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RELATION OF TEMPERATURE AND RAINFALL
TO CROP SYSTEMS AND PRODUCTION

Thig study began wilh an effort to discover whelher Lhere wag
any climatic reason why Teunessee should mnot produce as many
pushels of corn per acre as any other state. In the churting of the
rainfall for the different seasons the necessity for a winter cover crop
to prevent erosion and leaching was very clearly brought out. Thig
led to the consideration of the double-cropping system as a source
of humus and as a means for conserving our soil, our rainfall, and
our heat, and thus largely lucreasing our crops.

We are entering an era of scientific farming, Ixperiment sta-
tions are at work all over the counlry testing this, that, or the other
crop and working out rotations and systems of cropping that will be
more profitable than the old methods. The reports of this work go
broadcast over the whole country. An enterprising farmer may get
reports from » dozen different stations each working under climatic
conditions different from those of the others and all dilferent from
the conditions to which he himself ig gubject. Not a single onc says
a word about length of growing season, temperature, or distribution
01 amount of rainfall, and the farmer will not think of these things,
He chooses from the dozen the plau that looks the most praclical for
him and tries it. He makes a failure and loges confidence in that
particular station. He tries another with the same result and prob-
ably loses faith in all experiment stationg. Had he realized the great
part that climate plays in any cropping system and the great differ-
ences to be found between the climates of different sections of this
broad country he would have tried the plan of the station working
under conditions most nearly approaching bis own and would in all
probability have succeeded.

Tor the most effective and economical application of the results
obtained by the experiment stations to the needs of the farmer a
knowledge of climate is necessary. For forty years the Weather
Burean of the U. 8. Department of Agriculture has been gathering
data and publishing them in various forms until now there is no
necessity for anyone to spend time experimenting wilh different
systems of cropping in order to learn which is best suited to his
climmate.
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The climatic data used in this bulletin were obtalned wholly from
publighed records of the U. S. Weather Bureau and it is hoped that
this study may he of use not only as one means of extending this most
valuable system of cropping but also asg an illustration of the value
of weather records as an aid In the practical application of the results
of experiment station work to the needs of the farmer.

CHART T—AVERAGE RATNFaLL IN INCHES FOR THE S1X MonTus
Mauct 1 1o Avcust 31

Chart 1 sbhows the average number of inches of rainfall duving
the six months from Mareh 1 to August 31 for that portion of the
United States east of the Rocky Mountaing, Note the steady decreasoe
from the east Gull Coast to the North and West. The section east
of the Mississippi Rlver and south of Kentueky and Virginia is much
better supplied with rain during the corn-growing season thian the
section commonly known as the corn beli.

Chart 2 shows the average number of days in the growing season,
or the period hetween the last killing frost in the spring and the first
killing frost in the fall. The states south of Kentucky and Virginia
have an advantage of from 25 to 75 days over the states north of the
Ohio River. This not only gives more time for the crop to grow but
givey more leeway at planting time and a better opportunity to get



the seedbed in the best condition. Tennessee has a growing seagon
about 25 days longer than the average for Ilinois.

CHART 2—AVERAGE LLENGTH OF GROWING SEASON, OR NUMBER OF
DAYS BETWEEN THE LAST KILLING FROST IN THH SPRING
AND THE FIrsT KILLING FrosT 1N THI, FALL

Chart 3 is a comparison between the corn e¢rop and the July rain-
fall in Tennessee. The solid line represents the average corn crop
for the State for 15 years, in bushels per acre, as shown by the
figures in the lefthand margin. The years, 1894 to 1908, are shown
by figures at the top of the chart. The broken tline represents the
average raiufall for the State for July of each year, in inches, as
shown by the figures in the righthand margin, It will at once he
noticed that there is a great similarity hetween the two lines, When
July is wet the corn crop is large and when July ig dry the corn crop
is small. In like manner the rainfall for each month of the year was
charted and compared with the yield of corn, but no other month was
found in which the flnctuations of rainfall corresponded with the Auetu-
ations of the corn crop.

' Since July is the month when mest of the corn in Tennessee
tassels we may fairly conclude that the amount of moisture available
at tasseling timo is one of the principal factors eontrolling the size
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of the corn crop. From Tennessee northward and westward the corn
all tassels during the months of July and August. Since the crop is
largely dependent upon the moisture available during tasseling time,
July and August are the eritical months, and we musl consider the

Heainfall
Vuly)

CHART 4—AVERAGHE RAINIALIL FOR JULY IN INCILES

rainfall for that period in any comparison we make. Charts 4 and 5
represent the average rainfall for July and August, respectively, for
the region under discussion. They show that Tennessee has a greater
rainfall in July (her critical period) thun the states north and west
of her have in either July or August. In this respect, then, her oppor-
tunity for producing a large crop of corn is greater than that of these
other states.

Another important factor upon which the amount of moisture
available for the crop at tasseling time depends is the water from
the earlier rains that may be retained iu the soil by proper methods
of cultivation. , Chart 7 shows the average rainfall for the three
months December, January, and February. Central Mississippi and
Alabama have the greatest amount, over 15 inches, while the entire
Southeastern section has 12 inches or more. Over the Ohio and upper
Mississippi Valleys the rainfall for these three months is from ) to 9
inches only. - Here again Tennessee has a great opportunity for in-
creasing the amount of available moisture at tasseling time by con-
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serving the heavy winter rainfall. The opportunity south and east of

Tennessee iz even greater.
King in hls “Irrigation and Drainage” describes some careful ex-
periments made to determine the amount of rainfall necessary to

Rainfell
(/luywt)

CHARL 3—AVIERAGE RAINFALL FOR AUGUST IN INCHES

produce a certain yield of corn. In 13 Northeastern and North
Central states having an average rainfall of about 15 inches during
the corn-growing season he estimates that after deducting a certain
amount for loss by percolation and from light showers the average
effactive rainfall is about 12 inches. His experiments show that this
rainfall, if it came in the right amounts and at the right time Tor
greatest efliciency, would be enough to supply the necessary
moisture for a crop of over 70 bushels of corn per acre. In actual
practice the average yield for these 13 states is about 30 bushels per
acre, or less than oune-half of the calculated amount. King rightly
ascribes this great difference to the fact that the raintall is seldom
or never properly distributed for greatest efficiency. He also shows
by actnal experiments that by conservation in the soil of moisture
from carlier 1ains the bhad effect of improper distribution may. be
overcome Lo a considerable extent and the crop largely increased.
Looking at the subject from the standpoint of climatic conditions,
there is no good reason why Tennessee or the states southeast of
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Tennessee should not be among our best corn-growing states. The
summers are as warm as in the valleys of the Ohio, Missouri and
upper Mississippi Rivers; the growing season is longer, the summer
rainfall is more abundant, and the winter rainfall with its oppor-
tunity for moisture conservation is far greater. The fact then is that
the yield of corn per acre in Tennessee is small, not because of
climatic conditions but in spite of them. Neither is the soil re-
sponsible for the deficiency, for niany farmers scattered over all
parts of the State have produced crops of corn that can not be ex-

CHART 6—COMPARATIVE CHART 08 HEAT AND RAINFALL

‘he radiating lines represent the 12 months of the year. The concentric circles repre-
sent percentages counted from the ceuter, whicll is zero. ‘The irrcgular figure marked
“rainfall’”’ represents the per ceut of the amnmual rainfall that {alls each month. ‘The
figure marked "'heat* represeunts the per cent of the year's eflfective heat that is received
each month.
ceeded anywhere. The trouble is that most of us have not adapted
our farming methods to our climatic and soil conditions. What is
needed ig a system of farm management and a rotation of crops that
will utilize the abundant heat and moisture that ounr land receives.

We must have a system that will increase the humus content

»



10

of the woil and a rotation that will keep the ground eovered in winter
as well as in summer. We should also time our operations so that
they will come at the most favorahle seasons.

The double-cropping system as practiced at the Tennessee Hxperi-
ment Station and to a greater or less extent by the most successful
farmers of the State is well adapted for this purpose and should be
nged on all lands not in meadow or pasture. By this system the sup-
ply of humus in the soil is increased, making it more receptive and
more retentive of moisture, thus preventing erosion by the surplus
rains of the weiter seasons and storing up water for use when rain
ig defictent. Increasing the supply of humus is the most important
function of the double-cropping system because it is only through an
ahundant supply of humus that the best results in the conservation
of goil and rainfall may be attained. ™The necessary humus may he
snpplied in two ways. Either the crop may be fed and the mannre
returned to the land or the crop may be turned under for green
manure. The latter method is the quicker, while the former is
possihly the more economical. Hither method is good and one or the
other ig absolutely necessary. ‘Which is better in any particular
cgse must be determined by circumstances. With this system Ten-
néssce mav not only increase her corn yield until it is second to
none hut she may increase all her other crops in proportion, And
not only Tennessee hut the whole regifm sonth and east of Tennessee
may be benefited by the use of the double-cropping system.

We will now show more in detail the relation between the cli-
mate of the South and the double-cropping system and also the rela-
tion between the single-cropping system and the climate of the North
Central States. We algo wish to point out the folly of using either
system in a climate not adanted to it.

The first essential in a climate for the double-cropping system
is a long enough growing season for the maturing of two crops.
Chart 2 shows approximately the length of the growing season In
days for the United States east of the 100th meridian. By “growing
season” is meant the time between the average date of the last kill-
ing frost in the spring and the average date of the first killing frost
in the fall. Bxperience has shown that two crops may be grown
where the average growing season is as long ag 200 days. The line
on Chart 2 marked “200" is the probable northern houndary of the
region to which this system is adapted. Another Important point in
connection with temperature is that in the reglon under discussion
there are many days during the winter season that are warm enongh
to malte crops grow. Most bhotanists that have investigated the
matter agree that most plantg grow whenever the daily mean temper-
ature exceeds 43 degrees Fahrenheit. Temperatures above that point
are called effective temperatures. Temperature records for this re-
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gion show that the effectlve temperature between the average date
of the first killing frost in the fall and the average date of the last
killing frost in the spring is albout 10 per cent of the total effective
"temperature of the year and is greater than the average effective
temperature for the month of April. Crops sown in the full use this
extra heat and the total plant growth for the year is inereased thnt
much and a saving accomplished that far exceeds that of any of the
great lrrigation projects of the West.

This, however, 1s ouly a small part of the heat conserved by the
double-cropping system. In this section fall.sown or spring-sown
crops ‘mature anywhere from June first to October and during the re-
mainder of the season the land is left idle. Anywhere from 25 to
50 per cent of the heat that is available for plant growth during the
vear s lost because there is no crop on the ground to utilize it. The
double-cropping system will prevent the greater part of this loss by
keeping some useful crop on the ground all the year round. Not
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CHART 7—AVERAGE RAINFALL IN INCHES FOR tHE THREL MONTHS
DECEMEBER 1 70 FTiBRUARY 28
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only does the double-cropping system enable us to utilize the heat
of a greater portion of the year but it also enables us to utilize more
fully the great heat of the summer months through the conservation
of the winter rainfall. The two most important factors in plant
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growth are heat and moisture. To produce a given amount of vege-
table matter we must have a definite amount ol heal and & definite
amount of water. Il the supply ol either heat or water is reduced
the resulting crop is also reduced. The simplest experiment in irri-
gation will prove that the average summer rainfall in the United
States is considerably short of the amount necessary to give us the
benefit of all of the summer’s heat in plant growth. The ;Villtel‘ rain-
fall, on the other hand, is far in excess of the need for that season.
If we can, then, by means of deep tillage and a winter cover crop,
keep part of this excess moisture in the soil until suimner we will
be able to utilize just that much wmore of the summer's heat in crop
production,

Chart 6 shows graphically the relative distribution of heat and
rainfall through the year in percentages of the total amount of each
for ench month.

0
Q
Q

0

CHART 10—DISTRIBUTION OF RAINFALL FOR TENNLSSLE, SHOWING WET
PERIODS IN WINTER AND SUMMER WITH DRriik PLERIODS
’ IN SPRING AND FALL

The gecond climatic essential for the success of the double-crop-
ping system is sufficient rainfall properly distributed through the
year. Let us first consider the winter rainfall as shown in Chart 7.



14

Over the greater portion of the six states under discussion the winter
rainfall is 12 inches or more, while over the greater part of Missis-
sippi und Alabama it is more than 15 inches. This amount of water
talling on a bare soil in so short a time can not fail to do considerable

CHARY 11—DISTRIBUTION OF RAINFALI, FOR TENNESSEL ARRANGED IN
CIRCULAR FORM T0 SHOW MORE CLEARLY THE ANNUAL CVCLE
OF RATNFALYL WITH WIT PRRIODS IN WINTER AND SUMMER
AND DRIER PERIODS IN SPRING AND FaLlL

damage both by washing and leaching. This is especially true ir
the soil is deficient in humus, TUnder these conditions a winter covet
crop ig a necessity for the sake of soil conservation and would be
profitable if no other benefit were received from it. Under the
double-cropping system there is always a crop on the ground during
the winter to conserve the soil and use the abundant rainfall.

We will next consider the annual distribution of rainfall, first for
Tennessee and then for the whole district under dicsussion. The
rainfall for Tennessee may be divided into four types according to
its distribution through the year as shown in Chart 8. They differ
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chiefly in the relative heights of the winter and summer maxima.
For present purposes let us note the resemblance botween these
four types and the area covered by each ag shown in Chart 9. These
types resemble cach other in that each has a winter and a summer
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CHART 12—AVERME DISTRIBETION OF RAINFALL FOR THE SIX STATES
OF TENNESSEL, THE CAROLINAS, MISSISSIPPL, ALABAMY, AND GRORGIA,
SHOWING WET AWINTER AND SUMMER AND DRIER SPRING AND FaLL

maximiam and a Moy oand an Octeber mininonn, Type 1 oeenpies a
narrow strip at the west end of the State and type 4 covers o ostill
smaller area in the northeast corner. The remainder of the Statoe,
which is over 90 per cent, is covered by (ypes 2 and 3.

Chart 10 represents the average distribution of raiofall through
the year for the whole State. Type | s the only one of the four
types that Adiffers materially from Chart 10, and as this 1ype occupies
less than one-tenth of the State any conclusions hased on Chart 10
may be appliod with reasonable fairness o the State as a whole,

(Im Chart 10 and all following charts the months have each been
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reduced to a uniform period of thirty days in order that the actual
relation between them might be more exactly represented).

Chart 11 is identical with Chart 10, except that the heavy lines
representing rainfall instead of rising from a common base line arc

VLT

A

CHART 14—AVERAGE DISTRIBUTION OF RAINKALIL, FOR SIX STATES AS
SHOWN IN CHART 12, ARRANGED IN CIRCULAR FORM TO SHOW
ANNUAL CVYCLE OF RAINFALIL WITH WET WINTER
AND SUMMER AND DRIER SPRING AND FALT,
arranged to radiate from a commmon center. This shows clearly the
rain cycle for the yeé.l‘ and enables us to locate the various operatious
of the double-cropping system in their relation to rainfall. As prac-
ticed at the Tennessee Experiment Station the winter cover crop is
gown during the comparatively dry months of September and October
and occupies the ground through the wet months of winter and early
spring. It is ready to be turned under for green manure in March or
April or to be cut for forage during May, which is drier than the
months either before or after it and offers the most favorable cppor-
tunity for harvesting one crop and putting in another. This second
crop put in in May covers the ground during the wet summer months,
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protects it from washing rains when they are most frequent, and is
ready to harvest during the drier months of fall.

In extending this study to cover the states east and south of
Tennessee it was found that the conditions are ‘more favorable for
the double-cropping syslem over this region as a whole [han they are
in Tennessee, where the system originated. Chart 12 represents
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ClAar?t 15—AVERAGE DISTRIBUTION OF RAINFALL FOR THE FIVE STATES
or OHIo, INDIANSY, InLINOIS, MISSOURT, AND Towa

the average monthly rainfall for the whole section, which inecludes
Tennessee, the Carolinas, Mississippi, Alabama, and Georgia. Chart
13 represents the average monthly rainfall for five selected stations,
which are situated on a line extending across the section from west
to east and passing very near its center. This chart is introduced to
show that the rainfall distribution at different points over the section
corresponds very closely to the general average as shown in Chart 12
Vicksburg on the west and Savannali on the east are the only points
that differ materially from the type and they represent two narrow
strips which are a very small part of the whole section.

Chart 14 is a circular arrangement of the lines on Chart 12 and
shows the average yearly cyele of rainfall for the whole region. HHer
we find tne same general distribution that we saw in Tennessee, hut
with this difference, that the rainfall during the smmmer months i
much heavier and the dry period in May, which is so favorablé for



19

harvesting andl planting, is more marked. There will of course b
variations In the distribution of rainfall from year to year, hut the
avera_ge condition as shown by these charts is ideal for the double.

cropping system,
The old plan of growing only one erop a yvear which is practiced
throughont the country is a great success in the North but is a glaring
Ja e . HNTO 7 ‘b,

- 4200

July

CHART 16—CIRCULAR ARRANGEMENT ot DATA IN CHART 15, SHOWING
ANNUATL CYCLE OF RAINFALL WITH WET SUMMER AND
DRy Farr, WINTKR, AND SPRING

misfit in the Sonth. 'This is due to the great difference in climatic
conditions. First, the gi‘owing‘ season north of Tennessee iy generally
too short for: two crops in one year. S8Second, the ground is usually
frozen in the winter and the winter precipitation i{s small and is
nsually in the form of snow, so that there is no imperative demaund
for a winter cover crop to prevent washing. Third, the aunnual distribu-
{ion of rainfall is entirely different from that of the Southern States, as
is shown by Charts 15 and 16, which represent the five states of Ohlo,
Indiana, Illinois, Missouri, and lowa. Tnstead of two wet seasons we
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find only one, and that i$ in the late spring and summer. There is
also only one dry season, which includes fall, winter, and early spring.
Crops put in the ground in the fall or spring occupy it during the wet
summer season and are harvested in the late swummer or fall. Here
the conditions are just suited to the single-cropplng system and the
single-cropping system is suited to the conditions because it was de-
veloped under and for those conditions. It would be absurd for an
Iowa farmer with his short growing season and his light winter rain-
fall to attempt to use the double-cropping system. But it would be
no more absurd than for the Southern farmer to stick to a system
developed to fit conditions entirely different from those under which
he is warking. He must have a system that fits his conditions if he
is to get the most out of farming, and when he realizes that his con-
ditions are almost perfectly adapted to the growing of two crops each
year instead of one he will be in a position to live up to his oppor-
tunity.



APPENDIX

CROP ROTATIONS WHICH PROVIDE WINTER SOIL COVER

INTRODUCTORY NOTE

{nvegtigation lias shown two greal neglected faclurs in Tetnegsoe
agriculture: 1. We have not used the growing days of our wlnter
season for crop production. 2. We have tieglected to save the rainfult
tor use during the drought periods of the gummer. The winter is
about oue-fourth our year, and duving the greater manber of winter
days such crops as wheal, barley, oals, and rye mmong the cereals,
and winter Jegumes, will grow, and by Lheir growth protect the soil
from washing. By deep-tilling these crops into the land, a least vne
year in three, we improve the moisture-holding capacity of our soil
g0 greatly that much of our rainfall, amounting to 48 inches i year,
is gaved to the crops for use during drought periods.

The tollowing rotations are based on these important facts, and
any of them will result in soil improvement aund increased crop pro.
duction when mineral fertilizers are properly used in thewm,

A—~FQOUR-YEAR ROTATIONS

1. lst year—Corn or cotton, with wheat or rye sown in at last culti-
vation.
2d year—Soy beans, for hay.
3d year—Winter wheat.
4th year—Clover and grass.
9. 1st year—Wheut or barley, or winter oals, top-dressed 1n winler,
followed hy soy beans, sown last of June, for hay.
234 year—Wheat.
2@ year—Clover and grass, for hay.
4th year—DPasture.
2. 1st year—Winter barley or winter oals, top-dressed In winter, for
grain, followed by soy beans for hay.
5d year—Wheat and vetch (sown previous fall) plowed under
Ground fallowed until August, then sowu to red clover with-
out a nurge crop.
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23 year—Clover, for hay, Plowed after first cutting and sown to
soy beans, for hay.

4th year—Wheat and veteh, sown after bean crop. Turned under,
followed by corn or cotton.

(For vich land only). 1st year—Barley, wheat or winter ouats,
plowed immediately after harvest, fallowed until August, then
gown to crimson elover and turnips. Turnips off in the fall.

23 year—Crimson clover turied under in May. Land fallowed
until July, then planted to Irish potatoes.

20 year—Wheat and veteh (following potatoes) for hay, tollowed by
red clover, sown withont nurse crop, in August.

4th year—Red clover, for hay, followed by soy beans, for bay.

(For Tobacco)
1st year—Tobacco; wheat or rye sown at last cultivation,
24 year—Soy beans, for hay.
3d year—Winter wheat.
4th year—Red clover,
1st year—Tobacco.
20 year—Wheat.
34 year—Clover.
4th year—Pasgture, to he fall-plowed.

B—THREE-YEAR ROTATIONS

1st year—Corn and peas.
2% year-—Winter oats, sown previons fall, followed by soy beans,
for hay.

. 2d year—Wheat or rye, sown previous fall, turned under for cotton,

sown at last cultivation to rye.

1st year—Winter oats or wheat, seeded in spring to Japan clover—
Japan clover pasture.

2d year—Japan clover hay or pasture.

3d year—Wheat or rye, sown previous fall, turned nnder for cotion
or corn. .

(For rich laud)., 1st year—Winter wheat, barley or oats. Land
plowed immediately after harvest, fallowed to August, then
sown to erimson clover and turuips. Turnips off in the fall

2d year—Crimson clover turned under. Ground fallowed until
August, then sown to red clover without nurse ¢rop,

3d year—Clover for hay. Land plowed after first crop, al sown
to soy beans, for hay.

NOTE—In rich-land rotations, alfalfa may be sown in place of red
clover, provided the land is heavily limed and prepared for
this erop.



23

(For Sweet Potatoes)
Lst year—Coru, with cowpeas. Hogged oft and sown to wheat and
veteh,
.2d year—Wheat and vetch turned under in April; sweel potatoes.
3d year—Winter oats and vetch (sown previous fall), for hay; soy
heans, for hay; wheat and vetch, sown in fall, to be turned
under next spring before planting corn.

C—TWO-YEAR DAIRY ROTATION
(Two Crops a Year)

1st year—DBarley, wheat or winter oats, top-dressed with manure,
followed by soy beans, for hay.

2d year—Wheat and veteh, or winter oats and veteh, followed Dby
carn and peas, or sorghwim and peas, for silage.

D-—FIVE-YEAR ROTATION

1st year—Corn and peas, hogged off.

2d year—Wheat and veteh (sown previous fall) turned under, fol-
lowed by soy beaus, off for hay or hogged off with corn.

3d yemr—Qats or wihweat (sown previous fall) seeded to Japan
clover in spring.  Japaun clover, pasture or hay if heavily
seeded.

4th vear—Oats for hay, sown previous Call on Japaw' clover, disc-
drilled without plowing, followed by Japan clover hay.

Sthoyvear—\Wheat or rye sown on Japan clover previous fall, turned
nnder, followed by cotfon, cotton sceded to wheat or rye at
last cultivation, to be turned under for corn and peas the next
spring.
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