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RESIDUAL EFFECTS OF FRUIT THINNING 
WITH THE LOMBARD PLUM * 

By J. H. VvARIN G 

Thc thinning of fr uits, where the natural set is excess i\'e, has long been 
pract iced by a lllatell r a nd commercial g rowers, The immed iat c eH ect 0 f 
fruit th inning is to imprm'c th e size, perfec ti()n , and market \'a luc of the 
fr ui ts that remain on thc trecs until harvest. 

N umerous authors, either repo rting their own ohservations or co mmunI 
cating ad vicc to o rchardists, have 'ugges tecl thal , in addition to thi s more 
obvious effect, therc is a h eneht to the tree, th e poss ibi li ty of a n inAuence 
on future crops, and the avoi dan ce of injury from cold to be gain ed hy th e 
prevention of over-bearing, Concern ing such effect s, t he literature di s
closed much differ ence of opinion and som e lack of experimental e \'iclence, 
and th is seemed to justify the investigation herein reported . 

T here were . everal reasons for selecting the plum as t he prin cipal sub
ject for inves ti gation. First, an orchard on which g rowth and crop records 
had been kept and which wa s ituated on so il of apparent uni for mity was 
accessible in th e orcha rd s of th e Craha11l Horti cultural Experiment Station 
at Cranel Rap ids, 1\1 ichigan. Second ly, th e L..,( )mharcl va ri ety of thi s fr uit , 
hy reason of ih heavy-cr()pping tendency, sh () uld afford ahundan t experi 
mental 1l1(1terial w ith dec ided contrasts. 

LITERATURE REVIEW 

A. J. D owning (J 3 ) consid ered that 1)y th c practice of fruit thinning 
trees of apple and other fruits could he made to bear every year. Carcia 
( 15 ) and Goff ( 16) heli e \'ccl and taught likewise , hut Beach (l), after fo u r 
yea rs' invest igation with appl e thinning, conclud ed that it would 11 ot , on 
mature trees, materially inAuence the regul a rity of production, and that th e 
prohts, if a ny, must come from the c rop thinned. S ubsequent careful 
experimentation has tendec1 , more o ften than o therwi se . to co rroho rate 
Beach. Even so, the matte r is not yet determined. vValker (44 ) fo und 
thi nn ed peach trees to have abunda nt s trong fru it buds fo r tbe next season 's 
crop, whereas unthinned trees "were scarcely able to li ve", and Dickso n 
(12) fo und th inned tree. of several variet ies of . plum to set f uller crops 
the year fo ll owing than did the unthinned trees. A recent report of Mag
ness and Overley (30 ) clearly show. a large leaf area per fru it to be con
ducive to fr uit-bud format ion in the same year; hence, t o successi ve fru it-

*Also submitted to t he Grad ua te Faculty of M ich iga n State Co llege in par ti a l fu lfill 
ment of t he r eq uirements for lhe degree of D octor of Phi losoph y. 
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ing . T-I()"wt" '('r, til(' Il ildillg hy \\' ;w g'h (·i s ) ()f II 1 ~ l c" (d' jJerf('C1 hl() ~~ ()11l -; OJl 

a seedlin g plum fullowing a year of ('\:haLlstin.' hearing illcli l'ate ~ O ll e \\,:ly 
in which hea \'y fruitin g- limit s a iull()\\'ing crop. 

Th;).t fruit producti()n operates .as a check upon \·egct;).t i\'e g rowth in 
the same season has heen reported hy Bedford and I)ick ering (2) , I\lr 
tridgc (37 ), \Vi gg in (4R), Chandl er ( 10 ), I looker and Bradford (23), 
and Roberts (39) all working with apple trees or their subcli\'isiuns. Re ~' c1 
(38) found the same true with apricot, and l\ lurneek (32, 3+, 35 . 3G) with 
tomato, in which the f ruit appears e:-.:traordinarily capahl e of ahsorhing the 
important plant constituents and thus eFfecti \'ely check ing ,'eg-etati ,'e g rowth , 
!\'Itlrneek (33) also find s similar conditio1ls in the apple to he accompanied 
hy similar effects. 

On the contrary, ::\T;).ck (29) found in hi ennial -hea ring trees of apple 
the tendency to make the long-er a\'eragc gruvvth in the sa11le seaSOll tklt 
the larger crop is horne. Tucker aile! I )oiter (43 ) , with Ihldwin apple . 
likewise fotlnel terminal g rowt h gr eate r ()n fruiting li1111)s than on non 
fr uiting. Their sugges ti on that the presence of fruit on S011le spurs appeared 
to he dominant in (1etermilling shoot g rowth is quitc at \'ariance with l\lur 
neek's conclusi()ns f1'<llll the t01llato, It see111ed possible t() th em that the 
accumulation of cal'l)()hydrates when there was no crop t() utili ze th em 
might retard sho()t growth. Chancller and II einicke ( 11 ) fo und the rate 
of growth in ()ldenhurg apple and I )o()rman g()()sebcrry reduccd by frllit 
ing but not to th e e\:tent reportee! hy ~\ 'I tlm eek for tomat() plants . Fmll1 
equal leaf ;).reas, the residuc of dry matt er was larger with fruiting thall 
with deAorated plants, and the e\: planat i()n ()ffered is that th ere may he 
photosynthesis in the fruit and 111()re rapid pl1()t(lsynthesis in a g'i\'en leaf 
area 'Of the fruiting tree. 

E:-.:haustion from hea \'y fruiting has heen reported hy many others, with 
and without reference to spec ifi c e ff ects. Thomas I [itt (:2 1) ea rli er than 
17G8 advised thinning to ;woiel the tree's bec()ming weak "hy bearin g tuo 
plentifully. " \-Vaugh (4(») said of the Jun e clrop, as a natural means of 
thinning, that it was of ten the sa l\'ation ()f the trecs. ~ I any \'aricties uf 
plums, he found, set larger crops than c()u ld be matured w ithml t disastrou s 
results. 

Of the se\'ere killing of fruit trees in T\[aine in the winter of 190-1--5, 
lVfunson (3 1) wrote, '' In almost e\'ery case coming und er the writer's 
observati on, the trees which suffered 1ll0st were those which had horne <t 

full crop the preyiotls year. '" '" * There is littl e duubt that had une-hal i 
'lhe fruit been re111O\'ed fro111 stl ch trees early in th e sumlTler, less trouhle 
would have been expe ri enced." 

This ohsenat ion is almndantly supp()rted hy e\'id ence in snbseqnent 
reports of the Maine sta ti on. Chandler (7) obsen ed the same effect (If 
over-hearing and founel that thinning enabled the tree to set more hardy 
buds for the next crop. Laboratory tests (~) sugges ted to him that thin 
ning acts to prolong the rest period rather than to increasc th e intrin sic 
hardiness of the fruit buds. 1\ lacoun (2K), following the winter of 1917, 
found killing in \\'ealthy apple proportionate to the preceding crop. Gear
ing trees, he obsen-ecl, s uff~ re cl more than trees not yet in hearing. Of 
somewhat special pertinence is a case cited by Urad ford and Cardinell (5) 
of plum trees bearing excess i\' ely, dropping thei r fo liage ea rly, and thell 
stlccumbin g- to the se \'e re cold of th e winter o f lRRO-R 1, and their citing 
T . T. Lyon's statement, 1874, that the plum seldom suffered in the climate 
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of l\ Tichi gan unl ess weakened by disease or th e o \'er -productioll of fruit. 
Dickson ( 12 ) flnd s that thinning plums afford s relief from winter injury, 

Gourley ( 17 ) found area and air-elry weight of leaH~s to be distinctly 
greater in the li ght-c roj) year than in th e bearing year of two apple 
\'ari et ics , \ \f iggins (47) found a simibr reduction in area and traced it 
to a redu ced nU11lher ()f lc;.w es on hea ring spurs. not to smaller size , 
Chanell er (0), 11()We\'er. ohsen ed 1ca\'es of hea\'ily-lJlooming apple and pear 
trecs to be noti ceahl v s111all er e \'en hefo re th c hl()o1l1 had fall en, and that 
th e l11ere formation (;f man y hl ()()111s great ly inhihited spr ing growth, Swar
hrick ( 41 ) found, with C()urt I\ uy'a l apple, 50 pcr cent 1l1ore spur leayes 
per spur and 300 t() 400 per cent g rea ter leaf area on spurs in the off year. 

I)y chemical analysis a numher () f pers()n s 11:1 \'(: attempkd to learn the 
relati\'e effects of bea \'y and light fruit hearing upon th e stmage of reserve 
nutri ents, Ilartig (20), cited hy Il o()ker and Bradiurd (.23) found it usual 
in manv trees fur a sced \-car t() f(l ll ()w one () r l11 0re \"Ca rs of res t in which 
surplus-es are aCCl1l11l1latcci. lIouker (.2.2), I looke r cl1;d Hradford (.23) and 
I( rayh ill with se \'C ral co-vmrkers (.24), present data which make poss ihle 
ce rtain ge nera li zat ions c(l nce rni1lg' relati\'e differences in constituents of 
hearing and n()1l -llcar ing ap pl e spurs at the approach of the dormant season, 
whcn ca1culate(1 t() thc dr,\' weight I)(lsis: In the hearing' spurs , dry weight 
is sO ll1 ewlnt l(lWer in IJl'n:entage ; hIll tilratahle acidity , potassium . and 
tutal carhohydrates arc hi gher. N itrtlge n c()ntent of hoth chsses of spurs 
is esse ntiall y th e same : so, apparently, is the phosphoru s. Of the ca rhohy
drate fractions, sta rch is c()nsistentl y l()wer in fruiting spurs and free reduc
ing substan ces are sli ghtly higher: howC\'C r. the Allctllations in percentage 
of non-reducing and tota l sug,lrs ami acid hydrol yzahl e suhstan ces othel' 
than starch seem i o lack c()nsistellC\' in (llll()t1nt or directiol1, 

Ce rtainly. ho we\'C l". there is a trelll encl()us need for refin ement and stand 
ard izat ion - ()f technique in sampling and analysi s . and of prese ntation as 
well. th e past lack of which renders an interpretation 'Of the lite rature and 
t he results reported herein suhject to l11uch e rror. To this end th e papers 
of Lool11 is (.2(1) , T11fts (42). lIarlcy ( 18), and Kraybill, Sullivan and 
;\Jiller (25) are Ill()s t t imely and welcome. 

METHODS OF PROCEDURE 

Experimental 

Prelimina ry t( l the applicati on of diffe rential treatments in the orchard, 
and in order to make a beginning in the accu1l1ulatio n o[ data when the 
problem was undertaken in the fa ll 0 f 1 ().24, some sampling was done in the 
nrchards at East ] ~a n si l1 g, taking acl\'antage 0 f normal diffe rences in bearing 
ex hibited by the trees. Spurs o i Lombard plum were labeleel before han'est 
and, on ()ctoher I , were coll ected ancl class i f-jed on the l)(.lsi s 0 f leaf and 
fruit llumher per spur . \\' uod sampl es also were taken ' fro11l branches 
hea rin g light and hea\'y cro ps, I\(;c()rcl was made of the numbers of leaves 
ami fruit 01l th e spurs, and the samples were O\'en-driecl at 90° C. with 
weighings at i1ltcn-als. 

' I'wo large trees (If I _ ~ lcly apple were (l!JSlT\'(:'d tu he fruitin g he;n il y on 
~ () 1l1 e hranches, light ly (lll (lt hers. ;[11(1 1l()t at :111 () n ()thers, Oil October 
13 , sampl es of wood and 1ca\'cs fro m hearing a nd nOll -bearing areas were 
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preserved by drying for chemical analysis. On November 19, additional 
samples were taken from spurs, shoots, and three-year wood of Lombard 
plum, and the samples were intermittently weighed while drying to deter 
mine the rate of water loss as before. 

In the hope of learning whether the degree of fruiting might affect 
certain constituents of the bark and wood at the bases of large branches , 
bark samples were taken on November 27 from the Lady apple trees, and 
wood samples were taken by borings made with an auger to approximately 
uniform depth. These samples were subsequently dried with weighings at 
six hour intervals, and some were analyzed for carbohydrate constituents. 

In the summer of 1925, an experiment in thinning was begun in a block 
of Lombard plum at the Graham I-Iorticultural Experiment Station, Grand 
Rapids, on soil of apparent uniformity. The trees had been set in 1920, 

Fig. l. - Lolllbard plum orchard al Cralld Rap ids, 1925. Rows lo left lhinned; 
right ullthilll1ccl . 

hure their first fruit in 1~24, and scl a very ulleven rropill I ()~5 . I' i fty -s ix 
trees in six contiguous rows were leEt unthil1n ed. Forty-eight trees in the 
foll owing six rows were thinned to one inch or more between fruits. In 
1926, the natural set was uniformly heavy, and the 48 trees previously 
thinned were again thinned (June 29 to July 3), but seven of them in a 
single row at the middle 0 f tbe hlock were thinned m ore severely. Counts 
indicated 2.9 fruits removed to 1 remaining, and 6.5 to 1, respectively, in 
the two deg rees of thinning. In 1927, there was a complete crop fa il ure. 
J 11 ] 921-\, the set was heavy and no thinning was done; th is afforded an 
opportunity to measure some residual effects of previous thinnings. A It 
the trees were handled alike in other respects. They were not pruned in 
(he durati()1l ()f the experimcnt heyond the light cutting ncccssary to secure 
.. amples. Figures 1, 2, and 3, with explanatory notes , present views ()f 
the orchard and the expe r i1l1ental pl()t s and show the re lativc fr u it fullless 
of the trees ill 1()2S ;111<1 ] ()2('. J\ close e;\Cl lllil1ati()l1 (If Figure 4 will 
disduSf the set () f f rllit, which W~IS nurmal throughuut thc experi l11c;nLu) 
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Fig. 3.- N atural sel or frui 
were preferred sub sequ entl y as 
of mo r e sever e thinning in Ro\\ 

Dry Weight- -Sa lllPlc s p 
in weighed , stoppered hottl e~ 
in a. drying ovcn at 90-95 ° 
weights was calcu latcd lo. II 
also to the d ry -weigl1t baS IS. 

wat er, hollies were re1l1()\'e( 
in a desiccator, weighed, the 
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Thinning 

Moueratc 

\V _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - E 
F 1 2 I J 7 0 () () 
E 4 '! R 'I ,(;{ 1 
D 6 ti 7 7 3 1 t 
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C 
H 
A 

Fig. 2.- 1)1<l11 of plUl1l thillllillg ex pcrillleill ill 1<)2S. Figur es at. coorrlillate poin ts 
illclicate tr ee positio n s and the r e lative llatural sc t of that ye ar , th e larger figur es 
indicating the heavi er set o f fruit. The dash es indica t e tr ees e limi nated fro111 the 
ex p t,: rimen t. 

hlock in 1~26 , alld the re lati\'e loads o[ fruit the trees were permitted tu 
mature. 

Followi1lg the thin ning treat lllellt , aUClllpts were mad e to di sc()\'cT what 
differences might have heen created jn growt h ()f trce alld in crop ; in 
chemical c() ll st ituents ()f tree and fr uit ; ill amOUJlt of waLeI' presC' nt ; alld 
;11 the relative a11l0unts ill free and houl1d ·tates; in spur growth, [unctiull
Il1g, and mortality; and ill blossoming. 

How to Thinning 

L !) 10 I () 6 6 7 R 
K !) 10 R !J R 10 
./ In !J !) !I R S !) !) Mlldp,ra(,c 
I S 10 10 7 7 10 S 
II S 10 U S 10 

10 10 10 10 ~CVCrf~ 

I" 9 R 7 !J 10 R !J 10 
E !J !J 10 !) 10 In 10 10 !J 
J) 10 10 10 I() !) !J S !J 10 None 
C 10 !l 10 10 10 R I() !J 10 
B :J 10 !l R !l 10 S 
II 10 10 I() !l !l (j In 

- ----'-----

Fig. 3.- Natura l sct of fruit ill 1 <)2(1. Trees de s ignat ed hy th e high er fIgures 
\v ere prefe rred s ub sequently as sources of sa lllple lIlaterial s. Obse rv e introductio n 
of more sever e thiuuing ill Row G. 

Analytical 

Dry Weight --Sal1lpJr s preserv ed hy dryillg were placed, as c()llected, . 
in weighed, stoppered bottles and weighed and then dried to constant weight 
in a drying oven at 00-0S o C. 'The difference between the f-irst a11(l IInal 
weights was calculated to the percentage of Illoisture ill fresh sample and 
also to the dry -weig'lll hasis. Tn oh tain data ~ I S to the rate ()f g iving 1lJ> of 
watcr,hoUJcs were ITll1()\'ed fro lll the ()\' Cil al interval s, st()ppered, cooled 
jn a desiccator, weighed, then returue;d Lo the; uven fur further dr li ng' . 
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Carbohydrates- On samples o[ 1 9~4 . free r educing s ub stances . s u o 
crose, s tarch, and tota l polysaccharides w e re first determin ed by the direct 
weighing of cuprous ox ide. The conditions of redu ction w ere A llihn's and 
the procedu re otherwise essential! y that of Hooker (22) . S ubsequentl y, 
determinations were mad e of th e acid hvdrol vzable substances extracted 
from the sta rch r es idue by the m ethod of 1( l~ayhill anel associates (24) . 

i'ig. 4.-Bcaring branches typ ica l o[ tbe thinllillg clune ill 1 <JZ(). Left t o right, 
unthinlicd, thinn ed moderatel , thill!1 cl severe ly. 
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The dilatometer bulbs w 
capac ity. They were closl 
mo m eters were inserted. rJ 
to -4°C. outsid e the dilate 
low. Freezing was ext re111 
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H-ion concentration- I] 
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and fi ltered . T ests of the 
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*Official and Tentative Methl 
Assoc. of Official Agr. Chemist 



EFFECT S OF FRUIT THINN I NG \VTTH THE LOMBARD PLUM Q 

For fin a l presrlltatiol1, result s for fn-e rrci l1cing suiJstanc('s and sucrose 
were recombined as tota l sugars, and those for sta rch an d total polysac
cha rides were discarded. 

On samples of 1925, essentia lly the same methods were followed. 
\!\Tood samples of 1926 were preserved hy drying. Soluble sugars were 

ext racted from two-gram samples with 80 per cent alcohol in continuous 
fat ext ractors (Bai ley-\ Val ker). Clari fication was accomplished by first 
evaporating off the alcohol, then taking up with water and transferring to 
a 250 c. c. volumetric flask, neutrali zing, if necessary, with sodium hydrox
ide. and proceeding to clear with neutral lead acetate and de-lead with 
sodium carbonate as before. F ruit flesh and pits were preserved in alcohol 
and were handl ed and anal yzed essen ti all y after the method of K raybil1 
a nd assoc iates (2-1- ). The cu ncl itio ll S of r ed uct ion were M un son and 
\ \Talker' s, and the product \veighed as cupric oxide. To the determinations 
of pre\'ious years was added that uf the ether extract in the case of three 
samples of plum pits, by the di rect method. * 

Ash, phosphorus, nitrogen- The determination s of ash, phosphorus. 
and nitrogen were made by chemi sts of the .Maine and 1\1 ichigan agricul
tural experiment stat ions, both employing official methods . In 1925, nitrate 
nitrogen was not included ; in ] 926 and 1927, it was included . 

Bound water - The percentages of unfree or bou nd water 111 leaves 
were dete rmined by the clilatometer method 0 f Bouyoucos (4 ) . a method 
which has been appli ed by Rosa (40 ) and others to plant ti ssue studi es. 
In sampling. care was exercised to select leaves from spurs or shoots aris
ing in wooel of the same age, that had similar position and light conditions. 
and th at act ually ex hibi ted the specified fruiting cond it ion. Samples for 
comparison were coll ected in succession as quickly as possible, placed in 
contain ers that held them loosely but covered, and kept cool but dry unti l 
tested. Later, sampl es were held in an iced refrigerator until removed one 
at a time for the determinations. In making the test, the method followed 
at fir st was to grind a large sample, use five gram s in the dilatometer. and 
place the remaincler of the g round material in a tared sampl e bottle for 
the determination of total moisture. Later, di scs fo r the tests were cut 
from the leaves with a Ganong punch and the remaining portions were 
saved for total moisture, no gr inding heing done. 

T he dilatometer bulbs werc of the wid e-mouth type and of 60 c. c. 
capacity. T hey were closed with tallowed cork stoppers and no ther
mometers were inserted . The ice-an cl -salt f reezing mixture was regulated 
to - 4 °C. outside the dilatometers. a temperature that was not sufficiently 
low. I'reezing was ext remely slow on this account, and too few samples 
could he handled. It had not heen ohserved that H.osa (40 ) had used tem
peratures clown to - 6 °C. in side the dilatometer, and th e paper of Lott 
(27) had not heen puhlished. 

H-ion concentration- In mid-July. 1925 . an attcmpt was mad e to 
determine th e hydrogen-ion concentrati on of leaf tissue Allid s. Two-gram 
sampl es were maceratecl with sand and water. diluted to a definite standard, 
and filtered . Tests of the filtrate for pH against methyl red, and for 
titratahle acidity against phenol red with 0.1 N. NaOH, indicated that no 
"aluable data could be secured by either methocl with the facilities avai lahle. 

*Official and Tentative Methods of Analysis. 2nd Ed .. rev . to July 1, 1924, p. 11 7. 
Assoc. of Offic ial Agr. Chemists, \Vashing ton , D . c., 1925 . 
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It may prove o f intrrf'sl thai holb Irial s sl1 ggestf'rl greater nric1ity 111 the 
If'aves of thinned trees. 

Mathematical 

It is presumed unnecessary to g ive formulae or to cite authority for 
the standard biometri cal methods employed in calculating the probable error 
of the mean, standard deviation, coefficient of correlation, and probable 
error 'Of this coefficient. Where deviation s in pounds of fruit or in centi
meters of growth are accompanied by probable errors of the difference, or 
where such differences and their probable errors may readily be approxi
mated by inspection, the criteri on of significance ,is that the difference be 
about three times its probable error. And as to coefficients 'Of c'Orrelati on, 
decided correlation is assumed to exist between the characters measured 
when the coefficient is g reater than 0.5 and at least six times its probable 
error. 

PRESENTATION OF RESULTS 

Fruit Production 

The rec'Ord of fr L1i t prod uction by the experimental trees is presented 
in Table 1. In interpreting thi s table, it should be borne in mind that the 
crop of 1924 was the first th e trees produced and preceded any differential 
t reat11lent, and that the crop of 1928 followed a year of no crop whatever. 

1924 
1925 .. 
1925 
1928 
1 fl2f1 .. 
1930 . 

Crop Yc:u 

Table l.--Average yields o f fruit, 1924-1930. 

IJ llthillned in 
192.1 and 192(j 

Thinned moderate!y in 
192.1 and 1926 

Thi nned severely in 
1926 

-----------------1------------

Lhs. pe r tree 

4 .18±0. 48 
32 .25 ±2. 02 

132 .95 ±3.38 
224 .3.5 ± 640 
.'i9 . 19± 3 . .4l I 

H)8 . G ± 4 .8 

Lbs. per tree Dev . from ullth . Lbs. per tree Dev. from unth . 

6 .69±1. 55 
18 . 72 ± 1. 3l 
67 . 87± 1. 8 l 

28 l.4G ±8 .01 
l.24 ± 0.43 

208 .1 ± 7.1 

(%) (%) 

60 0 
- 42 .0 
- 49 .0 

25 . .'i 
- !lUI 

4 . .'i 

3. 00 ± 0 .84 
20 . .'i7 ± 5 .06 
34 .80± 2 .69 

328 86± Hi 27 
No ne 
212. 1 ± 2o . 

-.55 .2 
- 36 . 2 
- 73 .8 

46 .6 
- 100 .0 

6 .8 

The second tahle is add ed to show the relation hetween the amount of 
fr uit matllred and the size o f indi vid L1 al frt1its. 

1925 .... . 
1926 ... . 
1928 . . 

Table 2.-Average numbers of plums in one pound. 

Crop Year 
Thinned 

Unthinn ecl in moderately in 
any year 192.1 ane! 1926 

33 .06 
38 .93 
20 .28 

21. 09 
22 .62 
30 .88 

Thinned 
severely ill 

1926 

20 .43 
29 .71 

EFFECT S UF FRUIT T 

These tables convey the 
was started the trees destine 
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seems probable that the heav 
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cluction were clear-cut; the 
the trees had carried in 19:2 
thinning. 

Fig. 5.-Relative sIze ( 
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heavy fruiting was seen in 
significantly greater 011 the 
jn 1926 but permitted to ( 
year of comparative rest an 
differential treatment was t 

some thinning and there w, 
effect from the thinning tre 

The possibility of an eft 
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did not occur. It has been as 
fruit buds occurred April 23. 
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These tables convey the information that in the year before thinning 
was started the trees destined for moderate thinning produced a few more 
plums, and those to be thinned severely a few less plums than did those 
that were to serve as checks. The differences were not significant hio
metrically. In 1925 and 1926, the crops were reduced and the weights of 
individual plums increased in proportion to the severity of thinning. 

In 1927, there was no crop, a fai lu re which could not he associated with 
-bud injury* or in any way with the experimental handling of the trees. It 
seems probable that the heavy set of the preceding year inhibited flower-bud 
formation and it is evident that even the heavy fruit thinning of that sea
son (1926) did not materially affect that process. 

Subsequent crops, here recorded, were not thinned. The 1928 crop was 
characterized as a fair or good crop eyen on the trees not formerly thinned, 
but as tremendous on those that had heen thinned. The differences in pro
ducti on were clear-cut; the crops were inversely proportional to the loads 
the trees had carried in 1926, and could be explained only as an effect 0 f 
thinning. 

Fig. 5.-Relative size of plums, 1926. Fourteen 1Il each pi le. Left, 
unthinned; right, thinned. 

In 1929, the pendulum of production swung the other way ; the effect of 
heavy fruiting was seen in a crop materially reduced, but the reduction was 
significantly greater on the trees that had been relieved of heavy fruiting 
jn 1926 but permitted to over-bear in 1928. The 1930 crop, following a 
year of comparative rest and being four crops and five years removed from 
differential treatment was uniformly heavy. Practically every tree required 
some thinning and there was no longer any clear cut evidence of a residual 
effect from the thinning treatments of 1925 and 1926. 

The possibility of an effect of bearing on the time of ripening was not 
made a point for special ohservation, but the station superintendent wrote, 
concerning the 1928 crop, that the trees in the south half (unthinned, then 
bearing the lighter crop) ripened their fruit from two to t.hree weeks earlier 
than the others. 

*Buds were not sectioned to determine this; the question arose too late. The super
intendent of the station, however, was very definite in his statement that bud killing 
did not occur. It has been ascertained since, though, that complete killing 0 f cherry 
fruit buds occurred April 23. 
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Growth of Trees 

Trunk circumference- Th e measurcments of trunk circum [erc llce ill 
inches presented in Tablc 3 show for 1920 and 1924 no sign ifl cant differ
ences in size bet ween the groups o f trees . J n all latcr years . howcver, th ey 
show significant ga ins in growth to have becn madc by the modcrately 
thinned trees o\'cr the unthinned , and bv the sc \'crelv thinncd over the 
moderately th inned. In the sma ll er growth- incrcments of 1928, an inhibiting 
effect of the extreme crop borne that year by trees formerly thinned may bc 
seen. 

Table 3.-The trunk circumference recOl-d, inches. 

Unthinned Thi nn ed moderately in in 1925 and 1925 and 1926 Thinned severcly in 1926 only 
1926 

Fall of Year 

Mean 1vlean 

I 

Gain over Mean Gain oycr G lin over 
circum f. circumf. ullthillncd circu m!". unthinncd thin, mod, 

- ---------- - -

]920 1 .58 1. 62 o 04 I . ,54 -0 .04 -0 OR 
± O 02 ± O 0:3 ± 0 .0:3 ± 0 .07 ± O 08 ± 0 .08 

1924 . (J :!fJ !J 4:3 0 14 !) RO o .51 o 37 
± U Of) =L O. ll '-'= 0 . 15 ± 0 .24 ± 0 .25 ± O 2(j 

]fJ26 , II Sf) 1:oJ . 77 0 .88 14 , to 2 ,21 1 33 
± O 12 ± O i'J ± O 19 ± 0 35 ± 0 ,37 ± O 38 

1927 13 6:3 14 72 ] OU 10 30 2 ?:3 1 61 
± O ] :3 ± 0 . 15 ±0 .20 ±O 38 ± 040 ± 040 

1928 15 .0.5 15 6ii o tiU 17 1:3 2 08 1. 48 
± O 13 ±0 , ]5 ± O 20 ±O 37 ±O 39 ±0 ,40 

1929 16 .. 55 17 :3 1 o 76 ]UOO 2 45 1 69 
± 0 , 1{j ± 0 , ]7 ± 0 ,23 ± O 44 ± 0 ,46 ± 0 ,47 

A clearer pi cture of the relati,'c growth of these thrce groups of trees 
befo re and a fter thinning is obtained by expressing the increments in pcr
centage, as is done in Table 4. 

Table 4.-Percentage increments in trunk circumference within treatments. 

Trees Tree~ 

Period TreeH not thinned thinned 
thinned moderately severely 

H)25, 1920 (1 (J26) 

-----

1920- 1924 , , 527 ,8 482 , 1 536 3 
1924- 1926 , ]9 , \) 35 .4 43 ,9 
1927 , 14 (j 15 , :3 16 0 
1928, 10 4 63 4 7 
1929 , 10 ,0 10 ,6 10 ,9 
1934- 1929 , 76 8 83 .6 93 9 

Here, it is plain that the check trees and the severely thinn ed made about 
the same pe rcen tage g rnwth prior to th e fir st thinning , th e moderately 
th inned 110t dning quite so well. In th e two years of thillning and in the 
fo ll owing year ( 1927). growth may be, sa id to hano

, been pmp()rti onal to 
the degree of thinning. In 1928, it w;:\s in verse ly propo rti onal to the :-. ize 

EFFECTS 01';- foRe fT ' 

u f crop carried. and. in 1<J.2( 
tiall), thc same pe rccntagc 
bore the most grew t he leas 

/\11 this n idencc suppor 
in greater trunk thickening 

Terminal and diameter 
fruit thinning was compl ete 
measured and labeled. ;\I ea ~ 
fo r the 23-day inten 'a l were 
for the unthinned. the mocl( 

F ig. G.-Condition, uncl er c 
Propping \\'a 

apparent that terminal bud 
3 on the unthinnecl trees . ; 
on trees relieyed of heayy 

l\T ore numerous measur 
made during the fo ll owi ng 
length differences. J n di 
g roups were signi fi cantly 1a 

Sections of spu rs and sl 
in the amount of x\,lemi 
September 15. howe\'er, tl 
m ore xylem in the trees 
m ore emphati c in the No' 
F igures 7, 8. and 9. 
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u f crop carri ed. a11d, in 1().2(), alth ough all three groups o [ trees mad e essen
tia lly the same percentage growth increments, still it holds that those that 
bore the mos t g rew the least in trunk circumference. 

All thi s e \·idence supports the statement that thinning th e crop resu lts 
in g reater trunk thickenin g and that fu ll cro pping slackens g rowth. 

Terminal and diameter g rowth- On July 3. 19.26 . th e day o n whi ch 
fruit thinning was compl eted. 50 terminals on trees o f each treatment were 

measured a nd labeled. l\ l easured again Ju ly 26. the average leng th growths 
for the 23-day inten'a l were found to he 0 .12, 1.52 and 2 .59 cm ., respecti vel y, 
for th e unthinned. t he moderately thinn ed , and the severely thinn ed . It was 

Fig. G. - Conditi o n, uncler cr o p of 1928, of e nd t rees in r o ws thinn ed In 192G. 
Prop pin g ~was not r equir ed fo r tr ees no t thinn ed. 

apparent tha t terminal buds fo rmed a11d length g rowth ceased about July 
3 on th e unthinn ecl t r ees, a nd that g rowth continued fo r some tim e longe r 
on trees r eli eved of heavy cropping. 

:Mo re numerous measurements of te rmin.a l g rowths of the same year. 
made during the fo llowing dorman t season , showed di stinct but not striking 
length diffe rences . In di ameter . howe ver , th e t erminal s o f the thinn ed 
groups were signi fi cantl y larger tha n th ose o f th e unthinned. 

Secti ons 0 f spurs and shoots cut J ul y 3. 1926, disclosed great similarity 
in the amount of xvlem in those from thinn ed and unthinll ed trees. Bv 
September 15 . h owe \'e r , the material thus studi ed gave ev idence o f much 
more xylem in th e t rees carry ing th e fe wer fruit s. T hi s difference was 
more emphat ic in the Novemher sampling, as may he seen by companng 
F igures 7. R. and 9. 
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Nu t thil1l1 e d. Moderate ly thil1ll ed . Sl'vl'rl'ly thillll l' cl . 
Fi g-. 7. Sl'c ti (J ll s thro ug h t\\"o-year spur \\' ood Sept. ] 5, 192(;. Little SlIll1lll e r \V l lod 

was deve lo ped in tr ees not thinn ed . 

Not th inned . Mode r ate ly thinned. Seve re ly t hinll e d . 
Fig. S.-Sections through current eason 's s hoot s, Nov. 1, 1926. 

No t thillll ed. 
Fig . 9, - SecliollS thro ug h tll'O 

hyillg dO\\'ll or SI1Ill I11cr \ 

In th e summer of ] 927, 
fo li agc were outstanding-, 
ex periment , judged il to 1)( 
recc i vi ng !lone and th e otb. 
t itati\'c data , se \'cral dilTere 

Fi rst, 100 ter1l1i Ilal s and 
()n two trees of each In_'al lll 
;\ n add iti onal tree in each 
time most terminal buds h, 
in Tabl e 5. 

Tab!e 5.-Length growth of b 

'T'rPlt Ill rnt, H12fl 

Unthi llllcd , .. , , , , ' 
Mod erat ely thinned 

Srvrn.J.y lhillnrd 
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No t thinn c cl. IVl o ci e rate ly thi ll ll C(1. Severely thi lln c cl . 

Fi .~·. 9.- Scctions thro ug h t\\'o -year s h ou ts , Nov. 1, 1926. Diam eter g nl\\'th by til e 
laying cl o \l '1l of SUllllll cr \\'ooel co nti1lu e d much lo ngc r in th e th inlll'c! tr ees . 

In th e summer of ]927, difference in g rowth and 111 lu xurian ce of 
f()l iage w ere ou tstand ing. O ne obse r ver, not know ing th e nature of th e 
ex periment, j udged it t o be a test of nitrate ferti li ze r, the l1nthinlled trees 
receiving none and the othe rs making excell ent response. T o u1>tain qU<lII 

l itat i \'e elata, scvcra l eli ff e ren t studi es we re made. 
First, 100 termin als and sub-t erminal s se lected at ranclom were measured 

on two trces o f each treatment on Jtrl y 29, befure leng th g rowth had ceased . 
/\ n additional tree in each was likew ise m easured on A ug ust 25, by which 
time most terminal bud s had fo rmed . The results, ave raged, arc presented 
in 'Table 5. 

Table 5 .-Length growth of branch terminals (in centimeters) to dates given, 1927. 

'1'rp1imrni , 192fl 

Unthinncd . . . . .. ... . 
Moderate ly thilllH'r1 . 

To July 2!J 

Mr:1 ' I ~ or 
2()() 

20 . .').') ± 0 .41 
il l 70 + 0 . .')4 

~4 ilO±- O.Ii I 

G:lin ovrr 
1I 1l l.hinn rd 

II . l .')±0.!l8 
(!i4 il% ) 

1:l7.5± OG .'i 
(66 . 9?; ) 

To August 25 

Mr~ n R or 
100 

17 . .')6 ='= 0 .42 
:lL'iR 0 .91\ 

il 4 . .')0 ± 0 91 

Gai n 0\,('1' 

lInthillnrd 

17: 02;'; 1. 07 
(96 .9%) 

lfl94 ± 1.OO 
(05 W'c) 
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Apparently the season's length g-r()wth ()f hr:llh'h lerminals was al1llust 
douhled on trees that had hccll r e! lcn.:d ()f JL>:l\Y fruitin g in th e prcccding' 
year, and again length grow th was longer c()ntinued on trees. 

The terminals pictured in Fig ure 10 were represcntati\'e of 35 and 2 1 
terminals taken July 26, 1927, fr om unthinn ecl and thinned trees, respec
tiyely. Their a \'erage lengths were 13.8 and 28.3 cent imetcrs. Ji' r esh 
weights o f those from the unthinned trees a\'eraged 6 .1 2 g rams. 0.44 g ram 
per cent im eter of length, and of those from thinn ed trces, ]6.51 grams, 
0 .58 g ram per cent imeter. C()rresponel ing e1ry w eig ht s per terminal we re 
2.07 and 5.85 gram s, and, per centimeter. 0.15 and 0.21 gram. Jt is thu s 
seen that there was an evcn greater increase in th e thickn ess than in th e 
length o{ these shoots. 

/\. histological study was mad e concernin g xylem for mati on in 1927. 1t 
was thought that hy wuunding the hark to the ca mbium at two different 
tim es a m easure cou ld he obtained o f th e g rowth during th e inte n 'a1. Ce r 
tain shoots and spurs were according ly scored on J\ug u st 25th and un 
Uctober 3rd. The dates proved too late to gi\'e th e d es ired result, l)ut 
Fig ure 11 is included in thi s report as typi cal ()f the lot and e \'id ence that 
healing wa s complete after :\ug ust 25 th w()unding lmt th a t n() wu()d was 
formed except in th e vicinity of the wound . 

This was true quite ge ne rally of samples from unthinn ed trees as well 
a s from thinned. The healing ()f such late wound s is doubtlcss related to 
the crop failure and consequent fu rmation ()f a wide anllua l ring. a relation 
ship which has been obse l'\'ecl hy Bradford a nd Sitton (6). 

Table 6 presents (l\'c rages of terminal g ruwth m easuremcnts mad e on 
July 27, ] 930. 

Table 6.-Some length growths of 1928, 1929 and 1930 (in centimeters), averag,ed. 

1928 
1929 
Hl~O 

\'P:1r 

--------~ 

Nu mher 
1Il(':ISIIl'ed 

I ;j 
15 
:! fj 

l ' nthillned Thinlled 
1ll0lil'ratl,I.I ' 

9 5 
2S 4 
l( j 1 

Thinned 
s('vr l'ely 

B ;j 
:3 1 () 
I ;j 5 

\Vhil e making these m easurem ents, the following observat ion was 
recorded, "The impression hold s that g rowth is the sturdier in general OIl 

the thinn ed trees . Lea\'es ar~ certainh' darker and la rgcr. COllditi (l ns 
are somewhat as the\' were in 1<)27 ." -

The tabular matel~ ial supports thi s impress ion as to the 1930 growth: 
indicates small differen ces in g-rmvth in 1 ().2(). and these in fa\ 'or of th e 
thinned trees, which -bore no fruit: and sh()vYS Ollce morc the drag uf the 
crop the thinned trees hme in 1 <)28. 

Vigor and mortality in spurs and shoots- Tn Jul y . 1927. t\\'o attempts 
were macl e to d ete rmin e what mi g ht be the eff ec ts of heavy and li g ht l)ea r 
ing upon the performance of spurs and sll()ut s, which arc li s ted in the 
tables a s outgrowths. . 

F 'irst , four representati\'c hranches were cut f rom unthinn ed and four 
from thinned trees so as to include.all g ruwth uf ] 922 to 1926. Th e 
obj ecti\'c was to detenllinc whether lig ht l)(-,ar ing. as 1ll0c1ifl ed l)y fruit 
thinning . mi g ht e"ert a m casurabl e inAu t: ncc in keeping- th e spurs a li\'e ~nd 

~ 
'. 
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functioning. J 11 Tahle 7, the 
branch growth: column two, 
column three, the ]lumber () f 
oi li\' ing and dead or nOn-fllJ 
is arri\'cd at by diyiding the 
The percentages ob tain ed inc 
ni ng on the contint1ed f tl ncti! 
yea rs. 

Fig. 1O.- TcrJ1linals o f L( 
of 1927. Left, of 
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fUllctiuning. III Table 7, the left-band column indicates successive years of 
hranch growth; colu111n two, the growth in length each branch made; and 
column three, the number ()f nodes in that length, as determined by a count 
of li\'ing and dead or non-functioning nodes. Finally, the percentage figure 
is arri\'ed at by cli\'id ing the number li\'ing by the total number of nodes. 
The percentages ubtained indicate a tJos:-iihle slight influence of fruit thin
ning 011 the continuec1 functioning of spurs on hranch wood as olel as five 
years. 

Fig. lO,- Terl1lillal s of LOl1lbard plul1l represe ntative of th e growth 
of 1927. Left, of tre es not thinned; right, thinned. 
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Table 7.- Summarize·d data from measu rement of eight branches July 22.25, 
1927. All branch and shoot l'ength s of the several ye,ars indicate,d, and all nodes and 
outgrowths arising in such age areas are included. 

Ycar 

19:1~ . 

Total .. . 
Awrage . . ...... . 
Living. Pcr ccnt. 

Ina .... 

Tot.al. 
A\·crage ..... .. . 
Living, Per cent. . 

1924 ... 

Total 
thrrage ...... . 
Livi np:, Per cent .. 

1 \)25 ... 

Total. . .. . 
Average ......... . 
Living, Per cent .. 

1\)26 . ...... .. ..... . . ..... .. . .. ... ... 

Total .. 
A\·eragc . .. 
Li ving, Per eent . 

Branches from unthin lled trees 

LCIlp;th 
(in.) 

22 
10 
3 

22 

.57 
14 .3 

4:3 
44 
20 
18 

1:3 ( 
32 .8 

.')0 
1.5 
71 
2:3 

168 
42 .0 

59 
40 

120 
:3 

222 
55 .5 

29 

50 

!)O 
32 ,j 

Tot.al 
Hodes 

38 
20 
46 
28 

1:32 
3.3 .0 

(i(J 
fiO 
:37 
2.5 

J82 
45 5 

!J6 
21) 

11 0 
28 

2(j:! 
5:i 8 

129 
70 

2:3.5 
6 

440 
110 .0 

60 

12l 
4 

l Si> 
46 :3 

Outgrowths 
living 

10 
2 

10 
15 

37 
!J .3 

28 .2 

:n 
:3 1 
Jl 

70 
17 5 
38 .5 

27 
7 

:3 .5 
J2 

8f 
20 . :1 
30 .8 

fi f 
.55 
93 

1 

200 
50 .0 
45 . 5 

48 

78 
3 

129 
:)2 'J 

oJ 

70 

Branches from thinned trees 

Lcnp: lh 
(in .) 

35 

36 
21 

!J2 
30 .7 

40 
2:J 
H) 

21 

103 
2·5 .5 

J:H 
64 

149 
52 

:J!l9 
998 

.52 
7l 

151 
40 

3f4 
78 .5 

z:3 
55 
83 
78 

~n!J 
59 8 

Total 
lIodes 

14 

4:l 
28 

J I:; 
38 :l 

70 
:l l 
2() 

20 

141 
3.5 3 

307 
!J.5 

2J:l 
70 

.58.5 
1453 

111 
]69 
2n 

78 

G3 { 
157 .8 

48 
123 
I G7 
140 

478 
11 0 !j 

Outgrowths 
livin g 

18 

13 
9 

40 
1:3:) 
34 .8 

I!J 
12 
1:3 
II 

-----

!ifj 
1:38 
39 0 

102 
44 
84 
22 

----

252 
53 .0 
42 .9 

45 
64 

138 
15 

262 
65 . .5 
41. 5 

39 
98 

J20 
100 

;;.57 
Sfl .:) 
74 .7 

This line ()f study was co ntinued in the sam e month ( )Jl 14 hra1lches , 
se ven [rom untbinncd and seven from thinned trees. The results, su m
marized, appear in Table 8, in which the years indicated are those in which 
the recorded growth was made. For example, measurements of all growth 

, 
I 

E l,'FECTS UF FEUlT 'J 

mack in 1925 011 all part · u 
under that year. 

Table 8.-Summary of coun 
of nodes on wood giving rise t 
per cent these are of the tot; 
indicated, and average length. 

1025- Tutalnodcs .... 

Living outg rowlh ~: 
Total number. . 
l'cr ccnt.. 

Total length. CIIl . 

A vcrap;e Icngl h ... 

192G- TutalllodrH . . 

Living oulp;rowths: 
Total numbcr .. . 
Pcr cent . ....... . 

Total length , e Ul •.... 

A vcrage Icngth ... .. .... . .... . 

1\)27- Tolal nodcs .. 

Livi ng o u tgrowlh~ : 
Tot,al numbcr. . 
Pcr ccnt . .. ... . 

Total Icngth, e lll . 
Averagc lengt h . 

'\ V e have here rather mOl"< 

function longer on trees thel 
that, although on the branc 
spur and shoot growth of 1 
year, these branches o\'erca 
in average length of such IT 
plifies a cumulative and resic 

A more comprehensi\'e ex 
branches carefull y selected 
had been appli ed in 1926. 
apex downward the occurrel 
and shoots. Each 'pur an 
Length i Il crements 0 [ bran 
smaller div isions were rceor 
year wood (of 192j) had 
th e results as pertain eli rect 
bud studi es being rese1'\'Cd f 

The nu mbers 0 [ hranch 
responding to the numbers 
a Lely thinned, and se\'erely 
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made ill 1925 Oll all parts uf a IJranch except its main axis were tau ulateJ 
under that year. 

Table S.- Summary of counts and measure,ments on 14 branches, 1927: number 
of nodes on wood giving rise to the outgrowths; number of outgrowths living and 
per cent these are of the total nodes ; length all outgrowths made in the years 
indicated, a nd average le ngth. 

1!l25- ToLalnodes .. . . 

Living ouLgrowf h ~: 
Total number . . 
rer cenL . . 

Total Icn),(Lh , eln 
A "erage lengt h .. . 

1[l26- ToLal lI()dc~ .. 

Living outgrowths: 
Total numher .. 
Per cent . .. . . . . . 

ToLallellgtlJ , e lli . . 

A verage length . . . 

lU27- ToLal nodes .. 

l"ivillg ou Lgrowth,,: 
Total number . . 
Per cent .. 

ToLal length , e i ll . . 

A verage length . 

. . . . . . . . . . . . . 

On branches from trees 

UIl Lhilllleci Thinned 

536 150 

274 ;) 11i 
51.1 68 . 7 

8!l2 . I 630 .2 
3 .26 1. 9!l 

58'1 64;) 

38.'5 41)1 
55 U 75 <I 

8U4 .0 8511 2 
2 .:)2 1 75 

- - - -
55! 687 

5HJ 61!) 
U4 .2 ro.1 

1185 .8 1827 .0 
2 .28 2 . U5 

VVe have here rather more than a mere indication that spurs may live and 
function longer on trees that are thinned. It is of interest also to observe 
that, although on the branches selected to represent the thinned trees, the 
spur and shoot growth of 1925 and 1926 was the shorter; in the fo llowing 
year, these branches overcame their handicap and surpassed the unthinned 
in average length of such outgrowths. The presumption is that this exem
plifies a cumulative and res idual effect of thinning. 

A more comprehensive examination was made in the spring of 1928 of 54 
branches carefully selected as representative of the three treatments that 
had been applied in 1926. The techn ique employed was to tally from the 
apex downward the occurrence of leaf buds, flower buds, latent buds, spurs, 
and shoots. Each spur and shoot was handled by the same technique. 
Len'gth increments 0 f branches were recorded by years , and those 0 f 
smaller di visions were recorded in total. Spurs and shoots arising in three
year wood (of 1925) had made two years' growth. Such portions 0 ( 

the results as pertain IIi rect I y to vegetati ve performance are inserted here, 
hud studies being reserved for separate treatment under another heading. 

The numbers of branch terminals involved were 14, 24, and 16, cor
responding to the numbers of branches representing the unthinned, moder
ately thinned, and severely thinned conditions ; the spurs from two-year 
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wood, 18..2, 327, a nd 17..2: sh()ots, 15, 21, and 20 ; spurs from three-year 
wood, 157, 283. and 213; shoots 23, 44, and 35: a nd spurs on shoots ari sing 
in three-yea r wood. 6R. 15R, and 39, respecti\'ely. Unly in the items of 
spurs and shoots arising in three-year wood did the numbe rs. wh en a\'e ragcd, 
show consistent in crease to co rrespo nd with fruit thinnin g. and it cannot 
he asserted e \'Cn o f these that thinning was the cause . 

J ncr eased leng th gr()wth () f thinlled m'er un thinl1 ed was consistent in 
branch terminals ( mean s ] 2.40, 14,35 and ] 5.30 in ches) : s purs from two
year w ood (O ,3~. O.4g. ancl 0,0:) in ches) : slwots from two-year wood (4.03, 
5.81, and C).OO inches): ancl spurs (Ill shoots arising in three-year wood 

Fig, 11.- SectioJ1 th r o ug h thre e-yea r s hoal. \\'oL1ncl~ Il1a cl c 
August 25, 1927 ( u pper) and Ucto b er 3. Xy lem formation 
afte r August 25 was liJl1i ted to th e vicinity at th e \\'o ulld. 

(0.3 ] , 0,39, and 0.41 inches) . The s ig nifican ce of these differen ces was 
es tab lished bi()l11etrically except for bran ch terminals, ()f which t he nU111 -
hers were necessa ri ly s mall and the pr()hahl e e rroni large. Even Sll, th c'ic 
diffe rences a r e cons is te nt. large, in lin c with other flndings . and are attribut
ab le to the thinning treat m ent. 

One thin g fo und c() ml11 o n t() the s tructures :-, howin g increa:-,t::d lellgth 1'0 
correspund with r educed frlli t ill ,~ was ~lge. all rcpn:~i e ntccl gr()wt h ( If one 
\ '("::tr ()n lv, 1 ()..27, Likcw i:-,c. aoc wa:-, C() JHIll(I ll t() th ::, :-> t rueltlt'l' S whi ch s hower! 
~lecrcase'd Ictlg tl l. They ;t11 ili(,: ludccl g ruwth (If l()..?h aJ1d I <)..?7 . Lac)..: oj 
biometr ic s ig' ni1i cance. ill th eir caSt'S, llli g ht he ill\'uked to avu id seek ing all 

explanation , or it lllay lw suggested tha t the pull of polariLy favured the 

~/, 

Fig , l?' .- Lllcalizati(j 1l oi 'le 
\\'Ollci ui plulll br 

s purs and sh oots nearer th 
th ey created on thinned tn~ 1 
o f 's tructures fr om three-yc 
thinning ha s promoted gT()W 

F'r u11l th e sa me data , gTcl 

F ig. 13,- Loca li za tioll of It 
2-year \\'ood of plUl 
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/ 
Moderately 

/" thInned 

--------~~--------.--------- - - - -_ .. __ .- -----
F ig . l..~ .- I _ (l ca li za ti()n (II ' k !!g1 h 0\ I ,ll<::ra l ~ ( sp ur and s hoo t ) from 3-), <:: a r 

\\' ouel ul pill!!! branc h es a t tlld of 1()27 gnm in g sea so n . 

s purs and sh oot s n ea rer th e branch terminals an d that the d en ser shad e 
they created on thinned trees . as compa r e c1 t o ullthinn ec1 . inhibited g row th 
of st ructures from three-year wood. ()ut o f a ll this. it appears o nl y that 
thinning has prom()tt'd growth in the f() ll ow in g year. 

1 "~runl th e sa m e c1at ~ l , graph s (Fig'ures II and 13) \overe con structed ill 

Not 
thinned 

Moderately 
thinned 

Severely 
thinned 

Fig. 13.- Loca li za ti ull of kn g lh g ro\\·th of 1a1 t rab (spur a nc! s hoot) frolll 
2 -yea r \yood o f plu111 \) r anc lw '; a t e nd o f 1927 g rowin g sea so n . 
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o rder to d iscl ()sc whalen'r tL-Jl(le ll c ' there mi g ht I) t' t()\vard i( )c;t1izClti( lil ( , f 
th e mure vig or()u s latnal growths itS a result of tllinning. The mod" o f 
cons lrt tcti())l was tl li s: each of the 1-1, ullthilln cd I)rallches , ()f course , Ileal 
a firs t s pur o r shoot occurring near it s hase . The a ve rage leng th ui 
th ese , 0.2 inch , is represented in F ig ure 1.2 as the lowest late ral lin e from 
the main axi s. On ly ] I hran ches hael 10 spurs, howe ve r, and (ln ly on e 
had 27. The upper htcrClls on t he graphs, cOllsequ entl y , represent dimini sh
in g numher s of spurs and sh()ot s. S()lllewhClt arb itrari ly it wa s assumecl 
that with g reater nUlllhe rs of lateral g rowth s there were l1l()re nodes . and 
th e inte rnod es \vere represe nted L1ni iom" ,\' ill th e graph s ~ l S h('ill ,~' 0.5 illcli 
in It' ng,th . 

Not 
,/ thinned Moderately 

thinned Severely 
t hinned. 

Fig. I-I.- L oca ti o n o f fl o wer s III 1028 0 11 s purs aile! s h oots ~lri s ill g III 

3-year w ood . L e ng th or Ii Ill' is pro p o rt io ll<ll to th e llulllbe r o j' Ap\\'n s Oil 

each la tera l. 

There ;s som e ev id ence in Fig ure 12 of increased g r owth of latera ls 
a ri s ing ncar di s tal end s of three-year wood on thinn ed branches. The same 
tenden cy is m ore pronoun ced in those aris ing in two-yea r wood ( Fig u re 
13 ) and shows a t e rminal or polar locali zatio n o f g rowth s timulus . lL is 
al so apparent that th e cr op of 1926 exerted a residual inhibiting mHucnce 
on lateral g rowth of 1927 on unthinned trees wh ich did no t extend to 
those that had been thinned . 

The data for th e Row er s that occurred o n these spurs and shoots, w e re 
hand led in similar fa sh ion, a nd in the g ra phs ( Fig ures 14 and 15 ) the 
la te ral lin es indi cate, by their r elative leng ths, t h e presence o f f ew or m a11 Y 
flowers 011 the stru ct u res f ound at success ive n od es. The g raphs depict 
r emarkahly even distrib uti on of fruitin g area , m ore even , in fa ct, t ha n was 
th e g rowth . A nd as t o numbers o f fl ow er s, a lthough they are clearly som e-

what (, ('1Telakd with th e Ie 
rt-·ia ti\ 'l' ly 111{)rC alltl llc\an t ' 
e vidt'l1c~ ()f Illcal izatioll. and 
s impl v that with illLTeased 1 
wert' 'di s t rilluted differentl y ( 

No'g 
thinned 

Fig'. 15. L oc::t Ji za t io ll (If Ao' 
w (\o d . Le ll g l h o f lilll' i ~ pre 

Leaf number and area
o [ thinn ing on leaf !lumher 
in Jul y, 1927, on a IlU11lb ( 

r ecorded 0 11 four spurs o [ , 
three-year, and four-year 
appeared that counts o [ se 
th is detail was a dd ed . Thl 
a rath er consi stent increase 
and a stronger t endency of 
able r esult s of th e thinn ing 

Table 9.-Leaf number and spt 

Spurs tallied ............. . 
Total leaves found .. , .... , , . 
Leaves per spur .......... . 

Spurs tallied* ................. . 
Secondaries found , . , .......... . 
Recondaries per spur ...... . 

"Tallied fo r presence of serondari e3, Rerer 



'~l h:11 cnrreb ll·(iw itll th e 1t' ll gt ll (If 1h c stru ctures h ::lrill g them, they ,ll" f' 
f(·lati\'t'l y 1l10 lT a IJllllc\;lnt Oil th e s h()rter gT(lwtI IS. There is tl<) ell'cll ' 
ev id e ll ce ()f l()ca li zat i() ll , alld the iltl~t1 eI I Ce ()f thillning' see l1lS /() Ila v been 
s itnpl y that wi th increased .~Tuwt h there were Illure Ruwers , 1J(,j lilat tlwy 
W tTt' di s trilrukd differentl y (Ill hr~lll c lH' s (I f t il e ag'("s s tucii eJ . 

Not 
thinned 

Moderately 
thinned 

Severely 
t hinned 

ri g . 15. - L oca li zati o n of AO\\, t' r s ill lc)2~ (Ill SpllrS ~111(1 shn'lt s ri n sin g i l l 2 -_\ ' t~ rlr 
wO(l d. L~ ll g lh o[ linL' i s pro p'l rti o ll a i In th t' Illllllhn o f fI(\wer s (Ill t'~ l c i l l ateral. 

Leaf number and area- T o g;-tln information conce rnin g th e e ffect s 
of th innin g on leaf llumher and area , wh il e m easure ments w ere heing made 
in Jul y, 1927, on a num ber of branches, th e numbers o f lea ves w er t' 
r ecorded on four spurs o f each h ranch and fro m each age area ( two-year , 
three-year, and four-year wood ). A ft e r thi s was w ell und e r way, it 
appeared that counts 0 f secondary spurs prese nt might be o f value, and 
this detai l was add ed. Th e r esults are present ed in Table 9 and indicate 
a rather consistent incr ease 'O f about one leaf per spur in the [;1ree areas 
and a stronger t endency of the spurs t o fo rm seco nd a ry t e rminal s a s p rob
ahle resul ts o f the thinn ing treatments. 

Table 9.-Leaf number and spur branching on spurs arising in wood of several ages 

U ll thinned Thinn ed 

H1 26 Hl25 1!l24 Hl26 1!l2:j H1 24 

----

Spurs tallied . . ... .............. . . . ... !i2 52 44 .'iG fi4 48 
Tota l leaves found . . ......... ... . . ... 275 431 749 :1 41 49:1 901 
Leaves per spur ........... . ..... ... Ii 3 8 .3 17 .0 G 1 9 1 18 .8 

Spurs tallied * ............. . ..... :1 6 36 36 36 3G 28 
Secondaries found .... .. . _ ........ 0 20 n 0 36 69 
Recondaries per spur . . . .... 0 0 . 6 2 .0 0 1. 0 2. 5 

'Tallied for presence of secondarie". Rryeral branches hat! hern worked hefore this detail wad added. 
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\ Veights of 600 sput" le;wes each from u nthinnecl a nd thinned t rees. shuwed 
that the entire Ica\'cs frolll the th inned were Illore than 4 per cent heavier , 
but di scs one centimeter in diamete r punched from these lea\'es in the case 
of the thinned t rees, were only 2 per cent heavier . For shoot leaves, the cor
responding differences were, for entire leaves. 37 per cent; and for discs, 6.5 
per cent. It is concluded that the leaves of th inn ed trees were, in the 
following year, larger in hoth area and thickness, but particularly so in 
area, and that this difference was far more pronounced in th e shoot leaves 
than in the spur lea ves. 

In August. 1927, wh en the greater shoot growth of the thinned trees 
was so striking, se \'e ral correlation studies were made. Forty-three ter
minals from an unthinned tree formed the basis for the coefficient presented 
in the fir st line of Tahle 10. Thirty-six from unthinned and 35 from 
thinned trees were used III the calculations for the r emainder a f the table. 

T a b!e 10.-Coc ffici e nts o f cor r e lat ion and means involving leng ths of termi n.al 
s h e ots, in centime ters, numb-e r s of le aves on suc h s h oots, and lengths and numbers 
of internodes. Lombard plum, 1927. 

Constants 
U nth inned 

and thinned 
together 

U nt.hinned 
trees 
onl y 

Thinned 
trees 
onl y 

- ------------·------- - - --- - - ------1-- - --·----------- - - -

Terminal lengLh and leaf number 
Mean terminal length . 
Me:tll le:tf number . 

Terminal length and internode number . 
Mean terminal length . 
Mean internode number .. 

Internode length and inlcrno: lc number .. 
Me:tn internode length . ... 

0 . !J3±0 .01 2 
33 . 73± 1. 20 
29 . 15±0 .59 

o 77 ± 0 .033 
1.10 ± O.02 

0 .92±0 . 016 
20 .30 ± 1.32 
21.40 ± 0 . !JS 

0 .S6 ± 0 . 02!J 
21 .25±07!J 
23 .33 ± 0 .54 

0 . .') 1 ± 0 . OS3 
0 .S9± 0 .02 

0 . 74 ± 0 0:i2 
4657 ± J03 
3.1 . 11 ± O 4!J 

o 14 ± 0 . 113 
1 .32 ± 0 .02 

The results are enti r ely in li ne wi th normal expectation as to a hi gh 
degree of co rrelation existing between the lengths of shoots and the num
bers of leaves or of intern odes upo n them . The fact of special interest is 
that with increased length of shoot the degree o f co rrelation fe ll, and an 
explanation is found for this in the corresponding increase in length of 
internode. Fruit thinning is followed hy an increase in leaf arca and there 
is eviden ce of all i ll crease in numbers of leaves, !Jut it is clear that a ll account 
of lengthenedintcrnodes, the inc rease in numbers of kaves is not quite 
proporti onal to th e increased length of the shoots on which they are borne. 

T t lllust he exp la ined that t hes e shuots wcre se lected to repres ent th e 
range in leng th rather than accurate] y to represent the two lots of trees. 
This will account for the rather extreme differences in the mean s. 

Buds and flower s, and their functioning- Refe r ence is made again 
to th e branch es mentioned on page 13, where t h e number s and length 
g rowth s of 1 heir various parts were dealt with. The occurrence of spurs 
and shoots, and of three kinds of buds, from terminals tu three-vea l' wood 
is presented in Tabl e 11 . -

EFFECTS OF FRCIT Tl 

Table H .-Numbe rs of spu rs, she 
in g thinning trea t me nts 0 

On branch terminals : 
Shoots . . ... 
Fruit buds . 
Lcotf buds ..... . . 
L,ltcn t buds . .. . 

Tot.al . 

On 2-ye3.r wood : 
Spurs . .. . ' 
Shoots .. 
Fruit buds .. 
LC3.f bud~ .... . 
Latent buds .. . 

Tot.a l .. 

On spurs from 2-ye~r wood: 
Fruit bl.1ds 
Le~f buds 
Latent buds 

Total . . 

On shoots from 2-ycar wood: 
Fruit budb . . 
Leaf buds .... 
Latent buds . 

ToLal . .. 

On 3-ye;tr wood : 
Spurs . 
Shoots . . .. . 
Fruit buds . 
Leaf buds 
Latent buds ... 

On spurs from 3-ycar wood: 
Fruit buds 
Le~f buds . .... 
Latent huds .. 

Total .. 

On shoots f rom ~l -ycar wood: 
Spurs . 
Fruit buds . 
Leaf buds .. 
Latent buds . 

Total . 

On spurs from shoots: 
Fruit buds . 
Leaf buds . 
Latent buds . 

Total 

GRAND TOTALS . .. 

The relative numbers of f 
the percent~lge basis (Table 
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Table ll.-Numbers of spurs, shoots and buds in fall of 1927 on branches repr.;osent
ing thinning treatments of 1926, averaged with the branch as a unit. 

On branch terminals : 
Shoots .. ... 
Fruit huds. 
LC'lf buds .. . . 
L~ten t buds . 

Total 

On 2-yc3,r wood : 
Spurs . 
Shoots . . ... . . 
Fruit buds .. 
LC'lf buds .. ... 
Latent buds. 

Total 

On spurs from 2-ye<tr wood: 
Fruit buds . 
Le'lf buds . .. . 
Lat ent buds 

• 

14 Branchcs 
not 

lhinned 

24 nran('!)cs 
thin ncd 

moderalely 

1ti Bran ches 
lhinner! 
sevcre ly 

-----i------- ------- ------

0 .00 
0 .4:; 

10 .50 
7 .3ti 

;') . 00 
O. !J2 

20 .50 
5 .00 

000 
1 .06 

22 .56 
5 . 75 

------ -----)-----_. 
n . '2!l 29 .37 

------ -1------- ------- -------

J:l.01l 
1.07 
1l .00 
o. Oil 
o 00 

J3 6:3 
0 .88 
0 . 04 
0 . 21 
0 . 06 

JO .08 
2 . 19 
000 
0 . 94 
0 . 88 

-----1--------------------
14 .07 14 .82 14 .09 

-------

1l..'i0 17 .00 18 . 94 
17 .1l7 1.5 li7 J2 .8 1 
17 . 1)3 :?O .35 6 .1)1 

- ------------------------ --1---·------ ---------

Total . 

On shool s from 2-year wood : 
Fruit bucb 
Leaf buds ... 
Latent buds . 

Total . 

On 3-ye'lr wood : 
Spurs 
Shoots . .. . 
Fruit buds . 
Leaf buds .. 
Lalent buds 

ToLlI 

46 .50 

0 .07 
fj ,n 
5 .07 

J 2 . . 57 

11 .21 
I . ti4 
Olln 
000 
(J .OO 

12 S;,) 

.52. fJ2 

J . 08 
7. OS 
4 7J 

J 2. ~ 7 

II 7!J 
1 .S:3 
o 00 
(JOO 
000 

38 til) 

1. ti3 
17 . 00 
6 I!) 

24 82 

1:3:3J 
2 1fJ 
000 
o I I) 
(JOO 

1.5 59 
- - -------------------------1--------------- -------
On spurs from :3-year wood : 

Fruit buds . 
Leaf huds . ... 
Latent buds 

Total . 

On shoots from 3-year wood: 
Spun;, ... . 
Fruit buds 
Leaf buds ... 
Latent buds . 

Total 

On spurs from shoals: 
Fruit buds. 
Leaf buds . . 
Latent buds. 

Total 

GRAND TOTALS. 

1:; . 50 
2:3 :3fi 
14 .00 

52 .8ti 

4 ~ 6 
J J4 

18 . \):3 
10 .29 

3.5 . 22 

22 .21 
17 .42 
2fi .04 

6Ui7 

6 . 5S 
4 .42 

1.1 . J 7 
R OR 

2 H 
4 . 06 

22 . !l4 
11 . 8R 

41.3 2 
1------- --------------

:3 .4:3 
;; .50 
7 . !):3 

8 . 2fi 
600 

10 . 25 

4 .00 
2 . 51i 
0 . 1)4 

----------------------------
16 .8li 24 .50 7 .. 50 

-----1------

218 . 22 24!J .07 234 .86 

-----------------------------------------

The relative numbers of fruit and leaf buds were further compared 011 

the p~rcentage basis ( Table 12) . 
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Ta ble 12.- Percentage c o m p arison o f numbers o f fru i t and leaf buds exp ressed as 
increa ses or d ecre·a ses f ro'm t h e numbe·rs o n b r anches from unthinne d t rees. 

Thinned moderately Thinned severely 

Fruit huds Leaf buds Fruit buds Leaf buds 
(Per cent) (Per cenL) (Per cent) (Per cent ) 

On branch termirmls .... 11 3 .8 5 .1 147 8 15 .7 

On spurs [rom 2-ycar wood: 
Per branch . . 47 8 - 12 .4 64 7 -9 . 1 
l)er spur ......... 110 32 .5 00 .1 103 .0 

On shooLs from 2-year wood : 
Per branch . 14 ~5 .'1 10 2 2188 . 7 J64 4 
Per shoot . ... 1747 8 34 0 10418 138 6 

On spurs [rom 3-ycar wood : 
Per branch . 4:; 3 - 25 .4 8 1.1 - 13 8 
Per spur ... .. .. 363 - 2D . l 52 .5 -26.5 

On shoots from 3-year wood : 
Per branch .. 28() 4 - 11) . 1) ~.'i5 !) 21 2 
Per shoot .... 246 . 1 -28 .2 166 8 - 9.0 

On spurs 0 11 shoots frurn 3-year wood : 
Per branch 140 6 \) 1 16 .7 -53 .4 
Per shoot . 162 .1 If) 0 43 .6 - 42 .7 
Per .,pur . 77.5 -24 :~ 132 .1 -7 .2 

At the outset, the tremendous percentage difference in the case of fruit 
buds on shoots from two-year wood demand a word of explanation. They 
are based 'On the occurrence of a single fruit bud on wood of this classifica
tion on all the branches from trees not thinned, and of 26 such buds on both 
the thinned classes. 

Decidedly increased numbers of fr uit buds occurred on the thinned trees 
on branch terminals, 0 11 spurs a nd shoots arising in two-year wood ( wood 
of 1926), on spurs and shoots arising in th ree-year wood , and on the ulti 
mate structures measured , the spurs arising in shoots or lateral branches. 
The absence of a single exception serves to emphasize the fact of a positive 
inAuence o f fruit removal on subsequent fruit-bud formation. 

Increased numbers of leaf buds occurred consistently only on branch 
terminals and on the shoots arising in two-year wood. A similar consistent 
leaf-bud increase is seen on spur from two-year wood when averaged per 
spur instead of per branch. 

The differences found in numbers of latent buds suggest no consistent 
influence of fruit thinning, and they are di smissed from fu rther considera
tion. 

J n general , the llumhers of Aowers correspond with those of fruit 
buds, but were of slightly greater magnitude because of the occurrence 0 f 
two flowers in some 0 [ the buds u ( the species represented, Prnnus d0111cstica. 
Table 13 shows the average numbers of flowers per fruit bud on the s~v~r~1. 
branch parts. 
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Table H.-Numbers 0 

UII Lhin ll ml 

Loe:tl.ion 

Average 

Branch terminals ..... ... 1.23 
Spurs from 2-year wood . . . . 1 4-! 
Shoots from 2-year wood . . 1 .00 
Spurs from 3-year wood . . I 45 
Shoots from 3-year wood . . 1. 19 
Spurs Oll shoots . . . . . . . I .50 

Only a single flower occun 
unthinned branche studied , 
classes. This accounts for t 
but it does not necessarily r 
whole, however, wou ld sca rc( 
ning did or did not affect the 

On certain of the branche 
1928, the numbers of fruit s t 
are presented the results exp 
flowers borne on one-year, 
actually set fruits . 

T able 14.-Percer 

Terminal area-1927: 
Branches counted ..... . 

. Fruit buds ....... . ...... . 
:- Individual flowers .. . ....... . 
i'!'. Fruits set .............. . 

Percentage set . ............. . 

2nd Year area- l 026: 
Fruit buds ................. . 
Individual flowers ...... . ... . 
Fruits set ................. . 
Percentage sct ............. . 

3rd Year area- 1925: 
Fruit buds .. . ... ... .......... . 
Individual Bowers .......... . 
Fruits set ................ . 
Percentage set . ... .......... . 

The thinning treatment al.= 
increased numbe rs 0 f fruit bu 
of flower setting fruits in ] 
the percentage increase in set 
three-year and is greatest of a 

Upon undertaking this stuc 
striking contrasts in the arnot 
significant differences in pem 



Table H.-Numbers of flowers per fruit bud, spring of 1928. 

UIILhi llll Cd 'rhilllll'd IllUderaldy Thillned ~evcrely 

Location 

Average Average Dev. from Average Dev. from 
ulltbinlled un thinned 

(Per cent ) (Pcr cent) 
Branch terminals ......... . .... 1 .3:3 1 . 23 - 7 .5 1. 29 - 3 .0 
Spurs from 2-year wood ........ 1 .H 1.35 - 6 .3 1.46 14 
Shoots from 2-year wood ... 1. 00 1. 2:3 23 . J 1 . 2:l 23 . l 
Spurs from 3-year wood .... . 1.45 1.42 - 2 . 1 1.43 - l-! 
Shoots from 3-year wood .. II !) 1.37 15 I 1.3fi ]:) . 4 

Spurs on shoots ........ 1. 50 1 .43 - 4 .7 1. :l!J - 7:l 

Only a single flower occurred on the shoots from two-year wood on the 
unthinned branches stud ied, as compared to 32 flowers in both th inned 
classes. This accounts for the large percentage difference on thi . item, 
but it does not necessaril y render them insignillcant. The evidence as a 
whole, however, would scarce support a definite statement that fr uit thin 
ning did or did not affect thE' number of Bowers per fruit bud. 

On certain of the branches on which flower COllllt s had been mad e in 
1928, the numbers of fruit s that se t were later recorded, and, in Table ]4, 
are presented the resu lts expressed in percentages o f the tuta l numbers oi 
flowers borne on one-year , two-year, a1ld three-year branch areas t hat 
actually set fr uits. 

Table 14.-Perce nta ge of flowers that set fruit, 1928. 

Ullt.h illllcd ,[,hi II II I'd 
IHOll e rn! ely 

Thilln ed 
R('vl'rrl,v 

----------------------1---·---------------. 

Terminal area- I92 7: 
Branches counted ........ . 
Fruit buds ............ . 

~ Individual flowers .......... . 
~ Fruits set ............... . .. . 
, Percentage set ...... ........ . 

2nd Year area- 1926: 
Fruit buds .... . ..... .. .. . .. . 
Individual flowers . .......... . 
Fruits set .......... ....... . 
Percentage set .............. . 

3rd Year area- 1925: 
Fruit buds .. . ......... . .... . 
Individual flowers ........... . 
~'ruits set .... . ............... . 
J'ercentage set .............. . 

14 
(i 
S 
I 

12 Ii 

162 
2:l2 
1:!l 

fiG fi 

2S 1 
406 
:lO7 

7:) .4 

18 
22 
27 
20 
7~ I 

411 
.'ifiO 
4:n 

7iUJ 

7!i!) 
11 2.3 
8H 

7fi . 2 

15 
17 
23 
14-
n:l .o 

29!) 
4:34 
:l2 l 

7:1 () 

The thinn ing treatment appli ed in ] 926 was apparently responsible for 
increased numbers of fru itbuc1s and flowers and for an increased percentage 
o f fl ower setting fruits in ] 928. This is exh ibit ed in all th ree areas, but 
the percentage increase in set is g reater on the two-year wood than Oil the 
three-year and is greatest of all on the one-year wood. 

Storage of Nutrients 

Upon undertaking this study of fruit thinning, it was believed likely that 
striking contrasts in the amount of fruit matured would be accompanied by 
significant differences in percentage of nutrients stored in the trees. Deter-
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mina ti ons of carhohydrate substances were introdu ced early, bu t th e pl an 
an d procedure were not sufli cientl y r e ~in ed to tell thi s pa r t o f th e sto ry 
as well as mi g ht ha \'e been. !\ fe w determin ati uns o f nitroge n, phosphorus 
and ash were also made as th e ~ tud y progr essed , The ca rbohydrate resul ts 
unly a re presented in tabular fo rm in T abl e 15. 

The anah ,ti ca l r!..'sults will now be considered on th e basis o f the pa rts 
ana lyzed . -

Plum- Th e o n e-ye ar w ood ( with bark ) o f thinn ed tr ees in 192G 
showed increased pe rcentages of total sugars and starch ove r the unthinned 
hut reduced percentages of ac id hydrolyzable substan ces and o f ash. T o 
the sli ght differences in nitrogen and phosphorus content , no signifi can ce 
coul d be attached , The current season's wood , both in Jul y and in l\Ugust 
o f 1927, showed lower percen tages 0 f ni t rogen. phosphoru s, and ash in the 
thin ned trees. 

1 n t wo-yea r wood ( with l>a rk ) 0 f thinn ed trees there seems to have 
been. in 1025, lower percentage content of total suga rs . slightly lower of 
starch , and hi gh!..' r of acid hyd ro lyzabl e substances. In 192G, t hinn ed t re ~s 
showed lower total sugars and higher phos pho rus and as h but no con
sistent diffe rences in pe rcentage content of s tarch , acid hydrolyzabl e sub
stances, or nitrogen. 

I n three-yeClr wood ( with ba rk ) o f thinned trees the analyses fo r 1925 
show hi gher percentage o f acid hydrolyzable substances, slightly hi gher 
sta rch co ntent. and insig nificant di ffe rences in other consti tuent s. 1n th e 
fo ll owing year. wood of thi s age showed lower total suga rs, ac id hyd ro lyz 
able suhstances and phosphoru s. highe r starch an d ash. and no di ffe rence 
in ni t rogen to co rrespond w ith thinning. 

U nl y one seri es of frui t samples was analyzed , these being of the crop 
of 1926. I n the ed ible por t ion , t here appea red no sig nifi cant di ffe rence in 
percen tage of tota l suga rs hu t reduced starch and increased acid hydrolyzable 
suhstances other t han starch in f ruits f rom thinned t recs. The pi t a nalyses 
suggest no difference in total suga rs to accompany the fruit thinning, and 
no starch present , hu t increased fat percentage and reduced acid hydrolyzahl e 
suhstance in those fro m thinned t r ees . 

Apple- T h e o nl y an a lyti cal r es ult s tha t ar e pr esented fo r a ppl e a r e 
th ose of ha rk removed fro m the hases o f large scaffold limbs. and of sap
wood horings fro m th e same places. In the bark, the lighter bearing t rees 
appeared to have a lower p ercentage o f total sugars and a hi gher percent 
age of acid hydrolyzahl e suhstan ces than the hea vier hearing trees. I n sap
wood of li ghter hearing trees, lower total sugars and sli ghtl y lower ac id 
hyd rolyzahle suhstance a re suggested . 

R esults of preliminary work with samples which included t wo-, th ree-. 
and four-yea r wood of L ady a pple ( with hark ) are not inc luded ill th e 
T ahl es . Such wood from a t ree that bore no crop, as co mpared wi th a 
tree that hore a heavy crop. sho wed lower percentages of starch and total 
polysaccha rides and hi gher of r edu cing sugars and sucrose, 

T hese r esul ts as a who le con firm the conclusion drawn from th e literature 
(page -+ ) in so fa r as th e ron stitu cn t s cl e t e rm in ecl corres pond . O n th e 
basis of the percentage con tent , it would be natural to conclude that no 
suffi cientl y dependahl e d ifferences were found in the carbohydrates, and 
probably none in the ni t rogen , phosphorus. or ash to affo rd a key t o how 
interna l cond it ions may vary with the obse rved rather outstanding contrasts 
in fr uit production , tree g rowth, and winter hardin ess . But , were t here no 
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Table I S.-Total sugars, s ta rch, a nd a cid hydrolizable s ubs ta nce s a t h e r than s tarch in per cent o f dry weight. 

Descri;1tion alld dlte of sJmpling 

Bark. Luge limb 
B:1rk. hrge limb . 
Slpwood. i:1rge limb . 
Slpwood. I1rge limb . 

Appl e. NO\'ernber 27. 1924 

Plum, December 5, 1925 

2-ve1r wood with bark 
2-;;e1r wood with bark : 
2-'\'eu wood with bark . 
2-}'elr wood with b:lrk . 
3-yelr wood with bark .. 
3-yelr wood with bark . 
3-velr wood with bark . . 
3-}'elr wood with b:1rk . 

Lomb:lrd plum, Decemoer I, 1926 

I-velr wood with blrk 
2-yelf wood with blrk .. 
3-yelf wood with blrk . 
Fruit, fl esh 
Frui t, pits 

Fruit pits 

Tot3.1 suglrs 

HelVY crop 

9 07 
7 50 
3 70 
3 68 

Unthinned 

7.8 1 
5 . 76 
4.47 
5 . 12 
7. 7:3 
4 74 
en 
4 .')0 

No crop 

10 30 
!l 14 
2 :?:! 
2 6:, 

Thinned 

7 .')7 
5 32 
4 80 
4 flo! 
7 to 
4 9~ 
.5 1:3 
4 .'i7 

T • d I Moder:1tely I Se"erelv 
C nthlnne thinn e:l thinne I 

6 86 
-I 

6.68 8 06 
7 20 7 04 6 53 
9 .45 6 'Ll ;j 93 

58 89 .57 25 61 7'2 
4 2') 44.5 4 LO 

Hewy crop 

C nthinned 

3 .49 
3 20 
I 48* 
3 It 
3. 46 
2 Ti 
I 87' 
2 9~ 

Starch 

No crop 

Thinned 

3 . ,'iO 
2 07 
I 54* 
2 7:3 
3 82 
I Do 
2 06' 
3 .36 

I 

Acid hydrolrzable substances 
other than starch 

He3.vy crop 

14 7 
23 .0 
25 . 9 
21 9 

Unthi:wed 

16 6 
II 6 
20 I 
15 8 
16.8 
III 
22 0 
15 3 

No crop 

12.9 
1:3 .4 
25.4 
13 .4 

Thinned 

18 5 
13.9 
21 4 
17 0 
18 . .! 
13 . Ii 
22 . 7 
14 .8 

n llnne thinned thinned un Inne" 
Moderately 

thinned 
Se\'erely 
thinned l ' tl' d ! Moder:1tely I Se':ereh- , . thO " I 

--O-:-!I-~-I--l . :-- -~;:-1-~~1-1;~--
2 82 2 62 , 2 86 13 56 1307 14 .4 1 
o 80 I 61 3 . 63 19 . 73 19 . 71 I 19 58 

866 : ~ 66 ~ g6 2~g I l ~j~ l~n 
F:lts. lipoids. etc. 

Q.98 9 .59 

'St1rch in four slmples W1S determined without hydrolyzing maltose. Tili., accounts for the low v:dues obt:lineri. They doubtles.- h:l.ve comparative \·alue. but of course do not represent the true 
.amounts of stlrch present. 
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differences whatever in percentage content, the total quantiti es of reser ve 
substances would be much g reater in the thinned trees by reason of thei r 
increased growth , and doubtless thi s is o f more significance. The point 
may be emphasized by reference to Tah le 15. If the percentages o f tot al 
sugars and starch ar e combined and the results fo r the several samples of 
a kind a re averaged, the fi nal figures for the thinn ed trees are closely com
parable to those fo r the unthinned. S ince, therefore, it has been demon
st rated that the thinn cd trees at the same t ime made much the greater wood 
g rowth. thcir reserves clearl y were g reater in quantity. The showing is 
pa rticularly fa\'orable to the thinned t rees also in view of the fact that they 
had consumed more carbohydrates fo r purposes of g rowth. 

I n th is conl1 cction, it is es timated that the individual trees pu t the follow
ing quantiti es of dry mattcr into the crop of 1926: unth inn ed, 24.7 pounds; 
thinned modera tely, 11.3 pounds; thinned severely, 5.8 pounds. These 
figures are signifl can t of the relief from production of d ry ma tter in fruits 
that is h rought ahout by thinning. The presumption is that the re is a cor
respondin g transfer of energy toward th e b uilding and fi lling of storage 
tissues , not O\'e rlooki ng the possibility 0 f some sYll thesis occur ring in the 
f ruits or that the leaves 0 f heavy-fr uiting trees may be somewhat more 
efficien t photosynthetically . 

Water-Amount and Condition 

14(lrticultll ral lite rature ahoun ds in sugges ti ons of relati()l1ship hetwee ll the 
a l1lount a nd co nd ition of water in plant t issues and ohse rved differe11 ces ill 
hardin ess t() cold . F urthermorc. iti s an establ ished fact that hcavy cropping 
redu ces the cold resis tan ce o f ha rd y fru it specics, and it may he assul11 ed 
as at least p()ss ihl e that f ruit thinning' would have t he oppos ite e ffec t. D e
te rmination s of percentage cont ent of to tal water, of fr ee and hound water , 
and 0 f rates 0 F water loss upon drying in ti ssues from li ght and heavy 
heari ng and from th inn ed a nd unthinncd trees were th erefore co nsidered an 
impor tant phase of the present inves tigation. 

T otal moisture (per cent ) - To t a l mo is tur e was dclc rlllill ecl O il 98 
samples th rough fo u r yea rs ' ti mc and calcula ted t() the percentage of fresh 
and of dry weight in each case. 'There were man y co nt radictions in t he 
a rray 0 f data whe n assembled for compari son . b ut , more o ften t han other
wi se, in the pu rs, shoots, and younger branch wood of L ombard plum , 
and in the sapwood and th ree-year-old branches of Lady apple, the more 
frui t the tree carr ied, the higher was the percentage of water present. T hi s 
was not true of the leaves of plum. collected in a ll cases in July, or of the 
edible portion of plum frui ts, hut the differences were in the same d irection 
in apple leaves coll ected in mid-October and in tb e plum pits. I n the main, 
these results corroborate the fl nding by Hooker (22 ) of h ighest water con
tent fro m 1Vf a rch u ntil November in bearing spu rs of apple, less in non
hearing , and least in bar ren spurs. 

Rate of water loss in drying- In t h e fall of ]924. 19 samples of plUlll 
wood ( wi th hark) representin g di stinct vari at ions ill the fruiting co ndit ion 
of spur, shoo t, and hranch were dri cd wi th int crm ittent weigh ings. Of 
eight compari so ns thus made p()ss ihle, in six cases th e material representing 
th e lighter fruitin g' cOllditi()11 los t 111 () isture the more rapidly. in a single case 
thc reve rse was tr ue, ;l1HI ill th c () th er th e cu rves of vvater loss were a lmos l 
idcn tical. If wc lllight aSS lIlll e for the IlIUlllent, 011 t he teslimony of MUl1-

EFFECTS OF FRUIT T 
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that t he lighter bearing t rees 
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B ound water- D un n and 
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Table f6.- Per centages 01 

N~ fIlJl [e lI umher ncar i ll ~ condilion ( 

I 
:l . 
:1 .. , 
1 . 

:1 . 
1 

'0 
:la ... . 
3a ...... . 

Ih. 
2b .. 

I e 
2c .. 
;le ... 

Id . 
3d . 

Ju lv Ii, I!J2:i : 
I-I cwy sri. lIul.lhilJll(·d . 
lJ cavy set, I.hili llcd ..... . 
l,igli t set, nol. thinncd .. . . . 
'Light se[" Ihin ncr! ... 

.Iuly 7, HJ2!i : 
Heavy sci. nut thinllcr! ... 
l-l eav:v sd, I.hin ll ed , ... 
Light set, not thinn er! ., .. 
Light set ,thinner! ., . . .. 

July 17, 1925: 
Heavy set, not l.iJil lncd , .. 
Heavy set, thinned .. , . , .. 
J,igh I, set, not thinned .. . .. 
J~igh I, set, thinned .. 

July 27, 1926,8 a. m .: 
Unthinned . . . . ..... , 
Moderately thinner!' 
Severely thinned ... 

July 27, 1926, 4 p. m. : 
Unthinned . 
Moderately thinned .. . . 

Jilly 28. 1926, 8 a. m. : 
Unthilln ed ........... . 
Moderately thinned ... . 
Severely thin ned ... . 

J ulv 28: la26, 2 p. m. : 
..... l lnthinn ed .............. . 

. . . Moderately thinned ... .. . 

Beforc di scuss in g the trelll 
error should he indi cated. () 
ta kE' 1l atl 0 :00 and] I :00 a. I 

pIe c01lt a ined less fr('e' w;der, 
wer not dlle to the hum 01 
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son (31), Ma coun (28), B rad fo rd a nd Cardinell ( 5), and Dick on (12), 
that t he lighter bearing t rees are the more hardy, it is of interest t hat these 
r esults a re not in ag reement with B oswell ' d eterminations (3) for leaves 
of cabbage and tomato that hardy tissue loses water Ie s rapidly than 
tender in the drying oven, or with R osa ' (40 ) findin g in hardened cab
bage plants a marked in crease in the ability of the plant cells to retain water 
against fr eezing . T hey a re in acco rd with the report following that in the 
summer of 1925 higher percentages of fr ee a nd lower of bound water were 
fo und in leaves of the thinn ed (lightly fruiting) t rees. 

T his discus ion should make cl ear the necessity for caution in reason ing 
from results with one-sea on plants in the seedling stage that s imilar ph ys
iological causes a nd eff ects will fo ll ow in the , ame relationships with ha rdy, 
woody, frui t-bearing T)er enn ials 'uch as t he plum . 

Bound w a ter- D unn a nd B akk e (14) a nd o th e r .. hav e fo u1ld ev iden ce 
that the hyd rophilic colloids a re ahle to hold water within the cell a nd 
prevent death from the dehydrating force or rreez ing . Tn the p resent s tudy, 
boun d water d eterminati on. were limited to lea ves 'ampled in July of t wo 
years. T he results appear in T able 16. 

Table f6.- Percentages of total, fre.e and bound water in plum leaves . 

N" 'llplc nlllll hrr Beari 11 ~ condit ion of hra nchcH 

_. ---- ------------

./ul.vfi, 1!)2:,: 
lI c,tvy HPi., II O!, Ilr ill ,wd . 
lkavy sci., thinnrd 

:1 Light Rct, nol, thinned .... 
'I Li~ h I, Ret, lh i n ncd ... 

.!uly 7. !fl2!J : 
I ll mtvy sc i , 11 01. thinll ed ... 
~ Jl cavy Hpj" I.hilln ed .... 
:l Li ght He!.. not thinned ...... 
1 ....... ..... LighL set ,thinn ed . ........ 

,Ju ly 17, 1925: 
Heavy set. no(. tiJinn ed .... 
H ea.vy set, thinned . . .... 

:l T,i"ht set. not thinn ed .... 
1.. Ligh t set, t hi nned .... 

July 27. 1926,8 a. In .: 
I " Unthinned .. .... .... 
~~t .. Moderately thinned . 
3", Severely thinn ed . ... 

J uly 27. 1926,4 p. In. : 
Ih .. Unthinned ....... . ... 
2b ..... Moderately thinncd .. 

J uly 28, 1926. 8 a. In. : 
Ie n nthinn ed ............... 
2(' Moderately thin ncd ....... 
:le ... Severely thinned . . . 

Ju l.v 2S: HJ26, 2 p. In. : 
1<1 l lnthinlled ......... 
~rI !v[ odcratcly thinned 

, _'J'_()l_.al_n_, o'_'~I_'lIr_e_·' 1 __ J_"r_ce_I_I'a_1 c_r _1 __ H_ol_" '_d _w~ I C_'f_ ,_ F rrsh h:u;is 

6:1 6 27 '2 :{ Ij " 
li1 1 :11 6 2!) .S 
64 7 :1!l . O 2:'.7 
,n !) 'J 1.0 22. U 

ti!l :1 :14 ~ :11 J 
li4 I :l6 (I 2R I 
6.'\ I :1I I :14 I 
61 7 34 2 :lO 5 

6~ Ii :l6 (J :Jti 6 
In 2 :W 6 2:l 6 
62 0 :17 0 2,'i . " 
61 6 :l71 27 2 

(i2 n7 :!:l 60 2fJ :;7 
62 41 :12 .35 :!O .Ofi 
62 16 27 .2.') 35 21 

(iO . S:] :34 .50 26 . :3:] 
00 . 76 31.25 29.51 

6:{ fj [ 36 00 27 .61 
6:1 . ;'4 36 .50 27 .04 
63 .02 28.75 34 .27 

:,fJ 71i :n 40 2li:lfj 
60 . !) ~ 27 00 :l3 .. !)4 

Hcfore discussing the trencl u f tll est' results , su me o f the p()ss ibiliti es u( 
e r ror should h indicat ed . ()n the lirst day Jtt ly 6, 1f).,?S , leaf samples w ere 
lak r ll at ]0 :00 and] 1 :00 ;\. 111. , I :.30 and 2 :.10 p. Ill . I '~ ach Stlcccss i\'e sam 
ple c() ntain cd less frce wa ler , a nd it W;I S <]lI cs li () ll ed whether th e differences 
were nu t clu e tu the huu r uf day ra ther thall lu t he fr uilillg cundilion uf 
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the trees sampled, The technique was mod ifi ed so t hat trees in all treat
ments were sampled within th e same hour but without certa int y of reli ef 
from thi s error. Failure of duplicates to check at times seemed attributable 
to the loss of free water by e\'aporation in the hrief time reCjui red to pre
pare the second sample fu r th e test. S ince, there [ore, the test is delicate. 
the chances for error la rge, and the determinations few. it would be fo ll y 
to draw sweeping conclusions. Furthermore, it- is an open qu es ti on wh et hc r 
the summer co nditi on of le;1\'es hears an,\' relationship to winter hardin ess 
or to any other residual effect of frui t thinning. 

Of six compari sons possihle in the ] ().2S detcrminations, the lc;:wes from 
thinned trees in ('\'e ry case co ntai ned more free water and , in C\'C 1'\' c;l"iC 

but one, less hound w'atcr than those fro1l1 ullthinn ed trees. In 1 ().2(): c \'C rv 
('o l1lpari s()Jl (saH' possihly 1c and .21..') sh()ws th e 1'C\'C1'SC c() nciiti()n , less free 
wat er and 11l()re h!ll111d wate r in IGl\'Cs fr () 111 thin1lec1 t rces. 

Si nce hoth years were rt'()P ycars. it did nllt appear possilde to ex plain 
this ren'rsal solcly as a resu lt ()f differences in hearing, e\'en thoughLhc 
C!'UP () f 1 ()2() "vas 111uch th e la rge1'. 

I t was suggested that a eli fTerc nce in al1l() unt 0 I' rain fall, such that 1l1C>re 
1l1 oisture was ,na il ah le ill OllC \'ca r , 111 a\' ha\'c elim inated th e i1lAu t' nce of 
the fruits. This was ill\'(.'stigated. The \\ 'I.'a th er Bureau reports the fu l
lowing precipitation for Cralld L\apicI s ( ill inches) : 

. \ pri I 
3.17 
1 . ()() 

~Ia \. 
O.()~~ 
.).44-

IUIl c 

1.13 
.2.()() 

Illl\' 
-i.SR 
.2.t)3 

Now, if we 11J a\' ClSS 11111 (, th at thc ;l1ll () l1nt and C( 111Cliti'() 1l of water in the 
le;nes in lat e Jul.,.- arc depenc1ent 1l1ore upon the immediat e supply of wat er 
than upon th e ra in fall ()f l\ Tay and JUll e, th e 1l1ost plausihle e-"planat ion is 
thi s: [n 1 ()2S, the Jul y ra in fall was aho\'!..' ll ormal and th e hea \'iest cmp 
was relatively li ght. whereas, in 1 C)2(), the Jul y rain ieLll was less th "l1l 
no rma l and thcre was real o \'Crl )earing. Thus, it would he e-" peeted that 
le;:nes of trees in a gi\'Cn fr ui t in g: co nditi o1l might ha \'C had hi gher fre (:' 
water co nt ent in ] ()2S thall ill I ().2(i. In gC ll era l, thi s seems to h;l\'C heen 
the case . 1l is not at al l clear, lww(:'\er, why the thinning of th e ll eav ier 
crop should ha \'e caused le;1\ 'es to co ntain less free and more hound water. 

Altogether. the ]CJ2S results wit h bound water supplement those of ]924 
fo r rat c of water loss, and th e 10.2() results are in line with what others 
have fo und with cabbage and tomato, They do not indicate clearly a 
res idual effect of th inning and are presented to show that they do not 

INTERPRETATION 

This ilwcstigatiun , if its results ha\'l~ any c(>11 sic1eral)k scientific or practical 
\·a lu C' . owes mu ch to the int cn 'C 11ti ()n of it crop fa ilure and to the fact that 
emphas is was pl aced Up01l the Ill casu renW1lt ()f the effects of fruit thinnin g 
in ()n e yea r O il the perf()rma1lcc of the trces in se \ cral subseq ue1l t years 
whcn the fruit was n()t thi1lned. For th e S;[ 111 C reaS()Il. hm-vc \'IT, it allows 
t(l re111a in to it co nsid erable e\tcnt unanswcred the qucstion (If what mi ght 
he the response t() regu lar . an11l1al fr uit thinlling, It is stw1lg ly indi cated 
that, [or one thing, the develupment of trees to large sizc would he more 

rapid \,vith con sequcnt in crt' , 
and that, furtherillore, Iw r< 

tiull and set, thinning ~ill 
cropping. 

S ince most 0 [ the uhsen, 
in [unctions eas ih' associat( 
under some circu~llstances t 
of reducing the numhers of 
j udi ciuus su il management. 
fruits to the best ach'antag 
production, and, in either c 
would result when the set i: 

\Vhen , therefore. improvel 
ful market ing of a fruit en 
The hearing hab it (an nual 
culin a ry ) u f the \'ari ct \' c1dl 
largely ' determin e th e '~Hh ' i s; 
r ~ {) l11'barcl plulll suggests the 
thinning, since () th crv,'ise C\ 

the original purpose. 
No winter of suf'il cicnt sc 

gat ion to afford all\' er ic1cll 
t() winter-killing. Suf'l icicilt 
e-"peri1l1ent s of others with 
the co ntinued recol1llllcnc1a!i( 
a precauti()n agaillst winter 
whether t() thin fm this rc 
accumulated e-"pe ri ell L'e of ( l l 

situatiun s. 

1. In two ycars, ] 925 a 
duccd on trees - () f Lombard 
m()re se\'cre thinning. 

2. The total crops in 1 
weight of inc1i\'idual fruits, 
thinning. 

3. 1\ uni for111 crop fail 
assoc iatcd with the thinning 

4. \\'ithout furt her th i1 
1 CJ2i-!. anci 1 ()29, and were pI' 
trees hore much the hCel\'ie1 
unthinned trees, 

5. The thi nning of a h( 
increased trunk circu111 ferer 
wood" in the xylem. It dela' 

-6. In the 'following yea 
weight 0 f shoots were greate 
promoted grow! h () f spurs an 
cont inued to the fo urth fo li o 



ra pid with (un sequent in creased capa hility to carry large c rups t u m a turity 
a nd th at, furth C1"1l1 () re, by rea son ()f its u l)\'io u s e ff ec t un fruit -hud [ur1l1a
tioll and se t, thinnin g- \vill pr\J\'ic1 c the most esse ntial Ilas is for regular 
c ro ppIng . 

S in ce m os t o f th e obsen cd r es idua l eCrects were mani fes t in growth o r 
in fun ct io ns eas ily associated with in creased \' igo r. it mi g ht b e practi cal 
und er som e circum sta nces t o subst itute pruning for thinning as a m ean s 
of r educin g th e numhers oi fruits and to attain the desired \' igo r throu g h 
judici ou s so il managem ent. Il ow e \'e r. pruning- fail s to space th e remaining 
fruit s to the hes t acl\'antage and hig-h so il fertility t end s to cau se O\'e r 
producti o n , and. in e ither case . mu ch i ruit of small s ize and low qua lity 
wou ld r esul t wh en the se t is hGlYv. 

\Vhen , the refor e . imprO\'em en t il-1 market grac1 e is esse ntial to the su ccess
ful market ing of a fruit crop, fruit thinning is surely to he r eco mm cnd ed 
The bearing hahit ( a nnua l o r ot he rwi se) and <iu a lity ratin g- ( desse rt or 
culinary ) of th e \'aricty det e rmil1 e th e mark et premiulll on g r ade anel may 
largely de te rmin e th e ;ul\ ' isahility of thin1ling. Thi s e~perience with the 
r ~{) lllhard plull1 sug'gests the wisc10m of a regular pract ice as regards f ruit 
thinning, since oth envi se e~treme o\'Crhearing may result and thus c1efeat 
the orig-inal purpose , 

No winte r of sufh'icnt se\ 'erit v occurred in th e durati on of thi s il1\'esti 
g-atio n to aiTo n l a ny c \' ic1 cncc t(; uchin g' the e iTect s of thinning in r ,,' bti()l1 
to win ter-ki lling, Sufflcie1lt c \' ic1 e1l ce is c ited f ro l1l the obscr\' atioll~, dllri 
e~ pe rim ents of others with apple. peach, anc1 plUlll. 110 we \,(_'l'. 'to ju:,ti 1\' 
the continucci r eco ll1111cndati o n ()f fruit thinnin g . wh en th e se t is h cavy. ; l:C 

a preca uti ()lI aga in st winter- injury t o thc trees, I n makin g the e! eC1 -i (l1l 
wh e th e r to thin for thi s reason, th e .~T()W l' r wi l1 d () we l1 to cons id e i til(' 
accumulatec1 ex peri e nce ()f (J th ers v,: i111 th e \'a ri e l.\' in qu est ioll anc1 in S ii ~ liLi r 
s ituat ions , 

SUMMARY 

1. In two ycar s . ]925 a nd ]926. three conditi o ns of fruiting were pro
eluced o n trees of LOlllhard plUlll hy ll O thinning. m od e rate thlilning. ;llid 
m()rc se \'er e thinnin g, 

2 . The total c rops in 19..?5 and ] c)..?G were redu ced ane! th e size ~1.l1c1 
weight of ineli\'idual fruits were increased ill propurti()n to the se \'Crity uf 
thinning. 

3, 1\ unifo rm c rop fai lure in the following year, 1927. coule! no t be 
assoc ia ted with the thinnin[!' treatments. 

4. \Vith()ut further tl~illnin g, e fT ects were m easured in the crop~) uf 
1 92~ ane! 1929. ancl were predicted for that uf 1930. 111 1925, the thinned 
trees ho re much the hea\'ier crops. in 1929 the li g-hter. as compared with 
unthinn ed t r ees. 

5, The thinning of a h ea\'y set of fruit r esulted , in the sam e year. in 
in creased trunk ci rcumf e ren ce , sh oot len gth and diameter. a ne! "summ er 
wooel" in the xylem, ]t d e1a\'ecl t h e [ormation of terminal huds. 

6 , In the -f oll ow ing year. with no crop. the length. thickn ess, a nd dry 
w eight of shoot s were greater o n thinned trees, Fruit thinning in one year 
promoted g rowth of spurs and shoots the next year, and som e g rowth effects 
continued to the fourth fo l1 owing year. 
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7. That fruit thillllillg may pr(Jl()llg th e Vig(H' and ft1nction ing of spurs 
is strongly indicated. 

8. The growth stimulus Lo lateral shoots and spurs which resul ted from 
fruit thinning was localized in tho e toward the distal end of a season's 
branch growth. 

9. With increased leng th of fruit-bearing laterals there was increased 
flower production, but the distribution of flowers was more even, no localized 
effect being apparent. 

10. Spurs of thinned trees bore increased numbers of leaves the fo l
lowing year, and showed a g reater tendency to produce secondary pur. 

11. Leaves of the fo llowing year , as a result attributable to fruit thin 
ning, were larger in area and in thickness. The in crease in area was the 
more marked and the effect was m ore pronounced in shoot leaves than in 
spu r leaves. 

12. With increased length of shoot, internodes were found to increase in 
length as well as in numbers; hen ce, the numbers of leaves d id not increase 
strictly in proportion to 'length of shoot. 

13. In the year fo ll owing t he thinning of ] 926, without exception, 11l1m
bers of frui t buds werc g reate r on wood of three year ' fo rmation . III 
general, there was a corresponding depression in numbers o[ leaf buds . 

14. In 1928, the percentage of flowers that set fr uits was greater on 
trees that had been thinned two years before. This was most marked ill 
the terminals, receding to the three-year wood area. 

15. Of chemical constituents or stored nutrients, the percentage differ
ences which were fo und lack suffl cient co nsis tency to warrant conclusions 
as to how they might be modifi ed by fruit thinning. It is suggested that 
the relative quantities of stored carbohydrates, nitrogen, or other const ituent 
might be more signi fl cant. 

] 6. The results indicate that the less f ruit a tree carries, the lower is 
1 he percentage of water in spurs, shoots, and branches 0 f apple and plunl 
and the more rapid ly is this water g iven up in the drying process. 

] 7. Under the heading Interpretation, an attempt is made to point out 
the practical impli cations of the results of thi . investigation to th e manage
ment 0 r orchards. 
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