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IN'l'RODUCTION 

This paper reports an attempt to determine, by defoliation 
methods, to what extent cambial activity and storage of food are 
correlated. There have been observations along this line for many 
years, which have been ably summarized by Knudsou,7 Harper,D 
Grossenbacher,' Andre,' and RobbinsY Tbe present state of knowl
edge, as judged from these and other less intimately related papers, 
seems to be a well-defined idea that cambial activity is dependent on 
leaf activity. 

Wieler" fonnd that covering three or four-year-old trees of Quercus 
sessiUf!Qra before leaf development in spring, by means of boxes lined 
with black paper, caused a reduction in diameter growth as compared 
with checks. Jost (cited by Grossenbacher'), removed the terminal 
buds and thereby caused failure of radial growth in pine. Harper' 
observed the effeCts of successive defoliations of tlee larch by inseets 
which cansed first, a reduction in thickness of the cell walls and then, 
a deerease in the width of the annual rings until, in a rew years, 
growth ceased entirely . 

.A report by Harvey' which is closely allied, and 'in ROme respeets 
very similar, to the paper here presented, has recently appeared. 
Defoliation was found to aceelerate or relard growth as measured 
by terminal elongation, according to the stage of development of the 
shoot. This criterion of gl'9wth makes direct comparison difficnlt 
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between nar\'ey ' ~ wor], and that here reported. There may not be 
a particularly good ('orrelatio:tl between terminal and lateral growth. 
U::h·f tables 8 and n hdow.,l Differences in methods and materials 
n1so mtty uee(lUnt. for the !-iomewhll.f- different results obtained. How
C"t'l', th('. 11.vp()1:hcsi~ he deyelo]H'd fl.)! the unification of his results, 
that i.~, the carbohydrate-nit.rogen ratio, should be . generally appli
cahle. This phu~e \\'ill receiYe attfhtion later in this paper under 
Di~·i{:~wssion anLl Conelusions. 

rrhe abo\'e ('i1B.tions inelude tll{> chief eont.rihutions having an 
immediate bearing on the pre~ent l)roblem. "Yith the exception of 
the work of HarH'Y, the results are pradically all "qualitative" in 
('_haradcr. Quantitati\'e data on the checking of diameter increase 
hy defoliation were c-(illsidered necessary (I.H a foundation for any 
further dc,'eJopmelit (If the f:Wl,,1,; in\'olved in this phenomenon, par
ticulal'ly wjth regard t.o (·h_ange in eomposition that might prove to be 
as~ociatcd with it. 

?>lATERIALS AND METHODS 

POI' the purpose of th18 in ve~tigation, trees I"ere selected in the 
spring of 1922 from a Rix-year-old :Melntosh orchard at the New York 
Agricultural Experiment Station, at Cornell 'Gniversity, Ithaea, New 
York. Because of the youth of the trees, there was no fruit produc
tion to interfere with vegetatin~ l'elationsh.ips. Four of the trees had 
liU of their leaves remoYf'c] as soon as tlwy appeared hl the spring, 
that b on May 3. As new lea\'cs appeared ~ubsequently, they were 
also removed. Another group of four trees were allowed to grow 
normally until .J nne 6, IV hen they also were defoliated and kept ba:.;e 
as in the pr{'violls series. Four other trees were half defoliated, i.e.) 
had al1 the leaves from haH of the tree removed, on the same dates as 
the whole tr(>es. ~-1aterial Ivas colleeted from these trees at intervals 
of from one to two weeks from the latter part of April until Septem
ber 8, 1922, and consi~ted usually of teri one~yea:r-old twigs from each 
tree. 

Portions of each tll'ig were taken from the apical, middle and 
basal regions, each ahout 1 . cm. in length. The remainder of each 
t,vig was prepared for analysis as described below, These 1 em. 
pieces were killed in 50 per cent alcohol. The alcohol was removed 
by washing in water, and the pieces were then treated with hydro
fluoric acid for two weeks. The acid was then washed out with water, 
and the pieces placed in glycerin and alcohol' (one-half glycerin, one
h"lf 95 per cent alcohol, by volume). They were sectioned from this 
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mixture, without imbedding. It· was found that sections twenty-five 
to thirty-five microns in tliickJ?-ess could be readily cut in this way, 
and that this was thin enough for the purposes of this work. This 
method did not permit, however, any measurements being made on 
the bark other than its total thickness. Safranin and haematoxylin 
were used for staining in most cases, phloroglucin being used for some 
of the temporary mounts. 

MEASUREMENT OF CAMBIAL ACTIVITY 

'Each section was measured by means of an ocular micrometer. 
Data were recorded for the thickness, measured along a radi1L'~, of 
the pith, one-year-old wood, new wood Rnd bark. About fifteen sec
tions were placed on each slide and were measured ror eaeh of th~ 
three pieces from each twig. An average for each slide was arrived 
at which was a mean of fifty to seventy-five measurements. The 
means of new wood measurements were then grouped and treated 
statistically, their mean with its probable error being ascertained 
(table J). The differenees between· those of the check and those of 
the other series collected on the same day are given in table 2. The 
means of these classes are plotted, for the new ·wood.> in figure 1. The 
data for the halves of trees are given in table 3.. 

1'ABLE 1 

EffECT OIl' DEFOLIATION ON RADIAL GROWTH IN NEW WOOD 01' ONE-YEAR-OLD 

TWIGS 01' McINTOSH ApPLE IN 1922 

0." Check Defoliated May a Defoliated June 6 

Micron, Mlc:ro'lil Micron. 

Apr. 19 ... 
May 3 ... 13.9 ± 2.5 
May 12 .... 72.7 ± 3.9 66,0 ± 2.8 
May 24 ... 266.3 ± 9.2 134.6 ± 6.3 
JWle 6 .. 480.2 ± 15.7 116.6 ± 5.1 
JUDe 20 .... 582.5 ± 17.9 113.4 ± 5.5 475.6 ± 11.7 
JUDe 30 ... 543.5 ± 14.4 140.1 ± 7.4 398.2 ± 11.7 
July II ... 927.0 ± 34.1 123.1 ± 2.1 492.5 ± 14 .9 
July 20 ... 

I 
913.7 ± 29.9 130.0 ± 7.0 567.2 ± 12.8 

Aug.L ... " ..... " ..... -..... 1100.6 ± 31.9 545.1 ± 12.8 
Aug. IS .... 781.8", 25.6 
Sept. 8 . ·819.9 ± 37.3. 133.5 ± 5.2 519.71± 14.9 

. These data ar .. shown graphically in figure 1. 
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:F'ig. 1. Tit,,' ('fft,("t of d('foli:lt.ioll 01\ radial int.n'asf' of new wood of 
on(:-Yl'ar-old 1,,-igs of 1Ielutosll apple. 

TABLE 2 

])U'I<'EH.i<:\:('ES IH;nn:E!' TnE,I, TED .\"'D CHECK SERIES, AND BETWEEN TREA'l'ED SERIES 

I Difference ootwllcn i Difference bet.ween 
Date ! check and defoliat.ed I check and defoliated 

Difference betweim 
defoliated May 3 and 

defoliated June 6 I
, Ma.y3 , JUI)f'fi. 

--.. -- -----1- ltfiovn-, --r-·--M-i~-"-n.,--I---"-l=-· -,.-,--

~~:~: ~; ... ....... " '. ,. , ... " j I3~ : ~! Ii:: I 
,June (; I 36.3.6 ± 16 .5 

June 20 I 4691 ±'J8.71 106,9 ± 18,7 
Jun~ 30 403.4 ± 16.2 J45 .3 ± IB.5 
July 11 I 803.9 ± 34.2 434,5 ± 37.2 
July 20 I 783 . 7 ± 30 .7! 34(1.5 ± 32.5 
Aug. 4 .. . . I 555.5 ± 34 .3 
Sept. 8.. I 686.4 ± 37.6 3(j() 2 ± 40.1 

TABLE 3 

362.2 ± 12.9 
258 . 1 ± 13 .4 
369.4 ± 15.0 
437.2 ± 14.'11 

386.2 ± 15.8 

1IJ;:ASL'REMENTS o;\' CIIy"cK_ AND DEFOLlAT}:D HALVES OF TREES OF MCb<lTOSH 

ApPLE IN 19~2-ML\SrRE:MF.KTS OF NEW GROWTH OF ONR:-YEAR-OLD TWIGS 

I Check half De.fnliated bAli 

I---M-i~-"n-'-- ---.V-i~-,-n, 

June 8*... ... I 460,4 ± 17.9 135.4 ± 9 .6 

JJunun"e' 2286! .. :.· •. · ..•.. 11 630.9 ± 22.4 521.8 ± 33 5 
944.8 ± 31.9 152 .8 ± 12.8 

~~;~~~ I :~~~::~; ~:~~~.~ 
• DefQliated )fay 3. t Defoliated J::._n6 6. 

Differenm; 

MicrOl18 

325.0 ± 20.3 
109.1 ± 40.3 
792.0 ± 34.4 

1126.1 ± 70.9 
602.3 ± 52.4 
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Caliper measurements were made on two defoliated and two check 
trees. The data (table 4) show the same tent1encles a."i those obtained 
by micrometer measurements up to the middle of July. After that 
there was an increase in the check, due probably t.o maturation and 
swelling of 'bark tis.."lue. 

TABLE 4 

DIAMETER OF TWIGS AS SnOWN BY CALIPER 1lEASUH.EMENTS IX MILLnH:'l'ERS 

Dli.te 

Ma,y3 .. 
June 6 .. 
June 26 .. 
.J.Iiy 20 .. 
Aug. IS .. 
Sept. S .. 

4 ~': :~OOkt':281: 4711 ;;: ~:·I~~": ': .21 

5.73 ± . 33 7.0~ ± 49 566 ± 42 5.92 ± .23 
6.20 ± . 29 7 .24 ± 52 568 ± 4215.98 ± .23 
6 . 30:::1:: . 29 7 .70 ± 59 566 ± 42 5.98 ± .23 
6.51 ± ,33 8.02 ± 65 r 558 ± 40 5,96 ± 23 

.. . ~ 6. 80 ± .33 8,32 ± 59 II 564 ± 42 5.96 ± . 23 

The results recorded in tables 1., 2, g, and 4: sho'\\" clt.~arly thai 
growth is entirely checked within about two weeks a.-; a result of 
defoliation. It is obvious that .the grO'\\Tth that did occur was due to 
food from the stored reserve, sinec non~ was available from new 
leaves. Furthermore, the cessation of growth was not due to the death 
of the twigs, since tl1cy were able to continue to pnsh out Hew leaves 
until the last of summer. 

In order to be certain that the error due to unconscious selection 
of larger twigs in one series than in another Was not a factor l the 
radii, exclusive of new 'wood, were compared. It was found that the 
average differen.ce was 5±5~ microns. This may he taken to show 
cohclusively that differences in twig size are due to random sampling 
only, ~nd play no significant part in the results reported. 

A second set of trees in the same orchard was defoliated on ~Iay 4, 
1923, a:;;; soon as.the leaves unfolded. The methods were t.he same. as 
those employed the year before. Collections were made on Afuy 4 
and 28 and on June 12. The dat.~ for thi~ material are' given in 
table 5. 

TABLE 5 

EFFECT OF DEFOLIATION'" ON TH~ RAD!Af. GROWTH OF NEW WOOD OF THE 

ONE-YUR-OW TwIGS OF McI::'-'TOSH, ' 1923 

D ... Check: Defoliated Differt'lQOe 

Micr01<8 Micron8 MicrQn~ 

MayL. 0.0 
May ·28 ... 154.0 ± 5 .80 96.0 ± 5 . 10 58.0 .± 7.70 
June 12 .... .. 347.0 ± 13.00 138.0 ± 6 . 10 200.0 ± 14 .90 
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Another set of data was taken on different material. In this case 
one-year-old apple seedlings were grown in the greenhouse. This 
experiment was not highly 8llcces:;;ful because of the low percentage 
of trees that was brought out of the rest period at nearly enough the 
sam~ date to be comparable. The trees were handled as follows: 

November 11, 1922-Dug and heeJed in out-of-doors . 
• Tanuary 80, 1928-IIeeled in under greenhouse bench. 
February 27, 1923-Potted in garden ~oil, ten trees to a seven-inch 

pot. 
TABLE 6 

RADIAL GROWTH OF NEW WOOD OF ONE~YF.A.R-OLD SEEIlLINGS GROWN IN 

GREENHOUSE, ]923 

I

' r 2 I 3 I n,'et.tOOl S"';:.M ' 
'I I to April 13 Column 4 &~~~~ 
, Defoliated Defoliate? then e;o.:ccpt de-. except Sud!! re-

Dlltr: Check I through- from Apnl allowed fO,hated allowed to moved II.!! 
out Iii on to grow agslll after gruw again growth 

Apr. 25 .... , ...!134±18 . 3j---I------~ after May IS started 

May 7 . . , [158. ±13.4!S3±15.6 15±3.2 
May 2.1. ···1219±2() .6 I 144±13.4160±21.6! 
May 30 .. ". 115±12.4 63±7.8 
June 7.. " ' 1198±21. 2ill1±1O. 0illl±16 3 266±21.1134±1l .5 169±!9. 3 

Of a tot.al of neariy five hundred i.rees potted, about a third had 
to be discarded completely . Those remaining were ~ivided into sev
eral series. as f0110WH: 

1. Check; no treatment. 
2. Defoliated as in the experiments recorded above. 
:l. Defoliated after having grown normally until April 13. 
4. Defoliated until April 13, and then allowed to grow normally. 
5. The same aB 4 until May 15. then defoliated again. 
6. The same as 3 until May 15, then allowed to grow normally 

again. 
7. All of the bnds removed before they had unfolded. 

Collections were made at irregular inten'als and treated as in the 
earlier experiment. There was a much higher variability in this 
material than in the material taken from the orchard . . ThiB fact may 
perhaps be ascribed to genetic differences among the seedlings, as 
contrasted with the homogeneaus constitution of the other 'pOpulation_ 
This higb variability rendered diil'erences jess' obvious. Such differ
ences ali were found were, with a single exception, in the .directioJ;l of 
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the results recorded above. The data obtained from these seedlings 
are of little value by themselves, but tend to support the other data. 
The data from the sections: of these trees ar(' found in tables 6 and 7. 
The most striking result appears ill series 7, that having the buds 
removed, where a large. number of trees failed to survi,"e the treat
ment. Of those that did survi "e fe,\' made more than a slight amount 
of growth. 

May 7, . 
May 
May 

June 
June 
June 

,June 7 .... 

Date 

TABLE 7 
DIFI'ERENCl';S BETWF.EN CmWl;: AND TREATED TREES 

(Treatments lluml-x:rcd as in table 6) 

TABLE S 

T:rnMlN.u.. GROWTll OF S~])LINGS 

Diff~rence fram clwck ill 

75 ± 20.5 
143 ± 13.8' 
59 ± 29.8 
75 ± 24.5 
87 ± 23 .4 
87 ± 26.7 
29 ± 28.6 

+68 ± 29.9 
64 ± 24.1 

I-T~ I [' To",l 1 Growth 1 Growth . 

I 
Sene!! Number N umbt'f growth I per tree 1 per bud 

of trws I of buds I (Om) (em j (Cm ) 

• -M-.,-. 2- 8-.. --I I --49-1--;;-11~1--5 -5 -11--;;;-

jlbr. 28. .. . I 2 10 1 34 23 i 2 3 67 

E~nr : I[ ~ E tI I ~. ~ l~ 
Apr. 13 1 61 292 .601 I 9.8 2.13 
Apr. 13... 27 139 150 5.5 1.08 
Apr. 13.. 3 5 24 14 3 .8 .58 
Apr. 4 I 16 104 308 19 .2 2 .96. 
Apr. 6 20 94 107 5.3 1.14 
Apr. 13 29 152 385 13.3 2.53 
May 7. .. 15 99 303 20. 2 3.06 
May 7.. .. 8 55 130 16.2 2.36 
May 15.. 37 144 500 15. 1 3.88 
May 15' . . 32 137 309 9 .7 2 .25 
May 25.. . 10 71 268 26 .8 . 3 .77 
May 25... 10 92 240 U.O 2.61 



88 HilgardiG [Voll, No._5 

In addition to those of radial increal'ie, measurement.s were made of 
terminal growth on this material. Some of these measurements are 
given in tables 8 and 9. 

TABLE 9 

COMPARISON or R ADI AL AND TERMINAL GROWTH 

Radial 
growth 

(Microns) 
Date I SeriCfi I TJ'e(1 No. 1~~!~1 W~:lrT~ ~~f I G,;:;:th 

I 

I I (em J bud!! bud 

M., 7 CheCk-- I--I--1 10 1--4-/1--2-5---1-1-66-.-0--

II 7 8.88 141.1 

I 
III 35 8 4.38 224. 1 
IV 25 7 3.77 107.9 
V 15 1 15 .00 141.1 
VI 3iJ 12 2. 50 74.6 

I 

I 

VII 3iJ 15 2.00 149.4 
VIII 3iJ 4 7.50 249.0 

IX 110 4 2.50 166.0 
X 20 6 3.33 166.0 

---1------1------
! Average I 21.2±2.16j 4. 44±. 877 158 .5±33.7 

May 7.. . Defoliated I I "110 I 5 2.00 
II ,12 I 2 6.00 

I III I' I IV 18 6 3.00 

I ~hl I ~ :~ !E 

49.0 
88.2 

66 .4 
99.6 
24.9 
58.1 
24.9 

I Average I 
i Difference ·1 

16 . 4±2. 29
1 

__ 

1
_2._80_±_. 5_1_3_1 __ 5O_._9_±_6._8 

4.8±3.14[ 1.64±1,016 107.6±35. 8 
I 

No definite correlation can be Been between radial and terminal 
grDwth, either total or per bud, nor was terminal growth governed 
so closely by the treatment. This lack of correlation may be due to 
the high variability of the material, however, and cavnot be given too 
much weight. The fact that ,Harvey found a correlation between 
length growth and treatJ1tent tends to discount these results, since he 
worked within a clone, and should have had much more uniform 
material. The fact that terminal growth can continue after lateral 
growth has ceased indicates either a difference in ability. to utilize 
such food as is present or a distribution of food in greater concen-
tration to the terminal meristems. . 
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The appearance of the wood formed aft.er defoliation was much 
like that observed in the larch by Harper, viz ... that it was thin-walled 
and resembled spring wood. This was especially noticeable in the 
series defoliated June 6, 1922. This type of wood was formed after 
summer wood formation had begun. There 'was no evidence that 
walls, thickened before defoliation, lost any material afterwards. 
Spring wood was also quite noticeable in series 6, which had two 
growth periods, where false annual rings were COmmon. 

A final set of material was collected from Red Astrachan· apple 
trees located at the University Farm, Da'''js, California, in the spring 
of 1924. The period covered by this series was from March 7 to 
April 22, the critical period in the differentiation of the treated and 
untreated series. These 'trees were five years old. All treatments 
were given to halves of trees. Sufficient sections were made to deter
mine that the response wa...-; the same as in the previous material 
sectioned. 

These facts bring out clearly that cambial activity is dependent 
on the presence of leaves for its normal functioning: There is lacking 
the ability to function without the cooperation of the leaves. 

The rema.inder of the work presented deals with the a.naJysis of 
the material collected to determine whether or -Dot anyone of the 
groups: reducing sugars, non-reducing sugars; starch, hemi-celluloses 
or total nitrogen, can be designated as the limiting ~actor of growth 
under these conditions. 

METHODS OF CHEMICAL ANALYSIS 

PREPARATION OF MATERI~-\L 

The collections from the orchard made in 1922 were separated 
into wood and bark before further treatment w';' given. After find
ing that the curves for the two sets of analyses I«rgely paralleled each 
other, it was decided to analyze ' the .later series without this sep
aration. This proved to be unwise, since the varying proportions 
of wood and bark introduced a very large errOr and the variability 
was found to he excessive. The material collected in California was 
divided into wood and bark. It is apparent, therefore, that the 
greater weight must be given the 1922 series and the 1924 series. 

The wood and bark, and later the twigs as a whole, were ~ried 
at 78' to BOo·C. This material was thim ground to a coarse dust. 
A Bimpleand very satisfactory device was used for grinding the wood. 
A large pencil jjharpener WI!S connected to a motor thl'Ongh a reduc-
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t'i(ln gear. This g'Hye a fairly uniform c(Jar~e powder t.hat was fine 
enough to ho readil~' ('xtraf'toc1 and coarse enough to be held by the 
alundum extraction til irnhles. The bark ,ya:;; grou.nd in a small eofi'ee 
mill. 

AK AI.YTTCAL PnocEDenE 

Por ~lIg-ars~ jj ,yas fOl.lml that three hOlll's~ e~-traction in a 80xhlet 
(.'xtractioTl tube, ",jth Y;j ))(-'1' ('ent alcohol, ga,' (~ eompldc removal. The 
time ,niS uetermirH'(l IJ,Y r('p('.[Itin;! the extraction ,,",ith a second por
tion of al('ohoL and (ktermining the time bpyond \\'hich no further 
IHHH"r of redneing Fehling 's solution was evident in the second 
f'xtrat't. J\ftel' I'xtraetion , lhe llsuul proees,., of rf'pbcjng the alcohol 
by ui.-;tiiJed wa.ter: prcr.lpit.ation with neutral lead acetate, ueleading 
with sodium sulphate~ (~arh()l1{lt(> or oxa1ate, and cs;timation of 1'educ
in{! sn~<lTS hy mct'ms of the .:'Ilnm.on und 'VulkeT grut'inH:'trie method, 
"\\"HS follcmed. I 1. wa~ fouml that filtering the solution through 
ashe~tof> in a Gooch crlH..'ible gay(' sneh satisfactory elimination of 
organie mater'jals that oxidation of the cuprous to eupric oxide gave 
no bettcr re-"ult:s. 

Tot.al sugarA "'ere estimated by the same method, exeept that 
inycrsion of disac'f'.hal'ides was nE'CeSs1u'y. 1;'01' this procef.>s the usual 
procedure of' heathl!] with normal hydrochloric add to scYentr degrees 
for fifteen minutes .. followed b."\: neutralization with sodium carbonat.e .. 
was followed. 

Eaf'.h analysis is a eomposi1.f' of all twigs of (',aeh ser,ies collected 
on a gh'en dat.e. The aH'l'ag<' of duplicate determinations is gjye.n 
in each ease except. for tho,"I{' indieatfd .. where a single sample was 
available. ~rhe variability in t;ampling wa" <lppal'ently insignificant. 
Starch extraction Was found to he satisfaetol'ily accom p'lished by a 
slight modi:ficatioll of the method of SahJoll, lJ Tho mater.ia.l, after 
the sugars had been extracted., was freed from alcohol. The residue 
was wet with distilled wat.er <lnci auto(·~a .... cd for two hours at fifteen 
pounds pressure, The time~ two hours, was arri,,'ed at by experiment. 
Different lengths of time were tried, the ot.her factors being the same. 
After extracting the pl'od:uets of digestion, the process was repeated. 
lt was found that an hour and a half \\'a8 about on the borderline 
between giving nothing and gjying a sljght. amollnt above the blank. 
It. seems necessary t.o partially disrupt the cells in order to allow 
the enzyme to come into contact \vith the starch. 'l'he material was 
couled. Taka-diastase WBS added and the mixture allowed to stand 
overnight at rQom temperature. One hundred milligrams of takaw 
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diastase were used in each (~ase. At this point every samp1e was 
examined micl'ochemically to see whether or Ilot the starch had all 
disappeared. In a very fe\v cases it was necessary to repeat the 
process before going farther. 

The solntion \"as spparated from the resjdue and treated as for 
total sugars. The acid hydrol)'sis was deemed neeeSHary hecause 
Davis and Daish~ fonnd dextrin::. to be present after digestion and 
to be removed to a certain extent hy the process of precipitation. 

IIemi-celluloses were est.imated by digesting the residue from the 
starch extraction in normal hydrochloric acid under a reflux eOll

denser for three }lOurs. The acid ·was neutralized with sodium car
bonate and the ~{)lution treated as for reducing sugars. 

Total nitrogen wn.~ detcl'minf'(l hy means of the phenol-sulphuric 
modifieation of the I\"jeldahl method. 

RESULTS OF CHE}lICAL ANALYSES 

1. Reducin[l Sugars. 
1'he I'('su1ts from the dett'rmiuatior.. of reducing sugars, expres.'5ed 

as dextrose in per cent of dr~! weight, are given in table 10. 

TABLE 10 

En'ECT o}"' DEPOLIATION ON THt:. REDUCING SU(lAll. CONTENT OF ONE-YEAR-OLD 

TWIGS OF McINTOSH ApPLE, 1922, WnoLE TREES TaEATJID 

Date I
, Percent of dry weight /Ul dextr~ 

Check Dc{Oliated'inMay ~.----;:;::~-

Wood I Ii"" Wood I B~k J_ Wood I~ 

~;;~L . - .~·I! tEo j!.II! (E .• ~~·I i:. 
,July 20 .41· 1. 61 .... , .27'" 1. 65· . 45* ]"66· 
Aug. 4 .26 1.66 I' .29 1.48 
Aug. 18 . 30 I 1.71 I 
Sept. 1 . 24 I 1.27 1 

Sept.S .26 1.47 .38'" I 1.79'" .44* 1.83* 

~------~--~--~~-
~ Singlo determinu.tion. 

The same data are shown graphically in figure 2. The data for 
half ,trees collected ,Tune 8 are: check, wood .74 per cent, bark 2.20 
per cent; defoliated, wood .46 per cent, bark 1.24 per cent. These 
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cover only 1922 material and only a portion of that because of the 
lack of material. The points indicated by these analyses are: 

1. The concentration of reducing sugars is very much greater in 
the bark than in the wood. 

2. At the period covered by these analyses, i.e., from more than 
a month after growth started until the end of the season, the concen
tration of reducing sugars has been somew"hat reduced in the de~ 
foliated series, as compared with the check. It is unfortunate that 
the material for those collections made immediately after defoliation 

B •. I / \ • 
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Fig. 2. Effect of defoliatioll on reducing sugar ('ontent of one-year-old 

twigs of McInto8h apple. 

was exhausted before determinations for reducing sugar were made. 
The fact that some time had elapsed after defoliation makes the sig
nificance doubtful. However, the California material indicates that 
the reduction in amount takes place very soon after defoliation. 

3. The reduction in reducing sugars that is noticed does not 
appear to be sufficient to account for the cessation of -cambial activity, 
which occurred in every case of the 1922 series before the analyses 
'were made. It would seem that the concentrations indicated are 
adequate for growth, from the data that are available .on this ,point. 

4. Considered with the data for total sugars and starch presented 
below, there is the suggestion that enzyme activity has been' retarded. 
A partial inactivation of enzymes might account for the phenomena 
noted. 
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5. There are fluctuations of considerable magnitude between 
different collections. These seem to be readily accounted for only 
by the ll&Sumption of differences of this magnitude between different 
trees. 

2. Total Hugars. 
The data for total sugars are sOffimvhat more extensive than are 

those for reducing sugars. The results of the analyses for the same 
material are given to table 11 .. 

TABLE 11 

EnECT OJ' DDOIJA'I'ION ON THE TOTAL SUGAR CONTENT OF ONE~YEAR-OLD 

TW1GS OF McINTOSH A1>PLE, 1922. WHOLE TREES TREATEb 

Per cent (If dry weight Sf! dexttOlMl 

Date Clleck Defolilited In lIay Defolizated in June 

Wood _k Wood Buk Wood 

_k 
Apr . .. ............ ........... .68 3.35 
May .... ...... .59 ' 1.86 
May 12 ..... .79 6.15 1.1S* 6.05 
May 24 ..... . .95 4.14 .77 4.34 
June 6 ..... 1.00 3 .98 .65 3.42 
June 20 .... .73 3.63 .45 2.55- .79 2.49 
June 30 ... .65 3.03 .43 I. 76 .84 1.95 
July 1L. .67 2.84 .37 1.87 .42 1. 76 
July 20 ... .40 2.54 .34 2.13 .44 2.67 
Aug. 4 ... .35 1.95 .38 1.04 
Aug. 18 ... .38 1.97 I 

Sept. L. ... .27 2 . 21 

60·1 Sept. 8 .... .35 2.09 .• 1)8* 2.58* 2.34* 

• Binel" dM:enninatlOn. 

The data are shown graphically in figure 3. The results, &s in the 
preceding case, are based on the percentage of dry weight, expressed 
as dextrose. For the June 8 collection of halves of trees, the per
centages are: Check, wood 1.25, bark 6.46; defoliated, wood 1.91, bark 
4.22. The results indicate about the same things as do reducing 
sugars. There is the same marked difference in 'concentration between 
wood and bark. There is a better basis of comparison between check 
and tl"\lated series through a more nearly unbroken series of deteI.nin
auons. 'l,'he differenees are not 8(l marked as in the case of redueing 
sugars. At the beginning of the aelUlOIl, when growth~ was stOpping 
in the 1Int series def(}liated,~hert! will!' as mUM total sugar in one as 
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in th~ other. Fluetuatiolls are less also betweell collections. There 
is thus an PYf'J1 smalJcr snggestion than in the case of redueing sugars 
that the sug-al' fl'uetion, at least as a group, is the limiting factor 
under the ~(lnditj(ln~ of t.his experiment . 

.. 

J\ 

.... ....... -.:,: ." 

Wood 

..,..._w.---- '" ~. L ..... ::'.~. _~~:.:.o -::.:.to "":::':_ :~.-:,::::::~:::-':1-r:;;:: -
:Fig. 3. Effeet of d('foli~l.tj()n OIl t.ot.al tlugar ('ont.ellt of one-year-old twigs 

of 1Jdntosh apple_ 

3. Starch. 
The sequence of changes .1JI the starch content is interesting from 

the point of view both of (:hanges in the normally functioning plant, 
and of eomparison with defoliated specimens. 'fable 12, and figures 
4: and 5 g.ive these data expresst:':d as stll-reh (redncing sugar x .9) in 
per cent dry weight. For the .._Tune 8 eollection from halves of trees, 
the percentages are, Cheek, wood 5.94, bark 10.11; defoliated, wood 
7.26, bark 11.93. The normal sequence is'simila.r in most respects 
to the curves publi~hed by numerous v.'Orkel's in the past. There is 
the usual high initial concentration followed first by a drop almost 
to zero and then by a gradual rh':>e throughout the remainder of the 
season. Tb,e most striking thing about the analyses is- the enormous 
fluctuation In the bark between successive collections. There is appar
ently a very high starch deposition in the cortical region of the bark, 
forming a considerable share of the reserve. AS'"was noted in the case 
of l'educing sugar, there is a suggestion of inactivation of diastase. 
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The starch disappears more slowly from the dcfoliat,rAi series than 
from the check. This gives additional cYid£mce, however, that it is 
not a laek of carbohydrates that is the ,limiting factor in the checking 
of growth. 

TABLE 12 

EFFECT OF DEFaMATION ON THE STARCH CONTENT OF ONE-YEAR-OLD TWIGS 0J0' 

THE McI!,\:TOSil APPLE, 1922. WHOLE TREES TREATED 

Per Ci"Dt dry weight WI dClLtrt')!W J: .11 

Dlite Check ~~llated~! DefohatedlnJune 

Apr. 19 .. . 
May3 
May 12 
May 24 ... 
JW1e 6 ,. 
June 20". 
June 30, .. 
July 11 
July 20 .. 
Aug. 4 . 
Aug.18 ... 
Sept. L 
Sept. 8 

J 
! 
I 

Wood 

4,87 
9 . 28 
1.16 
1.58 
2.43 
2.92 
3.97 
3.06 
6.26 
3.06 
4 . B2 
6. 15 
5.54 

Ch~o~ 
J)_{.I..i.I'fiJ"o, 
lI<\.I .• j.J,~ l1I.~ 

j Bark 

1-- 6. 95 

I 5 53 

I ; ~~ 
I 5 . 60 

2.97 

I
I 6 11 

3 74 

I !: 

I
I I~~ 

10.24 

Wood i ~ "000 I n.,k -i- !--I---

~ H i
l 
~: Ii. 

1.48 2 . 27 1.3,') 
2.45 63- 2 . 48 

1.80 I 2 I~ I 1.71 
1.31 2.78 l.i;o 

I 1.60 

2.84 i 5.01 
I 

2.00 

1.60 
4.63 
1.98 
2 .53 
2.16 

3'.69 

, I ..... 

t ,;i 

Fig. 4, 

' . /v 
..... ~ .'-'" ....... ..... 

..,.,r 
Effect of defoliation on starch ('.olltent of the wood of one·year-old 

twigs of MeInt()flJl appifo. 
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c~c~~ 
..to. . 1 , .'(. J , ~ Ju' . 

/ 
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. 
"""' 

Fig. 5. Effect of defoliation on Rtarch ('ontent of the bark of one-year-old 
twigs of McIntosh apple. 

4. Hemi-Oelluloses. 
The analyses for hem i-cellulose (table 13 and fig. 6) show nothing. 

The half tree analyses are again in accord, ~June 8 halves given : 
Check, wood 22.98, bark 10.20; defoliated, wood 24.33, bark 10.69. 
The data again are expressed as dextrose x .~ in per cent dry weight. 
There are fluctuations, but they seem to be slight and of no sig
nificance. This series was early, discontinued. ~f hemi-cellulose can 
be utilized as a reserve food, it seems not to have been in the case of 

TABLE 13 

ErneT OJ' DEFOLIATION ON THE HEMI-CElLLULOSE CoNTENT 01' ONE-YJaR-QLD 

Twms or McINTOSH ApPLE, U22. WHOLE TREES TRE.ATED 

Per oent dry w~ght as dutrofM:lll ." 

n.te Ch~k Defoliat.edin J(ay DefoJiat.ed. in J IlDe 

Wood ~k Wood "",k Wood -
M.y3 ..... 19.10 12.81 
May 12 ... 20.24 12.14 20 .18 11 .55 
May 24 . . 20.88 13 .87 21.46 12.37 
Jun~ 6 .. . 18.47 11.52 20.03 13.00 
J~20 ... 19.02 11.42 17,98 11.32 18.81 12.H 
JUDe 30 ... 19.00 20.415 
July lL 19.41 12.06 19.79 11.83 18.12 12.28 
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this material. There certainly is nothing here to indicate carbo
hydrate deficiency. A point of interest, however, is the low content 
in the bark as compared to that of, the wood. 

ch"k 
.D'I~o(.(lt~J , ... J'u"e • _. _._ 
j),\ol..,,, '0"'"1 •••••••• 

....::;;.. -... 

...... """.~ I ~ •• :;.-. t--._ 

r I+-____ ~------------~----------~~----------~ 

I~·· • • ,_·_·:;·:-,...·--~:"·t~:.-:?:'::-:-:· 
B"L ·0.·· 

''111<;1 """' ~"11 
Effect of defoliation on henri-cellulose content of one-year-old 

twigs of McIntosh apple. 
5. Total Nitrogen. 

Finally, there are the analyses for total nitrogen expressed in 
per cent dry weigbt (table 14 and fig. 7) . A large difference in the 
nitrogen content between the wood and bark, is' shown, in the same 
direction as in the ease of the sugars. The total nitrogen content 
of the check series falls off steadily throughout the summer. The 
defoliated series, however, shows no such falling off. In the bark 
there is a gradual increase, and in the wood a slight decrease. The 
series defoliated in June, while not showing the rise seen in the first 
series, does in the bark show a distinct check in the rate at which it 
falls off and maintains 'a generally higher level than does the ' chc,k. 
The woOd, with 'a mueh smaller content, is not so regular. There seems 
to be mueh less fluctuation between trees ,than is the case with the 
carooby4rat!ls. There, is no ijuggestion 'whatever that total nitrogen 
is & limitp.g factor. ' , 
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TABLE 14 

Ern:cr or ]>ErOLlATIV:\ (IX Tln; 1'0'I_'.1.I. XI~'R()UE.\' CU.\"},],ST OF OXE-l'Fn~R-OLJl 

'l'WHl'.~ (H' "fllE .Mcl~TOSH. AP1'LE, 11-122. \\·HOT .. E TRE1:S TREATED 

,June 26" . 
Sept. 10 

\. ...... . 

4:l i 40' 
4'> 
14 
10 
lS 
IS 
27 ! 

30 

1(1) 

91 
.92 
.73 
SS 

I. O~ 
. 59 
(i2 

.GO 
56 

. 67 

SO 
67 

Bark 

1.08 
119 
1. 17 
1.29 1.18 
1.01 1.04 
1.37 1.13 
116 .84 

.83* 

.82 

"'~l'f---+-_ ....... ~....., __ --i.o'L\yr·.---+-----t---l 
....... \ '._. _.'-' -

~ "'" \ 
1 ,f---+---r ...... -•• _" •• +--.... +-_\~-;--_~~/ 
~+--+--~--~~~~~ .• -.-.-.. ~~----~-------~+-~ '" .... .. 

t,f'" 

rig. 7. 

"" .......... . 
. _ ...... 

rrr.~ Jun' J.11 -IMu,t s.tt 
E:tfeet of defoliation on total nitrogen content of one-rear-old 

twigs ..r Mctntosh apple. . 
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6. Carbohydrate-Nitrogen ,Ra.tio. 

Thp. only thing remaining to lw done with these data. then, is to 
determine whether or not. the carbohydrate-nitrogen ratio. or rather 
the stareh-nitrogen or the ~ng'ar-nitt'o~en ratio. can ht' pre:-;ented aR a 
cau~c for tile phenomenon. 'faille 16 sIlo'ws the ~tal'eh-nitrogen ratio 
for t.he colleetion~ up t.o and inelmbng July 20. GeDPrally there .is 
a higher ratio in the wood than in the barIL This is, of course. what 
would be expN',wd. Th('. ratio is uniformly lower in the bark of the 
ddo1iAJcd tr('€6; than in HuH, of the dwck. 

TARLE L'j 

EFFECT OF IlEl<'OJ>lATJOX os ST_,\RCI-I-NITROGEN )b'l'lOS IN OSE-YEAR-OJ.,J) TWlGS 

OF ~IcI~'l'O~H AI'PJ.~:. 182~. WnOLE TkEF.S TrtJ:i::ATF.D 

The ratio of total ~ngar to nitrogt~n (shown in table. 16) \vas 
calculated for the same material used for tahle 15. The ratios found 
for \vood are again inconcllH~i·n~. Those for bark are more consistent 
than ,vere those jn table ]5, and all d{iYlnte in the same direction as 
do those in ta"Qle 1;), that is, the I"ugar-nitrogen ratio is -less in the 
hark of defoliated series than in the eorresllonding checks. 

As has alrealy been indi(wted, the , analy:;;es of whole twigs are 
giYen little weight in this discussion. Therefore, the ,:n·iter will be 
content to present the data in table] 7 for the I\leInto~h orchard for 
]923 and t.able IH for the greeuhouse-grown seedlings with little 
eomment. The former seem to show a slightly greater reduction in 
carbohydrates than was found in thf' previous season '8 analyses, but 
in general substantiate'the earlier re~mlts. A~ wa.'\ to be expected, the 
variability in composition of the seedlings 11; very much greater' than 
in the other ~eries. There are no seI'iou~ly conflicting data. The 
series having the buds l'emov.ed gave the mOfoit striking results, as it . 
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did in the gro,\,th measurements. It indicates, perhaps, that the 
difference in carbohydrates is more to be associated with the amount 
of material used in pushing out TIe'" length growth than with cambial 
aetiyity. This wouhl account for the fact that this series shows such 
a slight reuuction in earbeoliyurates as compared with those series 
'which were allowed to form terminal growirig points. 

TABLE 16 

ErFiX'T OF DF;FOLlATION ON TIlE SUGAR-NITROGEN RATIOS IN ONE-YEAR-OLD TWIGS 

m' TllE McINTOSH ApPLE, 1922. WnoLE TREES TREATED 

May 3, .. 
May 12 
Ma.y24, . 
. June 6,, _ 
June 20 .. . 

• JWle 3~ .. . 
July 11.. 

Halt'es oj trees 

June__" ______ . · ~_1 _ 4.2 
-~--~--~-~~-~--

8 1 2.5 

'fABLE 17 

EFFECT OF DEFOLIATION ON THE CnEMICAL COMPO:;ITION ~ ONE-YF..AR-OLD TWIGS 

OF THE McINTOSH ApPLE, 1923. WHOLE TR};ES TREATED. 

i-VElOLE TWIGS ANALYZED 

Reducillg IlUAAr~ I --Tot.a.lllug;. n Stareh Total nitrogen 
% dry "'elght % dry Y;e1ght % dry welght % dry wei&}lt 

Date 
~---I --- ----, ~-

CIlt'( k I D('fohatec Check I Ddoilate(l Cheek Defolist8d Cbeek Dl'fohated 

~~---I--;;-I---I~-- -;:----
May 28 .. . 1 28 I 99' 1 18 94' 76 72 52' 61' 
June 12 1 60 79 1 78~ 89 1 35 93 52 63 

• Single determinations. 
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TABLE 18 

ErJ'ECT OJ' DUOLIA.TION AND DISBlIDDING ON THE CHF.llo11CAL CoNTENT OJ' 

ONE-YEAR-OW SEEDLINGS, 1923. 'WHOLE TWIOs USED FOR 

ANALYSIS. PER CE..~T DRY W!:tGHT 

Date Treatment-
Reducing sugar) Totals~ 
% chy weight % dry weIght 

May 7 ... .79 .95 
.4Bt .631 
. 681 

May 25 ... .99 1.11 
.52 

1.18 
May 30 ... 

June 7 ..... .73 1.05 
.351 
.55j 1. 18t 

• Trea.tment---l-Cheek. 
-3-DefoJiated throQ&:hout. 
-3-Defolia.t.ed after April 13. 
---4-DeNli~ until Aptil13, then e.\illwoo. 00 grow. 

Staroh I Total nitrogen 
% dcy weight % dry Miiht 
--------

1.8S .56 
.87 .3Z1 

2 831 .71Jt 
2.42 .M 

.83 .53 

.60 .50 
. SII 
.77t 

3.04 .54 
1.30 .67 
.. 74 .Mt 

.4Sj 

.521 

.51Jt 

--6-The same as 4, until May 15, then deIolia.t.ed again. 
-e-:I'he same 1M 3 ulltil May III, then allowed to grow again. 
-1-Disbudded. 

t Singkl det.erIDinationa. 

TABLE · 19 

Ti:J::.: E:rJ"EC'i' OJ' DEFOLIATION AND DISBl"'DDUW ON THE REDUCING SUGAR CONTJfNT 

OJ' ONX-YEAR-OLD TWIGS OF REV ASTRACIIAN ApPLE, 1924. 

HALl' TREES TREATED 

Check DoIo"_ I Date 

C .... Di.,b~dded 

Date 
Wood I D.rk Wood n.,k 1---:- Wl' 1--~ i--i-

Mar. 7 ........ .98 2.46 
Ma.r. -15 ....... . .94 1.81 
Mar. aJ ..... 1.01 2.30 100 169 Mar. 18 99 149 9 159 

Mar. 25 ..... .81 2.05 .57 158 Ma.r 25 102 168 69 1 75 

Apr. 8 ............ 1.54 2.30 124 204 
Apr. 22 .. : ...... 1.13 2.02 .87 24.5 

LIBRARY 
TNAU, Colmbator • • 3 

1111~1~lm~I~llm"rIIMl~ 
000001216 
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TABLE 20 

TIlE Ef'FECT OF DEl'Or.U.'I'lOS A?<,'lJ 1>rSBt'DDIWJ ON THE TOTAL SUGAR CONTENT 01' 

ONE-YEAR-OLb TWIGS OF REB A1;TRACUAN ApPLE, 1924. PER CENT 

DRY \VEIGHT. HAI,F TREF,.."; TR£'ATt:n 

Dnt. i_':'::___~ D",,"'t,'_ ii D,t, I Ch~~~ D"budd,d 

-----!-"='-I ".,k ~~'~I_ -,,=,-1 M -"='-1 H"k 

M,,, 7 1 071' 272 ~ I II ~ 'I 

Mar 1.j 11 IS 3 71 II I II ~ I I 
!\far 20 3 15 f 2 63)1 Mar 18 ! 1 08 I 4 45 94 4 18 

~~:; i5 
2 :; 1 ~ ~~ Ii 2 ~: [ : ~: ,[ MaT 25 II [)1 i 4 77 i I 241 4 62 

ApT 22 ~ 1 83 I 5 gg i 1 35 I 5 26/
1 

i I ~ I 

TABLE 21 

TH~ EFFECT OF DEFOLIATJO::-; AND DJSBlJDDIKG ON Tlnl STArtCH CONTENT OF 

01'.'E-YEAR-OW TWIGS or RE]) A STRACHAN Al'PLE, 1924. 
H . .\LF TREES TREATED. p }:]l CENT DRY WRTGHT 

. . . C":~k I D'lOII;"e~ .i/I ~'te 'i~Chl"_k _!_Di'b~Udd_ed 
~ Woo_:_l~ark IG::__~! ~ ,~~k W{xld!~ 
MaT 2.8413;1 [i . Ii. I I 
MaT . 2.62 I 2 ;~ ~ t! I I 
MaT. 2~ .. . '1. ~ 48[2 .'~ ~ 3 091.3 .. 40 [ .• 1: MaT. ~8 .... . ft ; . 2~ 2. 54 2.39 242 
Mar.2a .. . :_.06 1.5_li1.93 , 1.00I'Mar.-5 ·· .. · 12.L 1.262.15111:62 

Ap,,~ . ... .. 1 · JlII.~2 i 113 11.25 I: Ii" 
ApT··2..·····

I
,o.oo . ,70.00 .771. I 
! I ~ II' 

TABLE 22 

THE Ef'FEC'T OF' DF.J<'OLIATION AND Drsn-rhDI:SG ON TilE To'l'A.L NITROGEN OONTENT 

OF ONE~YEAR-OLD TWiGS OF RF..D ASTRACHAN ApPLE, 1924. PER CENT 

DRY WEWHT. R.-\LF TREF..s TREATED 

i Chook Pe'o,i,,,,,,:1 ~ Cheek DUlbudded 

I I, Date I Wood I Bark "". ,._1"", \\ood ~ark I Wood Bark 

---1---,-- -- -----------
Mar 7 50 94 I , 

Mar 15 51) 95 I MaT 18 Mar 20 481 ~4 50 98 45 91 49 92 

MaT 25 I 47 80 50 88 : MaT 25 43 87 42 93 
Apr. 8 ...... .. .. . 35 I .74 45 8() , 

I Apr. 22.......... .481 .74 .43 78 I 
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DISCUSSION AND CONCLUSIONS 

The actual factor limiting growth under conditions of defoliation 
has been a. matter of speculation by a Dumber of writers. Harper" 
has summarized the theories heretofore brought forward as follows: 

1. Wieler and Hartig sugges!, lack of food. 
2. , Schwarz, lack of pressure from bending movements. 
3 Strasburger and Haberlandt, the need of the plant for an in

creased water supply. 
4. Lutz, an exees.'5 of water in the tissue.") due to decreased tran

spiration. Harper himself favors the first idea, though he presents 
nothing to SUbstantiate the suggestion. 

Harvey' has added another in the form of the carbohydrate
nitrogen ratio. 

Roberts" suggested lack of nitrogen, a phase of the first. 
Considering these suggestions, it seems from the data presented 

by Harvey and by the writer that the lack of total nitrogen is not the 
factor sought under these conditions. The fact that Roberts r work 
was done at a different time of year, and with different material 
lJlay explain the discrepancy. 

ThC3 starch-nitrogen ratios calculated for this material do tlot- in 
the "'Titer's estimation, adequately account for the observed results. 
The ratio is subject to such wide fluctuations and the differences 
between the series are generally so slight that to assign this as the 
controlling factor in limiting grovtth seems to be an unwarranted 
assumption. Although sugar-nitrogen is les.~ variable, at' least in the 
bark, the differences do not appear to be so great at first as later, .and 
this ratio also seems not to he the limiting factor, though a definite 
conclusion cannot ' well be dra:wn. The possibility still remains that 
it is not total' nitrogen, but some fraction of ·it which may he the 
essential thing in the ratio, but there are insufficient data on this 
point to warrant a discussion of the idea. The fact that Nightingale' 
has found it nooessary to modify Kraus 's original postulates along 
thi. line . may perhapa lend color to the suggestion. 

Harvey'8 data on the moisture content of the different series m~y 
seem to furnish a basis for Lutz' proposal. It seems that larger 
differences in water content would be necessary to effeet such'radieal 
changes in the metabolism of the plant as those oboeTVed, espeeially 
in view of the faet that di1l'erenees between the bases and tipa of 
a Beri"" of a given treatment were generally greater than between 
series .0£ .dufl!l"jmt treatrnlll'ltIL Per~pa~. d.i1I'~enees un be 
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largely attribnted to differing proportions of wood and bark, since 
the proJlortion of 'iyood iR much greater in the base than in the tip. 
That w[lter preR~Urf' may delay growth has been pointed out by 
Ileill ieke ,ll t hOLlg'h OJ(' difi_'prenees. in IlloiRture content that accom
pani('d this p)H~nomenon (:Ire not giv~n. :Moisture cont,ent is of doubt
f'nl si!!nifiNlTIt:e at 1Ir,,1:, and it is qlwstionable whether this suggestion 
can be gjycn much \H~ight. 

The 1('1-11';1 acceptable theory gin~n above is that of "the need of 
the tree for an increased water supply," The data available indicate 
an excess of wa1('l' 1'<l.tlwr than a defkieney, while at the same time 
thr "need " fOT it is rec1ncf'd hy the lack of leaf surface. These con
Hidpl'ations. in aclflitioll io the natural reaction against a teleological 
ex.planat.ion, disp0i-;e of this idea. 

Schwarz' hrpoi iH'sis dOt~~ not seem t.o have been Ycry well received 
hy l'ceent inn~st.igators. It may he suid to have received some sup
port from th(_> difoltributjon of xylem in the annual rings of trees grow
ing in a reg-ion of strong wind!-i that arc uniformly from one direction. 
How('.\,('T .. the fact that, plants deYf'lop ·without this stimulus under 
greenhouse ('onditions indieates that it is probably a minor factor. 

Seither thf' analyses of Han'ey nor those here given are of much 
value in Suppol'ting the idea of starvation. It still remains a possi
hility that st.arvation, due 10 the lack of some specific compound, 
either a fraetl0n of une of the groups treated or some unrelated com
pound. may be the true explanation of the condition. 

A closely related idea is that of growth promoting substances. It 
has been suggestt'f1 that many activities of the plant are regulated 
hy hormones. If the~e Clre produced by the leaves; the f:oIupply might 
he cut off by defoliation. rrhis idea is highly speculative, however, 

The hypothesis that. the presence of inhibitory substances, perhaps 
of the nature of the" staling" substance of fungous cult.ures, may be 
responsible. is also speCUlative. It might be assumed that the leaves 
are effective in rt~movjng or countera.ct.ing the effect of such substances. 

A more promising hypoth.esis~ and one suggested by the data, is 
the- partial or complete inactivation of enzyme activity. It has 
already been suggeEited that such an assumption i~ in accord with the 
relations observed between the various carbohydrates. This assumed 
inactivatic)ll might be brought about by a. change in the hydrogen-ion 
concentration of the cell "ap, by the failure of the zymog.,n to change 
to the active enzyme, or ·by the formation of compounds between the 
enzyme and other substances in the cell, perhaps the substra'te, with 
subsequent failure t.o disjoin. .A change in hydrogen-ion concentra~ 

tion, again, might have other effects than that :indicated above. The 
most obvious is a change in the. proteins, as indicated by the work 
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of Loeb, either by precipitation of the protein at the iso~eleetri('. 

point., or the change from one t.ype of compound to another. The 
strong buffer action of cell sap does not support this idf'a. 

The localization of certain eompoullds in certain tis:omes, as indi~ 
cated by the difference in wood and bark, may be earried much 
farther. That is, the meristematic region may be Huffering from a 
lack of certain foodt-J while a closely adjacent tissue may have an 
abundance of the substance, and through the failure of lateral trans
location, be unable to supply it to the point where it is needed f6r 
gro"\vth. This is further suggested by the fart that terminal Ineri~ 
stems are able to continue growth long after the lateral one has ceased 
to function. The analysis of a group of tis..'mes such as tho:o;e present 
in the bark would effectually mask the relations between them .. 

The pOR.~ibilities outlined aboyc indicate that there is nothing that 
can be legitimately concluded as to t.he relation of foods to the- activity 
of the cambium except that totals of the groups <iboyc indicated are 
not the limiting factors. The indications point. away from starvation, 
but do not. eliminate it. The most plaui'ible hypotheses appear to the 
,,,riter to be: 

1. Enzyme inactiva.t.jon ~ with consequent lack of certain end pro~ 
ducts of digestion neceHsary for grmrth. 

2. Starvation, due to failure of the leaves to supply certain' com~ 
pounds directly, or to failure of translocation threugh short distances. 

3. Lack of balance of carbohydrate~nitrogen ratio, calculated not 
on totals but on fractions that may prove to he more directly involved, 

SUlYBIAHY 

1. Defoliated apple trees) or halves of trees, showed a cessation of 
radial increase of wood within two weeks after defoliation, 

2. This was accompanied by a modification of the thickness of the 
walls of the ceUs laid down after defoliation. 

3. This phenomenon does not 'seem, to be associated with a de~ 

ficiency of stored food as indicated by analyses for reducing sugar, 
total sugar, starch) hemicellulose, and total nitrogen in the w-ood and 
in the bark. 

4. There are several alternat.e theories that might be suggested to 
account for the phenomena. 
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