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PL.ft.NT SUCCESSION IN SALINE AREAS OF SASKATCRE'\'lAN 

INTRODUCTION 

Studies have not previously interrelated in detail the vegetation 

and soils in areas of soluble salt accumulation in North America. 

The reports which have appeared have been limited to general descriptions 

and distribution of communities and their general relationship to 

soil characteristics. Two brief accounts of this nature have 

consider~d Canadian vegetation. 

The surface glacial deposits in the northern Great Plains 

grassland have favored the development of saline areas by providing a 

source of salts and in restricting the flow of runoff water out of 

the area. Evaporation from shallow "kettles" and depressions in 

glacial lake beds and drainage channels has resulted in the gradual 

accumulation of soluble material from the till. Approximately 2 

percent (over 1,000,000 acres) of the settled areas of Saskatchewan 

is affected by this process. The concentration of salts is sufficient 

so that a large part of this is not cultivated or utilized in any way. 

Elsewhere, lower salinity permits cropping, but with poor results. 

Some areas are periodically affected by movement of the salt within 

the soil. The relatively level surface and topographic position of 

these areas provide a situation where irrigation would be practical 

in the absence of saline conditions. 

The purposes of the present study were to relate characteristics 

of the native vegetation within such areas in Saskatchewan to conditions 
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within the soil and to ascertain the course of parallel changes taking 

place in soil and vegetation during plant succession. This information 

is of value in planning for proper land use, particularly with respect 

to the potential value of marginal areas as irrigated cropland. 

The area of study was within the major agricultural region of 

Saskatchewan, south of a line drawn from Melfort to the Alberta 

Boundary through North Battleford and to the Manitoba Boundary 

near Moosomin. About 270 saline areas were observed and/or supled 

during three summers ( 1957-59) • This enabled a comparison of saline 

conditions and native vegetation throughout the entire region. 

A recent classification of salty soil distinguishes between 

"saline", "nonsaline-nona.lkali", "nonsaline-al.kali", and •saline-alkali" 

(U. s. Salinity Laboratory 1954). Saline soils have an electrical 

conductivity of the saturation extract in excess of four ~~os./cm. 

This is similar to that of the saline-alkali group, but greater than 

the nonsaline-nonalkali and nonsaline-alkali. The exchangeable

sodium-percentage of saline and nonsaline-nonalkali soils is less than 

15, while it exceeds this value in the nonsaline-alkali and saline

alkali soils. The pH of saline soil, like saline-alkali, is usually 

8.5 or less, while that of nonsaline-alkali soil exceeds 8.5. Non

saline-nonalka.li soil ranges from slightly acid to slightly alkaline 

in reaction. Saline soil is similar to saline-alkali in most respects, 

except that sodium comprises a higher proportion of the soluble 

cations in the latter, while sodium and the alkaline-earth carbonates 

are prominent in the former. Many papers have used the term "alkali" 

in a broader sense than indieated above. Undoubtedly much of this 

work relates to saline soil, but it is often difficult to distinguish 
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between the types of salty soils because of lack of uniformity in 

definition in many previGUs papers. In the present investigation 

the term "saline" is used in the narrower sense, as defined above. 

This investigation was conducted while the author was a graduate 

student in the Department of Plant Ecology at the University of 

Saskatchewan. It was made possible through the provision of funds 

by the Saskatchewan Research Council and the Saskatchewan Agricultural 

Research Foundation. Plants collected during the investigation were 

placed. in theW. P. Fraser Memorial Herbarium (SASK.) at the 

University of Saskatchewan. Uncertain identifications were checked by 

the staff of the herbarium of the Canada Department of Agriculture 

{DAO) at Ottawa. 

The author expresses his gratitude to members of the Soil surveys 

of the Saskatchewan and Canada Departments of Agriculture and the 

Department of Soil Science, particularly Dr. D. A. Rennie, for advice, 

criticism, and assistance throughout this study, and for the un

restricted use of equipment. Appreciation is also extended to the 

Department of Dairy Science for the use of their cryoscope. Help, 

advice, and criticisms from the members of the Department of Plant 

Ecology is grate~illy acknowledged. Thanks and appreciation are 

extended to Dr. R. T. Coupland, Head of the Department of Plant 

Ecology, who provided the opportunity and initiative for this study, 

and under whose helpful criticism, advice, and supervision this thesis 

has beea prepared. 
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REVIEW OF LITERATURE 

Generally the shore lines of oceans support halophytic 

vegetation. These soils are continually being bathed in a salty 

solution of ocean water with each change in tide. The vegetation 

is in some ways similar to that occurring on the saline soils of 

inland areas of dry climates. Usually the same genera dominates, 

but the species are different. The most extensive work on the salt 
I 

marsh vegetation along se~boasts has been done by Chapman {1938, 1939, 

1940, 1941). Other studies have been made around the British Isles 

(Hepburn 1943, Perraton 1953, Gillham 1957, and many others). 'fhe 

North American salt marshes have been extensively studied on both 

coasts (Ganong 1903, PUrer 1942, Stephenson and Stephenson 1950, Hinde 

1954, and many others). Seifriz (1943) reported on similar vegetation 

in Cuba. A few of the other reports on seashore vegetation of the 

world are those of Kotov and Prjanisnikov (1937), Howard {1950), Boughey 

(1957), Kassas (1957h and Vesey-Fitzgerald (1957). 

Saline lakes are common in many inland areas where salt has 

accumulated through crystallization from water which has flowed over 

or through soil containing soluble materials. Conditions are 

particularly conducive to salt accumulation in southern Saskatchewan 

where glaciation has recently left unweathered debris on the surface 

and the climate is sufficiently arid to cause slow leaching. Several 

lakes in southern SaskatchewaR were examined for total solids from 

1938 to 1943 (Rawson and Moore 1944). Most were saline, ha.v:ing from 

300 to 30,000 p.p.m. total solids, with Little Manitou having the 

maximum (120,000 p.p.m.). Most of the salts were sulfates.of magnesium 
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or sodium. Rawson (1957) reports that since 1943 fiu.ctuations in 

total solids have taken place in most saline lakes. Changes in the 

salinity of 15 lakes over periods of 20 to 38 years are shown by 

Rawson (1958). Some of these increased in total solids during a 20-

year period ending in 1950, but were diluted by above average precipitation 

during 1951-55 to about their lowest level since the study was initiated. 

Many studies have been made of the soils and plant communities 

of dry saline areas that are subjected to periodic flooding in other 

continents. A number of reports on their distribution and composition 

are available from Russia and the Ukraine (La.vrenko 1927, Vilensky 

1927, Nikitin and Pora.rkov 1935, Yakubov 1935, Bilyk 1940, 

Alexandrova 1944, Beideman 1953, and many others). Evans (1953) 

reported on the vegetation and soil of such areas in New Zealand, 

while Smith (1950) and Jackson ~ .!Y:_. {1956) reported on their 

composition in Australia. Banerjee (1959) examined six profiles from 

a saline area in the deltaic region of Gangetic west Bengal, In~a. 

The saline soils and vegetation of Hungary were described by Sigmond 

(1927). Shantz and Marbut (1923) mention some of the saline plant 

communities in Africa, as do Vries et al. (1940} in Holland and Briouz 

and Jouis (1942) along the Seine River in France. The saline plants 

and plant communi ties of Argentina have been briefly described by 

Parodi (1940) and Ragonese and Covas (1947). 

Much of the saline vegetation research in continentaJ. North 

America has been in the semi-desert regions. The Great Salt Lake 

and cold desert regions of Utah have been the subject of several 

of these reports (Kearney ~ al. 1914, Flowers 1934, Anderson end 

Miner 1940, Shantz and Piemeisel 1940, Billings 1945). Potter (1957) 
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gives a brief description of some saline communities in New Mexico, 

while Marks (1950) discussed the saline plants of the Colorado desert. 

Penfound (1953) discussed the 1rute shore vegetation in Oklahoma. In 

1898 Schaffner reported on the saline species and communities in 

Kansas. Similar reports were made by Kearney (1918) and Daubenmire 

(1942) in Washington and adjacent Idaho. Hanson and vlhi.tman (1937, 

1938) discussed some of the saline and solonetzic areas of western 

North Dakota, as did Judd (1939) in his description of the vegetation 

of scoria buttes in the same area. Saline plent communities have been 

briefly. described in Saskatchewan by Coupland (1950), in Alberta by 

Keith (1958}, and in Alaska by Hanson (1951). 

The nature and distribution of saline soils in Manitoba were 

considered by Pratt and Ellis (1954), and in Saskatchewan by Mitchell 

(1937). Studies on the strongly alkaline soil of the salt river 

plains in northwestern Canada were made by Atkinson et al. (1950). 

Doughty et al. {1954) commented on the occurrence of a high nitrate 

saline area in saskatchewan. The distribution of saline soil in 

relation to agricultural productive land in Saskatchewan was provided 

by MacFarlane (1934). 

Evaporation loss from the surface of saline soil is rapid until 

a salt scum is formed {Ramacharlu 1957). Kozhevnikov (1957), in 

considering the distribution of salts in various layers below the 

surface, found that a clay lay~r contained 2 to 3 percent total 

salts, while a sandy layer held only 0.2 percent. He believed that 

the uneven vertical distribution of salt within a profile depends upon 

the water-holding capacity of the soil layers. 
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Under conditions of excessive quantities of water low in salt, 

such as in irrigation projects, the salts are moved in the soil. This 

was shown by Marshall aad Palmer (1939) in Alberta and by Cher.m.ov (1939) 

and Kovda (1944) b. Russia. Shukevich (1939) reported on the ~gration 

of salts iB both desert soil and plants of Russia. Jennings !! &· 

(1934) found that salt continually moves within the soil. It moves 

upward from the ground water table, and migrates gown due to water 

received on the soil surface. T4e salt content usually decreases with 

depth. 

The distribution of plant roots in saline-alkali soil has been 

discussed by Robertson (1955). He found that Distichlis rhizomes 

sometimes reached depths of 27 in. In general, the number of plant 

roots decrease when a soil layer is reached containing in excess of 

1,000 p.p.m. of salt (Stewart et al. 1940). 1Aladleigh et .!!_. (1947) 

fotmd that in some agricultural plants the roots failed to withdraw 

water under increased salt content, and that some were capable of 

rooting through a salty layer to a region of lower salt content, 

while others were incapable of this. 

Numerous studies have been made on the relationship between 

salt conte:nt of the soil and the distribution of various plant species. 

HUll and Martin (1939) came to the conclusion that the salt content of 

the SQbsoil was correlated with the occurrence of some salt tolerant 

shru.bs. Roberts (1950) reported ·that the pH and quantity of sodium in 

the surface horizC?ns of the soil was higher under shrubs than in the 

intervening bare areas, and that they were higher under old shrubs than 

under young ones. His results indicateQ that greasewood (Sarcobatus 

vermiculatus) and shadscale {Atriplex confertifolia) altered the chemical 
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characteristics of the soil. It appeared that their deeply penetrating 

roots absorbed sodium from the lower parts of the profile and deposited 

it on the soil surface when the leaves and branches fell. There 

appeared to be little relationship between salt content and pH. 

Oganesyan {1954) reports that in Russia no grass will grow in a soil 

containing in excess of 1.0 to 1.5 percent total salts. The 

distribution of five salt desert shrubs in relation to the chemical 

properties of the soil in Utah has been studied by Gates et al. (1956). 

Beadle~!!· (1957) found little correlation between the chloride 

content of the soil and that in the leaves of Atriplex in Australia. 

Many workers for the last 40 or more years have believed that a 

great benefit in land use planning could result from the usa of native 

plants as indicators of soil conditions, particularly with reference to 

salinity. The principal research of this nature has been conducted 

in the salt desert regions of Utah (Kearney et al. 1914, Shantz and --
Piemeisel 1940, Firemen end Hayward 1952). Shantz and Piemeisel (1924) 

showed the indicator value of some of the southwest (United States) 

desert species, while Magistad and Christiansen (1944) briefly 

described some of those of the western states. An article on 

the indicator concept and status, as well as the indicator value of 

a number of alkali plants, has been prepared by Sampson (1939). 

Considerable attention has been given to the management of 

saline soils when used for cultivated crops. Nevertheless, much more 

information is needed. Observations on the effect of irrigation 

water and the use of amendments have been made by Palmer (1937), 

Marshall and Palmer {1939), Bolton and McKenzie (1946}, McKenzie and 

Bolton (1947), and Ballantyne (1952). The effects of salinity on 
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cereal c.rops under greenhouse condi tiona have been reported (Doughty 

and Stalwick 1940, Marshall 1942), while Forsberg (1953) studied the 

effects of saline soil on six forag~ crops when grown under both 

field and greenhouse conditions. Observations and comments have been 

made by Berg and Westerhof (1954) on the productivity of soil inundated 

by sea water in the Netherlands. The proper agricultural methods and 

crops for saline areas have been suggested by Magistad, and Christiansen 

(1944). Heinrich and Bolton (1950) found that on saline soil under 

field conditions crested wheat grass (Agropyron cristatum) could compete 

vrlth salt tolerant Distichlis. 

Many investigators have examined the effects of the various 

cations and anions on plants and the tolerance of plants to them. The 

early work of this nature was done in Europe ( Duval-J ouve 1868, 

Beguinot 1913, Keller 1925, Stocker 1925 as quoted in Braun-B1anquet 

1932). Pioneering studies on halophytes in North America were of a 

similar nature. Delf (1911, 1912, 1915) studied plants of saline 

areas 1d th reference to transpiration, behavior of stomata, end the 

meaning of xerophily. Harris (1915) wrote on the effects of salt on 

germination and growth of crops. Recently considerable work of this 

kind has been done at the U. s. Salinity Laboratory, Riverside, 

California. These and other studies of similar nature are well 

summarized by Bernstein and HaY'vard (1958) and Hayward and Bernstein 

(1958). 

At present there is some controversy over the effects of the 

various salts on plants, and the tolerance of forage, cereal, and 

vegetable crops to salt. Nevertheless, most workers agree that chloride 

and sodium are the most toxic anion and cation. These investigators 
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also indicate that at least the chloride content of the soil is related 

to the thickness and longevity of leaves, and that transpiration 

decreases as the salt concentration increases (Andriani 1937, Black 

1958). Smatok (1938) found that in some native plants the nitrogen 

content was reduced by the addition of salt to the soil. In addition 

salt cgused a lower carbohydrate content in the vegetative than in the 

• flowering stage of some species, while the reverse is troe in others. 

Most investigators report that grasses are the most salt tolerant of 

the cultivated crops, followed by legumes. Marshall (1942) reports 

that of the cereal crops, barley is the most salt tolerant in 

Saskatchewan and most likely to produce a crop, particularly if grown 

for hay rather than seed. Wheat and oats showed a lower tolerance. 

Up to the present, little economic use has been made of saline 

vegetation and soil. Lindsey (1948) reports that in the southwest 

desert region of the United States terrones {earth construction bricks) 

are cut directly f'rom the mineral soil of sedge meadows and dried. 

He further comments that Distichlis improves the quality of the bricks 

due to the many fine roots that tend to hold the soil together, and 

to the rhizomes, which add strength. 
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DESCRIPTION OF THE AREA 

The area included in this study lies in the southern half of 

Saskatchewan and extends roughly from 49° to 5.3° North latitude and from 

1010 30' to 110 West longitude. It is bounded on the south by the 

States of' North Dakota and Montana, U. s. A. The east and west 

boundaries are formed by the Provinces of Msni to ba and Alberta, 

respectively. The northern boundary is a line forming the top of 

township 46 (Fig. 1). 

Southern Saskatchewan lies within the physiographic area know.n 

as the Interior Continental Plain or Great Plains region. This area 

is comprised of prairie and forest areas in Manitoba, saskatchewan, and 

Alberta and lies between the Laurentian Shield to the east and north, 

&ld the mountainous Cordilleran region on the west (Mi. tchell et &· 

1944). The southern section of this area is often referred to as 

the Alberta upland. It is divided into two parts by an escarpment, 

the Missouri Coteau, which marks the boundary between the "second" 

and "third prairie steppes". 

The topography is mostly undulating to gently rolling east of 

the Coteau, with elevations ranging from about 1,050 to 2,000 ft. 

above sea level in eastern Saska.tchel<tan. Isolated hills occur with 

heights of 2,200 to 2,500 ft. The topography has been influenced by 

glaciation, and beds of ancient glacial lakes are represented by 

several plains (Mitchell~ al. 1944). An increase in elevation 

occurs west of the Missouri Coteau, and a greater portion of the 

topography is rough ,ml;P rolling than to the eastward. The average 

elevation west of the coteau in Saskatchewan is approximately 2,200 
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Fig. 1. Outline map of southern Saskatchewan sho•·Jing 
the location of the saline areas studied. Soil samples 
were only taken at t he locations indicated by a /.. 
The br oken line denotes the northern limits of Sarcobatus 
vermiculatw . 
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ft. and ranges from about 2,000 to 4,000 ft. (Mitchell et al. 1944). --
The "third prairie steppe" is characterized by rolling lands of the 

Coteau, deep valleys of rivers and creeks, glacial drainage channels, 

and a number of glacial lake beds. 

Local drainage conditions in south~rn Saskatchewan vary 

considerably. The nearly level to undulating land has the most 

satisfactory drainage, while the strongly rolling and hilly land is 

excessively drained by runoff into local depressions. The low-lying 

flats and depressions are characterized by varjing degrees of restricted 

drainage. ~~en these depressions receive water from the surrounding 

uplands the soil may contain excessive quantities of soluble salts. 

Therefore, alkali (saline) sloughs are common throughout the prairie 

(Mitchell et al. 1944). 

Saline soils occur in the grassland region of Saskatchewan 

in the brown, dark brown, and black soil zones (Fig. 2). The soil 

zones are named after the prevailing color of the surface horizons 

of well developed upland profiles. These colors are primarily due to 

the action of climate and native vegetation operating over long periods 

of time. The variation in color sholTS differences in organic matter 

content of the zonal soils. The sequence of bro\vn, dark brotm, and 

black soil zones corresponds to the increases in soil moisture 

efficiency, gro,,•rth of native vegetation, and soil organic matter 

accumulation encountered between the south-west corner of the ProVince 

and the borders of the forest region. Saline areas are rare in the 

forest (podsolized soil) region to the north and east of the grass-

land area. 
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Fig . 2 . Outline map of southern Saskatche\~an shOi.:ing 
the soi l zones (1, brmm soils, 2 1 dark brown soils , 3, 
black soils , and 4, black- grey soils) . 
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Two major climax formations of native vegetation have been 

recognized in Saskatchewan. The Grassland Formation occupies southern 

Saskatchewan, while the Boreal Forest Formation occurs in the north. 

In the area included in the present investigation the forest is 

confined to the north-east corner and to a number of small areas 

occurring on local elevations within the grassland zone. The grass

land vegetation has been classified into two associations, the Mixed 

Prairie Association of the brown and dark brown soils and the Fescue 

Prairie of the black soils (Coupland 1950, Coupland and Brayshaw 

1953). 

Geology and Soils 

The soils of southern Saskatchewan have developed on geological 

deposits of Recent and Pleistocene Age. Most of the prairie region 

of southern Saskatchewan is underlain, at variable depths, by shales of 

very uniform character. They are grey in color, soft, slake easily 

with water, and with moistening expand to form a highly plastic clay. 

This expansion on moistening is due to the presence of bentonite, a 

clay mineral present in high percentage. The shales are usually devoid 

of calcium carbonate (Mitchell ~ al. 1944). 

Glacial drift overlies most of the preglacial formation. This 

is a heterogeneous mantle of variable thickness resulting from intense 

glaciation. These glacial deposits form the parent material of 

virtually all the soil, the weathered and eroded bedrock having been 

transported, mixed and relocated by ice. As a result various moraines 

were formed, which are usually expressed in the topographic features of 

an area. Terminal or recessional moraines are evident in the strongly 
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rolling topography with potholes and stones, while in the low relief 

areas with potholes ground moraines occur. Ground water from moraines 

is usually alkaline in reaction. 

The clay content of the glacial drift in southern Saskatchewan 

has originated from marine shales containing large quantities of pyrite. 

Pyrite, on oxidation, forms iron oxide and sulphuric acid, the 

latter reacts with calcium carbonate to form gypsum and with sodium 

compounds to form sodium sulphate (white alkali). As a result the small 

amount of ground water available in shale is unfit for domestic and 

sometimes for livestock use because of its high salinity. 

Glaciation was of economic significance in a number of ways in 

southern Saskatchewan. Both the present topography and the physical 

and chemical composition of the surface material are more favorable 

for agriculture in the glaciated regions, while where the bedrock 

shale is exposed, the resulting vegetation is sparse or absent, due 

to the impervious nature of the clay and to excessive salt derived from 

pyrite. Glaciation was effective in stirring up the bedrock material 

and incorporating it with fresh mineral matter from the Precambrian 

rocks and lime from the Palaeozoic limestones (Mitchell et al. 1950). 

Saline soils are most frequent in flat to depressional areas 

with poor drainage. They are developed on recent alluvial or 

lacustrine deposits, and also on sloping upland where seepage from 

pre-glacial shales has occurred (Mitchell et al. 1944). Saline 

soils have weakly developed profiles high in soluble salt, which 

in dry periods is evident on the soil surface. When the soil is wet, 

however, only white spots or streaks are present on the snrfaee. 

During these wet periods the soluble s a1 t is leached down into the 
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lower horizons of the soil. Saline profiles tend to reflect their 

zonal position in the color and organic matter conteat of the surface 

(A) horizon to a less degree than do normal soils. Below this there 

is little horizon development. In some cases a loose granular 

structure persists where the maximum salt content exists, while in 

other instances the structure is massive. The usual color arrangement 

is for the surface horizon to be dark grey over light grey to bluish

grey, over mottled brown, yellow and bluish-grey parent material 

(Mitchell~ al. 1944). 

Various degrees of salinization are represented in Saskatchewan 

by a number of saline profiles. Where litt1e profile development has 

occurred these soils are solonchaks. Desalinization results first in 

the formation of a solonetz and then a solod. In general, a solonchak, 

is a salinized profile with little horizon development. In arid 

regions it results when the upward migration of salt is favored due to 

low precipitation and high evaporation. It is particularly prevalent 

in old lake bottoms where salt accumulation occurs due to evaporation. 

1'hese profiles are of lo"'r organic matter content {Joffe 1949). 

As a solonchak desalinizes the exchange complex becomes 

saturated with sodium and a solonetz profile results. Desalinization 

is a process that may be due totally or in part to natural forces. 

One of the factors favoring this process is a drop in the water table 

that allows precipitation to leach the salts out of the surface soil 

layers. 

\vllen the salts of a solonetz profile are removed by a more 

humid climate the profile becomes a solod. The soil then resembles a. 

podzol in some respects, but usually the B horizon is slightly alkaline 
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in reaction, due to the presence of sodium that was formerly in the A. 

The potassium, calcium, and magnesium formerly deposited in the B 

horizon is leached deeper. A solod profile. still exhibits poor 

str.1cture, but the pH and salt content of the A horizon is sufficiently 

low that plant gro\vth occurs and the affects of salinity gradually 

disappear (Joffe 1949). 

Climate 

The climate of southern Seskatchewan is dependent upon its 

location in the interior of the continent. The moisture-laden winds 

are affected by the Rocky Mountains acting as a barrier. The 

variations in the seasonal weather are caused by polar continental air 

from the region between Alaska and Hudson Bay, pola.r marine air from 

the north Pacific, and tropical marine air from the Gulf of lvlexico or 

subtropical latitudes of the Atlantic Ocean (Currie 1948). The climate 

may be said to be representative of a cool, semiarid type with extremes 

in temperature between winter a.nd SUID.iller and a low, variable annual 

precipitation. 

The long-term mean annual precipitation is below 18.5 in. in all 

parts of the area studied. The lowest precipitation (about 11 in.) 

occurs in the extreme southwestern part of Saskatchewan and precipitation 

increases to the north and east. The mean annus~ precipitation at 

Swift Current and Saskatoon is about eq~al (Table 1). The distribution 

of the moisture is uncertain, both from year to year, and within a 

given year. On the averag~half or more of the annual precipitation 

occurs during the growing season (April to July). The long-term mean 

indicates that June is the month of maximum precipitation at both 



Table 1. Comparison of weather during the period of study with long-term means. 

Weather Month Mean 
factor Jan. Fe_b_!_ M.ar. ~Ap_~J{a._y ~ J:uA~ l:t!l_y ~.P..tlg!_ SeQt•_~Qc_t. _ _ligv. Dec. Annual 

Mean temperature (oF.) 
Swift Current (28 yr.) 
Saskatoon (49 yr.) 

Precipitation (in.) 

9.5 12.3 24.4 40.6 51.8 59.0 66.4 63.2 52.8 41.9 25.5 13.9 38.4 
-0.6 3.1 17.4 37.9 51.0 59.3 65.1 62.2 51.4 39.7 21.9 7.1 34.6 

Swift Current (1923-1958 incl.) 0.71 0.54 0.64 0.90 1.57 2.82 1.97 1.71 1.16 0.71 0.58 0.54 13.85 
(1956-1959 incl.) 0.64 0.63 0.52 0.96 0.68,2.79 1.86 1.18 0.73 1.11 0.93 0.62 12.64 

Saskatoon (1902-1958 incl.) 0.57 0.52 0.66 0.74 1.35 2.56 2.38 1.77 1.43 0.80 0.56 0.50 13.84 
(1956-1959 incl.) 0.32 0.49 0.65 0.68 0.54 1.79 1.97 1.96 1.78 0.82 0.39 0.83 12.22 

Evaporation 
Swift Current (1922-1958 incl.) 

(1956-1959 incl.) 
Saskatoon (1918-1956 incl.) 

5.38 5.69 7.17 6.34 4.11 
5.72 6.32 7.02 6.88 4.53 
5.05 5.88 6.54 5.35 3.25 

28.69 
30.47 
26.07 

Data obtained from the Research Station, Canada Department of Agriculture, Swift Current and 
Physics Department, University of Saskatchewan, Saskatoon. 

J-1 
....J 
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Swift Current and Saskatoon. The precipitation received at both stations 

from November to March is in the form of snow and varies only slightly 

in amount. 

Below normal precipitation was received at both Swift Current 

and Saskatoon from 1956 to 1959 (Table 1). Nevertheless, the 10-

year period ending in 1958 was approximately o. 75 in. above normal. 

This reflects the above normal precipitation from 1951 to 1955. 

The maxinru.m (20 • .36 in.) at Saskatoon, occurred in 1952, and the 

minimum (10.05 in.) for the decade was in 1957. During periods of 

above normal precipitation water accumulates in low-lying areas, but 

when it is below normal these areas rapidly become dry. the results 

of a 20-year study at Swift CUrrent on rainfall frequency and efficiency 

indicated that heavy showers of short duration were frequent, and when 

in excess of 0.75 in., loss from runoff resulted (Doughty et &· 1943). 

The mean long-time annual temperature of southern Saskatchewan 

indicates a short and warm to hot growing season, and a long cold 

winter (Table 1). The winter temperatures cause the soil surface to 

be frozen for four to five months, while the warm summer temperatures 

are a factor in rapid evaporation. As with precipitation, wide 

variations in temperature occur. Summer temperature above 100° F. 

and winter temperature below -50° F have been recorded. 

Evaporation from a free water surface is greatest in 

southwestern Saskatchewan, and decreases to the. north and east (Table 

1). At Swift Current and saskatoon the month of greatest loss is also 

the month of highest temperature. During the last four years at 

Swift Current, the below normal precipitation was accompanied by above 

normal temperatures and evaporation losses. 
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In southern Saskatchewan the topography, climate, and drainage 

favor the occurrence of local saline areas. Runoff water accumulates 

and deposits soil particles and salt in low-lying areas, so that with 

continued deposition a se~ine soil prevails. 
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METHODS .AND PROCEDURE 

More detailed analyses are needed of saline vegetation and soil 

of the northern Great Plains, such as those of Kearney et.al. (1914), 

Flowers (1934), Shantz and Piemeisel (1940), and Billings (1945). 

The more investigations similar to these, the greater will be our 

knowledge concerning saline vegetation and soil. As a result more 

significance can be applied to the indicator value of the various 

saline species and communities. 

The classification of the saline communities of the Mixed 

Prairie and Aspen Grove regions of Saskatchewan as set forth here is 

the result of a general survey, as well as detailed studies of the 

vegetation and soils in a large number of carefully selected sites. 

From 1957 to 1959 approximately 270 saline depressions were observed 

in the brown, dark brown, and black soil zones of Saskatchewan 

(Fig. 1). Each depression consisted of from two to eight sites. The 

vegetation was sampled in approximately 220 sites, and the soil in 

approximately 151. In the sites selected for detailed study notes 

were taken on the general composition of the vegetation in relation to 

the site. Vegetation data and soil samples were collected, and 

photographs of some depressions were taken. Notes were also made 

regarding succession and the estimated agricultural potential. In 

general, only those depressions were selected in which the vegetation 

appeared to be little disturbed by grazing, mowing, cultivation, or 

proximity of cultivated land. Most of the depressions were located 

on land to which animals did not have access, and showed little 

evidence of their presence. The area of the sites studied varied in 
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size from a few acres to several square miles. Because of the large 

area covered it was not possible to return to all locations. MOst 

were visited at least four times, while only a few were observed 

once. More depressions were studied in the brown and dark brown 

soil zones than'in the black. The detailed studies made of the 

vegetation and soils permitted a better understanding of soil-plant 

relationships in saline areas. The point-transect method was used in 

conjunction with list (presence) quadrats in the study of vegetation. 

The point-transect method has been used in western Canada for 

about 20 years to determine basal cover of large grassland areas for 

the purpose of estimating grazing capacities and in studies of 

succession (Clarke ~ al. 1942, Coupland 1950). Coupland (1950) 

summarizes the comparisons of this method with other methods of 

measuring vegetation. The point-transect method is a modification of 

the "point-quadrat method" used in New Zealand by Levy and Madden 

(1933). In this method, a wooden frame one meter long is used with 

10 metal pins inserted vertically at one-decimeter intervals. A 

100-ft. tape was stretched in a straight line across a saline depression 

and the frame was dropped at regular intervals along the tape. ~rhe 

distance between drops varied from about 1 ft. in a site of limited 

area, to five paces in a wide one. Each bit (contact} of a point at 

the soil surface with the stem of a turf grass or the crown of a 

bunch grass was recorded. No attempt was made to sample the shrub 

vegetation, since this growth form dominated in enly one community. 

The basal cover is determined by calculating the average number 

of times hits are made with plant species in 100 projections of the 

points. For example, if 30 hits are made with the bases of grasses 
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at the soil surface in 250 projections of the points, the basal cover 

of the grass species is 12.0 percent. The total basal cover was 

obtained by this means. The number of projections used varied from 

200 to 600 per site, depending upon the size of the area studied. 

The percentage composition is also calculated from the point

sampling data. The total basal area, regardless of m.agni tude, is 

considered as 100 percent, and the percentage of this which is 

furnished by each species is considered as the percentage composition 

of that species. For example, if 18 of the 30 hits (referred to 

above) are with one species, the percentage composition of this species 

is 60 percent. 

The flora of an area is the result of natural selection over a 

long period of time. This is particularly obvious with regard to the 

vegetation of saline depressions. Therefore, all species of a 

commun~ ty, dominants as well as subdominants must be considered or 

importance. Quadrats 0.1 and 0.125 sq. m. in size were used during 

this study to obtain a measure of the frequency of the associated 

species (Curtis and Green 1949, Dix 1958). This was necessary 

because the small basal area of the subdominant species resulted in 

poor representation in the data obtained by the point method. Since 

the subdominant species are or importance in characterizing the various 

saline communities, these data are needed. Twenty to 60 quadrats were 

taken in each site and the presence of each species was noted. 

Distribution in a site is expressed in terms of frequency, a value 

obtained by calculating the percentage of quadrats in which each 

species occurs. This is one measure of the relative importance of 

each in a site or community. 



- 23 -

On the basis of the data obtained from sampling and by critical 

examination, the sites were divided into communities according to the 

percentage composition of the total vegetation contributed by the 

dominant species. By this means 21 major plant communi ties were 

differentiated. In addition, 15 others were encountered less 

frequently. The data from list quadrats show the importance of 

subdominant species in each of these communities. 

Studies on the phenology of' the major species were conducted 

in sites located near Saskatoon and Swift Current. Data were 

obtained concerning the date of beginning growth, formation of 

inflorescence, flowering, seed maturity, and foliage dormancy. 

In order to obtain a better understanding of some of the 

adaptations of species to saline conditions, osmotic pressures ot 

some of the major species were determined during the summers of 1958 

and 1959. The freezing point depression method was employed. The 

method is further discussed in the appropriate section. Studies of 

rooting habits of the major species were made in approximately 12 

excavations. Notes were taken on the depth, laY,ering, and type of roots 

each time ·a soil sample was collected. 

Nomenclature used with respect to the Graminae is according to 

Hitchcock and Chase (1950). The names of other species are according 

to Rydberg (1932). Some of these names are outdated and seldom 

used, but for consistene.y the nomenclature of these manuals is 

followed. 

Soil samples were collected during the summers of 1957 

and 1958. In order that a critical study of the soil profile 
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characteristics could be made, a hole was dug in the center of each 

site sampled. In addition to studying the morphological characteristics 

of the profile observations were made on the depth of occurrence of a 

saturated soil condition. Soil samples approximately 1 to 2 liters 

in size were collected from each horizon of a 36-in. profile. They 

were placed in polyethylene bags and sealed air tight for transportation 

to the laboratory. During 1958, instead of taking samples from each 

horizon of the profile, as was done in the previous year, they were 

taken from four arbitrary depths. These depths were 0-6, 6-12, 

12-24, and 24-36 in. It was not always possible to sample the 

24-36 in. layer due to the presence of free water. The change in 

sampling depths made it possible to sample and analyze more profiles, 

but did not permit the examination of each horizon. 

In the laboratory the soil samples were removed from the 

polyethylene bags and approximately 50 gm. were weighed, dried at 105° 

c. for 24 hrs., and weighed again to determine soil moisture. The 

percentage moisture was expressed on the basis of dry weight. The 

soil moisture percentage is of value, even though determined only 

once for each site. Both the soil moisture and salt tend to migrate 

within the soil, and their quantities are reflected by the 

composition of the vegetation. The remainder of the original sample 

was broken into small pieces, air dried, and stored in paper bags at 

room temperature until analyzed. 

All soil samples collected during the summers of 1957 and 1958, 

following grinding, were subjected to a series of analyses for 

characteristics which were thought to have some possible bearing on 

the presences of the individual saline plant communi ties. The soil 
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texture was estimated by hand texturing. The chemice.J. analyses made 

on each sample were: pH of the sa.turated soil, saturation extract 

conductivity, end a qualitative determination of the anions (bicarbonate, 

sulfate, and chloride). The quantities of the cations(sodium, 

potassium, calcium, and magnesium) were determined and the soluble 

sodium percentage calculated. 

Procedures used for many of the chemical analyses are described 

by the U. S. Salinity Laboratory (1954), and are as follows for 

saturated soil paste: method 2, using 300 gm. of soil; for pH: 

me.thod 2la, using Beckman pH meter with glass and calomel electrodes; 

for electrical conductivity: method 4a, using a Standard Wheatstone 

Bridge; for bicarbonate: method 23a; for sulfate: method 14a, the 

quantity was estimated; for chloride: method 13, the quantity was 

estimated. Methods similar to those of Ballantyne (1952) using a 

flame photometer and flooding solutions were employed in determining 

the quan~ities of sodium, potassium, calcium, and magnesium in the 

saturation extract. Brotm et al. (1948, 1950) used a similar method 

when determining calcium and magnesium in foliage. 

In most of the cation determinations dilution of the saturated 

extract was necessary due to the high salt content. Calcium was 

diluted one-half, while sodium and magnesium were generally diluted 

from one-fifth to one-twentieth. In some cases dilutions of one

fiftieth were necessary for the latter two. The conductivity 

readings of the saturation extract were used as the basis in determining 

the amount of dilution necessary. The quantities of the cations 

were recorded as p.p.m. and later converted to :m.e./1. The formula 

used in this conversion was: p.p.m. X 1000/m.e. ~~. X 106• 
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HYDROPHYTIC PLANT COMMUNITIFB 

The plant communi ties of saline depressions in sou them 

Saskatchewan are placed into four groups depending upon the vegetation. 

The type of vegetation occurring reflects both the total salt and 

water contents of the soil. The first group (hydrophytic) is 

comprised of communi ties occurring near the center of the wet 

saline depressions, while the second group (halophytic) includes 

communities from near the center of the dry depressions with heavy 

accumulations of soluble salt in the soil. At slightly higher 

elevations the communities of the third group (semi-halophytic) occar. 

In this position both the total salt and water contents of the soil 

are lower than in the previous groups, and a mixture of halophytic 

and climax species dominate. When normal upland soil conditions are 

encountered the fourth group (climax) of communi ties occur. ·They 

do not occur in soil containing large quantities of soluble salt. 

The hydrophytic communities occur in wet saline depressions. 

Usually the depression center contains free water on the soil surface 

for at least part of the growing season. The depressions supporting 

hydrophytic vegetation appear young because of their ability to retain 

water. Generally, there is submerged vegetation in the water, and 

the amphibious hydrophytes form the first rooted community. As these 

wet depressions become dry they form an environment unsuitable for 

hydropbytic vegetation. 

The amphibious hydrophytes that dominate must tolerate free 

water on the soil surface for part of the growing season and a 

concentrated soil solution during the remainder. A thin salt film may 
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be present on the soil surface toward the latter part of the growing 

season. When this occurs the hydrophytes become dormant. This seems 

to indicate their inability to withdraw moisture from a highly 

concentrated soil solution. When the precipitation is below normal for 

a number of years in succession the hydrophytes are unable to tolerate 

the concentrated soil solution and are replaced by halophytes, forming 

the halophytic communities. 

Scirpus paludosus Community 

The Scirpus paludosus community occurs in the wet saline 

depressions of both the dark brown and black soil zones, but rarely 

in the arid areas. It occurs in soils of fine texture. The surface 

3 in. is a bog soil of undecayed organic matter. Below this the soil 

ranges from clay loam to heavy clay. Sampling was restricted to those 

communities occurring in the dark brown soil zone. SciEPUS paludosus 

is an amphibious hydrophyte and forms a dense, almost pure, stand 

under favorable conditions (Fig. 3). The sample data indicate the 

high degree of dominance which Scirpus exhibits in this community 

(Table 2). The height of the vegetation varied considerably 

with the salt content and soil moisture supply. Scirpus usually 

grows from 12 to 40 in. in height. When moisture is limiting and the 

salt content is above optimum the plants are shorter and few or no 

seed culms are produced. ~~en soil moisture is sufficient the soil 

solution is so diluted that the plants are taller and produce a 

large number of seed culms. 

The color of the vegetation varies throughout the year from 

brown during the winter period of dormancy to light green during mid-
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Fig • .3. The Scirl2!J..2 paludosus community folloHing 
one dry grov1ing season. Note the dormant plants and salt 
encrustation on the soil surface . Photograph- taken in 
July 1959, o.S miles north of Blucher. 
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Table 2. The frequency of invaders after two years of dry 
weather in an area formerly dominated by Solrpus naludosus. Data 
obtained from 60 0.125-sq.-m. quadrats during 1959. 

Species 

Seirpus paludosus 
Atriplex hastata 
Hordeum jubatum 
Chenopodium rubrum 
Juncus ater 
Sonchus uliginosus 
Chenopodium salinum 

Percentage freouency 

100 
72 
52 
18 
12 
12 

2 
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summer. vlhen the environment is moist, no other species are present 

to add color to the community, but a dry environment favors invasion 

by red-leaved species of Atriplex and Chenopodium and the yellow

flowered Sonehus. 

During late May, with the onset of warm \fleather and spring 

runoff, the Scirpus plants break dormancy and commence growth. By 

the second week of June the new growth emerges above the cover of old 

growth and the vegetation appears green. Flowering occurs in July, 

when the plants have reached a height varying from 18 to 30 in. As 

the seed matures, during the last of August, the leaves begin to turn 

brown, and the plants re-enter dormancy for the winter. 

In this habitat free water occurs on the soil surface during 

the spring and early summer. As the temperature increases, evaporation 

becomes rapid and the water disappears. vfuen the stand is sparse, a 

thin salt fiL~ forms on the soil surface, but the rate of evaporation 

is so reduced by a dense cover that no film develops. SUrface 

crystallization is also dependent upon the amount of capillary action 

taking place. In the presence of a shallow water table the surface 

is aJ.ways moist, so that a salt crust does not form. 

This community forms either the first or second stage in plant 

succession around moist saline depressions. The Scirpus paludosns 

community generally occurs in a position with either a stand of s. 

validus or an area supporting water on the soil surface toward the 

center of the depression, and a stand of either Eleocharis palustris 

or Hordeum jubatum toward the periphery. The concentration of saJ. t 

is inversely related to the moisture level in the soil. The 

nature of the community toward the depression center is dependent upon 
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the depth of water, and how long it is maintained. In depressions 

where the water is shallow and remains for the greater part of the 

growing season S. validus occurs, but if the water is maintained at a 

depth greater than 30 in. this species cannot become established. 

Along the outer edge of the Scirous paludosus community a zone of 

Eleocharis is encountered, unless a sharp rise (of even a few inches) 

in topography occurs which results in the loss of this community by 

corn.erinr. In this instance Hordeum dominates to the edge of the 

Scirpus zone. 

The greater dependence of this community on the availability of 

capillary water results in less response to fluctuating weather than 

that exhibited by communities in higher topographic positions in the 

depression. This community is more stable than those of dry habitats. 

After two or three years of low precipitation the water table may drop 

sufficiently to eause the disappearance of Scirpus. Under these 

conditions all the vegetation zones move towards the center of the 

depression, so that the area formerly occupied by Scirpus paludosus 

(and even by S. validus) is then dominanted by Eleocharls or Hordeum. 

The rapidity of changes in vegetation in this habitat is 

illustrated by data obtained in 1957 and 1959 in the same site. In 

1957 Scirpus grew in such a. vigorous stand that all other species 

were excluded. Its height was from 30 to 40 in. Due to dry weather 

in the next two years Scirpus was not able to survive, so that by 

1959 several species had invaded from the drier parts of the depression 

(Table 2). Of these, Atriplex hastata and Hordeum jubatum were the 

1nansereau (1957). An ecological process resulting in a 
missing community or belt of vegetation by the narrowing of a gradient. 
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principal subdominants and occurred with a frequency in excess of 50 

percent. Some of the invading species occurring in 1959, such as 

Juncus ~ and Sonchus uliginosus, are not highly salt tolerant. 

They were in the more moist spots of the vacated area, where sufficient 

drying had occurred that they could become established. 

Three profiles were sampled during the 1957 and 1958 growing 

seasons in the dark brown soil zone. In general, there is little 

difference in the appearance of the horizons of the profiles. There 

is a surface (Ah) horizon of undecayed organic matter, varying in 

thickness from 1.5 to 3.0 in. The remainder of the profile is a 

grey (Csa) horizon to 36 in. An exception to this occurs in one 

profile with a brown ( C2) horizon from 24 to 36 in. In another profile 

it was not possible to examine the 24 to 36 in. layer owing to the 

presence of free water. 

The moisture content varied with depth (Table 3). The 

maximum was in the surface (0-6 in.) soil, showing that the water 

content, at the time of sampling, was higher in the layer of decaying 

organic matter than in the subsoil layers. The range in water content 

was greatest between layers of the profile with the greatest textural 

difference. The fine-textured soil showed a higher water content 

than the sandy clays. Table 3 show~ the pH to be relatively uniform 

with depth. The surface samples were slightly lower in reaction than 

the subsoil. A wiae range existed between sites. 

The data show that the conductivity of the saturation extract 

varied between the sites (Table 4). The maximum conductivity is in 

the subsoil samples. In general, the conductivity is relatively 

high at all depths, indicating that the profiles were salinized. The 



Table 3. The median and range in water content and pH of three soil profile samples taken from 
the Sci;pus paludosus community sites of the dark brown soil zone. 

Depth Texturer Color range Percentage water EH 
in inches range Median Min. Max. Median 1V1in. Max. 

0-6 FCL - SiC Black to grey 44.2 33.9 50.8 8.0 7.8 8.2 
6-12 ~,c - c Grey 30.3 28.8 34.5 8.2 7.9 8.5 

12-24 FC - HvC Grey 29.7 26.8 34.8 8.2 8.1 8.3 
24-36.3 vc - HvC Grey to brown 28.8 25.3 32.2 8.2 8.1 8.2 

1soil texture abbreviations used throughout this paper are those employed by the Canada Department 
of Agriculture Soil SUrvey. SL - sandy loam; VL - very fine sandy loam; FL - fine sandy loam; 
L - loam; SiL - silty loam; VCL - very fine sandy clay loam; E'CL - fine sandy clay loam; SCL - sandy 
clay loam; SiCL - silty clay loam; CL - clay loam; VC - very fine sandy clay; FC - fine sandy clay; 
SC - sandy clay; SiC - silty clay; C - clay; HvC - heavy clay. 

2Expressed as percentage dry weight. 

3Data obtained from two profiles. 
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Table 4. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of three soil profile samples taken from the 
Sci~s paludosus community sites of the dark brown soil zone. 

ne-pth-
in 
inches 

0-6 
6-12 

12-24 
24-363 

--~----cond.UctfV:ftyr- -~--~·- - ~ ---- -Qu.a1i tative anion.z --- ----- - ----
(mmhos./cm.) Bicarbonate Sulfate Chloride 

Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

13.9 9.5 20.5 H H H H H H M M H 
20.0 10.0 21.2 H H H H H H H M H 
33.4 9.7 35.S H H H H H H H M H 
21.0 13.1 28.S H M H H H H H M H 

lExpressed as mmhos./cm. at 25°C. 

~ey to qualitative anion measurements: 0 - absent; T - trace; L - light; M - medium; H - heavy. 

3nata obtained from two profiles. 

w 
'v.> 
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data in Table 4 suggest that all soil samples were high in bicarbonate 

and sulfate contents. The chloride content is somewhat lower. 

The contents of the cations in the saturation extract are 

presented in Tables 5 and 6. Sodium and magnesium are present in 

greater concentrations than. calcium. The measured amount of potassium 

was very low. Generally potassium and calcium were present in maximum 

quantities near the surface and decreased with depth. The sodium 

content was slightly lower in the surface than in the subsoil samples, 

while the magnesium content was much lower in the surface than subsoil. 

The minimum and maximum contents of each cation illustrate the range 

in concentration of each that is to be expected in soil supporting 

Scirpus oaludosus vegetation in the dark brown soil zone. 

The soluble sodium percentage is of importance owing to possible 

toxicity of the sodium ion in comparison to other ions in the soil 

solution (Table 5). In general, the maximum soluble sodium percentage 

is in the surface (0-6 in.) samples. It exceeds 50 percent in all 

samples of one profile. In this site the soil had dried sufficiently 

that halophytic vegetation was invading. 

The Scirpus paludosus community occurs in the dark brown and 

black soil zone in low-lying areas of wet depressions. No species are 

associated with Scirpus paludosus (the dominant} unless below average 

precipitation persists. In this instance halophytic species invade. 

The soil is a solonchak. The total salt and soil moisture contents 

fluctuate, while the pH is relatively constant. 



Table 5. The median and range in soluble sodium percentage and cation (sodium and potassium) 
content of the saturation extrac~ of three profile samples taken from the Scirpus paludosus community 
sites of the dark brown soil zone. 

Depth Soluble sodium percentage _______ Sodfum--(in-.-e~7i-:J ______ ----------_ -P-otas-sfl.lm -(m.e.lf~) 
Median Min. Max. r4edian Min. Max. l\11edian Min. Max. in inches 

0-6 
6-12 

12-24 
24-361 

49.0 
46.3 
22.6 
39.4 

47.5 
42.6 
20.5 
19.7 

57.1 
;6.1 
51.8 
59.1 

lnata obtained from two profiles. 

106.14 
153.99 
218.37 
154.89 

65.22 
72.17 
79.78 

104.35 

212.28 
191.40 
281.01 
205.32 

4.07 
2.69 
1.69 
2.56 

2.17 
1.92 
1.15 
1.33 

4.30 
4.22 
3.87 
3.79 

Table 6. The median and range in cation (calcium and magnesium) content of the saturation extract 
of three soil profile samples taken from the Scirpus paludosus community sites of the dark brown soil 
zone. 

Depth ------------- ---- - -Cafcium (m:-e ./1:) IWlagnesiUm- Tm. e ~/1:) 
in inches Median Min. Max. Median Min. Max. 

0-6 
6-12 

12-24 
24-361 

22.; 
24.3 
22.4 
15.0 

22.0 
23.3 
19.8 
12.6 

lnata obtained from two profiles. 

23.0 
29.3 
23.8 
17.4 

90 • .3 
123.3 
721.7 
437.8 

46.9 
52.6 
52.6 
53.5 

131.5 
180.8 

1063.7 
822.0 

\.IJ 
\.h 

I 
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Other Hydrophytic Plant Communities 

A number of hydrophytic plant communities, of limited occurrence 

in moist saline depressions, were located in the dark brown soil zone. 

Only one site of each was studied. These communities are all considered 

to be less stable than the communities which do not depend so much on 

an abundant supply of water. They are transitional between more common 

ones. Their extent depends on the breadth of the transition zone in 

each instance. They are considered separately as communities here only 

because of the desirability to retain the identity of each vegetation 

type in relating vegetation with soil characteristics. When the climate 

is wet the vegetation of the community occurring toward the depression 

center exerts control, but if d!Ji the vegetation of the surrounding 

community dominates. An example is the Eleocharis-Scirpus paludosus 

community. The dominants were such in 1957, but after the dry weather 

of 1958 and 1959, Eleocharis dominated. 

Scill?US validus Community 

The ~· validus type studied occurred in a position that received 

a great deal of moisture from both runoff and capillary action from 

the ground water. There were no other species present. This community 

occupies· a position with water occurring toward the depression center 

and a community of §.. paludosus toward the periphery. The characteristics 

of the physical and chemical factors of the soil profile are similar 

to those of the soil supporting the~. paludosus community (Appendix I). 

Most are of a similar magnitude, but the pH, conductivity of the satura

tion extract, and quantities of bicarbone.te, sodium, and magnesium are 

lower than in soil dominated by £. naludosus. The soluble sodium 

percentage is higher. 
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Eleocharis-Scirpus paludosus Community 

The Eleocharis-2. paludosus site studied occurred in a position 

with a stand of .2.· paludosus toward the depression center and one of 

Eleocharis toward the outside. There were no associated species in the 

site studied. The magnitude of the physical and chemical factors of 

the soil profile resembled those of the soil supporting .§.. paludosus 

(Appendix I). Many of the factors are of similar magnitude, but the 

soil moisture is lower than in the soil of the .§.. pa.ludosus community, 

end the pH is slightly higher. 

Puecinellia-Seirpus paludosus Community 

The site studied occurred in a drier position than the previously 

discussed communities. The water table is sufficiently deep that 

capillary action is ineffective in keeping the soil surface moist. 

Associated species were of limited occurrence in the study site, and 

similar to those of the ?uccinellia community. The Puccinellia-s. 

paludosus community occupied a position with a zone of s. paludosus 

toward the depression center and one of Puccinelli& toward the 

periphery. The soil of this zone resembles that of the ~· paludosus 

community (Appendix I). The sulfate content and soluble sodium 

percentage are higher than in the profiles of the .§.• paludosus 

community, bu.t in general, all other chemical features are of lower 

magnitude. 

Eleocharis Community 

The Eleocharis site studied occupied a position slightly 

elevated above the ..§_. paludosus community {Fig. 4). There were few 

associated species in 1957, but the drier growing season of 1958 and 
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Fig. 4. The Eleocharis plant community in a 1vet saline 
depression of the dark brm.;n soil zone. Photograph: taken 
in July, 1959, 0. 5 miles north of Bl ucher. 



- 38-

1959 encouraged invasion by Hordeum and its associated species. 

Eleocha.ris occupies a position with a community of Scirpus naludosus 

toward the depression center and one of Hordeum toward the outside. 

The magnitude of the edaphic factors in the Eleocharis community 

appear to be similar to both the §.. paludosus and the Hordeum soil 

areas {Appendix I). Soil moisture provides the difference. Its 

content of the soil of the Eleocharis community is lower than in the 

soil of the S. paludosus community, but greater than in the soil dominated 

by Hordeum. Many of the values of the edaphic factors are lower than 

in the ~· paludosus soil, but the sulfate and sodium contents are 

similar, while the pH, chloride content, and soluble sodium percentage 

are higher. 

Carex-Eleocharis Community2 

The Carex-Eleocharis site studied was near the center of a broad 

flood plain in the dark brown soil zone. Associated species were rare 

in the site studied. The carex-Eleocharis community generally occurs 

in a position with a stand of Eleocharis toward the center of the 

plain, while the Agropyron-Carex community borders it toward the 

periphery. There is a similarity in the magnitude of the physica~ 

and chemical features of the soil from this community and the median 

values of the soil profiles from the s. paludosus, Puccinellia, 

and Hordeum communities, but the soil supporting Carex-Eleocharis 

shows more similarity to the soil of the.§_. paludosus community 

(Appendix I). The magnitude of many of the features are lower, but 

the quantities of soil moisture, bicarbonate, and sulfate are similar to 

those of the soil of the~· paludosus community. The magnesium content 

2It was not possibl.e to identify the Carex species because of the 
absence of reproductive organs at the time of sampling. 
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is higher in the surface 12 in., but lower in the remainder of 

the profile. 

Eleocharis-Hordeum Community 

The Eleocharis-Hordeum site studied was ... in a very wet topographic 

position. The occurrence of other species was restricted. This 

co~munity occupies a position with a stand of Eleocharis toward the 

depression center and one of Hordeum toward the periphery. The 

magnitude of the edaphic factors is low, but show similarity to the 

median values obtained from the soil of the .§.. paludosus community 

(Appendix I). The quantities of soil moisture and bicarbonate are 

similar to those of the so~l profiles from the .2· paludosus community, 

while most other factors are of lower magnitude. 

The general appearance and structure of the horizons of the 

profiles in all communities of this group are similar to those of the 

profiles of the ~· paludosus community. Their massive structure 

reflects the effect of excessive quantities of soil moisture. 
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HALOPHYTIC PLANT COMMUNITIES 

The halophytic plant communities prevail under drier conditions 

than those of the previous group. Even though the soil solution is 

concentrated, the plants are capable of withdrawing sufficient moisture 

for growth. Some of the dominant species of these types of vegetation 

depend on a subsurface supply of moisture from the water table. Their 

distribution within each depression therefore changes as trends in the 

weather affect the supply of runoff water. Other dominant species 

depend principally on the availability of moisture supplied b1 

precipitation to the surface soil layers. wbile these respond in vigor 

to changes in weather, they are more permanent in any one position. 

The composition of the vegetation in each zone and the migration of 

zones in each depression is thus dependent on the reactions of both 

of these groups of species. 

The color of the vegetation in the communities of this group 

varies throughout the year (Fig. 5). The grasses appear yellowish

brown during periods of dormancy and green during optimum growth. 

Sarcobatus (a shrub) ranges from grey during dormancy to light green 

during the growing season. Species of Antennaria, Plantago, Halerpestes, 

Glaux, and Lepidium modify the vernal aspect. During the estival 

aspect Comandra pallida and Symphoricarpos occidentalis flower. The 

late estival and autumnal aspects are m?dified by the red-leaved 

species of Salicornia, Suaeda, Chenopodium, and Atriplex. Other plants 

flowering during the late summer and fall are species of Grindelia, 

Solidago, Sonchus, Aster, Lactuca, Crepris, Achillea, Senecio, and 

Leptilon. 
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A 

B 

Fig. 5. A saline flat 12 miles east of Saskatoon 
showing seasonal variation in the appearance of communities. 
The sequence of communities from the center toviard the edge 
of the flat is: Salicornia, Puccinellia, Horde~, and 
Distichlis. A- July 29, 1957; B- l~y, 1958. 
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The height and vegetative cover of all species occurring in this 

group of communities is affected by the total salt and moisture content 

of the soil. The greater height and denser cover occurs when the 

soil solution has been diluted by a high soil moisture content. In 

general, if the growing season is dry and hot the plants will enter 

dormancy early, in some instances without producing seed. 

In general, a salt crust is present on the soil surface of these 

community sites at all times, but spring runoff or runoff from excessive 

precipitation dissolves and leaches the salt into the soil. The time 

required for its reappearance is controlled by the density of the 

vegetative cover. Surface salt accumulation is dependent on the rate 

of evaporation, which is reduced by a dense vegetative cover. It was 

observed, particularly in the Puccinellia community, that salt 

accumulates on the bare soil surface between the cl.-ps of vegetation 

before it develops immediately next to them. 

wnen excessive quantities of soil moisture are present for long 

periods of time a massive soil structure develops. This structure 

occurred in all communities, except Distichlis-Sarcobatus and 

Distichlis-Agropyron. A solonetz structure occurred in these two 

communities. A massive structure is adhesive, plastic, and dense 

when wet_and hard, compact, and dense when dry. 

The high total salt content, which exists in the soil of these 

co~nunities, is uniformly distributed throughout the surface 36 in. of 

the soil. Of the cations present in the saturation extract, sodium 

and magnesium always make up a larger percentage of the total salt, 

indicating their accumulation from runoff and by migration~m a 

shallow water table. A relatively low content of calcium was found in 
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all profiles. The principal reason for this is probably the insolubility 

of its compounds in the soil, in comparison to the other cation species. 

Potassium occurs in minimal quantities in relation to the other cations. 

This is the same relationship as exists in normal upland soil 

throughout the study area. The minimum and maximum contents of each 

cation (presented in tables in each community of this group) show 

the range in concentration of each that is to be expected in the 

solonchak and solonetz soil supporting halophytic vegetation. 

Salicornia community 

The Salicornia community is characteristic of the most highly 

saline location in soils of fine-texture in the drier type of 

depression throughout the area studied. It is of frequent occurrence 

in the dark brovm soil zone and is less common in the black then in 

the broWil. Salicornia rubra (the dominant) is a succulent shallow 

rooted annual, and forms a dense cover in which other species are 

rare (Fig. 6). 

The seeds of Salicornia apparently require abundant soil 

moisture in order to germinate; such conditions usually prevail in 

May, and germination tekes place at this time. Frequently 

thereafter the soil surface becomes too dry for germination, but 

seedlings were observed on several occasions follo1ving rains through

out the summer. Early plants range from 1 to 3 in. in height in 

July and by August reach from 2 to 8 in. (Fig. 7). The seed matures 

and the plants die in September. 

The mean basal cover of the sampled sites in this comnn.mity 

was a little more than 8 percent (Table 7). The basal cover ranged 
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Fig. 6. The vegetation of a dry depression type on 
August 25, 1959, northwest of \<linter. The red plant community 
to 'the right is dominated by Salicornia rubra, while that on 
the left is dominated by Triglochin maritima. The sharp 
ecotone between these communities is characteristic of halophytic 
vegetation. 
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B 

Fig. 7. The rate of development of seedlings of 
Salicornia rubra. A. Seedlings emerging from a salt encrusted 
soil surface on Hay 27, 1959. B. The same on July 6, 1959 
showing the dense cover of plants 6 to 8 in. tall. 
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Table 7. Mean basal cover and composition of 12 ~ites of the 
Salicornia community of the dark brown soil zone in 1957. 

Species Percentage CO!!mOSition Presencel 
Mean Range 

Salicornia rubra 93.6 88- 100 12 
Puecinellia airoides 4.S 2- 9 9 
Distichlis stricta 1.1 2 - 11 2 
Hordeum jubatum 0.3 0- 4 1 
Triglochin maritima 0.2 0 - 2 1 

Basal cover (percent) 9.2 4 - 25 

1Presence is used to denote the number of sites in which a 
species was present. 
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from about 4 to 25 percent. The basal cover was higher in soil of 

coarse-textures. The principal reason for this greater density is that 

other species, such as Puccinellia airoides, are more abundant. 

Despite the sparser total cover, Salicornia is more vigorous in the 

soil of fine texture. 

This community represents the initial stage in plant succession 

in fine-textured soil of dry saline depressions. It is usually in the 

areas of maximum or near maximum salt content. Occasionally the 

soil of the Puccinellia or Distiehlis communities will be of a higher 

salt content. The Salicornia community generally occurs in a position 

with a bare area (in which excess moisture prevents growth) toward 

the center of the depression and a community of Puccinellia toward 

the periphery. The nature of the community toward the periphery is 

dependent upon soil moisture. If a sharp rise occurs the habitat 

is dry, and cornering results in the loss of the Puccinellia community. 

In this instance Distichlis dominates to the edge of the Salicornia 

zone. 

The greater dependence of this community on the availability of 

capillary water results in less response to fluctuating weather than 

that eL~bited by communities in higher topographic positions in the 

depression. \ihen sufficient changes in edaphic factors occur, all 

vegetation zones move toward the center of the depression, so that 

the area formerly occupied by Salicornia becomes dominated by either 

Puccinellia or Distichlis. Presumably a long time is required for 

such a change in the edaphic factors. 

Salicornia made up a mean of over 93 percent of the vegetative 

cover (Table 7). It ranged from about gg to 100 percent in the sampled 
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sites of this community. The principal subdominant was Puceinellia 

airoides. The dominant did not reflect changes in the weather, but 

more secondary species appeared with the drier weather in 1958 and 

1959 (Table 8). When the same species occurred in both 1957 and 1959, 

the rate of frequency was much higher in the latter, and the number 

of species in the Salicomia community increased from four in 1957 to 

seven in 1959. All species of this community are of high salt 

tolerance. Salsola was restricted to the brown soil zone,- while 

Spergu1aria was not observed in the black. 

While Salicornia prefers soil of fine texture, it does grow in 

soils of coarse texture where other species are better adapted to compete. 

Salicornia is a good competitor in soil of fine texture because of ita 

shallow rooting habit, which allows it to grow under saturated or near 

saturated soil conditions that deep rooting species can not tolerate. 

In the Salicomia community, during the 1957 and 1958 gro'\lti.ng 

seasons, 10 soil profiles were sampled in three soil zones. The 

principal variation in the general appearance of the soil horizons 

in the profiles of this community is due to the climate. In general, 

the surface (Ahsa) horizon is a salt crust and a layer of decaying 

organic matter that varies from 2 to 4 in. in depth. A grey (Csa) 

horizon occurs to 36 in. Exceptions to this are for either a brown or 

black horizon to occur below 6 in. in a dry profile and for the grey 

horizon to be replaced altogether or .in part by a yellow horizon. 

Whenever the yellow and grey horizons are encountered free water 

occurs between 20 and 36 in. 

The moisture content did not vary appreciably with depth 

within any one zone, or at any one depth between the brown and dark 



Table 8. The frequency of secondary species in the Salicornia community. Data obtained in 1957 
from 540 0.1-sq.-m. quadrats in 12 sites, and in 1959 from 540 0.125-sq.-m. quadrats in 14 sites. 

Percentage frequency 
Species 1957 1959 Presence 

_ ~-~-- ~ }ie~_ _ -~-~~_ge _ Jvtean Range 1957 1959 

Chenopodium rubrum 3.9 2-20 18.9 0-100 5 8 
Suaeda erecta 0.7 0-8 18.8 0-92 1 8 
Spergularia salina - - 6.1 0-85 - 1 
Chenopodium salinum - - 5.7 0-38 - 3 
Atriplex hastata 0.2 0-2 4.6 0-65 1 1 
Salsola pestifer - - 4.6 0-65 - 1 
Suaeda depressa 1.0 0-12 - - 1 
Scirpus paludosus - - 0.7 0-10 - 1 

I 

~ 
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brown soil zones (Table 9). The water content of these solonchak 

soils, at the time of sampling, was relatively uniform. The range in 

water content was greatest between samples ta~en from sites in the 

black soil zone. In general, the differences in moisture content at 

any one depth between sites is closely related to the soil texture. 

The coarse-textured soils exhibit a lower water content than the 

clays. The pH va~ues are relatively uniform with depth and between the 

soil zones (Table 9). In general, the pH of the surface samples was 

only 0.2 to 0.3 pH units higher then the subsoil. 

The data presented in Table 10 show that the total salt content 

of the soil samples varies considerably. The maximum conductivity 

is in the surface (0-6 in.) samples, and is relatively high at all 

depths. A wide range in total salt content exists between the 

individual sites in all soil zones. The sulfate, chloride, and 

bicarbonate contents are high in all profile samples taken from the 

black and dark brol>'m saline soil sites (Table 10). Indications are of 

lo\ver chloride, and to a lesser extent, lower bicarbonate content in 

samples taken from the brown soil sites. 

The contents of the cations in the saturation extract are 

outlined in Tables 11 and 12. It is evident that sodium and magnesium 

salts are present in much greater concentrations than calcium, while 

only minimal amounts of potassium salts were measured. The concentration 

of these cations did not differ a.ppreciably between zones. In general, 

sodium and potassium are present in maximum amounts near the surface, 

and decrease gradually 1-.ri th depth. In contrast, calcium and magnesium 

contents are either lower in the surface than in the subsoil samples 

(bro\vn soil zone) or are essentially constent with depth (dark brown 

and black). 



Table 9. The median and range in water content- and pH of soil profile samples taken from the 
Salicornia community sites. (Data obtained from three brown, three dark brown, and four black soil 
sites.) 

Depth Texture Color range Percentage water ~H 
in inches range Median Min. Max. Median M· Max. J.n • . . . 

Brown soil zone 

0-6 SCL - C Grey to brown 21.8 18.4 26.7 8.2 8.2 8.3 
6-12 SL - c Grey to brown 24.6 22.7 27.3 8.2 8.2 8.2 

12-24 SL - c Yellow to d.k. brown 22.61 17.5 27.6 8.1 7.9 8.2 
24-361 VSC - SiC Brown to dk. brown 30.4 22.2 38.6 8.1 s.o 8.2 

Dark brown soil zone 

0-6 FCL- C Grey to brown 24.6 20.7 31.9 8.3 8.1 9.1 
6-12 l!"L - c Yellow to grey 22.0 21.5 33.6 8.3 8.1 9.2 

12-24 VCL - C Yellow to grey 28.5 20.5 35.8 8.3 8.1 8.5 
24-36 c - c Yellow to grey 22.8 21.5 32.2 8.1 8.1 8.2 

Black soil zone 

0-6 FC -CL Grey to black 30.0 11.6 46.9 8.4 7.8 8.4 
6-12 VCL - SC Yellow to black 18.7 12.5 28.8 8.3 8.1 8.4 

12-24 VL - SiCL Yellow to black 21.7 7.6 26.5 8.3 8.3 8.6 
24-361 vc - sc Yellow to black 24.9 20.7 29.1 8.3 8.3 8.3 

1 
Data obtained from two profiles. 

I 

~ 
()). 

I 



Table 10. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of soil profile samples taken from the 
Salicornia community sites. (Data obtained from three brown, three dark brown, and four black soil 
sites.) 

Depth Conductivity Qualitative anions 
in {mmhos.Lcm.} Bicarbonate Sulfate Chloride 
inches Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

~rown soil zone 

0-6 41.4 20.1 53.8 H H H H H H M 0 H 
6-12 40.2 17.3 51.2 H M H H H H M 0 H 

12-24 35.9 11.7 44.8 H M H H H H M 0 H 
24-361 22.0 11.3 32.6 M L H H H H M 0 H 

J2!rk brown soil zone 

0-6 38.2 29.9 73.8 H H H H M H H H H 
6-12 29.1 29.0 34.8 H H H H M H H H H 

12-24 25.9 25.7 26.7 H H H H r<t H H H H 
24-36 21.6 17.1 25.4 H H H H M H H H H 

Black soil zone 

0-6 42.7 19.2 69.1 H H H H H H H H H 
6-12 26.9 13.6 42.5 H H H H H H H H H 

12-24 29.3 13.6 41.8 H H H H H H H H H 
24-361 27.1 20.7 33.4 H H H H H H H H H 

!nata obtained from two profiles. 

• 
~ 



Table ll. The median and range in soluble s~dium percentage and cation (sodium and potassium) 
content of the saturation extra,ct of soil profile samples taken from the Salicornia community sites. 
(Data obtained from three brown, three dark brown, and four black soil sites.) 

Depth Soluble sodium Eercentage 
in inches Median ~1in. Max. Med.ian Min. !-iax. 

Brown soil zone 

0-6 49.0 43.1 ;8.7 ;;6.52 245.65 665.22 4.06 0.66 4.92 
6-12 43.9 31.8 48.5 445.65 160.87 643.48 4.08 3.78 6.03 

12-24 38.2 1.4.4 47.4 231.52 95.65 484.78 3.14 1.69 3.54 
24-.361 31.3 13.8 48.7 147.29 101.09 19.3.48 2.20 1.69 2.71 

Dark brown soil zone 

0-6 46.0 43.3 93.0 381.06 367.58 1285.4.3 8.09 3.15 32.31 
6-12 38.S 38.1 90.5 299.28 240.55 467.6.3 4.84 2.89 9.83 

12-24 36.0 29.4 91.6 262.74 171.8.3 301.89 3.97 2.87 5.61 
24-36 37.8 32.0 92.8 254.04 144.86 267.09 3.79 2.76 3.97 

Black soil zone 

0-6 29.8 25.0 61.1 483.70 1.41.74 1103.26 8.54 3.96 13.54 
6-12 32 • .3 24.6 62.6 231.30 90.43 432.61 5.48 1.92 6.03 

12-24 31.7 22.7 59.4 273.92 86.74 380.87 4.35 2.12 6.67 
24-361 28.7 21.3 86.0 196.63 174.78 218.47 5.57 4.23 6.90 

1 
Data obtained from two profiles. 
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I 



Table 12. The median and range in cation (calcium and magnesium) content of the saturation 
extract of soil profile samples taken,from the Salicornia community sites. (Data obtained from three 
brown, three dark brown, and four black soil sites, respectively.) 

Depth- fn~- - ~ ~-- - -- calcium 1m.. e./1-:r -~- - Ma~e-stull1 -{in~ e. Zf.} 
inches Median Min. Max. !VIe dian Min. Max. 

Brown soil zone 

0-6 7.7 6.7 16.0 403.0 243.4 S67.6 
6-12 11.0 6.1 11.4 805.9 156.3 945.7 

12-24 12.3 7.3 17.8 773.0 ·84.7 1365.1 
24-.361 14.6 14~3 14.8 639.0 89.7 1188.3 

Dark brown soil zone 

0-6 15.8 6.7 26.7 424.2 57.5 452.1 
6-12 27.2 5.8 28.5 414.3 32.9 440.6 

12-24 21.9 '6.1 22.2 388.0 16.4 440.6 
24-36 14.2 3.6 18.6 291.0 13.2 394.6 

Black soil zone 

0-6 16.1 11.3 17.5 563.8 263.2 2195.7 
6-12 16.7 7.3 18.3 244.3 177.6 986.8 

12-24 15.6 7.3 18.5 308.4 170.2 1044.4 
24-361 18.3 16.2 20.3 534.6 287.8 781.3 

1 
Data obtained from two profiles. 

I 
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Since sodium is an active and toxic cation, its percentage of 

the total salt content was calculated (Table 11). The maximum soluble 

sodium percentage is in the surface ( 0-6 in.) samples of the brovm and 

dark brown soil zones, but in the subsoil of the black. Indications 

are that the soluble sodium percentage rarely exceeds 50 percent in 

these community sites, but in one profile it exceeds 90 percent in all 

samples. In this site the herbaceous vegetation was sparse, and 

Salieornia ru.bra was the only species occurring. 

The Salicornia community occurs throughout the area studied in 

low-lying regions in soil of fine texture with poor drainage. Few 

species are assoeiate.d with the dominant ( Sa.lieornia ru.bra). The soil 

is a solonchak., and the total salt content is high and variable, while 

the pH and soil moisture content are relatively constant. 

Triglochin Community 

The Triglochin community is in a topographic position similar 

to that of the previously discussed Salieornia community. It is of 

frequent occurrence in soils of coarse texture throughout the area 

studied. Triglocbin marl tima (the dominant} is a perennial. It forms 

a cover of vegetation composed of individual clumps of varying sizes 

(Fig. 8). The occurrence of other species is rare. By the middle 

of May, the habitat has warmed sufficiently that Triglochin breaks 

dormancy and commences growth. During late June, when the plants range 

from 2 to 12 in. in height, seed crulm formation begins. During early 

September, seeding is completed, and the plants re-enter dormancy for the 

winter. They are from 12 to 24 in. tall. 
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Fig. 8. The Triglochin community located 12 miles 
east of Saskatoon in August, 1959. The prominent associated 
species are Hordeum and Puccinellia. 



-53-

The mean basal cover of the vegetation sampled in the sites of 

this co~~ity was about 10 percent (Table 13). The basal cover ranged 

from approximately 5 to 17 percent. The density was greater in sandy 

soil than in clay. Triglochin, a deep rooted perennial, is a better 

competitor in the sandy soils, where the vertical movement of both 

moisture and salt is rapid. Under these conditions the roots are not 

in a saturated soil for long periods of time. 

This community represents the same stage in plant succession in 

soil of a coarse texture as Salicornia in a soil of fine texture. 

It occupies the zone of maximum or near maximum salt content near the 

depression center. The Triglochin community occurs i~ a position with 

a bare area toward the center of the depression and a sta.nd dominated 

by either Puccinellia or Distichlis toward the outside. The nature of 

the community toward the periphery depends upon soil moisture. If 

a sharp rise occurs, the habitat is dry and cornering results in the 

loss of the Puccinellia zone. In this instance Distichlis dominates to 

the edge of the Triglochin zone. 

The greater dependence of this community on the availability of 

water by capillary action from a shallow water table results in less 

response to fluctuating weather than that exhibited by communities in 

higher topographic positions in the depression. A shift in the position 

of the vegetation will not occur until a permanent change takes place 

in the edaphic factors. This shift in vegetation zones is away from 

the depression center if the weather is wet. 

Triglochin made up a mean of slightly more than 93 percent of the 

vegetative cover in the sampled sites (Table 13). It ranged from 80 to 

100 percent. The principal s~bdominant was Puccinellia airoides. 
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Table 13. Mean basal cover an~ composition of six sites of the 
Triglochin community of the dark bro~n soil zone in 1957. 

Species Percentage CO!!l_EOSition Presence 
Mean Range 

Triglochin maritima 93.6 80 - 100 6 
Puccinellia airoides 3.5 0- 9 3 
Hordeum jubatum 0.8 0- 5 1 
Distichlis stricta o.s 0 - 5 1 
Salicornia rubra 0.7 0- 4 1 
Eleocharis palustris 0 • .3 0 - 2 1 
Poa canbyi 0.3 0- 2 1 

Basal cover (percent) 9.6 5 - 17 
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The secondary species reflected the drier weather of 1958 and 

1959 (Table 14). The species occurred at low rates of frequency in 

1957 and 1959, while the number of species present increased from five 

to eight. All s~ecies, except the amphibious hydrophytes and Soncbus 

are of high salt tolerance. They occur in the more moist areas. 

Scirpus paludosus, .§.. americanus, and Sonchus were observed in the 

black soil zone, while t~e remaining species were prominent in the 

dark brown. The only species in the sites of the brown soil zone were 

the dominant and Puccinellia airoides. 

Eight soil profiles were samp~ed in the Triglochin community 

sites of three soil zones, during the 1957 and 19.58 growing seasons. 

Little variation occurs in the general morphology of the horizons 

of the profiles examined. The surface is covered with a salt crust 

varying from 0.25 to 1 in. in thickness. A grey (P~sa) horizon persists 

from the salt crust to about 6 in.,~ and below this is a yellow ( C1sa) 

horizon to 36 in. In some profiles the depth of the grey horizon 

extends to 12 in . .l and in one it is present to 24 in. Normally where 

the grey and yello'<T horizons meet, a mottled layer from 6 to 12 in. in 

depth results. 

Table 15 shows that the moisture content did not vary appreciably 

with depth in the brown and black soil zones. The rrange in moisture 

content was greatest between samples taken in the dark brown soil zone. 

The water content, at the time of sampling, was relatively uniform. 

It was higher in the dark brown and black soil zones than in the brown. 

The differences in moisture content at any depth bet1'leen sites is 

related to the soil texture. The samples taken in the brown soil zone 

are of a coarser texture and lower water content than those from the 

dark brown and black. 



Table 14. The frequency of secondary species in the Triglochin community. Data obtained in 1957 
from 190 0.1-sq.-m. quadrats in six sites, and in 1959 from 280 0.125-sq.-m. quadrats in seven sites. 

Percentage frequency 
Species 1957 1959 Presence 

Mean ~ge Mean Range 1957 1959 

Suaeda erecta 14.0 0-40 3.0 0-20 3 1 
Halerpestes cymbalaria - - 12.9 0-90 - 1 
Atriplex hastata - - 8.6 0-60 1 1 
Glaux maritima 2.8 0-17 4.3 0-30 1 1 
Scirpus pa1udosus - - 3.6 0-25 1 1 
Chenopodium rubrum 2.2 0-13 1.8 0-12 1 1 
Sonchus uliginosu.s - - 1.1 0-8 - 1 
Juncus ater - - 0.4 0-2 - 1 

\J'l 
0' 



Table 15. The median and range in water content and pH of soil profile samples taken from the 
Triglochin community sites. (Data obtained from two brown, four dark brown, and two black soil sites.) 

Depth Texture Color range Percentase water :eH 
in inches range Median Min. Max. Median fllin. Max. 

Brown soil zone 

0-6 FL -FL Grey to 1 t. brown 20.5 16.4 24.5 8.9 8.2 9.5 
6-12 FL -FL Grey to lt. brown 15.5 14.1 16.9 8.5 8.4 8.5 

12-24 LS -FL Grey to black 19.0 19.0 19.0 8.2 s.o 8.4 

Dark brown soil zone 

0-6 VL - sc Grey to yellow 28.8 22 • .3 30.3 8.3 8.0 8.4 
6-12 FL - sc Grey to yellow 30.9 22.3 52.8 8.3 8.1 8.5 

12-24 LS - sc Grey to lt. brown 25.8 18.9 31.9 8.3 7.9 8.3 
24-361 LS - sc Yellow to lt. brown 24.8 19.1 34.3 8.2 7.9 8.4 

·Black soil zone 

0-6 SCL - VC Grey to brown 25.3 21.8 28.7 7.9 7.8 7.9 
6-12 vc - sc Grey to yellow 22.6 17.3 27.8 7.9 7.9 7.9 

12-24 vc - sc Yellow 18.9 16.7 21.0 8.0 s.o 8.0 
24-36 vc - sc Yellow 16.4 16.0 16.8 8.1 8.0 8.2 

1nata obtained from three profiles. 

\Jl 
....:1 
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In general, the pH values did not vary appreciably with depth 

within any one site, but did vary between the soil zones (Table 15). 

The maximum pH is in the surface ( 0-12 in.) samples of the brown and 

dark brown soil zones and in the subsoil samples of the black. 

The data presented in Table 16 show that the total salt content 

varies considerably both between soil zones and between sites in any 

one soil zone. The ma:ximum conductivity is in the surface (0-6 in.) 

samples. The greatest salt concentration is in the dark bro1m soil 

zone, and the least is in the brol\.'ll. The conductivity is relatively 

high at all depths. The sulfate content is high in all samples, while 

the bicarbonate content is low in the brown soil zone (Table 16). 

The chloride content is lower in the brown and black soil zones than in 

the dark brown. 

Tables 17 and 18 outline-the contents of the cations in the 

saturation extract. Sodium and magnesium salts are present in greater 

concentrations than either calcium or potassium, and only minimal 

quantities of potassium occur in the dark brown a.nd black soils. In 

general, sodium, potassium, and magnesium are present in maximum 

amounts near the soil surface and decrease rapidly with depth to 12 

in. In contrast, the calcium content is either lower in the surface 

than in the subsoil {dark bro~n and black soil zones), or is relatively 

constant with depth (brown). 

In general, the maximum soluble sodium percent~e is in the 

surface (0-6 in.) soil of the brown and dark brown soil zones, and 

in the subsoil (6-12 in.) of the black (Table 17). Indications are 

that it rarely exceeds 80 percent in the bro~n and dark brown sites 



·rable 16. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate,. and chloride) content of the saturation extract of soil profile samples taken from the Triglochin 
comrmmity sites. (Data obtained from two brown, four dark brown, and two black soil sites.) 



Table 17. The. median and range in soluble sodium percentage and cation (sodium and potassium) 
content of the saturation extract of soil profile samples taken from the Triglochin comnnmity sites. 
(Data obtained from two brown, four dark brown, end two black soil sites.) 

Depth Soluble sodium Eercentage sod.ium-·Tm.e-:-/r.-}·· ---·· -- ------ F>otas-s:illin -{m. -e-.z1.} 
in inches Median Min. Max. Median Min. IV1ax. l'lledien Min. tVlax. 

Brown soil zone 

0-6 77.4 63.5 91.2 188.15 185.65 190.65 6.01 3.72 8.30 
6-12 80.2 74.9 85.5 94.57 93.48 95.65 3.11 1.38 4.83 

12-24 66.6 61.8 71.3 77.61 63.04 92.17 4.07 1.15 6.98 

Dark brown soil zone 

0-6 74.8 46.0 95.8 702.53 508.95 913.04 6.06 4.43 7.07 
6-12 79.1 47.4 92.9 360.96 166.17 381.06 2.34 1.97 4.17 

12-24 67.1 40.1 87.9 359.97 163.13 398.03 2.09 1.28 5.22 
24-361 31.5 9.4 43.2 175.74 2.61 354.53 2.18 2.12 4.30 

Black soil zone 

0-6 29.6 26.7 32.4 143.48 95.65 191.30 5.19 3.83 6.54 
6-12 32.9 30.5 35.3 118.48 52.17 184.78 2.57 2.05 3.08 

12-24 29.0 28.5 29.5 126.67 84.65 168.(§) 2.31 1.48 3.14 
24-36 26.8 24.7 28.9 136.52 106.52 166.52 2.50 1.59 3.41 

1 
Data obtained from three profiles. 

~ 



Table 18. The median and range in cation (calcium and magnesium) content of the saturation extract 
of soil profile samples taken from the Triglochin community sites. (Data obtained from two brown, four 
dark brown, and two black soil sites.) 

Depth Cal-cium { m~e. 7i~) - ~- --- --- I~aci1esium-(ffi:e-. Z1.J 
in inches Median Min. Ms.x. f'Iedian Min. Max. 

Brown soil zone 

0-6 4.3 1.8 6.8 52.0 7.8 96.2 
6-12 2.7 2.1 3 • .3 21.8 9.0 34.5 

12-24 4.7 3.6 5.7 29.2 26.3 32.1 

Dark brown soil zone 

0-6 22.1 10.0 25.5 209.6 27.7 563.9 
6-12 16.9 13.0 21.5 79.8 13.2 159.5 

12-24 23.0 17.8 26.9 145.1 24.7 304.1 
24-361 17.1 17.0 19.8 361.7 4.9 443.9 

Black soil zone 

0-6 13•2 11.1 15.3 343.8 177.6 509.9 
6-12 16.6 12.S 20.3 210.1 96.2 324.0 

12-24 11.7 11.1 12.3 298.,4. 187.3 409.5 
24-36 13.9 12 • .3 15.5 367.6 241.8 493.4 

1Data obtained from three profiles. 

I 

fD 
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and 35 pere-ent in the black. Some surface samples exceed 90 percent. 

In these sites no other species were associated with the dominant 

(Triglochin maritima). 

The Triglochin community occurs throughout the region studied 

in low-lying areas in soil of coarse texture. Few species are associated 

with the dominant (Triglochin maritima). The total salt content, pH, 

and soil moisture content of this solonchak soil varies appreciably 

between soil zones. 

Sarcobatus Community 

The Sarcobatus community is in areas of maximum salt accumulation 

in the brown soil zone, south of the South saskatchewan River. In 

this region it occurs primarily on broad alluvial flood plains in 

soil of fine texture. Sarcobatus vermieulatus (the dominant) is a 

perennial shrub. Puccinellia airoides was the only herbaceous species 

present. It occurred at a low rate of fr~quency. With the onset of 

warm \'leather during April, Sareobatu.s commences growth. By the end of 

August the plants have seeded. The foliage cures during September 

and the plants re-enter dormancy for the winter. 

Sarcobatus dominates in the initial stage of plant succession on 

broad alluvial flood plains of the brown soil zone. The Sarco ba tus 

community normally occurs with a bare area toward the· center of the 

depression and a community of either a mixture of puccinellia and 

Sarcobatus or Distichlis and Sarooba.tus toward the periphery. 

Cornering controls the occurrence of Puecinellia and Distichlis as 

codominants with Sarcobatus. The great rooting depth of Sareobatus 

allows it to withdraw moisture from a depth that is not affected by 

the annual variation 1n the weather. The weather affects the 
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herbaceous vegetation of tbe zones toward the peripher.y of the depression. 

As a result long dry periods provide conditions that are favorable 

for a shift of the herbaceous vegetation zones toward the depression 

center. 

During the 1958 growing season three soil profiles were sampled 

in the Sarcobatus community sites of the brown soil zone. Little 

variation occurs in the general appearance of the horizons of the 

soil profiles in this community. The soil surface is covered by a 

salt crust varying in thickness from a thin film to 0.25 in. A 

36-in. profile consists of a brown (Asa) horizon about 6 in. in 

thickness underlain by a light brown (Bsa} horizon to 36 in. 

The moisture content did not var.y appreciably with dept~ but a 

wide range existed between the sites (Table 19). 'rhe pH values are 

relatively uniform with depth (Table 19). A wide range exists 

between the Sarcobatus community site~ with the maximum pH in the 

subsoil samples. 

The conductivity of the saturation extract varies only slightly 

with depth in this halophytic plant community (Table 20). A w"'ide range 

occurs between the sites. In general, the conductivity is relatively 

high at all depths. The sulfate content is high in all samples, while 

indications are that the chloride content is lower, and no detectable 

amount of bicarbonate occurred in any of the samples (Table 20). 

The contents of the cations in the saturation extract are 

presented in Tables 21 and 22. It is evident that sodium and magnesium 

salts are present in much greater concentrations than calcium, while 

only minimal amounts of potassium salts were measured. In general, 

sodium is present in maximum amount near the soil surface, and decreases 



Table 19. The median and range in water content and pH of three soil profile samples taken from 
the Sarcobatus community sites of the brown soil zone. 

Depth Texture Color range Percentage water pH 
in inches range ~Me eli_~ ~·--~ ~a~~ _ _ _M_e;_(ti.an Min. Max. 

0-6 
6-12 

12-24 
24-36l 

vc - c 
VC - HvC 
SiC - HvC 
SiC - HvC 

Lt. brown to brow 
1 t. brown to brown 
Lt. brown to brown 
Lt. brown to brown 

lnata obtained from two profiles. 

26.9 
20.7 
28.8 
25.4 

9.5 
11.7 
17.9 
18.2 

.31.1 
29.6 
28.8 
32.6 

8.0 
8.0 
s.o 
8.1 

7.7 
7.8 
7.7 
7.9 

8.4 
8.5 
8 • .3 
8.3 

Table 20. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) conten~ of the saturation extract of three soil profile samples taken from the 
Sarcobatus community sites of the brown soil zone. 

Depth 
in 
inches 

0-6 
6-12 

12-24 
24-361 

Conductivity 
(mmhos./cm.) 

Median Min. Max. 

31.7 
25.0 
28.3 
24.9 

.3.8 
1.3.1 
13.1 
19.1 

41.9 
28.3 
29.9 
30.7 

~~itative ~io~s 
Bicarbonate Sulfate 

Median Min. Max. Mediaa Min. Max. Median 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
H 

L 
L 
L 
I'i 

lData obtained from two profiles. 

Chloride 
Min. Max. 

T 
T 
L 
L 

L 
L 
M 
M 

I 

~ 



Table 21 •. The median and range in soluble sodium percentage and cation (sodium end potassium) 
content of the saturation extract of three soil profile samples taken from the Sarcobatus community 
sites of the brovm soil zone. 

Depth Soluble sodiUm---percentage~ ----86-d.Ium {rri.e.?l.) Pots.ssi.llin-Trn~e./1.) 
in inches r~edian Min. Max. Median Min. Max. Illiedian Min. IVIs.x. 

0-6 63.5 53.5 84.8 5,69.56 21.74 634.78 0.97 0•46 1.92 
6-12 55i.B 38.2 71.4 326.09 141 • .30 381 • .30 1.07 0.43 1 • .38 

12-241 .44.7 29 • .3 51.4 308.69 122.83 352.18 0.97 0.72 1.28 
24-36 3.3.4 29.8 .37.0 291.74 261.73 .321. 74 0.95 0.74 1.15 

1nata obtained from two profiles. 

Table 22. The median and range in cation (calcium and magnesium) content of the saturation extract 
of three soil profile samples taken from the Sarcobatus community sites of the brown soil zone. 

Depth 
in inches 

0-6 
6-12 

12-241 
24-.36 

-~caicil.im Tm-:e-~Zi~J- ·~ - · · -Magpesi1.iin~Tm.e~/L1 
Median Min. Max. Median Min. 

14.5 
15.8 
15.4 
14.5 

4.5 
11 • .3 
14 • .3 
7.4 

19.0 
16.2 
19.8 
21.5 

82.2 
11.3.5 
361.8 
567.5 

6.6 
100 • .3 
100 • .3 
526 • .3 

1 
Data obts.ined from two profiles. 

I"lax. 

5.34.5 
509.9 
8.35.5 
608.6 

0" 
\J't 
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rapidly to 12 in., followed by a gradual decrease to 36 in. In 

contrast, the magnesium content increases with depth to the maximum 

in the subsoil. This possibly indicates that a.l though both sodium 

and magnesium compounds are readily soluble in the soil, sodium is 

capable of more rapid migration. Calcium and potassium did not 

vary appreciably with depth. 

The maximum soluble sodium percentage is in the surface (0-6 in.) 

samples and decreases with depth (Table 21). The soluble sodium 

percentage rarely exceeds 50 percent, except in the surface (0-12 in.) 

samples af one profile, where it exceeds 70 percent. The roots of 

Sarcobatus were traced to a depth of 57 ft. (Meinzer 1911). This 

suggests that the soluble sodium percentage of the surface 36 in. 

would have little affect on its growth. Nevertheless, it would 

influence the invading shallow-rooted herbaceous vegetation. 

The Sarcobatus community occurs in soil of fine texture around 

dry saline depressions and on broad alluvial flood plains of the 

brown soil zone. Only one species is associated with the dominant. 

The soil is a solonchak, and the total salt content, pH, and soil 

moisture are relatively high. 

Suaeda Community 

The SU.aed.a community is charaqteristic of dry depressions in a 

topographic location similar to that of the Salicornia community. The 

Suaeda community occurs in gravel loam to clay soils. Its 

distribution is limited to the brown and drier parts of the dark brown 

soil zones. It occurs frequently in the former and is less common 

in the latter. Suaeda erecta is the dominant in a community where 
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the occurrence of other species is rare (Fig. 9). With the onset of 

warm weather in early May, the suaeda seeds germinate. By the middle 

of May, the seedlings form a thick red mat on the soil surface, 

indicating a struggle for survival. At the end of June only a small 

percentage of the initial plants have survived, and they are from 

4 to 8 in. tall and green in color. From the latter part of July 

to the end of August the plants produce seed. At thi.s time they are 

susceptible to a smut, so that the vegetation sometimes appears black. 

\\lb.en seeding is completed, or cold weather occurs, the plants turn 

red and die. At this time Suaeda is from 12 to 24 in. tall. 

The vegetation was not sampled. Its basal cover was estimated 

during the middle of the 1959 growing season to vary from 10 to 20 

percent. Generally, Suaeda occurs as a secondary species. ~~en it 

dominates, the community is always the initial stage of plant 

succession. It usually occurs with a bare area tov.rard the center of 

the depression and a stand of Disticblis toward the outside. This 

community is dependent upon the prevailing weather and responds to 

its changes. As a result, it is more unstable than the previously 

described communities of similar habitats. One gro~dng season of 

above normal precipitation is sufficient to cause the disappearance 

of Suaeda. 

The rapidity of changes.in the vegetation is illustrated by 

the secondary species (Table 23). In 1958 three species, besides 

the dominant, occurred as compared to 11 in 1959. Nevertheless, 

the frequency of the secondary species was low in both 1958 and 

1959. In general, all species of this community are highly salt 
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Fig. 9. The Suaeda (L) and Puccinellia (R) communities 
in the brmm soil zone , 10 miles south of Creighton on June 
11, 1958. Note the low vegetative cover aff orded by the 
Suaeda seedlings at this stage , while the perennial Puccinelli~ 
plants have attained considerable gro\-rth. 



- 68-

Table 23. The frequency of secondary species in the suaeda 
community. Data obtained in 1959 from 240 0.125 sq. m. quadrats in 
six sites. 

Species. Percentage frecuency_ Presence 
Mean P..ange 

Suaeda depressa 32.5 0 - 100 2 
Salicornia rubra 20.4 0- 100 2 
Chenopodium salinum 12.1 0 - 45 3 
Chenopodium rubrum 6.7 0 - 30 3 
Salsola pestifer 6.7 0 - 40 1 
Lepidium densiflorum 2.0 0 - 12 1 
Eurotia 1anata 1.7 0 - 10 1 
lva axillaris 0.4 0 - 2 1 
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tolerant. The annuals, Salsola and Lepidium, are of medium salt 

tolerance and restricted to the brown soil zone. 

In the Suaeda community, during the 1958 growing season, 

three soil profiles were sampled in two soil zones. In general, 

little variation occu.rs in the morphology of the soil horizons. 

The soil surface (Ahsa) horizon consists of a salt crost 'and organic 

.matter ranging from a thin film to 0.5 in. in thickness. ifhis film is 

underlain by either a brown or light brown (C) horizon to 36 in. A 

profile from the brown soil zone shows an exception to this trend with 

the surface 12 in. forming a grey (C1sa) horizon that is underlain 

by a light brown ( C2) horizon to 36 in. 

The moisture content, lower than in the previously discussed 

communities of this group, did not var,y appreciably either with depth 

within any one zone, or at any one depth between soil zones (Table 24). 

This shows that the water content of these solonchak soils, at the time 

of sampling, was relatively uniform. The range in water content was 

greatest between samples taken from profiles in the brown soil zone. 

The pB values are relatively uniform within any one site, but 

varied between the sites and soil zones (Table 24) • Rarely did it 

vary more than 0.2 pH units from the surface to the subsoil. In 

one profile it exceeded 9.6 at all depths. In this community site 

the only vegetation was a sparse cover of the dominant (suaeda erecta). 

Table 25 shows that the total salt content is relatively 

uniform for the sites supporting this halophytic plant community. The 

maximum is in the surface (0-6 in.) soil of the brown soil zone, and 

in the subsoil ( 6-12 in.) of the dark brown. The conductivity is 

high at all depths. It is, particularly in the subsoil, consistently 



Table 24. The median and range in water content and pH of soil profile samples taken from the 
Suaeda community sites. (Data obtained from t\'JO brown and one dark brown soil site.) 

Depth 'l'exture Color range Percentae;e water EH-
in inches range Median Min. Max. Median Min. Max. 

~rown soil zone 

0-6 GCL - VC Grey to brown 15.0 14.0 16.0 9.1 8.4 9.8 
6-12 GL - vc Grey to brown 17.2 15.0 19.3 9.0 8.2 9.7 

12-24 vc - FC Lt. brown to brown 20.0 19.2 20.8 8.8 7.9 9.7 
24-36 VCL - FC Lt. brown 19.6 15.4 23.7 8.8 8.0 9.6 

Dark brown soil zone 

0-6 SiC Brown 12.S 12.8 - 8.2 8.2 
6-12 c Lt. brown 19.6 19.6 - 8.3 8.3 

12-24 c Lt. brown 14.5 14.5 - 8.2 8.2 

~ 
I 



Table 25. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of soil profile samples taken from the Suaeda 
community sites. (De.ta obtained from two brown and one dark brown soil site.) 

Depth Conductivity Qualitative anions 
in { mmho s. L em.} Bicarbonate , Sulfate Chloride 
inches Median IYiin. Max. Median Min. Max. Median Min. Max. I~edian 1-fin. Max. 

jirown soil zone 

0-6 42.6 38.4 46.8 H H H H H H H M H 
6-12 38.7 35.9 41.4 H H H H H H H M H 

12-24 31.7 29.9 33.4 H M H H H H M L H 
24-36 29.5 28.3 30.7 M Jvl M H H H M L H 

Dark bro'Wn soil zone 

0-6 35.8 35.8 - H H - H H - L L 
6-12 38.9 38.9 - H H - H H - H H 

12-24 34.5 34.5 - H H - H H - H H 

jJ 



Table 26. The median and range in soluble sodium percentage and cation (sodium and pote,tssium) 
content of the saturation extract of soil profile samples taken from t.he Sua.eda conununi ty sites. (Data 
obtained from t'\vO brown and one dark bro'\m soil site.) 

Depth $oluble sodium 2erc-entage ~~ - - -sodium {ii. -e .zr.} ---~~-----

----Potassium -{m.e~-71.] 
in inches Median Min. Max. MeQ.ian Min. Max. Median Min. Max. 

Bro't"rn soil zone 

0-6 85.0 72.6 97.4 722.88 543-48 902.17 4.96 3.72 6.20 
6-12 67.1 36.1 98.0 626.09 360.87 891.30 3.00 2.22 3.78 

12-24 61.9 2q.8 93.9 407.39 271.30 543.47 1.02 0.97 1.07 
24-36 56.5 16.6 96.4 479.57 380.87 578.26 0.85 0.72 0.97 

Dark brown soil zone 

0-6 88.6 88.6 - 582.61 582.61 - 0.79 0.79 
6-12 69.5 69.5 - 679.35 679.35 - 0.54 0.54 

12-24 38.1 38.1 - 410.87 410.87 - 0.43 0.43 

~ 



Table 27. The median and range in cation (calcium and magnesium) content of the saturation 
e:x:tra.ct of soil profile samples taken from the SUaeda community sites. (Data obtained frotn ttvo brown and 
one dark brown soil site. ) 

Depth Calcium ( m. e. /1. r----------------- -------------~Mafine-sium ___ Cm:-e-:71":) 
in inches Median Min. Max. ~ Median Min. ----Max. 

!!rown soil zone 

0-6 4.8 1.8 7.7 104.9 16.4 193.3 
6-12 7.4 2 • .3 12.4 318.7 12.3 625.0 

12-24 6.7 1.3 12.0 545 • .3 .32.9 1057.6 
24-.36 5.5 1.5 9.4 964.8 18.5 1911.1 

Dark brown soil zone 

0-6 12.0 12.0 - 61.7 61.7 -
6-12 15.0 15.0 - 283.7 283.7 -

12-24 10.0 10.0 - 657.9 657.9 

~ 
I 
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Puccinellia Community 

The Puccinellia community is characteristic of saline locations 

of a slightly higher topographic position than the communities 

previously discussed. It occurs in both the wet and dry types of 

depressions with equal importance in all regions of the area studied. 

The Puccinellia community o ecurs in soils ranging from fine sandy 

loam to heavy clay. Puceinellia airoides (the dominant) is a 

perennial grass that forms a com:rmmity of individual clumps (Fig. 10) •

With the onset of warm weather during the middle of May, the plants 

break dormancy and initiate growth. Pu.ccinellia commences fiowering 

by the end of June, at which time it is from 3 to 12 in. tall. 

During the latter part of July the seed is maturing. Its height, 

including seed culms, then ranges from 12 to 24 in. Seeding is 

completed during the first half of August. The plants re-enter 

dormancy in early September. 

The mean basal cover of the vegetation in the sampled sites 

of this community was approximately 10 percent (Table 28}. The basal 

cover ranged from about 4 to 17 percent. It was similar over a wide 

range of soil textures. 

This community is one of the early grass stages in plsnt 

succession, and occurs mainly in soil of high salt content that is 

diluted by the water table. Generally, the Salicornia, Triglochin, 

end SUaeda communities are the only others to consistently have a 

higher salt content. In the dry type of depression the PUccinellia 

community occurs in a position with a community dominated by 

Salicornia (in fine-textured soil) or Triglochin (in sandy soil) 

toward the center of the depression. The nature of the community 
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Fig. 10. The Puccinellia community, 12 mi les east of 
Saskatoon in August, 1959. Note the size of the individual 
clumps. 
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Table 2S. Mean basal cover and composition of seven sites of 
the Puccinellia community of the dark brown soil zone-in 1957. 

Species Percentage CO!mOSition Presence 
Mean Range 

Puccinellia airoides 86.7 81- 95 7 
Salicornia rubra 4.7 0 - 12 4 
Distichlis stricta 4.6 0 - 10 5 
Triglochin maritima 2.9 0 - 12 2 
Hordeum jubatum 1.1 0- 4 3 

Basal cover (percent) 10.4 4- 17 
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occurring toward the periphery is controlled by the soil moisture. 

Usually Distichlis dominates, but if the water table is shallow the 

zone is unstable and domina ted by a mixture of Puccinelli a and 

Distichlis. Toward the center of the wet type of depression the 

Puccin~llia community is bounded by a community dominated by either 

Hordeum or Eleocharis. The nature of the zone occurring toward the 

depression center is dependent upon the soil moisture. If the water 

table is high Eleocharis dominates, but Hordeum occurs where the

excessive moisture is from surface runoff. Puccinellia dominates a 

relatively stable zone of vegetation that shows little response to 

fluctuating weather. If a change of sufficient magnitude takes place 

in the edaphic factors, the vegetation zones will shift toward the 

depression center, so that the area formerly occupied by Puccinellia 

is dominated by either Distichlis, or a mixture of FUccinellia and 

Distichlis. Presumably a long time is required for permanent changes 

in the edaphic factors to oc~r. 

Puccinellia made up a mean of about 87 percent of the vegetative 

cover (Table 28). It ranged from 81 to 95 percent in the sampled 

sites. The principal subdominants were the rhizomatous perennial 

grass, Distichlis stricta and the annual chenopod, Salicornia rubra. 

More secondary species occurred in this community than in any 

of those previously discussed (Table 29). The number of secondary 

species in the Puccinellia zone increased from 13 in 1957 to 18 in 

1959, reflecting the drier weather. Many of the species of this 

community are of high salt tolerance, ~t species of Lepidium, Iva, 

Grindelia, Crepis , Aster, Polygonum, Argentina, Senecio, Sonchus, 



Table 29. The frequency of secondary species in the Puccine11ia community. Data obtained in 1957 
from 290 0.1-sq.-m. quadrats in seven sites artd in 1959 from 940 0.125-sq.-m. quadrats in 23 sites. 

Percentage freguencl 
Species 1957 1959 Presence 

Me_an Range Mean Range 1957 1959 

SUaeda erecta 1.1 0-8 36.5 0-98 1 22 
Chenopodium rubrum 13.5 0-70 17.1 0-100 4 10 
Chenopodium salinum - - 15.4 Q-68 - 11 
Crept.s glauca 12.9 0-90 - - 1 
Spergularia salina 8.1 0-57 0.1 0-2 1 1 
Lepidium densiflorum 0.1 0-2 4.9 0-40 1 2 
Iva axi1laris 2.1 0-15 2.3 0-42 1 2 
Juncus ater - - 2.1 0-40 - 2 
Suaeda depressa 2.1 0-10 1.7 0-40 2 1 
Plantago eriopoda 1.9 0-13 - - 1 -
Glaux maritima 0.5 0-3 1.3 0-12 1 5 
Aster ericoides 0.5 -0-.3 1.3 0-12 1 4 
Grindelia squarrosa 1.1 0-8 0.5 0-8 1 2 
Persicaria coccinea - - 1.0 0-10 ~ 5 
!triplex hastata - - 0.8 0-15 - 2 
Argentina anserina - - 0.5 0-12 - 1 
Halerpestes cymbelaria - - 0.5 0-12 - 1 
Senecio palustris - - 0.3 0-5 - 2 
Sonchus uliginosus - - 0.2 0-5 - 1 
Melilotus alba 0.2 0-2 - - 1 
Solidago nemoralis 0.2 0-2 - - 1 
Lepti1on spp. - - 0.1 0-2 - 1 

.....:z 
()) 

' 
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and Solidago are of medium or low tolerance. Table 29 shows these 

species usually occurring in only one site and at a low rate of 

frequency. 

During the growing seasons of 1957 and 195~ 22 profiles were 

sampled in the Puccinellia community in three soil zones. Appreciable 

variation occurs in the general appearaace of the horizons of the 

soil profiles examined. In general, a layer ranging from 1 to 3 in. 

in thickness composed of a sal. t cro.st and a layer of black, decaying 

organic material forms the surface (Ahsa) horizon. The underlying 

(Csa} horizon is usually grey in color and of varying·depth. In 

some profiles it extends to 36 in., but in others a yellow (C) 

horizon occurs from 12 to 36 in. The yellow horizon is particularly 

evident in the coarser than loam profiles, with the grey horizon 

occurring in the finer than loam textures. In other profiles a 

brow-n horizon occurs from the surface horizon to 36 in. This is 

particularly true of profiles in the brown and dark brown soil 

zones. One profile from the black soil zone has a black horizon 

from the soil surface to 36 in. Where a change in horizon color 

takes place, a mottling affect is produced. Th:fs is usually evident 

in a layer about 6 in. thick. 

The moisture content did not vary appreciably with depth 

within any one zone, or at any one depth between the brown and dark 

brown soil zones. The samples from the black soil zone were consistently 

of a higher water content (Table 30). The water content of these 

soloncha.k soils at the time of sampling was relRtively uniform. The 

range in moisture content was greatest between samples taken in the 

black soil zone. In general, the differences in moisture content at 



Table 30. The median and range in water content and pH of soil profile samples taken from the 
Puccinellia community sites. (Data obtained from six brown, 11 dark brown, and five black soil sites.) 

Depth Texture Color re,nge Percentage water EH 
in inches range Median Min. Max. Median Min. Max. 

Brown soil zone 

0-6 LS - HvC Grey to brown 25.91 21.6 35.8 8.2 a.o 8.4 
6-12 );!, - HvC Grey to brown 19.21 17.5 41.0 8.4 8.1 8.7 

12-24 FL - HvC Grey to brown 23.71 17.4 37.3 8.2 8.0 8.6 
24-36 FCL - HvC Grey to brown 21.82 19.7 42.7 8.2 8.0 8.5 

Dark brown soil zone 

0-63 FL - SiC Grey to brown 20.5 ll.2 26.6 8.3 7.7 8.6 
6-12 FL - c Grey to brown 23.5 6.5 33.6 8.4 8.1 9.0 

12-24 :F'L - c Grey to brown 25.4 11.4 32.6 8.3 8.1 8.8 
24-36 VL - c Grey to brown 21.8 9.9 32.2 8.2 8.1 8.6 

Black soil zone 

0-6 LS - c Grey to black 34.0 4.0 53.8 8.3 7.8 8.6 
6-12 FL - SiC Grey to black 23.3 16.5 27.3 8.5 8.0 8.7 

12-24 l'"lCL - C Grey to black 25.5 14.0 28.1 8.2 s.o 8.5 
24-362 FCL- C Grey to black 25.8 15.4 29.7 8.2 s.o 8.4 

1nata obtained from five profiles. 

2nata obtained from four profiles. 

3oata obtained from ten profiles. 

~ 
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any one depth between sites is closely related to the soil texture. 

The fine-textured soil exhibits a higher water content than the loam. 

Little difference exists between the water content of this soil and 

that of the previously discussed Salicorn.ia, Triglochin, and Sarcobatus 

communities, but it is higher than in the soil of the suaeda community. 

The pH values are relatively uniform with depth, with the surface 

samples being slightly lower in pH than in the subsoil. The soil 

rea_ction of this halophytic plant community is similar to that of the 

previously discussed communities. 

The total salt content of the various soil samples of the brown 

and dark brown soil zones are relatively uniform, while the black soil 

samples vary considerably (Table 31). Usually the maximum conductivity 

is in the surface ( 0-6 in.) samples of tl:l.e dark brown and black soil 

zones, but in the subsoil (24-36 in.) samples of the brown. The 

conductivity is relatively high at all depths. A wide range in total 

salt content exists between the individual sites in all soil zones. The 

total salt content is slightly lower than in the previously discussed 

communities. The sulfate content is high in all samples (Table 31). 

Indications are that a lower chloride, and to a lesser extent, lower 

bicarbonate content exists in all soil samples. 

'rhe contents of the cations in the saturation extract are 

outlined in Tables 32 and 33. Sodium and magnesium salts are present 

in much greater concentrations than calcium, while only minimal 

amounts of potassium salts were measured. The samples from the brown 

soil zone are lower in magnesium, but the other cations did not differ 

significantly between zones. In general, sodium and potassium are 

present in maximum amounts near the surface, and decrease with depth. 



Table 31. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of soil profile samples taken from the 
Puccinellia community sites. (Data obtained from six brown, 11 dark bro~m, and five black soil sites.) 

Depth Conductivity Qualitative anions 
in { mmho s. L em. 2 Bicarbonate Sulfate Chloride 
inches Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

!!rown soil zone 

0-6 22.1 12.3 44.8 ~ L H H M H L 0 H 
6-12 24.6 12.6 33.5 M H H M H M 0 H 

12-24 21.6 10.3 29.3 Ml L H H M H M 0 H 
24-361 26.2 12.4 28.3 M2 L H H M H M 0 H 

Dark brown soil zone 

0-63 29.7 10.2 41.4 H H H H H H H 0 H 
6-12 26.3 13.1 37.0 H H H H H H H 0 H 

12-24 22.0 12.0 40.1 H M H H H H H 0 H 
24-36 22.9 9.2 41.8 H L H H H H H 0 H 

]!lack soil zone 

0-6 38.4 17.0 49.6 M4 M - H H H M M H 
6-12 23.8 14.7 39.7 H H - H H H M M H 

12-24 23.5 15.2 24.8 H H - H H H M L H 
24-36 20.7 15.5 25·4·· H H - H H H H L H 

1nata obtained from five profiles. 3Data obtained from ten profiles. 

2nata obtained from four profiles. 4nata obtained from one profile. 

(X) 
l\.) 

I 



Table 32. The median and range in soluble sodium percentage and cation (sodium and potassium) 
content of the saturation extract of soil profile samples taken from the Puccinellia community sites. 
(Data obtained from six brown, 11 dark brown, and five black soil sites.) 

Depth Soluble- sodium-percenta~ge~~~n -.~ n ---Sodiumn-(mn.e.lf~}n-- ----~- ---- ---n- ( 7L1 
Potassium .. m.e. 1. 

in inches Median Min. Max. 

0-6 
6-12 

12-24 
24-361 

0-62 

6-12 
12:--24 
24-36 

0-6 
6-12 

12-24 
24-36 

78.9 67.4 83.5 
75.0 65.2 90.0 
70.7 28.6 82.9 
47.5 22.1 84.0 

41.7 3.5 67.6 
42.9 7.7 73.1 
28.1 9.0 73.5 
28.4 8.4 73.6 

30.0 26.1 76.5 
30.0 22.2 73.7 
31.2 24.2 61.1 
28.9 23.6 46.3 

~ata obtained from five profiles. 

2Data. obtained from 10 profiles. 

Median Min. Max. Nedian Min. · Max. 

~rom soil zone 

241.09 125.00 678.26 2.34 0.72 7.05 
293.70 152.17 352.17 1.72 0.59 5•42 
213.70 108.70 293.04 1.56 0.59 3.71 
213.04 152.17 261.74 1.07 0.64 3.19 

Dark brown soil zone 

270.22 74.78 441.09 4,.53 2.23 9.59 
201.74 87.83 413.25 2.89 0.97 7.16 
173.04 64.78 329.29 2.25 0.89 10.29 
184.35 40.65 326.25 1.59 0.66 12.30 

J!lack soil zone 

332.61 110.43 771.74 9.46 3.41 20.59 
178.26 102.61 532.61 5.62 2.43 8.31 
178.26 90.43 274.78 3.83 1.41 6.05 
131.30 89.13 261.73 3.71 0.89 5.13 

00. 
\..U 

I 



Table 33. The median and range in cation (calcium and magnesium) content pf the saturation 
extract of soil profile samples taken from the Puccinellia community sites. (Data obtained from 
six brown, 11 dark bro~n, and five black soil sites.) 

Depth Calcium (in.e./1.) Magnesium (m.e.li:-,----
in inches l\1edian Min. Max. IJ!edian Iv'iin. I11!ax. 

0-6 
6-12 

12-24 
2.4-361 

0-62 

6-12 
12-24 
24-36 

0-6 
6-12 

12-24 
24-36 

13.2 
14.6 
17.4 
16.0 

18.4 
18.0 
18.8 
16.8 

17.2 
15.8 
18.3 
17.4 

4.3 
5.4 
5.0 
7.0 

7.'5 
11.0 

7.3 
5.5 

9.0 
15.0 
12.0 
10.0 

1Data obtained from five profiles. 

2nata obte.ined from 10 profiles. 

Brown soil zone 

21.1 
22.2 
22.4 
21.7 

Dark brown soil zone 

30.9 
26.1 
27.2 
30.2 

Black soil zone 

25.0 
20.3 
19.4 
21.8 

45.7 
46.1 
51.0 

240.1 

384.7 
340.5 
434.2 
411.2 

328.9 
319.1 
263.2 
301.0 

24.7 
20.6 
15.6 
24.7 

61.7 
82 .• 2 
39.5 
26.3 

209.7 
168.6 
156.3 
268.1 

127.5 
111.8 
475.3 
736.9 

2802.6 
1032.9 

756.2 
748.0 

1365.1 
666.1 
440.8; 
370.1 

~ 
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In contrast, the magnesium content is present in maximum quantities 

in the subsoil samples {brown soil zone) or is-essentially constant 

with depth (dark brown and black soil zones). The calcium content 

is essentially constant with depth in all soil zones. 

The soluble sodium percentage is highest in the brown soil 

samples and lowest in the black (Table 32). The ma..-ti.mum in all profiles 

is in the surface (0-12 in.) samples. In the community sites where 

the soluble sodium percentage exceeds SO percent, a definite decrease 

in both the vegetative cover and the number of species associated 

with the dominant occurs. 

The Puccinellia community occurs throughout the area studied 

in a slightly higher topographic position than the previously 

discussed communities. Several halophytic species are associated 

with the dominant (Puccinellia airoides). The total salt content, 

of this sol.onchak soil, is slightly lower than in the communities of 

lower topographic positions, while the water content and soil reaction 

are similar. 

Puccinellia-Sarcobatus Community 

The Puccinellia-Sarcobatus community occurs in a slightly 

higher topographic position than the previously discussed Sarcobatus 

community. It occurs in soils of fine- texture and is limited in 

distribution to the area described for the Sarcobatus community. A 

layered community is formed by the two dominants, Puccinellia airoides 

and sarcoba.tus vermiculatus, with the woody sarcobatus forming the 

upper layer and the herbaceous grass the lower. Puccinellia and 

Sarcobatus initiate growth in April. Puccinellia commences seeding 

the last of June, about a month before Sarcobatus. Sarcobatus re-enters 
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dormancy in late September, approximately a month after Puccinellia. 

The vegetation was not sampled because of the similarity of the 

herbaceous layer to that of the Puccinellia community. 

This community represents the second stage in plsnt succession 

on broad alluvial flood plains of the brown soil zone. It occurs in 

a position with a community dominated by Sarcobatus toward the center 

of the depression and one. dominated by a mixture of Distichlis and 

Sarcobatus toward the outside. The vegetation of the Puccinellia-

Sarcobatus community is relatively stable and responds in a manner 

similar to the Puccinellia community to changes in weather and edaphic 

factors. 

Table 34 shows that in 1959 Suaeda erecta and Lepidium densiflorum 

were the most constant' secondary species. Of the secondary species 

only those of Lepidium, Persicaria, Grindelia, end Scirpus are 

considered to be less than highly salt tolerant. wnen the soil 

solution is diluted, for at least part of the growing season these 

species occur. 

During the 1958 growing season two profiles were sampled in 

the Puccinellia-Sarcobatus community of the brown soil zone. Little 

variation occurs in the morphology of the horizons of the profiles 

examined. The surface (Ahsa) horizon is covered by a salt crust varying 

in thickness from a thin film to 0.5 in. The remainder of the profile 

is a light brown (C) horizon. 

3 The term constant is used to denote constance which is the number 
of sites in which a species oc~rs in relation to the total number 
of sites examined when a unit area within a site is used for listing 
the species {Oosting 1958). 
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Table 34. The frequency of secondary species in the Puccinel1ia
Sarcobatus co~~ity. Data obtained in 1959 from 160 0.125-sq.-m. 
quadrats in four sites. 

Species Percentage frequency_ Presence 
Mean Range 

Suaeda. erecta 25.0 0- 92 3 
Iva a.xillaris lS.S 0- 75 1 
Salicornia rubra 16.3 0 - 55 2 
Glaux maritima 14-4 0 - 58 1 
Lepidium densiflorum 12.5 0 - 40 3 
Persicaria coccinea 5.0 0 - 12 2 
Grindelia squarrosa 1.3 0 - 2 2 
Triglochin maritima 1.3 0 - 5 1 
Scirpus paludosus 0.6 0 - 2 1 
Spergularia salina 0.6 0 - 2 1 
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The moisture content of the one profile sampled varied 

considerably, with the maximum occurring in the subsoil (12-24 in.) 

sample (Table 35). The pH values are relatively uniform with 

depth (Table 35). The pH of the surface samples is slightly higher 

than in the subsoil samples, and never exceeds 8.3. 

The data presented in Table 36 show that the total salt 

content varies only slightly. The maximum conductivity is in the 

subsoil (24-36 in.) samples, and is relatively high at all depths. 

A narrow range in total salt content exists between the individual 

sites. The sulfate content is high, while the bicarbonate content 

is low (Table 36). No detectable quantity of chloride occurred in 

the soil samples. 

Tables 37 and 38 present the contents of the cations in the 

saturation extract. It is evident that sodium and magnesium salts 

are present in much greater concentrations than calcium. Only 

smsll quantities of potassium salts were measured. The concentration 

of these cations did not differ appreciably between sites. 

Magnesium is present in maxiim.lll1 amounts in the subsoil {12-24 in.) 

samples. In contrast, the quantities of sodium, potassium, and 

calcium are essentially constant with depth. 

The maximum soluble sodium percentage is in the surface 

samples. and, in general, decreases with depth (Table 37). The 

soluble sodium percentage exceeds 55 percent. in the surface (0-6 

in.) samples. 

The Puccinellia-Sarcobatus community occurs in saline depressions 

and on broad alluvial flood plains in soil of fine texture in the 

brown soil zone. Few species are associated with the dominants 



Table 35. The median and range in water content and pH of two soil profile samples taken from 
the Puccinellia-Sarcobatus community sites of the brown_soil zone. 

Depth Texture -----dolo-r range~-~-- - ;eerc-entage wateT.L ~-pH 

in inches range Me~a· Min. Max. Median Min. Max. 

0-6 vc - c Lt. brown 22.1 22.1 - 8.1 7.8 8.3 
'6-12 SiC - C Lt. brown 19.1 19.1 - 8.1 8.0 8.1 
12-24 c - HvC Lt. brown 35.5 31.5 - 7.9 7.6 8.1 
24-36 c - HvC Lt. brown 31.0 31.0 - 7.9 7.7 8.0 

~ata obtained from one profile. 

Table 36. The median a..Tl.d range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate and chloride) content of the saturation extract of two soil profile samples taken from the 
Puccinellia-Sarcobatus community sites of the brown soil zone. 

Depth Conductivity Qualitative anions 
in {mmhos.Lcm.} Bicarbonate SUlfate Chloride 
inches Median Min. Max. Median Min. Max. r4edian Min. Max. I\fedian Min. Max. 

0-6 20.5 20.2 20.7 M L M H H H 0 0 0 
6-12 26.2 24.8 27.6 H M H H H H 0 0 0 

12-24 29.0 28.1 29.9 L L L H H H 0 0 0 
24-36 29.7 27.6 31.7 L - L H H H 0 0 0 

$ 



Table 37. . The median and range in soluble sodium percentage and cation (sodium e.nd potassium) 
content of the saturation extract of two soil profile samples taken from the Puccinellia.-Sarcobatus 
community sites of the brown soil zone. 

Depth ~~-·-- -S-olublesodium-i?erc-entatie --- ~·· ~So-a:i.U:m--[m.e-.!1-.-r n -~-- PotS.-ssium- (m.e./1.} 
in inches Median Min. Max. Median Min. r.1ax. l·1edian ~an. Me.x. 

0-6 
6-12 

12-24 
24-36 

42.8 
25.1 
20.1 
21.2 

30.0 
23.1 
17.2 
16.5 

55.5 
27.0 
23.0 
25.8 

201.74 
258.04 
290.22 
259.57 

173.48 
253.91 
245.65 
201.74 

230.00 
262.17 
334.78 
.317.39 

2.18 
1.98 
l.SO 
1.47 

2.05 
1.79 
1.48 
1.15 

2.30 
2.17 
2.12 
1.79 

Table 38. The median and range in cation (calcium and magnesium) content of the saturation extract 
of two soil profile sa~les taken from the Puccinellia-Sarcobatus community sites of the brown soil 
zone. 

Depth 
in inches 

0-6 
6-12 

12-24 
24-36 

Median 

13.4 
20.7 
12.3 
11.9 

Calcium ( m. e. /1.) ~1e.@iiesiu1ii Tm-:a·:zr:) 
Min. Max. :Median Min. 

10.3 
19.0 
4.3 
; • .3 

16.5 
22.4 
20.3 
18.5 

278.8 
755.4 

1140.6 
950.7 

164.5 
688.3 

1118.4 
904.6 

Max. 

393.1 
822.4 

1162.8 
996.7 

...0 
0 

' 
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(Puccinellia airoides and Sarcobatus vermiculatus). The total salt 

content of this soloncha.k soil is high, but similar to that of the 

soil of the Puccinellia community sites of the brown soil zone. The 

soil reaction is similar to the previously described community. 

Puccinellia-Distichlis Community 

The Puccinellia-Distichlis community characterizes saline areas 

in a slightly higher topographic position than that of the 

Puccinellia community. It occurs throughout the area studied in 

soils ranging from fine sandy loam to clay, but was sampled only in 

the dark brown soil zone. Puccinellia airoides and Distichlis 

stricta (the dominants) form a dense sward of vegetation in which 

the bunches of Puccinellia are surrounded by a turf of Distichlis. 

Puccinellia and Disticblis initiate growth and seed about the middle 

of May and the end of June, respectively. At maturity Puccinellia 

ranges from 12 to 24 in. in height and Distichlis is somewhat shorter. 

The mean basal cover of the vegetation in the sampled sites 

of this community was about 17 percent (Table 39). The basal cover 

ranged from about 10 to 2.3 percent, and was similar over a 11.ri.de 

range of soil textures. 

This community represents an unstable transitional stage in 

plant succession. The total salt content is usually high, and is 

occasionally diluted by the presence of a shallow water table. The 

Puccinellia-Distichlis community occurs in a position between a 

stand dominated by Puccinellia toward the center of the depression 

and one dominated by Distichlis toward the outside. The greater 

dependence of the vegetation of this community on the availability 
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Table 39. Mean basal cover and composition of 12 sites of 
the Puccinellia-Distichlis community of the dark brovm soil zone in 
1957. 

Species Percentage composition Presence 
Mean Range 

Puccinellia airoides 46.5 22- 69 12 
Distichlis stricta 42.7 15 - 68 12 
Hordeum jubatum 5.3 0 - 17 7 
Agropyron dasystachyum 2.2 0 - 12 4 
Salicornia rubra 1.3 0- 6 5 
Trig1ochin maritima 1.2 0 - 12 2 
Calamagrostis montanensis 0.5 0- 4 2 
Poa canbyi 0.3 0- 4 1 

Basal cover (percent) 17.1 10 - 23 



- 93 -

of soil moisture from precipitation results in a response to 

fluctuating weather that is not exhibited by communities in lower 

topographic positions in the depression. wben the weather is dry the 

vegetation zones shift, and this area is dominated by Distichlis, 

but when the weather is moist Puccinellia dominates. In some 

depressions a sharp rise in topography results in cornering and the 

Puccinellia-Distichlis community extends to the edge of the 

Salicornia zone. 

Puceinellia and Distichlis combined to make up approximately 90 

percent of the vegetative cover in the sampled sites of this 

community (Table 39). The range of this combination was from about 

75 to 100 percent. Puccinellia varied from approximately 2.3 to 69 

percent, while Distichlis ranged from about 15 to 68 percent. The 

principal subdominants were Hordeum jubatum and Agropyron, 

dasystachyum. In some sites Distichlis made up a larger percentage 

of the composition than did Puccinellia, which was always an 

important component and comprised the larger percentage of the 

vegetation in a greater number of the sites sampled. The quantity 

of Puccinellia is influenced by the concentration of the soil 

solution. It is more tolerant of high soil moisture than the 

rhizomatous Distichlis. 

Several secondary species were present in this community in 

1957, but their constance was low (Table 40). Half of the species 

were of high salt tolerance. vfuile species of Aster, Solidago, 

Grindelia, Achillea, Leptilon, Lactuca, Sonchus, Lepidiam, and 

Artemisia are slight to medium in salt tolerance, they occur in 

sites of lower than median salt content, and then usually to~1ard the 

outer edge of this transitional community. 
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Table 40. The frequency of secondary species in the pUccinellia
Distichlis com1nu.nity. Data obtained in 1957 from 360 0.1-sq.-m. 
quadrats in 12 sites. 

Species Percentage freguencz. Presence 
l.tlean Range 

Suaeda erecta 31.5 0- 96 6 
Plantago eriopoda 19.1 0 - 100 4 
Solidago nemoralis 13.2 0 - 70 5 
Aster ericoides 12.9 0 - 56 6 
Suaeda depressa 8.4 0- 53 4 
Glaux: maritima 7.8 0 - 48 3 
Chenopodium rubrum 6.8 0 - 33 4 
Halerpestes cymbalaria 6.5 0 - 48 2 
Grindelia squarrosa 5.4 Q - 35 3 
Iva axillaris 4.0 0 - 35 3 
Spergularia salina 4.0 0 - 43 2 
Crep·is gla:uca 1.8 0 - 10 .3 
Achillea lanulosa 1.4 0 - 17 1 
Leptilon spp. 0.7 0 - g 1 
Lactuca pulchella 0.7 0 - 8 1 
Juncus ater 0.4 0 - 5 1 
Sonclms uliginosus 0 • .3 0- 4 1 
Lepidium densiflorum 0 • .3 0- 4 1 
Artemisia caudata 0.3 0- 3 1 
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Four soil profiles were sampled in the pUccinellia-

Distichlis community of the dark brown soil zone during the 1957 

growing season. Little variation in the general appearance of the 

horizons of the soil profiles exists. The surface (Ahsa) horizon, 

varying in thiCkness from 1.5 to 4.0 in., is black underlain by a 

grey ( Csa) horizon to 12 in. A yellow ( C2) horizon occurs from 

12 to 36 in. Exceptions to this trend do exist. In two profiles 

the grey horizon is absent and a brown horizon occurs. In another 

profile the yellow horizon is present from 6 to 36 in. Where the 

yellow and grey horizons meet an intermingling of colors results in a 

mottled layer approximately 6, in. in depth. 

The moisture content did not vary appreciably with depth and 

is similar to that of the soil of the Puccinellia community sites 

(Table 41). A narrow range exists between the sites. T~ble 41 

shows the pH values decreasing gradually with depth. They show a 

wide range between sites. The soil reaction of these community sites 

is similar to the soil of the puecinellia sites. 

The median total salt content is relatively uniform for the 

various dark brown soil sites supporting this halophytic plant 

community (Table 42). The maximum conductivity is in the surface 

(0-6 in.) s9il and is relatively high in all samples. A wide range 

in salt content occurs between the indi-vidual sites. The conductivity 

is lower than in the soil of the previously discussed Puccinellia 

community sites. The sulfate content is high in all samples 

(Table 42). Indications are of a lower bicarbonate, end to a 

lesser extent, lower chloride content than sulfate. The bicarbonate 

and chloride contents show considerable variation. 



Table 41. The median and range in water content and pH of four soil profile samples taken from 
the Puccinellia-Distichlis co~~ity sites of the dark bro~~ soil zone. 

Depth 
in inches 

0-6 
6-12 

12-24 
24-36 

Texture Color range Percentage water pH 
range _____ fll~di~ ___ 1-tln. Max. _ --~~~~---- Min. Max. 

VL - CL 
VCL - C 
VCL - C 
LVS- C 

Grey to black 
Yellow to brown 
Yellow to brown 
Yellow to broY.-rn. 

25.5 
19.9 
23.8 
26.3 

21.4 
17.0 
22.2 
24.8 

32.6 
21.4 
28.0 
29.1 

8.3 
S.l 
s.o 
7.9 

8.0 
8.0 
7.9 
7.7 

8.7 
8.7 
8.1 
S.2 

Table 42. 'fhe median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of four soil profile samples taken from the 
Puccinellia-Distichlis community sites of the dark brown soil zone. 

Depth Conductivity ~alitative anions 
in {mmhos./cm.) Bicarbonate Sttl.fate Chloride 
inches Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

0-6 23.1 13.7 31.7 M M H H H H M L H 
6-12 17.4 14.0 28.8 r~ M H H H H M L H 

12-24 16.2 15.7 23.2 M L H H H H H M H 
24-36 24.2 15.0 25.0 M 0 H H M H M M H 

~ 
0" 

I 
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The contents of the cations in the saturation extract are 

outlined in Tables 43 and 44. It is evident that sodium and magnesium 

salts are present in much larger concentrations than calcium, while 

only minimal amounts of potassium salts were measured. Usually 

sodium and magnesium are present in maximum amounts near the soil 

surface and decrease with depth. In contrast, potassium and calcium 

are essentially constant with depth. 

The soluble sodium percentage was calculated and is presented 

in Table 43. The maximum is in the subsoil samples. A wide range 

exists between depths of any one site. The maximum of one profile 

exceeds 50 percent. In this site the vegetative cover was sparse 

and the number of species limited. 

The Puccinellia-Distichlis community occurs throughout the 

area studied in a slightly higher topographic position than the 

Puccinellia community. Few species are associated with the dominants. 

The total salt content is high, but slightly lower than in the 

previously discussed communities. The pH varies, while the water 

content is relatively constant in these solonchak soils. 

Hordeum Community 

The Hordeum community is characteristic of moderately saline 

and flooded depressions throughout the area studied. It occurs in 

soils ranging in texture from very fine sandy loam to heavy clay. 

The Hordeum community is of frequent occurrence in the dark brown 

soil zone and is less common in the brown and black. Hordeum jubatum 

(the dominant) forms a dense sward of vegetation in which other 

species are of limited frequency (Fig. 11). The Hordeum rosettes 



Table 43. The median and range in soluble sodium percentage an~ cation (sodium, and potassium) 
content of the saturation extract of four soil profile.samples taken from the Puccinellia-Distichlis 
community sites of the dark brown soil zone. 

Depth Soluble sodium percentage ---~--So-dium {Il1.e./L) ____ · ~~---- ~---~-P-otas~sium (ID:e~) 

in inches Median Min. Max. Median Min. Max. Median Min. Max. 

0-6 
6-12 

12-24 
24-36 

32.3 
29.0 
23.6 
26.6 

26.2 
27.9 
21.0 
20.9 

42.7 
52.1 
55.0 
57.9 

236.64 
138.12 
156 • .39 
185.75 

110.49 
111.80 

89.18 
95.27 

417.60 
271.44 
184.44 
289.71 

3.88 
2.28 
1.68 
2.13 

2.59 
1.59 
1.46 
1.23 

6.45 
2.61 
1.87 
3.rrt 

Table 44. The median and range in cation (calcium and magnesium) content of the saturation extract 
of four soil profile samples taken from. the Puccinellia-Disticblis community sites of the dark brown 
soil zone. 

Depth 
in inehes 

0-6 
6-12 

12-24 
24-36 

CalciutnTm.-e~./1.)--- -Ma~gne-siiun. (m.e.Zi-.'f 
Median Min. Max. Median Min. 

19.7 
19.7 
15.5 
17.4 

17.0 
14.7 
13.8 
16.8 

21.5 
22.5 
19.2 
20.2 

425.2 
294.3 
241.3 
.391.1 

180.8 
106.0 
111.8 
198.9 

Max. 

833.5 
657.6 
677.3 
608.2 

'-'> 
<» 
l 
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Fig. 11. A saline depression dominated b,y Hordeum 
with a grove of Populus in the background. Photograph 
taken in August, 1959, 8 miles south of Saskatoon. 
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remain green throughout the winter and with the advent of warm 

weather and excessive moisture during the middle of May initiate 

early and rapid spring growth. In the latter part of June many seed 

culms are present, ranging from 6 to 18 in. tall. I:a late July 

and throughout August the seed matures and the plants are from 6 to 

24 in. tall. The foliage cures shortly afterward, and winter 

rosettes develop by late October. 

The mean basal cover of the sampled sites in this community 

was about 16 percent (Table 45). The basal cover ranged from about 

5 to 36 percent, with the lower cover occurring in the soils of fine

texture. The data indicated that not only did the amount of 

Hordeum decrease, but also the number and frequency of other species 

decreased. 

This community can represent almost any stage in plant 

succession around a saline depression. In depressions of low salt 

content that are frequently flooded, Hordeum occurs as the initial 

stage, with Distichlis dominating the community toward the periphery. 

In other moist depressions it occurs in a position with a community 

dominated by either Sci~s paludosus or Eleocharis toward the 

depression center end one of Distichlis or Puccinellia toward the 

outside. Hordeum occupies a zone with a community dominated by 

Puccinellia toward the center of the depression and one of Distichlis 

toward the periphery in most dry saline depressions. 

The dependence of this community on flooding results in a 

greater response to fluctuating weather the~ that exhibited by 

communities in a higher topographic position in the depression. If 

flooding does not occur there is a shift of the vegetation zones 
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Table 45. Mean basal cover and composition of four sites of 
the Hordeum community of the dark brown soil zone in 1957. 

Species Percentage composition Presence 
Mean Range 

Hordeum. jubatum 94.2 84 - 100 4 
Puc-cinellia airoides 2.6 0 - 10 l 
Scirpus paludosus 1.5 0- 6 l 
Agropyron dasystachyum 1.3 0 - 5 1 
Eleocharis palustris 0.4 0- 2 1 

Basal cover (percent) 15.8 5 - 36 
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toward the depression center, so that the area formerly occupied by 

HOrdeum is dominated by Distichlis. 

Hordeum made up a mean of a little more than 94 percent of 

the vegetative cover (Table 45). It ranged from about 84 to 100 

percent. The other principal subdominants were Puccinellia 

airoides, Scirpus paludosus, end Agropyron das;ystachyum. 

Table 46 shows that the number of secondary species increased 

from 12 in 1957 to 30 in 1959. This increase can be partially 

explained by the greater number of sites sampled in 1959. Species 

of PUccinellia and Chenopodium were most constant. The presence of 

a dilute soil solution is reflected in the small number of highly 

salt tolerant species occurring. Species of Lepidium, Artemisia, 

Sophia, and Sal sola were limited to the brown soil zone, while 

Spergu.laria, Rumex, and Senecio were observed only in ·t,he dark bro't\"'n. 

Argentina was confined to sites in the black soil zone. 

During the 1957 and 1958 growing seasons 18 profiles, in three 

soil zones, were sampled in the Hordeum community. A variety of 

horizons occur in the soil profiles of this community. In general, 

the surface is covered with a thin salt crust. Below the salt crust 

the calor of the surface (Ah} horizon is that of the particular 

soil zone. The (Bsa) horizon occurs from 6 to 12 in., and is 

usually grey. The 12 to 36 in. (C) horizon is yellow in the brown 

and dark brown sail zones, and grey in the black. In all soil 

zones, exceptions do occur. The most common is for the grey horizon 

to extend to 36 in. This occurs in the poorly drained profiles, 

while in the better drained ones the brown horizon extends from the 

soil surface to 36 in. The occurrence of these various horizons seems 



Table 46. ~rhe frequency of secondary specie.s in the Hordeum community. Data obta.ined in 1957 
from 1.45 0.1-so.-m. oua.drats in four sites and in 1959 from 960 0.125-so.-m. quadrats in 2.3 sites • 

.,II. • - ~ 

Percentage frequencl 
Species 1227 1959 Presence 

Mean Range I~een Ra~;e 1957 1959 

Spergu1aria se~ina 20.6 0-82 0.9 0-15 1 2 
Solidago nemora1is 19.0 0-76 - - 1 
Grindelia squarrosa 16.0 0-64 .3 • .3 0-25 1 8 
Chenopodium salinum 13.8 0-55 12 • .3 0-98 1 12 
Sonchus u1iginosus 13.8 0-55 ~-5 0-70 1 5 
Atrip1ex hastata - - 10.5 0-90 - 7 
Chenopodium rubrum 1.3 0-5 8.7 o-15 1 11 
Juncus a:ter - - 8.3 0-100 - 6 
Sa.1icornia rubra 1.3 0-5 7.0 0-70 1 6 
Suaeda erecta 6.9 0-28 4.8 0-38 1 g 
Aster ericoides 1.3 0-5 5.4 0-95 1 6 
Glaux maritima - - 3.4 0-70 - 2 
Triglochin maritima - - 3.2 0-18 - 6 
Persicaria coccinea - - 2.5 0-20 - 6 
Melilotus alba 2.5 0-10 - - 1 
Artemisia biennis - - 2.2 0-38 - 4 

I 

b 
{\) 



Table 46 - Concluded 

Percentage frequency 
Species 1957 1959 

Me~ ~ R8Jl_ge_ _ l~ean Range 

Lactuca pulchel1a - - 2.1 0-22 
Argentina anserina - - 1.8 0-15 
Rumex mexicanus - - 1.8 0-35 
Crep·is glauea 1.3 0-5 
Glycyrrhiza lepidota 1.3 0-5 
Halerpestes cymbalaria - - 1.3 0-12 
Leptilon spp. - - 1.0 0-15 
Sa1sola pestifer - - 0.9 0-20 
Lepidium densiflorum - - 0.6 0-5 
Suaeda depressa - - 0 • .3 0-5 
Plantago eriopoda - - 0.2 0-5 
Iva axillaris - - 0.2 0-5 
Senecio palustris - - 0.2 0-2 
Cirsium spp. - - 0.1 0-2 
Tragopocen pratensis - - 0.1 0-2 
Sophia multifida - - 0.1 0-2 

Presence 
1957 1959 

1 
1 

4 
4 
3 

3 
2 
1 
4 
1 
1 
1 
2 
1 
1 
1 

I 

b 
VJ 
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to be dependent upon the texture and moisture conditions. In a 

fine-textured moist profile the grey horizon persists while the 

yellow horizon oceurs in drier, coarse-textured profiles. 

The moisture content did not vary appreciably either with 

depth within any one zone, or at any one depth between soil zones 

(Table 47). The range in moisture content was greatest between 

samples taken in the brown soil zone. The differences in moisture 

content at any one depth between sites is closely related to the 

soil texture. The coarse-textured soils show a. lower water content 

than the clays. In general, the pH values are relatively uniform 

with depth and between the dark brown and black soil zones (Table 47). 

The brown soil varies considerably in reaction with depth. The 

pH of one brown soil profile ranged from slightly acid to slightly 

allcaline. This site had been inundated until a short time before 

the samples were collected and Hordeum was just becoming established. 

The total salt content is relatively uniform between the 

various dark brown and black soil sites supporting this halophytic 

plant community (Table 48) • The eondu.cti vi ty of the brown soil 

samples is considerably lower. The maximum is in the subsoil samples 

of all zones. The conductivity is relatively high at all depths and 

exhibits a wide range between the individual sites. The sulfate 

content is high in all profile samples taken from the brown and 

black soil zones (Table 48) • Indications are of a lower sulfate 

content in the dark brown soil. The bicarbonate and chloride contents 

vary considerably, with no detectable quantities of either in some 

sites. 



Table 47. The median and range in water content and pH of soil profile samples taken from the 
Hordeum community sites. (Da.ta obtained from six brown, eight dark brown, and four black soil sites.) 

Depth ·1~exture Color range Percentage water EH 
in inches range Median Min. Max. Median Min. Max. 

Brown soil zone 

0-6 VCL - HvC Lt. brown to dk. brown 21.4 9.3 34.3 7.9 6.4 8.5 
6-12 l!'L - HVC Grey to brown 17.6 13.7 36.0 8.3 7.2 8.7 

12-:-24 FL - HvC Grey to dk. brown 23.4 13.0 38.3 8.4 7.3 8.6 
24-.36 FL - HvC Grey to dk. brown 22.8 14.7 37.7 8.5 7.4 8.7 

Dark brown soil zone 

0-6 FL - c Grey to brown 23.0 15.8 35.6 8.3 7.8 8.7 
6-12 FL - 0 Grey to brown 21.0 7.0 36.6 8.2 8.0 8.7 

12-24 FL - c Yellow to brown 23.8 13.6 27.8 8.3 7.9 8.8 
24-36 FL - c Yellow to brown 18.3 11.3 27.1 8.3 7.6 s.; 

Black soil zone 

0-6 VL - CL Grey to black 19.11 12.5 21.7 s.o 7.2 8.3 
6-12 VL - SiC Grey to black 20.4 16.6 21.1 8.2 7.1 8.3 

12-24 VL - SiC Yellow to grey 22.5 10.4 26.9 8.4 7.7 8.5 
24-36 :F'L - c Yellow to brown 23.5 11.0 27.6 8.2 7.7 8.8 

l Data obtained from three profiles. 

t-J 
0 
Vt 



Table 48. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of soil profile samples taken from the Hordeum 
community sites. (Data obtained from six brown, eight dark brown, and four black soil sites.) 

Depth Conductivity ~ualitative anions 
in {mmhos.Lcm.} Bicarbonate SUlfate Chloride 
inches Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

Brown soil zone 

o-6 10.3 2.9 19.6 M 0 H H H H M 0 H 
6-12 11.5 2.3 28.3 M 0 H H H H M 0 H 

12-24 13.9 3.6 28.3 M 0 H H H H M 0 H 
24-36 13.8 2.0 28.3 M 0 H H H H M 0 H 

Dark brown soil zone 

0-6 19.8 7.3 35.9 H 0 H M M H M L H 
6-12 16.0 9.4 31.4 M L H H M H M M H 

12-24 19.1 9.6 35.2 M L H H M H H L H 
24-36 20.2 9.8 36.6 M L H H M H H L H 

]lack soil zone 

0-6 16.7 6.0 30.2 o1 0 0 H H H M T H 
6-12 19.7 6.5 30.5 L1 L L H H H M T H 

12-24 17.8 5.9 24.4 Ml M M H H H H T H 
24-36 16.8 5.9 24.8 Ll L L H M H H T H 

lnata obtained from one profile. 

...... 
0 
0" 



- 107 -

The contents of the cations in the saturation extract are 

outlined in Tables 49 and 50. Sodium and magnesium salts are present 

in much greater concentrations than either calcium or potassium. In 

general, the concentrations do not vary appreciably between the dark 

brown and black soil zones, but are lower in the brown. The 

concentrations o£ the four cations are essentially constant with 

depth within any one site. 

The soluble sodium percentage shows little variation between 

the dark brown and black soil zones, but is higher in the bro'tm. (Table 49). 

The maximwn is usu.aJ.ly in . the surface ( 0-6 in.) samples or all soU 

zones, and it rarely exceeds 70 percent. 

The Hordeum community occurs throughout the area studied in 

low-lying regions that are frequently fiooded. A large number of 

species are associated with the dominant (Hordeum jubatum). The 

total salt content, of this solonchak soil, is high and varies 

between the individual si tea of aJ.l soil zones. The pH and water 

content are relatively constant between soil zones, but vary 

between sites wj.thin the zones. 

Hordeum.-Puccinellia Community 

The Hordeum-Puccinellia community occurs in both the dry and 

wet depressions in a topographic position similar to that of the 

Hordeum community. It occurs throughout the area studied, but was 

sampled only in the dark brow soil zone. Hordeum juba.tum. and 

Puccinellia airoides {the dominants) .form a heavy vegetative cover. 

The initiation of growth and fruiting of Hordeum and Puccinellia 

occurs about the middle of May and the last of June, respectively. 



Table 49. The median and range in soluble sodium percentage and cation (sodium and potassium) 
content of the saturation extract of soil profile samples from the Hordeum community sites. (Data obtained 
from six bro~m, eight dark brown, and four black soil sites.) 

Depth Soluble sodium :eercenta-ge- --- So-diUD1- ~m.e./I~}-- -- - --- --Po-tassium--~m. e. ll.T~~ 
in inches Median Min. Max. Median Min. Max. Median Min. Max. 

Brown soil zone 

0-6 70.2 22.7 92.1 87.61 12.04 190.43 1.23 0.79 3.71 
6-12 68.2 20.6 88.7 110.22 14.48 213.04 0.93 0.33 2.76 

12-24 61.8 14.3 86.7 143.91 18.39 200.87 0.69 0.41 1.48 
24-36 60.7 15.9 79.0 150.55 18.70 190.65 0.70 0.53 1.38 

DArk brown soil zone 

0-6 4.3.0 20.2 86.1 157.83 47.42 645.65 3.82 3.07 8.38 
6-12 40.1 18.8 85.6 138.04 42.63 .371.74 2.57 1.02 3.72 

12-24 37.1 23.1 75.7 161.58 60.03 360.87 2.18 1.00 3.08 
24-36 .37.6 18.6 64.4 154.62 73.95 289.13 1.65 1.05 3.08 

Black soil zone 

0-6 32.8 12.6 63.3 136.50 16.30 280.00 3.64 0.54 10.18 
6-12 30.4 12.9 64 • .3 165.33 21.74 326.09 2.86 0.21 9.38 

12-24 31.4 9.3 64.6 145.00 17.83 220.87 1.98 0.28 7.08 
24-36 32.8 13.8 66.9 159.24 21.09 201.09 1.85 0.33 5.72 

1-' 
0 
(X). 

I 



Table 50. The median and range in cation (calcium and magnesium) content of the saturation extract 
of soil profile samples taken from the Hordeum community sites. (Data obtained from six brown, eight 
dark brown, and four black soil sites.) 

Depth 
r·~n-7Q ____ - -- -··· 

Calcium .. m.e. 1. ---- ------- - -Magn-esium-{m~e.zr:1 

in inches Median Min. Max. Median. Min. Max. 

~rown soil zone 

0-6 8.1 2.8 20.4 24.5 7.0 424.3 
6-12 4.3 2.8 18.9 19.8 15.0 810.9 

12-24 8.5 2.6 22.0 44.6 5.8 1179.3 
24-36 7.3 2.0 19.5 44.1 5.2 934.2 

Dark brown soil zone 

0-6 21.2 9.5 23.4 104.8 34.0 458.9 
6-12 19.4 9.8 23.3 143,.0 51.0 378.1 

12-24 18.8 6.8 27.2 134.9 84.7 705.3 
24-36 19.8 5.0 23.4 213.0 99.5 735.7 

Black soil zone 

0-6 18.3 9.4 42.0 143.9 69.1 444.1 
6-12 19.6 12.0 24.3 169.8 120.9 508.2 

12-24 16.0 11.3 20.0 190.8 96.2 322.4 
24-36 12.0 8.5 23.0 190.0 89.6 335.5 

t 

...... 
0 
.....0 

I 
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Hordeum is from 6 to 24 in. tall at maturity and Puccinellia is 

somewhat taller. 

The mean basal cover of the sampled sites in this community 

t-.ras about 10 percent (Table 51) • The basal cover ranged from about 

4 to 21 percent. It was the same over a wide range (sandy clay to 

clay) of soil textures. 

The Hordeum-Puccinellia community represents a transitional 

stage in plant succession. It occurs with a zone of Puccinellia 

toward the center of the depression and one of Hordeum toward the 

periphery. In moist depressions the zone toward the depression center 

is dominated by either Eleocha.ris or Seirpus. When cornering occurs 

the Puccinellia comrrnmity is omitted. In this instance, the Hordeum

Puccinellia zone extends to the edge of the Eleocharis or Scirous 

zone. The vegetation of the Hordeum-Puccinellia zone is dependent 

upon, and responds to, fluctuating weather. During dry weather the 

water table is low and the vegetation zones shift toward the 

depression center. In this instance, the Hordeum zone replaces the 

Hordeum-PUccinellia community. Under moist weather the area is 

dominated by Puccinellia. 

Hordeum and Puccinellia combined to make up a mean of a little 

more than 85 percent of the vegetative cover (Table 51). The range 

of this combination of species was from about 61 to 100 percent. 

Hordeum ranged from about 20 to 89 percent, while Puccinellia ranged 

from about 11 to 71 percent. The principal subdominants were 

Distichlis stricta and Salicornia rubra. In a few sites Puccinellia 

made up a larger portion of the vegetation than Hordeum, but Hordeum 

was always an important constituent and comprised a larger portion 
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Table 51. Mean basal cover and oomposi tion of nine sites of 
the Horde~Puccinellia community of the dark brown soil zone in 
1957. 

Species Percentage CO!!!EOSition Presence 
Mean Range 

Hordeum jubatum. 49.9 20 - 90 9 
Puccinellia airoides 35.5 11- 71 9 
Distichlis stricta 6.0 0 - 22 4 
Salicornia rubra 5.5 0- 24 5 
Scirpus paludosus 2.5 0 - 2.3 1 
Triglochin maritima 0.6 0 - 6 1 
Agropyron trachycaulum 0.2 0 - 2 1 

Basal cover (percent) 9.6 4 - 21 
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of the vegetation in a greater number of sites. Hordeum is abundant 

when a dilute soil solution prevails, while Puccinellia is the major 

species when the soil solution is concentrated. 

Few species were associated with the dominants of this 

community (Table 52). The most constant were Chenopodium ru.brwn and 

Suaeda depressa. All species were of high salt tolerance, except 

Senecio, Solidago, and Leuidium. 

Two soil profiles were sampled in the Hord~Puccinellia 

community of the dark brol'm. soil zone during the 1957 growing 

season. Little variation occurs in the general appearance of the 

horizons of these profiles. The surface {Ahsa) horizon, valj~ng 

in thickness from 1 to 2 in., consists of a salt ernst and black, 

decaying organic matter. A grey (C) horizon extends from 2 to 36 in. 

A grey-brown mottled (C1sa) horizon occurs in one profile from 6 to 

12 in. and is underlain by a brown horizon to 24 in. 

The moisture content did not vary appreciably with depth 

(Table 53). This shows that the water content of these solonchak soils, 

at the time of sampling, was relatively uniform. The minimum and 

maximum water contents show little variation between sites, but were 

higher than in the soil samples from the Hordeum community. Table 

53 shows that the pH values decrease gradually with depth. The soil 

reaction is similar to that of the soil from the Puccinellia community. 

The median total salt content of the various layers is 

relatively uniform (Table 54). The minimum and ma:xirmm values show 

considerable difference between the community sites. The total salt 

content, relatively high in all samples, is higher than in the soil 

of the previously discussed Hordeum and Puccinellia community sites. 
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Table 52. The frequency of secondary, species in the Hordeum
Puccinelli a COIIh1lUility. Data obtained in 1957 from 365 0.1-sq.-m. 
quadrats in nine sites. 

Species Percentage freguency_ Presence 
Mean Range 

Chenopodium rubrum 28.2 0- 83 7 
Spergularia salina 15.2 0 - 67 3 
Suaeda depressa 7.1 0 - 40 5 
Senecio palustris 4.6 0 - 26 2 
SUaeda erecta 3.7 0 _, 32 2 
Gla.ux maritima 2.2 0 - 20 1 
Lepidium densiflorum 1.7 0 - 15 1 
Solidago nemoralis 0.8 0- 4 2 



Table 53. The median and range in water content and pH of two soil profile samples taken from 
the Horde~Puccinellia community sites of the dark brown soil zone. 

Depth Texture Color range Percentage water pH 
in inches range Median Min. Max. Median Min. Max. 

0-6 
6-12 

12-24 
24-36 

SiC - C 
c - c 
CL - C 
sc - c 

Grey 
Grey 

Grey to brown 
Grey 

25.6 
24.1 
24.3 
27.0 

24.2 
22.3 
20.8 
25.7 

26.9 
25.9 
27.8 
28.2 

8.7 
8.6 
8.4 
8.3 

8.6 
8.3 
8.3 
8.2 

8.8 
8.8 
8.4 
8.4 

Table 54. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of two soil profile samples taken from the 
Horde~Puccinellia community sites of the dark brow-n soil zone. 

Depth Conductivity Qualitative anions 
in {rnmhos.Lcm.) Bicarbonate SUlfate Chloride 
inches Illiedian Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

0-6 34.4 27.4 41.4 H M H M M H H. H H 
6-12 31.6 27.8 35.4 H M H M M M H H H 

12-24 30.7 27.8 33.6 H H H M M M H H H 
24-36 35.5 28.3 42.6 H H H M M M H H H 

~ 

~ 
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Bicarbonate and chloride contents are high in most samples (Table 54). 

Indications are that the soil samples were slightly lower in sulfate 

content. 

Tables 55 and 56 present the contents of the cationsin the 

saturation extract. All cations are of high concentration in comparison 

to those of the previously discussed Hordeum community. It is evident 

that sodium and magnesium are present in much larger quantities than 

calcium and potassium. In general, the quantities of the cations are 

either constant with depth (sodium, potassium, and calcium) or 

increase in the deeper layers (magnesium). 

The median soluble sodium percentage is similar to that of the 

HOrdeum community (Table 55). The soluble sodium percentage was 

relatively uniform in all sites, with the maximum in the surface 

(0-6 in.) samples and decreasing with depth. In one sample it 

exceeded 60 percent. 

The Hordeum-Puecinellia community occurs throughout the area 

studied in a topographic position similar to that of the Puccinellia 

community. Fewer species are associated with the dominants (Hordeum 

jubatum and Puccinellia airoides) than -vrl.th the dominant of the 

Hordeum com.munity. The total salt content, water content, and pH 

of the soil are higher than in the soil of the HOrdeum community. 

Hordeum-Distichlis Community 

The Hordeum-Distichlis community is in a topographic position 

slightly higher than that of the Hordeum community. It occurs 

throughout the area studied in soil ranging from clay loam to heavy 

clay in texture, but was sampled only in the dark brown soil zone. 



Table 55. The median and range in soluble sodium percentage and cation (sodium and potassium) 
content of the saturation extract of two soil profile samples taken from the Hordeum-Puccinellia community 
sites of the dark brown soil zone. 

Depth Soluble sodium percentage - ---------go-dfum--(m-.e-:-zr:-)______ Potassium (m.e./1.) 
in inches Median Min. Max. Median Min. Max. J.'Vledian Ifu. I~ax. 

0-6 
6-12 

12-24 
24-36 

54.9 
37.6 
3S.4 
37.5 

45.6 
35.9 
31.8 
27.4 

64.2 
39.3 
44.9 
37.6 

317.99 
247.95 
274.27 
287.54 

306.68 
195.75 
256.65 
268.40 

329.30 
300.15 
291.89 
306.68 

4.73 
2.98 
4.11 
2.01 

3.84 
2.56 
2.18 
1.92 

5.61 
.3.40 
6.04 
2.10 

Table 56. The median and range in eatiqn {calcium and magnesium.) content of the saturation extract 
of two soil profile samples taken from the Hordeum-Puccine1lia community sites of the dark brown soil 
zone. 

Depth 
in inches 

0-6 
6-12 

12-24 
24-36 

Median 

27.1 
27.4 
24.5 
26.0 

calcium Tm:-e./1.-r -- r-1agn:esium {m:-e.Z1~1---~-
Min. Max. Median Min. Max. 

26.6 
27.2 
21.3 
24.4 

27.6 
27.6 
27.6 
27.6 

251.6 
376.2 
441-4 
600.5 

167.7 
318.9 
281.1 
420.0 

.335.4 
433.5 
601.7 
780.9 

~ 
0" 

I 
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The Hordeum-Distichlis community is less common in the brown s.nd black 

soil zones. Hordeum jubatum and Distichlis stricta (the dominants) 

form a heavy S'\\Jflrd of vegetation in which the clumps of Hordeum are 

surrounded by a dense sod of Distichlis. The initiation of growth 

and seeding of Hordeum and Distichlis occurs about the middle of May 

and late June, respectively. Hordeum ranges from 6 to 24 in. in 

height and Distichlis is shorter. 

The mean basal cover of the sampled sites of this conununity 

was about 16 percent (Table 57). The basal cover ranged from 8 to 

approximately 27 percent, and was highest in the soil of fine- texture. 

The Hordeum-Distichlis community occupies a stage in plant 

succession similar to that of the Hordeum community. It occurs in a 

position with a stand of Hordeum toward the center of the depression 

and one of Distichlis toward the outside. This community is unstable. 

~~en the weather is dry the vegetation zones shift toward the depression 

center. 

Hordeum and Distichlis combined to make up a ·mean of about 

87 percent of the vegetative cover (Table 57). The range for this 

combination of species, in the sampled sites, was from approximately 

63 to 100 percent. Hordeum ranged from about 27 to 67 percent, while 

Disticblis ranged from 18 to 52 percent. In rare instances Distichlis 

made up a larger portion of the vegetation than Hordeum, but Hordeum 

was always an important constituent and comprised a large portion of 

the vegetation in a greater number of sites. The principal sub

dominants were Salicomia rubra and Eleocharis pa.lustris. 
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Table 57. Mean basal cover and composition of 11 sites of the 
Hordeum-Distichlis community of the dark brown soil zone in 1957. 

Species Percentage comEosition Presence 
Mean Range 

Hordeum jubatum 54.0 25- 67 11 
Distichlis stricta 32.8 18- 52 11 
Salicornia rubra 4.3 0- 3S 2 
Eleocharis palustris 3.4 0 - 22 3 
Puccinellia airoides 2.2 0 - 10 4 
Triglochin maritima 2.2 0 - 10 3 
Carex spp. 0.5 0- 6 1 
Poa canbyi 0.3 0 - 3 1 
Agropyron dasystachyum 0.2 0 - 2 1 
Scirpus paludosus 0.1 0-1 1 

Basal cover (percent) 15.8 8- 27 
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The occurrence of secondary species was limited in this 

community (Table 58) • Chenopodium rubrum and Halerpestes cpnbaJ.ar:La 

were most constant. All secondar.y species were of medium or high 

salt tolerance, except species of Aster, Sonchus, Solidago, 

Glycyrrhiza, Leptilon, and Antennaria. 

During the 1957_ growing season four soil profiles were sampled 

in the Hord.eum-Disticb1is community of the dark brown soil zone. 

Only slight variation occurs in the general morphology of the 

horizons of these soil profiles. The surface is covered with a thin salt 

crust underlain by a 6 in. black (Ahsa) horizon high in organic matter. 

The remainder of the profile, to 36 in., consists of a grey (C1sa) 

horizon to 24 in. below which is a yello'tv ( 02) horizon. An 

exception to this is for a brown horizon to occur from 6 to 36 in. 

'Where the horizons meet, an intermingling of colors result in a 

mottled appearance. 

Table 59 shows considerable variation in the soil moisture 

content in these community sites. It was higher than in the soil 

samples from the Hordeum community sites. The minimum and maximum 

water contents show a wide range between sites. The pH values are 

relatively uniform with depth, with the maximum in the subsoil samples 

(Table 59). In general, there is a wide range in soil reaction 

between sites. 

The conductivity of the saturation extract varies between 

sites of this halophytic plant community (Table 60). The total salt 

content, high in all samples, is similar to that of the soil of the 

Hordeum community. The sulfate content is high, and the contents of 

bicarbonate and chloride are lower then sulfate (Table 6o). 
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Table 5S. The frequency of secondary species in the Hordeum
Distichlis community. Data obtained ;n 1957 from 270 0.1-sq.-m. 
quadrats in 11 sites. 

Species Percentage freguencz Presence 
Mean Range 

Chenopodium rubrum 28.4 0- 70 8 
Halerpestes cymbalaria 22.4 0 - 88 6 
Glaux marl tima 14.4 0 - 65 5 
Iva axillaris 9.8 0 - 90 .3 
Suaeda erecta 6.7 0 - 30 5 
Suaeda depressa 6.2 0 - 30 4 
Aster ericoides 4.5 0 - 40 3 
Sonchus uliginosus 4.1 0 - 40 2 
Plantago eriopoda 3.3 0..;. 37 1 
Glycyrrhiza lepidota 0.9 0- 10 1 
Leptilon spp. 0.9 0 - 10 1 
Atriplex hastata 0.9 0 - 10 1 
Solidago nemoralis 0.7 0- 4 2 
Crepis glauca 0.7 0- 8 1 
Melilotus alba 0.5 0 - 5 1 
Chenopodium salinum 0.5 0 - 5 1 
Argentina anserina 0.4 0- 4 1 
Antennaria microphylla 0 • .3 0- 3 1 



Table 59. The median and range in water .content and pH of four soil profile samples taken from the 
Hordeum-Distichlis community sites of the dark brown soil zone. 

Depth 
in inches 

0-6 
6-12 

12-24 
24-36 

Texture Color range Percentage water pH 
range _ M:ed:i_~--- _Min__!__ ~M· ____ J!E:lCU.an .M~n. 

VCL - C 
VCL - C 
FCL - C 
VCL - HvC 

Grey to 1 t. brown 
Grey to lt. brown 
Grey to brown 
Yellow to brown 

36.5 
24.9 
24.7 
26.4 

25.6 
22.7 
18.8 
22.0 

41-4 
31.5 
31.4 
29.3 

8.1 
8.4 
8.1 
8.1 

7.7 
8.1 
7.7 
7.8 

Max. 

8.1 
8.5 
8.5 
8.2 

Table 6(}.. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of four soil profile samples taken from the 
Hordeum-Distichlis community sites of the dark brown soil zone. 

Depth Conductivity Qualitative anions 
in {mmhos.Lcm.) Bicarbonate Sulfate Chloride 
inches Median fJiin. Max. Median Min. Max. Median Min. Max. Median Min. Ma}t·. 

0-6 17.0 1.3.4 2.3.1 M M M H H H M M H 
6-12 18.9 16.7 25.9 M M M H H H M M H 

12-24 17.1 9.9 29.8 M M H H H H M ll£ H 
24-36 14.0 8.9 28.0 H M H H H H M M H 

I 

f-J 
l\) 
J-1 
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The contents of the cations in the saturation extr~ct are 

outlined in Tables 61 ana 62. Potassium and calcium are present 

in small amounts, while sodium and magnesium occur in large quantities. 

Usually sodium is present in maximum amounts near the soil surface 

and decreases with depth. In contrast, the quantities of the other 

cations are usually either lower in the surface soil than in the 

subsoil (magnesium) or are relatively constant with depth (calcium and 

potassium). The soluble sodium percentage vas calculated and is 

presented in Table 61. It was relatively uniform with depth, but 

differed between sites. The maximum was in the subsoil (6-12 in.) 

samples and exceeded 60 percent. 

The Hordeum-Distichlis community occurs throughout the area 

studied in a slightly higher topographic position than the Hordeum 

community. Fewer secondary species are associated with the dominants 

than in the Hordeum community. The total salt content and pH of the 

soil are high, but similar to the se~ples from the Hordeum community. 

Distichlis Community 

The Distichlis .community is characteristic of a slightly 

higher topographic position than that of the puccinellia zone. It 

occurs throughout the area studied in all soil textures. Distichlis 

stricta is a rhizomatic perennial grass that forms a dense sod 

(Fig. 12). About the middle of f-lay the plants break dormancy and by 

late June, Distichlis is producing seed culms and ranges from 3 to 8 

in. tall. It normally completes seeding during late August or early 

September and re-enters dormancy. At this time it is from 6 to 12 in. 

tall. \vben the latter part of the growing season is dry and hot, 

Distichlis enters dormancy earlier. 



Table 61. The median .and range in soluble sodium percentage ~nd cation (sodium and potassium) 
content of the saturation extract of four profile samples taken from the Hordeum-Distichlis community 
sites .of the dark brown soil zone. 

Depth ---soluhie-sodlum-£er6entage Sodium !1ll.e.LJ..l Potassium {m.e~Zi.l 
in inches Median Min. Max. Median Min. Me.x. Median Min. Max. 

0-6 47.4 11.4 55.6 161.39 93.09 178.35 3.30 2.30 4.15 
6-12 51.7 9.2 60.2 155.30 94.83 205.32 1.81 1.69 2.43 

12-24 41.6 17.7 60.0 137.46 106.58 156.60 1.28 0.97 1.3.3 
24-36 35.3 10.3 53.5 125.72 77.00 144.42 1.24 1.02 1.38 

Table 62. The median and range in cation (calcium and magnesium) content of the saturation extract 
of four soil profile samples taken from the HOrdeum-Distichlis community sites of the dark brown soil 
sone. 

Depth c-8lc1.um (m.e./1.) Ma-@.esium Im.e./i~) 
in inches Median Min. Max. rJiedian Min. IJiax. 

0-6 
6-12 

12-24 
24-36 

22.1 
19.6 
19.0 
20.S 

15.0 
18.6 
16.5 
18.0 

24.8 
22.2 
20.9 
23.0 

163.2 
231.0 
200.6 
259.8 

11.3.4 
8~.5 
53.4 
45.2 

695.4 
920.6 
706.9 

1076.8 

t-' 

~ 
I 
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Fig . 12. A Distichlis community in the brovm soil 
zone, 15 miles northwest of Haple Creek on .June 5, 1958. A 
consi derable amount of the previous year ' s grov.rth is still 
obvi ous . The marker stake is 36 in. tall. 
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The mean basal cover; of the sampled sites was less than 15 

percent (Table 6.3). The basal cover ranged from about 8 to 21 

percent. It was similar over a wide range (loamy fine sand· to heavy 

clay) of soil textures. 

This community is one of the early grass stages in plant 

succession. It occurs in areas where there is little influence on the 

soil solution by the ground water. In general, the soil of the 

previously discussed communities has a higher total salt content. 

The Distichlis community normally occurs in a position ~dth a zone 

dominated by either Puccinellia or a mixture of Puccinellia and 

Distichlis toward the center of the depression and a zone dominated 

by a mixture of Distichlis ~d Agropyron (in fine-textured soil) 

or a mixture of Muhlenbergia and Disticblis (in sandy soil) toward the 

outside. This community depends on precipitation for its soil 

moisture. It appears to respond to major changes in the edaphic 

factors. The Distichlis community is more stable than the Puccinellia

Disticblis community, which is dependent upon a shallow water table 

for occurrence. 

Distichlis made up a mean of approximately 84 percent of the 

vegetative cover (Table 63). It ranged from about 6.3 to 100 percent 

in the sampled sites. The principal subdominants were Pu.ccinellia 

· airoides and Hordeum jubatum. 

More secondary species occurred in this community than in any 

of those previously discussed (Table 64). Species of Aster, Suaeda, 

Glaux, and Iva were most constant in 1957 and 1959. Most secondary 

species occurred in both years with little difference in their 

frequency. In general, most of the secondary species are of high 
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Table 63. Mean basal cover and composition of 15 sites of the 
Distichlis community of the dark brown soil zone in 1957. 

Species Percentage com:eosition Presence 
Mean Range 

Disticblis stricta 84.0 6.3 - 100 15 
Puccinellia airoides 5.1 0 - 14 11 
Hordeum juba.tum 5.0 0 - 20 9 
Triglochin maritima 1.5 0 - 21 2 
Agropyron trachycau1um 1.; 0 - 2.3 1 
Agropyron dasystachyum 1.4 0 - 10 4 
Muhlenbergia richardsonis 0.6 0- 4 3 
Salicornia rubra 0.4 0- 4 2 
Ca1amagrostis montanensis 0.3 0- 4 1 
Poa canbyi 0.1 0 - 2 1 
Carex spp. 0.1 0- 1 1 

Basal cover (percent) 14.5 9 - 20 



Table 64. The frequency of secondary species in the Distichlis community. Data obtained in 
1957 from 430 0.1-sq.-m. quadrats in 15 sites and in 1959 from 1,140-0.125-sq.-m. quadrats in 28 sites. 

Percentage freguencz 
Species 1957 1959 Presence 

Mean Range Mean Range 1957 1959 

Aster ericoides 9.2 0-45 22.9 0-90 6 18 
Chenopodium rubrum 18.5 0-75 2.9 0-32 g 8 
Suaeda erecta 17.3 0-75 15.4 0-65 12 19 
G1aux: marl tima 7.3 0-63 16.8 0-98 5 13 
Iva a.xillaris 4-3 0-50 15.2 0-100 2 8 
Grindelia squarrosa 2.7 0-20 12.5 0-60 3 16 
Chenopodium salinum - - 12.0 0-72 - 18 
Solidago nemoralis 9.8 0-85 4.3 0-75 5 5 
Halerpestes cymbalaria 8.3 0-55 5.8 0-92 4 7 
Lactuca pulche1la 0.3 0-5 7.4 0-90 1 7 
Suaeda depressa 6.7 0-37 0~4 o ..... 1o 7 2 
Spergu1aria salina 6.7 0-50 - - 2 
Lepidium densiflorum -. - 5.9 0-62 - 13 
Crepi8 glauca 5.6 0-37 3.0 0-52 5 4 
Artemisia frigida - - 5.4 0-62 - 6 
Lepti1on spp. 1.4 0-15 5.1 0-68 3 6 
Sonchus uliginosus 4.0 0-35 4.3 0-75 4 6 
Antennaria microphy11a 0.5 0-3 3.6 0-70 3 5 
Plantago eriopoda 0.2 0-3 2.9 0-22 1 5 

1-' 
N 
0' 



Table 64 - Concluded 

Percentage freauencz 
Species 1957 1959 Presence 

MeeJl Range Mean Range 1957 1959 

Melilotus alba 0.2 0-3 2.8 0-50 1 .3 
Achillea lanulosa - - 1.9 0-32 - 3 I 
Astragalus spp. 0.2 0-3 1.1 0-25 1 2 ...... 
Persicaria coccinea 1.0 0-12 6 - - - l\) 

Senecio palustris 0.8 0-8 4 
....J - - -

Glycyrrhiza lepidota 0.7 0-10 0.4 O.,.S 1 2 
Atriplex hastata 0.7 0-10 - - 1 
Solidago dumetorum 0.7 0-10 - - 1 
Eurotia lana ta - - 0.6 0-10 - 2 
Rumex mexicanus - - 0.4 0-12 - 1 
Artemisia cana - - 0.2 0-5 - 1 
Neomamillaria vivipara - - 0.1 0-2 - 1 
Gutierrezia divereifolia - - 0.1 0-2 - 1 
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salt tolerance, but species of Artemisia, Eurotia, Aster, Solidago, 

Lactuca, Leptilon, Sonchus, Antennaria, Achillea, and Gutierrezia 

are of medium or low tolerance. 

In the Distichlis community, during the 1957 and 1958 growing 

seasons, 24 soil profiles were sampled in three soil zones. A great 

deal of variation occurs in the general appearance of the horizons of 

these profiles. Usually there is a surface (Ahsa) horizon ranging 

from 1 to 3 in. in thickness, consisting of a salt crust and a black 

layer of decaying organic matter. Below this a brown (Bca) horizon 

occurs to 24 in. ~dth a grey (C) horizon to 36 in. Exceptions to 

this general description are common. If the profiles are of a 

texture of loam or finer, a grey horizon persists from 6 to 36 in., 

while the surface horizon is black. In the coarser than loam 

profiles a yellow horizon is pr~sent from 3 to 24 in. with a grey 

horizon to 36 in. 1~ere the horizons meet a mottling effect is 

produced in a layer ranging from 4 to 6 in. in thickness. 

The moisture content did not vary appreciably between 

soil zones (Table 65). Considerable variation occurred between 

depths in the same site and between sites. The greatest range was 

between samples ta~en in the dark brown soil zone. In general, the 

differences in water content at any one depth between sites is 

closely related to the soil texture. The coarse-textured soils exhibit 
C' 

lower water contents than the clays. The pH ve~ues are relatively 

uniform vli th depth, but vary betlteen soil zones (Table 65). The 

brown soil samples are of lower pH than the dark brown and ble~ck. 

A wide range in pH occurs between sites in all soil zones. 



Table 65. The median and range in water content and pH of soil profile samples taken from the 
Distichlis community sites. (Data obtained from six bro~m, 10 dark brown, and eight black soil sites.) 

Depth Texture Color range Percentage water EH 
in inches range Median Min. Max. fiiledian Min. Max. 

]1ro\vn soil zone 

0-6 FL - HvC Lt. brown to black 18.2 7.4 40.9 7.S 7.4 9.1 
6-12 FL - HvC Grey to brown 19.4 12.1 39.5 8.2 8.0 8.9 

12-24 FL - HvC Brown 24.2 11.4 38.3 8.2 s.o 8.7 
24-36 LS - HVC Grey to brown 23.4 12.5 37.1 8.2 7.9 8.8 

Dark brown soil zone 

0-6 FL - c Grey to brown 28.0 13.0 68.3 8.4 7.7 8.6 
6-12 LS - SiC Grey to brown 19.4 8.4 34.5 8.3 7.9 8.6 

12-24 FL - .HvC Grey to bro'\\rn 19.6 10.1 33.6 8.3 8.0 8.6 
24-36 VCL - HvC Grey to brown 21.0 12.2 31.5 8.2 7.8 8.4 

Black soil zone 

0-6 VL - SiC Grey to black 13.4 3.5 34.6 8.2 7.6 8.4 
6-12 FL - SiC Grey to black 16.4 9.0 22.6 8.3 7.7 8.7 

12-241 FL - c Grey to brown 20.7 10.0 28.8 8.2 7.9 8.4 
24-361 FL - c Yellow to grey 19.1 8.7 29.9 8.2 7.8 8.3 

1nata obtained from seven profiles. 

j-J 

!25 
I 
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The conductivity of the solonchak soil supporting this halophytic 

plant community is uniform with depth, but varies between soil zones 

(Table 66). The maximum conductivity is either in the surface (0-6 in.) 

soil (dark brown and black} or in the subsoil (brown) samples. In 

general, the conductivity is relatively high at all depths. A wide 

range in total salt content exists between the individual sites in 

all soil zones. It is lower than in the soil of the previously 

discussed Puccinellia community sites. In general, the sulfate content 

is high in all soil samples (Table 66). Indications are that both 

the bicarbonate and chloride contents vary considerably, with no 

detectable quantities of either in some sites. 

Tables 67 and 68 outline the contents of the cations in the 

saturation extract of soil samples taken from selected Distichlis 

community sites. It is evident that sodium and magnesium salts are 

present in much greater concentrs.tions than calcium, while only small 

amounts of potassium salts were measured. Sodium and magnesium were 

of lower content in the soil of this community than in the soil of 

the Puccinellia community, while calcium and potassium were of 

similar concentration in both communities. The concentrations of 

sodium and magnesium vary appreciably between soil zones, while 

calcium and potassium are relatively constant. In general, the 

contents of sodium and magnesium are relatively constant with depth 

in the dark brown and black soils, while the maximum is in the sub

soil (6-24 in.) samples of the bro~m soil zone. In contrast, calcium 

and potassium are essentially constant with depth in all soil zones. 

An appreciable amount of variation occurs in the soluble 

sodium percentage between soil zones (Table 67). It is relatively 



Table 66. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of soil profile samples taken from the 
Distichlis community sites. (Data obtained from six brown, 10 dark brown, an~ eight black soil sites.) 

Depth Conductivity Qnalitative anions 
in {mmhos.Lcm. 2 Bicarbonate Sulfate Chloride 
inches Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

Brown soil zone 

0-6 9.8 5.1 19.6 L 0 M H M H M L H 
6-12 15.9. 5.9 25.1 M L H H M H M 0 H 

12-24 15.2 4.9 26.2 M 0 H H M H M 0 H 
24-36 13.1 5.8 25.6 M 0 H H M H M 0 H 

Dark bro'vn soil zone 

0-6 22.5 11.2 46.1 M 0 H H M H L 0 H 
6-12 20.3 4.0 27.1 H L H H M H L 0 H 

12-24 17.7 3.7 28.0 H M H H M H L 0 H 
24-36 18.7 3.7 28.0 M L H H M H L 0 H 

Black soil zone 

0-6 19.3 3.3 31.7 ~ H H H M H L L H 
6-12 17.6 13.6 26.3 H H Hl M H M2 L H 
12-~ 1a.61 11.0 25.7 H2 H H ii1 H H M L H 
24-3 17. 10.9 22.7 H2 L H M H M2 L H 

1Data obtained from seven profiles. 

2nata obtained from two profiles. 
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Table. 67. The median end r~ge in soluble sodium percentage and cation (sodium: and potassium) 
content of the saturation extract of soil profile samples taken from the Distichlis community sites. 
(Data obtained from six brown, 10 dark brol~, and eight black soil sites). 

Depth Soluble sodium Eercentage Sod.Ium-Tm-:e·.-/f~)-- ~~-- ~------ ~------potas-sfum· Tm. e ./1.-J 
in inches Median Min. rlllax. I1ledian I"iin. Max. .Median Min. Max. 

Brown soil zone 

0-6 64.81 37.6 67.3 88.261 62.82 251.09 2.05 0.97 6.98 
6-12 68.9 2~ .• 0 84.1 142.06 60.00 308.70 1.88 0.74 5.03 

12-24 6o.sl 27.6 82.9 15o.ool 95.65 229.57 1.60 0.79 5.81 
24-36 75.8 25.7 79.9 131.63 62.83 271 • .30 1.38 0.74 3.84 

Dark brown soil zone 

0-6 37.3 4.6 8).3 193.95 57.39 355.43 3.39 1.07 4.81 
6-12 35.0 7.5 69.2 156.72 42.46 343.47 1.50 0.46 4.18 

12-24 30.0 9.1 60.5 128.30 29.15 280.14 1.22 0.13 2.95 
24-.36 29.0 7.4 66.7 111.96 33.97 274.05 1.27 0.38 2.90 

Black soil zone 

0-6 29.7 15.0 87.4 134.78 14.48 352.17 3.35 1.28 12.72 
6-122 33.9 26.5 77.1 150.00 102.61 289.13 2.73 0.97 5.81 

12-24 29.2 25.1 63.4 126.09 89.13 257.39 2.05 o.89 4.8; 
24-362 29.2 19.2 71.8 130.43 99.35 282.61 2.18 1.07 4.62 

1
nata obtained from five profiles. 

2Data obtained from seven profiles. 
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Te.ble 68. The median and range in cation (calcium and magnesium) content of the saturation extract 
of. soil profile samples taken from the Distichlis community sites. (Data obtained from six bro, ... n, 10 
dark bro~n, and eight black soil sites.) 

Depth 
in inches 

0-6 
6-12 

12-24 
24-.36 

0-6 
6-12 

12-24 
24-36 

0-6 
6-12 

12--241 
24-361 

Calcium -rm.-:e·:zr:T-~------- ---~----~------- rviagnesium ( m. e ./1.) 
Median Min. Max. Median Min. Max. 

17.0 
1..4 .• 5 
17.1 
11.8 

20.1 
18.5 
17.2 
16.9 

15.0 
. 14.9 

16.2 
17.8 

1.8 
2.5 
2.5 
2.0 

6.8 
8.8 
7.6 
5.8 

3.4 
7 • .3 
8.8 
7.0 

Brown soil zone 

19.5 
20.7 
20.0 
20.3 

Dark brown soil zone 

28.8 
24.5 
21.0 
19.0 

Black soil zone 

24.3 
23.8 
22.2 
22.8 

56.4 
76.5 
62.5 
32.1 

320.7 
259.9 
254.0 
288.6 

236.9 
245.1 
213.8 
222.0 

4.1 
6.6 
4.6 

12.3 

23.0 
15.1 
10.6 
10.0 

11.5 
46.1 
65.8 
49.3 

97.0 
368.4. 
376.6 
426.0 

1553.9 
755.8 
801.0 
789.5 

657.9 
426.0 
370.1 
546.1 

1 Data obtained from seven profiles. 
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constant with depth wi t!t.in any one site, but a wide range occurs 

between sites in each zone. The maximum soluble sodium percentage 

exceeds 80 percent in each soil zone. When the percentage is near 

its maximum few species are associated with the dominant. 

The Distichlis community occurs throughout the area studied 

in a higher topographic position than the previously described 

communities. A larger number of species are associated with the 

dominant (Distichlis stricta) than with the dominant of the Puccinellia 

community. The total salt content is lower than in the previously 

discussed communities, while 'the soil reaction and water content are 

similar. 

Distichlis-Sarcobatus Community 

The Distichlis-Sarcobatus community is characteristic of 

the same topographic position as the Distichlis community. It is 

restricted to the area of Sarcobatus distribution. The dominant 

species (Distichlis stricta and Sarcobatus vermiculatus) give a 

layered appearance to this community (Fig. 13). The taller shrubby 

Sarcobatus forms the upper layer, with the shorter herbaceous 

Distichlis forming the lower. A dense turf of the rbizomatic 

Distichlis surrounds the individual sarcobatus plants. Distichlis 

and Sarcobatus commence growth about the last of April. Distichlis 

initiates seed production the last of June, about a month before Sarcobatus. 

The vegetation was not sampled, because of the similarity of the 

herbaceous layer to that of the Distichlis community. 

This community represents the third stage in plant succession 

on broad alluvial flood plains of the brown soil zone. The Distichlis

Sarcobatus zone occurs in a position with a community dominated by 
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Fig. 13. The Distichlis-Sarcobatus community on a 
broad alluvial flood plain 8 miles west of Swift Current on 
August 13, 1958. The sod formed by the rhizomatic Distichlis 
surrounds the individual Sarcobat~ plants . 
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either Sarcobatus or a mixture of Puccinellia and Sarcobatus toward 

the center of the depression and a community dominated by a mixture 

of Agropyron and Sarcobatus toward the periphery. \;'hen cornering 

occurs the mixture of Distichlis and Sarcobatus dominates to the edge 

of the Sarcobatus zone. The Distichlis and sarcobatus vegetation is 

relatively stable and r·esponds in a manner similar to the vegetation 

of the ,Distichlis zone to changes in weather and edaphic factors. 

A smaller number of species were associated with the dominants 

of this zone than with the dominant of the Distichlis community 

(Table 69). The most constant plants were Suaeda erecta and Chenopodium 

salinum. fhe presence of a dilute soil solution is indicated by the 

occurrence of 15 species that are of low or medium salt tolerance. 

During the 1958 growing season four profiles were sampled in 

the Distichlis-Sarcobatus community sites of the brown soil zone. 

Little variation occurs in the general appearance of the horizons of 

these soil profiles. A salt crust of a thickness varying from a 

thin film up to 0.25 in. covers the soil surface. The underlying 

horizons are a columnar brown (Ahsa) horizon ranging in depth from 

6 to 24 in. and a light brown laminated (Bca) horizon from 24 to 

36 in. In some profiles a grey massive (C) horizon occurred from 

24 to 36 in. 

The soil moisture content did not vary appreciably with depth 

(Table 70). A wide range occurred between the sites, with the higher 

water contents in the heavy clay soil. The pH values are fairly 

uniform with depth, but vary considerably between sites (Table 70). 

In general, the pH values are higher than in the soil of the Distichlis 

community sites of the brown soil zone. 
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Table 69. ~he freque~cy of secondary species in the Distichlis
Saraobatus communit,y. Data obtained in 1959 from 160 0.125-sq.-m. 
quadrats in four sites. 

Species Percentage frequencl Presence 
Mean Range 

Suaeda erects. 30.0 2- 78 4 
Lepidium densiflorum 29.4 0 - 52 3 
Artemisia frigida 18.8 0 - 35 3 
Grindelia squarrosa 18.1 0 - 32 3 
Aster ericoides 18.1 0- 50 2 
Iva axillaris 13.1 0 - 45 2 
Chenopodium rubrum 13.1 0 - 48 2 
Chenopodium salinum 11.9 2 - 22 4 
Spergularia salina 11.9 0 - 48 1 
Melilotus alba 9.4 0 - 38 1 
Persicaria coccinea 2.8 0- 8 2 
Gla.ux maritima 2.5 0 - 10 1 
Lactuca pulchel1a 1.9 0 - 2 3 
Achillea lanulosa 0.6 0 - 2 1 
Plantago eriopoda 0.6 0- 2 l. 



Table 70. The median and range in water content and pH of four soil profile samples taken from 
the Disticblis-Sarcobatus community sites of the brown soil zone. 

Depth Texture Color range Percentage water :eH 
in inches range Median Min. Max. Median Min. Max. 

0-6 !i'CL - C Bro1ro 15 • .3 2.7 28.7 8.1 7.4 8.6 
6-12 VCL - HvC Lt. brown to brotm 17.8 12.2 .38.1 8.4 8.0 8.9 

12-24 GL - HvC Lt. brown to brown 17.81 6.6 .39.7 8.5 8.1 8.7 
24-.36 FL - c Lt. brown 22 • .3 6.; 35.9 8.5 8.1 8.7 

1nata obtained from three profiles. 

Table 71. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of four soil profile samples taken from the 
Distichlis-Sarcobatus community sites of the brown soil zone. 

Depth Conductivity Qualitative anions 
in (mmhos.Lcm.) Bicarbonate Sulfate -·~~---chloride 

inches Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

0-6 16.6 13.0 26.2 M 0 H H H H L T M 
6-12 22.9 14.9 26 • .3 M L H H H H L 0 M 

12-24 18.9 14.5 25.1 H M H H H H M 0 M 
24-.36 1S.2 14.2 2.3.4 H M H H H R M 0 M 

1-' 
\.V 
"'l 
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Data presented in Table 71 show that the total salt content 

of the soil varies between the various brown soil sites supporting 

this halophytic plant co:mmunity. The maximum is in the surface 

(0-12 in.) samples, and all depths are relatively high in total salts. 

fhe conductivity is higher than in the soil of the Distichlis 

community of the brown soil zone. The sulfate content is high in 

all profile samples (Table 71). Indications are of a lower chloride, 

and to a lesser _extent, lower bicarbonate content in some samples. 

Tables 72 and 73 outline the contents of the cations in the 

saturation. extract. Sodium and magnesium are present in greater concen

trations than calcium, while only minimal amounts of potassium were 

measured. In general, the maximum concentrations of sodium and 

potassium occur near the soil (0-12 in.) surface. In contrast, the 

other cations are either low in the surface soil (magnesium) or are 

essentially constant with depth (calcium). The concentrations of 

sodium and magnestu~ are much higher in the soil of this community 

than in the soil samples of the Distichlis community of the brown 

soil zone. 

The soluble sodium percentage of the soil samples from the 

Distichlis-Saroobatus community are similar to those of the soil of 

the Distichlis community (Table 72). A wide range in soluble 

sodium percentage exists between sites. All samples of one profile 

exceed 90 percent. In this community site there were few species 

associated with the dominants. 

The Distichlis-sarcobatus community occurs in soils of fine· 

texture on broad alluvial flood plains of the brown soil zone. Fewer 

species occur than in the Distichlis community. 'rhe total salt 



Table 72. The median and range in soluble sodium percentage and cation (sodium and potassium) 
content of the satu.re.tion extract of four soil profile samples taken from the Distichlis-Sarcoba.tus 
community sites of the brown soil zone. 

Depth Soluble sodium Eercentage 
in inches Median Min. Max. Median . Min. Max • 

0-6 76.2 38.6 93.0 203.16 116.31 347.82 1.79 0.84 2 .• 51 
6-12 71.7 30.6 94.1 275.76 153.91 352.17 1.281 0.64 1.92 

12-24 65.8 60.2 91.8 220.44 139.78 343.48 0.61 0.36 1.51 
24-36 62.7 38.6 91.6 226.20 115.00 274.78 0.95 0.36 1.59 

1nata obtained from three profiles. 

Table 73. The median and range in cation (calcium and m~gnesium) content of the saturation extract 
of four soil profile samples taken from the Distichlis-Sarcobatus community sites of the brovm soil zone. 

Depth 
in inches 

0-6 
6-12 

12-24 
24-36 

Median 

10.5 
10.41 
10.3 
10.2 

Calcium (I!_.~_./1~>- -----·--·------- _____ · -=Maill_e,s1Um. ·cni~~e.7f:-) 
Min. Max. Median Min. 

3.0 
2.0 
2.1 
2.1 

18.3 
15.9 
18.3 
13.5 

72.8 
12;.4 
165.3 
145.6 

9.9 
12.3 
14.0 
14.8 

1Data obtained from three profiles. 

Max. 

164.5 
335.5 
220.4 
167.8 

j-1 
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content and :cea.ction of this solonetz soil a:r'e higher than in the soil 

of the Distichlis community, ~,.;hile the ·Hater content is ap.proximately 

the same. 

Distichiis-Triglochin Con11u..t1i ty 

The Distichlis-'l,rigl ochin corunur1i t:;- is characteristic of a 

topoc;ra}.Ji1ic position comparable to that of the l'uccinell ia zone. 

It is uidely distri~_uted throughout the area studied in soil of all 

textures, Lut Has saBJJled only in the dark bro\Jn soil zone. Distichlis 

stricta and Triglochin maritima (the domine.nts) form a layered 

cor:mJ.unity. The cluml)S of Trif:lochin form the U9l)er layer, vJhile the 

lo~wer layer is formed. ty a dense soct of Distichlis. Other s:')ecies are 

rare. Distichlis and rl'rip~lochin initiate grmvth cmd seed 

production about the middle of lE.y and tlle end of June, respectively. 

Distichlis is· :::~rom 6 to 12 in. tall and Triglochin is about t1t1ice as 

tall. 

The mean basal cover of the vegetation in the sar.1pled sites of 

this com~1unity l·Jas ap)ro:dt'lately 8 :Jercent (Table 74). The basal cover 

ranzed from. aLout 8 to 11 lJercent. The greater basal cover occurred 

in soils of fine te::ture. 

The Distichlis-1~riglochLYl community occurs as a result of 

cornering, and takes the place of the ?ll,ccine:Llia zone in plaD.t 

succession. It occurs in a position \<.•ith a stand dominated by Triglocbin 

touard the center o::.· the dep:c·ession and one dominated by Distichlis 

tovJard the ·1Jeriphery. The :Jresence of 'I'riglochin c'.epends on a shallow 

water table c:nd thus it disa-o·:)ears after a series of dry years to leave 

a comuunity dol~1inated by Distichlis. As a result, this comLTtnity 

is unstable. 
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Table 74. Mean basal cover and composition of three sites of 
the Distichlis-Triglochin community of the dark brown soil zone in 1957. 

Species Percentage com12osition Presence 
Mean Range 

Distichlis stricta 50.4 29 - 68 3 
Triglochin maritima 48.3 32- 71 3 
Puccinellia airoides 1.3 0- 4 1 

Basal cover (percent) 9.1 s - 11 
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Distichlis and Triglochin combined to make up a mean of 

approximately 99 percent of the vegetative cover in the sampled sites 

(Table 74). The range of this combination was from about 96 to 

100 percent. Distichlis ranged from approximately 29 to 68 percent, 

while Triglochin ranged frQm 32 to 71 percent. In one site, Triglochin 

made up a larger percentage of the vegetation, but in the remainder 

of the sites Distichlis was the major species, and Triglochin 

was an importsnt component. The quantity of Triglochin increased 

in soils of coarse texture with a shallow water table. Distichlis 

was more prevalent in soil of fine texture. No secondary species were 

associated with the dominants of this eomnnmity in 1957. 

Two profiles were sampled, during the 1957 growing season, in 

the Distiehlis-Triglochin community of the dark brown soil zone. 

The fine-texture soil profile has a surface (Ahsa) horizon 1.5 in. 

thick, consisting of a salt crust and black, decaying organic 

material. The 1.5 to 6.0 in. (C1sa) horizon is grey mottled with 

yello1v-, while the 6 to 24 in. (C2) horizon is yellow. In this 

profile free water was present from 3 to 24 in. The coarse-textured 

profile has a brown surface (Ahsa) horizon 2 in. thick, underlain by 

a 4 in. grey (elsa) horizon. The(C2) horizon extends from 6 to 36 

in. and is light brown. 

'rhe moisture content did not vary appreciably with depth 

(Table 75). This shows that the water content of these solonehak 

soils, at the time of sampling, was relatively uniform. Considerable 

difference existed between sites. In general, the differences in 

moisture content at any one depth between sites is closely related 

to the soil texture. The fine-textures exhibit a higher water content 



Table 75. The median and range in water content and pH of two soil profile samples taken from the 
Distichlis-Triglochin community sites of the dark bro~1 soil zone. 

Depth Texture Color range Percentage water pH 
in inches range . _ ~----- Median Min. Max. Median Min. Max. 

0-6 
6-12 

12-24 
24-361 

VL- CL 
VL- C 
LS - SiC 

LS 

Grey 
Yellow to lt. brown 
Yellow to lt. bro~n 

Lt. brown 

1nata obtained from one profile. 

22.2 
27.1 
23.8 
17.4 

19.8 
23.5 
16.1 
17•4 

24.5 
30.6 
31.5 

8.4 
s.o 
8.1 
8.2 

8.4 
8.0 
7.9 
8.2 

8.4 
s.o 
8.3 

Table 76. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) contents of the saturation extract of t.wo soil profile samples taken from the 
Distichlis-Triglochin community sites of the dark brown soil zone. 

Depth 
in 
inches 

0-6 
6-12 

12-24 
24-361 

Conductivity 
(mmhos./cm.) Bicarbonate 

Median Min • Max. Median Min • Max. 

44.8 
29.7 
20.4 
30.5 

40.6 
26.0 
17.2 
30.5 

48.9 
.33.4 
23.6 

H 
H 
H 
H 

1nata obtained from one profile. 

M 
M 
H 
H 

H 
H 
H 

Qualitative anions 
SUlfate Chloride 

Median Min. Max. Median Min. Max. 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 

M 
H 
H 
H 

L 
M 
M 
H 

H 
H 
H 

~ 
VJ 

I 
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than the sandy loams. The pH values vary o~ly slightly ·Hith depth, 

the maximu..7!1 being in the surface (0-6 in.) samples (Table 75). A 

narrow range in soil reaction occurs between the sites. 

Table 76 sho-vJs -Ghat the total salt content of the profiles 

varied considerably Hith depth. The naximum conductivity is in the 

surface (0-6 in.) samples, and is relatively high at all de:(;ths. 

The conductivity is higher than in the soil of the previously discussed 

Distichlis comr.:lUnity. In general, the :::lulfate a11d 'bicarbonate contents 

are hic;h ('I'able 76). Indications a:ce that the chloride content is 

lot;Jer. 

Tables 77 and 78 present the contents of the cations in the 

saturation extract. It is evident that sodium and magnesium are 

present in much largc;r quantities than calcium and potassiun. 'The 

contents of sodium, potassium, anl:: magnesiutl a:::·e higher than in the 

soil of the ~chlis com2·:1unity. In general, sodiam, potassiui·n, 

and magnesium occ:ur in maximum araounts near the soil surface and 

decrease 1.\i th de:)th. In contrast, calcium is essentially constant 

i.vi th depth. 

The soluble sodiD.m r)ercentage shows a -vi ide range between sites, 

and varies vrith depth uithin the sites (Table 77). 'I'he soluble 

sodium 9ercentage exceeds 80 ~)ercent in the suT·face (0-12 in.) 

sau~Jles of one site. In this site the vegetative cover was reduced. 

The Distichlis-'I'riglochin coDmttni ty occurs throughout the 

area studied in a topographic position similar to tl~t of the Puccinellia 

comc'Jnit2/. J:!,evJer species occur than in the previously described 

Distichlis community. The total salt content is higher than in the 

soil of' the Distichlis comnuni ty, uhile the soil reaction and 

water content are similar. 



Table 77. The median and range in soluble sodium percentage and cation (sodium and potassium) 
content of the saturation extract of two soil profile samples taken from the Distichlis-Triglochin 
community sites of the dark brown soil zone. 

Depth 
in inches 

0-6 
6-12 

12~24 
24-361 

Soluble sodium perc--eiitage- -- ~SOdium (111~-e~ji-:)- - -------~POtas-sTum{m;e:Tf:T _____ _ 
Median Min. Max. Median Min. Max. Median Min. Max. 

57.25 
55.S2 
56.00 
76.54 

31.59 
29.00 
34.43 
76.54 

82.91 
82.64 
77.57 

661.20 
323.64 
195.75 
276.23 

452.40 
228.81 
141.81 
276.23 

870.00 
418.47 
249.69 

12.42 
5.10 
4.61 
2.18 

11.29 
3.94 
2.23 
2.18 

13.54 
6.25 
6.99 

1nata obtained from one profile. 

Te.ble 78. The median and range in cation (calcium and magnesium) cbntent of the saturation extract 
of two soil profile samples taken from the Distichlis-Triglochin community sites of the dark brown soil 
zone. 

Depth 
in inches 

0-6 
6-12 

12-241 
24-36 

Median 

20.5 
30.71 
14.1 
26.6 

Calcium:Tm-:-e:li.} -Magnesium (m.e-.-/1.}- --------n-

Min. Max. Median Min. Max. 

20.3 
30.7 
11.2 
26.6 

20.7 

17.0 

546.7 
303.3 
152.1 
61.7 

148.0 
52.6 
52.6 
61.7 

945.3 
554.0 
251.5 

1nata obtained from one profile. 

j...J 
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Distichlis-Agropyron Community 

The Distichlis-Agropyron community is characteristic of areas 

of medium salt content in soil of all textures throughout the region 

studied. It is of frequent occurrence in the dark brown soil zone 

and is less common in the black than in the bro,m. Distichlis 

stricta and Agropyron dasystacleyum (the dominants) form a dense 

layered vegetative cover in which the taller Agropyron is surrounded 

by a dense sod of the shorter Distichlis. Distichlis and AgropYron 

initiate growth about the middle of May, and seed culms are produced 

about the last of June. Distichlis re-enters dormancy during the last 

of August, about a month before Agropyron. At the time of maturity 

Distichlis is from 6 to 12 in. tall, while Agrop:vron is about twice 

this height. 

A mean basal cover of approximately 14 percent was exhibited 

by the sampled sites of this community (Table 79). The basal cover 

ranged f'rom 10 to .30 percent. The greater basal cover occurred in 

soil of loam and coarser texture. 

This community represents a middle stage in plant succession 

around saline depressions. The soil solution of the Muhlenbergia 

and climax grassland communities is less concentrated. The 

Distichlis-AsroPl!On community is in a position with a zone dominated 

by Distichlis toward the center of the depression and a climax 

grassland community toward the periphery. In rare instances the 

vegetation of this community appears to be dependent upon the weather 

and responds to its changes. In most sites the vegetation is relatively 

stable. After a series of dry years the secondary species of rare 



- 147-

Table 79. Mean basal cover and composition of 13 sites of the 
Distichlis-Agropyron community of the dark brown soil zone in 1957. 

Species Percentage com:Eosition Presence 
Mean Range 

Distichlis stricta 4.3.1 15- 71 1.3 
Agropyron dasystachyum 30.3 10 - ;s 1.3 
Muhlenbergia richardsonis 4·.2 0 - 12 9 
Agropyron trachycaulum 2.9 0 - 33 2 
Boute1oua gracilis 2.8 0 - 24 4 
Puccine1lia airoides 2.8 0 - 19 4 
Carex spp. 2.6 0 - 15 4 
Hordeum jubatum 2.5 0 - 10 4 
Poa. canbyi 2.0 ·0- 20 3 
Calamagrostis montanensis 1.7 0- 11 4 
Koe1eria cristata 1.7 0 - 18 2 
Agropyron smi t~i 1.1 0 - 12 2 
Stipa. viridula 1.0 0 - 13 1 
Spartina peetinata 0.9 0- g 2 
Stipa comata 0.4 0 - 3 2 

Basal cover (percent) 14 • .3 10 - .30 
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occurrence disappear. It appears that a shift in this vegetation 

zone will occur only after changes in the edaphic factors. 

Oistichlis and !gropyron dasystachyum combined to make up a 

mean of a little_ more than 73 percent of the vegetative cover in 

the sampled sites (Table 79}. The range of this combination was 

from about 57 to 100 percent. Distichlis ranged from about 16 to 

71 percent, while Agropyron ranged from about 11 to 58 percent. In 

some sampled sites AgropYrOn made up a larger percentage of the 

vegetation than Distichlis, but Distichlis was always an important 

component and made up a larger portion of the vegetation in a. 

greater number of the sates. Distichlis was more abundant than 

Agropyron in soil with a concentrated soil solution. The principal 

subdominants were Mu.hlenbergia, Agropy!on, Bouteloua, puccinellia, 

Carex and Hordeum. Less than half of the grasses forming the 

vegetative cover are considered to be salt tolerant. 

A large number of secondary species occurred in this community 

(Table SO). Most of these species are of little or no salt tolerance, 

except Su.aeda, Plantago, Glaux, Halerpestes, Chenopodium, and 

Spergul.aria. Species of Potentilla, Spergularia, and Lepidium, 

occurred only in the brown soil zone, while Galium was observed only 

in the black soil zone. 

In the Distichlis-Agropyron community, during the 1957 and 1958 growing 

seasons, ll,soil profiles were sampled in three soil zones. A wide 

variety of horizons occur in these profiles. Although a large number of 

different horizons occur in these profiles, a brow horizon is most common. 

In some, a brown surface (Ahsa) horizon 3 to 6 in. in thickness and 

granular, is underlain by a yell0¥.T (elsa) laminated horizon to 36 in. In others, 



Table 80. The frequency of secondary species in the Distichlis-Agropyron community. De.ts_ 
obtained in 1957 from 330 0.1-sq.-m. quadrats in 13 sites and in 1959 from 200 0.125-sq.-m. quedrnts 
in five sites. 

Percentage fregpenc~ 
Species 1957 1959 Presence 

Mean Range Mean Range 1957 1959 

Aster ericoides 44 .• 4 0-95 53.0 0-90 10 4 
Solidago nemoralis 34.0 5-85 9.0 0-20 13 4 
Grindelia squarrosa 24.5 0-75 11.0 0-25 10 3 
Artemisia frigida 21.8 0-90 10.5 0-40 8 2 
Lactuca pu1chel1a 7.0 0-80 21.0 0-90 2 2 
Achillea 1anu1osa 20.6 0-57 19.0 0-85 10 3 
Iva axillaris 2.1 0-27 19.0 0-60 1 2 
Antennaria microphylla 18.6 0-70 4.0 0-15 10 3 
Suaeds. erecta 12.1.,. 0-95 0.5 0-2 7 1 
Plantago eriopoda 6.3 0-45 12.0 0-58 4 2 
Comendra pallida - - 10.5 0-52 - 1 
Sonchus uliginosus 1.2 0-15 9.0 0-40 1 2 
G1ycyrrhiza lepidota - - 9.0 0-45 - 1 
Gutierrezia diversifolia - - 8.0 0-40 - 1 
Galium boree~e - - 6.0 0-30 - 1 
Juncus ater - - 5.5 0-28 - 1 
Symphoricarpos occidentalis 3.0 0-30 4.5 0-22 3 1 
Glaux maritima 4.2 0-25 1.0 0-5 3 1 
Potentilla spp. 3.0 0-25 - - 3 
Astre.galus spp. - - 3.0 0-8 - .3 

l-' 
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Table 80. - Concluded 

Percenta~e freguencz 
Species 1957 1959 Presence 

Mean Ran~e Mean Ran~e 1957 1959 

Thermopsis rhombifolia 3.0 0-40 - - 1 
Halerpestes cymbalaria 3.0 0-30 - - 2 
Cirsium spp. 2.7 0-35 - - 1 
Chenopodium salinum - - 2.5 0-12 - l 
Argentina anserina - - 2.5 0-12 - 1 
Me1ilotus alba 2.1 0-17 - - 1 
Senec!o palustris 2.1 0-27 1.0 0-2 1 2 
Artemisia caudata 1.8 0-23 - - 1 
Chenopodium rubrum 1.4 0-10 0.5 0-3 3 1 
Crepis glauca 1.3 0-10 - - 3 - 1-1 
Spergularia salina 1.3 ,0-17 1 Vt - - - 0 
Suaeda depressa. 1.2 0-15 - - 1 
Sphaeralcea coccinea 0.6 0-8 - - 1 
Lepachys columnifera 0.4 0-5 0.5 0-2 1 1 
Persicaria coccinea - - 0.5 0-2 - 1 
Lepidium densif1orum - - 0.5 0-2 - 1 
Oligoneuron rigidum - - 0.5 0-2 - 1 
Sophia mu1tifida - - 0.5 0-2 - 1 
Rosa sp. 0.4 0-5 - - 1 
Atriplex hastata 0.3 0-3 - - 1 
Selaginella densa 0.3 0-3 - - 1 
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a brown horizon occurs to 12 or 24 in. and is underlain by a yellow 

horizon. On rare occasions a grey (C2) horizon replaces the yellow. 

In one profile the yellow and grey horizons mixed, forming a mottled 

horizon from 6 to 36 in. The profile from the black soil zone has 

a black horizon from the surface to 12 in., underlain by a yellow 

horizon to 36. The yellow horizons are prominent in soils coarser 

than clay. 

The moisture content did not vary appreciably between the dark 

brown and black soil zones, but the brown soil samples were drier 

(Table 81). Considerable variation with depth and between sites 

occurred in the brown and dark brovm soil zones. The greatest range 

was between samples taken in the dark brown soil zone. These 

differences in water content at any one depth between sites is 

closely related to the soil texture. The coarse-textures exhibit a 

lower water content than the clays. The pH did not vary appreciably 

between zones (Table 81). It varied with depth in the brown and 

dark brown soil zones, but was relatively constant with depth in the 

black. The maximum was in the subsoil samples. 

The data presented in Table 82 show that the total salt content 

varies between sites of the dark brown soil zone. , The maximum 

conductivity is in the subsoil of the brown e.nd dark brown soil 

zones and in the surface (0-6 in.) soil of the black. The conductivity 

is relatively high, but lower than in the soil of the Distichlis 

community. All profiles are salinized. In gene raJ., the sulfate 

and bicarbonate contents are high in all samples taken from the brown 

and dark brown soil sites (Table 82). The chloride content is generally 

lower in all samples. 



Table 81. The median and range in water content and pH of soil profile samples taken from the 
Distichlis-Agropyron community sites. (Data obtained from two brown, eight dark brown, and one black 
soil site.) 

Depth Texture Color range Percentage water uH 
in inches range Median Min. Max. Ivfedian lllfin. Max. 

Brown soil zone 

0-6 L - FCL Brown 13.3 6.4 20.1 8.1 7.9 8.3 
6-12 vc - vc Bro'Wtl 18.9 14.5 23.3 8.7 8.5 8.8 

12-24 vc - c Brown 18 • .3 16.3 20.2 8 • .3 8.0 8.6 
24-36 vc - c Brown 20.6 17.0 24.2 8.3 8.0 8.6 

Dark bro~m soil zone 

0-6 L -CL Grey to brown 23.9 7.3 .33.3 7.8 7.4 8.3 
6-12 VL- C Grey to brown 23.0 6.7 30.1 8.4 7.6 8.6 

12-24 FC - C Grey to brown 23.1 16.0 27.3 8.2 8.0 8.8 
24-36 vc - c Grey to brown 22.6 15.0 25.3 8.2 7.8 8.5 

~lack soil zone 

0-6 L Black 21.2 21.2 - 8.1 8.1 
6-12 FCL Black 20.6· 20.6 - 8.2 8.2 

12-24 F1CL Yellow 14.2 14.2 - 8.3 8.3 
24-36 CL Yellow 16.7 16.7 - 8.1 8.1 
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Table 82. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of soil profile samples taken from the 
Distichlis-AgropYron community sites. (Data obtained from two brown, eight dark brown, and one black 
soil site.) 

Depth Conductivity Qualitative anions 
in !mmhos.Lcm.} Bicarbonate SUlfate Chloride 
inches Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

Brown soil zone 

0-6 16.5 14.9 18.1 Hl H - H H H L L L 
6-12 22.1 20.7 2.3.4 ~ H - H H H M M M 

12-24 2.3.0 20.3 25.6 H1 H - H H H M M M 
24-.36 24.0 20 • .3 27.6 Ml M - H H H M M M 

Dark brown soil zo!!! 

0-6 11.0 2.9 28.7 H M H H M H L T M 
6-12 19.8 6.3 27.8 H M H H M H M T H 

12-24 18.5 1.3.7 25.1 H M H H H H M T H 
24-36 17 • .3 13.0 22.4 H T H H M H M T H 

Black soil zone 

0-6 19.6 19.6 - - ·- - H H - L L 
6-12 19.6 19.6 - - - - H H - L L 

12-24 17.4 17.4 - - - - H H - L L 
24-36 17 • .3 17 • .3 - - - - H H - L L 

1 Data obtained from one profile. 
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The contents of the cations L11 the saturation extract are 

outlined in Tables 83 'and 84. It is apparent that sodium and 

magnesiu..rn salts are present in much greater concentrations than 

calcium, 1.-1hile only minimal amounts of '.:otassium were measured. 

The concentration of sodium is highest in the brown soil zone, v.rhere 

the concentration of magnesium is low. The concentrations of calcium 

and potassium are essentially constant between zones. Sodium and 

magnesium are present in maximum amounts in the subsoil of the brown 

and dark brown soil zones and in the surface (0-12 in.) soil of the 

black soil zone. In co!>: trast, calcium and potassium aT·e essentially 

constant '\Ji th de~Jth. 

The soluble sodium percentage varies ap·)reciably Hith uepth 

in the brot.Jn soil zone, but is relatively constant vJi th de:Jth in the 

dark bro1t1n and black (Tatle 83). It is much higher in the bro-vJn soil 

zone than in the dark bro-vJn or black. Little variation occurs 

bet\veen sites of the same soil zone. Fewer species were observed L11 

the brm·Jn soil sites, 1vhere the soluble sodium percentage exceeded 

70 percent. 

rrhe Distichlis-.Agro·:Jyron community occu::-·s throughout the area 

studied in a slightly higher to-~Jograp.hic position than the previously 

discussed co:m~':unities. Here species are associated \·Jith the 

dominants (Distichlis stricta and Agropyrop. gasystachywn) than 'Hi th 

the dominant of the Distichlis com::nunity. The soil is a solonetz, 

and the total salt content is loHer tr..an in the ~)revious comrnuni ties. 

The pri and l·later content are similar to the soil of the Distichlis 

community. 



Table 83. The median and range in soluble sodium percentage and cation (sodium and potassium) 
content of the saturation extract of soil profile samples taken from the Distichlis-Agropyron community 
sites. (Data obtained from two brown, eight dark bro¥m, and one black soil site). 

Depth Soluble sodium percentage Sodium (m.e-:Ti~J Potassium (m.e./1.) 
in 
inches Medjep Min. Ma:x;. Median Min, Max, Median . Min, Max. 

j2rown soil zone 

0-6 73.3 73.2 73.4 166.31 154.35 17S.26 1.50 0.82 2.17 
6-12 73.0 72.5 73.4 241.53 193.4S 289.57 0.91 0.54 1.28 

12-24 56.9 53.1 60.6 260.87 238.26 283.48 0.72 0.72 0.72 
24-36 54.1 49.1 59.1 260.87 217.39 304.35 0.63 0.46 0.79 

Dark bro~m soil zone 

0-6 39.1 5.8 55.8 87.22 3.05 274.05 1.56 0.97 9.60 
6-12 39.0 28.3 64.8 168.78 27.84 316.68 1.44 0.74 10.88 

12-24 40.8 20.3 59.3 160.95 92.22 254.04 0.95 0.67 6.73 
24-36 42.4 23.5 ElJ.4 145.08 77.00 205.82 1.04 0.26 5.04 

~lack soil zone 

0-6 30.7 30.7 - 141.74 141.74 - 2.17 2.17 
6-12 24 • .3 24.3 - 117.39 117.39 - 1.33 1.33 

12-24 31.4 31.4 - 126.09 126.09 - 0.64 0.64 
24-36 32.1 32.1 - 126.09 126.09 - 0.79 0.79 
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Table 84. The.median and range in cation (calcium and magnesium) content of the saturation extract 
of soil profile samples "t1aken from t~ Distichlis-Agropyron community sites. (Data obtained from two 
brown, eight dark brown, and one black soil site). 

Depth --caic1u.m--{m.e-.fl-.}---~ ------ ---- ~- ------~- -Magnesium {m.e.7i) 
in inches Median . rm. Max. Median ru-n. Max. 

Bro't·m soil zone 

0-6 18.5 18.0 19.0 4Q.7 37.0 44.4 
6-12 16.9 14.0 19.8 74.0 49.3 98.7 

12-24 13.9 14.2 1.3.5 190.0 1.39.8 240~1 
24-36 9.5 9.8 9.2 274.7 139.8 409.5 

Dark brown soil zone 

0-6 24.0 18.4 30.2 69.5 1$.9 302.5 
6-12 23.3 17.8 26.9 148.8 26.3 350.2 

12-24 20.2 17.8 24.3 214.6 82.2 Ltl-7.6 
24-36 18.9 11.8 22.4 227.7 64.4 335.4 

~lack soil zone 

0-6 16.5 16.5 - 301.0 301.0 
6-12 15.0 15.0 - 348.7 348.7 

12-24 12.3 12.3 - 263.2 263.2 
24-36 16.2 16.2 - 250.0 25.0 

t-J 
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Other Halophytic Plant Comnru.ni ties 

Three halophytic plant comnru.ni ties of rare occurrence were 

sampled in the dark brown soil zone. In each co~~ity only one 

site was exa~ned. They are considered to be unstable communities. 

In most of these coamunities the dominant species during periods of 

dry weather are those dominating the community occurring toward the 

periphery of the depression. If the weather is moist the dominant of 

the community occurring toward the depression center ~~11 control. 

An example is the Puccinellia-Salicornia community. The presence of 

Salicornia depends on the occurrence of a shallow water table and 

thus it disappears after a series of dry years to leave a community 

dominated by Puccinellia. 

Triglochin-Salicornia Communitz 

The Triglochin-Salicornia type was studied in a dry saline 

depression at a low elevation. It occurred in a position with a 

stand of Salicornia toward the depression center and one of Distichlis 

toward the outside. The few secondary species present were common 

to the Salieornia community. 

The physical and chemical factors of the soil from this 

community were similar to those of the soil from the Salicornia 

community sites (Appendix II). The magnitude of some of the factors 

was similar, but the magnesium content was lower, and the conductivity 

of the saturation extract, and quantities of sodium, potassium, snd 

calcium, as well as the sol~ble sodium percentage were higher. 
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Puccinellia-Salicornia Community 

The site studied occurred in a topographic position similar to 

the above described community. It occurred in a position with a 

community of Salicornia toward the depression center and one of 

Puccinellia toward the outside. No secondary species were observed. 

The magnitude of the edaphic factors of the Puccinellia.

Salicornia community showed similarity to the soil from both the 

Puccinellia and Salicornia communities of the dark brown soil zone. 

There appeared to be more similarity between the Puccinellia

Salicornia and the Puccinellia soil samples (Appendix II). fhe 

contents of soil moisture and chloride were lower, while the 

conductivity of the saturation extract and the quantities of the 

four cations were higher. 

Horde~Salicornia Community 

The site studied was in a topographic position similar to 

that of the previously described Triglochin-Salicomia community. 

The Hordeum-Salicornia community was in a position with a stand of 

Salicornia occurring toward the depression center and one of Hordeum 

toward the periphery. A limited number of secondary species common 

to the Salicornia community occurred. 

The physical and chemical factors of the soil from this 

com..muni ty were more nearly like those of the Hordeum soil of the dark 

brown soil. zone than any of the others (Appendix II). The pH and 

quantities of bicarbonate, chloride, and sodium were lower, but the 

conductivity of the saturation extract, sulfate content, and the 

soluble sodium percentage were about the same. The magnitude of the 

other factors were greater than in the soil of the Hordeum community. 
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In the above profiles the general appearance and structure 

of the horizons were similar to those of the Hordeum and Salicornia 

communities. They reflected the presence of excessive quantities of 

soil moisture by their massive structures. 
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SEMI-HALOPHYTIC PL.ANT COMMUNITIES 

The zones of the semi-halophytic plant communi ties occur 

as the grassland climax is approached. The vegetation consists of a 

mixture of salt-tolerant and climax species. It appears that the 

vegetation is altered only slightly by weather fluctuations, and 

that it will develop into climax vegetation when sufficient changes 

in the edaphic factors have taken place. The maximum salt content 

occurs below 12 in. in the soil of these communities. This allows 

the species o:f little or no sal. t tolerance to root above the zone of 

maximum salt content. 

The color of the vegetation in the communities of this group 

varies throughout the year. The grasses appear yellow-brown during 

periods of dormancy and green during optimum growth. The shrub, 

Sarcobatus vermiculatus, ranges in color from grey during dormancy 

to light green during the growing season. Species of Antennar1a, 

Plantaso, Campanula, Glaux, and Phlox modify the vernal aspect. 

During the estival aspect species of Elaeagnus, Artemisia, 

Symphoricarpos, and Argentina flower. The late estival and autumnal 

aspects are modified by the flowers of species of Achillea, Solidago, 

Aster, Grindelia, Senecio, Lactuca, Sonchus, Glycy;rhiza, Helianthus, 

Cirsium, and Gutierrezia. The red-leaved species of suaeda add color 

in the latter part of the growing season. 

The height and vegetative cover of the dominants in this group 

of communities are affected by the total salt and water content of the 

soil. The greater height and denser cover occur when the total salt 

content is low and the water content is relatively high. l~en the 

growing season is dry and hot, the plants enter dormancy early without 

producing seed. 
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As a solonchak soil matures the soluble magnesium, calcium, 

and potassium salts leach out of the surface horizon and sodium 

dominates the exchange complex forming a solonetz soil. This 

structure occurred in all communi ties of this group. 

The sites of these communities do not receive additional 

moisture or salt by either runoff or by capillary action. A salt 

encrustation was never present on the soil surface. In all soil 

samples, the major cations of the saturation extract were sodium and 

magnesium. Calcium was low because of the insolubility of its 

compounds in the soil. Potassium occurs in smaller quanti ties than 

the other cations in most of the soil of Saskatchewan. The minimum 

and maximum contents of each cation (presented in tables in each 

community of this group) show the range in concentration of each that 

is to be expected in solonetz soil supporting semi-halophytic vegetation. 

Mnblenbergia Community 

The Muhlenbergia community is characteristic of moderately 

saline CQarse-textured soil in a higher topographic position than 

the previous group of communities. Its distribution is limited to 

the northern two-thirds of the area studied. The occurrence of the 

Muhlenbergia community is more common in the dark brown than black 

soil zone. Muhlenbergia richard.sonis (the dominant) forms a clump 

type of vegetative cover. These clumps are from 4 to 48 in. in 

diameter. During the early spring the vegetation of this community 

appears yellow-brown in color. With the onset of warm weather, during 

the middle o£ May, Muhlenbergia breaks dormancy and by the second 

week of June this community has changed in color to light green. In 
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July the clumps of Muhlenbergia are 3 to 5 in. tall, including seed 

culm.s. Du.ring the first part of August the plants are from 5 to 8 

in. tall and the seed matures. MUhlenbergia re-enters dormancy 

during late August. 

The basal cover of the vegetation in the sampled site of this 

community was over 11 percent (Table 85). The cover of four other 

sites was estimated to be similar, while in a sixth it was estimated 

to be about 30 percent. The higher basal cover occurred in soil of 

eoarse texture. 

This community represents a late stage in plant succession around 

saline depressions in soils of coarse texture. Usually the total 

salt eontent of the soil in the Agropyron-Muhlenbergia and the climax 

grassland communities is lower. The Mu.hlenbergia zone usually occurs 

in a position with a stand of either Distichlis or .a mixture of 

Muhlenbergia and Distiehlis toward the center of the depression 

and a mixture of either Agropzron and Muhlenbergia or a climax 

grassland community towari the periphery. The nature of the zones 

occurring on either side of this community is dependent upon the 

concentration of the soil solution. If a rise in topography occurs 

the habitat is dry, and cornering results in the loss of the 

Muhlenbergia and Distichlis mixture toward the center of the depression 

and the Agropyron-Muhlenbergia zone toward the periphery. In this 

instance the Muhlenbergia community dominates from the Distiehlis 

zone to the elimax gra.ssl.and eo:rmnu.ni ty. Rarely are both the Mnhlenbergia

Distichlis and Agropyron-Muhlenbergia zones lost by cornering in the 

same site. The vegetation of the Muhlenbergia community appears to 
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Table 85. Mean basal cover and composition of one site of the 
Muhlenbergia community of the dark brown soil zone in 1957. 

Species 

Muhlenberi.ia richardsonis 
Distichlis stricta 
Poa canbyi 
Agropyron dasystachyum 

Basal cover (percent) 

Percentage composition 

73 
9 
9 
9 

12 
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be relatively stable, and the composition is not altered appreciably 

by changes in the weather. A shift in this vegetation zone will occur 

only after changes in the edaphic factors. Presumably a long time 

is required for such changes. 

In the one site ~ampled, Muhlenbergia. made up about 74 percent 

of the vegetation (Table 85). The principe~ subdominants were 

Distichlis stricta, Boa canbyi, and Agropyron dasystachyum. A large 

number of secondary species occurred in this co~ity (Table 86). 

Three species (Aster ericoides, Achillea lanulosa, end .Antennaria 

microphylla) occurred at a constance of 100 percent. The only 

secondary species considered to be tolerant of salt are Glaux, Iva, 

CreF.iS , and Grindelia. 

Five soil profiles were sampled in the Muhlenbergia community 

sitesof the dark bro~m and black soil zones, during the 1957 and 1958 

growing seasons. In general, there are few morphological differences 

in the horizons of these soil profiles. The surface (Ah) horizon 

is either dark bro~n or black, depending on the soil zone, and is of 

a columnar structure. The 6 to 36 in. (C) horizon is either brown 

or light brown and of a laminated structure. Exceptions to this occur 

in a profile of coarse texture. The 6 to 24 in. horizon is yellow 

and structureless. In another profile a grey horizon of medium 

texture occurs from 6 to 36 in. 

The moisture content of the soil varied between zones, and the 

range was wide between sites of the dark brown soil zone (Table 87}. 

The difference in moisture content at any one depth between sites 

is closely related to the soil texture. The coarse-textured soils 

exhibit a lower water content than clay. In general, the pH values 
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Table 86. 'l'he frequency of secondary species in the Mu.hlenbergia 
community. Data obtained in 1959 from 160 0.125-sq.-m. quadrats in 
six sites. 

Species 

Aster ericoides 
Achillea lanulosa 
Plantago eriopoda 
Iva axillaris 
Antennaria microphylla 
Juncus e .. ter 
Crep i:s glauca 
Lactuca pulchella 
Solidago nemoralis 
Argentina anserina 
01igoneuron rigidum 
Campanula intercedens 
Astragalus spp. 
Symphoricarpos occidentalis 
Artemisia frigida 
Cirsium spp. 
Glaux maritima 
Vicia trifida 
Sonchus uliginosus 
Melilotus alba 
Artemisia caudata 
Halerpestes cymbelaria 
Lepidium densiflorum 
Grindelia squarrosa 
Comandra pallida 
Chenopodium rubrum 
Lepti1on spp. 

Percentage frequency 
Mean Range 

52.9 
50.0 
25.0 
22.5 
20.4 
16.7 
16.7 
15.8 
13.3 
12.1 
9.2 
8.8 
6.3 
6.3 
4.6 
3.8 
3.3 
2.9 
2.5 
1.7 
1.7 
1.7 
0.8 
o.s 
0.4 
0.4 
0.4 

2- 85 
15 - 90 

0 - 78 
0- 73 
2 - 40 
0 - 90 
0 - 100 
0 - 88 
0- 30 
0 - 25 
0 - 45 
0 - 22 
0 - 32 
0 - 38 
0 - 15 
0- 18 
0 - 18 
0 - 15 
0- 8 
0 - 5 
0 - 10 
0 - 10 
0- 2 
0- 2 
0 - 2 
0 - 2 
0 - 2 

Presence 

6 
6 
5 
4 
6 
2 
1 
3 
5 
5 
2 
3 
2 
1 
4 
2 
2 
2 
2 
2 
1 
1 
2 
2 
1 
1 
1 



Table 87. 'rhe median and range in water content and pH of soil profile samples taken from the 
Muhlenbergia community sites. (Data obtained from four dark brown and one black soil site.) 

Depth Texture C.olor range Percentage water pH 
in inches range Me_dian Min. P.iax. Median Min. Max. 

Dark brown soil zone 

0-6 :FL- 1 Brown 25.5 21.8 48.9 8.1 7.9 8.5 
6-12 FL - SiC Yellow to brown 23.8 19.1 30.1 8.1 s.o 8.4 

12-241 FL- C Yellow to lt. brown 19.3 14.0 29.5 8.1: 8.0 8.4 
24-36 VL- FC Grey to 1 t. brown 23.4 18.0 26.2 8.2 s.o 8.4 

Black soil zone 

0-6 L Black 11.9 11.9 - 7.4 7.4 
6-12 FL Brown 14.6 14.6 - 8.1 8.1 

12-24 FL Lt. brown 11.7 11.7 - 8.0 s.o 

1nata obtained from three profiles. 

I 
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were relatively uniform with depth within the dark brown soil zone, 

but increased with depth in the black (Table 87). A ~dde range is 

shown between the sites of the dark brown zone. 

The conductivity of the saturation extract shows variation both 

with depth l~thin any one soil zone and between the soil zones 

(Table 88). A wide range in total salt content occurs between the 

individual sites of the dark brown soil zone. The total salt content 

of the soil samples from the dark brown soil zone is~,lower than in 

those from the black. All profiles are salinized. The bicarbonate 

and sulfate contents are high in ell soil samples, while the chloride 

content is lower (Table SS). 

The contents of the cationsin the saturation extract are 

outlined in Tables 89 and 90. Sodium and magnesium salts are present 

in greater concentrations than calcium, while only small amounts of 

potassium salts were measured. The concentration of some cations 

(sodium and magnesium) differ appreciably between soil zones, while 

the others (potassium and ca~cium) are relatively constant. In 

general, the maximum magnesium content is in the subsoil ( 6-24 in.) 

samples of the dark brown soil zone, while the other cations are 

essentially constant with depth. In the black soil samples sodium 

and magnesium contents vary with depth. 

The percentage of the active and toxic cation, sodium, was 

calculated and is presented in Table 8"-). Little variation occurs 

\dth depth in the dark brown soil zone, but there is a w-ide range in 

the black. The maximum is in the subsoil. A wide range occurs between 

the sites of the dark brown soil zone. The maximum exceeds 50 percent 

in one profile from the dark brown soil zone, and 75 percent in the 

profile from the black. 



Table 88. The median and range in conductivity and qualitative estimate of anion (bice.rbonate, 
sulfate, and chloride) content of the saturation extract of soil profile samples taken from the 
Muhlenbergia community sites. (Data obtained from four dark brown and one black soil site.) 

Depth ConductiVity Qualitative anions 
in (mmhos.L em.} Bicarbonate Sulfate Chloride 
inches Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

Dark brown soil zone 

o-6 9.8 6.5 21.8 H H H H H H T 0 L 
6-12 12.8 n.o 14.9 H H H H H H L 0 M 

12-24 11.7 10.6 12.8 H H H H M H L T L 
24-361 13.1 10.5 14.0 H H H H M H L 0 L 

Black soil zone 

0-6 9.6 9.6 - H H - H H - M M 
6-12 17.0 17.0 - H H - H H - M M 

12-24 13.6 13.6 - H H - H H - M M 

luata obtained from three profiles. 

t-J 
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Ta,ble S9. The media..r: and range in soluble sodium percentage and cation (sodium and potassium) 
content of the saturation extract of soil profile samples taken from the Muhlenbergia community sites. 
(Data obtained from four dark bro-vm and one bla.ck soil site.) 

Depth Soluble sodium percentage Sodium {m.~e./f~Tu~-- -- Pota.ssium (m.e./1.] 
in inches 14:edian Min. ?Jiax. Median Iv!in. _ Mnx. Median Min. l\fux. 

Dark brown soil zone 

0-6 26.1 4.5 41.5 64.13 53.51 86.74 3.27 1.49 6.43 
6-12 27.2 10.8 51.1 75.54 70.65 119.41 1./+9 0.89 10.27 

12-24 21.3 14.5 38.6 57.50 37.61 100.92 1.00 0.49 7.17 
24-361 26.4 5.5 41.4 60.87 29.35 131.37 2.17 0.59 5.22 

Black soil zone 

0-6 40.6 40.6 - 69.13 69.13 - 0.90 0.90 
6-12 79.5 79.5 - 160.S7 160.$7 - 0.61 0.61 

12-24 36.7 36.7 - 102.61 102.61 - 0.64 0.64 

--
1nata obtained from three profiles. 

I 
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Table 90. The median and renge in ca.tion (calcium and magnesium) content of the saturation extract 
of soil profile samples taken from the Muhlenbergia community sites. (Data obtained from four dark brown 
and one black soil site.) 

Depth ce.lcium (m~-e~?i-:.) · ~- -------~ Magnesinm (m.e./1.-} 
in inches Median Min. Max. Median Min. 

0-6 
6-12 

12-24 
24-361 

0-6 
6-12 

12-24 

19.0 
13.2 
17.2 
13.3 

23.7 
16.2 
15.0 

15.4 
11.3 
10.2 
12.8 

23.7 
16.2 
15.0 

1nata obtained from three profiles. 

Dark brown soil zone 

23.3 
14 • .3 
19.5 
22.0 

Black soil zone 

171.1 
247.5 
194.9 
167.7 

75.7 
24.7 

161.2 

51.0 
91.2 

143.0 
156.3 

75.7 
24.7 

161.2 

Max. 

1810.9 
440.0 
319.9 
481.9 

1-' 

"8 
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The MUhlenbergia community occurs in coarse-textured soil of 

the dark brown and black soil zones. A large number of species are 

associated with the dominant (Muhlenbergia richardsonis). The soil is 

a solonetz, and the total salt content is lower than in the previously 

discussed group of communities. The soil reaction and water content 

are relatively high and vary both between the individual sites and 

soil zones. 

Muhlenbergia-Distichlis Community 

The Mtthlenbergia-Distichlis community occurs in soils of loam 

and coarser texture in a slightly lower topographic position than 

Mu.hlenbergia occupies. It is of the same distrib.ution, but was 

sampled only in the dark brown soil zone. Muhlenbergia richardsonis 

snd Distichlis stricta (the dominants) form a eover in which the clumps 

of Muhlenbergia are surrounded by a dense turf of Distichlis. 

MUhlenbergia and Distiehlis initiate growth during the niiddle of May. 

Both commence seeding during July and re-enter dormancy in late 

August or early September. Muhlenbergia is from 5 to S in. tall at 

maturity, while Distichlis is slightly taller. 

The mean basal cover of the sampled sites in this community 

was approximately 13 percent (Table 91). The basal cover ranged from 

about 9 to 18 percent. The higher basal cover was in soil of a 

coarse texture. 

This community represents a transitional stage in plant 

succession and occurs at a slightly lower elevation than the 

Muhlenberila. zone. The Muhlenbergia-Distichlis community is in a 

position with a stand of Distichlis toward the center of the depression 
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Table 91. Mean basal cover and composition of five sites of 
the Muhlenbergia-Distichlis community of the dark brown soil zone 
in 1957. 

Species Percentage COffi;EOSition Presence 
Mean Range 

Muhlenbergia richardsonis 40.5 .31 - 51 5 
Distichlis stricta .35.6 27 - 46 5 
Agropyron dasystachyum 12.5 3 - 20 5 
Puccinellia airoides 1.6 0- 8 l 
Koeleria cristata 1.4 0- 4 2 
Poa canbyi 1.4 0- 7 1 
Carex spp. 1.4 0- 7 1 
Calamagrostis montanensis 1.2 0- 4 2 
Boute1oua gracilis 1.1 0 - .3 2 
Hordeum jubatum 1.0 0 ~ .3 2 
Agropyron trachycaulum 0.9 0 - .3 2 
Stipa viridula 0.5 0 - .3 1 
Spartina pecti~ata 0.5 0 - 3 1 
Stipa spartea var. curtis eta 0.4 0 - 2 1 

Basal cover (percent) 13.2 9 - 18 
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and one of Muhlenbergia toward the outside. The Mublenbergia

Distichlis zone appears to be unstable and dependent upon the 

weather. A change in the weather is reflected by a shift of the 

vegetation zones. If the weather is dry this zone is replaced by 

the Muhlenbergia community. During a wetter than average period 

Distichlis dominates. 

Muhlenbergia and Distichlis combined to make up 76 percent of 

the vegetative cover (Table 91). The range for this combination was 

from about 76 to 86 percent. Muhlenbergia ranged from about 31 to 

51 percent, while Distichlis ranged from 27 to 46 percent. The 

principal subdominant was Agropyron dasystachyum. In some sites 

Distichlis made up a larger percentage of the vegetation than did 

Mu.hlenbergia, but Muhlenberg?.a was always important and made up a 

larger percentage of the composition in a greater number of the sites. 

Less than half of the species in Table 91 are salt tolerant. 

Approximately the same number of secondary species occurred 

in the sample data from this zone as in the Mu:h~enbergia zone 

(Table 92). Species of Achillea, Suaeda, and Solidago were most 

constant, but occurred at a low rate of frequency. The secondary 

species show that this community is at a late stage in plant succession, 

since less than half are tolerant of salt. 

Three profiles were sampled in the Muhlenbergia-Distichlis 

community of the dark brown soil zone during the 1957 growing season. 

The horizons of these profiles are quite similar. The surface 1 to 

2 in. (Ah) horizon is dark brown in color, while the 2 to 24 in. 

(Bca.) horizon is brown and of a laminated structure. The 24 to 36 in. 

(C) horizon is either brown, yello-vJ, or grey and is of a massive structure. 
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Table 92. ~he frequency of secondary species in the Muhlenbergia
Distichlis community. Data obtained in 1957 from 155 0.1-sq.-m. 
quadrats in five sites. 

Species Percentage freauencl Presence 
Mean Range 

Aster ericoides 36.4 0 - 88 3 
Achillea lanulosa 28.8 8- 73 5 
Antennaria microphylla 27.3 p - 64 4 
Sua.eda erecta 20.9 7 - 43 5 
Solidago nemoralis 20.3 8 - 30 5 
Artemisia. frigida 15.0 0- 53 3 
Astragalus spp. 10.7 0 - 27 3 
Iva axillaris 9.3 0 - 42 2 
Grindelia squarro sa 8.6 0 - 23 4 
Senecio palustris 8.0 0 - 33 2 
Plantago eriopoda 7.9 0 - 28 2 
Glycyrrhiza lepidota 5 • .3 0- 27 1 
Glaux maritima 4.8 0 - 17 2 
Helianthus petiolaris 4.8 0- 24 1 
Sua.eda depressa 4.7 0-.23 l 
Galium. boreale 4.7 0 - 23 1 
Chenopodium rubrum 4.0 0 - 20 1 
Artemisia caudata 4.0 0 - 20 1 
Elaeagnus commutata 3.3 0 - 17 1 
Symphoricarpos occidentalis 2.0 0- 7 2 
Argentina anserine. 1.3 0 - 3 2 
Crep"i's glauca 1.3 0- 7 l 
Salicornia rubra 0.7 0 - 3 1 
Halerpestes cymbalaria. 0.7 0 - 3 1 
Acerates viridiflora 0.7 0 - 3 1 
Oligoneuron rigidum 0.7 0 - 3 1 
Lepti1on spp. 0.7 0- 3 1 
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In one profile the grey horizon extends from 6 to 36 in. The moisture 

content did not vary appreciably with depth, but a wide range existed 

between the individual sites (Table 93). In general, the water content 

of the soil sa~ples was lower than in the previously discussed 

Muhlenbergia community sites of the dark bro~~ soil zone. Table 93 

shows that the pH values increase with depth to the maximum in the 

subsoil (12-24 L~.) samples. A wide range exists between the 

individual sites. The pH values are higher than in the soil of the 

Muhlenbergia community of the dark brown soil zone. 

The data presented in Table 94 show that the total salt content 

of the soil samples varies with depth. The maximum conductivity is 

in the subsoil (12-36 in.) samples, and is relatively low at all 

depths. A wide range in total salt content occurred between the 

individual sites. It \'las lower than in the soil of the previously 

discussed Muhlenbergia community. The sulfate, chloride, and 

bicarbonate contents vary appreciably between individual sites 

(Table 94). In general, their contents increase with depth, but are 

lower than in the soil of the Muhlenbergia community sites. 

The contents of the cations in the saturation extract are 

presented in Tables 95 and 96. It is apparent that sodium, magnesium, 

and calcium are present in larger concentrations than potassium in 

the surface ( 0-6 in.) soil, while sodium and magnesium are of high 

concentration below 6 in. Sodium and magnesium are present in 

maximum amounts in the subsoil (12-36 in.), while potassium and 

calcium are essentially constant with depth. 

In general, the soluble sodium percentage increases rapidly 

to a depth of 24 in. (Table 95). A wide range exists between sites. 



Table 93. The median and range in water content and pH of three soil profile samples taken from 
the I~hlenbergia-Distichlis community sites of the dark br~wn soil zone. 

Depth 
in inches 

0-6 
6-12 

12-24 
24-36 

Texture Color range Percentage water pH 
range ~~--~-~ _l"{e_dian Min. _ Max!~ Median _Min. ____ fJiax. 

LFIS - L Brown 
VFSL - C Grey to brown 
VFSL - SiC Grey to brown 
VFSL - SiC Yellow to brown 

11.5 
12.4 
13.9 
16.1 

5.3 
3.6 

12.2 
11.5 

15.2 
19.9 
22.4 
22.3 

7.7 
8.3 
8.4 
8.01 

7.6 
8.0 
7.8 
7.8 

7.8 
8.6 
8.7 
8.2 

lnata obtained from two profiles. 

Table 94. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of three soil profile samples taken from the 
Muhlenbergia-Distichlis community sites of the dark brown soil zone. 

Depth Conductivity Qualitative anions 
in {mmhos.Lcm.} Bicarbonate Sulfate Chloride 
inches Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

0-6 2.0 1.5 8.4 L 0 H T T M L T M 
~12 4.5 1.9 12.1 L L H M T M M T H 

12-24 9.6 6.9 12.1 H M H H H H H H H 
24-36 9.3 6.6 17.9 H H H H M H H M H 

t-' 

at 



Table 95. The median end range in soluble sodium percentage and cation (sodium and potassium) 
content of the saturation extract of three soil profile samples taken from the Muhlenbergia-Distichlis 
community sites of the dark brown soil zone. 

Depth Soluble sodium Eercentage --··s6.2H.um-Im~e~/t.} - ---~~~·· -- · Pofass-ium· (m.e~lb} 
in inches J4edian Min. Max. Median Min. Max. !"ledian Min. f'.ia.x. 

0-6 22.2 21.5 40.3 6.09 4.96 55.68 1.28 1.51 1.97 
6-12 46 •. 8 32.7 75.4 38.28 10.44 73.95 0.84 0.54 1.10 

12-24 55.0 23.7 88.4 78.30 52.64 103.97 0.79 0.31 2.12 
24-36 49.8 22.5 77.1 58.73 50.90 147.03 0.'79 0.44 2.56 

Table 96. The median and range in cation (calcium and magnesium) content of the saturation extract 
of three soil profile samples t.aken from the Muhlenbergia-Distichlis community sites of the dark bro\vn 
soil zone. 

Depth 
in inches 

0-6 
6-12 

12-24 
24-36 

Median 

12.8 
5.4 
7.1 

16.2 

calcium-1m:e.z1-.)-- ~--~-·----- ---··Ma@esfum Iiii:-e-./1.) 
Min Max. Median Min. 

7.5 
2.3 
2.9 
3.6 

29.3 
20.0 
19.4 
18.2 

30.1 
9.9 

75.6 
98.6 

8.4 
6.2 
6.6 

1,3.2 

Max. 

51.8 
131.5 
149.6 
158.7 

J-1 

:j 
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The subsoil of one profile exceeds 75 percent in all samples. The 

vegetative cover was sparse in this site. In general, the soluble 

sodium percentage was higher than in the soil of the previously 

described Muhlenbergia community. 

The ~mililenbergia-Distichlis community occurs throughout the 

dark brown and black soil zones of southern S.askatchewan. A large 

number of species are associated with the dominants (Mub~enbergia 

richardsonis and Distichlis stricta}. The total salt content of 

this solonetz soil is lower than in the previously described 

co~~unities. The soil reaction is alkaline. The soil moisture 

content is lower than in the soil of the ?mhlenbergia community 

sites. 

Agropyron Community 

The Agropyron community characterizes areas of low salt 

accumulation in the brown soil zone, south of the South saskatchewan 

River. In this region it is located primarily on broad alluvial 

flood plains in soil of fine texture. Agrowron smithii, a rhizomatic 

grass, forms a closed mat cover in which other species are rare 

(Fig. 14). Agropyron, a cool season perennial grass, commences 

growth during the first half of April. By the middle of July it is 

flowering and is from 2 to 20 in. tall, including seed culms. The 

seed matures from late July to September, depending on the concentration 

of the soil solution. The foliage remains green (or partially so) 

until late September or early October. At this time the plants re

enter dormancy. The vegetation of the community sites was not sampled 

because of the similarity of the herbaceous cover with that of the 

Agropyron-Sarcobatus co~~ity. 
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Fig . 14. A relatively pure stand of Agropyron smithii 
on a broad flood plain, 15 miles north\-Jest of Iv.laple Creek 
on June 5, 1958. 
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A late stage of the ha~osere in clay soil of the brown soil 

zone is represented by this community. The soil of the climax 

grassland communi ties is of lower total salt content. The Agropyron 

community occurs in a position with communities dominated by a 

mixture of either Distichlis and Sarcobatus or Agropyron and Sarcobatus 

toward the center of the depression and a climax grassland community 

toward the outside. The nature of the community toward the depression 

center is dependent upon the concentration of the soil solution. If 

a sharp rise in topography occurs the habitat is dry, and cornering 

results in the loss of the Agropyron-sarcobatus community. In this 

instance the Distichlis~sarcobatus community occurs to the edge of 

the Agropyron zone. 

The vegetation of the Agropyron co:mnnll':lity is relatiyely stable 

and its composition does not react to fluctuating weather. A change 

in edaphic factors is required before a change in the composition of 

the vegetation will occur. vfuen sufficient changes in edaphic factors 

occur all vegetation zones shift toward the center of the depression, 

so that the area formerly occupied by Agropyron is dominated by a 

climax grassland community. 

Clarke et al. (1943), in their brief description of this --
co~~ty, describe Agropyron smithii as the sole dominant with Koeleria 

cristata and Poa secunda being less coiiL"nOn. Subdominant grasses 

observed in 1958 were species of Distichlis, Hordeum, and 

MUhlenbergia. The secondary plants are Gutierrezia diversifolia and 

Phlox hoodii (Clarke et &· 1943). In addition, salt tolerant species 

of Lepidium, Chenopodium, Grindelia, and Rumex were observed. 
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During the 1958 growing season three soil profiles were sampled 

in the Agropyron community sites of the brown soil zone. No 

morpbplogical difference in the general appearance of the horizons 

of these profiles occurred. A brown (Ah) horizon of granular 

structure is present in the surface 2 in., and a light brown (Bca) 

horizon of the same structure occurs to 14 in. The remainder 

of the profile to 36 in. is a C horizon with a laminated structure. 

The moisture content varied appreciably with depth and between 

sites (Table 97). The ma..timum was in the subsoil samples. The pH 

values are relatively uniform vdth depth (Table 97). The soil reaction 

of the surface (0-6 in.) samples is 0.2 to 0.5 pH units lower than in 

the subsoil. A wide range in pH exists between the individual sites. 

In general, the conductivity of the saturation extract shows a 

1dde range (Table 98). The data show that the total salt content of 

the various sites increases with depth to the maximum in the subsoil 

(12-24 in.) samples, and that a wide range exists between sites. The 

conductivity is relatively low in the surface (0-6 in.), but the 

subsoil is salinized. The total salt content is higher than in the 

soil of the previously described !~hlenbergia community sites. The 

sulfate content is high in all soil samples (Table 98). Indications 

are that the chloride and bicarbonate 'contents are low, with one 

profile containing no detectable quantities of either. 

The cation contents in the saturation extract are presented in 

Tables 99 and 100. It is evident that sodium and magnesium salts are 

present in much greater concentrations than calcium, while only 

minimal amounts of potassium were measured. Sodium and magnesium are 

present in maximum amounts in the subsoil samples,. while the cclcium 



Table 97. The median and range in water content and pH of three soil profile samples taken 
from the Agropyron community sites of the brown soil zone. 

Depth Texture Color range Percentage water EH 
in inches range Median Min. Max. Median Min. Max. 

0-6 CL - c Lt. brown to brown 16.6 15.1 25.0 7.4 7.3 7.7 
6-12 c - HvC Lt. brown to brown 36.0 15.5 37.0 7.8 7.6 7.9 

12-24 HvC - HvC Lt. brown to brown 20.0 17.3 38.4 s.o 7.6 8.2 
24-36 HvC - HvC Lt. brown to brown 25.6 20.1 31.0 7.9 7.6 8.2 

Table 98. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of three soil profile samples tallen from the 
A~ropyron comnm.nity sites of the brown soil zone. 

Depth Conductivity Qualitative anions 
in (mmhos.L em.) Bicarbonate Sulfate Chloride 
inches Median Min. Max. Median Min. Max. Median Min. Max. Radian Min. Max. 

0-6 7.6 4.2 16.3 M 0 H H H H L 0 H 
6-12 14.3 13.3 22.0 M 0 H H H H L 0 H 

12-24 16.7 15.0 23.4 M 0 H H H H L 0 H 
24-36 14.5 14.3 22.4 M 0 H H H H L 0 H 

j-...1 
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Table 99. The median and range in soluble sodium percentage and cation (sodium and potassium) 
content of the saturation extract of three profile sample~ taken from the Agropyron community sites of 
the brown soil zone. 

Depth Soluble sodium percentage ----~-Sodium (m~-e~-/1:}-----·----- ~-- Pot~tssittm-tm~-e-~-Tf..) 

in inches Median Min. Max. Median Min. Max. 1"1edian f;fin. Max. 

0-6 44.4 25.8 75.5 63.04 40.87 119.13 0.79 0.33 1.07 
6-12 33.8 25.5 47.5 123.04 108.70 173.04 0.66 0.53 0.72 

12-24 43.6 25.1 00.6 178.26 140.00 1S0.87 0.79 0.61 O.S9 
24-36 38.6 26.5 65.0 165.22 126.96 175.22 0.79 0.74 0.97 

Table 100. The median and range in cation (calcium and magnesium) content of the saturation 
extract of three soil profile samples taken from the Agronyron community sites of the brow:n soil zone. 

Depth in 
inches 

0-6 
6-12 

12-24 
24-36 

Median 

9.8 
20.0 
12.8 
12.3 

Calcium (m.e./1.) Magnesium {1Il.e./l.) 
Min. Max. Median Min. 

3.6 
11.8 
11.0 
10.6 

12.3 
21.5 
16.5 
12.5 

68.3 
191.6 
166.9 
le<}.l 

9.0 
112.7 

37.8 
75.7 

r.tiax. 

328.9 
493.4 
519.7 
473.7 

1-' 
00. 
l\) 

I 
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and potassium contents are essentially constant with an increase in 

depth. 

In general, the maximum soluble sodium percentage is in the 

subsoil samples, and varies with depth (Table 99). The soluble sodium 

percentage exceeds 80 percent in the subsoil and 75 percent in the 

surface soil of one profile. 

The Agropy-ron community occurs in soils of fine texture around 

dry saline depressions and on broad alluvial flood plaJ.ns of the brown 

soil zone. Few species are associated with the dominant (Agropyron 

smithii). The total salt content, pH, and soil moisture of this 

solonetz soil varies between the individual sites, but they are 

higher than in the soil of the previously discussed r~hlenbergia 

conmruni ty. 

Agropyron-Muhlenbergia Community 

The Agropyron-Muhlenbergia community is characteristic of 

saline soil near the periphery of depressions in the dark brown soil 

zone. It occupies soil of loam and coarser texture. Agropyro~ 

dasystachyum and Muhlenbergia richardsonis form a dense sward of 

vegetation. Agropyron is interspersed with bunches of Muhlenbergia. 

A large number of other species occur, but at a lovl rate of frequency. 

Agropyron initiates growth during the early part of !Jfay, v:i th 

~mhlenbergia starting approximately two weeks late~. Both commence 

seeding during July. Agropyron re-enters dormancy during the latter 

part of September, about four weeks after £viuhlenbergia. At this time 

.Agropyron is from 12 to 24 in. tall and fl.tuhlenbergia is much shorter. 

The mean basal cover of the sampled sites was about 16 percent 

(Table 101). The basal cover ranged from 12 to 22 percent, and was 
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Table 101. Mean basal cover and composition of five sites of 
the Agropyron-Mu.hlenbergia community of the dark brot~n soil zone in 
1957. 

Species Percentage CO!!!,EOSition Presence 
Mean Range 

Agropyron dasystachyum 37.0 29 - 43 5 
Mublenbergia richardsonis 31.6 18- 40 5 
Juncus ater 5.2 0- 18 2 
Calamagrostis montanensis 4.9 0 - 13 2 
Eleocharis palustris 4.5 0 - 23 1 
Distichlis stricta 3.5 0 - 8 4 
Spartina pectinata 3.4 0 - 13 2 
Carex spp. 3 • .3 0 - 17 1 
Agropyron trachycaulum 2.9 0- l4 1 
Festuca scabrella 2.7 0 - 13 1 
Hordeum juba.tum 0.9 0 - 5 1 

Basal cover (percent) 15.6 12- 22 
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highest in clay soil. . The principal reason for t}'l...is greater density 

was that other grass species were more abundant. 

This community represents a late stage of plant succession in 

soils of coarse to medium texture. Generally, the soil of the 

Muhlenbergia and climax grassland comrllUili ties is of lower salt content. 

The Agropyron-Muhlenbergia community occurs in a position with a 

community dominated by either Muhlenbergia or Distichlis toward the 

center of the depression and a climax grassland community toward the 

periphery. The nature of the co~~ity toward the depression center 

is dependent upon the concentration of the soil solution. wben a sharp 

rise in topography occurs, cornering results in the absence of the 

Muhlenbe~gia community. In this instance Distichlis dominates to 

the edge of the Agrop)TOn-Muhlenbergia zone. The Agropyron-

Muhlenbergia vegetation is relatively stable and its composition does 

not respond to changes in the weather. · It reacts to changes in the 

edaphic factors in a manner similar to that of the vegetation of 

the iviuhlenbergia zone. 

Agropyron and Muhlenbergia combined to ma."ke up a mean of about 

69 percent of the vegetative cover in the sampled sites (Table 101). 

Their combined composition ranged from about 59 to 83 percent. 

Agropyron ranged from approximately 29 to 43, wr~le ~bhlenbergia 

ranged from about 18 to 40 percent. In r&re instances Muhlenbergia 

made up a larger percentage of the vegetation than Agropyron, 

which is always an important component and comprises the larger percentage 

of the vegetation in a greater number of sites. Juncus, Calamagrostis, 

and Distichlis were the principal subdominants. 
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Approximately the same number of secondary species occurred 

in this community as in the Muhlenbergia zone (Table 102). Species of 

Solidago, Aster, and Antennaria were most constant. Over half of the 

species were present in only one site. The secondary species 

indicate that a dilute soil solution prevails, since less than half 

of the species show any degree of salt tolerance. 

During the 1957 growing season four profiles were sampled in 

the AgropYrOn-1~enbergia community of the dark brown soil zone. 

Little variation occurs in the general appearance of the horizons 

of these soil profiles. The surface (Ah) horizon is about 6-in. 

deep 15 dark brown, and of a columnar structure. In some profiles 

a light brown (Bca) horizon persists to 36 in., but in others this 

horizon is yellow. In either case it is of a laminated structure. 

The coarse-textured horizons are structureless. 

Table 103 shows variation in the water content between the 

individual sites. The soil moisture content is lower than in the 

soil of the previously discussed Muhlenbergia community sites. The 

pH values were relatively uniform with depth, but considerable 

variation occurred between the sites (Table 103). The maximum is 

in the subsoil samples. 

The conductivity of the saturB.etion extract shows a wide range 

between the sites (Table 104). The profiles are not salinized, and 

the total salt content is lower than in the soil of the previously 

discussed Muhlenbergia community sites of the dark brown soil zone. 

The bicarbonate content is high in all profiles (Table 104). 

Indications are of a lower sulfate, and to a lesser extent, chloride 

content, with no detectable qu~tity of chloride in the surface 

(0-6 in.) soil and only a trace in the subsoil samples of one profile. 
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Table 102. The frequency of secondary species in the Agropyron
Mu.hlenbergia community. Data obtained in 1957 from 100 0.1-sq.-m. 
quadrats in five sites. 

Species Percentag:e frequencY.. Presence 
Mean Range 

Aster ericoides 52.0 0- 85 4 
Glycyrrhiza lepidota 52~0 0-90 3 
Antennaria microphylla 45.0 0 - 90 4 
Solidago nemoralis 37.0 10- 60 5 
Achillea lanulosa 32.0 0- 75 3 
Sonchus uliginosus 20.0 0 - 75 2 
Crepis glauca 18.0 0 - 90 l 
Suaecta erecta 16.0 0- 60 2 
Artemisia caudata 14.0 0- 70 1 
Helianthus petiolaris 12.0 0 - 45 2 
Glaux maritima 12.0 0- 60 1 
Grindelia squarrosa 11.0 0- 50 2 
Iva axillaris 8.0 0 - 25 2 
Artemisia frigida 6.0 0 - 20 2 
Halerpestes cymbalaria 6.0 0 - 20 2 
Plantago eriopoda 6.0 0 - 30 1 
Cirsium spp. 4.0 0 - 10 2 
Vicia trifida .3 ... 0 0 - 15 1 
01igoneuron rigidum 3.0 0 - 15 1 
Lactuca pulchella 2.0 0 - 10 1 
Thermopsis rhombifolia 2.0 0 - 10 1 
Symphoricarpos occidentalis 1.0 0 - 5 1 
Selaginella densa 1.0 0 - 5 1 
Triglochin maritima 1.0 0 - 5 1 
Astragalus spp. 1.0 0 - ; 1 
Lepti1on spp. 1.0 0 - 5 1 
Rosa sp. 1.0 0 - 5 1 



Table 10.3. The median and range in water content and pH of four soil profile samples taken 
from the Agropyron-Muhlenbergia community sites of the dark brown soil zone. 

Depth Texture Color range Percentage water Eli 
in inches ran~e Median Min. fliax. Median Min. Max. 

0-6 LS - SCL Yellow to brown 15.2 4.8 22 • .3 8.1 7.5 8.3 
6-12 LS - SC Yellow to brown 13.2 11.9 20.3 8.1 7.8 8.6 

12-441 LS- LS Yellow to brown 16.2 15.0 16.8 8.2 7.8 8.7 
24-36 s - sc Yellow to brown 18.6 12.0 20.5 .8.1 s.o 8.4 

lnata obtained from three profiles. 

Table 104. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of four soil profile samples taken from the 
Agropyron-Muhlenbergia community sites of the dark brown soil zone. 

Depth Conductivity ~ualitative anions 
in ! mmho s. L c~.} Bicarbonate Sulfate Chloride 
inches Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

0-6 6 • .3 1.2 7.4 H H H M 0 H L 0 M 
6-12 7.0 2.4 10.4 H H H M T H L T M 

12-241 .3.1 2.8 4.3 H H H L L L L T L 
24-36 ;.6 1.7 11.4 H H H M L M M T H 

1nata obtained from three profiles. 

J-1 
CQ. 
00. 

I 
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Tables 105 and 106 outline the contents of the cations in the 

saturation extr.e.ct. In general, sodium, calcium, and magnesium are 

present in maximum amounts in the subsoil, while the maximum amount 

of potassium is in the surface (0-6 in.) soil and decreases gradually 

with depth. 

The calculated soluble sodium percentages are presented in 

Table 105. They shot.J little variation -v1ith depth, but vary con

siderably between sites. In one profile it exceeds 80 percent. 

In this site the number and density of the species was reduced. 

The soluble S?dium percentage of all soil samples was higher tr~ 

in the soil of the previously described Huhlenbergia community sites. 

The Agropyron-1•lUhlen bergia community is linli ted in distribution 

to the dark brm.Jn soil zone. Fewer species are associated with the 

dominants (Agropyron dasystachyUJP: and Huhl~nbergia richa:rdsonis) 

than vii th the dominant of the previously discussed Huhlen bergia 

community. The soil is a solonetz, and the conductivity and water 

content are loHer than in the soil of the Nuhlenbergia conm:unity. 

The pH is similar in both communities. 

Agropyron-Sarcobatus Community 

The Agrop~~on-Sarcobatus community is in a topographic 

position sli~htly lower than that of the fo.,..g_ro-oyron community. 

Its distribution is limited to broad alluvial flood plains of the 

brown soil zone, south of the South Saskatchewan River. Agro1)yron 

smithii and Sarcobatus vermiculatus (the dominants) form a layered 

comraunity similar to the Distichlis-Sarcobatus zone (Fig. 15). The 



Table 105. The median and range in soluble sodium percentage and cation (sodium and potassium) 
content of the saturation extract of four soil profile samples taken from the Agropyron-Muhlenbergia 
community sites of the dark bro'~ soil zone. 

Depth Soluble sodium percen-tage ____ -----Sodium Tm~e./1.) Potassium { m. e.Ll.} 
in inches Median ·Min. Max. Median Min. Max. Median Min. Max. 

0-6 49.7 18.2 81.2 36.54 9.05 70.91 1.03 0.,44 3.20 
6-12 58.0 30.3 75.0 62.641 63.08 66.56 0.73 0.28 2.05 

12-241 56.7 45.6 84.1 17.65 17.40 43.94 0.22 0.1.3 0.31 
24-36 57.9 25.2 79.8 48 • .39 9.57 81.78 0.42 0.18 0.74 

1nata obtained from three profiles. 

(0 
0 

Table 106. The median and range in cation (calcium Eald me,gnesium) content of the s atura.tion extract 1 

of four soil profile samples taken from the Agropyron-Muhlenbergia community sites of the dark brown 
soil zone. 

Depth 
in inches 

0-6 
6-12 

12-241 

24-36 

Calci"wn (m.e./1.)- __ u________ Magnesium (m.e./1.) 
Median Min. Max. Median Ivlin. 

8.5 
15.9 
4.2 
8.1 

3.4 
10.0 

2.6 
5.8 

31.0 
25.7 
11.4 
20.9 

31.1 
49.4 

8.6 
9.2 

2.4 
11.5 
4.9 
3.6 

lData obtained from three profiles. 

Max. 

59.7 
118.4 
10.0 

181.0 
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Fig . 15. The Agrouyron-Sarcobatus community on a 
broad alluvial flood plain, 15 miles northwest of Ha.ple Creek 
on June 5, 1958. Note the characteristic glaucous color of 
Agropyron smitbii. 
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grass cover surrounds the indiVidual shrub plants. AgropYron and 

Sarcobatus both commence growth during the first half of April, 

and complete seeding by the last of August. Agropyron re-enters 

dormancy about the last of September, three weeks after Sarcobatus. 

The mean basal cover of the sampled sites of this community 

was less than 13 percent (Table 107). The basal cover ranged from 

about 7 to 18 percent, and was similar over a wide range of soil 

texture ( vecy fine sandy clay to heavy clay) • 

This community is a late stage of plant succession in soils of 

fine texture around saline depressions and on alluvial flood plains. in 

the brown soil zone. Generally, the only other plant communities 

occupying soil of lower salt content are the Agropyron and those of 

the climax grassland. The Agropyron-Sarcobatus community usually 

occurs in a position with a Distichlis-Sarcobatus community toward 

the depression center and one dominated by Agropyron toward the 

periphery. The nature of the community toward the depression center 

is dependent upon the concentration of the soil solution. ~~en a 

sharp rise in topography occurs, the habitat is dry and of high salt 

content. In this instance, cornering results in the loss of the 

Distichlis-Sarcobatus zone and a mixture of Puccinellia and Sarcobatus 

dominates to the edge of the Agropyron-Sarcobatus zone. The vegetation 

of the Agropyron-Sarcobatus community is relatively stable and 

reacts in a manner similar to that of the vegetation of the Agropyron 

zone to changes in the weather and edaphic factors. 

Agropyron smithii and A• dasystac~ combined to make up 

about 72 percent of the herbaceous vegetative cover (Table 107). In 

one site !· dasystac~ made up about 91 percent of the cover, but 
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Table 107. Mean basal cover and composition of six sites of 
the Agropyron-Sarcobatus community of the brown soil zone. Data 
obtained in 1959. 

Species Percentage CO!!!EOSition Presence 
Mean Range 

Agropyron sm.i thii 56.3 0- 97 5 
Agropyron dasystachyum 15.6 0- 91 2 
Carex spp. 10.2 0 - 33 2 
Poa canbyi 7.9 0 - 23 4 
Distichlis stricta 5.3 0 - 1.3 4 
Agropyron trachycaulum 2 • .3 0- 14 1 
Koeleria cristata 1.4 0 - 5 2 
Puccinellia airoid.es 1.0 0 - .3 1 

Basal cover (percent) 12.5 7- 18 



- 193 -

in the remainder of the sites it rarely occurred. A. smithii made 

up from about 53 to 95 percent of the vegetative cover in five sites. 

The principal subdominants were Carex spp., Poa canbyi, and Distichlis 

stricta. 

A larger number of secondary species occurred in this 

community than in the Agropyron type {Table lOS). Species of Artemisia 

and Chenopodium were most constant. The majority (over ?0 percent) 

of the secondary species are of little or no salt tolerance. 

During the 1958 growing season three soil profiles were 

sampled in the Agropyron-Sarcobatus community sites of the brown 

soil zone. Little variation occurs in the general appearance of the 

horizons of these profiles. Usually the 0 to 2 in. (Ah) horizon is 

of a granular structure and brown, underlain by a light brown (B) 

horizon to 36 in. The upper 6 in. of this horizon is of a columnar 

structure and the remainder is laminated. In one profile the 

0 to 12 in. (Ahsa) horizon is grey, underlain by a brown (Boa) 

horizon to 24 in. The 24 to 36 in. (C) horizon is yellow. 

The soil moisture content increased with depth (Table 109). 

The differences in moisture content at any one depth between sites is 

closely related to the soil texture. The very fine sandy clays exhibit 

a lower water content than the heavy clays. The pH values vary 

considerably both with depth within any one site and between the sites 

(Table 109). The maximum is in the subsoil (12-36 in.) samples. 

Data presented in Table llO indicate that the total salt 

content increases with depth. The soil of this community is higher 

in total salt than that of the Agropyron community. The surface 

(0-6 in.) soil is low in total salt, but the subsoil layers are 
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Table 108. The frequency of secondary species in the AgropYron
Sarcobatus community. Data obtained in 1959 from 220 0.125-sq.-m. 
quadrats in five sites. 

Species Percentage freguencl Presence 
Mean Ranse 

Grindelia squarrosa 15.5 0- 70 3 
Artemisia frigida 13.5 0- 28 4 
Lepidium densiflorum 11.5 0 - 45 3 
Melilotus e.J..ba 11.5 0 - 58 1 
Persicaria coccinea 9.5 0 - 40 3 
Achillea lanulosa s.o 0 - 32 3 
Chenopodium salinum 6.4 0 - 15 4 
Potentilla spp. 3.0 0 - 15 1 
Suaeda erecta 2.5 0 - 12 1 
Salsola pestifer 2.5 0 - 12 1 
Iva axi1laris 2.4 0 - 12 1 
Aster erlcoides 1.9 0 - 7 2 
Opuntia polyacantha 1.5 0 - 5 2 
Astragalus spp. 1.5 0- 8 1 
Sophia multifida 1.0 0 - 5 1 
Artemisia cana 1.0 0 - 5 1 
Lesquerella spp. 0.5 0 - 5 1 
Selaginella densa 0.5 0 - 5 1 
Spergularia salina 0.3 0- 2 1 
Chenopodium rubrnm 0.3 0- 2 1 



Table 109. The median and range in water content and pH of three soil profile s ampl.es taken 
from the Agropyron-Sarcobatus community sites of the brown soil zone. 

Depth 
in inches 

0-6 
6-12 

12-24 
24-36 

Texture Color rs.nge- -- - ---- Percentage water'- pH 
range Median Min. Max. Median Min. !Vi~__!_ 

vc - c 
vc - c 
SiC - HvC 
SiC - HvC 

Grey to brown 
Grey to brown 

Brown 
Yellow to brown 

15.6 
16.4 
22.7 
22.7 

13.4 
11.6 
14.0 
12.2 

17.7 
21.1 
31.4 
33.2 

7.9 
&.1 
8.1 
8.1 

7.5 
7.7 
8.0 
8.0 

8.2 
8.6 
8.2 
8.1 

loata obtained from two profiles. 

Table 110. The median and range in conductivity and qualitative estimate of anion.(bicarbonate, 
sulfate, and chloride) content of the saturation extract of three soil profile samples taken from the 
Agropyron-Sareobatns community sites of the brown soil zone. 

Depth Conductivity Qualitative anions 
in {mmhos.Lcm.) Bicarbonate SUlfate --------- -~ -rrhl.oride 

inches Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

0-6 3.6 1.0 10.5 M L H M T H 0 0 0 
6-12 16.2 3.2 21.5 H M H M T H T 0 M 

12-24 17.6 14.4 18 •. 8 H M H H H H T 0 M 
24-36 17.6 14.0 23.2 M M H H H H T 0 M 

I 

~ 
~ 
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salinized. The bicarbonate and sulfate contents vary from medium to 

high in all soil samples (Table 110). Indications are that the 

chloride content is lower, ~~th one profile containing no detectable 

quantity of chloride. 

The contents of the cations in the saturation extract are 

presented in Tables 111 and 112. It is apparent that sodium is 

present in much greater concentrations than magnesium, while smaller 

amounts of potassium, and to a lesser extent, of calcium were measured. 

In general, sodium, calcium, and magnesium are present in maximum 

amounts in the subsoil (24-36 in.) samples. Potassium is essentially 

constant with depth. The concentration of sodium is similar, but 

that of magnesium is lower, than in the soil of the previously 

discussed Agropyron community. 

The soluble sodium percentage of the soil in the Agropyron

Sarcobatus community sites is much higher then in the Agropyron 

community (Table 111). A wide range in soluble sodium percentage 

exists between the sites, with one subsoil sample exceeding 80 percent. 

The Agropyron-Sarcobatus community occurs in soil of fine 

texture on broad alluvial flood plains of the bro'Wil soil zone. I111ore 

species are associated with the dominants (Agropyron smithii and 

Sarcobatus vermiculatus) than with the dominant of the Agropyron 

community. The total salt content, soil reaction, and water 

content of this solonetz soil are slightly higher than in the soil 

of the previously discussed Agropyron community. 



Table 111. The median and range in soluble sodium percentage and cation (sodium and potassium) 
content of the saturation extra~t of three soil profile samples ta~en from the Agropyron-Sarcobatus 
community sites of the brown soil zone. 

Depth 
in inches 

0-6 
6-12 

12-24 
24-.36 

Soluble- sodium percentage Sod.iuin (m. e ./1.) Po-ta~s-siu.m-rm:-e:-11:] 
Median Min. Max. Median Min. Max. Median Min. Max. 

74.3 
66.1 
59.2 
59.2 

46.2 
61.3 
44.2 
33.2 

79.5 
84.4 
65.4 
63.6 

28.26 
178.26 
178.26 
206.52 

5.52 
23.43 

119.57 
205.22 

125.00 
250.00 
217.39 
213.04 

0.38 
0.38 
0.43 
0.61 

0.31 
0.20 
0.38 
0.54 

1.28 
1.15 
1.51 
1.15 

Table 112. The median and range in cation (calcium and magnesium) content of the saturation 
extract of three soil profile samples taken from the Agropyron;-sarcobatus community sites of the bro'tm 
soil zone. 

Depth 
in inches 

0-6 
6-12 

12-24 
24-.36 

-- ---calclum-(li~-e./f:T --- --~-- -- -~-- -~-- Magnesium (m. e./1.) 
Median Min. Max., Median Min. 

3.0 
15.0 
10.0 
18.3 

2.8 
5.5 
1.9 

17.S 

19.5 
22.4 
19.0 
20.3 

3.5 
30.4 
92.1 

121.7 

3.1 
9.0 

62.5 
98.7 

Max. 

22.2 
69.1 

263.2 
409.5 

~ 
....:! 
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Other Semi-Halophytic Plant Communities 

The other semi-halophytic plant communities occur in a 

topographic position similar to those communities previously discussed. 

They appear to be stable communities, and their composition shows 

little response to fluctuations in the weather. Their composition 

vdll change only after changes in the edaphic factors. Presumably 

permanent changes in the edaphic factors require a long time. 

Hordeum-Artemisia cana Community 

The site studied was in a small depression of a broad alluvial 

flood plain in the brown soil zone. The secondary species were 

limited in occurrence and common to the Hordeum co~munity of this 

region. This community occupied the depression center and the area 

toward the outside supported a sparse cover consisting of species of 

Suaeda and Chenonodium. The surrounding area was not studied to 

determine the reason for the lack of grass species. The magnitude of 

the physical and chemical factors in the soil of the Hordeum-Artemisia 

~ community were similar to those of the soil from the Hordeum 

co.rmnuni ty sites of the broit.n soil zone (Appendix III) • Most of the 

factors were of a lower magnitude than in the soil of the Hordeum 

community, but the potassium, calcium, and soil moisture contents 

were similar or slightly higher. 

Agropyron-Hordeum Coa~ity 

The Agropyron-Hordeum site studied was located on a broad 

flood plain of the dark brown soil zone. There were no associated 

species. This zone was in a position with a stand of Distichlis 
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toward the center of the depression and a mixture of Agropyron and 

Muhlenbergia toward the periphery. 

The magnitude of the edaphic factors of the Agropyron-Hordeum 

community was similar to the Agropyron-Muhlenbergia community of 

the dark brown soil zone (Appendix III). Some factors were of a 

higher magnitude, bu.t the pH and quantities of bicarbonate and sodium 

were similar, and the chloride content and soluble sodium percentage 

were lower than in the soil of the Agropyron-Muhlenbergia community. 

Stipa-Distichlis Community 

The Stipa-Distichlis type was studied in coarse-textured soil 

of the dark brown soil zone. A large number of associated species 

common to the Agropyron-Muhlenbergia zone occrurred. This community 

occurred with a mixture of Muhlenbergia and Distichlis toward the 

depression center and a climax grassland community of Bouteloua and 

Stipa toward the outside. 

The edaphic factors were of a similar magnitude as those of 

the r.tuhlenber€[ia-Distichlis comnru.ni ty sites of the dark bro•m. soil 

zone (Appendix III). The conductivity of the saturation extract and 

the quantities of the four cations were higher, but all other factors 

were similar. 

Agropyron smithii-Agropyron tracgrcaulum Community 

The !• smithii-_!. trachycaulum site was located in a saline 

depression of the brown soil zone. The few associated species present 

were common to the Hordeum community. The A. smi thii-,A. trachycaulum 

community site was in a position with a stand of Hordeum toward the 

center of the depression and one of Stipa and ,Agropyron toward the periph-

ery. 



- 200 -

Of the examined soil, the magni tud.e of the edaphic factors of 

the A. smi thii-,!. trachycaulum community were more similar to those 

of the Agropyron community sites of the bro~m soil zone.(Appendix 

III}. The pH and contents of sulfate and chloride were approximately 

the same,while the other factors were lower. 

Muhlenbergia-Spartina Community 

The site studied was on a small flood plain in the black 

soll zone. The few associated species present were common to the 

Distichlis community. The Muhlenbergia-Spartina community site 

occurred in a position with a stand of Distichlis toward the 

depression center and a grove of Populus toward the periphery. 

The magnitude of the physical and chemical factors of the 

Muhlenbergia-SPartina soil were similar to the median values in the 

soil of the Mublenbergia community sites of the black soil zone 

(Appendix III). The contents of bicarbonate and sulfate were 

about the same, but the other factors were slightly lower than in the 

soil of the Muhlenbergia community. 

Populus-Juncus Community 

The site studied was in very coarse-textured soil in the black 

soil zone. The Juncus plants occurred in the openings between the 

Populus trees. Only a few associated specie~common to the Muhlenbergia 

community, were observed. This community site occupied a position 

with a community of Muhlenbergia toward the depression center, and 

due to cultivation there were no other native plant communities 

occurring toward the periphery. 
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The magnitude of the edaphic factors were the lowest observed 

in any community (Appendix III). The reason for this is that the 

coarse-textured soil has both a low water and low cation holding

capacity. The soil of this community was most similar to that of the 

Bouteloua-Stipa community of the dark brown soil zone. The pH, 

potassium content, and soluble sodium percentage were of about the 

same magnitude, while all other factors were lower than in the soil 

of the Bouteloua-Stipa community. 

The general appearance and structure of the soil horizon~ in 

the profiles of these semi-halophytic communities are like those of 

the profiles from the community that their physical and chemical 

factors most resembled. The soil profile of the Populus-Juncus 

community is structureless. 
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CLIMAX COMMUNITIES 

The vegetation of the climax communities consists primarily of 

climax species, but some salt tolerant species capable of tolerating a 

variety of salt conditions are present. The vegetation is stable and 

its composition responds little to either fluctuating weather or 

edapbic factors. Du.ring extended periods of dry weather the only 

apparent change in the composition of the vegetation is the absence of 

rare species. 

These communities occur in normal upland soil and do not receive 

moisture or salt from either runoff or by capillary action from the 

ground water. As a result the salt content is low, so that a salt 

crust is never formed on the soil surface. The salt, if present, is 

concentrated below 24 in., at a depth below that of the rooting depth of 

many of the species comprising these communi ties. · The minimum and 

maximum contents of each cation illustrate the range in concentration 

of each that is to be expected in normal upland soil supporting a 

climax grassland community. 

Bouteloua-Stipa Community 

The Bouteloua-Stipa community is a characteristic climax grassland 

community in the drier parts of the bro\\lll and dark brotm soil zones. 

Bouteloua gracilis and Stipa comata (the dominants) form a cover of 

vegetation in which the shorter Bouteloua is interspersed with bunches 

of Stipa. Neither dominant will tolerate salt so their vigor is 

influenced by the availability of soil moisture. Bouteloua grows from 

5 to 12 in. tall, while Stipa is somewhat taller. 
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Variations in the color of the vegetation occur throughout the 

year. During periods of dormancy it is yellow-brown in color, changing 

to green during the growing season. The various aspects are altered by 

the presence of associated species. The grey-leaved Artemisia frigida 

is obvious during ell aspects, while Phlox modifies the vernal aspect. 

Secondary species of Solidago, Gutierrezia, Grindelia, and Aster add 

to the late estival and autumnal aspects. The club moss, Selaginella 

densa, forms a green mat on the soil surface that is particularly 

noticeable between the clumps of grass. 

Growth of the dominants is initiated at different times. Stipa 

breaks dormancy; in the brown soil zone, around the middle of April and 

Bouteloua starts about a month later. By the middle of June, flower 

culms of Stipa appear, with the seed ripening about the middle of July. 

The flower culms of Bouteloua appear in June, and its seed ripens about 

the end of August or first of September. At maturity Stipa is from 10 

to 20 in. tall, while Bouteloua ranges from 5 to 12 in. Stipa re-enters 

dormancy in late September, about a month after Bouteloua. 

The mean basal cover of the sampled sites of this community 

was about 17 percent (Table 113). The basal cover ranged from about 

l4 to 21 percent. Coupland (1950) reports that this community develops 

best in soil of medium texture on undifferented glacial till in the 

drier parts of the bro~m soil zone. Here the conditions are less 

favorable for the growth of the mid-grass, Stipa. 

This community represents the final stage of plant succession in 

soils of medium· texture in the drier regions of the study area. It is 

in the areas of minimum or near minimum salt content. The Bouteloua

Stipa community occurs on the upland above the uppermost semi-halophytic 
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Table 113. Mean basal cover and composition of three sites of 
the Bouteloua-Stipa community of the dark brown soil zone in 1957. 

Species Percentage composition Presence 
Mean Range 

Bouteloua gracilis 41.8 40- 44 3 
Stipa spp. 18.4 0- 30 2 
Agropyron dasystachyum 17.3 8 - 22 3 
Carex spp. 17.2 4 - .31 3 
Distichlis stricta 3.4 0- 6 2 
Calamagrostis montanensis 1.2 0- 4 1 
Koeleria cristata 0.7 0 - 2 1 

Basal cover (percent) 16.7 14- 21 
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plant community. Communities of Distichlis-Agro-oyron (finer than 

loam soil) or Muhlenbergia-Distichlis (coarser than loam soil) occur 

toward the center of the depression. The composition of the vegetation 

in this zone is stable, and varies only slightly with fluctuations in 

the weather and edaphic factors. The only apparent change in the 

composition resulting from extended periods of dry weather is an 

absence of some rare species. v!hen the edaphic factors change 

sufficiently in the adjacent subclimax areas this zone will extend 

toward the depression center. 

Bouteloua and Stipa combined to make up approxima.tely 60 percent 

of the vegetative cover in the sa~led sites (Table 113). The range 

for this combination was from about 44 to 71 percent. The range 

shown by Bouteloua was from approximately 40 to 44 percent, while 

Stipa ranged from 0 to 30 percent. Stipa had been removed from one 

site by overgrazing. The principal subdominants were Agropyron 

dasystacbfum and Carex spp. 

A smaller number of species were associated with the vegetation 

of this community than with that of the previously discussed semi

halophytic communities (Table 114). Artemisia frigida and Gutierrezia 

diversifolia were present in all sites, with the former occurring at a 

high rate of frequency. The only secondary species showing salt tolerance 

are Distichlis, Iva, Grindelia, Solidago, and.Melilotus. 

In the Bouteloua-Stipa community, during the 1957 and 1958 

growing season, three profiles were se~pled in two soil zones. Little 

variation occurs in the general appearance of the horizons of these 

profiles. A dark brown (Ah) horizon is present from the surface to about 

6 in. The underlying brown (B) horizon is of a lighter color in the 



Table 114. The frequency of secondar-1 species in the Boute1oue.-Stipa community. Data obtr·dned in 
1957 from 75 0.1:--sq.--m. quadrHts in three sites and in 1959 ~rom 40 0.125-sq.-m. quadrats in one site. 

Percentage frequenc;r 
Species 1957 1959 Presence 

!~<lean Re11ge Iviean Range 1957 1959 

.Artemisia frigida 92.2 80-100 100.0 - 3 1 
Iva axillaris - - 52.5 - - 1 
Oligoneuron rigidum 23.3 0-70 - - 1 
Gutierrezia diversifolia 13.4 3-32 17.5 - 3 1 
Grindelia souarrosa 9.3 0-28 17.5 - 1 1 
Phlox hoodii 6.3 0-10 17.5 - 1 1 
Potentilla spp. 2.7 0-8 10.0 - 1 1 
Selaginella densa 1.1 0-.3 7.5 - 1 1 
Solidago nemoralis 5.3 0-16 - - 1 
Astragalus spp. - - 5.0 - - 1 
Aster ericoides 1.7 0-5 - - 1 
Melilotus a.lba 1 • .3 0-4 - - 1 

~ 
0" 
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brown soil zone than in the profiles of the dark brown. This horizon 

is of a cloddy granular structure to 12 in., and columnar breaking to 

laminated belo't<T this depth. The loamy fine sand and fine sandy loam 

horizons appear to be structureless. 

The moisture content did not varJ appreciably with depth in the 

dark brown soil zone, but a great deal of variation ocaurs between the 

surface and subsoil samples of the brovm (Table 115). The moisture 

content of the brown soil samples was higher than in the dark brown. 

The range between the sites of the dark brown soil zone was narrow. 

The pH values vary with depth, but are relatively uniform between soil 

zones (Table 115). In general, the surface (0-6 in.) soil is from 

1.0 to 1.2 units lower than the subsoil. 

The data presented in Table 116 show that the total salt content 

of the site in the brown soil zone is higher than in the dark brown. 

The conductivity is low, particularly in the surface soil, indicating 

the presence of only minimal amounts of soluble salt. A wide 

range in total salt content occurs between the sites of the dark brow 

soil zone. fhe sulfate content is high in all samples taken from the 

brown soil zone (Table 116). The chloride, and to a lesser extent, 

bicarbonate contents are lower than sulfate in all soil samples. The 

sulfate content is low in the dark brown soil sites. No detectable 

quantity of chloride was present in the profile from the brown soil 

zone and in one profile from the dark brown. 

The contents of the cations in the saturation extract are present

ed in Tables 117 and 118. Sodiw.n, calcium, and magnesium are present in 

higher concentrations than potassium. It is evident that sodium and 

magnesium concentrations are lower than in any of the previously 



Table 115. The median and range in water content and pH of soil profile samples taken from the 
Bouteloua-Stipa. community sites. (Data obtained from one brown and t'V:o dark brow soil sites.) 

Depth Texture Color range Percentage water nH 
in inches range Median Min. _Max. Median Min. Max. 

~wn soil zone 

0-6 vc Brown 18.0 18.0 - 7.4 7.4 
6-12 vc Lt. brown 34.7 34.7 - s.o 8.0 

12-24 vc Lt. brown .39.4 .39.4 - 7.5 7.5 
24-36 vc Lt. brown .32.7 .32.7 - 7.8 7.8 

Dark brown soil zone 

0-6 LS - CL Brown to dk. brown 11.4 9.1 1.3.6 7.4 7.1 7.6 
6-12 FL -CL Lt. brown to dk. brown 12.2 6.1 18.2 7.8 7.6 8.1 

12-24 FCL - CL Lt. brown 12.3 9.2 15 • .3 8.5 8 • .3 8.6 
24-.36 FCL - CL Lt. brown 11.0 4.2 17.8 8.2 7.9 8.5 

N 
0 
~ 

I 



Table 116. The median and range in conductivity and qualitative estimate of anion (bicarbonate, 
sulfate, and chloride) content of the saturation extract of soil profile samples taken from the 
Bouteloua-Stipa community sites. (Data obtained from one brown and two dark brown soil sites.) 

Depth Conductivity Qualitative anions 
in (mmhos.Lcm.} Bicarbonate bulfate Chloride 
inches Median Min. Max. Median Min. Max. Median Min. Max. Median Min. Max. 

Brown soil zone 

0-6 7.5 7.5 - L L - H H - 0 0 
6-12 12.1 12.1 - M M - R H - 0 0 

12-24 9.7 9.7 - H H - H H - 0 0 
24-36 9.1 9.1 - M M - H H - 0 0 -

_!2ark brown soil zone 

0-6 1.6 1.2 2.0 M 0 H L L M T 0 T 
6-12 4.2 0.6 7.8 M 0 H L 0 M T 0 L 

12-24 7.3 2.0 12.6 H H H M L H T 0 L 
24-36 5.6 2.1 9.1 H H H M L H T 0 L 

l\) 
0 
'\.() 

I 



Table 117. The median and range in soluble sodium percentage e.nd cation (sodium and po.tassium) 
content of the saturation extract of soil profile samples taken from the Bouteloua-Stipa community 
sites. (Data obtained from one bro~m and tvro dark brown soil sites.) 

Depth Soluble sodium percentage -------- -Sodium (m.e./l.J- ~· ~--- ~ --n--Potasslum~e-.71~-) 

in inches Median Min. Max. Median Min. Max. rJiedian Min. 1'-ia.x. 

Brown soil zone 

0-6 60.0 60.0 - 69.57 69.57 - 1.38 1.38 
6-12 74.3 74.3 - 144.57 144.57 - 1.04 1.04 

12-24 66.6 66.6 - 102.61 102.61 - 1.28 1.28 
24-36 58.2 58.2 - 76.96 76.96 - 1.28 1.28 -

Dark brown soil zone 

0-6 17.0 14.2 19.8 3.791 3.05 4.52 0.81 0.54 1.08 
6-12 14.11 14.1 - 1.26 1.26 - 0.72 0.54 0.90 

12-24 55.2 40.6 69.8 62.21 18.27 106.14 0.94 0.90 0.97 
24-.36 56.3 37.3 75.2 44.38 23.40 65.25 0.59 0.49 0.69 

1nata obtained from one profile. 

N 
1-' 
0 

I 



Table 118. The median and range in cation (calcium and magnesium) content of the saturation 
extract of soil profile seJnp1es :taken from the Bouteloua-Stipa community sites. (Dttta obtained from 
one brown and tl'lO dark bro't\rn soil sites.) 

Depth Calcium rm.e.71.~r ~~ - -- · ----- ~ rvlagne-sium- Itn:-. -e.z1.-} 
in inches Median Min. Max. Median Min. lVIax. 

~rown soil zone 

0-6 18.8 18.8 - 25.5 25.5 
6-12 18.8 18.8 - 29.6 29.6 

12-24 19.0 19.0 - 31.3 31.3 -
24-36 19.8 19.8 - 33.7 33.7 -

Dark brown soil zone 

0-6 9.9 7.0 12.8 8.5 4.5 12.5 
6-12 11.3 4.0 18.6 45.2 3.1 87.2 

12-24 10.7 2.7 18.6 69.4 4.0 134.8 
24-36 11.2 2.0 20.3 46.7 4.5 88.8 

l\.) 
1-' 
1-' 

I 
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discussed groups or communities. The concentrations of sodi~ and 

calcium differ appreciably between soil zones. In general, sodium 

and magnesium are present in maximum amounts in the subsoil ssmples, 

while calcium and potassiUm contents are essentially constant with 

depth. 

The soluble sodium percentage is much higher in the surface soil 

of the brown soil z.one than in the dark brown (Table 117). The 

maximum soluble sodium percentage or the dark brown zone is in the 

subsoil. The percentage exceeds 70 percent in the subsoil of both 

zones. 

The Bouteloua-Stipa community occurs in soil of medium texture 

1n the drier parts of the brown and dark brolm soil zones. Fe1·1er 

species are associated with the dominants (Bouteloua gracili~ 

and Stipa comata) than with the dominant of most semi-halophytic 

plant communities. The total salt content and pH, of this normal upland 

soil, are lower than in the soil of the previously described communities, 

while the water content is similar. 

Stipa-Agropyron Community 

The Stipa-AgropYT?n community occurs on the upland, above the 

uppermost semi-halophytic community in soil of loam to clay loam texture. 

It occurs in the dark brown and moister parts of the brown soil zones. 

The secondary species are similar to those of the Bouteloua-Stipa 

community of the dark brown soil zone. A communitY. of Distichlis

Agropyron occurs along the edge of the depression. 

The magnitude of the physical and chemical factors of the soil 

from the Stipa-Agropyron community is similar to that of the soil of 
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the Bouteloua-Stiua comnunity (Ap9endix IV). The pH, potassium content, 

and soluble sodium percentage are lower, but the magnitude of the other 

factors is similar. 
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OSMOTIC PRESSURE 

Although during the past 30 years work on the agricul tura.l 

productivity of saline vegetation in the prairie regions of Canada 

has been in progress (Mitchell 1937, Palmer 1937, Marsha.ll and 

Palmer 1939, Doughty and Stalwick 1940, Marshall 1942, McKenzie 

and Bolton 1947, Heinrich and Bolton 1950, lforsberg 1953}, the 

osmotic pressure of the native halophytes has not been determined. 

Such information is considered by the author to be relevant to 

studies of the utilization of such areas for crop production. 

Accordingly, the range of osmotic pressure of several saline 

species was ascertained, and the relationship between this and that 

of the soil solution was examined. 

A ,plant is the product· of the environmental factors 

under which it is living (Stoddart 1935). The osmotic pressure 

can be considered to be an indication of the effects of the 

various environmental factors on the plant. The plant serves to 

connect the factors of the exterior surroundings with the factors 

of the soil. In this capacity plants express the relative 

influences of the environmental factors by their osmotic 

pressure. The amount of water present in the plant is determined by 
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the supply and demand of the two environments. When the atmosphere 

removes water from the plant faster than it can be replaced by the 

soil, water is withdrawn from the plant tissue and a stress is pro

duced that is evident by an increase in osmotic pressure of the cell 

sap. 

Although osmotic pressure reflects a great deal about the 

environment in which a plant is 11 ving little recent work has been 

published. Miller {1931) gives one of the most complete summaries 

on osmotic values. The value of osmotic pressure as an ecological or 

environmental indicator has been considered in several papers (Drabble 

and Drabble 1907, McCool and Millar 1917, Korstian 1924). Herrick 

{1933) discusses the daily and seasonal cycle in the aerial portions 

of Ambrosia trifida. The osmotic pressure of plants of the Tme 

Prairie was discussed by Stoddart (1935), while the osmotic pressure 

of desert and saline plants was reported by Harris ~ !:1_. (1916, 1924). 

Harris !1 al. (1924) reports a correlation between plant succession 

and osmotic pressure in Utah, where a. plant community of low salt 

tolerance gradually replaces another more tolerant to salt, as the 

soil becomes less sal.ine. Mallery (1935) reported the changes in 

osmotic value in Larrea tridentata as influenced by environmental 

conditions. The osmotic pressure of leaves of Sarcobatus vermiculatus 

growing in culture solution has been reported (MciUlty 1958). 

Sites close to the laboratory were selected for the collection 

of plant materiel. The total salt content of the soil had previously 

been determined. The total salt content of the soil was used to 
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determine the osmotic pressure of the soil solution (u.s. Salinity 

Laboratory 1954). All plant material was collected from saline 

depressions within 40 miles of Saskatoon, with the exception of 

Sarcobatus ver.miculatus, which was obtained in the Swift Current 

region, 140 air miles southwest of Saskatoon. 

The methods used were similar to those of Stoddard (1935). 

The individual species were collected periodically from the same sites 

throughout the 1958 and 1959 growing seasons. They were collected 

from the same sites in order to reduce, as much as possible, any 

variation due to the occurrence of different salt contents in the 

soil. Each collection was made between 1:30 and 4 P.M. and included 

material from 10 to 70 plants of one species. Tlus permitted the 

collection of a more representative sample. All plants, ~xcept 

Sarcobatus, were cut at gro~~d level. The material used for analysis 

included the stems and leaves. In some halophytes the stems are 

insignificant in comparsion to the closely grouped fleshy leaves and 

separation would be tedious. The flovrers were removed because of the 

influence that nectar would have on the osmotic pressure. In the 

case of Sarcobatus the leaves were removed and used for extraction. 

Harris et al. (1916) suggested that roots should be used, but they 

concluded tl~t too much time was required to remove the soil and many 

sources of contamination would result. 

After cutting, the plant material was placed in polyetl\flene 

bags and im1aediately frozen in carbon dioxide ice. In the laboratory 

the bags were transferred to a·deep freeze where they remained frozen. 

The cell sap was extracted the following morning from the tl1awed material 

at pressures up to 10,000 pounds. 
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For reasons discussed qy Ernest (1935), the cryoscopic method 

of determining osmotic pressure was employed instead of the plasmolytic 

method. Attempts were made to use the plasmolytic method but it was 

more time consuming and a great deal of difficulty was encountered 

in obtaining a satisfactor,y section of the epidermis from the leaves 

and stems of the most abundant halophytes. A direct measure of the 

freezing point of the cell sap was considered to be more satisfactory 

than an estimation of the degree of plasmolysis. The freezing point 

of the cell sap was measured with a Hortvet Cryoscope. 

The procedures followed in operation of the cryoscope and 

calibration of the thermometer were the same as outlined in the lab-

oratory manual of the l1ilk Industry Foundation (1949). The thermometer 

measured to 0.01° c., but the readings could be estimated to 0.001° C. 

with the use of a hand magnifying glass. A smaller tube (2.3 x 19.4 em.) 

than available with the cryoscope made it possible to obtain the freezing 

point with an 8 cc. sample of sap. The tube furnished with the cryoscope 

was 2.3 x 24.6 em. in size. In order to obtain a mean freezing point 

depression, three readings were taken on each sample. 

Pressure in atmospheres was calculated according to the customary 

formula P=l2.060~- 0.021~2 and tables by r~rris and Gartner (1914) 

and Harris (1915). When the depression was great, the pressures obtained 

from this formula and accompanying tables were consistently 10\oler than 

those obtained using the formula P=~/1.86 x 22.4. At a temperature 

depression of 1.20° c. or less, no difference was observed, but at 

depressions of 1.86°, 1.99°, 2.99°, and 3.99° c. the differences noted 

were 0.04, 0.05, 0.15, and 0.28 atm., respectively. 
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The osmotic pressure of species in the saline depressions of 

Saskatchewan show ranges similar to those obtained in other regions 

(Tables 119 and 120). The range of the individual species is pre-

sumably the result of varying quantities of moisture and salt in the 

soil. 

Osmotic Pressures of some Saline Species in 
Relation to the Osmotic Pressure of the Soil Solution 

The species used for analysis were either dominants or associated 

species of the saline plant communities occurring in the brown or dark 

brown soil zones of Saskatchewan. It was not always possible to use the 

dominant species because of the difficulty in obtaining sufficient sap, 

particularly from upland species. 

Salicornia ~ had the highest mean osmotic pressure of the 

saline species studied (Table 119). The osmotic values of Salicornia 

rubra showed a narrow range, presumably the result of a continual supply 

of soil moisture from the ground water, which maintained a uniform salt 

concentration at the soil surface of plant communities occurring near 

the depression center. This continual supply of water reduces the 

fluctuation in concentration of the soil solution. The maximum osmotic 

pressure was during the late summer (August, 1958), a time when the 

rainfall was low and the weather was favorable for rapid evaporation and 

transpiration from the maturing plants. 

Each time a collection of plant material was made the soil surface 

was supporting a salt crust, while the underlying soil was wet and spongy. 

The osmotic pressure of the soil solution in a 36-in. profile from the 

soil of this site, in August of 1957, varied from about 16 atm. in the 



Table .119. The me.an and range. of osmotic pressure of some species occurring in the saline plant 
communities of Saskatchewan. Osmotic pressure given in atmospheres. 

Species Community of Osmotic Eressure No. of times 
occurrence Mean Min. Max. determined 

Salicornia rubra Salicornia. 33.6 28.5 38.9 5 
Distich1is stricta Distichlis 30.4 21.7 47.8 5 
Trig1ochin maritima Triglochin 27.1 24.2 30.4 5 
Sarcobatus vermiculatus Distichlis 26.6 25.7 27.5 2 
Hordeum juba. tum Hordeum 25.7 14.8 44.3 5 
Chenopodium rubrum Salicornia 24.5 21.6 28.2 4 
puccine11ia airoides Puccine11ia 24.3 20.1 34.4 5 
Suaeda erecta Salicornia 22.7 22.2 23.1 2 
Grindelia sq~arrosa Distichlis-Agropyron 22.7 15.5 28.7 5 
Agropyron trachycaulum Agropyron 22.0 17.8 26.3 3 
Plantago eriopoda Dis·tichlis 21.4 18.5 24.9 5 
G1aux marl tima Distichlis 19.7 16.7 22.0 5 
E1eocharis palustris E1eocharis 18.2 15.6 22.0 3 
Me1i1otus alba Distichlis-Agropyron 17.3 16.8 18.0 .3 
Argentina anserina Distichlis-Agropyron 15.1 12.4 20.5 3 
Scirpus paludosus S. paludosus 14.7 14.1 15.4 3 
Crepis g1auca Distichlis-Agropyron 13.4 13.4 13.4 2 
Glycyrrhiza lepidota Distichlis-Agropyron 12.6 12.2 13.0 2 
Scirpus validus S. Validus 12.2 11.0 13.1 3 
Rumex mexicanus Hordeum 11.8 10.3 12.8 3 
Juncus ater Distich1is-Agropyron 9.9 9.5 10.2 2 

f:3 --.o 



Table 120. The mean and range of osmotic pressure of some saline species as reported by other 
investigators. Osmotic pressure given in atmospheres. 

Species Osmotic pressure Source of 
Mean Min. Max. information 

Salicornia rubra 38.9 38.9 - Harris et al. 1924 
Suaeda torreyana 37.7 30.6 46.1 Harris et al. 1924 
Suaeda moquini 34.2 34.2 - Harris et al. 1916 
Distichlis strtcta 32.5 19.8 40.5 Harris et al. 1924 
Distichlis stricta - 19.8 EIJ.,O Spectorl95"6 
Triglochin maritima 31.6 31.6 - Harris ~ al. 1924 
Sarcobatus vermiculatus 25.2 25.2 - Harris et al. 1924 
Chenopodium incanum 22.4 22.4 - Harris et .!1,. 1916 
Grindelia squarrosa 17.6 17.6 - Harris ~ al. 1924 
Juncus ater 16.4 16.4 - Harris ~ al. 1924 
S cirpus olneyi 16.0 14.0 18.0 Harris et !1_. 1924 
Crepris gracilis 13.5 13.5 - Harris et al. 1924 
Eleocharis sp. 12.9 12.9 - Harris et eJ.. 1924 
Rumex hymenospalus 11.5 10.9 12.1 Harris et al. 1916 
Rumex crispus 10.7 10.7 - Harris et &• 1924 

l\) 

~ 
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surface (0-6 in.) soil to about 7 atm. in the deepest sample. Since 

Salicornia seldom roots belm~ 8 in., it presumably withdraws moisture 

from the region of maximum osmotic pressure in the soil. This causes 

an internal strain to be placed on the plants to maintain a \>Jater 

balance, 'With the result that a high osmotic pressure is developed 

in the cell sap. 

Table 119 shows that Disticbli§ stricta had a mean osmotic 

pressure of over 30 atm. The osmotic values exhibited a wide range, 

probably the result of the shallow rooting habit of DjstichJis, the 

relatively high osmotic pressure of the soil solution, and the lack 

of sufficient soil moisture from runoff and capillary flow to maintain 

a constant 'Water supply. The maximum osmotic pressure occu:Ted during 

the dr,y part of the growing season (August, 1958). Sarcobatys 

vermiculatus was associated with Distichlis in the brown soil zone, 

but its osmotic values showed a narrow range with a mean slightly 

lower than that of Disticluis (Table 119). The deep-rooting habit of 

Sarcobatus implies that the weather conditions, during a given growing 

season, have little effect on the concentration of its cell sap. 

The osmotic pressure of the soil solution, as determined in a 

soil profile from the Distich1is site in August, 1957, was relatively 

uniform in the surface 36 in. A maximum of approximately 8 atm. occurred 

in the surface 12 in. (the principal rootj_ng depth observed for ~istichli,a). 

The osmotic concentration of the soil solution in the Distichlis

Sarcobatus community site, in August, 1958, was much the same as for 

the Distichlis community site in the dark brown soil zone. 
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Triglochin maritima had a mean osmotic pressure that was lower 

than that of Distichlis (Table 119). The osmotic values of Triglochin 

exhibited a narrow range, with the maximum occurring in the latter 

(drier) part of the growing season (August, 1958). While a soil profile 

from this Triglochin site was not sampled, information on the osmotic 

pressure of the soil solution from four other Triglochin sites in the 

Saskatoon area was available. This information showed soil conditions 

similar to those of the Salicornia community site. The osmotic 

pressure of the surface (0-6 in.) soil was approximately 2 atm. greater 

than in the same layer from the Salicornia site. The mean osmotic 

pressure of Triglochin was about 6 atm. less than that of Salicornia. 

It is unexpected for the osmotic pressure of a species to be lower than 

that of another species grol-ling in soil with a higher osmotic pressure 

of the soil solution. In order to explain this discrepancy, an exam

ination of the distribution of the root system was made of each species. 

Triglochin roots were traced to a depth in excess of 36 in., while 

Salicornia roots were limited to the surface 8 to 12 in. of soil. 

In the deeper layers free water was present in the soil of the Triglochin 

community. Thus in the soil of the Triglochin community the total salt 

content is essentially constant (or decreases with depth)and the water 

content increases, presumably resulting in a lower osmotic pressure 

in the soil solution and favorable growing conditions. 

Table 119 shows that the mean osmotic pressure of the cell sap of 

Hordeum j uba tum was less than that of Triglochin. The cell sap of 

Hordeum showed a wide range of osmotic pressures. Its maximum osmotic 

pressure was during a dry period (August ) of the 1958 growing season. 
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The osmotic values during 1959 were much lower than in 1958, due to 

the better moisture conditions. The soil of this Hordeum site was 

wet due to excessive surface runoff ~d capillary flow upward from the 

ground water. In September, 1957, the osmotic pressure of the.soil 

solution increased with depth. A maximum of about 15 atm. occurred 

in the subsoil (24-36 in.) layer, while in the surface (0-12 in.) layer 

(the rooting depth of Hordeum) it was lower. The osmotic pressure 

found in the surface (0-12 in.) was about 3 atm. greater than that of 

the Distichlis site. Nevertheless, the mean osmotic pressure of the 

cell sap of Hordeum was approximately 5 atm. less, presumably due to 

higher water content of the soil in 1tvhich the latter species grew. 

The secondary plants in the communities dominated by Salicornia 

and Triglochin, were annual species of Chenopodium and suaeda. Table 119 

shows that their mean osmotic pressure was less than that of Triglochin. 

Chenopodium and SUaeda were at their maximum osmotic pressure during 

the latter part of the growing season (August) •. The narrow range in 

concentration of the cell sap of both species was presumably due to a 

constant supply of soil water. 

The mean osmotic pressure of puccinellia was less than that of 

Hordeum (Table 119). Its maximum pressure was in the early part (fJ!ay} 

of the 1959 growing season, while its minimum was in July. Its 

osmotic values showed a narrow range, presumably as a result of a 

constant soil moisture supply from the ground water table that was 

close to the soil surface of communities near the depression center. 

In August, 1957, the osmotic pressure of the soil solution from 

this Puccinellia community site was relatively uniform with depth, 
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and similar to that of the Salicorni~ site. F.ree water was encountered 

at a depth of 30 in. Puccinellia roots to ap1.)roximately 24 in., and 

presumablY the roots were present in a medium containing both a high 

salt and high moisture content. Although the osmotic pressure of 

the soil solution in the Salicorn1a and Puccinellia profiles were 

similar, the maximum osmotic pressure developed by the two species 

differed, both in time of occurrence and in pressure developed. This 

was probably due to the shallow rooting of Salicornia (12 in.) as 

compared to that of Puccinellia (24 in.). The roots of the former 

were in a medium of high salt and low soil moisture content, while 

the roots of the latter were near the ground water. 

1-·hny perennial secondary species were observed and sampled 

in a community site dominated by a mixture of Distichlis and Agropyron. 

The plants sampled were, in order of decreasing osmotic pressure, 

species of Grindelia, Plantago, l~lilotus, Argentina, Glycyrrhiza, 

and Juncus. Table 119 shows that their mean osmotic pressures 

ranged from 10 to 23 atm. The osmotic concentration of their cell 

sap showed narrow ranges. 

The osmotic pressure of the soil solution in this Distichlis

Agropyron community site was low in September, 1957. The minimum 

(about 1 atm.) was in the surface (o-6 in.) layer and increased to 

about 6 atm. in the subsoil (24-36 in.) layer. The elevation of this 

community was sufficiently high that neither soil moisture nor salt 

accumulated from runoff or by capillary action upward from the ground 

water. Presumably the osmotic pressure developed in the cell sap 

of these species was caused by a concentrated soil solution due to 

a low soil moisture content. 
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The mean osmotic value of Agropyron trachycaul~ was lower 

than that of Puccinellig (Table 119). The maximum concentration of 

the cell sap was during a dr.y period (~ay) of the 1959 gr~1ing season. 

A soil sample was not collected from this community. 

The only secondary species sampled in the Distichlis community 

was Glaux maritima. Table 119 shows that it bad a mean osmotic 

pressure lower than Distichlis. A narrow range was shown by the 

osmotic values of Q-laux. Its maximum osmotic pressure, like that of 

Distichli~, was developed during the dry part (August) of the 

1958 growing season. Glaux roots deeper than Distichlis, and pre

sumably is withdrawing water from a soil solution that is dilute, 

with a relatively constant concentration of salt. 

Rumex mexicanus was sampled in a Hordeum community site, but 

its mean osmotic pressure was lower than that of Hordeum (Table 119). 

The osmotic pressures of Rumex showed a narrow range, with the maximum 

occurring during the dry (Iv.il.y) part of the 1959 growing season. The 

low osmotic pressure and narrow range of R~~ex was probably due to 

its long tap root which enables it to withdraw water at a depth in 

the soil with a lower salt and higher soil moisture content than is 

present in the shallower rooting depth of Hordeum. 

Table 119 shows that the mean osmotic pressure of Eleocharis 

~alustris was less than that of Hordegm. Its osmotic values showed 

a narrow range. The maximum osmotic pressure occurred when the soil 

surface was dry and approximately the upper half of the individual 

plants were dormant (August, 1959). 

A soil profile was sampled, in this Eleocharis cominuni ty site, 

to a depth of 36 in., in September, 1957. The osmotic pressure of 
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the soil solution ranged from about 5 atm. in the 6 to 12 in. 

sample to about 6 atm. in the 24 to 36 in. sample. This shows that 

a quantity of salt was present in the soil• of this low-lying area. 

The mean concentration of the cell sap of Scirpus paludosus 

was lower than that of Eleocharis (Table 119). Its osmotic values 

showed a narrow range. Uhen the first sample was collected the 

soil surface of this depression center had dried sufficiently that 

a salt film had formed. Sufficient rain was received during ~une to 

dissolve and leach the salt into the soil. This alleviated some of 

the internal stress produced by the previous dry period. The maximum 

pressure occurred during the latter part (August) of the growing 

season, when the seed had matured and the plants were entering 

dormancy. The soil from this site was not sampled. 

Scirpus validus had a mean omnotic value slightly less than 

that of~ paludosus (Table 119). Its osmotic values exhibited a 

narro-v1 range. In June, when the material \Vas collected for analysis, 

there was no water on the soil surface of this wet saline depression. 

During the following month the soil surface was covered with about 

2 in. of water, and the maximum osmotic pressure occurred in the 

cell sap. This collection was made seven days following a rain and 

possibly sufficient time was not allowed for the surface moisture 

to leach into the soil and relieve the stress produced by the 

preceding dry period. The soil surface was dry when the last collection 

(August) was made. The soil from this site was not analyzed. 

It is obvious, from the osmotic pressures obtained during the 

dry period at the end (August) of the 1958 growing season, that 
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low rainfall, clear days, and advanced maturity all are factors resulting 

in an increased concentration of the cell sap. The high osmotic 

pressures of the species sampled in the early part (1-hy) of the 1959 

growing season are probably caused by the poor moisture conditions 

of April and l-ily. Those species sampled only during the middle and 

end of the 1959 growing season reflect a relatively constant osmotic 

pressure due to precipitation received both at the end of June and 

during the first part of August. 

When evaporation and transpiration conditions are near optimum, 

the maximum osmotic pressures are developed by the cell sap. These 

conditions are near maximum when the rainfall is low and the weather 

is hot. This is particularly true of the shallow rooting species, 

whether annual or perennial. The wider ranges in osmotic pressure 

seem to occur in species that grow in areas not receiving a constant 

supply of soil moisture by capilla~ action from the ground water. 

If this constant supply of soil moisture is not available, the 

balance between salt and water in the soil solution is constantly 

changing. With drying, the soil solution becomes more concentrated 

and a higher osmotic pressure is needed bY the plants to withdraw 

water. If the conditions become moist the reverse is true. In 

general, the osmotic pressure of the cell sap of species increased 

as the osmotic pressure of the soil solution increased. 

Effect of Precipitation on Diurnal Changes 
in Osmotic Pressure 

The effect. of precipitation upon the concentration of the 

cell sap was observed following approximately 2 in. of rain. The 

annual, Salicornia rubra, and the perenn.ial, 'ljriglochin maritima, 
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were sampled five times during a period of 228 hrs. following the rain. 

These two species were selected for this study because the root system 

of the latter was in contact with the ground water table, while the roots 

of tl;le former were shallow, and in a near saturated soil due to 

capillary flow from the ground water. 

As expected, the osmotic pressare of the cell sap of 

Triglochin did not decrease following the rain {lt'ig. 16). In fact, 

it increased from 23 to 25 atm. in the 228 hrs. follo1--rl.ng the rain. 

Due to the deep-rooting habit of Triglochin, the moisture received 

on the soil surface had little effect on the osmotic concentration 

of its cell sap since it would be necessary for enough moisture to 

reach the ground water to change the proportions of water and salt 

in the soil solution. The quantity of water needed to bring about 

such a change would be large. 

The concentration of the cell sap of Salicornia rubra began 

to decrease immediately following the precipitation, faJ.ling from 

29.3 to 26.0 atm. in 108 hrs. (Fig. 16). 'rhis decrease was followed 

by an increase to 27.8 atm. during the next 24 hrs., with an increase 

of less than 1 atm. during the next 84 hrs. The shallow roots of 

Salicornia were close enough to the soil surface that a quantity 

of moisture from the rain penetrated to their depth, thus increasing 

the proportion of water to sal. t in the soil solution. As this moisture 

evaporated, transpired, or percolated deeper, the soil solution became 

concentrated and a stress again developed within the plants. 

Relationship of Osmotic Pressure to Plant Succession 

A correlation between plant succession and osmotic pressure has 

been shown to exist (Harris et al. 1924). The osmotic pressure decreases 



-
2 

~ -Ill 
g: 
::::) 
(I) 
(I) 

Ill 
g: 
A. 

u -... 
0 
2 
(I) 

0 

- 228a -

29 ' 28 ' SALICORNIA ----' ,--- -
27 ' ' ~ 
26 

.._ 
..... .,/ 

25 
24 

TRIGLOCHIN . 
23 -
22 
21 

36 60 84 108 132 156 180 204 
TIME (HR.) 

Fig. 16. The effect on osmotic pressure of variation 
in the availability of soil moisture at various intervals 
f oll mving a heavy rain in June , 1959. 
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gradually in each of the several stages from the initial plant 

community to the climax. In general, this same trend occurs in dry 

haloseres. In the wet haloseres the trend is for the osmotic 

pressure of the species to be low in the bydrophytic stages, higher 

in the halophytic, followed by a gradual decrease as the climax is 

approached. These two trends are probably due to the fact that in 

dry depressions the center is not supporting vegetation and a 

halophyte dominates the initial plant community, while in wet 

depressions the center is covered with free water and the initial 

rooted plant coamunities are dominated by amphibious hydrophytes. 

Regardless of the type of depression that succession takes place 

in, the trend is always fro~ a moist to a dry environment. 

In a wet saline depression the species of the initial plant 

community show the lowest osmotic pressure (Fig. 17). As the elevation 

increases this plant community is replaced by one containing halophytic 

species with higher osmotic pressures. This increase in concentration 

of the cell sap of the dominants continues until the stage dominated 

by Distichlis occurs. The_ dominant (Distichlis) of this stage has 

the highest osmotic pressure. With a further increase in elevation 

the halophytic stages are gradually replaced by stages containing 

climax species of low osmotic pressures. 

The low osmotic pressur·e of the species in the initial 

(hydrophytic) stage is due to the presence of excessive quantities 

of soil moisture, which dilute the. soil solution. In the halophytic 

stages the soil moisture content is lot..rer, while the salt content is 

higher, thus causing a concentrated soil solution. In the more 

advanced stages the salt content of the soil decreases a great deal, 
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OSMOTIC PRESSURE (ATM.) 
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SCIRPUS PALUDOSUS 

ELEOCHARIS 

· PUCCINELLI A 

DISTICHLIS 

HORDEUM 
, 

/ 
1 
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Fig. 17. The mean osmotic pressure of various dominants 
in a wet sal ine depression (solid line). The broken line shows 
the mean osmotic pressur e of the principal species associated 
with each of the dominants. 
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while the soil moisture decreases only slightly. This causes a 

lowering of the concentration of the soil solution and consequently 

a lower osmotic pressure is shown by the species. 

In dry saline depressions the osmotic pressure of the species 

in the initial plant communities is high, but gradually decreases 

in the later stages (Fig. 18). The osmotic pressure of the species 

in the second and third successional stages decreasesslightly due 

to a large reduction in the total salt content of the soil that 

is accompanied by a slight decrease in the water content. The species 

of the remaining stages e;d.dbit large decreases in pressure due to 

a further decrease in the total salt content of the soil, while 

there is little change in. the water content. 
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in a dry saline depression \solid line). The broken line shows 
the mean osmotic pressure of the principal species associated 
with each of the dominants. 
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RELA:£IVE SALT TOLERANCE OF SPECIES 

Plant species react to the salt content of the soil in different 

manners; some have the acility to tolerate large quantities of salt, 

Yhile other do not. As a result of this ability to tolerate certain 

levels of salt in the soil, each species occurs in only those parts of 

saline depressions in which the salt content of the soil is within the 

range of the species. The range of tolerance that each species has 

to salt was determined using the salt content (conductivity) in the 

zone of maximum salt concentration between the 0 to 36 in. de~th in 

each community of occurrence. In many cases the species do not root 

to the depth of maximum salinity, while the roots of other species 

penetrate below this layer, but obtain little v1ater in it. Nevertheless, 

the salt content in the surface 36 in. of soil (and even deeper) serves 

as a potential supply which may become concentrated within the rooting 

zone (at whatever depth) sometime during the growing season. This is 

because the cations and anions are mobile and move downward vlith 

excessive moisture, and migrate upward ·v.rith evaporation of water from 

the soil surface. Since the salt is not permanent at any certain 

depth in the soil, the maximum content at any one level was used as a 

measure of the degree of salt tolerance of the species presence. 

A tolerance value was obtained for each species that occurred 

in more than one community. This is defined as the difference in 

maximum salt content between the most saline layer of the most 

saline site in the most saline and least saline comrunities in which 

the species occurred. The species were placed into three groups on 

the basis of ntolerance valuen. The first group consists of species 

with tolerance values ranging from 3.0 to 17.3 mmhos., the second 
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group show values of from 18.7 to 43.1 mmhos., and the third group 

ranges from 47.6 to 62.4 mmhos. Salt tolerance is the ability of a 

plant to survive, grow, and develop in soil containing soluble salts, 

while the tolerance value is the range in soil salt content that a 

particular species can tolerate. Usually, the higher the tolerance value 

of a species the wider is the range of salinity in the soil that it will 

tolerate. In general, the species of the first group show little or 

no salt tolerance, while those of the second .group are usually of 

medium salt tolerance, and most of the species comprising the third 

group are of high salt tolerance. 

Species of Low Tolerance Values 

The species of this group are largely those occurring also in the 

grassland climax. They show a low tolerance value and 1i ttle or no 

salt tolerance (Fig. 19) • Although the salt content of the soil is 

relatively high, it must be remembered that this is the maximum that 

occurs, and that in most of the communities it is at some depth below 

12 in. Presumably the plants are drawing their moisture from a 

shallower depth, or they would not occur in climax and near climax 

communities. The climax grass species have been reported to have a 

large percentage (70 to 90 percent) of their roots in the surface 

(0-6 in.) soil (Weaver and Darland 1949, Coupland and Brayshaw 1953). 

In some instances species can tolerate excessive salt because they 

occur in soil of high moisture content, which tends to dilute the 

soil solution. For example, Spartiqa ~ectinata occurs around wet 

depressions in the black and dark brown soil zones as both a dominant 

and codominant. In all instances the community is located in such a 
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ARTEMISIA CANA 
AGROPYRON CRISTATUM 
AGROPYRON SMITHII 
HELIANTHUS PETIOLARIS 

COMANDRA PALLIDA 
SOPHIA MULTIFIDA 

VICIA TRIFIDA 
GALIUM BOREALE 

STIPA VIRIDULA 
PHLOX HOODII 
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SYMPHORICARPOS OCCIDENTALIS 
THERMOPSIS RHOMBIFOLIA 

- 232a -

CONDUCTIVITY (MMHOS.) 

12 16 20 24 28 32 36 --

Fig. 19. The range in salinity tolerated by species 
of relatively low salt tolerance . The values represent the 
maximum salL~e layer in the most saline site of each community 
in which the species occurs . 
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topographic position as to receive soil moisture from both runoff 

and by capillary action from the ground water. 

Figure 19 shows that about half of the species have tolerance 

values in one of two subgroups within this major group. This shows 

that a large number of species occur in the same communities and 

therefore exhibit the same tolerance values. Both subgroups are made 

up primarily of climax upland species. The second subgroup has a slightly 

higher tolerance value and contains (besides upland herbaceous species) 

two shrubs and the clubmoss, Selaginellia densa. 

A number of species were observed in only one community, so 

that no tolerance value could be determined. They are Artemisia 

bienni~, Lepachys col~~ifera, Tragopogon dubius, Solidago dumetorum, 

Neomamillaria vivinara, Opuntia polyacantha, Lesquerella sp., Festuca 

scabrella, Campanula intercedens, Sphaeralcea coccinea, Elaeagnus 

commutata, and Acerates viridiflora. 

In general, the salt content is low in the soil supporting 

these species and the dominant cation is sodium. In most profiles 

sodium makes up at least 50 percent of the cations, particularly 

below 12 in. In the brO\o~n soil zone it makes up over 70 percent. 

JYiagnesium is important, while potassium and calcium never comprise: 

a significant portion of the salt. 

Species of' Medium Tolerance Values 

This group consists of a large number of species that show 

a medium tolerance value and, in general, are considered to be of' 

medium salt tolerance (Fig. 20). While Artemisia frigida is in 

this group, it is only slightly salt tolerant. It occurred in a 
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SARCOBATUS VERMICULATUS 
ARTEMISIA CAUDATA 
EUROTIA LANATA 
RUMEX MEXICANUS 

PERSICARIA COCCINEA 
LEPIDIUM DENSIFLORUM 
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SOLIDAGO NEMORALIS 
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Fig. 20. The range in salinity tolerated by species 
of medium salt tolerance. The values represent the maY~mum 
saline layer in the most saline site of each communi ty in 
which the species occurs. 
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Distichlis comrnunity site of the brown soil zone with the maximum salt 

content of the soil in the 24 to 36 in. layer. This indicates that 

Artemisia roots above this depth. Antennaria micronhylla has the 

same tolerance value, but completes its growth cycle in the spring 

before the soil solution of the surface layers becomes concentrated. 

The range in tolerance values of the species in this group is 

from 18.7 to 43.1 mmhos. Sarcobatus vermiculatus, a deep-rooted 

shrub, shows the lowest value, while the perennial grass, Poa canbyi, 

and the perennial secondary species, Halerpestes cymbalari~, show the 

highest. The data in Figure 20 show over 40 percent of the species 

with a tolerance value of slightly less than 36 mmhos. The species 

of this group occur in soil containing varying quantities of salt, 

ranging from the lowest in the Agropyron-l~hlenbergia community to 

the highest in the soil of the Puccinellia community. This reflects 

their ability to cope with a wide range of salt content in the soil. 

This ability can be attributed to their roots being capable of absorp

tion either above or below the layers of maximum salt content, or to 

produce the needed osmotic pressure to extr~ct moisture from either 

a dilute or concentrated soil solution. ~rhe osmotic pressures. of a 

few species in this group were determined and, in general, showed 

that the species had the ability to produce a wide range of pressures 

in their cell sap. 

The total salt content of the soil in which these species 

grot-1 ranges from low to medium. The principal cations are sodium 

and magnesium. In the sites of the brown soil zone, sodium is 

predominant, but in the dark brown and black soil zones they occur in 

about equal proportions. 
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Species of ftlgh Tolerance Values 

This group is made up of a small number of species, most of 

which are true halophytes. They occur in a large number of communities 

and, in general, are highly salt tolerant (Fig. 21). Sonchus uliginosus, 

a member of the composite family and the amphibious hydrophytes, 

Eleocbaris palustris, Scirpu9, paludosus, and Juncus ater, are the 

only non-halophytes. Their ability to survive under conditions of 

both a low and high salt content in the soil is due to occurrence in 

moist situations in which the soil solution is diluted by a high 

soil water content. 

The species of this group show tolerance values that range 

from 4 7.6 to 62.4 mmhos. Chenopodium salinum, shows the minimum 

and several halophytes and one amphibious hydrophyte show the maximum. 

The species of this group usually dominate the communities occuping 

soil of high salt content and occur sparsely in the semi-halophytic 

comrr1unities. The behavior of Salicornia, rub~ exhibits one method 

of surviving high salt and moisture contents in the soil. It 

roots only in the surface layers of the soil, which allows for some 

aeration of the roots, while any moisture received from either runoff 

or by capillary action from the ground water dilutes the soil solution 

sufficiently to make extraction of water possible. Other plants dem

onstrating this method of survival are Chenopodium rubrum, 2.&, 

salingm, Spergularia salina, Suaeda erecta, ~ depressa, and Atriplex 

hastata. Some species root to a dilute soil solution in the region of 

the ground water table. Plants with this ability for survival are 

Glaux maritima, Puccinellia airoides, Hordeym jubatum, and Triglochin 

~_ritima. The narrow ranges of osmotic pressure in these species is 

further evidence that they are withdrawing water from a soil solution 
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SUAEDA ERECTA 
TRIGLOCHIN MARITIMA 

Fig. 21. The range in salinity tolerated by 
species of relatively high salt tolerance. The values 
respresent the maximum saline layer in the most saline 
site of each community in 1-1hich the species occurs . 



- 236 -

with little variation in concentration. Distichli§ stricta occurs· in 

many areas and is able to survive various salt conditions in the soil 

because of its shallow root system and ability of its cell sap to 

produce a wide range of osmotic pressures. The ability of the amphibious 

hydrcphytes to survive has been previously discussed. 

As in the previous group, the principal cations in the soil 

supporting these species are sodium and magnesium. They occur in 

about equal concentrations. In some profiles one is present in 

larger quantities than the other, while the reverse is true in the 

other profiles. 
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SUCCESSIONAL TRENDS 

As vegetation develops, the sa~e area becomes successively 

occupied by different co~nunities. Th~s process is termed plant 

succession (t4eaver and Clements 1938). These changes in the vegetation 

take place until such time as there is an equilibrium established 

between it and the environmental factors. As long as one or more of 

the factors exhibit changes, corresponding changes will occur in the 

vegetation. 

The depressions which saline vegetation now occupies in the 

grassland and aspen grove regions of Saskatchewan have been present 

throughout the thousands of years since glaciation. At the beginning 

they were probably much deeper and the accumulation of water would 

have been great, even though they presumably had an outflow. As 

time progressed, runoff water transported salt and soil particles 

into the depression, and these settled to the bottom as the water 

accumulated. In time, the accumulation of both became significant. 

Not only did the depressions become saline in nature from the accumulated 

salt, but their depth was reduced each year with the deposition of 

soil particles. During the period since glaciation some depressions 

have become so shallow from deposition that water no longer accumulates. 

In general, these depressions now support halophytic vegetation, or 

their center is bare, supporting only a salt crust. Evidence of 

deposition of soil particles is reflected in the laminated (layering 

effect) structure of the soil in these depressions. In depressions 

where water failed to accumulate during extended dry periods, veg

etation became established only to be flooded out during wet periods. 
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This is shown by the black organic layer of buried profiles observed 

in several depressions. In some, two such layers were observed within 

36 in. of the surface. 

The above discussion does not imply that all depressions of 

this region have reached this stage but only that cl1anges in depth 

have taken place in all of them. Numerous saline depressions still 

accumulate large volumes of water. In some, the accumulation is 

great enough that several years of below average precipitation will 

only lo'Wer the water level. Others are sufficiently shallow that 

water is present only during periods following excessive precipitation. 

The first rooted vegetation of the young (wet) depressions 

is of a hydropbytic nature. The amphibious hydrophyte, Scirpus, 

dominates. In the old (dry) depressions there is no evidence of 

hydrophytes and the initiating vegetation is halophytic. Some depres

sions are intermediate between the above two. In these the first 

rooted plant community is dominated qy a mixture of both hydrophytic 

and halophytic species. Regardless of the initiating plant community, 

the vegetation sequence indicates movement toward a dr.y environment. 

This is the same sequence or trend that presumably has been taking 

place in saline depressions since the last glaciation, some 10,000 

years ago. Thus, the vegetation of today is a result of succession 

over these thousands of years. Looking into the future, succession 

will theoretically continue until climax vegetation prevails. The 

number of years necessar.7 for this will be many, as indicated b.r 

the relatively slow rate of change since glaciation. 
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Plant succession can be determined by studying a vertical 

profile in the soil. In the present study there was not enough 

buried plant material in the soil so that the nrevious vegetation 

could be determined, but this might have been possible by the use of 

pollen analysis. Where such studies have been made the zonation 

through a gradient (for example from the center to the periphery of 

a depression) coincides with the horizontal zonation of the present 

zones of vegetation (Weaver and Clements 1938). Because of the 

extensive nature of the problem the horizontal relationship was used. 

Young (wet) Saline Depressions 

The trend. of plant succession in the wet type of depression 

is from a hydrophytic to a halophytic type of vegetation (Fig. 22). 

This change does not take place in a few years. It is a result of 

changes in some of the edaphic factors, particularly soil moisture 

and soluble salt content. When cl~nges of sufficient magnitude take 

place in either one or both of these factors the dominant vegetation 

changes and succession progresses. 

Stage One 

This stage is dominated by Scitpus paludosus, and occurs when 

the accumulation of water is great enough to provide free water on 

the soil surface during most of the growing season. Scirpus will 

tolerate water up to 2 ft. in depth. Besides a high soil moisture 

percentage, the analysis of the soil shows a medium to high total 

salt content (Fig. 23). The soluble sodium percentage~ low. The 

soditun content of the surface 12 in. is much the same as that of 

magnesium, but magnesium occurs in much larger quantities from 12 to 
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CLIMAX GRASSLAND 

I 
AGROPYRON-MUHLENBERG~ 

I 
MUHLENBERG lA 

DIS TIC HLIS- AGROPYRON MUHLENBERGIA-DISTICHLIS 

DISTICHLIS 

I 
PUCCINELLIA 

I 
SCIRPUS PALUDOSUS 

Fig. 22. Diagram showing the sequence of communi ties in plant 
succession beginning in wet saline depressions. 
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Fig. 23. The relation bet\-Jeen osmotic pressure of 
t he dominant pl ant species and the salinity ana soluble 
sodium per centage of the soil i n various communities of 
111et depressions . 'rhe communiti es a·l~e listed in order of 
succession from initial to climax vegetative stages . The 
left half of the graph (beloH 40) shoHs the maximum conductivity 
(----- in soil of fine texture and - - - - in soil of coarse 
texture) and the mean osmot ic pressure of the species (- • -
• -) . The right half (50-70) shoHs the soluble-· sodiwn 
per centage of the soil (------- in soil of fine texture and 
- - - - in soil of coarse texture) . 
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36 in. This high total salt content is diluted in the soil solution 

by the large quantity of soil moisture present. This is reflected 

L11 the relatively low osmotic pressu:;.'e of the dominant (Fig. 23). 

No other species occur in this stage. 

Between the initial plant community and Stage Two several 

different intermediate or transitional communities occur. The most 

commonly observed were Eleocharis-Scirnus, Carex-Eleocharis, Eleocr£ris

Horde~~, Hordeum-Puccinellia, and Puccinellia-Scirpus. The chemical 

features of the soil in these are quite similar to that supporting 

the Scirpus paludosus Stage. Although Eleocharis occasionally forms 

relatively pure stands in this intermediate zone, it is a hydrophytic 

plant generally incapable of dominating in highly saline depressions, 

even though the soil moisture content is relatively high. 

Stage Two 

The second major stage ~ succession is comprised of vegetation 

dominated by Puccinellia ~iroides (Fig. 22). As shown in Figure 23 

the total salt content, soluble sodium percentage of the soil, and 

osmotic pressure of the plants are higher than in the L~itiating stage. 

These higher values are a result of an increase in both sodium and 

magnesium. Sodium is much higher in all soil samples than in the 

initiating stage, while magnesium is higher in t_re surface 12 in. 

than in the initiating community, but is lm~er from 12 to 36 in. 

~hre species occur in this stage than in the initiating stage, and 

all are salt tolerant. 'fhe most co~stant plants are Suaeda erecta, 

.§... depressa, Chenopodium rubrum, and 9..t. sali.t1Bm• 
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\ihen the area is flooded a transitional community dominated by 

Hordeum iub~ occurs. Hordeum does not occur due to salt content, 

but rather due to excess moisture from flooding. The total salt 

content is low, but the soluble sodium percentage of the soil and the 

osmotic pressure of the plants are high. The data indicate a lower 

soil moisture content than in Stage One. The quantities of potassium 

and calcium are insignificant in both stages in comparsion to those 

of sodium and magnesium. 

Two transitional communities occur between Stages Two and Three. 

They are Puccinell~~-Distichlis and Hordegm-Distichlia. The chemical 

features of their soil are similar to those of Stage Two. The Hordeum

Distichlis community occurs at the bottom of a sharp rise in topography, 

and as a result of cornering it replaces Stage Two. 

Stage Three 

The Distichlis community occupies this stage (Fig. 22). A 

decrease in the total salt content and a slight decrease in the 

soluble sodium percentage occurs (Fig. 23). The osmotic pressure of 

the plants is high, the result of a louer water content in the soil, 

particularly in the surface 12 in. The rooting depths of the species 

dominating Stages Two and Three are quite different. l?uccinellia 

airoides roots below 24 in., near the ground water table, :while 

Distichlis stricta rarely roots belm.J 12 L'1. The lower total salt 

content in this stage is due to a decrease in both sodium and magnesium, 

the decrease in sodium content being slightly more than for magnesium. 

As in the earlier stages, potassium and calcium were not important in 

the composition of the salts in the soil of this stage. A larger 
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number of species are present in this stage than in the preceding. 

In general, most are of high salt tolerance. The most constant ones 

associated with Distichlis are Puccinellia airoides, Hordegm jubatum, 

Suaeda erecta, .§... denressa, Chenopodium rubrum, Q.. salinum, Glaux 

maritima, Grindelia sguarrosa, and Iva axillaris. 

A transitional comuunity (Hord~um-Artemisia ~), occurs 

between Stages Three and Four in the brown soil zone. The edaphic 

factors of the Hordeum-Artemisia ~ co~~unity are similar to those 

of Stage Four. 

Stage Four 

Stage Four is comprised of vegetation dominated by either of 

two communities, depending on soil texture (Fig. 22). When the soil 

is of a texture finer than loam the Distichlis-Agropyron community 

prevails. The osmotic pressures of the plants are lower than in Stage 

Three (Fig. 23). The total salt content and soluble sodium percentage 

of the soil are similar to the previous stage. In the subsoil, sodium 

and magnesium are lower than in Stage Three. The water contents of 

the soil in Stages Three and Four are similar. 

A larger number of species occur in this stage than in any of 

the preceding. This is due to the presence of large groups of both 

salt tolerant and climax species. The climax species occur in this 

stage because the maximum salt content of the soil·occurs in a 

deeper layer. The most constant plants are Nuhlenbergia ricbardsonis, 

Aster ericoides, Solidago nemoralis, Grindelia sqgarrosa, Artemisia 

frigida, Achillea lanulosa, !ntennaria microphyll~, Suaeda erecta, 

~ depressa, and Plantago eriopoda. 
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~~en the soil is loam or coarser, Stage Four is comprised of 

the :Muhlenbergia-Distiehlis community. The total salt content and 

the soluble sodium percentage of the soil are much lower than in any 

of the previously discussed communities because of a decrease in the 

contents of sodium and magnesium. The soil moisture conteut is low. 

The total number e;>f species in this stage are less than in 

Stage Three. This decrease is due to a reduction in the number of 

saline species because of the ability of upland species to exclude 

them by competition due to the less saline conditions. .F'ewer climax 

species also occur. This may indicate the severity of competition 

in coarse-textured soil. Agroprron dasystach[um, Achillea lanulosa, 

Suaeda erecta, s. depressa, Solidago nemoralis, Antennaria mierophylla, 

and Grindelia souarrosa are of frequent oc~rrence. 

Stage Five 

Stage Five is occupied by the Muhlen bergia community in the 

successional pattern in soils of coarse texture {Fig. 22). 1~e total 

salt content of the soil in this stage is higher than in Stage Four 

of the same soil texture. The soluble sodium percentage is lower 

(Fig. 23). The increase in total salt content reflects an increase 

in the contents of both sodium and magnesium. The soluble sodium 

percentage shows that the increase in magnesium is greater. The 

water content of the soil in Stage Five is slightly higher than in 

Stage Four. 

Although the total number of plant· species in Stage Five is 

greater than in Stage Four, fewer are halophytes. The increase in 

non-halophytic species that takes place, even though the salt content 
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increases, reflects other changes in the environment. Firstly, the 

total salt content reaches its maximum in a deeper layer in the soil 

than in the previous stages, and secondly, the species are ~oting 

and ldthdrawing most of their moisture from a depth shallower than 

that of the maximum salt content. Agropyron dasystac~, Aster 

ericoides, Achillea lanulosa, P..ntennaria microphylla, Distichlis 

stricta, Plantaio eriopoda, Carex spp., Solidago nemoralis, Argentina 

anserina, and Koeleria cristata are the most constant associates. Stage 

Five is not represented in soil finer than loam. 

Stage Six 

Stage Six supports primarily species of the grassland climax 

(Fig. 22). The dominant herbaceous vegetation is a mixture of Agropyran 

dasystac~ and Muhlenbergia richardsonis. The total number of species 

present are less than in the preceding stage, or in the conunu.nity of 

Stage Four (in soil of a fine texture). Besides the dominants, Distichlis 

stricta, Solidago nemoralis, Aster ericoides, and Antennaria microphylla 

are constant. 

In Stage Six the lines of succession converge independently of 

the soil texture. Regardless of whether succession reached this stage 

in coarse or fine-textured soil, the total salt content is lower (Fig. 23). 

The soluble sodium percentage is higher than in Stage Five, but lower 

than in Stage ~;our in soil of fine texture. The lower total salt content 

reflects a decrease in the quanti ties of sodium and magnesium. This 

decrease is greater for magnesium than for sodium in Stage Six as is 

shown by the increase in soluble sodium percentage. From Stage Four to 

Six the deerease of both are in proportion. The soil moisture content of 

Stage Six is lower than in stage Four (in the soil of fine texture) and Five. 
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A number of transitional communities occur between Stages 

Six and Seven. Those occurring in the black soil zone are lbhlenbergia

Spartin~ (similar in soil characteristics to Stages Five and Six) and 

Populus-Juncus (soil similar to Stage Seven). The transitional cornnunities 

occurring in both the brown and dark brown soil zones are Agropyron

Hordeum (similar in edaphic characteristics to Stage Six) and Stipa

Distichlis (soil similar to Stages Five ~~d Six). 

Stage Seven 

This is nearly climax grassland occupied by the Bouteloua-Stina 

community (Fig. 22). Fewer species occur L~ this stage than in the 

previous, and Distichlis is about the only species sho-v1ing salt tolerance. 

Other constant nlants are Agronyron dasystachyym, Garex spp., and 

Artemisia frigida. 

Although Figure 23 shows little (if any) difference in total 

salt content of the soil between Stages Six and Seven, the sodium 

content is lm.Jer in Stage Seven, while the magnesium content is higher. 

This alloi.JS for a similar total salt content bett>~een the two stages. 

The moisture content of the cli.max stage is louer than in the preceding. 

Where Stina spp. and Agropyron dasystachyum dominate in the climax, the 

chemical factors of the soil are similar to those of the Bouteloua-Stina 

community in the surface 24 in., but are higher from 24 to 36 in. 

Old (dry) SalL~e Depressions 

As previously pointed out, plant succession in this type of 

depression progresses from halophytic vegetation toward the climax. 

This change takes place as the salt and soil moisture contents are 

reduced, and must be the result of thousands of years of erosion, 
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deposition, and leaching. These factors all affect the rate at which 

succession in saline depressions progress. They are responsible for 

changes in the ~vironment which are accompanied by vegetation changes. 

The dry type of depression is believed to be the most common 

in the brown and dark brown soil zones of Saskatchewan. The wet and 

dry depressions are of about equal importance in the black zone. Some 

dry depressions have water present during periods of runoff and above 

average precipitation, while others infrequently (if ever) contain 

water. The centers of such depressions support a salt crust on the 

soil surface, but no vegetation (Fig. 24). This occurs when the 

ground water is sufficiently close to the soil surface to keep it at 

or near saturation at all times. Still other dr,y depressions have 

progressed to the point of being completely vegetated by halophytes. 

Deposition from runoff will fill a depression until water no longer 

accumulates, while the salt content decreases due to leaching. This 

is followed by the establishment of vegetation. 

Stage One 

Stage One of the dry depressions is occupied by three different 

plant co~~ities, depending upon the edaphic factors (Fig. 25). Each 

community will be discussed separately. 

Salicornia rubra dominates in depressions where the soil is 

moist from capillary flow and of a texture finer than loam. The con

tinual supply of moisture from the ground water tends to dilute the soil 

solution. Chenopodium rubrum., ;Q• salinum, Suaeda erecta, s. depressa, 

and Puecinellia airoides are most constant. 
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Fi g. 24. A bare flat in the dark brmvn soil zone (12 
miles east of Saskatoon ) supporting a thick salt crust on the 
soil surface in August , 1959. The ground water (close to t he 
soil surface) and the high salt content of the soil prohibits 
the occurrence of vegetation. 
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CLIMAX GRASSLAN 0 

AGROPYRON-MUHLENBERGIA 

AGROPYRON MUHLENBERG lA 

I I 
DISTICHLIS-AGROPYRON MUHLENBERGIA-DISTICHLIS 

DISTICH LIS 

PUCCINELLIA 

SUAEDA SALICORNIA TRIGLOCHIN 

Fig. 25. Diagram showing the sequence of com.T!IUilities in 
plant succession beginning in dry saline depressions. 
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Figure 26 shows the total salt content of the soil to be high, 

in relation to the other stages, but the soluble sodium percentage is 

low. Potassium and calcium fail to make up a significant portion of 

the salt, while sodium and· magnesium are present in about equal 

proportions. The soil moisture content is lower than in the soil of 

Stage One in the wet depressions, while the. mean osmotic pressure of 

the plants is the highest observed. 

If the soil texture is loam or coarser Triglochin maritima, a 

pereiL.~al, occupies the initial stage (Fig. 25). The coarse-textured 

soil is kept at or near saturation by capillary action, and Triglochin 

roots to a depth similar to that of the ground water. Few species occur 

in this community, with PUccinellia airoides, SU.aeda ere eta, and S. 

depressa being most constant. Triglochin is not capable of competition 

in soil of fine texture near saturation since it does not replace the 

annual community of Salicornia. 

The total salt content of the soil in this community is higher 

than in any other stage (Fig. 26). The soluble sodium percentage is 

higher than in the Salicornia community. In the surface 24 in. of soil, 

sodium is present in larger quanti ties than magnesium. The reverse is 

true from 24 to 36 in. The mean osmotic pressure of the plants is 

lov1er than for the plants of the Salicornia community. The water 

content of the soil in the Triglochin and Salicornia communities is 

similar. 

In dry depressions where the ground water is not close enough to 

the soil surface for capillary movement of water upwards, SUaeda erecta 

dominates the initial stage. As in the previously described communities 

of this stage, few other species are present. The most frequent are 
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Fig . 26 . The relation between osmotic pressure of 
the dominant plant species and the salinity and soluble 
sodi um percentage of the soil in various communities of dry 
depressions . The conununities are listed in order of succession 
from initial to climax vegetative stages . The left half of 
the graph (beloH 40) sho1t1s the maximum conductivity (-----
in soil of fine texture and - - - - in soil of coarse texture) 
and the mean osmotic nressure of the species (- • - • - ) . 
The right half (50- 80) shovJs the soluble sodium percentage 
(----- in soil of fine texture and - - - - in soil of coarse 
texture) . 
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Puccinelli§. airoide§., Chenonodium rgbrum, Q... salinum, and Distichlis 

striata. This community occupies Stage One as long as there is a 

lO'W moisture and relatively high salt content in the soil. 

As shown in Figure 26, the total salt content of this community 

is slightly lower than in the previously described con~unities of 

this stage. The soluble sodium percentage is higher, indicating 

that the relative quantity of sodium is greater. The soil moisture 

content of the· Suaeda community is about half that of the Salicornia 

and Triglochin communities. This is the only community of the 

halosere where a change in pH is obvious. It is much higher than 

in the previously discussed communities of this stage. 

Between Stages.One and Two the transitional communities of 

Trigloc~-Salicornia, Salicorni~-Puccinellia, and Mordeum-Salicornia 

occur. Their edaphic factors are quite similar to those of the 

initial stage of s:.tccession. A transitional commu.."li ty that occurs 

in the absence of the Puccinellia community of Stage 1~o, is a 
/ 

mixture of Distichlis stricta and Triglochin maritima. The total 

salt content and soluble sodium percentage of the soil are quite 

similar to the stage dominated by fri~lochip, but the water content 

is lower. 

Stage 1\vo 

Stage Two is the same as t.he·corresponding stage in the wet 

saline depressions (Fig. 25). Hordeum jubatgm occupies a transi-

tional community under the same conditions. 
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Stage Three 

This stage is dominated by the same species (Distichlis) 

as in the previously discussed wet depressions (Fig. 25). ~urther 

comment will not be made. 

Transitional communities of Distichlis-Puccinellia, Horde~ 

Puccinellia, and Horde~Distichlis occnr between Stages Three· and 

Four. The chemical features of the soil profiles are similar to 

those of Stage Three. 

Stages Four and Five 

The soil environmental conditions and dominants are the same 

as for stages Four and Five of the wet depressions (Fig. 25). 

Stage Six 

Due to the drier conditions of the brow-n soil zone and parts 

of the dark brown soil zone, Stage Six consists of two communities 

depending upon soil texture. The community occupying this stage under 

dry condi tiona and in soil of finer than loam texture is Agronyron 

(Fig. 25). Fewer species occur in this community than in the 

Agropyron-Muhlenbergia co1~ity. The most constant plants are 

Distichlis stricta, !:2.! canbY!, Carex spp., Grindelia sauarrosa, 

Artemisia frigida, !• ~~ and Puccinellia airoides. 

The total salt content in the. soil of this community is higher 

than in the community occurring in soil of coarse texture, but is 

lower than in the soil of Stage Four (Fig. 26). The soluble sodium 

percentage is less than in any other stage, including the climax. 

This indicates that although a relatively high total salt content 
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occurs, magnesimn is more a bun dan t than sodium. The other community of 

this stage (Agronyron-ltu,hlenbergia) is discussed in wet saline depressions. 

A transitional community that occurs in the drier regions 

is the Agrouyron §mi tb.J.i-A. ]rachycaulum community. It occurs 

between Stages Six a~d Seven and its environmental features are 

similar to those of the Agronyron community of Stage Six. 

Stage Seven 

Plant succession in dry saline depressions terminates in Stage 

Seven (Fig. 25). It is comprised of the same (Bouteloua-Stina a~d 

§tiua-Agrooyron) comrnunities as })reviously discussed. 

Alluvial Flood Plains of the Brm.rn Soil Zone 

Another t~/pe of succession was observed on the broad alluvial 

flood plains o: the brown soil zone (Fig. 27). The soil is finer than 

loam in texture, with each stage reaching its maxirnum expression in clay 

or heavy clay. The trend in habitat characteristics of this succession is 

the same as demonstrated in the wet and dry depressions, that is, 

succession progresses from a moist to a dry environment. 

Stage One 

The first major stage in succession is comprised of vegetation 

dominated by Sarcobatqs vermiculatus (Fig. 28). The total salt and 

water contents of the soil are lower tr~ in the wet and dry depressions 

(Fig. 29). In general, the soluble sodium percentage is lov1er than 

in the conmunities of Stage One in the other types of succession. 

Even though the total salt content is lower than in the soil of the 
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Fig. 27. A general view of a broad alluvial flood 
pl ain, 15 miles northwest of lhple Creek on June 5, 1958. 
The A£ropyron , AgroDyron- Sarcobatus and DistichliE-Sarcobatus 
communities alternate in resnonse to varying degrees of 
soil salinity. 
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CLIMAX GRASSLAND 

AGROPYRON 

AGROPYRON-SARCOBATUS 

DIS TICHL IS-SARCOBATUS 

PUCCINEL LIA-SARCOBATUS 

SARCOBATUS 

Fig. 28. Diagram showing the sequence of communi ties in plant 
succession beginning in broad alluvial flood pl ains. 



SARCOBATUS 

PUCCINELLIA-SARCOBATUS 

DISTICHLIS-SARCOBATUS 

AGROPYRON-SARCOBATUS 

AGROPYRON 

BOUTELOUA-STIPA 

- 250c -

CONDUCTIVITY 
(MMHOS.) 

10 20 30 40 

so 80 70 

SOL. NA •t. 

Fig. 29. The salinity and sol uble sodi um percentage 
of the soil L~ various communities of br oad alluvial flood 
plains . The communities are listed in order of succession 
from initial t o elL~ vegetative stages. The left half of 
the graph ( beloH 40) shows the maximum conductivity of the soil. 
The r i ght half (50-70) shmvs the soluble sodium percentage 
of the soil. 
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previously discussed initiating comraunities, a corresponding decrease 

in soil moisture content occurs, which results in a concentrated 

soil solution. No other species of frequent occurrence were observed. 

Stage Two 

A mixture of Pqccinellia airoides and Sarcobatu~ vermiculatus 

dominates the community of Stage Two (Fig. 28). Suaeda erecta, 

.§..,_ depressa, Lepidium densiflorqm, and Hordeum jubatum oocur in 

most sites, but at low rates of frequency. Figure 29 sh~1s that the 

total salt content, soluLle sodium percentage, and soil moisture are 

loi..Jer than in Stage Two in the saline depressions. 

Stage Three 

Stage Three is comprised of vegetation dominated by a mixture 

of Distichlis stricta and Sarcobatus vermiculatus (Fig. 28). Other 

plants occurring are Puccinellia airoides, Agropyron smithii, Suaeda 

erecta, ~ denressa, Chenopodium rubrum, and ~ salinum. The total 

salt content, as well as the soluble sodium percentage, is slightly 

higher than in the previously discussed stages (Fig. 29). The soil 

moisture content is similar. 

Stage Four 

A mixture of Agropyron smithii and Sarcobatus vermiculatus 

forms the dominant vegetation of Stage Four (Fig. 28). Na.ny species 

are associated with the dominants. The most constant plants in this 

cownunity are Distichli§ stricta, Poa canbyi, Koeleria cristata., 

Carex spp., Grindelia sguarrosa, Artemisia frigida, A. ~ 

Puccinellia air~, Chenopodium rubrum, and Q... salinum. Figure 29 
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sho\/S the total salt content it1 the soil of this comruunity to be 

lower than in the soil of fL~e texture in the wet and dry depressions, 

while the soluble sodium percentage is higher. The water content of 

the soil is similar to that of the Distichlis-Agronyron coiT~unity of 

Stage Four in the wet and dry depressions. 

Stap,e FiVE!. 

Tlus stage is the same as discussed under the fine-textured 

soil of Stage Five in succession of the dry depressions (Fig. 28). 

Stage Six 

Stage Six (the climax) ter~inates succession on the alluvial 

flood plains of t.he brov:n soil zone (Fig. 28). It is the same as 

Stage Seven of the wet and dry depressions. 

From the preceding discussion it is evident that the succes

sional trends in haloseres are from moist· to d!"'iJ and from few species 

to many, follo\·Jed by a reductlon in the number of species in the 

advanced stages. The total salt content and soluble sodium percentage 

of the soil solution and the osmotic pressure of the species gradually 

decrease as succession progresses t0'1.-1ard the climax. In general, 

there is little variation in pH, except that it decreases slightly as 

the climax stages are reached. Its range is approximately 1.5 pH 

units from the initial to the climax stages. The only exceptions to 

these general trends in succession occur in wet depressions, where 

the total salt content and soluble sodium percentage of the soil and 

osmotic pressure of the species tend to increase from the hydrophytic 

to the fi..alophytic stages and gradually decrease as succession progresses 

tO\.Ja:cd the climax. 
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INDICATOR VALUE OF MAJOR SALINE SPECIES 

The predominance of saline soil in Saskatchewan increases with 

the aridity of the climate. As a result of this and the rolling topog

raphy, accumulations of salt occur in the soil of the lowlands. Due 

to topographic position and availability of soil moisture these low

lying saline soils could be of high agricultural productivity if they 

were free of salt and excess soil water. After removal of the excess 

water and salt by drainage, these soils are well suited for irrigation 

projects. If it were possible, from a preliminary survey of the native 

vegetation, to ascertain the chemical and physical properties of the 

soil, much expense and valuable time would be saved in attempts to 

either irrigate or dry-land farm these lowland areas. For this reason 

the indicator value of the major halophytic species in southern Sask

atchewan was studied, so that an estimate of the agricul tu.ral value 

of the land on which they occur as dominants could be made. A great 

deal of variability occ:u.rs in the environment of saline lowlands and 

depressions so the median values of the environmental factors were 

used in determining the indicator value of each species. 

Total Salt Content in the Soil 

In general, the saline species can be placed into three groups: 

those occurring in soil of high salt content, of medium salt content, 

and of low salt content. The major cations in the soil are sodium 

and magnesium, while potassium and calcium form an insignificant portion 

of the salt. 
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The species dominating in soil of high salt content (up to 73.6 

mmhos.) are Salicornia rubra, Suaeda ereeta, Triglochin maritima, and 

Sarcobatus vermiculatus, listed in order of decreasing salt content. 

In the soil supporting these species the salt is well distributed 

throughout the surface 36 in. Although the maximum salt content is 

quite high the median conductivity of the saturation extract is 

approximately 40 mmhos. 

Several species dominate in soil that contains a medium salt 

content (a maximum of about 50 mmhos.). They are Puccinellia airoides, 

Hordeum jubatum, Distichlis strlcta, and Scirpus paludosus in decreasing 

order of salt content. Generally, the maximum conductivity occurs from 

6 to 24 in., with both the surface 6 in. and the 24 to 36 in. layers 

being of lower salt content. The median salt content is approximately 

30 mmhos. Hordeum jubatum and Scirpus J?aludosus do not always indicate 

soil of a medium salt content, but can indicate the presence of 

excessive amounts of soil water. 

Species of AgroPyron smit!di and Muhlenbergia richardsonis 

dominate in soil that contains only small amounts of soluble salts 

(a maximum of approximately 23 mmhos.), similar to the soil supporting 

the climax grassland. The salt is usually concentrated in the 24 to 

36 in. layer of profiles from the dark brown and black soil zones, bttt 

is about 12 in. shallower in the brown soil zone. The medis.n salt 

content of the surface 12 in. is about 12 mmhos. 

The above discussion points out that in a soil of 

low salt content, the salt is located in a deeper layer than 

in soil of a relatively high content. The maximum salt content 

occurs approximately 12 in. shallower in the soil of low salt content 



- 255 -

in the brown soil zone than in the dark brown and black. This is due 

to rapid evaporation from the soil surface. 

Soluble Sodium Percentage in the Soil 

Based on the soluble sodium percentage of the soil, the 

halophytic species can readily be placed into two groups: those that 

dominate soil with a percentage greater than 70 and those in soil less 

than 70. In general, the minimum (less thq, 40 percent) is in soil 

suworting hydrophytic plants, while the maximum (more than 85 percent) 

is in soil supporting halophytic plants. Suaeda erecta, Triglochin 

maritima, Sarcobatus yermiculatus, Puccinellia airoides, and Distichlis 

stricta belong to the group of species that tolerate a high (greater 

than 70 percent) soluble sodium percentage. The highest percentage is 

normally in the surface 6 in. and tends to decrease with depth. The 

soluble sodium percentages of the brown soil zone are higher than in 

the dark brown and black. 

The plants of the low soluble sodium percentage group are 

Hordeum jubatum, Agropyron smithii, Salicornia ~' Scirnus 

paluqosus, and I"luhlenbergia richardsonis. The soluble sodium percentage 

tends to increase with depth to the maximum in the second or third foot 

of soil supporting these species, as it does in normal upland soil. 

This indicates that at least the surface foot of soil is relatively 

free of sodium and suitable for normal plant growth. The soluble 

sodium percentage is higher and occurs in a shallower layer in the 

brown soil zone than in either the dark brown or black. 
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Soil Hoisture 

The saline species can be placed into groups depending upon 

the source of soil moisture. The sources are from normal 

precipitation, ground water, runoff, or from a combination of all 

three. The najor sources of moisture in the soil, where excessive 

quantities are available is from a combination of all three. The 

species of this group are normally found in soil near the depression 

center. 

In general, those species making up the group occurring in 

soil of high salt content (Salicornia rqbra, Suaeda erecta, Triglochin 

maritima, a~d Sarcobatqs vermiculatus) occur in such a topographic 

position as to receive soil moisture from all three sources. As a 

result the soil is at or near saturation at all times. Suaeda 

occurs in dry soil, while Pnccipellia airoides and Sci:r:pus paludosus 

receive soil water from both runoff and capillary action from the 

ground water. Early in the growing season the surface of the soil 

supportL~g these species is covered with water, varying in depth 

from a few inches (in most areas) to 24 in. in the soil occupied by 

~ ualudosus. As the growing season progresses the free water evaporates 

from the soil surface and a salt crust forms. l'Jevertheless, the soil 

is kept at or near saturation in moisture by capillarJ flo\1 from a 

shallow ground water table. 

Suaeda erecta occurs under drier conditions. It receives 

li tt.le or no soil moisture by ca11illary flow, and duri.l1.g below

normal precipitation none is received from runoff. Suaeda dominates 

soil after it is too dry to support the above species. 
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Distichlis stricta dominates in both wet and dry habitats. 

In some sites soil moisture is received from normal precipitation, 

ground water, and from runoff. In these sites Distichlis is of low 
r 

vigor, and it is a better competitor in a dry environment where the 

soil moisture is available only from normal precipitation and runoff. 

One species (Hordeum jubatum) is dependent upon runoff during 

the growing season. It occupies sites of a variety of salt contents, 

but does not occur in soil that is relatively high in salt, unless 

it is flooded. Hordeum usually indicates excessive soil moisture at 

some time during the growing season. It may indicate salinity, 

but saline soil is not one of the criteria for the occurrence of 

t:b..is species. 

~fuililenbergia richardsonis e~d ~£ropyron smithii dominate in 

soil where the only source of moisture is from normal precipitation. 

As a result, the soil is moist during the spring v1hen sufficient 

moisture occurs from melting snow and normal precipitation to build 

up the soil supply and permit runoff. By the middle of the growing 

season (late July) this stored supply has usually been depleted. 

Soil Texture 

Some species are restricted to occurrence in soil of a 

particular texture. Others show no preference. Three types of 

species can be distinguished in this respect, namely, those that 

are present in soil of coarse texture, those occurring in soil of 

fine texture, and those that occur in soils of a wide variation in 

texture. 
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Triglochin maritima and Mublenbergia richardsonis dominate 

soil of coarse texture. This is a drier environment during dr;y 

periods due to the rapid percolation and low water-holding capacity 

of coarse-textured soil. Triglochin maritima is usually present in 

soil where the ground water is close to the soil surface and moisture 

is supplied by capillary flow. This is not true of rmhlenbergia 

richardsonis. Both species reach their maximum gro~rth in sanqy 

loam soil. 

Three species indicate soil of fine texture. They are 

Salicornia ru.bra, Sarcobatus verm!culatus, and Agropyron sm.itb:ti. 

The latter two occur in the brown soil zone on broad alluvial flood 

plains, while the former occurs in all soil zones. They reach 

their maximum growth and vigor in clay and heavy clay soil. 

Suaeda erecta, Puccinellia airoides, Hordeum jubatum, 

Distichlis stricta, and Scirpus paludosus occur in all soil textures. 

The soil supporting scirpus paludoSQS has a layer ranging from 3 to 

6 in. thick on the soil surface that is of a bog texture, made up 

mainly of undecomposed organic matter. 

Agricultural Product! vi ty 

Based on the above factors examined in soil dominated by the 

major saline species, an estimate of the productivity of the soil 

with respect to agriculture can be made. For this purpose it is 

convenient to recognize three groups of species. The first group 

dominates soil in which there is little or no hope for s:ny 

agricultural use, while in the soil of the second group there is a possibility 

that some agricultural prac:tices can be used. In the third group 

it appears that the soil is satisfactory for agricultural production. 
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The species that occupy soil of high salt content (Su3eda erecta, 

Salicornia ~' Triglochj.n mari:tim§ and Puccinelli§ §iroide§)indicate 

little chance of successful agricultural production. Agricultural 

productivity is prohibited due to the high moisture and salt contents 

in the surface 36 in. Production in the soil occupied by Scirpus 

paludo§US is not feasible because of the high soil moisture and medium 

salt content. It appears that the only way the soil occupied b,y these 

species will be productive is through the use of drainage and leaching 

with large quantities of water of low salt content. The cost of 

such an undertaking is prohibitive. Puccinellia serves as native 

pasture and can be used for the production of winter feed. When it 

is so used, considerable feed can be obtained at a low cost. The 

remainder of the species in this group are of no value. In fact 

Triglochin is poisonous to livestock. 

The soil occupied by Sarcobatus vermicu1atus can be used for 

production of agricultural crops in an irrigation project where the 

excess salts are first removed by leaching (Kearney et !!· 1914). Dry

land agriculture has little chance of success. If attempts are made 

under irrigation to increase the productivity of this land drainage 

is needed in conjunction with leaching due to the slow drainage of 

fine-textured soil (Shantz and Piemeisel 1940). 

Hordeum jubatum and Distichlis stricta dominate soil where 

seeding to a forage or cereal crop is possible. Hordeum occurs 

primarily due to flooding and not salinity. vihen the soluble salt 

content is sufficiently low, seeding with a grass or cereal crop 

that can survive occasional flooding is possible. If there are 

soluble salts present, the land is of agricultural value onlY with 

irrigation. It is necessary to leach the soluble salts out of the 
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rooting depths of the crop to be planted. Drainage is not necessary 

if the soil is permeable and the water table is sufficiently low to 

allow percolation below the rooting depth of the crop. Hordeum is 

of value for grazing du:r·ing the early part of the growing ~eason, but 

after the seed culms and inflorescences are formed livestock \vill 

rarely utilize it due to the sharp awns. 

Distichlis stricta h~s a wide ecological amplitude with respect 

to soil salt content. Any soil dominated by Distichlis is of at 

least medium salt content. Reseeding of it under dry-land conditions 

can be successful, since the surface 12 in. of the soil are usually of 

low salt content, allowing the more salt resistant forage crops 

to grow. Some of the forage crops (in order of decreasing salt 

tolerance) are slender wheat grass (Agronyron trachycaulgm), tall wheat 

grass (Agropyron elongatum), brome grass (Bromus inermis), Fairway 

crested 't.Jheat grass (Agropyron cristatum), and the nglaucumtt strain of 

L~termediate wheat grass (A£Iopyron igtermedium) (Knowles 1953). Knowles 

further indicates that Russian 1>1ild rye grass (Elyrnu§ jqnceus), Canada 

wild rye grass (Elymus canadensis), and sweet clover (1~lilotus alba) 

show good tolerances under some conditions. Revegetation of soil 

dominated by Distichlis has a greater chance of success under irrigation. 

Drainage is necessary if the water table is close to the soil surface. 

A stand of Distichlis affords good natural pasturage (Shantz and 

Piemeisel 1940). The author believes that soil dominated by Distichlis 

can be of greater value if left in its native state, and used for 

pasture or winter feed. The success of reseeding under dry-l~~d 

conditions is dependent upon normal precipitation, which at best is 

undependable. 
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Agronyron srnithii and Mqhlenbergia richardsonis dominate land 

suitable for agriculture with respect to the total salt content of 

the soil. The soil is similar to tr~t occupied by the climax grass-

land. If an appreciable amount of salt is present in the soil, it 

is nonaally below 24 in. The rolling topography and limited rainfall 

make the use of some soil occupied by these snecies unsuitable for 

crop production. 

AgroT)yron smi thii occurs in the brown soil zone in soil of 

medium to fine texture (clay loam to heavy clay). Frequently a 

high salt content occurs at a depth of 24 in. and deeper. This soil, 

if used for crop production under irrigation, will require a certain 

amount of care in selecting a suitable crop. Soils of these textures 

will need drainage to carry away the salt ·Hashed from the rooting 

depths. In order for draL1age to be successful the tile or ditches 

would need to be close together to insure rapid removal of excess 

water, because of the slow percolation rate. The expense of such a 

drainage system is prohibitive. As a result the Agropyron flats in 

the brmvn soil zone are more valuable in their native state, being 

used for pasture and winter feed. Reseeding in the brown soil zone 

is particularly hazardous under dry-land farming due to the lmv 

moisture efficiency. 
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DISCUSSION 

This constitutes the first extensive examination of the composition 

and structure of the vegetation of saline areas in the northern Great 

Plains. All zones of va&etation were considered in each saline area, 

since previous kno,~Tledge \<ras not available to indicate which were 

transitional types. The vegetation of saline areas in Saskatchewan 

has been foLtnd to be comprised of a number of well-defined communities 

and several transitional types. The vegetation of the transitional 

communities is a mixture of the dominants of the well-defined communities 

occurring on either side. The transitional communities are to be 

expected, since in the course of plant succession the change from one 

plant community to another is gradual. This permits an intermingling 

of dominants. Although the transitional communities are extensive, it 

might be permissible to limit future studies to those communities easily 

identified (communities dominated by only one species), since the edaphic 

factors of the transitional communities are similar to those of the 

well-defined communities occurring on either side. 

1m important feature of this study was the emphasis placed on 

soil-plant relationships. In saline areas the major environmental 

factors affecting the vegetation are edaphic. In the soil of all saline 

plant communities the major cations of the saturation extract are sodium 

and magnesium. Calcium is of low content because of the insolubility 

of its compounds. Potassium occurs in smaller quantities than the 

other cations. 

A major contribution of this study is the recognization of the 

course of plant succession. The successional trends were established 

by the horizontal relationship that exists in the present vegetation. 
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In order to obtain a clearer understanding of the distribution of a 

particular species, the osmotic pressure of some of the major saline 

species was determined. wldle the study of osmotic pressure relation-

ships of plants is more properly left to the physiologist, s. superficial 

examination here is of value, because of the availability of data concerning 

concentration of the soil solution. The apparent relation of the 

ability of the plant to develop high osmotic pressures must be of 

consequence in plant succession on saline soils. 

During the course of the present study three types of saline areas 

were distinguished. The first type is the wet (young) depression that 

is deep enough so that v.Jater a.ccumulates for at least part of the 

growing season. Submerged vegetation occurs in the water, and the 

initial emerged community is formed by amphibious hydrophytes. The soil 

of this first rooted community is of high water content, while the salt 

content is relatively low in the surface 12 in. and increases to about 

33 mmhos. below 12 in. The quantity of sodium. is relatively constant 

with depth, while the magnesium content increases with depth. The 

osmotic pressure of the dominant (Scirpus paludosus) is lo\v, ranging 

from 14.1 to 15.4 atm. The soil of this community is not suitable for 

agriculture, since it is at or near saturation at all times due to a 

shallow water table and frequent flooding. 

Puccinellia airoides, a salt-tolerant perennial grass, dominates 

the second successional stage of vegetation in wet depressions. A 

total of 27 species occurred in this community, 1.3 more than in the 

Scirpus community. The water content of the soil is lower than in the 

initial stage, but the total salt content is higher in the surface 12 

in., ranging from about 10 to 50 mmhos. 'l'he sodium content is high, 
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but remains relatively constant with an increase in depth, while the 

magnesium content is lower than in the soil of the previous stage. The 

osmotic pressure of Puccinellia shows a wide range (20.1 to 34.4 atm.). 

Agricultural use of soil occupied by this community is unlikely, due 

to the high salt and water content. 

As the elevation above the depression center increases, the 

Puccinellia community is replaced by a community dominated by another 

salt-tolerant perennial grass, Distichlis stricta. A total. of 43 species 

occurred in this community. In general, the soil of this community 

type is of lower water content than those previously discussed, and the 

total salt content is lower than that of the Puccinellia community, 

ranging from about 5 to 46 mmhos. in the surface 12 in. Sodium and 

magnesium occur in smaller quanti ties than in the soil of the Puccinellia 

community. A wide range {21.7 - 47.8 atm.) is osmotic pressure is 

shown by the cell sap of Distichlis stricta. Agricultural production 

of forage crops is possible if the soil can first be leached with 

relatively sal.t-free water. 

A further increase in elevation results in the occurrence of two 

community types {Distichlis-Agropyron in soil of fine texture and 

Muhlenbergia-Distichlis in soil of coarse texture). The vegetation of 

both types consists of a mixture of salt-tolerant and climax species. 

A total of 56 species occurred in the Distichlis-Agropyron community, 

while only 41 were recorded in the Muhlenbergia-Distichlis community. 

The total salt content of the soil is much lower than in the Distichlis 

community type, ranging from about 2 to 12 mmhos. in the surface 12 in. 

of soil in the Muhlenbergia-Distichlis type and from about 3 to 29 

mmhos. in the surface 12 in. of soil in the Distichlis-Agropyron type. 
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Little difference occurs in sodium content between the soil of the 

Distichlis and Distichlis-Agropyron types, but magnesium is lower in 

the .latter. Both sodium and magnesium are lower in the Muhlenbergia

Distichlis type than in the preceding communities. Soil dominated by 

these two community types is usually satisfactory for the production of 

agriculture crops, particularly if irrigated. 

The Muhlenbergia community borders the Muhlenbergia-Distichlis 

community to~~rd the periphery in coarse-textured soil. The tote~ salt 

content and quantities of sodium and magnesium in the soil are similar 

to that of the soil of the Muhlenbergia-Distichlis community. The 

agricultural potential of the soil is also similar. 

The Agropyron-Muhlenbergia community type occurs in all soil 

textures when the soil conditions are similar to those of the normal 

upland. The vegetation consisted of 41 species, most of which were climax. 

However, a limited number of salt-tolerant species occurred. The total 

salt content ranges from about 1 to 10 mmhos. in the surface 12 in. of 

soil. Sodium and magnesium occur in small quantities. In general, the 

soil is sui table for agricultural production, but the topography may be 

limiting. 

The Bouteloua-Stipa community is considered as representative 

of the various climax communi ties that occur in normal upland soil 

between the saline depressions. The vegetation was comprised of 19 

species. The total salt content of the soil is low, ranging from less 

than 1 to approximRtely 12 mmhos. in the surface 12 in. In general, 

the quantities of both sodium and magnesium are lower than in the soil 

of the Agropyron-Muhlenbergia community. The soil of the Bouteloua

Stipa community is satisfacto~J for agricultural use. However, the 
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topography is limiting in most instances. 

'\1-later seldom, if ever, accumulates in the second (dry, old) type 

of depression. Usually the center of the area is bare, supporting a 

salt crust ranging from about 1 to 2 in. in thickness. The most 

prim.itive plant communities are dominated by halophytes capable of 

tolerating soil of high salt content. The Salicornia, Triglochin, and 

SUaeda communities contained 13, 15, and 8 species, respectively. The 

soil of the Salicornia and Triglochin communities is of high water 

content due to a shallow water table. The SGaed~ community is the initial 

plant community in saline areas where the water table is sufficiently 

deep that it does not influence the moisture content of the surface 

soil. Little difference exists in the total salt content of the soil 

of the three communities. The range is from about 9 to 74 mmhos. In 

general, the total salt content is higher in the surface 12 ill. than 

from 12 to 36 in. The sodium. content of the surface 12 i~. is high 

in all three communities, ranging from about .36 to 1285 m.e./1. In 

general, the sodium content of the surface 12 in. of soil in the Salicornia 

community is higher than in either the Triglochin or Suaeda communities. 

The magnesium content of the soil in these communities is about the 

same as for sodium, ranging from about 8 to 2196 m.e./1. in the surface 

12 in. In general, the magnesium content decreases with an increase 

in depth. The mean osmotic pressure of Salicornia was 3.3.6 atm. 

(ranging from 28.5 to 38.9 atm.), while that of Triglochin was 27.1 atm. 

(ranging from 24.2 to 30.4 atm.). The soil of these communities is 

not suitable for agriculture due to the high total salt content. 

The remainder of the vegetation surrounding a dry depression is 

the same as that around a wet depression, except that under the drier 
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conditions of the brown and parts of the dark brown soil zones the 

dominant species of the solonetzic soil of fine texture is Agropyron 

smi thii. The total salt content of the soil is approximately the same 

in the surface 12 in., as in the soil of the Muhlenbergia. community 

(occurring in the same topographic position in soil of coarse texture). 

The sodium content in the surface 6 in. of soil is about the same as in 

the soil of the Muhlenbergia community, but increases with an increase 

in depth. The magnesium content is lower in the surface 24 in. of 

soil than in the Mllhlenbergia community. The soil of the Agropyron 

community would grow forage crops if irrigation was possible. However, 

because of the low permeability of fine-textured soil a drainage system 

would be necessary to dispose of the salts leached from the soil. 

The third type of saline area in Saskatchewan is the broad alluvial 

flood plains of the brown soil zone. These do not accumulate water 

because of the continual outflow. The major communities of these flood 

plains are much the same as those of the dry depression. However, the 

shrubby perennial, Sarcobatus vermiculatus, occurs as a codominant with 

the herbaceous vegetation. In general, fewer species occur in the plant 

comnmni ties of the flood plains than in those of wet and dry depressions. 

The total salt content of the soil of the initial plant commnnit~es is 

lower than that of the initial communi ties of wet and dry depression, 

but the soil of the Distichlis-Sarcoba.tus community is higher in total. 

salt than that of the Distichlis community. The remaining plant communities 

occur in soil of about the same or lower total salt content. 

This is the most comprehensive study of saline vegetation and soil 

that has been reported. Previously, either the vegetation or the soil 

was extensively studied and little mention was made of the other. However, 

in this study, extensive data has been collected and reported. This data 
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has made it possible not only to trace the trends 1n plant succession, 

but also the changes that occur as the soil matures. 

This study, in general, has shown that plant succession in saline 

areas is closely related to the desalinization (genetic) processes which 

bring about the solonchak - solonetz - solodized solonetz and solod soil 

sequence; climax species dominated the solod soil type. 

Few species occur in the initial plant communities, but the number 

increases to a m~ in the solonetz soil, followed by a decrease in 

the solod. The large number of species that occur in the solonetz soil 

is due to the occurrence of both salt-tolerant and climax species. In 

the initial plant communities (solonchak soil} the high total salt 

content of the soil permits only the most salt tolerant species to grow. 

The total salt content of the solod soil of the climax communities is 

low enough that salt-tolere~t species do not occur. The osmotic pressure 

of the major species of each stage in succession decreases, as succession 

progresses from solonchak to solonetz soil. 

The indicator value of the major halophytic species in southern 

Saskatchewan was determined, so that an estimate of the agricultural 

value of the land on which they occurred as dominants could be made. The 

most halophytic species ( Se.llcomia rubra, SU.aeda erecta, Triglocbin 

maritima and Puccinellia airoides) occur in solonchak soil, high in 

soil moisture and saJ. t, indicating an environment where agricul tura.l 

production is not feasible. Scirpus paludosus occurs in solonchak 

soil where agricultural productivity is restricted due to the pres~nce 

of excess soil moisture. Sarcobatus vermiculatus dominates 1n soil 

that can be productive if the salts are first leached from the soil and 

disposed of by a drainage system. The soil occupied by HOrdeum juba.tum 

and Distiehlis stricta can be used for the growth of forage or cereal 
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crops if they can survive the periodic flooding that occurs in the 

Hordeum community and if the soluble s a.l ts occurring in the soil of 

the Disticblis community are removed by leacbJLng. In general, the soil 

of the communities dominated by AgropYFOn smithii and MUhlenbergia 

richardsonis is sui table for agricul turaJ. production. In some areas 

dominated by Agropyron better results would be obtained if the soluble 

salts were first removed by leaching. 

In general, any saline soil that supports a good cover of halophytic 

grasses is considered to be of greatest value if used as native pasture 

and 'h'inter feed, because of the high cost of irrigation and drainage 

that would be necessary to prepare the land for crop production. 

SUMMARY 

1. The sites chosen for use in this study were located in the 

physiographic area known as the Great Plains region in the southern half 

of Saskatchewan. 

2. The topography has been influenced by glaciation. The soil of 

low-lying flats and depressions shows varying degrees of restricted 

drainage • 

.3. The primary source of salts in the soil of this region is 

marine shale. 

4. The climate is characterized by annual extremes in temperature, 

and by comparatively low annual precipitation. 

;. Approximately 270 saline depressions were selected for study 

in the brow, dark brown, and black soil zones. The vegetation was 

sampled in approximately 220 sites, and the soil in approximately 150. 

6. The three types of saline areas in saskatchevran are the wet 

(young} depression, the dry ( ol~ depi!ession, and the alluvial flood plain 
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of the brown soil zone. 

7. Twenty-one major saline plant communi ties and transitional 

types were differentiated. In addition, 15 others were encountered less 

frequently. 

8. The four groups of communities are the hydrophytic, halophytic, 

semi-halophytic, and climax. 

9. The total salt content of the soil is highest in the halophytic 

communities and lowest in the climax. 

10. The osmotic pressare of saline species is highest when the 

osmotic pressure of the soil solution is high, and during periods of low 

rainfaJ.l, high temperature, and advanced maturity of the plants. 

11. In general, the osmotic pressure o:f the major saline species 

decreases as plant succession proceeds. 

12. The salt-tolerant species were placed into three arbitrary 

groups with respect to their tolerance value. 

13. Plant succession progresses from a moist to a dry environment, 

and from few species to many, followed by a reduction in the number of 

species as the climax community is approached. 

14. The total salt content and soluble sodium percentage of the 

soil solution, and the osmotic pressure of the species gradually 

decrease as succession progresses toward the climax. 

15. Three groups of halophytic species were distinguished in 

relation to the total salt content of the soil. 

16. The indicator value or the major halophytic. species suggests 

that they can be divided into three groups with respect to the agricultural 

productivity of the soil they occupy. 
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Appendix I. Some of the physical and chemical features of the soil profiles from Other 
Hydrophytic Plant Communi ties of the dark brown soil zone. 

Chemical and Depth 
physical factors in inches Communi ·ties 

SCi!J2US Eleocharis- Puccinellia- Carex- Eleocharis-
validus Scii!J2US Sci:ryus Eleocharis Eleocharis Hordeum 

Soil texture 0-6 Bog c LS c SiCL L 
0-12 HvC c LS c SiCL SiC 

12-24 SiC c vc c SiC SiC 
24-.36 HvC c c c SiC SiC 

Color 0-6 Brown Black-grey Grey Black-grey Brown Black 
6-12 Grey Grey Yellow-grey Grey-yellow Light brown Black 

12-24 Grey-yellow Grey Yellow-grey Grey-yellow Grey Grey 
24-36 Grey-yellow Grey-yellow Dark grey Grey-yellow Grey Grey-yellow 

Percentage 0-6 52.6 .38.4 17.8 31.3 48.6 
water (as 6-12 40.0 33.9 11.5 28.3 33.7 49.3 
dry wt.) 12-24 26.7 32.7 24.4 24.7 37.2 28.9 

24-36 - 29.1 26.6 26.4 26.5 32.3 

pH 0-6 7.2 8.5 8.7 7.8 7.8 7.5 
6-12 7.7 8.6 8.3 8.0 8.1 

12-24 7.9 8.5 7.8 8.3 s.o 7.8 
24-36 8.1 8.6 8.1 8.4 8.3 7.4 

Conductivity 0-6 9.5 21.7 24.3 12.1 9.7 6.8 
(mmhos./cm.) 6-12 6.9 27.5 18.0 11.3 9.4 5.2 

12-24 10.4 26.6 6.7 13.3 13.1 4.9 
24-36 13.3 28.0 5.0 15.4 12.4 4.7 

I 
l\) 

g! 

' 



Appendix I Continued 

Chemical and Depth 
physical factors in inches Communities 

SCi!J2US Eleocharis- Puccinellia- Carex- --.:leocharis-
validus Sci!J2US Scirpus Eleocharis Eleocharis Hordeum 

Bicarbonate 0-6 0 H 0 0 M H 
6-12 0 H 0 0 H H 

12-24 0 H L 0 H H 
24-.36 0 H L 0 H H 

SUlfate 0-6 H H H H H M 
6-12 H H H H H M 

12-24 H H H H H M 
24-36 H H H H H M 

Chloride 0-6 M M H H 0 L 
6-12 M H L H 0 L l\) 

12-24 M H L H T L (». 
l\) 

24-36 H H L H T L 

Soluble 0-6 54.3 51.3 78.6 ti:J.9 7.9 25.0 
Sodium 6-12 65.7 45.9 69.6 61.3 9.0 14.9 
percentage 12-24 54.6 25.1 60.0 50.9 9.7 9.3 

24-36 52.4 24.6 70.1 54.6 9.4 8.3 

Sodium 0-6 66.56 205.32 330.60 102.66 25.40 33.50 
(m.e./1.) 6-12 55.25 281.01 60.90 95.70 27.20 14.36 

12-24 76.70 191.40 83.15 118.76 37.40 9.57 
24-36 111.80 208.80 47.42 144.86 31.30 7.83 



Appendix I Concluded 

Chemical and Depth 
physical factors in inches Communities 

Scirpus Eleoeharis- Puccinellia:-, Carex- Eleocharis-
validus Scirpus SOi:£EUS Eleoeharis E1eoeharis Hordeum 

Potassium 0-6 3.12 3.71 6.86 2.89 1.61 5.68 
(m.e./1.) 6-12 1.92 4.83 0.61 2.43 1.10 4.07 

12-24 1.92 3.17 1 • .33 1.48 O.S9 4.30 
24-36 1.51 2.87 1.15 1.23 1.23 2.12 

Calcium 0-6 20.0 21.9 16.0 20.9 21 • .3 28.8 
(m.e./1.) 6-12 14.7 28.3 12.8 16.3 19.5 27.2 

12~24 21 • .3 22.4 20.0 17.4 19.2 27.6 
24-36 19.6 23.7 7.4 18.8 19.8 25.3 

Magnesium 0-6 32.9 169.3 67.4 41.9 273.0 65.8 
(m.e./1.) 6-12 12.3 299.2 13.2 41.9 254.1 51.0 N 

00. 
12-24 4]..1 545.8 33.7 96.2 328.9 60.8 \JJ 

24-36 79.7 608.3 12.3 99.5 281.3 59.2 



Appendix II. Some of the Physical and Chemical features of the Soil Profiles from Other 
Halophytic Plant Commtinities of the Dark Brown Soil Zone. 

Chemical and Depth 
physical factors in inches Communities 

Triglochin- Salicornia- ----------~HOrdeum-

Salicornia Puccinelli a .§.alicornia 

Soil texture 0-6 FCL SCL CL 
6-12 vc SCL sc 

12-24 vc :FtCL sc 
24-36 sc FCL FC 

Color 0-6 Black-grey Light Grey Grey-black 
6-12 Grey Light Grey Grey 

12-24 Grey Brown Brown-yellow 
24-36 Grey Brovm. Yellow 

Percentage 0-6 27.5 28.9 39.7 
water (as 6-12 24.9 35.5 25.8 
dry wt.) 12-24 - 19.9 28.0 

24-36 23.6 22.4 22.4 

pH 0-6 8.4 8.3 8.0 
6-12 8.1 8.3 7.9 

12 ... 24 8.3 8.3 7.5 
24-36 8.4 8.4 7.6 

Conductivity 0-6 41.1 44.8 26.9 
(tmnhos./ em.) 6-12 32.4 41.9 17.4 

12-24 30.5 33.8 14.5 
24-36 30.5 31.7 13.1 

l\) 

f! 
I 



Appendix II Continued 

Chemical and Depth 
physical factors in inches Communit;,tes 

Triglochin- saiicornia- Hordeum-
Salicornia Puccinellia Sa.licornia 

Bicarbonate 0-6 H H M 
6-12 H H M 

12-24 H H 0 
24-36 H H 0 

Sulfate 0-6 H H H 
6-12 H H H 

12-24 H H M 
24-36 H H M 

Chloride 0-6 H M M 
6-12 H M M l\) 

c» 
12-24 H M L \Jl 

24-36 H M L 

Soluble 0-6 75.0 30.2 39.8 
Sodium 6-12 66.2 26.7 45.9 
percentage 12-24 58.4 33.9 38.2 

24-36 59.4 32.3 41.1 

Sodium 0-6 687.30 550.28 334.95 
(m.e./1.) 6-12 417.60 445.88 178.35 

12-24 361.05 417.60 ll8.76 
24-36 375.84 341.48 149.21 



Appendix II Concluded 

Chemical and Depth in 
physical factors inches Communities 

Triglochin- Salicom.ia- Hordeum-
Salieornia Puccinellia Salicomie. 

Potassium 0-6 10.50 19.51 7.68 
(m.e./1.) 6-12 9.16 12.98 4.07 

12-24 8.93 9.47 2.30 
24-36 7.68 8.96 2.25 

Calcium 0-6 26.2 20.0 24.3 
(m.e./1.) 6-12 22.5 21.5 11.75 

12-24 23.0 22.4 20.3 
24-36 19.0 25.7 13.8 

Magnesium 0-6 193.2 1228.9 473.7 
(m.e./1.) 6-12 180.8 1187.8 194.0 l\) 

():;). 

12-24 225.2 700.9 170.2 ()'\ 

24-36 411.0 682.3 196.5 I 



Appendix III. Some of the Physical and Chemical Features of the Soil Profiles from Other 
Semi-Halophytic Plant Communi ties of the Brown, Dark brown, and Black Soil Zones. 

Chemical and Depth 
physical factors in inches Communities 

Hordeum- Agro£lron- Stipa.- AgroE;rron- Muhlenbergia- Populus-
Artemisia Hordeum Distichlis A. trachzcau11ltll .§Eartina Juncus 

Soil texture 0-6 HvC SiC LVS VCL L s 
6-12 HvC SiC VL HvC SCL LS 

12-24 HvC c VL c SCL LS 
24-36 HvC c VCL HvC 

Color 0-6 Black Brown Light brown Brown Black Grey 
6-12 Black Brown Light brown Brown J?ark grey Grey 

12-24 Black Brown Light brown Light brown Dark grey urey 
24-36 Black Brown Light brown Light bro~n - -

Percentage 0-6 32.8 26.9 3.5 4.6 30.0 0.9 
water (as dry 6-12 37,6 26.8 5.0 10.7 27.0 1.4 
wt.) 12-24 - 26.2 10.7 6.8 20.3 3.2 

24-36 24.7 28.4 9.3 

pH 0-6 6.8 7.8 7.3 7.8 8.2 7.6 
6-12 7.1 8.2 8.0 8.6 8.0 7.7 

12-24 7.1 8.3 8.5 8.7 8.0 7.8 
24-36 7.0 8.2 - 8.7 

Conductivity 0-6 - 13.1 3.4 4.4 13.3 0.4 
(mmhos./ em.) 6-12 5.7 19.3 1.5 7.8 S.7 0.6 

12-24 6.6 16.5 16.2 11.0 7.4 1.7 
24-36 7.0 15.8 17.3 10.0

""" 0) 
.....:z 
I 



Appendix III Continued 

Chemical and Depth 
physical factors in inches Communities 

Hordeum- A~roElron- Stipa- Agroplron- Muhlenbergia- Populus-
Artemisia Hordeum Distichlis A. trachlcaulum .§Eartina Juncus 

Bicarbonate 0-6 0 H 0 L H 
6-12 0 H T H H 

12-24 0 H L H H 
24-36 0 H L M 

Sulfate 0-6 - H T H H 0 
6-12 M H T H H 0 

12-24 H H H H H L 
24-36 H H H H 

Chloride 0-6 - 0 T L T 0 
6-12 L 0 T M T 0 N 

0+ 
12-24 L 0 M H T 0 0+ 

24-36 L 0 H M 

Soluble 0-6 48.6 7.6 15.6 80.8 17.5 15.5 
Sodium 6-12 39.1 5.4 29.4 86.6 20.0 9.6 
percentage 12-24 51.7 5.2 f:IJ.4 86.1 16.5 6.0 

24-36 51.4 6.4 - 80.2 

Sodium 0-6 6.96 36.74 7.40 48.48 65.20 1.22 
(m.e./1.) 6-12 25.22 44.57 6.66 86.52 38.50 8.57 

12-24 55.22 38.48 141.81 121.09 22.40 1.83 
24-36 47.61 35.22 166.17 102.61 



Appendix III Concluded 

Chemical and Depth 
physical factors in inches Communities 

Hordeum- i1!,ro:elron- Stipa- AgroEyron- Muhlenbergia- Populus-
Artemisia Hordeum Distichlis A. trachlcaulum §.Eartina Juncus 

Potassium 0-6 0.38 2.23 2.00 0.49 3.70 0.54 
(m.e./1.) 6-12 0.18 2.38 1.08 0.38 1.59 0.43 

12-24 0.64 1.69 2.89 0.43 0.99 1.15 
24-36 1.04 1. 'i9 2.43 0 • .38 

Calcium 0-6 4.3 18.0 26.4 3.5 28.3 3.5 
(m.e./1.) 6-12 22.0 22.8 5.8 3.0 20.4 4.5 

12-24 26.0 22.4 13.4 2.0 20.0 9.8 
24-36 23.7 23.3 13.8 3.3 

Magnesium 0-6 2.5 426.0 11.5 7.4 275.5 1.5 N 

(m.e./1.) 6-12 17 • .3 763.2 9.2 9.9 131.6 3.9 $ 
12-24 24.7 682.6 77.3 17.3 92.1 17.0 
24-36 19.7 493.4 139.7 22.2 



Appendix IV. Some of the Physical and Chemical Features of a soil profile from the Stipa-Agropyron 
Community of the Dark Brow Soil Zone. 

Chemical and Depth Community Chemical and Depth Communitz 
physical factors in inches Sti:Qa-AsroEzron physical factors 1h inches Stip-a-Agropyron 

Soil texture 0-36 CL Chloride 0-6 0 
6-12 

Color 0-6 Dark brown 12-24 L 
6-12 Brown 24-36 L 

12-24 Light brown 
24-36 Light brown Soluble 0-6 4.2 

Sodium 6-12 8.2 
Percentage 0-6 14.2 percentage 12-24 35.9 
water (as 6-12 10.3 24-36 19.6 
dry wt.) 12-24 9.7 

24-36 13.4 Sodium 0-6 1.04 
(m.e./t.) 6-12 3.35 

pH 0-6 6.6 12 ... 24 13.57 
6-12 7.0 24-36 79.61 

12-24 7.7 
24-36 7.8 Potassium 0-6 0.84 

(m.e./1.) 6-12 0.46 
Conductivity 0-6 1.3 12-24 0.26 
(mmhos./ em.) 6-12 2.1 24-36 0 • .31 

12-24 2.2 
24-36 1.3.0 Calcium 0-6 8.3 

(m.e./1.) 6-12 18.0 
Bicarbonate 0-36 - 12-24 5.8 

24-36 14.7 
Sulfate 0-6 L 

6-12 L Magnesium 0-6 13.7 
12-24 H (m.e./1.) 6-12 20.4 
24-36 H 12-24 18.2 

24-36 310.7 

l'~> 
...0 
0 
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Appendix V. Index to the common names of the plant species 
observed during this study. 

SELAGINELLACEAE 

Selaginella densa 

SCHEUCf~ERIACEP~ 

Triglochin maritima 

POACEAE 

Agropyron cristatum 
Agropyron dasystachyum 
Agropyron smi thii 
Agropyron trachycaulum 
Bouteloua gracilis 
Calamagrostis montanensis 
Distichlis stricta 
Festuca scabrella 
Hordeum jubatum 
Koeleria cristata 
Muhlenbergia richardsonis 
Poa canbyi 
Poa secunda 
Puccinellia airoides 
Spartina pectinata 
Stipa spp. 
Stipa viridula 

ClPERACEAE 

Carex spp. 
Eleocharis palustris 
Scirpus americanus 
Scirpus paludosus 

JUNCACEAE 

Juncus ater 

POLYGONACEAE 

Persicaria coccinea 
Rumex merl.canus 

CRENOPODIACEAE 

Atriplex hastata 
Chenopodium rubrum 

Prairie selaginella 

Arrow-grass 

Crested wheatgrass 
Northern wheatgrass 
Western wheatgrass 
Slender wheatgrass 
Blue grama 
Plains reedgrass 
Salt grass 
Rough fescue 
vJild barley 
June grass 
Mat muhly 
Canby's bluegrass 
Sandberg's bluegrass 
Nuttall alkaligrass 
Prairie cordgrass 
Spear grass 
Green speargrass 

Sedge 
Creeping spike rush 
Three-square bulrush 
Prairie bulrush 

Baltic rush 

Swamp persicaria 
Narrow-leaved dock 

Salt bush 
Red goosefoot 



Chenopodium salinum 
Eurotia lanata 
Salicornia rubra 
Salsola pestifer 
Sarcobatus vermiculatus 
Suaeda depressa 
Suaeda erecta 

ALSINACE.AE 

Spergularia salina 

RANUNCULACEAE 

Halerpestes cymbalaria 

BRASSICACEAE 

Lepidium densiflorum 
Lesquerella spp. 
Sophia multifida 

ROSACEJ..E 

Argentina anserina 
Potentilla spp. 
Rosa spp. 

FABACEAE 

Astragalus spp. 
Glycyrrhiza lepidota 
Melilotus alba 
Thermopsis rhombifolia 
Vicia trifida 

MALVACEAE 

Sphaeralcea coccinea 

CACTACEAE 

Neomamillaria vivipara 
Opuntia polyacantha 

ELAEAGNACEAE 

Elaeagnus commutata 

PRIMULACEAE 

Glaux maritima 
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Oak-leaved goosefoot 
Common winterfat 
Samphire 
Russian thistle 
Greasewood 
Sea blite 
Sea blite 

Salt-marsh sand-spurry 

Creeping buttercup 

Pepper grass 
Bladder pod 
Tansy mustard 

Silverweed 
Cinquefoil 
Rose 

Milk vetch 
vlild licorice 
Sweet clover 
Golden bean 
Pubescent vetch 

Scarlet mallow 

Purple cactus 
Priclr~y pear 

Silverberry 

Sea milkwort 
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ASCLEPIADACEAE 

Acerates viridiflora 

POLJHlNIACE.P..E 

Phlox hoodii 

PLANTAGINACEAE 

Plantago eriopoda 

RUBIACEAE 

Galium boreale 

CAPRIFOLIACEAE 

Symphoricarpos occidentalis 

SANTALACEAE 

Comandra pallida 

C»lP ANULACEAE 

Campanula intercedens 

AMBBOSIACEAE 

Iva axilla.ris 

CARDUACEAE 

Achillea lanulosa 
.Antennaria microphylla 
Artemisia biennis 
Artemisia cana 
Artemisia caudate. 
Artemisia frigida 
Aster ericoides 
Cirsium spp. 
Grindelia squarrose. 
Gutierrezia diversifolia 
Helianthus petiolaris 
Lepachys columnifera 
Leptilon spp. 
Oligoneuron rigidum. 
Senecio palustris 
Solidago dumetorum 
Solidago nemoralis 

Green milkweed 

Moss phlox 

saline plantain 

Northern bedstraw 

Snowberry 

Pale comandra 

Henry bluebell 

Poverty weed 

Wooly yarrow 
Small-leaved pussy-paws 
Biennial wormwood 
Hoary sage bush 
·ra11 wormwood 
Pasture sage 
White aster 
Thistle 
Gum weed 
Broom weed 
Prairie sunflower 
Prairie cone flower 
Fleabane 
Stiff goldenrod 
Marsh groundsel 
Prairie goldenrod 
Showy goldenrod 



CICHORIACEJ\..E 

Crepis glauca 
Lactuca pulchella 
Sonchus uliginosus 
Tragopogon dubius 
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Smooth hawk's-beard 
Blue lettuce 
Smooth perennial sow thistle 
Goat's beard 
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