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Preface

In organizing a farm business we are confronted with the problem of
determining the amount of labor and equipment needed to do the job. This
study provides information on the restrictions exerted by weather on time
in which field operations may be performed.

The study revealed several areas in which little empirical data exists.
The first of these is the influence of the various aspects of climate,
such as rainfall, temperature, sunshine, wind velocity, and humidity under
different soil and drainage conditions on the duration of a work stoppage
due to unfavorable weather. A second area of inadequate information is
the field drying time needed for grain and meadow crops by different sys-
tems of harvesting. As data in these areas becomes available, assumptions
made in the study can be replaced and the climatic limitations on time

available more accurately appraised.
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THE EFFECT OF WEATHER ON THE DAYS AVAILABLE TO DO
SELECTED CROP OPERATIONSL
Central Ohio, 1938-1957
Introduction

One of the uncertainties of farming which has persistently plagued
the farmer is that of weather. Weather and drainage are two major factors
that determire the amount of time available throughout the year for field
operations. In some years little or no time is available for performing
one or several field operations under favorable conditions, In other years,
favorable weather permits abundant time for completing field operations
without working excessively long hours, or working when conditions are not
satisfactory.

The wide variation in time available from year to year creates a major
management problem in supplying the farm with machinery, power, and labor.
Many farm operators invest large amounts of capital in large machinery and
power units to be able to complete theilr operations under the most adverse
weather. Consequently, they are over equipped in the years with average
or better weather conditions. To maximize the returns over a period of
years, it is essential that a farmer balance the cost of being over-equipped
in favorable years with the increased returns arising from having adequate
capacity to do the job in the least favorable years. To do this, it is
necessary to know the time available for each major fileld operation and

the frequency and extent of the restrictions on days available.

Y The authors of this report wish to express their appreciation to the
many individuals who gave generously of their time and who made many
valuable suggestions. They are especially indebted to Dr. R. H. Baker
and Dr, E. T. Shaudys of the Department of Agricultural Economics, to
Virgil Overholt of the Department of Agricultural Engineering, and to
T. W. Pierce, State Climatologist.
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An atrempt has been made in this study to secure information on the
restrictions imposed by weather on time available for the ma or field oper-
aw.ons aad to present it in such a form that it can be used by farmers ia

rsaniicg Lheir equipment and labor.

Procedure

Jery few detarled records have been kept by farmers of the days when
weather and soil conditions were favorable for the performance of particu-
lar farm operations. In the absence of records of this type, detailed
records kept by the Weather Bureau on daily climatic conditions together with
a set of assumptions based on available information and observation on rate
of water removal by drainage, evaporation, and transpiration were used in
estimating the days favorable for particular farm operations.

Detailed information is available at major weather stations on temper~
ature, humidity for different hours, rainfall by 6-hour periods, wind vel-
ocity, per cent of possible sunshine, etc. Information of this type was
secured from the Columbus Weather Station for the 20-year period, 1938-1957.
A check was then made to determine whether this period represented a true
cross section of Columbus ciimatic conditions. To do this, a comparison
with a 52~-year period, 1906-1957, was made. Both average monthly rainfall
and the number of days with .0l inch or moce of rain were-almost identical.
However, it was found that slightly greater extremes in monthly rainfall
and in days with .0l inch or more occurred in the 52-year period than ap-
peared in the 20-year period. The difference was not considered sufficient
to alter the conclusions in the study in light of the assumptions that were

made regarding the rate of drying after a rainfall. (See Table I in the

Appendix).
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Two procedures were developed to determine the days suitable for per-
forming selected farm operations. Soil operations such as plowing, fitting
and seeding necessitated a different procedure than harvesiing operations.
In the former, the amount of moisture in the soil and the rate of drying
of the soil were major concerns. Consequently, drainage and the removal
of soil moisture by evaporation and transpiration through plants had to be
considered.

In analyzing days suitable for harvesting operations, the drying rate
of the crop to be harvested was of first importance, except in unusually wet
periods such as occurred in the summer of 1958 when excess soil moisture
limited the movement of power and equipment. In determining days available
for harvesting, the presence or absence of rainfall, the temperature, humid-
ity, sunshine, and wind velocity were taken into account. Only when there
was excessive rainfall were soil conditions considered.

In the 20~year period snalyzed, the days availsble followed a fairly
definite pattern for most of the crop operations considered. Usually three
or four yeurs out of the 20 were considerably less favorable than the rest
and three or four years were distinctly more favorable. The remaining
years were fairly similar (see Chart Page 4), In view of this general pat-
tern, the minimum days available 16 years out of 20 are reported in compare
ison with the average, worst, and best years.

Application of Results to Other Areas of Ohio

Does the weather at Columbus compare with other areas of the state?
For analytical purposes, the Weather Bureau has divided the state into ten
districts. To answer the question on the comparability of the climate at
Columbus with the remainder of the state, the average or normal monthly

rainfall, mean temperature, the probability of securing one inch or more of
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rain in any week, and the days with .01 inch or more of rain were compared.
Rainfall and temperature comparisons were for the period 1931-1955; proba-
bility of securing one inch or more of rain in any week was for the period
1901-1955, and days with .01 inch or more of rain was for the period end-
ing December, 1920, and varying in years from 25-51 years among the ten
stations. See Table II, III, and IV in the Appendix for data used ir mal-
ing comparisons.

For the nine months (March-November) the rainfall recorded at the Co-
lumbus Station was below any of the other ten districts. The differences
were primarily during August, September, October, and November, with Cclum-
bus having almost two inches less than most of the other districts during
these four months. However, during the soil-working and small grain harvest
months of March, April, May, June, and July, the monthly rainfall was slightly
below that reported in the other districts.

With respect to mean monthly temperature, Columbus is a little higher
than two-thirds of the ten districts and a little lower than the others.

The differences.are small enough to permit the use of these findings in the
other areas of the state except perhaps in the extreme north and extreme
south.

The probability of receiving one inch or more of rain in a week as indi-
cated by an analysis of each week from March 15 to July 25 was slightly less
at Columbus in most weeks than in half of the districts and about the same
as in the other half.l/ The same was true for the period July 26 to November

28.

The number of days with more than .01 inch of rain, on the basis of the

1/

=" G. L. Barger, R. H. Shaw, and R. F. Dale, Chances of Receiving Selected
Amounts of Precipitation in the North Central Region of U.S., Agr. Exp.
Station, Ames, Iowa, 1959. Page 207.
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data available,}/ vas & little greater at Columbus than &t the other stations
used in the comparison. This apparently greater frequency of rainfall would
have had a slightly greater restrictive effect on the number of favorsble
days available for crop operations than at the other stations. However,
the slightly greater probability of receiving more then one inch of rain or
more in & week in several of the other stations, together with a little
heavier rainfall; would tend to offset the greater Trequency of rains.

The differences that exist between weather conditions as reported by
the Columbus Station and those reported in the ten districts would tend to
result in slightly more time available at Columbus for the various farm oper-
ations studlied than in several of the other districts. Although there are
some differences in climate throughout the state, it seems reasonable to
conclude that with minor exceptions (extreme north and extreme south) the
findings of the study will be applicable throughout most of the state.

Sundays Included Among the Favoraeble Days

To simplify the analysis of the time available, no attempt was made to
differentiate between Sunday and the other six days of the week. This was
done on the assumption that the time available for performing field work
Mondsy through Saturdey could be accurately determined by reducing the total
days found to be available Tor any particular operation by one-seventh,

Favorable Days for an Operation Are Not Exclusive of Favorable Days Available

For Another Over-Lapping Operation

In determining the days available for one operation; no attempt was made
to exclude the favorsble dsys that might be used on another operation that

competed for the seme favorable days. For instance; spring plowing of sod

;/ Periods compared were not all of same length, but 25 of the years were
the same for all of the stations considered.
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land, plowing of bare or stalk land, and seeding of oats overlap. Thus,

they compete for many of the same favorable days during the spring season.

If on a particular fsrm all three operations must be performed, the one with
the smellest number of favorable days will have priority. However, suffi-
cient machine and power capacity must be available to do the three opera=
tions within the fevorable days availsble for the operations with the long-
est season or period in which the work may be performed. Spring plowing of
sod would have a longer season without a reduction in yield than sowing oats,
but all plowing for other crops and seeding of oats must be done within the

time availeble for plowing sod land,

Soil Operations

Assumptions on Rates of Drying

Assumptions were made for three levels of water removal.l/ They were
"good drainage," "average drainage," and “"poor drainage." Good drainage
assumed the removal of .20 inch of water per day, average drainage, .15
inch , and poor drainage, .10 inche_a_/ In addition to waber removed by drain-
age, there was that removed by evaporation from the soil surface and by
transpiration through plants. Water drawn off daily by evaporation and
transpiration increases from a negligible smount in the early spring to as

much as .20 inch in June and July.3/ In determining days availsble for soil

9_./ Water removal rates used in the study were estaeblished by the authors after
conferring with Virgil Overholt, Agricultural Extension specialist in draine-
age at Ohio State University, and a study of water removal rates reported
by Roe and Agres in Engineering for Agricultural Drainage, McGraw Hill
Book Company, 1954, pages 252-253.

g_/ On a few farms with very complete and well-engineered drainage systems
and moderately porous soil; a rate of water removal of .30 inch or more
per dey will take place., On such farms there will be more days favor-
able for soil working operstions than are indicated for good drainage in
this study.

3/ Harold, L, L. and Dreibelbis, Fo R., icultural Hydrology as Evaluated
by Monolithic ILysimeters, Technical B\él%etin 1050, USDA, 1951, page 60.
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working operations, the rate of water removed by drainage was held constant
but that removed by evaporation and transpiration was adjusted when daily

mean temperature deviated significantly from the average,;/ The schedule of
water removal by drainage, evaporation, and transpiration used in determin-

ing the days available for soil fitting operations is as follows:

Good Drainage Average Drainage Poor Drainage
Mid=-March +20 inch »15 inch .10 inch
Mid=-April 25 inch «20 inch «15 inch
Mid~May .30 inch «25 inch «»20 inch
Mid=June «35 inch +30 inech «25 inch
Mid=July <40 inch .35 inch «30 inch

Whether a farm has good, average, or poor drainage ig difficult to
determine except through knowledge of the soil type drainage system and by
observation over several years, including some with heavier than normal
rainfall,

Good drainage would only be considered to exist where the soils were
naturally well drained and where there was enough slope to prevent ponding,
or where supplemented by sufficient tile to hendle the ponding. It would
also be considered to exist if the soils, though naturally slow to drain,
were assisted by adequate tile to give rapid drainage.

Poor drainage would be considered to exist where soils were naturally
heavy and slow to drain, where ponding occurred, and where there is little
or no assistance from tile. It would also exist if well drained spots were
intermingled with slow-draining soil types.

Average drainage would be considered to exist where water removal is

readily recognized as neither completely satisfactory nor bad.

1/ Meyers, A. F., The Elements of Hydrology, 1928, Second Edition, John Wiley
and Sons.
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Plowing Sod Land

During the 20 years, 1938=195T, there was an average of 14,5 days out
of the 41 between March 21 and April 30 when soil conditions were determined
to be favorsble for plowing sod under average drainage conditions. Only 12
days were favorable under poor drainage conditions and 17.5 days under good
dreinage conditions. {(See Table I, Page 8) 1/ In the least favorsble year
of the 20 analyzed, there were only five days when soil conditions were suit-
able for plowing sod under average drainage conditions, 2.5 days under poor
conditions, and 6.5 days under good drainage conditions.
Table I. Days Availeble for Plowing Sod By Selected

Periods and Drainage Conditions, Central Ohio, 1938=-1957
Favorable Days Available

Drainage and Total Average Worst Best Minimum
Period Days For Year Year 16 out of
-Period 20 years
Average Drainage
Maxr 21l-Apr 30 L1 1.5 5,0 2h,5 12.5
Apr leMay 10 Lo 17.0 8.5 23.5 13.0
Max 10-May 10 62 23,0 13.0 35,5 16.5
Poor Drainage
Mar 21l=Apr 30 L 12.0 2.5 22.5 8.5
Apr leMay 10 Lo 14,0 6,0 21,0 11.0
Mer 10=May 10 62 18.5 8.5 31.5 12,0
Good Drainage
Mar 2l=Apr 30 L 17.5 6.5 27.5 15,0
Apr 1-May 10 Lo 19,5 11.5 25.5 16,0
Mar 10=May 10 62 26.5 15.0 40,0 20.5

On the basis of the assumptions on drying rates, Central Ohio farmers
with average drainage conditions may expect four years out of five to have
12.5 days or more when sod land will be suitable for plowing between March 21
and April 30.

1/ In determining the days available for plowing sod land, a slightly
higher rate of water removal was used than shown above to allow for
the transpiration that occurred due to the sod. It was also assumed
that the better traction made possible by the sod would permit a
little quicker return after a rain than in the case of bare land.



Plowing Bare or Stalk Land

Generally there is legs time when bare or stalk land is suiteble for
plowing than in the case of sod land. The available time is reduced because
very little transpiration of moisture takes place. Furthermore, the "soapy"
surface conditions following light freezes and showers, reduces the availsble
time,

Under average drainage conditions, 12.0 days were favorsble for plowing
bare or stalk land between March 21 and April 30. With poor drainage condi-
tions, 8.5 days, and with good drainage conditions, 14.5 days, were found to
be suitable for plowing (See Table II, page 9). In the least favorsble year
of the 20, there were only 2,5 days when conditions were considered to be
sultable under average drainage. With poor drainege there was no time when
conditions were favorable, but with good drainage there were 5.0 days when
bare or stalk land could be plowed.

Table II. Days Avallable for Plowing Bare or Stalk ILand,

by Selected Periods and Drainege Conditions,
Central Ohio, 19381957

Favorable Days Availlable

Drainage and Total Average Worst Best Minimum
Period Days For Year Year 16 out of
Period 20 years
Average Drainage
Mar El—Apr 30 )-l'l 2.0 2@5 22*5 8u5
Apr 1<May 10 Yo k.0 6.0 21,0 11.0
Mar 10-May 10 62 18.5 8.5 31.5 12,0
Poor Drainage
Mar 21=Apr 30 L1 8.5 0.0 18.5 545
Apr 1<May 10 Lo 11.5 4,0 1740 T+5
Mar 10=May 10 62 14,0 5,0 26,5 7.5
Good Dreinage
Mar 2l-Apr 30 L1 14,5 5.0 24,5 12,5
Apr l-May 10 Lo 17.0 8.5 23.5 13.0
Mar 10-May 10 62 23.0 13.0 3545 1645




gowing cuts, o8 used here, involves all of the spring work normally
performed on the land in connection with putting in Lvhe crOoDa

During the 31-doy pericd, March 21 to April 20, under average drain-
uge conaicions, there was an average of eight days on which the sqil oper=-
abions necesssry to seeding an oats crop could take place during the 20
years (see Table 3, page 12). This 31-day period is the one that generally
results in the highest ozts ielus in Centrasl Ohioc. Under poor drainsge
conditions, there were 5.5 days on the average when the soil and climatic
sivuation was favorsble. With good drainage conditions there was an aver-
age of 10,0 favorable days.

one year out of five, or 20 per cent of the time, there were less than
5.5 days on the average-drained land and less than 2.5 days on poorly drained
land when the seeding of oats could take place, In terms of equipment and
labor, chis means & farmer with average-dreined land would need machine capa-
ceity and a labor crew large enough to fit the land, including plowing, if
this were the practice followed, as well as sowing the ocats on the acres to
be seeded in 5.5 days if he wished to get his crop in during the optimum
period, four years out of five. A farmer with poorly drained land would
need equiyment and labor to do the job in 2.5 days.

In the least favorable year, 1940, there were only 1.5 favorsble days
with average drainage, none with poor drainage, and 3.0 days with good
drsinage. Extending the sowing period to April 30 in the least favorable
year added two favorable days where drainage was good, one day where it was
average, and none where drainage was poor.

Soil Fitting Operations Preceding Final Seedbed Preparation for Corn or Soybeans

This analysis was made to provide data for those operators who gener-

ally dise, harrow, or drag their plowed land between plowing and the final seed-



bed preparation for corn, soybeans, or other similar spring crops.

In Central Ohio, most field work of this type takes place between
April 16 and May 5., Since plowed land is free of plant growth, drying
following rain depends on evaporation and drainage. The rate of moise
ture removal by drainage is essentially the same as during the plowing
period. However, surface evaporation is somewhat more rapld due to
higher temperature and the porous nature of the soil surface. Taking
these factors into account, an average of eight days was found to be
available per year with at least 2,5 days 16 years out of 20 under av-
erage drainage conditions (See Table IV, page 12). In the least fav=-
orable year, 1947, there was no time when the soil and climstic condi-
tions would have permitted soil fitting operations between April 16 and
May 5, irrespective of drainasge conditions.

Final Seedbed Preparation and Planting Corn and Soybeans

Planting dates for corn and soybeans overlap sufficiently in Central
Ohio so that no attempt was made to analyze the time available for each
separately. Practically all of the farmers in the area try to plant
corn and soybeans between May 6 and June 5.

The majority of Central Ohio farmers attempt to complete soil fit-
ting and planting between May 11 and May 31, In this period, there was
an average of 8.5 days when soil and climatic conditions were considered
favorable for the fitting and planting operations under average drainage
conditions. Under such drainage conditions, a minimum of five days were
available 16 years out of the 20, In the worst year, there were only
two days when fitting and planting operations could have been carried on
(See Table V, page 13). Under poor drainage conditions, the least time

available 16 years out of 20 was 3.5 days and with good dreinage condi-

tions, 6.5 days.
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Teble T1I. Days Available for Seeding Oats Ly Selected Periods
and Drainsge Conditions, Central Oniu, 1936=1957

Favorable Days Availsble

Drainage and Total Avyerage Worst Rest Mirimum
Period days for fear fear 16 out of
Period 20 Years
Aversge Drainage
Mar 2l-Apr 20 31 8.0 1.5 17+5 5.5
Apr l=Apr 30 30 8.8 1.5 16,5 6,0
Mar 21l=Apr 30 il 11.7 205 22.5 8.5
Poor Drainage
Mar 2l=Apr 20 31 5.5 0.0 13,0 2.5
Apr 1-Apr 30 30 6aT 0.0 15,0 4,0
Mar 21l=Apr 30 L 8.5 0.0 18.5 5.5
Good Drainage
Mar 21=Apr 20 31 10.0 360 19,0 Ts5
Apl‘ l“Apr 30 30 1103 )"‘00 3..800 8.0
Mar 21leApr 30 L 14,6 540 2l ,5 12.5
Teble IV. Days Availgble for Scil Fitting Operations Preceding
Final Seedbed Preparation by Selected Periods and
Dreinsge Conditions, Central Ohio, 1938-1957
Favorablie Days Avallable
Dreinage and Total Average Worst Best Minimum
Period days for Year Year 16 out of
Period 20 Years
Aversge Drainage
Apr 16-May 5 20 8.0 0.0 16.0 2.5
Apr 21-May 10 20 9,0 1.5 17.0 6.5
Apr 1l-May 10 30 11l.5 k.5 20.0 7.0
Poor Drainsge
Apr 16=May 5 20 6.5 0.0 13. 2.0
Apr 21-May 10 20 T.5 1.0 15,0 540
Apr ll-Mey 10 30 9.0 k,0 16.5 0
Good Drainage
Apr 16-May 5 20 9.0 0.0 17.5 5.0
Apr 2l-May 10 20 10.5 2.5 17.0 8.0
Apr 1l-May 10 30 13.5 6.0 21,0 9.0




Table V. Days Available for FPinal Seed Preparation and Planting
Corn and Soybeans by Selected Periods and Drainage
Conditions, Central Ohio, 1938-1957

“13e

Favorable Days Avellsbie

Drainage and Total Average Worst Best Minimum
Period Days for Year Year 16 out of
Period 20 Yeaus
Average’Drainage
rlay ©«June 5 31 13.5 T.0 21.0 10,0
Hay ll"‘}‘iay 31 21. 805 200 1800 550
Tlay 16«JunelO 26 11.5 4.0 17.0 9.0
Poor Drainage
liay 6-June 5 1 11.5 4,0 21,0 7.0
May ll«May 31 21 Te5 1.0 17,0 3.5
Ny 16-~JunelO 26 9.5 1.0 17.5 €.5
Good. Drainage
May 6=June 5 31 15.0 9.5 21,0 12,0
May 1l-May 31 21 9.5 3.5 19.0 6.5
May 16=JunelO 20 12.5 6.5 20.0 11,5

Cultivating Corn and Soybeans

Cultivating of corn and soybeans in Central Ohio is done during June

and the first few days of July.

At this time drying following rain is at

a much higher rate than in April and May due to the effect of the higher

average temperature on evaporation and on transpiration through plant growth.

Transpiration continues to increase as the size of the plant increases, thus

the rate of drying following a rain is greater at the end of the cultiva=

ting period than at the beginning.

In the period June 6 to July 5, when the major part of the cultivating

normally takes place, 15 days were favorable for this operation on average

drained land. (See Table VI, page 14) On well-drained land the average

number of favorable days was 16,5 and on poorly drained land, 13.0 days.



w1l

Tabl. VI, bays Available for Cultivating Corn and goybeans by
Selected Periods and Drainsge Conditions,
Central Ohio, 1938-1957

Fgvorable Days Available

Drainage and Total Average = Worst Best Minimum
Period Days for Year Year 16 out oi
Period 20 Yeers
Average Drainsge
June 6uJulyg 5 30 15.0 9.5 el.5 12,0
May 26=June 25 31 15.0 8.0 23.0 10.5
June 16=July 15 30 16.0 8.5 26,0 13.5
Poor Droinage )
June 6=July 5 30 13.0 Q5 23.0 10.5
May 26=June 25 31 12.5 L.5 21.0 8.5
June 16=July 15 30 4.5 6.5 25.5 11.5
Good Drainage
June 6-July 5 30 16.5 10.5 25.5 14,0
May 26=June 25 31 16.0 1065 2,0 13.5
June 16=July 15 30 17.5 10.5 26,0 15.0

Seeding Fall Sown Small Grain

Normally the soil is in a dry condition in the fall as contrasted to
the frequently saturated situation in the spring. Comsequently, during
many of the years drainage had little or no effect on the days available
for fall seeding operations. The most significant difference occurred in
years that had unusually wet weather in the late summer and early fall. As
a result, only two levels of drainage were considered for seeding of fall
grains.

The same procedure was followed in estimating the days available as
vas followed for soil operations in the spring and early summer. Daily and
accumulated rainfall, temperature, sunshine, and wind were the factors used
in deciding if conditions were favorable. On average to well-drained land,

the rate of drying after a rain used in the analysis was .40 inch per day
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and on poor to average drained soil, the rate used was .30 inch per day.

In the 37-day period from September 25 to October 31, there was an
average of 27.5 days when wheat, barley, or rye could have been seeded on
average to well-drained land (See Table VII, Page 15). Eighty per cent of
the years analyzed had 24.5 or more favorable days available for this oper-
ation. 1In the worst year, there were 19.5 days, and in the best year, 33.5
days. The average number of days available on average to poorly drained
land dropped to 26.0 days with 21.5 days or more 80 per cent of the years.

Table VII. Days Available for Seeding Fall Sown Grain by

Selected Periods and Drainage Conditions,
Central Ohio, 1938-1957

Favorable Days Available

Drainage and Total Average Worst  Best Minimum
Period Days for Year  Year 16 out of
Period 20 Years

Average to Well-Drained Land

Sept 25 ~ Oct 31 37 27.5 19.5 33.5 24.5
Sept 25 - Oct 15 21 16.0 11.5 21.0 12.5
Oct 5 - Qct 25 21 16.0 9.0 20.0 14.5
Oct 10 - Qct 31 22 16.5 11.5 22.0 14.0
Poor to Average-Drained Land
Sept 25 - Oct 31 37 26.0 17.0 33.5 21.5
Sept 25 - Oct 15 21 14.5 8.5 21.0 11 5
Oct 5 - Oct 25 21 15.0 7.0 20.0 13.5
Oct 10 - Oct 31 22 15.5 9.5 22.0 13.0

Summary of Favorable Days for Soil Operations in the Spring and Early Summer

The period March 21 to July 15 includes 117 days. In this period, spring
plowing, soil fitting, planting, and cultivating operations take place. Dur-
ing the 20 years covered by the study, there was an average of 49.0 days,
including Sundays, or 43.0 per cent of the 117 days when average drained soils
were suitable for working. In the least favorable year, there were only 34.0

days. However, 80 per cent of the time, or four years out of five, Central



Table VIII. Days Analyzed as Favorable for Soil Working Operations in Ceutral Ohio
By 3elected Periods and for Three lcvels of Drainage for the Period,
1938-19572/

March April May June July March 21~
Level of Drainage 21-31 1 -30 1-31 1-20 <15 July 15

(Days favoerable for soil working operations)
Average Drainage

Average 1938-1957 2.8 8.9 139 14.5 8.9 49.0
Worst Year 0.0 1.5 5.0 6.5 3.5 34.0
Best Yeart 8.5 15.5 26.0 22.0 13.0 57.5
Minimum 15 out of 20 yrs. 1.0 5.0 11.5 11.0 7.0 43.5
Poor Drainage
Average 1938-1957 1.8 6.7 11.8 12.5 8.3 41.5
Worst Year 0.0 0.0 3.0 4.0 3.5 25.0
Best Year 8.5 15.0 25,0 21.0 13.0 50.0
Minimum 16 out of 20 yrs. 0.0 4.0 8.0 8.5 6.0 35.0
Good Drainage
Average 1938-1957 3.4 11.2 15.4 16.1 9.6 55.7
Worst Year 0.0 4.0 8.5 9.0 4.5 41.5
Best Year 8.5 18.0 26.0 23.0 13.0 74.0
Minimum 16 out of 20 yrs. 2.0 8.0 13.0 12.5 7.5 50.0

For details by years, see Tables V, VI, and VII in Appendix, Pages 5-7.



1T

Ohio farmers had 43.5 days or more per season {see Table VIIT , page 16).

As the season progressed, an inereasingly greater proportion of the days
were sultaeble for soil working operations. This was due primarily to a nore
repld withdrawal of moisture through evaporstion and transpiration where
plants such as corn and beans were growing. In late March s about one day
in four on average-drained land was suitable for soil worling operations,
about one in three in April, and slightly less than one out of two in May
and June,

The least favorable spring and early summer periods for soil working
operatlons occurred in 1947, 1943, 1940, and 1956, in the order named,

For the least favorable years for specific soil working operations see
Table IX, Page 18,
Harvesting Meadow Crops

Harvesting field=cured meadow crops presents a different situation in
regard to the effect of climate on the time available. As soon as the
soil is dry, in the case of soil-working tasks, or as soon as the grain
is dry enough for combining or picking, the operation can be initiated.
Completion occurs acre by acre as the machine moves over the land. This is
not true in meadow crop harvest except for the direct chopping of grass
silage. Field curing of hay must be initiated one day (cubting meadow) and
completed one or more days later {storing). Thus, a period of favorable

'weather must exist to complete the job successfully.

Two systems for harvesting hay were considered: (1) conventional
field curing, and (2) field curing aided by the use of a stem crusher or
hay conditioner. The method of moving from the windrow(loose, baled or
chopped) was not considered as affecting significantly the time required

for the curing to take place,
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Table IX. The Three Ieasgt Favorable Years on Average-Drained
Land by Selected Soil-Working Operation,
Central Ohio, 1938-1957

Operation Period Rank according to favorable da
18th 10th 20th

ys¥

Plowing Sodland Mar, 2l-Apr. 30 1954 194k 1940

Plowing Bare or Stalk
Iand Mar. 21l=-Apr. 30 1954 19k 1940

Preparing For and Seeding
Qats Mar, 2l-Apr. 20 1938 10kl 1940

Preparing Seedbed and
Planting Corn and
Beans May 6<=June 5 1oLk 1956 1047

Cultivating Corn and
Beans June 6=July 5 1957 1951 1939

¥Best year given rank of one and least favorable rank of 20

Assumption on Drying Time

Relatively little data based on actual measurements are availsble on
field drying time required for the different methods. Work done in Illinois
indicated that with an average yield of hay the minimum drying time for con-
ventional field curing would be two days after the day of cuttingoy Some
recent studies, including one in Ohio, on the effect of hay crushers or
conditioners on field curing indicate a reduction of one full day under that
required Pfor unconditioned hay., On the major part of the farms included in
the Ohio study, conditioned hay was taken in the day following cutting when
no rain intervened and when drying conditions were reasongble favorable.
About half of these farmers stored unconditioned hay on the second day after

it was cut., The average time from cutting to storage without the assistance

I/Hemeer and Kieis s University of Illinois Circular 693 " Crushing £
Faster Field Curing," June 1952, e e e
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In light of the above findings, together with the observations of sev-
eral experienced farmers, the following assumptions were made and employed
in appraising the limiting effect of climate on the hay-making operation:

Conventional Field Curing--A minimum of three days, including the day

of cutting, would be needed with no intervening rain heavier than a trace;
two of the days must have good drying conditions and the other day would
nced to be a fair drying day. Neither two fair and one good day nor two
good and one poor day was considered adequate. If a rain intervened, the
curing period was extended until sufficient drying days followed the rain
to permit adequate drying. When rain increased scil moisture signifi-
cantly, a longer period or more favorable drying conditions were assumed
necessary.

Field Curing Aided by Hay Conditioners--A minimum of two days, in-

cluding the day of cutting, would be needed with no intervening rain
heavier than a trace; both days would need to be good drying days. When
less favorable drying existed, it was assumed more drying time than two
days would be needed. Two fair and one good day or three falr days, in-
cluding the day of cutting, were assumed adequate to permit storage the
second day after cut. When an intervening rain occurred, the subsequent
drying period was determined the same as in the case of conventional
ficld curing with only slightly less drying time or conditions assumed
necessary. This was doune on the belief that the major advaantage of the

stem crusher was to hasten the original drying.

e, v. Moore, J. H, Sitterley, and E. T. Shaudys, Costs of Hay Condi-
tioning for Faster Field Curing, Research Bulletin 834, Ohio Agricul-
tural Experiment Station, 1959.

1/

of a conditioner was over three days because of intervening adverse weather.=
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Amount of Meadow Cut--It was assumed that no more meadow crop would

be cut in any one day than could be stored in one day after it reached a
satisfactory moisture level to be stored.

The days in each of the three harvest periods--June 1-30, July 15-
August 15, and September 1-20--were analyzed to see how many had no rain
heavier than a trace between 6:00 a.m. and 6:00 p.m. (data were available
for each 6-hour period). The rainless days (6:00 a.m. to 6:00 p.m.) were
analyzed as to drying conditions and classified as good, fair, or poor
drying days. (See Table X below.) Temperature, wind, per ceat of possible
sunshine, humidity, and precipitation between 6:00 a.m. and 56:00 p.m. were
the factors considered in determining into which class a given day would
fall. If rain heavier than a trace occurred between 6:00 p.m. and 6:00
a.m., it was taken into account as an intervening rain in arriving at the
time required for a cure to occur.

Table X. Hay Drying Conditions Prevailing during the

Periods for First, Second, and Th};d Cutting,
Central Ohio, 1938-1957<

Days Without Rain Between  Days With

Cutting Total 6 a.m. & 6 p.m. with Drying Rain Detween
Days Condicions Classified As: 6 a.m. and
Good Faixr Poor 5 p.m.
First Cutting (June 1-30)
Average 30 10.9 5.6 5.9 6.9
Range 30 6-17 2-9 3-12 3-11
Second Cutting (July 15-Aug 15)
Average 32 12.8 8.2 5.9 5.1
Range 32 6-21 4-11 2-10 2-8
Third Cutting (September 1-20)
Average 20 8.1 3.9 4.8 3.2
Range 20 2-14 1-7 2-10 1-5

1/
~ See Table VIIL, Page 8 in Appendix, for data by years.
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Days Required for Sufficient Cure to Take Place to Permit Storage When
Meadow Was Cut on Any Day Favorable for Mowing

An average of 24.6 days was determined to have weather conditions favor-
able for mowing first-growth meadow crops. One year, 1939, had as few as
21 favorable days, and in 1953 there were as many as 28 days. A day was
considered to be favorable for cutting meadow if either the forenoon or
afternoon had no rain heavier than a trace and not more than .3 inch occur-
red between 12:00 a.m. and 6:00 a.m. A favorable half day either before
or after noon was recorded as a full day since on most farms a half day
of mowing with a tractor mower will cut as much hay as can be stored in a
day with the typical crew and equipment. The days recorded as favorable
for mowing were frequently greater than the rain-free days since some
rain during a 24-hour period would not preclude mowing unless it was
heavy or spread over the daylight hours,l/

During the 20 years analyzed, there was an average of six days out
of 24.6 favorable days for mowing first-growth meadow followed by weather
conditions permitting a satisfactory field cure in three dyas, including
the day in which it was cut. On six days it would have required three
days after cutting or a total of four days for storage to take place. On
four days storage would have been delayed to four days, and on eight days
of the 24 favorable for cutting, the climate was such that storage would
have been delayed five or more days after the day cut (See Table XI, Page
22). 1In the worst year, 1957, meadow cut on 12 of the 22 favorable days
for cutting would have had to remain in the field five or more days before

it would have been dry enough to store.

Soil conditions were not taken into account in deciding whether a day
was favorable for cutting. Unquestionable, there were a few of the
days considered favorable for cutting when all or part of the day would
have been unsatisfactory for cutting because the soil would not have
supported the weight of a power unit.



Table XI. Makiug Hay by Fie!d Curing - Number of Days Whern Meadow Could Have Zeeu
Cut and the Length of che Subsequent Curing Period Required, 1938-1957

Total Days Favoraple Cutting Days Which Were Followed By
Cutting Favorable Weather Conditions fstimated to Require:
For Cutting Two Days After  Three Days A~ Four Days Af- Five Days Oz
Meadow Day on Which ter Day On ter Day Ou More After Day
Cut For Field Which Cut For Which Cut Fou O Which Cut For
Curing Field Curing ield Curiug Field Curing

First Cutting,
June 1 - 30

Average Number 24.6 5.0 5.8 4.2 8.6
Number in Worst Year 22.0 4.0 4.0 2.0 12.0
Number in Best Year 25.0 11.0 5.0 6.0 4.0
Minimum 16 Years
Out of 20 22.0 . 4.0 3.0 6.0 9.0
Second Cutting,
July 15-August 15
Average Number 27.9 7.9 8.6 5.3 5.1
Number in Worst Year 26.0 4.0 4.9 4.0 14.0
Number in Best Year 30.0 16.0 9.0 1.0 4.0
Minimum 16 Years
Out of 20 29.0 4.0 8.0 10.0 7.0
Third Cutting
September 1-20
Average Number 17.1 4.3 4.7 3.4 4.7
Number in Worst Year 16.9 0.0 1.0 5.0 10.0
Number in Best Year 19.0 6.0 10.90 2.0 1.0

Minimum 16 Years
Out of 20 16.0 2.0 4.0 2.0 8.

o

-Z‘z-
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Many farwers mow hay on any day favorable for citting. When this is
doce, che probability is thal during a 20-year period, a farmer would store
25 per ceat of his hay two days after the day cut, 23 pe. ceut three days
aftes the day cut, 17 per cent four days after the day cut, and 35 per cent
. 1/
would have had to remain in the field five or more days after the day cut .~
The probability of meadow cut on any favorable day for cutting being stored
the first, secoud, third, fourth, or fifth day after cutting is listed by
cuttings aad by curing methods in Table XII, Page 24.

The use of a stem crusher or nay crimper greatly increased the p.oba-
bility that meadow cut any favorable day could be stored within two days
c¢fter cutting over the probability of doiag so by coaventional field cur-
ing (8ec Tablc XIII, Page 25). With hay conditicners, 49 pec cent of the
firs: cutting could have been stored by the secoid de; after catting com-
pared with 25 per cent when conventionally cured (3ee Table XII, Page 24)

Larvesting Meadow as Grass Silage

In determining the effect of climate on days available for harvesti.g
readeow crups as silage, it was assumed that meadow could be cut and stored
1, silage oa any day that was favorable for cutting ueadow. In somne seass.us
witih abo.e w.ormal rainfall or after brief periods of very heavy rainfall,

a feu of the days favorable for cutting meadow would nor be suitable for
varvestiag silage becaise the soil would not support heavy harvesting equip-
meat. No attempt was made to determine the number of such days.

On the basis of the abote assumptions, there would have been an aver-
age of 24 days between June 1-30, 28 days between July 15 and August 15,

and !/ days betwee. September 1-20 when meadow crops coculd have been harvested

1/ No attempt was made to determine how the probability would be affected
if cutting was based on local weather predictions.
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Table XII. Probability of Hay Beiag Stored Within One, Two Three, Four,
and Five or More Days After Cutting, by Cuttings, When
Cured by Different Methods as Determined By
Analysis of the Climatic Conditions inm
Central Ohio, 1938-1957%

Days On Percent of Days when Meadow Could Have Beern

Which Cut Followed by Weather Conditjons Permit-
Cutti.g and Curing Meadow  ting Storage Within Designated Days After
lcthod Could The Day Cut
Be One Two  Three Four Five or
Cut Day Days Days Days More
First Cutting
(June 1-30)
Conventional Curing
Average YearZ 24 -~ 25 23 17 35
Worst Year 22 - 18 18 9 55
Min 16 Qut of 20 Yrs 22 -- ;8 34 27 41
Stem Crusher Used
Average Year 24.5 25 24 13 13 25
Worst Year 23 4 22 22 4 48
Min 16 Qut of 20 ¥rs 24 12 25 17 4 42
Second Cutting
{July 15-Aug 15)
Conventional Curing
Average Year 3 -- 28 31 19 22
Worst Yeal 25 -- 15 15 15 55
Min 16 Qut of 20 Yrs 29 - 14 2 34 24
Stem Crusher Usad
Avorage Year 23 30 26 23 10 11
Wosost Year 26 8 20 12 16 44
T 16 Qut of 20 Yrs 23 :8 29 39 7 7
fhicd Cutticg
(Sent. 1-20)
Ceciventional Curing
Average Year 17 - 25 28 Z9 27
Worst Year 16 -- 0 5 31 &3
Min 16 Out of 20 Yrs 16 - 13 25 12 59
Stean Crusher Used
Average Year 17 26 23 18 12 21
Woist Year 15 0 0 31 13 56
Min 16 Qut of 20 Yrs 15 19 19 6 12 44

1"/

=' Probability is chances in 100.

2/ fThe selection of average year, worst year, and the 15th year out of the
20th was doae by arraying the 20 years from best to worst based on the
per ceat of the crop stored 3 days after cutting in case of conventional
curing and 2 days after cutting for the other two methods, with con-

sideration for number of days requiring 5 or more days after the day cut
to permit storage.



Table XTIT. Making Hay with the Aid of a Stem Crusher - Number of Days When Meadow

Could Have Been Cut and the Length of the Subsequent

Curing Period Required, 1938=-1957

Total Days Days Favorable for Cutting Which Were Followed By Weather
Favorable Conditions Estimated to Requires
Cutting For Cutting One Day After Two Dayvs Three Days Four Days Five or
Meadow Day on Which After After After More Days
Cut For Field Cutting Cutting Cutting After Day
Curing On Which
Cut For
Field
Curing
First Cutting,
June 1=30
Average Nunber 2.6 6.0 6.0 3,2 3.2 6.0
Number in Worst Year 23,0 1.0 5.0 5.0 1.0 11.0 LN
Nunber in Best Year 26.0 8.0 12.0 2.0 .0 0.0 b3
Minimum 16 Years
Out of 20 2}4.0 3.0 6,0 o0 1,0 10.0
Second Cutting,
July 15-August 15
Average Nurber 27.9 7.8 6.8 6,0 2.7 Lob
Number in Worst Year 2630 2.0 590 390 2,0 ﬂtoo
Number in Best Year 30.0 11.0 12.0 4.0 1.0 2.0
Minimum 16 Years
Out of 20 26¢O 706 600 1.0 hoo 8:;0
Third Cutting,
September 1-20
Average Number 17.1 Lol 4.0 3.1 2,1 3.5
Nunmber in Worst Year 16.0 0.0 0.0 500 2.0 9.0
Nurber in Best Year 19.0 12.0 1.0 - 2.0 1.0
Minimum 16 Years
Out of 20 16.0 3,0 3.0 1.0 2.0 7.0
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for silage. These are considered maximum days since in some years there
would be days when the soil would be too wet to support harvesting equip-
meat without damage to the land.

Harvesting Small Grain and Soybeans

The number of days favorable for combining grain was determined in much
the same way as the days favorable for harvesting hay. Each day during the
period was analyzed as to the drying conditions prevailing during the day
and was classed as a good, fair, or poor day. Precipitation, sunshine,
wind, temperature, and humidity between 5:00 a.m. and 6:00 p.m. and precip-
itation before 6:00 a.m. were the factors considered in determining the
type of day.

Two levels of moisture were used in determining the number of favor-
able days available for harvesting small grain crops. The first called for
a moisture content of 14 per cent or less in the standing grain which would
make possible storing the crop without risk or marketing it without mois-
ture dockage. The second level was for a moisture content of 16 per cent
or less. At this level, some of the grain would have to be dried if stored
or would be subject to moisture dockage if marketed direct from the combine.

When estimating the number of favorable days available for harvesting
operations, each rain-free day was considered in light of the weather pre-
vailing that day and conditions prevailing on previous days. In was assumed
that more drying time would be required following a heavy rain or a period
of two or three days of wet weather than would be needed after a moderate
rain preceded by several dry days. A light shower after the grain was dry,

if immediately followed by a good drying day, was not assumed to stop com-

bining for more than a day.

Combining Wheat and OQOats

On the basis of the procedure outlined above, there was an average of
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nine whole days and two half days between July 5 and 31 whea wheat or oats
could have been combined at 14 per cent or less moisture and 11 whole and
four half days at 1% per cent or less during the 20-year period. (See Table
X1V, Page 27) 1In the least favorable year, there were only two whole azd
three half days when combining could have been doue with 14 per ceat or less
moisture and five whole and three half days with 16 per cent cr less. 1Ia

156 of the 20 years, the least time found to be available Ffor combining st

14 per cent or less moisture was six whole and four half days and at 14

per cent or less and nine whole and two half days.

Table XIV. Combining wheat and (ats - Favorable Days Available
Between July 5 and 31 for Two Levels of Moisture,

1938-1957
Period and Total Favorable Days Available 1/
Level of Days Minimum Days
Moisture In the Average For 1In the In the Lvailable,
Period the Period Worst Year Best Year 16 Years Out cof
20 2/
July 5-31
14% moisture 9 whole 2 whole 17 whole 6 whole
or less 27 & 2 half & 3 half & 3 half & 4 half
days days days days
15% moisture 11 whole 5 whole 18 whole 9 whole
or less 27 & 4 half & 2 half & 5 half & 2 half
days days days days
i/

In determining the days available, half as well as whole days ware re-
corded. Whole days were defined as thosc with some favorable time both
before and after noon. Half days accounted for approximately 12 per ceunt
of the time analyzed as favorable for combining with 14 per cent or less
moisture and 15 per cent of the time for combining with 16 per cent or
less moisture.

2/ See Table IX, Page 9 in Appendix, for individual years.
In terms of equipment, this would mean that the farmer, to harvest his
wheat and oats four years out of five in the favorable days available be-

tween July 5-31 at 14 per cent or less moisture, would need machine-capacity

to do the job in eight combining days. Those who did not work on Sunday
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would require one-seventh more capacity.

Combining Soybeans

Two periods were analyzed (See Table XV, Page 29). The first period,
September 26 to October 16, was aaalyzed to provide information for farmers
with early weed-free beans. The second period, October 17 to November 6,
was set up for farmers with late or weedy beaus. Ia both imstaaces, it was
assumed that the beans were mature and that weather coaditions were the
only factors affecting the moisture content of the beans. As in the case
of wheat and oats, no empirical data were fouad that could serve as a basis
for determining drying rates. Therefore, the experiezce of selected farmers
and observations of the authors formed the basis for determining the favor-
able combining days.

In the September 26-October 16 period, there was an average of ten
whole days and three half days when it was considered possible to combine
beans at 14 per cent moisture or less, and 12 whole days and two half days
at 16 per cent moisture or less (See Table XV, Page 29). In the least favor-
able of the 20 years, the analysis indicated that there were only two whole
and two half days when beans could have been combined at 14 per cent mois-
ture or less, and four whole and two half days at 16 per cent moisture or
less.

In the October 17 to November 6 period, shorter days, lower tempera-
ture, and slightly more soil moisture resulted in about 20 per cent fewer
favorable days than in the early period.

Harvesting Corn

The nature of corn picking is such that once the moisture in the
corn has dropped to a level considered safe for storage, climate plays a
less important role than in the case of meadow crops and small grains.
After the corn is mature enough to store, it is largely a matter of the

ground being dry enough to support equipment.



Table XV. Combining Soybeans - Favorable Days Available in Central Ohio
During Two Different Periods and at Two Levels of Moisture, 1938-1957

Favorable Days Available 1/
Period and Level Total Days In Average for In The In The Minimum Days
of Moisture The Period the Period Worst Year Best Year Available 16
Years Qut of qui

September 26-October 16

14% moisture or less 21 10 whole days, 2 whole & 18 whole & 5 whole &
3 half days 2 half days no half days 3 half days

167 moisture or less 21 12 whole days, 4 whole & 20 whole & 6 whole &
2 half days 2 half days no half days 2 half days

Qctober 17-November 6

147 moisture or less 21 8 whole days, 4 whole & 16 whole & 5 whole &

3 half days 1 half day 1 half day no half days
16% moisture or less 21 9 whole days, S whole & 17 whole & 6 whole &

2 half days 1 half day 2 half days 2 half days

Y In determining the days available, half as well as whole days were recorded. Whole days did not
necessarily mean a full 8 or 10 hours of operation, but the availability of some favorable time in
both the forenoon and afterncon. Likewise, a half day did not mean 4 or 5 hours but some favorable
time either before or after noon. Half days accounted for 10-15 per cent of total favorable time

available.

2/ See Table X, Page 10 in Appendix for individual years.

-62—



-30-

Occasionally, extreme dryness of the fodder prevents picking. However,
no attempt was made in this study to exclude the portion of the time when
the corn was too dry to pick. Rainfall during the day, accumulated rain-
fall, and temperature were the main factors considered in determining the
days available. Temperature was considered only when it was such as to
result in freezing during the night and was high enough to cause thawing
during the day. Such temperatures were considered to be unfavorable for
picking because of the resulting slippery condition of the soil. If the
temperature remained below freezing, thus preventing thawing, it was not
considered unfavarable.

Difference in drainage conditions, except in extremely wet periods,
did not greatly alter the days available because of normal dryness of the
soil in the fall and the rapidity with which rain tended to be absorbed.

Three periods were analyzed: an early period, October 1 to October
31, for those with early maturing corn or drying facilities; a late per-
iod, November 1 to November 30, for seasons in which maturity was late;
and an intermediate period, QOctober 15 to November 15 (See Table XVI,
Page 30). An average of 23.5 days in the first period, 21.5 days in the
intermediate period, and 16 days in the late period were determined to
be favorable for picking during the 20-year period.

Table XVI. Days Available for Harvesting Corn with Conventional
Picker by Selected Periods, Central Ohio, 1938-1957

Period Total Average Worst Best Minimum
Days for Year Year 16 Years

Period Out of 20
Oct 1 = QOct 31 31 23.5 13.0 28.0 22.5
Nov 1 - Nov 30 30 17.0 7.0 23.5 13.0

Oct 15 = Nov 15 32 22.5 15.5 30.5 20.0
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spplication of Data

To equip his farm vith enough machinery and power to do satisfactor-
ily all of the field work in the years with the least favorable veather,
the farmer would be required to make a large outlay of capital. Furthermore,
it would establish a high annual overhead cost. A significantly lower total
investment and annual overhead cost would be incurred if the farm were equip~
ped to do the field work in those years when the time available to do such
work was average. However, if the latter course were pursued, difficulty
would be encountered in accomplishing satisfactorily many of the tasks in
the seasons with below average days available for ficld work. Also, in the
least favorable years, actual losses could be expected from reduced plant-
ings, lower yields, and poorer quality due to delayed planting and harvest—
ing.

Either situation, equipping to do the job in the worst year or equip-
ping to do it in an average year, is likely to affect adversely the farm-
er's long-time average net income.

The following is an attempt to demonstrate the effect on investment and
to illustrate briefly how inforwmation on days available teo do selected farm
operations may be used:

For the purpose of illustration, let us assume we are equipping a Can-
tral Qhio farm containing 200 acres of cropland. It is to be a general
livestock farm consisting of hogs and fat cattle. The crop rotations and
average annual acreages are: corn, 75; soybeans, 25; oats, 25; wheat, 25;
mixed alfalfa-~clover-timothy wmeadow, 50. The crop program calls for plow-
ing for corn and soybeans with the 50 acres of corn following sod and 25
acres following corn. The soybeans will follow corn and in turn be followed

by wheat. The oats will follow second-year corn. Soil type, topagraphy,
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aud tile drainage on the farn places ii in the category of average draia-
age. The farmer, a mau ia his 30's, is the ouly labo: sipply. Occasionally
a few days of seasoual iabo- can be hired. In some of the operations an
erchange of labor and equipment cau be worled out wich a .eighbo. who nas
a similar farm sitvation. Geaeraily, the farmer tries to hold h-s work
day to ten hours and to avoid Siunday field wor':. But he will worlk longec
noutrs for short periods and on Sundays in an emergency.

If this farmer were to buy enough new equipment in 1958 machinery
prices to handle satisfactorily all field operations without risking wea-
ther damage to more than half of his hay crop in the least favorable years,
his investment in machinery and power would be $21,000.l/

To equip the farm to do the different tasks satisfactorily in the days
available in the average year and to have a chance of getting half of the
hay stored witnout excessive weather damage in the average seasoa would
require a machiuery investment of $14,730 if purchased uew:g/

An examination of the tables in the precediag pages i-dicates that
o.ly slightly less time is available aund slightly more capacity would be
hegded to do the work 15 years out of the 20 analyzed thar in the average
year. However, in the remaianing four years the favo-able days for most
operations dropped sharply. (See days available in worst year, Table VIII,
Page 15 ) Thus, greater capacity, more units, and much longer working
hours would be needed to get the job done. The economic desirability of

cairyiug enough equipment to do the job in the least favorable year at

current equipment and crop prices is questionable. This is true for the farmers

= Does aot include ar estimate of cost of equipment such as manure spreader,

feed - preparation equipment, movable feeders, waterers, hog houses, etc.
or itcucks.

2/ 1pia.
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with ample capital as well! as for those who retain their old machines or
purchase ised ones to pro ide the aecessacy resecve for the extreme situa-
toun

The procedure used to arcive at these estimates of equipment needs,
aud the one tnat the individual farmer may use in deciding vpoa the level
£o equip his farm in terms of being able to do the _ov under varyirg cli-
matiz restrictious, follows:

The first step is to list the ma or tasks to be performed. A summary

of the major {ic'd ovperations to be accomplished on the farm used ia the

illistration is:

P owiung sodla.d for cora 59 acres
Plouving bare or stal’k laad for corn aud beans 50 acres
Oacs land to be fitted aud seeded 25 acres
Corn and beau land to be fitted and planted 100 acres
Corn and beaus to be hoed and cultivated 100 acres
Wheat aud oats to be combined 50 acres
Ficst cutting hay 25 acres, 40 tons
Second cutting hay 15 acres, 12 tous
Thicd cutting hay 15 acres, 9 tons
St raw baled 25 acres, 25 tons
Wheat land to be fitted and seeded 25 acres
Soybea.s to be combined 25 acres
Co n to be picked 75 acres

Tue secoud step is to determine the size of equipment or method that
wil! get the task doae in the time available with the labor force. This
ca. be acconplished by employing the formula =--

Size of i.dividual tasl. = Amount to be accomplished per hour

Hours available for
doing the task

Amount to be accowplished per hour
Number of units of the machine that
there is labor available to operate

= Amount to be accomplished per
machine per hour

The hours available for doing the task are limited both by the weather
aad by the time that must be spent on chores aund other field operations dur-

ing the sane period. For instance, between March 21 and April 30, the study
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indicates there was an average of 14.5 days, including Sundays, favorable
for plowing on average-drained sodland; with Sundays omitted, there were
12 5 days. If this were the only task to be done on the 12.5 days, the
50 acres of sodland could be plowed easily with a small tractor and plow
However, some of the hours will be spent on livestock chores, the 25 acres
to be sowed to oats will need to be fitted and seeded, 50 acres of stalk
land will need to be plowed, and if possible, a little time in April will
be spent in preliminary soil fitting.

Each task must first be considered separately. Thern the time reeded
for each of the geveral tasks to be done between March 21 and April 30
must be added to see if all can be accomplished in the days with favorable
soil aud weather. If not, the size or number of machines or both must be
iucreased until the total time requived comes within the days with favor-
able soil aud weather coaditions. Whea the labor force cannot be easily
expauded, & larger unit of equipment aad power must be employed. If labor
is available to operate two or more unite,, smaller and more machines and
power units can be employed to get the jobs done.

If the farmer undertakes to equip himself to get all of the  obs doae
iu the least favorable years, very large units must be employed Often
the tasks can only be completed by hiring additional labor to permit the
use of (wo or more units simultaneously. This need can be readily vis-
uvalized wnea one considers the fact that the farmer in the illustration
cculd reasouable expect not more than five favorable days betweea March 21
aad April 30 one year in 20 in which to f£it and seed 25 acres of oats land
a.d to plow 100 acres of sod aud stalk land. Employing the above procedure,
the following equipment and power would be needed on this farm to do the

work in the average year (12.5 days) with no Sunday field work and in the
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worst year (5 days) with Sunday field work:
Table XVII. Equipment and Power Needed If Most of the Tasks

Normally Performed Between March 21 and April 30
Were to be Done by One Man

Machines Under Average In the Least
Climatic Favorable Climatic
Conditions Conditions
1 plow 3 - 14" 4 - 14"
1 disc 7! 10'
1 drill 7! 10"
1 tractor 3 plow size 4 plow size
Length of work day in field 10 hours 13.5

Determination of the balance of the equipment required for the av-
erage year and for the worst year followed the same procedure. 1In the
case of meadow crop harvest, there were both the problems of size of
machine (baler or chopper) and the curing procedure to be employed.

Conventional field curing would offer the possibility of getting
half of the hay in without excessive damage half of the years. However,
if he were desirous of getting half of it harvested without serious
weather damage in the least favorable seasons, he would need to use a
field hay conditioner or mow drying equipment. Following this decision,
the size of the baler or chopper and the capacity of drying equipment
would be decided upon in much the same manner as used in the case of

soll fitting equipment.
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SUMMARY

In four years out of five, there were slightly more than one third
of the days (including Sundays) between March 21 and July 15 when
the soil on average drained land was found to be suitable for soil
working operations.

In the least favorable years, there were approximately 60% more days
when conditiens were favorable for soil working operations with good
drainage than with poor.

During March and April, the season for plowing and sowing oats, cli-
matic conditions in bad years reduced the time available on poorly
drained soils to half that available on soils with good drainage.

In years when the climatic conditions were most favorable for per-
forming soil working operations, the difference in the number of
favorable days between good, fair, and poorly drained soils was
small.

Approximately one day in three could be classed as good for drying
hay during the first and second cutting periods. In the least fav-
orable periods, the number of good drying days dropped to as few as
one in five.

More important than the number of good drying days is the number of
consecutively favorable drying days since more than one favorable
day 1s necessary for a satisfactory cure to take place. There was
an average of six periods during June when drying conditions were
such that meadow cut on the first day could have been stored two
days later. Four years out of the 20, the number of favorable per-
iods dropped to four or lower.

When a stem crusher or hay crimper was used, there was an average

of 12 periods in June when meadow cut one day could have been stored
elther one or two days after cutting. In four years of the 20, the
number of favorable periods dropped to nine or lower.

Four years out of five the minimum number of days in which small
grain could be combined was found to be six days and four half days.

A minimum of five days and three half days was found to be available
for combining soybeans four years out of five during the period

September 26-October 16, and five days during the period October 17-
November 6.

Approximately two out of three days were found to be favorable for

iorn picking four years out of five between October 15 and November
5.



Table XVIII. Days Available on Average Drained Land to do the
Common Field Crop Operations As Indicated By this Study
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Days Available

Operation Average 16 Years Worst
Year Qut of 20 Yeer
Plow Sodland 14.5 12.5 59
Plow Bare or Stalk Land 12.0 85 25
Seeding Qats Iacludiag Soil
Preparation 8 0 5.5 1.5
Soil Fitting Preceding Final Seed-
bed Preparation and Planting 6.2 2.5 3.2
Seedbed Preparation and Planting
Corn and Beans 13.5 10.0 7.0
Cultivating Cora and Beans 15.0 12.0 S5
Fall Seeding Small Grain Including
Soil Pcreparation 15.9 12.5 11.5
Combining wheat and oats at
14% moistutre or less 9 whole & 2 5 whole & 4 whole & 3
half days half days half days
15% moisture or less 11 whole & & 9 whole & 2 whole & 2
half days half days nalf days
Combining soybeans Sept 25-Oct 16
14% moisture or less 10 whole & 3 5 whole & 3 whole & 2
half days half days half days
25% moisture or less 12 whole & 2 5 whole & 2 whole & 2
half days half days nalf days
Combining soybeans Oct 17-Nov 6
14% roisture or less 8 whole & 3 5 whole days whole & 1
half days half days
16% moisture or less 9 whole % 2 5 whole & 2 whole & 1
half days half days half days
Picking Corua Oct 15-Nov 15 21.5 19.5 15.5

Harvestiag Meadow

First Cutting
Conventional curing
Stem crushing

Second Cutting
Coaventional curing
Stem crushing

Third Cutting
Conventional curing
Stem ¢rushing

Percent hay in barn three days

48%
52%

59%
79%

53%
67%

of cutting

32%
54%

42%
86% L/

38%
44%

after da,
35%
48%

30%
40%

6%
31%

1/

= 1In 16 oyt of 20 years only 47 per cent would have been

2 days after cutting in contrast to 56 per cent in the average year.

ready for storage within
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CONCLUSIONS

The data on days favorable for performing the field operations
analyzed in this study are based on a careful appraisal of the detailed
weather reports for the period 1938-1957 kept by the Weather Bureau at
Columbus, Chio. Assumptions based on factual information were used when
available. When not, they were based on experience aad observations of
farmers and others. It is the opinion of the authors that further re-
finement can be made as more factual information on the rate of drying
following unfavorable weather becomes available. However, further re-
finement is not expected to sufficiently alter the days available to
upset farm labor and equipment plans based on the findings reported ia
this study.

On many farms with soil drainage problems which greatly add to the
limiting effect of climate, expenditures for improving the drainage should
be given consideration along with those for more and larger equipment

as a meaus of getting the work done in the favorable days available
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Table II. Mean Monthly Precipitation for the *J Divisjons of Ohio and for Coiumbus for
the 9-Moata Period, March-November, 1931-3955

Nine wmoith

Diitision of state Marxch  April May Juie July  August September October  MNoempver gocal
Worthwest 3.35 3.22  3.63 3 9 3.14 2.72 2 83 2.55 2 2 27.5
Nozth Ceutral 3.02 3.14 3.45 3 95 3.14 2.12 2.30 2.35 2 Z5 2:.2
Northeast 3.27 3.35 3.6 3 57 345 3.19 Z2.05 2.32 2.56 23.¢
West Ce.itral 3.40 3.32 3.5¢ 4.i% 3 42 3.4 3.35 2.54 2.%45 2% .1
Ceatvral 3 59 3.3 3.55 4.15 3.77 3 25 2.74 2.18 2.55 25.5
Ceniral hiils 3.42 3.25 3 5 4,17 3 77 3.54 2.33 2.3 2 45 2.4
Hostheast nills 3.53 3.40  3.38 4.31 4.0 3.43 Z.93 2.55 2 52 30.1
Southwest 4.21 3.04 3.75 4.3 3.57 3.15 2.97 2.32 2.92 290.7
Southn Ce:tral 4.35 3 3° 3.93 4.i10  4.23 3.57 2.35 2.3¢ 2.57 31.5
Southeast 3.75 3.47 3.9 4.28 4.17 2.77 2.55 2.25 2.55 31.9
Columbus 3.11 3.30 3.32 3.5% 3.6: 2.94 2.49 .o 2 29 25.8

vide




Table ITII MesA Moschly Temperature for Lhe Ten Divisioas
for the 9-Moanth Period, March-November, 1

G

Division of scere  March Ap:il May June  July  Aug
Northuwest 2.3 48.5 52.0 73.5 74.5 2.5
Korth Ceatra!l 37.7 48.4 58.82  70.3 74.3 72.3
Northeast 35.5 47.7 56.9 ;8.8 72.8 Tl
West Ceutral 3.2 49.83 63.8 72.¢ 4.5 72.5
Ceatral 43.4  533.8 591.7 71.4 74.8 73.0
Central hills 3.0 48.6 59.7 5¢.5 "3.1 71.3
Northeast hills 38.5 49.1 62.2 59.3 72.8 71.1
Southwest 42.7 51.2 53.! 72.5 75 9 74.2
South Ceiitral 44.2  54.4 561 73.0 731 74,5 57
Southeast 41.5  32.3 52 3 7.3 7405 72.9 55.

\te]
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Table IV. Days with 0.91 Iuch or More of Rainl’

.2/ No. of ) L.iae momth
Station— Years3/ March April May June July Aug. Sept . Occ Nov. total
Napolecn 35 8 9 11 9 & 8 8 7 7 75
worwalk 35 12 it 12 10 10 a ¢ 8 & o7
Hiram 35 13 "1 n 1) 13 ° o g 113 °l
Greenvitle 35 10 11 12 1l 9 £ 6 8 & ez
CotuniLus 5° 14 12 12 12 11 19 9 g 11 ice
Woos.el 44 13 12 '3 12 15 9 9 S 1% <7
Crdiz 25 12 i1 1y 15 10 9 7 9 J 89
Hillsborc 28 15 11 N 1) 9 9 5 7 5 81
Ironton 35 12 11 11 il il 9 7 ! 9 a3
McConnelsviile 45 12 12 "2 12 ! 9 8 9 10 95
1/
~ Source: Climate of Ohio by W H. Alexauder and C A. Partoan, Ohio Agricultural Zzperime.t Scation,
9/ Jooster, Ohio. Bulletin 445, 1929.

A station was selected in each of the 10 districts to represeat that district
3/ Number of years indicated is the wumber prior to 1929 for which this record was availab’e
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Table V. Days Analyzed as Favorable for Soil Working Operations on Average Drained
Soils in Central Ohio by Selected Periods and by Years, 1938-1957
Year March April May June July March 21-
21-31 1-30 1-31 1-30 1-15 July 15
1957 5.0 5.0 12.0 11.5 10.0 43.5
56 2.0 6.5 6.5 14.0 7.5 36.5
55 0.0 11.5 130 14.5 6.5 45.5
54 1.0 6.0 18.0 17.0 11.0 53.0
53 8.5 12.5 15.0 22.0 9.5 67.5
52 3.0 7.0 11.5 19.0 7.5 48.0
51 2.0 8.5 13.5 12.0 8.0 44.0
50 3.0 8.0 20.0 18.5 8.5 58.0
49 2.0 13.0 18.5 16.0 11.5 61.0
48 1.0 11.5 16.0 14.5 8.5 51.5
47 2.5 7.0 6.0 12.5 6.0 34.0
46 6.0 16.5 9.0 11.0 12.5 55.0
45 0.0 7.5 13.5 15.5 85 45.0
44 0.0 6.0 12.5 19.5 12.5 50.5
43 1.0 8.0 9.5 13 5 3.5 35.5
42 4.5 12.5 12.0 17.5 7.0 53.5
41 7.0 13.5 18.5 2.0 10.5 58.5
40 10 1.5 13.0 8.0 13.0 36.5
39 5.5 5.0 26.0 6.5 10.0 53.0
1938 1.0 11.0 13.0 19.0 6.0 50.0
Average 2.8 8.9 13.9 14.5 8.9 49.0
Worst 0.0 1.5 6.0 6.5 3.5 34.0
Best 8.5 16.5 25.90 22.0 13.0 67.5
Minimum 16 out of
20 years 1.0 5.0 11.5 11.5 7.0 43.5

¢--de



Table VI. Days Analyzed as Favorab'e for Soil Working Operations on Poorly Drained
Soils in Central Ohio by Selected Periods and by Years, 1933-1957

Year March April May June July March 21-
21-31 1-30 1-31 1-30 1-15 July 15
1957 4.9 2.5 11.0 8.5 9.0 35.0
55 0.5 4.0 4.5 11.0 6.5 25.5
35 0.0 6.5 12.9 13.0 5.5 37.9
54 3.9 4.0 i7.0 16.9 19.5 47.5
53 8.5 8.5 14.9 21.0 8.0 50.0
52 1.0 5.5 10.5 18.0 5.3 41.0
51 0.9 5.0 10.5 11.5 790 35.0
50 2.9 7.0 18.0 17.9 8.5 52.5
49 1.0 11.5 17 9D 13.0 11.5 54.0
48 2.0 7.5 11.5 14.5 8.9 41.5
47 3.5 5.5 30 13.9 5.0 25.9
45 3.0 15.3 45 8.0 13.90 435
45 0.0 7.0 12.0 14.90 8.9 41.0
44 0.0 3.9 3.0 i8.9 12.5 41.5
43 0.0 5.5 7.0 11.0 3.5 27.0
42 4.0 11.5 8.5 13.5 5.0 42 .5
41 7.0 11.5 15.5 7.5 i9.5 53.0
40 0.0 9.0 12.5 4 5 12.90 29.90
39 4.5 3.9 25.0 4.9 13.9 47.5
1938 0.0 8.0 135 5.5 5.0 43.9
Average 1.8 5.7 11.3 12 5 8.3 41.5
Worst 0.0 2.0 39 4.0 35 25.9
Best 6.5 15.0 52 21.9 139 59.9
Minimum 16 out of
29 years J.0 4.9 5.2 &.5 5.0 35.9
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Table VII. Days Analyzed as Favorable for Soil Working Operatiouas on Well Drained
Soils in Central Ohio by Selected Periods and by Years, 1938-1957

Year March April May June July March 21-
21-31 1-30 1-31 1-30 1-15 July 15
1957 6.0 7.0 13.5 12.5 11.5 50.5
56 3.5 8.5 8.5 16.0 8.5 45.0
55 3.0 15.0 15.5 18.0 7.0 55.5
54 2.0 7.5 20.0 19.0 11.5 50.0
53 8.5 14.0 18.0 23.0 10.5 74.0
52 3.0 10.5 13.5 20.0 9.0 56.0
51 3.0 11.5 16.0 13.5 9.5 53.5
50 5.0 10.0 20.0 19.0 9.5 63.5
49 2.0 14.0 19.5 17.0 11.5 64.0
48 2.5 14.0 17.0 17.5 9.0 60.0
47 - 3.0 9.5 8.5 14.5 6.0 41.5
46 6.5 18.0 11 5 12.5 13.0 61.5
45 1.0 11.5 16:. 5 15.5 9.5 54.0
44 0.0 8.0 14.0 20.5 12.5 55.0
43 2.0 10.90 10.5 15.0 4.5 42.0
42 4.5 15.0 13.0 17.0 7.5 57.0
41 7.5 15.5 20.5 10.0 10.5 64.0
40 1.0 4.0 13.0 12.9 13.0 43.0
39 5.5 7.0 26.0 9.0 10.5 58.0
1938 2.5 13.0 13.5 20.5 7.5 57.0
Average 3.4 11.2 15.4 16.1 9.6 55.7
Worst 0.0 4.0 8.5 9.0 4.5 41.5
Best 8.5 18.90 26.0 23.0 13.0 74.0
Minimum 80% of years 2.0 8.0 13.0 12.5 7.5 50.5

L= de
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Table VIII. Hay Dryiug Conditions 5 a.m -5 p.m Preveailing during the Periods
for First, Second, and Thiwd Cutting by Years, 1938-1657

Year Drying Conditions between & a m. and 5 p.m. by days
First Cutting, Juane 1-30 Second Cutting, July 15~Aug. 15 Third Cutting, Sept. 1-20
Good Fair Poor Rainl/ Good Fair Poor Rain 1/ Good Fair Poor Rain 1/
Average 10.9 5.5 6.3 7.3 12.7 8.2 5.0 5.1 8.1 4.0 4.7 32
1957 10 5 7 3] 14 5 9 4 4 5 5 5
56 12 5 5 8 7 9 10 5 5 / 4 4
55 12 4 5 S 15 5 9 3 14 3 2 1
54 13 4 6 7 13 5 5 8 8 3 5 3
53 11 8 5 ) 15 8 3 ) 8 3 4 5
52 16 5 4 5 14 8 5 5 1] 4 3 2
51 9 4 11 6 12 11 4 5 8 6 3 3
50 8 8 6 8 12 9 7 4 5 2 9 4
49 17 4 3 5 13 9 2 8 7 5 5 3
48 13 3 6 8 14 5 5 8 12 3 3 2
47 8 8 11 3 9 7 10 ) 10 1 5 4
46 10 8 6 6 12 9 4 7 14 1 2 3
45 6 8 6 10 9 11 19 2 7 5 3 5
44 13 7 4 5 21 4 3 4 13 3 2 2
43 12 5 5 7 14 10 3 5 5 3 10 1
42 6 9 8 7 5 9 10 7 2 5 8 5
41 13 2 4 11 17 10 2 3 ° 3 3 5
40 9 3 10 8 14 9 3 3 3 5 7 1
39 9 3 7 11 1] 10 3 5 9 7 2 2
1938 11 5 7 6 13 10 6 3 4 4 8 4

1/ One-hundredth inch or more.
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Table IX. Drying Conditions for Small Grain, July 5-31
by Years, 1938-1957

Drying condition on days

without rain between 6 Days with rainl/
Year a.m, and 6 p.m. Between 6 a.m. During the
Good Fair Poor and 6 p.m. 24 hrs.

Average 11.2 5.9 4.3 5.5 8.8
1957 14 5 4 4 6
1956 5 6 10 6 10
1955 12 4 6 5 10
1954 15 5 2 5 8
1953 16 5 2 4 5
1952 15 5 3 4 6
1951 9 5 10 3 7
1950 10 7 4 6 9
1949 11 8 2 6 10
1948 12 4 3 8 10
1947 5 6 ) 10 13
1946 12 4 4 7 11
1945 11 7 5 4 9
1944 16 3 5 3 4
1943 7 8 4 8 12
1942 -5 10 3 9 12
1941 15 6 2 4 10
1940 13 7 5 2 5
1939 9 6 5 7 10
1938 13 7 2 5 9

1
“/One~hundreth inch or more of rainfall.



Table X. Drying Conditions Prevsiling during Two Harvestiung Periods for
Soybeaas by Years, 1938-1957

g1--de

September 25-October 16 October 17-Hovember 0
Drying condition on days with- Days with rains/ Drying condition on days with~ Days with rainl/
out rain between 6 a.m. and Between  During out rain between 6 a m and Betweenn  Duriag
5 p.m 6 a.m. the 5 p.m. 5 a.m. the
Good Fair Poor & 6 p m. 24 hrs. Good Fair Poor % 5 p.m. 24 hrs.
days days days days days days
Av. 9.0 5.2 3.5 3.3 4.5 7.5 3.7 58 3.9 5.2
1957 6 8 5 1 H 2 5 9 5 9
56 11 9 0 1 3 9 3 4 5 5
55 6 ) 3 ) 9 5 5 3 5 7
54 3 5 5 8 12 5 2 ] 7 12
53 15 2 2 2 2 11 4 4 2 3
52 7 9 5 3 3 11 5 5 0 2
51 10 8 2 1 2 5 2 8 6 9
50 7 6 4 4 6 9 3 5 4 4
49 12 2 3 4 5 5 5 9 Q 3
48 4 5 8 4 5 4 10 2 5 7
47 11 9 1 0 1 8 0 7 5 19
46 9 7 3 2 3 12 2 4 3 6
45 5 5 8 3 5 10 2 5 3 7
44 3 7 6 5 7 13 5 2 1 1
43 18 1 J 2 3 2 4 +3 2 5
42 9 4 3 5 5 4 5 5 5 5
41 5 3 4 9 9 7 2 5 3 7
40 11 4 3 3 3 9 4 2 6 5
39 11 5 3 2 3 3 3 19 3 3
38 16 2 2 1 1 16 2 1 2 5
1/

=’ One-hundredth inch or more of rainfall.



	CFAES_ESS_313_p0001
	CFAES_ESS_313_p0002
	CFAES_ESS_313_p0003
	CFAES_ESS_313_p0004
	CFAES_ESS_313_p0005
	CFAES_ESS_313_p0006
	CFAES_ESS_313_p0007
	CFAES_ESS_313_p0008
	CFAES_ESS_313_p0009
	CFAES_ESS_313_p0010
	CFAES_ESS_313_p0011
	CFAES_ESS_313_p0012
	CFAES_ESS_313_p0013
	CFAES_ESS_313_p0014
	CFAES_ESS_313_p0015
	CFAES_ESS_313_p0016
	CFAES_ESS_313_p0017
	CFAES_ESS_313_p0018
	CFAES_ESS_313_p0019
	CFAES_ESS_313_p0020
	CFAES_ESS_313_p0021
	CFAES_ESS_313_p0022
	CFAES_ESS_313_p0023
	CFAES_ESS_313_p0024
	CFAES_ESS_313_p0025
	CFAES_ESS_313_p0026
	CFAES_ESS_313_p0027
	CFAES_ESS_313_p0028
	CFAES_ESS_313_p0029
	CFAES_ESS_313_p0030
	CFAES_ESS_313_p0031
	CFAES_ESS_313_p0032
	CFAES_ESS_313_p0033
	CFAES_ESS_313_p0034
	CFAES_ESS_313_p0035
	CFAES_ESS_313_p0036
	CFAES_ESS_313_p0037
	CFAES_ESS_313_p0038
	CFAES_ESS_313_p0039
	CFAES_ESS_313_p0040
	CFAES_ESS_313_p0041
	CFAES_ESS_313_p0042
	CFAES_ESS_313_p0043
	CFAES_ESS_313_p0044
	CFAES_ESS_313_p0045
	CFAES_ESS_313_p0046
	CFAES_ESS_313_p0047
	CFAES_ESS_313_p0048
	CFAES_ESS_313_p0049
	CFAES_ESS_313_p0050
	CFAES_ESS_313_p0051
	CFAES_ESS_313_p0052
	CFAES_ESS_313_p0053

