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| INTRODUCTION
In. an earlier paper (13) ! on the relation of seasonal conditions to
quality in sweet corn, attention was drawn to the fact that the length
of time required for Golden Bantam and Stowell Evergreen varieties
to reach canning maturity at the Arlington Expert.zont Farm, Ross-

@ o lym, Va., near Washington, D. C., vaned with the date of planting,

:

P 44
) wfa.rtuer TEMOYe

¢n those plantings made between June 7 and July 28; 1924, having ma-
&2 tured 1 & fairly uniform period of time, whereas those made earlier
— than June 7 or Iater than July 28 required })mgressively longer periods
w b0 reach canning maturity as the times of planting wers farther and

c% from these dates. These results suggested to the

X — writers that any particular variety or.strein of corn might have a defi-

5

L

<L nite quantitative temperature requirement, and that a stndy of these:
temperature relations might yield results of value to growers, breeders, -
"and canners of sweet corn. - :

. The question is often raised as to how early or how late sweet corn
may be planted with safety in a particular region, and sometimes as to
whether corn may be grown at all. Furthermore, the adaeptation of
strains to the needs of a particular climate and other considerations-
make it desirable to know as much as possible about the temperature
relations of this erop. With this in mind, an analysis was.made of
the climatological and field dats assembled during the progress of

experimental work prior to 1927, which proved sf suchi interest that a
new series of plantings was made during the season of 1927 to check -
on pl;?vious findings and to provide more carefully eollected tempera-
ture data.

! Italic pumbers 1o parentheses refer to Literatuge Cited, p, 36,
1083229—32——1
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SOURCES. OF DATA

Climnatic, field, and analyfical data on sweet comn grown at the ..

Arlington Experiment Farm were available for the season of 1022,
when 15 different varieties were studied; for 1924, when Golden Ban-
tam and Stowell Evergreen were grown; for 1925, when representa-
tives of the various types, nine in all, were studied ; and for 1927, when
Golden Bantam and Stowell Evergreen were again grown.

The temperature data for 1922, 1924, and 1925 were taken from the
official reports of the United States Weather Bureau at Washington,
D. C., the observatory of which was located approximately 1 mile
from the experiment plots. DTuring the season of 1927, in addition
to the official Weather Bureau data, thermograph records of both air
E\d soil temperatures were kept at & station located in the midst of

@ corn.

In addition, two sets of data were available from the sweet—corn
section of Mame, one for the season of 1925 and the other for that of
1926 from the region adjacent to Aubwrn. Field data were supplied
in part by George Brulley, superintendent of a commerecial canni
plant at Auburn, and in part were collected in the field by the senior
writer. Temperature records were secured at the gatehouse of a
water-power plant at Lewiston, just across the Androscoggin River
from Auburn.

Samples for chemical analysis and field data from Ames, Tows, for
the seasons of 1925 and 1926 were supplied through the courtesy of
A. T. Erwin, of the Towa Agricultural Experiment Station, and tem-
perature records were secured from the official reports.

Material for this study was likewise supplied through the courtesy
of A. H. Olin from field records and temperature readings taken in the
neighborheod of a commereial plant at Mount Morris, M. Y., about 36
miles south of Rochester,

THE TEMPERATURE BASE LINE

-In attempting to determine the temperature requirements of & crop
it 1z necessary first of all fo establish the proper minimum-temperature
base line from which temperature values may be calculated. It hag
been the custom among most studonts of the temperature relations of
plants to use 40° F, (4.44° C.) as the base line, it being considered
that below this point physiological processes are practically at a
standstill, While this temperature may serve fairly satisfsctm:]dy a8
2 base line in the general study of plant geography as affected by
climate (9, 10), it seems reasonable to question whether it can be
used properly 1n studying the temperature relations of specific crops,
except in those cases where 40° is known to be close to the minirmum
temperature for the crop under consideration. Peas, for instance,
may ususlly be planted as early in the spring as the ground can be
worked, and they succzed best where relatively cool temperatures
prevail during the growing season. Corn, on the other hand, can
not be planted profitably until the ground is well warmed by the sun,
and it succeeds under hot, moist eonditions. The differences in the
responge of these two crops to environmental conditions seem to be
due primnsrily to differences in the level and range of effective tem-
peratures. Obviously, therefore, the base line to be used in the study

A
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RESPONSE OF SWEET CORN

of temperature relations of corn shoiuld not be the same as that used
in the study of peas or other crops having a different temperatire

Lehenbsuer {(8),.in the report of his studies on corn seedlings held-

- 8% constant temperatures, indicated the minimum temperature of
corn to be near 12° o 14° C. (53.6° to 57.2° F.). More récently
Frwin (§) recorded the observation that, other conditions being
favorable, sweet-corn seed sprouts promptly when the soil tempera-
ture is about 55° F, {12.78° C.}, and he made use of this femperature
a5 the base line for effective-temperature summations in his work on
pumpkins, _ '

In $he present study it was decided to.work from different tem-
perature base lines in order fo see what suminations from these vari-
ous levels would teveal. The method followed was similar to that
used by MacDougsl (1%), the total heat exposures above the varicus -
base liney being calculated not from the daily mesns but from the
hourly temperature , .
readings and summat- e TR TEMPERATVRES (K
ed as degree-hours. '
In brief, the plan hers
followed cﬁ)nsisted in

owing the corn un-
ﬁrer wigaly varying
conditions of tempera-
ture, b‘ivhigh wals made
possible asnting
at intervalI; &mugh-
out the season in the . LU
same field from the 7 , . IWANAN
same lot of seed.

N B0 Jodoe  OQ000  SQUoD 40500 IOOOD SOPO0 10500
The temperaturas SUMILRTVONS IV DECRELHOURS
sbove various base

- . Fioune 1.—Theoretical sir-tampersture summations in degree-hours
lines were then sum shove varlous hase Jines for Golden Bantam sweet corn I?Ianted
mated as degrees-Fah- :{;murvalsmmn?: 10duyxt the Arlington Experiment Farm, Rossiyn,

- B., n T of & normal year. ata are hase
renheit, hours. The oninen mlgnn tempaeratiures for this siation, and s sum-

3 matien of 45,000 degree-honrs above a proper iem fure bose
ba‘ge Ilnc',es-?l},ose% were lineizarbltrarily sssumed to bo a true sux%mgetion Iorpg:corn used
40°, 45°, 50°, 55°, and

60°F. Thet base line whose summations shewed the smallest stand-
ard deviation from the mean weas considered to be the best starting
point for studies on the response of the corn to different tempera-
tures. TheFahrenheitscalewasused because official Weather Bureaw
temperatures are presented as Fahrenheit values and field records
are usually expressed in the same wsay.

The principle here involved is mad{s clear by the following hypo-
theticalp cese. It is sssumed that a series of plantings was madye’sp at
10-day intervals throughout the season, beginning on April 15 of &
year whose daily mean femperature corresponded to the 50-year
average for Washington, D, 8 The daetes of the various plantings
are assumed to be as given in Table 1. These dates of canning ma-
turity for the various plentings in the present case were determined
by sssuming that 50° g was the proper base line and 45,000 degree-
hours was the temperature requirement to bring the corn to canning
Iﬁnga.tuﬁty. The results are presente? in Table 1 end illustrated in

gure 1,
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. TaeLE l.ﬂTheore.'.e"va_._! air-temperature aummations for Golden Bantam sivect. corn
planted at assumed intervols of 10 daois, beginning April 15 of @ normal year, o

ihe Arlington Ezperiment Farm, Rosslyn, Va. : B

: N
.{Bused on dats of the normal mean temperature for this station. A sommation of 45,000 degiee-hours
’ sbove an appropeieta bose 1lae s arbitrarily assumed to be o true suramation for the corn :

Degroe-hours sbove base line of—

Date of plani- {Date of canni.ﬁg
Ing maturity

g
.5

0o ¥, | 4w, .| oasvE.

45, 744
&7, 068
88, 340
63, 883
&, 18
62,472
Tuly 4 Sept. 18 7208 | g,‘ljg
uly 4. ent. 18.

July 15,7 Qet. 5.l 37 65112

Megn sumitation N 84,051
Standard dovintlon - | 85 2,375
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1t will be noted that the summations above the 50° F. base line have
o standard deviation from the mearn of only 141 degree-hours, which
js less than that of any other base line. An examinstion of the
curves in Figure 1 shows that for the 50° base line the curye is prac-
tically a straight line, whereas the summations for base lines both
above and below 50° yield curves that deviate more snd more from
s straight line as higher or lower base lines are used. :

Tt is apparent that this method for determining the proper base
line is Teliable whers temperature alone is the factor involved. In
reality the responge that sweet corn shows to varying conditions is
not quite so simple es this; but that the }grinciple is sound for the
study of actual experimental findings will gvident from the data
to be presented. :

METEOROLOGICAL DATA FOR 1924 AND 1927

In order to facilitate the correlation of seasonal factors with the
temperature requirements of the corn, as indicated by the experi-
mental results about to be considered, certain meteorological dats
for 1924 and 1927 are presented in Figures 2 and 3. Hipure 2 is
based on the records of the United States Weather Bureau at Wash-
ington for the growing season of 1924, and Figure 3 is based on tem-
perature and rainfall records for the season of 1927 made in the
sornfield at the Arlington Experiment Farm, Sunshine and day-
length data were taken from the official Weather Bureau report for
Washington covering the same period. '

The season of 1924 was especially favorable for observing the sffect
of sessonal conditions on the behavior of sweet corn, as already re-
corded (f8). During the latter half of April and the first ’¥m of
May the temperatures were about normal for this region. 'The re-
mainder of May and the first half of June, however, were abnormelly
cool, the maximum temperature often falling below the normal mean
for the period. From the middle of June to the first of September
the temperature did not vary greatly from normal. September was
abnormally cool, and October showed the usual fluctuations, The
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rainfsll for this ipm-iod is of particular interest. May was abniormally
wet. The raintall for June was » little below normal but was fairly
well distrvibuted. July, with the exneption of oné abundant rain about
the 8th of the month, was practically rainless, and the drought con-
tinued well into' August. From about the 12th of this month to the
end of the active growing season the rainfall was abundant and well
distributed. The effect of these conditions, particularly of the rain-
fall, was very sharply defined in the vegetative response of the corn,
as was seb forth in some detail in t'ie paper already cited (73), and its
influence on the temperature-surmmation data of Stowell Evergreen
corn will be seen, (P. 18.)

The season of 1927 was an excellent *“corn season.” While during
the latter part of June and the first week of July the temperature for
the most part was somewhat below the 50-yesr average curve for
this period, and the same was true for most of August, this was not
sufficient to interfere seriously with the developmient of the corn.
With respect to the rainfall the totals for the various months were
somewhat short of normal, but the rain was well distributed, and at
no time during the season did the corn suffer for lack of moisture.

RESULTS WITH GOLDEN S8ANTAM IN 1924

The data of Table 2 show the temperature summations in degree-
hours above the base lines 40°, 45°, 50°, 55°, and 60° F. for 10 plant-
ings of Golden Bantam sweet corn grown at the Axlington Experiment
Farm during the season of 1924. These summations #re based on
recorded air tem{)eratures, and two sets of data are given, one for

the {veriod from planting to canning maturity and the other from date
of planting to the mid-silking date, The former period is given first
consideration because it is believed to represent more accurate dats.
The tagging of ears during the silking period, necessary for their
later identification when sampling is done for chemical analysies and
canning experiments, often results in the marking of incipient ears
that never mature, which in some cases are sufficient in number to
affect appreciably the determination of the true mean silking date for
a particular plot. These data are included here, however, ecause
they show differences and indicate factors operative in the behavior
of corn that need consideration in any physiological study of this
Crop.

onsidering now the data for the periods from planting to canning
maturity, it is to be noted that the lengths of these periods varied
irom 73 days for the seventh planting to 99 days for the first, and
105 days for the tenth planting,
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Tasre 2.—'-A?iretemperatitre summdtians for Golden Bantam sweel corn grown at the 'Ailingioﬁ Eo:pmment r arm, 1994 :

.

Degree-hours shove base line indicated from plant: bégree-,lloﬁﬁébo‘ﬁ bass 'llnal.‘l{ljdlgk:afedlﬁim’ !

B

ey S .
Date of planting Mid-silking date

g
=

& F. | B°F.

56, 182

ISBEE

Semuammwnu

Oct. 7.. 66, 033
Oct, 3120 §7.101

]
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Menn summstion SR .| 6302
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It is seen in the 40°F, column (planting to canning maturity) that the
summetions from the first to the seventh plantings gradually decroase
and then progressively increase for the later plantings, Inr the 45°
column the same tendency is shown, buf the differences are not so
marked, whereas in the 50° column there is a striking sgreement in
the number of degree-hours required for all plantings. Continuing
to the 55° column, it is seen that differenses again appear but in the
reverse order from those in the 40° and 45° columns, whereas in the
60° column the differences are more marked than in the 55° column.
These results may be grasped a little more readily, perhaps, from
eurves based on these figures as presented in Figure 4.

Figure 4 shows that although the planting dates ranged from April
28 to July 18, and the corresponding range of dates when the com
came to canning maturity was from Avgust 5 to October 31, all
plantings used practically the same amount of heat above 50° F., the
average for the 10 plantings being 44,244 degree-hours, with a standard
deviation of only 454 degree-hours from this average. It would ap-

AIR TEMPERAVURES (°F)
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F1GURE 4.—Curves of air-temperatura summations In degree-hours sbove varions base lines for
the periods, (A} from planting to mid-silking ond (B} from planting o cannlog maturity, for 10
pluntlng?l%fm Qolder: Bantam sweet corn grown af the Arlington Experiment Farm duripg the
SRASON O

pear from this that 50° air temperature for the Golden Bantam corn
grown at the Arlington Experiment Farm during 1924 was the proper
minimum-temperature base line from which fo calculate effective
temperature summations. It is to be noted that these practical
findings agree in striking manner with the theoretical data presented
in Table 1 and illustrated in Figure 1.

Turning now to the data and curves for the period from planting
to mid-silking, two features deserve nctice; one, the irregularity of
the results, and the other, the indication that a different minimum-
temperature base line should be used in the summations for this
period. That irregularities may be expected in data for this period
has already been mentioned. It seems evident that, as will be shown
later, drought may have influenced these results, for moisture condi-
tions for some of these plantings were very severe. 'The point worthy
of particular note is the fact that 45° 1. instead of 50° seems to be the
proper base line to be applied in summations for these periods. The
average summation of temperature above the base line of 45° is
40,248 degree-hours, with a standard deviation of 1,149 degree-hours.

108322°—32 2
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It would appear that the response of the corn to environmental
temperature conditions for the period from mid-silking to canning
maturity differed from that for the period from planting to mid-
silking. How much of this difference is due to error of the method
can not be stated, but that this is ot an-isolated case will be indicated
.by the figures for another year as well as for another variety of corn.

RESULTS WITH GOLDEN BANTAM IN 1927
AIR-TEMPERATURE SUMMATIONS

Befors presenting the data on Golden Bantam for 1927 it should be
explained that during the season some of the plantings of this variety
particularly suffered very hea.vi]%"in the field from injury to the ears
by blackbirds and ear worms. 'This injury interfered not only with
i.ga collection of adequate samples in those cases but also with the
accurate determination of the dites when the plots as entities came
to canning maturity. The data for the period from planting to
cenning maturity may therefore be subject to some error, and the

AIR TEMPERATURES (°F}
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FIGURE 5.—Clirves of alr-tempersture snmmations in degree-hours above various base lines for 11
lantings of Golden Beotam sweet corn grown at the Arlington Experiment Farm during 1927,
A) for the pericd [rom planting to mid-siking and {B) for 8 plantiogs of the same sel for

the petiod from planting to canning maturity. The last three plsntings of this series did not
reach cenning maturicy . .

4

reader is cautioned against placing too much reliance on this part of
the data. On the other hand, records for the period from planting
to mid-silking are as accurate as it was possible to make them. The
data are presented in Table 3 and Figure 5.

Censidering first the figures for the period from planting to canning
maturity, itis noted that the planting dates ranged from May 2 to July
11 and that the length of time from planting to cenning maturity
varied from a known period of 103 days in the first to a close estimate
of 88 days in the fifth, sixth, and seventh plantings. Here similar
tendencies with respect to variation in the summations are shown,
as in the data for 1924, with the difference that 60° ¥. instead of
50° is indicated as the proper minimum-temperature base line for
the period from planting to canning maturity, The average degree-
hour summation ahove 60° for the first eight plantings is 27,413, with
& standard deviation of only 437 degree-hours,
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TasBLE 3,.—Aifatempfera{dre summations for Golden Bantam pweet’ corn 'groum al tk,erAilingtb!i Ezpmment F@fm:

‘ Degree-hours above base llne indicated lrom : Degree-hours above base llne indi,
- planting to cannlngmatur v . “ plnn ingtomid

o S ‘ 5 Lo
Date of planting Mid-sllking date Gapnlngax;atuﬂty

45°r 55°F ¥, | ‘f e

;82,123 ) : ! L 7 653 |38, 240
61,651 g -] 27,46 55,858 | 47,770 |
59,608] - - . : ' . 46,212
38,336

1= 50 00T O iba 63 1S bt

"AUR.
Sept. 3.
Bept. 8

b bk

Mean gummation (8 Elantlngs) PR

;. Standard devlauon( plant!ngs
Mean summation (11 plantings). ...

:~ Btandard deviation (n plantings)
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In comparing the figures and curves for the period {from planting to
mid-silking with the theoretical data of Table 1 and Figure 1, it is
noted that, taken in their entirety, the responses of the various plant-
ings to temperature conditions did not conform to the theorstical,
in that while the first eight plantings behaved “normally” the results
of the Iast three plantings were out of line with expectations. For
this reason it was thought best to analyze the data on two bases,
one including the first eight plantings and the other including the
entire groutg. The explanation of the “abnormal” trends in the
curves for the Iasi three plantings will be discussed later.

If the data of the first eight plantings are studied it will be found
that, as In 1924, the greatest uniformity in the summations fell in
the column 5° lower than that for the period from planting to canning
maturity, that is, in the 55° F, column, The average summation
for the first eight plantings here was 29,143 degree-hours, with a
standard deviation of only 266 degree-hours. '

Comparing these results with those for the season of 1924, it is
apparent that this corn grown at the Artington farm during 1927
developed within & different temperature range from that grown in
1924, since the bage line in 1927 was 10 degrees higher than that.in °
1924, The reason for this difference can not be assigned with
certainty. The seed in both cases was purchased from the same mid-
western seedsman and to all appearances was of excellent quality
with respect not only to uniformity in size, color, and weight of the
seed itself but also to the vigor and unformity of the plants derived
therefrom. To what extent seasonal factors may have affected the
results for the two years can not be stated deﬁnitfej?r ; but since Stowell
Evergreen grown in the same fields under identieal conditions did not
show this difference in behavior it is probable that the explanation is
to be sought in some other factor. It is believed, from the results
obtained from various sirains of Golden Bantam, which will be pre-
sented later, that this difference in behavior in the two years was due
to strain differences in the seed. .

One feature of the results for the period from planting to mid-
silking is worthy of special note, namely, the pro ive lessening of
thesummations in all temperature columns for the last three plantings,
as seen in the second set of figures of Table 3 and the curves of Fi
5. Similar results were obtained with Stowell Evergreen, as will be
shown presently. It will be noted that the ninth, tenth; and eleventh
plots of corn were planted on June 27, July 5, and July 11, respectively,
a seeson when soil temperatures were approaching the highest level
of the season. The effect of the increase of soil temperatures would
be to speed up the germination of the seed and thus cut down pro-

essively the length of the growing period. It is possible that
ength of day and perhaps other factors also contributed to this re-
sult. If the data of the series from planting to mid-silking are
- considered as a whole, it is seen that the standard deviation is
smallest for the 60° F. bese line instead of for the 55° bace line, as is
the case when the first eight plantings only are considered. This re-
sult, as will be seen from the curves of Figure 3, is due to the ‘‘mb-
normal” trends in the curves for the last three plantings,
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In. the vegion where this work was done, mean soil temperatures
in the early spring lag considerably behind the mean air temperatures,
As tho season advances the curve of the soil temperatures graduslly
approaches that of the air temperatures, until in July it reaches and
crosses it. For a considerable period thereafter the mean soil tem-

peratures remain sbove those of the air. =~ S

- In_planning the work for 1927 it wes thought that summations
based on soil-temperature data might be of valus in the present study,

- a8 much of the activity of the corn plant is carried on underground,
particularly during the early growing period.” Soil temperatures
throughout the entire season were therefore recorded, and the sum-
mations for Golden Bantam corn based on these records are presented
'in Table 4 and illustrated in Figure 6. ' ' :
Two observations are to be made fromt these dats when compared
with those for air temperature—(1) that the minimum-temperature

SOIL TEMPERATURES (°F}

[ 7 AR S|
) :

\

\

1
\
1

A\

4

g
2
)
\
3
LY

. 4 v

\

e

(A
ARt
X7 AO0 AG000 hR0 A0DO

S UAIALRTIONE LV PECRES=HOES

FIGURE 6.—Curves of sgil-temperature summations in degres-lionrs sbova vasfons base linesfor 11 -
plantings of Golden Bantam sweet corn prown at the Arlington Exporiment Farto duricg 1927,
{A) for the period from planting to mid-silking and (B) for § plantlogs of the same serles for the
perioid fmmtpl??ting to canning maturity. The last plantings of this series did not reach
canni{ng moturlty . .
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base line is lower than in the air-temperature data; and (2) that the
data of both periods, that is, from planting to canning maturity and
from planting to mid-silking, indicate the same baseline tempera-
ture, 50° F. The average summation above this temperature for
the period from planting to canning maturity is 47,532 degree-hours,
with a standard deviatior: of 406 degree-hours. For the period from
planting to mid-silking the average summation for -the first eight -
plantings is 36,381 degree-hours, with a standard deviation of 454
degree-hours. : :

%‘he difference in sir and scil temperatures during the growing
seagon explains, in part at least, the differences in indicated base lines
as determined from the air-temperature and soil-temperature dats.
It is plain that, since in the early part of the season thr response of
the corn is influenced by soil temperatures more than by air tempera-
tures, the air-temperature base lines as here determined do not repre-
sent the true physiological minimum temperature for corn, which
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~ base line in-any region or season where the soil-temperature gradient

- is normally below that of the eir. Since the corn plant carries on -

S ph]fsiological activities both in the soil and in the air, and since the

"~ soil and air temperature gradients vary continuously with respect to -
" each other, it is impossi _ﬁrnt. the present stage of kmowledge to eval-

. uste ghese data in such a way as to give a true and accurafe value for

“the actual physiological minimum temperature.. Itis apparent, how- -

ever, that this value would lie within the limits given in the soil and-

. alr-temperature data unless there were othér interfering factors.

In the summations based on soil temperatures, as pointed out in
the discussion of those based on air temperatures, thers is observed s
_progressive lessening of the summmations of the last three plantings.

" miust be below. that given;&hd would be below the sir-temperature *

RESULTS WITH STOWELL EVERGREEN IN 1924 .

- The differences in the sessonal bondiﬁbns for 1924 and 1927 are
reflected in the summation data for Stowell Evergreen, Table 5 -
and Figure 7 present the results obtained for 1924. :

ST FESIRERRTORES (%)

171 A\
L R \ ]
\

)
Y
-8
N
3
X

\ \ - | -
VAW B AN \
L I -moé Jqooa  daesa ST mope  #000  SA0OD.  F00O0 0000
' SCATALRTIGNVE AV DEGROEE =, OLRS

FIGURE T—Curves of air-fempernture summations (o degree-howrs nbove varicus base Iines for
eight ?l.antings of Stowell Evergreen Sweet cotn 1 at tha Arlington Experiment Farm during .
1024, (A} for the period from planting to mid and {B) from placting to canning maturity

It is noted at once that the figures and the curves based upon them
show striking irregularity, the first fodulrﬁplantings exhibiting the usual
Eadations, while the remaining four differ considerably. in the degree-

urs of temperature making up the totals for these gls,nhmFs The
greatest uniformity is found in the figures of the 60° . column for
the period from planting to canning maturity, the average summation
for the eight plentings being 30,131 degree-hours, with a stendard
deviation of 1,064 degree-hours. The aberrant results obtained for
the last four plantings find their explanation in the effect of drought
conditions on the corn. Field records show that the corn of the fifth
‘planting came to silking during the most trying part of the summer,
these p?a.nts requiring three weeks to complete approximately the
silking process, whereas earlier plots of corn derived from the same
lot of seed reguired but two weeks to accomplish the same result.
The sixth and seventh plantings required 18 a.mf) 17 days, respectively.
The striking effects of the drought on the vegefative activities of the
corn, such as stunting of growth, decreasing the yield, etc., were
particularly noticesble in the plantings of Stowell Evergreen. Atten-
?ig‘?g W}%ség) awn to this in the report previously mentioned (I3, p.

5 W L T ) % & W .
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{, L Degree-houm above base lino lndleated lmm
Period ‘from mid-{ - plant nzmcannlnx maturily .

silking to eannlnz .
nmturi byl L

45"‘1,‘-' T IS O

; July 27, to Aug. 23...
Aug l 1026

: Aug 7w'ﬂ . k
.| Aug. 9 to Sept. 2...-

Aug. 17 to Elept 18..
Aug. 18 to Bept..10..
Aug Bept. 28..

00 530 ik 0213 bt

Meéan-
Standard devlntlfm

1'Tn order to determlne the tem rature aummations tor tbe riod (mm mid-sﬂklng to eanning mnturl in thls serlas i6-was neoemry mnke
analyses along with the field mcordspeto estal ush the exact perlod?e bo summated ty
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The figures and curves for the planting to mid-silking period show
- similar irregularities. The minimum-temperature base line is not so .
readily determined as in other series, but it is apparent that it Lies
close to 50° F., the average summation for this column being 39,418
degree-hours, with a standard deviation of 1,186 degree-hours. Here
again is illustrated the lower effective temgerature range of the corn
for the planting {o mid-sitking period as observed in the case of the
Golden Bantam variety. '

RESULTS WITH STOWELL EVERGREEN IN 1927
AIR-TEMPERATURE SUMMATIONS

In Table 6 are given the air-temperature summations above various
base lines for Stowell Evergreen grown at the Arlington Experiment
Farm during 1927. Two sets of dats are again given, one for the
peried from planting to canning maturity and the other for the period
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Fruaung 8.—Curves of pir-temperature sumrmations ln degree-hours above varlous base lnes for 13
plantings of Stowell Evergreen sweel corm ﬂown at the Arlington Experlmont Farm d 19,
{A} for the period from planting {o mid-silking and {B) for nina plantings of the satmeseries for the
ml'iog l’m\::-tt pliatntmg to canning maturfty. The last four plantings of this series did pot reach
canning maturlty

from planting to mid-silking, as in earlier tables. Curves based on
these resnlts are shown in Figure 8.

* Considering the first set, the summations in the columns for the
40% 45°, 50° and 55° F, base-line temperatures, the trends from
higher to lower summeations-with successive plantings are again
observed, whereas in the 60° column the summations are strikingly
uniforrm for all plantings, The average summsation for the nine
plantings is 29,924 degree-hours, with & standard deviation of only
250 degree-hours from this average. It would appear from this that
60° air temperature should be considered the minimum-temperature
base line for these plantings. This is in agreement with the findings
of 1924 for this variety.

108322°—32 3




TABLE 6 —Azr-temperature summalions ,for Stowell Ev»rgreen sweel corn grown at the Arlmgton Ezpmment Farm, 1

Degrae-houm abové base line indlcated lrom ; :Degree-hours above bnse line mdlmted tmm 2
lnn ing to canning mamrity T : ! plantiug to mld—sﬂk!ng :

Date of planting | -~ Mid-silking date. dannlﬂgagatuﬂty : RN — o S
' . 4°F [ 4P F | 8OF. | 5°F. | B0°F. 40°F 459:_1?., ‘50°F,;‘f' SR,

82,106 |- - 68, 68
80,270
78,738

s
=

ElEEERES fi’sE

sEsRE

£

40,482
40,057 1 -

July 11
July 18¢
July 25. ..

o
-
[

Meéan summaticn (9 plnntlngs)
Standard deviation (8 plantings)..
Mean summation (13 plantings)..
Standard deviation (13 plannng})

pSub | BoBss

9857
221
g
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In the figures for the planting to mid-silking period, irregularities
are noted. With the exception of the fizures for the ﬁrste%:ulanting,
which clearly reflect the abnormally high temperatures prevailing at -
and for some time ajter the date of planting of this plot (ﬁi. 8), the
summations for the first nine plantings are fairly uniform in the 60° F,
column, the average for these plantings being 22,682 degree-hours,
with & standard deviation of 692 degree-hours. - However, there are

,only slightly greater irregularities in the 55° column, the average for

the first nine plantings being 81,070 degree-hours, with a standard
deviation of 916 degree-hours, . _
It is to be noted that the irregularity showing in the figures for the
first planting does not appeer in the summation for the period from
planting to canning maturity, this lower summation than the average
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FIGURE 9.—~Curves of soil-temperaturs summations In degres-hours above varlona hase Hnes for 13
plantings of Stowell Evergreen sweet corn grown &t the Arlington Experiment Farm durlng
1927, (A} for the peticd fromn planting to midsiliring and {B) for oine plant of the same serjes . -
fer tha peried from planting to canning maturity. The Iast four plantings of thisserles did not
reach canning maturity . :

L I

of the eight plantings being offset by the greater temperature require-
ment from mid-silking to canning maturity. .

Beyond the eighth planting is agein observed the gradual lessening
in the total amount of heat reguired by the corn, which was noted in
the corresponding results with Golden Bantam already shown.

The indicated minimum-temperature base line here is 60° F.
mstead of 55° as in the case of the 1924 Stowell Evergreen, the
proper base line for both the planting to canning maturity and the
planting to mid-silking periods being apparently the same. Whether:
this indicates strain differences in seed may he questioned. The
results obtained from summations based on soil temperatures seem
to indicate no difference. The results for both periods here indicate
8 base line of 55°, which corresponds exactly with the results obtained.
with Stowell Evergreen in 1924,

SHL-TEMPERATURE SUMMATIONS

Soil-temperature summations above the various base lines for
Stowell Evergreen in 1927 are presented in Table 7 and Figure 9.
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TaBLE 7 ——Sml—temperaturc summatzons j‘or Stowell Evergreen sweet corn yroum at the Arhng&m E:pmment Farm, 1.927

Demhoura nbove bau llne lndicatad ftom Degroo-honrs abo-'o base llné indlmted t:om
lanting to canning ma ] : : )anting to mld»sﬂking &

P

Dotoofplanting |  Mid-illking date | C#RRiog maturity” , B
' 55°1=', 60° F. | 402 F. - e F. 50°F;_‘ ;

_
L]
]
8.,’
"

- 40° F. ¥,

a1
7 %g,'m
1 |- 39,101 | 29,923
88,933‘ 30,083

§§§§§»,

Aug.
Aug.
Aug. 15000
i ﬁ.uz %g-..--.
ug. 28.. .-
Bept, 1 :
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Oct, 1..oonm

‘Mean sumnmation (9 plantings). ...
standard deviatlon (0 plnutlngs .
Mean summation (13 D! DEE) vy
Standard deviation (13 plantlnge).
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Considering the data for the period from plsnting to canning ma-
turity, it is noted that the curves of the sail-temperature summations
do not differ materially from those of the air temperatures. The
appropriate base hne indicated here is 55° F., 5 degrees below that of

e indicated air-temperature base line—such a ditference as has been
noted in previously considered data. The average summation for the
nine plantings in the 55° column is 40,063 depree-hours, with a stand-
ard deviation of only 238 degree-hours.

In the case of the data for the period from planting to mid-silking
for the first nine plantings, the smaliest standard. deviation is found in
the 50° F. column, where the mean summation is seen to be 8,525
degree-hours, with & standarl deviation of 858 degree-hours. This is
a lower base line than would be expected, considering the data that
have already been presented, B.lld‘?;le stendard deviation is likewise
unduly great. Inspection of the curves of Figure 9, however, reveals
the explanation for this and indicates that in this case, as in the curves
for the perioti from planting to canning maturity, 55° is the indicated
base line, the aberrant results in the case of the first planting of the
series being responsible for the higher standard deviation in the 55°
column than in the 50° column. Ei‘he reazon for this abnormally low
summation for the first planting has already been discussed. The
mean summation for the 55° column is 29,602 degree-hours and the
calculated standard deviation 1,056 degree-hours,

DISCUSSION OF RESULTS WITH GOLDEN BANTAM AND STOWELL
EVYERGREEN IN 1924 AND 1927 .

On the basis of the experimental findings set forth, what may be
concluded as to the minimum-temperature base line for sweet corn?
It must be recognized, of course, that temperature is but one of the
factors influencing the behavior of corn in the field, and before an
absolute evaluation can be made of the influence of onefactortheothers
must be taken into consideration. The amount and distribution of
the rainfall has a tremendous influence on crop sctivities, as every
farmer and investigator knows, The amount of sunshine that the
corn receives has an effect on photosynthesis in the plant, and the
factor of variable day length must be considered in this connection
also. That varieties differ in their time requirements_for growth and
maturity is well known. Obviously, therefore, the temperature needs
of all can not be the sume, and it is clear that absolutely uniform
results are not to be expected from any set of experiments where these
variable factors are not under complete control.

In the experiments here recorded practical field conditions prevailed.
The different plots of corn for both seasons were grown, however, in
different portions of the same field with no essential difference in cul-
tural practices except that the Golden Bantam was thinned to a dis-
tance of 8 to 10 inches in the row, and the Stowell Evergreen plants
were spaced 12 to 14 inches. 'The seed for both seasons was ebtained
from the seme seedsman but, in all probability, was from diflerent
seasons’ plants for the different years, as was indicated by the differ-
ence in the vegetative character of the plants for the two years. The
periods covered were essentially the same for both seasons, so that
the day-length factor was practically constant for one series of plant-
ings as compared with the other series. Within each series the day-
length factor, of course, was variable. No measure of the light inten-
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sity as influencing photosynthetic activity was ‘available execept the
inadequate record of the hours of sunshine and cloudiness, which at
present can not be evaluated accurately for this purpose.

If a series of plots of corn planted at intervals of a week or 10 days
conld be grown with all conditions uniform except those of tempers-
ture and time, In view of the results reported by Livingston and
Livingston (10), and as clearly illustrated by the hypothetical case
earlier considered, it would be expecied that temperature surnmations
above a proper minimum base line would be uniforra for all plots, and
that summations of temFeratura asbove or below this proper base line
would be lacking in unifermity, for the reason that if too low a base
line were chosen the summations would include an excess of tempera-
ture above that required by the corn, whereas if the bese line chosen
were too high the summations would not be a sufficient measure of
the temperature needs of the crop. It is believed, therefore, that the
striking uniformity in the summations of temperature above certain
base lines found in the present study indicates rather conclusively the
proper base lines for these different corns.

On these grounds it seems reagsonable to assume thet for the Golden
Bantam variety grown at the Arlington Experiment Farm durin
1924 the minimum air-temperature base line was 50° F. for the perio
from planting to canning maturity, considered as a whole, with a
slightly lower minimum for growth up to the flowering stage and 2
slightly higher minimum for the storage of the starch and otber
carbohydrates in the grain until cenning maturity atleast was reached.
The 1927 Gelden Bantam responded to environmental conditions in &
similar manner, but its minimum sir temperature for the period from

lanting to canning maturity for some reason was 10 degrees higher.
he minimum seil temperature for this corn was 50°, and the base line
was the same for the two periods considered.

The minimum air-temperature base line for Stowell Evergreen for
both 1924 and 1927 was 60° F., with the same sort of variation with the
age of the corn as shown by the Golden Bantam. The minimum soil
tetaperature for the 1927 Stowell Evergreen was §5°,

The minimum-temperature base line for sweet ¢orn, therefore, has
been found to differ, not only with different varieties but also with
different strains of the same variety, and the amount of heat re-
quired to bring the corn to canning maturity has b2en found to differ
likewise with veriety and strain. The effectiveness of the tempera-
ture in bringing the corn to canning maturity has also been found to
be influenced by drought, by soil temperature at planting time, and
}Jrobably also by day length, light intensity, and possibly other

actors. -

It seems reasonable to conclude slso that since cerfain varieties
and strains of sweet corn have lower minimum femperature require-
ments than other varieties and strains, such low minimum temperature
corns might be planted earlier in the season than those having & higher
minimum, and thus be better suited for cultivation in regions having
short growing segsons.

TEMPERATURE SUMMATIONS FOR DIFFERENT VARIETIES

It may be of interest to consider the temperature requirements of
corns grown at the Arlington farm and at other places during these
and other seasons. In Table 8 are shown the summations for dif-
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ferent varietios of sweet corn grown. at the Arlington farm 'dwéing -
1922, 1925, and 1926, CoE I o

‘Taste S.JAir-tembera'turq_ summations for different varieiies of sweel com ‘grotm
. at the Arlinglon FHrperiment Farm; 1922, 1925, and 1986 :

+ {Bgpsed an date. for the perlod from planting tu canning metuHiy} -
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- - “1-  Degree-hours above base Ins of— .- -
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Since the minimum-temperature base lines for all these varieties
are no$ known, the full significance of these summations can not be
completely determined, but some interesting comparisons are pos-~
sible, Itls noted that in the case of Stokes strain of Golden Bantam
grown during the seasons of 1925 and 1926 the summations above.
55° F. differ for the two years by only 246 degree-hours, the nversges
sutnmation being 36,054 degree-hours. This s gests 55° as the
probable minimum air-temperature base line forlﬁns strain, as both
a@gv}e and below this base line the summations differ much more.
widely. . _

The same variety, but frém a different source, grown during 1922
at none of the base lines used in these tests, shows a sulnmation
approaching that of the corn just mentioned, and obyiously indicates
a distinct strain difference jm seed. It is of interest to note that.this
corn required less teinperature o resch canning maturity than any
other variety or strain of the same variety grown during the period’
of 1922 to 1927, with the single exception of the 1924 Golden Bantam
above the base line of 60° F. . :

In Table 8 are shown summations also for four different plantings
of Stowell Evergreen. Considerable variatidn is seen in the surnma-
tions ebove the 60° F. base line, with a range of 2,502 degree-hours
between the strain grown in 1922 and the Arlington Experiment Farm
strain grown in 1926, It is of interest that the Stokes strain of 1925
and the Towa strain of 1926 vary by only 304 degree-hours in’ their:
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temperature requirements above the 60° base line, the average sum:a-
tion for these two plantings being 32,371 degree-hours. This suggeésts
the possibility that the seeds of these two plantings were d_erivetf ?rom
plants of the same strain. '

Soms idea of the relative temperature needs of other varisties of
sweet, corn may be obtained from & comparison of their summations
for the year 1922 with those of the Golden Bantam and Stowell
Evergreen. They were (ﬁrown in the same fleld under as nearly iden-
tical environmental conditions as were practicable. -

Within the 1925 %roup atiention is called particularly to the very

_ great summsticns of prevailing temperature in the case of the Guate-
malan corn, which wers far in exeess of those of any variety of sweet
chrn studied by the writers. -

The summations for the two plantings of Country Gentleman for
the period from planﬁ:;i to canning maturity were much greater for
the 1926 corn than for the corn grown in 1922,

The response of different strains to temperature conditions above
various base lines in 1927 is shown clearly in the summations of Table 9.

TaBLE 9.—A€r-tmperu(u;e summations for different pedigreed siraing of Couniry
Gentleman and Golden Bantam sweel corn grown af the Arlinglon Ezperiment
Farm, 18927

[Basad on data for the petiod fram planting to canning maturlty]

Degree-hours above basa liee of—
Varlety and strain .

45° F, 50° F, 55° F.*

Country Gentlelnan:
No. 1 . - 1 51,181
No.2 . T2, 769 50, £94

51 557

No.d.....
Golden Bantam:
No. 1l..._..

. . 47,851
No. 2 , | 47,851
No. 3. - ! 0, 533

These data ware obtained from plants of pedigreed strains of the
Country QGentleman and Golden Bantam varieties, the seed of
which were kindly supplied by G. N. Hoffer of the Indiana Agricultural
Experiment Station. These corns were grown side by side in the
same field, and environmental conditions were identical for &ll. The
three strains of Country Gentleman vary within a range of about
500 degree-hours above the 60° F. base line and take an intermediate
position between those considered in Table 7. This variation is not

reat but nevertheless is well defined. More striking sre the figures.
%01' the three strains of Golden Bantam, for No. 1 and No. 2 showed
exactly the same temperature requirements, whereas No. 3 required
considyt;rably more heat to bring it to canning maturity than its
associates in the test.

DATA FROM CORN GROWN IN IOWA

Temperature summations have been made for different varieties.
of sweet corn grown at the Iowa Agricultural Experiment Station,
Ares, Iows, during 1925 and 1926. The field data for these corns.
and samples for chemical analysis were supplied through the courtesy
of A, T. Erwin of that station. The planting, mid-silking, and:sam-.
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pling dates wore derived from the field records, and canning matusity -
was determined from the results of chemical analysis of the samples
prepared from the corn at different stages of maturity., “The tem-
Beratu.re data are based on the official Weather Bureau reports for
es Moines, which is approximately 30 miles south of Ames and has -

a normal mean temperature sbout 1¥ degrees above that for Ames.
(See normal temperaturs curves in Figure 10.) The summstions
therefors, are probably a little higher than would have been obtaine
had actnal Ames récords been-used. It is bélieved, however, that

--these differences are 7ot great enough to affect seriously the resulis
obtained. Slight errors in these summations may likewise be present,
due to the fact that they are based on the daily mean temperature
rather than on the hourly resdings as in the Arlington Experimerit
Farmdata. The summations for the period from planting to canning
maturity are presented in Table 10, a.ng the curves of the temperatures
for the growing seasons of 1925 and 1926 are shown in Figure 10.

1

K
\
\
%..
¢
y

Figung 10.—Mean daliy tem ture ¢urves for Des Moines, Inwa, during the neriod from April 16
to September 15, lachisive, for the yeors 1925and 1026, Curves for the narmal mean ternperatures
for Des Moines and Ames, fows, are also shown. (Data from 1. 'S, ‘Weather Buresu records)

TABLE 10.—Adr-lemperature summau'm;s Jor sweet carn grown al Ames, Totia, 1985
and 1926

[Based oz data for the perlod from plsnting to canning maturity]

Degroe-hours abova basa llne of—

Year and varietr
W0°F. | 45°F, 500 F. 55° F. | o0° F.

Goldon Bantpm. .-

Golden Bentam...
Country Qentlsman
Stowell Evergresn
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It is seen at once that the Golden Bantam corns grown during these
two seasons differed considerably in their response to temperature
conditions, that grown in 1925 showing a summation above the as-
sumed minimum temperature of 50° ¥. 4,040 degree-hours greater than
that grown during 1826. There is no close agreement in the summa-
tions above any base line considered, and it seerus safe to assume that
these corns represent two distinet strains, The two plantings of
Stowell Evergresn, on the other hand, showed summatiors above
the assumned base line of 60° for the two seesons varying by only sbout
500 degres-hours. It would appear that the seed of these two plots
was Jderived from the ssme strain of eorn.

Comparing these figures of Table 10 with those obtained at the
Arlington farm from Tows seed (Table 8), it is found that the Stowell
Evergreen growr. in Iows in 1926 had & temperature summation.above
the 60° F. base line approximsately 2,400 degree-hours greater than
that grown at the Arlington farm during the same season. Whether
the seed of these two plantings was dertved from the same lot is not
known. In the case of the Country Gentleman variety, however,
the Jowa-grown corn required only slightly over 600 degree-hours more
than that grown at the Arlington farm, comsidering 60° as the
probable proper base line. :

The possible relation of regional factors to the behavior of the eorns
ean not be proved conclusively, but the fact that the Iowa figures
shown here are always somewhat higher than those obtained at the
Arlington farm should be noted in passing,

DATA FROM CORN GROWN IN MAINE

The study of corn grown in Maine was confined to different strains
of one variety of sweet corn—Crosby—in the portion of the Andros-
coggin River Valley lying between Rumford on the north and Durham
on the south, & farming section characterized by widely varying types
of soils snd topographical conditions. In some instences the corn
was grown on very light sandy soils, in others on heavy clay loams;
it wes elso grown on sll intermediate types of soil, The elevations
of the different, farms varied by as much as 500 feet in some instances.
Obviously, it was not possible to secure accurate temperature records
on all these farms, and it was necessary to rely on the official records
of the nearest Weather Buresu station, located at the gatehouse of the
Union Water Power Co., at Lewiston. This station is not in the
center of the region concerned, but is approximately 5 miles from the
southern boundary. Auburn es dirvectly across the river from Lewis-
ton, and the farms listed under this neme He within a redius of about
5 miles from the Weather Bureau station. North Turner is about
12 miles north of this point, Livermore Falls approximately 30 miles
te the northeast, and Ii')i:cﬁeld approximately 35 miles north of the
station. It is inevitable, therefore, that the summations for these
more distant locations, based on the Lewiston temperature-data,
should be slightly too high. This influence of distence from the
recording station will be noted in the data to be presented, but is not
sufficiently great to affect the results seriously.
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- These summgations arefor the period from planting to the date. of - o

delivery to the factory. Theoretizaily, corn as deliverad at the factory . -

- _should be.at a very definife stage of maturity, and in the majority of -

‘cases this condition is closely approximated. However, weather
conditions sometines interfers with the harvesting of ‘the crop at the
appointed time, and in a few individusl cases the operation of other .
factors may result.in the corn being delivered when slightly immature
or slightly overmature. Sruall errors in summations may arise from.

 these causes, but it is believed that in the present-cases these ervors
are very small, . . ' o
. Data for two-seasons will be given; those for 1925, when fignres
from 10 different farms in the region about Auburn were obtained,
and for 1926, when corns from 72 farms within the larger Bresa: Were .

- included in the study. o - S : : _

. The summstions are based on hourly terperature readings mads -
throughout the season. :

Table 11 shows the results obtained for the season of 1925 in the

Atburn region..

TanLe 11.—dir temperature summations for different siraing of Crosby sivest corn
grown near Auburn, Me.

[Based on data for the peried from: plantlag to eanning maturity}

Tregree-hours above base Uee of—

dtraln and farm

45° F 5° F. 855 F,

Brroham & Morrill Clark strain:
James fatm e . ; 1 55642 4, Hit , 500
Zanborn farm_ . 85,835 |  41,Mi4 550

Early Croahy strain: :
Rodmond ferm - 47,458 38,013 512 |-

- 53,856 | 40888

28, a3
ENis stroin: : :
Poekurd farm : £1, 082 30,070 { D28 080
Flanders farm_ 62, 505 4%, 533 a7, 603 25, 627
Mower farm - 53,850 | 40,844 27,928

Fino strain:
47,845 | 35,654 25080
46,24¢ [ s7.300 [ o533
_ 60,742 [ 39,610 | 26,456
Avernge. EL,513] 35,085) 2amal.

~_Your strains of Crosby corn are represented in these figures.
Differences in strains as regards their response to tempersture condi-
tions are indicated, but the data are too few to warrant general con-
clusions on this point, Differences in soil conditions on which the
eorns were grown and in elevation doubtless account for the variations
‘moted within each group. The average summations for the 10 fields
of corn calculated above the wvarious base lines should be noted.
Table 12 shows the results obtained from 72 different farms during
' the seeson of 1926 within the larger area mentioned,
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- YPAnur. 12 Tema afure e wiremienty of different strains of Crosby corn groten in
T w _E_Mtii‘r_ic.lﬂsﬁﬁﬂo;htinue@ T

R " Degroéhiours above base Moo af—
- Stminendlocallty, . (R o T
B N O R | 4R ] BOF.-] s R

o

vermere. Fall : 65332] si4ep |- 3?;3.57_
vermere vel T . : gg,'mu ,511:9_13 ar 761

_03%;609,) 51,678 | 37,55 |

 EL208 | - 37,2
| &4 | 37,280°

L Averaie. e S Y e Y
. ;\u‘!‘n_li'm . . . A8, 415 35,525 .

272 "Aversge for Early Crosby stealn. . ' 5,473 | a7,048
.+ “Livermots Falls... —— . 1 1 60, A52 48, (29 4, 016
’ : 52,240 38, 082
- 8,800 | 37281

™ 36,776

’ 'Eﬁrlﬂ'cmﬁy strala: )

i
|s

i}

Nolsa Early Croshy stzain:
North_ YT TIEL.

2
g3

EBSNEREES
8| paunapgres

38858 &) 98z8

=)
'+

8

gE5HE
S3EER

SRRER
¥| §Ei8aeuEy
BESESEEHE
238

-
£
8§

¥ ﬁﬁﬁﬁgﬁﬁﬁﬁ;

B
3

Avernpe.

Roaka stroin:
Auburn

' 3
B
-
=)

BEAN
EES
Tegpng

B

"
8

Average.....

Martin strafn: ‘
Anburn . 61,768 | 48,735

. Grnda : o 63,81 | 50, 264

gl
E3ES

In view of the factors coitributing to variations in results that
have been pointed out, one is impressed by the striking uniformity in
the summations above the various base lines.. Variations due to dis-
tence from the weather-recording station are shown mnost satisfactorily
in the figures for the Ellis strain and amount to a fow hundred degree- -
hours between the group nearest to and that farthest from the recording
stafion, . : - : o
~ The temperature requirements of the different strains did not Vary
widely, though the Roake corn used somewhat less beat than any of

‘the others. . ;

In comparing the averages for this season (1926) with those. for
1925 it iy seen that all strains matured with less heat in 1926 than
they required the previous year. It is possible that the smaller num-
ber of observations in 1925 may be partly responsible for this varia-
tion, but it is not believed that this sccounts for all the difference.

The 1925 season in this region was one including prolonged drought,
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and it is probable that here, as in the case of the Stowell Evergreon
grown at the Arlington farm in 1924, the normal rate of development
wasulra(tiardad from this cause and a higher temperature summation
resulted,

In order to evaluate these results for future use it is necessary to
know something about the minimum temperature base line for Croslt)iy
corn. A limited number of plantings of Crosby corn have been made
at the Arlington farm, and their temperature requiremenis will be
shown later; but it is not possible from the data to tell what is the
minimum-temperature base line for this variety. It is well known,
however, that Maine growers of sweet corn are narrowly restricted as
to planting dates becauss of the short growin%season, Too early
planting results in the rotting of the seed in the ground, and late
planting exposes the corn to the danger of killing frost before it
arrives at cannin% maturity. Practical experience has shown thatiit
is necessary for Maine growers to plant; their corn at a time when the
prevailing temperature is close to the minimum for this crop, On
this basis, it is possible to'determine ressonably closely the minimum
temperature for Cresby corn.

[

#

. ?;‘Mﬁ;@fra@!(ﬂ

5

Figune 11.—Mean hourly tem urs curves for Lewiston, Me., during May and June, 1925 and
1026, as recorded ot the Union Water Power Co.'s gntehouse.  Tho normal femperature curve for
this station is alsg shown

In Figure 11 are shown the mean daily temperature curves based
on hourly readings for Lewiston for May and June, 1925 and 1926,
with the average date of planting each year.

For both seasons- the femperature during May was, for the most
part, below normal for that region. For about 10 days during the
middle of the month the air tempersture averaged well above 50° F.
end then fell slightly below this point for a short time before swinging
upward. Planiings were made shortly after the temperature began
to move upward again. The practical experience of these farmers
indicated an air temperature of close to 50° as unsafe for the germina-
tion of the corn, and a study of the chart shows that the soil tempera-
ture at the time of planting must have been fairly close to 50°. A
personal communication from a representative of one of the corn-
canning companies operating in this region states that norrelly May
25 is about the average planting date for this region. The normal
temperature curve for this date stends at about 57°. It seems rea-
sonable to conclude, therefore, that 55° air temperature or 50° soil
temperature is close to the mintmum-temperature base line for Crosby
corn. Assuming this to be the ease, it is found by reference to Tables
11 and 12 that the air-temperature requirement of Crosby corn for
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the' period from planting to delivery of corn to the cannery averaged
26,713 degree-hours sbove 55° in 1925° and 24,584 degree-hours in .
1926. YFor comparison with these results the data chtained from
different strains of Crosby. corn grown at the Arlington farm are
presented in Table 13.- = : '

" TaBLE 13.— Air-lemperature summations for different straina of Crosby corn grown

al the Arlingion Fxperiment Farm, Rosslyn, Va., 1932, 1926, and 1987
[Based on data for the period from planting t6 cauniog mriurity]

Degree-houra above base lipe of—

Year and simaln
’ 4657 F. 507 F. I

1072
. Early Croshy

1624

Brrnham & Merrill Clark straln (from Maine)
Croaby {from Minnescts)

1927

Crosby No, 28897
Early Crosby No. 25653
Minneaota Croshy No. 23685,

A

Comparing the Maine-grown corn with that grown at the Arlington
farm, it is seen that from the 55° F. base lina the average summations. °
are considerably less; that i3, 24,584 degree-hours as sgainst 35,948
degres-hours. These results, however, include data for several strains
grown in different years in each case. _

In order to get a strict comparison of the behavior of corn grown
in Virginia and in Maine, attention is called to the data of the
Burnham & Morrill Clark strains grown in these two regions from
the same lot of seed. Comparison of the data from the 55° F. baseline
shows that corn grown in Maine reached canning maturity with a
temperature summation of 24,967 degree-hours, as against 35,112
degree-hours for that grown at Arlington farm, a difference of 28.9
per cent. If comparison is made of the data at the lower base lines
1t is found that the difference becomes progressively less as lower base
lines are used, until the two gradients cross, giving at the 40° base
line & summation greater for the Maine-grown corn. This might
gseem to throw doubt en the validity of the use of the 55° base line
in this consideration, but it must be noted that in Maine there is a
greatar accumulation of ineffective low temperature then in Virginia,
and possibly a greater accumulation in ineffective high temperature
in Virginia than in Maine, which would tend to explain, in part at
least, these differences in results.

From the date presented it is concluded that for Croshby corn
55° F. is the most appropriate base line. From the use of this line
with the Maine and Virginia data it appears, as has already been
suggested, that the response to femperature conditions of the corn
grown in Maine is distinctly different from that grown in Virginia.
As factors probably important in contributing to this result may be
mentioned difference in length of dey (which provides for longer
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K{eﬁods of photosynthetic activi
sine conditions, and a better

tg?i a lower tate of respiration ﬁnder

ance between photosynthesis and

transportation of manufactured plant products, as suggested by
Livingston and Livingston (10).. .

DATA FROM CORN GROWN IN NEW YORK,

There remain to be considered only a few data on corn gown at
Mount Morris, N. Y., during 1926. So few are the data that they

would not be presented here but for the fact that they show again
how much more economical of temperature are corns grown in the
northern latitudes of the country. %ha variety here was Red-leaved
Evergreen,? which was planted on June 1 and came to canning matu-~
rity on Qctober 13. The air-temperature summations for this corn are
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FIGURE 12.—Mean dsily temperatura curve for Rochester, N, Y., for the perfed from May ito -
Cctober 31, 1824, inclitslve, and for Mount Marrls, N. Y., for the period from Juna ! to October
31, inclisive, of the sama yeayr from data for Rochoster taken from the U, 8. Weather Bureat
records and data for Mount Morris taken from fleld recards

as follows: At 40° ¥'., 75,113 degree-hours; at 45°, 58,129 dégree-
hours; at 50°, 43,673 degree-hours; at 55°, 29,404 degree-howrs;
at 60°, 16,868 degree-hours. _

In order to interpret these fizures properly it is necessary to know
something of the minimum-temperature base line of this corn. Itis
regretted that more information on the temperature requirements of
this pariicular variety in various parts of the country is not available,
but a brief study of local conditions where this corn was grown serves
to throw light on this point. In the present case temperature records
were begun on the day of planting and continued through the growing
season. In Figuve 12 these records are charted; and to throw some
light on conditions prior to the planting date, the records for
Rochester, N. .Y, wﬁere the nesrest Weather Bureau station is
located, are also charted for the sesson of 1926, and the normal

¥ Aecording te informstion obtnined from growers of this corn, It Is a late variety olosely ressmbling
Stawoll Evergroen. :
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M£aatm curve is also shown. The daily mean temperature at
Rochester and Mount Morris averaged about the same during thi
season with the exception of August, when the Mount Morris tem-
Eeraturas averaged a little lower than those of Rochester. It is

elieved, therefore, that the normal temperature curve for Mount
Morris would not differ greatly from that for Rochester.

This corn was planted when the air temperature was s little above
§0° F., and during this season the temperature for the first thres
weeks of June averaged close to this temperature. A personal com-
munication from a representative of one of the canning companies
operating in this region states: *‘We have not been able to plant any
corn here in the Mount Morris district much before May 20.” Data
from another source place the average planting date, prior to the
invasion of the territory by the European corn borer, at about May
20. The chart shows that the normal temperature for this date is
about 58.5°, only slightly below the average temperature of the first
three weeks in June, 1926. 'While this does not prove the minimum
air temperature of this corn to be 60°, it does indicate that this can
not be far from the minimum. The summation above this base line
was 16,868 degree-hours, which was far less than that of any variety

own at the Arlington farm during the years these studies have

een carried on.

GENERAL DISCUSSION

The value of any system for determining the response of plants to
their tempernture environment must be dependent upon its appro-
priateness when applied to practical conditions., Experience has

ndicated that absolutely uniform and exact results are not to be
expected from any system, for the resson that many and widely

varying factors are involved, and it is extremely difficult if not
impossible at the present stage of knowledge to evaluate the influence
of any one factor in plant behavior as distinct from that of all other
factors The present use of the system of “remainder” indices and
the determination of the minimum standard deviation from the mean
summations above various base lines is not entirely satisfactory, since
here, as in the use of other systems, it is impossible to rule out entirely
the effect: of prolonge:d drought and some other variable inﬂuencing
factors, which, in the present csse, tend to increase the standar
deviation and obscure its significance. It is believed, however, that
much of the objection to, and the inconsistencies of, the remainder
gystem may be eliminated by the use of suitable temperature base
lines, and it is believed that the present method of determining these
base lines will be found useful and reasonably satisfactory in the
study of crop behavior.

It is to be noted that a base line as here determined does not mean
that absolutely no growth or development will take place below that
base line; but it does serve as a practical zero point. It operates fo
eliminate the ineffectiveness of low temperatures and the inefficiency
of temperatures close to the base line. The slight effectiveness of the
temperatures below the base line is mathematically balanced by the
inefficiency of the temperature just above the base line. It seems
to be, therefora, the best compromise that can be obtained where all
the environmental factors are taken inte consideration,
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1t may be objected that the methods employed here in the caleu-
lstion of the temperature requirements of corn are too laborious for
goneral appiicstion to the study of various crops and that sufficiently
sat:isfactorg results might have been obtained in the present case by
using the daily mesn temperature s the basis of celculations rather
than the hourly readings. It is true that the hourly readings are
not generally availsble and daily mesns must often be used if studies
of this kind are to be earried on. Im the case of the Iowa and the
New York data presented here, only daily maxima and minima were
available, Itiswellknown, however,thatthe mean daily temperature,
representing as it does the average of the recorded maximum aud
minimum temperatures, does not always give an accurate measure
of the amount of heat received from the sun during the day. In
endeavoring to establish the proper minimum-temperature base lines
for corn, therefore, the more laborious caleulations were used, in the
belicf that the greatest possibls accuracy was required. For crops
having longer growing seasons or for those less semsitive to daily
temperature variations closely comparable results would doubtless be

iven by the use of either daily means or hourly readings as the
asis of calculations. No attempt has been mede in the present case
to check the differences with corn.

Criticism of the material presented here may also be lodged by
plant physiologists and others on the ground that in the calculations
of the summation dats no account was taken of so-called temperature
efficiencies. Price (14) was among the first to emphasize the possible
relation of the Van’t Hoff-Arrhenius principle concerning the velocity
of chemicsl Teactions as affected by changes in temperature to the
respopse of ﬁinnts to their climatic environment. He found the
principle {0 hold generally for the opening of the flower buds of
plums, peach, apple, and other fruits, and pictured maize seedlings
germinated at different temperstures, which suggested that the prin-
ciple might also hold for maize. Making use of this principle in
their caleulations, Livingston and Livingston (I0) prepared a table
of “efficiency indices” for temperatures between 40° and 99° F., and
in s careful and extensive study they proceeded to compare the results
obtained by the use of these indices with those derived by the use of
the time-honored direct summation methods then in common use by
phenologists. It appears very significant that the two methods
employed for estimating temperature effectiveness gave results sgree-
ing within e plus or minus variation no greater than 5 per cent for
most of the ares of the United States. nvinced of the soundness
of the view that the rate of growth in plants is & function of the tem-
perature, and supported by the observations of Lehenbauer (8} on
the rate of growth in maize seedlings at different temperature levels,
Livingston (9) later developed & new set of indices which, taking
into account the Van’t Hoff-Arrhenius principle, recognized not only
2 minimum and a maximum temperature for plant growth but also an
optimum temperature beyond which the rate of growth was retarded
progressively until the maximum was reached. These so-called
#physiological” indices have been employed by various investigators
engaged in the study of the temperature relations of plants. Reports of
these studies, however, by no means confirm the uniform adaptabil-
ity of these indices to the interpretation of practical field date. Thus,
Appleman and Eaton (7} reported that the physiological indices did
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not furnish even an approximate criterion of the temperature efficiency
for the ripening processes in sweet corn. The Van’t Hoff-Arrhenjus
principle, however, was found operative, the so-called “efficiency” or
“exponential ” indices of Livingston and Livingston (J0) heretofore
mentioned proving useful for tﬁse:r study. “Direct” summations of
degree-hour units, comparable to the “remainder’” summations used
in this bulletin but involving the use of 40° F. as the base line,
showed slightly higher figures for the late than for the early crop,
but the discrepancies were thought to be dusin part to the conditions
under which the temperature records were secured.

In this connection it should be remembered that conditions that
stimulate growth may be very different from those that determine the
length of the reproductive cycle in the plant. The present study is
concerned with the reproductive cycle. The reproductive processes
are preceded, of course, by & period of growth which may greatly
affect the yield, but the rate of growth does not necessarily determine
the length of the reproductive eycle. Furthermore, the growth
response of seedlings to varying conditions of temperature may be
very different from the growth response exhibited by plants approach-
ing the period of reproduction. It seems doubtful, therefore, whether
the results of Lehenbauer (8) are applicable to the processes here
under consideration.

Of particular interesst is the report of work done by Hanna (6} on
North- -estern dent corn (Zea mays) and Mammoth Russian sun-
flower (Helianthus annuus). This investigator made carefu! com-
parison of the various temperature efficiency indices in his analysis
of the responses of these pll)ants to climatic factors and found that
corn gave the best correlation with temperature when remainder
indices derived from temperatures above 10° C. {50° F.) were em-
ployed. Sunflowers gave the best correlation with femperature
sbove 0° C. (32° F% Noting a better correlation between the
growth of corn and the physiological indices than was obtained with
sunflowers, he made the highly important observation that “physio-
logical temperature efficiency indices for expressing plant growth can
be of little value unless derived from observations on the particular
kind of plants under comsideration.” This work of Hamma con-
firmed the observation of Lehenbauer {8), which seems to have heen
entirely ignored in the development and use of tbe physiological
indices, that the minimmmm tempersture for corn was close to 12° to
14° C. (53.6° to 57.2° F.). The results presented here are in striking

I agreement with the findings of these investigators.

These physiclogical tem‘?erature-efﬁciency indices were developed
for use primarily in the study of plant geography as related to climate,
and it i3 probable that their application to the study of the response
of specific crops to temperature was not anticipated. Their chief
shortcoming for such use probebly lies in the fact that 40° F. (4.4°
C.) is not the minimum temperature of many plants and 89.6° F.
(82° C.) does not coincide with the optimum of many of them. This

.. -~ 1s indicated not only by the results of the present study with corn
but also by the findings of Hanna {6) with corn and sunflowers,
mentioned above, of Tottingham (15, 16) with red clover {Trifolium
pratense), buckwheat (Polygonum fagopyrum) and wheat (Triticum
vulgare), and of Hardenburg {7}, Bushnell {4), and others with pota-
toes (Solanum tuberosum), Although the Van't Hoff-Arrhenius
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principle seems not to have been considered by some of these latter
workers in the interpretation of their experimental data, it seems
ressonable to question, from the reports of their findings, whether
this principle is applicable in the study of storage processes, par-
ticularly in some common forige and food plants, The optimum
temperature for enzymic activity varies widely in nature, and tem-
perature conditions well suited to vegetative developmenta in plants
may be unfavorable for other physiological activities, That the rate
of respiration varies with different temperatures is, of course, well
known, ﬁd that this factor enters into storage relationships must be
recogmzed,

Boswell (2), in the report of his study on the influence of tempera-
ture upon the growth and yield of garden peas, made use of sum-
mations above the base line of 40° ¥. He stated that peas showed
little if any correlation between the total degree-hours of heat above
40° and the time required to reach blossoming, but rather showed
that in & given season blossoming occurs upon the reception of a
fairly constant amount of heat regardless of time, It is well known
that peas for best growth require & lower temperature range than
corn, and the 40° base line doubtless is close to the true minimum
for this crop.

In a later paper Boswell (3) reported on & study of the temperature
influence upon_chemicel composition and quality of peas, in which
it was noted thst no consistent relationship could be observed be-
tween mean temperature and chemical composition, but there was a
very good correlation between temperature summations and the
starch-sugar ratios. Results were not uniform for all the seasons in

which the work was c;lomi:i however, and strain differences, varying

nutritional conditions, and differences in day length were offered as
possible explanations.

Mention has been made in this bulletin of the evident slowing-
down of physiological processes in corn as the result of soil-moisture
deficiency, and some data have been presented in support of this,
During 1930 abundant opportunity was afforded to observe the effect
of drought on plant processes, and conversations with physiologists
have indicated that the slowing down of plant activity as & result
of water deficiency has been widely 1 oted.

The greatly differing temperature requirements of corn grown in
northern sections of the country and that grown in the experiment
plots in Virginia esll for further brief consideration. In the discussion
of this subject in connection with the examination of the Maine data
day length and the balance between photosynthetic sodivity an
translocation of synthesized plant products as affected by tempera-
ture levels wers mentioned as probably accounting for the more
economical use of temperature by the Maine-grown corn. There
remain to be consideraf two other factors that may have had some
bearing on this result. ! k

Reference has been made to the relation of temperature Ievels\@ )
respiration and storage processes in plants. Since the corn grown at™-. .
the Arlington farm was grown within a climatic temperature range '
considera%ly above that of Maine and western New York, it is reason-
able to assume a higher rate of respiration in the corn grown in Vir-
ginia, and consequently the use of a greater amount of heat by this
corn. Such an assumption is in line with the observed facts. The
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second consideration has been suggested by the work of Long (11)
on the relation of light to photosynthetic activity in plants, This
warker found that not only was this activity, affected by different
degrees of light, intensity but that the quality of the light also had a
very definite effeot upon the rate of'ghotosynthesis.' Red light was
otosynthesis than blue. Since
“the rays of the sun are more oblique in the northern latitudes than in
the southern, normal sun]iﬁht thers contains more of light from thered ~
end of the spectrum than does that of the more southern sections of the
country. How significant this possible. factor is in plant activities is
not known, but if significant af &ll its effect would be in the direction
of the observed findings of the pregent study. This might help to
explain also the more economical use of tempersture by the late
plantings of Virginia-grown corn which became Incrensingly apparent
concomitantly with the shortening of the day. - -

SUMMARY

This bulletin records the results of studies on the response of
different varieiies and strains of sweet corn to varying temperature
conditions. For this work use was made of official Weather Bureau
and field temperature records and data derived from plantings of corn.
grown at the Arlington Experiment Farm, Rosslyn %a., nesr Wash-
ington, D. C., during 1922, 1924, 1925, 1026, and 1927, and from
corns grown in Iowa and Maine during 1925 and 1926 end in western
New York in 1926, _ :

By using thy so-called “remainder” system, summstions of the
prevailing temperatures above various base lines have been ealenlated
and the results expressed in terms of degree-hours (Fahrenheit).
Wherever possible, hourly temperature readings rather than the daily
mean were used as the basis of calculations. .

An sttempt has been made to determine the temperature base line
most appropriate for use with the remainder system in studying the
response of corn to temperature conditions, which has been accom-
plished by considering as most valid that base line the summations
above which showed the smallest standard deviation from the mesan
for corns grown under widely varying temperature conditions. To
obtain data suited for this purpose, plantings of Golden Bantam and
Stowell Evergreen varieties were made at intervals of a week to 10
dgs durin% 1924 and 1927 at the Arlington Experiment Farm, and the
behavior of these corms with relation to the varying seasonal condi-
tions was determined. ‘The applicability of these data to the problem
under consideration has been shown by comparison with smnf r data
from & hypothetical case givi:nﬁ theoretical values. The results are
set forth mn tables and illustrated by graphs.

Experimental findings have been found to agres significantly well
with the theoretical, though conditions of drought, abnormelly high
and prolonged summer temperatures, variable tFay length, and other
factors causing variations in the summation curves heve in some cases . -
increased the standard deviations and tended to obscure somewhat
their real significance,

The evidence here set forth indicates that at least where the re-
mainder system for studying the temperature response of sweet corn is
used a 40° F. air-temperature base line is much too low and suggests
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the probability that this temperature is considerably below the true
ph%siological minimum for this erop.

he most satisfactory sir-temperature base line was found to vary
with different varieties and strans, in the casa of those corns under
study falling within the range of 50° to 60° F., indicating that the
amount of heat required to bring sweet corn to canning maturity
varies not only mtcja different varieties but with strains within the
varieties.

With the use of soil temperatures as the basis for calculations, the
most satisfactory base lines were found to fall approximately 5° F.
below those for air temperatures under conditions at the Arlington
Experiment Farm. ¢

The observation that some corns apparently have lower minimum
temperature requirements than others suggests that not only may such
corns be particularly adapted for growing in regions having short
growing seasons but might be planted at decidedly earlier dates than
are commonly set for planting in various regions.

Corn subjected to drought conditions did not show as great a devel-
opmental response to prevailing temperatures as the same variety
and strain enjoying ample rainfall. Thus the amount of heat required
to bring the corn to canning maturity sppesred to be increased.

Corn arriving at canning maturity near the close of the season
showed a lower summation of effective-temperature units than that
maturing earlierin the season.

With the use of the same temperature base lines for the same vari-
eties of corn grown in Maine and New York as at the Arlington Ex-
periment Farm, it was found that the northern-grown corn came to
canning maturity with a far smaller temperature-unit summation
than that grown in Virginia, Corn of an identical strain grown in
Maine and at the Arlington farm during the same season yielded
results agreeing closely with those just mentioned. Differences in
the rate of respiration in the corn growing within different tempera-
ture ranges, differences in the length of day permitting longer periods
of photosynthetic activity in the northern regions, & better balance
between photosynthesis and the transportation processes in the move-
ment of manufactured plant products, and difference in Light intensity
end the quality of the sunlight are suggested as possible factors
involved in this result.
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