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ABSTRACT
ROOTSTOCK AND VARIETY INFLUENCES IN THE APPLE ON LEAF

COMPOSITION, FRUIT COMPOSITION AND STORAGE QUALITY
OF THE FRUIT .

by Marcel Michel Awad

A study ..as conducted to evaluate the influence of sclected East Malling
rootstocks, varieties and other related variables on the leaf and fruit com-
position of apple trees. The influence of rootstocks and storage treatments
on the storage quality of the fruit was evaluated also.

The rootstocks studied were EM I, 1I, V, VII, XIII and XVI. Tkte
varieties grown on these rootstocks were Northern Spy, Red Delicious,
Jonathan and Mclntosh. Leaf samples were te ken five times at two-week in-
tervals in 1959, and once (mid-July) in 1960. Fruit samples were taken at
harvest in 1959 and placed in regular and CA storage.

The elements determined in the leaves and fruit were nitrogen, potas-
sium, phosphorus, calcium, magnesium, manganese, iron, copper, boron,
zinc, molybdenum and aluminum. Pre-storage observations made on the
fruit were soluble solids and flesh firmness in all varieties and ground color
in Jonathan and Mclntosh only. Fruit of the Northern Spy variety were not
available for nutrient composition and storage studies.

At the end of the storage period, flesh firmness and soluble solids

determinations were made on all varieties. Storage scald, brown core and
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internal breakdown were determined on Red Delicious fruit. Ground color,
soft scald, Jonathan spot and russeting werc determined on Jonathan fruit.
Ground color, storage scald, brown core and mealy breakdown were deter-
mined on MclIntost fruit.

Results obtained were as follows:

1. Tte influence of EM rootstocks on leaf composition was evelu-
ated first in this study. Significant differences between rootstocks in affect-
ing leaf composition were obtained for every element determined with: the
exception of nitrogen. The significant differences, Lowever, were not large
enough to require @ change in standard leaf composition values, as used for
diagnostic purposes, to account for rootstoct differences.

2. Tte influence of EM rootstocks on fruit composition was evalu-
ated next in this study. Where significent differences between rootstocks
were obtained, they were relatively small, with the exception of fruit horon
and zinc, whicl stowed a wider composition range as related to rootstocks.
In general, the rootstoc's whicth induced the high and tl.e low lea‘ composi-
tion levels also induced the high and the low fruit composition levels.

3. The influence of varieties on leaf composition was determined.
Varieties were found to affect, significantly, leaf composition values for all
the elements considered. Differences between varieties were particularly

wide for leaf potassium. If leaf composition for all elements is considered,
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Red Delicious would be a variety with a relatively high nutrient level,
Northern Spy and Jonathan would be intermediate and McIntosh would be
intermediate to low in this respect.

It is not “nown whether characteristic bigh or low levels are related
to differences in nutrient requirements or a result of luxury consumption
in the case of high levels. The differences obtained tetween verieties in
affecting leaf composition were not large enough to indicate a need for a
change in standard leaf composition values as used for diagnostic purposes.

4. The influence of varicety on fruit composition was studied. Dif-
ferences between varieties were significant in this relation for all elements
with the exception of molybdenum. The actual differences were small with
the exception of Jonathan fruit, whick was particularly high in iron, Red
Delicious fruit, whict was high in boron and Mclntosh fruit, whic.!*. wis high
in zinc and aluminum. There was a frequent parallelism between high and
low nutrient levels in the leaves and in the fruit.

5. The scasoncl variation of nutrient elements in leaves was de-
termined. Leaf nitrogen, potassium, phosplorus and boron showed a decline
and leaf calcium and aluminum showed an increase from the first to the last
sampling date. Leaf magnesium and manganese showed little variation.

The other leaf clements considered showed no definite scasonal trends. These
seasonal trends were similar to those reported for leaves from trees on seed-

ling rootstocks.
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6. The influence of EM rootstoc!'s on storcge quality was assessed.
Fruit from Red Delicious on EM V showed the lowest incidence of storage
scald. Fruit from Jonathan on the vigorous EM XIII and XVI rootstocks
showed the lowest incidence of fruit russeting. Rootstocks had little or no
influence on the incidence of the other disorders considered.

7. The influence of storage treatments on storage quality was
evaluated. Fruit from trees on clonal rootstocks responded to storage treat-
ments in a similar manner to fruit from trecs on seedling rootstocks.

8. Highly significant correlations between measurements made on
leaves and fruit were determined. Some of the relations obtained were simi-
lar to those reported previously for trees on seedling rootstocxs. Other cor-

relations are reported here for the first time.
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[LVTRODVCTION

T o nereascd ose ol vegctativelv pronpagated rootstocks i the
apnle ind :stry bas created moe s sew and varted problems for the rescarch
worker as well as for the vrovwer o T e Hiterature =7 oW s numerons reports
on the many 1<pect< and probiins of ~stoc ¥ -=c1on relations. One of the
arcas, inwhch relativels tew stadies have bheen cordacted. o= that of the
a:tritior of tre apdie tre e as affectd b rootstoct =, <cion varieties and
other related variacles. I with thos rdea momiand that the present inves-
tigration was condicted.

Amony the vescrativeds nropayated apple rootstoct s are tle East
Malling series (END v io b are among U best tnown and the mos<t widely
used at the presceat time, TH e oresent <tady was based on <ix different
rootstocts of the BEM scries. Onocac! of the s1x rootstock< were grafted
the four variceties which are most widely grown i Michigan.

Sinve leatf and treit composition bave been one of the most important
and usefal tools 10 <tadving natrient relations in apple trees, thev were 1sed
exteasively i this <trdu. Finally, the influence of rootstoc'.= on the stor-
age bebavior of the anple front was studied as anotl er aspect in the evalua-

tion of the KM rootstocks sclected for this investigation,



REVIEW OF LITERATURE

Inflaence of routstocss on feaf composition.

As earlyv as 1924, Hatton and Grabbh (1924) renorted that leaves
from Brumlc\"s)’ccdling and Worcester Pearmain apple trees on EM V
sinowed twivce as maach scorch resilting from potassiam deficiency as those
from trees on ENT L and that those on ENT X stowed still less scorci: than
those on ENT L Trev classified the ENL <stoc™s witlh respect to scorcl sus-
ceptibility as follows- ENTIXC X, XITand XVI showing little or no leaf
scorch, ENUTvers hirttle leat scorch, ENTIT some leaf scorclh, EM VII
considerable Teaf scorct, and ENM V onact leaf scorch. This mrwes EM V
extremely sesceptible. and ENT I and VIT distincetly susceptible to potas-
sitm o deticiencey.

Wallace (1931) al.xj(» found that Jeaves from YWorcester Permain
scions on KNV were aftected more serviously by scorcl: than those on
EM L e fornd that the potassinm coutent in the spar leaves of trees on
EM V was about 60 percent of comparable leaves on EM .

Warne and Wallace (1935) determined the leaf composition ot Wor-
cester Pearmein and Lane’s Prince Albert trees grown on various EM root-
stoct s and thev reported the following levels based on a percent of the fresh

weipht:



Woircester Pearmiin Lane' s Prince Alhert

ATeaTen AN D A | ViE -Vl

Potassipam. | AN | LN I v
Prospior s eNOVIE AN Y B A
Cawcrny VoI VI I vir v I

AS BT IS Inm-\v 1 VIl I v 1 VIl

T en disorenortodthar <baat- of verietios an ENT I and 'V, whicl
often bear scorched tobiaee, core 1o 1 aotassi o even eoder conditions of
faveratde Dota- -, < e,

prie (128 reported thar e es o ENLIN Tad shown less scorels than
those Hn BN and Vo e Covis Orange teaves scorched less on ENIX
than on BN NI He s onch ded rbar BEANTIX was e least suscentihle of the
four root<toct < o <corc! 0 BNT XTI wa< ntermediate. and 1EM Tand V were
Most <scentii:ce,

Vard-a (1907 lassitied the leal composition of trees grown on EM
rootstocks a~ tollow -

iligh Mediiim Low

Potassinm, VIL /I -V IX

P ospiorias: IL V., VI, IX

Calcimmn, IX I v VII

Maymnesiaim: I, Vv, VII, IX






Hoblyn (1940-41) pointed out that Bramlev's Secedling trees on EM V
suffered more from potassiem deficiency than those on EN L, but with
Cox's Orange Pippin and Beaaty of Eath trees the relationship was reversed.
He also reported that trees ¢n EM T and VI were particularly susceptible
to magnesium deficiency, whereas trees on EM 11 and V were less subject
to it.

Roact and Bolas (1943) found that leaves of trees on the vigorous
rootstock EN XIT contarmed less calcinm, more magnesium, and probably
more potassiuam than those on the dwarfing rootstock EM X,

Roach (1947) reported that elements contained in leaves of Cox's
Orange Pip»oin on three ENM rootstoc™s can be arranged in @ descending

order as follow :

(Mg), B Fe, XII,V - IX
(Ca), (Sr), IX 'V - XII
— (K), Xl -IX v
Mn, IX V, but XII variable.
P, Variable

For the above clements shown in brackets, the results were less
variable. The above results were remarkably consistent with hardly an
aberrant one.

Bould ct al, (1950) fonnd that trees on EM XII were most seriously






affected by copper deficienc: .

found to be les< affected.

The East NMalling report tor 1939 (Anon. 1960) indicated that root-

stocks had an etfect on minerdl composition of anple leaves.

Comparable trees on ENTL and I were

Rootstocks

significantlyv affected the comipos:tion of apple leaves, though by no means

similarly for nitroeen, ptosplorss, potassium, calcrim. and magnesium,

whick were the element< determined 1 the investigation.

Kenvwaorthy (19a0) fo md thar rootstocts affected significantls the

feaf composition of 11--car-old McIntost and Cortland trees.
of the data <tows that rootstocs = can he arranged in descending order with

TSP o leal CoanG

itrogen:
Potassiim.
Ptosploris
Calcinm.
Maygrnesime
Mangancese:
Iron:
Copper:
Boron:

Zinc:

tollow <

iton
M Ltost
(1
X X viIr -1iv v
(1)
X X i v

X =X 1nrovir v

(1)

I XI - XMt - vIir—1v -

X XIt VI IV V.

(1)

(1)

g

IV

Vv

I1

Cortland

[sv VII XII.XIII
X - X1 -vIL -II -V
XMIr-v -vir 11 XlIl

Xl -XHr- 1 vir v

X1 X1 I -v VIl
(N

IT =XII V™ XII -VII

XL - XI»V > VII 11

[I X1 v VIl ~XII

XITZVI? V X > 11

(1) o significant differences between rootstocks.

Examination






Inflrience of rootstocks o it compusition.

Brown (1926) was the first wor'er to report the effect of soume of the
EM rouotstocks on the composition ot the apple firait. He found that, on a
prcent Jin vt asias St ot the Lane's Prince Albert variety grown

0a variois EN rootstocts conld be classified 1 a decreasimg order of nutri-

et content axs follow s

SNtrogen: 1 IX X
Potas<iom. I X 1T IX
Prospiorns X 1T IX
Calci me [ X IX -1
Mapnesy an II -1 iX
[roe: IN _IT 1

(1" e difterences hetaeen the rootstoct s mderscored by
the came e sere nor formd to be sigmificant).

Wallace (1930) reported <ignificant oftects on the chemical composi-
tion of apples due to the anflwence of rootstocks.  He studied fruait of the
Worcester Pearmain and ramley' s Seedling varictics on EM I, 11, V, IX
and XII rootstoc-s.

Archbold and Widdow<on (1932) examined the ¢l emical composition
of Bramlev s Seedling and Worcester Pearmain apples on four EM rootstocks
and they found marked differences in the frait from the twe varietioc o~ EM V

as compared with EM IV, VI and X.






Warne and Wallace (193%) <tadied t' ¢ composition of friit from
Worcester Pearmuain and Lande s Priace Albert trees on <everal EM root-
stocks.,  The arvanped e rootstocis in decreasing order of magnitiide of

froit comnosition, o d Dereent Irest weinit basis, a< follow <

Worvester Prearmain Lanc’s Prince Albert
dtroger: ViIEOXIE I v VIL X -V 1 -
Potassi . XHL 1 VIL I v [ I XHIL VI~V
Prospteriss V1L VIT X! XIL -V o1 1 -vIl

(T e diftoronces betwec the rootstocks mderscored by the

sdmes Line wore ot tomad to "o siepificant).

[nflnce of rootstoc: < an storaye: g alit, .

Waliace (1930 gcave exammles of <pmificant differences in storage
quality die to roct<toc < ande v certare eevironmental conditions. Worcester
Pcarmain anples trom trec~ on ENIX <Powed minclk more iternal breatdown
thas e froat from trees oc ENDLOIL Voand XTI e the case of Bramley's
Scedling, the troat from trees oo EN L extibited mac” more brown core and
intcrnal breakdow: tlhau the from from trees on EM V.

Kidd and West (1934) reported marted differences in the case of low
temperatare breardow in Bramley's Sceedhing and on fungal rotting following

-

<enescence in the case of Lane' s Prince Albert as a resnlt of rootstock

effects,






Hobldyvn asd Bane (1934 found that the fr:it from trees on EM I and
IX was better colored thar the trat from trees on ENTIL V, and XVIL

tlorne (1934) reported that bramley's Scedling trees on EM 1V and
VI prodiced apples more resistant to storage rot= than trees on EM V and X.

Van Hicle (1940) indicated that. onthe wiole, His preliminary im-
pression was ti-at ENU L [T and NIIT Pad a favorable cffect on the feeping
quality of fruit and ENTIV " ad a less favorable cifect,

Erevigliorn o194%) noted that apples Kept best from trees worked on
seedlings., next best from thosc on a 'ocal vartety, and not asx well from
trees on ENIL

Canadian storave trrals (Anon. 1931) of trait from Melntos! trees
yrown o ENT [ T IX and X1 showed that those trees prown on EM [ were
very susceptibles and tiose on LN vere moderarely sascentible to brown
corce.  Friait from trees on ENCIX and X1 were more liable to fungal rots
and frit from trees on BN X were very susceptible to senile breakbdown.

Investutions 1 Sweitzerland (Anon. 1930) iadicated that, under
their conditions<, truit and storage quality was unaffected by the rootstockh

with the exception of EM X, wiich affected storage quality adversely.

Influcnce of varict. on leaf composition.

There is considerable evidence indicating that variceties do not have

identical natrient requairements.  Differences have been observed in numerous



occasions among varicties with respect to leaf composition.

Batjer and Magness (1938) reported that leaves from Delicious trees
had a higher potassium content than leaves from Jonathan trees.

Collison (1940) found that Delicious leaves had a higher calcium
content than McIntosh leaves, and the latter were, in turn, higher than
Northern Spyv leaves.

Beattic and Ellenwood (19350) s<howed that Delicious leaves had a
kigher nitrogen, potassinm, magnesiom and manganese content than
Stayman leaves.  The opposite was troe for calcium and iron.

Kenworthy (1950) reported leaf content values showing Jonathan to
be higher than McIntosh for nitrogen, potassium, calcium, magnesium,
and mangancsce.  The opposite was the case for phosphorus, iron, copper and
boron. Howcever, the only significant differences occurred in the case of
phosphorus, iron and copper.

Thompson ct al. (1952) found sigmificant diffcrences between leaf
composition values among <ix varictices of apples of nitrogen, potassium,
phosphorus, calcinm and magnesium.

Thomas ct ﬂ (1953) indicated that Delicious leaves were higher in
nitrogen, phosphorus and calcium than Stayman and Rome leaves, whereas
Rome leaves were higher in potassium and magnesium than leaves from the

other two varictics.






Emmert (1954b) reported that Delicious leaves were higher in nitro-

gen, phosphorus, potassium and magnesium than McIntosh and Cortland
leaves. In the case of calcium there was but little difference between the
three varietics alrcadvy mentioned.

Nour (1939) reported that Delicious leaves had a higher nitrogen,
_ phosphorus, potassium and magnesium content than Jonathan leaves. he

opposite was true for calcium. boron. and iron.

Influence of sampling dates on leaf composition.

Wallace (19356) stated that the knowledge of the scasonal cyveles of
the varions nutrients i the leaves is an essential point in the development
of leaf analysis techmques tor diagnostic purposes.

As carly as 1910, Ritcher (1910) found that the potassium content of
apple leaves on a percentage basis decreased as the season advanced.

Chandler (1936) reported that in 2-yvear-old Stayman Winesap trees
the nitrogen content of leaves, on a percent dry weight basis, decreased
throughout the scason.  The potassinm content decreased to a low in mid-
June, increascd to a high at the end of June, then decreased to a low at the
end of July, and then increasced thereafter.

Vaidya (1938) found that, on the basis of the percent of the residnal
dry matter, the calcium content in leaves showed a decreasce in July, after

which it increased steadily during the following months.  The potassium
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content of leaves increased during the period of rapid growth, reached a
peak in September and then decreased rapidly. Leaf phosphorus was very
high in new leaves and decreased to a minimum at the time of leaf fall.
Magnesium, iron, manganese and aluminum showed no definite scasonal
cycles.

Reuther and Bovnton (1939) found a scasonal decrease in leaf potas-
sium from July to October.

Boynton ct al. (1944) reported that ax the =cason advanced from July
to October leat calcium increased, leaf potassium decreased, and leaf phos-
phorus decreased in June, then showed little variation.

Bovnton and Compton (1945) found that on a dry weight basis, leaf
potassium and leaf nitrogen decreased and leaf magnesium increased slightly
as the season advanced.

Cain and Boynton (1948) reported marked decreases in leaf potas
sium and phosphorus and an increase in calcium, magnesium and total
bases (CatMgtK) as the growing scason advanced.

Rogers et 1_1_ (1953) found that as the scason advanced, there was a
decrecase in leaf nitrogen, potassium and phosphorus and an increase in
leaf calcium and no pronounced trend in leaf magnesium.

Thomas ct _ll_ (1953) took four leaf samples from Delicious and

Rome trees from mid-June to mid-August and they tound a decreasc in leaf






nitrogen, aa increase in leaf calcinm. and little variation in leaf potas-
sium, phosphorus and magresium during the sampling period.

Emmert (1954a) also found that there was a decrease in acaf phos-
phorus and potassinm and an increase in leaf calcinm as the scason ad-
vanced.

Mason's report (1938) indicated that leaves trom the middle of the

current season’ s growth of EN VL growimg in the stoolbed, leaf nitrogen
and leaf phosphorus decreased os the ~cason advanced.  Leaf calcium and
leaf iron increased steadily trom NMay to November.  Leaf potassium in-
creased to o high in mid July, decreased to a low at the end of Angust.
increased agaim to a high in October, and then decreased steadily.  Leaf
magnesium inereased antil mid Augnst then decrcased steadily.  Leaf man-

ganesce icreased shghtly anul mid August then <howed little variation.

Mason remarked that until mid Angust, which was the time of cessation
of growth, there was a relatively orderly change in the concentration of
clements, but after nnd August the ageing effect on leat composition was
not orderly i naturc.

Mason and Whitficld (1960) studicd the seasonal changes of clements

in the leaves of the clone EM IX used as a scion grown on the clones EM X

and XVI used as rootstocks.  They found that in the EM [X/XVI combina-

tion, Jeaf nitrogen decreased as the season advanced, leaf phospliorus de

cre.

sed until May, then showed little variation, leaf potassium decreased






antil June then mercascd mtit September, then decreased rapidly. Leaf
maymesitm merea<cd antit Maco showed hirtle change until Augrust and then
decreased. Lear calermm <toved ooontmious increase throughont the
seasgn. \vhen the EANLIX IX combimation was <tudied, leat calcium showed
the same variation patters of the previoas combination, but leaf potassium
decreased int! frines mercascd m Jilve decreased in August, incrceased in

Septeirber ond then desveasod thro sghoar the remamder of the season.

Sigmiticant corrcations beteen sooiots determinations made on apple

weave = and triit,

Warne and Wallao e (1943 were among the tirst to report a negative
correlation betwers ccal potassi o oand Teat calerm. The varieties ander
studv were Worcester Pearnana ond Lane™ s Prince Albert grown on various
EN roor<to k<0 NVagdue (1935 reported <imtlar tindings,

isovnton and Compton (19495 reported that in MoIntosh there was an
mverse roeodtros bet veen dcat potassioan ond leat magnesiom and a positive
relation between  cat sitrogen and feat magnesium.

Coimn (1953a) ~tadied the effect of nitrogen tertihizers on foliage com
position and found that nitrogen tertihzers caused an increase in leaf nitro-
gen, calcinm and magne~inm  and o decrease i leat potassium and phos-
phorus, regardless of potassiim tertlizer levels.  Also, potassium ferti

lizers resulted 1na decrease in leaf magnesium.



Hill (1953) reported that increasced concentrations of foliage nitrogen
were accompanicd by dedreased concentrations of piosptorus and potassium,
and increased conacentrations of magnest:m.

Eaves and Keisal (1954) determined tie cbemical composition of
Cortland leaves and they 1Tonnd the following correlations in untreated plots:

a) Positive correlations between P and Ca, v and K, v and Mg.
h) Newative correlanons between K and Mg, v and P, P and Mg,
Ca and Mg

Wil' tuson (1955 reportod a positive relation herween friit potassinm
and magresiam.

Keawort! - and Harris (1960) determined the cfemical composition of
McIntosh and Red Delicioas trait and tound the following Fighly sigmificant
correlations betvecn elements

1) WWhen Mictivar apples vere considered there were positive
correlations between v and K, P and Mg, P and Mn, Mg
and Mn.

2) When Mceliitosh apples from four states were considered there
were positive correlations between P and Ca, Ca and My,
Mg and Mn.

3) When Red Delicions apples from four states were considered,
there were positive correlations between P and Mg, P and B,

Ca and Mn, Mg and Mn, and negative correlations between



P and Cu, Mg and Ci, Mn and Cu.

4) When bot! varieties from four states were considered, there
were positive correlations between P and Ca, P and Mg, P
and B, Ca and My, Ca and Mn, Ca and Fe, Mg and Mn, and
regative correlations between N and B Mn and Cu.

Smoct and Bovaton (1944) conducted a two-vear studv of four Mclntosh
orchard< and a one-vear <todv i a rifth orchard, and thev pointed out the
following trends.

a) Increascd applications of nitrogen fertilizer decreased the
firmuess of the frait at harvest time. but did not seem to
<t ate increasced rates of softening during storage.

b Inercasced applications of nitrogen fertilizer scemed to result
m the retardation of the normal development of vellow ground
color,

¢) T ere was not alwavs a dircect correlation between the amount
of nitrogen applied and the effect on firmness or ground
color, bt there was almost always an inverse correlation
between Teaf nitrogen and fruit firmness and ground color.

d) There was no marked effeet of differential nitrogen treat-
ments on solnble solids in the froit, but where there were
significant differences, soluble solids were reduced by the

higher nitrogen levels.



c) Trere was an o ndication that tie amount of brown core found
after storave incrvascd in some orchards witk Mgl er leaf
nitvoyen level=: hat there was not alwoves a direct correla-
tion with the amormt of fertilizer applied to the tree.

N In 1oy of the tive orchards there was no effect of differential
nitroseen treatment< on the mordence of <torage =cald, but
v the fth orchard there vas a stroag suggestion that the
Larzer nitroger apphications reduced the incidence of scald.

Overtes and Over olser (1932) reported an experiment in whicl the
frait cominge from plats receving potas<inm fertilizer alone, bad the high-
est average tes' Drmress aad oroduced the smallest and the most Figh v
colored trrit. Tirey aiso reported that the trat baving a low average flesh
firmness came trom trees on plots recewving nitrogen alone or in combina-
tion with other clemests and prodaced v e largest and the lowest colored
apples.

PHlL et al. (1930) and Hill and Heeney (1952) stadied the relation of
foliage nitropgen, potassicm. pPospiorus and magnesium to the keeping qual-
ity of the apples in 20 Mclntosh orchards during tisree consecutive vears.
They fm'md that quality of McIntost apples was reduced if the nitrogen level
exceeded 2.1 percent of the drv matter of the leaves in mid-July. A kighly

significant negative correlation existed between foliage nitrogen and fruit



quality. Potassiim was fornd to bave a definite bat lesser effect t!an nitro-
gen on storage quality and they considered that if the potassium levels in
the foliawe in miud-Jaly fall below 107 percent of the dryv weight, the storage
quality woald be pupaired. A smaller positive correlation between foliage
potassitm dard treir grahty was determined. The investigators also found

no relation botween toliaee phosp' or s and ~torapec qraliry,

Woee-s ot al. (1932) observed that mereases i leaf nitrogen in Mclntosh

trees vere assoctated wath depres<ed frait color, whercas increasces in leaf
potassium v ere assocated it anercased freit colore Trev also reported
that high nnraogen trees prodoced the sottest Tt and low nitrogen trees the
hardest froat. Fraalie ther poted that as feaf nitropen increased, leaf potas-

sitm dereased and el ino reanie nitrogen treatments cased an incerease

in lca® ritrogen, mgmnest o and caleian, and a decrease in leaf potassium
and phosp'ores,

Coltns (1937) renorted that as the nitrogen levels in the tree were
increascd, the color and Feepimge gaalite of the friit decreased. Firmness
also decreased as the qitrogen level increased.

Bincm an (1938) made nameroas leat and froit composition deter-
minations on Jonat' an trees and tormnd the tollowing Fighly significant corre-
latione.

1) A positive correlation between leaf and fruit composition for

w K, P and Mn.
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2) Positive correlations between froit firmaess at harvest, after
revelar storaye and after CA (controlled atmosphere) stor -
age.

D Froatrirmaess at Larvest was negatively correlated with leaf
atropen and Dot s trogen, potassicm and magnesimm.,

4 Froat Nirmincess atter rayjar storage was acgatively correlated
watl feal atroeen and teoat nitroyen and magnesium.

S) Faooat irmsness after CA storage was acpatively correlated
Wl ded! aitroven, potas<sienn and magmesionm and fruit nitro-
S Dotas s,

) Po<itive corrciations hetveen gronrd color scores at | arvest,
after ree clar storage and atter CA storae.

7y TR e solitle solids content of the frait was positively correlated

U e =olible <olids content after resmlar and CA storage

avd nepativel correlated with fruit aitrogen and potassium.
tlordizg (19%0) oted thar solahle <olids were consistently lower in
apples affected wat's soft scald than in those not affected by the disorder.
Smuth (1942) reported that there was a gl 1y sigmificant negative

correlation betweea vellow ground color and the absence of browa core.






MATERIALS AL NETHODS

Ceneral.

A rootstock-varict. orchard tocated at 1t ¢ Grairam LExperiment Station,
Grand Rapids. Micrrgar. was osedan this st.des T e occhard lavout 1s pre-
sented in Fiyore 1o TPe trces v ere pianted i 1932 and v ere orown amder sod
calture, - Incach of 17 e reo Jocations thore were fottr trees of cach variety-
rootstocs combinatios . Uhe tartiet es reproesentod were sorttern Spy, Red
Delicio s Joratta s and NL Iato -0 TP ¢ Fast Nalling rootstoc s represented

)
were ENULG TL VO VIR NI ovd XV T ere were, therctfore, 9n trees in each
of the two tocation <.

Leal ~anvple- cere collected trom the periptiery of the tree. Leaves
whreh acre abo b nade e nete conthe base of the ¢orrent vear's <t oot and te
terminai teaf aad trec o pisect or discase damage were selected. The leaf
samples vere cotleared ever o weer s daring jane, Julv and Augnst, as shown
in Table 1. Q¢ weati cr was fair to partly cloade at all s1x sampling dates,
and the sampling »as dose hetween 1000 a.m., and 5:00 pom.

The apple leat <amples wore washed ina detergent solation then rinsed
consec itively 1o tap water and distilled watere The whole operation required
less than one min e per cample. The leaves were then dried in a forced draft
oven at 160 F for one weelb and then gronnd on a Wilev mill with: a 20-meskh
—/'I'f ¢ soil was a Miami loam. pH values ranged 503 to 7.4, Soil potassium

ranged from 185 to 436 pounds per acre on the basis of the reserve test of
Spurway and Lawton (1949).  The trees received nitrogen last in 1956,

2/.. . . . .
--~/EM [I, Vand VIl arc <emi-dwarfing rootstocks, EM I and XIII are vigorous,
and EM XVI is 4 very vigorous rootstock.

19
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Table 1. Dates and locations of leaf <ampling of the variety-rootstock

orchard located at the Crakam Experiment Station.

Sampling Date Location
A Jme 30, 1959 1
B Julv 14, 1939 1 and 2
C Julv 2%, 1939 1
D Agrist 11, 1959 ]
E Agrist 23, 1939 1
F July 22, 1960 1 and 2

screcen.  The gronnd <amples were analvzed b the Plant Analysis Labora-
torv, Department of iorticilture  vitrogen was determined by the Kjeldahl-

Gunning method and potassium by flame ptotometry. Phosphorus, calcium,

magnesium, iron, manganesce, copper, boron, zince, molybdenum and aluminum

were analvzed with a "Quantograp!y” which is a direct-reading photoelectric
spectromet -~ mantfactured by the Applied Rescarch Laboratories of Glendale,
California.

Mat:re frait samples were collected from trees of the Red Delicious,
Jonathan and McIntosh varicties. HNorthern Spv trees were not sampled be -
canuse of a very light crop.

One bnshel and 20 apples were harvested at random from ecach tree.
The 20 apples were used for pre-storage determinations.  One Lalf-hushel
was placed in regular refrigerated storage rooms at 22°F, and the other half-
bushel was placed under conrlrollcd atmosphere (CA) conditions. L.e fruit

was placed in the storage rooms on the day of harvest. Red Delicious and



I~
I~

Jonathan fr:it placed i C\ storave wis kept at 27 F and atmospheres of 2.5
percent ('()_) ard S pereent ()_,'. Melntosh 1 CA <torage was kept at 38°F and
atmosp’ eres of S pervest CO, and 3 pereent O, Table 2 stows the Farvest

dates, the date of removal o the ot from <torage, and the total daration of

the storare period.

Table 2. tlarvest date-. dats ot cmoval of it from storase and total

Aoatiao af e cord e peviod Tor rte it ased it i stady.

. ) Harve =t [Jate of yremon al ]){1\'\ i stor-
Varicny date (149349 frony storaste (1960) dye
Revlar CA Re,mular CA
Red Dehicio .~ () Octorer | April 14 Mas, 3 [ o 215
Jonaitan Septomiier 29 April 12 Mav 3 197 217
Mot s! Septetcer 220 NMard!t =0 April 4 19] 195

() Adaree part of Ue vrop was boc ed down by a very ~trong wind the
da, o tarvest Inthe case of Red elicio < on EM XTI and XVI onlv

froat tor v e et emial analyses wvas collected.

The toilow e tosts were ran on the lot of 20 apples Farvested trom
(:V(:rf; Trec.
4) Thte promd color of the <t was determined on bothy the Me
Intost and rhe Jonattan St witt the aid of the Cornell color
ctart (Smoct and Martwardt, 1933 in whicl color variation
hetween green and vellow are nnmbered from Sto 1. Com-

pletely red fruit was given a rating of 0. Tte number of



frits i cach color category was recorded and the average
color value of the sample was compited.
b) The flesh firmness of the fruit was determined with a Magness -
Tavior pressiure tester (Magmess and Tavlor, 1925) using a
Tole-inch diameter plinger which was applied to both the
preen cheet and rhe diametrvically opposite red cheek of each
fre:it.  An average val e was obtained and recorded for cach
sample.

) Tre ~olanle ~olids content of the composite sample of juice
obtaitzed from the se of the pressare tester was measured
wit! a Zeiss Opton taad refractometer.

d) A vedee was removed from the center slice of cach apple and
all the wedpes trom the same sample were composited and
nsed tor chemical analvsis. Each sample was placed in a
cheesedlot! bag and dried for one month at 160" F. The dried
froit samples were then ground in a Wileyv mill with a 20-mesh
screen. The ground samples were then analyzed for the same
12 clements determined in the leaf samples. The same
methods of analysis were tollowed.

At the end of the storage period the following tests were run on cach
half -k shel sample from both regular and CA storage:

a) Red Delicious: The average flesh firmness and tlhe soluble






solids content of the friit were determined on 20 fruits.  All
the fr:it was examiied for the presence of storage scald,
brown core. and internal breakdown and the percentage of
affected frait was determined.

h) Jonathan: Al the froit was examined for the presence of soft
<cald, Jonattan spot, and resseting, after which 20 fruits
were sclected at random and the average flesh firmness, the
averdgae grosnd color, the solable solids content and the per-
centaype of the 20 fraits affected by core browning and internal
breasdown was determined. The remaining fruit was held in
g room at SF for scven dayvs, after which the fruit was
agarn examined for the presence of core browning and internal
breatdowe and the percentave of affected fruit was determined.

) Mclntost: ALl the fruit from both regilar and CA storage was
examined for the presence of storage scald and the percentage
of affected fruit was determined. Twenty fruits were then
selected at random and ¢sed to determine the average ground
color, the average flesh firmness, the soluble solids content
of the sample, and the percentage of the 20 fruits affected by
brown core and mealv breakdown.  The remaining fruit was
held ina room at 757 F for seven davs after which the fruit was

again examined for the presence of storage scald, brown core






and meal. brea:dovn and the percentase of affected fruit

was determined.

Statistical analysix of data.

All statistical analvses were done with the aid of the Michigan State
University clectronic digital compiuter (Mystic).  For the purposce of the statis-
tical analvsis the data tor cach measnrement for cachi tree was analvzed scpar-
ately as described in the <ix different problems as follow s;

Problem 1: The data obtained from the results of the leaf analysis
from location 1 i 1939 were aralvzed statistically. The values obtained
from caclt samplce representing a trece were eatered separately. Thre
analw sis of variance of th ree main cffects, variceties, rootstocks, and
sampling dates, and v cir mteractions were determined. The data
from for varieties, six rootstoct s, and four sampling dates were
tivis analvzed. Tre fiftt sampling date was omitted from the analvsis
due to the capacity hmitation of the compuater. A tvpical analysis of
variance table is given i Table 3.

Differences between treatments were determined by using a mini-
mum required difference (MRD), (Lewis, 1960). Tle MRD value is
obtained by multiplving the standard deviation of the treatment mean
by the value in the studentized table (Dimcan, 1955) corresponding to

degrees of freedom of the error term and the number of averages being



Table 3. Analwsis of variance of leaf phosphorus data (Problem 1).

Degrees of Mean F value
Source Freedom Square (2)
Varieties 3 . 03671
Rootstocks B 02416
Sampling dates 3 . 01570
VxR (]) 15 . 00300
V x SIo (1) Y 00217
R x SD 13 . 00094
VxR xSD 43 . 00091
Error 258 . 000%0

(1) Interactions combined to test main effect s,
(2) - Significant 1~ level.
Sigmificant 37 level.
compared.  The advantage of this valae is that all the means under the
same treatment can be compared with the aid of a single value.
Problem 2: Tie imflience of variety. rootstock, location and their
interactions on leaf composition was statistically analyzed in this
problem.  The leaf composition vales from both locations 1 and 2 for
the Julv 14, 1939 sampling were used. This sampling date (July 14,
1959) was the one nsed in the arca when collecting leaves for diagnosing
prrposes.
Problem 3: The influence of variety, rootstock, vears and their
interactions on leaf composition was determined statistically.  This

time the values for the two locations were pooled together because the

values for the two locations were significantly different in 1959 only






for potassiim, maepnesiam and molybdenim and the actual differences
were relatively small. Onlv tre leaf composition data from the July 14,
1939 sampling and rhe one samplime of 1960 were used.

Problem 4+ T ¢ inflience of variery, rootstock, location and their
interactions on it composition was analvzed stotistically.  Only the
1939 dara were ased.

Problem =0 e intlience of root=tock and location on pre-storage
and post =<toravce measarements and their interactions within each of
the three varseties stadied was determined statstically.

Problem 1 Ten correlation problems mvolving 3, 421 correlations
were analvzed statisticallt . Correlation cocfficients were determined
for cachk variety onall rootstocks (three problems), cach rootstock
on all varicties (six problems), and all obscervations (one prohlem).
The correlanion coeffivients were calculated and their significance

determined. Onl. the 1939 data were nsed.






RESULTS

[=fluence of rootstoc: s on leat composition.

In Tatles 4, = and o, the relative inflaence of the various EM root-
stocks on leal composition is presented. In Table 4, the leaf composition
values obtarmed at cacl ot foor sampling dates are considered together.  In
Table A0 ical compositior valioe~ obtammed at the main sampling date are eval-
sated. Finalie. 0 Table o0 e feat composition values obtained at the main
sampline dates of 1939 and 1960 are considered.

dtroyes Rootstor s~ did 2ot Pave a sigmificant influence on leaf
mtrogen.

Potas~1mm: Rootstoc s sremificantly anfluenced leal potassium values,
as =cen n Tatles 40 S and 00 Whether tour sampling dates, the main sampling
date of two years were takes into cossideration, trees on EM [ had the highest
leat potass1an valies and trecs on ENTV Tad the lowest vahies.

Phospiors: “There were sipmificant differences between rootstocks

I affecting leat ptosp oras wien fonr sampling dates or two years were taken
INto consideration (Tables 4, 6). Leaf phosphoris was bighest on trees on
EM vandlowest o4 EM XV ilowever, when only the main sampling date was
Strdiced, no sipniticint difteren: ¢ waes o ad Letween rootstocts (Table 5).

Calcinm: There were significant differences between rootstocks when

thea .o . . .
< lcaf composition data from tonr sampling dates, one sampling date or two

28
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vears were taken into consideration (Tables 4, 5 and 6). Trees on EM I and
XVI had the highest leat calem values, whereas trees on EM I, 'V and XIII
had the lowest values.

Magmesiim.  Rootstocts significantly affected leaf magnesium values
when cither fovr sampling dates, one sampling date or two vears were consider-
ed. In every case, trees on EM XVIwere the highest in Icaf magnesium and
trees on EM [ were the lowest (Tables 4, 5 and 6).

Mangancsc: TP ere were sigmificant differences between rootstocks in
regard to leal munganesce w!len the data from four sampling dates or one sampling
date were analvzed (Tables 40 3)0 In every casc trees on EM XIIT had the highest
values, and treces on EM I tad the lowest valtues, The data from the second
vear could not be used in tVis <tidy becanse a manganese containing fungicide
was appliced prior to leaf sampling.

Iron:  Rootstoct s atfected leal composition values for iron when the
data from four sampling dates (Table 4) and one sampling date (Table 5) were
analvzed. However, when the data from two vears were considered, no signi-
ficant difference was found between rootstocks (Table 6).  Also, different root-
stocks werce not consistent in their influence on leaf iron.

-

Copper: Rootstocks significantly affected leaf copper values only
when the data from two years were taken into consideration (Table 6). In every
case, trees on EM VII showed the highest leaf copper values.

Boron: There were significant differences between rootstocks with



respect to leaf boron when fonur sampling dates and when only one sampling
date were considered (Tahles 4. 5). This was not the case when the values
from two vears were taken into acconnt (Table #). In everv case treeg on EM V
showed the highest leaf boron values.

Zinc: o osignificant difference in leaf zine values was found between
the rootstocis when the data from four sampling dates was analyzed (Table 4).
The data for zine were not aclided in Tables 5 and 6 because of analvtical
difficultics.

Molyhdenam,  There were significant differences in leaf molybdenum
for the difterent rootstocks when tonr sampling dates were taken into account
(Tahle 4. However, in the other two studies, no significant difference was
forind.

Alimintm:  Rootstoc! s did not affect significantly leaf aluminum values

in any of th.e problems considered (Tables 4. 5 and 6).

Influence of rootstocys on friit composition.

Rootstoc’ s did have a sigmificant influence on the potassium, copper,
boron, zinc and alnuminmm composition of the friit (Table 7). Rootstocks, how-
ever, did not have a significant effect on the amounts of nitrogen, phosphorus,

calcinm, magmesium, manganese, iron and molybdenum, in the fruit.



Table 7. Inil-wenc2 of . ruosutoexs on fruit composition.
SO0 UETOCKs al'e arlali_€1 in necreacsing order of
fruit coupositizon’ i), Lifferences were not significant

between rovtstcor s andecssored by the swie line,
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Inflitence of rootstoct s 00 stordage medsurements.,

Red Delicious.  Rootstoc: s influenced sigmificantly the soluble solids
content of the 1rat and the mmcidence of storage scald on the fruit (Table 8).
However. rootstocts did not affect significantly the flesh firmness of the fruit.
No brown core ornternai breakdown was fouad at anv time.

Junathan:  Rootstoc’ s had a siimificant influence on the flesh firmness
of the fr:it and on the percesitage of rsseted friit (Table 9). However, root-
stocks did not affect sigmuficantly <soluble <olids, ground color of the fruit, and
the incidence of Jonathan spot or soft ~cald on the froate No core browning or
imternal breasdown was fornd at any time in the friit,

Mcintost: Rootstorts bad no sigmificant influence on any of the

meas:rements considered (Table 10).

Inflience of varictics or leal composition.

In ti-¢c casc of almost ever, element, there were significant differences
bhetween varictios with respect to leaf composition (Tables 11, 12, and 13).
This was troe whether foqar sampling dates, one sampling date, or two vears
were taben into consideration.

The onlv exceptions were for copper when the data for four sampling
dates were used and for phospioras, iron, copper and aluminum when the
data from two years were taten into account.  There was very little or no

diffcrence in relative composition between varieties whetber the data from
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rable vy, .ni_.enc= ! . rUlTLUICKe On jre-stordse 1nd pust-
STLr e m2agurernents on Jonathan fruit. zootstocks
are araznges in sdecsresasing ordaer of values for tne
meacsureneLt corn:iuocrea, Liflerences were uot
sisrnificant btetweer. oct:stocks unaerscored by the
gane line.
moALUns, 202 Sl L Joorl Al
1l chest. SOWe st 57 1%
y goialbie Il Lili I Y Voo AVL
e R PSR S-S SOV A SV O PR S 1) NE B
Averar= C il ppe acsl L ', AVI
flesh Lo 1I.m 1705 1%.a 14040 L33 A .5
firzrecs: } 0 0——
in los..1) __ T
sround ol L < v Ll L
zelor 1.l P loo oY v .7 i Y
scorell)
G or rarc ’ Sl . a7 i aoil
alf.cnned oy 201 cron VW7 L7010 1ol 1500 I\ S
wOonLian
Sp.t <z
oo ol fruit ALl v Ay I . V1L
affected by 2.2 2.7 . l.o 1. 1.9 TS NS
soft szalall
7 rus.eted Lol it : v £l:l a1
fruicie) RN R AR DL D 2SR P Vel Bz 11.3
(1) wean vulue: reprecsant o4 samples: 1 samjling dute x <
1ocatione x 4 treecg 4% observatvions (.t harvect, after
regular stila,e ter A storace).
1€ ¢

i8dll VUi 1es re; reren Y, €
locuaticne x A4 treec x o ob
arnd after 7L storas

—~
N
~

: 1 campling date x &
vione (after remular storay
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Table 1lU. Influence of 2. rcotstocks on pre-storaze and
Fost-storase neasurements on .clntosh fruit.
nO00tetOCAE 4r'e arr.n.jec 1n decreaninn; order of
vilues I0r the meacurernents concicdered. Differences
were 1.0t 1.gnificunt vetween rootstoc«s underscored

oV tue care lize,

MEASUREwNT RO U TR oD
c1.0est Lowecst., 55 %

% solutle e s Ll LI Y AV I

solids (1) NS T - NP -2V A D T A 1-Xe, ive NS

AVera:;e Lo vl MY Y AV . I

ilesh lref, lil.5 2i.7 11.1 1i.1 il.v e RS

firmnecs

in lbs. 1,

arounc AV < Y IT Vol ATLI

COlOI' K—.& L-oj t_o'v e w L-Jo(.J' 1.06 J:‘& i\:—‘

score (i)

% of fruit " 11 LAIIT AV v VIT

affected by |es.t 4.6 b 22,5 <2.1 1.3 N NG

storagze

scald (2

% of frait I v I £V1 1 Pt

affectec vy J%.7 5.4 .Y 19,7 17.&6 15.¢< NE o

prown corel.s )

% of fruit ill 11 AVI 11T I v

affectea by 1.9 4.5 .1 Bec L.l 7.2 b ivo

mealy

breakaown{c i

(1) i.esn values represent <4 samples: 1 campling date x &
locations x 4 treez x 5 observations {at harvest, atter
regular storagze and after Ca storuge).

(2) wnean vaiues represent 52 samples: 1 sawpling cate x 2
locations x 4 trees x 4 observations {after regular and
A storaze plus 7 aays at 752 F after bLoth regular and
CA storase).
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Table 1l. isinerai comiocition of aprle leaves as aflected by
varieties srcown on sgix .ol rootstocks. Varieties uare
arramsed in decreacin;; orcer of leat coumpssitvioca(l’.
Cifferences were not sisnificant between varieties
underscorel Ly Ul.e fale line.

-y : T AT LT
POPESY N I R VAR JrN e
1 - R TN S L. —~ P =C, 0.
Dry weight LLhesy D a2, 54 1%

basis.

.o N~ L St N Y s
NIT=OG i Lo [ cal iv.o
h - e Al coel Cc\a.; L ‘jO o‘-'b .'.)‘j
L . . D~ e
l’vi:'.u.u.s.l.h. N L . vl
. . 5 - 0N R . .
o~ Leld Lo l.l"'L Lottt o\jv 015
Lauvlrnienblo co vl
- 7 LA N A -
o« .- ez 4 e dDnn .\Jl( .« Jo&
N o~ . - s
e, - . Vo RS o1
v oo ' b Y s LT
« o ks .1....1‘ 4 e\ . e ¢ &~ L e LD

daibar T4 v .. _- i PPN Loy
. - [ Z O : P b -
L oe-eTle T et b:‘.'_» Loy v et Je sl 0D
I ) ] ;....‘ Liuls [ ¢
- ~
E_.A Qe 5N <o/ o' t-l’? -+ lé
L e N -. ~
vivl L -at ol oL s
. . . < ey o b e ¢ o
_-o}-»..' _"._'/ :,'.1 /4.-_ Oe Nl N O
. . . . [ ~
DUroae Lo et Lt Y P

Fejolle S Y. e 29.c 3.4 4.6

crre P ~er v
GI0C Jooav oL it Yo
g oo 7 DE J il [ M Yog£
i«o;.zonrl. L-;'o,} 20.'_ ‘—1’06 \_J/\- B e 504
i e Lo . O o
UL . % N .. u‘A!aI_. NP EDY
Pel efe G, Lo b 4,4 A4 o4 .6

Y/ v,

- X al O PR
p.p.m. ‘_"/ l_f&l. ¢.’.c’5 L.)'_B Z1 d8

(1) Nean valuzs rejresent 96 trees: o rootstocks x 4 sampling
dates X 1 location x | year X 4 trees.
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winersal coizjocition of aprple leaves as affected by
varieties srown on six i r.otstocks. Varieties are
arrzn-;ec¢ in zecreacing order of leaf composition(l).

Liffererces vignificant between varieties

underscoren by re sare line.
ST —\7~.-\/_‘) -y 1 AT L, r -
_J.L.—.-..:u.\ i< [ 9S BB SN MJ.‘(U
ory weight Florect. Lowe:t. S: 1%
bacsis.
:\II':[((J:!.LL! - ...1.4 '."..,.- ._,_;‘; 1: i :
% s,...ot_'i" _:-.:-2 < ek — e olU 114
ruTace U RIS oL o M
% :c-—? g‘olvl 10&45 1.&-:' cO? o’-/“_:"
\
FHCOSFHURTS sk ol gt e
2 o el sy . 1oo 2V Loul
Canclbu w oo Nl ool Pl
M :..v l.v lc(-v — e oLtJ oll
157, W SO T K e oL iy T
> . A‘/ S . j'.'u' . 5//‘: » __;_ . LlC . ..‘L"
u_..hJ" vioaod .4.‘.‘ - ..L. ._:‘_- ‘1— [
Fel oilte L, S e .l de b 7ot Yl
100 L1 . Ll T
Fel ol Sle et cH1 ct? 14 18
u‘\" i‘:t'i'..ﬂ G owat L .‘Ll.) st .;' ;n:
Dejreite 1..°2 1.9 1v.5 1e.1 .6 .7
BOHUN ~al :.. '.: e u.-.: \_' ‘l’
::-'QZ'QHIQ _z’j’.‘ia\;.'l _‘:_',1/-(~ __’).!._”o.&_)ll - Blgl :”ol qot:
AU S-SR N L. Vo I
1’0&. oilie O L‘oq’ L"aq 013 .5 .7
ALUL TN violi e e SEY
Eof . Lie 28" < H4 209 U1 2u <6
e ——— - —
1 -
(1. lean values rejrerent 4. trees : 6 rootstocks x 1 sampling

dqate X

(<) Zinc w

<

locations x 1 yeur x 4 trees
rnst included due to analytical difficulties.
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Table 13%3. i.inercl comiosition of upple leaves us aifectecd
by varietiec grown orn six Ei. rootstocks. Varieties
are ar:anged in decreasin® order of leafl cowmpositio
Pifrferences were ot uvigniticant between varieties
undaerscorec by tiue caxne line.

Zinhoi (&) Varniel1aS WD
Dry weight
basis. Hiszest, Lowest. 5% 1%
NITHUG=N L=l gl R olY
FUTALSTIUL NI ol b d Ul

76 lob:’ cbf’ 1-4(, 1059 o\)e 0U8
FTHOUSE: nUE Sl I H.C JUN

‘j’ odj? sl .L)bj . l\/‘l’/ P\b I\‘b
cAaLo iUl J Uiy ine siL NS ¢

9 lov/ .\.«i bo\ja bové 009 015
kAG LS Tl DL LY ol e

9. « Dl . 501 LBl 275 02U L0
L ON vl vul SrY RY:

FoepoDe c7C 45 ccY ccd NS NG
IO PUr ¢ La Lol 2 oFY

1./.; QA'rlo 1")01 C‘QC léoq ldoa I!b l\lb
BOnUIN LEL ne J Ul sty

Pelolie Ze. 1 DLl HC 8 & 9.7 €.2 “.5
L.CLYbD.un Ui JUN wl SEY vl

I)’P'H‘" 4.7 406 q’ol q’ol 05 o'?
ALULIGUL. JUI 1.C OrY DIvT

(1) hean valuec represent Y6 trees: 6 rootstocks x 1 simpling
date per year x < locations x £ years x 4 trees.

(¢) Zinc was not included due to analytical difficulties.
wan:zanece was not included as a result of the use of a
fungicide containing the elerient in 1Y60.



four sampliny dates, one =amplie date, or two vears were considered.

Influence of varictics on fruit composition.

For evers ciement, ittt the exception of molvbdenum, there were
significant differeances hetween varieties wit?h respect to friit composition
(Table 14). .o dara for Northern Spy woere availabie becanse of inadequate

troating.

Influcnce of ~casoral variation oo leaf composition,

There was a continiors decrease in the leat content of nitrogen. potas-
sium. prospior - and bosasctrom the et to the last sampling date (Table 13).
There was a contino s peerease ncalerm and alamimom from the first to the
last samplire datel Naemest e macgeanesce. mron, copper, zine and molyvbdenum

stowed anarrey lar pattera of variation from t' e first to the last sampling date.

Inflicace of locations on,

(1 Lei ! -omposition When the two locations were taken mto consider-
ation, 1t was fonnd that there were significant differences between
locations for potassitnm, magnesinm and molvhdennm (Tahle 16).

T ere were no speaficant differences for the other clements studied.

(2) l_"rl_lil(_‘(_)l_ll[_)_()_.:‘“‘i_(_)_lli There were significant differences between
locations withi respect 1o the froit content of nitrogen, calcinm, mag-

nesinm, copper, boron, zinc and molybdenum (Table 16).



Table la, sinercl ooujcCoition 0 a,pte fruit ag arflected by
variellss. Varietliee ure orran eu in decreasing
oraer of cuit ¢conmpcsicicn 1. Liftrerences were
ST Fionivic.nt vtebtween varlietiey underscored by
tiie & 1,
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{zole 15. Liner:l . oic-iiion o0 .p, le leaves ar uffected by
sunm, 1in dales. Lamplin. Jda *ps are alranbea in
= e~ ENE - e . . NI oo vz ~
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Table 1lo. ..ineral cowposition of ap:le leaves and apple fruit

ac arfectz: uy locutions.

Lifiereiices were not

cignificant between locationz underscored by the

same Line.

SLeh.shT (1) arr i LmATol(e) AFFLE FRUIT(3)
Jry wei-nit
basis ni.sh. LOW. Hish, Low.
NITHCG ol 2l ] 2 1

f”l, a—ol? L—ul’\. oCBl ozl-j
FOTASSiIUN o 1 = 1

9r 1.8 l.co 2275 557
FHUSEHUAUS i I < 1

s _o__;l,-/‘ .C.L: 0177 .lbi
SanLlIilUk o X - 1

7. 1.4 Lol . 138 1ol
Ma3nsS Ll 1 N e 1

4 st 3.5 U7 .GY5
MANGANHESE 1 < P 1

Lelel. ) 49, 2 1.3 li.+
Iﬁy;i - l < 1.

popoma C’\,j _ \—l_,l ‘),7).6 \.}CJ-&
JUTT s _ N Z 1

FPefolle 1.0 l..5 By )
BunOl. - c 2l 1

L+ D £l Al e 49,9
LINC 2 1

el .m. 2H.8 15.4
LOLYBDEwUL 1 Z 1 2

PefP oL, 4,% 4.c l.4 1.1
ALUMINUL 1 Z < 1

Pepom. 22 225 24.c e

(1) Leaf zinc was not includea due

(¢) wmean values reprecent Y6 trees
X 4 trees.

(3) weun va'usze reprcsent 72 trees
X 4 trees.

to analytical difficulties.
¢ 4 vurieties x © rootstocks

: 3 varicties x €& rootctocks
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(3) Storayge measurements:  The only significant difference between

locations occarred tor flesh firmness in Red Delicious (Table 17).

Influence of vears on leal composition.

There were sigmificant differences between vears for leaf nitrogen,
potassium, copper, boron and aluminum (Table 18).  No significant differences

were fond tor the other elements considered.

Miscellancous interactions.

Rootstoct x Varicty interaction for leaf composition: When the data

from fo.ir sampling dates were considered. this interaction was significant for
all 12 elements ander stad.. When the main sampling date was considered, the
rootstock x varicety interaction was <ignificant for nitrogen, calcium, magnesium,
manganese, boron, molybdennm and aluminam, but was not significant for potas-
siiim, phosphorius, 1ron and vopper. When the data from two vears was taken
into consideration, the interaction was significant for nitrogen, potassium, cal-
cium, magnesium and molvbdenum, bt was not significant for phosphorus, iron,
copper, boron and alaminnm.

Rootstock x Variety interaction for fruit composition: The rootstock x

variety intceraction was sigmificant for nitrogen, phosphorus, magnesium, man-
ganese, iron, copper, boron, zinc and aluminum, but was not significant for

potassium, calciam and molsbdenum. ' -
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Table 17. influence of locutions on pre-storage and post-
stora«e mea:rurements on ned lelicious, (onathan
ana iwcintosh fruit.
between locations underscored vy the sare line.

Differences were not significant

Rauu LznilIOTUS

el

1igh.  Low.

JUNATHAL

Hdigh. Low.

o INTULH

Hish. Low.

% soluble
solids (1)

average fliesh
firmness in
lbs. (1)

Ground color
score (1)

% of fruit
affectec by
storage scaldi«

% of fruit
affected oy
Jonathan
spot(3)

% of fruit
affecced by
soft scaldi4)

% russeted
fruit()

% of fruit
affected by
brown core (z)

% of fruit
affected by
mealy
breakcown(. !

1 <
13.9 1.9
1 P
la. 2 1%.08
1 c
5:-( 46‘01

1 <
13,6 1%.€
1 -
1%.€ 13.4
2 1
1.0 J.9

1 2
r_.5 c.1l
] 2
16.53 14.5

1 Pt
lc.c 12.5
2
11.4 11.2
1 2
c.l 2.0
1 Z
23.7 2c.5
Z 1
2l.6 18.3
c 1
10.0 S S)

(1) hean values
samples for

(¢) wean values

samples for
(3) iuean values
(4 ) liean values

reprecent 48 samples for Fed Delicious and 72
Jonathan and LcIntosh.

represent 3. samplec

lhcelntosh.,

represent 48 samples.
rerrecent /¢ samples.

for red Lelic:iocus and 96
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Table 15, wineral composition of apple leavea as afrected by
yeare. LCifferences were not significant between
years underscored by the same line f1).

2LEnaiT(2) YoARS
Dry weight
basis High. Low.
MNITROUG N 19¢0 1959
%‘ C.C’? d‘c 13
FOTASSIUM 1959 1956¢
‘,".' l.bd 1145
FHOSFHULALU LD 140 1999
y w1 .215
SALCIUL ivo s 1960
% l -\/j '97
mAagLsS TUL 1959 19¢cue
(7: -d\j‘j oa(j€7
I v 1959 1960
p’i’ olle 8(,2 dl’_)B
CUil =R EIS 1959
bef oM 14.% 10.&
BUAKON 1260 1959
Pep oM. 34.5 2Y.b
wWOLYBDLUL 1959 196U
Dol oilis 4,5 4,c
ALL LT 1960 195+
Pepoellia 3¢ b

(1) sean valueg reprecent 192 trees: 4 varietie:r x © rootutocks
X & trees.

(¢) 4inc was not incluaded due to analytical difficulties,
sanganece wus not included ase a result of the use of a
fungicide convainin,; th: c¢lement in 1v6G.
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Rootstock x Sampling dates: This interaction was significant for leaf

calcium, iron, copper, boron, zinc, molybdenum and aluminum.

Rootstocks x Locations.  This interaction was significant for leaf

nitrogen, phosphorus, calcium, magnesium, manganesc, copper, boron and
molybdenum, and for fruit iron, boron zinc and molybdenun.

Rootstocks x Years: This interaction was significant for leaf phos-

phorus, calcium, magnesium, iron, boron and molybdenum.

Varicties x Sampling dates: This interaction was significant for leaf

phosphorus, calciinm, magnesinm, iron, copper, boron, zinc and aluminum.

Varictics x Locations: This interaction was significant for leaf phos-

phorus and calciam and for fruit boron.

Varictics x Years: This interaction was significant for leaf nitrogen,

phospliorus, calcium, magnesinm, iron, boron, molybdenum and aluminum.

Effect of storage treatments on storage measurements on the fruit.

Red Delicious: (Table 19)

(1) Soluble solids- There was a significant increase in the percent

soluble solids of the fruit during both regular and CA storage.
No significant differences between regular and CA storage were
found.

(2) Flesh firmness: The flesh firmness of the fruit was highest at

harvest, then declined during storage. The decline was more

pronounced in CA storage than in regular storage.



Table 19.
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Influence of the time of oUservation on pre-ctorage
and post-siorase measure.ents on rec Delicious an
vonatnan fruit. Differencec were not cisniricant
between observations .nderscored vy the cace line.

MEASUR v, o,

T OBLZaVAlILE(D) hatl

figrect, Lowecst. 5%. 1%

ol owaulTICUSIe)

5+ solu.le
solids

average f1
firmness i
1lbs.

% of fruit
affected o
storage sc

e i - . T o
aX A n AH
14.;‘/' l"'o"-’ ldoo .LL '5
ech AH RY% A2A
n lbo”" ;-"/.s- lL'-OE‘ u1+ c5
A AT A
v 32,4 25.8 NS NS
ald

JCNATHAN {3)

% soluble
solids

Average fl
firmness 1
ips.

Srour.c c¢ol
score

% of fruit
afrected »
Jonathan s

% of fruit
affected b
soft scald

% russeted
fruit

A ik Al
i2.Y 13.¢ 15.¢ . .3
ech atl aod A
n 16.7 le.& 11.5 3 o
or Al ACA nH
l 06 .r . 5 - . 3
A Ala
,"/ j?o El 07 L‘o(} 60 3
.ot
At ACA
N 2.3 l.¢6 1.1 1.5
A_n At
17.1 13.7 N. NS

(1) AZ: Me
Art: lie
AJA: e

asuremert made at harvest,
acurernent made after regular cstorage.

7LD

asurement made after CA storage.

(2) iean values represent 32 samples: 4 rootctocks x < locations

X 4 trees.
alues represent 48 samples: © rootstocks x < locations
X 4 trees.

( 3) wean v



(3) Storage scald: There was no significant differences between

regular and CA storage in preventing storage scald.
Jonathan: (Table i9)

(1) Soluble ~olids: There was a significant decrease in the per-
cent soluble solids content of the fruit during hoth regular
and CA storage. .o differences were found, however, between

regilar and CA <torage in their effects on the soluble solids
content of the fruit,

(2) Flesh firmness: There was a sigmificant decrease in flesh

firmness daring storage.  The decrease was more pronounced

with regnlar <storage than with CA storage.

(3) Ground volor: There was a sigmificant decrease in the ground
color score of the fruit during storage. The decrease was

greater with regnlar storage than with CA storage. (A decrease

in ground color score indicates an increase in the yellow ground

color of the fruit).

(4) Jonathan spot:  There was a very significant decrease in the

pereent of the fruit affected by this disorder in CA storage as
compared to regular storage.
(5) Soft scald: There was a significant decrease in the percent of

the fruit affected by soft scald in CA storage as compared to

regmlar storage.

(6) Fruit russcting: There were no differences between regular and
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CA storage in the percent of russcted fruit. (Fruit russet-
ing is not a storage disorder).
McIntosh: (Table 20)

(1) Soluble solids: There was ¢ significant increase in the soluble

solids content of the fruit during storoge. There was no dif-
ference between reguler and CA storage in this reupect.

(2) Flesh firmness: There was o significant decrease in flesh

firmness during both regular and CA storage. There was,
Lkowever, no difference between regular and CA storage in
this respect.

(3) Ground color: There were no significant changes in ground
color during the storage period.

(4) Storage scald: At the end of the storage period, there were
no significant differences between the fruit from regular and
CA storage with respect to the incidence of storage scald.
However, after seven duys at 75¢F, the fruit from regular
storage was significantly higher in storage scald than fruit
from CA storage.

(5) Brown core: The fruit from CA storage was significantly
lower in brown core both at the end of the storage period
and after seven dats at 75°F.

(6) Mealy brecakdown: There was no significant differences between

the fruit from regular and CA storage with respectto the incidence
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Table <U. Influence o: the tinme or observation cn pre-storage
and post-storage measurerents on Mclntosh fruit.
vifference: were not :tignificint between observations
underscored by the same line.

MEASURE..SKT CREERVATILIS(L) MRD

dishect. Lowest. 5% 1%

% soluble Ala Akt AH

solids lc.? lc.t 1..3% .1 2

Average flesh Ah Ala Ax

firmness 14, c J4 S 9.7 .o .9

in 1lbs.

Ground color ACA Al Aid

score Lol _rew_ __lo¢ LS NS

% of fruit AK? Asal AL ATA

affected by 58.Y 13.2 11.5 5.9 4.4 5.7

storage

scala

% of fruit '\:‘:r/ Al w2 A7 AlA

affectec by £S.5 2.8 l.¢ .1 £.5 8.7

brown core

% of fruiv Ry, LAY alf 4124

affected by 24,1 Y .1 .1 4,4 6.5

mealy

breakdown

—_——— R

(1) wean vilues
X 4 trees.

reprecent 4%

&]

anples:

4 rootstocks x < locations

storu;e.
after re_ular ctoragse plus 7 days

AH: Mheasuremwent made at harvest.
Ar: heasurernent made after rejsular
AR7: lLieasurement :imide
at 75¢ r.
ACA: .eusul’ement made I'ter A storajge.
nCA7: l.easurerent mide

PR

after A &tOI’a.I;e E)IUS ’/ da,'/s at



of mealy breakdown at the end of the storage period. However,
after seven dayvs at 75 F, the fruit from CA storage was signi-
ficantlv lower in mealy breakdown than the fruit from regular

Storaye.

Correlation studices.

Tables 21, 22 and 27 present Bighly significant correlations between
measurements made on s ach varietr grown on variots EM rootstocts. Corre-
lations which ocourred in tao of three varieties were considered in the follow-
ing paragraphbs.

Howcver, when observations were made on only one or two varieties,
the occarrence inone variety vas constdered to be sufficient. Tre following
presentation of caorrelations 1s based on these assumptions,

Ledat nitrogen ~stoved o negative correlation with leaf aluminum and a
positive correiation vith it aitroyen for both Red Delicious and MclIntosh
trees. Leaf mirogen was correlated negatively with frait firmness before and
after <torage n all three varicties.  Leaf nitrogen was related negatively with
the percent of <iorage scald when Melntosh fruit from regular storage was held
scven davs at 75 [0 However, the corrcelation was positive when Mclntosh
fruit from CA storage was held seven davs at 757 F.

Lecaf phosphorus showed a positive correlation with fruit phosphorus
and with fruit firmness before and after storage of Jonathan and MclIntosh fruit.

Leaf caleinm and leaf molybdenum were correlated positively in Red
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Identification key for measurexents shown on the opposite page.

~-_euf nitrozen.

2= " potazsium.
3= " rhozihorus.
L- " calciun,

H- " mugnesiaa,

o- " marn;janese.
7= " iron.

o= " cojper,
- boron.
=" noiybdenunm.
N aluminuna.

12-Fruit nitrogen.

13- " potussiun,
4= " phospl.orus.
15- " cualcium,
16- " ma zaesiwia.,
17- " nancanese,
8- " iron.

1= " 20 ner.

o= roron.

zi- " molybstenur:,
zZ=- " sluminun.

zh=tercenc soiubtrle solids at harvest.
" " " aTterr regular storase.
E- " ! " ! Ja storae.

Z6-rlecsh firmnese in lbs. at harvest.

&= " " " " after regular storage.
o= " " " " Ca storaje.

cv-Fercent of fruit affected by storase sculd after regular
storage.
U=lercent of fr.it affected by sctoraze scald after CA storage.
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Table cl.
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Highly siznificant correlations between measurements
made on red Delicious trees on four Ll rootstocks.
The mneasurements in column A are correlated with the
measureirents in column B as indicaved (1). The key
to the numbers is the same for both columns and is
presented on the opposite page.

COLUMN A COLUMN B
1 -11, +l2, -26, -<8.
2 +19.

9
4 +10.
5 =Ty = 9s w2hy 425
6 +19, -c8.
7 Ript e
&
9 HBR 0, 22l #2 D5
10 B w30,
11 Sl gf o =03k
‘ 12 + 1, -26, -2&.
13
14
15 +17, +21.
< 16 -2U, +30.
17 +15, +18.
18 +17.
19 4 Ok
20 + 9, =16, -30.
21 +15.
22
25 -11, +24.
24 + 5y, = 9, +23, +25.
25 + 5, = 9, +24.
26 hegte By S NE e
27 +28.
28 -1, - 6, =12, +26, +27.
29 +30.
30 +10, +16, =20, +29.

(1)Correlation coefficients significant (30 df)

(+) positive at 1% level.
(-) nepative at 1% level.
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Identification key for measurements shown on the opposite page. |

l-Leaf nitrogen.

Z3-Fercent soluble solids at harvest.

in 1bs.

after rejular stora;e.
after CA stcerage.

at harvest.

after regular storage.

CA storage.

29Y-Ground color score at harvest.

2= " potassium.
5- " phosphorus.
4 " calcium.

5- " magnesium.
6- " manganese.
=" iron.

8- " copper.

9 " boron.
10- " molybdenum.
11- " aluminum.
l¢-Fruit nitrogen.
1%5- " potassium.
14~ " phosphorus.
15- " calcium.
lo- " magnesiumn.,
17- " manganese.,
lo- " iron.

19- " copper.
20- " boron.
zl- " molybdernun.
22— " aluminu.
54- 1" 1"
db_ " "
co-Flesh firmness
C?"’ 1" " 1§
&= " " "
50_ 1" " "
51_ " n "
432-Fercent of fruit

storage.
33-Fercent of fruit
34-Fercent of fruit
35_ 1" 1] n
3c-Fercent of fruit
storage.

57-Fercent of fruit

storage.

after regular storage.

"

CA storage.

affected by conathan spot after reguiar
affected

affected
1"

Jonathan spot after CA storage.

Soft scald after regular storage
" " " CA storage.

found after regular

by
by

affected by russeting

affected by russeting found after CA
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Table cc. niguly sicniricant correlatisns between measurenments
made on Junasgr.an trees on siX o rodtstocke. I'ne
neazuzrements 1n column A are correlated wit: tThe
zeasurenents in cclumn B as iraicated (1). The ey
to the numbers is the same for both columns anu 1is
rrecentea on the oprosite page.

CUOLUMN A Suiliia, B

1 —2(:, —d’/:.

= -5, +:27.

3 + Tty #ld, sce, 4.

4

5 i "f’y <k, - . =57,

6 -15s -l&’o

7 +11.

b + o

9 + j’ - E" "'lL"’ ‘1-:)1 +ain, =Y
1C

11 + 7,

1 +17, +.t, =cl, +3..

1% +1, +l4, +lc,

14 ~ Sy + Y, <13, +lc, +1Y, +ci.
15 -k, + 7y #12, +cl.

le +1lc, L0,

17 +15, +ie5, +1.

1o +1"'+, "‘17, —co

19 -6, + J, +14, 415, s, =M.
Zu oty 4lu,
= =le, 410, <17, +%C.
ce + J. o+ 14,
gy sy 42, o+, =31, +57.
a4 - Sy ety alEy acl, 427, +abd, +5C.
<t o8y b, o, 4%
ce - 1, + 5, +25, +cb4, +2H, +<7.
z - 1, + C, + 5, scb, +20, +37.
25 =lu, b4, +c5.
2Y - Y, =19,

p16] +1ec, +51.

51 —Lﬁ, "'j(J, +,1)4-

5.: +jbo

5%

3‘4‘ +51.o

55

36 - 9, +21, +c4, +207, +37.

57 - 5, ""fjo *271 "'940

(1) Zorrelation :oefticient:e significant (46 dr)
4) positive 2t 1% level.
(-) nevative at 1y level.
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Identification key for measurements shown on the opposite page.

l-Leaf nitrogen.

2= " potassiun.
5= " phosphorus.
4 " calcium,.

5- " magnesiunm.
6- " manganese.
7= " iron.

&=~ " copper.

9- " boron.

lu- " molybdenum.
11- " aluminum.

l2-Fruit nitrogen.

13- " potassium.

14- " pnosphorus.

15- " calcium.

lo- " magnesiun,

17- " man;;anese.,

18- " iron.

19~ " copper.

20- " boron.

21- " molybdenum,

2= " aluminum.

2%5=-Fercent soluble SOlldS at harvest.

o4 - " after regular storage.

25- " " " " CA storage.

26-Flesh ;1rmness 1n lbs. at harvest.

27- " " after regular storage.

28=- " " " " " CA storage.

29-Ground color score at harvest.

30—~ " " after regular storage.

31~ " " " " CA storage.

c-Percent o ruit affecte y storage sca after regular

3c-P t of £ t affected b t 14 aft 1
storage.

33-Percent of fruit arffected by storage scald after regular
storage plus 7 days at 75¢F.
54-kercent oi Lrult affected by storage scala after CA storase.
35_ " n " n " n
plus 7 days at 75¢ F. |
%6-Fercent of frult affected by brown core after re*ular storage
57_ n " " "
plus 7 days at 752 Fj;
3u-Fercent of fruit affected by brown core after CA storage
plus 7 days at 75¢ F.
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Table 5. nighly =zignificant correlations between reasurements
mige on . cintooh trees on six mi rootstocks. Tue
measurerents in coluwn . are correlated with tue
meac.rerments in coliumn B a. indicatea {1). Tne key
to tne numvers is tne saime for both colwunns and is
presentved 1ir. the opjposite page.

COLUMDN A Junlad B

1 - 2, =11, +1lz, =€, =47, +35,

c - 7, +17,

3 -1, +11, «id4, 24, 2o, +0€, +cC.

4 + Dy sl memy =l =0y =z, #2321, +50., +57.

5 . -

€

7 -y Ty o+ “, +ll, +ol -4,

c + 7y o+ oy 410, +1lE.

9 + 7y 4 0y +1u, 42, +o1, =23,

1y Ly o+ B, o+ I

11 - -y ¢ js + I/'

1 ~ Ly ity #1701l =Gy =By =uy —cty, =52, 400,
lj + -rlq', +lr. °;_o

la + 2, 415, +li, 419, +l0,

1t +07, +1.

le +10, 4172, +14, +1z, +19.

17 +ie, +1%9.

iz + o, +lo, +1v, +1v, +22.

19 tlc, +1%, +14, +1lc, +1b.
U + 7y o+ oy Hl4, -k, 450,
cl 40N, -l
ce +1%7,
P - 7y =, by 45, s, +ll, =36,
ol + 5y = by =lo, oDy +lB, 26, +&7, +2b, =30, =31,
) -4y =1, 42T, B, 6, 27, 40, =50,
e - 1y + Yy =1y =cly 425, +24, +5, +25, =350, =30, =37
Yy - Ly aliy 4lhy 4ll, =00,
ct + Oy = Uy =12y 420, 4ty +29, +0, 47, =50, =31, =2G
< +91 '
5U b, =6, =7, -cu.

51 -l =, 4.

2 +33.
3% -1, =12, +5c.

A +95.

35 + L, +54,

46 + 4y 412, 42U, =P, =B, =ct, +57.

37 + hy =, =8, +0t,

bl

(1) Correlation coefficients significant (46 dr)
(+" positive ut 1% level.
(=) negative at 1y level.
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Delicious and McIntosh trees. In Mclntosh trees, leaf calcium was correlated
positively with the gronnd color score of the fruit after CA storage, and with the
percent brown core in the fruit after regular storage.

Leal magnesivm showed a negative correlation with leaf boron in both
Red Delicions and Jonathan trees.  Leaf magnesium was correlated positively
with the =oluble <olids content of the frint after storage in Red Delicious. How-
ever, a negative correlation was determined between leaf magnesium and the
percent soluble =o.ids of tl ¢ fruit in Jonathan. Finally, a negative correlation
between leaf magne~siomm and frait rasscting was found in Jonathan after storage.

Leatf manganese was correlated positively witt fruit copper in Red
Delicions, but negatively  orrelated swith fruit copper in Jonathan,

Leaf ron was correlated positively with leaf aluminum in all three
varictices.

Leaf boron <towed a noxitive correlation with fruit boron in all three
varictics.  Leaf boron was corrcelated negativelv with the percent soluble solids
of the frait in Red Delicions and MceIntosh. Finally, leaf boron was correlated
negatively with the ground color scores of Jonathan fruit.

Leaf molybdennm was correlated positively with the percent storage
scald found after CA storage in Red Delicious.

Fruit nitrogen was correlated positively with fruit magnesium in both
Jonathan and McIntosh.  Fruit nitrogen was correlated negatively with the firm-

ness of the fruit at harvest and after storage in Red Delicious and McIntosh.
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Finally, there was a pousitive correlation between fruit nitrogen and the ground
color score of Jonathan fruit, a negative correlation between fruit nitrogen and
the percent of storage scald in McIntosh in fruit held for seven days at 75°F
after regular storage, and a positive correlation between fruit nitrogen and
the percent of McIntosh fruit affected by brown core after regular storage.

Fruit potassium showed a positive correlation with fruit phosphorus
and magnesium in both Jonathan and Mclntosh.

Fruit phosphorus was correlated positively with fruit copper and boron
in both Jonathan and McIntosh.

Fruit calcium showed a positive correlation with fruit manganese and
molybdenum in all three variceties.

Fruit magnesium was correlated positively with the percent of storage
scald found after CA storage in Red Delicious.

Fruit manganese showed a positive correlation with fruit iron in both
Red Delicious and Jonathan.

Fruit boron and the percent of McIntosh fruit affected by brown core
after regular storage werce correlated positively.

Fruit copper was correlated negatively with the ground color scores
of Jonathan fruit at harvest.

Fruit molybdenum showed a positive correlation with fruit russeting
found after regular storage in Jonathan.

The percent of soluble solids of the fruit at harvest showed a positive
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correlation with the soluble solids content of the fruit after storage in all three
varieties. The soluble solids content of the fruit also showed a positive corre-
lation with the firmness of the fruit at harvest and after storage in both Jonathan
and MclIntosh. Finally, there was a negative correlation between the soluble
solids content and the ground color scores of CA-stor«<d Jonathan fruit, a posi-
tive corrclation vetvocn Ui wuluble solids content of tie Tiait and the percent
russeted fruit in CA-stored Jonathan fruit, and a negative correlation between
the soluble solids content of the fruit and the percent of brown core in regular
stored McIntosh fruit.

The percent soluble solids content of the fruit after regular storage
was correlated positively with the following measurements: (1) the percent
soluble solids of the fruit after CA storage in all three varieties; (2) the flesh
firmness of the fruit at harvest and after storage in Jonathan and McIntosh:

(3) the percent russeted fruit after regular storage in Jonathan. The percent
soluble solids content of MclIntosh fruit was correlated negatively with the
ground color scores of the fruit.

The percent soluble solids of the fruit after CA storage was correlated
pusitively with the flesh firmness of the fruit at harvest and after storage in
Jonathan and MclIntosh. A negative correlation was found between the soluble
solids content of the fruit and the percent brown core in Mclntosh.

The flesh firmness of the fruit at harvest was correlated positively

with the flesh firmness of the fruit after storage in all thirec varieties, and
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correlated negatively with the ground color score of the fruit after regular
storage and with the percent brown core in McIntosh fruit after regular stor-
age.

The flesh firmness of the fruit after regular storage showed a posi-
tive correlation with the flesh firmness of the fruit after CA storage in Deli-
cious and MclIntosh, a positive correlation with the percent russeted fruit in
Jonathan after CA storage, and a negative correlation with the ground color
score of Mclntosh fruit after regular storage.

The flesh firmness of the fruit after CA storage showed a negative
correlation with the ground color scores of Mclntosh fruit after storage and
with the incidence of brown core in Mclntosh fruit after storage.

The percent of fruit affected by storage scald after regular storage

was correlated positively with the percent of fruit affected by the same disorder

after CA storage in Red Delicious.

In Jonathan fruit there were positive correlations between: (1) the
ground color score of the fruit after regular storage and the ground color
score of the fruit after CA storage; (2) the ground color scores of the fruit
after CA storage and the percent of the fruit affected by soft scald after regu-
lar storage; (3) the percent of the fruit affected by Jonathan spot and the per-
cent of the fruit affected by russeting after regular storage and the percent of
the fruit affected by the same disorder after CA storage.

In Mclintosh fruit there were positive correlations between: (1) the



ground color scores of the fruit at harvest and the ground color scores of
the fruit after CA storage; (2) the percent of the fruit affected by storage
scald after regular storage and the percent of the fruit affected by the same
disorder after seven days at 75°F; (3) the percent of the fruit affected by
storage scald after CA storage and the percent of the fruit affected by the
same disorder after seven days at 75°F; (4) the percent of the fruit affected
by brown core after regular storage and the percent of the fruit affected by
the same disorder after seven days at 75°F.

Tables 24, 25, 26, 27, 28 and 29 present all highly significant
correlations between determinations made on cach of the six EM rootstocks
on which the three varietics were grown. The only correlations presented
in the following paragraphs were those which occurred in three or more
rootstocks out of the possible six rootstocks considered.

Leaf potassium was corrclated positively with: (1) leaf potassium
in EM I, II, XIII and XVI: (2) leaf boron in EM I, II, V and XIII: (3) fruit
phosphorus in EM II, XIII and XVI. Leaf potassium was corrclated negatively
with: (1) leaf aluminum in EM II, VII and XVI: (2) fruit magnesium in EM [,
I, VII, XIII and XVI; (3) fruit iron in EM V, VII, XIII and XVI.

Leaf phosphorus was correlated positively with fruit phosphorus in
EM II, XIII and XVI, and correlated negatively with fruit magnesium in EM [,

II, VII and XVI.
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Identification key for measurements shown on the opposite page.

1-Leaf nitrogen.

2= potassiun.
3= " phosphorus.
G calcium.

5- " magnesium.

[SE manganese.

7-" iron.

[SER copper.

9- "  boron.

lo- " molybdenun.,
11- " aluninum.

12-Fruit nitrogen.

15=. potassium.
14- " phosphorus.
15- " calcium.,
16- "  magnesium.
1P~ M marnganese.
lo- " iren.

19- " copper.

20~ " boron.

i - M molybdenum.

22— " aluminum.
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Table c&4. Higrly signiZicant correlations between

Zale on med

medasurenents

-liciodus , conLutnan arna «.clntoen trees

€
o1 ~.. 1 rcov:tocks [ne messurenents in column a are

correlatec witi. tLe seacurerent: 1in colwnn

incicuted (1). The ey to the numbers ic

the sai.e

Tor o Lotn coiumns and is .recentea on tue opiosite

Lu_e
COLUKN A COLUWLN B
1 -11, +ic,
< + Sy v Uy +15y =lt, -c_.
5 O , =lu, +2C.
4
S + 5y =11, =-lc.
6 - 51 "l,:-
7 +ii, +.1C.
(@]
9 + ooy + Ly o+ oty =ley 4lC.
1e
11 -1, = &, + 7.
12 + 1.
1% + ocy +le, 4l
14 +14, 42,
1c - G,
le -ty - 3, - :/, - 4y, =2,
17 +18
1o + 7, +17.
19
={®) 2y 4+ Dy + Y, +13, +14, =16,
<1
<
———————

(1) Jorrelation coefficient: sigrnificunt (<o df)
(+, positive at 1 level.

f=) ne-ative at 1¥ level.



Identification key for measurements shown on the opposite page.

1-Leaf nitrogen.

2= " potassium.
Her M phosphorus.
4o calcium.
G magnesium.
o~ " manganese.
H= 3" iron.

8- " copper.

9- " boron.
10- " molybdenum.
1= aluminum.

12-Fruit nitrogen.

13- " potassium.
14- " phosphorus.
15- " calcium.
16- "  magnesium.
17- " manganese.
lo- " iron.
19=:-" copper.

20- " boron.

2=y " molybdenum.
22— " aluminum.
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;iohly significant correiations between meacureizents

¢e on nea vel.icicus, Jonuthan ard .clntosh trees

a
on =i I3 rootstocks, The mea:urecerts in colunn A

al'e col'reliteu i< the measure.ents in coiumn B as
indicztecd 17, Tre Zey to the numbter:s is the saue

COlunns and 1€ jprecented Ol Lae g;posite

COLUMN A

COLULN B

F N

a N ¢

11
lc
12
14
12
le
17
lc
13
<Q

+2dC .
1.,

i /
+ ooy + 5y eas, =1

« 7y +le,

-le.

1‘13', +14,

m

.

- - .
411, +1, +1,
+ley +lm, s
— 9 P ] i oo
H - ]
+ 1y + oy #1484, +cC.
+ &,
. c ’ 1 )
- <, - 'y + N —l-o-, 4';&.
+ 1, + &,
+ (S + 1ée,
+ <y + 51 + “/‘q -la., 44’.§.

-2y = 2y + 7/,
+10.

+ )y o+ b

+C .

+ 1y + oy + 2.
+15.

+l"jc

Correliation coefficients significant (<« 4f)

(+) positive ut 19 level.

{-) negative at 1% level.
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Identification key for measurements shown on the opposite

1-Leaf nitrogen.

2- " potassium.
G It phosphorus.
I calcium.

5- " magnesium.
6= manganese.
7-" iron.

[SER copper.

9- boron.

10=: ¥ molybdenun.,
1h=- aluminum.
12-Fruit nitrogen.
15" potassium.
14- " phosphorus.
15= M calcium.
16- "  magnesium.
1P=+ ™ manganese.
lg- " iron.

19- " copper.
20- " boron.
21- " molybdenum.
22- " aluminum.
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Table 26. nighly si_niricant correl:tions between measuresents
Tuce dn neu Zeliclous, conatnan und Lcintosk trees
on ik ¥V rodt..TOoCKE. lhe rmeasuremente in column A are

correisted witu the measure:ents in column B as

incicated(1l Tne Key to the numbers is tne saxe

for voin columus ind ig presented on the opposite

rase.
COLUMN A COLUMN B
1
< + 2, =18.
3
&4 e b
] -7, =le.
©
i =g
1Y
S R
AL HAE
P +16, +17; +lc, +1Y.
e +14,
14 +17.
1.5 +17.
le Gy MG e Ve A7 1N FTYG A228
iz wley #1355 #les #LE H2Ys
le =y fm S UE S = Y b ER seley. <17 #19
19 P [, (R i TR0
=Cu &y
=

(1 D Correlation coefficiente signiticant (22 4t)
{+) positive at 1% level.
(-) negative at 1% level.
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Identification key for measurements shown on the opposite page.

l1-Leaf nitrogen.

2= " potassium.
3= " phosphorus.
G calcium.

H= magnesium.
6- " manganese.
7= " iron.

&= " copper.

9- " Dboron.
10- " molybdenun.
11- " aluminum.

12-Fruit nitrogen.

1%- " potassium.
l4- " phosphorus.
15=~ ¥ calcium,
16- "  magnesium.
17- " manganese.
lo- " iron.

19- " copper.

20- " boron.

21= molybdenum.

FEEE aluminum.



73

Table 27. rly siznificant correlations between measurements
m2de on Ked Delicious, Jonathan and McIntosh trees
on Ei¥ VII rootstocks. I he mearsurements in column A
are correluted with the measurements in column B as
indicated (1). The key to the nunbers is the sare
for boti columns and Is presented on the oipo
rage.
CuLUnd A Suntudi B
i ENE RN RO, [
2 + Lokl =lis e =1y =16y =16,
3 w5 elosede
4
S $L 2 il B .
6 + L #gy= Py =Lly =155 =17, =184
7 ok il =1
&
= ~1€, =1%2.
1u - <.
il = gty el g e
le
13 +1l4, +19.
14 +15, +19.
15 G e T G
le =2y = 5y = Y, +17, +c.
27 -9, — &, +15, +1l€, +l&.
18 =il i e mih 17
19 S0 el A Al ST
<G = AR AR ST
<1
e - 5, +l6.

(1 ) Cerrelation coefficients significant (22 df)
(+) positive at 1% level.
{-) negative at 1% level.
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Identification key for measurements shown on the opposite page.

1-Leaf nitrogen.

2= " potassium.
B M phosphorus.
[ calcium.

S5- " mugnesium.
[CE manganese.
7-" iron.

&= " copper.

9- " boron.

10- " molybdenun.
11- " aluminum.
12-Fruit nitrogen.
13- " potassium.
l4- " phosphorus.
15 N calcium.
l6- "  magnesiun.
1f=: " " manganese.
lo- " Lzon

19=: ;U copper.
20- " boron.
21- " molybdenum.
22- " aluminum.
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Table 2v. Highly siznificart correlations between measurements

made on red Delicious,
on i XIIT rootstocks.

are correluted

indicatea {1).

Jonuthan and kcIntosh trees
The measurerents in column A

witn the messurements in column B as

Tne #ey to tie numbers is the same

for Toth columns and is precented on the opposite

razge.
COLUMN A CCLUMN B
1 +lo.
< + 2, =4, + 9, -1y, +14, -1l6, =17, -l¥.
% E LA e [ TSR U
4 =2 s E - H G A sy S
)
€ +od.
s
©
9 + 2, + 35, = &, 415, +14, =16, =17, -1&, +20.
10 =g g G s 318,
11 -<l.
1c
15 + Y,y +ll,
14 ALy a1 5 s G B B
15 P11
le -2, + 4, =Y, +10, +17, +1lo.
17 B X T S T (LY )
18 + 1, =2, + &4, =9, +10, +le.
19 +15, +17, +2<.
20 PO AT JOREN. 1Y
<1 -11.
=2 + 6, +19.

(1) Correlation coefficients significant (22 df)
(+) positive at 1% level.
(-) negative at 1% level.
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Identification key for measurements shown on the opposite page.

1-Leaf nitrogen.

2- " potassium.
B M phosphorus.
4o " calcium.

S5- " mugnesium.
- " manganese.
7= iron.

8- " copper.

9- " boron.

10- " molybdenum.
Il- Y aluminum.
12-Fruit nitrogen.
15=. "= potassium.
l4- " phosphorus.
15- " calcium,
16- "  magnesiunm.
1P=c" manganese.
lg- " iron.

19- " copper.
20- " boron.
o=y N molybdenum.
2¢- " aluminum.
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Table 29, Highly significant correlations between measurements

[

mace on recd Lelicious, conathan and hclntosn trees

on ... X¥1 rootstocrs. The measurements in column A

are correiated witn tre messurements in column B as
indicaved (1l). [ne key to trne numbers is the sane
for tcth columns and i< presented on the crposite
rae.
COLUMN A COLUAMN B
1 + Sy 4+ 0, +lu, =1, =16, -17.
2 + A, =7y =11, +14, =lc¢, =17, =1lo.
5 + <, +14, =lo.
4 +1o, +18.
5 + 1, + €.
6 + L, + 5, 9, 219, -1y,
7 - -, +11.
&
< + &, +21.
1y + 1, + &,
11 -, + 7.
lc +1¢.
1% +14,
14 + <y + 5, +135.
15 -1, -6, +17.
16 -1, =2, =3, +1¢, +17, +lo, +1Y, +=Z2.
17 -1, =2, +#15, +l6, +lo.
1le -2, + &, +l6, +17.
19 - 6, +l6.,
| u
f 21 + Q.
‘ 2z +1€.
(1) Zorrelation coefriciente significant (ze2 df)

/

(+) positive at 1% level.
(-) negative ut 1% level.

L
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Leaf calcium showed a positive correlation with leaf molybdenum in
EM II, XIII and XVI.

Leaf iron was correlated positively with leaf aluminum in EM [, 1I,
VII and XVI, and with fruit iron in EM I, II and V.

Leaf boron showed a negative correlation with fruit magnesium in
EM I, VII and XIII, and a positive correlation with fruit boron in EM 1, 1I,
V and XIII.

Fruit potassium and fruit phosphorus were correlated positively in
all six rootstocks considered.

Fruit calcium and fruit manganesc were correlated positively in
EM 1L, V, VII, XIIl and XVI.

Fruit magnesium was correlated positively with fruit manganese
in EM V, VII, XIII and XVI, with fruit iron in EM V, XIII and XVI, and
with fruit aluminum in EM V, VII and XVIL.

Fruit manganese and fruit iron showed a positive correlation in
EM I, V, VII and XVIL.

In summary, Table 30 presents all highly significant correlations
betwecn determinations made on all three varieties grown on all six root-

Stocks.
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Identification key for measurements shown on the opposite page.

l1-Leaf nitrogen.

2- " potassium,
3- " phosphorus.
4. " calcium.

5- " magnesium.
o- " manganese.,
7-" iron.

3= " copper.

9- boron.
10- " molybdenun.
11- " aluminum.
12-Fruit nitrogen.
1%~ " potassium.
14- " phosphorus.
15- ¢ calcium,
l16- "  magnesium.
17- " manganese.
lg- " iron.

19- " copper.
20- " boron.
2l- " molybdenum.
22- " aluminum.
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risgnly si-nificant correZations tetween measurements

made on Fed Delicious, donathan ond mcIntosh trees

on b o, 4i. VvV, ¥VII, XZiI an® - 1 rootstocks. Ihe

Teasurements in column & ar. :& -&letec with the
measurements ik co.umn B as incicated (1). The key
tc cne r.umbers is the same fcor both columns anda is
presentes on the oprosite page.

COLUMN

A

[

4 2, 4y o+ oy, =11, 412, -1lc, =C2<.

+ 1, 4 Ay = 70 4 vy =10, =11, +1%, +14, =106, =17, -i:..
+ Ly + 1y =1la, +le, =l&, '1?’ ey =cd. /==
— L =il =17, =ln, -

-.::q fll SUR ISR

- oy = Sy o+ oy 4l o+l 4lce,

4oLy 4 1y o+ sy 4108,

+ 1y + 2y + Ty o4y +la, =l =17, 400, 41, =<2,

Y S + .t

- l' - Zy - j, + + 1o, +17, +1z,
+ Ly = T+l +l"/‘ + ! [ + 17

o, iy =l

+ o o+ y + ’ +15, +lf, +ot.

- 1y = oy = 3,y ="y +1lC, +11, +1la, 417, +1lo, +

oy o+ 1y o+ oy 411, +1ley 41, +ley +17.

4, +19, +lu, +17/, +<2.

m L, = ey = Ay = N = 9, 215, +le, +1Y.

-y = by =Ly ¢ 7y = vy +11, 41, +15, +lo, +
1.

(1) Torreclution coefricients significant {14 d4dr)

‘+) positive at 1% level.

=) negavive ut 1% level,



DISCUSSION

Influence of rootstocks on lecf composition,

Nitrogen: In this study there were no significant differences between
rootstocks in influencing leal composition. Warne and . llace (1935) and the
East Malling report for 1959 (Anon. 1960) reported differences between root-
stocks in affecting the nitrogen composition of the leaf. However, they did
not indicate if their differences were sigmificant. Kenworthy (1960) obtained
significant differences between rootstocis in affecting leal composition in
Cortland trees, but not i McIntosh trees.

The reports on the inflnence of rootstoc' s on leaf nitrogen do not show
a consistent arrangement of rootstocks vith respect to their influence on leaf
nitrogen. Also, this arrangement does not show a relation with the influence
of rootstocks on the vigor of the tree. The results of the present study indi-
cate that if rootstoc”s did have an influence on the nitrogen economy of the
tree, their influence could not be detected by leaf analysis.

Thomas (1927) has shown that inorganic nitrogen is changed into amino
acids in the roots of the apple tree. Beai bane (1953) reported that dwarfing
rootstocks had a highly parenchvmatous phloem and xyvlem and, therefore.
contained more living tissue per unit volume of the roots than vigerous root-
stocks. [If these two factors have an influence on the nitrogen nutrition of
the trecs which is affected by rootstocts, leaf analysis failed to show it.  How-

ever, this may be the result of the fact that the differences in vigor between

81
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the rootstocks under study was very slight and differences in nutrition could
be masked by environmental variations. A carefully controlled experiment
could show statistical differcnces between rootstocks in the nitrogen nutrition
of the tree.

Potassium: Rootstocks influenced significantly the potassium com-
position of the scion leaves. The influence of rootstocks on potassium defi-
ciency has been the most frequently reported rootstock-nutrient relation in
clonal rootstocks. The results of this study are in general agreement with
those obtained by Hatton and Grubb (1924), Wallace (1931), Warne and Wallace
(1933), Bane (1939}, Vaidva (1938), Hoblyn (1940-41), Roach (1947), and
Kenworthy (1960).

Invariably, trces on EM Vand I1 werce reported to be the most sus-
ceptible to leaf scorch resulting from potassium deficiency, and at the same
time the leaves on those trees had the lowest potassium content values.
Rootstocks EM I, XIII and XVI were reported to have little or no susceptibi-
lity to leaf scorch.

In this study, trees on EM V and II had consistently the lowest leaf
potassium values, trees on EM VI, XIII and XVI had intermediate values,
and trees on EM 1 had the highest values. These differences were obtained
in spite of the fact that the potassium available in the soil was relatively high
(188 t0 436 pounds per acre) and was about twice the optimum required for

Michigan crops (McCall, 1960). In a situation where soil potassium values
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would be a limiting factor, differences between rootstocks could become
more acute with respect to the development of potassium deficiency.

The range in leaf potassium values between trees on various root-
stocks is relatively narrow in spite of the statistical differences obtained.
This is an indication that in situations where soil potassium is relatively
abundant, differences due to rootstocks would not have to be taken into con-
sideration when using leaf composition values for diagnostic purposes.

Phosphorus: The results obtained with this element were in general
agreement with those obtained by Warne and Wallace (1935), Vaidya (1938),
Roach (1947) and Kenworthy (1960), with respect to the fact that there were
differences between rootstocks in influencing the leaf content of this ele-
ment. The results of this study agree with other woriers in the fact
that trees on the EM V and VII arc usually reported as being high in leaf
phosphorus.

The range in leaf composition values between trees high in phosphorus
and trees low in phosphorus could be of importance if phosphorus nutrition
w.as a problem in apple trees. However, tree responses to phosphorus appli-
cations have been very rare and this tends to minimize the importance of
any leaf composition differences that could be attributed to rootstock influence.

Calcium: The fact that therc were significant differences between
rootstocks in affecting leaf calcium was in agreement with the findings of

Warne and Wallace (1935), Vaidya (1938), Roach (1947) and Kenworthy (1960).
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There is, however, considerable disagreement among research workers in
arranging rootstocks with respect to their influence on leaf calcium.

This is probably the result of the influence of various environmental
factors, such as soil type, which modify rootsto<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>