
MSU Extension Publication Archive 
 
Archive copy of publication, do not use for current recommendations. Up-to-date 
information about many topics can be obtained from your local Extension office. 
 
 
Fruit Setting in the Delicious Apple 
Michigan State University Agricultural Experiment Station 
Special Bulletin  
V.R. Gardner, T. A. Merrill, W. Toenjes, Horticulture 
Issued  June  1949 
44 pages 
 
The PDF file was provided courtesy of the Michigan State University Library 
 

Scroll down to view the publication. 
 
 



Special Bulletin 358 June 1949 

Fruit Setting in 

the Delicious Apple 

as Influenced by Certain 

Post ... Blossoming Environmental 
Factors 

By V. R. GARDNER, T. A. MERRILL 
and W. TOENJES 

MICHIGAN STATE COLLEGE 
AGRICULTURAL EXPERIMENT STATION 

SECTION OF HORTICULTURE 

EAST LANSING 



CONTENTS 

PAGE 

Summary 3 

Introduction . 5 

!\1ethods of Procedure 6 

Growth Status and Vigor of Tree Influences 7 

Residual EHect of Previous Cropping 8 

Environmental Influences During the Blossoming Period .... ... ..... ... . . 9 

Environmental Influences During Fruit-setting Period .. 12 

Temperature 13 

Light ... .. ....... ...... ..... ... ... ...... ... .. ....... .. ... .. . 17 

Foreign Experiences 27 

Fruit Setting as Related to Application of Fungicides .... ...... ..... . 32 

Discussion . ... ... .... ...... .... ..... ... .... .... .... .... .... .... .... 37 

Data are presented on fru 
of the more important apple-g 
Canada and also in other par 

Fruit setting of this variet: 
adjacent portions of the Gre: 

The evidence indicates t 
short period immediately foIl 
in influencing fruit setting. 1 
particularly important in this 

The data point clearly to 
factors during this period: 

1) Temperature. The tot 
degrees in southern Michigan 
for the 7 -day period following 
setting is heavy enough to ca: 

2) Sunlight. The total ~ 

square centimeter in southern 
ages 2,550; in sections whel 
required it averages 3,000 to 

3) Spray materials. In n 
variety is heavy no fungicides 
cides to control scab in tht 
setting periods now use lim( 
highly toxic, the other is mildl 
rials and fermate are still less 

The data on fruit setting 
1947 -48, and in a few instanc 
actually placed in the printE 
observations on fruit setting 
pertinent. 

The blossoming season il 
early. The fruit-setting perj 



SUMMARY 

Data are presented on fruit setting of the Delicious apple in many 
of the more important apple-growing sections of the United States and 
Canada and also in other parts of the world. 

Fruit setting of this variety is shown to be lighter in Michigan and 
adjacent portions of the Great Lakes area than elsewhere. 

The evidence indicates that environmental conditions during a 
short period immediately following full bloom are controlling factors 
in influencing fruit setting. The first week or 10 days is shown to be 
particularly important in this connection. 

The data point clearly to the importance of three environmental 
factors during this period: 

1) Temperature. The total "effective" (i.e. above 42° F.) day
degrees in southern Michigan, where setting is characteristically light, 
for the 7-day period following full bloom is 130-150; for sections where 
setting is heavy enough to call for thinning it is 200-250. 

2) Sunlight. The total gram-calories of radiation received per 
square centimeter in southern Michigan during this 7-day period aver
ages 2,550; in sections where setting is so heavy that thinning is 
required it averages 3,000 to 4,000. 

3) Spray materials. In most sections where fruit setting of this 
variety is heavy no fungicides are used: most sections employing fungi
cides to control scab in the pre-blossoming, blossoming and fruit 
setting periods now use lime-sulfur or wettable sulfur. The one is 
highly toxic, the other is mildly toxic. Certain copper-containing mate
rials and fermate are still less toxic. 

The data on fruit setting presented in this publication are for the 
1947-48, and in a few instances earlier, seasons. The manuscript was 
actually placed in the printer's hands in June 1949. The following 
observations on fruit setting in Michigan in the spring of 1949 are · 
pertinent. 

The blossoming season in Michigan in 1949 was comparatively 
early. The fruit-setting period was characterized by exceptionally 



bright sunny weather, weather cOlTIparable to that of the Pacific North
west and other areas where this variety characteristically sets well. 
In the Fremont orchard where most of the experiments reported were 
conducted, the blossoms were opening May 1. Fruit setting in the 
Delicious in this orchard, as well as in other parts of the state has been 
heavy. The gram-calories of radiation recorded per square centiineter 
at East Lansing, during the first week of ~1ay was 3,232; for the second 
week in May the figure was 3,136. 
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Fruit Setting in the Delicious Apple 
as Influenced by 

Certain Post ... Blossoming Environmental 
Factors 

By V. R. GARDNER, T. A. MERRILL and W. TOENJES 

Delicious is one of the most widely distributed and extensively 
grown of apple varieties. It is the dominant variety in a number of 
important producing areas in the United States and ranks well up in 
the list in parts of South America, South Africa and Australia. The very 
fact that it is so widely grown is in itself evidence that, generally 
speaking, the tree grows well, is productive and that the fruit meets 
with a relatively high degree of consumer acceptance. Nevertheless, 
there are areas where, though the trees grow well, yields are low. This 
is mainly for the reason that a small percentage of its blossoms set and 
mature fruit as compared with those of other standard varieties. N 0-

where is this characteristic more accentuated than in the Great Lakes 
region. Throughout this area it has the reputation of being an erratic 
or shy bearer. The experience that many growers have had with it 
has been so unsatisfactory that in some instances trees have been top
worked or removed entirely and replaced with more productive kinds. 

Failure to set fruit satisfactorily in the case of apples is usually 
associated with pollination difficulties, and many experiments have 
been conducted to determine pollination requirements of the Delicious 
variety. They have shown that under most conditions the variety is 
self-sterile, though there are records of satisfactory crops being ob
tained where pollen of other varieties has not been available or where 
there have been few bees for pollen transfer. Thus Musser (42) writes: 
«Some years ago we had a rather large block of Delicious in which 
there were no pollinator trees. Some years we would get a very heavy 
set on this variety without putting bouquets in this block and other 
years we would get practically no set, although weather conditions 
under both heavy and light set seemed to be very favorable for bee 
movement and pollination." Similar behavior has been reported in 
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Australia (53). However, in the Great Lakes area the same provisions 
for cross pollination are made by producers as in other areas where 
yields are much heavier. For instance, a typical Delicious performance 
in southeastern Michigan is that of a 10-acre, 20-year-old block near 
Metamora with 35 McIntosh interplanted for pollination purposes. 
The trees are large, vigorous, thrifty, well cared for and capable of 
producing 5,000 bushels per year. Yet in 1947 when blossoming was 
heavy, when weather conditions in the orchard were reasonablv favor
able for pollination, when 150 buckets containing branches ~f other 
varieties were provided as an extra source of pollen and when 20 
colonies of bees were moved in to effect cross pollination the total crop 
was 375 bushels. Furthermore in portions of this orchard hand pollina
tion did not result in much of an increase in set of fruit (22). It is 
evident, therefore, that some factor or combination of factors operates 
to reduce fruit setting and therefore yields in this area that are not 
present, at least to the same degree, where there is a better set. Among 
the environmental and growth factors that are known to influence, 
or may be suggested as influencing, fruit setting are the following: 
1) temperature (including frost), atmospheric humidity, precipitation, 
wind and the relative abundance or scarcity of pollinating insects 
during the blossoming period, 2) weather conditions, particularly tem
perature, moisture supply, available nutrient supply, atmospheric 
humidity and sunlight during the post blossoming period (a period of 
perhaps a month, until the so-called "June" drop), 3) relative growth 
status and vigor of tree, considered along with the scarcity or abun
dance of bloom, 4) residual influence of the past season's cropping, time 
of defoliation and autumn weather conditions. 

Some of these factors will be discussed very briefly, others in more 
detail. 

METHODS OF PROCEDURE 

Answers to a number of the questions just raised regarding the 
influence of environmental factors in fruit setting in general and in 
some instances for the Delicious apple have been supplied by previous 
experimental work. Citations to these findings are all that is required. 
Answers to others have been obtained by new experimental tests in 
Michigan. Answers to still others have been sought through the co
operation and collaboration of many observers and investigators in 
many other states and in a number of foreign countries. 
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GROWTH STATUS AND RELATIVE VIGOU OF TREE 

It has long been obsen "ed that extren1ely weak and likewise ex
trelnely vigorous apple trees produce few or no blossoms and thosc 
blosson1s set little or no fruit. Trees a little less weak or a li t tle less 
vigorous 111ay b10sson1 freely and set fruit sparingly. Those in a n10re 
nonnal condition set better. In a New York study Heinicke (30) fonnd 
that 41.6 percent of the spurs vvith large leaves on vigorous lin1bs set 
fruit con1pared with only 15.7 percent of those on weak lin1bs and 
having sn1all leaves . Thirty-eight percent of the spurs 111aking n101'e 
than 1 centin1eter of growth one year set fruit the following season , 
compared with 18 percent for those n1aking less than 1 cenbn1eter of 
growth. 110re recently Blake (3) has emphasized the in1portance of 
the growth status of the whole tree and especially its spurs and buds as 
a factor of importance in the setting of Delicious bl05son1s in New 
Jersey. Cooper (14) in Arkansas has found that with both Ben Davis 
and Yellow Transparent varieties the larger blosson1s on the thicker 
spurs with the greater nlun ber of leaves set a higher percentage of 
fruits than do those on the weaker spurs . In the writers' plots in 
11ichigan general tree vigor had considerable influence on fruit settin g 
(Table 9), though less than it d id on nun1ber and percentage of fruit 
spurs differentiating flower buds. 

There are not only sizahle differences frOln tree to tree in the san1C 
orchard and frOln orchard to orchard in the san1e area in rate of growth , 
earliness in con1ing into bearing, fruit setting and crop yields, hut 
differences in these respects among different areas . Characteristically, 
Delicious trees grow very rapidly, con1e into bearing at an early age 
and are precocious in certain sect ions of The Argentine and in New 
South Wales. Thinking that possibly the leaves 111jght he D1aterially 
larger on trees grown in those sections tracings were ohtained of large 
random san1ples of leaves fron1 yonng fruitin g trees at the Bathurst 
Experin1ental farn1s through the cooperation of C. C. Savage, Chief of 
the Division of Horticulture of the DepartInent of Agriculture for New 
South Wales (Australia). Anoth er set of tracings of the leaves of young 
vigorous D elicious trees \;vell into bearing were obtained fron1 11 en
doza, Argentina, through the cooperation of Dr. R. C. Nch on, and 
still another set £rOln D r. E n1iliano J . 11acDonal1gh of the Uni versicbd 
National de la Plata, Argentina. Planin1eter n1easnren1en ts of their 
areas showed then1 to be of about the san1e size as leaves on vigorou s 
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11ichigan-grown trees of the saIne age that do not set fruit well. It may 
be concluded that while at least moderate vigor of tree is more or 
less of a prerequisite to good setting, it does not guarantee (proper 
cross pollination is assumed in this and the following discussion) good 
setting and trees that set well do not have especially large leaves. 

Related to plane of nutrition, growth status and vigor as they influ
ence fruit setting is the question of relative number of blossoms. Of 
two trees of essentially the same vigor, one of which produces a very 
heavy and the other a light crop of blossOlns, the one may be expected 
to set better than the other. SOlnetimes the heavier loss of potential 
fruits fron1 the blosson1s that are borne con1es inllnediately after the 
blossonling period; sOlnetimes it comes later, e.g. at the tinle of the 
June drop. The Anjou. pear is particularly sensitive in this respect. 
Characteristically it blossoms very heavily and sets fruit lightly. How
ever, with heavy pruning to thin the blossoms a good set and a good 
crop may be obtained (31). Exact experinlental data are not available 
on the behavior of the Delicious apple in this respect, but observation 
leads to the belief that it follows the general pattern. Incidentally this 
observation is supported by the experience of one of 1tIichigan's nlost 
successful producers of this particular variety, 11r. A. L. Darbee of 
East Jordan. 

RESIDUAL EFFECT OF PAST SEASON'S CROPPING 

Somewhat lnore exact information is available on the influence of 
one season's production on fruit setting the following spring. Thus 
Goff (25) has reported higher percentages of defective pistils and poor 
setting of fruits in trees of the Anlerican varieties of plum following a 
heavy than a light or moderate crop. Blake and associates (7) attribute 
nluch of the June drop in the peach to exhaustion of food reserves 
stored np the previous autunln. Speaking for the Stanthorpe area of 
Queensland, AustraHa, SUnlTIlerville (53) says: "Setting is somewhat 
irregular, but we have no evidence of biennial regularity. The last two 
seasons, for exan1ple have been heavy crops. We connect the crop 
rather with the weather prevaiHng the preceding autumn than with 
any other one factor. ... it is the general opinion of our field IneD that 
the supply of moisture and nutrients during the autulnn profoundly 
affects the laying down and development of bud initials ... ". 

\Vhile there may be sonle residual influence of one season's crop 
on setting of fruit the following season in the case of certain varietjes 
of apples as grown in Michigan and other portions of the Great Lakes 
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area, varieties that often set and bear very heavy crops, it is doubtful 
if such an influence is often of importance in the Delicious apple as it 
grows here. Seldom does it mature a crop of sufficient size to have such 
a residual weakening effect. 

ENVIRONl\1ENTAL INFLUENCES DURING THE 
BLOSSOMING PERIOD 

The in1portance of favorable weather during the blosson1ing season 
from the standpoint of obtaining a good set of fruit is well recognjzed. 
If low ten1peratures or rain interfere seriously with the activity of 
pollinating insects, a good set cannot be expected. Possibly this indirect 
influence of weather during this particular period is greater than its 
effect on physiological processes within the plant. There is little 
activity on the part of honey bees, the most ill1portant pollinating 
agent for the apple, when the temperature is below 57° - 58° F., and 
they do not work nHlch when there is considerable wind. 

TEMI}ERATURE (INCLUDING FROST) 

Tables la, band c and 2a, band c present data on telnperature 
conditions during, preceding and just following the full blo01n s lagc, 
together with fruit-setting percentages for the Delicious apple, for 
locations in the U. S. and Canada in the spring of 1947 and for four 
other locations in the seasons of 1940, 1941 and 1946-all told, 41 
records. The records are assembled in classes for locations where fruit 
setting is low (less than 5 percent), 111edium (5 to 10 percent) and high 
(over 10 percent). 

Data on actual frost occurrence are not available in every instance. 
It may be assumed, however, that frost was possible whenever the 
n1inimum temperature fell to 37° F. or below and probable whenever 
it went to 34° F. or below (though minima of 32° F. or above would 
not have been accon1panied by frost if the skies were cloudy or if there 
was much air movement. On the basis of this assumption it is evident 
from the following tabulation that frost could have been an ilnportant 

Percent setting of Delicious 

0-5 ........................... . .... . 
5-10 ............................... . 

10-up ............................... . 

No. 
season's 
records 

11 
15 
16 

Total No. 
nights 

trees were 
in bloom 

50 
75 
80 

No. times 
temperature 

fell below 
38°F. 

5 
4 

10 

No. times 
tempera ture 

fell below 
3.'')°F. 

3 
o 
3 
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factor in reducing the set of fruit in the low-setting, as compared with 
the better-setting locations. However, in only 1 of the 11 locations 
having a poor set were 111ininllUll ten1peratures below 32° F. registered, 
and in sjx of then1 the ten1perature never fell below 40° F. during the 
blosson1ing period. Plajnly frost was not responsible for poor setting 
in n10st of the locations where records were obtained. 

Of prohetbly greater significance are the figures for n1axilTIUn1 ten1-
peratures during the blosso111ing period. They were substantially 
higher at the locations where setting was good than where it was poor. 
The following SU111l11ary shows the nUll1ber of day-degrees above 57° F. 
during the 5-day blosson1ing period for the dHferent locations. They 

Pel'( 'Pllt st' ttill g of 
l)olicious 

::\0 . 
soas01l 's 
rocords 

Total No. 
d,~ys in 

b looming 
periods 

Total ?\o. 
days whell 

t 0111 pcra lure 
was ,.bove 

57°F. 

T ota l 
d,1y-d egl'eps 

a bove 
57°F. 

Average 
day-degrees 

above 
57°F. per 

s t ation 
--------------------- ---------1------1---------

0-5 . . ..... , ' , .. . 
;)- ]0 .. . ,. 

10- abo ve . . 

11 
14 
Hi 

i').') 

70 
SO 

4:5 
69 
78 

533 
1l7(j 
12\)0 

48 
84 
81 

afford S0l11e 111eaSUre of the favorableness of conditions for cross polli
nation to be effected by bees. These sun1111ary and average figures, 
ho\veyer, do no t tell th e whole story, Reference to Table la, b, c shows 

TABLE IA-Tempc1'Otu1'C co nditions during the 5-da1j blossoming period at selected 
stations) as related to fruit setting in the D eliciolls apple 

LOCution 

E . Lansing , :;\[jeh. 1 . 
Ur. Hapicls, :;\Ueh. 2. 
~\\' oos tel', 0 .3. . . . 
Ar e ndtsvill e , F a.'1 . 
l\' o\vark, Del -" . 
Cam pbell. 1\10 .6 . . 
.:\{t. Gro \·0.1\10. 1 . 

\ ' ilwland, Ollt. ~ . 
I ~ I UP l{idge, (: a. 9. 
L}ollipil a n, 1\all. lo . 
I)itt s fipld , 11l. 11 .. 

Aver age . , . . 

P e rccnt 
Ycal' B lossoming !lowors 

period seLting 
fruit 

I!H 7 5 / 2.'i 5 / 29 4 3 
1947 .'i / 2.'i- 5/29 4. 2 
19·17 5 / 19- .') / 2:3 1. 1a 
1~H7 5 / 1.')- .') / 19 2 ;3 
1!)47 '1/28- .')/2 2 .'i 
1 9·j 7 4 / 16- 4/20 3 7 
IH-~7 4/ 29- 5 / 3 4 0 
1!)47 .') / 27- 5 / :31 4 . 2 
1D-I7 4 / 26- 4 / '00 4 2 
19·+7 .') / 6- .') / 10 4. J 
1D40 5 / 1- 5 / 5 4.25 

l' j'empPt'atlirc records for East La.ns ing , 1\Jieh. 
" I'eml)('raturo J'{' ('ol'ds for Grand Hapids, J\Uch, 
'l 'j'emp<'t'aturc records fot' AI,roll , O. 
ITem porat lI ro r cco rds fo r A rend l sv illc, Pa. 

Daily 
lTUl1imUlll 

temperal ures 

44- 45- 41- 40- 39 
40- ,';0- 46- 40- 37 
.')'J- 5.'i- 49- 45- 49 
4H- 4.')- 30- 27- 29 
37- 42- 58- 59-50 
43- '01:;- 48- 50-'17 
.')0- 5R--51- 50- 48 
41- 47- 44- 39-44 
45- 40- 46- 59- 58 
.')7- 50- 52- 50- 02 
30- 37- 37- 37- 51 

• •• ••••••••• •• 0. 

Daily 
maximum 

t emperatures 

01 - G5- 6G- 55- 57 
62- 01- 02- 53- 50 
7H- 64- 70- 71- 7\) 
67- 58-4 9- 52- 04 
50- 08- 82- 80- 66 
01- 02- 72- 73- 69 
81- S3- 67- 64- 73 
66- 61- 60- 00- 69 
70- 77- 79- 76- 72 
72- 64- 03- 66- 74 
57- 44- 45- 60- 74 

.. ... . . .. . . . . . , . 

5jVlpan of t he t cmper:1Illf'O records for Ha,ltimore, 1\1cl., a nd Philadelphia, Pa, 
r.:;\1ean of lhp. t o!11P('t',l ture r~cords for Cairo, Ill. , and1\10mphis, Tenn. 
' Temporaturo ['('cords for Spring fi eid, 1\10. 
wl'ompcratlll'e rc('ol'ds 1'0 [, Toronto, Ontario. 
9'I'empcraturo r ocords for Chattanooga, TOllll, 

IUTempcraturc r eco rd s for St . Joseph, 1\10. 
II,\,pmperature records for Springfield, 111. 

Total 
day

degrees 
above 
57°F . 

21 
14 
77 
18 
68 
52 
83 
37 
89 
54 
20 

48 

Fm.J lT S I':TIT 

TABLE ] E - Temperature conditio: 
stations, as 1'elated to fruit s 

IA)('ation 

Stephensville, T ex. I. 
Coll ege ParI" 1\ ld. ~ . 
Pittsfi eld , []I. ~ ..... . 
Lafayett e , lnll. ..... . 
J\e ntvill p. N. S.5. 
Yakima, \Vash. 6 ..•. 

"Vonatchee, \\'ash. 6 . 
1\'[ontague, T e x . l .. . 
H ood l{i vOt', O ro .7. 
Sti llwater,Okla.B• 

H a rrow , Ont.9. .. . 
Pullma,n , \\' asl1.l o .. 
J(lIox villo , Tcnnll. 
C lemson, S. C . I~ . 

Average . .... 

Y(~ar B lossoilling 
period 

1947 
19-17 
1941 
1947 
1947 
1947 
1947 
19·n 
] 9·J7 
Hl-17 
]H47 
1947 
1947 
1947 

4 / Hl- 4/ 23 
5/ '0- 5/ 7 
4 / 2.5--4/ 20 
.') / 11- .') / 1.') 
5 / 26- ;) / 30 
5/ 8- ;) / 12 
4/ 27- !i / 1 
4 / 20- 4/ 24 
4 / 16- 4/ 20 
4 / J :3- 4/ 17 
.') / 2·t- .'i / 28 
5/ 2- .') / 6 
4 / 20--1/ 24 
·1/ 2:3- 4/ 27 

l'I'emperat u l'(J r ecords for I ~ort \Y ort h 
2T emjJ('/,alure r ecords fur Wash ington 
3Tompnraturo r ecord s fo r :-';pringlield , 
'l' I' ompcl'a ture rocords for IndiaJlapoli: 
5T emper:ll ure rocords fol' I\:onl\ille, 1-
6T elllpCl'a lure rccor ds for Yaldma. IV; 
7' ['e mpera lllre records for !loocl I ~i\'ct' 
81\[oan of tilO t emperat ure recul'cls for 
u'/'emperat ure l'l'cord s fo r Tolpclf) , O. 

10' I'empo racuro records for :-.;pokanc. \Y 
11' I'empn/'aturo records for J\1I0X 'ill e, 'I 
I ~ Temperat ure records for :-';par tan l)Uq 

T ABLE Ie-Temperature condition 
slations, as related to fruit se 

Loeatiol1 

::\1esilla \ ',l ll C'y, 
Now ~Joxit'ol. 

Columbia , 1\10 .2 . 

Lillco ln , ' elJ. 3 . ... . 

Van coun.J t' , \Vash.4. 
Amhe rst" 1\lass. 5 .. 

Fruillalld , lda. 6 .•.. 

Durham, ;. 1l.7 ... 
Aust in , C()lo .~. 
Brushy MI. , 1': . C.9.· 
Brll <; l1 y 1\[1,., 1\,:. C.9. 
Oro [1O, 1\J'e. lo . . 
:-';torl's , COII II .II. 
Auburn, Ala. 12. 
Loga tl, l l tah l ·' ..... . 

S ton ov ill e , 1\IisSI! . . 
;'.1cxlfol'd. 0 1'0. 15. 

A\·OI'agp." . , 

Year Bl osso mill g 
poriocl 

H).lO 
1947 
19n 
1\)-17 
19, ~7 
1 \) -10 
1\)·17 
ID47 
1047 
ID47 
1!.H7 
1\)-1 7 
1\)47 
HH7 
] 9-17 
1!J.l7 

4 / 5- 4/ 9 
5/ 2- 5/ 6 
.') / 6 .') / 10 
4/ 15- 4/ 1!:l 
!i / 23- :i / 27 
4 / 21 -·j / 25 
.') / 2iHi / l 
4 / 20 ·1/ 2;) 
4/ 13--1/ 17 
VIH .. ~ /22 
!)/3()- 6j:3 
:) / 20- .'i / 2·1 
<1 / 15--1/ I 9 
.'i/ -[ :i / f, 
·1/ 1:i -1/ 1 $) 

-1/ 1 f, "1/ '22 

ITempe r<l t ure r ocords for J f)s \\'('II, .\. 
2TemJ)eralut'e rccords for Columbia . :\ 
3Ternpt'I'ature rOt'orcis for Lill ('ol II , Nrl 
4'I'emperatu ro r ocords for \' a lI e'ou \'CI' , 
5T omperat ure r ocords for Amherst, 1\I 
6'l'(~mporat ul'e r ecords for B o ise, ] daltc 
7'['omperatul'e r eeords for Concord, :"J'. 
8'j'empf'rature re('ords fo r A ustin, Calc 
Y1\![oa II f lJ r ll lO temperat ure r eco rd s of 

IUTcI11IWrature records for Oldtown, 1\J 
11 T emperalure r ecords fo r Sto rrs, Con I' 
l~TeI11pcra t ure r ecords for Auburn, Ala 
13Temperat ure records for Logan, Utah 
14Temperature r ecords for G reenville, ~ 
16'remperature records for Medford, Or 
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TABLE 113- Temperature conditions during the 5-day blossoming period at selected 
stations, as related to fruit setting in the Delicious apple 

Loca.tion 

Slephensville. Tex. I 
Collego Parle :l\1d . ~ . 
Pittsfield, TlI. 3. . .... 
Lafayette, 1 nd. 4 . ••• 

Kent.vill e . N. !::l.5 ... 
Yakima, vYash. 6 ... . 

vVenatchce. Wash. 6 . 

J\lontagu(l , T ex.' .. . 
Hood Hivor. Ore. 7. 
Stillwater.Okla.8. 
Harrow , Ont .9 ..... 
Pullman, vVash.'o. 
Knoxvillo , Tenn.". 
Clemsoll, S. C]~ . 

Average. 

POl'cent 
Year Blossoming flowers 

period setting 
fru i 1, 

1947 4/19- 4 / 23 5.0 
1947 .5/ 3- 5 / 7 5 .. 5 
1941 4/25- 4/20 7.96 
1947 fi/1l - 5/1.') 6.3 
1947 5/26-[)/;~0 6.6 
1!J47 5 / 8- fi / 12 6.6 
1047 4/27- 5 / 1 6.7 
H)47 4 / 20- 4 / 24 7.0 
1947 4/16- 4 / 20 7.3 
1947 4 / 13- 4 / 17 7.7 
1947 5 / 24- 5/ 28 8.0 
1947 5 / 2- .') / 6 8.1 
1947 4/20- 4 / 24 8.3 
1947 4/23- 4 / 27 8. :5 

. . - . . . .. . . . 

'Temperature r ecords for I~ort Worth, Tex. 
2Temperature records for vVasllingt.on. D. C . 
3Tempo),;1ture records fo)' I"pl'ing lielcJ , Ill . 
4Temperal ure records for Indianapolis, r lid. 
5Temper; t ture records for I\:olltville, N. S. 
6Telllperature records for Yakima., 'Nash. 
7Temperatnre r ecords for I[ood Hivet'. Ore. 

Daily 
minimum 

temperatures 

50- 45-50- 64- 69 
51- 53- 52- .52- 45 
38- 44- 50- 55- 55 
3!)- .')0- 58- [)2- 52 
39- 42- 52- 56-
56- 45-46- 40- 50 
41- 38- 38- 3.')- 49 
45- 50-64- 69- 48 
.')4- fi2- 51- 47- 44 
41- 48- 41- 36- 37 
55- 50- 44- 39- 51 
46- 41- 43- 43- 46 
57- 50- 48- 51- 59 
46- 53- 60- 55- 49 

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

Da,i ly 
rl1aximum 

temp erctt ures 

80- 75-83- 84- 84 
70- 72-63- 69- 70 
64- 71- 76- 80- 81 
76- 80- 78- 72- 85 
78-72-59- 72-
7.5- 66- 75- 81- 90 
86- 75-68- 69- 85 
75- 83-84- 84- 80 
79- 63- 62- 62- 60 
4!J- 65-65- 51-66 
62- 66-71- 65- 68 
76- 77- 77- 79- 83 
82- 69-79- 78- 77 
69- 79- 85- 73- 80 

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

slY[ean of the temperature reeul'cls for Tulsa and Oklaboma City, Okla. 
9Temperature records for Toledo , O. 

,0Tempcl'a('ure records for ~pokane . \Vasil. 
1I,]'eJl1pOl'ature records for hnoxvil lo, Tenn. 
"Temperature r ecords for I"part;inIHlrg, S. C . 

Total 
day

degrees 
above 
57°F . 

122 
59 
87 

116 
53 + 

102 
98 

118 
41 
25 
47 

107 
100 
101 

----
84 

TABLE Ie-Temperature conditions during the 5-day blossoming period at selected 
stations, as related to fruit setting in the Deliciolls apple 

Location 

Mesilla V~l ll ey, 
New J\1exico'. .. 

Columbia, 1\10. 2. 
Lineolll , N eb. a 
Vancou\'e!', Wash.4 · 
Amhel'st, J\lass. 5 . 

1"ruHland, Ida. 6 

Durhalll. H.7. 
Austin, Col~).~ 
Brushy Mt. , 1\'. C. n 

Urll'311Y J\fL., .l\'. C. 9. 
Orono. lYre.'o .... 
~torrs, COlin." . 
Auburn, Ala.'2. 
Logan, Utah"- .... 
Stoneville, J\fiss.' ·' .. 
J\ledforci , Ore.'" .... 

A\·ol'<lge ... . . 

Pe rcellt 
Year Blossoming flowers 

period setting 
fruit 

19/16 4/ 5- 4 / H 10. 2 
1!J47 5/ 2- .5 / 6 10 .4 
1947 fi / 6- .') / 10 10. R 
1947 4 / 15- 4 / 1!J 10 .6 
1947 5 / 23- !i / 27 11 .7 
19'J6 4/21- 4/25 11 9 
1947 5 / 28- 6 / 1 12. 9 
1947 4 / 20- 4 / 2!i 14. i) 
1947 4/13- 4/ 17 19 4 
H)47 4/18 -4 /22 33. 8 
1 \)47 5 /30- G/:3 l fi. 6 
1!J47 5/20~!i /24 l fi. 8 
1947 4 / 1!i- 4 / 19 17. 7 
1947 5 / 4- 5/ 8 20. 7 
]94 7 -I / Ll 4 / l!) 21 .2 
1!)47 4 / 18 4 / 32 17 . 2 

'Temperature records for] oswell, N. I\,[ex. 
'Tml1perature reeoJ'(ls fot' Columbia, J\1o. 
3TeJllpCI'ature records for Lincoln, Neb . 
' Temperature rocords for Vancouver , vVash. 
5Temperature records for Amherst., J\lass . 
fiTempera,ture records for Boise, I daltO. 
7Temperature l'ecOI'ds fOl' Concord, N . H . 
8Temp0r'ature r ecurds for Austin, C olo. 

Daily 
minimum 

tom]Jeraturos 

54- 56- 58- 46- 43 
50- 47- 53- 44--46 
41- 36-42- 35- 54 
50- L16- 50- 50- 47 
45- .53- 62- 57- 49 
39- 30- 35- 46- 54 
49- .')6- 43- 31- 40 
;~ 7 - 46- 42- 34- 35 
5 J- 51- "2- 57- 43 
:3G- 45- 50- 50- 46 
46- 40- 44- 56- 44 
48- ;')3- 53- 54 - 47 
50 -60- 46- 39- 47 
5.5- 5:3- 54- 57- .59 
.')7- 54 - 4] - 4 1- 52 
4:3- 40- 37- 32- 35 

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

Daily 
nlaximum 

I emperatures 

84- 84- 81- 81-82 
57- 76- 76- 67- 77 
62- 63- 60- 65- 75 
8'1- 81-72- 60- 62 
80- 87-77- 76- 71 
59- 64- 72- 83- 92 
82- 74- 68- 66- 78 
80- 77- 72- 62- 54 
71- 68- 69- 76- 62 
71- 79- 79- 70- 64 
70- 66- 81- 59- 63 
77- 63- 64- 77- 83 
06- 75-60- 71- 80 
85- 84- 8.5- 86- 83 
78- 71- 68- 75- 83 
71- 67- 62- 66- 71 

. . . . . . . . . . 

9Mean for the temperature record s of Charlotte and Ashevil le, N. C . 
' oTemperatul'e records for Oldtown, lYle. 
llTempel'ature records for Storrs, Conn. 
12Temperature records for Auburn, Ala. 
wremperal ure records for Logan, Utah. 
14Temperature records for Greenville, J\liss. 
16Temperature records for J\ledford, Ore. 

Total 
day

degrees 
above 
57°F. 

127 
68 
40 
74 

106 
84 
83 
63 
61 
78 
54 
79 
67 

137 
90 
52 

----
81 
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that at Newark, Delaware, Mountain Grove, Missouri, and Blue Ridge, 
Georgia, the total day-degrees above 57° F. during the 5-day blos
soming periods were 68, 83 and 89, respectively, while at Lincoln, 
Nebraska, Orono, NIaine, and ~![edford, Oregon, they were 40, 54 and 
52, respectively. Percentages of Delicious blossoms setting fruit at 
the first three locations were 2.5, 4.0 and 4.2, cOlnpared with 10.8, 16.6 
and 17.2 at the latter three locations. It is very doubtful if there were 
more than 30 hours at any of these heavy-setting locations during 
which bees would fly freely, and the total number of pollinating hours 
was more probably less than 20. 

WIND VELOCITY, RAIN, ATMOSPHERIC HUMIDITY 

Precipitation data are available for all of the locations for which 
records are presented. There was some rainfall during the blossom
ing period at some of them, but in no instance was it great or pro
longed enough to be considered as a factor of any considerable impor
tance in limiting the setting of fruit. Data on wind velocity and 
atmospheric hun1idity are not available. 

In most instances observations of the cooperators obtaining the 
fruit setting records indicated that bees, also trees of other pollinating 
varieties, were present in sufficient numbers to provide adequately for 
cross pollination. 

ENVIRONMENTAL INFLUENCES DURING THE 

FRUIT-SETTING PERIOD 

There is a period of approximately a month following full bloon1 
during which the apple fruit either sets or fails to set. This includes 
the first or initial drop, one of blossoms whose ovaries undergo little 
or no enlargement, and the second or "June" drop that con1es after 
the ovaries have undergone considerable enlargement. In the case of 
the Delicious variety it is sometimes the early and sometimes the later, 
but usually the early, drop that accounts for the greater loss of poten
tial fruits. The trees are subject to the SaIne environmental factors 
during this fruit-setting period as during the blossoming period, except 
of course pollination has been effected and certain factors that influ
ence the activity of pollinating insects-wind velocity, temperature and 
rain-either have less influence or they operate in a different way on 
the fruit-setting process. \Vind velocity and precipitation during this 
period can probably be dismissed as seldom reducing fruit set in the 

FRUIT SETTII' 

apple, though conceivably e) 
bined with high temperature 
to dropping, as it often doe~ 
and certain other fruits. 

T 

Frost during the fruit-sE 
fruits , just as, earlier, it can d 
buds. Furthermore the criti< 
blosson1ing and preblossomi 
maxin1Uln temperatures dm 
bloom, are presented in Tab" 
for the spring of 1947 and 
successive seasons) for earlie 
enough at one of these statio: 
for the loss of SOlne developi 
the lowest fruit-setting perc 
station lends support to the s 
in that instance. It is doubH 
of the other 40 records. 

TABLE 2A-Temperature conditio 
bloom at selected stations, ( 

Location 
Date 

Y ear of 
full 

bloom 

E . L a nsing, Mieh. '. . . . . . 1947 5- 27 
Gr. R a pids , Mich .2 . • . • •. 1947 5- 27 
Wooster , 0 .3 . • • •. • • • • • . 1947 5- 21 
Arendt sville. P a. 4 • 194 7 5- 17 
Newark. D eI. 5 .. • • ....• • 1947 4- 30 
C ampbell. Mo.~. . . . . . . .. 1947 4- 18 
1'vIt. G rove, Mo.7. . . . . . . . 19'17 5- 1 
Donipha n , K an. 8 . . . . • . . 1947 5- 8 
Vinela nd. Ont. 9 •• •• . , . 1947 5- 29 
Blue Ridge. G a. 10 •. . . . . . 1947 4- 28 
Pittsfi eld , Ill. l'. . .. . . . . . . 1940 5- 3 

lTempera ture records for E . Lansing, 
"T empe r'a ture records for Gra nd Rapi 
3T emperature records for Akron, O. 
4T empera ture records for Arend tsville 
5Mean of the t empera ture records for 
6M ean of t h e tempera ture records for 
7T em pera ture r ecords for Springfield, 
8T emperature records for St . Joseph, : 
9T emperature records for Toronto. Or 

lOTemperature r ecords for Chattanoog 
lITemperature records for Springfield, 
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apple, though conceivably extreme drought or high wind velocity com
bined with high temperature and low atmospheric humidity might lead 
to dropping, as it often does in midsummer in the case of the tomato 
and certain other fruits. 

TEMPERATURE 

Frost during the fruit-setting period can destroy the developing 
fruits, just as, earlier, it can destroy the antecedent blossoms or blossom 
buds. Furthermore the critical temperature is higher than it is for the 
blossonling and preblossoming period. Data on daily mininlum and 
maximum ten1peratures during the 7-day period, starting with full 
bloOlTI, are presented in Tables 2a, 2b and 2c for 36 different locations 
for the spring of 1947 and for 4 other locations (one of thelTI for 2 
successive seasons) for earlier years. MinimulTI temperatures were low 
enough at one of these stations-Arendtsville, Pennsylvania-to account 
for the loss of some developing fruits from frost. The fact that one of 
the lowest fruit-setting percentages recorded in the table is for that 
station lends support to the supposition that frost actually was a factor 
in that instance. It is doubtful if it was a factor of importance in any 
of the other 40 records. 

TABLE 2A-Temperature conditions during the i-week period starting with full 
bloom at selected stations, as related to fruit setting in the Delicious apple 

Date Percent 
Location Year of flowers 

full setting 
bloom fruit 

-- - -

E. Lansing, Mieh. l ..... 1947 5- 27 4 .3 
Gr. Rapi.ds , Mich. 2 ..•••. 1947 5- 27 4.2 
Wooster, 0. 3 . • •. •••• • ,. 1947 5- 21 1. 13 
Arendtsville, Pa. 1 . ... 1947 5- 17 2.3 
Newark, DeJ.5 ..... .. .. 1947 4- 30 2.,,) 
Campbell. MO.6 ... . . .. 1947 4- 18 3.7 
:!'vIt. Grove, MoJ . .... ... 1947 5- 1 4.0 
Doniphan, Kan.B ... . 1947 5- 8 4.1 
Vineland, Ont. 9 •••• . .... 1947 5- 29 4.2 
Blue Ridge. Ga.1o ... .... 1947 4- 28 4.2 
Pittsfield, m.Il ..... .... 1940 5- 3 4.25 

ITemperature records for E. Lansing, Mich. 
2Temperature records for Grand Rapids, :Mich . 
3Temperature records for Akron, O. 
4Temperature records for Arend tsville, Pa . 

Daily minima Daily maxima 

41-40- 39- 37- 42- 56- 43 66- 55- 57- 60- 75- 62- 58 
46- -40- 37-40- 45- 58-48 62- 53- 50- 61- 74- 65- 65 
49- 45- 49- 56- 46- 46- 39 70- 71- 79- 78- 69- 71- 68 
30- 27- 29- 33- 38-48- 55 49-02- 64- 75- 86- 87- 74 
58- 59- 50- 49- 52-50- 51 82- 80- 66- 60- 69- 62- 68 
46- 56- 47- 45- 50- 60- 57 72- 79- 69- 56- 70- 82- 73 
51- .'50-48-5,')-48-53-41 67- 64- 75- 79- 72- 77- 65 
42- 34- 50-49- 69- 55- 51 63- 66- 74- 74- 80- 79-81 
44- 39- 44- 50-50- 46-42 66- 60- 69- 61- 56- 64- 66 
16- 59- 58- 54- 48-49- 46 79- 76- 72- 76- 68- 60- 84 
37- 37- 51- 62- 57-52- 46 76- 80- 81-·82-73-82- 81 

• Mean of the temperature records for Baltimore, Md., and Philadelphia, Pa. 
6'Mean of the temperature records for Cairo, III. , and Memphis , Tenn. 
7Temperature records for Springrield, Mo. 
8Temperature records for St. Joseph, Mo. 
9Temporature records for Toronto, Onto 

IOTemperature records for Chattanooga, Tenn . 
lITemperature records for Springfield. Ill. 



14 MICHIGAN SPECIAL BULLETIN 358 

TABLE 2B-T emperature conditions during the l-week period starting with full 
bloom at selected stations, as 1'elated to fruit setting in the DelicioLls apple 

Location 
Date Percen t 

Year of flowers 
full setting 

bloom fruit 

Daily minima Daily maxima 

_ ___________ 1 _____ -------------- --------------

Stephenville, Tex1 .. . 
College Park, Md.2 .. . 

Pittsfield, IlP ... . 
Lafayette, Ind.4 ... . 
KentviJle, N. S.5 .. . 
Yakima, Wash.~ .. . . 
Wenatchee, Wash.~ .. 
lYlont,ague, Tex.l . .. 
Hood River, Ore. 7. 
Stillwater, Okla.8 .. 
Harrow, Ont.,9 .. . . 
Pullman, Wash.lo .. . 
Knoxville, Tenn.l l. 
C lemson, S. C.12. 

]947 
1947 
1941 
H).17 
1947 
H)47 
]947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 

4- 21 
5-5 
4- 27 
.')- 13 
.')- 28 
Fi- lO 
4- 29 
4- 22 
4- 18 
4- 1.') 
5- 26 
5- 4 
4- 22 
4- 25 

.5.0 
5.5 
7.96 
6.3 
6.6 
66 
6.7 
7.0 
7.3 
7.7 
8.0 
8.1 
8 .3 
8.5 

50- 64- 69- 48- 47- 46- 1)6 
52- 52- 45- 39- 35- 3.')- 37 
50- 55- 55- 59- 62- 58- .')9 
1)8- 52- 52- 62- 61- .')7-52 
39- 42- .52- 50-44- 33- 1).') 
46- 40- .')0- 44- 34-49- 49 
38- 3.')- 49- 49-39- 48- 43 
64- 69- 48- 47- 46- 56- 62 
49- 48- 40- 33- 34- 49- 47 
41- :36- 37- 4 7-4.')-4~-44 
41- 39- 51- 39- 37-42- 57 
43- 43-46- 57- 52- 48-44 
48- 51- 59- 56-·17-41- 49 
60- 55- 49- 55- 54- 60- 62 

~3-~4-~4-80-58-67-68 
63- 69-·70- 56- 54- 52- 74 
7.')- 80-81- 82- 73-82- 81 
78- 72-85- 76- 77- 69- 7.') 
78- 72- 59- 72- 64- 74- S8 
7.')-81- 80- 73- 74- 79- 72 
68- 69- 85- 79- 79- 84- 85 
84- 84-80- .')8- 67- 68- 74 
59- 61- 60- 70- 72- 6] - 65 
(1)--.') l - fi7- 75- 68-63- 77 
71 -65-68-6~-63-71-65 
77-79-~3-87-64-61-65 
79- 78- 77- 78- 66- 75- 79 
85- 73- 80- 78- 76-81- 81 

ITemperature records for Fort, ,Vorth, Tex. 
2Temperature records for 'Vashington , D. C. 
:JTemperature records for Springfield, Ill. 
4Temperature records for Tndianapolis , Iud. 
5Temperature records for Kentville, N. S . 
~Temperature records for Yakima, Wash. 
7Tempel'ature records for Hood River, Ore. 
8Averages of the temperatures record for Tulsa a nd Oklahoma City, Okla. 
9Temperature records for Toledo, O. 

10Temperature records for Spokane, Wash. 
IITemperature records for Knoxville, T enn. 
12Temperature records for Spartanburg , S. C. 

TABLE 2c-Tenl,perature conditions during the l-week period starting with full 
bloom, at selected stations, as related to fruit setting in th e Delicious apple 

Location 
Date Percen ( 

Y car of flO\\'ers 
full seLt ing 

hloom fruit 

Daily minima Dally maxima 

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

Mesilla Valley, N. Mcx 1
. 

Columhia, Mo. 2 .... . 
Lincoln, Nebr.3 ... . 
Vancouver, Wash." .. 
Amherst, l'.1ass.5 ... 
Fruitland, Ida.~ .. 
Durham, N. 1£.7 . 
Austin, Colo.8 . . 
Haleigh, N. C.9 .. 
l~a l eigh, N. C.9. 
Orono, Me10 
Storrs, Connll ..... 
Auburn, Ala12 . 

Logan, Utah l3 . .. . . 
Stoneville, Miss.14 . . . 
Medford, Ore l5 .... . 

]947 
1947 
]U47 
]947 
1947 
1946 
1947 
1947 
1947 
1947 
]947 
1947 
1947 
1947 
1947 
1947 

4- 7 
5- 4 
5- 8 
4- 17 
5- 2.5 
4- 23 
5-~0 
4- 22 
4- 15 
4- 20 
6- 1 
5- 22 
4- 17 
5- 6 
4-17 
4- 20 

10.2 
10.4 
10.8 
10.6 
11.7 
11.9 
12.9 
J4.8 
H).4 
33.S 
16.6 
16.8 
17 . 7 
20.7 
21.2 
17.2 

56- 58-46- 43- 45- 4]-49 
53-44- 46- 40- 44-40--44 
42- 35- 54- 54- 55-52- 57 
.50- .')0- 47- 42- 41- 40-41) 
62- 57-49- 48-63- 46- 37 
35- 46- .54- 39- 32- 37- 34 
4 ::hH- 40- 55- 42- 34- 42 
42- 34--35- 32- 32- 110- 44 
.')2- .')7- 4:3- 36- 45-50- 51 
.')0- 1)0-46- 44- .')1- 59- 51 
44- 56- 44- 46- 47- 43- 40 
53- 54- 47- 57- 54-48- 47 
46- 39- 47- 51-51- 48- 47 
.')4- 57- 59- 46- 41- 42- 44 
41- 41- .')2- 59- 48-43- .')4 
37- 32- 35- 36- 38- 36- 39 

ITemperature records for Roswell, :i\f. M. 
2Temperalure records for Columbia, Mo. 
3TemperaLure records for Lincoln, Nebr. 
"Temperature records for Vancouver, 'Vash. 
'Temperature records for Amherst, Mass. 
6Temperature records for Boise, lela,. 
7Temperature records for Concord. N. H. 
8Temperat,ure records for Austin , Colo . 
9Averages of t,he records for Charlotte and Ashevillo, N. O. 

IUTemperature records for Oldtown, Me. 
IITemperature records for Storrs , COlli!. 
12Temperature records for Auburn, Ala. 
I:< Temperature records for Logan, Utah. 
14Temperature records for Greenville, Miss. 
l5Temperature records for :Medforcl, Ore. 

84-81- 81- 82- 73- 77-86 
76- 67- 77- 64- 63- 65- 69 
60- 6.')- 76- 74- 76- 77- 89 
72 -60- 62- 88- 72- 66- 62 
77- 76- 71- 81- 86- 66- 68 
72- 82- 92- 73- 68- 75- 70 
G8- 66- 78- 78-6.')- 72- 7.') 
72- 62- 54- 66-72- 68-59 
(j\)- 76- 62- 71- 79- 79- 69 
7D- 7D- 64- 70- 79-82- 68 
81 - 59- G3- 68- 71- 72- 73 
G4- 77- S3- 76- n - 70- 76 
60- 71- 80- 78- 60- 68- 72 
86- 86- 83- 68- .')9- 56- 55 
68- 7.')- 83- 78- 65- 74- 84 
62- 66- 71- 72- 72- 82-86 

FnuIT SETTI' 

TABLE 3A-Total day-degrees abo 
14-day and 30-day periods, 

Location 

East Lansing. IVlich ... 
Grand Hapids , .1\1ich .. 
,Vooster, O ..... 
Aren,ltsville. Pa. 
Newark, Del. . 
Oampbe!J , Mo .. 
Mt. Grove. Mo .. 
Doniphan, J(an .. 
Vineland, Ont ..... 
Hlue Hiclge. Ga. 
Pi ( l sfield , Ill. 

Average ... . . . .. .. . 

TABLE 3B-Total day-degrees abc 
1·4-day and 30-day periods, 

Location 

Stephenville, Tex .. . 
College Park , ~lu . . . 
Pittsfield, 111 ... . 
Lt,fayeHe, 1 nel .... . . 
}{ontville, N . S .. . . . 
YaldmcL, Wash ....... . 
,VenaLellOe, 'V ash .... . 
l'.IoIl(,a gue, Tex .. 
Hood HiveI', Ore. 
Stillw ater, Okla. 
Harrow , Onto . ... 
Pullman, '\'asll. . 
Knoxville . Te1l1l. 
Clemson, S. C . . 

Average .... . .. . 
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TABLE 3A-Total day-degrees above 42 ° F. maximum at selected stations for 7-day, 
14-day and 3D-day periods, starting 1cith full bloom 

Location 

East Lansing . 1\1kh .. 
G rand Rapids , Mich. 
Wooster, O. . . .. . . . .. . .. . 
Aroncltsvi1Je. 1'a. . ........ . 
Newark, Del ... . 
CampheU, Mo .. . 
Mt . Grove, 1\10. . . .. . .. . ...... . . 
Doniphan, J( an . 
Vineland. Ont .. 
Blue JUdge. Ga . . .. . . . . . . 
Pit ts field , Ill. 

Average ..... . 

Da.te o f 
Yna.r full 

bloom 

----------

1947 .5- 27 
1947 5- 27 
1947 5- 21 
1947 5- 17 
1947 4 - 30 
IH4 7 4 - 18 
1947 5- 1 
J 947 5- 8 
1947 5- 20 
1947 4 - 2)j 
1040 5 - ;} 

-----

7-day 14-day 30-day 
Total Total Total 

135 354 835 
136 379 894 
212 400 943 
191 457 .. ....... 
201 350 915 
207 427 905 
20.5 402 023 
223 471 919 
148 296 761 
221 450 lUI 
215 436 938 

-----

190 402 923 

TABLE 3B-Total day-degrees above 42 ° F. l1wximum at selected stations for 7-day, 
14-day and 3D-day periods, starting tvith full bloom 

Loca,tion Year 
Date of 

full 
bloom 

7-cJay 
Total 

14-day 
Total 

30-day 
Total ' 

- --------------------1-------·1------1------------------
Stephenville, Tex .. 19-1-7 4- 21 230 535 U57 
College Park, ~fcl . . 1!H7 [)- 5 144 396 1036 
\,ittsfield , 111. 1!l41 4- 27 261 479 1094 
LafayeU e, ] nel. . . .. . . ...... .. . 1!)·17 5- 13 238 450 998 
l( ontville , N. S .. 194 7 5- 213 184 209 767 
Yakima, 'Vasll. ....... . ... . . ....... 1\)·17 5- 10 230 514 1137 
VvenaL(~llee, \Vash . ... . ...... . .. ... . . 1!)47 4- 29 2.'j5 520 1170 
1\·lollt ague, Tex .. 1917 4-22 221 504 1123 
1I00d HiveI', Ore. H)47 4- 113 156 349 792 
S tillw ater, Okla .. 1947 4- 15 171 343 932 
H a rrow, Onto .. 1947 5- 26 176 307 921 
Pullman, '\·ash .. 1947 5- 4 222 407 039 
Knoxville. TOlin 1947 4- 22 238 453 1037 
ClcmsoIl, S . C ... . . . . - . .. ........ .. . 1047 4- 25 260 501 1160 

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

Average ................. .. .. . ...... .. . . . . .. . .... 214 439 1019 
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T A BLE 3c-Total day-degrees above 42° F. 171,aximum at selected stations for 7-day, 
14-day and 30-day periods, starting with full bloom 

D ate of 
Lo('a ti o n Y('ar full 7-da y 14-day 30-day 

bloom Tot,al Total ToLa.] 

M esilla Vall oy , N. l\ipx . .. 1946 4- 7 270 521 1137 
Columbia, Mo . .. . . 1947 5- 4 1R7 462 950 
Lincoln , N ebr .... 1947 5- 8 222 429 883 
Va neouver , "Wash . 1947 4- 17 188 3 57 799 
Amhe rst. 1\Iass . . 194 7 5- 25 227 4 53 9 8 1 
l<'ruiLI <l n d , ]da . . . . . .. .. . . . . . 1946 4- 23 238 447 913 
Durha m , N. [[ . .. . . . . . . . .... . . .. . . . ]f14 7 5- 30 208 424 958 
Austin , C olo .... .. . 1947 4- 22 159 45 2 1003 
Brushy M t . , N. C . . 1947 4- 17 202 438 960 
Brushy M t. , K . C. . . .... . .. 1947 4- 22 222 392 989 
Orono, 1\1e .. .. . . 1947 6- 1 194 3 84 933 
Storrs, C onn . . . . 1947 5- 22 225 428 896 
Auburn , Al a . .. . . . .. . . . . . . ........ . 1947 4- 17 195 542 1139 
Loga n, U ta h . .. . 1947 5- 6 198 386 854 
Sto neville, Miss . . .. . . . . . . 1947 4- 17 233 486 1118 
Medford. Ore .. . . .. . . . . . . . . . .. . . . . 1947 4- 20 217 465 992 

Ave rage .. . .. . .. . . ... . . ..... . ·· · •• 0· · . • •• •• • •• 0. 212 442 969 

While enton1010gists suggest 57° F. as the temperature above and 
below which the honey bee becomes active or inactive and hence does 
or does not effect pollination, physiologists regard 42° F. as an arbi
trary starting or stopping point for n10st growth processes. Some 
processes in some plants proceed at lower ten1peratures and others in 
other plants may not proceed until a considerably higher temperature 
is reached. However, for the various physiological processes influ
encing fruit setting, 42° F. lnay probably be regarded as a base point. 
Furthermore it is a well established law that as the telnperature rises 
above 42° F. these processes are greatly accelerated. There is no exact 
quantitative measure of this acceleration that applies to all processes 
in all plants but the number of day-degrees above 42° F. is regarded 
as a rough n1easure of telnperature influence on theln. Thus if the 
maximun1 temperature recorded one day is 62° F. it is assumed that 
physiologically the plant is twice as active as it is on a day when the 
maximum is 52° F. 

The data in Table 3a, 3b, 3c reveal the total day-degrees above 42° 
F. recorded at the several locations for the 7-day, 14-day and 30-day 
periods, starting at full bloom. It will be noted that, while there was 
no great difference in total "effective" temperatures between the low
setting, moderate-setting and high-setting locations for the 14-day and 
30-day periods, the totals for the poor-setting stations fell far below 
those for the other two groups during the 7 -day period starting with 
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full bloom. It is therefore a reasonable assumption that the higher 
temperatures at many of the locations during the first week of the fruit
setting process exerted a favorable influence on it. 

LIGHT 

There is little in the literature dealing with fruit setting in the 
apple that furnishes much information on the influence of light on the 
process. There is, however, evidence of its influence on setting in a 
number of other species. Dunlap (18) has shown that during periods 
of low light intensity there is reduction in boll setting in cotton, and 
Bradbury and Roberts (9) have established a similar relationship be
tween light intensity and setting in the sour cherry in Wisconsin. To 
one who has lived in the Great Lakes region where Delicious char
acteristically sets less abundantly and in certain other regions where it 
bears heavily, one of the more obvious differences in climate is in 
cloudiness. The Great Lakes region, and especially Michigan sur
rounded as it is by lakes, has much cloudy weather. Furthermore when 
the sky appears cloudless sunlight intensity appears less than in many 
other regions, an observation verified by pyrheliometer records. It 
therefore occurred to the writers that possibly the amount of sunlight, 
as influenced both by light intensity and length of day, reaching the 
trees during the period of fruit setting may have considerable influence 
on the process, cloudy weather and short days interfering with and 
bright sunny weather and long days promoting it. 

U. S. Records (pyrheliometer)-Quantitative data on aITIount of 
sunlight received daily are recorded and made available regularly by 
the U. S. Weather Bureau for 25 stations in the continental United 
States. There are perhaps an equal number maintained by other agen
cies in the rest of the world. Exact sunlight data are therefore limited 
to only a few locations or areas. However, a number of the locations 
for which fruit-setting records in the Delicious apple were obtained 
and are presented in this article are close to U. S. Weather Bureau 
pyrheliometer stations. Furthermore it is believed that sunlight data 
obtained at most of the stations in the United States are at least ap
proximate for considerable areas and that they may be used for com
parative purposes for most of the United States and Canadian stations 
for which fruit-setting records are presented in this publication. 
Certainly the pyrheliometer records at East Lansing, Michigan, located 
only about a mile frOlTI where the East Lansing fruit-setting records 



TABLE 4A-Fruit setting in the Delicious apple in different locations as correlated with sUllshine for 7-day, 14-day and 30-day 
periods starting with full bloom 

Loca tion 

East Lansing, 1\1ich.2 ... .... . 
Grand f{apids, Mich. 2 • • 

Fremont, 1\1ich.2 ............ . 
'Wooster, 0.3 ... . . 
Arendtsville, Pa.4. . . . . . . . . . . . ... . ..... . 
Newark, Del.5. . .. . ..... .. ..... . . ... . 
Lexington, Ky.5 ........ . .... . .. ..... . . . 
Trenton, Ont.7 ••••• . •••••••••••.•• 
Campbell, 1\10.8 .•..•••......•..•.. 

1\lt. Grove, 1\10. 9 • '" •••• 

Doniphan, Kan. !o .............. .. . 
Vineland, Ont.ll .. .......... .. . 
Blue Ridge, Ga. 12 ......... . .............. . 
Pittsfield , Ill. 13 . , ........... , , • .... •. • , .. . . 

Average .. , , . , , .. , , . .. , . , ... , .... . . 

Year 

1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1940 

Percent 
flowers 
setting 

fruit 

4.3 
4.2 
0.6 
l.13 
2.3 
2.5 
2.9 
3.6 
4.0 
4.0 
4.1 
4.2 
4.2 
4.25 

3.305 

Date of 
full 

bloom 

5-27 
5-27 
6-1 
,5-21 
5-8 
4-30 
4-n 
6-1 
5-1 
5- 1 
5-8 
5- 29 
4-28 
5-3 

7 Days 

2,248 
2,248 
2,599 
2,621 
3,500 
2,810 
2 ,477 
2,878 
:3 ,545 
3,905 
3,643 
2,846 
2,477 
2,766 

2,900 

Gram-calories of sunlight, direct and rliffused, 
received per square centimeter 
--,,-----,-----

D eparture 
from 
meant 

-540 
-540 
-316 
- 57 
+204 
-840 
-252 
- 49 
+462 
+ 714 
+525 
-588 
-252 
-167 

-122 

14 Days 

5,639 
5,639 
,5 , 621 
5,135 
5,657 
6 ,92 1 
6 ,937 
6 ,037 
7,91 3 
8,593 
6,638 
6 .082 
6 , 937 
5,161 

6,3;)5 

Departure 
from I 30 Days 
mean! 

351 
351 
403 
147 
594 

+ 91 + 644 
351 

+1589 
+2072 
+ 3.5 

539 
+ 634 

832 

+ 102 

12,670 
12 , 670 
13 ,886 
12 ,549 
15, 857 
14,166 
14, 011 
15 ,283 
15,751 
]7 ,074 
13,857 
14,853 
1-1,011 
12 , 634 

13,523 

Departure 
from 
mean l 

839 
839 
316 
369 

+ 742 
- 715 
+ 122 

120 
+1300 
+2069 
+ 19 

203 
+ 82 

798 

+ 110 

IThese departures are from the mean for the respecti ve week , 2-week or 30-day calendar periods. Blossoming at a II of these locations in 1947 was 1 to 3 
weeks later than normal. The normal or average gram-calories of radiation received at these locations for the several periods following blossoming would 
be less than indicated in this table and the +departures correspondingly greater, with the -departures correspondingly less. 

2The fruit setting figures for East Lansing and Grand Rapids are higher than average for Michigan; those for Fremont are lower. The Fremont figures, 
however, represent about what that orchard has been doing year after year, in spite of ample provision for cross pollination. The East Lansing and Grand 
Rapids figures are higher than usual for those particular orchards , The average for the three orcha,rds may be considered as fairly r epresentative of Michi-
gan conditions. 

3The radiation figures are averages for State College, Pa., Ithaca, N, Y. , Toronto, Ont., and East Lansing, ::\Iicll. The data on fruit-setting were obta ined 
by Mr. C. ,V . Ellenwood of the Ohio Agr. Exp. Sta. ::'\ote comment in the accompanying text about possible frost injury. 

4The radiation figures are for State College, Pa. The data on fruit, setting were obtained by 1\1r. F. N, Hew etson of the Pa. State ColI. Fruit Research 
Laboratory at Arendtsville, P a. He states (29) that the occurrence of frost during the blossoming period probcLbly \yas a f actor in reducing the setting of 
fruit somewhat below normal. 

5The radiation figures are averages for New York City and ,Vashington, D. C. The fruit-setting data w ere obtained by Dr. A. L. l\:e nworthy of the D ela
ware A~r. Exp. Sta. He states (34) that low tempel'Cttures coupled with enough wind to interfere wit h cross pollination probably reduced the set of fruit 
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IThese departures are from the mean for the respective week, 2-week or 30-day ealendar periods. Blossoming at all of these locations in 1947 was 1 to 3 
weeks later than normal. The norma.l or a.verage gram-calories of radiation received at these locations for the several periods following blossoming would 
be less than indicated in this table and the +departures correspondingly greater, with the -departures correspondingly less. 

2The fmit setting figures for East Lansing and Grand Rapids are higher than average for Michigan ; those for Fremont are lower. The Fremont figures, 
however. represent about what that orchard has been doing year after year , in spite of ample provision for cross pollination. The East Lansing and Grand 
Rapids figures are higher than usual for those particular orchards . The average for the three orchards may be considered as fairly r epresentative of l\'licru
gan conditions. 

3The radiation figures are averages for State Coll ege, Pa. , Ithaca, N. Y., Toronto, Ont., and East Lansing, :'Iicll. The data on fmit-setting were obtained 
by Mr. C. ",Y . Ellenwood of the Ohio Agr. Exp. i::lta. Xote comment in the accompanying text about possible frost injury. 

4The radiation figures are for State College, Pa . The data on fruit, setting were obtained by :Mr. F. X. Hewetson of the Pa. State ColI. Fruit Research 
Laboratory at Arendtsville, Pa. He states (29) that the o('currence of frost during the blossoming period probably \"as a factor in reducing the setting of 
fruit somewhat below normal. 

5The radiation figures are averages for Kew York City and 'Washington, D. C. The fruit-setting data were obtained by Dr. A. L. Kenworthy of the Dela
ware Ag-r. Exp. Sta. He states (34) that low tempera tures coupled with enough wind to interfere wit h cross polli.nation probably reduced the set of fruit 
considerably below normal for the area. Kote, however, that solar radiation in 1947 was far below normal. 

6The radiation figures are for :\I"ashville, Tenn. The data on fruit setting were obtained by Dr. C. S. ",Yaltman of the Ky. Agr. Exp. Sta. He states (60) 
that the set of fruit on Delicious in 1947 was one of the poorest of that area for many years, attributed by him to unfavorable conditions during the blos
soming season; however , Mr. ",Y. ",Y. ~lagill (3 7) of the I\:y. Agr. Ext. Service states that normally in Kentucky Delicious sets poorly and r equires "heavy 
pollination" . 

iThe radiation fi qures are for Toronto, Onto The d ata 011 fruit setting were obtained through the courtesy of :'11'. C . A. "Eayes of the Canadian Dept. of 
Agr., Ottawa. Canada. :'lr. Eaves states (20) that the crop at Trenton in 1947 is LO be considered as normal or I)ossibly above for that area. 

8The radi.ation figures are averages for Columbia, :'10. , and ::\'ashville, Tenn. The fruit-setting data were obtained through the courtesy of Dr. A. E . 
:'lurneek of the ~10. Agr. Exp. Station. He states (41 ) that the fruit setting of Delicious in the orchard ill Question in 1947 was typical of its usual behavior 
ill southeastern :'lissouri. 

9The radiation figures are for Columbia, 110. The fruit-setting data were obtained by :'11'. P. H. Shepherd, superintendent of the ::'-.Iissouri Fruit Experi
m ent Station at ::\'lountain Grove, :'10 . ?-lr. Shepherd (52) states that :'lcl ntosh. King David and Jonathan trees were interplanted with the Delicious, 
that conditions were very favorable for pollination in 1947 and fruit setting of the Delicious apple was 30 to 50 percent better than usual in that a rea. This 
lllay be correlated ,rith the fact that sunshine following full bloom was 15 to 20 percent above normal. 

Wfhe radiation figures are for Lincoln, ~ebr. The data on fruit setting " 'ere obtained by Dr. ",Y. F. Pickett of the Kan. Agr. Exp. Sta. and E. Abmeyer 
of the Northeast Kansas Experimental Fields. Dr. Pickett states (45) the set on Delicious in 1947 was fairl y typical for that area. The trees blossomed 
yery heavily and hence with just a moderate percentage of blossoms setting fruit, the crop was rather heavy. 

lIThe radiation figures are for Toronto, Onto The data on fruit setting were obtained by Dr. ",Y . IT. "Cpshall and ~lr. O . A. Bradt of the Ontario Horti
cultural Experlment Station at Yineland Station, Ont., a ncll'eport ecl as fairly typica l for Ontario. Dr. Cpsball reports that in bOLh 194,,) and 1946 Delicious 
on ::'-.lalling IX rootstocks bore better ('rops than trees OIl other stocks. 

IZThe radiation figures are for Xash\ille. Tenn. The fruit-setting data " 'ere obtained by ~Il'. J. E. Bailey of the Georgia :'lountain Experiment Station 
at Blairsville, Ga. :'11'. Bailey (2) states that the fruit setting in 1947 was normal for that area other seasons. 

13The radiation figures are for Chicago. The fruit-setting data were obtained by Dr. R. L. ::\lc::\lu11n of the III. Agr. Exp. Stet. Xote the low set, associ
ated wiih less sunshille than normal; compare wlth fruit-setting records from the same orchard ill 10-11 \\'hen there was more sunshine than normal Crable 4b). 
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TABLE 4B-Fmit setting in the Delicious apple in different locations as correlated with sunshine for 7-day, 14-day and 3D-day 
periods starting with full bloom 

Gram ca lories of sunlight, direct and diffused, 

Percent Dat,e of 
r-- rereiyeJ per squ3xe centime~ ___ -----

Lor.ation Year flowers fuJI 

7 Da" I Deg.~;:,uce 11 14 Doy' I Deg.~,:,u,e 130 DaY' I Deg::;~"'" sf',tting bl oom 
fruit 

meanl mean! mea!1' 

Stephenville, Tex. 2 .. . ......... . ........... 1947 5.0 4-21 3,286 + 76 6 ,772 + 461 14,304 + 874 
Holly Springs, Miss.3 .... ......... .... ..... 1947 5.0 4- ]6 2,843 224 .5 , 891 42 13 ,900 + 60 2 
College Park. iVld .4 • •• ••• • •••• • •• • • • ••.•• • • 1947 5.5 .5-5 4,217 + 1302 7, 464 + 623 16,624 + 1939 
Lafayette, Ind .•..... . . .. . .............. , . 1947 6 .3 5-13 3,063 + 896 5,855 + 683 13,449 + 630 
KentvilJe, N. S.6 . .... . , ... . .............. . 1947 6.6 ::,-2S 3,092 98 6,152 317 14,037 + 135 
Yakima, 1Vash .7 ...................... . . . . 1947 6.6 5-]0 3,170 668 7 ,9 16 172 1fi, 396 -1033 
Wenatchee, ·Wash.7 .. ........ ...... ........ 1947 6.7 4-29 4,238 + 315 7,003 854 16 ,673 - 609 
Fayetteville, Ark. s . ..... . .. .. . . . . ..... . ... 1927-32 7 .0 4-11 2.702 

+'208' . 
5,474 

+'459 
12 ,542 

WggJa~f;er:Oxr~.·lO: : : : : : : : : : : : : : : : : : : : : : : : 1947 7.0 4-22 3,091 6.651 14,557 + 875 
1947 7.3 4-1 8 3,575 + 147 7 , 797 + 686 16, 00 8 - ]68 

S tillwater, Okla. ll ..................•.. , .. . 1947 7 . 7 4-15 3,056 154 5, 783 - 259 ] 3,087 + 903 
Pittsfield, Ill.!2 ..... ....... . .. ......... ... . 1941 7.96 4-27 3 , 572 + 644 7 ,346 + ]323 14,678 +2:-343 
,!{arrow, Ont,.13 . .... . ..................... 1947 8.0 5-26 2 , 401 588 5,469 5:39 14 ,3:')0 - 245 
Pullman, vVash.7 . ... , .. . . . . ... . .. ....... .. 1947 8. 1 5-4 3,396 454 6,976 899 15,9 1.') -229.') 
Knoxville, Tenn.l4 ... .... . .. ......... . . . .. Hl47 8.3 4-22 3,142 + 182 5,839 70 ]3,797 + 834 
Clemson, S. C15 . . . . .... . . ....... ... ..... . 1947 8.5 4-25 3.897 + 76 1 7.298 + 949 ] 5,585 + ]644 

--1-------

Average . .... . .............. .. .... . ., ........ 6.972 . .. ..... .. 3,296 + 156 6,605 + 135 ]4,681 + 429 

lThese departures a re from the mean for the respective week, 2-week or 30-day calendar periods. Blossoming at all of these locations in 1947 was 1 to 3 
weeks later than normal . The normal or average gram-calories of radiation received at these locations for the several periods following blossoming would 
be less than indicated in this table and the +depart,ures correspondingly greater , with the -departures correspondingly less. 

2The 7-day and 14-day radiation figures are averages for Lincoln, Nebr., and New Orleans. La.; the 30-day data are for Lincoln, Nebr., only, those for 
New Orleans being incomplete for the last 16 days. The fruit-setting data were obtained by Mr. T . E. Denman of the Stephenville, substation of t,he Tex. 
Agr. Exp. Sta. Mr. Denman (17) states that in 19Jf 6 frui.t setting at St,ephenville was greatly reduced b ecause of temperatures above 100°F. during the 
blossoming season ; such experiences are not uncommon in Northern T exas. 

3The radiation figures are for Nashville, Tenn. The fruit-setting data were obtained by Mr. S. P. Crockett of the Miss. Agr. Exp. Sta. branch station at 
Holly Springs, Miss. 

'The radiation figures a r e for Washington, D. C. The fruit-set t ing data were obtained by Dr. A. L. Schroeder of the :Md. Agr . Exp. Sta. He reports (50) 
that in 1947 the trees were 9 years old, about half of the spurs blossom ed; with 5.5 p er cent of t h e flowers set t ing frui t a good crop was borne by the trees. 

"The radiat,ion figures a re averages for East Lansing, MiPh. and Nashvill e, T enn . The fruit-setting d ata were obtained by Dr. C. E. Baker of the Purdue 
Un.iv. Agr . Exp. Sta. Dr. Baker reports that there was some frost injury in the orchard during the blossoming season. 
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IThese departures are from the mean for the respective week, 2-week or 3~-day calendar periods. Blossoming at all of these locations in 1947 was 1 to 3 
weeks later than normal. The normal or average gram-calories of radiation received at these locations for the several periods following blossoming would 
be less than indicated in this table and the +departures correspondingly greater , with the -departures correspondingly less. 

2The 7-day and 14-day radiation figures are averages for Lincoln, Nebr., and New Orleans. La.; the 3~-day data are for Lincoln, Nebr., only, those for 
New Orleans being incomplete for the last 16 days. The fruit-setting data were obtained by Mr. T. E. Denman of t he Stephenville, substation of t.he Tex. 
Agr . Exp. Sta. Mr. Denman (17) states that in 19 J,6 fruit setting at Stephenville was greatly reduced because of temperatures above lOO°F . during the 
blOSSOming season; such experiences are not uncommon in Northern Texas. 

3The radia.tion figures are for Nashville, Tenn. The fruit-setting data were obtained by Mr. S. P. Crockett of the Miss, Agr. Exp. Sta. branch station at 
Holly Springs, Miss. 

4The radiation figures are for 'Washington, D. C. The fruit-setting data were obtained by Dr. A. L. Schroeder of the Md. Agr. Exp. Sta. He reports (50) 
that in 1947 the trees were 9 years old, about half of the spurs blossomed; with 5.5 percent of the flowers setting fruit a good crop was borne by the trees. 

6The radiation figures are averages for East LanSing, Mi<'h. and Nashville, Tenn. The fruit-setting data were obtained by Dr. C. E. Baker of the Purdue 
Univ. Agr . Exp. Sta. Dr. Baker reports that there was some frost injury in the orchard during the blossoming season. 

6The radiation figures are for Boston, Mass. The fruit-setting figures were obtained by Mr. R. D, Bligh of the Experiment Station at Kentville, N. S. 
7The radiation figures are for Twin Falls, Ida. 
8The radiation figures are averages for Columhia, Mo . The fruit-setting data were obtained by Prof. J. R. Cooper of the Ark. Agr. Exp. Sta. and cover 

a period of several years. He states (14) that they may be regarded as fairly typical for Arkansas conditions, mature trees producing 10 to 15 bushels of 
fruit. 

9The 7-day and 14-day radiation figures are ayerages for Lincoln, Kebr" and New Orleans, La.; the 3~-day data are for Lincoln, Xebr., only, those for 
New Orleans being incomplete for the last 16 days . The fruit-setting data were obtained by 1\lr. U . A. Randolph of the Montague substation of the Tex. 
Agr. Exp. Sta. There was .some rain and cloudy weather during the blossoming season. 

I01'he radiation figures are foJ' Twin Falls, Tda. The fruit-setting data were obtained by :Mr. G. G. Brown of the Hood River Branch Experiment Station , 
Hood River, Ore. The percentage given-7.3-actually is less than the true percentage as each spur that bore fruit was counted as producing only one 
fruit , when actually a number produced two or more. 

liThe radiation figures are for Lincoln, ~ebr. The fruit- setting data were obtained by Dr. F. B. Cross of the Okla. Agr. Exp. Sta. Dr. Cross (15) states 
that the 1947 set and crop on the Delicious were fairly typical for Oklahoma conditions-perhap'l just a li t tle lower t11an average. 

12The radiation figures are for Chicago, Ill. The data on fruit setting were obtained by Dr. R. L. Mc::.vlunn of the Ill. Agr. Exp. Sta. 
13The radiation figures are for Toronto, Onto The fruit-setting data were obtained through the ('ourtesy of Dr. C. A. Eaves of the Canadian Central Experi

mental Farm. Ottawa, Canada. Dr. Eaves (20) states that the figures for fruit setting in 19J7 at Harrow are probably higher than normal for t.hat section; 
pollination conditions were especiaJly favorable. 

14The radiation figures are for Kashville. Tenn. The fruit-setting data were obtained by Dr. N. D. Peacock of the Tenn. Agr. Exp. Sta. 
I;The radiation figures are averages for \vashillgton, D. C and :i'\ashville, Tenn. The data on fruit setting were obtained by ?Iessrs. A. ~I. lYlusser and 

H. F . Sefick of the~. Car. Agr. Exp. Station. Mr. ~Iussel' (42) states that in South Carolina the Delicious apple typically sets fruit so heavily that thinl1in/Z 
is necessary, and that the crop in 1947 was somewhat below normal. 
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TABLE 4c-Fruit setting in the Delicious apple in different locations as correlated with sunshin e for 7-doy, 14-daU and 3D-dOl) 
periods starting Leith fll!l hloom 

Location 

Mesilla Yalley, N. Mex.~ ........... , ... . 
Columbia, MO.3..... .... .. . . .. . ... .. . 
Union, Nebr.4. . . . . . ... . .. . ....... . 
Vancouver, "Vash. 5 • • • . • ••••• .•. 

Amherst, Mass.6 .. .... .. . . ..... ... . . .. . 
Fruitland, Ida. 7 •• • . ••••••••.• • .••••••• 

Durham, N. H.B .......... . ....... ... .. . 
Austin, Colo.9 ........... . ............. . 
Orono, 1\1e. lo .. ......... ..... .. . . ...... . . 
Summerland, B. C.ll ................ . 
Storrs, Conn.'2 ..... ... ......... , .......... . 
Auburn, Ala. 13 .... .................... .. . . 
Logan, Utah l4 ..................... . 
Stoneville, 1\i[iss. 15 .. . . . . . . . ...... ...... . 
1\i[edford , Ore. 16 . .. ........... . . .. .... . 
Brushy Mt., N. C.17 ...................... . 
Brushy Mt., N. C.17 .. .... ... ....... ...... . 

Average . ....... ..... .......... .. . . 

---

Year 

19,16 
1947 
19-±7 
1947 
1947 
1946 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 

Percent 
flo\\'ers 
setting 
fruit 

10.2 
10.4 
10. 8 
10.6 
11.7 
11.9 
12.9 
14. 8 
16.6 
16.7 
16.8 
17.7 
20.7 
21. 2 
17.2 
19.4 
33.8 

D ate of 
full 

bloom 

4-7 
5-4 
5-8 
4-17 
5-25 
4-23 
.5-30 
4-22 
6-1 
5-1 
5-22 
4-17 
5-6 
4-17 
4-20 
4-15 
4- 20 

16.082 , ......... . 

7 Days 

4,045 
4,912 
3,6.')0 
3,472 
3,629 
3,922 
3,399 
2,847 
3,209 
4,111 
2,922 
3,067 
3,424 
3,820 
4 , 115 
2.862 
3,207 

3,576 

Gram-calories of sUllJight. direct and diffused, 
receiyed pl'r square centimeter 

.-----11-----'-

Deviation 
from I 14 Days 

norma}l 

+ 302 
+2404 
+ 525 + 37 
+ 552 
+1141 
+ 183 
-1172 
- 31 
+ 312 
- 108 

18 

'+ ' 888 
+ 381 
- 30 
+ 78 

+ 339 

8,180 
8,575 
6,645 
7,602 
6,838 
8,439 
6.310 
7,257 
6,173 
6.827 
6,276 
1),788 
7 ,360 
6,757 
8, 110 
6 ,3 18 
6,948 

7,103 

D e" iation 
from 30 Days 

normal ' 

+ 429 
+2763 
+ 35 
+ 578 
+ 521 

492 
261 
325 
335 
8'.)1 

+ 42 
507 

+ ~40 ' 
+ 704 
+ 815 
+ 697 

+ 288 

~=--, 

18,567 
17 ,017 
13, 864 
15 , 114 
14 ,497 
17 ,295 
14,22'.) 
15,603 
14 , 357 
16 ,924 
13 ,370 
14 ,1.'i1 
15,656 

'i8 :426' 
16 ,32.5 
15 ,253 

15,652 

Deviation 
from 

normal! 

+1191 
+2858 
-1172 

325 
+ 790 
+ 649 

209 
356 

;- 144 
-1621 

320 
+ 534 

62 
+2293 
+ 1403 

+ 384 

IThese departures are from the mean for the respective week, 2-week or 30-day calendar periods. Blossoming at all of these locations in 1!H7 was 1 to :3 
weeks later than normal. The normal or al'l'rao(' gram-calories of radiation received at these locations for the several periods follo\dng blossoming would 
be less than indicated in this table and the +departures correspondingly greater, with the -departures correspondingly less . 

21'he radiation figures are for Fresno. Calif. The data. on fruit setting were furni shed by Dr. J. V . Enzie of the N . ..\·1ex. Agr. Exp. Sta. Dr. Enzie states 
(21) that these ] 946 fi.gures were for the "on" year of the trees, when as 18-year olds they averaged 24 bushels per tree. During their "on" y ear , Delicious 
trees in the 1\lesilla Yalley bear so heavily that tile trees soon get into a n alternate-bearing habit. 

3The radiation figures are for Columbia. 1\10 . The data on fruit setting were obtained by Dr. A. E. 1\1urneek of the ..\10 . Agr. Exp. Sta,. Dr . ..\1urneek 
states (41) that h e is inclin ed to attribute the heavy setting (much heavier than normal for central Missouri) in 1947 to the vigorous condition of the trees 
following a light crop in 1946, However. it may be noted that the sunshine r eceived during the first 7-cby, H-day and 30-day periods starting with full 
bloom was 96. 48 and 20 percent , respectively, above normal. 

4The radia tion figures are for T"incoln, Nehr. The data 011 fruit setting were obtained by ,,\11'. ]~. H. l\loore of the :-.rebt'. Agr. Exp. Sta. He states (40) 
that the trees fron1 which the fruit-setting records were obtained had been weakened by winter injury; presumahly, therefore, setting was somewhat low e r 
than would b e expected from normally vigorous trees, 

5The radiation data are for Twin Falls. Ida" where prohahly conditions do not closely approach those at YanC'ouver , ,\Yash . 
6Thc radiation figures are for Boston. 1\1ass. The fruit-setting data were obtai.ncd by Drs . J. K. Shaw and J. R. Bailey of the "\Iass. Agl'. Exp, Sta, ::\1essrs. 

Shaw (:';1) and Bailey (3 ) both state that fruit setting of Delicious at Amherst, .:'-1ass., in 1!.l-lc7 was i.n line with i ts usual performance ill that area; usually 
some thinning of the fruit is 110cessary if satisfc),ctory size is to be obtained. 

'The radiation figures are for Twin Fnlls. Tela. The fruit-setting clat,a were obtained by Dr. L. Verner of the lda, Agr. Exp. Sta.tiOll. DI'. Vernel' (!i0) 
states that the fruit set of DeliC'ious at Fruitland in Hl45 is typical fOl' Iclaho: i.t usually sets so hea vi ly that thinning is required to obtain sati sfactory size. 

sThe radiation figm'es are fOt' Boston , 1\1ass. The d ata on f:'uit seLting were obULined by DY·. A. F. Y(~ager of the ~. H. Agl· . Exp. Sta. Dr. Ypagm' (52) 
~t- ... , -.-. .... ... h ........ .; .................. ,... ." .... 1 t-h,... n ..... H ...-.;n. ~ ..... .... r-. ....... lr. ......... i "" hn .. , ,.- ~h T A.lAnrrh; .... , T o u r -.:.:r · .... ,"Yl,,'c-h;po lnl"'1p a r O'An.n .. rfYl'"\C:: 1"\ 11i th~f' nftpn ,/i('\lrlc:: ~ll'P lin' pn1ir'p ) v ,';;;:11il;,;f;;lrtnrv l'0.(';'-II1~P. 
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IThese d epartures are from the mean for the respectiv e week, 2-week or 3~-day calendar p eriods . Blossoming at all of t h ese locations in 1947 was 1 to :3 
weeks later than normal. The normal or average gram-calories of radia tion received at these loca tions for the several periods following blossoming would 
be less than indicat ed in this table and the + departures correspondingly greater, with the -departures correspondingly less. 

2The radia tion fi gures are for Fresno. Calif. The data on fruit sett in~ were f urnish ed by Dr. J. V. Enzie of the ~. ::\lex. Agr. Exp. Sta. Dr. E nzie states 
(21) that these 1946 figures were for the "on " year of the t rees, when as I S-year olds the~' averaged 2-10 bushels per tree. During t h eir "on " year, Deli cious 
trees in the Mesilla Yalley bear so h eavily t hat th e trees soon ~et into a n alternate-bearing habit. 

3The radiation figures a re for Columbi a. lV10. The dat a on fruit setting were obtained by Dr. A. E. 1\1urneek of t h e 1\10. Agr. Exp. Sta. Dr. ::\lurneek 
states (4 1) that h e is inclin ed to att ribute the h eavy setting (much h eavier than normal for central .:'.1issouri ) in 1947 to t h e vigorous condition of the trees 
follo wing a light crop in 1946 . However. it ma y be noted that th e sUlls]une received during the firs t 7-d:lY , 14-day and 3~-day periods starting with full 
bloom was 96. 4S and 20 percent , respectively, above norma l. 

4The radiation figures are fOt' U ,ncoln , Xebr. The da,t a. on fruit setting were obtained by 1\11'. R. H. :\IoOt'e of the Xebr. Agr. Exp. fHa. He states (40) 
that t he trees from which the fru it-setting records \\'ere obta,ined had been weakened by winter injury ; presumably , therefore, setting was somewhat lower 
than would b e expected from nOt'ma lly vigorous trees. 

5The ra diation d ata are for T\\'in Falls. Ida., wh ore proh ahly conditions do not closely approach those at Yancouye r , 'Yash . 
6The radiation fi gures are for Boston. 'M ass . T ile fruit-setting clata were obtai.ned by Drs. J . K. Shaw a nd J . S . B ail oy of the ::\1ass. Agr. Exp. Sta . :i\Iessrs. 

Shaw (.">1) and Bailey (3 ) bot h state that frui t setting of Delicious at Amherst, ::\/1ass. , in 19-107 was in line with its usual performa n ce in that a rea; usually 
some thinning of the fruit is necessar y if satisfactory size is to be obtained. 

iThe radiation figures a re for T\\'in Falls. Ida. The fru it -setting data were obtained by Dr. L . Verner of the Ida . Agr. E xp. Statioll. Dr. Yerner (:')9 ) 
states t hat the fruiL set of Delicious at Fruitl a nd in 1\)46 is t ypical for Idaho: it usually sets so heavil y t hat th inning is req uired to ob tain satisf::lctory size . 

8The radiation figures are for Boston, }'1ass. The clata on fruit setting were ob tained by Dr. A. F . Yeager of the X . H. Agr . Exp. Sta. Dr . Yeager (62 ) 
states that in general t h e Deliciou s apple sets h ea vily enough in ~ew H a mpshire to bear good crops. but that often yields are n ot entirely satisfactory b ecause 
the frui t does not reach good size. H e expresses t h e opin ion t hat in 1947 set.ting was perhaps a. lit t lp above the a v erage. 

9T11e radiation figures a re averages for Boulder. Colo .. a nd :-\a lt L a k e City. Ct a h . The fruit-setting data wore obtained by ::\11'. F. ~1. G reen. Superint end e n t, 
of the -Western Slope Experiment Station. Mr Green (27) states that charactorist ically the Deli cious apple sets fru it so h eavily in Colorado that it becomes 
an alternate bearer. 

lOT he radiat ion figures a re for BostOll, 1\1ass. The fruit-setting data were obtained by Dr. J. H. , Varing of the Univ. of 1\le . Dr. ,~Tarin g states (61 ) 
that in 1947 D elicious perhaps set a. littl e h eavier than usual' however, i t often sets so h eavily that some thinning is required. 

liThe radia tion figures are for Twin Falls, Ida . The fruit-sett in g d a ta were obtained by Dr. D. Y. Fisher of the Dominion Experimental St2.tion. Summer
land, B. C. Dr. Fisher states (23 ) that in the Okonagan Yalley of Britisl1 Columbia the D elicious almost inva ri a bl y sets so h eavi ly t hat it requires COIl
siderab le thinning, 

12T11e radiation figures are for Boston , ::\13oss. The frui t -setting data were obtained b y Dr. "\V. H. Griggs of the 'Cnivprsity of Conn. ::\fr. H. A. Rollins , 
of the sam e institu t ion st a tes (48) that t h e set on D elicious trees in Conn ecticut in 19-107 \\'as perhaps a little b elow normal , that u sually it is necessary to 
thin the fruit in order to obtain satisfactory size. 

13The radiation figures a re for )Jashville, T enn . The frui t -setting data were obtained by ::\11' . T. H. Hagler of the Ala. Agr. Exp. Sta. :\11' Hagler sta t es 
(28) tha t in 1\)47 the set on Delicious was below normal , that ordinarily they ha ve to t hin this vC),riety heavily. 

lIThe ra diation ftgures a re for Salt Lake City, Ctah. Deviations from t he ayeragfl a re not given becau se of the rolat iyply shor t period for which radiation 
data h ave b een obtained at Sal t Lake Ci t y. T IlE' frui t -set t ing data were obtained by 1'.11' . R. K . Gerber of the 1.7tal1 Agr. Exp . St ation. 

luThe radiation figures are for:\' ew Orleans, La. ; they are not giYen for the 30-d3oY period hecause of gaps in the \Voath er Bur eau record. The fruit- set ting 
da.ta were obt ain ed by 1\Jr. L. R . Farish of tho Delta Branch Experiment, Station, Stoneville, 1\1iss., ::\11'. ,V. S. Anderson and :\11'. C. H . Ha.gland of t h e 
Miss . Agr. Exp. Sta. a t State College, Miss. 

16The radiation fi gures a re averages for Twin Falls , Ida., and Davis, Calif. The frui t -sett ing data were obtained by 1\11'. E. S. D egman of the C. S. Bureau 
of P lant Industry, Soils a nd Agr'l Engineering . 

w1'he radiation figures are for ",,' ashing ton. D. C. Tho fruit-setting d a t a \\'ere obtained by 1\Jossrs. ::\1. E. Garcln er a nd J . G. F ra nr is of the X. C . Agr. 
Exp. Station. The two orcharcls were owned b y the same individual. h ad til e same cultural treatments a nd wero otherwise comparable. On e. how ever , 
was at a higher elevation than the other and hence blossomed later. The mean maximum tempera.t u re at t he two orchards during their 5-day blossoming 
season ,,-ere 66.6°F. and 72.4°1". , respeetiyely . Thus the second orchard had m ore favorable temperature conditions for pollination. as \n~ll as more sun shin e 
follO\\'ing pollination. Tt is a rea.sonahle assumption , however, that on t h e average radiation in ,,'est ern ;'\orth Carolina is substantially hi gher tha n at ' \-'ash
ington , D. C. at any given period during th e spring months. \,Tashington is the closest point for which r adiation clat a in 194 7 are available. During an 
earlier ::l -year period whe n radiat.ioll r ecords were obtained a t Gainesville, Florida, the figures for that station were m arkedly high er than those for \Vashington ; 
probably Korth C arolina presents a n intermediate condition . 
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were obtained are dependable; furthermore, they lnay be assulned to 
be applicable to the Grand Rapids and Fremont orchards, 70 and 120 
miles distant respectively. Probably the Twin Falls, Idaho, sunlight 
data do not apply with the same degree of accuracy to Fruitland, Idaho, 
Sunlmerland, B. C., Pullman, Vancouver, Yakima and Wenatchee, 
Washington, and Hood River, Oregon, but they are the only ones 
available for the entire Northwest and use has been made of thenl. In 
some instances, where an orchard from which fruit-setting records 
were obtained was more or less lnidway between two Weather Bureau 
pyrheliometer stations, the mean radiation records for the two stations 
for the days in question were used; thus the figures for Stephenville, 
Texas, are the averages for New Orleans, Louisiana, and Lincoln, 
Nebraska. Some of the apparent inconsistencies in the tables are 
doubtless due to the fact that sunlight conditions at the orchards where 
the records were obtained deviated considerably from those obtained 
at the nearest pyrheliometer station. 

Data are presented in Tables 4a, 4b and 4c showing the gram
calories of radiation (direct + diffused) received per square centimeter 
at the U. S. Weather Bureau pyrheliometer stations closest to those 
where the orchards furnishing the fruit-setting records were located. 
In general, the figures show a rather high degree of correlation be
tween the percentage of blossoms that set fruit and the amount of sun
shine during a 30-day post-blossoming period. The figures for the 
14-day and especially the 7-day periods immediately following full 
bloom show still higher correlations with fruit-setting percentages and, 
therefore, may be assumed to be especially important in this con
nection. The average gram-calories of sunlight received at the 16 
stations where fruit setting of Delicious was less than 10 but more than 
5 percent was 11 percent greater during the 7-day period starting with 
full bloom than for the 14 where it was less than 5 percent; for the 
17 stations where the setting exceeded 10 percent it was 21 percent 
greater. As might be expected, the records obtained at certain indi
vidual stations appear to be exceptions to the general trend. Thus 
there were 5 locations out of the 14 (Table 4a) where light conditions 
were very favorable during the week following full bloom and less than 
5 percent of the blossoms set fruit. In one of these (Arendtsville, Penn
sylvania-Table 2a), however, frost during the blossoming period prob
ably accounted for the low set; in one other (Doniphan, Kansas) the 
trees had been weakened by previous winter injury. There were only 
two locations in the 17 where more than 10 percent of the blossoms 
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set (Austin, Colorado and S 
conditions were as low as th 
only two other stations in tl 
and Blue Ridge, Georgia) w 

they were for the Michigan s 
cations of relatively toxic fun 
and fruit-setting period (Tab] 

Especially significant for t 

on amount of radiation receiv 

TABLE 5-Yield records of a block 
in Charlevoix County, Michi~ 
light immediately following b 

Dc 
Y ear 0 

full b 

1943 . . . . . . . . . . . . .. . . . . . . . .. .. 5- . 
1944 . . . . . . . . . . . . . . . . . . . . . . . . . 5-
1945 . . . . . . . . . . . . . . . . . . . . . . . . . 5-
1946 . . . . . . . . . . . . . . . . . . . . . . . . . 5- . 
1947.. . . . . . . . . . . . . . . . . . . . . . . . 6-
1948 .. . . . . . . . . . . . . . . . . . . . . . . . 5-: 

IThe owner states that in 1945 there w 
that in 1948 the cropping was somewhat 
beavy cropping the preceding season (11 
cropping; when blossoming was heavy or 
close correlation with amount of radiatior: 

TABLE 6-Yield records of a block 
in Grand Traverse County, i\ 
with light immediately followi 

Year 

1945 ..... . ....... . ... ... .... . .. . . .. . 
1946 .. . ... . .. ....... .. .. . 
1947 . . . .... . ....... ... . . .. . 
1948 . .... . ....... . . . .. . . . ..... . .... . 

IThe owner attributes the small 1945 CI 
a heavy crop in 1944 and a falling off in t 
However , it may be noted that in the seas 
of ~eavy cropping the precedin~ year .. pre 
p'urm~ ~be early part of t he fruIt settmg I 
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set (Austin, Colorado and Storrs, Connecticut) and where sunlight 
conditions were as low as the average for the low-setting group. At 
only two other stations in the entire country (Lexington, Kentucky 
and Blue Ridge, Georgia) were the figures approximately as low as 
they were for the Michigan stations and both of those received appli
cations of relatively toxic fungicides during the critical preblosson1ing 
and fruit-setting period (Table 9). 

Especially significant for the point under discussion are the figures 
on amount of radiation received at Pittsfield, Illinois, in 1940 and 1941 

TABLE 5-Yield records of a block of Delicious apple trees in the Eveline Orchard 
in Charlevoix County, Michigan, for the period 1943-48, as correlated with 
light immediately following blossoming 

Year 
Date 

of 
full bloom 

Relative 
amount 
of bloom 

Relat.ive 
size of 
crop 

Gram-calories 
of radiation 
received per 

square 
centimeter 

during 7-day 
period 

starting with 
full bloom 

--------------------------I------------I-------------I!------------------------
1943 ............ .. .... . ..... . 
1944 ........... . ..... ...... . . 
1945 ....... . .. ... ... ... .. . .. . 
1946 .............. .... . ..... . 
1947 .... . .............. . . . .. . 
1948 ... .. ......... . .. ... .... . 

5- 30 
5-23 
5-16 
5-21 
6-8 
5-30 

Heavy 
Light 
Heavyl 
Fair 
Heavy 
Light! 

Good 
Light 
Fair 
Fair 
Heavy 
Ligbt 

2633 
3410 
2090 
2300 
3022 
4083 

lThe owner states that in 1945 there was some frost injury to the blossoms and that, be believes 
that in 1948 the cropping was somewbat reduced by winter injury to the trees as well as by the 
beavy cropping the preceding season (16). In boLh instances light blossoming follow ed heavy 
cropping; when blossoming was heavy or fair the cropping--and hence setting--sbowed a rather 
close correlation with amount of radiation received during the early part of the fmit setting pericd 

TABLE 6-Yield records of a block of Delicious apple trees in the Titus Orchard 
in Grand Traverse County, Michigan, for the period 1945-48, as correlated 
with light immediately following blossoming 

Year 

1945 .. ...... . ...... ..... . ............ . .... . 
1946 ...... . . ... .. ........ .. .. ... .. .. . ..... . 
1947 .. . ... .. . .. . . . ... .. . .. .... ........ . 
1948. . . . . . . . .... ...... .. . .... . ....... . 

Date 
of 

full bloom 

5-16 
5-19 
6-9 
5-24 

Size of 
crop in 
bushelsl 

296 
969 

1392 
754 

Gram-calories 
of radiation 
received per 

square 
centimeter 

during 7 -day 
period 

starting with 
full bloom 

2098 
2149 
2714 
4127 

lThe owner attributes the small 1945 crop. at least in considerable part. to the residual effect of 
a heavy crop in 1944 and a falling off in the 1948 crop to relatively beavy production in 1947 (56). 
However. it may be noted that in the seasons 1946 and 1947. when there was no such residual effect 
of heavy cropping tbe preceding year. production was correlated with amount of sunlight received 
flur~~~ ~be early part of the fruit setting period. 
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TABLE 7-Average grant-calories of mdiation received during the i-week follow
ing full bloom, in selected areas, calculated on the basis of average date of 
full bloom. Radiation data are for the nearest U. S. Weather Bureau mdiation 
station 01' in some instances averages of the records for the two stations on 
either side of the areas. 

AI'oa 
Average 
date of 

full bloom 

Estimated 
average 

gram-calories 
of radiation 
received in 

7 days 
starting with 

full bloom 

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

Great Lakes region: 
Southern Michigan. 
Southern Ontario .. 

Ohio Valley: 
Central Ohio . .... ... . 
Southwestern TlIinois . 
Central Tndiana ......... ... . 
Central Kentucky .. 
Cen tral Tennessee .. ... . 
,-'outheasiern Missouri . . 

New England: 
Central Maine ......... . 
Central New If amps hire ..... . 
WesL Central Massachusetts. 
Central Connecticut .. . 
CenLral N ova Scotia .. . 

Central ALlantic r egion: 
1'\ orLhern Delaware ....... . 
SouLheastern Pennsylvania. 
WashingLon, D. C. area,. 
Central V\~est Virginia. 
Lower PiedmonL .... 
Winchester, Virginia. 

Southeast: 
Vi estern North Carolina. 
Central South Carolina .. 
East Central Alabama .. 

Missouri Valley: 
Cen tral :Missouri. . ..... 
Sou Lh western Missouri. 
Northeastern l{ a,llsas ..... _ ...... . 
Northwestern Arkansas. . . .. ... .. ... . 
Central Nebraska .. . ..... . 
North Central Oklahoma .. . 

Rocky Mountain area: 
Southwestern Colorado . 

Pacific ~orthwest: 
Southern Idaho .. 
Southeastern 'Vashington . 
Yakima, Washington .... .. . 
'Wenatchee, Washington .. . . 
Sou th western Washington. 
Hood River Valley, Oregon ... .. . . . . . . 
Rogue River Valley, Oregon ... . .. ... . . . . . 
Okanagon Valley, n . C .... . 

Southwest: 
Southern New Mexico. 

5- 12 2,550 
5- 24 ;3, 12.') 

5- 8 2,875 
4- 26 2,550 
4- 30 3,22.,) 
4- 2:3 2,996 
4-1~ 3,0.56 
4 - 4 2,050 

5- 25 2,967 
5- 23 2,917 
5- 17 3,850 
5- 14 3,675 
6 - 2 3,050 

4- 16 2,900 
5- 1 2,975 
4- 2 .') 3,105 
4- 30 3,282 
4- 10 2,830 
4- 26 3,212 

4- 12 2,875 1 

4- 8 2,850 1 

4- 1 3,225 

4- 21 3,175 
4- 18 3,100 
4- 23 3,150 
4- 13 2,807 
5- 8 3,272 
4- 15 3,125 

4- 10 3,500 

4- 28 3,550 
5- 10 4,036 
4- 2.') 3,264 
4- 27 3,492 
4- 20 3,494 
4- 27 3,712 
4- 27 3,875 
5- 8 4,025 

4- 16 3,793 

1'\'Ol'e one to usc the averages for the 'Washington, D. C., and Gainesville, F la . reeords (Gaines
ville records being available for only 3 years ) , instead of only the Washington records, the fLgures 
for ,Vestern North Carolina and Central South Carolina would be 3,500 and 3,150, respectively
figures probably closer to actual conditions. 

, 
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(Table 4a and 4b) where fruit-setting records were obtained in the 
same orchard and likewise the 1943-48 yield figures for two Delicious 
blocks in Michigan (Tables 5 and 6). At Pittsfield in 1940 the gran1-
calories of radiation received per square centimeter during the 7 -day 
period starting with full bloom were 2,766, a departure of 167 or 5 
percent below average; in 1941 they were 3,572, a departure of 644 or 
23 percent above average. These differences in radiation were asso
ciated with fruit setting percentages of 4.25 and 7.96, respectively. In 
the two Michigan orchards, after due allowance is n1ade for the 
residual effects of heavy cropping one year on production the follow
ing season and for possible crop reduction due to spring frost and 
winter injury, there is distinct evidence of the influence of radiation on 
fruit setting and size of crop. 

Attention is called to the fact that Tables 4a, 4b and 4c present 
figures on the solar radiation fol' certain locations and for certain years 
only, and likewise fruit-setting data for the Delicious apple for certain 
locations and for certain years only. Throughout much of the eastern . 
United States blosson1ing was very late in 1947. The solar radiation 
figures, therefore for a given location, e.g. East Lansing, Michigan, for 
1947, even when acco1l1panied by figures showing departures fron1 the 
luean, do not present the average radiation conditions for those same 
locations for the average blosson1ing periods. In Table 7 an attempt 
is n1ade to indicate the n1ean solar radiation for 7-day, 14-day and 30-
day periods in1n1ediately following the average full-blo01n stage for 
apples at a nun1ber of places where apples are produced in consider
able quantities con1n1ercially. 

FOREIGN EXPERIENCES 

As already stated, quantitative data on radiation in other parts 
of the world are n1uch less complete than for the United States. There 
are, however, a nun1ber of stations for which pyrhelion1eter records 
are available and some of then1 are probably representative of areas 
from which inforn1ation on fruit setting in the Delicious apple has 
been obtained through the cooperation of investigators in certain 
other countries. Some of the more pertinent data that have been col
lected will be presented here. 

MEXICO 

The Delicious apple is not raised extensively in ~1exico, but it is 
grown comluercially in a number of orchards in widely separated 
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places. At Canatlan in the state of Durango at an altitude of approxi
mately 6,000 feet 8- to 15-year-old Delicious trees reached full bloom 
in 1947 about April 1 (March 25 - April 5 depending on altitude and 
exposure); an average of 10.2 percent of their blossoms set fruit (13). 
Canatlan is located at latitude N. 24°32' and longitude 104°47' and 
is characterized by bright sunshine, more or less comparable to the 
~1esilla Valley area of New Mexico. At Valle de Allen in the state of 
Chihuahua (approximately 5,000 feet ahitude) 8- to 10-year-old Deli
cious trees reached full bloom March 25, in 1947 and 13.5 percent of 
their blossoms set fruit. The latitude is N. 26°55' and the longitude W. 
105°. Valle de Allen is likewise characterized by bright sunny weather 
in early spring. At Zacatlan in the state of Puebla (approxin1ately 6,500 
feet altitude) 12-year-old Delicious trees came into full bloom on 
March 3: 1947. Sixty-five percent of their blossoms set fruit when hand 
pollinated .. Zacatlan is at latitude 19°55' N. and longitude 89° W. It 
too is characterized by very bright sunny weather. On the other hand, 
good setting in the Delicious apple is not universal in 11exico. At 
Torreon in the state of Coahuila, (latitude N. 26°, longitude 103° "V.) 
the set in the spring of 1947 was only 1.8 percent (57), though in this 
same orchard a 90-percent set was obtained with hand pollination. 

SOUTHERN URUGUAY 

In the Rio Negro area of Uruguay (latitude 33° S., longitude 58° 
W.) where the sky is described as bright and cloudless, the Delicious 
sets heavily, requiring considerable thinning of fruit in order to obtain 
satisfactory size. On the other hand, fruit setting is far less satisfactory 
in the southern Rio de la Plata and Atlantic Coastal areas, where the 
rainfall is heavy and atmosphere humidity high, there is much cloudi
ness and the trees grow luxuriantly (4). 

THE ARGENTINE 

One of the leading apple-producing areas in the Argentine is 
the Mendoza district (latitude 34° S., longitude 68° W.), about 150 
Iniles northwest of Santiago, Chile, and con1parable to Central Ala
bmna in the United States. Fruit setting in this variety in 1947 at 
Mendoza averaged 12.4 percent (43). On the basis of radiation data by 
Kimball (36) sunlight conditions during the blosson1ing period in the 
west central part of the Argentine n1ay be assun1ed as probably 
resembling those of Boston, Massachusetts) or Nashville, Tennessee) 
during their blossoming seasons. 
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ANGOL, CHILE 

Mr. D. S. Bullock (11), Superintendent of an agricultural school at 
Angol, Chile, for about 25 years, has had the Delicious apple under 
commercial cultivation and furnishes the following information: Angol 
is about 300 miles south of Santiago, Chile, latitude 38 ° S. con1parable 
to Washington in the northern hemisphere, longitude 73° W. and 
aln10st due south of N ew York City; the elevation is 200 feet. Seldom 
does the temperature fall below 26° F. in the winter or exceed 90° F. 
in the summer; nights are cool; there are about a dozen frosts each 
winter. The area is characterized by relatively bright sunshine and 
little cloudiness. It is unique in that both the apple and citrus fruits 
grow and produce equally well. The Delicious apple sets abundantly 
and is a heavy producer. 

FRANCE 

Records (54) obtained on the Delicious apple in the spring of 1947 
at Angers, France (latitude 47°30' N., latitude 1 ° W.) indicated a set of 
6.0 percent; at La fitte-sur-Lot in southwestern France a set of 7.7 
percent. ~1r. Suissa (54) describes both sections as characteristically 
having bright sunny weather during the apple blossoming period. Nt. 
Chevalier (12) reports that in the vicinity of Versailles, France, · the 
Delicious apple characteristically sets fruit so heavily that considerable 
thinning is required. Kimball (35) gives 1.16 gram-calories per minute 
(estimated as about 3,500 gram-calories per square centimeter during 
the 7-day period following full bloom) as the average solar radiation 
for Paris, France, for the month of April when the apple blosson1s
approximately that of Twin Falls, Idaho, and 15 percent higher than 
mid-May at East Lansing, :Michigan, when the trees usually con1e into 
blosson1 there. 

GERMANY 

I.. Fruit setting of the Delicious apple at the Cologne Research Sta-
tion in Germany in the spring of 1947 was 5.5 percent (54). ~1inimun1 

and n1aximum temperatures during the blosson1ing season were 39° F. 
and 70° F., respectively. Weather was described as sunny. Cologne is 
at latitude 51 ° N. and longitude 7° E. 

POLAND 

At the agricultural experiment station at Skierniewice, Poland, 
about 50 miles southwest of Warsaw (latitude 52° N., about that of 
Central Labrador, longitude 21 0 E.) the Delicious apple is described 



30 MICHIGAN SPECIAL BULLETIN 3,58 

by S. A. Pieniazek (46) as growing reasonably well, blossonling freely 
and setting fruit abundantly, though because of relatively cool snnl-
111ers its fruits arc small. Dr. J. ~1atusewicz of the Institut Hydro
logique et ~1eteorologique de Pologne (38) at 'Varsaw gives the nlean 
solar radiation for 1\1ay, when the Delicious blossonls in that part of 
Poland, as 13,300 gram-calories per square centimeter. This is 21 per
cent higher than the average for East Lansing, ~1ichigan. 

SWEDEN 

Alnarp in southern Swcden, is located at about 56° N. latitude and 
13° E. longitude, Its latitude approaches that of Juneau, Alaska, far 
north of what we in the United States think of as apple-producing dis
trkts. Yet Dr. En1il Johansson, Dircctor of the Horticultural Research 
Station located there reports (33) that the Delicious apple grows wen 
(though it is not extensively grown), sets fruit abundantly, and bears 
n10derately heavy crops. Growing season temperatures are C0111para
tively low-the nleans for June, July, and August being 59.2°, 64.6 ° 
and 63.5 ° F., compared with 66.4°, 70.8 ° and 65.8 ° F. for East Lan
sing, ~Iichigan, and 6--1.8 °,73,9° and 73.8 ° F. for Yakin1a, 'Vashington. 
However, Dr. J ohans50n describes the "yeather as characteristically 
bright and sunny. He states that the trecs reach the fnll-bloon1 stage 
between 1\1ay 20 and June 5. If the a\'eragc full-blo01l1 stage l11ay be 
asslu11ed as I\1ay 28, data on radiation supplied by C. J. Ostman, ~lete
orologist for tbe Stockhohl1 ~feteorologiska IIydrologiska Institut (44), 
give thc a \'erage granl-calories of sunlight receivcd per sqnare centi
n1eter for the 7-day period starting with full bloonl as 3,218; this is 
c0111parable to the <l\'eragc for the blossonling season of Delicious in 
the New England States and hut slightly beloyv that of the Paci£c 
Northwcst; it is 20 percent above that for Ea't Lansing, I\Iichigan. 

UNION OF SOUTH AFIUCA 

According to Iv1. ' iV. Black, Chief of the Departn1ent of Agriculture 
and Forestry of the Union of South Africa (5) , the Cold Bokkeveld area 
of the Ceres district (latitude 33° S., longitudc 19° E.) is one of the 
best adapted in South Africa to apple culture. The Delicious apple is 
grown there con1n1ercially, though not extensively; it grows well, sets 
fruit abundantly and bears n10derately heavy crops. The weather dur
ing the blosson1ing period in October is described by )'1r. Black as 
bright and sunny; the percentage of possible sunshine is c0111parable 
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to that at Boise, Idaho. The graIn-calories of radiation received during 
October per square centin1eter per day averages 541, n1easured by a 
Michelson-Buttner Actinon1eter, a dHferent instrument than that used 
by the U. S. Weather Bureau. 1\1r. Black writes (5): "In Elgin, another 
in1portant growing center, the general cOlnplaint an10ngst growers is 
that Delicious is a Inore straggly blosson1er and does not set as heavily . 
. . . Especially the Jater blossoms set very poorly. The SUlTIn1er and 
fall clilTIate of Elghl is duller, cooler and n10re lmnlid than the Cold 
Bokkeveld, where the yields of Delicious are generally better." 

PALESTINE 

According to S. Friednlan (24), of the Jewish Fruit Growers' Asso
ciation of J agur, Palestine, the apple is grown alongside the plun1, 
olive, fig, orange, and banana in Palestine. The trees grow well, 
bloSSOlTI abundantly and set fruit very heavily, so heavily that very 
heavy thinning of fruit is required. Records supplied by Messrs. S. 
Friedn1an and D. Brocld (10) indicated fruit setting percentages in 
1947 of 13.6 percent for Delicious, 53 percent for \Vinter Pearn1ain 
and 38 percent for Winter Banana. I\1ean yearly ten1perature is given 
as 67.4 ° F., absolute nlaxin1un1 as 110° F., absolute n1inin1un1 as 36° F.; 
average annual precipitation is 20.8 inches; average relative hluTIidity 
is 78 percent. In general, Messrs. Friedn1an and Brocld liken the 
clin1ate to that of San Bernardino, California, or Pin1a County, Arizona. 
Dr. D. Ashbel, Director of the Division of rV[eteorology of the Hebrew 
University at Rehovot (39), gives the average daily gram-calories of 
sunlight received per square centin1eter during March as 512 and 
during April as 599. Fron1 these figures it lTIay be estin1ated that the 
average total for the last week in March, the week following full 
bloOlTI, is approxin1ately 3,800 gran1-calories per square centimeter; this 
figure is comparable to those sections in the United States having the 
most solar radiation (Table G). 

AUSTRALIA 

Speaking for the Stanthorpe area of Queensland, Australia, (lati
tude 28 ° S., longitude 152° E., altitude about 3,000 feet), vV. A. T. 
Sumnlerville (53) reports that in 1937 17.7 percent of Delicious flowers 
set and nlatured fruit where the trees were planted in solid blocks with 
no provision for cross pollhlation; set was 21.9 percent where Jonathan 
was used as a pollinator. In general, the setting is good and cropping 
is heavy with this variety, but not n1uch thinning is necessary. Dr. 
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Summerville characterizes the area as one of intense sunshine. Dr. C. 
G. Savage (49), Chief of the Division of Horticulture for the Depart
ment of Agriculture of New South Wales, reports for the Orange area 
fruit setting percentages of 20 to 25 for the 1940 season. 

TASMANIA 

The observations of P. H. Thomas (55) of the Department of Agri
culture of Tasmania are pertinent in this connection. He states: "My 
observations, which extend over a period of 38 years in this State, 
are that the 'set' of pome and drupe fruits has generally been heavier 
when a period of a week or 10 days' sunshine occurred during the 
blossoming and post blosson1 period. This has been very noticeable 
amongst certain varieties such as Delicious and Delicious sports, Cox's 
Orange Pippin and Scarlet Peannain-which appear to be more affected 
by uncongenial climatic conditions than other varieties. If such blos
soming and setting conditions are followed by a normal season, heavy 
crops which often necessitate severe thinning result." 

FOREIGN EXPERIENCE IN GENERAL 

The data on fruit setting and cropping in the Delicious apple in 
many parts of the world that have been presented indicate clearly that 
those areas where the percentage of blosson1s that set and develop 
fruits is high are in general characterized by relatively bright sunshine 
during the fruit setting period. At least it is substantiallv more than 
characterizes the Great Lakes area in the United States ~here setting 
is characteristically light. 

FRUIT SETTING AS RELATED TO APPLICATION 

OF FUNGICIDES 

High sunlight intensity or low sunlight intensity, as the case may 
be, during any particular period or at any particular place, is likely 
to be associated with certain other differences in environment. If there 
is relatively n1uch solar radiation there is likely to be relatively low 
atmospheric hUlnidity and little rainfall; conversely if there is Inuch 
precipitation and the humidity is high, there will be less solar radia
tion. Unfortunately, the clilnatological data usually recorded do not 
make possible accurate quantitative comparisons of hUlnidity for the 
fruit-setting periods for the locations for which fruit setting data are 
presented in this article. 
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Correlated with both solar radiation and atmospheric humidity is 
another environmental factor or complex affecting apple tree per
formance just preceding, during and just following blossoming that 
appears to be of much importance in this connection. Where there is 
considerable precipitation and particularly where atnlospheric hun1id
ity is relatively high during this period, the apple is subject to attack 
of the scab fungus and repeated applications of fungicides are 
required. In Illany apple-growing sections of the United States three 
or four such applications have con1e to be standard practice (the so
called "pre-pink", "pink", "calyx" and "first cover" applications). In 
Il1any instances, especially when the weather is cool and the season 
is long drawn out, one or two additional applications may be made. 
On the other hand, few or no fungicidal applications are Illade in those 
areas where sunshine is brighter, hun1idity lower and scab control is 
not much of a problelll. Different fungicides are in use. Bordeaux 
Illixture or some other copper-containing Illaterial was at one time 
cOllln10nly used; more recently sulfur in one form or another has 
largely supplanted copper. Sulfur is commonly applied in the form of 
"liquid lime-sulfur", "dry lime-sulfur" or "wettable sulfur". The first 
two n1aterials consist principally of various sulfides and sulfates of 
calcium together with certain inert n1aterials. The sulfur of "wettable 
sulfur" is carried largely as metallic or elelllental sulfur along with 
certain wetting agents and adhesives. The sulfides and sulfates are 
n10re active chen1ically than elemental sulfur and) consequently, the 
various "lin1e-sulfurs" are n10re caustic, n10re likely to be toxic to host 
plant as well as to fungi. Because of this toxic effect on the plant that 
has conle to be well recognized the "lime-sulfurs" have been gradually 
giving way to the less injurious "wettable sulfurs" in recent years. Still 
Illore recently other fungicides, such as fermate (ferric-dimethyl
dithiocarbamate), have been used at least experimentally, with the 
objectives both of improved scab control and reduced injury to the 
host plant. 

The injurious effects of most fungicides have generally been thought 
of as limited to fruit russeting and leaf yellowing, burning or premature 
defoliation. NIore recently, however, other toxic influences have been 
recognized. One of the more important of these toxic influences is 
interference with photosynthesis even when there is no visible injury 
to the leaf. Heinicke (32) has demonstrated that in the case of the 
apple the leaf's photosynthetic efficiency is reduced by as much as 25 
percent by an application of summer strength lime-sulfur-and this 
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refers to that portion of the leaf surface that shows no apparent injury 
in the fornl of burning or spot6ng. 

Dutton (19), Groves (26), Young (63) and Rasnlussen, Toenjes and 
Strong (47) have shown how these conlbined influences of burning, 
stunting and finally reducing the photosynthetic activity of the leaves 
have resulted in reduced yields. Groves (26) has stated that part of 
this reduction in the case of the apple is due to reducing fruit set, 
though quantitative data on how much of it is due to that factor and 
how much to reduced fruit bud fornlation are not given. 

Kienholtz and Childs in Oregon (34a) have demonstrated a 11larked 
reduction in fruit setting and a corresponding reduction in yield in the 
case of the Anjou pear, following the use of wettable sulfur for the 
control of scab. There wcre not similar reductions in yields when 
fen11ate or copper phosphate-linle-bentonile were used as fungicides. 

Cooperators in various parts of the United States and Canada fur
nishing the data on fruit setting in the Delicious, presentcd in Tables 
1-4c, were in nlany instances able to supply the exact spraying sched
ules el11ployed in the orchards in question. In Table 8 these data are 
arranged in groups in which 1) no fungicides at all were used and 
groups in which 2) nlildly toxic or 3) nlore strongly toxic Inaterials 
were used. It is reahzed that each group l11ay include one or nlore 
records that in reality belong more properly in one of the other groups. 
Thus, for instancc, there nlight be a difference of opinion as to whether 
the Orono, ~I[aine, record should be placed in the Inildly toxic or 
strongly toxic group in view of the fact that the orchard received one 
lin1e-sulfur application. The division lines had to be drawn son1ewhe1'e 
and they were nlore or less arbitrarily drawn between no fungicide 
and fungicides in the one instancc and one application or less of linle
sulfur and two or nlore ill the second instance before the so-called 
"IO-day" application. 

It will be noted that in general the highest percentage setting was 
obtained where no fungicides were applied. The difference between 
the two groups receiving fungicides, the one less and the other nlore 
toxic, is not great. Closer exanlination, however, reveals SOl11e signifi
cant differences. The ~1ichigan lower-than-average fruit-setting figures 
in particular, appearing in the less toxic fungicide group, were asso
ciated with relatively low tel11pcratures and low solar radiation inlnle
diately following full bloonl; the higher-than-average fruit setting 
figures for Tennessee, Alabama and North Carolina, appearing in the 
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Vanrouver, Wash .. 10 . 6 11-\8 3 , 
Yakima, 'Wash 6.6 239 3. 
'Wenatchoe, Wasil' ... 6.72 2.'j.'j 4. 
Pullman, \Vash. 8.12 222 3. 
Fruitland, fd a ... 11.9 2311 3 . 
Mesil la, N. Mex .. 10.2 270 4 , 
Hood Rivpr. Ore. 7.3 15G 3, 
Summerland . H. C. 16.7 

'222' 
4, 

Brushy ML., N. C. 33.8 2, 

Clemson , S. C .. 8.5 260 3 . 
Austin, Colo. 14.8 1.59 2. 
--------------- -

Average. 12.3 221 3, 
-------------- -

Storrs, COlIll. 16.8 225 2 , 

Pit-tsfiolcl , 11 1. '40 .. 4 . 25 215 2. 
Pittsfield , III. '41. 7.96 261 3 , 
Durham, N . I-I ..... 12.9 208 3, 
Stephenville, Tex .. 5.0 230 3 , 

Orono, Me .. . .... 16f> 194 3, 
Kelltville , N. 8eo. 6.6 184 3 . 
Columbia, Mo . .. . 10.4 187 4 , 

Amherst, l\Iass. 11.7 227 3 . 

Lincoln, Kebl'. 10.8 222 3, 

Mt. Grove. 1\10 ... 4.0 205 3 , 

Holly ::;prings, Miss. .50 205 2, 
EasL Lallsing, l\fich. 4.3 135 2 , 
Gralld Hapids. l\Iich. 4.2 13G 2 , 
--------- - ------ --

Average. 8.G 202 3 , 
- --------- - - - --- -

Blajrsville, Ga ...... 4.2 221 2, 

"\Yoost er , O. 1.13 212 2, 

l{noxviJie , Term .... 8.3 238 3, 

Kentucky ... . 2.9 7 2, 

Fayettm'ille, Ark. 7.0 2, 

Lafayel teo lnel. .. 6.3 23 8 3, 

Brushy Mt., N. C .. 19.4 202 3, 

Auburn . A la ... 17.7 195 3, 

Aver·age ..... 7.4 187 2, 
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TABLE 8-FJ'uit setting of Delicious apple in various sections, as related to the 
application of fungicides 

Loca tion 
Per
cent 
sot 

7-elay 
tota l 
day-

degrees 
<:tbove 
42°F. 

7-clay 
granl

calories 
r a dia
tion 
rc

ceived 

Early season applications of fungicides 

Prepillk Peta 1·-f,t1I ]O-clay 

-------------- ---- - - - - ------ -·----1--·---- ------
Vancouver , \Vash .. 
Yakima , ·Wash . ... 
·Wenatch ee, ·Wash. 
PUllman, \Yash . . . 
Prui lland. T cia .... . 
Mesilla, N . Mex .. . 
Hood River. Ore ... . 
Summerlancl. B. C. 
Brushy Ml., .K . C. 

Clemson, S . C .. 
Austin, Colo. 

Average. 

Storrs, COHn. 

Pittsfielcl, 111. '40 
Pittslielcl, ]11. '41 .. 
Durham, N. H .... 
Stephenvil le, Tex. 

Orono , Me ....... . 
Ken tvill e, 1 . Sco .. . 
Columbia, Mo .. .. . 

Amherst., 1Vlass. 

1.11 Il coIn, J\'" ebr . 

Mt. Grovc, ::\10. 

10.6 
6.6 
6.72 
R. ]2 

11.9 
10.2 
7.3 

16.7 
3:3.8 

s . .') 
]4.8 

12.3 

16.8 

4.25 
7.96 

12.fl 
5.0 

16.r, 
6.6 

10.4 

]1.7 

10.8 

4.0 

5.0 
4.3 
4.2 

1R8 3,472 none 
239 3.170 none 
2.').') 4. 2~~8 nOlle 
222 3 , 39G llo/Hl 
23R 3.922 nOll c 
270 4,04.5 none 
15G 3, .575 n one 

4.111 Hone 
222 2,862 nOlle 

260 3 , 897 nonc 
15g 2,847 Ilone 

221 3.948 

225 

21.5 
261 
208 
230 

104 
184 
187 

227 

222 

205 

205 
135 
136 

2,922 

2,766 
3,572 
3,399 
3,286 

3,20g 
3 , 092 
4,912 

3,629 

3,6;:>0 

3,905 

W.S. R Ib. 
to 100 

W.S . 
vV.S. 
\ V.S. 

w.s 
Borel. 
L.S. ] gal. 

to 50 
W.S . 4 lb. 

to100 + 
FcrJ1late 
Y2 lb. 

B-341 3 lb . 
to 100 

~j!~ ·W.S.· 
2 , 248 \V.S. 

nonc 
nonc 
nono 
nOllc 
nOlle 
none 
nOllc 
1l0ll e 
none 

nOlle 
Ilone 

W.S.lOlb . 
to 100 

V{.R. 
W .S. 
W.S. 
W.S. 6 lb. 

to 100 
W.R . 
W.S. 
W.S. 

W .R.41b. 
to 100 + 
Format e 
Y2 lb. 

PUl'atized 
1 pl. "to 
100 

\\' .R 
W.:-i. 
\VX 

nOIle 
none 
none 
none 
none 
none 
nOlle 
none 
no n c 

none 
none 

W.S. 6 lb . 
to 100 

W.S. 
W.S. 
W.S. 
W.S. 6 lb . 

to 100 
L.S. 
W.S. 
\V.S. 

l1'ermate 
Y2 lb . to 
100 gal. 

B-34] 31b. 
to ]00 

Puratizcc\ 
1 pt. to 
]00 

\Y .S. 
L. :-1. 
LX 

none 
none 
non e 
none 
none 
none 
nOlle 
nOlle 
L.S.2Y2gaJ. 

to 100 
none 
nOl1o 

W.S. 5 lb . 
to 100 

W.S. 
W.S. 
W.S . 
W.S.6Ib . 

to 100 
W.S. 
W.S. 
\V.S. 

W.S . 4Ib. 
to 100 + 
Y2 lb . 
Fel'J11ate 

w.s. 4 lb . 
to 100 + 
Fel'lnate 
2Ib. 

W.S. 
W.S. 
\V.S. 

Holly Springs, Miss. 
East Lansing , .1\1i('11. 
Grand R;Wicls. n'Iich. ______________ ____ ___ ------------ ---·---1-------

Average. 

Blairsville, Ga. 

\\Tooster, O. 

Knoxville, TeIm . 

Kentucky ....... . 

Fayette--di le. Ark. 

Lafayette, Ind. 

Brushy Mt., N. C .. 

Auburn, Ala ..... . 

8.6 

4.2 

.13 

8.3 

2 . 0 

7.0 

6.3 

19.4 

17.7 

202 3,263 

221 

212 

238 

7 

202 

10.5 

2,477 

2,621 

3,142 

2,447 

2,702 

3,063 

3,207 

3,067 

L.S. 1 y,;: 
gal . to 
100 

. L .S. 3 gal. 
to 100 

L.S. 2 gal. 
to 100 

L.S. 2 gal. 
to 100 

L.S 2Y2 
ga.l. to 
100 

L.S. 1 Y2 
gal. to 
100 

L.S. 1 gal. 
to 100 

L.S. 3 gal. 
to 100 

L.S. 2 gal. 
t.o 100 

L.S. 1 Y2 
gal . to 
100 

L.S . 2 gal. 
to 100 

L.R.2Y2 
gal . to 
100 

1 y,;: gal to 
]00 

L .S. 1 Y2 
gal. to 
100 

L.S . ]2Y2 
lb. to 
100 

W.S . 

W .S. 

L.S. 1 gal. 
to 100 

W.S. Rib. 
to 100 
gal. 

L.S.2Y:.; 
gal. to 
]00 

L.S . 1 y,;: 
gal. to 
100 

Fermate 

w.S. 1272 
lb. to 100 

W.S. 

Borel. 

L.S. y:.; gal. 
+ 8 1b. 

W .S. 
L.S.27j 

gal. to 
100 

L.S 1 y,;: 
gal. to 
100 

- --------- 1--·_·- -------- -------1------1---------1-----·-
Average ... . . 7.4 187 2,841 
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more toxic fungicide group, were associated with relatively high tern
peratures and high solar radiation imn1ediately following full bloom. 
Obviously the data in Table 8 do not completely separate out from all 
other factors the influence of fungicides on fruit setting; they never
theless point to a definite influence that fungicides seem to have. 
Perhaps the most significant figures in the table relating to influence 
of fungicide on fruit setting are those for the two orchards at Brushy 
Nlountain, North Carolina, in 1947. It is true that thev were at different 
elevations and blossomed several days apart, but they were exposed 
to essentially the same effective (above 42° F.) ten1peratures and to 
the same solar radiation in1mediately following full bloom; the one, 
however, received no fungicide, while the other received applications 
of one of the more toxic fungicides. 

J\;Iore significant data on the influence of kind of fungicide on fruit 
setting in the Delicious apple (also ~1cIntosh) are presented in Table 9. 
They show results obtained in 1948 from applications of several mate
rials made on the SaIne days to trees in different plots in each of three 
orchards in Michigan. The materials used were Bordeaux mixture , 

T ABL~ 9-~elation o~ fung~cidal applicati?n.s, tree vigor, temperature and sunlight 
mtens-tty to fruzt settmg of the Delwwus apple in three Michigan orchards 
in 1948, compared with that of the McIntosh 

Gram-
Mean calories 

maxiInum radiation 
Date tempera- received Fungicide applied Percent 

Relative tree vigor of tures during at pre-pink, blossoms 
full bloom during 7-days pink, calyx and setting 

the 5-day starting first cover stages fruit 
blossom- with 

ing period full bloom 

At East Lansing-Delicious 
Medium ....... . ........ . 5- 14 65. SOF . 2,954 Fermate .......... 1.9 

, 'VeLtable sulfur .. . .3 

A\Granc! Rapids-Delicious 
ery vlgorous ...... .. .... 5- 1S 6S.7°F. 3,720 Fermate ..... ..... 4.1 

Wettable sulfur ... .52 

Medium ............... . . 5- 1S 6S.7°F. 3,720 Bordeaux ......... 6.7 
Wettable sulfur .. . 6.6 

Very weak ............... 5-18 6S.7°F. 3,720 Bordeaux ......... 1.1 
Wettable sulfur .. . .75 

At Fremont-Delicious 
Medium ...... .......... . 5-20 66.soF. 3,915 Bordeaux ......... 5.1 

Fermate ... .... . . . 5.0 
Wettablo sulfur ... 2.2 

At Graud Rapids- McIntosh 
Very vigorous .... . .. .... . 5- 1S 6S.7°F. 3,720 Bordeaux . ..... . . : 4.5 

Wettable sulfur . .. 3.S 
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wettable sulfur and fermate. Bordeaux and fermate are generally 
regarded as relatively non-toxic and wettable sulfur as mildly toxic to 
foliage. In the orchard where all three materials were used fruit set
ting was about the same in the bordeaux- and fermate-sprayed plots 
and about twice as great as in the sulfur-sprayed plot. At East Lansing, 
where only fermate and wettable sulfur were compared a llluch better 
set was obtained with fermate; the same was true at Grand Rapids in 
the block of vigorous top grafts. In the blocks at Grand Rapids where 
bordeaux mixture and wettable sulfur were compared, setting in the 
sulfur-sprayed plots was less, though not strikingly so, than in the 
bordeaux-sprayed plot. The one comparison of bordeaux mixture with 
wettable sulfur in the McIntosh variety likewise indicated a toxic 
influence on the part of the sulfur. 

DISCUSSION 

Much of the data presented in the preceding pages on fruit setting 
in the Delicious apple, as influenced by environmental conditions, 
point to the week, 10 days or two weeks immediately following the 
full bloom stage as being the critical period in this process. En1phasis 
is lent to this conclusion by the data presented in Table 10 on spur 
leaf development. Within a week after full bloon1 all of the leaves on 
the smaller spurs have attained their full size and that also holds for 
three-fourths of those on the large spurs. A few of the younger leaves 
continue to expand for another week or two, but spur leaves are 
present right at the start to synthesize materials used in fruit setting; 
furthern10re it appears that fruit setting depends largely upon their 
proper functioning. It therefore follows that relatively high tempera
ture and abundant sunlight contribute to, and conversely low tempera
ture and cloudiness interfere with, the process. Unfortunately, these 
are factors that vary greatly from place to place and season to season; 
n10reover, they are beyond control. 

Fully as important in n1any instances is the presence of more or 
less toxic spray materials. The evidence indicates that the toxic effect 
of SOlne of thelll on the process of fruit setting is greater than the 
retarding effect of unusually cool and cloudy weather. This is a factor 
largely under the control of the producer. He may not be able to get 
along without fungicidal applications just before and during the fruit
setting period, but he can and should use only materials with the least 
harn1ful influence on the photosynthetic processes of the plant COll-
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TABLE lO-Development of spur leaves on the Delicious apple at East Lansing, 
'ft.Iichigan, in the spring of 1947. The trees were in full bloO'ITL on May 27. 

JUllO 7 June 12 June 16 June 19 
Leaf No. 

Spu r (from base --- - - ------- --------------------
No. to ap0X of 'Viclth Lellgth Width LeIlgt,h Width Length Widt.h Length 

spur) em. CIn . Clll. em. cm. cm. cm. Cin. 

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

1 .. ... A. . .. .. ... . 1.2 1.8 
B. 1.~ :3.4 
C ..... 2.1 4.3 
D. 2.1 5 .0 

2 . A .... .. .9 1.8 
B ... ... .0 2.5 
C .... . 1.8 3.7 
D. 2 . 5 5.0 
E. 1. 8 5.0 2.1 ,5.6 

3. A ... . 1.8 2.8 
B. 2. !'") 4.3 
C . ;3. 1 .').U 3.1 G.2 
D. 3.4 7. :~ 
E .. 3.1 7.8 
F .. 2. L 5.9 2.1 7.5 2.8 7.5 

4 . ... A. J .1' 2 . .') 
D. 2.1 4.0 
C. 2 . .') .') :3 2.S .').3 
D. 2.8 0 2 2.8 0.5 
g 2. ;) 62 2.5 6.5 2.8 G.5 2.S 6S 
I,'. J .2 4. 0 2.5 5.9 2.5 G.5 2.8 G.5 

5 ... . A .. 2 . .') 4.0 
g. 3 .7 6.5 
C .. ;.L4 G.8 
D. 3.7 8.4 
lB. 2. I 0.2 2.5 7.5 
F . . 1.2 3.4 2.5 .').9 2.S G.S 3.1 6 . 8 

G. A . 2.5 2.1 
B. 2.5 .50 
C ..... 2.0) 5.g 
D . :3. 1 6.5 3.1 G.8 
E. 3. L 7.1 3.4 7.1 
F. . . .. .... . 2. L 5.9 3.4 6 . 8 3.4 7. 
G. 1.2 3 .7 2 8 6.2 3.1 7. 3.1 7.5 

7 .. ... A . 2.1 3 . 1 2.5 3. 1 
n. 2.5 4.3 
C .. 2.S 5.g 
D. 2.8 G.2 
E. 3.1 6 . .') 
F. 2.S 7.1 3.4 7.8 3.4 8 . 1 
() .. 1. 8 5.3 3 .1 7.5 4.0 7.5 

8. A. 2.1 3.4 
11 ..... 2.!) 5.6 
C. ;.L4 G.S 
D. :3.7 1' . 1 
1£ . 3 . 1 8. 1 3.4 8. 1 
Ii' . 1.S 4 . 3 a . l 5.9 3.4 G.2 3 .7 6.5 
G. .U 2.5 1. 8 5.3 2.5 5.6 2.5 G.2 

D. A. 1. 8 1. 8 
8. 2.1 3.7 
C. 3. t 5.3 
D. 3.1 5.6 
E. 3.7 6.S 
I,'. 3 . 7 6.S a . 7 7.5 
(T. 1.5 .').0 2.5 G.S 2.8 7.1 3 . 1 7.1 
it. 1. :2 ;L7 2.8 G.5 a . <1 7.5 

sistent with effective control of the diseases prevalent at that period. 
The ideal fungic ide, one that is highly toxic to the fungi and at the 
same tin1e con1pletely non-toxic to the host plant, is yet to be found. 
In the n1eantime, however, through selection of the best rnaterials that 
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are available and timeliness of application the producer can do much 
to improve the chances of his trees setting a good crop. This is espe
cially important in sections, such as Michigan, that are relatively cloudy 
and cool during the fruit setting period and with varieties, such as the 
Delicious, that are particularly sensitive to unfavorable influences at 
that stage in their seasonal life history. 
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