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INTRODUCTION

Early seeding of annual grain crops in
temperate climates is desirable as yields
are usually higher when these crops start
growth early. In recent years, seeding on
frozen uncultivated soil has been tried in

an attempt to achieve early growth. How
ever, most of the annual grain crops are
still seeded in previously cultivated soil.
Hence, it is important to know the
probability of conditions suitable for
early cultivation and for seeding in tem
perate regions.

In humid regions the soil is usually
saturated first thing in spring and consid
erable drying has to occur for the soil to
reach a condition suitable for cultivation.
The soil moisture content of the cultivat

ed layer may be used to determine if the
soil is in a suitable condition. Previous

workers (1, 8, 11) reported that a soil is
tractable when the moisture content is

near field capacity. This was checked for
the procedures derived in this paper by
measuring the moisture content of the
surface layers of a loam-textured soil
prior to the first cultivation in spring.

Estimation of soil moisture from re

corded precipitation and computed values
of daily evapotranspiration is a common
practice (2, 6, 18). The same techniques
can be used for a well-drained soil with

no crop cover in spring provided that the
dates are known when snow has com

pletely melted and soil thawed. These
have been estimated by previous workers
(12. 15) from readily available tempera
ture and snowfall data.

In this paper, predicted dates of soil
tractability are compared with the actual
spring cultivation and seeding dates from
two locations in Ontario, Canada. Soil
moisture budgeting techniques were used
to predict the dates on which the soil was
tractable. These estimates were then com

pared with actual workday (cultivation
and seeding) records. The objective was
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to develop a procedure for estimating
available field workdays in the spring
from climatological records. This pro
cedure could then be applied to other
locations with similar soil conditions.

MATERIALS AND METHODS

Soil Moisture and Tractability

Soil moisture determinations were
combined with subjective evaluations of
the soil to arrive at the upper limits of
soil moisture for tractability. The criteria
for tractability used in this study were
those of Allman and Konke (1), such that
"a soil was considered dry enough to
plow when freshly cut surface did not
glisten with moisture, kneading by hand
showed no evidence of free water or

when it scoured free from the mould-
board or the space, and when it was
friable enough to break into aggregates
instead of large chunks." Soil moisture
was measured on a level field adjacent to
the Agricultural College climatological
station, Guelph, Ontario, in the spring of
1968 and 1969. The time of first cultiva

tion on the University farm was noted.

The soil at the sampling site is well
drained with a loamy surface over a
gravelly subsoil (Burford loam). Several
samples were taken with a sampling tube
in three separate sites. The samples were
divided into depth ranges designated as
zones 1, 2, 3, 4, and 5, as follows: 0-2
cm (0-0.8 inches), 2-6 (0.8-2.4), 6-12
(2.4-4.7), 12-20 (4.7-7.9), and 20-30 (7.9-
11.8), respectively.

Results showed that cultivation was

possible when the soil moisture content
was about 90% of the field capacity value
to a depth of 12 cm (4.7 inches), even
when soil moisture in the lower zones was

higher (12).

In this study, the soil is assumed
tractable on days when all of the follow
ing criteria are met: the top 12 cm (4.7
inches) of the soil is at or below 90% of
field capacity; daily snowfall is less than
2.5 cm (1 inch); and maximum air tem
perature is above 0°C (32°F).

Workday Records

Actual dates of field work each spring
were obtained for the years 1946—68
from the diary of the Cereal Breeding
Section in the Department of Crop
Science, Ontario Agricultural College,
Guelph, and for the years 1927-64 from
the diary of a retired farmer near Merlin,
Ontario.

Climatological Data

In this study, records from the Guelph
Ontario Agricultural College and Harrow
Canada Department of Agriculture
weather stations were used. Records were
obtained from the archives, published
reports, and punched cards of the Meteo
rological Branch of the Canada Depart
ment of Transport (now Atmospheric
Environment Service, Canada Department
of the Environment). Astronomical para
meters such as daylength and solar radia
tion at the top of the atmosphere were
obtained from the Smithsonian Meteoro

logical Tables (9).

Climatological Estimates

In this study potential evaporation is
assumed to be equal to 80% of net
radiation when daytime mean tempera
ture (maximum air temperature minus
one-quarter of the daily temperature
range) is equal to or greater than 25°C
(77 F) and decreases in a logarithmic
manner below 25°C (77°F) to nil at
0.1°C (32.2°F) as described by Selirio
(12). On a summer day about 80% of net
radiation is utilized for potential evapo
transpiration from vegetation (4, 5, 17)
and several workers have indicated that

evaporation from bare soil that is near
field capacity is the same as potential
evapotranspiration from vegetation (3,
10, 16). Net radiation is used to estimate
potential evaporation as it is the primary
source of energy for evaporation. In years
when net radiation observations were not

available, it was estimated from global
solar radiation, or indirectly from hours
of bright sunshine, daylength, and solar
radiation at the top of the atmosphere
(14).
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Soil Moisture Budgeting Technique

Details of the budgeting technique
were previously reported (13). The tech
nique used employs the basic ideas of the
"modulated budget" (6, 7) and the
"versatile budget" (2). The soil was divid
ed into the five zones described above,
and depletion of moisture from all zones
was assumed to occur simultaneously,
even though evaporation from bare soil
occurs only at the surface. Water con
ducted to the surface from the succeeding
lower zone(s) is accounted for by assign
ing a proportion of the daily potential
evaporation to each zone according to a
given extraction pattern. Actual evapora
tion of soil moisture from each zone was
assumed equal to potential evaporation
when the available moisture is equal to or
greater than 95% and follows an expon
ential decay when the available moisture
is less than 95% (6,7, 12).

The soil was assumed to be at field

capacity following a period after March
15 when maximum air temperature
exceeded 5°C (41°F) for 10 d. Moisture
budgeting commenced when the soil
moisture was assumed to be at field

capacity. The measured soil moisture
after 2 d of drainage in the spring was
used for the field capacity value for
each of the five zones. The budgeting
technique was programmed for a digital
computer and daily soil moisture esti
mates were computed for each spring day
for the years in which workday records
were available.

Comparison of Estimated and Actual
Dates of Field Work

The actual dates of field work in

experimental plots at Guelph were com
pared with estimated dates of tractability.
A correlation analysis of the estimated
first date of tractability with the first
field work date each year was carried out.
When the estimated date of tractability
occurred on a Saturday, Sunday, or a
holiday, and the first field workday
occurred on the next working day, the
estimated date was assumed to coincide

with the first field work date. These

corrections were applied only to the first
date at Guelph. In addition, estimated
dates of tractability were compared with
the first six actual field workdays each
year. These comparisons were made by
determining the percentage of actual
workdays that occurred on a day estimat
ed to be tractable at Guelph.

The latter method was used to check
the procedure on a second set of spring
field workday records from a farm at
Merlin, Ontario.
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Figure 1. Comparison of estimated first date of
tractability with actual first date of
field work at Guelph, 1946-68.

RESULTS AND DISCUSSION

Comparison of estimated first date of
tractability at Guelph with the first date
of field work gave a highly significant
correlation coefficient of 0.91, which is
comparable with that obtained by Shaw
(15) in a similar study during the same
period of the year. In all but 3 yr, the
estimated first date was on the same or

earlier date than the first date of field

work (Figure 1). It seems reasonable to
expect that an estimated date might
occur before the actual first date, espe
cially if it occurs in late March or early
April, as preparations for seeding are not
always complete by this time. Other
differences between the estimated and

actual dates may have resulted from an
incorrect approximation of the starting
date used for the soil moisture budgeting
program.

The first field work date at Guelph

TABLE I PERCENT OF EACH OF THE

FIRST SIX FIELD WORK

DATES ESTIMATED AS TRAC

TABLE AND 1, 2, AND 3 d
FROM A TRACTABLE DAY AT

GUELPH, 1946-68

No. of days First six field workdates
work dates each year
depart from
tractable

day 1

0 74 55 59 59 73 82

1 74 73 77 64 82 86

2 87 82 77 86 86 95

3 87 86 82 86 91 95
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each year coincided with a date on which
the soil was estimated to be tractable in
17 of the 23 yr (74%) and was within 2 d
in 87% of the years (Table I). The second
to the sixth field work dates occurred on
a day that the soil was estimated to be
tractable in 55-82% of the years and were
within 2 d in 77-95% (Table I). The
decrease in percent from the first to the
second field work dates at Guelph is
probably due to the fact that seeding of
experimental plots is carried out on days
when the soil would not be tractable for
tractor-drawn implements but suitable for
small hand-operated equipment. Tractors
are required for the first cultivation of
experimental plots, but are usually not
used for the seeding operations.

For predictions of tractable days the
soil type should be considered. In areas
where topography is rolling the water
table is close to the surface in hollows, as
is the case for most soils in the Guelph
area; the soil on the ridges and slopes is
usually tractable before that in the
hollows. The experimental plots at
Guelph, from which the recorded field
work dates were obtained for this study,
were located in an area with a slightly
rolling topography. The ridges and slopes
would be comparable with the site on
which soil moisture measurements were

made for this study in 1968 and 1969
(12). Hence, the criteria used should
apply to the recorded dates. These cri
teria should also apply to typical farm
operations in the region as the drier parts
of fields are often worked before the low

wet areas are ready.

The records obtained from a retired

farmer at Merlin, Ontario, provided an
opportunity to check the procedure de
rived from the Guelph study on an actual
farm operation. The soil on the farm at
Merlin is a clay loam (Brookston clay-
sand spot phase) and the land is level and
tile-drained. The same soil moisture con

stants were used for the Merlin site as for

TABLE II PERCENT OF EACH OF THE

FIRST SIX FIELD WORK

DATES ESTIMATED AS TRAC

TABLE AND 1, 2, AND 3 d
FROM A TRACTABLE DAY

NEAR MERLIN, 1927-64

No. of days
work dates

depart from
tractable

day 1 2

First field work dates

each year

0 66 68 74 79 84 80

1 74 74 86 86 95 90

2 76 82 86 89 100 100

3 82 87 91 96 100 100
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Guelph. The Merlin comparisons showed
that the first field work date occurred on

a day estimated to be tractable in 25 of
the 38 years (66%), and was within 1 d in
75%, 2 d in 76%, and 3 d in 82% of the
cases (Table II). A greater number of the
field work dates two to six occurred on
or near tractable days at Merlin than at
Guelph (cf. percentages in Tables I and
ID.

The better estimates are probably due
to the use of heavy or tractor-drawn
implements on the farm at Merlin com
pared with the use of light hand-operated
equipment in the experimental plots at
Guelph. However, in actual farm opera
tions, as at Merlin, one would hope to be
able to estimate field work dates more
accurately. There are at least two reasons
why the estimates and actual dates do not
coincide more precisely at the Merlin site.
First, the site is 112 km (70 miles) from
the Harrow climatological station. Sec
ond, the soil has a finer texture in both
surface and subsoil than that at the
Guelph site, where soil moisture measure
ments were related to soil conditions for
tractability. Hence, the results obtained
for the Merlin site are reasonable when
the limitations are considered.

This illustrates one of the fundamental
problems encountered when utilizing
climatological data for comparisons of
this nature, i.e., spatial variations that
occur due to climate and soil differences
within a relatively small area. Estimates
of evaporation and resulting soil moisture
were based on rainfall, temperature, and
sunshine records from the climatological
station at Harrow. It is unlikely that
exactly the same conditions occurred at
the Merlin farm 112 km (70 miles) away.
However, it is necessary to use such
climatological records for comparisons of
this nature and for risk predictions in a
climatic region. More research is needed
to derive models that relate conditions
recorded at a climatological station to
other sites and circumstances within a
region represented by that station.

Despite the limitations imposed by the
lack of more complete data, it appears
that a useful procedure has been derived
for estimating field workdays in the
spring from climatological records.

SUMMARY

A procedure for estimating field work
days in the spring from climatological
data was developed and tested against
actual dates. Actual field work dates and
climatological records from 1946 to 1968
at Guelph, Ontario, were used. A day was
assumed to be suitable for field work if
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all of the following conditions were met:
1. the top 12 centimeters (4.7 inches) of
the soil was at or below 90 percent of
field capacity; 2. daily snowfall was less
than 2.5 centimeters (1 inch); and 3.
maximum air temperature was above 0
degrees Centigrade (32 degrees Fahren
heit). A check on the procedure was
made using farm planting records from
Merlin and climatological data for Harrow
for the years 1927-64.

The correlation coefficient between

the estimated first date of tractability at
Guelph and the actual first date of field
work was 0.91 and highly significant.
Results also showed that 74 percent of
the time at Guelph and 66 percent at
Merlin, the actual first date of field work
coincided with a date on which the soil
was estimated to be tractable. The five
subsequent field work dates occurred
within 2 days of a date estimated to be
tractable in 77-95 percent of the time at
Guelph and 82-100 percent of the time at
Merlin.

The procedure derived in this study
for estimating days when the soil is
tractable during the spring can be used to
simulate records of suitable field work
days for past years from climatological
data for any place and period for which
data are available. Records for at least 30
years are needed to estimate the probabil
ity of field work for a given day or period
of days, the same length of record as
recommended by the World Meteorologi
cal Organization for climatological nor
mals. Such probabilities would be useful
for long-range farm planning and decision
making.
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