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Factors causing delays

The Peace River region of Alberta is characterized by a relatively short growing season, and delays in farming
operations result in crop losses. Such delays usually result from excess water which remains on the soil surface. Climatic,
pedologic and hydrologic factors, thought to be relevant to this problem, were examined in a preliminary investigation.
The uniqueness of the climate of the Peace River region, compared with other agricultural areas in Alberta, was in
vestigated by comparing precipitation and evaporation regimes for 23 synoptic recording stations within the study area
with six stations elsewhere in Alberta. Characteristics of soils in the Peace River region were also outlined, the distri
bution of poorly drained soils quantified and implications of hydrology discussed. Problems in the Peace River region
appear to be a result of unfavorable interactions of climate, soils and hydrology. Moisture deficits decrease from July
through September due to decreasing evaporation. A moisture surplus in October results from high precipitation com
bined with low evaporation. Soils are fine-textured and are characterized by relatively impermeable B horizons which
impedepercolation. Slopes tend to be long and gentle with the result that water tends to pond on the soil surface reducing
trafficability. Artificial drainage and modifications to soil/land management practices are suggested as possible solutions
requiring further study.

INTRODUCTION

The Peace River region includes those
portions of northwestern Alberta and
northeastern British Columbia bounded on

the south by the 55°N latitude, on the
north by 60°N latitude, on the east by
114°W longitude and on the west by the
Rocky Mountains. This area encompasses
over 25 x 106 ha of land, of which
8.8 x 106 ha are considered potentially ar
able. In 1979, approximately 1.5 x 106 ha
were cultivated in the Peace River region
of Alberta (Agriculture Canada 1980).
The soils are primarily of the Luvisolic
and Solonetzic Orders (Canada Soil Sur
vey Committee 1978).

Settlement in the Peace River region
has been restricted by climatic conditions
which impose stringent limits on the type
and locations of crops which can be suc
cessfully grown. Growing season length
is a major limitation to agricultural pro
duction but increased photoperiod com
pensates for the lower number of days
(Harris et al. 1972). Moisture surpluses at
inopportune times of the year cause man
agement problems. Spring seeding may be
delayed because ponded spring melt water
creates trafficability problems, reduces
aeration and maintains low soil tempera
tures. Harvesting operations are inter
rupted when fall rains reduce trafficability
or when the crop does not dry quickly
enough to harvest.

Soil texture also becomes an important
parameter. Coarse-textured soils may be
tilled at moisture contents near field ca

pacity, but on fine-textured soils, tillage

at high moisture contents leads to traction
problems and damage to soil structure.
Rutledge and MacHardy (1968) used the
'versatile moisture budget' (Baier and
Robertson 1966) to assess the influence of
weather on field trafficability at seven lo
cations in Alberta. The probability of a
non-work day for the Peace River region,
as represented by Beaverlodge and Fair-
view, was found to be considerably higher
than at other Alberta stations for the
months of April and October and margin
ally higher in September. Thus seeding
and harvest operations could face delays.
Peters (1977) stated that the lower crop
yield experienced in the Peace River re
gion, when compared with other areas of
the province, result from frost damage and
adverse harvesting conditions in that
region.

The objective of this study was to assess
those factors believed to be responsible for
delays in farming operations. These fac
tors include climate, soils and hydrology.
Only those areas of the Peace River region
located on slopes of 2% or less were con
sidered.

METHODOLOGY

Climatic factors were evaluated using
daily meteorological records for 23 regu
lar synoptic recording stations in the Peace
River region (Table I). Meteorological
data for six other stations located else
where in Alberta (Table I) were also ana
lyzed so that comparisons could be made
to determine whether the Peace River cli

mate was unique (see Fig. 1 for the loca
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tion of stations). Statistical procedures
used to characterize climate included tests
for differences between means and anal
yses of variance.

Monthly trends in precipitation for the
study area were compared with those for
the rest of the province using precipitation
records in addition to information ob
tained from Longley (1972), Laycock
(1967), and the Canada Department of
Transport (1970).

The evaporation component of soil
moisture depletion was evaluated by cal
culating daily values based on calculated
solar radiation (based on location), and
maximum and minimum air temperature
(Baier and Robertson 1966). Daily values
were then summed to obtain monthly
totals.

A better understanding of the moisture
regimesof differentareaswas achievedby
considering the difference between total
monthly precipitation and total monthly
evaporation. A surplus was said to exist
if precipitation exceeded evaporation and
a deficit if the reverse was true.

For the sake of completeness and com
parison of the values obtained, statistical
tests were carried out on the meteorolog
ical data, at the 0.05 level of significance,
with the null hypothesis being that the
mean value for the 23 Peace River stations

was not different from that of a given pro
vincial station.

Soil survey maps for the Peace River
region were examined to locate areas hav
ing spring and/or fall surface ponding on
poorly drained soils. Inferences about hy-



TABLE I. SYNOPTIC STATION, LENGTH OF RECORD AND LOCATION

Latitude Longitude

Station record Degr. Min. Degr. Min.

Peace River Stations

Beaverlodge CDA 66 55 12 119 24

Blueberry Mtn CDA EP 18 55 56 119 08

Chinchaga LO 21 57 07 118 20

Clear Hills LO 25 56 36 119 25

Codesa LO 19 55 40 118 05

Deadwood LO 18 56 35 117 18

Economy LO 25 54 47 118 14

Fairview 47 56 04 118 23

Falher 25 55 44 117 12

Goodfare 33 55 16 119 46

Grande Prairie A 37 55 11 118 53

Keg River 44 57 47 117 52

McLennan CDA EPF 27 55 43 116 57

Naylor Hills LO 21 57 40 117 43

Notikewin East 16 56 52 118 35

Peace River A 31 56 14 117 26

Pinto LO 20 54 47 119 24

Puskwaskau LO 33 55 13 117 30

Rycroft 33 55 45 118 47

Wanham CDA EPF 21 55 43 118 22

Watino 12 55 43 117 37

Dawson Creek A 24 55 44 120 11

Fort St. John A 37 56 14 120 44

Provincial Stations

Calgary Int. A 41 51 06 114 01

Ellerslie 16 53 25 113 33

Lacombe CDA 74 52 28 113 45

Lethbridge CDA 72 49 42 112 47

Manyberries CDA 52 49 07 110 28

Vegreville CDA 24 53 29 112 02

River region exhibits much the same pre
cipitation characteristics as that portion of
the province southof Whitecourt and east
of a line projected from Whitecourt
through Calgary to the 49th parallel, but
excluding the southeastern corner of the
province.

Evaporation
The Peace River region has a mean an

nual evaporation of 510-560 mm which
is not substantially less than that for much
of the agricultural area of Alberta. How
ever, the temporal distribution of evapo
ration over the growing season is differ
ent. Monthly evaporation totals for the
Peace River region and six other provin
cial stations are shown in Table III.

For all stations, evaporation rises to a
peak in July and then steadily declines
through October. Generally, the Peace
River stations have lower evaporation val
ues (some nonsignificant). The exceptions
are Calgary in May and June and Ellerslie
in May through September. The two
northernmost provincial stations (Ellerslie
and Vegreville) and the Peace River sta
tions have evaporation totals for August
and September that are not significantly
different from each other. However, these
values are significantly different from
those for the four southerly stations. In
October, the evaporation for the Peace
River stations is low enough (12 mm) to
be significantly different from all of the
provincial stations. These data reflect a
decrease in evaporation because of colder
air temperatures and shorter daylengths as
the growing season progresses.

Moisture Surpluses and Deficits
Maximum deficits at the four southern

most stations occur in the month of July
and deficits decline from May to June
(Table IV). Maximum deficits occur at the
northernmost stations (Ellerslie, Vegre
ville and the Peace River stations) in May

drology were made using the soil survey
reports.

RESULTS AND DISCUSSION

Precipitation
The total mean annual precipitation for

the Peace River region is between 400 and
500 mm. Table II summarises total
monthly precipitationfor the Peace River
stations considered as a group with six
other provincial stations located outside
the Peace River area for the months May
to October inclusive.

The four southernmost stations have
peak precipitation in June with a decline
in July while the northerly stations (Eller
slie, Vegreville and the Peace River sta
tions) have June and July monthly totals
that arenearlyequal. For the entireperiod,
July through September, the two south
ernmost stations (Manyberries and Leth
bridge) aresignificantly different from the
Peace River stations, excepting Leth
bridge in September. For the same period,
the other provincial stations are not sig
nificantly different from the Peace River
stationsexcept Ellerslie in July. However,
for the month of October, the precipitation
for the Peace River stations is significantly
higher than the others excepting
Lethbridge.

In terms of climatic regime, the Peace

TABLE II. SUMMARY OF GROWING SEASON PRECIPITATION (mm)

Station May

39

June July Aug. Sept. Oct.

Peace Rivert 70 69 60 43 28

Ellerslie 46 84 85* 66 41 16*

Vegreville 36 74 76 73 42 16*

Lacombe 49* 83* 73 64 41 20*

Calgary 50* 88* 66 56 38 20*

Lethbridge 48* 74 41* 40* 41 23

Manyberries 37 64 32* 29* 24* IS*

tAverage of 23 stations.
♦Significant at the 5% level.

TABLE III. SUMMARY OF GROWING SEASON EVAPORATION (mm)

Station May

Peace Riveft 97

Ellerslie 96

Vegreville 104

Lacombe 106'

Calgary 94

Lethbridge 108'

Manyberries 113

tAverage of 23 stations.
♦Significant at the 5% level.

June July

117 125

108* 115'

123 129

123* 141'

112 133'

129* 156'

133* 168'

Aug. Sept. Oct.

99 47 12

94 44 18'

107 54 22'

118* 71* 33'

111* 62* 28:

134* 78* 38:

144* 86* 42
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Figure 1. Location of provincial synoptic stations.

occur in the months of September and
October when evaporation is low.

SOILS AND HYDROLOGY
The settled portions of the Peace River

region of Alberta are predominantly lo
cated where the land surface has a rela
tivelygentle slope. In thesegentlysloping
to level landscapes, the soils have gener
ally developed on glaciolacustrine mate
rials (Fig. 2).

Derived from saline marine shales of
Cretaceous age, these materials are char
acterized by water-soluble sulphate salts
of magnesium, calcium, and sodium, in
increasing order of dominance (Reeder
and Odynsky 1964).

The soils are classified as being in the
Solonetzic Order or in the Solonetzic
Subgroups of the Chernozemic and Lu-
visolic Orders of the Canadian System of
Soil Classification (Canada Soil Survey
Committee 1978). The characteristic con
sidered diagnostic of these soils is the
presence of a subsurface (B) horizon at a
depth of 15-30 cm in which dispersedcol
loidal materials (clay and organic matter)
have accumulated. When this horizon de
velops in glaciolacustrine materials con
taining 60-80% clay, the resulting mas
sive structure acts as a barrier to the
downward movement of plant roots and
water.

Soils of the Solonetzic Order and the
Solonetzic subgroups of the Chernozemic
and Luvisolic Orders which developed on
saline, fine-textured materials are not
unique to the Peace River region; theyoc
cur elsewhere in Alberta. However, the
unique feature in the Peace River region
is that these soils have developed on ma
terials with a uniformly high clay content
over a very large geographical area.

Soil crusting can be a serious problem
on Luvisolic soils, which are weakly ag
gregated and low in organic matter (Too-
good 1978). Formation of a surface crust
is undesirable because it can hinder seed
ling emergence and also because it can re
duce infiltrationcausing ponding of water
on the soil surface.

with a reduction in June and a secondary
peak in July. All stations show a steady
decline in the deficit from July to October.
The deficit for the Peace River stations for
the month of September is significantly
less than the four southernmost stations
but not significantly different from Eller
slie and Vegreville. Of the 23 Peace River
stations, two experience surpluses in Au
gust, 11 in September and 11 in October.
The October surplus for the Peace River
stations (Table IV) is significantly differ
ent from the deficits for all the provincial
stations. Thus, the moisture regime of the
Peace Riverregion becomes progressively
wetter from July through October, relative
to the other stations.

Considering September as the critical
month for harvest, drainage and traffica
bility problems should not arise solely as
a result of excess precipitation. Manyber
ries is the only station receiving signifi
cantly different precipitation than the
Peace River stations (Table II). However,
evaporation for the Peace River stations
for September is significantly different
(lower) than that for the southernmost sta
tions. It is also significantly lower than

that for all stations in October. Thus,
drainage and trafficability problems ex
perienced in thePeaceRiverregionat har
vest time occur due to a slight decrease in
precipitation and a more pronounced re
duction in evaporation compared with the
other stations.

Long-term normals for precipitation
and temperature, derived from daily data,
were used in the comparisons of precipi
tation and evaporation regimes. Events of
extreme precipitation would create drain
age and trafficability problems in the
Peace River region, particularly if they

TABLE IV. SUMMARY OF MOISTURE SURPLUS (+) AND DEFICIT(-) (mm)

Station May June July Aug.

-40

Sept.

-3

Oct.

Peace Rivert -60 -48 -57 + 14
Ellerslie -50 -24 -30* -28 -3 -2*
Vegreville -68 -49 -53 -33 -12 -6*
Lacombe -57 -40 -68 -53* -30* -12*
Calgary -44* -24* -67 -55 -24* -9*
Lethbridge -59 -55 -115* -95* -37* -14*
Manyberries -76* -69* -137* -116* -62* -27*

tAverage of 23 stations.
*Significant at the 5% level.
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Surface runoff from areas of gentle
slope is generally minimal and thus a large
portion of the precipitation is available for
infiltration. Unfortunately, because of the
generally fine texture of the surface cul
tivated horizon (50-60% silt and up to
25% clay), infiltration proceeds at a very
slow rate. Water that does infiltrate redis

tributes itself rather slowly because of the
high water-holding capacity of the surface
horizon and also because of the slowly
permeable B horizon which acts as a bar
rier to deeper percolation. The net result
is that large amounts of precipitation or
snowmelt water pond at the soil surface.
Should this ponding occur during times of

seeding or harvest, these operations are
brought to a halt. During the spring melt
period evaporation is higher than in fall,
but the volume of water involved is gen
erally larger. The result is large-sized
ponds which do not dry up until June, re
quiring these areas to be either sown to a
quick-maturing crop or summerfallowed,
resulting in inefficient farming operations.

In that portion of the Peace River region
of Alberta for which there are published
reconnaissance soil survey reports (Fig.
2), moderately well to imperfectly drained
soils are the dominant mineral soils in at

least 25% of the area. Poorly drained min
eral soils and very poorly drained organic

soils occupy a further 17% of the area
(Table V). Only landscapes with slopes
less than 2% were considered.

CONCLUSIONS

Delays in farming operations in the
Peace River region of Alberta are the re
sult of unfavorable interactions of climate,
soils and hydrology. The greatest prob
lems for farming operations arise from the
ponding of excess water and poor traffic-
ability. Farmers can exert little, if any,
control over these interactions, but can
affect the hydrologic regime through their
farming practices.

One solution is artificial drainage, either
surface or subsurface. Unfortunately, sur
face drains take land out of production and
affect cultivation patterns. Because the
very fine-textured soils of the region are
easily eroded, drains must be carefully
designed to prevent the formation of gul
lies. Subsurface drains do not suffer from

these disadvantages. However, because of
the low hydraulic conductivities of the
soils in the Peace River region, subsurface
drainage systems would probably require
surface inlets.

Another possible solution is the modi
fication of current soil/land management
practices. Farmers can significantly mod
ify the moisture regime of an area through
cropping practices. Forage crops, for ex
ample, are known high-rate users of water
while summerfallow tends to lead to the

accumulation of water. Cultivation prac
tices, in general, affect the infiltration ca
pacity of the soil. Any cultivation opera
tion which leaves the soil open and
receptive to water is desirable. Also, the
incorporation of organic matter may im
prove the otherwise massive structure of
the soil and reduce crusting problems as
well.

Each of the factors discussed in this pa
per will be subjected to more intensive in
vestigation.
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