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INTRODUCTION 

This is the first Soi1 Survey report to deal solely with an area 
that is irrigated or proposed for irrigation development. The sur- 
veying was done over a period of years starting in 1945. It was a de- 
tailed reconnaissance survey to determine the desirability of the area 
for irrigation agriculture and the data gathered on these surveys 
were originally reported to the Governments of Canada and Alberta. 

The three soi1 maps that form part of this report are on the 
scale of one inch equals one mile. They show the kind and location of 
the various soi1 and topography types. The report describes the soi1 
types, gives analytical data of representative profiles, and gives the 
average rating of each soi1 type. Three appendices are included. 
These caver problems related to land levelling, to salinity and drain- 
age, and to fertility and management. Technical terms are defined 
in the glossary. 

In assessing the desirability of an area for irrigation development 
the data gathered by many disciplines are relevant and necessary. 
For example, the pedologist classifies and maps the soi1 types in the 
area and determines the suitability of these soils under an irrigated 
agriculture; the engineer designs the water distribution and drain- 
age systems and determines construction costs; the agronomist de- 
termines the types of crops that cari be satisfactorily grown and 
the management practises that Will be necessary; and the economist 
evaluates the production potential and available markets in rela- 
tion to costs of production. 

An irrigation project represents a major capital investment by 
the agencies who construct it; it represents a large investment in 
roads, service establishments and urban developments; it represents 
the capital and livelihood of those who farm on the project. It is 
essential, therefore, that full use be made of a11 available data; first 
in the planning stage and later in the day-to-day operations. 



Soi1 Survey of the eastern portion of 
St. Mary and Milk Rivers Development 

Irrigation Project 
DESCRIPTION OF AREA 

The area covered by this report extends from Chin reservoir on 
the west to Medicine Hat on the east; from range 19 to range 5. I/t 
varies from one to fifteen miles in width. It is the area from Chin 
reservoir east that is, or is proposed to be, irrigated with waters from 
the St. Mary River. The area covered by the map sheets totals 
650,000 acres. There are, throughout the area, however, parcels too 
rough or of too high an elevation to be irrigated. Available data 
for this area indicates there are about 300,000 acres commandable by 
ditch irrigation and that about two-thirds of this is considered satis- 
factory for irrigation from a soi1 and ‘or topography viewpoint. 

TRANSPORTATION 
The area lies adjacent to the Crowsnest line of the Canadian 

Pacifie Railway. The extreme southern portion of the area, between 
ranges 11 and 15, is closer to the Stirling-Manyberries line of the 
Canadian Pacifie Railway. The city of Medicine Hat (24,484*), the 
towns of Bow Island (1,122) and Taber (3,951)) and the villages of 
Burdett (229) and Grassy Lake (274) are on the Medicine Hat- 
Lethbridge Railway line. The village of Foremost (561) is on the 
Stirling-Manyberries Railway line. Alberta Highway Number 3 
traverses the area from east to west. 

ELEVATIONS AND DRAINAGE 

There is a gradua1 drop in elevation going from west to east. 
Chin reservoir at the west end of the surveyed area has an eleva- 
tion of about 2,740 feet, Taber an elevation of 2,640 feet, Seven Per- 
sons 2,450 feet, and the airport at Medicine Hat, 2,310 feet. There 
is, therefore, a drop of over 400 feet from west to east; a straight 
line distance of approximately 80 miles. 

The surveyed area lies between Old Man River and Chin Coulee. 
Horsefly Lake drainage-way and Forty Mile Coulee drain into Chin 
Coulee, and Chin Coulee drains into the South Saskatchewan River 
at Medicine Hat via Seven Persons Creek. Practically a11 drain- 
age south of the railway Iine drains to the south into Chin Coulee. 
External drainage is fairly well developed and there is only a small 
acreage of undrained depressions. 

*Population as of the 1961 census 
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WATER SUPPLY 

The water used for irrigating the mapped area is obtained from 
St. Mary River. Storage is provided by a dam at sec. 12, tp. 5, rge. 
24, W. 4th mer. This dam has a total storage capacity of 321.000 
acre feet and a useable storage of 292,000 acre feet. Just east of this 
dam, along the base of Milk River ridge are three supplementary 
storage reservoirs with a total capacity of 114,000 acre feet. 

Within the mapped area there are eight reservoirs wvith a total 
storage capacity of 225.000 acre feet. These are, going from w-est 
to east: Chin reservoir (170,000 acre feet). Taber Lake (3.400 acre 
feet). Horsefly Lake (6,800 acre feet). Murray reserx-oir (24.900 
acre feet), Rattlesnake reservoir (4.250 acre feet) and Sel-en Per- 
sons reservoir (1,000 acre feet). 

The St. Mary River at the dam site has an annual flon of ap- 
proximately 660,000 acre feet. Surveys have located dam sites on 
the Waterton and the Belly Rivers to the west. and also canal sites to 
link these dams to the St. Mary dam. The combined flow of the 
Waterton and the Belly Rivers at the dam and diversion sites is ap- 
proximatelg 700.000 acre feet. Waterton Dam. non- under construc- 
tion. xvi11 add about 90,000 acre fect of usable storage. A11 three 
rivers rise in the state of Montana and a portion of the CIO\\ reported 
above originates south of the International boundar).. 

Flow measurement data have been taken on these streams for 
approximately 50 years. Although there are wide annual fluctua- 
tions there is an indication that there has been a decline in flo\v over 
this period. This, in part. may be associated with the reduction in 
number and size of the glaciers in the area. Records. holve\-er. are 
of too short a duration to make ani. long term predictions. 

The water in St. Mary reservoir is of high qualit>. and contains 
a minimum of silt. Analyses report less than 300 micromhos con- 
ductivity and an S.A.R. or less than 1.0. Thcre appears to be a ver‘ 
small salt pick-up via the canais and reservoirs. SO anal>.sis of 
reservoir water to date has given a conducti\.it>- of greater than 600 
micromhos and an S.A.R. greater than 1.5. That is. the \vater 
throughout the system has a low alkali hazard and no more than a 
low to medium salinity hazard. 

The legal duty of water in Alberta is set at 1.5 feet. Throughout 
the years the actual use has been slightly below this figure. Con- 
sumptive use experiments at the Experimental Sub-Station at iraux- 
hall, which has a climate very similar to the surveyed area. bave 
shown that maximum yields of wheat require a consumptive use of 
approximately 18 inches of water; and maximum hields of alfalfa 2-l 
inches of water. There is. on the average. seven to eight inches of 
effective rain. Therefore, to obtain maximum yields there is needed 
from 10 to 16 inches of irrigation water. If 60 per cent efficiench. 
for irrigation water is assumed, (a 20 per cent canal distributary 
loss, and an 80 per cent irrigation efficiency factor), then for a 
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maximum yield there should be available at the head gate an average . 
of from 1.35 to 2.25 acre feet of water for every acre irrigated. 

HISTORY 

The first agricultural report pertinent to this area was made by 
Captain Palliser in 1860. He traversed the area in 1859 from Cypress 
hills to the foothills of the Rocky Mountains. At that time he wrote, 
“The (Cypress) hills are a Perfect oasis in the desert-and are 
separated from the Rocky Mountains by a wide tract of arid 
country”. The mapped area lies within what Captain Palliser out- 
lined as the dry triangle. Other reports followed and although, in 
general, they concurred with Palliser’s appraisal, there were excep- 
tions. 

Ranchers moved into the area in the 1870’s and by 1890 prac- 
tically the entire area from Medicine Hat to the mountains was oc- 
cupied by cattle ranches. The 1890’s saw the first major influx of 
farmers: first around Medicine Hat and then westward along the 
Medicine Hat-Lethbridge Railway line. These farmers took home- 
steads of 160 acres. The series of dry years that followed caused 
much abandonment, because of trop failures. However, from that 
date to 1940 there were waves of settlement and abandonment. 
Throughout the period, however, the size of the individual farm 
holding tended to increase in size. By 1950 the average size of 
holding in this area had increased to about 640 acres and had ap- 
peared to reach a modicum of stability. 

Throughout these years there had been advocates for irrigation. 
The first attempt at irrigation in Alberta, as far as is known, was 
made by one J. Glenn south of Calgary in 1878, and it is reported 
that a rancher irrigated a hay field in the Cypress hills area in 1879. 
However, irrigation really began in Alberta with the coming of set- 
tlers from Utah, many of whom had lived previously on irrigated 
farms. In 1892 an irrigation ditch was built to take water out of 
Lee Creek (a tributary of St. Mary River) to irrigate land near the 
site of the present town of Cardston. 

Shortly after this, in 1894, the Parliament of Canada passed the 
North-West Irrigation Act and topographie surveys were started to 
determine the .feasibility of developing irrigation projects within the 
“Palliser triangle”. The North-West Irrigation Company was the 
first company to be authorized under the Act. This company had 
its beginning in 1885 as the North-West Coal and Navigation Comp- 
any, formed to develop the coal deposits at Coal Banks (now Leth- 
bridge) and to transport it by barge down the Oldman River to the 
railway at Medicine Hat. The river navigation proved unsatisfac- 
tory and the company built a narrow guage railway from Medicine 
Hat to Lethbridge and from Lethbridge to Great Falls, Montana. 
For this the company received, from the Government of Canada, a 
subsidy of one and one-quarter million acres of land adjacent to the 
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railway lines. The company then formed a subsidiary, the North 
West Irrigation Company, to develop irrigation and thereby dispose 
of its land holdings. These two companies were later integrated 
under one name-the Alberta Railway and Irrigation Company, 
commonly known as the A.R. and 1. 

In 1895 Dominion surveyors located and prepared blueprints of a 
possible diversion from St. Mary River at Kimball, six miles north 
of the International boundary. In 1899 the North-West Irrigation 
Company started work on this diversion, and by 1901 over 3,000 
acres of land were irrigated in the Raymond and Magrath areas. 
The following year the water reached the Lethbridge area. By 1915 
there was irrigated land from Magrath to Coaldale; a11 developed 
under the Irrigation company. 

In 1915 the Alberta Legislature passed the Irrigation District Act. 
This act permitted the water users to form their own irrigation dist- 
ricts. The Taber project was the first district to be formed under this 
act. They arranged purchase of water from the A.R. and 1. and by 
1920 had their project in operation. The addition of the Taber pro- 
ject brought the total irrigated acres obtaining water from the Kim- 
bal1 diversion to 120,000 acres. This was the maximum possible 
from this diversion. 

In October 1921, the International Joint Commission, in a refer- 
ence to the International waters of western Montana and Alberta 
reported in essence that: since the quantities of land in this Inter- 
national region capable of development far exceed the capacity of the 
rivers in question, every effort should be made to obtain the maxi- 
mum efficiency in irrigation from these rivers. This statement by 
the International Joint Commission, plus the fact that Canada had 
reached its maximum development of St. Mary waters with avail- 
able structures, and also the fact that southern Alberta had ex- 
perienced drought in the thirties, led the Committee of the Privy 
Council of Canada to appoint in 1941 a Committee to study the 
question of irrigation development in south western Alberta. This 
Committee was known as the St. Mary and Milk River Development 
Committee. 

This Committee, in part, recommended: that Canada should, at 
an early date, construct the necessary irrigation works to protect 
by beneficial use its share of the St. Mary and Milk Rivers’ water; 
that a reservoir on the St. Mary River is the most important feature 
of that development to store St. Mary water as well as water from the 
Belly and Waterton Rivers. 

Work on this reservoir was started by the Government of Canada 
through P.F.R.A. in 1946 and was completed in 1951. In 1941 the 
A.R. and 1, then owned by the Canadian Pacifie Railway, offered to 
transfer to “A Board”, without monetary consideration, a11 its water 
rights, irrigation works, and agreements for delivering water; but 
not its land excepting canal and reservoir right-of-ways. In 1946 the 



Soi1 Surveu of S.M.R.D. 11 

Province of Alberta accepted this offer and in 1950 the Legislature 
passed the St. Mary and Milk River Development Act. 

Following the completion of the dam, development of the pro- 
ject has proceeded from Taber east to Medicine Hat. A low line 
canal (see soi1 map) has been constructed and surveys have been 
completed on the location of a high line canal. Original plans for 
a completed S.M.R.D., as it is now known, suggested a total of 
465,000 acres of irrigated land in the project. Recent topographie and 
soi1 surveys indicate that some areas that were originally included 
may not be suitable. Economies Will play an important role in the 
development of this project. The development costs, the apportion- 
ment of these costs among the farmers, the community and the state, 
and the net returns to the farmer, Will ail, in the final analysis, deter- 
mine the ultimate development, up to the physical limits, of the S.M. 

CLIMATE 
The surveyed area is in the semi-arid portion of the Province of 

Alberta. The mean annual rainfall and the mean annual tempera- 
ture are among those that are lowest and highest, respectively, in the 
prairie provinces. On the basis of climate, as reflected in the soi1 
profile, the soils of Alberta are divided into five broad zones, going 
from semi-arid to sub-humid. The surveyed area lies almost entirely 
in the semi-arid Brown Soi1 Zone; the extreme western portion lies 
in the Dark Brown Soi1 Zone. 

The mean annual precipitation decreases from ‘15 inches on the 
west side to 12 inches on the east side. The individual years, how- 
ever, have varied from a low of six inches to a high of 26 inches,. 
Dr. A. H. Laycock, University of Alberta, using Thornthwaite pro- 
cedures, calculated that the average moisture deficit at Lethbridge 
has been 7.9 inches-varying from 13.0 inches to 2.7 inches and at 
Medicine Hat has been 11.5 inches-varying from 16.4 inches to 0.4 
inches. According to these calculations, then, there is an average 
water deficit in the area of about 10 inches. The yearly variability is 
also very significant in irrigation practice. The amount of water 
that should be applied in any one year cannot be predetermined: the 
most careful calculation may still result in the occasional over- 
irrigation. Likewise, the fear of this often unduly delays the ap- 
plication of irrigation water. The periodic occurrence of years of 
high rainfall, however, has the desirable effect of leaching out ac- 
cumulated Salt, thereby reducing the incidence of toxic accumula- 
tions. Seventy-five per cent of the annual precipitation falls be- 
tween April 1st and October 31st. June is the month of highest rain- 
fall, averaging about 2.5 inches; May and July average about 1.5 
inches. 

The mean annual temperature for this area is approximately 
42°F and for the period April to September it is 57°F. The mean 
maximum for this latter period is 72’F. On infrequent occasions 
summer highs of 100°F and winter lows of -40°F occur. Laycock 
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calculated that the vegetative season-the period during which the 
moving five day average minimum temperature is consistently 
above 32”F-averaged approximately 1’70 days. During this period 
there are approximately 7,000 heat degrees available for growth. 
The actual frost free period in this area averages 120 days; this has 
varied, however, from a maximum of 170 days to a minimum of 80 
days. Possibly the most significant figure relative to maturing 
crops is the killing frost free period which in this area averages 
about 144 days. The above temperature figures are average for the 
area; specifically, the figures increase slightly from west to east. 

The area receives, on the average, 2,300 to 2325 hours of bright 
sunshine per year; or 8.5 hours out of an average of 14.5 hours of 
daylight (sunrise to sunset) for every day of the vegetative season. 
There is a total of from 80,000 to 90,000 miles of wind per year. One 
per cent of the days are calm. Twenty-five to thirty per cent of the 
winds are from the southwest, and fifty to fifty-five per cent are 
from the southwest, west and northwest. The combination of fairly 
high winds and high temperature results in a relatively high evap- 
oration rate. A ten year average for the vegetative season at 
Lethbridge is approximately 24 inches evapor&tion from a free- 
water surface. 

A relatively long growing season; the long day length with a fair- 
ly high percentage of sunshine; and the occasional very wet year, 
are a11 factors favoring irrigation agriculture. 

VEGETATION 
The surveyed area is in what is generally referred to as the 

short grass plains; the entire area was originally typical prairie and 
supported a semi-arid prairie flora. A few balsam poplar and willow 
trees grow in the river valleys but no tree growth is found on the 
uplands. 

The two main native grasses are blue gamma grass (Bouteloucr 
gracilis) , a low growing fine-leaf grass with a curved type head that 
becomes purple on maturity; and common spear grass (Stipa CO~L- 
ata) which is characterized by the long barbed awns. These awns 
fa11 in late summer and SO spear grass makes good fa11 and winter 
pasture. 

Other native grasses of some importance are June grass (Koel- 
cria cristata) ; Sandberg bluegrass (Pou secunda) ; blue joint (Agyo- 
pyron Smith%)-common in the local depressions; smooth wheat 
grass (Agropyron pauciflorum) -confined primarily to the higher 
land; and sand grass (Calamovilfa ZongifoZia)-found in the sand area. 
Two species of sedge, namely, Carex filifolia and Cures heliophila, 
are of importance as forage plants. Common club mass (SeZagineZZa 
densa) and prairie phlox (Pklox Hoodii) are found in the driest 
sections and tend to increase in percentage with over-grazing. Also. 
two species of cacti, (Opuntia polyacnnthn) and (Opuntia neo?,mnil- 
Inria), are found in the drier spots. 
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Winterfat (Eurotia Zanata) is a common shrub that has pasture 
value. Other common shrubs are varieties of sagebrush (Artemisia 
SP.), buck brush (Syvzphoricarpos occidentalis) , greasewood (Sar- 
cobatus verqniculatus) , and the prairie rose (Rosa sp.) . 

The above listed plants formed the main vegetative caver of the 
surveyed area prior to settlement. However, most of the area has 
been broken and is now under either dry land or irrigated agri- 
culture. Under dry land agriculture most of the area was farmed on 
a wheat-summer fallow rotation. 

SOILS’ PARENT MATERIAL 

The immediate underlying bedrock in the surveyed area is of 
Upper Cretaceous age; the Belly River Formation. This formation 
was laid down in fresh and brackish water and is composed of sand- 
stones, sandy shales, and coal seams. The bedrock underlying the 
eastern half of the area is a little more shaley than the western half. 
The entire area has been glaciated and there is an average of over 50 
feet of till covering the bedrock. Only near Horsefly Lake does the 
bedrock corne relatively close to the surface. The till is almost en- 
tirely of Belly River origin and therefore fairly sandy; in general, 
it is of a sandy clay loam texture. The till in the extreme eastern 
portion may carry a small percentage of Bearpaw shale. 

Considerable post-glacial sorting of the surface has taken place 
and also some post glacial deposition. Over the major portion of 
the area there is from a few inches to over six feet of relatively 
stone-free loam to silt loam overlying the unaltered till. Soil-wise 
these areas are mapped as the Chin and Shallow Chin series. This 
surface covering, in general. thins from west to east. Only in rare 
cases is there a definite alluvial layer at the contact of this material 
and the underlying till. Likewise, the material does not have any 
definite aeolian characteristics; in some places it has the appear- 
ance of being lake lain. 

Scattered throughout the area there are also alluvial and aeolian 
sands and lacustrine clays. A large Sand area extends from north of 
Chin along the Oldman drainage course to Grassy Lake. It is of 
interest that this Sand area extends from the point where the Little 
Bow River joins the Oldman River east to Forty Mile Coulee. These 
are hoth believed to be interglacial ice front drainage channels. 
These sandy areas have been mapped as Cavendish sandy loams and 
loamy sands. The only sizeable clay area is in the Seven Persons 
drainage lyalley. This \Iras probably an ice front laking basin. 

SOILS 

If an exposed road tut is examined discernible layers Will be 
seen from the surface downward. These layers differ in color; 
they differ in the relative amounts of fine and coarse particles they 
contain (texture): they differ in the way these individual particles 
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are held together in blocks, plates or granules (structure) ; as well 
as in other properties. These layers are called horizons and are the 
result of soi1 forming processes. These horizons are given a name 
symbol. The A horizon is the surface horizon. It is the horizon in 
this zone that contains the greatest amount of organic matter, and 
is the horizon of maximum weathering and of maximum biological 
activity. The B horizon is the sub-surface horizon and in this area 
is usually finer textured than the A horizon. It usually has a well- 
defined structure and may have accumulated weathered products 
that have been leached out of the A horizon. The C horizon is the 
relatively unchanged parent material. Quite often these major 
horizons are subdivided; for example, Ah and Ae. The glossary 
on page 46 defines these horizons and subdivisions of the horizons. 
The colored plates illustrate some of these divisions. 

The kind of soi1 that develops in any one place is the result of the 
factors of moisture, temperature, and biological activity acting on 
the ground-up rock material (parent material) over a period of time. 
Wherever similar conditions exist similar soi1 profiles Will develop. 
A change, however, in any one of these factors may result in a dif- 
ferent soi1 being formed. Each set of conditions results in a specific 
kind and arrangement of the horizons-a soi1 unit. These units, 
for classification and mapping purposes are called soi1 series, and are 
given specific names-usually the names of places where they were 
first mapped. In this surveyed area 18 soi1 series were recognized 
and mapped-these do not include sand and recent river alluvium. 
Within rather narrow limits soils of the same series have similar 
agricultural use and capability. As suggested above! a11 soils given 
the same series name have, for practical purposes, the same order 
and thickness of horizons as well as a similar color, texture, and 
structure. There are, however. characteristics that may be common 
to many series. TO show this relationship between the soi1 series 
it is possible to arrange them into broader groupings. Going from 
the series units upward the soils cari be grouped first into Sub- 
Groups, then into Groups, and finally into Orders. The soi1 series 
in this area cari be grouped into four Orders. namelv: Chernozemic 
soils, Solonetzic soils, Gleysolic soils, and Regosolic soils. These 
terms have world-wide application and use. Soils of the same series 
may vary in texture within a relatively narrow range. Therefore, 
the series are sometimes sub-divided into texture tvpes. Table 1 
shows how the mapped series are fitted into the classification system. 

SOIL TEXTURE 

Soi1 texture refers to the relative proportions of Sand. silt. and 
clay particles in the soil. Sand particles cari be seen by the naked 
eye, silt particles feel floury but are not plastic; clay particles are 
the finest (smallest in size). Soi1 with a high content of claJ. is 
usually very plastic, is sticky, and cari be molded into shapes. 



TABLE I-Classification of Soi1 Series on S.M.R.D. Project 

ORDER I + 

I _- 

TYPE CROUP SUB-GROUP SERIES 

Maleb 
Chin 

Shallow Chin 
Chin over sandy material 
Chin over grave1 
Cavendish 

Shallow Cavendish 
Pemukan 
Seven Persans 

Meachin 

Tilley 

Lethbridge 
Coaldale 

Stirling 

Hemaruka 
Wardlow 
Patricia 

Neidpath 

Dune Sand 
Recent alluvium 

CHERNOZEMIC SOILS 
Moderate to well drained soils 
developed on non-saline par- 
ent material. under a grass 
vegetation. 

Brown Orthic Brown loam 
very fine sandy loam, light loam, 

loam, silt loam 
loam 
light loam 
loam 
loamy Sand. fine sandy loam, 

sandy loam 
loamy Sand, ‘.andy loam 
sandy loam, loam 
silty clay loam, clay 

Gleyed Brown loam, sut loam 

loam Eluviated Brown 

Dark Brown Orthic Dark Brown loam, silt loam 
silty clay loam 

ClZlY so1onetz Brown Solonetz 
SOLONETZIC SOILS 
Well to imperfectly drained 
soils developed on saline 
parent material. 

Solodized Solonetz Brown Solodized Solonetz lOEll-ll 
loam 
silty clay loam 

GLEYSOLIC SOILS 
Eluviated Gleysol loam Soi]s developed in the pre- 

sente of high or high fluctuat- 
ing water table. 

Humic Eluviated Gleysol 

Orthic Regosol 
REGOSOLIC SOILS 
Soils with very limited hori- 
zon development. 

Regosol sand 
mixed 
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Soils are commonly grouped into three main texture groups, 
namely: sandy soils (coarse textured soils), loamy soils (medium 
textured soils) , and clayey soils (fine textured soils) . 

The coarse textured soils of this area include the sands, loamy 
sands and sandy loams. They have a low water holding capacity 
and are usually low in plant nutrients. 

The medium textured soils of this area include the very fine 
sandy loams, light loams, loams, silt loams, and clay loams. They 
have a medium to fairly high water holding capacity and are usual- 
ly fairly well supplied with plant nutrients. 

The fine textured soils of this area include the silty clay loams, 
silt clays, and clays. They contain over 35 to 40 per cent clay 
particles. They have a high water holding capacity and are usually 
well supplied with the minera1 plant nutrients. 

CHERNOZEMIC SOILS 

Chernozemic soils have developed under a grassland Llegetation 
in moderate to well drained locations. They are characterized by a 
dark surface (A) horizon and a lime accumulation horizon in the 
subsoil. Under somewhat humid conditions the A horizon is fairli, 
deep and very dark brown to black in color. Under somewhat arid 
conditions the A horizon is relativelv shallow and brown in color. 
Practically a11 the Chernozemic soils”in this area have a brown sur- 
face A horizon. 

CHERNOZEMIC BROWN 
The Chernozemic Brown soils of this area, which occur in over 

90 per cent of the area. were formed in a semi-arid climate under a 
grass vegetation. Grass is fairly heavy feeder on the minera1 ele- 
ments and therefore, under native conditions these were continual- 
ly being returned to the surface horizon. The soi1 remained base 
saturated and the organic matter and clays relatively stable. Since 
rainfall is relatively low soluble lime and sait is rarelv leached more 
than two feet from the surface. Horvever. organic matter. and 
therefore nitrogen, is relative117 Ion. -Most of the surveyed area has 
been dry land farmed for up\vards of forty years: in moot cases 
under a wheat-fallow rotation. There has been therefore. consider- 
able removal of both nitrogen and minera1 foods from the -011. 
Wind, and at times, water erosion has also caused fertilitl- 10s~. 
Analyses made, at the Universitv of Alberta in the 1930’s. lndicate 
that the surface six inches of culiivated brown soi1 had. at that time. 
lost an average of about 25 per cent of its initial nitrogen and about 
15 per cent of its initial phosphorus. 

ORTHIC BROWS 

The soils of this Sub-Group in this area ha1.e a broxn tu pale 
brown surface (A) horizon that is loose to granular in structure. 
The B horizon is generally of a brown to yellowish bron-n color in- 
dicative of good natural drainage. It has a weakly developed struc- 
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ORTHIC BROWN 
This Orthic Brown soi1 is a CHIN loam. It is 

developed on stone free medium textured (light 

loam to silt loam) material. It occurs on level 
to gently rolling topography. 

Distinguishing features: 

1. A brown colored surface three to six inches 

thick (Ah). 

2. A fairly firm, prismatic structured subsoil 

@ml. 

3. Below the Bm a light brown material that 

has a high content of lime. 

Use: 

This soil is fairly well supplied with the minera1 

plant food elements: organic matter and nitrogen 

however are in low supply. Under dry land agri- 
culture wheat is the dominant trop. Precautions 

have to be taken to prevent loss of top soil by 
wind erosion. Under an irrigation agriculture 

this soil is adaptable to a wide range of crops 

and Will respond to nitrogen and phosphorus 

fertilizers. 

Climate: 

Mean annual precipitation-12 inches. 

Mean annual temperature- to 40 degrees F. 

Mean May to September temperature- to 

60 degrees F. 

Native Cover: 

Short grass. 

S-S-Series 1 
(Photo by K. J. Spread) 

Feb. 1962 

Available from: 
Department of Extension 
University of Alberta 
Edmonton, Alberta, Canada 
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ture in the coarse textured soils, a prismatic structure in the inter- 
mediate textured soils, and a blocky structure in the fine textured 
soils. The transition from A to B horizons is usually gradua1 and 
there is a lime carbonate accumulation in the Upper portion of the C 
horizon. (See Orthic Brown color profile: in this plate the Ck 
should read Cca and the C should read Ck.) 

The following series have been mapped as Orthic Brown soils 
in this area: 

Maleb loam (Mb.L): 
Maleb loam is an Orthic Brown soi1 developed on glacial till 

parent material that is primarily of Belly River formation origin. 
The topography of these soi1 areas is from gently undulating to roll- 
ing; usually of the kame and kettle type. In this area, however, 
there are relatively fewer undrained depressions than in most of the 
Maleb loam areas. 

The following is a description of a typical Maleb loam profile: 
Ah o- 4” Brown loam (lOYR5/3*). Loose in top portion and weak 

blocky towards the lower portion. 
Bt 4-12” Brown to dark brown heavy loam to clay loam. Prismatic 

to weak columnar, breaking into subangular blocky aggre- 
gates. 

Cca 12-18” A medium lime carbonate accumulation. 
Usually a low salt content. 

Csk 18-24” Brown to olive brown clay loam till. Massive to large blocky. 
C at 36” Contains erratics of granite, ironstone, and coal. 

Analytical data pertaining to Maleb loam is given in Table II. 
From this, the following general statements cari be made: this soi1 
has a low salt content in the A and B horizons and usually a relative- 
ly low content in the parent till; the infiltration rate is medium; the 
hydraulic conductivity of the subsoil is moderately slow to slow; 
the organic matter content of the surface horizon is average for the 
Brown Soi1 Zone. 

The description given above for Maleb loam is for the modal or 
central concept. There are variations from that modal but these 
were not mapped as separate series in this survey. The most ex- 
tensive of these variants is one that has weak solonetzic character- 
istics. In this soi1 the B horizon is somewhat columnar and there is 
a little more salt in the C horizon than in the average Maleb: also 
the hydraulic conductivity of the B horizon is slow. 

Maleb loam is fairly good to good irrigation soi1 if on good topo- 
graphy. There are 40,000 acres mapped: a considerable percentage 
of this is non-irrigable because of rough topography. 

Chin liiht loam, very fine sandy loam, loam, and silt loam (Ch.LtL, VFSL, L, 
SiL): 
The Chin loams are Orthic Brown soils developed on water 

sorted parent material that is usually fairly high in lime carbonate. 
*Munsell color values. These are on dry soi1 unless otherwise stated. 
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Glacial till underlies this water sorted material at varying depths, 
averaging about four feet from the surface. 

The Chin loams are mainly on level to gently undulating topo- 
graphy. There are few prominent depressional areas but there is a 
significant percentage of flat to very slightly depressional topo- 
graphy. Most of the Chin loams in this area cari be rearhed by 
gravity irrigation. Although some surface levelling is required 
on most areas, in general the yardage required is relatively small. 

Following is a description of a typical Chin loam: 

Ah o- 4’T Brown loam (10YR 5/3). Granular to weakly prismatic. 
Btj 4- 8” Brown to dark brown loam to heavy loam (10YR 4/3-513). 

Prismatic; may be slightly stained on cleavage faces. 
B 8-15” Brown loam. Prismatic, wider prisms than in horizon above. 
Cca 15-26” Light brownish grey loam (10YR 6/2). Friable. Medium to 

heavy lime carbonate accumulation. 
Csk at 48/’ Yellowish brown loam to silt loam (10YR 5/4). Massive to 

blocky. Contains lime and usually some Salt. 

Analytical data pertaining to Chin loam is given in Table II. 
From this the following general statements cari be made. This soi1 
has a low salt content in the solum and low to medium content in the 
parent material. Usually the highest salt content is near the contact 
with the underlying glacial material. The infiltration rate is medium 
and the hydraulic conductivity of the subsoil is moderate to moder- 
ately slow. The organic matter content of the surface is average for 
the Brown Zone. The relatively high lime carbonate content at 15 
to 20 inches from the surface is a detrimental factor in areas where 
considerable levelling is required since this may expose the lime 
horizon. In these spots growth may be retarded. They cari, how- 
ever, be improved by incorporating organic matter into them. 

Included in this series are soils that appear to have very weak 
solonetz characteristics. The B Horizon is a Bt; is betwen pris- 
matic and columnar in structure; and is somewhat stained along 
the cleavage faces. 

In general, the Chin loams are good to very good irrigation soils. 
There are 280,000 acres of these soils mapped. 

Shallow Chi loam (Sh.Ch.L): 
The shallow Chin loams are Orthic Brown soils developed on 

water sorted parent material that is usually fairly high in lime 
carbonate. Glacial till underlies this water sorted material at 
depths less than 36 inches: averaging about 24 inches. The depth 
to the underlying till is basically the only difference between this 
soi1 and the Chin series described in the section immediately above. 
The solum (A and B horizons) of the Shallow Chin series is 
ostensibly the same as the solum of the Chin series. The fact 
that the till is relatively close to the surface, however, does make 
for some difference in the salt and hydraulic conductivity factors. 
The salt concentration horizon is a little closer to the surface in 
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the Shallow Chin series. Also the less permeable till is closer to 
the surface. This could mean that temporary water tables may 
form, under heavy irrigation, well within the root zone. 

Although many of the Shallow Chin areas are on level to gently 
undulating topography there are also a number of areas on rougher 
topography: namely on undulating to gently rolling topography. 
That is, in the Shallow Chin areas the surface configuration of the 
underlying moraine is apparent. 

The Shallow Chin and Chin soils, of this area, are usually found 
intimately intermixed, particularly on the more level topography. 
In these areas the underlying till varies from one to six feet from 
the surface. (See page 19). Th is means that there is considerable 
lateral as well as downward movement of water and that there is 
a tendency for the water to collect in spots where there are concavi- 
ties in the underlying till surface rather than move down the 
general overall slope. 

In many places the till is very slowly permeable, and during the 
season of heavy irrigation temporary water tables form over this 
till. Where underground ponding occurs within capillary range of 
the surface, temporary saline spots appear. 

In general, however, there is an overall downward movement of 
water. Analysis made in presently irrigated Chin and Shallow Chin 
areas indicate that (a) water tables formed in the summer recede or 
disappear during the winter, (b) that through the years there has 
been, in the irrigated areas, a net downward movement, or removal, 
of salt to at least fifteen feet, and (c) that no large scale salinization 
or alkalinization has taken place in these areas. 

In one area, namely adjacent to Horsefly Lake, there are spots 
where the till is very thin to non-existent. In these the alluvial 
material sits directly on bedrock. These are non-irrigable. 

Shallow Chin soi1 is fairly good to good irrigation soil. There are 
135,000 acres of this series mapped. 

Chin light loam and loam over sandy material (Ch.LtL, L): -~- 
FSL, to S 

This soi1 is similar in solum characteristics to the Chin Ioam 
series described on page 18 above. However, in this series there is a 
layer of sandy material dividing the loamy parent material from the 
underlying till. This sandy layer varies from one to six feet in 
thickness and starts at an average of 30 inches from the surface. In 
the area mapped adjacent to Barnwell there is a gradua1 change 
from loam to loamy Sand. In the areas in the Medicine Hat area the 
change from loam to loamy sand and sand is very abrupt. The 
topography varies from very gently sloping to strongly undulating. 

The sandy layer is moderately to rapidly permeable, both lateral- 
ly and vertically. In areas of flat topography a temporary water 
table might build up at the till contact, However, in many areas 
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the capillary fringe is well below the land surface. In areas of 
irregular topography the ease of lateral movement in the sand layer 
Will facilitate the collection of water in localized spots. If the till 
contact is close enough to the surface in these spots, salt concen- 
trations Will occur. 

There are 22,000 acres of this series mapped. They rate from 
fairly good to excellent irrigation soils. 

Chin loam over grave1 (Ch.L): 
Gr 

This soi1 is similar in solum characteristics to the Chin loam series 
described on page 18 above. However, in this series there is a layer 
of grave1 dividing the loamy parent material and the underlying 
glacial till. This gravelly layer is from two to many feet thick. 

The gravelly substrata is very rapidly permeable and has a very 
low water holding capacity. Canal leakage could be very high in 
this area, and frequent irrigations necessary. It is rated as fair 
irrigation soil. There are 2,000 acres mapped. 

Cavendish loamy Sand, fine saudy loam, and sandy loam (Cd.LS, FSL, SL): 
The Cavendish sandy loams are Orthic Brown soils developed 

on sandy alluvial parent material. Glacial till underlies this sandy 
material at varying depths, averaging about five feet from the sur- 
face. 

The Cavendish sandy loams are on level to undulating (humpy) 
topography and in many places merge into dune sand areas. In the 
areas of irregular topography there are numerous depressional spots 
and in these the soi1 is usually a sandy clay loam texture and often 
saline. These rougher areas are , in the main, non-irrigable. 

Following is a profile description of a typical Cavendish fine 
sandy loam. 
Ah o- 4” Dark greyish brown fine sandy loam (10YR 4. 2). Loose with 

grass roots. 
AB 4- 7” Brown fine sandy loam, loose. 
Bm 7-20” Brown sandy loam (IOYR 4/3-5/3). Firm in exposed road 

tut. 
BC 20-40” Yellowish brown sandy loam to loamy sand (IOYR 5/4), 

loose. 
Cca at 40” Light yellowish brown (10YR 6/4). Loose. Low lime con- 

centration. 
Ck at 50” Light yellowish brown loamy sand to Sand. Loose under dry 

land conditions, often wet above the till contact. 

Analytical data pertaining to Cavendish loamy sand to sandy 
loam is given in Table II. From this, some general statements cari 
be made. This soi1 has a low salt content throughout the profile. 
The infiltration rate is medium to high and the permeability rapid. 
It has a fairly low water holding capacity. The organic matter con- 
tent of the surface is lower than average for the Brown Soi1 Zone, 
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Cavendish soils are particularly suited to crops that require a 
well aerated soi1 and respond to frequent irrigations, 
rigation would be desirable on these soils. 

Sprinkler ir- 

The organic matter content of the Cavendish soils should be in- 
creased by the periodic addition of manure. This would tend to in- 
crease the water holding capacity and would reduce the danger of 
wind erosion. Lateral movement of water down slope at the contact 
with the underlying till cari be fairly pronounced. Any barriers 
on the slope or places where the till contact cornes to within capillary 
range of the surface Will cause saline accumulations. Drainage 
must be provided in these areas to carry away this accumulated 
water. 

The fine sandy loam and sandy loam areas, if on level topography, 
rate as good to very good irrigation soils; the loamy sand areas are 
only poor to fair irrigable. There are 35,000 acres of fine sandy 
loam and sandy loam and 70,000 acres of loamy Sand. 

Shallow Cavendish loamy sand and sandy loam (Sh.Cd.LS, SL): 

These soils are similar in solum characteristics to the Cavendish 
soils described on page 21 above. However, in this series the under- 
lying till is within 36 inches of the surface, averaging about 24 
inches. Although the surface may be quite smooth, in many of 
the areas there is a pronounced micro-relief to the underlying till 
surface. The top few inches of this till is often very compact and 
very slowly permeable. Temporary water tables will tend to build 
up in these undersurface depressions and it is very difficult to !ocate 
an adequate drainage network to carry off the accumulated waters. 

There is insufficient experience with these soils to make any de- 
finite recommendations regarding their use. However. the following 
should be considered: first, they must be carefully irrigated and 
definitely not over-irrigated; and second, crops that are most toler- 
ant to water saturated conditions be selected. 

There are 35,000 acres of this soi1 mapped. Depending on the 
depth of sandy soi1 over the till and the drainability of the Sand-till 
contact, these Shallow Cavendish sandy loams rate poor to fairlb 
good irrigation soils. 

Pemukan sandy loam and loam (PmSL, L): 

Pemukan soils are Orthic Broun soils; sonne tend toward Re- 
gosolic Brown. They are formed on outwash or gravelly alluvial 
parent material. Glacial till underlies this gravelly deposition. 
usually at depths greater than three feet from the surface. In 
most of the areas varying amounts of grave1 and stone OCCLU 
throughout the profile although there is a sufficient percentage of 
fine textured material to permit the development of a Chernozemic 
A horizon and a structured B horizon. The following is a description 
of a typical Pemukan sandy loam: 
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Ah 
Bm 
Ck 

o- 5” 
5-12” 

Greyish brown to brown gritty sandy loam, loose. 
Brown gravelly loam, weak prismatic. 
Variable, usually gravelly and stony with a medium amount 
of lime carbonate. 

These soils are usually moderately to rapidly permeable. They 
have a low organic matter content. Usually they are on irregular 
topography and due to the gravelly nature of the subsoil it is not 
practical to do any surface levelling. 

They are non-irrigable to fair irrigable soils. Only 3,800 acres 
of the Pemukan series are mapped. 

Seven Persons clay (Sp.C, SiCL): 
Seven Persons clay is an Orthic Brown soi1 formed.on relatively 

non-saline lacustrine clay parent material. In most of the areas the 
lacustrine deposition is quite deep; often over ten feet. However, 
in this area, namely along Seven Persons creek, there are a few 
places where the deposition is under four feet in thickness and there 
is a sandy layer between the clay and the underlying till. This 
shallower deposition appears to be confined to the northern edge of 
the area and along the creek. 

Following is a profile description of a Seven Persons clay: 
Ah o- 3” Dark greyish brown (10YR 4/2-5/2) clay loam to clay, 

granular. 
Bt 3-11” Very dark greyish brown (10YR 3/2 to 4/2) clay. Blocky to 

irregular prismatic. 
Cca 11-22” Olive brown (2.5YR 4/4-5/4) clay. Massive to blocky, lime 

content low to medium. There may be some salt at about 24 
inches. 

Ck at 36” Olive brown (2.5YR 4/4) clay. Massive. 
(The colors given for the above profile description are moist colors.) 

The topography of this area is very gently sloping to slightly 
depressional. The infiltration rate is low to medium and the per- 
meability slow to very slow. Surface drainage Will be necessary to 
carry off ponded water. 

Seven Persons clay is considered as fairly good irrigation soi1 
for some crops if careful irrigation is practiced. There are 1,700 
acres mapped. 

GLEYED BROWN 

The soils of this Sub-Group are developed under conditions of 
only fair drainage and in level to slightly depressional spots that 
receive some run off water. Slight gleying conditions may develop. 
Only one named series has been mapped in this Sub-Group, namely: 
Meachin loam and silt loam. 
Meachin loam and silt IGam (Mh.L. SiL): 

This soi1 is found in the Chin and Shallow Chin areas and OC- 

cupies the level to slightly depressional spots. These areas receive 
some run off water but rarely does this water lie for any extended 
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The Tilley soils have a medium infiltration rate and moderate 
to slow permeability rate. Salts are relatively low and the exchange- 
able sodium usually under seven or eight per cent of the total ex- 
changeable bases. 

They are fairly good to good irrigation soils. Approximately 
3,300 acres are mapped in this area. 

CHERNOZEMIC DARK BROWN 
The Chernozemic Dark Brown soils were formed in a semi-arid 

climate under grassland vegetation. The climate, however, is a little 
more humid and the grass a little more luxuriant than in the areas 
where Chernozemic Brown soils are found. The change from Brown 
to Dark Brown soil, going from east to west, is gradual. However, 
an arbitrary boundary line (zone line) has been established as 
running approximately along a north-south line through Chin in 
Range 18. Only a very small acreage of Dark Brown soils occur 
in the mapped area; namely, two series, both of which are Orthic 
Dark Brown. 

ORTHIC DARK BROWN 
The Orthic Dark Brown soils have a Chernozemic A horizon of 

a dark brown color. The B horizon may or may not be textural. 
They have a lime carbonate accumulation horizon. (See Orthic 
Dark Brown color profile.) 

Lethbridge loam and silt loam (Leth.L, SiL): 
The Lethbridge loams are Orthic Dark Brown soils developed on 

alluvial lacustrine parent material that is fairly high in lime carbon- 
ate. Glacial till underlies this material at varying depths, averaging 
about five feet. The topography of these soi1 areas is mainly level to 
gently undulating. The Lethbridge soils are the dark brown count- 
erpart of the Chin loams. 

Following is a description of a typical Lethbridge silt loam: 
Ah Q- 5” Dark Brown (IOYR 412-3 ‘3) light silt loam. 
Bt 5-10” Brown to dark brown (10YR 4 2) silt loam, prismatic with 

some staining of the cleavage faces. 
Bt2 12-17” Brown silt loam, prismatic, slight staining. 
Cca 17-30” Weakly blocky silt loam. Medium to heavy lime carbonate 

content. Lower portion may contain some Salt. 
Ck at 36” Yellowish brown loam. Massive. 

Lethbridge silt loam soils have a medium infiltration rate and a 
moderate permeability rate. The permeability of the till below 
varies considerably but on the average is slow. Temporary water 
tables may form at the till contact. In areas where lateral move- 
ment along this contact line is possible, and in particular where 
water collects within capillary range of the surface, seepage and 
surface salt may appear. 

In general, Lethbridge loams are very good irrigation soils. 
There are 7.700 acres mapped. 
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BROWN SOLODIZED SOLONETZ 
The Brown Solodized Solonetz soils occur 

mainly in two areas: a strip from Coronation 
south to Brooks and Suffield, and an area 
adjacent to Manyberries. These are within the 
main Brown Soil Zone, an area of 11 to 12 
inches mean annual precipitation. These soils 
usually occur in level to gently rolling topography 
and the areas are pock marked with shallow 
eroded pits. Short grasses, cactus, and sage 
is the main vegetative caver. 

These soils are characterized by: 

(a) A friable brown surface that moy be 
somewhat platy (Ah and Ae). 

(b) A very hard (sticky when wet) columnar 
structured subsurface (Bnt). 

(c) A subsoil that contains lime and salt 
(C ca sa). 

This soil is a Wardlow loam. It is stone free 
and usually on level to gently undulating 
topography. It is poor arable land. 

Alberta Soi1 Survey 

S-S-Series 2 Aug. 1963 

Avoiloble from: 

Department of Extension 
University of Alberta 
Edmonton, Alberta, Canada 
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BROWN SOLONETZ 

The soils of this Sub-Group are characterized by a fairly hard 
columnar sub-surface (B) horizon and a saline subsoil. Only one 
series was mapped in this Sub-Group. 

Sterling clay (Sg.C): 
Sterling clay is a Brown Solonetz developed in lacustrine clay 

material and occurs on level to slightly depressional topography. In 
general, the clay deposition is less than four feet in thickness; that 
is, these soils have developed on shallow lacustrine basins that were 
deposited in areas of ground moraine. 

A profile description is as follows: 
Ah o- 3” Dark grey (10YR 4/1-4/2) blocky to granular clay. 
Ae Thin May or may not be present. Grey (IOYR 5/1) silty clay 

loam. Weak platy to granular. 
Bnt 4-18” Dark grey (10YR 4/1-3/1 wet) clay, large blocky. Pre- 

dominante of vertical cleavage lines. 
Cca sa 18-36” Low to medium salt and lime carbonate content. 

Cks at 36” Dark grey clay. Massive. 
2c The till is usually found between 36 and 60 inches from the 

surface. 

This soi1 has a low infiltration rate and a slow to very slow per- 
meability rate. The salt content is usually high enough to have 
some effect on trop growth. In general, these soils are non-irrigable. 

If drainage is provided to remove surface water it might be 
possible to grow certain hay crops. There are only 60 acres mapped. 

BROWN SOLODIZED SOLONETZ 

The soils of this Sub-Group, in this area, a11 have a leached Ae 
horizon and a strongly columnar B horizon. There is an abrupt 
textural break between the A and the B horizons. The B horizon 
contains an appreciable quantity of exchangeable sodium. (See 
Brown Solodized Solonetz color profile.) 

These soils, in general, occur on fairly level topography. Follow- 
ing is a description of the mapped series of this Sub-Group: 

Hemaruka loam (Hu.L): 
The Hemaruka loams are Brown Solodized Solonetz soils form- 

ed on somewhat saline till parent material. This till is of a clay loam 
to heavy clay loam texture and generally contains some shale of 
Bearpaw formation origin. In many of the areas bedrock is within 
fifteen to twenty feet of the surface. 

Hemaruka loam occurs on level to undulating topography and 
usually in areas of lower macro-relief. Local depressional spots oc- 
cur throughout the areas. These are usually quite saline. 

Following is a profile description of a Hemaruka loam: 
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Ah o- 4” Dark greyish brown to brown (10YR 4,.‘2-5/3) loam. Loose, 
weakly small platy. 

Ae 4- 6” Pale brown (1OYR 6/3) loam. Weakly to moderately platy. 
Bnt 6-10” Dark greyish brown (IOYR 4/2) clay loam to clay. Round 

to flat topped columnar. Cleavage faces strongly stained. 
Bnt2 10-15” Dark greyish brown to brown (10YR 4/2-5;3) heavy clay 

Ioam. Columnar. Slightly stained on the cleavage faces, 
Cca 15-24” Low to medium lime carbonate accumulation. Elongated, 

blocky. 
Csa at 25” Variable concentration of salt. 
Cks at 36” Brown clay loam containing erratics of coal, ironstone, shale, 

and gypsum crystals. Variable content of other salts. 

The A horizon of Hemaruka loam has a medium infiltration 
rate. The B horizon has a very slow permeability rate and the C 
horizon a slow to very slow permeability rate. The exchangeable 
sodium in the B horizon averages over 15 per cent of the total ex- 
changeable bases. The salt content of the C horizon is generally 
sufficiently high to be significantly deleterious to plant growth. 
Due to the very slow permeability of these soils removal of salt by 
leaching would seem to be impractical. 

In general, the Hemaruka loams must be considered as poor ir- 
rigation soils. It is recognized, however, that they might have 
limited use under controlled sprinkler irrigation. There are only 
1,300 acres of this soi1 in the mapped area. 

Wardlow loam and silt loam (Wd.L. SiL): 
The Wardlow loams are Brown Solodized Solonetz soils that are 

formed on alluvial lacustrine parent material that has a medium 
lime carbonate content and contains appreciable quantities of Salt. 
This water deposited material is underlain by till at an average 
depth of about four feet. These soils usually are geographically 
associated with soils of the Chin and the Tilley series. They occupy. 
in general, the lower, less well drained positions. The topography 
of most of the areas is level to gently undulating. 

Following is a profile description of a Wardlow loam: 
Ah o- 4” Brown (10YR 5 2-5 3) silty loam. Weak. platy to granular. 

Ae 4- 6” Brown to pale brown (10YR 5 3-6 3) loam. platy. 

Bnt 6-14” Brown (10YR 5.2-4 3) clay lcam to silty clay. Round or flat 
topped columnar. Strongly stained in the upper half of this 
horizon. 

Cca 14-24” Pale brown silty clay loam. Weakly prismatic to large blocky. 
Medium (occasionally fairly high) lime carbonate accumula- 
tion 

Csa at 36” Brown to yellowish brown clay loam. Massive. Some\vhat 
saline. 

The A horizon of the Wardlow loams has a low to medium in- 
filtration rate. The B horizon has a slow to practically zero 
hydraulic conductivity and the C horizon a moderately slow to 
slow hydraulic conductivity. The exchangeable sodium of the B and 
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C horizons usually makes up between 15 and 20 per cent of the total 
exchange cations. 
difficult. 

Improvement by leaching and drainage would be 

These soils are fair irrigation soils. There are 1,600 acres 
mapped. 

Associated with the Wardlow loams are areas in which part or 
a11 of the A horizon has been eroded away exposing or bringing the 
hard B horizon close to the surface. As a result, these soils have the 
added problem of a low infiltration rate and lack of a friable surface 
seedbed. These spots, in general, are poor irrigation soils. 

Patricia silty clay loam (Pt.SiCL): 
The Patricia soi1 is a Brown Solodized Solonetz formed on fairly 

fine textured lacustrine parent material that is somewhat saline. 
Glacial till underlies this lacustrine material, usually at four to six 
feet. These soils form on level to very gently undulating topography. 

Following is a profile description of a Patricia silty clay loam: 
Ah o- 3” Greyish brown (10YR 5/2-6/2) heavy silt loam to silty clay 

loam. Weak platy to granular. 
Ae 3- 4” Pale brown (10YR 6/3) heavy silt loam, platy. 
AB 4- 5” Greyish brown (10YR 5,/2-6/2) silty clay loam. 
Bnt 5-15” Greyish brown (IOYR 5/2) silty clay. Round topped column- 

ar. Stained. 
Cca 15-24” Low to medium lime. Massive. 
Csa at 30” ,Inclusions of gypsum and some diffused sait. 
Cks at 36” Brown to yellowish brown silty clay. Massive. 

This soi1 has a low infiltration rate and a slow to very slow 
permeability rate. There is considerable Salt in the lower B and C 
horizons and the exchangeable sodium in these horizons varies from 
15 to 25 percent. 

It is poor irrigation soil. Only 30 acres are mapped in this area. 

GLEYSOLIC SOILS 

Soils of this Order have been developed in the presence of a high 
or fluctuating water table. They are characterized by the dom- 
inance of grey and blue grey colors in the subsoil indicating anaero- 
bic conditions. Only one series is mapped. 

Neidpath loam (1Nd.L): 
Neicipath loam is a Low Humic Eluviated Gleysol formed on 

alluvial lacustrine parent material in depressional topography. 
These depressions receive run off water from the surrounding high- 
er land and this water often remains for considerable time. Fol- 
lowing is a profile description of this soil: 
Ah o- 2” Very dark greyish brown (IOYR 3 2). Loose. 
Ahe 2- 3” Dark greyish hrown (10YR 4/2). Weak platy. 
Ae; 3-10” Greyish brown (IOYR 512). Coarse platy. 
Btg 10-20” The mixed soi1 is a light brownish grey (10YR 6/2) (actual- 

ly a light grey with iron mottles). Weak columnar to blocky. 
Ck at 24” Light grey (IOYR 7, 1). Weak massive breaking to fine 

granular. 
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Without drainage these soils are non-irrigible and Will collect 
seepage and run off water. They occur as spots in Chin and Shal- 
IOW Chin areas but, in general, make up a very small percentage of 
the total acreage. Approximately 300 acres were mapped. 

REGOSOLIC SOILS 

This Group includes the Young and immature soils, They are 
deposits that have not been under the influence of soi1 forming 
factors for sufficient time to produce well defined horizons. Two 
types of Regosolic soils have been mapped in this area. 

Sand (mainly dune Sand) (D.S.): 
Soils in this category contain less than 10 per cent silt and clay. 

They are usually loose and single grained and hence erode readily 
with the wind. Because they lack stability, have a very low water 
holding capacity, and are very low in plant food the vegetative 
caver is usually sparse. Low, poorly drained spots are common, 
particularly in the dune areas. 

In general, the sand areas are considered as non-irrigable. 
Limited areas might be developed for specialty crops under con- 
trolled conditions. There are 4,000 acres mapped. 

Recent Alluvium (Av.): 
Into this category are placed river bottom lands that receive 

periodic flooding. Usually they are of a very mixed texture and 
therefore vary considerably in water relationship characteristics. 
Since they are formed by periodic flooding from a stream the de- 
posits are lensed, and the lenses and contact lines slope towards the 
stream bed. This provides some natural drainage. 

The coarse to medium textured alluvium is often fairly good to 
good irrigation soil. There are 3,000 acres mapped. 

Sloughs: 
Approximately 7,500 acres are mapped as sloughs. These are 

undrained depressions that intermittently contain water. They 
are usually saline and of a clay texture. They are non-irrigable. 

CHEMICAL AND PHYSICAL CHARACTERISTICS 
Selected analyses of profiles representing the principal Sub- 

Croups occurring in the area are reported in Table II. The analyses 
included are ones that, in the main, have significance in an irrigated 
agriculture. In the following discussion a11 the soi1 series of one 
Order Will be treated together. 

CHERNOZEMIC SOILS 

These soils are relatively non-saline and have a low sodium ad- 
sorption ratio (S.A.R.) In the Chin, Cavendish and Lethbridge 
series there may be a moderate sait accumulation at the contact of 
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the Upper water lain material and the underlying till. However, in 
most cases under irrigation there is a net downward movement of 
salt into the till. If, however, the till is considerably finer textured 
and has a much Iower hydraulic conductivity than the material 
above, a temporary water table may form and if there is a sufficient 
slope gradient then lateral movement of the water Will take place. 
This cari cause a concentration of salt in harmful amounts at cer- 
tain points, particularly where there is a slowly permeable barrier 
down slope. In the Coaldale series hydraulic conductivity is low 
to very 10~. Again, however, there appears to be a net downward 
movement of the salts under irrigation, 

Al1 of these soils have a neutral to slightly alkaline pH; a11 have 
been developed on a parent material that contained calcium and 
magnesium carbonate. From 60 to 80 per cent of the exchange capa- 
city is taken up by the calcium ions and 20 to 30 per cent by mag- 
nesium ions. Exchangeable sodium and potassium are both in low 
amounts; each makes up less than five per cent of the total exchange- 
able ions. 

The organic matter content of the surface foot averages about 
two per cent. TO maintain good tilth and from the point of view of 
fertility it should be advantageous to increase the organic matter 
content by manures. The phosphorus content is sufficiently low that 
crops generally respond to the application of phosphatic fertilizers. 
Spot analyses indicated that these soils contain from one to 1.5 per 
cent total potassium (exchangeable potassium varies from 0.5 to 2.0 
millequivalents per 100 grams of soi]). In general, no trop response 
has been obtained from the application of potassium fertilizers. 

Tilley loam is classed as an Eluviated Chernozem. It has been 
leached. That is, there has been some removal of clay from the A 
horizon and some accumulation of clay in the B horizon. There is 
also slightly more salt in the subsoil of these soils than there is in 
the other Chernozemic soils. The S.A.R. of the C horizon of the 
Tilley series is often sufficiently high to have some adverse effect. 

SOLONETZIC SOILS 
The data given in Table II for Wardlow loam is typical of the 

Solodized Solonetz soils of this area. These soils have a fairly high 
salt content in the subsoil (C horizon). It averages at least 10 rnil- 
limhos per cm: that is upward of one per cent. The sait is pre- 
dominantly sodium sulphate with lesser amounts of calcium and 
magnesium sulphate, Chlorides are present but in small amounts. 
In the Csa horizon of these soils there is usually 100 to 300 mill- 
equivalents of sulphate per litre of the saturation extract .and up to 
100 millequivalents of soluble sodium. Analyses indicate that under 
irrigation there tends to be some build up of salts in the to 18 in- 
ches of these soils and a little reduction in salt content in the three 
to six foot depth. It is not clear whether this removal {vas upn-ards 
or downwards. 
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The pH of the A horizon is usually neutral to slightly acid. 
These soils have been developed on parent material that contained 
calcium and magnesium carbonate (there is a carbonate accumula- 
tion horizon) and there is usually over 50 per cent exchangeable 
calcium in the A horizon. However, the B horizon usually has over 
12 per cent exchangeable sodium (often up to 30 per cent) and ex- 
changeable sodium plus magnesium makes up over 50 per cent of 
the total exchangeable cations. Exchangeable potassium is of the 
same order as in the Chernozemic soils, namely, two to five per 
cent of the total. 

The hydraulic conductivity of the Bnt horizon of these soils is 
very low to practically zero. This is primarily due to a significant 
percentage of very fine clay-mainly montmorillonite-and a high 
content of exchangeable sodium. Theoretically this horizon has a 
high gypsum requirement. Practically, however, there is not suf- 
ficient data available to state how effective adding gypsum would 
be in raising the hydraulic conductivity. 

GLEYSOLIC SOILS 

Only one series of Gleysolic soils-Neidpath loam-is mapped in 
this area and only a limited amount of analytical data is available. 
The exchange complex of these soils is calcium dominated; varying 
from 55 to 75 per cent of the total. Exchangeable sodium, on the 
profiles analysed, made up less than five per cent in the B horizon 
and exchangeable acidity in the A horizon varied from five to fifteen 
per cent. The A horizons of these soils are usually pH 6.0 to 6.5. 
The reported mechanical analysis indicates a movement of clay 
from the A to the B horizon. Data for fine clay indicates that there 
is a pronounced eluviation of that fraction, giving as high as three 
times as much in the Btg as in the Aeg. The Ah horizon of 
these soils is relatively quite shallow, averaging about two inches, 
and there is less than one per cent organic matter in the surface 
foot. In the management of these soils consideration must be given 
first to drainage and second to increasing the fertility. 
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APPENDIX 1 

LAND LEVELLING 
D. G. HARRINGTON* AND E. RAPP*;~ 

Land in its natural state is seldom smooth enough to permit 
proper irrigation. Even though it may appear smooth to the eye, 
there are, nevertheless, many small irregularities which interfere 
with the even distribution of water and cause dry and excessively 
wet spots throughout the fields. The early irrigators realized that 
the land surface needed modification SO that water application 
would be easier and more effective: usually, however, the land 
surface was accepted as it existed and the irrigation system designed 
to fit it. This type of planning resulted in small, irregular fields with 
ditches following ridges and water being diverted down steep slopes. 
The ultimate result was often serious erosion, ponding, and the use 
of an undue amount of labour in water distribution: also trop re- 
turns were often disappointing. 

The term “land levelling” as used today in connection with 
irrigated land, refers to the modification of the land surface in 
order to facilitate a more uniform application of irrigation water. 
Normally, land levelling requires the transfer of earth over several 
hundred feet from topographie highs to topographie lows and this 
should not be confused with land planing, land smoothing, or land 
floating. These latter operations are usually accomplished with 
special equipment to eliminate minor irregularities and do not 
change the overall topography of the land surface. 

In general, the rougher the land surface the less desirable, 
topographically, it is for irrigation. Roughness here refers to both 
frequency of topographical irregularities and the difference in eleva- 
tion between high and low spots, For purposes of classifying land 
for levelling the topography is placed in three categories, namely: 
Tl, T2, and T3. Any area not placed in one of these categories is 
considered as being topographically unsuitable. 

Land classed as Tl has the most suitable topography for irriga- 
tion farming. It is generally smooth lying with gentle slopes of less 
than 2 per cent. There are no major topographie irregularities and 
development would involve less than 150 cubic yards of earth mov- 
ing per acre. The average tut would be less than 0.35 feet. Tl 
topography corresponds to the Soi1 Survey Topographie classifica- 
tions of very gently sloping (VGS) . gently sloping (GS) I and very 
gently undulating (VGU) . 

*Supervisa; of Land Development. Alberta Degartment of Agriculture. Lethbridgr. 
**Agricultural Engineer, Research Station. Canada Department of Agriculture. Leth- 

bridge. 
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Land classed as T2 is moderately suitable for irrigation farm- 
ing. It is more expensive to prepare and more’ costly to farm. 
It would require up to 300 yards of earth moving per acre to level 
with average cuts of less than 0.55 feet. This land often has short 
slopes requiring shorter runs or steep slopes requiring greater costs 
to irrigate and to prevent erosion. T2 land corresponds mainly to the 
Soi1 Survey classification of gently undulating (GU) . 

Land classed as T3 that is otherwise suitable for irrigation is 
usually approaching marginality because of extreme topographie 
irregularity. Levelling to correct these irregularities may involve 
over 350 yards of earth moving per acre. The average tut may be 
less than one foot but often exceeds three feet to Ievel isolated knolls. 
T3 lands include the rougher phase of gently undulating (RGU), 
and some gently undulating to undulating (GU-U) . 

Areas of undulating and gently rolling, rolling and hilly topo- 
graphy as mapped by Soi1 Survey are generally considered too ir- 
regular to be levelled. Unsatisfactory irrigation layouts would 
result. The undulating areas cari be irrigated on the basis of ir- 
rigating portions that cari be commanded. The remainder are, in 
general, non-irrigable. Levellin g costs (1962) are about 20 cents 
per cubic yard. 
Distribution of Topography Types: 

The map sheet contains a total of 650,000 acres, of which approxi- 
mately one-third is topographically irrigable. Detailed data is 
available for the area served by the presently constructed Iow 
line canal (that is? the area north of the low line canal). In this 
area 140,000 acres are classed as topographically irrigable. Of this 
there are 30,000 acres of Tl topography, 61,000 acres of T2, and 
49,000 acres of T3. There is a much higher percentage of Tl topo- 
graphy west of Fincastle (Taber Irrigation District and Cameron 
Ranch area) than from Fincastle to Medicine Hat. In the western 
portion 40 per cent of the classified acreage is Tl and 37 percent: is 
T2. In the eastern portion only 15 per cent is Tl and 45 per cent T2. 
The Taber District was formed in 1920 and the original settlers pick- 
ed the better, more level, lands. There was no heavy earth moving 
equipment available at that time: however, a lot of the minor topo- 
graphie irregularities have gradually been removed. In general, 
the soi1 types that are satisfactory irrigation soils are on the better 
topographie types. 
Dcsign Criteria: 

Land levelling is probably the most intensive practice that is ap- 
plied to agricultural land and Will have little value unless it is 
done with the aid of experienced personnel. The mechanics of land 
levelling are essentially an engineering operation, but the finished 
product represents a practical application of both agronomie and 
engineering techniques and, therefore, requires a high degree of 
CO-ordination between the two technical fields. 
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In the design of a levelling job, the following factors must be 
considered: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
(7) 
(8) 

The depth and characteristics of the soil; this may Iimit the 
maximum depth of tut. 
The land slope; this influences grades, direction of irrigation, 
and method of irrigation. 
The extent of surface irregularities; this determines the divi- 
sion of an area into smaller fields or benches. 
The water supply; this influences the Iength of run, grade, 
width of border strips and sometimes method of irrigation. 
The crops to be grown; this determines the method of irriga- 
tion that should be used. 
Economie considerations. 
Farmer preferences. 
Equipment available. 

The soi1 type is of major concern in designing an irrigation lay- 
out. The designer must know the depth of the solum, the texture 
of each horizon, the infiltration rate and the moisture-holding 
capacity to a depth of at least four feet. The length of runs must be 
long enough to insure wetting to a four-foot depth at the end of the 
run, and short enough to prevent deep percolation below the four- 
foot depth at the beginning of the run. 

The average field tut in the St. Mary and Milk River Project 
ranges from 0.5 to 2 feet. Cuts of over 2 feet, which expose under- 
lying till, should be avoided except for smaller areas. Levelling on 
the Chin and Shallow Chin soils, if kept to the depths indicated. 
have not presented any serious problem where follow-up cultural 
recommendations were followed. 

Shrinkage in fi& varies according to the depth of the tut and 
the texture of the soil. Therefore the percentage of tut over fil1 
should be adjusted according to the following tables: 

Average Cut Overcut Requirements 
0.0 - 0.2’ 100:; 

.2 - .4’ 40 - 75% 

.4 - 1.0’ 30 - 40% 
over - 1.0’ 20 - 40% 

Lighter textured soils generally require a larger overcut than 
fine to medium textured soils. 

Levelling Requirements as Related to Methods of Irrigation: 
The method of irrigation which is to be used often determines 

the amount of land levelling required. Israelsen (1944) defined the 
efficiency of any method of irrigation as the ratio of the amount 
of water that is stored in the soi1 root zone to the amount of water 
delivered to the farm. Practical efficiencies that cari be expected on 
levelled land for the following methods of irrigation are: Basin 
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and Level Border-s: 60r& - 8OT; Border Dykes: 607* - 75%; Fur- 
rows: 555~ - 70’3.; Corrugations: 5Ov - 70$% ; Contour Ditch: 50% - 
55’j/r. If the method of irrigation is chosen according to the soils, 
topography, and crops to be grown, the degree of land levelling may 
vary from method to method. A smaller amount of land levelling 
may be required to reach maximum efficiencies when methods of 
irrigation that allow greater variation in transverse and downfield 
slope are used. Wherever possible, the method of irrigation pro- 
viding the highest efficiency of water application should be chosen. 

Land levelling removes surface soi1 from the tut areas and 
therefore exposes the subsoil. The subsoil is much lower in organic 
material than the original surface: it may be high in lime carbonate 
(whitish in color) ; and it usually is more compact and of finer tex- 
ture (contains more clay) . It may, therefore, be inferior, particular- 
ly for seed germination, than the original surface soil. One method 
of levelling is called trenching. This consists of cutting trenches 
or strips below the desired grade throughout the tut area and later, 
borrowing topsoil from adjacent, untouched strips to bring the area 
to grade. There is some mixing of topsoil and subsoil, but it does 
avoid complete removal of a11 topsoil from any portion of the field. 
The extra cost involved varies according to the soi1 profile and the 
amount of levelling done. 

The problem of bringing non-trenched areas back into production 
is primarily one of introducing sufficient amounts of organic matter 
into the soi1 and stimulating biological activities. The best way of 
doing this is by planting green manure crops or by applying manure 
to unproductive areas. This should be followed by applications of 
commercial fertilizer. Many farmers who have followed one or 
more fertility improvement practices have reported 80 to 100 per 
cent of normal production within three or four years. 

There are other problems associated with land levelling. One 
is the slow infiltration of water in tut areas. Chiseling or subsoiling 
to a depth of at least eight inches immediately after levelling Will 
facilitate the entry of air and water into the exposed subsoil. Frost 
action also tends to improve infiltration. Another problem is one 
associated with the loose, coarse textured soils, e.g., Cavendish loamy 
sands. These may erode with the wind before a caver trop is estab- 
lished. In some instances it may be necessary to spread straw or 
manure on the vulnerable spots until a trop is established. 

Perennial crops, such as alfalfa, should not be planted just after 
levelling. Fills Will settle and cuts Will “fluff UP” and leave the 
surface uneven when water is applied. It is better to plant an an- 
nual trop the first year. When the trop is off, the low spots cari be 
filled in by floating and the field put into a more permanent condi- 
tion. 

In concluding this discussion it should be pointed out that the 
use of sprinkler irrigation is an alternative to developed surface 
methods. There are specific conditions where sprinkler irrigation 
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has definite advantages: for example, when irrigating very sandy 
soils and when growing certain specialty crops that require frequent 
light applications of water. The choice between the two methods 
becomes quite significant when considering the irrigation of an area 
that requires over 300 cubic yards per acre to level. 

When considering a sprinkler system versus land development 
for any particular area, the following factors should be considered 
for both systems: (1) Initial cost, (2) Water supply, (3) Deprecia- 
tion, (4) Operating costs, and (5) Efficiency. 

(1) 

(2) 

(3) 

(4) 

(5) 

Initial cost: the price paid for a sprinkler system or in the 
case of land development, the cost of land levelling plus 
ditches, control and outlet structures. 
Water supply available: sprinklers are suited to smaller 
heads of water whereas developed lands cari handle large 
heads. This affects the irrigation interval, and therefore 
the number of acres that cari be irrigated per day. 
Depreciation: the expected decline in value of each system 
due to obsolescence or wear and tear. This must be express- 
ed as an annual percentage of the initial cost. 
Operating costs: this includes fuel, repairs and maintenance, 
and labour, for sprinkler systems versus repairs, mainten- 
ance, and labour for developed surface methods. These must 
be expressed as a cost per unit of water applied. 
Efficiency: this is the amount of water that is stored in the 
root zone compared to the amount of water delivered to 
the farm, expressed as a percentage. Losses are due to 
run-off and/or deep percolation. 

The relative suitability of developed surface methods versus 
sprinklers for a specific area Will be determined by the limiting 
factors of either system. In general, these would be operating costs 
and the influence of wind for the sprinkler method and soi1 and 
topography characteristics for surface irrigating methods. 
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APPENDIX II 

DRAINAGE AND SALINITY OF THE S.M.R.D. PROJECT 
R. A. MILNE* AND L. D. M. SADLER** 

Drainage, as used in this report, means the removal of excess 
water and/or excess salt from irrigated land by artificially con- 
structed drains. These may be either surface or sub-surface drains. 

Surface drains are primarily for the removal of excess precipita- 
tion and irrigation waste water from the surface of the land. They 
are used to prevent flooding and, if adequate, Will minimize the need 
for the installation of the more costly sub-surface drains. 

Sub-surface drainage is for the removal of ground water to a 
depth sufficient to prevent waterlogging and salt accumulation 
within the root zone. Sub-surface drainage usually takes one of 
two forms: intercepter or relief drainage. Intercepter drainage is 
employed to intercept or tut off seepage or ground water flow 
coming from canais, laterals or reservoirs. Such drains may be 
shallow or deep, open or closed (tile) , depending on soi1 conditions 
and the extent of the problem. Relief drainage is usually employed 
where ground water is prevented from naturally draining away due 
to an impervious subsoil or undesirable topographie conditions. 
TO be effective, both relief and intercepter drains must be at least 
six to eight feet deep. 

Surface and sub-surface drains usually connect to outlet drains. 
These outlet drains are generally open and empty into main trunk 
drains. There should be at least one outlet drain to each quarter 
section of land. 

The need for drainage arises from over irrigation, the lack of 
natural run-off, and seepage from laterals, canals, and reservoirs. 
Seepage is considered to cause about 75 per cent of the salinity 
problems in the irrigated areas of Alberta. 

The need for surface drainage is usually directly related to topo- 
graphy. Rough topography makes for less efficient application of 
irrigation water and to local ponding (very flat land also presents a 
problem in the removal of excess water) . 

The western portion of the S.M.R.D., from Burdett to Coaldale, 
is mainly of gently sloping land well suited to irrigation (mainly Tl) . 
East of Burdett there is much more irregular topography (T2 and 
T3). In this latter area considerable emphasis is now being placed 

*Soi1 Specialist, Canada Department of Agriculture, Research Branch, Lethbridge, 
Alberta. 

**Superviser of Soils and Drainage, Alberta Department of Agriculture, Colonization 
Branch, Lethbridge, Alberta. 
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on land levelling to improve surface drainage conditions and to 
prevent the initial build-up of water tables in areas that would pond. 

Soil type as related to drainage and saliity 
Soils differ in their reaction to the application of irrigation water 

and to the transport of water via canais and laterals. 
The Cavendish soils are coarse textured and have a water stor- 

age capacity of from less than one inch of water per foot to about 1.5 
inches per foot. Generally, values less than one inch per foot in 
the top four feet are considered low for irrigation. The hydraulic 
conductivity (permeability to water) of these coarse textured soils 
is high and often is over five inches per hour. Hydraulic conductivi- 
ties of over five inches per hour, coupled with low water holding 
capacity, usually result in a rapid build-up of water table, parti- 
cularly when the coarse textured material is underlain at a relatively 
shallow depth by a slowly permeabIe material such as till. Because 
of the above physical characteristics canal seepage is frequently a 
problem in the areas of Cavendish soil. Intercepter and relief drain- 
age and canal lining have been necessary in these areas. These soils 
have responded well to the sub-surface drainage that has been in- 
stalIed in recent years. 

The medium textured Chin loams and Shallow Chin loams 
occupy the major portion of the project. Glacial till occurs at 
varying depths on these soils, usually from two to eight feet from 
the surface. Under heavy irrigation there is often a temporary 
water table build-up above this till contact. However, unpublished 
data obtained on the Bow River and St. Mary and Milk Rivers 
projects showed that such soils generally have reacted favorably to 
irrigation. There has been a marked decrease in salts in the profile 
under normal irrigation indicating a favorable downward movement 
of water in these soils. The hydraulic conductivity of the under- 
lying till is low but deep percolation appears to have taken place 
and the drainage waters have followed bedrock strata to seepage 
outlets along the Oklman River valley. Shallow drains have shown 
promise in tests to date but costs would be high. Tests using deep 
tile drains in the till have not perfomed well to date. This empha- 
sizes the importance of using good irrigation practices on such soils. 

The finer textured Coaldale silty clay loam has a low infiltration 
rate and ponding often occurs after an irrigation-particularly 
if followed by rain. These soils, however, have a higher water 
storage capacity than the Chin and Cavendish soils. 

Al1 the soi1 series discussed above have responded favorably to 
irrigation providing problems of seepage and surface drainage have 
been kept under control. The presence of large quantities of gypsum 
and lime in these soils is considered to have helped to maintain suit- 
able permeability to water. 

The Solodized Solonetz soils such as the Wardlow, Hemaruka, 
and Patricia soi1 series have not reacted favorably to irrigation. 
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These soils are high in exchangeable sodium and.have horizons of 
low permeability to water. Application of irrigation water has 
tended to build up higher concentrations of salts near the surface 
because of poor sub-surface drainage conditions. However, they 
vary in the content of exchangeable sodium and in the depth at 
which the high sodium occurs. Therefore, some may respond more 
favorably to irrigation than others. In general, however, they are 
considered as non-arable and due to the very low hydraulic con- 
ductivity of the subsoil, sub-surface drainage is usually impractical. 
In this area these soils often occur in association with Orthic and 
Eluviated Brown soils and the desirability of these mixed areas is 
generally directly related to the percentage occurrence of the Solo- 
netzic types, Up to the present no satisfactory method of irrigat- 
ing these Solonetzic soils has been found. 

Several variations of the above soi1 conditions occur on the 
S.M.R.D. The area south and east of Horsefly Lake, for example, 
is underlain at varying depths with shale, sandstone, and coal 
strata, having poor vertical permeability. In these areas seepage 
water from the main canal and from natural precipitation often 
moves along these beds, eventually coming to the surface on farm- 
ed lands lower down the slopes. Intercepter drainage has been 
successful in preventing the accumulation of water and salt in these 
areas. 
Water table conditions 

Water table studies have been carried out by the P.F.R.A. 
Drainage Division and the Colonization Branch, Alberta Depart- 
ment of Agriculture on a continuous basis under several soi1 con- 
ditions in the S.M.R.D. In the Cavendish soils near Taber-that 
have been under intensive irrigation-the water table rose each 
spring to about five feet from the surface. It receded to about ten 
feet during the winter. Similar trends were shown in the Chin soils. 
In the Chin loam overlying Sand, water tables remained below eight 
feet throughout the year. Water tables in the Shallow Chin soils 
tended to rise to about two feet from the surface during the irriga- 
tion season but receded to eight or more during the winter period. 
In the finer textured Coaldale silty clay loams, water tables remain- 
ed at 19 feet. Al1 the above sites were in the intensively irrigated 
areas. The above trends would indicate that there is some con- 
tinual removal of ground water through deep percolation. Ground 
water in the coarser textured soils tended to be lower in salts than in 
the finer textured soils varying from 1,500 p.p.m. to 7,000 p.p.m. 
It shguld be pointed out that the above conditions occurred where 
normal irrigation conditions existed. Extreme deviations from the 
above do occur because of poor surface drainage or seepage. 
What does drainage cost? 

On the basis of present construction costs open ditches cari be 
calculated on the basis of twenty-five cents per cubic yard of excava- 
tion under good conditions. Thus a drain eight feet deep with two 
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to one side slopes and three foot bottom would cost approximately 
$1.40 per lineal foot or $7,300.00 per mile. 

Tile drainage varies in cost from $1.00 per lineal foot to $3.00 per 
lineal foot, depending on the size of tile required, depth of instal- 
lation, stability of the soi1 material, and equipment used. The main 
advantage of tile drains is low maintenance costs. 

Canal lining is often employed where interception drainage is 
impractical or too costly. However, seepage from large canais, such 
as from the S.M.R.D. main canal, must generally be controlled by 
drainage since lining costs would outweigh drainage costs. 

A number of laterals in the S.M.R.D. have been lined with six 
millimeter thick polyethylene plastic that costs about six cents 
per square foot. Thus a delivery lateral with four turnouts would 
cost $1.00 per lineal foot, or a farm head ditch approximately sixty 
cents per lineal foot, for complete installation and backfill. It is ex- 
pected on the basis of present knowledge that the lining Will last 25 
to 50 years. 

As an alternative to installing drains in areas where a local 
seepage problem has developed some farmers are seeding sait 
tolerant grasses and clovers. If the water table tends to recede 
during the winter these grassed areas cari be fa11 irrigated to move 
the salts down at a time when evaporation is lowest. The grass caver 
also tends to reduce the movement of salts to the surface as compared 
to bare summerfallow. 
Prevention cheaper than the cure 

The foreging discussion has dealt in a general manner only with 
the drainage and salinity problems that may be encountered on the 
S.M.R.D. A number of other combinations of soi1 and topographie 
conditions could also necessitate the construction of drains. 

It has been pointed out that deep drainage is costly. For this 
reason the importance of adequate land classification, good irrigation 
practices, proper land preparation, and the maintenance of good 
surface drainage should be emphasized. Also, it is essential that 
canais and laterals be SO constructed that seepage losses from them 
Will be insignificant. 

Waterlogging and salinity is costly to the irrigation district and 
to the farmer. It cari be prevented; but only through the combined 
efforts of the farmer and the project management, as well as con- 
tinued research. 
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APPENDIX III 

SOIL MANAGEMENT AND FERTILITY 
G. C. RUSSELL*, S. DUBETZ+*, AND K. K. KROGMAN** 

Under natural conditions water has been the most important 
limiting factor in trop production in the area covered by this report. 
Water is not a limiting factor in irrigation farming if it is applied 
in sufficient quantity at the proper times. Crop production then 
becomes dependent mostly on soi1 fertility. The development of 
irrigation involves high capital costs, and, therefore, management 
practices that Will bring about the greatest yields must be followed. 
Wherever possible, those crops that Will bring high returns per acre 
should be grown. It is uneconomical to summerfallow irrigated 
land unless a land-levelling program or a serious weed infestation 
makes it necessary. In the following discussion it is assumed that 
efficient irrigation practices Will be followed and that provisions Will 
be made to remove excess water. 

Barnyard manure, legume crops, and commercial fertilizers cari 
be used to build up the fertility of a soil. A ton of barnyard manure 
contains an average of 10 pounds of nitrogen, 2.2 pounds of phos- 
phorus, and 8.3 pounds of potassium. If fairly large amounts of 
manure were used, it would be possible to obtain high trop yields 
without the use of any commercial fertilizer. 

Barnyard manure and green manures Will improve the physical 
conditions of a11 the soi1 in this area. An improved physical con- 
dition imparts better structure and tilth to the soi& increases its 
water-holding capacity, and improves aeration. This is particularly 
true of clayey soils and very sandy soils. The possibilities of grow- 
ing good pastures, of obtaining high forage yields, and using specialty 
trop by-products favour the raising of livestock on an irrigated 
farm. Besides being profitable, the livestock are a source of manure. 

Because manure is usually limited, farmers have been relying 
primarily on the use of commercial fertilizers for improving the 
fertility of their soils. However, it must be remembered that the 
use of fertilizers should not be considered a substitute for other 
sound farm practices, including the periodic inclusion of organic 
matter. The soils of southern Alberta generally are lacking in 
phosphorus and nitrogen and, therefore, fertilizers containing either 
or both of these nutrients should be used. TO date there has been no 
yield response to potassium fertilizer in the major soi1 types covered 
in this report. The yields of legume crops such as alfalfa are profit- 

*Chief, Soils Section, Research Station, Canada Department of Agriculture, Letbbridge. 
**SO~IS Speciaiists, Soils Section, Research Station, Canada Department of Agriculture, 

Lethbridge. 
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ably increased with phosphorus fertilizers. Most of the other crops 
Will respond to some phosphorus fertilization. Grasses and cereals 
require some phosphorus but Will respond mostly to nitrogen ferti- 
lizers. 

Farmers may find that newly irrigated soils Will respond to fairly 
heavy rates of nitrogen fertilizer during the first few years after the 
changeover from dry-land to irrigation farming. Because high 
rates of nitrogen fertilizer cari be harmful to the germination of some 
seeds, particularly in dry years, farmers would be advised not to 
place the high rates of nitrogen near seeds but to broadcast the 
fertilizer and work it into the soi1 prior to seeding. 

There are, however, certain differences in fertilizer response 
between the various soils found in the S.M.R.D. The response of 
the legume crops to phosphorus is usually greater on the coarse 
textured soils than on the fine textured soils: that is, the greatest 
response has been on the Cavendish sandy loam, Chin light loams, 
and Chin loams over Sand. Specifically with alfalfa there appears to 
be a greater response to phosphorus fertilizer on the Shallow Chin 
loams, Shallow Cavendish sandy loams, and Maleb loams than on 
the Lethbridge loams, Chin loams and silt loams, and the Coaldale 
silty clay loams. 

Soils in their native or newly broken condition appear to be about 
borderline in available phosphorus content, but available nitrogen is 
almost always in limiting supply. Thus, grass and cereal crops 
Will respond well to relatively heavy applications of nitrogen when 
grown under irrigation. Phosphorus deficiency may not appear at 
first, but after a relatively short cropping history this element. too. 
is likely to become limiting in supply unless some phosphorus-carry- 
ing fertilizer is applied. The need for phosphorus fertilizer in com- 
bination with nitrogen is greatest on the coarse textured soils and 
soils where the glacial till is close to the surface. These include the 
Cavendish, Shallow Chin, Maleb, and Pemukan soils. There seems 
to be lesser need on Seven Persons clay, Lethbridge loam. and Coal- 
dale silty clay loam. 

Cropping problems on the Solonetzic soils (Sterling clay. Hema- 
ruka loam, Wardlow loam, and Patricia silty clay loam) are mainli 
associated with the physical properties of these soils. particularly 
that of the horizon just at or below plough depth. but their fertilit‘r 
may also be relatively low. Although the acreage of these soils 
presently irrigated or likely to be developed for irrigation in the 
S.M.R.D. is comparatively small. the soils present a serious problem 
where they may be found as a part of an irrigated farm or field. 
Heavy applications of barnyard manure. well worked into the soil. 
Will improve the tilth of these soils and Will. to some extent. improve 
their fertility. However, like the rest of the soils in the area. nitro- 
gen and phosphorus fertilizers should also be used. Where barnJ?ard 
manure is not available for application at rates of 10 tons per acre 
or more, green manure crops should be used. 
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In a few isolated instances Regosolic soils (dune sand or recent 
alluvium) may be included in fields being brought under irrigation, 
Dune sands are very low in fertility and require large amounts 
of ogranic matter and commerical fertilizer to bring their productive 
capacity up to an economic level. Recent alluvium would be more 
fertile, but it is subject to erosion from river flood water and spring 
run-off. Dune sand is subject to wind erosion. Therefore, as much 
manure or trop residues as possible should be incorporated into 
these soils. 

Much of the land in the S.M.R.D. requires at least some levelling 
for the most efficient irrigation by surface methods. Mild to severe 
reductions in yield result when the topsoil is removed by land- 
levelling operations, because the subsoils are less fertile. The 
severity of yield depression due to topsoil removal depends on the 
depth of tut but cari be expected to be greater on Brown soils 
than on Dark Brown soils. Removal of the topsoil of the Chin 
loams, and in particular Shallow Chin loam, the shallow phase, 
results in a relatively greater depression in yield than on soils be- 
longing to the Cavendish, Lethbridge, or Coaldale series. Where 
possible, some topsoil should be replaced during land-levelling 
operations. 

Where the subsoil is exposed by land-levelling or by erosion, 
barnyard manure or trop residues should be worked into the soi!. 
A nitrogen-phosphorus fertilizer should be used as well as the 
manure. If it is not possible to manure these plots immediatel:;, 
commercial fertilizer applied at relatively high rates would be 
necessary and may be profitable. A green manure trop, usually 
sweet clover, may be substituted for barnyard manure. This trop 
should be ploughed down at the early bloom stage and the land 
disked to incorporate the plant material into the soi1 and then ir- 
rigated. 
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GLOSSARY 

Soi1 Horizon Nomenclature 

Organic Horizons 
L-An organic layer characterized by the accumulation of or- 

ganic matter in which the original structures are definable. 
F-An organic layer cha,racterized by the accumulation of partly 

decomposed organic matter. The original structures are dis- 
cernible with difficulty. Fungi mycelia often present. 

H-An organic layer characterized by an accumulation of de- 
composed organic matter in which the original structures are 
undefinable. 

Master Minera1 Horizons 
A-A minera1 horizon or horizons formed at or near the surface 

in the zone of maximum removal of materials in solution and 
suspension and/or maximum in situ accumulation or organic 
matter. It includes: 
(1) horizons in which organic matter has accumulated as a 

result of biological activity (Ah) ; 
(2) horizons that have been eluviated of clay, iron, aluminum, 

and/or organic matter (Ae) ; 
(3) horizons dominated by 1 and 2 above but transitional to 

underlying B or C (AB or A and B) ; 
(4) horizons ma,rkedly disturbed by cultivation or pasture 

(AP). 

B-A minera1 horizon or horizons characterized by one or mole 
of the following: 
(1) an enrichment (exclusive of dolomite or salts more 

soluble in water) in silicate clay, iron, aluminum, and/or 
illuvial organic matter (Bt, Bf, Bh, Bfh) ; 

(2) a prismatic or columnar structure which exhibits pro- 
nounced coatings or stainings and characterized by the 
presense of significant amounts or exchangeable sodium 
and/or magnesium (Bn) ; 

(3) an alteration by hydrolysis or oxidation to give a change 
in colour and/or structure and does not meet the require- 
ments of (1) and (2) above (Bm) . 

C-A minera1 horizon or horizons comparatively unaffected by 
the pedogenic processes operative in A and B, excepting (1) 
the process of gleying, and (2) the accumulation of dolomite 
and salts more soluble in water (Cca, Csa, Cg, and C) . 
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Lower Case Suffixes 
ca-A horizon with secondary carbonate enrichment. 

e-A horizon characterized by the removal of clay, iron, alumi- 
num or organic matter. Lighter in colour by 1 unit of value 
or chroma when dry than the layer below (eluviated). 

g-a horizon characterized by reduction and grey colors; often 
mottled (gley). Weak gleying as indicated by mottling is 
shown by gj. 

h-A horizon enriched with organic matter. When used with 
A it must show at least one Munsell unit of value darker than 
the layer immediately below (humus). When used as thc 
only suffix to B(Bh) this horizon must contain 10 per cent or 
more of organic matter. 

j-A horizon whose characteristics are wea.kly expressed. It 
must be used with some other suffix. 

k-Presence of carbonate as indicated by visible effervescence 
with dilute HC1 (kalk). 

m-A horizon slightly altered by hydrolysis, oxidation and/or 
solution to give a change in colour and/or structure (mel- 
lowed) . 

n-A horizon with distinctive morphological and physical char- 
acteristics as shown by black or dark colourations or coatings 
on the surface of the peds and characterized by prismatic or 
columnar structure of hard to very hard consistency when 
dry. It contains more than 12 per cent exchangeable sodium 
or more than 50 per cent exchangeable sodium plus mag- 
nesium (natrim) . 

sa-A horizon with secondary enrichment of salts more soluble 
than carbonates. 

s-A horizon with salts including gypsum which may be detected 
as crystals or veins, or as surface trusts of salt crystals, or by 
distressed trop growth, or presence of salt tolerant plants 
(Salt). 

t-A horizon enriched with silicate clay (ton). 

Notes 
1. Lithologic changes are indicated by Roman Numeral prefixes 

(1 to be assumed). 
2. Horizon subdivisions are shown with Arabie Numerals used 

as suffixes. 
3. If more than one lower case suffix is required and if one only 

is a weak expression then the j is linked to that suffix with a 
bar, i.e., Ahej. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Types of Parent Material 
Aeolian deposits: Medium to coarse textured stone free deposits 
that usually occur in dune like topography. 
Alluvial deposits: Medium to coarse textured deposits (often 
gravelly). Usually these occur on level to gently undulating 
topography. 
Alluvial aeolian deposits: These are areas where both alluvial 
and aeolian deposited materials occur: usually areas where part 
of that material that was originally deposited by moving water 
has been resorted by wind action. 
Alluvial lacustrine: Medium textured fairly uniform deposits 
that usually occur on level to gently undulating topography. 
Lacustrine deposits: Fine textured, stone free, uniform deposits 
that are usually on depressional to very gently sloping topo- 
s-aphy. 
Outwash deposits: Coarse textured materials (often very gravel- 
ly) usually on fairly level topography. 
Residual material: This, as used by the Soi1 Survey, refers to 
areas where the underlying bedrock is at, or is very close to, 
the surface. Surface stones may occur if the original till mantle 
has been eroded off. The topography is usually gently undulat- 
ing. 
Till: A heterogeneous mixture of stones, gravel, Sand, silt, and 
clay, and usually on undulating to hilly topography. 

Miscellaneow Terms 
Availa,ble plant food: Plant nutrients in soluble form, readily avail- 

able to the plant roots. 
Calcareous material: Material having a significant amount of lime 

ca,rbonate. 
Friable: Easily crushed with fingers, non-plastic. 
Horizon (Soil): A layer in the soi1 profile approximately parallel to 

the land surface with more or less well defined characteristics. 
They are produced through the operation of soi1 building pro- 
cesses. 

Impervious material: Materials which resist the passage of drain- 
age water and plant roots. 

Lime: As used in the profile description it means calcium carbon- 
ate, magnesium carbonate, and calcium-magnesium carbonate. 

pH: a measurement of relative acidity and alkalinity in soi1 and other 
materials. A pH of 7.0 indicates neutrality, higher values in- 
dicate alkalinity and lower values indicate acidity (sourness). 

Profile: A vertical section of the soi1 through a11 its horizons and 
extending into the parent material. 
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Series (Soil) : A group of soils having horizons similar in distinguish- 
ing characteristics and arrangement in the profile, except for the 
texture of the surface soi& and formed from the same parent 
material. 

Structure (Soil): The arrangement of soi1 particles into aggregates. 
Often one type of aggregation occurs within another for ex- 
ample, columnar structures cari often be broken down to a 
blocky structure. In this case the columnar structure is called 
macrostructure and the blocky structure the mesostructure. 
Blocky: Block-like aggregates with angular corners. 
Columnar: Fairly large aggregates with the vertical axis usually 

considerably longer than the horizontal axis and with well 
defined edges. The tops may be rounded. Usually hard. 

Granular: Aggregates more or less rounded and with smooth 
faces. Usually friable. 

Massive: Large cohesive masses of soi1 with il1 defined irregular 
cleavage faces. 

Platy: Thin plates or aggregates in which the horizontal axis is 
longer than the vertical. 

Prismatic: Fairly large friable aggregates with the vertical axis 
longer than the horizontal axis, and with fairly well defined 
edges. The tops are usually flat. 

Texture: This refers to the relative proportion of the various size 
groups of individual soi1 grains. Grains larger than 0.05 mm. are 
called Sand, grains from 0.05 to 0.002 mm. are called silt; and grains 
less than 0.002 mm. in diameter and are called clay (fine clay 
is less than 0.2 microns). Soils dominantly sandy are referred to 
as coarse textured; soils dominately clayey are referred to as fine 
textured; those in between as medium textured. Sand, loamy 
Sand, and sandy loam are coarse textured; loam, silt loam, and 
most clay loams are medium textured; silty clay loams, some clay 
loams and clays are fine textured. 

Varving: A succession of thin layers of materials usually coarse 
grained at the base and fine grained at the top. 






