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SIC FACTORS INVOLVED IN THE PRODUCTION OF
BETTER GRADES OF APPLES*

W) J. H. Goureey ¥

hio Agricultural Experiment Station, Wooster, Ohio, U.S.A,

» public has come to expect uniformity in practically all of the com-
it buys.  This is true in natural as well as manufactured products.
It business has standardized nearly everything and attempts to group
into grades.  The purchaser then knows, or should know, what the
f any given package or container will be. Such a situation stimulates
and tends to eliminate dissatisfaction.

it is difficult to produce at will a crop like apples that can be graded
to prearranged standards because of the many variable natural
volved. This results in disagreements with the middleman and
ments with the consumer. As horticulturists, it is our problem to
the basic factors involved and learn if we can how to control them
large region is likely to vary somewhat in the requirements set up
ifferent grades. The market catered to will largely determine what
wirements shall be. At least three factors are bound to be involved
consideration of grades: namely, size, color, and finish of the fruit,
to include freedom from blemishes. Soundness of the fruit is of
be assumed. It will be these three that will receive our attention in
Two other factors should also be recognized, however, as basic
‘mentioned above. These are the personal element in production
ety itself. A district cannot accomplish much without an enlighten-
poperative group of growers, for the grower is the real unit. He
familiar with the grades and methods of grading and should be
urged to improve the quality of his products. It is too late to in-
quality after the fruit is delivered to the packing-house. Like-
variety must still be considered the corner-stone of our fruit indus-
, cannot rise any higher in the production of size, color or quality
 than the genetic possibilities bound up in it.
' Size or Fruir
usually are marked with the number or size of apples they
ading machines are built to sort the fruit into sizes, and color
s must be detected by eye. True, size does not determine the
- a small or a large apple may be “fancy,” and grading laws
size required for any given grade, yet it is bound to enter
ion of this subject. Usually the fruit averages too small
so that the orchard operations that will eliminate the

-, at the tenth annual convention of the C.S.T.A. at Wolfville, N.5,,
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re. Green is most common, although other colors in flowers,
aves are likewise familiar. These colors are due to small colored
| the cells known as plastids, and the plastid pigments are respon-
orange, yellow and green colors. Such colors as blue, purple,
ta and nearly all the reds are due to soluble anthocyanin pigments.
colors such as scarlet, orange-red, browns and black are often
by the presence of both plastid and anthocyanin pigments together
es.  Yellow color is frequently due to carotin and xanthophyll, both
s of the chlorophyll of green leaves. (4).

anthocyanin pigments arise from a product known as chromogen,
turn depends for its existence on a supply of carbohydrates (sugars)
are the first products of the green leaf. Hence, if there is a shortage
rve foods in the plant the anthocyanin may fail to develop because of
of chromogen. This relationship may be roughly represented by the
formula: CO, 4 H,O 4 chlorophyll + light and temperature
glucosides anthocvanin pigments

o {chmmugen { ~ red color.
relates the whole problem of color back to the nutritional condition of
tree, together with favorable sunlight and temperature. So long as the
s entering the plant unite with practically all the available sugar to
proteins there will be no accumulation of carbohydrates from which
gen is formed. This is the situation in trees making excessive growth
nd producing fruit of poor color.

- Fletcher (7) and Gortner (3) both give evidence that the artificial “feed-
of plants with sugars has resulted in anthocyanin formation. The former
| 10 to 20 pounds of “Cerelose™ per tree to apple varieties of York
al, Rome Beauty, Williams and Summer Rambo. Where 20 pounds
r and nitrate of soda were applied to the tree there was a development
per cent of “solid blush” that was very clear and bright, as compared
control trees which showed 34 per cent red color that was “rather
. Where nitrate was omitted the effect of the sugar was less pronounced.
ReratioNn oF LEA¥ Area 10 COLOR

It would follow then that a tree with insufficient leaf area to properly
ire its crop would produce fruit of relatively poor color, since the sugars
produced in the green parts. This situation has been produced experi-
tally by Magness (5) in the State of \Washington. We take the liberty
using the following data from his work.

TaBLE |.—Relation of Mp& au; htg sugar content and color. Delicious apples,
- enalchee,

.i} ash., 1928 from Magness (3).
ey No. of £ Sugar Content. Percent Solid Red Color
; leaves Average Percent
5 per apple Reducing Non-Reducing Total of Surface
- 1006
) 10 9.19 0.45 9 64 23
PE 20 10.23 1.01 11.24
& 8.96 2.12 11.08 26
30 9.96 1.51 11.47
. 920 2.4 11.64 42
50 1011 3.07 (AR
) 9.62 3.60 13.22 51
b 75 1084 3.29 1413
¥ 992 4. 806 14.78 58

PN
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An increase in color is developed as the number of leaves per apple
increases, according to table 1. Therefore, up to a certain point, the more
leaves the higher the color, provided they do not excessively shade the fruit.
That excessive crops are poorly colored has frequently been observed. We
recall an experience some 20 years ago when some thinning work was carried
on in the orchards of W. W. Farnsworth near Toledo, Ohio. The heavily
thinned Grimes Golden trees developed apples of a golden yellow color and
frequently with a pink blush on the exposed cheek, while the adjacent trees
bearing a very heavy crop were small and greenish in color, indicating an
insufficient supply of organic material in the latter. '

These observations may be supplemented with some recent ones at the
Ohio Station when in 1929 C. W, Ellenwood conducted some thinning tests
in a Jonathan block. An unthinned tree produced 1005 pounds of fruit and
the fruit from this tree showed 61.55 per cent with sufficient red color to
meet the U.5. standard for Fancy grade. The apples on an adjoining tree
were thinned to 14 inches apart so that the tree bore only 623 pounds of
fruit. There were 87.27 per cent of them Fancy in color. Another pair
of trees were each thinned to 10 inches apart. One tree bore 840 pounds
and the other 394 pounds. The one with the heavier crop had 68.17 percent
and the other one 93.58 per cent Fancy. Many other data could be cited
to support the contention that a limitation of sugars, however it is brought
about, is likely to result in a lack of red color even though the amount of
sunlight is in no way limited.

Fruit is also likely to be lacking in good red color in a season of ex-
cessive drought. Surely in such a season there is plenty of sunlight but
some other requirement is lacking. Both the over-ladened tree and the one
under excessively dry conditions produce fruit that is low in sugar and hence
is low in color.

LicHT AS A Facror 18 CoLor

For many years horticulturists were likely to say that red color was due
entirely to the exposure of the fruit to sunlight and as evidence it was
pointed out that shaded fruit was poor in color. There is so much truth in
that statement that it is not at all strange that a more thorough analysis was
slow in developing. Red color in apples, pears and peaches requires presence’
of sunlight on the fruit for there is no increase of it in storage. On the
other hand the strawberry, cherry, blackberry, and grape will develop antho-
cyanin without the presence of light. (6).

In experiments in which apples were covered with black bags through
which no light was transmitted no red color developed except on Williams
Favorite. Furthermore, it has been shown that it is the blue end of the
spectrum which is responsible for the development of the red color. Magness
detached apples from the tree after they were developed but uncolored and
placed some under glass which screens out much of the ultra violet ra
A sample was also exposed to direct sunlight. The following condensed
table shows the great reduction in red color after twelve days when the violet
rays were screened out of the light reaching the apples.
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 TaBLE I1.—Color development of detached apples under glass and in direct sunlight.
: From Magness (5).

: Percentage of Solid Red Color
o ~—
': . B - When Started ! After 5 davs After 12 days
i Under Full Under Full Under Full

. glass Sunlight | glass Sunlight glass Sunlight
¢ 1_
Jonathan 6.8 L T B 37.7 44.0 96.0
Delicious 4.5 B oo | Seiur|s - 24 17.3 74 .0
Rome Beauty 2.5 2.0 ‘ 4.0 | 8.0 9.3 36.3

,
- Magness states that color develops only one-fourth as fast under glass
as in direct sunlight. In this connection it should be remembered that much
of the ultra-violet rays are screened out of the light at low altitudes by dust,
‘smoke, and other particles. At high altitudes this is not true and the colors
of flowers and fruits are known to be much higher under such conditions.
Therefore, light is an indispensible factor in the development of color
‘pigments in the apple, but only after there is a development and accumulation
of certain sugar derivatives.

Reration or Coor. WEATHER TO COLOR

: It is a common experience to see fruit turn red when the cool nights of
‘autumn arrive and the statement is commonly made that cool weather pro-
‘duces red color. However, experiments in which fruit was placed in a low
temperature at night and exposed to sun during the daytime did not result
in near so good color as fruit held at 70° instead of at 32°F. Despite this
fact experience would indicate that high color and cool weather are at least
correlated.
Errect o FErTiLIZERS ON COLOR
That aplications of nitrogen or excessive cultivation frequently reduce
color is well known to the experienced orchardist. The explanation should
be clear from the discussion earlier in this paper. As a result of denser
foliage and proportionate reduction of reserve carbohydrates the fruits develop
color. Such apples are much more prone to scald in storage than well
red fruit, although this trouble can be greatly reduced by wrapping in
papers.
The chief question which is raised, however, is as to the value of
ssium, phosphorus and iron in producing a better color. This question has
under discussion and experiment for many years and somewhat contra-
results are reported. Most of the data offered so far show no advant-
to color by the use of these elements or a complete fertilizer. Of course
[ nitrogen is withheld the growth and yield are likely to be markedly reduced
I the color improved but that is a poor solution of the problem, for both
wth and vield are adversely affected. In general a fruit that is high in
n and low in carbohydrates is likely to be of poorer color than one in
erse condition. It becomes a question of a compromise between the
it of growth and yield desired on the one hand and the color of the
on the other.
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THINNING AS AN AID

As stated before it is to be expected that thinning the crop will usually
increase the color, both of apples and peaches. The physiological explanation
would seem to be the same as that already given, namely, an increase in the
supply of storage sugars to the remaining fruits. This would seem to be a
better postulate than an increase in exposure to sunlight. Whatever the
explanation, it is a practical method of solving the color problem as well as
desirable from other standpoints.

SURFACE QUALITY OF THE FRUIT

As a third consideration in the matter of grades we must give brief con-
sideration to the matter of surface “finish” or quality. In this we would
include freedom from blemishes, such as those caused by fungous diseases
and insects, from limb rubs, and russeting caused by caustic sprays.

A clear, bright, smooth finish is paramount, for unless the fruit he
clean it cannot be packed into the better grades. Yet fruit may be entirely
free of blemishes caused by insects and diseases and vet fail to qualify for
the superior grades that bring the grower the larger profits. This may he
due to under-size, poor color or russetting.

In this regard we do not make any suggestion or recommendation as to
spray practice in Nova Scotia or anywhere in Canada but cite our Ohio ex-
perience in attempting to reduce spray burn both of fruit and foliage. True
we do not always have an option as to the spray to use, depending upon the
nature of the troubles that must be controlled. In the main we have discarded
bordeaux mixture as a spray in Ohio. There are certain exceptions to this
statement but in general this is true. It was discarded hecause of the injury
to fruit and foliage that frequently attended its use and not because of its
inefficiency as a fungicide. Lime sulphur took its place and was used for
some twenty years pretty much without change.

About eight vears ago the Ohio Station undertook a series of experi-
ments in attempt to reduce spray injury and improve the grade of fruit pro-
duced. F. H. Ballou (1) particularly interested himself in this problem.
Four changes in the spray practice in Ohio have come about as a result of
this work or are in the process of heing realized. First, there is a reduction
in the quantity of ingredients used per unit of spray solution. Both bordeaux
mixture and lime-sulphur solutions were diluted and without a reduction in
control of pests where the work was thoroughly done. Bordeaux is used as
weak as 34 pound copper sulphate, 214 pound high grade calcium lime to 50
gallons of spray material. Lime sulphur solution was reduced from 1 gallon
of the solution to 40 gallons of water to 1 to 80, and with good results. A
second change is in the use of dry lime-sulphur in place of the liquid. This
has resulted in excellent control of the fungous troubles with which we
usually must deal and has given a better finish to the fruit. A third innova-
tion is the addition of five pounds of high grade calcium lime to 50 gallons
of lime sulphur spray solution. This has materially reduced injury to the
fruit and given a better finish and color to the fruit. The fourth result of
this effort is the use of dust in place of sprays. Dust usually gives a hetter
finish, reduces russetting and often gives a slightly better color. Dusting is
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| not recommended as an orchard practice to the exclusion of spraying in Ohio.
B ‘However, progress is being made and it is likely to develop into a general, or

" at least a supplementary, treatment of all foliage sprays.

In conclusion we must say that there is no shortcut formula that will

- guarantee high color. Withholding of excess nitrogen or other practices that
‘stimulate growth, reduction of yield by thinning, a moderate pruning practice,

. avoidance of caustic sprays that russet the fruit, and finally the use of red
varieties, particularly red sports or strains of the old varieties, all contribute
to a solution of the color problem.
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