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NEED FOR RETESTING INDEXES OF MATURITY

The stage of maturity at which a
their size, color, and storage and dessert qualities.

ples are picked greatly influences
Because of the

importance of picking apples at the proper maturity, many investiga-
tions to establish indexes for icking have been conducted, but definite,
objective indexes have been difficult to establish.

In rather extensive earclier investigations

(28, 29) ° the three most

important factors to consider in determining the best time of picking
have been given as (1) the changes in the ground color from green
toward yellow, (2) the irmness of the fruit as determined by pressure
tests, and (3) the way the fruit is holding to the tree, or ease of

separation and dropping.

The elapsed period from full bloom to
maturity also has been suggested as

a possibility. Other investigators

(1, 4, 5, 7, 30) have suggested the iodine-potassium-iodide test for

st.g as a maturity index.

1
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Various studies have indieated, however, that most of the indexes
just mentioned are unrelinble. Hesse and Hitz {(19) found that there
was not enough change in ground color or firmness in Grimes Golden
and Jonathan apples for these factors to be reliable indexes to ma-
turity. Similar results were obtained by Huller (12) for these vavieties
and Yellow Newtown and by Britton, Fischer, and Palmer (8) for
Northern Spy and Yeliow Newtown. Huller (77} also observed that,
although dropping may make picking necessary, it may not be an
mdication of mattrity, for there frequently appeared to be no measur-
able change in ease of separation during the harvest period. Various
workers (11, 39, 40) found the starch test to be unreliable and depend-
ent on tactors other than maturity. Phillips (34) was the first to stud
the relation of the time of full bloowm to ripening (maturity). I‘I)(;
observed that this period was nurkedly longer in some regions than
in others and that it was largely determined by the amount of heat
veceived by the tree. Ellenwood’s results {8) also indicated consider-
able variation between sensons in the period from £ull bloom to harvest,

Changing horticultural practices have also influenced the determi-
natien of haturity. The increased planting of red bud sporis of
many vavieties makes it difficult if .notimpossiglc to follow the ground-
color changes as the fruit approaches maturity. The use of harvest
sprays to prevent dropping affects the normal change in ease of sepa-
riation so that the change becomes of no value as an indiention of
maturity.

Because of the eonflicting results velative to indexes of maturity
and the changing horticultural practices thut influence them, further
investigations of the value of maturity indexes were conducted. These
formed the basis for the Depaviment’s present recommendations for
picking (/7). The present paper gives the data upon which these
reconnnendations were based and the apple-maturity indexes
evaluated.

DEFINITION OF TERMS

The terms “maturity” and “ripening” have sometimes been used
rather loosely in horticultural Hteratute. In this bulletin, however,
the terms are distinguished as done by Haller, Lutz, and Mallison
(27}, “Maturity™ and “maturing” refer to those conditions or changes
m the fruit on the tree that would influence quality after harvest;
“ripeness™ and “ripening” refer to those conditions or changes in the
frait that make it suitable for eating. Changes in the fruit after
harvest ave vipening changes, but such changes may also occur while
the fruit is still on the tree and may recompany or follow the maturity
changes. This usagre of the terms is in accordance with their defini-
tions in standard dictionaries, but not with their horticultural usgge,
as suggested by Lott (24). -

Haller and Maaness (27) distinguished several stagres of matuvity
in apples as follows: ’

Damaturity—Apptes picked when fmmarure will soften somewhat and iy
turn yellow when ripeped: bt the flesh g likely tu he tougzh, the taste sour,
the dlnvor lacking or undesirable, ov the stornme nusdity poor heciuse of sugeepti-
bility te storave seiuld, bitter pit, or other disorders nasociintod with immattrity.

Eurly moturity~Apples pieked at early maturity vipen wirth only fair dessort
quadity for the variety, but arve reusonebly free of disvrders ussoclated with

P
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iremnturity during storzge. The heginning of this maturity perlod is the
eurilest time ut which picking cun begin with satisfactory results.

Optintum ntaturity—Apples picked nt optimom maturity enn be stored with
a minimute of storage disorders and ripened with mximam dessert quulity
for the variety amxl conditions of growth.

Larte maturity—Apples picked at late maturity are stiil sntisfactory for pick-
ing, but they will be somewhat flat in Unvor and may show t slight fendency
fo hecome wenly utl 0 develop disorders associnted with overmaturity.

Overmaturity.—When ullowed o remiti on the tres until overmature, nuples
way vipen juickly to u mealy condilion, may be dat in taste, or may be subject
to 1tternal break-down or decay taring storage.

In this bulletin the primary intevest is1n determination of an index
of early matarity, because at the beginning of that period picking
miay start with the expectation that the finit will have reasonably

good dessert and storage qualities,

MATERIAL AND METHODS

Tnvestigations in which the elapsed time from bloom {full bloom}
to maturity (earliest maturify) was deterniined were started in 1935,
In 1938, 1939, and 1940 only four varicties (Williams Early Red,
Jonathan, Grimes Golden, and Yellow Newiown (Aibemarle Pip-
pint)) were uset. In these three seasons Williams Early Red apples
were grown on the sandy or sandy loam soil of the Bastern Shore
newr Salisbury and Berlin, Md. The Jonathan apples weve obtained
from near Kearneysville {or Murtinsburg), W. Va,, where they were
grown on Hagerstown cluy loam, and from Berlin, Md.; the Grimes
Golden from near Crozet, Va., Koarneysville, W. Va,, and Sulisbury
and Berlin, Md. ; and the Yellow Newtown from near Crozet, Va.

Beginning with 1941, the work was expanded to include additional
vavietics and similav studies by cooperating workers in widely sepa-
pated localities. It was intended that the cooperative studies should
boe continued during severnl seasons, but war conditions caused the
cooperators to drop out utter ihe first or the second season. In 1941
maturity studies were conducted at Beltsville, Md., Geneva, N. Y,
Wooster, Ohio, East Lansing, ict.. Urbana, ill., Wenatchee (and
nearby localities), Wash., and Hood River, Orveg. Insofar as they
wore available, the same vavietics were used in all localities to deter-
mine the influence of varying climatic and cnltural conditions on
maturity and particularly on the elapsed time from bloom to ma-
turity. However, only 2 fow of the varvieties were available in all
loenlities. In 1942 the studies were continued ut the same localities
as in 1941, except for Geneva, N. Y., and Urbana, Tl Tn 1943 and
1944 apples were not obtained from the Burean's experimental orchard
at Reltsville, Md., but were obtained from four commercial orchards
in Virginia and West Virginia. These represented various soil types
and elevations. In some instances the fruit was also from trees
bearing light or heavy crops. The studics were continued also ab
Wenatchee, Wash., in 1043, Pertinent data from other studies wers
included in a few cuses.

e date of fuil bloom of each variety was noted for each orchard
from which apples were obtained. This was taken as the day on which
about 73 percent of the side blossoms were open; af that tine the
petals were gencrally dropping from the center, or king, blossom.




4 TECHNICAL BULLETIN 1003, U. 8. DEPT. OF AGRICULTURE

During the harvest period pickings were made at nbhout weekly
intervals, At each picking the condition of the fruit was determined
as follows: The ground color was determined by compharison with
a standard color chart (%8}, and the percentage of the surface covered
with red color was estimatad. The firmness as determined by means
of a pressure tester with g Hunger having u 7/16-inch diameter and
& §/16-inch penetration. The amount ot dropping of sound fruit
was noted, and the eage of separation was measurecrhy counting the
number of stems and spurs broken by a standard picking technique,
In some instances, articulurly with the Jonathan variety, the iodine-
potassium-iodide test for stareh was made on g median cross section
of the apples, and the percentnigs of the cut surfaece showing the starch
reaction was estimated.

Bushel lots or 100 apples of ouch picking were placed in storage
At 31° to 32° F. until toward the end of the uovmal stornge period
for the varicty. At this time the lots were removed to 70° for Y05t~
storwge ripening.  Afier ripening, the upples were iuspected for
storage disorders and tasted for Jossert quality.  In some instances
dessert quality was determined also on apples ripened at 70° imne-
dintely after picking.  On the basis of the storage and dessert qualities
of the fruit ripened after storage, it was possible to establish the
approXimate picking date when the fruit was first of satisfactory
maturity for picking,

The fruit wus judired as having been picked at a satisfactory matu-
ity when it ripened after storage with only fair dessert quality for
the vuriety and was reasonably free of scald * und other storage dis-
orders that are associnted with imaterity.  'The fruit was constdered
to hase been picked at optimum maturity when it ripened after stornge
with maximam dessevt quulity and a minimum of storage disorders.
In some instances pickings were made when the fruit Wis overmature
as shown by mealiness or internal break-down and deterioration in
dessert quality,

The apples were mited fair in dessert quality when they ripened with
& minimim of charncteristio flavar for the varicty for satisfactory
dessert quality.  This condition is given a numerical rating of 0
and degrees ot quatity above it are given posttive values up to +4
for very wuod and those below it negative values to —38 for very
poor to akd in plotting {see fig. 6 und simitar figures).  In some
instunces the dessert, quulity was established by means of a panel
of several tasters, but in most stances it was based on one indi-
vidual's judgment,  Since change in dessert quality is usually very
gradual amd there is no objective and definite mensure of dessert
quality, it is recognized that there may be considerable error in
establishing a thne when apples reach a paréiculay degree of matu-
vity when this is based on dessert quality.  Some of the vaviation in
the length of time betsween bloom and maturity is doubtiess due to
errors in judument of dessert quulity,

—_ 7

‘T the experimenind Jots veported an in this dnlletin, the apples were Judged
£ Do nni “reasonnbiv free of Seall” aud fhevefore bmnature it Inere than 20
pereent of He fralg developed seidd whesn tipened nfioy stovage,  Howover, sonld
may be due o facturs oller thmn BONMREI Y (2ieh s abieiee af olled e,
fmproper storage, and BuRperaiare ) ; therefore, oy catmmereind eonditions 1he
resenes of mece thap ©n pereent of senld wenld pot feeessurily miens fhank the
apples were Bnmature when picked.
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With some varieties and under some conditions, the earliest satis-
factory maturity niny be determined by the storage guality. For
example, because Grimes Golden usually attained satisfactory dessert
quality before it lost its susceptibility to seald, the ewrliest satisfue-
tory picking of Grimes Golden was decermined primarily by when
it became rosistant to seald. In contrast, Golden Delicious is not
subject to seald, and its earliest satisfactory maturity was based very
largely on when it became passable in (fessert quality. Although
dessert quality of some varieties changed rather distinetly between
pickings made a weck apart, in other -avieties or lots the change was
slight and it was frequently diliicult to ascertain at just whieh picking
the apples had attained satistactory dessert quality for the variety.
Therefore there may be considerable error ox variation in the estimate
of picking nuturity as made Ly different investigators or by the same
investigator in different seusons.

RESULTS
EvaLvariox of MATuriTY INDEXES
CROUSD COLOR

For ground-color changes to be of value as a maturity index, they
should be rather marked as the apples approach matunty and the
shade of green to yellow at maturity should be the same under various
cultural and climatie conditions. 'The vesults do not indicate that
ground-color chunges comply with these requirements. Ak earliest
maturity the ground color of suel varieties as Yellow Newtown and
Grimes Golden had hardly changed perceptibly from the darkest shade
of green on the color chart. In other varieties the change was too
graduad to be of value as o maturity index. and at earliest maturity
the shade was not the same in the different seasons or loealities. The
ground colors of Delicious at different periods atter full bloom are
shown in figure 1. In most cases Delicious reached carliest maturity
about 150 days from full bloom, at which time the ground color of
the various lols ranged from about 2 to 3.

During the 7 days preceding ea rliest maturity the uverage color of
the various lots changed only from 2.5 to 2.6, which is not » signiticnnt
chenge and would not be perceptible.  The results indicate that the
around color of Delicions will be at least 2 when earfiest maturity
35 renchedl. but shade 2 is of Jittle or no value as a maturity index.
beeruse under zome conditions the apples may reach this color long
before they are mature. Most of the lots in figure 1 averaged 2 or
considerably more at b2 days or less from bicom. but they were still
judged immature. The yround celor did not become 8 in any instance

ofore 149 davs from bloem, when the apples were mature. The
results indivate., therefore, that when Delicious apples become as yellow
as 3 of the color chart, they are mature and veady to pick, but that in
most instances they are mature before they reaeh this shade of yellow
arid that they are likely to be overmature by that time.

s Golden Delicious approaches maturity its ground eolor changes
mare than that of most other varicties: therefore 1f ground-color
change constilutes a satistactory maturity index. it should be satis-

fuctory with this variety, The ground colors of this variety ab
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different periods are shown in figure 2. There was a more distinct
change in ground eolor with time than there was with Delicious.
The ground color at earliest maturity ranged from 2.2 for Michigan
in 1041 tc 3.5 for Oregon in 1942. " Generally at earliest maturity
the ground color of Golden Delicious was at least 2.5. Tf this had
been used as a minimum standard, however, the apples of this variety
at Wooster, Ohio, would not have been picked until at Teast 170 days
from bloom in 1941, TIn most instances earliest maturity occurred
by about 150 days from bloom. In other instunces, however, the
ground color had changed to 2.5 considerably before the apples were
mature.

Similar resulis were obtnined for the other varieties under test.

Appurently factors other than maturity influence ground color, and
therefore ground color varies too much at maturity to be of much value
as u maturity index,

FIRMNESS AS MEASURED BY PRESSURE TEST

Magness and his associntes (22) found that the vate of softening
aried greatly under different growing conditions and that frequently
there was not enough softening before havvest for firmness as measured
by the pressure test to be of value as an index of when to staxt picking
apples, Britton, Fisher, and Palmer (5), Hesse and Hitz (12), anc
Trout, Tindale, and Huelin {(40) arrived at similar conclusions.  The
present investigations confirni these earlier conelusions. “Lhe pressure-
test readings for 17 lots of Delicious and its bud sports Sturking and
Richared representing different sources and seasons varied at earliest
maturity from 15.5 pounds in Maryland in 1942 to 18.3 pounds in

Washington in 1943, a range of 2.8 pounds.

The averare rate of softening in these lots between the first and the
last. picking equaled 0.046 pound per duy, and in 4 of the 17 lots there
wus no softening or a slight increase m frmness. The range in
pressure-test readings at earliest miturity is equivalent to the average
softening during a period of about 2months.  The softening of Grimes
Golden on the tree was much more rapid than that of Delicious and
averaged 0.171 pound per day. However, the firmness at carliest
maturity also varied more and ranged from 17.0 to 22.8 pounds
(table 3). The difference of 5.8 pounds was equivalent to soitening
over u period of about a month. The softening of Grimes Golden
during the matuving pericd. shown in figure 3, 1lustrates the great
variability in pressure-iest rveadings at maturity. Similar results
were obtained with the other varicties.

EASE OF 5EPARATION

For case of separation of the fruif from the spurs to be of value as
an index of maturity, the tyend from adhering tightly when the froic
is immature to separating readily or casily when it is fiest mature
should be definite and the means of measuring the ense of separation
should be rather definite. To measure the ease of separation, the
apples were picked with an upward twist and pull and the percentage
that geparated at the abscission Tayer withant breaking either stem
or spur was determined. The case of sepuration was also usually
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the time between the first and last pickings was 22 days but. the per-
centage of apples that separated properly (without breaking stem
or spur} increased only from 84 to 86 percent. This slight increase
was obviously not significant or of any value as a measure of picking
muturity, us in 7 of the 13 comparisons there was no change or a
decrense instead of an incvease. With Grimes Golden theve was un
appavent decrense in the average ease of separation at the last pick-
ings, made 20 days after the first pickings, and in ouly 1 of the 15
compnrisons was there un appreciable increase in the case of sepuration,
Results obtained with the other varieties were similar to those with
Jonathan. Although the changes in ease of separation for severnl
varictics were somewhab larger, they were not sufliciently consistent
to be of value as maturity indicators. General notes on ense of separa-
tion likewise frequently failed to show any marked change in the
way the frait adheres to the spurs,

The amount of dropping of sound fruit is another measure of the
caso of separation of the fruit from the spur, but dropping may also
be cansed by windstorms rather than a change in ease of suparation.
Abnormally early dropping may be a result of unfavorable clitnatie
conditions such as an early frost or a period of wet weather atter a
dry spell. Under such conditions the fruit may drop before it veaches
a suitable stage of maturity to attain good dessert und storage qualitics,
Onee a tendeney to drop sturts to develop, dropping islikely to become
severe rather quickly; t‘hel'efore if picking is not started until dropping
begrins, considerable loss is likely to oceur before picking can be comi-
pleted. Under such circumstances harvest sprays to retard dropping
are indieated, but it is questionable whether picking should be much
delayed even when such sprays are used.  On the other hand, with some

arieties and under favorable conditions the fruit may adhere well
wntil it is overmature. "Thus, the ease of separation or dropping is not
relinble ns un index of maturity, because under some conditions drop-
ping may occur premmturely and under other conditions it may not
ocesr until the fruit is overmature.

STARGH TEST

At each picking of certain varieties median cross sections of 10 to 20
apples were dipped inan jodine-potassium-iodide solution and the pev-
centage of the surface that showed the stureh reaction was estimated.
This test was used particularly with the Jonathan variety, for which
it has been recommended s an index of maturity (1}, but it was also
applicd to Grimes Golden and Yellow Newtown,

The entire cut surface of Grimes Golden apples usually showed
starch at all pickings; therefore the stareh test would not be of vulue
as . maturity inclex for this variety. The starch test was applied to
Yellow Newtown fruit Erom Virginia during three seasons (1935 to
1940). At earliest maturity in {938 and 1930 there was little or no
stavch disappearance. In 1940, however, at carliest maturity the starch
wag gohe from 23 to 50 percent of the surface of apples from rather
heavily loaded old trees and from 0 to 10 percent of slightly more
mature fruit from less heavily loaded young Lrees.

These results indieate that the stareh test weuld not be a reliable
index of maturity for Yellow Newtown. The vesults are in agreement

$48326°—00——=2
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with those of Martin and Curne (37), who observed that light-crop
fruit loses stareh later than heavy-crop fruit. They disagree, however,
with those of Dritton, Fisher, and Palmor {4}, who suggested the
starch test as & maturity index for Yellow Newtown, Northern Spy,
and Cox Orange varieties. “Lheir results indicate that Yellow Now-
town should be picked when the starch has disappeared from the cove
region. Approximately this condition prevailed in the Yellow New-
town from Virginia in 1938 and 1939 at about optimum picking ma-
turity, However, in 1940 the apples were in this condition on the
keavily loaded trees while the fruit was still distinctly immature.
The vange in the percentage of the median-cross-sectional surface of
Jonathan apples with sturch at earliost maturity is given in figure 4.
‘The resulls show that the sturch test would be unsntisfactory as a
maturity index for two reasons: (1) The average percentage of the
surface with sturch at maturity varied from more than 60 percent
toless than 10 pereent in different sengons und in apples from different
sources: (2} there was greaf variability in staveh among individual
fruits of practiendly the same degree of maturity ina given picking,
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The greatest variation among individual apples at esrliest maturity
was found in Washington in 1041, the stareh ranging from 100 percent
of the surface to only 5 percent.

The iodine-potassium-iodide test for starch has been suggested as a
maturity index for Gravenstein (22), McIntosh and Fameuse (7), Cox
Orange, Northern Spy. and Yellow Newtown (4,5}, and Jonathan (Z,
30). At maturity of Jonathan in Muryland (1) the starch was illus-
trated us present just under the skin, somewhat mottledt in the outer
flesh, und absent from the cove vegion. A rather similar condifien
(absence of starch from the core region and half of the cortex) was
indicated at maturity of Jonathun tn Australia (30). On the other
hand, Trout, Tindale, and Huelin (40) observed that the amount of
stareh present varied with individual fruits and was dependent on
sensoninl conditions. In some years they found more starch in the
later picked fruit. Tiller (39), working with Jonathan, Cox Orange
(Cox's Orange Pippin), Delicious, Sturmer, and Statesman, observed
that frequently there was little or no change in the starch content dur-
ing the harvest period and conciuded that the starch test was of no
walue us an index of maturity. Hinton (20) reported that in most
cases treatments that delayed maturity inereased the starch content.
Thus, the more mature apples would generally have more starch in-
stend of less starch. The results presented in this bulletin support
the conclusions of "Trout, Tindule, and Huelin (40) and Tiller (39)
that the jodine test for starch is not a practical test of maturity of
Jonathan apples.

ELAPSED TIME FROM BLOOM TO MATURITY

Phillips (24) conspiled the dates of bloom and of commercial har-
vest for Yellow Transpavent, Ben Davis, and Winesap apples as
wrown in various parts of the United States. He concluded that the
ﬂan;.:th of the period between full bloom and ripening (harvest) is
rather Jargely determined by the nmount of heat received by the tree.
He observed that this period wus longest on the Pacific const, short-
est on the Atlantie eeoast, and intermediate in the Central Stutes,
However, he reported that the pertod was lenger in the South, where
it wis warmer, than in the North, He attributed the more rapid
maturing in the colder North to grenter insolution. The date of ripen-
ing {maturity) used by Phillips was the date of harvest us reported
by growers; this would undoubtediy represent widely varying
degrees of matuvity und the actual mafurity at har ast was not
determined,

Magness and his associates (29) determined the number of days
from blooming to optimum picking for several varicties in widely
different localities.  They ebserved a marked difference in the length
of the growing season for the dilferent vavieties and in certain cases
for the same variety, depending upon where it is grown. Contrary
to the vesults of Phillips {44). they found that for varieties with short
growing sensons the length of the period from bloom to maturity
varied only slightly with geographic location or climatic conditions,
"Phey indicated that the shorter period from bloom to picking observed
in the northeastern region was probubly due to the shorter growing
season, which necessitated the picking of the fruit before it reached
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proper maturity in order to avoid frost. Thess vesults were based
on optimum picking dates estimated from detailed data on the condi-
tion of the fruit during the havvest period, but no sam ples were stored
and actually optimum maturity muy have vavied considerably from
the dates given.

Ellenwood (8) reported the period from bloom to harvest for a
number of varieties grown in Ohio for 10 and 30 seasons. He found
considernble varistion within vavieties from seuson to season. Be-
cause these data also ave based on harvest dates, when the fruit may
or may not have been 2t proper maturity, the varvintions between
seasons muy have been due in part to picking at different degrees of
maturity in the different seasons.  Sinnlar results have been presented
for New York (42). TFor varieties of apples thut have a relatively
short growing season the time periods from bloom to maturity in New
York {J2) agree fairly well with these given for Ohio ﬁS) and other
sections (28). However, for varicties that have relative y long grow-
ing seasons, the time periods given for New Yok are much shorter
than those rveported for other sections. It seems fikely that these
shorter periads were due to the short growing seasons in New York,
which necessitated early picking, at an immature stage, of the varieties
with long growing seasons in order to avoid frost.  Huller (11} ina
preliminary report on four vavieties of apples grown in Maryland,
Virginia, and West Virginia showed a more eonstant elapsed time
from bleom to mainvity when storage samples were picked at approx-
imately weekly intervals and the dates of enrliest and opthmum maku-
rity were determined more definitely on the basis of dessert quality
and storage response of fruit from the different pickings.

Additional data for the snme and other varieties grown in the
samo and other widely sepurated localities and presented in this bulle-
tin generadly confirm the rosults given in the preliminary report.
Delicious and its red strains were found to require approximutely
150 days Irom bloom fo picking before they attain satis actory des-
sert and storage quulities when grown on frees bearing a moderate
crop i such widely sepneated parts of the country ag Orondo Wash. ;
Hood River, Oreg.; Urbana. 11L: Wooster, Ohio; Kast 'Lansing,
Mich,; Geneva, N. ¥.; Beltsville, Md.; and Kearne ysville, Romney,
ad Paw Paw, W. Va. This period is consideral))ly longer than
petiods given by Magness and his associates (29) ; they varied from 134
to 153 days and averaged 140 days for various parts of the conniry
meluding several of the districts just nmntione}l. It is also longer
than the longest period {134 days) given for Now York (42) and the
avernge (143 days) for 3 seasons for British Columbia (33), but
it s in good agreewent with the avernge number of days (153) to
the first picking for 30 seasons in Ohio (8).

Facrons InvrLuencine rHE Brooy-ro-Maturity PERIOD

The variations in the length of the period from bloom to maturity
might be influenced by various factors suclh as growing-scason tempers-
tures, soil fertility, soil moisture, and size of cropd on the tree. If the
factor or factors vesponsible for variatious could be determined and
evalunted, it might be possible to muke allowances for them and fhus to
predict more accuralely the time of muturity from the date of fuil
bloom as has been done with apricots (2) and pears {6).
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TEMPERATURE

Since many physiological reactions in plants are hastened by in-
crensed temperatures, it seems reasonable to suppose that relatively
high temperatures (up to the optimum) during the growing season
or certuin parts of it might hasten the maturity of apples as reported
by Phillips (34). Harley and Masure (18} found that the growth
rate of Winesap upples was dependent on the evaporating power of
the air, whicli was due largely to air movement, but they observed that
high temperatures migat tend to reduce the growth rate by ncreasing
evaporation. Tufts (4I) observed that in three apricot orchavds that
bloomed simultaneously the total of the heat units (above 85° IT.) was
greatest in the earliest vipening orchard and lowest in the latest ripen-
mye (2 to 8 weeks later) orchard, Baker and Brooks (2) also found
that relatively high temperntuves shortened the period from bloom to
maturity of apricots and to a less extent that of prunes. Similar
results fov apricots and pears were reported by Brooks (6). On the
other hand, Ryall, Smith, and Pentzer (36¢) found that pears from
different sections varied somewhat in the elapsed time from hloonm to
maturity, but they observed no consistent effect of teperature on the
period from bleom to maturity.

It is probable that temperalure differences might have a greater
influence during certain periods than others. Tt has been sugpested
that seasons of exveptionally early bioom ave likely to be followed by
perieds of relalively cool duys, in which the fruit would malke little
or no development,” In this connection studies of Lilleland (£23) on
apricots and of Brooks (€) on upricots and pears showed that the
earliest stages of fruit development were most affected by tempera-
ture. On the other hand, temperatures prevailing late in the season
just before or during maturation might be expected to influence greatly
the rate of maturing, Thus, it appears thut it is diflicult to determine
just when temperatuve might influence the period from bloom to
maturity.

Tn addition, a precise measure of effective temperatures is difficult
to obtain, Temperature-remainder indexes for plants have been bused
usnally on 35° to 45° F., the temperature vange below which vital
activifies are presumed to ccuse. However, vital activities of har-
vosted apples such as vespiration and softening have been shown to
tuke pluce appreciubly even at 82°,  Magness and his associates (29)
showed that temperatuve affects the rates of respiration aud softening
of apples very simuilarly. They found that the rates at 40° ave about
double those nt 32°; at 50° they are less thun double those at 40°¢ at
70° they ave at lenst double those at 50°; and at 80° they ave aboul 10
tines those at 32°.

These data probably give the neavest mensure of the physiologienl
response of the fruit to temperature diffevonces that are available.
They were plotted as shown in figure 5 and a smooth S-shaped curve
of physiological indexes of cffective temperatures was obtained.
These were nsed with the daily mean temperatures in the orchards ov
at the neavest United States Weather Bureau station to determine the
elfective temperatires, or physiologieal heat units, during the growing
seasons in the different districts or localities. The data used for the
curve in figure 5 were obtained from fruit held at constant tempera-
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Figune 5.—Physiological heat unitg per day based on respivatory activity of
apples at dilfevent temperatures,

tures, whereas wide daily fluctuations exist in the mean of outside
temperatures. The effect of fluctuating temperatures that avernge a
given temperature may differ considerably from that of a constant
temperature of the same magnitude. TFurthermore, the mean air
temperature would differ greatly from the fruit temperatures and even
lemperatures of fruit exposed to the sun wounld differ greatly from
those of fruit in the shade, The fact that shaded and exposed fruit
mature at approximately the same time is in itself perhaps the best evi-
dence that temperature has little or no appreciable influence on the
lenuth of the period from bloom to matuvity,

Although it is recognized that there is ne very sound basis for evalu-
ating effective temperatures and that heat units computed from daily
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mean temperatures are rather crude mensures of effective tempera-
tures, the physiological heat units for several varieties grown under
different temperature conditions due to loeality and seasonal differ-
ences have been computed. The heat units were computed from the
monthly mean temperature. For example, the mean temperature for
Jure might be 70° F. in a certain orchard, and in figure 3 the num-
bor of the heat units for 70° is 8.6, Multiplying 8.6 by the number of
days in the month gives 258 us the total heat units for that month,
Tn some instances weighted monthly mean temperaturves were deter-
mined by making urea mensurerents of the chart by menns of a
planimeter and in other instances by converting the mean temperature
for each day into heat units and summing these. Monthly means of
heat units as determined by the three methods did not difter appre-
ciably. For fractions of a month such as at the begianing and the
end of the season. the mean daily temperatures were converted to
heat units and these added,

The physiotogical heat units for the first. 20 or 80 days after full
bloom, for approximately the entire growing season, and for the last
90 or 50 days are given in tables 2 to 6 tor Jonathan, Grimes Golden,
Delicious, Giolden Delicious, and Stayman Winesap vavieties. The
number of days from bloom to maturity given in the tubles is to the

Tanne S—Pate of full oo, period from bloon to cartiest matwrity, physiologicnl
Weat wnite? and ground color add firpiness (Jressiurc test) ab waburity of
Jonuthan eppies grown of various foculities und in different scasons

IMiysiologienl heat unbis at
Dato of Terlpd | ditferent perieds from blootn Prossiros
Season nmd source full hlgﬁﬁlm - (é;?g;l.}l test
Blooit Lopenpinyt om0 [ oo | oo reading
thays uys duys
1938 Pups Nueatber | Nwmber | Nuwther Pounds
Wenrneyseille, W, ¥ouo oo Apr, Il 140 142 1, 135 104 2.5 14,2
1930
Kewrpeysville, W, ¥ oo Apr. 25 120 121 1,122 1H 1.7 18.1
Becling A L e weutlo. 134 0y 1,003 178 1.7 17.3
1950
Weartoysyiile, W Va oo Biay 11 132 148 1,030 151 2.4 15.8
Derlin, Md. . e [ 1 T 130 15 1,122 14 1.7 1.4
gt ‘ .
Wenatehee, Wash 135 L15] MGT 165 2.4 15.0
Deltsville, Md... [EI] 1) 1,141 172 1.7 17.4
Woosier, Ohic. 3l 1 1,073 171 2.2 15.0
Urbona, TH.. . 143 138 § 1, 1 1588 o4 W0
Tust Lousing, 3 115 10 1,020 153 i 16,3
1942
Wennteheo, Wash. cocee o caenes Avpr. 2 142 T 494 163 LI 15.7
Bellsville, Md_.. Ape. 35 151 134 1, Uyl 350 2,8 17.7
Wooster, Qhio_ . . Japr. 20 [T T SR A 52 13,5
Enst Lousing, Miehe .. May 4 135 6 ur2 i35 1.3 2.3
1943
Wenalohee, Wosh. ceeanmeaeean Apr, & 139
Keoroeysville, W, Va L Ape 30 132
Romoey, W. Vi ceeeeaas May 0 130
1344
Fenrmeysville, W, Vo oo Mgy 3 127
Trormoey, W. ¥a. oo, CLadp 125
Paw Lo, W, Voo e 124
AVOTUBC ammammsammmmnnns = o anan 2 S

1 A measure of growing-segson tomperaiiees a8 pxpluined otk 13 i
T (round culor deterningd by eattirrison with stndapd eglor churel in which L is green and 4 yellow,
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Tance 3—Date of full bloom, perivd from bloom to carlicst malurity, paysiolog-
ical heat wnits) and ground color and firmness (pressure test) at maturily
of Grimes Galden upples grown utl various localitics and in different scasons

Physiologicnl hea; waits
'li“crlod ?l. ditt}l;urem pericds P
Date of rom o Hivomt Ground | fesswe-| o,
Beason gnud souren bleein test rend-| TR
full bloom| B0 T I cojor ¥ ing slza d
lurty | ™ | 0-1400 | 12110
days duyy days
198 Dayx 1N mber; Number| Nvnber| Pounds
Crozel, Vo e e ceemees Apr. 13 130 125 | L, 092 178 L5 15. B
Bolistmary, Moo oo Apr. Ih 130 131 107 191 1.0 A.¢
Renrngysvilly, W, Voo ... Apr, 4 138 1337 Lt I77 1.1 x4
1989
Crozet, Vo ot Apr. 17 146 14 {, 48 137 1.1 18.9
Berlin, a¥d., . Apr. 22 b iy 1,134 |20 S R
EHeurneyswlle, W. Vo, .. A, 25 1145 1267 1,216 b R P,
840
Cromut, Vie oo oo My 1 4135 oL e 153 (...
Lerlin, Moo oo Mny 9 135 106 1, 154 147 1.2 12.3
Kenrneysville, W, Voo .o ____ Moy 10 138 148 § 5,187 152 L2 a1
1937
Deltsellle, Ma. Apr, 22 Hi i} 1,21 179 1.3 19 v
Kuenrneysville, Y [ 4R X 1,10 1E9 1.4 2.8
Urbanm, UL, ... AMuy § 153 135 F 1,204 153 2.3 17.5
East Latislag, Ml May 7 150 W3 | 1,105 150 1.8 22,06
sz
Boltaville, Mo .. Apr. 23 47 138 | 1,260 178 1.8 17.0
143
Kearneysville, W, Voo .____ Apr, 27 115 | 1,28 Light.
Do s oL 15 131 1,351 - Heavy,
Romney, W, Voo My 2
Taw Paw, W, Vu_ May 3 156 148 | L, 237 Tio.
Rompey, W, Voo ... Moy § ) T PR AN F
1354
Romney, W, Yoaue . _______ Apr. 29 137 HE 1, M1
Kunrueysville, W, Ya._ hlay 2 134 158 b 1,204 Lixht.
Do e Y (T 155 158 1 1,04 Henvy,
Romuny, W. V. sdoo o 137 48 1,164 Light.
| 11 T, I 1 157 HE |1, b Heavy,
Puow Pow, W, Yao_ ... May 3 137 L&y 1,X3 Do.
Averoge —— - J £ 2 T S - Y P -

t A measyre of growing-season temperntures as explained on p. 13.

t Ground color determined by cownparisen with standord color chart {n which 1 #4 green and 4 yeilow,

! Crop size usunlly moderntely light to moderately heavy except us ooted.

¢ Severs seald developed onopples of last pleking st 17 and 133 days from bloom, respectively. Extm(fcla—
tion of senld curves {(Ag. B indleated sutticient reduction in seuld for sullsfctors madurity at sbout 143 duys,

! Lost pleking was mate nt 131 days (rom bloom but apples picked ot that time developed conslieruble
seald. [ the apples corid htve been picked somowhat later (135 days from bleom), they would have been
of o satistuctory malurity for storagy,

first picking date at which the fruit was considered mature. Pickings
were made at approXimately weekly intervals, and the period might
have differed from that given by several days if pickings had been
mucle somewhat earlier or luter. In computing the heat units for the
entive season from bloom to earliest maturity about the average num-
ber of days to earliest maturity for the variety was used for all lots
of u variety regardless of the period given for each lot.

In general the vesults in tables 2 to 6 do not indicate that a relatively
long period from bloom to maturity was associated with low growing-
season temperatures during the first 20 or 30 duys, the last 20 or 30 days,
or the entire growing season. The only exception was the Jonathan

-ariety (table 2); lots of this variety with the longest periods from
bloom to maturity (133 to 145 days) generally were grown under con-
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TabLe 4,—Dutc of full bloom, perigd frém bloom o carliest maturity, and physio-
toyical heat unita,! of Delicions (and ity bud sports) epples grown at turiosy
Ingalitics dnd in different stesons

I’hyslotegical heat units ot dif-
Date of I}?;l:‘";‘! ferent periods {rom bloom
Beason and varlety Huurce bfu!l bloom
Tom 3 TS | ggo | oe-ue | 120-1%
= days days days
_— 194! flood Ri o \ " Duys . Number | Nunbier | Number
iclons. el DO, il LD | Apr. 1572 | - .
Smrlkilng_.- . .6._«3,.“....!_.... \_da_._. 152 *} 13 ooz 8
FDieilelous, . .| Orondo, Wust. . Apr, 16 153
L] THE 357 S . < el 149 154 1,6 187
Delicious. . o] Belisviite, Md, Avr, 93 148
Starking. . ocenena.. R . TR, JRs 1 S 15 i)} 1,245 256
Rlelwred ... U T D Lode o 148
ieliclous, o oevnnna- Urhabis, I . May L 152 i 1,321 a5
Sturkitty eeaaan Wooster, Qhlo. _, .. Alay 2 146 185 527 b
eliclous,  oooanran East Lunsiug, Mich . May 8§ 153 169! i, 141 266
‘!s}ml:ik_mg.__ | o {o_,_\i_i_._ i .:iay ; 147 188 1,157 AKB8
elleiouy . eouve, N, Y By 15
Starking oo o] _..tlo .: ______________ _:_do_-__ 150 } 198 L8 =
Dl o
oticlons 166 - .
Srting o } 1s g7a ap
Dalicious 154 131 1,035 ozl
?‘tu]ri k{lm;. 157 125 1,024 a7
deliclones, 150 .
Richared LLoeieaonn G 7 } 212 1,347 200
Drellelous . 150 101 1, 136 3
1043 .
Erelleions, o onnaeanas Oromdo, Wash__ .. oo, 148 143 i3 106
Sinrklog. o PO D do .. ApT, 26 140 L] 461 201
Hlehared .. N da ... Apr. 22 148 142 o131 0]
Do .. .| Paw Paw, W, Va. oot May 2 145 22 1,305 218
Dellcions, . ovooouan R by, W, Va. g Moy 9 12 T [ [ (SRR
1984
Deticlous . ........j Keurneysville, W, EE T [N SR ——
Richared . - oAb Paw Paw, W Va, 143 230 1, 26¢ a6
Sturgté:g_:: _____ - Ru:i{ll:‘lje?'. W, Wt . :g; } 27 1,102 108
P T S [ | .......... 150 t ..............................
¢ of grow iy tenyperatires os expialoed on p. 130

TA
2 Lighi erop.
Filpavy crop.

ditions of low numbers of heat units during the first 20 days after
bloom, but with no uppreciable difference in the amount of heut
during the last 20 days.  This would indicate that temperatures diing
the early part of the growing season had more influence on the date
of maturation than temperatures during the Iatter part of the grow-
ing season. However, data for the other varieties were not consistent
with ¢his. Inthe case of Grimes Golden apples the three Jots requiring
the longest period fromi bloom to maturity were apples grown on
trees with very heavy crops. In two of these instances apples were
grown also on trees under identical temperature conditions but with
lighter crops; in these cases much shorter periods from bloom to
maturity were recorded. This indicates that with Grimes Golden
the size of the crop may be a more important factor than growing-
seagon temperatures on the period from bloom to maturity. Similar
results have been obtained with other varieties (table 7).

The data in tables 2 and 4 to 6 indicate that the amount of heat is
lower immediately after bloom and for the entire growing season in

$45596°— 50—




18 TECHNICAL BULLETIN 1003, U. 5, DEPL. OF AGRICULTURE

TARLe 5—Dute of full Woom, pervied from bloowm fo ecarlicst maturity, and
physiologicel heat unita® of Qolden Delicious apples growen ol parious localitics
and in different seasons

Phiystologieal hent mits nt

5 Perlod [ differvnt perlods fron Dlooss
ita of froin

Season wmd seurce feall bloo Lo

bloor muturlty B30 LB 125150

duys duys duyy

84f Nunidier | Nusiber | Number
Hood Biver, OTeg... corocemccicnan,.... | Apr. 1445 ] N}
Cushinere, Whah,, ee | Apr 184 1, 068 i
Oronslo, Wiah._, ] Apr ! 1, 06 S
Poleavitly, Md Apr, ¥ . F 1,088 54
Wooater, Ghlo My o L 248
Buast Lutising, N | My . 1, 108 1w

i94s
Tlogd iver, Qoo . oo ... vaeme-| ApT. SN Fa g
Cronde, Wash, . oo Apr, 32 1,€025 L
Boltsvilte, Md.___ PO I T 2 LT 241)
Coslunere, Wast .. . Loiiveae o] ApE : 1,651 2t

Oromla, Wiah \ emmmmaaa.. Apr, o . i 17} 1
Henrieysylite, W, v, voo | May 2 F 1, 548 TN
Rutnuey, W, Va, .| Moy H Lk,

Da oA o Heavy.

1944
Kenrneysvilie, W, Va .. . o | Moy
Bomgoy, W Ve 0 0 e p : tieht,
3 R .. u Henvy.

AVCUEC L . et riiri s v weeenaan

1 o f growding tetperntares as ex(Hnined on p, 13,
* Orop slze usunly moderatedy ight to moderatoly henvy except 08 noted.

the Pacific Northwest than in the other parts of the country. For ex-
ample, in the case of Delicious nnd its bud sports the heat units for 30
days after bloom varied from 115 to 154 for Washington and Oregon
und from 161 to 240 for the other States and for 130 days after bloom
they ranged from 061 to 1,070 for Washington and Orégon and from
1,136 to 1337 for the other States. Exeept for Golden Delicious, the
covler conditions particulurly during the first part of the growing
season in the Northwest were associnted generally with longer periods
from bloow to maturity. However, other factors in addition to tem-
perature are different in the Northwev'; there are move hours of
sunshing each day and, because the fruit is grown under irvigation, the
soil moisture is nmintained at u more nearly eptimum cendition
throughout the growing season.

In 1945 the date of Full bloom was unusually early in Maryland, Vir-
ginin, and West Virginia—about April 1to 5. ‘Chis early bloom was
followed by cool weather with frost as late us May 2 or 3. Rainfall
was generaily above nermal, particularly during July and August,
and cool weather gencrally prevailed late in the season. Maturity
stadies in which the date of actual maturity was determined by means
of storage lots of diffevent pickings were nof conducted duri ng this very
abnorimal season, but general observation indicated that muburity was
not. advanced proporfionntely with the date of bloom. For example,
Grimes Golden picked as late us 165 days from bloom {instead of the
norinal about 145 days) was still adhering well and the ground color
was still green: Golden Delicious nnd Delicious picked 170 duys from
bloom (instend of 150 days) were still sour and starchy and had a green
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Tanre 8—Date of ,luH bloom, period from bloowm to carliest malurity, physio-
logical hent units! and gmrmd color und firmness (presxurc test) at maturity
of Stayman Winesap cuples grown ab varions loculitics amd in different secsong

;
P . Physiologlenl heat unfts ot
Duteot | Ferlod different periods fron bisem Pressure
Season andd souree b!;?;i?to Oo;?;lr"fl test
bioom |y aturity! o030 | oes [ 130-180 rending
doys doys dnys
1851 Daye Number | Number | Number Pounds
Wenatehee, Wnsh oo . . 168 153 L1t 153 .5 17.6
Wooster, Ohlo R . ER1iYs 152 1, 2 pirs] L8 4.8
Urbany, .. . 163 N i, 195 i< 0 15.5
East !.unsing, Mgl ... L1164 185 1, 8 iB6 .4 FITNS
1342
Wenateloe, Wash -f Apr. 2 172 13 1, 000 200 1.9 10.8
Bejtyville, M, | ) 160 2 384 el 1.9 16.8
Woster, Ohlo. .00 3180 186 1,135 oy 1.3 17.4
183
Wenntehes, Wash (oo .oof Apr. 27 183 43 £, 077 190 %5 172
Mount Juckwn Vo oo Apr, M 157 N6 1,302 174 -
Kenpmeysvilty, W, Vo . oo Apr, 30 10 MR 1, 304 1t
Paw bPaw, W, Vi, P 1 £ T | 156 ] 1,457 ;K S
Romhey, W, NVihyooviian s Aoy © ) L R . P [,
) 1243
Mount Jnekson, Vit . oreaanan J o 160 a7 1482
Hosrneysvitle, W, Vo, _. 3 164) 53 1,387
Paw Paw, W. Vs .. .. . 1652 He 1,822
Remaey, W, Va, ... ..., 4 150 ja i 1,242
ERIT 1T B, R 161 ...

LA mensure of prowin-senson letapemtnms us explained on p. 13,

t Oround color determimed by compurizon with stnndurd ecolor chaet In which ¢ 1s Frewn e 4 yelfow,

$7hIs plokby rated good in dessert aqimdity,  Earliec picking «hi not develops sua™: S0 that \hese apples
might huvye been of satisfactory mnturity s o sowewhat varlier dato,

EPhl pleklng micd good B dessery guality sinl no seald developed so thad Bod an eorlier pleking been
wte, 1t might ulso bave been satfshetory.

1&&!3 pleking roted very powmd in dessert quallty so that it {s likely an corler pleking would hove been
st tory.

ground color, and the response of these varieties te ripening and
storage did not indicate thal they were picked at a late stuge of
maturity.

Although the expevimentnl results do not indicate a distinet vela-
tion between temperntures during different pacts of the growing sea-
son and the eate of maturation, the observation in 1945 and the results
with Jonathan and for the Pacific Northwest compared witly those for
other distriets indicate that extremely cold weather, particulurly dur-
ing the first part of the growing season, may delay maturity ; it is likely
that less extreme cold may delay ¥ muatur 1t) , but the delay muy ’ be masked
by other factors.

SIZE OF CROP

As indicated in the previous section, the size of the erop influences
the time of maturity. The evidence along this line is shown in
tnble 7,

When the ratio of leaves to fruit is low, earbohydrutes elaborated nre
insufhictent, the fruit is smaller, and the accumulation of elaborated
material is less, The lower concentration of elaborited material de-
Inys the time when the fruit can he picked and rvipened with satisfue-
tory avoma and dessert quality.  The apples from lighi-crop trees were
ot [lmteutiuiiy satisfactory dessert quality 3 fo 10 days or even more
earlier than apples from heavy-crop trees.  They also averaged larger
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TasLE i —Effcel of sive of crop on number of days from bieom o maturily

Puriod from bloom
Lo mamturity L .
euse of —
Variety Houron &
Heavy Light
Crop oregr
Sy Daya
Crimea Ooddente e e cecamnes 1H3 154 145
Do ieee aef- 144 155 134
[ 10 1H4 157 137
Cradeleat Brolletnas, oo 15HE 148 142
1300, e H4 104 144
BUTERIE e s vvrane e mmmmenn e oo, 1544 155 134
Winusagy., . ..o j 1 164 i
York fupurhd s 187 153
Lo... ... 1H3 L] 150
D, .. 1644 i) 154
i
1

Avenige... i } I A i | 15

and, particularly in Golden Delicions, became yellow sooner. This is
in agrecment with the results of Haller and Magness (/6) and Martin
and Carne (31) with apples and of Palmer (32) with plums and
peaches.

RAINFALL AND SOIL MOISTURE

Under conditions of deficient soil moisture the efficiency or function-
ing of the leaves is interfered with (26) ; and, when a drought is severe
ot of long duration, the effect is somewhat similar to that of a heavy
crop in that fruit development and maturity are returded (74). With
ample soil moisture throughout the growing season, the fruit tends to ®
be targe but has a low concentration of solids and is subject both to
break-down, which is ussociated with overmaturity, and to scald,
which is associated with immaturity. In the experiments reported in
this bulletin soil meisture was not controlied. However, there were
differences in the amount of rainfull Quring the growing season in
the different years and at the different localities (table 8), In West
Virginia the 1043 and 1944 growing seasons were characterized by
deficient rainfall, with totals from May threugh September of only
10.5 and 12.2 inches at Kearneysville, Although records were not
available for all localities, rainfall probably did not differ greatly in
the three orchavds in West Virginia, The effect of rainfall would
depend not only on the amount but also on the distribution threnghout
the season and the retention by the soil. In 1943 the drought was
parficularly severe late in the season, whereas in 1944 it was most
severe early in the season. The three localities in West Virginia from
which apples were obtained differed greatly in soil type. At Paw Paw
the soil was a shallow shale loam in which the trees soon suffer from
deficient rainfall. At Romney the soil is n deep porous chert loam
that is very retentive of moisture and in which the trees suffered least
from lack of rin. At Kearneysville the soil is a moderately deep
Hagerstown loam intermediate in moisture retention,

Variation in soil type or availability of soil moisture due to soil type
did not seem to influence consistently the time from bloom to ma-
turity. For example, Jonathan varied only from 127 to 182 in the ®
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TasLg 8. —Rainfull during growing seuson at U. 8 Wealher Burean Station
nearcat o sources of apples?

Itniuml during—
Lomlity Season ) a :
May ; June b July | August T”“m‘f,’"‘i Total
t F i .
e ! i .
Tnches | Inches | Inches ! tnches Incher Inrhes
kis Le5 R, IQLE2 28§ 3.3 218
Churiettesviile, Va. (near Crozet, Vo) 1939 .37 411 618 4.5 Rl .84
184D 4.0 A 6T G.63 L T
] . T L] .
Sullshury, M. (mesc Berding Ml i‘éig '1'_{;;' i tl', :é‘_-] . ?ég 1 ;5, 223;5‘ X :;ng 33
Muarglnshurg, W Ve 1038 4.07 0 2 l 548 4,03 3,97 0 MLep
1m5 Lo S48t 3.n 1.6 452 0 18016
10 LB L2 4 4,0 3.7 ; 0.0
Keurneysville, W. Va_ oo . ML 2T 4.5 07 338 LG 13,97
LH3 4.0 i 1,06 3.2 L0 5 16,47
44 1L31 0 101 d.84 1.8 5. 1B 132
Uebana, IN . .. 1041 K] 1 8.1% L 3.6! 4.3 21,92
College  Park, Nd, (near Beligville, {lﬂ-il L4811 &8 682 275 L2 17.63
BT L PPN N 111 1 .07 5,43 54 15 263 &, 40
Domuey, W. Voo . .. eeeo.o.] 1M3 2,85 T 3 I 2,18 1.38 8,35+
Great (‘lll’.‘ﬂ]vl(m. W, Vo, {sesr Pow
Poaw, Wo VR L mmeemiinam s !‘J-I-ll ‘.’.ng 2,12 2-:13 l.;ﬁ :’;.g!S 1L.33
Trag i AL ik fo A - .. 3 G 13. 60
£ast Lansing, Mich. - ~dame |osm Ll ogm sapl  wa| s
H #06: WOA K 3 Le0 18,43
3 3™, 2k 1.38 4,11 1, B0
(00 4E T 0s 206 LM 3
4.7 L6 .30 1486 N 13,33
3. ,E 248 L8 2.8 4.9 15,28

P Qreharsds sroum? Wennlehes, Wish,, ansl Ticod River, Oree., arenltost entlrel ¥ dependent on lerfmtion
for mwisture during the prowing suwon.,  Tnder teso eorslitions soll molstirs 35 sy hnple,

T Uhe orchnrd nesr Moot Juekson, Vi., from which the apples were obiadzed supp) 1 the reinfall
with Irrfgntlon diring dey periods,

number of duys from bloom to maturity in the two sensons and three
localities and Winesap and Stuyman Winesap from 155 to 162 days
with no consistent relution to locality. However, apples from these
three sources differed in other respects. Scald was more prevalent in
susceptible varieties from Kearneysville than in those from the other
sources. The principal differences, however, were in the apples from
near Romney, which usually hiad a distinctly sinoother finish, seemed
to grow lurger when the crops were of similar size, and seemed to be
less highly flavored. Whether these differences are due to available
soil moistire or to other causes is not ipparent.

Any eifect of soil moisture on time of maturity should show up
under extreme conditions of rainfail. Among the seasons of very
heavy rainfall was 1942, Beltsville (College Park), Md. (26.5 inches),
and among those of very light was 1943, Kenrneysville, W, Va. (103
inches). The average number of days from bleom to maturity for
seven Varieties at Deltsville in 1942 {wet season) was 154 days com-
pared with 151 days for the sume varieties at Kearneysville in 1943
(dry season}. These results indieate that heavy rainfall slightly de-
layed maturation particularly of varieties susceptible to scald, which
was severe In later picking of some varieties in the wet senson {see
fig. 8). Apples grown at Urbana, Tl in 1941 were also subject to
scatd laker than usual (sce figs. 8 and 12), and the rainfall was fairly
heavy in that season and locality. In general, however, the results
do not indicate any very marked or consistent effect of soil moisture
or rainfall on the time of maturation.
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OTHEK FACTORS

Gther factors such as soil fertility, soil type, and elevation might
influenco the lengta of thue from bloom to mnturity. Apples for these
investigations were obtained from moderately vigorous trees wrown
with the standard fertilizer practice for {he particulur orchard from
which they were obtained. The soil types in the variots orchards
varied greatly in natural fectility and texture. The orchards nlso
dilfered in elevation., 'These factors, however, are confounded so that
if differences in time of maturity ocenrred, it would be impossible to
determine which factor was responsible.  In general, the pariod from
bicoms to matority was fairly constant regardless of rather wide
differences in soit and elimatic factors.

Marcrrry INDEXES Foit DIFFERENT VARIETIES

As pointed out carlier, the Grst picking that wns considered to be
of subisfuctory matnreity was deteruined on the basis of the dessert
quality and the storage response of different pickings. Because of
the large number of lots of some varieties and the number of observa-
lions mude on ench lot. it is not feasible to present the detailed data
by which picking maturity was estublished. A discussion of some of
the factors considered is presented for each variety.

DELICIOUS, STAKRKING, AND RICIEARED

Delicious or its red bud sports were nsed as available and ave grouped
together herein sinve these results, ns well as those of Ellenwood (97,
indicate that the bud sports do nol didfer from the regular varviely in
time of maturing.

The sources of the various lots of Delicious and its bud sports, with
the dates of futl hloom and the elapsed time fo earliest maturity, are
shown in fuble 4 Phe dates of bloons varied from April 14 (o May 9,
a runge of 25 days. The dates of maiurity varied from Seplember 12
to Ovtober 1y w range of 28 days. In about 59 percent of the cases
these apples were considered mature when picked between 147 and 152
days from bloom (a range of 4 days). Ont of the 29 lots there were
only 3 that varied grestly from {his range. These were the Starking
grown near Rowney, W Va,, in 1944, in which the frnil, cnme from
light-crop trees amd matnred very early. and the Delicious and Stark-
mg grown ot Food River, Oreg., in 1942, in which the fruit matured
very Inte.

Lots of Delicions, Starking, or Richared were held in cold storage
usually until the Tast hadf of Febroary ar first balf of Mareh when
they were removed for ripening und inspection. Practically no in-
ternal break-down was found in any of the lots after this period of
storage.  Toomost ots (here was no deeay. or only insignificant amounts.
In the few lots in which deeny oceurred there was no indication that
it was associnted with the time of picking except in Delicious grown
af Geneva, N. Y., in 14, the third picking of which had appreciably
more decay than exrlier pickings. Brenk down and deeay therefore
were not considered in establishing picking maturity.

Storage seald was very variable in its occurrence.  Delicious and
Starking it many instances «did not develop any seald during storage
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even thongh pieked about 140 days from bloom or eaviier. The most
severa seald occurred on Delicious and Starking grown near We-
satchee, Wasle, in 1142, About 90 percent of these apples scalded dur-
ingr stornge when picked 142 zod 143 days from bleem. When less than
20 pereent of the fruit shows seald. the seald is usually mild and not
of serious commercial consequence. Seald development on Delicions
and Starking grown in Washington in 1942 decrensed with delay in
picking, but sculd did not beeome less than 20 percent unless the fruit
was picked more than 136 days from bloom. Although these iots
were of satisfaetory dessert qualily when picked 150 days from bloom,
they were not considered mature uniil 136 or 157 days from bloom,
beeause of their susceptibility to seald when picked earlier. The only
other lots in which seald exceeded 20 pevcent when picked moere than
130 days from bluom were Delicious and Starking at Hood River,
Oveg, and Delicious al Orondo, Wash,, in 1948 Picking of these
lots had Lo be 153 duys or more from bloom before less than 20 percent
of the fruil sealded i storage. Howoever, these were rated as mature
by (he local cooperators when picked 149 days fromn bloom—a rating
that seenss questionable in view of the suseepuibility o seald.

In mest other lols storage seald wis aach less severe and their time
of muturity wus established largely on the basis of dessert quality.
The dessert quality of the differont pickings of Delicious. Starking,
and Richared from different sonrces and in different seasons is shown
in figure 4. There was generally a distinet rise in dessert quality as
picking was delayed, but there was a deeline in some of the late pick-
gy, When the frait vipened to fair dessert qualiiy {designated as
0 on the vhart}, it was considered satisfactory for picking,  Most lots
picked L days Trom blopm failed to develop fair or satisfactory des-
sert quality. At 145 days from bioom uboul half of the lots pieked
woere unsatisfactory.  Delivious and its bud sporés picked 150 days
from bloom were nearly abways of {air or better desseet quality. In
19 lots picled st this time the quality of the fruit was fair or better,
whereas in only -+ was it unsatisfactory.  Thus, both dessert quality
and resistance to stornge seald of most lots of Delivious apples would
have been sutislactory at the Joeslities wud in the season tested if
picking had started abont 130 days from bloon.

The lots in which satisfactory maturity was not attained up to 150
days from bloom were Delicious and Slarking grown in Washington
in 1142 in which seald was rather =evere until after 155 days from
bloom, mnd Debieious and Starking grown in Oregon in 1942 in which
satisfactory dessert quality was vot attained untii after 160 days from
bloom, There was no indieation that Starking apples differed from
regailar Delieious in their vesistanee to seald ov in dessert quality when
picked the sume number of days Trom bleonw

Although Delivious apples were of satiafactory maturity 145 duys
fram blcom in some cases (about B0 pereent ). i was not until about
130 days from bloom that one could be reasonably sure that Delicious
would he muture in most instanees.  Qptinnan maturity from the
stunlpoint of dessert quality Trerquently occurred ab about 153 days
from bloom, There was some tendeney Tor dessert quality o deerease
in pickings made as Inte as 160 days frem blooin.  Aw increased tend-
eney of the fruic o drop was seoehmes apparent between 13533 and 160
days from bloom. The results agree well with those of Ellenwood (8),
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who found the average time (for 30 seasons) from bloom to first pick-
ingr of Delicious to be 153 days. Under the short growing season in
New York, Tukey (42} reported a much shorter period, averagiug only
132 days during 4 seasons. Magmess and his associates (29) also gave
a shorer period fram bloow to what they thought vepresented opti-
mum maturity {140 days) in Delicious grown in 9 diflerent localities
O SUSONS,

As shown in figure 1 and discussed carlier, the ground color of
Delicious uf maturity varied from about 2 to 3 of the color chart. This
did not constitute a satisfactory index of maturity, At earliest ma-
turity the pressure-test readings ranged from 15.5 to 18.3 pounds,
and, as pointeil out previously, the pressure test did not give a satis-
factory index of maturity. Magness, Diehl, and ITaller (28) suggested
that Delicions apples should be picked before the pressuve-test reading
becomes less than 16 pounds; otherwise the fruit is likely te be too soft
for sutisfnctory sternge.  In general, the present results are in agree-
ment with this in that most lots were of satisfactory maturity before
the rewding became less than 10 pounds.

COLDEN DELICIOUS

Beeause Golden Delicious apples areovery resistunt to stornge seald.,
the seald that developed in a few instances.on early pickings was slight
and of no commercial consequence, Under most conditions of these
tests little or no decay dexeloped during storage. When appreciable
amounts of decay were found, there was no apparent effect of picking
maturity on the percentages. No internal break-down developed in
any of the lots.  Susceptibility to these stornge disorders, therefore,
was of no value in establishing the time of malurity. Golden Delicious
is very subjeet to shriveling during storage. It has been the general
opinion that immature apples shrivel more rapidly during storage
than well-matured ones (28). On the other hand, Magness and Dichl
{27), Hinton (27), and Pleniazek (35) found that transpiration and
wilting during stornge were not significantly aifected by time of pick-
ing or that they might incrense us maturity of the fruitincreased. In
the investigntions reported herein. however, there was no evidence that
wilting of Golden Delicious apples was influen~ed by picking ma-
turity; therefore, shriveling was also of no value in establishing the
time of maturity.

The sources of the various lots of Golden Delicious apples, the dates
of full bloou:, and the elapsed time to earliest maturity are shown in
table 5. The dute of bloont ranged from April 16 to May 16, and the
date of earliest maturity extended over an even longer period (Sep-
tember 4 to October 20). The number of days from bloom to nuturity
also varied considernbly (140 to 169 days). The average number of
cays from bloom to meturity was 149 days, and n most cases it was
hetween 142 and 150 duys.

Dessert quality was of primary importance in establishing maturity
in the Goeldeu Delicious variety. 1t was somewhat varinbie among
the different lots, but in general it showed a gradual increase with
delay in picking (fig. 7). Golden Delicious apples picked about 140
days from bloom were of unsntisfactory dessert quality in 6 cases and
fuir in 2 i whieh the Tridt was from light-crop trees. At 1 days

L Rt ] B ]
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Figure 7.—Dessert quallty of Golden Delicious apples Irom various sources In
relation to diys from bloom to pleking, O, Caslhiere ; O, Oronde ; K, Kenrneys-
ville; R, Romney; number after State abbreviation, season ; LC, light erop;
HC, heavy crop; O, dessert quality fair or passable; 4 and — nuwmbers, quality
ratings above and below passable.

from bloom the quality was fair or better in about half of the lots. By
150 days from bloom most pickings &_1’2) were of fair or better quality

.

and only 2 were unsatisfactory. However, in one other instance
(Oregon, 1942) the first picking was not made antil 154 days from
bloom, at which time the quality was poor {(—2) and did not becoms
sutisfactory until 161 days. XIn another instance (Michigun, 1941) the
last picking wus made 148 days from bloom, &t which time the quality
was poor, apparently because of overmaturity.

The inflience of leat aren per apple, or of crop size, is shown by the
lots obtained from near Romuey, W. Va., in 1943 and 1944 when fruit
was picked from adjacent trees bearing heuvy and light crops. In
1943 the fruit from the light-crop trees developed fair dessert quality
and was of nearly satisfoctory maturity in the fivst picking made 135
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duys from bloom, whereus the fruit from the heavy-erop tree did not
develop fuir dessort quulity until 2 weeks later, 149 days from bloom,
In 194t the effect of crop sie was even greafer us the Hght-crop fruit
developed fair quality when picked 134 days from bloom, wheveas
the heavy-crop fruit failed to ripen with fair dessert quality until
picked nbout 170 days from bloow.

“These results indicate that Golden Delicious apples from frees bewr-
ingr moderzate crops will generally be of sutisfactory maturity from
the stundpoint of dessert quality 1t picked 150 days after full bloom
and of oplimum maturity i picked 155 to 160 days from bloom. Piek-
ing might start a week to 10 days carlier on light-erop trees, but it
should be delayed a week to 10 duys on trees bearing henvy crops.
Apples pieked during these petiods will usuaily have developed desiv-
able yellow color as well us desirable dessert quality. Ellenwood (8)
reported w considerably Jongor period from bloom fo first picking,
averaging 163 days for 10 seasons, whereas Tukey {42) gave un appre-
cinbly shorter average, 138 days for 3 scasons.

The grownd color of the different pickings of Golden Delicious ave
shown in figare 2. At carliest maturity the average ground color

aried from 2.2 to 3.5 of the color chart and, as discussed earlier, did
not constitute n satistaetory index of madurity,

The average pressure-test readings of the various lots of Goiden
Delicious ab carliest maturity vavied from 100 to 17.0 pounds. As
with other vurieties, this range was teo gveut in relation to the rate of
soltening to be of value as an mdex of mudurity.

CRIMES GOLDEXN

‘The sources of the Grimes (volden lots, with the dutes of full bloom
and the elapsed time to earliest maturity, are shown in table 8. The
dutes of Full bloom occtirred bebween April 13 and May 10, a period
of nearly » month, while earliest maturvity varied more than 2 month,
from August 30 to October 7. The clapsed time from bloom to ma-
furity averaged 14k days, with most lots falling between 135 and 145
tays.  Tixcessively long periods from bicom to maturity were duc
ususlly to heavy-crop eonditions,

'The storage season for (irimes Golden is usually relatively shiort
and most of the apples are marketed by Thanksgiving or Christmas,
The experimental lots, therefore, were usnally vemoved from storage
in the Intter part of November, December, or the first part of January.
When removed from storage at this time and ripened at room tein-
peruture {70° P) there usually wus no decay or bresk-down or the
amounts were insignificant.  Scald, however, usually was very severe
in the early pickings and diminished with increased picking maturity
as shown in figure 8. T addition to lots for which data are presented
in figure 8, Grimes Golden were obtained from 3 different sources in
West Virginia in 134+t No appreciable seald developed in any of
these lots, and the data ave not plotted.  As shown i figure 8, there
was Jess than 20 percent sealded in all instanees except 1 when the
Grimes Golden apples were picked as lute as 150 days from bloom,
In pickings made 145 days from bleom there was less than 20 percent
seabded in a large propovtion of the cases, 17 cases with Toss than 20
percent seudded us aguinst «f with more thau 20 percent sealded. From
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Figure B--Scalil development during storage on Grimes Golden apples from
various gources in relution to days from bloom to picking, K, Keurneysville:
P, Paw Paw; R, Romney ; nomber after State abbreviation, season; L, light
crop; HC, heavy crop.

the standpoint of susceptibility to scald, therefors, Grimes Golden
apples were usually mature by 145 days from bloom, Pickings made
140 days from bloom were reasonably free of scald in only about 50
percent of the cases. In 2 instances (Marylaund, 1939, and West Vir-
ﬁinia, 1939}, when the last pickings were made 137 and 139 days from

loom, a high percentage of the apples were still subject fo scald
(fig.8). From the shape of the curves it seems likely that these apples
would have had satisfactory resistance to scald if they had been picked
about 145 days from bloom.

In most cases Grimes Golden apples ripened with at least fair (0)
dessert quality when picked as late as 140 days from bloom. As shown
n figure 9, there wvere 17 instances in which at least fair dessert quality
was attained when the fruit wus picked 140 days from bloom or earlier
and 7 cases in which dessert quality was Jess than fair. In b of these
7 cases the trees were bearing very heavy loads of fruit and most of
1t did not attain good commercial size. The size of the Michigan 1941
fruits (78 to 96 gm.) seems to indicate that it also came from a heavily
loaded tree or trees. The Illinois apples, however, were of good sizZe
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Fievke G.—Deszert quality of Grimes Golden apples from various sources In
relation to days from bloom to picking, K, Kearneysville; P, Paw Paw; R,
Romney ; number after State ubbreviation, season ; LG, light crop; HC, henvy
erop; 0, dessert quality fair or passable; 4 aud -~ mumbers, quality ratings
above and below passable,

(average ubout 125 to 140 gm.). The investigator at Illinois may have
had a higher standard of dessert quality than the investigators at the
other localities. However, from the standpoint of both dessert quality
and susceptibility to scald, the Illinois Grimes Golden apples were
late in reaching picking maturity. In general, the results indicate
that from the standpoint of potential dessert quality, Grimes Golden
apples were of satisfactory maturity 140 days from bloom and often
earlier provided they were grown on trees bearing moderate to light
crops, but that they may require 145 days from bloom to mature suf-
ficiently to be reasonably resistant to storage scald. Delay in picking
would also permit the fruit to increase in size and tend to advance
the yellowing somewhat. These results are in fair agreement with
those of Ellenwood (8), who reported an average of 147 days from
bloom to first picking for 30 seasons, Magness and his associates (29)
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recorded a shorter period, averaging 140 days from bloom to eptimum
maturity for 10 localities or seasons, and Tukey (42) reported an even
shorter average, only 134 days, for 2 seasons.

The average pressure-test rendings for Grimes Gelden apples at the
different pickings are shown in figure 3. The average firmness at
earliest maturity ranged from 17.0 to 22.8 pounds and, as pointed
out earlier, this range was too great in relation to the rate of soften-
ing to be of much use as an index of maturity. At the time of earliest
maturity there was usually no appreciable change in ground color from
the darkest green of the color chart; so this also was of no value as an
index of maturity.

JONATHAN

In commercial practice Jonathan apples are usually marketed by
the Christmas holidays, although some may be held somewhat later.
The experimental lots were vemoved from cold storage for vipening
and inspection between the first of December and the middle of Janu-
avy. Jonathan apples are more subject to storuge disorders associated
with overmaturity such as Jonathan spot and internal break-down
than to disorders associated with immaturity such as storage scald.
In the experimental lots no decay of commercial importance developed
during storage or poststorage ripening and in only a few instunces
was there an appreciable amount of internal break-down, storage seald,
soft scald, or Jonuthan spot. The determination of the first picking
with satisfactory maturity therefore depended largely ou estimation
of the dessert quality of the ripened fruits. These results arve plotted
in figure 10. The sources of the fiuit, the dutes of full bloom, and
the elapsed time to earliest maturity are shown in table 2. Most of
the lots (13 out of 20) attained matwerity between 128 and 135 days
from bloom. However, there were a number of instances in which
maturity was not attained until 140 to 145 days. In all cases the
apples grown in the southern Appalachian region (Va., Md., and
W. Va.) were vipened with satistactory (fair) dessert quality (desig-
nated as 0 on chavty when picked as late as 130 days tfrom bicom, but
usually the quality was below fair when they were picked 125 days
from bloom.  Optimum dessert quality was sometimes attained about
183 days from bloon). On the other hand, a few lots grown in other
localities did not ripen with fair dessert quality unless picked later.
One season’s vesults in Illinois indicated that earliest maturity was
only slightly Iater since the first picking, at 133 days from bloom,
was satisfactory und optunum maturity was atfained at about 145
days. The first pickings in Michigan were not made until 133 days
or more from bloom. In 1042 the first picking was of satisfactory
maturity, and the vesults indicated that picking at 130 days would
probably also have been satisfactory. However, in 1941 safisfactory
dessert quality was not attanined until about 142 days. Results for
Washington indicated earliest maturity at 142 days in 1942, 136 days
in 1943, and earlier than the first picking at 135 duys in 1041, These
results seem to indieate too great a seasonal spread in the time of ma-
turity from standpoint of dessert quality for days from bloom to be
of value as a maturity index of Jonathun in Washington,

The results in the southern Appalachian region are relatively uni-
form in this respect.  Although Jonathan apples grown in West Vir-
ginin in 1938 were of satisfuctory dessert quality by 130 days, the
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apples were subject to scald when picked at this time and did not
become resistant until about 140 days. This was the only instance in
which the fruit was still subject to scald after reaching fair dessert
quality.  Jonathan spot indicated overmaturity in late pickings in
Washington in 1941, and dropping was severe in late pickings in West
Virginia in 1944,

In general, the results indicate that Jonathan apples increase rapidly
in dessert quality during the maturing time and will usually be of
satisfactory maturity from the standpoint of dessert quality by 130
days from bloom, with optimum maturity at about 135 to 140 days.
This is muel less than the average of 151 days to first |])icking as given
Ly Ellenwood (8) for Ohio and semewhat less than the average (for
11 localities or seasons) of 144 days to optimum maturity as given
by Magness and his associates (29), but it conforms with the average
of 134 days as given by Tukey (42) for 8 scasons in New York,
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The ground celor of Jenathan varied from 1.5 to 2.8 of the color
churt at eariiest maturity (table 2). As with the other varieties
this range is too large for ground color to be used as a maturity
index. gimilzu'ly pressure-test readings ranged from 133 te 21.3
pounds, with no consistent relution of frmuess to maturity of
Jonuathun,

MCINTOSIH

Limited results were obtained with McIntosh apples (table 9).
Storage lots of MeIntosh were removed from stornge during Decem.
Ler or early in Junnary. No seald and little or no decay developed
during storage. Some shriveling developed in the apples grewn in
New York, but the amount was reduced by delay in picking. Shght
core browning {low-temperature injury} was found in u large propor-
tion of the anples grown in Washington. There was some tendency
for this to decrerse with delay in picking. Dessert qualily was an
boportant consideration in establishing mmturity, In all instances
exrliest maturity was uttained at the picking made nearest to 135 days
from bloom (table 9). The vesults indicate that the period during
which Melntosh ean be picked with satisfactory maturity is rather
limited, us in some instances pickings made n few days sfter 140 days
from bloom were considered somewhat overmature,
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On the basis of these resulis eacliest nmturity in MeIntosh occurs
bebween 130 and 133 days from bloom, with optimum muturity between
135 and 140 days. This is in good agreement with 132 days, the aver-
age number of duys from full bloom to first picking, given by Ellen-
wood (8} for a period of 30 seasons. Tukey (42) gave a somewhat
shorter avernge, 127 days, for 5 seasons, and Pulmer (JJ) stated that
about 130 days from bloom is usually suflicient Lo bring Mclntosh to
sutisfactory picking maturity.

Ou the other hand, Smoek (37) stated thal days feom bleom 15 of
little value ns x maturity index for Melntosh in New York, sinee in
1945 Melntosh required 154 days to mature jnstend of the 127 days
recommended by Tukey. The 1943 season in the Bast was unusual in
that there was an extremely early bloom followed by 4 very eool season.
Trdder these eonditions the period from bloom to maturiy was ap-
parently lengthened, as pointed ont en vlier (p. 18), but not usuully as
mnch as indicnted by Smock for Melutosh, Under more ar less normal
climatie and enltnral conditions, the elpsed time from bloom to
maturity seems o be vather constant and a satisfactory index of
maturity,

As shown in table 9, the ground color and pressure-fest veadings
vauried too greatly at matureity to be of value.

ROME BEALTY

Rome Beauly is a fairly Jate storage variety (storage season to
April) that is very suseeptible (o senld if imunature when picked, but
that becontes wealy when overmature or overripe. "The experimental
samples were removed from storage for vipening and inspection -
g March, when there was generally lietle or no decay or brealk-down,

The results for Rome Beauty table 8 and fig. 11) do not indicate
any very definite period from bloom to maturity.  In only two in-
stances were the apples very suscepi ile (o seald when packed in oiled
puper. In these cases (Washington, 1942, and Mavyvland, 1942) seald
wis very gevere in piekings made 153 days from bloom or earlice and
did not become less than 20 percent until picking was delayed until
165 £0 170 duys.,

Thore were six other caves in which pickings were made at 155 days
or earhior and in which 1he fruit deveioped 10 pereent or less of seald
when picked at this time. I this connection Pabiner (.24) stated that
o period of 160 days from blooin seems 10 be necessary to retder the
Rome Beauty resistint to scald. The 1942 season in the sonthern
Appadachian region apparently was faverable for seald developurent
g Grines Golden also developed seald in 1842 in later pickings than in
1043 or 194 (fir NY. Fn oseasons favorable to seald susceptibility,
picking of varieties that ave not novinally seadd-resistant should he
considerably delayed.  This is of litite value, however, as there seems
to be no reliable or secarate measure of the elimatie factors fuvorable
to seald. althongh in general it seems o be associated with wet weather
before harvest, _

From the standpoint of dessert quality also the results are rather
varinble as shown in figure 11, A dessert-quality rating of fair (des-
ignated as O on chart) when apples are ripened has been used as a
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stundard that they should reach before they could be considered
mature. In the case of Rome Beauly, which is a cather poor-quality
rariety, the optimum dessert quality attained frequently was not
miich above this minimum standard. In one instance the last picking,
as late as 174 days from bloom, failed to develop fair quality. On the
other hand, in one instance fuir quality was attained as early as 147
days from bloom. With this vaviety it may be that a somewhat lower
standard of poor to faiv {—1) might be used to establish maturity.
With such a standard practically all lots were passable when picked
as late as 160 days, and in about a third of the instances this standmrd
had been attained und the lots were resistant to scald when picked
150 days from bleom.

In general, it seeins safe to assume that under favorable growing
conditions Rome Beauty will attain satisfactory potential dessert
guality and will be reasonably resistant to storage seald when pieked
160 days from bleom, but that more nearly optimwm maturity would
be between 165 and 175 days from bloom. Ellenwood () reported an
average of 167 days from bloom to first picking for 30 seasons in Ohio,
with n range of 135 to 178 days. Tukey (42) reported a much shorter
average. 140 days to picking, for 6 seasons in New York. These {inal
results indicate somewhat later picking for this vaviety than reported
carlier (/7).

STAYMAN WiNESAP

Stayman Winesap is a vaviety suitable for moderately long storage,
and the experimentul lots were removed from storage for ripening
and iaspection about the middie of March. This variety is very
susceptible to storage seald when picked too early and rather subject
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to internal breuk-down when picking is delayed. These fnctors,
therefore, as well as dessert quu?ity, were considered in establishing
the period of sutisfactory maturity. Decair was not a factor as litile
or no decay developed in the experimental lots; and, in the few in-
stances when decay was found, it showed no relation to time of picking.
The sources of the apples for these investigations, the dates of bloom,
and tl!;le elapsed time untii the apples were considered mature ave shown
1n table 6,
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Fieons 12—S8eald developinent durlayg storage on Stayman Winesap apples fiom
various sontees in relution to days from bloom to picking, K, Kearseysville;
P, P'aw I'tw; 1, Romney; nutuber after Stute nume or abbrevintion, season,

The Stuyman Winesap apples showed great vuriability in their
susceptibility to seald,; depending on source and sensonal conditions as
shown in figure 12, In some instances no seald developed even on
pickings mude as early as 150 days from bloom, whereas in one case
{Ilinois, 1941) it required about 170 days to reduce scald to insignifi-
eant amounts. In most cases when carly pickings were susceptible
to scald, the percentage was reduced fo about 20 or less when picking
was made as late as 160 days from bloon.

The development of internal break-down during stornge in relation
to the elapsed thne from bloom to picking is shown in figure 13 for
those lots in which break-down occwrred.  Additional lots that showed
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no break-down in storage were Stayman Winesap grown in Michigan
in 1941 and picked as Tate as 168 days from bloom, IHinois in 1941
and picked as Inte us 172 days from bloom, Ohio in 1941 and picked
us late as 181 dnys from bloom, Ohio in 1942 and picked as late a5
168 days from bloom, Washington in 1942 and picked as late as 174
days from bloom, and Washington in 1943 and picked as late s 174
days from bloom. Susceptibility to break-down varied greatly; in
several instances no break-down developed in lots picked after 170
days from bloom, whereas in one cuse (Maryland, 1942) over 10 per-
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Frcure 13—Toternal hreak-down developieent during storage in Stayman Wine-
sap appes from varlous sources In relation to days from bloom to picking.
K, Kearneysville; P, Paw Uaw; R, Romney ; number after State nbbreviution,
senson, :

cent was found in apples picked as early as 155 days from bloom.,
In meneral, break-down was relatively slight in pickings made 160
days from bloom or earlier.

The results for seald und break-down seem to indicate a relativel
narrow interval for satisfuctory picking of this variety, as the tend-
ency was for scald to become severe when pickings were earlier than
160 days from bloor and for reak-down to become a factor when
pickings were made Inter than 160 days from bloom. In one instance
(Maryland, 1942) there was no satisfactory period for picking as
appreciable break-down developed in pickings that were still rather
subject to seald.

The dessert quality of the Stayman Winesap apples is shown in
figure 1.t The results indicaie that in general the apples ripened
with fair dessert quality (designated as 0 on chart) when the fruit
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Fiaure 14.—Deszert qunliy of Stayman Winesap apples from varlous solitees
i relutlon to davs from bloom to picking, K, Kearneysville; P, Paw Paw;
R, Ruanney ; muher nfter State e or abbreviation, senson ; 0, dessert quality
faiy or passable; 4 and — numbers, gualily ratings sbove and below pussabie.

was picked about 155 days from bloom. However, there were a few
exceptions to this, notably apples grown in Washington in 1942 and
1943, when about 170 and 165 duys, respectively, were required. In
these cuses there was no evidence of internal break-down in storage
of Ilate-picked fruit, so that pickings could have been delayed with
no adverse effects. On the other hand, the Washington Stayman
Winesnp apples were becoming overmature, as shown by increasing
break-down und lower dessert quality, when picked later than 165
days from bloom in 1941,

In general, the vesulés indicate that Stayman Winesap apples should
be picked about 160 days from bloom. If picking is much earlier
than this, there is danger of severe seald development during storage
even when the fruit is packed with oiled paper; and if pickmg 15
much later, there is danger of severe break-down development during
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storage. Ellenweod (8) gnve an avernge of 168 days frem bloom to
fiest picking for 30 sensons in Ohio,

WINESAP

Apples of the Winesap variety ave suitable for long storage. The
test lots were removed from storage for ripening and inspection be-
tween the middle of March and the middle of May. No appreciable
amount of decay or break-down was found in any of the lots, Winesap
apples are moderately subject to storage sculd. However, appreciable
scald developed in early pickings in only two instances. 'Thess were
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Fiete 15.—Desserl quality of Winesap apples from various sources in relatien
to days from Hoom to picking. K, Kearneysville; B, Panw Poaw; R, Bomney;
number after State nbbroviation, season: L, Hebt crop; BC, beavy crop; 6,
dessert qualliy fair er passable; 4 wml — muebers, gundity ratings above
angd below pussable.
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in the first pickings (155 duys from bloom) at Beltsvilie, Md., and
Urbana, 111, in 1941, Time of maturity, therefore, was established
primarily by the dessert quality of apples when vipened (fig. 15). In
most ¢ases the apples developed fair dessert quality when picked
between 155 and 165 davs from Lloon. Tuble 9 shows the sources of
the fruit and the number of days from bloom to envliest maturicy. The
average humber of days from bloom to maturity was 161 days, and in
nearly all cases apples picked by 165 days from bloom were found
to be matuve. However, in scme cases severe dvop occurred by 170
days frow. bloom, so that unless drop-preventing sprays are used it
might not be sufe 1o start picking this variety as late as 165 duys from
bloom.  As with other varicties the length of the growing peviod
necessavy to attainsutisfuctory potential dessert quality was influenced
considerably Dy size of the ceop.

In general, the results indicate that picking of Winesup apples
shoulel not staet until 160 days from blogm and that if dropping ean
be contrulled oplinnnu picking would be between 168 and 175 dnys.
The results given by Magness and his associntes (29) indiceate a shovter
average pertod, 187 ditys, and a range of 4O to 168 days to oplimum
maturity. However, the only instances where the period was less than
150 days weve in Massachusetts and New York, where the growing
seuson 1% usually too short to permit full maturity of varieties requir-
ing & long growing periud.

YELLOW HEWTOWN (ALBEMARLE PIPPIN}

The Yellow Newtown vaviety is grown mest extensively in Califor-
nia. Oregon. und southern Vieginia, It is a long-storage vuvicty of
good dessert quality and with only a slight tendency to scald,  As
erown in the Pacific Const States, it is a winter apple and one of the
last vavieties to be picked. In Virginia the tendency has been to treac
it us a late-fall vaviety with commercial picking frequently starting
the latter part of August when the fraitissmall, green, and of mediocre
potential dessert quality. When an exporl mavket was available, this
variety was extensively shipped to England, where a small green apple
was aceepted.  An additional renson for picking carly is that the fruit
sometinies develops a skin spotfing (reddening avound the lenticels)
when left on the tree until late. Thisspotting is considered n defect by
the ingpection service and reduces the grade of the frait,

The dessert quality of the difterent pickings of Yellow Newtown
when vipened is shown in fignre 16, The number of days from bloom
‘to harvest at which the fruit attained fair (0) dessert quality when
ripened ranged from 141 days (Virginia, 1940) to 171 days (Virginia,
1042). However, the chart indicates that, with one exception, the fruit
reached fair quality by ahouf 180 days or envlier, This is in general
agreement with the results of Palmer (33), who stated that the Yellow
Newtown seems to requive a growing period of at least 160 days in
otder to develop high quality.

For apples grown in Virginia in 1940, there was no very satisfnctory
picking maturity. The 1940 season in this orchard was characterized
about the middle of August by heavy and frequent vains that eaused
premature yellowing and dropping of many of the leaves. These
weather conditions made the fruit very subjeetl to core browning, which
umounted to 40 to 50 peceent, when the apples were picked 130 days
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from bloom. The core browning decrepsad with delay in picking te
insignificant amounts by 154 days fron: bloma, However, by this
time dropping was rather severo and earlier picking was apparently
necessary. Even in the picking made 146 duays from bloom appreeiable
dropping had occurred, so that to save the crop harvesting should have
started considerably earlier than this. Even when picked at 146 days
21 percent of the apples developed core browning in storage. There
seems to be no maturity index that would anticipate a premature drop
due to abnorimal weather conditions when the f?'uit is not of satisfac-
tory maturity from the standpoint of dessert and keeping gualities,

Fair (0) dessert quality was attained in early pickings of the ap-
ples grown in Virginia in 1988 (fig. 16), but 1n this instance scald
developed in the early pickings and did not decrease to insignifieant
amounts until about 150 days from bloom to picking,

The sources of the various lots of Yellow Newlown apples, with the
date of full bleom and the clupsed time until they were fivst consid-
ered mature, ave shown in table 9. These data indieate that the period
from bloom to maturity varied from about 150 to 165 days, which
would indicate that the time to harvest counld not be determined by
this index of maturity closer than within a peried of about 2 weeks.
Actually this period might be considerably shortened, as in those in-
stances when harvest might have stavted about 150 days frem bloom
it wounld have been desirable to delay it until 155 dnys {except for
Virginin, 1940). In those instances (Oregon, 1941 and 1942) in
which 164 to 165 days is given as the time of earliest maturity, this is
the time indicated by the investigator who conducted the fests in
Oregon. However, at 160 days or earlier he rated the dessert quality
as fair, which was the standard on which maturity was based in other
localities. Yellow Newtown apples grown in Virginia in 1942 also
required 165 days from bloom to become mature. In this instance the
apples were picked from trees bearing a somewhat heavy crop of small
apples that did not ripen with satisfuctory quality when picked earlier
than 165 days from bloom. Apparently heavy-crop conditions de-
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layed maturity in this instance as with other varieties. In general,
therefore, it seems that picking of Yellow Newtowns should not start
until at least 155 days from bloom and preferably 160 days from
bloom. Optimum maturity is likely to occur between 160 and 175
duys from bloom, but dvopping is hkely to become severe after 170
days. .

T'he pressure test at earliest maturity was fairly constant but varied
from 19.2 to 21.8 pounds, a range of 2.6 pounds {table9). The ground
color usually had not changed appreciably from the darkest green of
the color chart and so could not be used as an index to the time of
carliest maturity.

YORK IMPERIAL

York Imperial apples are suitable for moderately long storage.
They are firni-fleshed und not subject to break-down, but they ave sus-
ceptible to stornge seald (25). The experimental samples were re-
moved from eold storage for ripening and inspection during March.
Practicelly no breale-down devetoped 1 any ot the lots. Deeny was
also generally of no praectieal significance exeept in 1942 and to some
exteat in 1941, Time of picking had no appavent, eficet on the per-
centage of deeny so thaf it was not o factor in establishing the time of
maturity. Appreciable scald developed in enrly pickings in only
three instances (Maryland, 1941 and 1942, and Romney, W, Va,, 1044).
Except in fruit grown in Maryland in 1042, scald did not develop when
the frait was picked as late as 160 days from bloom and not much later
than this even in 1942,

In other cases the primavy factor used to establish the time of ma-
turity was dessert quality (8g. 17). In a few instances, satisfactory
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Fiorre 17, —Dessert quality of York Tmperinl apples from various seurces in re-
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dessert quality was attained in the apples picked about 150 days from
bloom. Tn these instances, however, the fruik was subject to suald
even when packed in oiled paper and so was not ready for picking.
At 155 days from bloom the fruit ripened with satisfuctory dessert
quality in about halt of the cases, particuluxly when the fruit was
picked from light-crop trees. By 160 days from bloon, moest of the
lots were of satistuctory dessert quality and free of seald. The lots
still of unsatisfuctory dessert quality were from trees bearing very
heuvy erops.  The sources of the various lots and the number of days
from bloom to maturity arve shown in tuble 9. The resulis indieste
that picking of York Imperial apples shonld not begin before 155 to
160 days on trees hearing light te moderate evops and should be even
Later on trees bearing heavy crops,

OTHER VARIETIES

Williums Farly Red —Williams Euarly Red is a summer apple usu-
ly harvested just after Yellow Treansparent. It is rather subject to
bitter pit: when overgrown ov picked too carly and to internal break-
down when lelt on the tree too fong.  Apples of this vaviety were ob-
tained Trom the Bastern Shorve of Maryland in 1938, 1039, and 1946,
The date were presented in earlier veports (17, 13). In fout of five in-
statices the fruit was judged to be mature at 70 days from bloom and
in the other case at about 80 duys. This variety blooms and matures
vather unevenly. The trees may have fruits that ave full cating ripe
and at the same time others that are fivm and of good picking maturity.

Baldwin—The Baldwin variety is grown principaily in the North-
custern States, where it isa Inte-full vaviety. It is ratheér susceptible to
bitter pit and to storage seald, both of which are more severe in early
pickings.  In 1941, pickings of this vaviety grown in Michigan were
made 115, 152, and 160 duys from bloom. ~No bitter pit or scald was
observed on any of the fruit. The apples were small and did not
develop satisbactory dessert quulity, Howeve., "oy were judged to
be mature 155 days Trom bloom. This is somewhat less than the av-
erage of 161 days to ewrliest picking for 30 sehsons in Ohio {8), but
it is considerably more than tllle L4 days to optimum maturity for 8
localities ov seasons us given by Magness and his nssocintes (29).
Tukey (42) indicated an even sherter season (135 days) for 4 seasons
in New York., It would seem, therefore, that the results for Baldwin
are too consistent to establish the length of the period from bloom
to maturity with any degree of accuracy.,

Cortland —Cortland is a vaviety of the McIutosh type that is usually
picieed later.  Pickings of Cortland grown in New York in 1941 were
made 125, 134, and 141 days from bloom. Because considerable scald
and shrivel developed on apples of the first picking, they were judged to
be immature. Only 12 percent of the apples in the second picking de-
veloped slight seald and the dessert qunlity was good; theretore, this
picking (at 134 days) was considered mature. For $ sensons in the
sune loeality, Tukey (42) gave a somewhal shorter period from
bloom to picking (125 to 130 days), whereas Ellenwood (8) gave »
longer period of 133 to 135 {average 144) days to the first. picking forr
10 seasons in Ohio. These resulis for Cortland are Loo conflicting to
establish a definile pertod from bloom to maturity.
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HKendaell—XKendall is another vuriety of the McIntosh type, but it
has better keeping quality than MeIntosh or Cortlund, In 1941 pick-
ings of this variety as grown at Geneva, N. Y., were made 124, 136, and
14t days from bloom. Apples of the first picking were definitely im-
mature, as the flesh was green, the fruit shriveled badly, and the dessert
quality wus })001'. Apples of the last picking were definitely over-
mature, as the fruit was too soft for satisfuctory storuge. These
results indicate that about 135 days should elapse from bloom to
maturity. However, results for one season only are not sufficient to
establish the period from bloom to maturity,

Novrthern .a.{'py.—Nm-("nern Spy is only slightly susceptible to seald
(25), but it is subject to bitter pit when picked early. Three pick-
ings of thiy variety grown in Michigan were made during each of
two seasons. The results for both seasons indicated that early matu-
rity of the varicty oceurred about 160 days fromn bloom. Under the
short growing seasons in New York, Tukey (42) gave a much shorter

eriocd from bloum to picking, averaging 143 days for five seasons,
Magness (25) suggested an intermediate period of 145 to 155 days
fronr bloom,

Rhode [sland Greening—The Rhode Island Greening variety is
very susceptible to storage scald when picked too early. Three pick-
ings of this variety were made in Michigan in 1941, Truit 0% the
first picking, at 137 days from bloom, did not develop seald, but it
was of umsatistactory dessert quaulity beesuse of its hmmaturity. The
thivd picking, at 148 days from bloom, becume wealy and had poor
dessert guality because of overmaturity, The results indicated satis-
factory maturity st about 142 days from bloem for this season and

locality.  During elght seasons in New York (42) the period from
bloom to (pit'kin;.'; varied from 131 fo 138 days and averaged 135,

Magrness (25) suggested 133 to 145 days for this variety.

Esopus Spitzenburg—Four pickings of a ved bud sport of Esopus
Spitzenburg were mude during each of two seasons at Hood River,
Oregr.  "The results for both seasons indicated that pickings made about
1558 days from bloom were of sutisfactory maturity, with optimum
maturity at about 160 to 165 days,

Canada Bed (Steele Red).~—Two pickings of Canada Red were made
in Michigan during cach of two seasons. The results were not very
conclusive, but they indicated a period of about 160 days from bloom
to carly maturity during both seasons.

DISCUSSION

Various indexes of maturity that have been suggested or recom-
mended for use with apples were studied with a number of com-
mercially important varieties under various seasonal and cultural
conditions. Maturity indexes such as ground color, firmness, ease of
separation, and starch test were found to be of little practical value.
Main rveliance was placed on the elapsed time from bloom. This too
was found to vary considerably. The size of the crop was the princi-
pal fuctor that caused variations in the elapsed time to maturity.

On the basis of these results figure 18 was prepared to summarize
the general recormmendations for the 11 vavieties for which sufficient
evicdence has been obtained to establish picking maturity with reason-
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MATURLTY

EARLY OPTIMUM LATE
VARIETY
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Iauee 18.—Days elapsing from blopn to maturity, Fer meoning of different
purts of burs, see text (below).

able certainty. Early maturity is the period during which picking
might start under conditions that favor early maturity (such as a
ligﬁt crop) but during which the fruit may still be immature {possibly
subject to scald or of unsatisfactory dessert quality) under conditions
that might delay maturity. Optimum maturity is the period during
which the apples are most likely to be in satisfactory condition for
picking from the standpoint of both storage and dessert quulities,
Late maturity is 2 period during which pic iing may be satisfactory
under some conditions but during which excessive dropping or over-
maturity may oceur under other conditions. Thus, the first and the
last part of each bar vepresent periods of guestionable maturity,
whereas the middle part of each bar represents the period when picg-
ing muturity is most likely to be satisfactory and eptimum maturity
is most likely to occur. Similar charts based on these results have
been presented previously (43, 17). As a resnlt of further study of
the data some og the periods of maturity have been changed somewhat
from the earlier presentations, as shown in figure 18, The principal
changes consist in making 21l periods 4 or 5 days earlier for Jonathan
and making ali periods 3 days later for Winesap and 10 days later for
Rome Beauty ; more limited changes were made for a few of the other
vurieties.

When the crop is light, the leaf-to-fruit ratio relutively high, and
the elaborated material ample, the concentration of carbehydrates in
the fruit as well as its size tends to increase. This advances the time at
which satisfactory potential dessert quality is attained and thus may
hasten maturity.  Conversely, trees bearing heavy crops have inade-
quate elaborated food for the development of the fruit. Apples on
such trees not only are small, but have a low concentration of carbo-
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hydrates and ave velatively lute to develop satisfactory dessert guality.
However, when small. poorly developed fruit results from inadequate
leaf areq, cdlrought conditions, or both, it usually is much less subjoct to
storage scald than fruit from light-crop trees with ampte soil moisture.
With varicties that ave not particulavly susceptibie to seald, picking
earlier from trees bearing light crops than from those bearing heavy
crops would be desieable.

However, in the rush of picking operations it might not be practical
to o over » block of & variety more than once in order to pick scaitered
light-crop trees or to leave scatiered heavy-crop trees for a later pick-
ingr. I sone cases the crop may be genevally hight or geneeally heavy
depending ou whether it is the off or the on yenr. When the crop 18
generally heavy the period from bloem to harvest should be i the
Inter part of the ranges indieated in figure 18, Hore again practical
consideration may influence the thne of picking as it may be necessavy
to start picking a heavy crop relatively early i order to get the erop
picked hefare frost or exeessive dropping oceurs or to reach o inler

ariety in the proper tinie,

When apples nre picked from light- and heavy-crop trees at the same
time, it wouldl be desirable to separate the fruits of carly wiul fate ma-
turity for subsequent handling.” To some extent this could be done on
the busis of size.  However, it 13 not a simple size refation, as the largest
apples from hoavy-crop trees were frequently as largoas, or larger than,
the smallest ones from the Hght-crop trees. it was observed that, even
if the apples were of the smne size and picked at the same time, those
from light-crop trees were of distinctly better dessert quality than
those from heavy-crop trees. This is in ugreement wilh the results of
Martin and Carne {47). who observed that Trait Trom hght-crop frees
Aiffered from fruit of the smne size from heavy-crop trees. They ob-
served that disorders sueh as bittor pit. water core. Jonathn spot. soft
scalil. storage seald. and break-down have higher incidence in frait
from light-crop frees than in that from heavy-crop trees aud stated
that heavy- and light-crop Trait should be stored and marketed sepa-
ritely.

The apploes used in the investigations reported herein did not ghiow
such marked differenees 1 storage quality, beenuse most of the dis-
orders mentioned by Martin and Carne (47) did not develop in the
variecties used.  owever, other investigators have observed that large
apples (presumably from lighi-crop frees) are move subject to these
disorders. These vesuits indicate that apples frowm light-crop trees
may be subject to disorders associated with both jmuaturity ( bitter
pit, scald) nnd overmaturity (waler eore. Jonathan spet, and break.
down). Picking of light-erop trees should therefore not be advanced
so that it is done with varielies that are particularly susceplible fo
bitter pit or seald (such as Baldwin and Griwes Cioiden), bul 1t should
be wdvunced so that it is done with varieties that are_nol very sus-
ceptible to immuaturity disorders but ave susceptible ro Jonathan spot,
water cove, and breal-down (such as Jonathan and Delicious). Vaurie-
tes that are subjeel to disorders agsociated with both immaturity and
overmaturity {sueh as Steyman Winesap, Rome Beauty. and Arkansas,
or Black Twig) will bave a very short harvest seuson ot salisfactory
maturity when grown on dight-crop trees.
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Large size in apples may result primarily from either of two grow-
ing factors. These are a light crop (high leat-to-fruit rutio) or
ample soll mnoisture. Large size dne to a Heht crop results in apples
that ave high in percentage of solids and of superior dessert quality
(16). Large size due to ample soil moisture throughout the growing
season vestlts in apples that are low in percentage of solids and of
relatively poor dessert quality (74). Large apples from either cause
are more subject to scald and to internal break-down, and those of
many varieties will have a relatively short period of satisfuctory
muaturity.

Even if the crops are moderate, the period of satistactory maturity
may be rather short. From this standpoint it is undesirable for an
orclard to be planted largely to one variety or ro several varvieties
that have the same maturity period, as this mukes it necessary to
extend the harvest season into periods of unsatisfactory maturity.
When This is necessary apples picked when of questionable maturity
should be kept separate from those picked during the optinum period';
and, since they ave Jikely to have poor storsge capacity, they should
be murketed first. Apples picked late if marketed early should be of
good dessert guality and if stored for a short period only shonld be
relutively free of storage disorders. Althougl it may be possible to
nvoid seald on early-picked fruit by marketing it early, such fruit is
likely to have poor dessert quality that may udversely affect the sub-
gerjuent market demand for apples. From the stundpoint of dessert
quality, it would generally be better to extend picking into the late
maturity period than into the eavly maturity period.

Development of red color usually does not take place until the
apples appronch maturicy and continues throughout the maturity pe-
riods.  Although the amount of red color is not a reliable index of
maturity, it Erequently influences the thoe of picking, as picking may

=

be delayed until color development is satisfactory. With some of
the red bud sports satisfactory color may appear betore the apples
are mufure from the standpoint of dessert and storage qualities and
the tendeney is to pick the red sirains of a vuriety too early. “These
results, as well as those of others (9), indicite that most of the red
sports do not marure enrlier than the regulae vavicties and therefore
picking of the red sports should not start any carlier than the time
indieated for the regular varieties,

Deluy in picking may be desirable also from the standpoint of
ground-volor  changes, or  yellow-color  developmient, Although
ground-color changes have not been consistent enough or rapid cnough
to gerve as an index of maturity, they ure important from the stand-
point of appearance, particularly with yellow varieties such as Golden
Delicions. With {(teimes Golden and Yellow Newtown the yellowing
during the early part of the harvest seasons was not of much practical
value ad there swas relatively little change from the green color of
immaturity. This retention of the green color seems to be particularly
rononnced under conditions of high nitrogen fertility and with
heivy crops.

A nearly uniform increase in volume of upples throughout the
harvest season has been reported (29). During the 1938 to 1940 sea-
sons circumnference mweasurements were made at intervals during the



http:soil,nlOistu.re

48 TECHNICAL BULLETIN 1003, U. S. DEPT. OF AGRICULTURE

picking season. These were converted to volume and are shown in
table 10, These results show a growth rate of about 1 percent per
day for the early-fall varieties Jonathan and Grimes Golden and
about 0.5 percent for the late variety Yellow Newtown. Thus, an
additional benefit from late picking would be an appreciable increase
in the volume of the crop. However, as picking 1s delayed the risk
of losing erop volume by dropping becomes greater. As long as the
daily percentage increase in volume due to growth is greater than the
daily percentage drop there would be a net increase in crop volume

manLk 10—Inerease in eolume of apples of § varicties from au carly to a lale
picking in different localitics arnd scusony

[Vulume computesl from clreumboreie: mensunprents)

] First plckingl Lawst pleking Diferenca In-
: — erense
8o - - , : ! In
Varloty ureo son | Porlod; ygp Perfod, ). v ol
i mr ooms | HHe b;l?::]n ume | DAy olunie \:;
i Per- | Per-
Ce | cend | cend
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lcearneyaville, W, Vo, 19 Wn? L1
LT PIYEL T TR—— Berlin, M¢ L 15] 27314 1.3
I<carneysyiile, W. Vi, H 12 18]13.2 1.1l
Berlln, Md e ool ! Wi W{4] 1.2
AVOrnEloeisfe e e e Blowine] 11
; Ki-:\ruoysvme.W.\'n._:; 1935 & } 4 { %‘; HE: .8
CfEnlsiery, Md ool } 14 iré 128 1Ll
{ Crozet, ¥o ovcueanans ; ) ] 7 {? g‘g a
Grimes Oclden._¢ 11+ TN TAmMG AL A3, 14 }-iﬂg 15 2}‘ lg.g 1t
L[ o oo 15 1| s
| Kearneysville, W. vt 1030 | 1s ' (30 :] 10 [145 ] 10 [ B g2 .9
Beriln, Md o0 .. 194y ., 182 m LT 125 E] H AR 1.4
(‘_rnzul;. VR oeen. o o 1HO 114 138 i 170 17 31|23 1.3
S Wenrneyseiile, W Voo iHO | 1247 W2 1| 60 12 1R 1127 1.1
Nerlin, Mteneoo oL MO 120 120 133 | 15! 13 22111 1.3
Avemge ...t o ol w)oa2| e |37 L1
[Crat, Vo Wwr| Wl 2 24| 17.0 3
Yellow Newtown., 3 . (0 s . | o 15 121 &4 .5
Ve Ll L 1501 45 8 8] 4.3 5
AVOMIER . ol seevnameeans i 1] 157 | 18] 14| 9.7 [

so thut 0.3 to 1 pereent of dropping per day may occur without loss
of volume.

The use of havvest sprays to retard dropping makes it possible to
obtain the benefits of late picking with less danger of serious cro
reduction due to dropping. However, the use of these sprays makes it
possible and increases the likelihood that the apples may be left on
the tree until overmature, In addition to the possibility of the fiuit
being left on the tree until overmature there is some indication that
these sprays may hasten maturation and ripening particularly with
early varieties. ~With six fall wnd winter varieties (Jonnthan, De-
licious, Starking, Rome Beauty, Stayman Winesap, and York Im-
perial) Haller (22} found no direet effect of e-nuphthalenencetic acid
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sprays on the maturity and storage quality of the apples. Gerhardt
and Allmendinger (10} alse found no advance in the maturity of
Delicious and Winesap apples when they were picked during the
regular harvest season, but they observed incrensed maturity and
ripening of Delicious as a direct effect of the spray when picking was
delayed until far past the normal harvest season of the variety. Batjer
and Moen {3} found a divect effect of the sprays in bastening the
ripening of early varieties (Close, Williams, and Duchiess of Olden-
burg), but they confirmed the results of Haller and of (erbardt and
Allmendinger with later varieties (Summer Runbo, Jonathan, De-
bicious, and Rome Beauty) picked during the normal harvest period.
Further evidence that ripening of early varieties is advanced by the
sprays was presented by Smock und Gross (38) for Oldenburg
{Duchess), Wealthy, and McIntosh,

Marketing of poor-quality, immature fruit tends to lower the de-
mand for and price ofq.luter shipped fruit. Consequently some States,
at the request of the fruit industry, enforce maturity standards for
somae fruits, particularly citrus, ‘This has been done ngso with the De-
licious apple in Washington, the number of days from bloom being
used as the primary measure of picking maturity, To maintain the
position of apples in competition with other fruits and to justify
ndvertising programs for apples, it may be desirable to establish and
enforce maturity standards so that the fruit is nob marketed with
poor quality due to immaturity. To do this, it is necessary to have
reasonubly velinble standards that do not unduly delay the picking
of fruit of satisfactory maturity and that do not permit the picking
of fruit of unsatistactory dessert and storage qualities.

Although the number of duvs from bloom has apparently been
reasonably satistactory as applied to Delicious in Washington, it
does not scem to be sufficiently accurate for general a pplication to all
vitrieties.  Certainly, allowance would need to be made for size of
croi!\ and possibly other factors such as growing-senson temperatures.
Betore this can be done, additional studics nre noeded to establish move
definitely the relation of size of crop to maturity and the possible
relation of temperature to time of maturity., Additional studies are
nlso needed with muny varietics for which the clapsed time from
bloom to maturity has not been well estublished. In such studies
muatturity should be established on the basis of storage vesponse and
dessert quality of ripened sumples picked throughout the harvest
season and not simply on the date of commercial harvest.

Prevailing temperatures during the growing season have been shown
to influence materially the growth and time of maturity of certain
stone fruits. It is rather surprising, therefore, to be unable to find
any apprecinble effect of temperature on the time of mainrity of npples
of most varieties. However, there were indications that rather large
differences particularly during the carly part of the season caused
differences in the time of muatuvity. This effect was observed in the
1945 season when the elapsed time from bloom to maturity was ap-
parently nnusuxlly Tong after an extremely carly and cold spring. &t
seems likely that the effect of smaller ternperature differences may be
obscared or counterbalanced by some other factors so that the effects
cannot be meusured by the somewhat coarse methods usual ty employed.
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SUMMARY AND CONCLUSIONS

A study of the value of various indexes to maturity of apples was
made by measuring for different pickings the ground color, irmness,
ease of sepavation, the siarch pattern, and time from bloom of a
number of conunercially important varietics as grown under various
cultural nnd elimatic conditions.  Samples of each picking were held
in storage al 31 to 329 F. unlil near the end of their usual storage
period and subsequently vipened. ‘The maturity of the fruit at the
different pickings wus estublished on the basis of fhe storage ve-
spoase and dessert quality of the vipened fruit, with particular em-
phasis on determining the length of the period from fult bloom until
(e prliest Gime ai which the Teuit could he considered malure,

Changes in ground eolor did not constitute a salislactory index to
maturity, as the changes were too gradual and apples of « vaviety did
not attain {he sante color ab earliest maturity under different seasonal
and cultnral conditions.  Sinvilarly flrmness as wensnved by the pres-
sure test was found to be unreliable,

Factorsg other than maturity frequently infiuence the ease of sep-
aration of the Truit from Lhe spur, so that dropping may occur betore
eatisfuclory moturity 35 attained.  The measure used to determine
cuse of separation did not show an apprecinbile or consistent change in
ease of sepiration with matwrity. A tendeney to dropping nuay make
picking necessary, but it is not a reliable index to maturity,  Prema-
ture dropping shoukl be conteolled by harvest-drop sprays so that
the fruit enn be harvested during the periods ol satisfactory matarity.
Harvest-clrop sprays should not be used to extend harvvest beyond the
period of satisfactory mafurity,

The stareh pattern in median cross sections of apples was found to
cary wereally at maturity of Jonathan and was not a relinble index
to maturity for fhis vaviety. Limited vesults for Grimes Golden and
Yoellow Newfown indiented that it estld not be used with these varietivs,

The elapsed time from full bloom to maturity wus found to be
fuirly constant for each variety under widely diifeent cultural and
climatic conditions aml constituled the most refiable index to ma-
turity, 'The dnta indicated that the length of the periad fronm bloon
to maturity was ol influiencel] by growing-season temperatnres ex-
cepl possibly in ense of Jonatla for which (he periorl wag shortened
by ligh temperatures during the early part of the SIOWING SCAS0IN.
Observation during one season in which an wnusnally carly bloom
was followed by o relatively cool rrowing season indicated that the
{ime from bloom (o maturity was lengthened by these unusual con-
ditions. Apparentiy temperature has less eifect on the development
and time of macuration of apples than might be expeeted front results
reported for other fypes of fruit.

The period from bloom (o matnrity was shortened, partieulnely
from the standpoint of ateaining satisFactory dessert quality, when
the erop was relatively light (high Teat wrea per apple) and was
lengthened if the erop was relatively hoavy,

There was some indieation that heavy minfall ov ample soil mois-
Lire, particnlarly lte fu the senson, may delay the time at which the
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fruit becomes resistant to storage scald and thus increase the period
from bloom to maturity with SL"IId*b\h{.D])llb]Q variceties.

There was no evidence that other factors such as elevation or soil
type had any divect effect on the length of time from bloom to
maturity.

On the basis of these investigations recommendations are made as
to the most sutisfnetory clupaecl time from Lloom to different stages
of picking maturity for 11 of the varvieties studied.
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