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Soil Survey of the Saskatchewan River Delta Project

Soil Surveys of the Delta Area 1950-1963

In 1950 the Saskatchewan Soil Survey carried out preliminary traverses

in the lowlands northeast of Carrot River (1). A report was published in

which it was concluded by the authors that "It is equally clear that drainage

is essential before any actual settlement can be undertaken and it is the

opinion of the Soil Survey that engineering surveys should precede any further

soil surveys in this particular area. Engineering surveys are required, first

to determine whether drainage is possible, second, whether it is feasible, and

last but not least, to determine what effect drainage will have upon water

levels, forest lands, existing muskrat production, etc. These views have been

discussed with representatives of the Departments of Natural Resources and

Agriculture, and agreement has been reached as to the desirability of studying

all factors before making final decisions on future land utilization".

In 1951 the Department of Natural Resources planned a social and economic

study in the Cumberland House Area and requested a soil survey. This resulted

in a report (2) which covered "the areas of Spruce (or what is now referred

to as Farm Island) and Cumberland Islands in the>vicinity of the settlements

of Cumberland House and Pemmican Portage". From this survey the authors

concluded that "The Cumberland and Sipanok soils appear suitable for arable

agriculture or the production of hay and pasture if adequate drainage is

established and maintained .. the areas known as Goose Lake and the Farm

Marsh should possibly be restricted for the immediate future to hay and pasture

production; cultivation for coarse grains, etc. should be developed on the

less poorly drained areas of these soils. The areas of stony wooded soils

extending from the Cumberland settlement and southwestward from the Pemmican
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Portage road could be utilized for dwellings, barns and stockyards. (This

ensures some protection at the time of floods and provides winter shelter

for livestock). The moderately stony, lake-modified clays occurring in the

vicinity of the Cumberland settlement appear to have little use except for

gardens, poultry runs, and such like. The large area of stony upland podzol

soils mapped in the Kakwa Association and lying within the present boundaries

of the Indian Reserve would appear most suitable for reforestation. Certainly,

it cannot be considered as suitable for agricultural development".

In 1952 the Soil Survey was requested by the Conservation and

Development Branch to survey the area between Kennedy Creek and the Manitoba

border. Thus an exploratory type of survey was carried out and in the

accompanying report (3) the authors concluded that "The Preliminary Soil

Survey of the Lower Saskatchewan Valley indicates the occurrence of a large

area of potentially arable land adjacent to present settlement and favorably

located with reference to extension of rail and road communications. However,

it must be emphasized that the development of such an area depends on important

factors beyond the scope of this report. The physical feasibility of drainage

and flood control, and the economics of development have yet to be established.

The area includes portions of two provinces and any development would necessitate

Provincial and Federal agreements on water rights and general development

policy".

On March 6, 1953 a meeting (4) of P.F.R.A. officials and officials of

the Governments of Manitoba and Saskatchewan was held at the Saskatchewan

Government Administration Building, Regina. Several important decisions were

made regarding the Delta area; not the least of which was that the P.F.R.A.

Engineers were to study the problem of drainage and reclamation.

In 1957 the Deputy Minister of Agriculture requested that a survey be



- 3 -

carried out in the area from the edge of settlement east to Kennedy Creek. In

the soils report (5) which accompanied the map the author states, "To summarize

the acreage of the map sheet west of Kennedy Creek, it can be stated that of

the total 153,000 acres, 18,000 are now being developed, 25,000 acres are

potentially arable, and 110,000 acres are unsuitable for agriculture".

On October 24, 1963 an Order-in-Council established the terms of

reference for studies, so that knowledge might be acquired regarding alternative

land use in the Delta area. The Order-in-Council authorized the Minister of

Agriculture to establish the Saskatchewan River Delta Committee to report on

the various land use alternatives. Subsequently the Saskatchewan Soil Survey

was requested by the Conservation and Development Branch to co-operate with them

in a survey of the Delta area. Thus preliminary traverses by helicopter were

made in November, 1963. In a brief report (6) submitted to the Minister of

Agriculture it was stated that "The most important discovery gained by the

flight is the extreme wetness of the area. It was suspected that the areas

surrounding the interior lakes would be wet, but the presence of such a large

amount of saturated bog was surprising". It was concluded that the survey

should determine the depth of the organic cover throughout the area and the

kind of mineral soils that underlie the organic cover.

The foregoing therefore is a record of the involvement of the Soil

Survey in studies dealing with Delta area up to 1963. The following material

is the result of surveys conducted in 1964 and 1966 to assess the Delta area

for "agricultural purposes" (7). Mr. D. Graveland, Supervisor, Land

Classification, Conservation and Development Branch was assigned by the

Provincial Government to work with the Soil Survey.
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Method of Survey

Due to the extreme wet conditions which exist in the Delta area it was

wisely decided that helicopters fitted with floats would be used as a means of

transportation. The Conservation and Development Branch hired two helicopters

from Athabasca Airways. The pilots Messrs. R. Rasmussen and D. Montgomery

were most obliging and the survey staff is very appreciative of the many services

they carried out during the course of the survey.

Two base camps were established during the course of the survey. These

camps were essentially fuel dumps. From these sites some 400 air hours were

logged to complete the survey. The first campe was on the north side of the

Pasquia Hills on Highway 109 just above the drop off to the lowlands at about

mile 54. The survey personnel obtained board and room at Bainbridge Court

which is operated by Mr. and Mrs. Smith. These people were most hospitable

and the survey personnel wish to express their appreciation for services

rendered. From this camp the eastern portion of the area was surveyed.

The next camp was established near Squaw Rapids. From here the west

portion of the area was surveyed. The survey personnel lodged in Carrot

River and motored back and forth from there to the camp.

The Department of Natural Resources were at this time constructing a

road from Squaw Rapids to Cumberland House. The survey group were able to

obtain meals at the D.N.R. cook car and take this opportunity of expressing

their thanks to the foreman and the cook.

The survey consisted of traversing the area by helicopter. Aerial

photographs at a scale of approximately 2 inches to the mile were used and

inspections were made on a grid-like pattern approximately 1 to l~ miles apart.

These distances were governed by the suitability of landing sites. The pilots
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were responsible for these decisions and they are to be commended for their

efforts to keep the inspection sites at fairly regular intervals.

At each site the depth of the peat to the mineral soil was determined

as was the nature of the mineral soils. Some 800 soil samples were collected

and forwarded to the Canada Department of Agriculture Laboratory at Vauxhall

for analyses. Also 16 bushel bags of peat were collected throughout the area

for fertility studies at the Soil Science Department in Saskatoon.

Throughout the survey the lakes were sounded to correlate the lake

depths and peat depths. Shore lines on many of these lakes are non-existent

and the peat which surrounds the lakes shifts and moves so that the shape

of the lakes can vary considerably.

General Description of the Area

The area under discussion in this report is bordered on the west by

Kennedy Creek and the New Channel, on the north by the Centre Angling River,

Muskeg Lake, Cumberland Lake, Tearing River and the Saskatchewan River, on the

east by the Manitoba-Saskatchewan boundary and on the south by the Carrot

River. The area is therefore about 50 miles east and west and varies from 12

to 25 miles north and south. It comprises some three-quarters of a million

acres. The western fringe of the area may be reached by road from the towns

of Nipawin and Carrot River in Saskatchewan. The eastern side can be approached

from Highway 109 which links Hudson Bay in Saskatchewan with The Pas in Manitoba.

The above area can be divided into two physiographic regions as follows:

1. The Saskatchewan-Carrot Triangle Flood Plain

This area commonly referred to as the "Carrot River Triangle"

constitutes the largest and most important portion of the region. It is

bounded on the north by the Old Channel of the Saskatchewan River, on the
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south by the Carrot River, on the west by Kennedy Creek and extends east to

the Manitoba-Saskatchewan border. The physiographic region itself extends over

the provincial boundaries to the junction of the Carrot and Saskatchewan Rivers,

2 miles west of The Pas in Manitoba. The portion of the triangle in Sask-

atchewan occupies some 675,000 acres of undeveloped bogs and lakes and is the

habitat of water fowl, fish, aquatic fur bearing animals, and moose and deer.

2. The Cumberland-New Channel Flood Plain

This area of about 75,000 acres lies to the north of the Carrot River

Triangle and includes Cumberland Island, Spruce Island and the island bounded

by the Old and New Channels of the Saskatchewan River and by Cumberland Lake.

The island between the Old and New Channels was formed in 1873 when the

Saskatchewan River cut a new channel from its old course into Cumberland Lake.

Cumberland Island and Spruce or Farm Island have some agricultural development

but the remainder of the area is undeveloped. The settlements at Cumberland

House and Pemmican Portage contain some 700 inhabitants of which about 157 are

Indian and the remainder are mainly Metis.

Physiography

The area lies in the physiographic division (8) referred to as the

Cumberland Lake Lowland. This is the western portion of the Manitoba Lowland

Region. In Saskatchewan it consists mainly of the lower portion of the broad

Saskatchewan River Valley.

This valley which is about forty miles wide, descends in a broad and

subdued plain from a general elevation of over 1,100 feet in the Carrot River

and Nipawin districts to an elevation of 852 feet in the flood plain at The Pas

where the combined rivers have cut a gap through higher morainic deposits to

reach Cedar Lake and eventually Lake Winnipeg.
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Geologically, the area may be co~sidered as a lacustrine plain

representing the westerly extension of a former series of glacial lakes

contemporaneous with Glacial Lake Agassiz in Manitoba. This lake plain has

been modified greatly by the subsequent activity of the rivers which have

cut valleys through the higher portions of the plain and laid down a pattern

of alluvial and flood plain deposits in the lower area. This process of

alluvial deposition is still active in the area.

The area between the Carrot and Saskatchewan Rivers which extends from

Kennedy Creek eastward to The Pas in Manitoba has a very gradual slope and an

overall fall of about 70 feet in as many miles. Within this area the local

relief is very slight, and the deposits are mainly lacustrine and alluvial

types.

The Saskatchewan and Carrot Rivers, below an elevation of approximately

920 feet, emerge into this area and flow eastward and have formed and are still

forming delta and flood plain deposits. The western boundary of these alluvial

deposits extends from below the Squaw Rapids on the Saskatchewan in a south-

easterly direction to below the Red Earth Rapids on the Carrot River. The

Sipanok Channel which connects the Saskatchewan and Carrot Rivers at high water

is sometimes taken as the western boundary, but the flood plain deposits appear

to extend westward from the Sipanok to the area of Kennedy Creek.

The northern boundary may be taken as that of the Saskatchewan River

and extends through the New Channel to Cumberland Lake, including the southern

part of Cumberland Island, and from these following a little north of the

Saskatchewan River to The Pas. The southern boundary of the alluvium extends

for a very limited distance south of the Carrot River.

Within this area the rivers have partially filled up a series of old



lakes which remained after Lake Agassiz had been drained. Today lakes like

Cumberland, Reader and Saskeram are being slowly fi 11 ed with alluvial sediments.

A number of interior creeks and rivers are found between the Saskatchewan and

- 8 -

Carrot Rivers, and flow through a series of small lakes in an easterly direction

and finally join the Carrot River near The Pas. The most important of these

interior streams are the Birch and Saskeram Rivers and the Elm and Petabec

Creeks. They probably represent the remnants of older channels of the

Saskatchewan and Carrot Rivers which have become cut off and partially silted

up.

The eastern portion of the flood plain does not appear to be as deeply

filled with lacustrine and alluvial deposits. A number of higher "islands"

of stony glacial till are exposed along the western side of Saskeram Lake near

the Carrot River adjacent to the Saskatchewan-Manitoba border. These small but

prominent islands of morainic material have little alluvial deposition on them

above an elevation of 858 feet, and presumably form part of a series of partially

submerged till ridges that run from the north side of Cumberland Island eastward

to a little north of Barrier settlement on the Saskatchewan River and then

extend southward along the west side of Saskeram Lake to the Pasquia River.

The alluvial-lacustrine plain is flat and lies below the flood levels

of the rivers which are meandering through it. The rivers are enclosed by

higher levee deposits along their banks. The levee deposits on the banks of

the Saskatchewan are about 10 feet higher than the lowland and vary from less

than 100 yards to over 1 mile in width. They decrease in width and height in

Manitoba. The levees on the Sipanok and Carrot Rivers are lower than those

on the Saskatchewan. The Sipanok levee banks decrease from about 10 feet in

height near the Saskatchewan River to 3 feet where the Sipanok joins the Carrot
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River. The levees on the Carrot River vary from 6 to 8 feet in Saskatchewan

and are very low in Manitoba. The interior streams such as the Birch, Elm

and Petabec all have levees varying in elevation from 2 to 8 feet and these

heights decrease rapidly as the streams flow eastward into Manitoba. The

levees on the Carrot and Saskatchewan appear high enough to prevent flooding

of the lowland except under conditions of very high water or ice jams. However,

when flooding of the lowland does occur these levees prevent drainage of the

excess water back into the river channels.

At the present time the lowland is receiving very little natural flooding

and alluvial deposition, but is being artifically flooded by means of ditches

leading from the Saskatchewan River. These ditches were constructed by agencies

interested in maintaining water levels which would facilitate the reproduction

of fur bearing animals and water fowl.

Climate

An assessment of the climate of the area may be obtained by studying

the meteorological records from Cumberland House in Saskatchewan and The Pas

in Manitoba. Both of these stations are located within the physiographic

region known as the Cumberland Lake Lowlands (8). Data from the Station at

Nipawin are also included for comparison. The following is a presentation

and discussion of some of the more pertinent climatic factors.



Jan. Feb. Mar. Apr. ~June July Aug. Sept. Oct. Nov. Dec.

Cumberland House 12.6 32.2 47.6 58.1 65.3 61.1 50.5 38.3 16.4

The Pas - 6. 1 -1.1 13.2 32.6 48.1 57.8 64.9 61.4 50.7 38.1 16.9 0.8

Nipawin -3.1 - 2.0 15.5 35.6 50.7 59.2 66.0 62.4 51. 6 39.3 18.2 3.4

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total

Cumberland House .92 .79 .90 .70 1.33 3.04 1.90 2.46 1.86 .89 1. 29 .94 17.02

The Pas .77 .78 .83 .93 1. 38 2.30 2.42 2.30 2.06 1.11 1.13 .97 16.98

Nipawin .61 .48 .89 1.17 1.50 2.96 2.11 1. 91 1. 62 1.09 1. 22 .86 16.42
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Temperature

Table 1. MONTHLYAVERAGES OF DAILY MEAN TEMPERATURE of.

The above table indicates that the mean daily temperatures are almost

identical for Cumberland House and The Pas. Nipawin's temperature is consistently

one to three degrees higher than that of the other two stations.

Precipitation

Table 2. MONTHLY AND ANNUAL PRECIPITATION IN INCHES

The total annual precipitation is very similar for all three stations

with about 10-11 inches falling during the growing season. Greatest precipitation

is during June, July and August hampering haying operations. Approximately

five inches of water will be stored in the form of snow ready for release

during the spring thaw.



misleading. Frequency distributions of the frost free periods at Nipawin,

Cumberland House and the Pasquia Project were obtained from Gordon McKay of the

Department of Transport and are presented below:

Table 4. PERCENT OCCURRENCE OF FROST FREE PERIODS
BASED ON 320 F. (accumulative)

No. Days
of
Years Location 76 81 86 91 96 101 106 111 116 121 126 131 136 141 146

33 Cumberland 0% 0 6 9 18 21 32 41 62 82 88 91 91 94 97

38 Nipawin 5% 10 10 15 23 38 49 67 74 82 82 90 98 98 98

10 Pasquia 0% 0 18 18 36 45 73 82 82 91 91 91 91 91 91
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Table 3. PERCENT OCCURRENCE OF VARIOUS ANNUAL
AMOUNTS OF PRECIPITATION

Inches 8-10 10.1-12 12.1-14 14.1-16 16.1-18 18.1-20 20.1-22 24.1-26

Percent ,~.7 2.8 17.6 19.5 23.2 21.4 8.4 2.8

This table based on 54 years observations at The Pas Station indicates that

the annual precipitation falls within the 16 to 20 inch range 45% of the time,

16 inches and below about 45% of the time, and above 20 inches 10% of the time.

Frost Free Period

Frost free periods are usually expressed as averages and could be quite

These data indicate that the Cumberland House Station has the least

probability of a short season, as only 21% of the recorded years have 100

or less frost free days compared to 38% and 45% for Nipawin and Pasquia

respectively. The reliability of these data is somewhat questionable due

to the limited number of years on record. The effect of the wet area around

Cumberland House on the local temperature is unknown.
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Older data indicates that the period between killing frosts is between

110-115 days for the Delta area. Historically the Nipawin area is suitable for

a wheat growing enterprise.

Susceptibility to frost injury is an important factor in determing the

adaptability of any crop to organic soil. Three factors are listed in the

literature as important causes of frost occurrence. These are: 1) Rapid loss

of heat from the soil surface by radiation, 2) Poor thermal conductivity

and 3) The settling of cold air in depressional areas.

The radiant energy factor has received considerable attention in the U.S.A

due to the fact that organic soils are usually darker than the mineral soils and

the radiant energy adsorption and release is largely a function of color. In

northeast Saskatchewan most of the soils are quite dark in color and should not

react much different than organic soils. This factor has therefore been ignored.

Peat has a low heat conductivity resulting in a slow warming up in the

spring and a slow frost penetration in the fall. The low thermal conductivity

is detrimental in preventing early fall frosts as heat lost at the surface is not

quickly replaced from greater depths. The addition of water increases the thermal

conductance and may prevent these frosts. Compaction reduces the pore space in

peat which increases the thermal conductivity and also reduces frost hazard.

Therefore moist compacted fields are desirable in the fall season. As the peat

slowly decomposes these factors approach the heat exchange characteristics

of mineral soil and the problem of frosts is reduced.

Verbal contact with Dr. R. Farnham of the University of Minnesota

resulted in a statement that the largest single factor resulting in frost

hazard in peat soils is restricted air drainage. He feels that large open

peat areas with a continuous gentle slope would have no more frost problem

than a mineral soil in the same location.



Although the area has a gentle continuous slope at present, drainage

may cause the subsidence of the peat area between the levees. This could

create a depressional area wi th poor air drainage. The deeper peat areas
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could well prove to have too great a fall frost-hazard to mature most cereal

crops.

Air drainage, water control and cultural practices should be studied

to evaluate their effect on the frost-hazard.

Vegetation

According to Halliday.s "Forest Classification for Canada" (9) the

surveyed area lies within the Manitoba Lowland section of the Boreal Forest

Region. The ecological pattern found in this area is influenced by the

alluvial flood plain of the Saskatchewan valley and a very interesting study

may be made in this area of the ecological succession occurring in a slowly

draining flood plain within the forest region. The vegetation is very closely

correlated with the maturity and drainage of the soil on which it is developed.

The dominant vegetation of the poorly drained alluvial and meadow lands

consists of sedges, willows, swamp birch, cattails, mosses and reed grasses.

Low and very wet or flooded meadow bogs are covered with peats, sedges, phragmites

or giant reed grass and occasionally willows.

Throughout the interior of the delta which is dominantly covered by

the above mentioned vegetation there are islands of black spruce and tamarack.

These islands are on slightly higher elevations.

The vegetation of these peat and muskeg soils has a marked effect

on the soil climate. The deep peat cover insulates the water logged subsoils

which frequently remain frozen for a considerable period after the better

drained areas have thawed. No evidence of permanently frozen subsoil was

encountered but frozen layers beneath the surface peat have been observed in
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July and occasionally into August. This period of frozen subsoil is prolonged

when subsoils are wet and is generally shortened when bogs have been drained.

Vegetative growth above frozen subsoils is retarded and thus the black spruce

and tamarack which occur as islands in the lowland are generally stunted and

poorly developed. It has also been noted in the course of various surveys that

on peat and meadow bogs the sedge hay does not attain vigorous growth until the

subsoil is thawed out.

Low levee banks on streams are fringed with willows but as the levees

become higher and are better drained they support a luxuriant growth of elm,

ash, Manitoba maple, black poplar, aspen and spruce. The percentage of spruce

and aspen on the levees is highest in the west side of the area where banks

are higher and less subject to periodic flooding. The undergrowth in treed

areas on the better drained levees are ferns and various shrubs. Black poplar

appears dominant over aspen on calcareous alluvial levees.

Older and better drained alluvial and lacustrine soils which are no

longer subject to periodic deposition or flooding have in some areas developed

a vegetative cover of aspen and spruce, and in other areas spruce and balsam fir.

The effects of forest vegetation in keeping the surface of the ground

cool and protecting the soil from excessive evaporation and erosion is well

known. The destruction and removal of the forest, when such lands are cleared

and cultivated, removes these protective conditions and exposes the soil to

essentially the same conditions as have to be contended with on the prairie.

When old treed areas are cleared and the underlying degraded or podzolized

soils are broken they will require the use of fertilizers to supply nutrients

for the successful growth of agricultural crops.
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Peat

As indicated in the foregoing section peat is the dominant soil. The

following is a brief description of its characteristics. The dominant type of

peat found in the Delta is developed from cattails, rushes, reeds, sedges and

grasses. These peats are generally fibrous with the remains of the original

plants easily recognized. The lime content is generally higher than that of

sphagnum bogs. The sedges are the dominant species in volume. This type of

peat is chiefly developed in filled- in-lakes and river valleys where the

waters are rich in mineral salts. Frequently sedges growing out from the

edges of lakes will form a mat on the surface of the water. This is referred

to as a floating bog.

The accumulation of dead plant material is due to water logged conditions.

Humification occurs when the peat is exposed to air. The lignin, cellulose,

other carbohydrates and proteins, decompose to form humus. This process

combined with subsidence due to the removal of water by drainage results in

a general lowering of the surface with a corresponding increase in density.

Peat soils have a lower bulk density and nutrient status than mineral soils

but as decomposition and subsidence progress these differences lessen.

Soils

The vegetative pattern discussed in the previous section is closely

related to the underlying soils and the external and internal drainage

associated with them. The soils in the area are easily separated into three

distinct types. Firstly those in the poorly drained lowlands, secondly those

on the levees, and thirdly those on the stony bouldery ridges.
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Soils of the Lowlands

These soils represent recent deposits which have been subject to varying

degrees of flooding or swamping and have developed under hydromorphic or

gleysolic conditions. The deposits of mineral particles are water-laid sediments

modified in varying degrees by periods of stagnation or arrested drainage and

periods of flooding. These periods of stagnation and flooding govern the type

of soil particles which are deposited throughout the area. The varied deposits

of fine sand, silt, silty clay loam, silty clay and clay are the result of

fluctuations in the water movements or currents throughout the area. Stagnant

waters are associated with the deposition of the finer particles such as silt and

clay, while in periods of flooding the sands are deposited. Thus it can be

expected that because of the history of flooding and stagnation which has

occurred over the years the horizontal deposit may be fairly uniform but

vertically the deposit will be layered, having strata of clay, sand, silt, etc.

in any number of variations.

Not only are the sand, silt and clay particles being deposited on the

floor of the Delta, they are also permeating the peat deposits. This permeation

is caused by the mineral-laden waters passing through the peat deposits. Some

of the mineral particles can be seen in the organic material but their presence

is confirmed by the higher than average ash content of the organic soils in the

Delta. The high ash content is due to the large amounts of mineral particles

in the peats.

One factor that becomes apparent when studying the area is that although

the peat material is quite undecomposed it does contain quite a high mineral

content; generally well over 10%. Of all the sampling sites only a half dozen

or so were found to have less than 10% mineral material in the first few feet.

These are all located east of Cut Beaver Lake. This confirms the fact that a
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great amount of mineral material is being brought into the area. Rough

calculations indicate that an average of 26,000 acre feet of sediment is being

deposited within the area annually. Certainly a portion of this vast amount of

sediment has found its way into the interior, building up the levees along the

numerous channels and also becoming incorporated into the peat between the

channels.

The present survey was of a reconnaissance nature and until such times

as drainage has been completed it will be impossible to accurately map areas of

different soil textures. The assessment of textures in deep peat areas or areas

of floating bog is quite tpeculative because of the difficulty in securing good

samples of the underlying mineral soils. Throughout the lowland areas the sedge

peats have been divided into 4 classes. These are less than 3 feet in depth,

from 3-6 feet, 6-9 f~et and greater than 9 feet. On drainage these areas would

presumably shrink to produce areas of less than 2 feet, 2-4 feet, and greater

than 4 feet. It is assumed that the first two classes are those with the most

favorable agricultural potential. It will be noted that these peat deposits

are chiefly derived from bulrushes, cattails, sedges, reeds and meadow grasses.

Under virgin conditions they have a fibrous or felty composition but when

overdrained they become powdery and dusty. Some experimentation with samples

of these peats at the Soils Department indicated that once these peats were

dehydrated they were extremely difficult to wet up again. They tended to repel

water rather than absorb it. This fact should perhaps point out the hazards of

overdraining a deep peat area. A thick dehydrated layer could become a tillage

problem for the new settler, who might wrongly decide to eliminate this problem

with a match.

The peat depth pattern is rather consistent from the levee to the

lowland. Usually the peat increases in depth off the levees and becomes

shallower towards the isolated islands of tamarack and black spruce which occur



were built up to the point where they were only flooded in periods of very

high water their external and internal drainage improved. Thus the Boreal

type of forest vegetation described earlier was es tablished. But because of
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throughout the lowland. It is of interest to note that the peat around some

of the lakes was the same depth as the waters at the lake shore. This may

rightly or wrongly lead to the conclusion that the peats are the shore line

of these lakes. However, some of the lakes must be in sumps and depressions

and no doubt when drainage is complete there will probably be a low but well

defined shore line encircling the shallow remaining lakes.

Soils on the Levees

When the banks and levees along the Saskatchewan and Carrot Rivers

the recent nature of the alluvial-lacustrine mineral deposits, and the type of

vegetative cover, the profile development is less mature and not typical of

most wooded areas in northern Saskatchewan. This is probably due to fluctuating

water tables and periodic gleysolic conditions. Thus the dominant soil profile

on the levees is a weakly developed wooded calcareous type which in the

present classification system would be termed Rego and Calcareous Dark Gray

soils. There has been some degradation or podzolization occurring in the best

drained sites and this is reflected in minor amounts of Dark Gray Wooded and

the occasional Gray Wooded profiles.

On the shallower or lower levees that border the interior streams most

of the soils in the best drained areas are Rego and Calcareous Dark Gray. There

are also peaty and gleyed phases of the above profile types.

The levee areas on clearing and breaking could become good agricultural

soils. They are also well suited as sites for homes and barns because of their

higher elevation above the flood plain. There should however be some restrictions
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on the amount of clearing because of the aesthetic value. These treed river

levees would make excellent camp sites for tourists if roads were to be built

along the Saskatchewan and Carrot Rivers. It is suggested also that along the

banks of the Carrot and Saskatchewan Rivers a buffer strip of forest of a

reasonable width be left to protect the banks against erosion.

Soils on Stony Glacial Till

Small areas of this deposit occur in Saskatchewan near the provincial

border. The stony ridges occur as treed highs above the surrounding country

and as islands of black spruce and tamarack in the lowland. Another area of

stony glacial till occurs on the north side of Cumberland Island.

These ridges are generally paved with stones and have undergone some

slight degradation, being lime free for a foot or more. Their origin is not

clear, they may be old beaches of Lake Agassiz or they may be glacial till ridges.

Their agricultural potential is considered as non-arable but could be

utilized for wood lots or perhaps as a source of gravel (produced by crushing

the stones) for construction purposes. One such area of about 300 acres is

located in Sections 24 and 25, Township 55, Range 30, West of the 1st and

supports a heavy spruce growth.

Commercial Peat in the Saskatchewan River Delta

The principal use of peat is as a soil conditioner. The function of

peat when added to a soil is to increase the ability of the soil to absorb

moisture, provide for better aeration and to increase the ability of soils to

store plant nutrients for future use. It is also used as a stable or poultry

litter and as a packaging material for perishable fruits, vegetables and cut

flowers. Such uses as fine peat for germinating seeds, peats for the



It is very light in weight which makes it an excellent insulator.

It has the highest water absorptive capacity of any peat.

It is very acidic making it particularly suited to the growing of
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manufacture of peat pots, pure peat growing media, fertilized peat and others

are becoming very popular.

There is considerable confusion regarding the classification of peats

for commercial production. Many peat producers label their product as sphagnum

peat when often it contains little or no sphagnum.

There are at least three major types of peat occurring in natural organic

deposits which are harvested and sold commercially. These are:

1. Sphagnum

2. Reed-sedge

3. Peat humus

Sphagnum peat is composed of the remains of the plant. The plants have

a slender stem and many clusters of short leafy branches which have specialized

cells with the ability to absorb water within the structure of the plant itself.

The tips of the growing plant produce an acid which acidifies the deposito The

plant has no roots, but has small rhizoids which help in the absorption of watero

The characteristics and advantages of sphagnum peat are as follows:

I.

2.

3.

acid loving plants. This acidity also inhibits the growth of

pathogenic organisms, as well as the growth of common weeds;

therefore weed seeds are not present.

40 It maintains its fibrous structure even under manipulation in the

pure stateo

Some of the disadvantages are:

It is very low in plant nutrients and is not a substitute for fertilizer.

Also when mixed in with mineral soil which contains cellulose decomposing

micro-organisms it breaks down very rapidly due to its high cellulose

content.



Depth Saturation Ash Available Available Total Mn
(ft) Material % pH % E.C. N* K* N% ppm

0-1 sphagnum 3,200 4.8 5.0 .4 18 .2 1.1 20

1-2 sphagnum 1,300 5.4 8.0 .6 24 .3 1.4 25

2-3 sphagnum 1,250 5.3 8.5 .6 35 .3 2.0 50

3-4 sphagnum 1,250 5.5 9.4 .8 48 .3 2.6 57

4-5 mixture 400 5.9 19.0 .8 35 .4 1.2 124

*parts per million

This profile possesses the characteristics of good "Genuine Peat Moss".

The absorptive capacity is high, pH and ash content low. Notice, however, that
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The following table gives the analysis of a typical sphagnum profile

which occurs in the Delta area.

plant nutrients are quite low. Although several areas were encountered where

sphagnum moss was included in the peat mixture, only one area was found which

was dominantly sphagnum and of sufficient size to warrant a commercial enterprise.

This is an area of approximately 400 acres in Twp. 54, Rge. 2. Sphagnum moss

in companionship with sedge and other mosses were found quite frequently between

Elm and Potato Lakes. A small area was found on the shore line of Swan Lake. It

is possible that commercial deposits were missed in the survey as areas as small

as 40-50 acres would qualify as a commercial peat deposit. Typical cover on

these areas usually consists of stunted tamarack or black spruce. The mixed

peat areas may also include willow and birch cover.

?edge peat is a grass-like plant, but has a number of differences. The

stems are mostly three-cornered and solid with leaves in three ranks. Sedge

peats generally have lower absorptive capacities, higher densities and higher

pH values than the sphagnum types. They often vary considerably in degree of

decomposition and tend to crumble to dust upon manipulation when dry. They

often contain numerous weed seeds. However the nutrient content is usually



much higher than that found in sphagnum.
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The recent trend in suburban home landscaping has likely caused the sharp

increase in the consumption of this type of peat. The United States consumption

of sphagnum peat has doubled in the last decade while that of sedge peat has

increased six times in the same period.

which occur in the Delta area.

The following tables are the analyses of two types of sedge profiles

~1 - Shallow Sedge Peat

Depth
(ft)

0-1

1-2

2-3

3-4

Material

Saturation

% pH
Ash
%

sedge 712 6.3

sedge 467 406.3

sedge 400 276.1

clay 7.4 83125

0-1

Type 2 - Deep Sed~

sedge 550 6.8 9.8

1-2

2-3

3-4

4-6

6-8

8-10

10-11

sedge 6.7 8.8930

sedge 837 6.4 8.4

sedge 7.0 10.0700

sedge 400 7.1 16

sedge 230 7.2

mixture 150 7.5

clay 7.690

E.C.
mmhos

13 1.7

Available Nutrients Total
N ppm P ppm K ppm 1'1%

283 131 1.0 2.8

1.9

2.0

.3

2:.1

1.5

1.0

1.4

1.5

1.7

.13

*Manganese
ppm

740

345

170

500

35

40

81

80

57

120

72

407

*Manganese contents of 20 to 50 parts per million are considered adequate

for plant growth (Bear, Chemistry of the Soil).

1.7

1.6

21

39

84

.8 146 11.8 .5

135 5.3 .3

11 1.3 .3

.6 300 28 .5

.5 240 5.5 .5

.6 20 3.7 .3

.7 15 2.3 .2

. 7 2.2 1.4 . 1

.6 1.5 .2

.8 .2

.7
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Type 1 Shallow sedge peat covers about one half of the total area in the

Delta proper. It is usually found above the water table in association with

tall willow and alders. As can be seen from the table for type 1 this peat is

not suitable for commercial production because of its shallow depth as well as

high ash content (above 10%). However, the nutrient content is quite high.

Subsidence due to drainage may be low.

Type 2 Deep sedge peat occurs in very wet areas and is usually associated

with floating bog. The peat in the profile presented is not suitable for

commercial production of sedge peat. The absorptive capacity is a little low

and the pH is too high. Natural vegetation in these areas is silver willow,

stunted swamp birch and some cattails and reeds. Subsidence would be great

upon drainage and the resulting depth may be too shallow to warrant commercial

production. There are sizeable areas of this type of peat in the Delta.

Peat humus does not occur in the Delta region at present. This material

is usually very dark brown or black in color and contains very few plant fibres.

Mineral content is quite high, (40- 60%). This material is stable and does not

break down as readily as the other types. It has a high capacity to absorb

plant nutrients and often has a high nitrogen content. This material may

develop where peat land has been drained, cultivated and fertilized.

The Economic Research Branch, Department of Industry and Information,

Province of Saskatchewan conducted a survey of distribution of peat moss in the

Chicago and Los Angeles area to determine what they demanded in quality of

imported peat moss. The results are as follows:

1. It must be essentially of the sphagnum species in botanical origin

(as opposed to hypnum and other mosses)

2. It must be highly acidic (a pH factor of 3.5 to 4.5)
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3. It must have an exceptionally high water absorptive capacity (from

12 to 20 times its own dry weight)

Ontario standards vary somewhat and are summarized as follows:

Absorptive capacity of greater than 12 times its own weight, an ash

content of less than five percent and a pH of 3.5 to 6.

Other physical factors which must be taken into consideration, besides

quality, when contemplating commercial peat production are as follows:

1. Depth of deposit - The bog area required depends on the depth of the

moss and the scale of anticipated production. Assuming a minimum

depth of five feet and a settling of two feet as a result of drainage,

one acre contains about 22,000 bales of 870 tons. Therefore seven

acres would be required to support a commercially attractive enter-

prise (150,000 bales per year) for one year.

2. Surface growth - The fewer the trees that grow in an area the lower

will be the cost of preparation.

3. Drainage - The feasibility of drainage must be determined.

4. Climate - A dry climate is preferred for air drying the peat.

5. Distance from market indicates to some extent the ability to

compete with other producers.

Conclusions- -
Peat deposits were found to be marginal for commercial production except

one area of sphagnum peat which is deep in the interior of the area. The location

of this deposit would result in difficulties in access and high cost of

production. The 1964 report on commercial peat production in Saskatchewan by

the Department of Industry and Information makes the following statement:

"The major American market areas are California, the Mid-West and the
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Eastern seaboard states. Distribution in these areas specify that Canadian peat

moss must be highly acidic, free of mineral content, and have very high water

absorptive values. The competitive position of Saskatchewan producers will depend

on an advantage in production costs offsetting a disadvantage in delivery charges."

The State of Minnesota has vast peat deposits and is making a concentrated

effort to increase their production which would curtail Canadian export to the

U.S.A. It should be mentioned that there are other deposits of sphagnum peat in

the province with a lesser transportation problem than those found in the area

under study. Large areas of sphagnum peat were observed between the Kennedy

Creek and Carrot River, bowever, depths and quality of these deposits have not

been investigated.

Agricultural Development of the Delta Area

Much of the following material is based on the experience of specialists

in the management of organic soils in various areas in North America (14, 15).

Agricultural development must start with the construction of an extensive

drainage system in the topographic lows to facilitate the drying up of the area.

The next step would be the clearing and breaking of the reasonably well drained

areas.

A large breaking plow capable of turning over a furrow slice 18-22"

wide and 10-12" deep should be used for breaking. The furrow slice should be

laid as flat as possible to provide a level surface for subsequent tillage. A

bulldozer blade does a good job of levelling off hummocks. Repeated discing

with a heavy set of double discs (18" in diameter) will aid in preparing a

suitable seedbed for the following spring. A land leveller can be used to smooth

the surface. It is not advisable to plow for 2 or 3 years after breaking so that

the turned under plant growth will have a chance to decompose.

Roman Discs and roto tillers have also been used successfully on peat
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soils.

In raw organic soils the use of a heavy roller is usually desirable.

The compaction caused by the roller improves the capillary action of the soil,

improving moisture relationships. This assists in germination control and the

control of frost, fire and erosion.

The surface of an organic seedbed is very powdery when dry so there is

a high risk of damage from wind erosion. As soon as possible a cover crop

should be sown as drifting will fill in drainage ditches. Losses of over an

inch are not uncommon on uncovered peat which is very loose and finely divided

after recent cultural practices are carried out.

After the area has been drained there will be a subsidence across the

interior which will now be well below the river levees. The drainage engineers

will have, in their program, ensured that there is adequate drainage for optimum

crop yields while at the same time retaining a water table as high as practical.

Thus the life of the peat is prolonged so that it can be utilized for

agricultural crops.

The type of farming is influenced by the water level and in grassland

farming, which must be the initial stage of development, higher water tables

are tolerated than by more intensive farming which in due time will naturally

follow.

When it is possible to get on the reclaimed areas, fire should never be

used to clear the surface cover. Deliberate or accidental burning of areas of

organic soils can result in the destruction of once valuable land. It exposes

in some cases undesirable subsoils which could have been made into highly

producti~ types if the overlying peat had been worked into the mineral soil.
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Due to the nature of the Delta area,. variations in drainage can be

anticipated from relatively well drained sites along the levees to areas of

restricted drainage.

Because the Manitoba Soil Survey was so actively engaged in the develop-

ment of the Pasquia area between the Carrot and Pasquia Rivers in Manitoba it is

fitting that we should benefit from their experiences and judgments. The

following section is therefore a quotation from the Interim Report No.2, The

Pasquia Land Settlement Project issued by the Lands Branch, Province of Manitoba

(10). "From the foregoing observations it is apparent that the lacustro-deltaic

and alluvial deposits of the Pasquia area are of favorable texture, (similar to

those in the interior of the Saskatchewan Delta) but that the development of

soils on these parent materials has been most strongly influenced by locally

excessive and recurrent hydromorphism (swamping). The varying degrees of

hydromorphism in different portions of the area, and the varying degrees of

swamping and drying in the same portions in alternating periods, have caused

varying and recurring changes in soil environment that have determined the

pattern presented by the soils as they now appear. It is axiomatic that soils

are determined by their environment. They are dynamic not static. It is also

axiomatic that soils must be mapped and classified on the morphological characters

expressed in the soil as they are found in the field. Nevertheless it is

recognized that soils change as their environment changes. Consequently, when

the former locally wet soil climates give place to drier soil climates, and with

the better drained soil conditions that will result when recurrent inundation

is prevented through diversion of foreign waters, and by protection from river

overwash and back flow, it can be expected that the morphology and properties

of the soil --- will change with time and with culture.

The changes which can be expected are that the deep peats will become



throughout an area \vhich at the time of survey was accessible only by helicopter.

The object of the survey was to obtain a broad concept of the peat depth and

underlying mineral soils contained in the area as a whole. More detailed
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more shallow, the shallow peats or half bogs will take on the characteristics

of meadow-soils and have a wider agricultural use, and meadow soils under

cultivation will develop as "kulture-boden", or man-made agricultural soils".

It should be borne in mind that the report in hand represents a

reconnaissance type survey based on preliminary and intermittent inspections

surveys will have to be made if and when drainage is improved and legal surveys

are established for reference points. Subsequent surveys based on more detailed

examinations will no doubt contain many more mappable separations throughout

areas which are presently shown on the map as being relatively uniform. The

present report, however, does indicate sufficient potentially arable land to

encourage studies on drainage and the related economic effects this would have

on other land uses presently being carried out in the Saskatchewan River Delta.

Agricultural Problems

A good deal of consideration should be given to the types of crops grown

in peat under the various drainage conditions. Insufficient information is

available at present to outline areas for specific crops.

It is hoped that with the limited knowledge that is available in regard

to the management of peat areas that some illustration farms will be established

so that both the professional agriculturalist, and the farmer whom he serves,

may benefit.

It is concluded, from reviewing some of the research carried out on

Saskatchewan peats, that their value for growing cereal crops is limited (11,

12, 13). "Irregular germination and poor stands often result. The yields on
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deep peats usually show a rapid decline after the first year, as the reserve of

available nutrients is soon depleted. The yields on shallow deposits are often

quite satisfactory for a longer period, as the crop can draw its nutritional

requirements from the soil below. The maturity of the crop on peat soil is

usually retarded due to the unbalanced supply of nutrients".

It is expected that livestock will playa large role in the initial

stages of agricultural development in the project. With the initiation of

drainage large open areas will provide valuable pasture and hay resources. As

the drainage continues and then concludes the agricultural pattern will probably

evolve into a mixed farmlng type. This would include both dairy and beef

cattle, swine, sheep, improved pastures and coarse grains. It is assumed that

it would not be either good management or good economics to attempt the type

of farming practiced by the wheat producers on the more arid prairie.

In the Delta area saline soil conditions vary from none to very strong.

An attempt has been made on the soil map to delineate those areas of salinity

which would have a toxic effect on many grasses and legumes. There are some

6,000 acres of very strongly saline soils and some 40,000 acres of moderately

to strongly saline soils. Fortunately these areas of salinity occur as blocks

and should be excluded when considering the agricultural potential of the Delta.

Whether or not, with drainage, salts will concentrate in areas which are

presently slightly saline remains to be seen. In any event a buffer zone

should separate the known areas of salinity from the areas contemplated for

agricultural purposes.

Due to the limited knowledge in regard to the management of peat soils

in the province, which was mentioned previously, it is somewhat bold to suggest

types of crops which may be produced in the area. Assuming that forage and



S l' . * Flooding Durationsa ~n~ty

Little or no 0 1 week
salinity 1 3 weeks
(below 2 mmhos.)

3 5 weeks
5 8 weeks

0 1 week

1 3 weeks

3 - 5 weeks
5 - 8 weeks

0 1 week

1 3 weeks

3 5 weeks
5 8 weeks

1 3 weeks
3 8 weeks

Up to 5 weeks
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livestock production will be the major types of farming, and noting the areas

of salinity, which are shown on the soils map, the following table is submitted

as a guide fDr the production of forage crops.

Forage Crops for Problem Soils -- Salinity, Spring Flooding, Peat

(6
- 7" row spacings)

Adapted Grasses and Legumes

Most grasses and legumes

Most grasses and legumes, except sweet

clover, red clover, and crested wheat

Reed Canary, timothy, slender wheat, brome
Reed canary, timothy, slender wheat

Slightly saline
(2

- 4 mmhos.)

Moderately saline
(4

- 6 mmhos.)

Severe salinity
(6

- 10 mmhos.)

Very severe

salinity
(10

- 15 mmhos.)

Most grasses and legumes, except timothy,

white, red, and a1sike clover

Brome, Russian wild rye, slender wheat,

alfalfa, reed canary
Reed canary, slender wheat, brome
Reed canary, slender wheat

Bromegrass, crested

~e, slender wheat,
Bromegrass, Russian

alfalfa
Bromegrass, slender

Slender wheat

wheatgrass, Russian wild

alfalfa, sweet clover

wild rye, slender wheat,

wheat

Russian wild rye, slender wheat

Slender wheat

Slender wheat, Russian wild rye, and tall
wheat suggested for trial
Several native grasses tolerant

Peat and poorly

drained soils

Timothy~ slender wheat, reed canary, brome,
a1sike

*Degree of salinity of surface soils (0 - 6") expressed in mmhos. per cm.
conductivity.
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Not the least of the problems related. to peat soil is its low nutrient

status. This situation can be amended by the use of commercial fertilizers.

From pot experiments (growing barley in peat in a growth chamber) conducted at

the Soil Science Department it was concluded that yields on peat can be slightly

increased with the addition of nitrogen and greatly increased with the addition

of both nitrogen and phosphoruso Adding potassium to nitrogen and phosphorus

did not significantly increase the yields. There was also no significant

increase when such trace elements as sulfur, iron, manganese and zinc were

added. It is therefore concluded from this experiment that fertilizer containing

both nitrogen and phosphorus will be needed in the Delta area. However, field

trials must be carried out before definite recommendations are made, but it is

quite certain that high rates of nitrogen and phosphorus will be required. It

is also true that peat soil with proper fertilization will produce well but a

factor to consider is the cost of fertilizer when applied at rates of over 200

pounds to the acre.
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Summary

The Preliminary Soil Survey of the Saskatchewan River Delta covers

approximately three-quarters of a million acres in the Cumberland Lake Lowlands.

Within the map area the Delta has an average fall of about one foot per mile

from Kennedy Creek east to The Pas. Local relief within the area is provided

by hillocks of glacial till and the numerous meandering channels with

accompanying levees.

The climate is sub-humid with most of the precipitation falling as rain

:~ the summer months; three-quarters of the precipitation falls between May and

September. The average frost free period is of sufficient length to mature

most crops, although there is a risk of unseasonable killing frosts.

The vegetation is dominantly sedges and reeds in the flood plain and

mixed forest on the levees and uplands.

The soils are dominantly organic and range from shallow to very deep

peat deposits. These organic soils are primarily made up of the remains of

sedge and reed growth. The soils on the uplands are developed under a range

of hydromorphic conditions and range from immature to degraded types. Associated

with the soils are various degrees of salinity ranging from slightly to highly

sal ine.

The agricultural potential of the area depends on the ability to drain

and cultivate organic soils. The need to establish an illustration farm to

acquire knowledge in the management of organic soils is beyond question.

Organic soils have a low nutrient status and heavy rates of fertilizers

will be required for successful crop growth.

A mixed farming program is advocated for a better balanced and more

assured source of income.
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are six to nine feet deep. These soils are abbreviated by the symbol DP and

colored light green. The third division is the medium peats which are shown on

the map by the symbol MP. These soil areas which are colored tan contain from
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Appendix 1. Interpretation of the Soils Map

The soils map is understood by referring to the map legend. The purpose

of the legend is to present a systematic arrangement of the soils of the area

and to indicate by appropriate colors and symbols how these soils may be identified

and located on the map. The legend is divided into four sections headed from

top to bottom, Soils, Textures of mineral soil beneath the peat, Salinity Levels

and finally Map Reference.

Soils There are seven divisions within the soils section. From top to bottom

they are explained as follows. The first division is that for the organic soils

having over nine feet of peat. These soils are referred to as very deep peat

which is abbreviated by the symbol vp. Areas of such soils are colored dark

green to indicate their extent. The second division is the deep peats which

three to six feet of peat. The fourth type is the shallow peats which are less

than three feet thick. These areas are colored yellow and carry the abbreviation

SP.

The wooded mineral soils are the upland soils and the soils along the

levees of the larger creeks, and are abbreviated as WS. Their extent is denoted

by the use of the pink color.

Areas of dominantly organic soils mixed with wooded mineral soils along

the levees of creeks or meanders, too small to separate out, are colored brown

and abbreviated by the letter m. If the brown area is composed of dominantly

shallow peat it would be edited as SPm, and if the peat were of medium depth

as MPm.

The last division consists of sloping brown lines which are
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superimposed on top of any organic soil area where the deposit consists of peat

which is stratified with mineral soil particles. Thus a medium peat area

colored tan would be lined if the peat contained strata of mineral soil deposits.

Textures of mineral soil beneath the peat This section of the legend consists

of a list of texture symbols plus their meaning. For example sl means sandy

loam. On the soil map if more than one textural class is shown the first

designated texture is dominant. For example cl-c would be interpreted as a clay

loam to clay area where the clay loam is dominant.

Seven textural classes are indicated on the soils map. Their composition

is as follows:

sl sandy loam, contains 52-85% sand and less than 20% clay.

fl fine sandy loam, contains 52-85% fine sand and less than 20% clay.

1 loam, contains less than 52% sand, less than 50% silt and usually over
10% clay but less than 27% clay.

vcl very fine sandy clay loam, contains over 45% very fine sand, less than
28% silt and 20-35% clay.

cl clay loam, contains less than 45% sand, less than 40% silt and over
40% clay.

sic silty clay, contains less than 20% sand, over 40% silt and over 40% clay.

Soil Symbol Sequence

MP
c1-c

means medium peat (3-6 feet deep) over a clay
loam to clay mineral deposit.

Salinity Levels Sites sampled, during the survey, whose analyses indicated

some degree of salinity appear on the map as a circled number. This circled

number denotes the salinity level. There are four levels of salinity indicated

by the above system. A circled 1 indicates slight salinity (2-4 mmhos/cm), a

circled 2 indicates moderate salinity (4-8 mmhos/cm), a circled 3 indicates

strong salinity (8-16 mmhos/cm), and finally a circled 4 indicates very strong

salinity ()16 mmhos/cm).
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Where areas of salinity could be delineated on the map the following

systems were used. Firstly the moderate to strong saline areas occur within a

thick broken black line and secondly the very strong saline areas are delinated

by a dotted black line.

Map Reference This section contains the symbols used to denote the sample

sites, the occurrence of intermittent streams, the occurrence of gravel ridges

or stony ridges and finally the boundary of Indian Reserves.

The route of highway 123 on the south side of the Old Channel, and

of highway 109 on the south side of the Carrot River are also indicated on the

map.



A endix 2. Acrea es of Soil Areas and Water b in the Delta Area

Total Acreage
Township Layered Layered Soil of Total
and Range WS* SP SPrn SP MP MP DP VP Acreage Water Acreage

53-8 1,850 1,850 1,850
54-8 2,100 400 2,500 2,500
55-8 4,640 4,640 4,640
56-8 1,600 1,600 3,200 3,200
52-7 1,800 2,870 1,800 6,470 1,850 8,320
53-7 1,400 800 8,320 6,200 1,300 18,020 4,380 22,400
54-7 11,600 5,040 6,400 23,040 23,040
55-7 16,000 200 2,080 3,840 22,120 720 22,840
56-7 7,890 4,160 960 1,600 4,060 2,720 850 22,240 720 22 ,960

57-7 600 3,840 1,800 2,240 4,900 300 13,680 1,100 14,780

52-6 1,100 1,000 500 100 2,700 2,300 5,000

53-6 3,400 5,100 10,250 80 18,830 3,710 22 ,540

54-6 10,700 12,100 150 22,950 90 23,040

55-6 2,070 2,700 10,880 1,600 5,760 23,010 30 23,040

56-6 1,950 3,550 7,550 7,350 2,100 22,500 540 23,040 w
OJ

57-6 1,800 6,870 7,040 3,900 2,300 21,910 650 22 ,560

58-6 450 500 950 15 965

52-5 800 1,400 4,400 350 6,950 450 7,400

53-5 8,400 7,280 5,120 1,140 2 1 , 940 1,100 23,040

54-5 5,120 13,610 2,750 1,560 23,040 23,040

55-5 800 640 1,600 12,920 15,960 7,080 23,040
56-5 700 9,250 950 1,920 8,420 21,240 1,800 23,040
57-5 3,400 2,520 6,720 7,300 1,600 21,540 1,500 23,040
58-5 170 6,000 6,170 700 6,870
52-4 200 1,150 120 1,470 30 1,500
53-4 4,100 8,800 800 1,500 15,200 4,640 1 9 , 840

54-4 6,350 1,250 3,940 8,700 2,600 22,840 200 23,040
55-4 640 1,000 4,160 10,240 16,040 7,000 23,040
56-4 800 6,400 1,300 4,900 13,400 9,640 23,040
57-4 4,900 5,120 6,700 3,200 19,920 1,520 21,440
58-4 600 600 600
53-3 1,300 2,700 3,500 7,500 300 7,800

*Refer to footnotes at end of table.



Appendix 2 - continued

Total Acreage
Township Layered Layered Soil of Total
and Range WS SP SPm SP MP MP DP VP Acreage Water Acreage

54-3 3,490 1,050 10,300 5,900 1,400 2 2 , 140 900 23,040
55-3 5,950 3,840 5,550 5,800 2 1 , 140 1,900 23,040
56-3 1,800 5,120 11,000 17,920 5,120 23 ,040
57-3 3,600 4,480 175 3,000 11,255 3,145 14 ,400

53-2 800 1,600 100 2,500 2,500
54-2 4,800 1,120 11,700 4,720 21,340 300 22 ,640

55-2 4,240 4,000 6,400 3,200 17,840 5,200 23 ,040
56-2 700 1,800 3,350 7,200 13,050 8,890 21,940
57-2 1,600 120 1,350 3,070 900 3,970
53-1 1,000 350 1,350 1,350
54-1 2,200 4,050 10,000 1,000 17,250 5,090 22 ,340

55-1 5,760 3,300 7,900 1,400 18 , 360 4,680 23,040
56-1 1,800 7,400 320 9,520 7,420 1 6 ,940 w

\.0
54-31 1,200 3,850 3,050 8,100 900 9,000
55-31 3,630 3,100 4,100 2,500 13,330 370 13,700
56-31 3,000 2,200 4,000 9,200 1,300 10,500
54-30 400 1,440 1,840 260 2,100
55-30 1,700 4,500 1,400 9 , 7 40 17,340 2,800 20 ,1 40

56-30 1,800 990 17,000 19,790 150 19,940

Totals 155,680 149,490 29,645 16 ,160 1 72 ,950 6,560 151 ,270 10,000 691,755 101,390 793,145

WS Wooded mineral soils
SP Shallow peat (0-3 feet deep)
SPm Mixed shallow peat and wooded mineral soil

Layered SP Layered mineral material within shallow peat
MP Medium peat (3-6 feet deep)
Layered MP Layered mineral material within medium peat
DP Deep peat (6-9 feet deep)
VP Very deep peat (>9 feet deep)
Total Soil Acreage Total acreage of soil (peat and mineral) within each township
Acreage of Water Total acreage of open water in each township
Total Acreage Total acreage of each township included in the map area



Group D. Sample Sites Which Indicate Very Strong Saline Conditions.

Group A sites are indicated on the map by a circled 1, Group B sites

by a circled 2, Group C sites by a circled 3, and finally Group D sites by
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Appendix 3. Analyses of Sample Sites Grouped
According to their Degree of Salinity

During the course of the survey some 205 sites were sampled for

analyses. The results from the Vauxhall Laboratory indicated that 47 sites

could be classified as having various degrees of salinity. The following

tables are an assessment of the salinity. Four divisions of salinity were

evaluated and are presented under the following headings.

Group A. Sample Sites Which Indicate Slightly Saline Conditions.

Group B. Sample Sites Which Indicate Moderate Saline Conditions.

Group C. Sample Sites Which Indicate Strong Saline Conditions.

a circled 4. Each circled number which indicates the degree of salinity and

the location of the site on the map is followed by the site number recorded

in the tables.
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Group A. Sample Sites Which Indicate Slightly Saline Conditions.

C.D.A. Depth in Condo Soluble Salts
Site Number Lab. No. Feet Material pH mmhos/cm Na Ca + Mg

A2A 6426 O-~ organic 4.5 2.8
6427 ~-l muck 5.4 1.6
6428 l-l~ clay loam 4.8 3.2
6429 l~-2 clay loam 7.3 1.5

to clay
6430 2+ clay 7.3 1.3

B1B 6436 0-1 organic 5.7 1.6
6437 1-3 organ ic 6.2 2.8
6438 3-5 very fine 7.2 3.5

sandy clay
loam

B2F 6455 0-2 organic
6456 2-4 clay loam 7.1 3.1

to clay

B2J 6463 0-2 organic 6.8 2.6
6464 2+ clay loam 7.5 3.1

C3A 6508 0-2/3 organic 6.5 3.1 14.5 3.5
6509 2/3-5/6 organic 7.0 2.2 12.0 5.0
6510 5/6+ clay loam 7.5 3.3 16.5 10.5

E3D 6678 0-1 organic 6.7 2.1
6679 0-3~ organic 6.0 3.2
6680 3~+ clay loam 7.5 4.3

to clay

E5A 6727 0-1 organic 6.3 1.7 2.5 10.0
6728 1-2 organic 5.7 2.7 3.3 18.0
6729 2-2~ organic 5.8 3.9 5.1 29.0

E5B 6730 0-1 organic 5.8 2.5
6731 1-2 organic 5.6 2.9
6732 2-3 organic 5.6 3.3
6733 3-3~ clay loam 6.4 3.7
6734 3~+ clay loam 7.2 3.9



C.D.A. Depth in Condo Soluble Salts
Si te Number Lab. No. Feet Material pH mmhos/cm Na Ca + Mg

F4H 6804 0-1 organic 6.4 3.8
6805 1-2 organic 6.1 3.4
6806 2~+ clay 7.5 2.1

G3A 0-1 organic 7.3 3.6
1+ clay loam 7.5 3.6

G3F 0-1 organic 6.9 3.4
1-2 muck 7.0 3.8
2-3 clay 7.6 3.0

G4B 0-1 organic 4.9 4.0
1-2 organic 4.4 3.2
2-3 organic 4.8 3.6
3-4 muck 5.0 4.0
4+ clay 6.9 1.3

H3D 0-1 organic 6.7 4.0 7.8 27.0
1+ clay 7.4 3.6 7.3 26.0

H3E O-l~ organic 6.7 1.4
l~-4 clay loam 6.7 3.5

H4B 0-1/3 organic 6.7 3.9 1.0 41.0
1/3+ clay loam 7.6 3.1 1.4 37.5

to clay

H4F 7071 0-1 organic 5.8 1.9 2.9 14.8
7072 l-l~ organic 6.5 3.6 5.5 3905
7073 n+ clay loam 7.4 2.8 3.8 3200
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Group B. Sample Sites Which Indicate Moderate Saline Conditions.

C.D.A. Depth in Condo Soluble Salts
Si te Number Lab. No. Feet Material pH mmhos/cm Na Ca + Mg

BID 6420 O-~ organic 7.1 4.6
6421 ~-l organic 6.7 5.3
6422 l-n muck 6.9 4.9
6423 n-2 clay loam 7.6 4.3

to clay

B2B 0-2 organic
6445 2-3 muck 7.1 4.3
6446 3-4 clay 7.1 6.0

CIA 6504 0-2 organic and 7.1 5.8 37.0 12.5
mineral

6505 2-4 organic and 7.4 7.0 39.0 24.5
mineral

6506 4-5 organic and 7.4 7.0 40.5 22.0
mineral

6507 5-6 clay 7.8 0.5 0.9 3.8

C2G 6501 0-1 organ ic 6.3 1.1 2.7 3.0
6502 1-2 organic 6.2 6.5 26.0 34.0
6503 2+ clay loam 7.7 4.4 24.0 15.0

to clay

C3K 0-1 organic
6536 1+ sandy clay 7.5 6.4

loam

C3N 6541 0-1 organic 5.5 5.5 30.5 12.5
6542 1-2 organic 6.0 4.6 26.5 9.5
6543 2-3~ organic
6544 4-5 muck 7.5 4.8 29.5 1l.0
6545 5+ clay loam 7.6 4.8

C4B 6551 2-3 clay loam 7.8 7.3 54.0 9.5
6552 3+ loam 8.0 5.8 49.0 6.2



C.D.A. Depth in Condo Soluble Salts
Site Number Lab. No. Feet Material pH mmhos/cm Na Ca + Mg

D1B 6553 O-~ organic 7.0 3.4
6554 ~-l organic 7.3 6.9
6555 1-2 organic and 7.6 9.3

mineral
6556 2+ clay loam 8.0 3.9

D3A 0-1 organic 5.8 3.7 21.5 10.2
1-2 organic 5.5 7.8 44.0 27.5
2-3 organic 5.4 7.9 42.0 34.5
3+ clay loam

D3C 6574 0-1 organic 6.1 1.8
6575 1-2 organic 5.8 2.6
6576 2-3 organic 5.9 7.6
6577 3+ clay loam 7.6 6.0

D3F 6587 0-1 organic 6.1 4.9
6588 1-2 muck 6.5 5.2
6589 2+ clay loam 7.0 4.4

D3H 6596 0-2 organic 6.2 1.2 3.6 7.0
6597 2-4 organic and 5.0 9.9 51.0 58.0

mineral
6598 4-6 organic and 6.8 4.9 11.0 44.5

mineral
6599 6-8 mineral and 6.1 4.5 7.3 40.0

organic
6600 8-10 mineral and 5.5 6.9 9.0 71.0

organic
6601 10-12 clay 7.2 4.3 6.8 34.5

D4D 6621 0-1 organic 6.0 1.3 4.0 5.3
6622 1-2 organic 5.7 1.6 5.3 6.0

6623 2-3 organic 5.6 2.9 8.8 15.0

6624 3-4 organic 6.2 8.0 64.5 16.0

6625 4-4~ mineral and 6.5 5.5 19.5 44.0
organic

6626 4~-5~ clay loam 7.5 4.8 16.0 33.5
to clay



C.D.A. Depth in Condo So luble Salts
Site Number Lab. No. Feet Material pH mmhos/cm Na Ca + Mg

E3F 6686 0-1 organic 6.4 4.6
6687 1-2 organic 5.8 5.7
6688 3-4 organic 5.7 7.3
6689 4-5 clay 7.0 7.5

F6C 6877 0-1 organic 6.6 6.4
6878 1+ fine sandy 7.4 7.0

loam to
clay loam

H2B 0-2 organic 5.7 5.9

Group C. Sample Sites Which Indicate Strong Saline Conditions.

C1B 0-2 organic
6469 2-4 organic 7.5 15.3
6470 4+ clay loam 7.6 6.4

C1D 6475 0-2 organic and 7.3 10.1
mineral

C1C 6471 0-2 organic and 6.8 7.4
mineral

6472 2-4 organic and 7.5 10.1
mineral

6473 4-6 organic and 7.1 9.2
mineral

6474 6+ clay loam 7.7 6.4

C3E 6518 0-1 organic 7.4 11.6 72.0 46.0
6519 1-2 sandy clay 7.7 10.9 80.0 18.0

loam

C3J 6533 0-1 organic 5.7 6.6
6534 1-2 organic and 6.5 12.1

mineral
6535 2+ sandy clay 7.8 8.1
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C.D.A. Depth in Condo Soluble Salts
Si te Number Lab. No. Feet Material pH mmhos/cm Na Ca + Mg

C3M 6537 0-1 organ ic 6.1 5.3
6538 1-2 organ ic and 6.7 15.6

mineral
6539 2-3 organic and 6.3 17.5

mineral
6540 3+ clay loam 6.3 11.5

030 7127 0-2 organ ic 5.5 4.4 15.5 25.5
7128 4-6 organic 5.8 12.0 95.0 38.0
7129 9-10 organic 8.0 9.9 97.0 7.8
7130 10+ clay 7.5 7.6 69.5 11.0

DIE 6562 0-1 organic 7.2 6.1
6563 1-2 organic 7.0 9.8
6564 2-4 organic 7.5 14.2
6565 4+ clay loam 7.8 11.1

D3G 6590 0-2 organic 6.4 5.0 15.4 3.8

6591 4-6 organic 6.6 9.0 28.0 5.8

6592 6-8 organic 6.1 9.8 38.0 6.2

6593 8-10 organic 5.8 13.7 12.5 3.6

6594 10-12 organic 6.7 16.4 13.5 4.0

6595 12-14 clay loam 7.4 10.6 49.0 9.3

G4C 0-1 organic and 5.9 18.2
mineral

1-1~ organic and 6.2 14.4
mineral

1~+ clay 7.2 11.4
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Group D. Sample Sites Which Indicate Very Strong Saline Conditions.

C.D.A. Depth in Condo Soluble Salts
Site Number Lab. No. Feet Material pH mmhos/cm Na Ca + Mg

C3B 6511 0-1 organic 6.1 6.7
6512 1-2 organic and 5.3 55.0

mineral
2-3 clay loam

6513 3+ clay loam 7.1 19.0

C3C 6514 0-1 sandy loam 7.5 7300
6515 1-2 clay loam 709 17.5
6516 2+ clay loam 8.1 3004

C3D 6517 0-1 7.9 21.8

C3F 6520 0-1 organic 6.1 17.2
6521 1-2 organic 508 2008
6522 2-3 organic and 5.9 25.8

mineral
6523 3+ clay loam 709 10.7

C3G 6524 0-113 organic 6.9 7800 755.0 95.0
6525 113-1 clay loam 7.4 55.0 515.0 65.0
6526 1-2 clay 7.5 43.0 370.0 44.0
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Appendix 4. Analyses of Soil Samples taken from Selected
Lake Bottoms in the Delta Area

The following samples were collected by Mro Lo Royer, Fisheries

Laboratory, Department of Natural Resources, University of Saskatchewan

Campus, Saskatoon, and were forwarded by the Saskatchewan Institute of

Pedology to the Canada Department of Agriculture Laboratory at Vauxhall,

Alberta for analyses.

Criteria for Assessing Salinity

The electrical conductivity of the saturation extract of the soil

is the general method used for appraising soil salinity in relationship to

crop growth. The conductivity is shown in the following tables and is

expressed in millimhos per centimeter. Conductivity can be interpreted

as follows:

Conductivity

mmhos/cm Saline Condition Effect on Plant Growth

0-2 none salinity effects mostly

negligible

2-4 slight yields of very sensitive

crops may be restricted

4- 8 moderate yields of many crops

restricted

8- 16 strong only tolerant crops
yield satisfactory

16+ very strong only a few very tolerant
crops yield satisfactory
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Soluble Salts

Depth Sat M.E. /L

* **
Lake in Meters % pH EC Na Ca + Mg SAR

Cut Beaver Lake 2.0 84 7.7 1.5 1.4 16 0.5

2.3 131 7.7 1.7 1.4 13 0.5

2.4 137 7.7 1.7 1.4 15 0.5

2.5 131 7.7 1.8 1.4 14 0.5

Big Lake 1.3 121 7.7 2.4 11 7 5.8
1.8 112 7.6 3.9 21 12 8.6

1.8 81 7.7 2.0 5 12 2.1

Swan Lake 1.9 112 7.4 1.7 3.5 12 1.4
2.2 127 7.1 3.3 38 36 0.9
2.3 125 7.1 3.2 3.6 36 0.8

Cross Lake 1.8 176 6.8 3.8 6.2 41 1.4

Bi rchbark Lake 1.1 155 7.4 13 79 67 14
1.1 128 7.3 17 97 90 14

Lobstick Lake 0.5 191 7.2 7.0 19 60 3.6

1.2 154 7.4 4.3 7.1 45 1.5

Redearth Lake 1.0 81 7.1 2.7 3.5 29 0.9

2.0 124 7.3 3.8 4.7 42 1.0

Kennedy Lake 1.5 144 6.2 2.4 3.6 26 1.0

1.8 147 6.1 2.4 3.4 26 0.9

Egg Lake .9 112 7.5 1.4 3.4 12 1.4

1.3 125 7.3 3.0 3.8 33 0.9

1.9 138 7.2 2.4 4.8 22 1.4

Deep Lake 0.8 94 7.7 1.1 2.3 9.0 1.1

1.0 81 7.7 1.0 4.3 8.0 2.2

Bloodsucker Lake 0.8 81 7.7 2.1 2.2 23 0.6

1.3 102 7.6 1.5 2.0 12 0.8
1.3 104 7.7 1.5 1.5 12 0.6

Waterhen Lake 1.8 79 7.6 1.3 1.8 11 0.8

1.0 106 7.8 1.7 2.0 15 0.7
1.0 106 7.9 1.1 1.5 8.5 0.7

Junction Lake 1.4 194 5.1 4.2 4.3 51 0.9

1.8 144 6.0 3.9 6.1 44 1.3
1.7 112 7.0 2.8 4.4 31 1.1

Goose Lake 0.2 62 7.4 23 207 32 51
0.3 62 7.7 31 260 73 43

Paul Lake 1.2 112 7.4 4.1 11 33 2.9

1.7 106 7.5 3.4 9 29 2.3

Potato Lake 1.0 77 7.3 4.1 18 25 5.0

1.3 115 7.4 4.7 19 30 5.0

Elm Lake 0.3 123 7.5 4.3 17 29 4.5

0.8 139 7.4 5.9 26 35 6.1

*E1ectrica1 Conductivity in mmhos/cm
**Sodium Adsorption Ratio
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Appendix 5. Anal yses of SolI Samples Collected in the Delta Area

Soluble Salts Available

Sat Ash M.E. /L PPM PPM M.E. /L Total Mn
Site Depth Material % pH EC SAR % Na Ca + Mg N P K N% PPM

A-I-A 0-6"
el 91 7.5 1.6 2.3 6.0 13.3

6-1211 el 69 7.7 1.1 1.1 2.2 8.5

A-2-A 0- 6"
Organic 186 4.5 2.8 0.6 2.4 27

6-12" Org. & Min. 108 5.4 1.6 1.2 3.2 14

12-18" el 187 4.8 3.2 1.0 4.0 35
18- 24" cl- c 100 7.3 1.5 0.7 85 1.9 15

24"+ 94 7.3 1.3 0.6 85 1.5 II

B-I-A 0-2' Sedge 12 261 76 2.1 35

2-4' Sedge 21 18 ~.5 1.8 80

4- 6' Sedge 47 2.2 1.4 1.4 57

6- 8 I Sedge 34 87 1.5 1.5 120

8-10
'

Sedge 19 538 0.2 1.7 72

B-I-B 0-1' Sedge 781 5.7 1.6 23

1- 3 I Sedge 200 6.2 2.8 65

3- 5'
vel 108 7.2 3.5 78

B-l-C 0-1
'

Sedge 714 6.2 .6

B-l-D 0-6" Sedge 529 7.1 4.6 15

6-12" Sedge 490 6.7 5.3 22

12-18" Org. & Min. 94 6.9 4.9 85
18- 24" cl-c 81 7.6 4.3 87

B- 2-A 0-2' Sedge 531 6.0 1.1

3-4' c 109 7.6 .9

8-2-8 0- 2' Sedge

2- 3'
Org. & Min. 450 7.1 4.3 45

3-4' c 112 7.1 6.0 80

B- 2-C 0- 2' Sedge 900 6.5 1.1 18

2- 3 I Sedge 137 7.1 1.8 76

3- 4' cl- c 109 7.6 1.2 86

8-2-0 0- 2' Sedge

2-4' Sedge

4-6
'

Sedge

6- 8' Sedge

8- 9 I Sedge 150 6.2 4.3 198 7.2

9-10' el 100 7.4 2.1 1.1 10.8

B- 2-E 0- 2' Sedge 812 5.8 1.2 12

2- 4' Sedge 125 6.8 2.8 79

4- 5' cl-c 97 7.5 1.6 86

B-2-F 0-2' Sedge 2.2 2.8 1.9

2- 4' cl- c 125 7.1 3.1 0.9 83 4.0 36.5 5.5 3.4 0.4

B-2-G 0_2' Sedge 66

2- 3' 82

B- 2-H 0-2' Organic 28 8.0 1.5

2-31 c

B- 2-1 0- 2' Sed ge II 142 44 2.4 347

2- 4'
Sedge 56 II 3.7 1.6 197

4-5' 76 43 3.9 .8 332

B-2-.! 0- 2' Sedge 542 6.8 2.6 25 24 20

2- 3 I el 94 7.5 3.1 86 23 II

Legend: EC
SAR
K

Electrical Conductivity in mmnos/cm

Sodium Adsorption Ratio
Potassium Determined on Saturation Extract

N
P
Mn

Nitrogen

Phospnorous
Manganese



SolubleSalts Available

Sat Ash M.E./L PPM PPM M.E./L Total Mn
Site Depth Material % pH EC SAR 70 Na Ca + Mg N P K N% PPM

C-l-A 0-2' Crg. & Mine 333 7.1 5.8 14.8 48 37 12 40 0.8 1.6 192
2-4'

Crg. & Min. 150 7.4 7.0 11.1 62 39 24 65 0 1.0 261
4-5I CTg. & Min. 167 7.4 7.0 12.2 70 40 22 13 0 .84 397
5-6' 75 7.8 .5 .6 89 .9 3.8 1.1 l.0 .11 750

C-l-B 0-2' Sedge
2-4' Sedge 292 7.5 15.3
4'+ cl 150 7.6 6.4

C-l-C 0-2' Org. & Min. 375 6.8 7.4 48
2-4' Org. & Min. 206 7.5 10.0 62
4-6' Org. & Min. 229 7.1 9.2 56
6
'+

cl 142 7.7 6.4 81

C-l-D 0-2I Org. & Min. 75 7.3 10.1 84

C-l-E 0-2' Sedge 625 6.3 1.4 22
2-4' Sedge 192 7.3 1.9 63
4'+ 51 142 7.6 1.7 77

C-l-F 0-6" Sedge 667 7.1 .6 12
6-12" Sedge 575 7.2 .6 26
12-18" Org. & Min. 227 7.3 1.0 58
18-24" cl 109 7.7 .6 82
24'1+ cl-c 106 7.7 .6 83

C-l-G 0-6" Sedge 500 6.6 .9 .5 21 .7 4.6 102 64 2.4 450
6-12" Sedge 458 6.6 .7 .3 39 .5 5.4 17 25 2.1 310
12_1811 Org. & Min. 100 6.9 .5 .5 84 .8 4.7 11 3.0 0.4 285
18-24" c1-c 94 7.5 .4 .4 89 .5 3.4 46 1.8 0.13 500
24"+ 92 7.3 .4 .4 90 .6 4.0 9 1.0 0.14 835

C-2-A 0-1
'

Sedge
1-2' Sedge 225 4.3 52
2'+

c1-c 125 7.3 6.5 78

C-2-B 1-2I Sedge 625 6.9 .7 37
2'+ cl-c 112 7.5 .9 82

C-2-C 0-1'
Sedge 536 6.7 3.1 2.7 14 7.8 17.2 367

1-2~' Sedge 55 367
2~'+ 125 7.6 1.5 1.5 86 3.3 9.5 600

C-2-D 0-8" Sedge 365 6.2 2.4
8"+ c 112 7.2 1.6

C-2-E 0-12" Sedge 475 6.1 .6 25
12-16" Mixture 117 6.8 .5 70
1611+ 92 7.2 1.1 86

C-2-F 0-1
'

Sedge 714 6.0 2.0 18
1-2' Sedge 714 5.7 1.3 9
2-4~' Sedge 450 7.0 1.7 36
4~'+ cl 109 7.6 2.1 82

C-2-G 0-1'
Sedge 812 6.3 1.1 2.2 2.7 3.0 86 2.5

1-2' Sedge 471 6.2 6.5 6.3 26.a 34.0 46 1.2 2.9
2'+ cl-c 77 7.7 4.4 8.8 24.0 15.0 29 2.3 0.17

C-3-A 0_811 Sedge 394 6.5 3.1 11.0 14.0 3.5
8-10" Sedge 260 7.0 2.2 7.6 12.0 5.0

1011+ cl 106 7.5 3.3 7.2 16.5 10.5

C-3-B 0-1' Sedge 667 6.1 6.7 8
1-2' Mixture 357 5.3 55.0 36
2-3' cl
3'+ cl 109 7.1 19.0 77

C-3-C 0-1'
51 47 7.5 73.0

1-2' cl 106 7.9 17.5
2'+ cl 55 8.1 30.4

C-3-D 0-1' 62 7.9 21.8
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Soluble Sa!ts Available

Sat Ash M. E./L PPM PPM M. E./L Total Mn
Si te Depth Material 7, pH EC SAR % Na Ca + Mg N P K N% PPM

C-3-E 0-1
'

Sedge 155 7.4 1l.6 15.0 72.0 46.0 215 25 2.5
1- 2 I scl 106 7.7 10.9 26.7 80.0 18.0 7.8 2.6 .10

C- 3- F 0-1' Sedge 542 6.1 17.2 19
1- 2' Sedge 667 5.8 20.8 17
2- 3' Mixture 200 5.9 25.8 56
3

'+
cl 100 7.9 10.7 85

C-3-G 0-4" Sedge 125 6.9 78.0 109 755 95

4-12" cl 94 7.4 55.0 90 515 65
12- 24" 75 7.5 43.0 79 370 44

C-3-H 0-1' Sedge 625 6.6 2.3

1-1\' Sedge 305 6.9 2.4
l~ ,+ cl 94 7. a 2.3

C- 3-1 0-1
'

Sedge 1083 6. a .6 8.2 8 2.6 .2 40 99 2.2 107

1-1\' Sed ge 400 5.8 .9 16.8 34 5.3 .2 42 20 1.7 40

1~'+ cl 75 5.8 2.5 II. 2 88 16.0 4.1 5.5 12 .3 145

C-3-J 0-1
'

Sedge 714 5.7 6.6 12

1- 2' Org. & Min. 265 6.5 12. I 48
2 '+- scl 100 7.8 8.1 82

C-3-K 0-1 '
Sedge

1'+ scl 96 7.5 6.4

C-3-M 0-1' Sedge 683 6. I 5.3 14

1- 2' Org. & Min. 175 6.7 15.6 74

2-3 I Org. & Min. 125 6.3 17.5 79
3

'+
cl 71 7.3 11.5 88

C- 3-N 0-1
'

Sedge 600 5.5 5.5 12.2 28 26 4.0 2. a 95

1- 2' Sedge 725 6.0 4.6 12.2 8 44 0 2.9 80

2- 3~' Sedge 86 0 1.7 80

4- 5' Org. & Min. 130 7.5 4.8 12.6 84 19 5.8 .33 675

5 '+
cl 117 7.6 4.8 85 15 8.2 .21 800

C-4-A 0-1 '
Sedge 400 6.2 .6 1.8 10

1-1\' Sedge 219 6.5 .4 .7 62

1\'+ cl 94 7.5 .6 .4 85

C-4-B 2- 3' cl 119 7.8 7.3 25
3 '+ I 119 8.0 5.8 28

O-I-A 0-12" Organ ic 558 6.7 .7 .5 18 .8 4.5 102 32 2.6 367

12-18" Organic 120 7.6 .6 .6 34 1.8 6.1 41 4.6 .6 422

18- 24" Org. & Min. 100 7.8 .7 .7 79 .9 3.8 50 2.8 .1 525

24"+ cl 371 7. I .4 .5 89 .9 6.4 35 4.8 2.4 850

O-I-B 0- 611 Organ ic 600 7.0 3.4 14

6- 12" Organ ic 708 7.3 6.9 17

12- 24" Org. & Min. 312 7.6 9.3 39

24"+ cl 106 8.0 3.9 86

O-I-C 0-1 '
Organ ic

1- 2 I Organic

2-2~' Org. & Min. 300 6.5 1.0 50

2\'+ cl- c 805 7.6 .8 12

D-I-O 0-1
'

Sedge 600 6.2 2.6 6.5 13 14.8 10.5 86 II 2.6 57

1- 2' Sedge 600 6.0 2.5 4.9 22 II. 2 10 .4 58 1.4 2.3 50

2- 4' Sedge 175 7.3 2.8 8.1 67 16.5 8.2 30 .5 1.0 187

4 '+ cl

O-I-E 0-1' Sedge 550 7.2 6.8 29

1- 2 I Sedge 425 7.0 9.8 36

2- 4 I Sedge 150 7.5 14.2 71

4 '+ cl 150 7.8 11.8 81

D-I-F 0-1' Sedge 600 6.9 1.4

1- 2' Sedge 700 6.4 .8

2-4' Org. & Min.

4'+ cl 108 7.6 1.3
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Soluble Salts Available

Sat Asn H.E./L PPH PPH H.E./L Total Hn
Site Depth Ha te ria 1 % pH EC SAR % Na Ca + Hg N P K N'J PPH

D-2-A 0-1
'

Sedge 690 5.2 .6
1- 2' Sedge 500 5.5 .3
2- 3' 102 7.3 .6

D- 2-B 0-18" Sedge 562 6.7 .7 1.0 28 1.4 4.1 34 16 150
lR"+ 94 7.4 .6 0.6 80 0.9 4.5 10 4.5 417

0-2-C 0-1
'

Sedge 900 6.3 .9 14
1- 2! Sedge 660 5.9 .8 12
2 r+ c 1- c 106 6.4 1.0 84

D-3-A 0_1' Sedge 1083 5.8 3.7 9.5 12 21 10 244 1.2 2.7 107
1- 2 I Sedge 563 5.5 7.8 11. 9 13 44 27 103 .6 3.0 187
2-V Sedge 600 5.4 7.9 10.1 29 42 34 17 05 2.3 72

D- 3-B 0-1' Sedge 833 6.1 1.8 8

1- 2' Sedge 670 5.9 1.6 8

2- 3'
Sedge 550 5.8 2.4 18

3- 41 Sedge 425 6.0 2.5 42

4 '+ c 1- c 108 7.7 2.1 85

D-3-C 0-1' Sedge 1000 6.1 1.8 10
1- 2 1 Sedge 1062 5.8 2.6 7
2- 3' Sedge 417 5.9 7.6 36
3- 4' el 112 7.6 6.0 85

D-3-D 0-1' Sedge 583 6.3 3.1 12
1- 3' Sedge 594 5.8 5.3 18
3- 5' Sedge 312 5.8 7.9 41
5- 7

r 321 5.8 7.9 50
7- 9' Cirg. Min. 237 5.9 8.7 57

D-3-E 0-1
'

Sc'.dge 8 268 63 2.5 187
1- 2' Sedge 8 319 32 3.1 125
2-4' el 81 6.5 .7 .6 91 .9 4.6 11 21 .13 225
4 '+ vel 75 7.5 .7 .5 94 .8 5.7 12 8 .10 510

D-3-F 0-1
'

Sedge 670 6.1 4.9 29
1- 2' Org. & Hin. 150 6.5 5.2 76
2 '+ el 142 7.0 4.4 84

D- 3-G 0- 2' Sf-'dge 310 6.4 5.0 3.8 37 15 33
4- 6' Sedge 225 6.6 8.0 5.3 64 28 55 17 .94 240
6- 8' Sedge 225 6.1 9.8 6.2 65 38 75 5.5 7.7 .81 170
8-10

'
Sedge 217 5.8 13.7 3.6 65 12 23 5.5 7.4 .85 145

10-12
'

Sedge 187 6.7 16.4 4.0 65 13 22 3.3 5.9 .93 157
12-14' cl-vl 112 7.4 10.6 9.3 86 49 55 1.8 8.6 .19 477

D- 3-H 0- 2' Sedge 937 6.2 1.2 1.9 8 3.6 7.0
2-4

'
Sedge ~Min. 275 5.0 9.9 9.4 45 51 58.0

4- 6' Sedge & ~1in. 222 6.8 4.9 2.3 59 11 44.5
6-8

'
Sedge & Min. 244 6.1 4.5 1.6 56 7.3 40.0

8-101 C 100 7.2 4.3 1.6 82 6.8 34.5

D- 3- I 0- 2' Sf'dge 950 6.1 3.0 2.7 8.9 4.7 .49
2- 4' Sedge 250 6.6 5.0 3.6 0 4.3 1.5
4- 6' Sedge 270 7.0 7.0 4.8 0 3.6 1.4
6- 7 I cl-c 117 7.2 7.2 6.2 23.3 .8 1.2

D-4-A 0-1
'

Sedge 860 5.5 .6 0.8 .8 1.9
1- 2 1 Sedge 700 5.6 .4 1.1 .9 1.4
2' + cl-c 112 6.7 .8 0.4 .7 7.5

D- 4-8 0-1
'

Sedge 850 5.7 .6 7
1- 2' Sedge 660 5.6 .7 8
2- 3'

Sedge 625 5.6 .9 7
3- 4' Sedge 800 5.7 .7 12
4- 5' Sedge 325 5.8 2.3 54
5- 6' SedgE.' 587 5.8 1.0 70
6- 7' Sedge 119 7.4 1.7 84
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Soluble Sal ts Available

Sat
M. E./L

Asn PPM PPM M. E./L Total Mn
Site Oeptn Material % pH EC SAR ~. Na Ca + Mg N P K N% PPM

D-4-C 0-1
'

Sf-:dge 285 5.5 4.5 2.6 52 10 32

1-2' Sedge 750 6.2 .8 0.9 25 1..4 5.0
2- 3' Sedge 550 6.0 .7 1.2 27 1.7 3.8
3_41 Sedge 625 5.6 1.3 0.8 32 1.7 10
4

'+
c 1- c 117 6.5 1.6 1.0 84 2.5 13

0-4-D 0-1' Sedge 917 6.0 1.3 2.5 8 4.0 5 40 10 2.6 180

1- 2'
Sedge 867 5.7 1.6 3.1 7 5.3 6 97 3.5 2.6 170

2- 3' Sedge 450 5.6 2.9 3.2 43 8.8 15 75 3.3 1.7 170

3- 4' Sedge 200 6.2 8.0 23 64 16 16 38 2.5 1.3 327
4~ 4~ r Org. & Min. 229 6.5 5.5 4.2 62 19 44 16 3.3 .96 205

4~-5~' cl- c 62 7.5 4.8 3.9 88 16 33 16 5.5 .18 575

D-4-H 0-1' Sedge 650 6.2 .5 1.2 22 1.4 2.7 ;28 44 2.7

1- 2' Sedge 850 6.2 .4 0.9 15 0.9 1.8 28 24 2.8

2- 3' Org. & Min. 200 6.0 .5 0.8 57 1.0 3.2 25 7.3 2.8
3 '+ cl 100 6.2 .4 0.7 88 0.9 3.0 19 20 .20

0-4-1 0-1
'

Sedge 750 15 1.7 15
1- 2' Sedge 700 18 1.2 18

2-4' Sedge 428 39 1.7 39

4'+ cl 125 79 1.9 79

0-4-J 0-1' Sedge 670 5.6 1.4

1- 2 I Sedge 314 5.4 1.7
2 '+ c1 112 5.7 1.7

0-4-K 0- 2' Sphagnum 1325 4.8 .5 2.3 9 2.2 1.9 23 .3 1.3 25

2-4
'

Sphagn urn 560 5.2 .7 3.2 19 3.4 2.3 44 .3 2.3 57

4- 5' c1 110 7.0 .8 1.7 80 2.7 5.1 12 .5 .4 402

0- 5-A 0- 6" c 1- c 96 7.2 1.6 1.0 2.4 10 182 101 .23

6-12" cl-c 100 7.3 5.0 .4 .5 3.6 16 29 .12

12-18" cl-c 84 7.4 .5 .4 .5 3.9 19 16 .10

18- 24" cl-c 84 7.4 .5 .4 .5 3.8 15 15 .11

24- 30" cl-c 84 7.4 .5 .4 .5 3.6 15 21 .10

0-5-B 0- 6" L-H 237 5.5 2.3 .2 .6 19

6- 13" An 100 5.9 .5 .2 .4 7.2

13-19" c1 75 7.4 .5 .3 .5 4.4
1911+ c1 75 7.6 .5 .3 .5 4.4

0-5-C 0-1
'

Sedge 750 6.2 1.0 .8

1- 2 I Sedge 429 6.3 1.8 .3

2
'+

c 120 6.7 1.9 .2

D-5-0 0-1' Sedge 550 5.9 1.2

1-1~' Sedge 375 6.1 .7
l~- 21 106 7.4 .5

E- 2-A 0-1' Sedge 800 6.1 .6

1- 2~' Sedge

2~'+ cl-c 82 6.1 .3 89

E- 2-B 0-12" Sedge 750 6.9 .5 1.2 20 1.3 2.4

12- 20" Sedge

20- 24" Org. & Min. 175 7.6 .8 .9 66 1.6 6.2

24"+ c1 100 7.8 .6 1.0 84 1.4 4.1

E- 2-C 0-20" Sedge 625 6.3 .3 1.2 33 1.1 1.7

20"+ c1 81 7.6 .6 .5 86 .8 4.9

E- 3-A 0-3" L-H 480 6.3 1.3 .2 .5 10

3- 6" An 87 5.8 .9 .2 .5 8.2

6-10" Bkl 70 7.3 .8 .3 .6 8.0

10-16" Bk2 56 7.5 .6 .4 .7 5.4
16"+. fl-fcl 7.4 1.2 .4 .9 9.6

E-3-B 0- 5" L-H 600 5.7 1.4 .9 1.9 9.5

5- 6~" An 140 5.5 .8 .5 .9 6.7

61j" Cg(c-c[) 82 7.3 1.3 .6 1.4 10

E-3-C 0- 6" L-H 625 6.4 .9 .4 .8 7.0

6- 9" An 140 7.4 1.0 .5 1.0 8.0

9- 12" Ane 81 7.3 1.8 .3 .7 9.4

12-15" Bk 56 7.5 .9 .5 1.0 7.6
1511+ Ck 54 7.6 1.2 1.1 2.4 9.4
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Soluble Sa 1ts Avai lable
Sat Ash H. E./L PPH PPH H. E./L Total Hn

Si te Depth Ha teria 1 10 pH EC SAR % Na Ca + Mg N P K N% PPH

E- 3-0 0-1
'

3edge 750 6.7 2.1 16
1- 3~' Sedge 562 6.0 3.2 33

3" '+
c-cl 106 7.5 4.3 86

E- 3-E 0-1
'

Sedge 750 6.0 1.6 10
1- 2' Sedge 833 5.9 1.1 8
2- 3' Sedge 500 5.6 1.3 24

3- 4' Sedge 275 5.8 1.2 41

4'+ 125 7.0 1.4 84

E- 3- F 0-1
'

Sedge 750 6.4 4.6 12
1- 2' Sedge 488 5.8 5.7 23

3-4' Sedge 500 5.7 7.3 28
4- 5' 102 7.0 7.5 80

E- 3-G 0-1
'

Sedge 650 6.5 1.6
1- 2' Sedge 335 7.2 2.1

2' + c- cl 100 7.4 1.5

E- 3-B 0-1' Sedge 800 6.6 1.2 1.8 17 3.3 6.5 80 28 2.1 397
2-4' Sedge 733 5.8 1.9 2.4 19 5.4 10 162 5.5 2.1 120
4- 6 r Sedge 450 5. 9 3.1 2.0 45 6.7 23 102 3.7 1.5 95
6- 8'

Sedge 200 6.5 3.9 2.4 65 9.3 30 55 2.3 .92 145
8-10

'
Oog. & Hin.

10-11
'

cl 83 407

E-4-A 0-1
'

Sedge 750 6.3 1.0 1.6
1- 2' Sedge 700 6.3 1.2 .4
2- 3' Sedge 687 5.8 1.1 .3
3 '+ cl 97 7.7 1.1 .3

E- 4-B 0- 2" L-B 150 6.2 2.0 2.5
2- 3" Ah 180 6.3 1.5 .5
3- 6" Ae 65 7.2 1.1 .4
6"+ Ck 57 7.7 1.3 .3

E-4-C 0- 311 L-H 280 6.2 2.1 1.3
3-7" Ah 185 6.9 1.5 .3
7-10" Aeg 91 7.3 1.8 .3

10-15" Cg1 67 7.5 2.1 .3
15"+ Cg2 56 7.6 1.0 .3

E-4-D 0-2" L-H
2- 7" Ah 62 7.6 1.3 89 .3
7_1211 BC 64 7.9 .7 88 1.0

12- 17" Ck 56 7.9 .9 91 .4
17"+ C 44 8.0 .5 93 .3

E-4- E 0-1' Sedge 580 6.7 1.2 17 1.5
1- 2' Sedge 687 6.2 1.2 11 .4
2- 3' Sedge 725 8.2 .8 8 .3
3- 4' Sedge 325 5.8 1.1 41 .2
4- 5' Sedge 331 6.4 1.2 50 .3
5 '+ cl 105 7.5 1.1 84 .3

E-4-F 0-1
'

Sedge 712 6.3 1.7 2.3 13 4.6 8.2 131 1.0 2.8 740
1- 2' Sedge 467 6.3 .8 1.5 40 2.4 5.2 12 .5 1.9 345
2- 3' Sedge 400 6.1 1.7 2.2 27 4.7 9.5 5.3 .3 2.0 170
3 '+ 125 7.4 1.6 2.1 83 4.7 10.0 1.3 .3 .30 500

E-4-G 3 '+ cl 120 7.5 1.0 .4

E- 5-A 0-1
'

Sedge 750 6.3 1.7 1.1 2.5 10 .5
1- 2' Sedge 760 5.7 2.7 1.1 3.3 18 .5
2- 2'"

Sedge 321 5.8 3.9 1.3 5.1 29 .3

E-5-B 0-1
'

Sedge 875 5.8 2.5 7.0 .6
1- 2' Sedge 937 5.6 2.9 6 .5
2- 3' Sedge 812 5.6 3.3 14 .4
3- 3~' cl 130 6.4 3.7 49 .4
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So 1uble Sa! ts Available

Sat Ash M.E. /L PPM PPM M. E. /L Total Mn
Site Depth Material % pH EC SAR % Na Ca + Mg N P K N% PPM

E-5-C 0-1
'

Sedge 750 6.2 1.4 1.5 11 3.4 9.9 421 46 .4 3.1 145
1- 2' Sedge 750 6.3 1.5 1.8 11 'J.8 9.0 642 5.5 .3 2.8 102

2- 2!z;I Org. & Min. 102 7.5 2.2 1.7 85 4.7 14 29 5.7 .3 .34 490

2~'+ c1 200 7.3 2.2 1.9 68 5.2 14 29 2.3 1.0 .90 445

E- 5-0 6-10" Ah 175 7.6 2.0 .4

10"+ 50 7.8 1.1 .3

E-5-E 0-1
'

Sedge 3250 4.8 .3 1.3 7 .8 .8 341 37 1.0 .8 210

1- 2' Sedge 1300 5.4 .3 1.2 8 .9 1.1 306 26 .5 1.4 72

2- 3' Sedge 1250 5.3 .3 .8 6 .6 1.0 208 14 .4 1.6 35

3-4' Sedge 1250 5.5 .3 .6 7 .6 1.8 213 15 .3 2.3 29

4- 5 I Sedge 470 5.9 .3 .6 39 .7 2.7 159 4.3 .3 .77 137

5- 6' c1 79 6.5 .7 .6 90 1.0 5.6 19 1.4 .3 .13 575

E-5- F 0-1
'

Sedge 1500 6.4 .5 .9
1- 2'

Sedge 1000 5.9 .5 1.2

3-4' el 71 7.7 .8 3.5

E-5-G 0-1' Sedge 135 5.9 1.2 13 3.5

1- 2 I Sedge 133 5.6 1.0 9 .7

4- 5' el 69 7.7 .6 88 .4

E-5-H 0-1' Sedge 812 5.8 1.1 8 .6

1- 2' Sedge 775 5.7 1.3 10 .4
2-4' Sedge 325 5.6 1.1 49 .4

4- 5' el 110 6.9 .8 85 .4

E- 5- I 0-1' Sedge 650 5.9 .6 10 1.5

1- 2' Sedge 335 5.8 .5 7 .3
2- 2%' Sedge 335 5.8 .6 52 .5

2~'+ c1 100 6.0 .5 86 .5

E-5-J 0-8" L-H 475 6.8 1.5 .9

8-10" Ah 225 7.0 1.4 .4

10"+ C(e) 87 7.7 .5 .3

F-1-A 0-1" L-H 250 6.6 1.4 73 2.0 485

1-10" Org. & Min. 75 7.3 1.2 56 .5 327

10- 12" Org. & Min. 225 7.3 .9 79 .4 575

12-16" c1 87 7.5 .8 88 .4 417

16- 24" el 65 7.7 .5 91 .4 440

F-1-B 0- 211 L-H 145 7.2 2.1 .1 73 .3 14 2.0 .56 485

2-12" Org. & Min. 225 6.8 1.2 .2 56 .4 10 .7 .86 327

12-18" Org. & Min. 125 7.2 1.0 .3 79 .6 9.4 .5 .67 575

18- 24" Org. & Min. 71 7.4 .9 .3 88 .7 8.6 54 1.7 .5 .24 417

24- 30" Mineral 59 7.5 .8 .4 91 .7 7.4 32 4.7 .4 .13 440

F-l-C 0_1211 Org. & Min. 700 7.3 1.0 .8

12_16" Org. & Min. 107 7.3 1.0 .4
16- 20" Org. & Min. 96 7.3 1.1 .4

20-28" Mineral 80 7.5 .9 .4

F-l-0 0-2" L-H 265 7.2 2.7 3.7

2- 24" sl 55 7.6 1.0 .7

F- 2-A 0- 6"
Sedge 687 7.7 .8 3.3 4.3 3.3 .5

6- 12" Sedge 713 7.7 2.2 4.1 .3

12"+ vel 100 7.7 1.7 2.9 .3

F- 2-B 0-8" Sedge 450 7.2 .7 1.0 44 1.8 6.2 42 21 .4 1.6 295

8- 1211 Org. & Min. 138 7.6 .8 1.3 79 2.4 6.7 14 2.5 .3 .45 267

12-20" Org. & Min. 103 7.6 1.5 1.7 84 3.9 11 12 .4 .33 407

20- 30" Org. & Min. 105 7.6 1.7 1.5 83 3.8 13 17 .4 .31 422

30- 36" Org. & Min. 100 7.5 .5 1.4 88 3.2 11 65 .4 .18 530

36"+ cl-c 79 7.6 1.3 1.2 91 2.8 10 3.3 .4 .11 595

F-3-A 0- 2 I Sedge 875 6.1 .5 .3

2-4' Sedge 700 6.0 .8 .3
4- 5\' cl-c
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Soluble Salts Available

Sat Ash M.E. /L PPM PPM M. E. /L Total Mn
Site Depth Materia 1 % pH EC SAR % Na Ca + Mg N P K N% PPM

F-3-B 0- 2' Sedge 875 6.1 .4 1.7 1.7 2.0 53 2.2
2-4

'
Sedge 550 5.8 .8 .8 1.4 5.8 87 2.0

4- 5~' Sedge

5~-7' cl- c 108 7.3 .7 .8 1.3 5.6 12 .33

F-4-A 0- 4" Org. & Min. 203 5.8 .9 67 1.0
4_128. cl 100 6.0 .7 85 .6

F-4-B 0-1
'

Sedge 355 5.2 2.2 30
1-1~' Org. & Min. 91 5.8 .8 83
1\'+ 67 6.3 .5 91

F-4-C 0-1
'

Sedge 425 6.8 1.0 14 1.0
1_1~1 Org. & Min. 355 7.6 3.0 29 .3
1~'+ 112 7.6 II 85 .3

F-4-D 0-1' Sedge 850 5.9 .8 10 1.0
1- 2' Sedge B75 5.B .6 8 .5
2- 3 I Sedge 630 5.6 .5 18 .4
3 '+ c1 100 7.5 .6 84 .4

F-4-E 0-1
'

Sedge 875 6.4 .4 1.0 10 1.2 3.0 40 9.5 .3 2.6
1- 2' Sedge 6B7 6.2 .8 .8 16 1.3 6.0 377 2.8 .3 2.7
2- 3' c 87 7.3 .5 .6 84 1.0 4.9 13 1.0 .4 .32

F-4-F 0-1
'

Sedge 700 6.7 1.1 12
1 '+ c 94 6.3 .6 88

F-4-G 0-1' Sedge 625 7.3 .7 II
1- 2 I Sedge 562 6.8 .8 20
2- 2~' Org. & Min. 300 6.4 .7 39
2~'+ 94 7.6 .6 84

F-4-H 0-1' Sedg e 837 6.4 3.8 13
1- 2 I Sedge 425 6.1 3.4 38
2-2~' 84 7.5 2.1 86

F-4-1 0-1
'

Sedge 875 5.8 1.7 20 .4
1- 2'

Sedge 725 5.9 1.2 13 1.3
2- 3'

Sedge 750 5.8 1.7 II .3
3- 4'

Sedge 387 5.6 2.2 27 .3
4-5

'
cl 122 7.3 2.1 79 .4

F-4-J 0-1
'

Sedge 541 6.9 .8 19 .3
1-2 I Org. & Min. 300 7.2 .9 42 .3
2 '+ cl 90 7.5 .7 83 .2

F-4-K 0-1' Sedge 975 5.0 .4 7 .4
1- 2' Sedge 542 5.7 .5 30 .3
2 '+ cl- c 89 4.9 .4 83 .4

F-4-L 0-1 '
Sedge 500 6.2 .6

2- 3' Sedge 167 6.5 .9
4'+ cl 92 7.5 .8 86

F-5-A 0-1' Sedge 570 5.8 1.1 .4
1- 2' Sedge 290 5.9 .6 .3
2 '+ cl-c 90 7.1 .7 .3

F-5-B 0-1' Sedge 480 6.4 1.7 .5
1-1~' Sedge 250 7.4 2.1 .3
n'+ cl-c 72 7.7 1.1 .2

F-5-C 0-1' Sedge 712 6.2 .9 21 1.4
1- 2' Sedge 870 5.8 .5 II .4
2- 3' Sedge 812 5.7 .7 13 .2
3- 4' Sedge 570 4.8 2.3 22 .5
4-5' Sedge 300 6.0 1.1 46 .5
5- 5~' Org. & Min. 270 7.2 1.1 73 .7
5~'+ cl 112 7.5 1.2 81 .7

F-5-D 0-311 L-o 650 6.2 .9 .2 16 .3 7.6 310 30 1.8 2.2 412
3- 4~" Ah 125 6.4 .9 .1 80 .2 9.2 147 5.9 .6 .56 392
4~-7" Em 140 7.1 . 7 .1 90 . 2 6.5 41 2.3 .4 . 22 475
7"+ C( c) 69 7.8 .5 .2 91 .3 4.8 11 0 .2 .ll 470
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Soluble Sal ts Avai 1able

Sat Ash M. E. /L PPM PPM M. E. /L Total Mn
Site Depth Material % pH EC SAR % Na Ca + Mg N P K N% PPM

F-5-E 0-1' Sedge 750 6.8 . S .7 10 1.2 5.2 505 11 1.3 3.0 300
1- 2' Sedge 571 6.6 .5 .8 18 1.2 4.1 386 13 .2 2.8 61
2 '+ 113 7.4 .5 .8 86 1.1 4.2 23 9.2 .3 .17 412

F-5-F 0-1' Sedge 700 6.5 1.2 12 1.3

l-l~' Sedge 350 7.1 .8 37 .2

l~'+ c 1- c 96 7.4 .5 86 .1

F-5-G 0- 311 L-H 600 5.6 2.0 17 2.0
3-4\;" AhCel) 90 5.6 1.1 86 .4
4~-10" BmCel) 75 6.8 .5 90 .2

10"+ CCel
)

65 7.6 .6 88 .2

F-5-J 0-1
'

Sedge 940 5.9 .8 9 1.1

1- 2 I Sedge 890 6.0 .5 7 .3
2- 3 I Sedge 730 5.8 .8 9 .3
3-4' Sedge 630 5.7 .9 14 .2
4'+ 125 6.8 .6 88 .4

F-5-K 0-1
'

Sedge 580 7.4 1.8 13 1.0

1- 2 I Sedge 550 7.4 1.4 IS .3

2- 2\;' Sedge 200 7.0 1.5 48 .2
2\;'+ c-cl 66 7.7 1.1 85 .3

F-5-L 0-1' Sedge 550 6.8 .6 1.5 9 1.9 3.1 292 7.3 .5 2.3

1- 2I Sedge 930 6.7 .5 1.6 8 1.7 2.3 390 4.6 .5 2.6

2- 3' Sedge 837 6.4 .6 1.6 7 2.0 3.2 483 9.8 .3 2.7

3-4' Sedge 700 7.0 .7 1.3 10 2.0 4.5 314 8.0 .2 3.1

4- 5'
Sedge 280 7.5 .7 1.3 42 2. I 5.3 31 4.7 .1 2.0

5 '+ el 117 7.6 .6 1.8 79 1.7 5.2 IS 43 .2 .40

F- 6-A 0-1' Sedge 700 6.3 .8 21 .3

1- 2' Sedge 687 6.7 1.4 25 .2
2- 3'

Sedge 300 6.3 2.3 45 .3

3 '+ c 100 7.7 1.3 84 .4

F-6-B 0-1
'

Sedge 812 6.5 .8 14 .8
1- 2~' Sedge 137 7.3 .8 73 .3
2\;' + 66 7.8 .8 88 .3

F- 6-C 0-1' Sedge 450 6.6 6.4 36 .7

1'+ fcl-l 59 7.4 6.0 52 .4

F-6-D 0-1' Sedge 900 5.7 1.5 3.9 8 6.6 5.7 62 4.7 .4 2.7 87

1- 3'
Sedge 875 6.5 1.4 3.3 14 5.7 6.0 98 14 .3 2.8 145

3-4' Sedge 500 5.9 1.8 4.2 25 8.4 8.1 53 1.6 .3 2.3 175

4 '+ c 95 6.8 1.7 3.7 87 7.6 8.6 1.1 5.8 .5 .15 215

G-I-A 0-1211 Org. & Min. 100 7.5 1.2 .4

12-18" Org. & Min. 100 7.5 .9 .2
18- 24" Mineral lOa 7.5 .9 .2

G-I-B 0-8" Org. & Min. 85 7.3 1.8 .8

8- 20P Org. & Min. 87 7.6 1.1 .2

20"+ Mineral 100 7.4 2.3 .9 3.2 24 .2

G-I-C 0-1' Min. & Org. 271 7. I 1.5 .6 62 1.4 12 505 1.2 .94 427

1- 2 I Min. & Org. 113 7.5 .8 .9 85 1.6 6.9 6.6 .5 .25 402

2- 3' Min. & Org. 128 7.3 1.4 .9 80 1.9 12 28 .6 .38 434

3- 4' Min. & Org. 142 7.2 1.5 .6 80 1.7 15 10 .7 .36 355

G-l-D 0-4" Organ ic 175 6.7 1.8 67 .8

4-12" Mineral 117 7. I .9 80 .5

G-2-A 0-1
'

Org. & Hin. 180 6.8 1.3 1.2 68 2.7 9.9 22 .5 .5 .69 255

1-4' Org. & Min. 145 6.9 1.2 .8 71 1.7 9.2 6.6 0 .4 .56 472

4- 6'
Org. & Min. 428 7.4 .7 .8 35 1.4 5.8 4.4 .5 .3 .59 267

6- 7~ I Org. & Min. 307 7.0 .6 .9 48 1.4 4.8 20 0 .2 1.3 205

7~'+ 130 7.6 .8 84 19 0 .20 261

G-2-B 0- 2' Sedge 1080 5.9 .6 .6 .9 4.5 230 .5 1.8

2- 4'
Org. & Min. 156 5.5 1.1 .7 1.6 9.5 IS .4 .69

4 '+ 95 5.6 .6 1.0 1.4 3.9 0 .5 .20
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Soluble Salts Available
Sat Ash -

M. E./L PPM PPM M,E./L Total Mn
Si te Depth Material % pH EC SAR Na Ca + Mg N P K N% PPM

G- 2-C 0-1 '
Sedge 800 6.2 .7 17 .6

1- 2' Sedge 875 6.6 1.0 8 1.1
2 '+ cl 87 7.5 .9 87 .6

G-2-D 0_2' Sedge 750 6.0 1.3 15
3~'+ cl 97 7.7 1.6 85

G- 3-A 0-1 '
Sedge 500 7.3 3.6 20 .9

1 '+ cl 92 7.5 3.6 85 .5

G-3-B 0-1' Sedge 610 7.3 2.8 3.7 15 13 266 .5 2.8 475
l_l~t Sedge 812 6.1 1.3 3.5 10 5 30 .9 2.2 80
l~'+ c 97 7.8 2.1 4.3 88 8 0 .5 .13 485

G- 3-C 0-1' Sedge 540 7.8 3.8 21 .5
1- 2' cl 125 7.7 1.7 78 .3
2- 3' 106 7.9 1.2 85 .3

G-3-E 0-1 '
Sed,ge 375 7.1 4.4 39 1.2

1 '+ c 75 7.6 2.7 86 .6

G-3-F 0-8" Sedge 530 6.9 3.4 21 .6
1- 2' Org.

5"
Hin. 450 7.0 3.8 35 .4

2- 3' 81 7.6 3.0 86 .5

G-3-H 0-1
'

Sedge 620 6.8 1.9 3.5 6.9 8.0 .5
1 '+ vI 94 7.9 2.3 4.4 9.0 8.5 .5

G-3-1 0-1 '
Sed,ge 630 5.8 1.2 16 .4

1- 2' Sedge 800 6.0 .7 16 .2
2- 21;' Org. ,3,:Min. 225 6.9 .6 70 .2
21;'+ 1 77 7.2 .6 85 .3

G-4-A O-l~' Sedge 975 5.8 1.5 1.2 2.7 10 .8
1\- 2.0 r Org. ,5,:Min. 250 6.8 .9 .9 8.7 7.6 .4
2.01+ cl 100 7.5 .9 .8 1.6 7.7 .5

G-4-8 0-1
'

Sedge 000 4.9 4.0 21 .8
1- 2' Sedge 540 4.4 3.2 32 .0
2- 3 I Sedge 370 4.8 3.6 44 .5
3- 4' Org. s.. Min. 315 5.0 4.0 42 .4
4 '+ 92 6.9 1.3 83 .5

G-4-C 0-1' Org. Hin. 350 5.9 18 41 .3
1-11;' Org. Min. 315 0.2 14 47 .2
11;'+ 69 7.2 11 88 .2

G-4-D 0-1' Org. Min. 100 0.5 2.8 .4
1- 2' Org. Min. 175 7.0 2.3 .1
2- 3 I OTg. Min. 100 7.4 2.1 .2
3-4' 135 6.8 2.1 a

G-4-E 0- 21 Sedge 800 5.8 1.0 9 .8
2-31;' Org. St Min. 730 0.5 .8 43 .3
31;

'+ cl- c 90 7.2 .5 88 .4

G-5-A 0-8" L-H 400 0.3 2.0 .4
8-13" Ah 280 0.0 1.6 .1

13-10" Aeg
1611+ cl-c 804 7.3 1.1 80 .1

G- 5-B 0-4" L-H 500 6.0 2.2 85 2.0
4- 6" Ah 95 5.8 1.3 82 .0
0-12" Aeg 92 6.2 .9 37 .2

1211+ Cg 66 7.4 .8 88 .1

G-5-C 0- 0" L-H 520 5.6 .9
0.8" Ah 355 5.9 .3
8-12" Aegl 100 6.5 .1

12-16" Aeg2 75 7.3 .1
16"+ CgCscl)
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Soluble Salts Available

Sat Ash M. E./L PPM PPM M.E./L Total Mn
Site Depth Material % pH EC SAR % Na Ca + Mg N P K N% PPM

G-5-D 0-1' Sedge 700 6.5 .4 1.0

1-2' Sedge 680 6.3 .3 .1

2-3' Sedge 575 6.2 .4 .1
3-4' Sedge 550 6.0 .3 TR

4- 5 I Sedge 102 7.5 .7 TR

G-5- E 7
'+

el 250 7.5 1.0 77 .2

G-5-F 0-1
'

Sedge 750 6.1 .5 I.C'
1- 3' Sedge 650 5.9 .3 .,

3-4' Sedge 490 5.8 .4 TR

4-5' el 113 6.4 .5 TO,

G-5-G 0-1' Sedge 920 6.2 .4
1- 5'

Sedge 667 6.0 .5
5'+

Sedge 112 7.8 .6

G-6-A 0-1
'

Sedge 620 6.0 .3 27 d,

1- 2' Sedge 687 6.6 .3 30 .',
2- 3 I Sedge 812 5.6 .8 18 .1
3-5

'
Sedge 730 5.3 1.3 17 .1

5- 6' cl-c 150 6.1 .7 70
"

d,

6- 7J,' cl-c 160 7.4 1.4 78 .3

G-6-8 0-1' Sedge 938 6.4 .8 .1,

1-2I Sedge 1187 5.6 1.0 .3

2- 3 I Sedge 875 5.6 1.2
"

3-4' el 2.1

H-l-A 0- 611 Sedge 175 7.0 1.5 .2 73 .5 13 735 1.{+ .94 317

6-12" Org. & Min. 110 7.2 1.0 .4 84 .8 10 192 .l+ .39 345

12- 20" Org. & Min. 89 6.4 .7 .5 88 .9 6.4 116 .2 .19 397

20-30" vel 90 7.6 .8 .5 89 1.0 7.2 95 .3 .17 451

H-l-B 0-6" Organ i c 200 7.3 1.0 59 . I) 306

6-12" Org. & Min. 143 7.6 .8 74 .5 422
1211+ Org. & Min. 112 7.7 1.2 86 .1, 550

H-2-A 0-7 I Sedge 563 5.7 2.1 .6

H-2-B 0-21 Sedge 826 5.7 5.9 12 l./f

3 '+ cl-c 120 7.3 1.4 80 .8

H-3-A 0-4' Sedge 725 6.3 .6 21 .7

4- 5' 96 7.6 .7 84 .6

H-3-B 0-1' Sedge 900 8.1 .5 9 .:3

1- 2' Sedge 800 7.9 .5 12 .6

2- 3' 71 7.5 .6 88 .7

H-3-C 0- 6"
Sedge 393 6.4 2.2 2.5

6"+

H- 3- D 0-1
'

Sedge 583 6.7 4.0 2.1 7.8 27 .7
1 '+ 125 7.4 3.6 2.0 7.3 26 .5

H- 3- E O_l~1 Sedge 500 6.7 1.4 34 2.5
1~_41 el 120 6.7 3.5 81 1.2

H-4-A 0- 6" Sedge 450 4.8 3.5 .5 1.8 30 1.2

6"+ vel 147 6.0 1.5 .7 1.8 13 .3

H-4-B 0-4" Sedge 550 6.7 3.9 .2 35 1.0 41
411+ cl-c 115 7.6 3.1 .3 80 1.4 37

H-4-C 0-4" Sedge 750 7.2 1.7 1.3 27 3.3 13 1.6

4"+ cl-c 102 7.7 1.1 1.1 83 2.2 8 .6

H-4-D 0-1' Sedge 192 7.1 2.7 1.6 66 5.5 22 .9

1- 2' 87 7.8 1.4 1.7 85 3.5 8.4 .5

H-4-E 0-6" Sedge 625 7.0 2.2 3.1 9.0 17 1.5

611+ 150 7.6 2.8 2.0 6.4 19 .4
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Soluble Salts Available

Sat Ash H. E./L PPH PPH H.E./L Total Hn
Site Depth Material % pH EC SAR % Na Ca + Hg N P K N% PPM

H-4-F 0-1' Sedge 285 5.8 1.9 1.1 55 2.9 15
1-1~' Sedge 217 6.5 3.6 1.2 63 5.5 39
1~'+ cl 212 7.4 2.8 1.0 64 3.8 32

H-4-G 0- n' Sedge 438 6.8 5.4 .3 62 1.5 56 2.4 490
11:2'+ cl 115 7.3 3.2 .5 14 2.3 38 .39 480

H-4- I 0-1' Sedge 833 6.5 1.7 .8 15 2.0 12 124 3.7 2.1 225
1- 2 1 Sedge 750 5.9 1.8 .4 26 1.2 16 174 .9 2.2 187
2- 41;;' Sedge 750 3.3 3.8 .3 38 1.5 47 78 1.1 1.8 95
41;;- 51;;' Org. & Min. 190 6.6 2.4 1.8 63 6.5 27 18 1.8 .75 205
5~'+ cl-c

H- 5-A 3-8" Org. & Min. 99 7.4 1.4 82 .4 477
8_1211 Mineral 115 7.3 1.6 85 .3 615

12-18" Mineral 119 7.5 1.2 86 .3 490

H-5-B 0-1
'

Sedge 600 6.2 .5 3.8 30 5.5 4.3 14 .5 2.1 485
1- 2' Sedge 285 6.2 .5 1.2 59 1.7 3.8 22 .2 1.1 267
2- 3' Sedge 375 5.4 .9 .7 46 1.4 7.4 86 .1 1.6 250
3- 4' Org. & Min. 142 5.4 2.9 .5 65 2.0 34 29 .8 1.1 210
4- 5' c 113 6.6 1.5 .6 83 1.7 15 28 .1 .3 240

H-5-C 0-1 '
Org. & Min. 125 7.4 1.3 .7 77 1.3 7.8 19 .3 .49 500

1- 2' Org. & Min. 115 7.4 5.8 2.4 80 5.8 12 15 .2 .42 475
2- 3 I Org. & Min. 128 7.5 1.5 .7 81 1.5 10 22 .2 .40 500
3 '+ c 97 7.5 1.5 .7 89 1.5 8.8 11 .2 .11 530

1- 2-A 0-8" Sedge 450 7.2 .7 1.0 44 1.8 6.2 42 .4 1.6 295
8-1211 Org. & Min. 137 7.6 .8 1.3 79 2.4 6.7 14 .3 .45 267

12_2011 Org. & Min. 103 7.6 1.5 1.7 84 3.9 10.7 12 .4 .33 407
20- 30" Org. & Min. 105 7.6 1.7 1.5 83 3.8 13.1 17 .4 .31 422
30- 36" Org. & Min. 100 7.5 .5 1.4 88 3.2 10.8 65 .4 .18 530
36"+ cl-c 79 7.6 1.3 1.2 91 2.8 10.5 3.3 .4 .11 595

1- 2-B 0- 6" L-H 286 5.9 2.1 2.6
6-18" B 94 7.1 .8 .5

18- 24" BC 61 7.5 .6 .3
24" C 60 7.6 .5 .2

1-2-C 0- 6" L-H 458 6.2 .9 38 .9
6-12" Org. & Min. 136 7.3 1.1 77 .3

12- 24" Org. & Min. 175 7.3 1.3 74 .3
24- 36" Org. & Min. 114 7.4 2.0 80 .4
36- 46" Org. & Min. 131 6.6 3.0 80 .5
46- 56" Org. & Min. 100 7.5 2.1 86 .4
56"+ C 87 7.5 2.2 87 .5

1-3-A 0-5" L-H 407 5.7 1.8 .3 33 .7 12 332
5- 9" AhCcl) 95 7.3 .8 .4 88 .8 6.4 565
9-15" CCd 83 7.5 .8 .4 88 .8 6.7 570

1-3-B 0- 211 L-H 470 6.8 1.8 .2 23 .6 12 354 2.1 2.1 120
2- 6" Ahe 117 7.3 1.2 .2 80 .4 10 279 1.2 .49 392
6"+ CCvl) 70 7.6 .9 .3 90 .6 8.1 89 .5 .16 397

I- 3- C 0- 4" L-H 450 6.9 1.4 .1 42 .3 9.0 248
4-9" Ck 100 7.4 .8 .1 86 .2 7.9 470
9"+ CCs) 60 7.4 .5 .2 91 .4 5.3 490

1-3-D 0-12" Sedge 475 6.3 .7 .6 53 1.0 5.5 .3
12-18" Crg. & M n. 180 6.7 1.8 .6 77 1.8 18 .5
18- 241t Org. & H n. 138 7.1 1.8 .6 82 1.8 19 .5
2411+ Org. & M n. 150 7.1 1.9 .5 81 1.7 19

1- 3- E 0-12" Sedge 650 6.3 .8 1.2 32 2.0 5.4
12- 24" Sedge 325 6.3 1.1 1.2 51 2.3 7.7
24- 30" Org. & Min. 142 7.1 1.2 .8 80 2.4 18
3011+ c 1- c 117 7.4 2.8 .7 85 2.8 31

1-4-A 0-3" L-H 500 6.4 1.2 .3 31 .7 15 2.5
3- 4" Ahej 67 7.2 1.6 .2 88 .5 12 1.1
4-8" Cca 79 7.3 1.0 .1 86 .3 9.8 .6
811+ Cca2 62 7.6 .6 .3 89 .5 6.1 .3
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	Soil Survey of the Saskatchewan River Delta Project 
	Soil Surveys of the Delta Area 1950-1963 
	In 1950 the Saskatchewan Soil Survey carried out preliminary traverses 
	in the lowlands northeast of Carrot River (1). A report was published in 
	which it was concluded by the authors that "It is equally clear that drainage 
	is essential before any actual settlement can be undertaken and it is the 
	opinion of the Soil Survey that engineering surveys should precede any further 
	soil surveys in this particular area. Engineering surveys are required, first 
	to determine whether drainage is possible, second, whether it is feasible, and 
	last but not least, to determine what effect drainage will have upon water 
	levels, forest lands, existing muskrat production, etc. These views have been 
	discussed with representatives of the Departments of Natural Resources and 
	Agriculture, and agreement has been reached as to the desirability of studying 
	all factors before making final decisions on future land utilization". 
	In 1951 the Department of Natural Resources planned a social and economic 
	study in the Cumberland House Area and requested a soil survey. This resulted 
	in a report (2) which covered "the areas of Spruce (or what is now referred 
	to as Farm Island) and Cumberland Islands in the>vicinity of the settlements 
	of Cumberland House and Pemmican Portage". From this survey the authors 
	concluded that "The Cumberland and Sipanok soils appear suitable for arable 
	agriculture or the production of hay and pasture if adequate drainage is 
	established and maintained .. the areas known as Goose Lake and the Farm 
	Marsh should possibly be restricted for the immediate future to hay and pasture 
	production; cultivation for coarse grains, etc. should be developed on the 
	less poorly drained areas of these soils. The areas of stony wooded soils 
	extending from the Cumberland settlement and southwestward from the Pemmican 
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	Portage road could be utilized for dwellings, barns and stockyards. 
	(This 
	ensures some protection at the time of floods and provides winter shelter 
	for livestock). The moderately stony, lake-modified clays occurring in the 
	vicinity of the Cumberland settlement appear to have little use except for 
	gardens, poultry runs, and such like. The large area of stony upland podzol 
	soils mapped in the Kakwa Association and lying within the present boundaries 
	of the Indian Reserve would appear most suitable for reforestation. Certainly, 
	it cannot be considered as suitable for agricultural development". 
	In 1952 the Soil Survey was requested by the Conservation and 
	Development Branch to survey the area between Kennedy Creek and the Manitoba 
	border. Thus an exploratory type of survey was carried out and in the 
	accompanying report (3) the authors concluded that "The Preliminary Soil 
	Survey of the Lower Saskatchewan Valley indicates the occurrence of a large 
	area of potentially arable land adjacent to present settlement and favorably 
	located with reference to extension of rail and road communications. However, 
	it must be emphasized that the development of such an area depends on important 
	factors beyond the scope of this report. The physical feasibility of drainage 
	and flood control, and the economics of development have yet to be established. 
	The area includes portions of two provinces and any development would necessitate 
	Provincial and Federal agreements on water rights and general development 
	policy". 
	On March 6, 1953 a meeting (4) of P.F.R.A. officials and officials of 
	the Governments of Manitoba and Saskatchewan was held at the Saskatchewan 
	Government Administration Building, Regina. Several important decisions were 
	made regarding the Delta area; not the least of which was that the P.F.R.A. 
	Engineers were to study the problem of drainage and reclamation. 
	In 1957 the Deputy Minister of Agriculture requested that a survey be 
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	carried out in the area from the edge of settlement east to Kennedy Creek. In 
	the soils report (5) which accompanied the map the author states, "To summarize 
	the acreage of the map sheet west of Kennedy Creek, it can be stated that of 
	the total 153,000 acres, 18,000 are now being developed, 25,000 acres are 
	potentially arable, and 110,000 acres are unsuitable for agriculture". 
	On October 24, 1963 an Order-in-Council established the terms of 
	reference for studies, so that knowledge might be acquired regarding alternative 
	land use in the Delta area. The Order-in-Council authorized the Minister of 
	Agriculture to establish the Saskatchewan River Delta Committee to report on 
	the various land use alternatives. Subsequently the Saskatchewan Soil Survey 
	was requested by the Conservation and Development Branch to co-operate with them 
	in a survey of the Delta area. Thus preliminary traverses by helicopter were 
	made in November, 1963. In a brief report (6) submitted to the Minister of 
	Agriculture it was stated that "The most important discovery gained by the 
	flight is the extreme wetness of the area. It was suspected that the areas 
	surrounding the interior lakes would be wet, but the presence of such a large 
	amount of saturated bog was surprising". It was concluded that the survey 
	should determine the depth of the organic cover throughout the area and the 
	kind of mineral soils that underlie the organic cover. 
	The foregoing therefore is a record of the involvement of the Soil 
	Survey in studies dealing with Delta area up to 1963. The following material 
	is the result of surveys conducted in 1964 and 1966 to assess the Delta area 
	for "agricultural purposes" (7). Mr. D. Graveland, Supervisor, Land 
	Classification, Conservation and Development Branch was assigned by the 
	Provincial Government to work with the Soil Survey. 
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	Method of Survey 
	Due to the extreme wet conditions which exist in the Delta area it was 
	wisely decided that helicopters fitted with floats would be used as a means of 
	transportation. The Conservation and Development Branch hired two helicopters 
	from Athabasca Airways. The pilots Messrs. R. Rasmussen and D. Montgomery 
	were most obliging and the survey staff is very appreciative of the many services 
	they carried out during the course of the survey. 
	Two base camps were established during the course of the survey. These 
	camps were essentially fuel dumps. From these sites some 400 air hours were 
	logged to complete the survey. The first campe was on the north side of the 
	Pasquia Hills on Highway 109 just above the drop off to the lowlands at about 
	mile 54. The survey personnel obtained board and room at Bainbridge Court 
	which is operated by Mr. and Mrs. Smith. These people were most hospitable 
	and the survey personnel wish to express their appreciation for services 
	rendered. From this camp the eastern portion of the area was surveyed. 
	The next camp was established near Squaw Rapids. From here the west 
	portion of the area was surveyed. The survey personnel lodged in Carrot 
	River and motored back and forth from there to the camp. 
	The Department of Natural Resources were at this time constructing a 
	road from Squaw Rapids to Cumberland House. The survey group were able to 
	obtain meals at the D.N.R. cook car and take this opportunity of expressing 
	their thanks to the foreman and the cook. 
	The survey consisted of traversing the area by helicopter. Aerial 
	photographs at a scale of approximately 2 inches to the mile were used and 
	inspections were made on a grid-like pattern approximately 1 to l~ miles apart. 
	These distances were governed by the suitability of landing sites. The pilots 
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	were responsible for these decisions and they are to be commended for their 
	efforts to keep the inspection sites at fairly regular intervals. 
	At each site the depth of the peat to the mineral soil was determined 
	as was the nature of the mineral soils. Some 800 soil samples were collected 
	and forwarded to the Canada Department of Agriculture Laboratory at Vauxhall 
	for analyses. Also 16 bushel bags of peat were collected throughout the area 
	for fertility studies at the Soil Science Department in Saskatoon. 
	Throughout the survey the lakes were sounded to correlate the lake 
	depths and peat depths. Shore lines on many of these lakes are non-existent 
	and the peat which surrounds the lakes shifts and moves so that the shape 
	of the lakes can vary considerably. 
	General Description of the Area 
	The area under discussion in this report is bordered on the west by 
	Kennedy Creek and the New Channel, on the north by the Centre Angling River, 
	Muskeg Lake, Cumberland Lake, Tearing River and the Saskatchewan River, on the 
	east by the Manitoba-Saskatchewan boundary and on the south by the Carrot 
	River. The area is therefore about 50 miles east and west and varies from 12 
	to 25 miles north and south. It comprises some three-quarters of a million 
	acres. The western fringe of the area may be reached by road from the towns 
	of Nipawin and Carrot River in Saskatchewan. The eastern side can be approached 
	from Highway 109 which links Hudson Bay in Saskatchewan with The Pas in Manitoba. 
	The above area can be divided into two physiographic regions as follows: 
	1. The Saskatchewan-Carrot Triangle Flood Plain 
	This area commonly referred to as the "Carrot River Triangle" 
	constitutes the largest and most important portion of the region. It is 
	bounded on the north by the Old Channel of the Saskatchewan River, on the 


	page 14
	Titles
	- 6 - 
	south by the Carrot River, on the west by Kennedy Creek and extends east to 
	the Manitoba-Saskatchewan border. The physiographic region itself extends over 
	the provincial boundaries to the junction of the Carrot and Saskatchewan Rivers, 
	2 miles west of The Pas in Manitoba. The portion of the triangle in Sask- 
	atchewan occupies some 675,000 acres of undeveloped bogs and lakes and is the 
	habitat of water fowl, fish, aquatic fur bearing animals, and moose and deer. 
	2. The Cumberland-New Channel Flood Plain 
	This area of about 75,000 acres lies to the north of the Carrot River 
	Triangle and includes Cumberland Island, Spruce Island and the island bounded 
	by the Old and New Channels of the Saskatchewan River and by Cumberland Lake. 
	The island between the Old and New Channels was formed in 1873 when the 
	Saskatchewan River cut a new channel from its old course into Cumberland Lake. 
	Cumberland Island and Spruce or Farm Island have some agricultural development 
	but the remainder of the area is undeveloped. The settlements at Cumberland 
	House and Pemmican Portage contain some 700 inhabitants of which about 157 are 
	Indian and the remainder are mainly Metis. 
	Physiography 
	The area lies in the physiographic division (8) referred to as the 
	Cumberland Lake Lowland. This is the western portion of the Manitoba Lowland 
	Region. In Saskatchewan it consists mainly of the lower portion of the broad 
	Saskatchewan River Valley. 
	This valley which is about forty miles wide, descends in a broad and 
	subdued plain from a general elevation of over 1,100 feet in the Carrot River 
	and Nipawin districts to an elevation of 852 feet in the flood plain at The Pas 
	where the combined rivers have cut a gap through higher morainic deposits to 
	reach Cedar Lake and eventually Lake Winnipeg. 
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	Geologically, the area may be co~sidered as a lacustrine plain 
	representing the westerly extension of a former series of glacial lakes 
	contemporaneous with Glacial Lake Agassiz in Manitoba. This lake plain has 
	been modified greatly by the subsequent activity of the rivers which have 
	cut valleys through the higher portions of the plain and laid down a pattern 
	of alluvial and flood plain deposits in the lower area. This process of 
	alluvial deposition is still active in the area. 
	The area between the Carrot and Saskatchewan Rivers which extends from 
	Kennedy Creek eastward to The Pas in Manitoba has a very gradual slope and an 
	overall fall of about 70 feet in as many miles. Within this area the local 
	relief is very slight, and the deposits are mainly lacustrine and alluvial 
	types. 
	The Saskatchewan and Carrot Rivers, below an elevation of approximately 
	920 feet, emerge into this area and flow eastward and have formed and are still 
	forming delta and flood plain deposits. The western boundary of these alluvial 
	deposits extends from below the Squaw Rapids on the Saskatchewan in a south- 
	easterly direction to below the Red Earth Rapids on the Carrot River. The 
	Sipanok Channel which connects the Saskatchewan and Carrot Rivers at high water 
	is sometimes taken as the western boundary, but the flood plain deposits appear 
	to extend westward from the Sipanok to the area of Kennedy Creek. 
	The northern boundary may be taken as that of the Saskatchewan River 
	and extends through the New Channel to Cumberland Lake, including the southern 
	part of Cumberland Island, and from these following a little north of the 
	Saskatchewan River to The Pas. The southern boundary of the alluvium extends 
	for a very limited distance south of the Carrot River. 
	Within this area the rivers have partially filled up a series of old 
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	Carrot Rivers, and flow through a series of small lakes in an easterly direction 
	and finally join the Carrot River near The Pas. The most important of these 
	interior streams are the Birch and Saskeram Rivers and the Elm and Petabec 
	Creeks. They probably represent the remnants of older channels of the 
	Saskatchewan and Carrot Rivers which have become cut off and partially silted 
	up. 
	The eastern portion of the flood plain does not appear to be as deeply 
	filled with lacustrine and alluvial deposits. A number of higher "islands" 
	of stony glacial till are exposed along the western side of Saskeram Lake near 
	the Carrot River adjacent to the Saskatchewan-Manitoba border. These small but 
	prominent islands of morainic material have little alluvial deposition on them 
	above an elevation of 858 feet, and presumably form part of a series of partially 
	submerged till ridges that run from the north side of Cumberland Island eastward 
	to a little north of Barrier settlement on the Saskatchewan River and then 
	extend southward along the west side of Saskeram Lake to the Pasquia River. 
	The alluvial-lacustrine plain is flat and lies below the flood levels 
	of the rivers which are meandering through it. The rivers are enclosed by 
	higher levee deposits along their banks. The levee deposits on the banks of 
	the Saskatchewan are about 10 feet higher than the lowland and vary from less 
	than 100 yards to over 1 mile in width. They decrease in width and height in 
	Manitoba. The levees on the Sipanok and Carrot Rivers are lower than those 
	on the Saskatchewan. The Sipanok levee banks decrease from about 10 feet in 
	height near the Saskatchewan River to 3 feet where the Sipanok joins the Carrot 
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	River. The levees on the Carrot River vary from 6 to 8 feet in Saskatchewan 
	and are very low in Manitoba. The interior streams such as the Birch, Elm 
	and Petabec all have levees varying in elevation from 2 to 8 feet and these 
	heights decrease rapidly as the streams flow eastward into Manitoba. The 
	levees on the Carrot and Saskatchewan appear high enough to prevent flooding 
	of the lowland except under conditions of very high water or ice jams. However, 
	when flooding of the lowland does occur these levees prevent drainage of the 
	excess water back into the river channels. 
	At the present time the lowland is receiving very little natural flooding 
	and alluvial deposition, but is being artifically flooded by means of ditches 
	leading from the Saskatchewan River. These ditches were constructed by agencies 
	interested in maintaining water levels which would facilitate the reproduction 
	of fur bearing animals and water fowl. 
	Climate 
	An assessment of the climate of the area may be obtained by studying 
	the meteorological records from Cumberland House in Saskatchewan and The Pas 
	in Manitoba. Both of these stations are located within the physiographic 
	region known as the Cumberland Lake Lowlands (8). Data from the Station at 
	Nipawin are also included for comparison. The following is a presentation 
	and discussion of some of the more pertinent climatic factors. 
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	Temperature 
	Table 1. MONTHLY AVERAGES OF DAILY MEAN TEMPERATURE of. 
	The above table indicates that the mean daily temperatures are almost 
	identical for Cumberland House and The Pas. Nipawin's temperature is consistently 
	one to three degrees higher than that of the other two stations. 
	Precipitation 
	Table 2. MONTHLY AND ANNUAL PRECIPITATION IN INCHES 
	The total annual precipitation is very similar for all three stations 
	with about 10-11 inches falling during the growing season. Greatest precipitation 
	is during June, July and August hampering haying operations. Approximately 
	five inches of water will be stored in the form of snow ready for release 
	during the spring thaw. 
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	Inches 
	8-10 
	10.1-12 
	12.1-14 
	14.1-16 
	16.1-18 
	18.1-20 
	20.1-22 
	24.1-26 
	Percent 
	,~. 7 
	2.8 
	17.6 
	19.5 
	23.2 
	21. 4 
	8.4 
	2.8 
	This table based on 54 years observations at The Pas Station indicates that 
	the annual precipitation falls within the 16 to 20 inch range 45% of the time, 
	16 inches and below about 45% of the time, and above 20 inches 10% of the time. 
	Frost Free Period 
	Frost free periods are usually expressed as averages and could be quite 
	These data indicate that the Cumberland House Station has the least 
	probability of a short season, as only 21% of the recorded years have 100 
	or less frost free days compared to 38% and 45% for Nipawin and Pasquia 
	respectively. The reliability of these data is somewhat questionable due 
	to the limited number of years on record. The effect of the wet area around 
	Cumberland House on the local temperature is unknown. 
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	Older data indicates that the period between killing frosts is between 
	110-115 days for the Delta area. Historically the Nipawin area is suitable for 
	a wheat growing enterprise. 
	Susceptibility to frost injury is an important factor in determing the 
	adaptability of any crop to organic soil. Three factors are listed in the 
	literature as important causes of frost occurrence. These are: 1) Rapid loss 
	of heat from the soil surface by radiation, 2) Poor thermal conductivity 
	and 3) The settling of cold air in depressional areas. 
	The radiant energy factor has received considerable attention in the U.S.A 
	due to the fact that organic soils are usually darker than the mineral soils and 
	the radiant energy adsorption and release is largely a function of color. In 
	northeast Saskatchewan most of the soils are quite dark in color and should not 
	react much different than organic soils. This factor has therefore been ignored. 
	Peat has a low heat conductivity resulting in a slow warming up in the 
	spring and a slow frost penetration in the fall. The low thermal conductivity 
	is detrimental in preventing early fall frosts as heat lost at the surface is not 
	quickly replaced from greater depths. The addition of water increases the thermal 
	conductance and may prevent these frosts. Compaction reduces the pore space in 
	peat which increases the thermal conductivity and also reduces frost hazard. 
	Therefore moist compacted fields are desirable in the fall season. As the peat 
	slowly decomposes these factors approach the heat exchange characteristics 
	of mineral soil and the problem of frosts is reduced. 
	Verbal contact with Dr. R. Farnham of the University of Minnesota 
	resulted in a statement that the largest single factor resulting in frost 
	hazard in peat soils is restricted air drainage. He feels that large open 
	peat areas with a continuous gentle slope would have no more frost problem 
	than a mineral soil in the same location. 
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	could well prove to have too great a fall frost-hazard to mature most cereal 
	crops. 
	Air drainage, water control and cultural practices should be studied 
	to evaluate their effect on the frost-hazard. 
	Vegetation 
	According to Halliday.s "Forest Classification for Canada" (9) the 
	surveyed area lies within the Manitoba Lowland section of the Boreal Forest 
	Region. The ecological pattern found in this area is influenced by the 
	alluvial flood plain of the Saskatchewan valley and a very interesting study 
	may be made in this area of the ecological succession occurring in a slowly 
	draining flood plain within the forest region. The vegetation is very closely 
	correlated with the maturity and drainage of the soil on which it is developed. 
	The dominant vegetation of the poorly drained alluvial and meadow lands 
	consists of sedges, willows, swamp birch, cattails, mosses and reed grasses. 
	Low and very wet or flooded meadow bogs are covered with peats, sedges, phragmites 
	or giant reed grass and occasionally willows. 
	Throughout the interior of the delta which is dominantly covered by 
	the above mentioned vegetation there are islands of black spruce and tamarack. 
	These islands are on slightly higher elevations. 
	The vegetation of these peat and muskeg soils has a marked effect 
	on the soil climate. The deep peat cover insulates the water logged subsoils 
	which frequently remain frozen for a considerable period after the better 
	drained areas have thawed. No evidence of permanently frozen subsoil was 
	encountered but frozen layers beneath the surface peat have been observed in 
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	July and occasionally into August. This period of frozen subsoil is prolonged 
	when subsoils are wet and is generally shortened when bogs have been drained. 
	Vegetative growth above frozen subsoils is retarded and thus the black spruce 
	and tamarack which occur as islands in the lowland are generally stunted and 
	poorly developed. It has also been noted in the course of various surveys that 
	on peat and meadow bogs the sedge hay does not attain vigorous growth until the 
	subsoil is thawed out. 
	Low levee banks on streams are fringed with willows but as the levees 
	become higher and are better drained they support a luxuriant growth of elm, 
	ash, Manitoba maple, black poplar, aspen and spruce. The percentage of spruce 
	and aspen on the levees is highest in the west side of the area where banks 
	are higher and less subject to periodic flooding. The undergrowth in treed 
	areas on the better drained levees are ferns and various shrubs. Black poplar 
	appears dominant over aspen on calcareous alluvial levees. 
	Older and better drained alluvial and lacustrine soils which are no 
	longer subject to periodic deposition or flooding have in some areas developed 
	a vegetative cover of aspen and spruce, and in other areas spruce and balsam fir. 
	The effects of forest vegetation in keeping the surface of the ground 
	cool and protecting the soil from excessive evaporation and erosion is well 
	known. The destruction and removal of the forest, when such lands are cleared 
	and cultivated, removes these protective conditions and exposes the soil to 
	essentially the same conditions as have to be contended with on the prairie. 
	When old treed areas are cleared and the underlying degraded or podzolized 
	soils are broken they will require the use of fertilizers to supply nutrients 
	for the successful growth of agricultural crops. 
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	Peat 
	As indicated in the foregoing section peat is the dominant soil. The 
	following is a brief description of its characteristics. The dominant type of 
	peat found in the Delta is developed from cattails, rushes, reeds, sedges and 
	grasses. These peats are generally fibrous with the remains of the original 
	plants easily recognized. The lime content is generally higher than that of 
	sphagnum bogs. The sedges are the dominant species in volume. This type of 
	peat is chiefly developed in filled- in-lakes and river valleys where the 
	waters are rich in mineral salts. Frequently sedges growing out from the 
	edges of lakes will form a mat on the surface of the water. This is referred 
	to as a floating bog. 
	The accumulation of dead plant material is due to water logged conditions. 
	Humification occurs when the peat is exposed to air. The lignin, cellulose, 
	other carbohydrates and proteins, decompose to form humus. This process 
	combined with subsidence due to the removal of water by drainage results in 
	a general lowering of the surface with a corresponding increase in density. 
	Peat soils have a lower bulk density and nutrient status than mineral soils 
	but as decomposition and subsidence progress these differences lessen. 
	Soils 
	The vegetative pattern discussed in the previous section is closely 
	related to the underlying soils and the external and internal drainage 
	associated with them. The soils in the area are easily separated into three 
	distinct types. Firstly those in the poorly drained lowlands, secondly those 
	on the levees, and thirdly those on the stony bouldery ridges. 
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	Soils of the Lowlands 
	These soils represent recent deposits which have been subject to varying 
	degrees of flooding or swamping and have developed under hydromorphic or 
	gleysolic conditions. The deposits of mineral particles are water-laid sediments 
	modified in varying degrees by periods of stagnation or arrested drainage and 
	periods of flooding. These periods of stagnation and flooding govern the type 
	of soil particles which are deposited throughout the area. The varied deposits 
	of fine sand, silt, silty clay loam, silty clay and clay are the result of 
	fluctuations in the water movements or currents throughout the area. Stagnant 
	waters are associated with the deposition of the finer particles such as silt and 
	clay, while in periods of flooding the sands are deposited. Thus it can be 
	expected that because of the history of flooding and stagnation which has 
	occurred over the years the horizontal deposit may be fairly uniform but 
	vertically the deposit will be layered, having strata of clay, sand, silt, etc. 
	in any number of variations. 
	Not only are the sand, silt and clay particles being deposited on the 
	floor of the Delta, they are also permeating the peat deposits. This permeation 
	is caused by the mineral-laden waters passing through the peat deposits. Some 
	of the mineral particles can be seen in the organic material but their presence 
	is confirmed by the higher than average ash content of the organic soils in the 
	Delta. The high ash content is due to the large amounts of mineral particles 
	in the peats. 
	One factor that becomes apparent when studying the area is that although 
	the peat material is quite undecomposed it does contain quite a high mineral 
	content; generally well over 10%. Of all the sampling sites only a half dozen 
	or so were found to have less than 10% mineral material in the first few feet. 
	These are all located east of Cut Beaver Lake. This confirms the fact that a 
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	great amount of mineral material is being brought into the area. Rough 
	calculations indicate that an average of 26,000 acre feet of sediment is being 
	deposited within the area annually. Certainly a portion of this vast amount of 
	sediment has found its way into the interior, building up the levees along the 
	numerous channels and also becoming incorporated into the peat between the 
	channels. 
	The present survey was of a reconnaissance nature and until such times 
	as drainage has been completed it will be impossible to accurately map areas of 
	different soil textures. The assessment of textures in deep peat areas or areas 
	of floating bog is quite tpeculative because of the difficulty in securing good 
	samples of the underlying mineral soils. Throughout the lowland areas the sedge 
	peats have been divided into 4 classes. These are less than 3 feet in depth, 
	from 3-6 feet, 6-9 f~et and greater than 9 feet. On drainage these areas would 
	presumably shrink to produce areas of less than 2 feet, 2-4 feet, and greater 
	than 4 feet. It is assumed that the first two classes are those with the most 
	favorable agricultural potential. It will be noted that these peat deposits 
	are chiefly derived from bulrushes, cattails, sedges, reeds and meadow grasses. 
	Under virgin conditions they have a fibrous or felty composition but when 
	overdrained they become powdery and dusty. Some experimentation with samples 
	of these peats at the Soils Department indicated that once these peats were 
	dehydrated they were extremely difficult to wet up again. They tended to repel 
	water rather than absorb it. This fact should perhaps point out the hazards of 
	overdraining a deep peat area. A thick dehydrated layer could become a tillage 
	problem for the new settler, who might wrongly decide to eliminate this problem 
	with a match. 
	The peat depth pattern is rather consistent from the levee to the 
	lowland. Usually the peat increases in depth off the levees and becomes 
	shallower towards the isolated islands of tamarack and black spruce which occur 
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	throughout the lowland. It is of interest to note that the peat around some 
	of the lakes was the same depth as the waters at the lake shore. This may 
	rightly or wrongly lead to the conclusion that the peats are the shore line 
	of these lakes. However, some of the lakes must be in sumps and depressions 
	and no doubt when drainage is complete there will probably be a low but well 
	defined shore line encircling the shallow remaining lakes. 
	Soils on the Levees 
	When the banks and levees along the Saskatchewan and Carrot Rivers 
	the recent nature of the alluvial-lacustrine mineral deposits, and the type of 
	vegetative cover, the profile development is less mature and not typical of 
	most wooded areas in northern Saskatchewan. This is probably due to fluctuating 
	water tables and periodic gleysolic conditions. Thus the dominant soil profile 
	on the levees is a weakly developed wooded calcareous type which in the 
	present classification system would be termed Rego and Calcareous Dark Gray 
	soils. There has been some degradation or podzolization occurring in the best 
	drained sites and this is reflected in minor amounts of Dark Gray Wooded and 
	the occasional Gray Wooded profiles. 
	On the shallower or lower levees that border the interior streams most 
	of the soils in the best drained areas are Rego and Calcareous Dark Gray. There 
	are also peaty and gleyed phases of the above profile types. 
	The levee areas on clearing and breaking could become good agricultural 
	soils. They are also well suited as sites for homes and barns because of their 
	higher elevation above the flood plain. There should however be some restrictions 
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	on the amount of clearing because of the aesthetic value. These treed river 
	levees would make excellent camp sites for tourists if roads were to be built 
	along the Saskatchewan and Carrot Rivers. It is suggested also that along the 
	banks of the Carrot and Saskatchewan Rivers a buffer strip of forest of a 
	reasonable width be left to protect the banks against erosion. 
	Soils on Stony Glacial Till 
	Small areas of this deposit occur in Saskatchewan near the provincial 
	border. The stony ridges occur as treed highs above the surrounding country 
	and as islands of black spruce and tamarack in the lowland. Another area of 
	stony glacial till occurs on the north side of Cumberland Island. 
	These ridges are generally paved with stones and have undergone some 
	slight degradation, being lime free for a foot or more. Their origin is not 
	clear, they may be old beaches of Lake Agassiz or they may be glacial till ridges. 
	Their agricultural potential is considered as non-arable but could be 
	utilized for wood lots or perhaps as a source of gravel (produced by crushing 
	the stones) for construction purposes. One such area of about 300 acres is 
	located in Sections 24 and 25, Township 55, Range 30, West of the 1st and 
	supports a heavy spruce growth. 
	Commercial Peat in the Saskatchewan River Delta 
	The principal use of peat is as a soil conditioner. The function of 
	peat when added to a soil is to increase the ability of the soil to absorb 
	moisture, provide for better aeration and to increase the ability of soils to 
	store plant nutrients for future use. It is also used as a stable or poultry 
	litter and as a packaging material for perishable fruits, vegetables and cut 
	flowers. Such uses as fine peat for germinating seeds, peats for the 
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	manufacture of peat pots, pure peat growing media, fertilized peat and others 
	are becoming very popular. 
	There is considerable confusion regarding the classification of peats 
	for commercial production. Many peat producers label their product as sphagnum 
	peat when often it contains little or no sphagnum. 
	There are at least three major types of peat occurring in natural organic 
	deposits which are harvested and sold commercially. These are: 
	1. Sphagnum 
	2. Reed-sedge 
	3. Peat humus 
	Sphagnum peat is composed of the remains of the plant. The plants have 
	a slender stem and many clusters of short leafy branches which have specialized 
	cells with the ability to absorb water within the structure of the plant itself. 
	The tips of the growing plant produce an acid which acidifies the deposito The 
	plant has no roots, but has small rhizoids which help in the absorption of watero 
	The characteristics and advantages of sphagnum peat are as follows: 
	I. 
	2. 
	3. 
	acid loving plants. This acidity also inhibits the growth of 
	pathogenic organisms, as well as the growth of common weeds; 
	therefore weed seeds are not present. 
	40 It maintains its fibrous structure even under manipulation in the 
	pure stateo 
	Some of the disadvantages are: 
	It is very low in plant nutrients and is not a substitute for fertilizer. 
	Also when mixed in with mineral soil which contains cellulose decomposing 
	micro-organisms it breaks down very rapidly due to its high cellulose 
	content. 
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	The following table gives the analysis of a typical sphagnum profile 
	which occurs in the Delta area. 
	plant nutrients are quite low. Although several areas were encountered where 
	sphagnum moss was included in the peat mixture, only one area was found which 
	was dominantly sphagnum and of sufficient size to warrant a commercial enterprise. 
	This is an area of approximately 400 acres in Twp. 54, Rge. 2. Sphagnum moss 
	in companionship with sedge and other mosses were found quite frequently between 
	Elm and Potato Lakes. A small area was found on the shore line of Swan Lake. It 
	is possible that commercial deposits were missed in the survey as areas as small 
	as 40-50 acres would qualify as a commercial peat deposit. Typical cover on 
	these areas usually consists of stunted tamarack or black spruce. The mixed 
	peat areas may also include willow and birch cover. 
	?edge peat is a grass-like plant, but has a number of differences. The 
	stems are mostly three-cornered and solid with leaves in three ranks. Sedge 
	peats generally have lower absorptive capacities, higher densities and higher 
	pH values than the sphagnum types. They often vary considerably in degree of 
	decomposition and tend to crumble to dust upon manipulation when dry. They 
	often contain numerous weed seeds. However the nutrient content is usually 
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	The recent trend in suburban home landscaping has likely caused the sharp 
	increase in the consumption of this type of peat. The United States consumption 
	of sphagnum peat has doubled in the last decade while that of sedge peat has 
	increased six times in the same period. 
	which occur in the Delta area. 
	The following tables are the analyses of two types of sedge profiles 
	~1 - Shallow Sedge Peat 
	0-1 
	1- 2 
	2- 3 
	3-4 
	Material 
	pH 
	sedge 
	712 
	6.3 
	sedge 
	467 
	40 
	6.3 
	sedge 
	400 
	27 
	6.1 
	clay 
	7.4 
	83 
	125 
	0-1 
	Type 2 - Deep Sed~ 
	sedge 
	550 
	6.8 9.8 
	1- 2 
	2- 3 
	3-4 
	4- 6 
	6- 8 
	8-10 
	10-11 
	sedge 
	6.7 8.8 
	930 
	sedge 
	837 
	6.4 8.4 
	sedge 
	7.0 10.0 
	700 
	sedge 
	400 
	7.1 16 
	sedge 
	230 
	7.2 
	mixture 
	150 
	7.5 
	clay 
	7.6 
	90 
	13 
	1.7 
	283 
	131 1.0 
	2.8 
	1.9 
	2.0 
	.3 
	2:.1 
	1.5 
	1.0 
	1.4 
	1.5 
	1.7 
	.13 
	ppm 
	740 
	345 
	170 
	500 
	35 
	40 
	81 
	80 
	57 
	120 
	72 
	407 
	1.7 
	1.6 
	21 
	39 
	84 
	.8 
	146 
	11.8 .5 
	135 
	5.3 .3 
	11 
	1.3 .3 
	.6 
	300 28 
	.5 
	.5 
	240 5.5 
	.5 
	.6 
	20 3.7 
	.3 
	.7 
	15 2.3 
	.2 
	. 7 
	2.2 1.4 
	. 1 
	.6 
	1.5 
	.2 
	.8 
	.2 
	.7 
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	Type 1 
	Shallow sedge peat covers about one half of the total area in the 
	Delta proper. It is usually found above the water table in association with 
	tall willow and alders. As can be seen from the table for type 1 this peat is 
	not suitable for commercial production because of its shallow depth as well as 
	high ash content (above 10%). However, the nutrient content is quite high. 
	Subsidence due to drainage may be low. 
	Type 2 
	Deep sedge peat occurs in very wet areas and is usually associated 
	with floating bog. The peat in the profile presented is not suitable for 
	commercial production of sedge peat. The absorptive capacity is a little low 
	and the pH is too high. Natural vegetation in these areas is silver willow, 
	stunted swamp birch and some cattails and reeds. Subsidence would be great 
	upon drainage and the resulting depth may be too shallow to warrant commercial 
	production. There are sizeable areas of this type of peat in the Delta. 
	Peat humus does not occur in the Delta region at present. This material 
	is usually very dark brown or black in color and contains very few plant fibres. 
	Mineral content is quite high, (40- 60%). This material is stable and does not 
	break down as readily as the other types. It has a high capacity to absorb 
	plant nutrients and often has a high nitrogen content. This material may 
	develop where peat land has been drained, cultivated and fertilized. 
	The Economic Research Branch, Department of Industry and Information, 
	Province of Saskatchewan conducted a survey of distribution of peat moss in the 
	Chicago and Los Angeles area to determine what they demanded in quality of 
	imported peat moss. The results are as follows: 
	1. It must be essentially of the sphagnum species in botanical origin 
	(as opposed to hypnum and other mosses) 
	2. It must be highly acidic (a pH factor of 3.5 to 4.5) 
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	3. It must have an exceptionally high water absorptive capacity (from 
	12 to 20 times its own dry weight) 
	Ontario standards vary somewhat and are summarized as follows: 
	Absorptive capacity of greater than 12 times its own weight, an ash 
	content of less than five percent and a pH of 3.5 to 6. 
	Other physical factors which must be taken into consideration, besides 
	quality, when contemplating commercial peat production are as follows: 
	1. Depth of deposit - The bog area required depends on the depth of the 
	moss and the scale of anticipated production. Assuming a minimum 
	depth of five feet and a settling of two feet as a result of drainage, 
	one acre contains about 22,000 bales of 870 tons. Therefore seven 
	acres would be required to support a commercially attractive enter- 
	prise (150,000 bales per year) for one year. 
	2. Surface growth - The fewer the trees that grow in an area the lower 
	will be the cost of preparation. 
	3. Drainage - The feasibility of drainage must be determined. 
	4. Climate - A dry climate is preferred for air drying the peat. 
	5. Distance from market indicates to some extent the ability to 
	compete with other producers. 
	Peat deposits were found to be marginal for commercial production except 
	one area of sphagnum peat which is deep in the interior of the area. The location 
	of this deposit would result in difficulties in access and high cost of 
	production. The 1964 report on commercial peat production in Saskatchewan by 
	the Department of Industry and Information makes the following statement: 
	"The major American market areas are California, the Mid-West and the 
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	Eastern seaboard states. Distribution in these areas specify that Canadian peat 
	moss must be highly acidic, free of mineral content, and have very high water 
	absorptive values. The competitive position of Saskatchewan producers will depend 
	on an advantage in production costs offsetting a disadvantage in delivery charges." 
	The State of Minnesota has vast peat deposits and is making a concentrated 
	effort to increase their production which would curtail Canadian export to the 
	U.S.A. It should be mentioned that there are other deposits of sphagnum peat in 
	the province with a lesser transportation problem than those found in the area 
	under study. Large areas of sphagnum peat were observed between the Kennedy 
	Creek and Carrot River, bowever, depths and quality of these deposits have not 
	been investigated. 
	Agricultural Development of the Delta Area 
	Much of the following material is based on the experience of specialists 
	in the management of organic soils in various areas in North America (14, 15). 
	Agricultural development must start with the construction of an extensive 
	drainage system in the topographic lows to facilitate the drying up of the area. 
	The next step would be the clearing and breaking of the reasonably well drained 
	areas. 
	A large breaking plow capable of turning over a furrow slice 18-22" 
	wide and 10-12" deep should be used for breaking. The furrow slice should be 
	laid as flat as possible to provide a level surface for subsequent tillage. A 
	bulldozer blade does a good job of levelling off hummocks. Repeated discing 
	with a heavy set of double discs (18" in diameter) will aid in preparing a 
	suitable seedbed for the following spring. A land leveller can be used to smooth 
	the surface. It is not advisable to plow for 2 or 3 years after breaking so that 
	the turned under plant growth will have a chance to decompose. 
	Roman Discs and roto tillers have also been used successfully on peat 
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	soils. 
	In raw organic soils the use of a heavy roller is usually desirable. 
	The compaction caused by the roller improves the capillary action of the soil, 
	improving moisture relationships. This assists in germination control and the 
	control of frost, fire and erosion. 
	The surface of an organic seedbed is very powdery when dry so there is 
	a high risk of damage from wind erosion. As soon as possible a cover crop 
	should be sown as drifting will fill in drainage ditches. Losses of over an 
	inch are not uncommon on uncovered peat which is very loose and finely divided 
	after recent cultural practices are carried out. 
	After the area has been drained there will be a subsidence across the 
	interior which will now be well below the river levees. The drainage engineers 
	will have, in their program, ensured that there is adequate drainage for optimum 
	crop yields while at the same time retaining a water table as high as practical. 
	Thus the life of the peat is prolonged so that it can be utilized for 
	agricultural crops. 
	The type of farming is influenced by the water level and in grassland 
	farming, which must be the initial stage of development, higher water tables 
	are tolerated than by more intensive farming which in due time will naturally 
	follow. 
	When it is possible to get on the reclaimed areas, fire should never be 
	used to clear the surface cover. Deliberate or accidental burning of areas of 
	organic soils can result in the destruction of once valuable land. It exposes 
	in some cases undesirable subsoils which could have been made into highly 
	producti~ types if the overlying peat had been worked into the mineral soil. 
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	Due to the nature of the Delta area,. variations in drainage can be 
	anticipated from relatively well drained sites along the levees to areas of 
	restricted drainage. 
	Because the Manitoba Soil Survey was so actively engaged in the develop- 
	ment of the Pasquia area between the Carrot and Pasquia Rivers in Manitoba it is 
	fitting that we should benefit from their experiences and judgments. The 
	following section is therefore a quotation from the Interim Report No.2, The 
	Pasquia Land Settlement Project issued by the Lands Branch, Province of Manitoba 
	(10). "From the foregoing observations it is apparent that the lacustro-deltaic 
	and alluvial deposits of the Pasquia area are of favorable texture, (similar to 
	those in the interior of the Saskatchewan Delta) but that the development of 
	soils on these parent materials has been most strongly influenced by locally 
	excessive and recurrent hydromorphism (swamping). The varying degrees of 
	hydromorphism in different portions of the area, and the varying degrees of 
	swamping and drying in the same portions in alternating periods, have caused 
	varying and recurring changes in soil environment that have determined the 
	pattern presented by the soils as they now appear. It is axiomatic that soils 
	are determined by their environment. They are dynamic not static. It is also 
	axiomatic that soils must be mapped and classified on the morphological characters 
	expressed in the soil as they are found in the field. Nevertheless it is 
	recognized that soils change as their environment changes. Consequently, when 
	the former locally wet soil climates give place to drier soil climates, and with 
	the better drained soil conditions that will result when recurrent inundation 
	is prevented through diversion of foreign waters, and by protection from river 
	overwash and back flow, it can be expected that the morphology and properties 
	of the soil --- will change with time and with culture. 
	The changes which can be expected are that the deep peats will become 
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	more shallow, the shallow peats or half bogs will take on the characteristics 
	of meadow-soils and have a wider agricultural use, and meadow soils under 
	cultivation will develop as "kulture-boden", or man-made agricultural soils". 
	It should be borne in mind that the report in hand represents a 
	reconnaissance type survey based on preliminary and intermittent inspections 
	surveys will have to be made if and when drainage is improved and legal surveys 
	are established for reference points. Subsequent surveys based on more detailed 
	examinations will no doubt contain many more mappable separations throughout 
	areas which are presently shown on the map as being relatively uniform. The 
	present report, however, does indicate sufficient potentially arable land to 
	encourage studies on drainage and the related economic effects this would have 
	on other land uses presently being carried out in the Saskatchewan River Delta. 
	Agricultural Problems 
	A good deal of consideration should be given to the types of crops grown 
	in peat under the various drainage conditions. Insufficient information is 
	available at present to outline areas for specific crops. 
	It is hoped that with the limited knowledge that is available in regard 
	to the management of peat areas that some illustration farms will be established 
	so that both the professional agriculturalist, and the farmer whom he serves, 
	may benefit. 
	It is concluded, from reviewing some of the research carried out on 
	Saskatchewan peats, that their value for growing cereal crops is limited (11, 
	12, 13). "Irregular germination and poor stands often result. The yields on 
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	deep peats usually show a rapid decline after the first year, as the reserve of 
	available nutrients is soon depleted. The yields on shallow deposits are often 
	quite satisfactory for a longer period, as the crop can draw its nutritional 
	requirements from the soil below. The maturity of the crop on peat soil is 
	usually retarded due to the unbalanced supply of nutrients". 
	It is expected that livestock will playa large role in the initial 
	stages of agricultural development in the project. With the initiation of 
	drainage large open areas will provide valuable pasture and hay resources. As 
	the drainage continues and then concludes the agricultural pattern will probably 
	evolve into a mixed farmlng type. This would include both dairy and beef 
	cattle, swine, sheep, improved pastures and coarse grains. It is assumed that 
	it would not be either good management or good economics to attempt the type 
	of farming practiced by the wheat producers on the more arid prairie. 
	In the Delta area saline soil conditions vary from none to very strong. 
	An attempt has been made on the soil map to delineate those areas of salinity 
	which would have a toxic effect on many grasses and legumes. There are some 
	6,000 acres of very strongly saline soils and some 40,000 acres of moderately 
	to strongly saline soils. Fortunately these areas of salinity occur as blocks 
	and should be excluded when considering the agricultural potential of the Delta. 
	Whether or not, with drainage, salts will concentrate in areas which are 
	presently slightly saline remains to be seen. In any event a buffer zone 
	should separate the known areas of salinity from the areas contemplated for 
	agricultural purposes. 
	Due to the limited knowledge in regard to the management of peat soils 
	in the province, which was mentioned previously, it is somewhat bold to suggest 
	types of crops which may be produced in the area. Assuming that forage and 
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	livestock production will be the major types of farming, and noting the areas 
	of salinity, which are shown on the soils map, the following table is submitted 
	as a guide fDr the production of forage crops. 
	Forage Crops for Problem Soils -- Salinity, Spring Flooding, Peat 
	(6 - 7" row spacings) 
	Adapted Grasses and Legumes 
	Most grasses and legumes 
	wheat 
	* 
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	Not the least of the problems related. to peat soil is its low nutrient 
	status. This situation can be amended by the use of commercial fertilizers. 
	From pot experiments (growing barley in peat in a growth chamber) conducted at 
	the Soil Science Department it was concluded that yields on peat can be slightly 
	increased with the addition of nitrogen and greatly increased with the addition 
	of both nitrogen and phosphoruso Adding potassium to nitrogen and phosphorus 
	did not significantly increase the yields. There was also no significant 
	increase when such trace elements as sulfur, iron, manganese and zinc were 
	added. It is therefore concluded from this experiment that fertilizer containing 
	both nitrogen and phosphorus will be needed in the Delta area. However, field 
	trials must be carried out before definite recommendations are made, but it is 
	quite certain that high rates of nitrogen and phosphorus will be required. It 
	is also true that peat soil with proper fertilization will produce well but a 
	factor to consider is the cost of fertilizer when applied at rates of over 200 
	pounds to the acre. 
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	Summary 
	The Preliminary Soil Survey of the Saskatchewan River Delta covers 
	approximately three-quarters of a million acres in the Cumberland Lake Lowlands. 
	Within the map area the Delta has an average fall of about one foot per mile 
	from Kennedy Creek east to The Pas. Local relief within the area is provided 
	by hillocks of glacial till and the numerous meandering channels with 
	accompanying levees. 
	The climate is sub-humid with most of the precipitation falling as rain 
	:~ the summer months; three-quarters of the precipitation falls between May and 
	September. The average frost free period is of sufficient length to mature 
	most crops, although there is a risk of unseasonable killing frosts. 
	The vegetation is dominantly sedges and reeds in the flood plain and 
	mixed forest on the levees and uplands. 
	The soils are dominantly organic and range from shallow to very deep 
	peat deposits. These organic soils are primarily made up of the remains of 
	sedge and reed growth. The soils on the uplands are developed under a range 
	of hydromorphic conditions and range from immature to degraded types. Associated 
	with the soils are various degrees of salinity ranging from slightly to highly 
	sal ine. 
	The agricultural potential of the area depends on the ability to drain 
	and cultivate organic soils. The need to establish an illustration farm to 
	acquire knowledge in the management of organic soils is beyond question. 
	Organic soils have a low nutrient status and heavy rates of fertilizers 
	will be required for successful crop growth. 
	A mixed farming program is advocated for a better balanced and more 
	assured source of income. 
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	Appendix 1. Interpretation of the Soils Map 
	The soils map is understood by referring to the map legend. The purpose 
	of the legend is to present a systematic arrangement of the soils of the area 
	and to indicate by appropriate colors and symbols how these soils may be identified 
	and located on the map. The legend is divided into four sections headed from 
	top to bottom, Soils, Textures of mineral soil beneath the peat, Salinity Levels 
	and finally Map Reference. 
	Soils 
	There are seven divisions within the soils section. From top to bottom 
	they are explained as follows. The first division is that for the organic soils 
	having over nine feet of peat. These soils are referred to as very deep peat 
	which is abbreviated by the symbol vp. Areas of such soils are colored dark 
	green to indicate their extent. The second division is the deep peats which 
	three to six feet of peat. The fourth type is the shallow peats which are less 
	than three feet thick. These areas are colored yellow and carry the abbreviation 
	SP. 
	The wooded mineral soils are the upland soils and the soils along the 
	levees of the larger creeks, and are abbreviated as WS. Their extent is denoted 
	by the use of the pink color. 
	Areas of dominantly organic soils mixed with wooded mineral soils along 
	the levees of creeks or meanders, too small to separate out, are colored brown 
	and abbreviated by the letter m. If the brown area is composed of dominantly 
	shallow peat it would be edited as SPm, and if the peat were of medium depth 
	as MPm. 
	The last division consists of sloping brown lines which are 
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	superimposed on top of any organic soil area where the deposit consists of peat 
	which is stratified with mineral soil particles. Thus a medium peat area 
	colored tan would be lined if the peat contained strata of mineral soil deposits. 
	Textures of mineral soil beneath the peat 
	This section of the legend consists 
	of a list of texture symbols plus their meaning. For example sl means sandy 
	loam. On the soil map if more than one textural class is shown the first 
	designated texture is dominant. For example cl-c would be interpreted as a clay 
	loam to clay area where the clay loam is dominant. 
	Seven textural classes are indicated on the soils map. Their composition 
	is as follows: 
	sl 
	sandy loam, contains 52-85% sand and less than 20% clay. 
	fl fine sandy loam, contains 52-85% fine sand and less than 20% clay. 
	sic silty clay, contains less than 20% sand, over 40% silt and over 40% clay. 
	Soil Symbol Sequence 
	means 
	Salinity Levels 
	Sites sampled, during the survey, whose analyses indicated 
	some degree of salinity appear on the map as a circled number. This circled 
	number denotes the salinity level. There are four levels of salinity indicated 
	by the above system. A circled 1 indicates slight salinity (2-4 mmhos/cm), a 
	circled 2 indicates moderate salinity (4-8 mmhos/cm), a circled 3 indicates 
	strong salinity (8-16 mmhos/cm), and finally a circled 4 indicates very strong 
	salinity ()16 mmhos/cm). 
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	Where areas of salinity could be delineated on the map the following 
	systems were used. Firstly the moderate to strong saline areas occur within a 
	thick broken black line and secondly the very strong saline areas are delinated 
	by a dotted black line. 
	Map Reference 
	This section contains the symbols used to denote the sample 
	sites, the occurrence of intermittent streams, the occurrence of gravel ridges 
	or stony ridges and finally the boundary of Indian Reserves. 
	The route of highway 123 on the south side of the Old Channel, and 
	of highway 109 on the south side of the Carrot River are also indicated on the 
	map. 


	page 46
	Tables
	Table 1


	page 47
	Tables
	Table 1


	page 48
	Titles
	- 40 - 
	During the course of the survey some 205 sites were sampled for 
	analyses. The results from the Vauxhall Laboratory indicated that 47 sites 
	could be classified as having various degrees of salinity. The following 
	tables are an assessment of the salinity. Four divisions of salinity were 
	evaluated and are presented under the following headings. 
	Group A. Sample Sites Which Indicate Slightly Saline Conditions. 
	Group B. Sample Sites Which Indicate Moderate Saline Conditions. 
	Group C. Sample Sites Which Indicate Strong Saline Conditions. 
	a circled 4. Each circled number which indicates the degree of salinity and 
	the location of the site on the map is followed by the site number recorded 
	in the tables. 
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	The following samples were collected by Mro Lo Royer, Fisheries 
	Laboratory, Department of Natural Resources, University of Saskatchewan 
	Campus, Saskatoon, and were forwarded by the Saskatchewan Institute of 
	Pedology to the Canada Department of Agriculture Laboratory at Vauxhall, 
	Alberta for analyses. 
	Criteria for Assessing Salinity 
	The electrical conductivity of the saturation extract of the soil 
	is the general method used for appraising soil salinity in relationship to 
	crop growth. The conductivity is shown in the following tables and is 
	expressed in millimhos per centimeter. Conductivity can be interpreted 
	as follows: 
	Saline Condition 
	Effect on Plant Growth 
	0-2 
	none 
	2- 4 
	slight 
	4- 8 
	moderate 
	8- 16 
	strong 
	16+ 
	very strong 


	page 57
	Tables
	Table 1


	page 58
	Titles
	Legend: 
	Electrical Conductivity in mmnos/cm 

	Tables
	Table 1


	page 59
	Titles
	51 

	Tables
	Table 1


	page 60
	Titles
	52 

	Tables
	Table 1


	page 61
	Titles
	53 - 

	Tables
	Table 1


	page 62
	Titles
	54 - 

	Tables
	Table 1


	page 63
	Titles
	55 - 

	Tables
	Table 1


	page 64
	Titles
	56 - 

	Tables
	Table 1


	page 65
	Titles
	57 

	Tables
	Table 1


	page 66
	Titles
	58 - 

	Tables
	Table 1


	page 67
	Titles
	59 

	Tables
	Table 1


	page 68
	Titles
	60 

	Tables
	Table 1


	page 69
	Titles
	61 

	Tables
	Table 1





