 1941.
(¥ean sets for eight branches on eight trees).

¢ Total t lean : Number t Yean
s nunber 3 set per 3 of : set per
s of : 100 ¢ blossom t 100
s growing : growing g3 clusters : blossom
Pollen Variety ¢ points : points : pollinated : clusters
Rome PBeauty Vil 34.4 373 78.0
Gallis Reauty 786 30.4 374 63,0
York Imperial 982 14.2 4i6 34.2
Open pollinated 2,134 20.3 802 L9 4
Differences required for significances
5.0 per cent level 10.7 18.6
1.0 per cent level 143 2540
F valus for trees 1.36 1.65
F value for treatments 5.23 645250

## Significant beyond the one per cent point.

é8



Table 13, Comparison of certain varieties as pollenigers for
sixteen~-year-old Delicious apple trees, 1942.
(Mean sets for ten k. .nches on ten trees),

t Total 3 Mean s Yumber t Mean
: nuzmber : set per 3 of ¢ set per
1 of s+ 100 g bloszem H 100
Pollen : growing: growing : clusters t blossem
variety t points : points s pollinated 1 clusters
Reome 1,005 3329 745 Lh 49
Jonathan 1,033 28,38 715 4212
Golden
Delicicous 1,268 18.54 874 28.48
Tork
Imperial 1,091 17.60 829 24,434
Gallia
Beauty 1,033 8.52 634 16.02
Open .
pollinated 11,255 18.05 6,331 29.15
Totals 16,685 10,128
Difference required for significancesz
5.0 per cent level 8.56 12.09
1.0 per cent level 11.39 16.08
F value for itrees 1l.44 1.79
T value {or treatments 6. 76un 4o 56%%

#% Signdficant beyond the one per cent point.
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and Jonathan (42,1 per cent) were significantly higher at
the one per cent level than those of York Imperial (24.9
per cent) and Callis Zeauty (16.0 per cent). At the five
per cent level they were both slgnificantly higher than

all other treatments. (olden Dellicious snd open pollinated
gave mean rer cent sets (28.5 per cent and 20.1 per cent,
respectively) which were sizynificantly higher at the five
per cent level than that of Gellia Desuty.

Humber of seeds and frult size. Fumber of seeda and

welght and diasmeter of fruit for the pollination studies of
1942 are shown in Table 1l4. The mean welght of fruits and
number of seeds per fruilt were taken on August 1, 1942,

Frult diemeter messurements were made June 24 and August 1.

There were no significant differencea in fruit dia-
meter and frult weight as a result of the different pollen-
izers. However, significant differences were found between
the number of seeds per fruit. Fruits resulting from Rome,
Jonathan, (Golden Delicloues and (Cellia Besuty pollen sll
conteined significently higher seed numbers (6.9, 6.5, 6.1
end 6.0, resrectively) then frulits resulting from open
pellination (4.8), at the one per cent level,

Fprulte from Rome snd dJonethen rollen glso contained
gsirrnificently hirher seed numbers at the one per cent level
ther fruits resvlting from York Imreriasl pollen (5.0).
Gallle Besuty end (olden Delicious pollen obtained fruits
with significantly hirsher seed numbers than York Imperisl

et the five per cent level.
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Table 14, Fffect of pellenizers on number of seeds and [ruit
sige, 1942. (¥eans for nine trees),
s t t H
: : H H 3
3 g fruit ¢ Average : (cm)
Pollen : Kumber of: weight : number s June 24 t  August 1
variety 1 fruits : (gms) : of seeds ¢ 1942 t 1942
Golden
Delieious 183 7.8 6.1 Le3 547
Jonathan 203 80.7 6.5 4e3 5.8
York
Im@ﬁrial léi?- '71.5 500 401 505
Rome 221 81,0 6.9 4.3 5.7
Gallia
Open
poellinated 308 76.6 4.8 41 57
Differences required for significances
5.0 per cent level 0.83
1.0 per cent level 1.11
F value for trees 2.43% 2.63n 3.70%5 2.27%
P value for treatments 1.38 81755 2.16 1.73
# Significant beyond the five per cent point
E2 ) " % i one " 4 | - 3
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Fruits from Rome pollen were alsoc higher in seed
number than fruits from CGallie Besuty pollen,

Of 747 individuel blossoms which were emasculated and
rollenized only four (0.0053 per cent) set fruits. lone
of the 682 blossoms which were emasculated for open pol=-
lineted checks set fruit. The humidity range on April
24, 1942, the day of emasculstion, was 13-20 per cent, which
may account for the poor set, possibly due to drying of the
pistils.

Environmental Control Chamber

The chamber designed to regulste temperature and
humidity eround arn individusl tree Dbranch under field con-
ditions wasg brought intc use on 8 branch of a Delicious
tree during the spring and summer of 1941,

buring the day the temperature within the chamber
ranged from 5 to 15° F. lower than outside. At night 1t
averaged from 15 to 25° ¥, lower. It was impossible, how-
ever, to lower the humidity with the methods employed. It
varied but slightly from thst outside the chamber in spite
of the guantity of calcium chloride used.

The length/width ratios, from lesf measurements teken
June 16, 1941 were 1.84 for lesves within the chamber and
1.88 for check leaves outside.

At this time there were twenty-six sprples with an
average of 26.8 leaves per spple within the chamber, while
the sprrples on the check branches asveraged 22.1 leaves per

frult.
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The brencii was enclosed on kay 18, 1941, three weeks
after which the frults within the chamber were noticeably
larger thesn those on the check branches. JSoon aiter thils
some of tne leaves withlin the clhamier started turning
vellow, followed by browning and dropping. By July 185,
forty-six leaves had absclissed. starting sround August 10
there was another periocd of yeilawing and dropping, end by
August 18, eighty-six more leaves hed fallen.

Un August 25, 1t was noticed that the enclosed leaves
were infected with red spider. They were sprayed at that
time.

in spite of the foliage demage, the frults within the
chamber held thelr larger sizes than the check sapples un-
t1il sround the last of August. From thet time on the
fruits on the check branches were as large or larger than
the erclosed fruilt,

At the time the fruit was harvested (September 20) the
fruit which hed develored within the chamber was more
striped and hed less red color then the fruits from the
check branches.

o differences were noted in the keeping quality of
the check and treasted fruit after over seven months in cold

storage.



DISCUBEION

in considering the several factors afifecting the
fruitfulness of the Lelicious apple, these investigetions
can be broadly grouped in three categories, namely, mlinersl
nutrition, carbohydrate synthesis, end pollinmtion. It has
been pointed out by Blake, 1934 (16) that the Leliciocus
aprle tree srparently requires favorsble s0ll and growing
conditions to meintelin g high status of growth, necessary
for the satisfactory flower bud formestion with this variety,
iIn contrast to less rigid requirements of other varleties.
harley, Mesure and xagness, 1933 (50) on the other hand
emphasgized leaf ares-frult relations, ratiier than growth
conditions, ILikewise, this variety hes been considered
rather easlly influenced by conditions affecting carbohydrate
synthesis, as indicated by work in Waryland where Leliclious
blossoms fa=iled to set frult under manils paper bags, though
eross-pollinated, whereas similear blossoms under tr&méparent
bags or under cheesecloth gave satisfectory sets with the
same pollenizers. As the iLellcious variety has been shown
to be practically self-unfruitful, 1t unes received consid-
erable attentliorn in polliinstion work to determine tihie more
saetlisfactory pollenizers awmong our stenderd varieties, as a
result of which cross=pollination with any one of seversl
commercial varleties has been recommended, However, the
relative merits of the several possible pollenizers have not

been adequately evaluated.
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Although differences in the fertility and physilcsl
charscteristics of tie soll make 1t difficult to make gen-
erelizations regerding orchard fertilizﬁticn, therc are
few consgistent or satlsfmctory date from fleld experiments
showiln; any beneficlal results from sny mineral nutrient
except nitrogen. 7The present concepts nave been derived
from the results of chemical analysls of orchard soils and
either whole or portions of the trees, as well as from ex-
perimental evidence of tree response such as growth, set,
and yield records of trees under different fertilizer treat-
rents.

Recently many workers have studied young apple and reach
trees in nutrient solution culture where the addition of var-
jous elements mey be controlled to show interrelstionships
of mineral elements, particularly nitrogen, phosphorus and
potassium, &3 measured by growth responses and inteke of the
elements. Under such controlled conditions 1t was hoped
that informetion could be gathered which could be utilized
in orchard prectice. The nexh logical step is to study
orchard trees under well-planned field experiments to corre-
lnte with the results of the controlled pot cultures.

The minersl nutrltlion rhase of the present study was
instigated to study the effect of varying amounts of nitrogen
fertilizer eprplication on the absorption and Interrelation
of nitrozen, rhosphorus, and potassium &s snown by chemical
anglysis of leaves.

The omisgsion of nitrogen sprlication during a three-

vyear perlod resulted 1n & reduction in nitrogen content of
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the leaves sccompanied Ly light green foliage andéd poorer
growth and fruiting. Uy contrast the trees receiving
nitrogen aprlications had derk green foliage, excellent
growtn end fruiting end a high level of niltrogen content of
lesves.

In this work there was & rather conslistent inverse
relationshly between the niltrogen and phosphorus content
of aprle lesves from bearin: trees under fileld conditions.
This corrcoborates the results of various studies of young
aprle and pesch trees in nutrient solutions; Cullinan, Scott
and Waugh, 1939 (27), Batjer, BHaynes and Regeimbal, 1940
(13), and %eugh, Cullinan, end .~cott, 1940 (132). Froebsting
and Kinmen, 19834 (105) also obteined similar results from
leaf enalysis of variously fertilized mpricot, rlum, and
pesach trees under orchard condltions.

The relation between potessium and elther nitrogen or
phosphorus or both aﬁp&ared to be variable depending on
treatment. The leaves {from the trees treated with nitrate
of sodes which showed intermediste percentages of nitrogen
contained the lowest potassium, Un the other hand, in the
leaves from the check trees 2 medium amount of potassium
was consistently found at the three ssmplings with s low con-
tent of nitrogen and higher content of phosrhorus.

On the besis of the number of milligsrams per spur a
high potessium content (6.07 mg.) was sassoclated with high
amounts of phosphorus (0.95 mg.) and hizh nitrogen (11.6 mg.)

in the leaves from the trees trested with nitraste of sods
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plus driled blood. In the lesves from the check trees the
lowest amount of potassium (5.06 mg.) was assoclated with
the lowest phosphorus content (0.83 mg.) and also the low-
est amount of nitrogen (7.4 mg.).

The results with trees showing deficiency in nitrogen
sere in accord with the results on the tomato rerorted by
Bartholomew, Watts and Jenssen, 1833 (12) who called atten-
tion to the necessity of presenting interrelationships on a
milllzrem besie as well az & percentsse besis, liowever,
with these arrle trees a reduction in nitrogen content was
not accompanlied by a rroporticnel reduction in rhosphorus
end rotessium.

it apypesrs, therefore, that there was no consistent
entegonistic relationship between potassium and nitrogen in
apple tree follage under fileld conditions. This feilute to
produce any evidence of a definite adverse relationship be~
tween nitrogen and potassium has been reported several
times by investigastors working with young apple and resach
trees in nutriert solutions, <ildshsus, 1931 (39), Chandler,
1936 (21), Cullinan, Scott and wWaugh, 1939 (27), Batjer and
Degman, 1940 (14).

On the contrary with snother series of youny aprle trees
in sand culture Zatjer, Baynes end liezeimbsl, 1940 (13) re-
ported tiet wlth decreasing nitrogen there wos an increase

1 bothh thhe potassium and phosphorus content of foliage.
Likewise, Baker, 1941 (10) in a study of the effect of dif-

ferent methods of s80ill management uron the potassium content
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of apprle and peachh lecves concluded that nitrogen aprlica-
tiong consistently reduced the potassiuvum content of the
leaves, especislly a8t the earlier ssmpling dates. The re-
sults of the potessium anslyses of the leaves of trees
treated with only nitrate of sods sprear to substantiate
faker's finding since these trees conteined lower percentages
of potesssium than either the nitrate of sods plus dried blood
or the check trees., The check trees, however, contained the
loweat number of milliirams of nitrogen per spur, as well as
the lowest amount of potassium,., Also in the light of HSaker's
findings it 13 difficult to exrlsain the highest amounts of
potassium assocliated with the greatest asmounts of nitrogen
in the nltrogen plus dried blood trees. It may be that the
use of dried tlood &8 & supplement for nitrate of sodeae
rendered more rpotassium evallable in the soil due possibly
to the sction of orgsnic acids formed from the decomposition
of dried blood.

According to batjer and iagness, 193¢ (15) Lelicious
trees having under 1.5 per cent potassium In thelr lesves
may be obtslinin: Inadequate amounts of this element. Of
thie leaves taken July 12, 19841 only tiose from the trees
treated withh nitrate of sods plus dried blood contained more
than l.5 per cent potassiuwm. ULy Auvgust 11, 1941, however,
the lesves from the chieck trees sg well as those from the
trees trested witih nitrste of soda plus drled blood contained
more then l.5 per cent. Lesves taken Immedistely following

retal full from trees under all tiree treatments were higher
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then the arbitrary percentage for potassium content below
whichi responses to potassium asprlications were considered
possible.

As to which 18 the best time to take leafl samples
Lilleland and bBrown, 1939 (77) working with prune trees in
Californie recomzenied from early June to early Au.ust, in
view of the fact thaet later sampling fails to distinguish
marked differences In potassium contents. They found that
the potassium velue from leaves of peach trees displasyed a
slizht downward trend during the season. Waugh and Cullinan,
1941 (131) slso noted this downward trend. 'The percentages
of potassium found at the two dates in 1941 seemed to show
en upward trend in the potassium content of lesves between
July 12 and August 11l. Contrary to other work, as cilted,
samples taken in kay, July and August were equally satis-
factory in showing the differential effects of treatment,
a8 evidenced by the rotassium content of the leaves. The
lesves from the trees treated with nitrate of sods rlus
dried blood contsined the highest prer cent potassium regard-
less of time of sampling, thhe leaves from the check trees
conteined the next highest, and the leaves from the trees
fertilized with nitrate of sodas the lowest.

Cne Aimportant phese of the sampling problem was tie
gdevelopment of & meens of estimsting the minimum number of
trees which must be sampled and snslyzed to give sl . nificent
differences in the nltrogen, phosrhorus end rotassium content
s & result of fertilizer treatment. According to &tnedecor,

1840 (117) before an estimate of the size of sample required
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to gain a desired rreclsion can be made there must be
available krnowledge of the mean and the standaerd deviation
of the ropulstion toc be sampled. lie rresented s chert

which mey be used for estimating the size of sample reguired
for signiflcence 1f the mean differences and the poocled
stendard devistion are known. Iy subjecting the original
daets from anslysis of leaves from the variously treated trees
in the ypresent study the standard deviation snd the differ-
ences between means were obtalined and the chart as given by
Snedecor, 1%40 (117) for estimstin; the size of sample could
be employed.

Accordingly, with thie method of trestment of the data
it arpears essentiszl that in studies wlth the mineral con-
tent of Lelicious lezves from five to twenty trees must be
sampled to show significant differences of ten per cent at
the five per cent level or sight to thirty-five trees for
the same difference at the one per cent level, (disregard-
ing the potassium snalyses for July 12, 1641). It is only
when c¢ifferences reach the order of twenty-five per cent
that analyses from samples including only two or three trees
gre significently different. Therefore, the deta zlve
pro>f for the suggestion by Lilleland snd DBrown, 1841 (78)
that ten trees may be an adequate sampling for s foller
survey. The fsect thst Lilleland and Srown were working
wilth eishteen-year-old peach trees, and that the present
work wes concerned wlth DLelicious spple trees during thelr

fifteenth and gixteenth seasons, would lead to the c¢oncluaion
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that tree varistlions (et lesst in leaf potaessium content)
are quite similar for tue two kinds of plants. On this same
roint, Froebstin., and Mirmen, 1934 (105) rerorted witih leaf
analyses of apricots, prunes end pesachies:

The phosphorus content for a given season within

& single treatment in some cases varled es much as

25 per cent of the mean. The nitrogen content, howe

ever, was more regular, the maximum renge of variation

being about 1S per cent, and severasl treatments snow-
ing & range of less than © per cent. 1t is, there-
fore, possitvle, that in some cases minor, but real,
differences were passed over &8 due to normsl vapr-
1abilitye.

Altnough the lmportance of sempling technique as to
numbers of trees therefore nss been recognized, it is ap-
perent as has beern determined in this study, that interpre-
tatlion of the data [rom leefl analyses is not correcily made
until a knowledge of tree variabllity 1s known.

Hoffmen, 1940 (60) and outhwick, 1940 (119) have re-
rorted Iincreassed frult dropping of the scintosh apple se a
result of plentifully availatle nitrates lste 1in the season.
The work of keinicke, 1940 (55) substantimtes their findings.
The present study, Lowever, revealed no si.nificant differ-
ences in fruilt dropring vetweern heavilly uitrated and check
trees,

The irtiibiting effect of shsding upon flower bud for-
metion was plaelinly evidenced from the results presented.
This result haes been repestedly obtsined by previous workers,
Gourley, 1921 (40), ALuchter, et.al., 1627 (7), HoLerts, 19287
(111) and others.

in the experiments of Faddock and Charles, 1929 (103)
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erading aprle tree branchies one week after full bloom wss
too lete to influence flower bud formatior. In the present
work there were no significent differences in the number of
flower clusters formed as & result of the time the branches
were enclosed., It was obvious, however, thast the inhibltory
effect of sheding diminished as g result of enclosing the
branches at ten day later intervsls. Thus brenches bagged
¥ey 10 produced flowers on only Y.4 per cent of their grow-
ing points, those tagged bkay 18, 14.9 rer cent, those
basged Mey 25, 22.6 per cent, snd those bsgged Jdune 3, 33.0
rer cent. These results clearly roint to e perilod in HKay
when shading exerts s maximum effect on flower bud formetion,
The branches which were shsded the lesst number of days
(from June 3 to August 2) formed the highest percentzges of
flower clusters frorm thelr srowling points. EBut even the
nighest of these (3£.1 per cent) was si: nificantly lower
tran the rer cent of the totsl number of growing points on
the check brenches forming blossom clusters (76.7 per cent).
In the sheding experiments of Fraddock and Chsrles,
162¢ (103) in which shasdin: was accomplished with light
welght muslin cloth, all branches which were sihaded from
Kay, 1927 (Just ms the reriod of full bloom was coming on)
tntil two weeks or ore after that date suffered almost
complete inhibition of flower bud formetlon, &Similsr breanches
enclosed later (May 10, lkay 17 -- at weekly intervals) and
allowed to0 remsin shaded urtll July 19 produced as many

blossome &8s the remaslinder of the Ltrees. Erom these results



Faddock and Cherles concluded thet the criticsl period
during which shede could Iinhibit blossom formation was either
just prior, during, or immedletely following full bloom.

The results of the rresent expreriment using similsr methods
of shading with lighter material seem to corroborate the
findings of raddock and Cherles in the llght of the fact

that a1l of the sheded branciies produced significantly lower
rercentsges of flower clusters than the cheeck branches.

There was no gifference in effect whetner shading was done
for a short time during the period of bloom, or 1if sheding
was extended beyond tinis time, Lowever, raddcck and Charles
obtained practiceally no flowers from branches shaded during
the so~called criticel period while the present results

show from 15.1 per cent to 40.% per cent of the total grow-
ing points rroducing flower clusters even on the shaded
branches (a8 compered to 70.4 per cent on the check branches).
This may be rartislly explsined by the difference in the
meteriels used for enclosing the branches.

It 18 obvious that shading the nortih half of a Delicious
arple tree from June 1, 1940 until lovember 8, 1940 dld not
nave & significant effect upon flower bud formation. In
fact, the shaded (northern hslf) of the tree produced flower
clusters from & higher prercentasge of its total growing points
(32,7 per cent) then the southern half of the tree (28.6 per
cent). As Indiceted in the other work the critical period
during which shading arireciably effects flower bud forma-

tion probebly was before June 1 in 1940. The dsts, therefore,
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seenm to further substantiste tiie conclusions of raddock

and Charles, AltLou_ h the results of shadlng leliclous

were similar to the results of other sihadling work of aprles
it might be sbown by further investigatlon that Leliclous

is particularly sensitive to light conditions within & short
reriod sfter Llossoming.

The fact that in 1941 the brenches whici: were ringed
in 1940 blossomed profusely on all forty of the Deliclous
aprrle trees whlle the remaining branches were slmmost 100
per cent vegetative indicates some specific relationship of
carbohydrate synthesis to blossom bud formation of the
Lelicious variety. This adds further welynt to the view
that belicious 1s essily influenced by factors such as
shading, ringing, defollation, etc. that influence carbo-
nydrate synthesis.

An explanation for the greater set of fruit by ringing
after fertilizetion is not resdily aprerent. it mey lie in
the nutritional balance as outlined by harvey, 1923 (51) in
wiilch earliisr ringing csused depression of growth by cut-
ting off tihe surply of carbohwydrastes coming from older
rarts of the tree at the earlier stage of growth,

Since the frult sets obtsined at candy Lpring as a
result of ringing, ringing rplus defoliation, and check were
all significantly lower then those otirzined from hand pol-
linated braunches, it apreared thet the pollination lfacilities
were inadequate 1n this orchard. irom the percentage sets

resulting from ringine and open pollinetion (8.6 per cent
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and 11.1 per cent) snd ringing plus defolistion and open
rollination (10,0 per cent and 16.4 per cent) one can cer-
tainly not ccnclude that defsliation nad a detrimental ef-
fect or fruit set or that it neutresllized any beneficial
effect of ringlrg. liowever, the differentisel effects of
these two treatments were no doubt minimized due to inade~-
quate rollinstion. In similar work with trees in the College
Fark orcherd rno significant difference in set wes obtained
as a result of ringin: or rinzging rlus defolistion. It 1s
unfortunate that the pollinmtion facllities for these trees
were not checked by hand rolliinstion., The reletively low
sets obtained mi it have been exprlained upon this baslis.
Lince 1941 was & light erop year for thesc nine trses it may
e thet thelr internsl composition or nutritionel status
overshadowed the effect of external environment, as em-
rhasized by Roberts, 1927 (11il).

Although the present work on defollation end deflore-
tion showed no influence on set of frult there have been
meny reports that defoliation markedly reduced flower bud
formation, Hagness, 1%17 (80), Lsrvey, 1921 (52), Hoberts,
1623 (110) and sooker, 1825 (64). Lefloration, on the other
hand, nas Deen shnown to heve a stimulating efiect on blossom
bud formetion vy Lrain, 1925 (31), Balley, 162¢ (8), Auchter
and Hoberts, 1935 (%) and others.

Comparing the pollination results of the three sessons
the scts based on blossom cluster were relestively low 1in

1940, high in 1941 and intermediate in 1942, These differ-
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ences can be lergely explelined on the inverse relstion be-
tweern smount of Dloom and set, ss by calculation the per-
centeze of blossoms on all bLracnches besed on totel growing
yoints was 76 per cent in 1940, 47 per cent in 1941, and

61 per cent in 1942, The per cent set of frult on the
basis of total growing points, "comuercial® set, was quite
slmilar for all three yesrs, particulerly with open pollina-
tion: 1940, 17.9 per cent; 1941, 20.3 per cent; and 1942,
18.0 per cent. This similerity incdicetes &n apperent ad-
vantage of this beais of comrarison, avoiding in great rpert
thie inverse relation between bloom and set.

The calculation of tihie set of frult or the basis of
totel number of growing pointes served to show the set from
a commercial aspect irresgective of the bloom and also
made it possible to caslculate the approximate leaf srea per
fruit, considering the consistent habit of lelicious to set
one fruit per blossom cluster, Hanker, 1926 (106). Assuming
arn. average of five lesves per growing point, 8 set of 20
rer cent besed on total growing points would mean twenty-
five leaves per fruit, which might indicate thaet a set of
20 per cent woluld rerresent a sale comnerclilal set for Lell-
cious necessitating ouly some 1i ht thinning to adjust for
hizher leaf area per fruit.

On this basis, and assuming 20 per cent as a safe com-
merclal set for Delicious, 1t 1s apyarent that 1n 1941 with
pollenizers such as iome uveasuty (34 per cent), Jonsthan

(32 per cent) snd (allis Zesuty (30 per cent), the set was
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well above the safe margin. Witn Golden Lelicious (17
per cent) end York Imperisl (14 per cent) the set was not
satisfactory, even though the set from these twc pollen
varieties based on blossom clusters was well above 30 per
cent. Iirom the 1942 date on commerciasl set only Rome

(33 per cent) snd Jonathan (28 per cent) remsined above
the assumed safe margin of 20 per cent.

Consgidering the 1940 date on comrercial set it 1s im-
possible to drsw conclusions as to reletive velues of the
rollenizers in this season, due to lack of significance;
however, 1t is pertinent to note the small differences be-
tween open-polllnated comrercisl sets between the three
seasonus, showling lack of seasonal effects (lack of sig=-
nificence shown by statisticael comparison of eight to ten
replicates in each: season involving a total of over 20,000
blossoms) .

Without statistical analysls of the deta on pollenlizers
in 1840 one would be tempted to proint out en srperent ad-
vantage resulting from the use of Jonsthan, Golden Delliclous,
¥inter Zanana, Yellow Transparent, and Lowry es pollenizers,
compared to wWilllems, Gallla Deauty, York Imrerial, and
Home ULeauty. Hesults from Tree I only would have led one
to favor Golden Leliclious, lLowry, Williems, and Jonathan,.
The fesilure of the data to show differences in the efficscy
of the different varieties a8 pollenizers for the Deliclious
aprle was, no doubt, partislly due to the large error re-~
sulting from the large variasbility in set on replicate

brancres .



Several instances have been reported (usually from
rather limited data) of the direct effect of pollen on
fruit color, size, date of ripenin;, weight, resistance to
rotting, etc. of the apple, Lewis and Vincent, 1809 (75)
and debel, 1830 (8b).

Tydeman, 1938 (126) has more recently made an extensive
investigetion of the Iinfluence of different pollens on the
growth and development of the frult in apples and pears.
lie found comparatively large differences in the size of
the fruits of each veriety, fertilized by different pollens
within the [irst few weeks after pollination. These dif-
ferences diminished, however, until they were practicslly
neyliszible at harvest time. Le showed that this size dif-
ference weas assocliated with frult drop. Larger differences
(sometimes of the order of 10 per cent) were found in finsl
frult welght between fruits of any one veriety differently
polliinated.

From the results on frult welghts, dismeters, and seed
number, only seed number was differentially effected as s
result of employing different vearieties of pollen in cross
rollination. In other words tihere was no evidence of
"metaxenia® or, to be more exact in terminology, xenia.

Heinicke, 1917 (63); Kacbanlels, 1929 (83}, Wentworth,
Furr end kecartney, 1928 (133) snd Murneek, 1932 (86) have
all presented date from which they conclude that the number
of seeds in the mature aprrle fruit gives sn indicatlion of

tiie relative effectiveness of thie pollenizer. wurneek,
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1932 (86) in discussing the matter wrote:
” The relative size of the apple frult seems to

be affected primarily by twe major factors, the lesaf

area in the immediate vicinity of the fruit and the

number of seeds present. Fruit size, therefore, is

but partly correlated with seed number. But there

seoms to hDe & more or less direct correlation be-

tween seed number and pollination.

In another section of the same publication he further stsated:
The direct result of pellinstion 18 the pro-
duetion of ssed, & more secondary (biologically speak-
ing) effect of which is the formation of the fleshy
part of the fruit., The seed counts, therefors,

should give & further, more definite clue as to the

relative value of certain pollen.

Tydeman, 1938 (126) found rather wide differences in
the average seed content of differently pollinated aprle and
pear varieties but stated that it did not slways follow that
the larger frults hed the greater number of seeds.

Thus, the idea that fruilt size is directly affected by
the pollenizer used as evidenced by a correlation between
seed number and fruit size seems to have been based morse
upon logie than upon definite experimental results,

The findings of Southwick, 1939 (118) add pertinence
to the favorableness of a high seed number. He has shown
that the number of seeds per fruit is correlated with the
date of drop of Melntosh apples. The higher seed numbers
delayed the drop.

In regard to the effect of pollen upon seed number, the
present results showed no relation between fruit size (as
measured in diameter or weight) and seed number. This is in
disagreement with the findings of Heinicke, 1917 (53) who

stated that the sizes of the fruit vary with the number of
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seeds when apples are bhorns under similsr conditions.

dinset, 1930 (34) found the fruit weight of the Graven-
stein apple to be directly correleted to the combined number
of both empty and filled seeds. Xebel, 1930 (95), Murneek
and Schowengerdt, 1936 {(93) and Aldermsan, 1918 (1) also
found rood correlastions between seed number and frult weight.
Nixon, 1928 (98 and 99) found from comprehensive studies of
the direct effect of pollan on the fruit of the date palm
that the time of ripening as well as the size of both fruit
and seed may be directly affected by the pollen used,

Previous workers have expressed dissatisfaction with
the practice of emasculating apple fleoewers befors cross-
pollinastion: Knowlton, 1930 (70), Howlett, 1930 (66),
Auchter, 1922 (4) and others.

A comparison of the fruit set (0.0053 per cent) ob-
tained from emasculetion plus hand pollination with that of
the per cent set from bagging plus hand pollination would
certainly indicate a detrimental effect of emasculation in
cerogs=-pollination studies with the Delicious apple.

It should be noted that the relative humidity ranged
from 13 to 20 per cent during the time that the emascula-
tion and subsequent pellinetion was executed. This humidity
renge 1is extremely low under Maeryland conditions. Knowlton,
1830 (70) found emasculation tc be detrimental due to its
drying effect.

Another factor which was undoubtedly partislly re-

sponsible for the low sets obtained from the emasculsted
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flowers was the fasct that late bloom was utilized for these
studles,

The performance of the envirommental control chamber
suggests a means of further refining the methods of future
work regerding pollination, minersl nutritidm and carboe
nydrate synthesis of the Delicious spple by contrelling sach
variables as light, temperature and humidity. Davis and
Hoagland, 1928 (28) descrivbed an apparstus for growing plants
in a controlled environment and listed the advantages, juws -~
tified from presented data, of establishing an enviromment
which can bs duplicated at will,

Lilleland, 1836 (76) in studying the growth of the
apricot fruit was able to maintain the environmental teme
perature of an apricot branch approximately 20° ¥, higher
at night than outside by constructing a celoglass shelter
equipped with electric hot plates for heating.

Smock, 1937 (116) in his studies of bitter pit in
Gravenstein apples also employed celoglass chambers around
branches to control temperature, He hested one of the
chambers by means of & kerosone camp stove and coocled
another with ice and natural circulation of the air.

The preliminary work with ice a8 a cooling agent indi-
cated the advisability of having a refrigerstion unit, now
avallable, for more eccurate control of temperaturs and
humidity.

Such an apparatus would be much more economical and
useful in replication than a single unit snclosing an entire

tree ag described and used by Heinicke and Childers, 1937 (58).



SUMMARY ARD CONCLUSIORS

These investigations were undertaken to obtain
knowledge relative to factors conducive to bastter pro-
duetion of the Delicious apple under Haryland conditions.

The experiments were conducted in the orchards of the
University of Kearyland, College Park, ¥aryland, and that
of #%illiem Moore, Sandy Spring, ¥aryland, during the seasons
of 1940, 1941 and 1942,

The resesrch included nitrogen fertilization, chemical
analysis of leaves, shading, ringing, defolliation, environ-
mental control and pollination.

As a consequesnce of these endeavors, it is possible to
errive at the following conclusions:

l. During the third season the trees which received
the nitrogen fertilizer treatment showed a high lesvel of
nitrogen content of leaves, dark gréen foliage, and excel-
lent growth and fruiting in contrast to a reduced nitrogen
content of the lesves, light green foliage and relatively
poor growth and fruiting of check trees receiving no nitro-
gen anrnplication. There were no anpreciable differencas in
the amount of fruit drop during the harvest period between
trees recsiving excessive amounts of nitrogen fertilizer
and trees receiving no fertilizers.

2. There is evidence from the dats thet there is a

rather consistent inverse relationshlp hetween the per-

92
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centages of nitrogen and phosphorus of apple leaves from
hearing trees; however, this relationship does not hold
on the basis of milliigrams In total leaves per spur.

3. The relation between potassium and either nitrogen
or pheosphorus or both appesared to be variable, depending
on treatment.

4., The time of leaf sampling {(July 12, 1941, August
11, 1941 and May 2, 1942) did not affect the relative dif-
ferences in potasasium content resulting from the various
treatments, At all sampling dates the addition of nitrate
of soda plus dried blood brought sbout the highest per cent
of potassium in the leaves. Fotassium content of the leaves
from unfertilized trees wzs intermediate and that of the
trees treated with nitrate of soda was lowest. There was
a slight upward trend in the potassium content of lesves
from all trees between July 12 and August 11,

5. Variasbility of leaf analyses among individual trees
wes found to be of grest importance in interpretstion of
date from such analyses. From & statistical treatment of
the data, &n estimate was made of the number of apple
trees under various trestments which must be sampled to
give a gignificent d4ifference of ten per cent in the nitro-
gen, phosrhorus and potassium content of leaves.

6. Of the various pollsnigzers employed over & period
of three years Home Beauty and Jonathan proved to be most
satisfactory for the Delicicus apple, ILIxpressing the set

of fruit as obteined from different pollenizsers on the
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bagis of total number of growing points served to show the
set from a commercial aspect.

7. There was no evidence of xenia as & result of the
different pollenizers. lrom the results on fruit weights,
diameters, and seed number, only seed number was differ-
entislly affected,

8. Hand pellination following emssculation d4id not
prove auccessful under the conditions of these experiments
with humidity probably as the deciding factor,

9. Delicious apple branches ri nged immediately follow-
ing petel fsll zave higher fruilt sets than similar branches
either not ringed or ringed during the June drop.

10. Branches shaded with heavy muslin at seven-day
intervals from the blossoming period (¥ey 8 and 9) to
June 3, 1940 and 2l1l shading terminated August 2 developed
significantly lower percentages of blcssom clusters in
1941 then unshaded branches. Although there were no sig-
nificent individual differences in the number of flower
cilusters formed as & result ¢f the time the branches were
enclosed, it was obvious that the inhibitory effect of
shading diminished with esach seven-day delay in time of
sheding. The effect of shading could not be neutralized
by defloration or defruiting as branches either deflorated
or defruited and shaded did not produce hlgher percentages
of flower clusters than branches shaded alone,

11, Sheding branches with cheesecloth May 4, (just
prior to full bloom) for intervals of ten to ninety-one

days significently reduced flower bud formation, There were
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no differences resulting from shading j;eriods longer
then ten days.

12. Sheding of one-~halfl of & Lelicilous spple tree
from June 1, 1940 until Xovember &, 1¥40 did not inhibilt
flower bud formatlon,

13. 7The results of the environmentsl control chamber
sugpest 8 means of replicastion of branch tresiment under
cerchard conditions by which light, tempersture snd humidity
may be rezulated.

14, To the best of the sutior's knowled: e this ls the
first time tnst stetisticel analysis has been used to de-
termine significance of pollinstion dets and llkewilise blos=~
som bud formstion as influenced by shading. #£l1l80, tree
variability, es affecting leaf anslyses, has been measured

for the first tinme.
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