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INTRODUCTION 

In arid end semiarid areas in the Western United States, 

soluble salts tend to accumulate in the soil in amounts 

harmful to crop production. A considerable portion of this 

land cannot be reclaimed due to the poor quality of per

meability of the soil o Therefore, the wise selection of 

crops that will produce satisfactory yields on these soils 

in necessary. 

The salt tolerance of many crop plants has been inves

tigated; however, more information is needed on the rel

atjvo salt tolerance of varieties, strains , and selections. 

Such information will permit the selection and development 

of varieties end strains of crop plants which may do well 

under such adverse conditions o 

The objective of this research is to determine the 

effect of increasing levels of salinity on the growth, 

survival, and chemical composition of selected fora ge p lants. 



REVIEW OF LITERATURE 

Saline and alkali soils 

Saline soils contain amounts of soluble salts that 

are harmful to plant growth. These soils are very preva-

lent throughout the arid and semiarid regions of the world. 

Israelson (1950) reported that most saline and alkali soils 

in cultivated areas occur because of poor irrigation prac-

tices. 

The United States Salinity Laboratory (1954) has 

placed salted soils into the following groups: 

Saline soils. Saline is used in connection with 
soils for which the conductivity of the saturation 
extract is more than 4 mhos/em. at 2S°C. and the 
exchangeable-sodium-percentage is less than lSo 
Ordinarily the pH is less than 8.5. These soils 
correspond to Hilgard's 'white alkali' soils 
and to the 'Solonchaks' of the Russian soil 
scientists. When adequate drainage is estab
lished, the excessive soluble salts may be re
moved by leaching and they again become normal 
soils. 

Saline-alkali soils. Saline-alkali is applied 
to soils for which the conductivity of the 
saturation extract is greater than 4 mhos/em. 
at 2S°C. and the exchangeable-sodium-percentage 
is greater than lS. These soils form as a 
result of the combined processes of salinization 
and alkalization. Under conditions of excess 
salts, the pH readings are seldom higher than 
8.5 and the particles remain flocculated. If 
the excess soluble salts are leached downward, 
the properties of these soils may change mark
edly and become similar to those of non-saline
alkali soils. 

Nonselgne -als{ali soils. Non-saline-alkali is 
apptie to soils for which the exchangeable-



sodium-nercentage is greater than 15 and the 
conductivity of the saturation extract is less 
than 4 mhos/em. at 25oc. The pH readings 
usually range between ~o5 and lOoO These 
soils correspond to Hilgard' s 'black alkali' 
soils and in some cases to 1 Solonetz, 1 as the 
latter term is used by the Russians. 

The effect of salts on plant a:rO\-Jt~ 

Kearney and Scofield (1936) stated: 

The effects of the dissolved constituents 
of the soil solution are manifested in two ways. 
One is directly on the plants, and the other is 
on the physical condition of the soil, with 
subsequent or indirect effects on the plants. 
Of these two the nature of the direct effects 
on plants is not so well understood as is the 
effect on the soil. It is well known that when 
certain of these constituents occur in the soil 
solution at or above certain concentrations, 
the normal processes of plant growth are impaired 
or inhibited. It is not so well known how 
these growth processes are deranged, whether by 
retarding water absorption and its translocation 
within the plant or by some other disturbance 
of the vital processes. It seems probable that 
one constituent affects the plant in one way 
and another in a different way. It is known 
that some constituents are, in lower concen
trations, not only harmless to plants but 
actually beneficial or even essential, while in 
higher concentrations these same constituents 
are injurious or poisonous. 

3 

Hayward (1954) concluded that one of the main effects 

of soil salinity is to limit water supply to the plant by . 

increasing the osmotic pressure of the soil solution. This 

effect is intensified by an increase in the soil moisture 

tension, and the combined effect, total soil moisture 

stress, determines the growth of plants. 

Ayers and Hayward (1948) suggested that soil salinity 

may affect the germination of seeds in two ways: (1) it 

may decrease the ease with which seeds may take up water 



4 
and thereby decrease the r ate of water entry; and (2) it 

may facilitate the intake of ions in sufficient amounts 

to be toxic. 

Bower and Fireman (1957) reported that when selecting 

crops for saline soils, particular attention should be 

g iven to the salt tolerance of the crop during germination 

due to the fact that p ~or yields frequently result from the 

failure to obta in satisfactory stands. 

Studies by Ayers and Heyward (1948) showed that al

though corn germinated at a higher level of sodium chloride 

than sugar beets or alfalfa, it is less tolerant of salinity 

during tne later stages of growth. Their studies also in

dicated that the re is no general relationship between the 

salt tolerance of a plant during the later phases of growth 

and that during germination. They concluded that certain 

salt tolerant crops are especially sensitive during germin

ation whereas others are not. 

Ayers (1953) studied the effects of various levels of 

sodium chloride on the germination and emergence of barley 

varieties . He found t ha t s alinity tended to increase the 

time required for emergence and decreased the percentage 

of seeds emerg ing . 

Uhvits (1946) studied the effect of sodium chloride 

on the germination of alfalfa seeds in Petri dishes by 

placing seeds between filter papers moistened with solutions 

hav ing different osmotic pressures. The use of solutions 

of increased osmotic pressures resulted in a decrease in 
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the rate and percent of seeds germinating. The same effect 

was noted when mannitol was substituted for sodium chloride, 

except that the reduction in germination perce ntage was not 

as severe at equal osmotic concentrations. The decrease 

in rate and percentage of germination due to the moistening 

of the seeds with either sodium chloride or mannitol was 

attributed to the osmotic effect of the solution upon the 

entry of water into the seeds. The more severe reduction 

in the germination percentage due to the use of sodium 

chloride was attributed to injury caused by the accumula

tion of toxic amounts of chloride within the seed. 

Harter (1908) observed tnat salts tended to stimulate 

plant growth when present in small amounts. The United 

States Salinity Laboratory (1954) reported that s odium 

and chloride present in relatively small concentrations 

may stimulate the productivity of certain crops. Brayer 

et. !!· (1954) concluded from their studies that chlorine 

is an essential nutrient element. This may account for 

the increased production of some crops grown on soils where 

small amounts of sodium chloride have been added. 

Mag is tad and Christ 1 ens on ( 1941.+) noted that plants 

show few characteristic symptoms of salt injury unless the ~ 

concentration is exceptionally high. Plants grown in 

saline soils and in s~nd cultures receiving saline solutions 

are smaller than the ones gr own under normal conditions. 

However, if control plants are not available for comparison, 

the dwarf effect is not very apparent. 



Fireman and Hayward (1955) stated: 

Saline soils are often recognized by the 
presence of white salt crusts; by damp , oily
looking surfaces devoid of vegetation; by 
stunted growth of crop plants, with considerable 
variability in size and with a deep blue-green 
foliage; and sometimes by tipburn and firing 
of the margins of leaves. 

6 

Hayward and Long (1941) grew tomato plants in three 

series of culture solutions consisting of a base nutrient 

series, a sodium chloride series, and a sodium sulfate 

series. They found that the leaflets of plants grown at 

the high salt concentrations were significantly thicker 

in the sodium chloride a nd sodium sulfate series. They 

observed that the leaves of the pl~ nts grown in high s odium 

chloride solutions were more succulent than those of the 

base nutrient and sodium sulfate series. Anthesis was 

delayed and flower bud formation was retarded on plants 

grown in high sodium chloride solutions. As the concentra-

tion in the culture solution was increased, the osmotic 

concentration of the sap increased. 

Hayward and Brown (1956) studied the effect of increas-

ing levels of salinity on the growth of several alfalfa 

varieties. They noticed that plants grown in the salinized 

basins were smaller and had a dark blue-green color which 

became more evident with increasing salt concentration. 

However, in all other respects the plants appeared normal. 

Plants in the salinized plots bloomed a few days earlier 

than those of the control plot, and most alfalfa varieties 

produced one cutting more per year on the salt plots . 
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Kearney and Scofield (1936) reported that the burn-

ing quality of tobacco, the length and fineness of cotton 

fiber, and the purity of sugarcane and sugar beets may 

diminish because of salts in the soil interfering with the 

growth of the olants. They also reported that when salts 

are present in large quantities so~e plants may take up 

excess quantities from the soil which render the forage 

unpalatable or e ven injurious to live stock. 

Specific ion effects 

There are several salts found in the soll solution. 

The most common ones consist of va rious proportions of the 

cations: sodium, calciu~, and magnesium, and the anions: 

chloride, sulfate, ond bicarbonate. 

Hassen and Overstreet (1952) have Ghown that the ad

verse effects of certain salts on the elongation of 

radish seedlings is not due solely to increased osmotic 

pressure of the media, but the nature of the salt ~ey be 

important also. They concluded thot certain ions may 

exert specific effects on the nature of growth processes 

of radish seedlings. 

Hayword and Magistad (1946) reported that the grow th 

of some crops, such as peaches and beans, was red uced more 

by chloride than by sulfate salts. Flax, gueyule, and some 

grasses were affected more by sulfate salts. 

Wadleigh and Ayers (1945) studied the g rowth and bto

chemical c omposition of bean plants as conditioned by soil 

moisture tension end sodium chloride concentration. They 
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found that an increase in the salt concentration tended 

to cause an increase in the percentage of nitrate nitrogen 

in the plants. Long (1943) observed that when large 

quantities of sodium chloride were present in the substrate, 

adsorption of nitrate nitrogen was reduced considerably. 

Gauch and ·~adleigh (1945) studied the effect of high 

concentrations of sodium, calcium, chloride, and sulfate 

on ionic absorption by bean plants. Their results indi

cated that the addition of salt to the base nutrient solu

tion, regardless of the types of salt or the concentrations, 

had little effect on the phosphate concentrations in the 

plant parts. 

Potassium absorption by plants as affected by cationic 

relationships was studied by Pierre and Bower (1941). It 

was observed that potassium absorption by plants is usually 

decreased by the presence of high concentrations of other 

cationso 

Larson (1938 ) found that strawberry clover grown on 

saline soil contains more ash and lower percentages of 

nitrogen and calcium and higher percentages of ma gnesium, 

sodium, potassium, and phosphorus than the normal vig orous 

plants from non-saline soilo 

wadleigh e t al. ( 19) 1) concluded that high levels of 

the calcium ion in the soil solution may be lethal to 

orchard grass when the associated anion is either chloride 

or nitrete. 

Bower and Fireman (1957) reported that boron when pre -
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sent in the soil solution at concentrations of only a few 

parts per million, is highly toxic to many crop plants. 

Gausman end Cowley (1954) conducted a test to ascer

tain the effects of artificial salinization on the perform 

ance of five grasses grown extensively in the Lower Rio 

Grande Valley. Their results indicated that the use of 

sodium chloride and calcium chloride treatments increased 

the sodium content of Coastal Bermuda grass end decreased 

the sodium content of Angleton grass and Rhodes grass. 

Differences were not statistically significant in regard to 

the percentages of nitrogen in the top growth of the grasses 

subjected to salinized water. However, the phosphoric acid 

content of some of the grasses did increase significantly 

due to the salt treatments. 

Elgabaly (1955) used resin-sand systems to study the 

effects of sodium, magnesium, and calcium on the growth and 

cationic accumulation of barley plants. The dry weight, 

length of shoots, and length of roots were used to measure 

these effects. It was observed that when sodium was in

creased in the medium there was an increased absorption of 

sodium by the plants, an increased depletion in potassium, 

and a slight depletion in calcium and magnesium. The study 

indicated that compared at equal concentrations, magnesium 

and sodium were more deleterious on the growth of barley 

than calcium. 

Physiological basis of salt tolerance 

The halophytes are natural examples of plants that are 

salt tolerant. Considerable literature was reviewed by 
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Uphof (1941) on the physiology of halophytic plants with 

particular reference to osmotic pressure, transpiration, 

suction pressure, amount of salt taken up , and germination. 

Iljin (Hayward, 1954) affirmedthat on l y those plants re

sistant to high accumulations of sodium in the cell sap 

should be considered as haloohytes . Physiological charac

teristics which he considers important in the halophytes 

are: (1) the ability to develop high osmotic press ures of 

the tissue fluids in order to counteract the increased 

osmotic pressure of s aline substrates; (2) the ability to 

accumulate large quantities of salts in the tissue fluids 

and to regulate such an accumulation; (3) a pr otoplasm that 

is resistant to the effects of sodium accumulation in the 

cell sap. 

Collander (1941) observed that plant species which 

normally have relatively high concentrations of sodium 

throughout the plant seem to be the ones that are least 

sensitive to an increase in sodium concentration in the 

substrate. He also noted that many salt-sensitive soecies 

of plants take up relatively small amounts of salt. 

Breazeale (1926) maintainedt~at salt toleranc e in 

plants is primarily a matter of adaptation and deve lopment 

of physiological differences, such as the development of 

mechanisms for lowering the rate of transpiration, or loss 

of water through leaves. Daubenmire (1947) asserts that 

salt tolerance appears to be a matter of physiologic 

adaptation acquired through timeo 
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Repp and McAllister (1956) reported that the salt 

resistance of the protoplasm is a very important physiolog

ical factor in salt tolerance of plants. Hayward (1954) 

pointed out that the lack of salt tolerance in crop plants 

may be related to the inability to regulate adequately the 

intake of salt, and the sensitivity of the pr ot oplasm to 

salt accumulations within their tissues. 

Funk (1956 ) hypothesized t~at the favorable growth 

response of many plants on salted soils may be due to an 

ability to persist under adverse conditions of high salt 

and then make growth by obtaining water from a less concen

trated soil solution either after a rain or irrigation or 

from a less concentrated part of the root zoneo 

Techniques used for salt tolerance investigations 

It is difficult to make accurate evaluation of crop 

growth on saline soils beca use of the diversity of salt 

conditions found within one area of a field. The United 

States Salinity Laboratory (1954) has developed seve ral 

techniques for evaluating the salt tolerance of crop pla nts . 

Artificially salinized field plots . This method ut ili zes 

14 -ft. square basins. The se are leveled carefully to in

sure even distribution of the salinized irrigation water. 

They are surrounded by border s to restrict the salinized 

water to the bas in. Salinization is accomplishe d by 

irrigation with waters artificially salinized with pre

scribed amounts of salts. If the soil is pe rmeab le and 

sufficient irrigations are applied, the salt concentrations 

in the basins tend to reach a steady value after the first 
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few irrigations. Equal parts of sodium chloride and 

calcium chloride are added in prescribed amounts to the 

irrigation water to prevent the development of alkali con

ditions in the soil. 

The sa linization treatments are begun after the seed-

lings or transplants are estab lished, since most crops 

are more sensitive to salinity during germination or follow-

ing transplanting . Genera l ly , the salintty is increased 

stepwise during the first 3 or 4 salinizing irrigations. 

Drum culture. Salt is added to the drums in the initial 

irrigat ion or by mixing it with the d~y soil in amounts 

calculated to give the desired level of salinity. After 

the initial salt ha s been added to the soil , non-saline 

irrigation water must be used to prevent further increases 

in salt concentration. Alternate surface and subirrigation 

are practiced in order to avoid the leaching of the salt 

downward in the drum. This also insures a more even dis-

tribution of the salt in the soil. Subirrigation is 

a ccomp lished by introducing the irrigation water into a 

layer of fine gravel in the bottom of the drum. Drum 

cultures require a minimum of space and effort and are very 

useful in salinity studies where many treatments ere desired. 

Sand and water cultures. Sand and water c ultures ellow 

for precise control of the substrate. Therefore, problems 

difficult to solve by soil-culture methods can be studied 

more satisfactorily by sand or water cultures. These 

methods involve the addition of various salts to a base 

nutrient solution. Provision for adequate nutrition is 



made by using a base nutrient solution. Proper control 

of the pH of the nutrient solution must be maintained 

and adequate aeration must be provided. 
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Protoplasmic salt resistance test. Reop ~ n d AcAllist~ r (1956) 

developed a brief physiological test for predicting the salt 

tole r ance of crop plants. This technique consists of cut-

ting tangential stem sections containing the epidermis and 

some cortex tissues from the plants to be studied. These 

tangential stem sections are immer sed in sodium chloride 

solutions of various concentrations for 24 hours. After 

removal, they are immersed in a hypertonic g lucose solu-

tion for an hour and then examined under the microscope 

for plasmolysis . Plasmolized cells are considered unin-

jured while cells which fail to plasmolize are considered 

injured or aead o 

Plant ratings for relative salt tolerance. Ha yw ard and 

wadleigh (1949) report that three criteria may be used to 

evaluate salt toleranceo They are: (1) the ability of a 

crop to survive on saline soils, (2) the ability of a crop 

to produce a satisfactory yield, and (3) the production of 

a crop on a saline soil compared to the production of the 

same crop on a non-saline soilo 

Many species and some varieties of crop plants have 

been investigated by the United States Salinity Laboratory 

(19 54) for their relative salt tolerance. In · most in

stances, the artificial salinized field- olot technique was 

used to obtain the data reproduced in Tables 1 and ?. 
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Table 1. Relative salt tolerance ratings for forage crops 

Alkali sacaton 
Salt grass 
Nuttal alkali>rass 
Bermuda grass 
Rhode s grass 
Rescue grass 
Canada wildrye 
Western wheatgrass 
Barley (hay) 
Birdsfoot trefoil 

~hite sweetclover 
Yellow sweetclover 
Perennial rye~ra ss 
Mountain brome 
Strawberry clover 
Dellis grass 
Sudan grass 
Hubam clover 
Alfalfa (California common) 
Tall fescue 
Rye (hay) 
~·/heat (hay) 
Oats (hay) 
Orchardgrass 
Blue grams 
Meadow fescue 
Reed canary 
Big trefoil 
Smooth brome 
Tall meadow oatgrass 
Cicer milkvetch 
Sourclover 
Sickle milkvetch 

ECe x 103 = 4 

White Dutch clover 
Meadow foxtail 
Alsike c lover 
Red clover 
Ladino clover 
Burnet 

Table 2. Relative salt tolerance ratings for field crops 

ECe x 103 = 16 

Barley (grain) 
Sugar beets 
Rape 
Cotton 

ECe x 103 = 10 

Rye (grain) 
wheat (grain) 
Oats (grain) 
Rice 
Sorghum (grain) 
Corn (field) 
Flax 
Sunflower 
Casterbeans 

EC x 103 = 6 e 

Field beans 
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The numbers following ECe x 103 ere the electrical 
conductivity values of the saturation extract in milimhos 
pe r centimeter at ?5°Co associated with So percent decrease 
in yield~ 



PLANT MATERIALS 

The 5 species of crop plants included in this ~tudy 

were tall wheatgrass (Agropyron elongatum), Canada wild-rye 

grass (Elymus canadensis), reed canarygras8 (Phalaris 

arundinecea), alfalfa (Medicsgo sativa), and strawberry 

clover (Trifolium fregiferum)n 

A commercial tall wheatgrass strain was planted a 

few years ago on a saline soil near Springville, Utah. The 

seed collected from these plants was replanted in non-saline 

soil end the seed obtained from these parent plants and 

their progeny was used as the source of tall wheatgrass seed 

for this studyo Canada wild-rye grass seed was obtained from 

selections made over the state of Utah and also from North 

Dakota. Reed canarygrass seed was received from the stocks 

of U.S.D.A. collaborators and experiment stations. The seed 

for strawberry clover was obtained from the Field Crops 

Division of the A.R.S. Alfalfa seed was received from the 

various sources reported in Table 3o 

Grasses 

Tall wheatgrasso Tell wheatgrass (Agropyron elongetum)is a 

native to Southern Europe and Asia Minor, where it lives 

primarily on saline meadows and seashores. It was 1ntro-

duoed into the United States in 1909 from Turkey. It is a 

coarse, non-lodging, very late-maturing bunchgrass 2i to 

6 fto tall. The grass makes excellent fall and spring 

c:: 
-r 

5: 
, -r.t 

r , 
tn :..., 
-< 
r-g 
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recovery and remains green 3 to 6 weeks longer than most 

other grasses. It is very salt-tolerant and gives high 

yields on subirrigated alkaline soils. The full develop

ment of the plant requires 4 or 5 seasons (Weintraub, 1953). 

Hafenrichter et !l· (1949) described tall wheatgrass 

as a coarse, tall , vigorous, stemmy bunchgrass. They pointed 

out that it seems to be much more platable than its appearance 

indicates and its yield ranks among the highest of any 

grasses tested. Under irrigated conditions, it is not un

common to obtain a production of more than 7 tons of hay 

per acre. 

Beetle (1955) reported that tall wheatgrass has two 

outstanding qualities of other wheatgraases. These are 

hardiness and drought resistance and the ability to pro

duce excellent forage on soils too alkaline to grow any 

other useful cropo 

Canada wild-rye grass. Canada wild~rye grass (Elymus 

canadensis) is a large , coarse, short-lived perennial bunch

grass. The olant height is from 3 to 5 fe e t, and the stems 

are coarse and woody. Although it is a cool-weather grass, 

it begins growth l a ter in the spring and l a sts longer into 

the summer. The palatability of Canada wild-rye grass is 

only fair (Hawk, 1951). 

Canada wild-rye grass occurs in pure stands on wet 

alkaline sites. The seedling growth is slow in the cool 

weather of early spring and spring recovery of established 

stands is also slow. In Oregon under subirrigated conditions, 

it has averaged 4o56 tons of hey per acre (Hafenrichter 

e t al. ( 194 9) • 



Table 3. Sources of seed for alfalfa varieties used in 
the salt tolerance studies 

Variety Source of Seed 

A-?24 Syn. 1 
A-225 Northern Syn. 
A-?50 (Utah Syn. Y) 
A-?51 (Utah Syn. Z, 
A-252 (Utah Syn. A) 
A-253 (Utah Syn. B) 
African A 4-34 (Ariz. Com.) 
Ariz ona Ch i l ean 
Atlantic 
'' Bam" 
Brigham Young 
Buffalo 
Cali verde 
Cossack 
Delta Common 
DuPuits 
Hairy Peruvian 
Kansas Common 
Ladak 
Lahontan 
Narra ganse tt 
Nemes tan 
Nev. Syn. E. 19t)6 (O.F.S.) 
Nev. Syn. K. {O. F .S.) 
Nomad N B ?1 
Rambl e r 
Ranger 
Rhizome 
Sevelra 
So . African (w3275) 
Stafford 
Swift Currant 3484 
Swift Currant M A 501 
Ta lent 
Terra Verde N. K. 
Uruguay clone 10 
Vernal 
't/illiemsburg 

Dr. Marion W. Pedersen 
A.R.S. 
Dr. Marion W. Petersen 
Dr. Marion N. Pedersen 
Dr . Marion w. Pedersen 
Dr . Marion W. Pedersen 
Arizona 
A.R.S. 
Utah 
Iran 
A.A. Borgeson of Santaquin, Ut. 
Northrup King 
A.R.S. 
A.R.S. 
Camerson Adams of Delta, Ut. 
A.R.S. 
Arizona 
A.R.S. 
Oregon 
Nevada 
A.R.S. 
Dr. Marion W. Pedersen 
Nevada 
Nevada 
Oregon 
Canada 
Utah 
Canada 
Idaho 
Northrup King 
Colorado 
Canada 
Canada 
A.R. S . 
Northrup King 
A.R.S. 
Utah 
A.R.S. 
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Reed canerygrass (Phalaris arundinaces) 

is a tall, coarse, sod-forming, cool-season perennial that 

reproduces by seed or vigorous rhizomes. It is believed 

to be a native of the temperate regions of Eurooe, Asia, 

and North Americao The plant is well adapted to low, wet 

areas but also makes good growth on uoland, well-drained 

soils supplied with ample moisture for spring and early 

summer growth. Orten, it can be found growing along stream 

banks and around lake shores in areas where it is adapted 

(Ahlgren, 1956). 

Weintraub (1953) describes reed canarygrass as a tall, 

coarse grass that spreads by rhizomes and tends to beco~e 

sod-boundo The grass is adapted to cool regions but is not 

sensitive to heat or cold. It is especially adapted to 

swampy or overflowed lands. This grass is used for pasturage 

on wet lends, silage, hay, and erosion control along water

ways. 

Ioreed is a synthetic variety developed by the Iowa 

Agricultural Experiment Station. It is a recombination of 

the best sel'ections from a large number of sources compared 

through a period of years and the best from Iowa selections 

(Heath and Hughes, 1951~. 

The variety Superior was developed in Oregon for use 

on upland siteso The seed is reported to show l ess tendency 

to shatter. It is also reported to make a somewhat shorter 

growth than the commercial unimproved reed canarygrass 

(Heath and Hughes, 1951). 



Legumes 

Alfalfa. 
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Alfalfa (Medicago setiva) is the outstanding 

forage p lant in the United States. Of all the commonly 

gr own hay croos, it has the highest feed value. It is a 

vi g orous, deeo-rooted, highly productive perennial that is 

best a dap ted to a deep loam soil with open porous subsoils. 

The tolerance of alfalfa to alkali and salt concentrations 

is better than for most other farm crops (Wheeler , 1950) . 

A- 224 Syn. 1 is a synthetic variety developed by Dr. 

H. M. Tysdal at Nebraska. It consists of 4 clones: C-53 

Nebr., C-63 Iowa, C-87 Pa., and C-130 Nebr. These clones 

ell have somewhat spreading or rhizomatous crowns. It is 

a pasture type plant. 

A-225 Northern Syn. was developed at Nebraska by Dr . 

H. M. Tysdal for the northern United States . It is a 

synthetic consisting of 7 clones: C-2 Nebr., C-10 Nebr., 

C-27 Colo., C-32 Nebr., C-36 Nebr., C-46 Nebr., and C-57 

Colo. The se clones were selected for their cold resistance 

as well as other des irable characteristics . 

A-250 (Utah Syn. Y) is made up of 3 selections out of 

262-10 and 1 from a Grimm x Nemastan cross. The 4 plants 

were interpollinated to produce Utah Syn. Y. Dr. R. J. 

Evans did the work at the Utah Agricultural Experiment 

Station . 

A-2 51 (Utah Syn . Z) is a synthetic made up of 4 Utah 

clones numbers : 60, 80 , 123, and 1 51. The parentage of 

t hese clones involves the varieties Hardigan, Nemastan, 
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Russian Grimm, and Turkistan 86696. Dr . R. J. Evans at 

the Utah Agricultural Experiment Station was credited with 

the work. 

A-?52 (Utah Syn. A~ is a selection made from 4 Utah 

clones. Each plant was selected for high seed production. 

The plants se lec ted each produced in excess of ?00 grams 

of seed. Utah Syn.A was developed by Dr. Marion W. Pedersen 

of the U.S.D . A. - A.R.S. at the Utah Agricultural Experiment 

Station. 

A-2 53 (Utah Syn. B) consists of 7 Utah clones including 

the clones in A-?5? . These clones were selected on the 

basis of high seed production . Each of the 7 clones pro

duced in excess of ?00 grams of seed. Dr. Marion w. 
Pedersen developed this synthetic at the Utah Agricultural 

Experiment Station (Pedersen, 1958). 

Strawberry clover. Strawberry ~lover (Trifolium frogiferurn ) 

is a perennial, low-growing , pasture legume which spreads 

vegetatively by creeping ste~s that root at the nodes. It 

is adapted to a wide range of soil conditions. However, 

the plant is of particular value on wet saline or alkaline 

soils, although it will thrive in normal soils. One of its 

outstanding characteristics is its ability to survive 

flooding for 1 or 2 months. It will produce a pasture crop 

on land where the subsoil water table is so high that other 

crop plants are largely or wholly eliminated . Strawberry 

clover is principally a pasture plant , though it may be 

used as a green-manure crop (Wheeler, 1950). 



METHODS AND RESULTS 

The 5 e xperiments conducted a t 3 salinity levels in 

artificially sallnized basins cons isted of (l) co~pPring 

the oerformance of 39 selections of tall wheatgrass, (?) 

co~par1ng the performance of l? selections of Canada wild

rye grass, (3) comparing the pe rforman ce of ?7 va rieties 

and/or strains of reed canarygrass, (4 ) comparing the per

formance of 39 varieties of Blfalfa, and (5 ) compari ng the 

performance of 10 varieties and/or stra ins of strawberry 

clove r. 

The above experiments •.Jere nerf ormed at the Gree nville 

Experi me ntal Farm at North Logan, Uta h, on a s o lty clay loam 

soil. The basin la yout is shown in Figures l a nd ?. 

The artificially salinized field-plot technique was 

employed in these experiment s. In prev ious yeP rs, 15 

basins had bee n constructed, but due to the f ac t thet they 

had bee n s ubj ected to salinization treatments , it was 

necessary t hat soi l samp l e s be taken from eac h basin end 

analyzed. Sampl es were t~ken at 0-6, 6-1?, l q-?4 , 30-~6, 

and 42-49 inc~ de pths in each basin. In pddition, r andom 

samples were taken at the same deoths in the areas where 

10 more basins were l ater constructed. The analyses of 

the soi l samoles indicated that 4 (Table 4 basin~ I, II, III, 

and lV) of the basins were not suitabl e for sa lt tolerance 
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studies and therefore were not used. ftlso, 1 other basin 

(Table 4, basin V) was not used because it was not neededo 

The Anvlyses of soil samples from basins used are given in 

Tables 5, 6, 7, 8, end 9. 

Twenty of these 14 x 14 ft . basins Here prepared for 

planting early in the spring of 1957. 



Basin 7 
Strew
berry 
clover 
3 , 000 

porn salt 

Basin 6 
Tall 
whea t grass 
L? ,000 ppo 
salt 

Basin 5 
Alfalfa 
16 , 000 
ppm salt 

Basin 4 
Reed 

Basin 3 
Tall 
wheatgrass 
0 ppm salt 

Basin l 
Reed 
canary
grass 
24 1000 ppn 
s a t 

Basin 12 
Reed 
CM.nary
grass 

~a~"ftm 
E as 

or------, 

Bas in 17 
Straw-
berry 
c love r 
0 ppm salt 

r; 

Basin 16 Bas in ll 
Alfalfa 
0 ppm 
s alt 

· Straw-

Basin 10 
Alfalfa 
:3 ,000 pprr 
salt 

Basin II 

Bas i .n I 

Basin 9 
Alfalfa 
16,000 
ppm salt 

West 

berry 
clover 
s , ooo ppm 
salt 

Basin 15 
Stl•aw
berry 
clover 
1 6 ,000 pon 

Basin III 

Basin 14 
Tall 
wheatgrass 
24 ,000 ppn 
sa lt 

Basin I V 

~-------~ r----------~ 

Basin 8 
Reed 
Canary
grass 

~~~o~~ lt 1 ....... 

Basin 13 
Tall 
whe e t1~rass 
24 , 000 ppn 
salt 
~-----~ 

Basin V 

Basin ?0 
Tall 
wheatgrass 
1? ,000 porn 
salt 

Basin 19 
Alfalfa 
9 , 000 ppm 
salt 

Basin 18 
Reed 

?1... 

Figure 1o Salt basin arrangement on the Greenville Experi
mental Fermat North Lopan, Utah, i n 1957. 



Figure 2 •. Salinized basins at the Greenville Experimental 
Farm at North Logan, Utaho rhe first 3 rows 
of basins in the foreground are part of Dro 
D. R. Dewey 's sa lt tolerence studies on crested 
wheatgress. 



Ta ble 4 . A ~alyse s of s oil s amnles t ake n from sa lt bas1ns not used (Anri l 11, 1QS7) 

Depth Gl pH Tota l Sat . Base !'1 o1s t water 
Lab . ~ o.l Bas in 1~ o. ( inches) ~ Soluble Ext . Exch . Exc h . Exch . at Li me Sol. 

0) V\ 
Sa l ts Co::1d j 

,. Cao . Np . Sat. CeC0 1 Na. a! .. •i 8 . 
P-o .-4 % XX IO Me/l OOg Me/lOOg 

.., % ~ /0 

. :>71?56 I o- 6 9 . 5 9 . 8 . 09 J . ? .4 11~ 0? 3 28 + . 79 
J 57 1?5~ I 6-l? 7 . 9 9 . 7 . ?8 ).6 .OJ 14 . l 1 30 + . 99 
T .J71?5 I 18-?L 7 . 3 l . ? . 79 ?!3 . 7 1. 71 11. 9 ~ I 35 + 5. 53 .l.Lj. 

J571?59 I 30- 36 7.6 9 . 7 . 91 ? 3 . 5 1.04 9 . 0 13 33 ++ 3 . 70 
U571?60 I ~ ?-48 7 . 6 3 . 3 . 6? ??. • ?. 1.2 b . ? 19 29 ++ ? . 60 

J571251 II J -6 8 . 5 9. 9 .07 ?.0 -4 14 . 6 3 ?8 ... 
0 54 

US71252 II 6- l? 3. 1 9 . 5 . 25 9 . 4 4 . 5 14 . 3 <l 34 + 2 . 55 
u 571?53 II 19- ?4 7 . 4 8 .2 1.1 3S. 2 J . S 1? . 4 ;:: 3 34 + 14 J~2 
u ) 71?54 II 30-36 7 . 5 8 . 3 . 79 ?0 .1 1. 3 7 . 6 19 3? ++ J ... ?3 
US71?.55 II 4?- 48 7 . 7 3 . 5 .60 19 . 9 1.3 6 . 9 19 31 + + 3.46 

US71?.86 III o- 6 8 . 9 9 8 . 06 1.5 4 . ? 1u . b ':9 26 + - 37 
U571?97 I II 6- 12 3 . 8 9 o7 . 08 ? . l J . 9 l.:J . 9 ?6 29 + . 57 
U5712!)8 II I 19-?4 7.6 3.?. 1.3 31. 2 ? . l 11 .9 17 36 + + 5 .09 
U57 1?39 III 30- 36 7 . 7 3 .1 1. 4 ?') . 3 3. 7 7 . 9 47 36 ++ 4 . ~9 
U571?.90 III 4?.-48 7 . 9 :3 . 2 1.1 ?9 . 3 1. 0 5 . 5 19 30 + + 1, . 70 

U571 "76 IV 0- 6 9 . 7 10 . 0 . OS ? . 0 . 5 lS . o '3 ~0 + . 69 
U57 1?77 IV 6- 12 8 . 7 9 . 9 . 06 1.6 4 . 6 l it . 6 31 ?.7 + . 50 
US7 1?7'3 IV 18-?4 7 . 9 3. 9 . 3 ~ e. ? .... .... :1 . 1 17 37 + ? . 59 (" . ,~ 
U57 1?79 I V 1 0- 36 7. 5 8. 3 . 8 ?. ?4 . 7 1. 7 9 . 8 17 34 ++ 1. 16 
U571?30 IV lJ?-L9 7 . 7 ~3. 4 . 5?. 1( . • 4 . :3 7 . l l? 3? ++ 1 .1.~4 

u 571301 v .') - 6 ~ .0 3 . 5 . J 2 LO • 3 l )l . ? ? 29 + . 8? 
U57 13J? v 6-12 '3.0 9 I. . 02 . 6 . ? 1'< .2 2 34 + . 0 3 . ..,. 
U571303 v 13-?.4 9 . 1 8 . 6 . 02 . 4 . ? l J .I• l 3U + .06 
U571304 v 30- 36 9 . 2 3 . 6 . 0? . 6 . 1 6.9 ?. 29 ++ . 06 
U57 .305 v 4?- 118 8.5 3 . 9 . 0? .4 . ? 5. 7 3 23 ++ . 04 

1s o1l sampl es anR ly zed by the u . s . c . A. - S.C. S. - L.S. U. Cooper at ive Soi l s Laboratory , Lo~an, Utnh 



Table 5. Analys es of s oil samples t aken from salt basins prior to planting them to tall whea tgrass 
(Aeril 11 2 1957) 

Dept h pH Total Sat. Base Moist Wate r (!) 

Exch . Exch . Exch. at Lime Soluble 1 Basin No . (inches) -+.} Soluble Ext. Lab . No . 
Cl) \J\ 

Na' Cap. Ne Sat . caco1 Na Q) .. Salts Condj p.. ~ % T<XIO Me[) OOg Me[l OOg % % /0 . 

U)71221 3 0- 6 7. 9 13 .8 . 02 . 6 .6 14.1 4 33 + • 1)+ u571?2? 3 6-12 8 . ? 9 . 0 . 03 . 9 . 9 13. 3 7 31 ++ 0 ?0 U571??3 3 1~-?~ 3 . 3 9. 3 . 04 1.0 1.3 1l. O 10 30 + .. . 26 U571224 3 30-3 8 . 5 9 . 5 .04 . 9 1. 0 1.l, 1? ?9 ++ • ?4 U571?25 3 4?- 49 7 . '3 3. 5 -44 11. 8 6 .1 6 . 3 ? 33 ++ 2 . 08 
U571236 6 0- 6 9 . 0 3.6 . 02 . 9 • 3 14 0 5 ? 

~~ 
+ 

0 04 U571? 37 6 6-1? 9 .0 8 . 7 .02 .5 . 2 1/_j . 3 1 + . 02 U57l238 6 18- 24 7 . 9 8 . 5 . 04 . 9 . 4 1?.6 3 35 ++ . 03 0571239 6 30- 36 7 . 9 8 . 6 . 04 1.2 . 2 9 .5 ? 30 ++ .05 U571240 6 4?- 48 7.9 3.6 . 04 1.2 .3 6 . 2 4 10 + + .0? 
U571 301 20 0-6 9 .0 8 . 5 . 02 LO . 3 li.1 • ? ? ?<) + . 0 ?. U571)02 20 6-12 3 . J 9 . ~ .OC' . 6 .2 1 1.? ? ~4 + . 03 U57130 3 ?0 18-?4 9 .1 8. . 02 : ~ .? 10 . 4 1 30 + . 06 U57l 3J4 20 30-36 8. 2 3 . 6 . 0? . 1 6 . 9 2 29 ++ . 06 U5713J5 20 4?-48 8 .5 8 . 9 • 02 .4 .2 5.7 3 ?'3 ++ . 04 
U5 71271 13 0- 6 8 .2 '3 . 7 . 0? .5 • 3 14 .1 ? 32 + .01 ._ 57127C' 13 6-12 8 .1 3 . 6 . 0 2 . 7 . 3 13.3 ? 35 + . 0 3 0571273 13 18-?4 8 .1 3.7 .03 .s • 3 13.3 2 ~6 ++ .01 0 :,71?74 13 30:-36 8 .1 9 . 9 .0? .4 • 3 10 . B 3 3? + + . 01 0.571275 13 h2- 48 8 .1 3. 3 . 02 -4 . 3 7 . 9 3 ?9 ++ . 01 
U571?31 14 0- 6 ·9 . 2 ~ - ~ . 03 L6 .7 14 .4 5 15 + 1.47 0.571?92 14 6-12 ~ . 5 9.3 J l LO 1. 3 14.5 12 ? 5 + • 19 0 4 
U571?83 14 19- ?4 S.5 9 . 4 . 03 .9 1. 9 13.? 14 3? ++ .?1 U571?34 14 30-36 8 . 1 9 . I+ .0 3 .9 1.5 9.7 l S 30 ++ . ?2 U571?95 14 L1?-h 9 3 .6 9.3 • 0 3 . 9 1. 0 7 . 6 14 31 ++ . ?1 

1 tr u sD A s c c - l ' s u Coooeratlve Soil ~ LPb orRtory, Loga n, Ut Ah. Soil samo1es ana lyz ed by ; w .. · · - · ··>· · · · 



Table 6. Analyses of soil samples t aken f rom sa l t basins pr ior to planting t hem to Canada wild-rye 
grass (AEril 11 2 1957) 

Depth <D pH Total Sat. Base Moist Water 
Lab No. l Basin No. (inches) ~ Soluble Ext. Exch. Excho Exc h . at Lime Soluble 

17.1 V\ Salts Cond
3 

Na Cap. Na Sat. CaC03 Na en .. 
A. rl % KXIO Me[l006 MeLlOOg % % % 

U571241 12 0-6 8 .2 (' 5 . 03 .6 . 2 14 . ? l 33 + . 02 0 . 
U571242 12 6-12 8 .2 8 .4 . 03 .5 .3 1 '3 o7 ? 34 + .02 
U571243 12 18- 24 8 .3 8 .6 . 04 1. ? . 2 11. 7 ? 36 ++ . o l 
U571244 12 30-36 7.7 8 .3 .09 3. 8 . 2 8 . 0 3 34 ++ .03 
U571245 12 42-48 7.6 8.5 . 16 c; .2 . 6 6 . 5 '3 3? ++ • 0 3 

U5712?6 4 0-6 8 . 2 9 . 2 . 03 1 o0 1. 0 14 . 6 7 32 + . ? 3 
U571227 4 6-12 8 .5 9 .4 . 04 1.3 1. 7 14 . 6 11 32 + .36 
U571228 4 18-?4 6 .3 9.5 o08 ? .3 1.7 1 ~ o 5 13 28 + + .56 
U571229 4 30-36 7.4 8 . 2 1.2 29.7 .6 9 .4 6 35 ++ 5.11 
U571230 4 4?-48 8.2 8 .8 1.1 25. 2 • 1 6. 9 1 33 ++ 3.37 

U571306 18 0-6 7. 9 9o 6 .02 . 5 . 2 14 . 0 2 33 + . ?? 
U571307 18 6-12 8 . 2 8 .6 oO? .5 . 2 11. 7 1 32 + .0? 
U571308 18 18-24 8 . ? 8 .6 . 04 . 8 . 2 10 . ? ;:> 32 + + . 02 
U57 1309 18 30- 36 8 .3 8. 8 • 0 3 . 8 . ? 7.5 2 ~1 ++ .03 
U571 310 18 42- 48 13 . 0 8 . 0 . 04 1. 2 . 2 5. 5 3 ?9 ++ . 07 

U571211 1 0~6 8 .0 8 .4 . 03 1.8 .2 15. 0 1 4h ++ .07 
U571212 i 6-12 7 . 8 ·8 . 5 .02 1. 2 .? 14 . 6 1 35 + .10 
U57 1213 1 18-24 7 .7 8 . 6 . 0 3 1. 2 . 2 15.1 1 38 + .10 
U571214 1 30-36 8 . 0 8 . 6 . 03 . 6 . 2 11. 5 2 36 ++ . 02 
U571215 1 42-48 8 .3 8 .6 . 02 -4 . 2 8 . 0 3 33 ++ .02 

U571266 8 0-6 8. 0 8 .6 . 03 .6 .3 14 . 4 2 3? + . 02 
U571267 8 6-12 8 . 0 8 .6 .02 .5 • 3 l3 o6 2 37 + . 01 
U571268 8 18-2~ 8 .1 8 .7 • 02 . l • .3 12 .6 ? 32 + . 01 
U571269 8 30-3 8 .1 8 . 8 . 03 -4 • 3 11. 0 3 32 ++ . 01 
U571270 8 42-48 ~ .2 8 . 9 .02 o4 .3 7 . 4 4 3? ++ . 01 

1so11 samples analyzed by t he U. S. D.A. - S. C.S. - U. S.U. Laboratory , Logan , Utah. 



Table 7. Analyses of soil samples taken from salt basins prior to planting them to reed 
canarlgrass (Aeri1 11 2 1957) 

l 
Depth ~ Total Sat. Base Moist Water 

Lab. Noo Basin No. (inches)~ pH \.J\ Soluble Ext. E:xch. Exch. Exch. at Lime Soluble 
Gl .. Salts Condj Na Cap. Na Sat. CaC03 Na 0.. rl 

% KXIO Me/lOOg Me/lOOg % % % 
U571241 12 0-6 Bo2 B.5 o03 .6 .2 14 o2 1 33 + . 02 
U571242 12 6-12 B.2 B.4 .03 .5 .3 13.7 2 34 + . . 02 
U571243 12 1a-2~ B.3 B.6 .04 1.2 .2 llo 7 2 36 ++ .o 3 
U571244 12 30-3 7.7 B.3 .09 3.B .2 BoO 3 34 ++ .03 
U571245 12 42-4B 7.6 B.5 .16 5.2 o6 6.5 B 32 ++ .03 

U571226 4 o-6 B.2 9o2 .03 1.0 1.0 14.6 1 32 + . ? 3 
U571227 4 6-12 B.5 9.4 oO~ L3 1.7 14.6 11 32 + • 16 
U57122B 4 lB-2~ B.3 9.5 .o 2 o3 1.7 11a5 13 2B ++ • 56 
U571229 4 30-3 7.4 B.2 L2 29o7 .6 g.4 6 35 ++ 5.11 
U571230 4 42-4B B.2 B.B 1.1 ?5.2 o1 6.9 1 33 ++ 3. 17 

U571306 lB 0-6 ?.C) 8.6 .02 .s .2 14.0 ? 33 + .22 
U571307 lB 6-12 8.2 B.6 .02 .5 .2 13.7 1 32 + .02 
U57130B 18 lB-2~ B.2 B.6 .04 ' .B .2 10 .2 2' ; 32 ++ .02 . . 
U571309 lB 30-3 Bo3 B.B • 03. ~ .B .2 7.5 2 31. ++ .o 3 
U571310 1B 42-4B BoO B.o .04 llo2 .2 5o5 3 ?9 ++ .07 

U5712ll l 0-6 8.0 B.4 .03 l.B .2 l5 oO l 44 ++ .07 
U571212 l 6-12 7.B B.5 .02 1.2 .2 14.6 l 35 + .10 
U571213 l 1B~2~ 7. 7 B.6 .03 L2 .2 15.1 l 3B + .10 
U571214 1 30-3 BoO 8.6 .03 .6 .2 11.5 2 36 ++ o02 
U571215 l 42-48 B.3 B.6 o04 .4 .2 B.o 3 " 33 ++ .02 

U571266 B o-6 BoO 8.6 .03 .6 • 3 l4.t 2 3? + .02 
U571267 8 "• 6-12 8.0 8o6 .02 .5 • 3 l3o 2 37 + .01 
U571268 8 

,.. 
18-24 8.1 8.7 .4 1? .6 .03 .3 2 32 + .01 

U571269 8 30 .. 36 8 .1 8.8 .03 .4 .3 11 .. 0 3 32 ++ .01 
U571270 8 42-4B 8 .2 8.9 .02 .4 .3 7o4 4 3? ++ .01 

l . Soil samples analyzed by the U.S.D.A. - s.c.s. - U.S.U. - Cooperative Soils Laboratory, Logan, Utah 



Table 8. Analyses of soil samples t~ken from salt basins orior to planting them to alfalfa 
(A ril ll 1957) 

1 Depth (J) pH Total Sat. Base r-1ois t Water 
Lab. No. Basin No.(inches) .p 

\.!\ Soluble Ext o Exch. Exch. Exch. at Lime Soluble 0) 

Q) .. Salts Cond
3 

~ a Cap. Na Sat. CaCOJ Na 
0... .--1 % KXIO MeL:lJ Og MeLlOOg % % % 

U57124l ll 0-6 8.2 8 .5 .OJ .6 .2 14.? l JJ + 0 0~ 

U571242 ll 6-1? 8.? 8 .4 .OJ .5 • J 1~.7 2 5~ 
+ . ::>? 

U57124J 11 18-24 8.J 8.6 .04 1.2 .2 11 .. 7 ? ++ .01 
U571?44 11 JO-J6 7.7 8. J .09 J .8 .2 '3 . 0 J J4 ++ . 03 
U571245 11 4?-48 7.6 8.5 .16 5 . 2 . 6 6.) Q, 3? ++ .0 3 

U571?46 10 0- 6 8oO 8.6 .0? .7 • 3 14 0 5 2 ")3 ++ . J4 
U571?47 10 6-l? 8.1 8.8 .0? .6 .7 ll~ 0 J 5 J? ++ .11 
U571248 10 18-?4 8 .J 9.5 . 0? .8 .0 1? .9 0 30 ++ .?0 
U571249 10 JO-J6 8.9 9.6 .03 .8 1..1+ 7.9 18 ?'3 ++ .19 
U571250 10 42-48 8. 4 9.4 .OJ 1.0 l.l 5.7 ?0 ?7 ++ .?? 

U571J06 19 0-6 7.9 8 .6 .0? .s ~? 14.0 ? JJ + .2? 
U571J07 19 6-l? 8.2 8.6 . 0? . 5 .? lJ. 7 l 12 + .0? 
U571J08 19 18-24 8. 2 8.6 .04 .8 ~2 10.? ? J? ++ .0? 
U571J09 19 J0-36 8.J 8 .8 .OJ •• 8 .? 7.5 2 Jl ++ .OJ 
U571Jl0 19 42-48 8.0 8.0 .04 1.2 .2 5.5 3 ?9 ++ .07 

U5712Jl 5 0-6 7.6 8 .2 . 04 L2 .7 14.6 5 Jl + .?? 
U5712J2 5 6-12 8.J 9.1 .04 l.l 1.0 14. 4 7 11 + .?7 
U5712JJ 5 18~24 8.J 9.J . 04 1.0 1.5 13.4 ll J2 ++ .?6 
U5712J4 5 JO-J6 8 . 4 9.5 .04 .9 1.2 8. J 14 ?7 ++ .2~ 
U571235 5 42-48 7 . 9 9.0 .19 5.5 .7 6.1 1? ?9 ++ 1.1 

U571?6l 9 0-6 8.2 8o 6 .02 l.J 4.9 14.6 31 J? + .10 
U571262 9 6-12 8 .2 9.0 oOJ .6 1.? 14 . 6 8 ?'3 + .17 
U571?63 9. 18-24 8 .1 9.1 .OJ 1.0 l oS 11.5 11 10 ++ .?4 
U571264 9 30-J6 8.4 9.1 .OJ .9 l.l 9.9 12 ?8 ++ .19 
U571265 9 42-48 8.0 8o 9 .09 l o8 .6 5.7 11 29 ++ .35 

lsoil samples analyzed by the U. S.D.A. - S.C.S. - U. S.U. Cooperative Soils La boratory, Logan, Utah 



Table 9. Analyses of soil s&mples taken from salt basins prior to planting them to strawberry 
clover (A ril 11 1957) 

1 Depth Q) pH Total Sat. Base Moist Water 
Lab. N Oo Basin No. (inches) ., Soluble Ext. Excho E:xcho Exch. at Lime Soluble 

0') V\ Salts Condj Na Cap. Na Sat. Caco 3 Na co .. 
ll.. ~ % KXIO MeLlOOg MeL100g % % % 

tJ 571301 17 0-6 8.0 8 .. 5 .02 1.0 .3 14.? 2 ?9 + .0? 
U571302 17 6-12 8 .0 8.~ .02 .6 .2 13.? ? 34 + .. OJ 
U571303 17 18-?4 8.1 8 . .02 :~ .2 10.4 1 30 + .06 
U571304 17 30-36 8.2 6.6 .02 .1 6.9 ? ?9 ++ .06 
tJ571305 17 42-48 8.5 8 .9 .02 .4 .2 5.7 3 ?8 ++ .04 

VS71236 7 0-6 8.0 8 .6 o02 .9 .) 14o5 2 34 + .04 
U571237 7 6-12 8.0 M.7 .02 .s .2 14.3 1 36 + .02 
U571238 7 18-2~ 7.8 8.5 .. 04 .8 o4 1?.6 3 35 ++ .03 
U571239 7 30-3 7.8 8o6 .04 lo2 .2 8.5 2 30 ++ .05 
U571240 7 42-48 7.9 8.6 .04 1.2 .3 6.2 4 30 ++ ~ 02 

U571296 16 0-6 8.2 Bo9 .02 1.0 o9 1).8 7 30 + .18 
U571297 16 6-12 8.5 9 o4 .03 1.0 1.7 13.0 13 28 + .?4 
U571298 16 18-2~ 8.5 9.5 .04 .8 1.9 10.? 19 29 ++ .04 
U571299 16 30-3 8.6 9.3 .03 .8 1.3 7.1 18 32 ++ .02 
U571300 16 42-48 7.9 8.9 .09 .6 1o) 5 .. 3 ?4 26 ++ .01 

U571216 2 o-6 8.2 8 .5 .02 .4 .3 15.3 2 39 ++ .04 
U571?17 2 6-12 8.3 8.13 .02 .5 .8 13 .. 0 6 35 ++ .14 
U571218 2 18-24 8.1 9.0 .03 l'- .6 1.3 14.6 9 30 ++ .14 
U571219 2 30-36 8o3 9.0 .02 .6 1.1 9.13 11 . - 30 ++ .02 

' 
U571220 2 42-48 8 .. 2 

,. 
.9 .s 7.2 7 28 ++ .19 9.1 .02 ' 

' 
U571291 15 o-6 7.8 8.7 .03 1.1 1.0 1}.1 8 35 + .0? 
U571292 15 6-1? 13 .? 9.1 .04 .8 1.3 13.1 10 34 + .?4 
U571293 15 18-24 8.4 9.4 .04 1.1 1.7 11o? 15 30 ++ .?9 
U571294 15 30-36 8.4 9.4 .04 

. 
1.1 1.3 8.2 16 28 ++ .24 

U571?95 15 42-48 8.7 9.4 .03 .9 1 .. 2 6.3 19 27 ++ .19 

1Soil samples analyzed by the u.S.D.A. - s.c.s. - U.S.U. Cooperative Soils Laboratory, Logan, Utah 
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After the basins were tilled end leveled, e~~onium 

nitrate end treble superphosphate were add e d at the rate s 

of 100 pounds per acre of N and 130 oounds per ac r e of P?05 . 

The basins were planted in e randomized block design 

with paired plants of each selection, strain, And/or variety 

of a species replicated 4 times in each basin. The rows 

were 12 inches apart and the plants spaced 6 inches a part 

within each row. In each of the 5 experiments, 1 basin was 

used for the control and 2 basins were used for each of the 

other 2 treatments. 

The salinization treatments consiste d of equal parts 

of sodium chloride and calcium chloride added in prescribed 

amounts to the irrigation water. The grasses were artificially 

salinized with irrigation water containing 0, 1? ,000, and 

?4,000 ppm respectively of added salt and the legumes were 

artificially salinized with irrigation water containing 

0, 8,JOO, and 16,000 ppm of added salt. 

Soil samples were taken at the u-6 inch depth randomly 

within each basin twice during the growin g s eason to de

termine the approximate ppm of total salts in the soila 

These samples were analyzed using a conductivity bridgeo 

Most of the species were harvested when fully mature; 

howeve r, some of them d i d not mature a nd we re, therefore, 

harveste d at the end of t he growing season. Yie ld data 

were t aken on the air dry forage. 

Sa mol es of dried p l a nt mate ria l we re s a ve d from tell 

whe a tgrass, re ed canerygrass, and alfalfa. Two selections, 
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strains, and/or varieties from each species were analyzed. 

Sodium, calcium, and potassium were determined by the methods 

employed by the United States Salinity Laboratory (1954) 

after wet digestion of the dried plant material with nitric 

and perchloric ecidsc 

Duncan's (1955) Multiple Range test was used to test 

the significant differences between selections, strains, 

and/or varieties. This test i s based on the fact that the 

difference for significance between means varies with the 

number of means in the comparison. As means further apart 

in rank are compared, the difference required for signifi

cance increases. Any 2 means which ere found in the same 

range have no significant difference between them. However, 

a significant difference qoes exist between those means 

which are not found within the least significant rengeo 

• 
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Experiment lo Salt tolerance of tall wheatgress selections 

Procedure and results a Salt tolerance studie s were con-

ducted usirg the following 39 selections of tall wheatgress: 

1. Utah 2 
2. Utah ?-6 
3 o Utah 2-13 
4. Utah 4 s. Utah 4-6 
6 o Utah 4-12 
?o Utah 6-6 
8. Utah 6-12 
9. Utah 8 

10. Ut ah 8-6 
llo Utah 8-13 
1?. Utah 10 
13. Utah 10-6 
14. Utah 10-1? 
15. Utah 1?-6 
16. Utah 12-12 
l?o Utah 14 
18. Utah 14-7 
19 .. Utah 14-13 
20 o Utah 16 
?L Utah 16-6 
22o Utah 16-13 
?3 o Utah 18 
24. Utah 18-7 
25. Utah 18 -13 
26o Utah 20 
27o Utah 20-6 
2~L Utah 20-13 
29. Utah 2? 
30 o Utah 22- 6 
31. Utah 2 2-12 
32 o Utah 24 
33o Utah 24-5 
34 o Utah ?4-10 
35o Utah 26 
)6o Utah ?6-12 
37. Utah ?8 
38 . Utah ?8-5 
39. Utah ?8-10 

The above selections were started in the greenhouse on 

March 9, 1g57. On May 16th, uniform seedlings were trans

planted into one 14 x 14 ft. field basin. However, due to 

2 weeks of rainy weather, the planting of the othe r 4 basins 
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was delayed until the ?9th of May. 

On July 4th the plants e npeered to be well established 

and 5rowing vigorously. They were clipped on this date in 

order to have uniform plants when salinization treatments 

were initiated the followi ng day. The mixing tanks are 

shown in Figure 3 . The amounts and concentrations of the 

salinized irrigation water applied during the growing 

season are given in Table lOA. The effect of this added 

salt is shown in Figures 4, 5, and 6. 

Total salts (ppm) in the soil were determined for each 

of the tall wheatgrass basins from soil samples taken on 

July 29th and September 3rd. The results ere given in 

Table lOB. 

On September 25th ell the plants were harvested o About 
• 

half of them had headed by this time. Yield results are 

g iven in the Table lOC. The Multiple Range test of the 

ranked means of the yields of the selections on the control 

basin is given in Table lOD. A comparative test of ranked 

means of the yield of selections on the basins salinized 

with 12,000 end 24,000 ppm added salt is presented in Tables 

lOE and lOFo 

Observations on survival were made on October 11, 1957. 

The percent of the plants s urviving is given in Table lOGo 

The cation content of the plant materiel from the 2 

selections Utah 6-6 and Utah 8-6 is given in Table lOH o 

Observations a The plants on the salinized tasins we re 

smaller end the leaves toug~, brittle, and non-pliable. 



Xost of t he p lants died at the highest sa linity level . 

Those surviving showed signs of necros is on the tips of the 

leaves. 

The plant s on the selin ized basins headed a few days 

earlier then those on the non-salinized. 

Utah 28-10 selection produced the highest mean yield 

on the non-salinized basin but did not show significance 

from 24 other selections. Selection Utah 10 had the 

smallest mean yield. 

The 2 basins salinized with irrigation water contain

ing 1?,000 ppm added salt were analyzed separately because 

of the different planting dates. Ranked means from the 

basin planted 2 weeks early indicated that Utah 2 selection 

produced the highest mean yield . Utah 12-12 selection had 

the lowest mean yield. 

Ranked means of the yield of tall whestgrass selec-

tiona receiving salinization treatments of irrigation water 

containing 24,000 ppm salt showed that Utah 6-12 yielded 

significantly more when compared to the other 19 selections 

which survived the treatment. Utah 1? -1? selection had 

the lowest mean yield of the survivors o 

Sodium and calcium content of the leaves of Utah 
I 

6-6 and Utah 8-6 increased as sodium and calcium in the 

irrigation water were increased. However, the potassium 

content in Utah 6-6 decreased as sodium and calcium ip the 

irrigation water were increasedo 
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Figure 3. Salt mixing tanks. The ? large metal tanks 
on the left were used for water storage. Water 
was pumped into them from the ditch. ~ater 
flowed by gravity to the smaller tanks where 
prescribed amounts of salt were added and 
mixed manuallyo The salinized irrigation 
water flowed by gravity or was pumped to the 
basins. 



Table lOA. Salinizing treatments on basins containing 
tell whee tgras s 

Date Amount of Concentration of salt added (ppm) 
Water to the irrigation water 

(one-half N8 Cl - one-half CaCl2) 

Basin Basin Basin Basin Basin 
(inches) 1 2 3 4 s 

July s 4.0 0 2,$00 2,$00 2,$00 2 ,$00 

July 12 4.0 0 6,000 6,000 12,000 1?,000 

July 18 4.0 0 12,000 12,000 24 , 000 24,000 

July 26 4.0 0 l2p000 12,000 24,000 24,000 

Aug. 2-3 4.0 0 1 2 ,000 12,000 24,000 ?4,000 

Aug. 12 4 .0 0 l2p000 12,000 24,000 24,000 

Aug. 21 4.0 0 12~000 12 ,000 24,000 24,000 

Aug. 29 4.0 0 12,000 12 ,000 24,000 ?4 ,ooo 

Se pt. 9 4.0 0 12,000 12,000 24,000 24,000 

Sept.18 6oO 0 0 0 0 0 

• 



Figure 4. 
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.. ~ ......... .... ____ _ _ 

Tall wheat~rass on the non-salinlzed besin o 
(A ugust 1, 1957) 

• 



Figure 5. Tall wheatgress on a basin selinized with 
irrigation water containing 12,000 ppm 
added salt. (August l, 1957) 

40 



Figure 6. Tall wheatgrass on a basin sali nized with 
irrigation water containing 24,000 ppm 
added salto (August 1, 1957) 

41 
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Table lOB. Total salts in the soil determined by a con
ductivity bridge on salinized basins of 
tall wheatgrass 

Salt added (ppm) 
to irrigation water 

(NaCl and CaC12) 

Approximate ppm total salts Average 

Julz ?9 Se"Otember 3 

a 258 264 ?61 

12,000 4,480 6,397 5,439 

12 ,000 6,566 6,014 6,285 

24,000 16,177 17,980 17,079 

24,000 17,864 17.,048 17,456 
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Table lOC. Comparative total yields of air dry fora ge 
of tall wheetgrass on salinized plots 
(Yields ere recorded in grams Eer basin) 

Selection Control 1 l2z000 EEm2 24 2000 EEm3 

Utah 2 144 1 33 10 4 
Utah 2-6 134 63 7 0 
Utah ?-13 144 60 11 0 
Utah 4 184 4? 10 3 
Utah 4-6 135 53 ll ? 
Utah 4-12 150 6~ 13 0 
Utah 6-6 176 79 16 0 
Utah 6-12 166 77 21 15 
Utah 8 179 116 16 0 
Utah 8-6 144 5? 12 4 
Utah 8-13 117 82 13 3 
Uteh 10 76 92 13 0 
Utah 10-6 108 76 18 4 
Utah 10-12 101 75 13 ? 
Utah 12~6 82 59 13 0 
Utah l?-1? 84 30 4 1 
Utah 14 155 88 ?8 2 
Utah 14-7 135 

I 

107 23 l+ 
Utah i~-13 110 78 8 0 
Utah 116 52 13 0 
Utah 16-6 98 56 16 0 
Utah 16-13 1?7 64 4 0 
Utah 18 101 34 11 0 
Utah 18-7 ~ 9? 51 5 0 
Utah 18-13 131 G~ ?0 2 
Utah ?0 161 7 1 
Utah ?0.-.6 90 52 l? 0 
Utah ?0-13 96 48 7 ? 
Utah 2? 1?9 101 11 l 
Utah ?2-6 105 58 7 0 
Utah ?2-12 126 74 12 ? 
Utah 24 101 51 6 0 
Utah 24-5 121 68 7 0 
Utah 24-10 117 56 12 0 
Utah 26 80 43 14 6 
Utah 26-1? 117 30 t l 
Utah 28 139 94 0 
Utah 28-5 149 85 16 6 
Utah 28-10 199 65 10 ? 

Figures represent yield from one basin only. 
2 
First column figures represent the yield from the basin planted 
2 weeks early. Second column figures represent the yeild from 
the basin planted at the same time a s the other basins. 

)Figures represent yield from two basins. 
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Table lOC.(Continued) 

Control 12 2 000 EEm ?~ 2 000 :e:em 
Me an 126.13 66o92 1L79 L 72 

F value for 1.59·::- 2 o 54 {H~ lo42 2 ~ 55J,H:-
selection 

sX" 6 . 09 3.61 .11 .?? 

c. Vo oercent 9.65 10.83 19.08 )5 o8 3 

-:<-Significant at .OS level 
:~ • .:c-

'Significant at oOl level 
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Table lOD . Ranked means of t he yie ld of tell wheetgrass 

from the control basin 

Selection 

Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Uta h 
Utah 
Utah 
Utah 
Ut8h 
Utah 
Utah 
Utah 
Utah 
Uta h 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 

?8-10 
4 
-9 
6-6 
6-12 

20 
14 
4- 1? 

29 - 5 
? 
?-1.:? 
8-6 

?8 
4- 6 

14- 7 
2- 6 

18-13 
?? 
16- 1'3 
2?-1? 
?4-5 
8- 13 

?4 . 10 
?6- 12 
16 
14-13 
10- 6 
22-6 
10-12 
1B 
?4 
16- 6 
?0-13 
18-13 
20- 6 
12- 12 
l?-6 
?6 
10 

Means 

49 . 75 
46 . 00 
44.76 
44 . 00 
41.50 
40.26 
38 0 76 
37.50 
37 . 26 
36.00 
36.00 
'36.00 
34 . 74 
33.74 
33 . 74 
31.36 
3? .76 
3?.?6 
31.76 
31. 50 
'30.?6 
?9.?6 
?9 . ?6 
29.?6 
29 o00 
?7 . 50 
?1 . 00 
?6.26 
?5 . ?6 
?5.26 
?5.?6 
?4 .50 
24 . 00 
?3 . 00 
22.50 
? 1.00 
?0.50 
?0.00 
10 . 00 

*Least significant ranges Rt the 
5 oercent leve l 
( Duncan's Multiple Range test) 

* A significent difference exists between eny 2 means which are 
not f ound withi n the same range. There is no signific Ant 

· difference between any 2 means within the same range. 
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Table lOE. Ranked means of the yie ld of tall wheatgress 
receiving 1?,000 ppm salt 

Selection 

Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
UtAh 
Utah 
Utah 
Utah 
UtAh 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Ut&h 
Utah 
Utah 
Utah 
Utah 
Utah 
Utah 
Utsh 
Utah 
Utsh 
Utah 
Utah 
Utah 
Utah 
Utah 

2 
8 

14-7 
22 
?9 
10 
14 
28 - 5 

8 -12 
6- 6 

14-13 
6-1? 

10-6 
10-12 
2?-12 
14-7 
?8-10 
6-6 

16- 13 
2~6 
2-13 

1?-6 
? ? -6 
16-6 
?4-10 
18-13 
4 - 6 
8-6 

16 
?0-6 
18-7 
?4 
?0 
20-13 
?6 
4 

18 
?6-1? 
1? -12 

1 Means 

33 c25 
29.00 
?6 .75 
25.25 
23 .50 
23 .00 
2? .00 
? 1. 25 
20 . 50 
19 .. 75 
19.50 
19. 25 
19.00 
18.75 
18 .50 
17.00 
16.25 
16 .00 
16 . 00 
15 . 75 
15.00 
14.75 
14 .so 
1.4.00 
14 . 00 
13.50 
13.?5 
13 . 00 
13o00 
13. 00 
1?.75 
12 o75 
1;'.00 
12.00 
10 c 15 
HL50 
9 .50 
7o50 
7o50 

*Least significant ran ges 
at the 1 pe rcent l evel 
(Duncan 's Mu ltiple Range test) 

* A significant difference exists between any 2 means whic h are 
not found within the same range . There is no significPnt 
difference between any 2 means with in the same r a nge . 

1 Ranked means from the basin planted 2 weeks ear1y o 
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Table lOF. Ranked means of the yield of tall ~heatgrass 
receiving 24,000 ppm salt 

Selection Means *Least significant ranges 
at the l percent level 
(Duncan's Multiple Range 
test) 

Utah 6-12 1.98 

Utah 26 o?S 

Utah ?g-s o?S 

Utah 2 .so 
Utah S-6 .so 
Utoh 10- 6 .so 
Utah 14-7 o50 

Utoh 4 .38 

Utah 8-13 . J3 

Utah 4-6 o2S 

Utah 10-12 . ?S 

Utah 14 .25 

Utah 113-13 .25 

Utah 20-13 . 25 

Utah ?2-12 .2S 

Utah 28 - 10 o2S 

Utah ?0 .13 

Utah 22 .13 

Utah 26-12 .13 

Utah 12-l? .13 

* A significant difference exists between any ? means which ere 
not found with~n the same range. There is no significant--
difference between any 2 means within the same range 
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Table lOG. Percent survival of plants within tall wheat
grass selections (October 11, 1957) 

Selection Control 12,000 ppml 24,000 

Utah 2 100 100 87 18 
Utah 2-6 100 100 37 6 
Utah 2-13 100 100 75 0 
Utah 4 100 87 75 18 
Utah 4-6 100 100 100 18 
Utah ~-12 100 100 87 12 
Utah -6 100 100 100 18 
Utah 6-12 100 100 75 43 
Utah 8 100 100 100 0 
Utah 8-6 100 100 62 6 
Utah 8-13 100 100 75 18 
Utah 10 100 100 75 0 
Utah 10-6 100 100 87 31 
Utah 10-12 100 100 87 0 
Utah 12-6 "100 100 75 0 
Utah 12-12 100 75 ~~ 12 
Uta h 14 100 100 12 
Utah 14-7 100 100 75 18 
Utah 14-13 100 100 87 18 
Utah 16 100 100 62 6 
Utah 16-6 100 100 87 6 
Utah 16-13 100 100 75 0 
Utah 18 100 100 100 0 
Utah 18-7 100 100 50 0 
Utah 18-13 100 100 100 0 
Utah 20 100 100 62 0 
Utah 20-6 100 100 100 18 
Utah 20-13 100 100 87 6 
Utah 22 100 87 100 0 
Utah 22-6 100 100 12 0 
Utah 22-12 100 100 62 12 
Utah 24 100 100 87 0 
Utah 24-5 100 100 50 0 
Utah ~~-10 100 100 62 0 
Utah 87 100 87 25 
Utah ?6-12 100 100 75 12 
Utah 28 100 100 50 6 
Utah 28-5 100 100 87 31 
Utah ?8-10 100 100 87 6 

ppm 

1First column figures represent the basin planted 2 weeks early. 
Second column figures represent the basin planted at the same 
time as the other basins. 
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Table lOH. Cation content of plant materiel from 2 selec
tions of tall wheatgrass 

Salt added to Me/100 gm. dry matter 
irrigation 1 water (ppm) Lab. No. Selecti on Na Ca 

0 U573853 Utah 6-6 16.0 12.9 

12,000 U573855 18.2 35oO 

1?,000 U57.3857 24.5 39 .6 

24,000 U573859 33.2 39.6 

0 U573854 Utah 8-6 15.0 ?1.1 

1? ,000 U57 3"356 15 o6 32.2 

12 ,000 U573858 18 .7 )6.8 

1 Plant samples analyzed by the U.S.D.A. - S.C.S. - U.S. U. 
Cooperative Soils Laboratory, Logan, Utah. 

K 

72 

65 

64 

63 

65 

79 

63 



Utah 6-1? selection demonstrated remarkably good 

ability to survive at the highest salinization treat

manto 

so 



Experiment 2. Salt t olera nee of Canada w il d...y:ye grass 

selections 

Procedure and results. Salt tolerance studi es were con-

ducted using the following selections of Canada wil d~yegrass: 

1. Utah 1 
2. Utah 2 
) . Utah 10 
4. Utah 11 
5., Utah 12 
6. Utah 13 
7. Utah 14 
8. Utah 15 
9o Utah 16 

lOa Utah 17 
lL Utah 18 
12. Utah 19 

The above named selections were started in the green

house and uniform seedlings were transplanted to 5 basins 

which also were used for the salt tolerance studies of reed 

canarygrass. The transplanting was completed on May )0, 1957. 

On July 4th the plants were clipped in order that the y 

would be as near uniform as possibleo The salinizat ion . 
treatments began the next day with the amounts and concan-

trations of the irrigation water given in Table llA. The 

effect of t h is added salt is shown in Figures 7 , 8, and 9~ 

The total salts (ppm) in each basin were determined on 

July 29th and September )rd. The res ults are presented 

in Table llB. 

The selections of Canada wildooi:'ye grass were harvested 

on August 28th. At this time, the grass had matured and 

was well headed. This grass was the earliest maturing of 

the 3 grasses tested. Yields of the air dry forage are 

presented in Table llC. The Multiple Range test of the 



ranked means of the yield of the selections on t he con-

trol basin is given in Table llD. A comparative test of 

ranked means of the yields of selections in the bAsins 

salinized with 12,000 ppm added salt is presented in Table llE. 

Table llA. Salinization treatments on basins containing 
Canada ·wild-rJ16 grass 

Date Amount of Concentration of salt added (ppm} 
Water to the irrigation water 

(one-half NaCl - one-half CaC12) 

(inches) Basin Basin Basin Basin Basin 
1 2 3 5 

July 5 4.0 0 2,500 ?,500 ?,500 2,.500 

July 12 4.0 0 6,000 6,000 1? ,000 12,000 

July 18 4.0 0 1?,000 1?,000 ?4,000 ?4,000 

July 26 4.0 0 12,000 1?,000 ?4,000 ?4,000 

Aug. 2 4.0 0 12 ,000 12 ,000 24,000 24,000 

Aug o 12 4.0 0 12,000 12,000 ?4,000 ?~, 000 

Aug. 21 4.0 0 12,000 1?,000 24,000 ?4,000 

Aug . 29 4oO 0 1?,000 12,000 24,000 24,000 

Sept. 9 4.0 0 12,000 12,000 ?4 ,coo ?4,000 

Se pt.l8 6.0 0 0 0 0 0 



Figure ?. 

53 

Canada wild-rye grass and reed canarygrass on 
the non-salinized basi~~ugust 1, 1957) 
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Figure 8o Canada wild-rye grass and reed canarygrass on 
a basin salinized with irrigation water con
taining 12,000 ppm added salt. (August l, 1957) 
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' 

Figure 9o Canada wild-~Je grass and reed canarygrAss on 
a basin sa11n1zed with irrigation water con
taining 24,000 ppm added salto (August l, 1957) 
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Table llB. Total salts in the soil as determined by a 
conductivity bridge on salinized basins of 
Canada wild""i"Ye grass 

Salt added (ppm) Approximate ppm total salts Average 
to irrigation water 
(NaCl and CaCl?) 

Jul;y 29 Seetember 3 

0 360 264 302 

12,000 5,219 6 , 914 6,066 

1.?,000 4,761 5,716 5,?39 

24 ,_ooo 18,459 14,760 16,609 

24,000 20,641 17,048 19 /~44 
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Table llC. Comparative total yields of air dry forage of 
Canada wilc .... rye grass on salinized basins (Yields 
are recorded in grams per basin) 

Selection Cantrall 1?,000 ppm2 ?4,000ppm2 

Utah 1 17 13 0 

Utah 2 7? ?5 ? 

Utah 10 140 85 6 

Utah 11 107 40 4 

Utah 12 99 100 6 

Utah 13 103 59 4 

Utah 14 119 58 5 

Utah 15 51 '32 6 

Utah 16 75 30 6 

Utah 17 94 31 4 

Utah 18 101 40 0 

Utah 19 74 32 

Mean 86o83 45.42 3.53 

F value for 3 .16·:H< 3. 98-:H~- .97 
selection 

sx 4.49 1.60 .98 

c.v. percent 10.3 9.99 ?4.67 

o)~~r 
Significant at .01 level 

1 Figures represent yield from one basin only. 

2Figures represent yield from two basinso 



Tab l e llD. Ranked means of yie l d of Canada wile-F)~ grass 
froM the control basin 

Selection 

Utah 10 

Uta 1-} 14 

Utah 11 

Utah 13 

Utah lg 

Utah 17 

Utah 16 

Utah 19 

Utah 2 

Utah 12 

Utah 15 

Utah 1 

Me ans 

35oOO 

?9 . 75 

26 . 75 

25.75 

?5 .?5 

? loOO 

13.75 

13o50 

l3oOO 

14.7:; 

12.75 

4-?5 

*Least signifi cAnt ranges At the 
1 pe rc ent level 
(Duncan's Multiple Ra nge test) 

·::-A significant difference exists between any ? means which are 
not fou nd wi t hin t he same range. There is no significant--
OI'fferenco between any ? mea ns within the sa me ra nge o 
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Table llE . Ranked means of the yield of Canada wild~rye 

grass from basins receiving 1?,000 ppm salt 

-·~ "A significant difference exists be tween any 2 means which 
are not found within the same range o There is no signifi
cant-aifference between any 2 means within the same range. 
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Observations. The selections ·of Canada wild-rye grass 

headed earlier in the control basin then in the basins 

receiving salinization treatmentso The plants subjected 

to the salinization treatments were smaller end showed some 

symptoms of leaf burning or necrosis. However, in ell 

other respects, they appeared normal. 

F ~ests indicated that selection differences were 

highly signif~cant within the control basin and the basins 

salinized with irrigation water containing 12, 000 ppm of 

added salt. 

Utah 10 selection had the highest mean yield in the 

control but did not show significance from 9 other selec

tions. Utah 1 had the lowest mean yield and was not 

significantly different from 6 other selections used in the 

non-salinized basin. 

Ranked means of the yield of Canada wild~ye grass from 

basins receiving irrigation water containing 1?,000 ppm 

of added salt show that Utah 1? selection has the highest 

mean average yield but is not significantly different from 

Utah 10, Utah 13, and Utah 14. Utah 1 was the poorest 

yielding selection o 

The plant growth was reduced considerably at the 

highest salt concentration (24,000 ppm) end there were no 

significant differences between the selections. 
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Experiment l• Salt tolerance of varieties and strains ol 

reed canarygrass 

Procedure and results o The followi ng varieties and strains 

of reed canarygrass were used in this salt tolerance study: 

1. Ioreed 
2. Superior 
J. Utah 15 
4. Utah 16 
5. Utah 17 
6. Utah 18 
7. Utah 19 
8. Utah 20 
9. Utah 21 

10. Utah 22 
lL Utah 36 
12. Utah 37 
13. Utah 43 
14. Utah 48 
15. Utah 49 
16. Utah 50 
17 o Utah 51 
18. Utah 52 
19. Utah 53 
20. Utah 54 
21. Utah 55 
22. Utah 56 
23 o Utah 57 
24 o Utah 58 
25 o Utah 59 
26 o Utah 60 
27. Utah 61 

The reed canarygrass varieties and strains were started 

in a germinator. After germinating , the seedlings were 

planted in wooden flats in the g reenhouse. On May 30, 1957, 

the young seedling plants were transplanted to the field 

bas ins. 

The plants appeared well established and growing satis

factorily on July 4th at which time they were clipped to 

insure uniform plants. Salt treatments were initiated 

the following day. Table 12A lists the amounts and concan-

trations of salinized irrigation water applied throughout 
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the growing season. 

Table l2A. Salinizing treatments on basins containing 
reed canarygrass 

Date Amount of Concentration of salt added (ppm) 
Water to the irrigation water 

(one-half NaCl - one-half CaC12) 

(inches) Basin Basin Basin Basin Basin 
1 ? 3 5 

July 5 4. 0 0 2,500 2,500 ?,500 2,500 

July 12 4.0 0 6,000 6,000 1?,000 12 ,000 

July 18 4.0 0 1? ,000 12,000 ?4,000 24,000 

July ?6 4 aO 0 1? ,000 12,000 ?4,000 ?4 ,000 

Aug. 2 4 . 0 0 12 ,000 12 ,000 ?4,000 24 , 000 

Aug. 12 4.0 0 1?,000 12,000 ?4,000 ?4,000 

Aug. 21 4.0 0 12 ,000 12,000 24,000 ?4,000 

Aug. 29 4oO 0 12,000 12,000 24,000 24,000 

Sept. 9 4oO .0 1?,000 12,000 24,000 ?4,000 

Se pt. 18 6.0 0 0 0 0 0 
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Soil sa~ples were taken from each ~asin on July 29th 

and September 3rd. These were analyzed for total salts 

(ppm) and the results ere presented in Table l?B. 

On September 17th the reed canerygress was harvested; 

however, none of the plants had fully headed. The com-

parative yields of air dry forage ere given in Table l?C o 

The Multiple Range test of the yields of the varieties and 

strains on the control basin is ~iven in Table l?D. A 

comparative test of ranked means in the basins salinized 

with 12,000 ppm added salt is presented in Table 12E o 

On October 11, 1q57,e survival count was taken and the 

percent survival is presented in Table 12Fo 

The cation content of the plant material from Ioreed 

and Utvh 60 is given in Table 12Go 

Table 12Bo Total salts in the soil as determined by a 
conduetivity bridge on sa linized basins of 
reed cenarygrass 

Salt added (ppm) Approximate ppm total salts 
to irrigation water 
(NaC1 and CaCl2) 

Julz ?9 SeEtember ~ 

0 360 264 

12,000 5 ,219 6,914 

12,000 4 ,761 5 ,716 

24,000 18,459 14,760 

24,000 ?0,641 17,048 

Average 

302 

6,066 

5,239 

16,609 

1'3,844 
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Table l ? C. Comparative total yie lds of air d~y forage o~ 
reed canarygrass on salinized basins (Y l ~ lds 
are recorded in gra ms per basin) 

Strain 
or 
Varlet 

Ioreed 
Utah 15 
Uta h 16 
Ut.ah 17 
Utah 18 
Utah 19 
Utah ?0 
Utah ? l 
Utoh ?2 
Superior 
Utah 36 
Utah 37 
Utsh 43 
Utoh 48 
Utah 49 
Utah 50 
Utah 51 
Utah 52 
Utah 53 
Utah 54 
Ut a h 55 
Utah 56 
Utah 57 
Utah 58 
Utah 59 
Utah 60 
Utah 61 

Mean 

F value for 
strain 

C. V. percent 

Contro11 

299 
18 6 
289 
154 
109 
165 
169 
49 

123 
84 

124 
123 
158 

94 
185 
2?3 
18? 
145 
177 
206 
160 
185 

64 
157 
173 
? 37 
153 

161.44 

L71· .. -

11.04 

13.67 

*significant at o05 level 

Significant at oOl level 

1? ,000 ppm2 

60 
68 

118 
97 

105 
117 
105 

27 
65 
29 
71 

1?8 
45 
40 
65 
91 
97 

114 
91 
78 
66 
83 
26 

109 
62 

149 
~ 

84o07 

3 . 58 -::-~:-

2.36 

7o9 5 

1 Figures repres ent yield from one basin on1y o 
? 
Figures represent yields from two basins. 

2 ?4,000 ppm 

3 
0 
3 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
? 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



Table l2D. Ranked means of yield of reed canary~rass from 
the control basin 

Strain 
or 
Variety 

Ioreed 
Utah 16 
Utah 60 
Utah 50 
Utah 54 
Utah 15 
Utah 49 
Utah 56 
Utah 51 
Utah 53 
Utah 59 
Utah ?0 
Utah 19 
Utah 55 
Utah 43 
Utah 93 
Utah 17 
Utah 61 
Utah 5? 
Utah 36 
Utah 2? 
Uta!'l 37 
Utah 18 
Utah 48 
Su perior 
Uteh 57 
Utah 21 

Means 

72 . 00 
7?.00 
59.25 
55.75 
5L50 
46o50 
46or5 
46.25 
45-50 
44.?5 
43-25 
42.00 
41.25 
40.00 
39.50 
39.25 
)6.50 
)8.?5 
36.25 
31.00 
30.75 
10.75 
27 .00 
;') . 50 
?LOO 
16.00 
12 .?5 

*Least significant ranges at 
tne 5 percent level 
(:Cuncen's Hultipl e Range test) 

-:~A significant difference exists betueen any ? means ~v~i ch 
are not found within the same range. There is no significant 
'CITfference between any 2 means within the same rangeo 
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Table l?E . Ranked means of the yield of reed canarygrass 
fro~ basins receiving 1? , 000 ppm salt 

Strain 
or 
Variety 

Utah 61 
Uta·h 60 
Utah 37 
Utah 16 
Utah 19 
Utah 5? 
Utah 58 
Utah 18 
Utah ?0 
Utah 17 
Utah 51 
Utah 50 
Utah 53 
Utah 56 
Utah 54 
Uta~ 36 
Ute h 15 
Utah 55 
Ut&h 2? 
Uta h 49 
Utah 59 
Ioreed 
Utah 43. 
Uta h 48 
Super i or 
Utal 21 
Utah 57 

Means 

20.50 
13.63 
16. 00 
14.75 
14.6? 
14 . 25 
13.63 
13.13 
13.13 
1? .1 3 
12.13 
11.,)8 
11~39 
10 ~38 
9.75 
8. 88 
8 . 50 
8 .25 
9.13 
S.11 
7.75 
7 . 50 
5. 63 
5. 00 
) . 63 
) . 68 
) o25 

*Least significant ranges at 
fue 1 pe r cent level 
(Duncan's Multiple Range t e st) 

~'A significant difference exists be tween any 2 means which 
are not found within the same range . There is no s i gnif ic ant 
difference between any ? means within the same range " 



Table 12F. · Percent survival of plants within reed 
canarygrass varieties and/or strains 
(October 8, 1957) 

Strain 
or Control 12,000 ppm 
Variet;y: 

Ioreed 100 87 
Utah 15 100 87 
Utah 16 100 87 
Utah 17 100 100 
Utah 18 100 100 
Utah 19 100 100 
Utah 20 100 8 7 
Utah 21 100 69 
Utah 2? 100 75 
Superior 100 97 
Utah 36 87 93 
Utah 37 100 87 
Utah 43 100 81 
Utah 48 100 56 
Utah 49 100 87 
Utah 50 100 93 
Utah 51 100 68 
Utah 52 100 87 
Utah 53 100 81 
Utah 54 100 43 
Utah 55 100 62 
Utah 56 100 87 
Utah 57 87 43 
Utah 58 100 8 7 
Utah 59 100 87 
Utah 60 100 100 
Utah 61 100 87 

6 7 

24,000 ppm 

6 
6 

19 
0 
0 

18 
0 
6 
0 
6 
0 

12 
0 
6 
6 

18 
18 
0 
0 
0 
0 
0 

1? 
6 
0 
6 
6 



Table leG, Cation content of plant material from a 
reed canarygrass variety and strain 

68 

Salt added to Me/100 gmo dry matter 
irrigation 

1 
Varie ty or 

water (porn Lab. No. Strain Ne Ca K 

0 U573947 Ioreed . 8 c 3. 5 40 

12,000 U57 3849 19 Q4 60 oJ 47 

12,000 U573851 ?9 .9 58o 9 46 

0 U571848 Utah 60 1.1 ??.5 53 

12,000 U573850 l8o9 59.9 4? 

12,000 U57395c ?4.J 65 . 3 so 

1Plant samples analyzed by the U.S.D.A. - S. C.S. - U.S.U. -
Cooperative Soils Laboratory, Logan, Utah o 
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Observations. Reed canarygrass gro~s in the salt-free 

basin had smooth, bright green leave s free from necrosis. 

The plant growth was rank. However, the plants subjecte d 

to 8aliniza tion treatments were small with dArk green 

to bluish-green leaves o Their leaf tips were frequently 

necrotic. 

The variety Ioreed and the strain Utah 16 had the 

highest mean yie ld of all the varieties end strains grown 

on the control ; however, they did not show significance 

from 17 other strains of reed canarygrass. The strain 

Utah 21 had the smallest mean yield . 

Ranked means of the yield of reed c anarygrass from 

basins receiving 1?, 0 0 0 ppm salt in t he irrigation water 

show that t he strain Utah 61 produc ed the h ighest mean 

y ield o The strain Utah 57 was the poorest yielding but was 

not significantly different from Ut ah 21 strain end the 

variety Superior. 

At the highest salt level there were no significant 

differences between the strains and varieties. 

Ioreed and Utah 60 accumulated sodium and calcium 

in their leaves with increasing salinity. Increasing 

salinity decreased the amount of potassium in the leaves 

of Utah 60 but increased the amount found in Ioreed o 
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Experiment ~· Salt tolerance of alfalfa vari e ties 

Procedure and results. Salt tolerance studies we re carried 

on using the following 38 varieties of alfelfa. 

1. A-224 Sny. 1 
?. A-?25 Northern Syn. 
3. A-250 (Utah Syn. Y) 
4. A-251 (Utah Syn. Z) 
5. A-252 (Uta h Syn. A) 
6. A-253 (Utah Syn. B) 
7. African A 4-35 (Arizona Com~on) 
8 . Arizona Chilean 
9. Atlantic 

10. "Bam" 
11. Brigham Young 
l?. Buffalo 
13 . Calive rde 
14. Cos sack 
15 . Delta Common 
16. DuPuits 
1 7 . Hairy Peruvian 
18. Kansas Common 
19 . Ladak 
?0. Lahontan 
?1. Narragansett 
22. Nemastan 
2 3o Nev . Syn. E . 1956 (O.F.S.) 
?4. Nev. Syn. K. (O.F.S.) 
?5. Nomad N B ?1 
26. Rambler 
27. Ranger 
?8. Rhizome 
?9 . Sevelra 
30. So. African (w3275) 
31 . Stafford 
3?. Swift Currant 3484 
33. Swift Currant M A 501 
34. Talent 
35. Terra Verde N. K. 
36. Uruguay clone 10 
37. Vernal 
38 . Williamsburg 

The above named varieties were started in the greenhouse 

and transplanted into the salt basins on May 31, 1957. 

On July 2nd the plants were clipped in order to have 

uniform plants at the beginning of the salinization treatments 

which started the next da y. 
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The date, amount, and concentration of the saljnized 

irrigation water applied throughout the growing season 

are given in Table l3A. The effect of this added salt 

is shown in Figures 10, 11, and 12. 

Soil samples were taken from each basin on July ?7th 

and September 3rd and analyzed for total solts (ppm). The 

results are pres ented in Table 13B. 

The alfalfa was hervested at about 1/10 tloom on 

August 3rd and again on September 17th. The combined yield 

of both harvests is given in Table 13C. The Multiple Range 

test of the ranked means of the yields of the varieties on 

the control basin is given in Table 13D o Tables 13E and 

13F present the comparative test of ranked means of the 

yields of varieties on the tasins selinized with 9,000 

and 16 ,000 porn of added salt. 

Survival counts were taken on October 11, 1957. The 

percent of the plants surviving is given in Table 13Go 

Buffalo and A-253 (Utah Syno B) were analyzed for 

cation content. The results of the analyses are pre sented 

in Table 13Ho 
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Tab l e 13A . Salinizi ng treatments on basins containing 
s l fa l f a 

Date Amount of C oncent~ation of salt ad de d (ppm) 
,.J a ter to the irrigation weter 

( one - half NoCl - one-half CaC 1 2) 

Bas i n Basin Bas in Basin Bas in 
(inches ) 1 2 ~ ~ 5 

J uly 3 4.0 0 2 , 500 2 , 500 2 , 500 ?,500 

July 10 4.0 0 5,000 5,000 8 , 000 8,000 

July 17 4.0 0 9 , 000 8 , 000 16 , 000 16 , 000 

Ju l y ?5 4.0 0 9 , 000 9 , 000 16 , 000 1 6 , 000 

Aug o 2 4 . 0 0 8 , 000 8 , 000 16 , 000 16 , 000 

Aug. 12 4 . 0 0 8,000 9 , 000 16 ,000 16,000 

Aug. 21 !~ . 0 0 8 , 000 8 , 000 16 , 000 16 , 0vv 

Aug. 29 4.0 0 8,000 8 , 000 16 , 000 16,000 

Sept . q 4 . 0 0 8 , 000 R,ooo 16,000 16 , 000 

Sept . 18 6 . 0 0 0 0 0 0 
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Figure 10. Alfalfa on the non-salinized basi~~ugust 1, 1957) 



Figure llo Alfalfa on a basin sa~ini zed with irrigetion 
water containing 8,000 ppm adde d salt. 
(August 1, 1957) 
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Figure 12. 

75 

Alfalfa on a basin sallnized with irriga tion 
water containing 16, 000 ppm added salt. 
(August 1 ' 19 57 ) 



Table 13B. Total salts in the soil as determined by a 
conductivity bridge on salinized basins of 
alfalfa 

Salt added (ppm) to Approximate ppm total salts 
irrigation water 
(NaCl and CaCl2) 

July 29 September 3 

0 268 264 

8,000 5,547 4,400 

8,000 4,272 4,608 

16,000 g,255 6,716 

16,000 10,478 6,215 

Average 

?66 

4,g73 

4,440 

7,986 

8,348 

• 
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Table 13C. Comparative total yields of air dry fora ge of 
alfalfa on salinized basins 
(Yields ere recorded in grams per basin) 

Variety Control1 8,000 ppm? 16,000 ppm2 

A-'224 Syn. 1 
A-225 Northern Syno 
African A 4-35 (Arizona Common) 
Arizona Chilean 
Atlantic 
11 Bam" 
Brigham Young 
Buffalo 
Cali verde 
Cossack 
Delta Common 
DuPuits 
Hairy Peruvian 
Kansas Common 
Ledak 
Lahontan 
Narragansett 
Nemastan 
Nev. Syn. E 1956 (O.F.S.) 
Nev. Syn. K (O.F .S.) 
Nomad N B 21 
Rambler 
Ranger 
Rhizome 
Sevelra 
Soo Arican (W3275) N. K. 
Stafford 
Swift Currant 3484 
Swift Currant M A 501 
Talent 
Terra Verde N. K. 
Uruguay clone 10 
Utah Syn. Y 
Utah Syn. Z 
Utah Syn o A 
Utah Syn o B 
Vernal 
Wil l iamsburg 

Mean 
F value for variety sx 
c. V. percent 

298 
215 
316 
?18 
365 
198 
?74 
308 
269 
294 
243 
285 
285 
243 
?59 
159 
191 
222 
262 
?72 
177 
210 
308 
240 
255 
202 
?88 
172 
106 
197 
330 
235 
255 
325 
263 
270 
231 
189 

249.45 
2. ?7~~-::· 
9.42 
7.50 

277 
212 
237 
295 
263 

60 
254 
?43 
?8? 
260 
?24 
238 
308 
?19 
?27 
?48 
243 
214 
299 
222 

97 
95 

189 
199 
180 
163 
169 
171 
104 
262 
326 
217 
219 
229 
306 
135 
185 
189 

217.37 
4.41·!H~ 

3.71 
4o84 

-IH<-Significant at oOl level 
1 
Figures represent yield from one basin only. 

2 
Figures represent yield from two basins. 

110 
117 
139 

72 
119 

67 
90 

153 
137 
115 
103 
106 

90 
97 
95 

11? 
82 
95 

133 
140 
47 
50 

107 
88 
87 
88 
95 
65 
38 

116 
150 
10 '3 

94 
107 
137 

64 
67 

116 

99 • 76-IH:-
2 .18 
2o4 
6.80 



Table 130. Ranked means of yi e ld of alf alfa f rom the 
control basin 

Variety 

Terra Verde N. Ko 
Atlantic 
Utah Syn. L. 
African A 4-35 (Arizona Common) 
Buffalo 
Ranger 
A-??4 Syn. 1 
Cossack 
Stafford 
DuPuits 
Hairy Peruvian 
Brigham Young 
Nev. Syn. K ( O. F . S.) 
Utah Syn. /1 
C'a liverde 
Utah Syn. B 
N P V, Syn. E 1956 ( . P . S .) 
La dak 
Se ve lra 
Utah Syn. Y 
Kans a s Common 
De lta Common 
P.h izoma 
Urug ua y clone 10 
Vernal 
Ne mes tan 
Arizona Chilean 
A-225 Northorn Syn o 
Rambler 
So. African (w3? 75 ) N. Ko 
''Bam" 
Talent 
Narragans e tt 
williamsburg 
~iomad N B ?1 
Swift Currant 3484 
La hontan 
Swift Currant M A 501 

Means *Least significant ranges 
at the 1 pe rcent level 
(Duncan's Multiple Range 
test) 

95.00 
91.?5 
8 1.25 
79.00 
77.00 
77. 00 
74-50 
7io50 
7'? .00 
7l o?S 
71. ?5 
6'5 0 so 
63 .00 
67 ~50 
6 7 • ?5 
0~ . 75 
6~ . ::o 
f~}.J . 75 
Gl . 75 
63 . 75 
60.75 
60 . 75 
6~~. Jv 
c';-:.. '75 
;,1 • ' 

S'"' . 75 
ss . ~o 
51! . so 
1)1 , ":'') 
t);-' . 50 
:'J . ~O 

4° . 50 
49 . ?5 
47~75 
4 7 . ;s 
41.. . ?5 
43. 00 \ 
19 < 75 
?6.50 

*A s l gnificent difference exists tet~ee n Any ? means w~ich are 
not foun d wit~in the same ran~e. There is n o si~ni f icant 
JTrf erence between any ? mea ns w i t~in the SF~e rPnge . 
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Table l)E. Ranked means of the y ie ld of alfal f a from 
basins receiv i ng 8, 000 pom salt 

Vari e t y 

Terra Verde N. K. 
Hairy Peruvian 
Utah Syn . A 
Nev. Syn E 1956 (O.F.S.) 
.Arizona Chilean 
Cali ve rde 
A-2.?4 Syn. 1 
Atlantic 
Talent 
Cossack 
Brigham Young 
La honton 
Buf falo 
Narragans ett 
DuPuits 
African A 4-35 (Arizona Co~mon) 
Ut ah Syn. Z 
Ladak 
Delta Com11 on 
Ne v. S yn . K ( 0. F • S • ) 
Kansas Common 
Ut ah Syn. Y 
Uruguay clone 10 
.N emes tan 
A-.??5 Northe rn Syn . 
Rhizome 
Ranger 
1'l illiams burg 
Vernal 
Seve lra 
Swift Currant 3484 
Stafford 
So . African (w3275) N. K. 
Utah Syn. B 
Swift Currant M A 501 
Nomad N B 21 
Rambler 
''Bam'' 

Aee ns * Le ast significant 
rang e s at the 1 pe rcent 
leve l 

40 .75 
38 0 so 
33 . ?5 
37.38 
36. 9.'3 
15.25 
34.63 
32 .83 
3? .75 
3.? . 50 
31 . 75 
31. 00 
10 . 3.'3 
30 . 39 
?9 . 75 
?9 . 63 
?". 6~ 
?9 . 13 
? ;' 0 00 
?7 . 75 
?7., 38 
? 7. 38 
?7, 13 
.?6 . 75 
26 . 50 
?4 . 9~ 
?3. 63 
?3. 63 
?3 . 13 
? ? . 5'0 
?1. 33 
?1.13 
20.39 
16~83 
13 . 0v 
12. 13 
11. 97 ..., . ,..,') 

(Duncan's Mu lti ple Range 
t es t ) 

====================~--- --~-~==============~ 
*A significant difference exi s ts be tw &e n Hny 2 me ens wh ich a re not 

found within t he same range . Thbr b is n o sign ifica nt dif P~nce
between any .? means within the s a me range. 
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Table l3F. Ranked means of yield of alfa lfa from basins 
receiving 16,000 ppm salt 

Variety 

Buffalo 
Terra Ve~de N. K. 
Nev. Syn . K (O.F.S.) 
Af r ican A 4 - 35 (Arizona Common) 
Cali verde 
Utah Syn. A 
Nev. Syn E 1956 (O.F. S. ) 
Atlantic 
A-2?5 Northern Syn. 
Talent 
Wi ll iamsburg 
Cossa ck 
Lahontan 
A-224 Syn. l 
Ranger 
Utoh Syn. Z 
DuPuits 
Uruguay clone 10 
Delta Common 
Kansas Common 
Ladak 
Nemes tan 
Stafford 
Ut ah Syn . Y 
Brigham Young 
Hairy Peruvian 
Rhizome 
So. A f r 1 c a n ( "N 32 7 5 ) N . K . 
Seve l ra 
Narragansett 
Arizona Chilean 
Ve rnal 
"Bam" 
Swift Currant 3484 
Utah Syn. B 
Rambler 
Nomad N B 21 
Swift C~rrant M A 501 

Means 

19 .13 
18 . 75 
l7 o50 
17 . 38 
17.13 
17.13 
16.63 
14. 88 
14.63 
14.50 
l4o50 
14 .38 
14.00 
l 3o75 
13 . 38 
13.38 
13o25 
1?.8~ 
1?. '38 
12 .13 
ll o'38 
llo88 
11. 88 
1L75 
11.?5 
11. 25 
11. 00 
11.00 
l 0o38 
10. 25 

9 . 00 
8 .38 
8 . 38 
8 .13 
8 . 00 
6.25 
5.88 
4.75 

*Least sign ificant 
range s at the 1 percent 
leve l 
(Duncan's Multiple Range 
test) 

~~A significant difference exists betwe en any ? means wnich fire not 
fo und within the s ame r a nge . There is no significant d i ffe rence
between any ? means within the same rangeo 

I. 



Table 13G. Percent survival of plants within alfalfa 
varieties (October 11, 1957) 

Varieti Control 8!000 EEm 
A-??4 Syn. 1 100 93 
A-225 Northern Syn. 87 6? 
African A 4-35 (Arizona Common) 100 87 
Arizona Chilean 100 93 
Atlantic 75 87 
"Bam" 100 81 
Brigham Young 100 87 
Buffalo 100 100 
Cali verde 100 87 
Cossack 100 100 
Delta Common 100 100 
DuPuits 100 87 
Hairy Peruvian 100 100 
Kansas Common 75 87 
Ladak 100 68 
Lahontan 87 87 
Narragansett 100 81 
Nemastan 100 93 
Nev. Syn. E. 1956 (O.F.S.) 100 93 
Nev. Syn. K. (O.F.S.) 100 93 
Nomad N B 21 100 87 
Rambler 75 ~? Ranger 100 
Rhizome 100 87 
Sevelra 100 93 
So. African (\</3275) N. K. 100 81 
Stafford 100 93 
Swift Currant 3484 87 93 
S~ift Currant M A 501 100 56 
Talent 100 100 
Terra Verde N. Ko 100 100 
Uruguay clone 10 100 93 
Utah Syn. Y 100 93 
Utah Syn. Z 100 100 
Utah Syn. A 100 100 
Utah Syn o B 100 100 
Vernal 100 81 
Williamsburg 100 93 

81 

16.000 EEm 
75 
87 
81 
56 
75 
68 
75 
81 
93 
68 
75 
87 
68 
81 
37 
87 
56 
87 
93 

100 
68 
31 
87 
68 
6? 
81 
62 
62 
25 
81 
93 
87 
75 
68 
87 
6? 
31 
87 



Table l 3H . Cation content of pl ant mAterial from ? 
varieties of alfalfa 

Salt added to 
irrigation 
water (ppm) Lab. No.1 Variety Na Ca 

0 0573837 Buffalo 3. 4 119.1 

9 , 000 U57 3839 11.2 159.2 

8 , 000 U57384l 13 .5 197. 3 

16,000 U57.3843 31. 0 173 . 9 

16,000 U573845 34. 6 183 .1 

0 U57 38 38 A-253 4.6 1?6.5 

3 , 000 U573840 12. 9 146. 3 

9 , 000 U573842 15.5 174.3 

16,000 U573844 65.1 ??1.? 

16 , 000 U573846 59.0 ??3 . 6 

K 

4? 

40 

35 

30 

23 

46 

41 

41 

32 

31 

1P1ant samples analyzed by the U. S. D.A. - S. C.S . - u.s.u. 
Cooperative Soils Laboratory , Logan , Utah 



Observations. 

8 3 

The alfalfa varieties grown on the non-

salinized basins were bright green in color and had a luxuriant 

growth. The alfalfa grown on the salinized baslns had a 

dark, bluis~-green color and a dwarfed appearance o Leaves 

of the alfalfa plants receiving salinization treatments 

were considerably thickened and had a waxy fe e l due to 

heavy cuticle development and a waxy covering. These plants 

showed extensive necrosis and shedding of the older leaveso 

They bloomed 6-8 days earlier than the non-salinized plants. 

F tests indicated thet the varietal differences were 

highly significant for each of the treatments o 

The ranked means of the yields of alfalfa varieties 

from the non-salinized· basin show thet the variety Terra 

Verde N. K. produced the highest mean yield but did not 

show significance from ?8 other varieties. Swift Currant 

M A 501 was the poorest yielding variety. 

Ranked means of the yields of alfalfa varieties in 

basins salinized with irrigation water containing 8,000 

ppm of added salt show that Terra Ve rde N. K. had the 

highest mean average yield. "Barn'' was the poorest yield

ing selection but did not show significance from 9 other 

varieties . 

The Multiple Range test of ranked means et the highest 

salinity level (16,000 ppm) indicates that the variety 

Buffalo produced the h ighest mean yield. Swift Currant 

M A 501 was the poorest yielding variety. 

The alfalfa varieties which had the highest ranked 

means at the high salinity level were generally the ones 



that had high s urvival percentages. 

Increasing levels of salinity r esulted in an increase 

of sodium and calcium in the leaves of the varieties 

Buffalo and A-253 (Utah Syn . B). The potassium content 

decreased as sodium and calcium were added in increasing 

amounts to the irrigation water. 
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Experiment 2· Salt tolerance of strawberry clover varieties 

and strains 

Procedure and results . The varieties and st r Ains of straw-

berry clover used in this salt tolerance study are listed 

below. 

l . Palestine 
?. Salina 
J. F.C. 22797 
4. F.C. 22798 
5. F.c. ??800 
6 . F.C. ??801 
7. F.c. 22874 
8 . F.C. ?4311 
9 . F.C. 24315 

10. F.C. 24868 

The strawberry clover varieties and strains were started 

in the greenhouse. Uniform seedlings were transplanted 

to the field basins on May 31, 1957 . 

On July 2nd the p lants were clipped to insure uniformity 

of size when the salinization treat~ents commence d on J uly 

)rd. Table 14A lists the amounts and concentrations of 

salinized irrigation water applied throughout the growing 

season. The effect of this added salt is shown in Fi gures 

13, 14, and 15. 

Soil samples were taken from each basin on the 29th of 

July and the 3rd of September. These were analyzed for 

total salts (ppm) with the results presented in Table 14B. 

On August 8th the strawberry clover was harvested. 

Slow recovery prevented a sec ond harvest. The comparative 

yields of air dry forages are given in Table 14C . A com-

parative test of ranked means in the basins salinized wi th 

8 , 000 and 16,000 ppm added salt is oresented in Tables l4D 

and 14E. 



Tab l e l4Ao Sa l inizing treat~ent s on basins containjng 
s t rawberry c l over 

Date A:nount of Concentration of sa l t ad de d 
\'Ia ter t o the irrigation wa ter 
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( p~m) 

( one-half NeC l - one -ha lf CaCl2 ) 

(inches) Basin Basin Bosin Bari_n Basin 
1 2 3 5 

July 3 4 . 0 0 ? ,500 ? , 500 2 , 500 ?, 500 

J u l y 10 4 oO 0 5 , 00() 5 , 000 9 , 000 9 , 000 

J u l y 17 L~ . o 0 ~ , OJO 8 , 000 16 , 00 0 16 , 0JO 

J uly 25 4oO 0 9 , 000 9 , 000 16 , 000 16,000 

Aug . ? 4 . 0 0 8,ooc 3 , 000 16 , 000 16 , 000 

Aug . 12 L~ o o 0 9 , 000 3 , 000 16 , 000 16 , 000 

Aug . ? 1 ~~ . 0 0 3, 0JO 9 , 000 16 , 000 16,000 

Aug. ?9 4.0 0 9,JOO 9 , 000 16 ,000 16 , 000 

Seot . 9 4oO 0 0 0 0 0 



Figure 13. Strawberry clover 8nd birdsfoot trefoil on 
the non- salinized basin Aug ust 1 , l 9S7 . 
These 2 legu~es wer e pl a nted on the ~arne 
basi ns , tut beceuse t~ere were not s uff icient 
re plications of each variety of birdsfoot 
trefoil no report was made on t his species. 



Figure l4o Strawberry clover and birdsfoot trefoil on a 
basin selinized with irrigAtion weter contain
ing g, OOO ppm added salt . (August 1, 1q57) 
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Figure 15. Strawberry clover ana birdsf oot tref o il on a 
basin selinized with irrigat i on wat e r contain
ing 16,000 ppm added salt . (Aug ust l, 1957) 
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Table 14Bo Total sa lts in the soil as deter~ined by a 
conduc tivity ~ridge on sa linized besi ns of 
strawberry clover 

Salt added (ppm ) Appr ox lmato pJ:.m total salts Average 
to irrig&tion wa ter 
(NaCl and CaCl2) 

July ?9 Se >Jtember 3 . 

0 ?43 ?64 253 

3 , 000 4,370 4,804 4,587 

9 , JO O 5 , ?05 3 , 642 h , 1.~?4 

16 , 0JO 9 , 445 9,208 G,3?7 

16 , 00C C) , 601 10 , '3 13 1J,2J7 



Table l 4C. Comparative tot al yields of ~ ir dr y fora g e of 
strawbe r r y c l over on se l inize d basins 
(Y i elds are recorded i n grams pe r bas in) 

Variety or stra in Control 1 3 , 000 ? ppm- ~ 6, 000 ppm2 

Pa les tine 43 54 

S1:1lina 81 63 

F. C. 22797 99 12 7 

F . C. 22793 78 84 

F . c . 2?800 103 101 

F . C. ??'301 98 71 

F . C. ?2'3 74 66 '3 ? 

F . C. ?4 311 99 123 

F.C . ?4315 32 133 

F . C. ?4868 so 56 

Mean 73 . 9 '39. 9 

F value for variety 
or s train ?. 12 7 .lll ·: ~· -; . 

sx 3 .50 1. 40 

c.v . percent 3.83 4 .44 

~:-::signific ant a t . 01 l eve l 

1Fi gures re pres ent yie l d from o~c basin only o 

? Figures re r res ent yie l d from t wo basins. 

?3 

38 

70 

66 

69 

39 

49 

6L1 

57 

34 

50. 8 

4 7T;--:;-• 

• 0 9'3 

5.45 



Table l4D. 

Variety 
or 
Strain 

F.C. 24315 

F.C. 24311 

F.C. 22797 

F.C. 22800 

F.C. 22798 

F.C. 22874 

F.C. 22801 

Salina 

F.C. 24868 

Palestine 

92 

Ranked means of yield of strawberry clover from 
basins receiving 8,000 ppm salt 

Means 

16.63 

16.00 

15.88 

12.63 

10.50 

10.25 

8.88 

7.88 

7 . 00 

6.75 

*Least significant ranges at the 
l percent level 
(Duncan's Multiple Range test) 

*A significant difference exists between any ? means which are not 
found within the same range. There is no significant difference
between any ? meens within the same range o 
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Table 14E. Ranked means of yield of strawberry clover 
from basins receiving 16,000 ppm salt 

Variety 
or 
Strain 

F.C. 2?797 

F. C. 2?800 

F'.C. ??798 

F. C. ?4311 

F.C. 24315 

F.C . ?2874 

F.C. 22801 

Salina 

F.C. 24868 

Palestine 

Means 

8.75 

9.50 

3.25 

8.00 

7.13 

6.13 

4.88 

4.75 

4.25 

2.88 

*Least significant ranges et the 
l percent level 
(Duncan's Multiple Range test) 

*A significant difference exists between any 2 means which are not 
found wit hin the same range. There is no significant difference
between any 2 means within the same rengeo 



Observations. Strawberry clover varie ties and strei~s 

subjected to salinization treatments were a dark green 

color . The i r leave s were considerably thickened end h8d a 

waxy feel due to a heavy cuticle development and waxy cover

ing. The salinization treatments hastened the rate of 

maturity of strawberry clover. 

F tests indicated highly significant yield diffe r ences 

among va rieties and strains on the salinized basins. How

ever, there were no significant diffe r ences on the non~ 

salinized basin . 

Ranked means of the yie l ds of strawberry clover from 

basins receiving 8 ,000 ppm salt show tha t the strain 

F . C. 24315 oroduced the highest mean yield but did not 

show significance from the strains F . C. ?4311 , F .C . 22797 , 

and F . C. 22900. Palestine had the lowest mean yield . 

Ranked means of the yields of strawberry clover from 

basins receiving 16, 000 ppm salt indicate that strain 

F. C. 22797 had the highest mean yield . The variety Pa les 

tine had the lowest ~ean yield but did not show signifi

cance from 3 other strains and the varie ty Salina. 

When strawberry clover was clipped on the salinized 

basins recovery was slow . 



DISCUSSION 

This study has shown that significant differences 

in salt tolerance exist between selections, strains, and/or 

varieties within specieso 

The plants grown on salinized basins were smaller and 

had fewer leaves. They were a dark, blue-green color 

whereas the plants receiving no salinization treatment were 

a light green color. Leaves of legumes were thickened end 

had a waxy feel due to heavy cuticle development and a waxy 

coveringQ Necrosis was evident on the leaf tips of many 

of the plants at the higher salinity levels o The maturity 

of the plants was accelerated by the use of the salt treat

ments with the exception of Canada wild-ryegrasso 

The stage of growth at which plants are subjected to 

a salinity stress appears to be an important factor in de

termining the final response of the plants to the stress o 

In this study the basin of tall wheatgrass planted 2 weeks 

early yielded considerably more than the basin planted 

later but subjected to the same treatment. 

Although tall wheatgrass is slow to reac h its maximum 

growth and development, it appears to be the most salt 

tolerant of the 3 grass species studied o It was the only 

grass species at the end of the growing season which had a 

considerable number of plants surviving at the highest 

salinity level. The tall wheatgrass selection Utah 6-l? 



exhibited outstanding salt tolerance. It would appear 

that the more salt tolerant plants of this selection 

could be selected by growing relatively large populations 

of its plants on salinized basins using a sufficiently 

high level of salinization to eliminate a large percentage 

of the population. Generally on the salinized basins,tall 

wheatgrass selections having the highest survival percent-

£[~ s gave the highest yield. 

After Canada wile-~ grass was harvested, it fa1led 

to recover aopreciably on the salinized basins. It did not 

produce en abundance of leaves and aopeared to be rfther 

coarse and stem~y. However, the United States Salinity 

Laboratory (1954) reports that it is quite salt tolerant. 

Of the 3 grasses tested, reed canarygrass produced the 

largest yields on the control. It appears to have a con-
. 

siderable rang e in salt tolerance among its strains and 

varieties. 

Alfalfa showed more salt tolerance than strawberry 

clover. It was interesting to note that the variety Terra 

Verde N. K. did consistently well in all of the treatments. 

There is a considerable range of salt tolerance among 

alfalfa varieties with the variety Buffalo being t~e most 

productive at the 16,000 ppm salt level. It may be possible 

to select a more salt tolerant strain from this variety . 

The alfalfa varieties on the salinized basins recovered 

well after clipping. 

Strawberry clovar varieties end strains did not show 



exceptionally good salt tolerance. Its importance as a 

pasture plant is due mainly to its ability to survive 

flooding for prolonged periods of time . ~et saline and 

alkaline soils contain salts that ere highly diluted, 

and, therefore, strawberry clover is able to withstand 
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the harmful effects of the salts and seems adapted to such 

soils. However, on saline an d alkaline soils which are 

not wet, the salts are concentrated and cause an adverse 

effect on the growth of strawberrJ clover plantso 

The sodium a~d calcium c ontent of the leaves of ta ll 

wheatgrass, reed cana~yg~a ss, and alf&lfa generally in

creased as s od iu.n Pn~ calcium in the irrig f1 t ion wa tar wer e 

increased o ConvePse ly, the potassium content decreased in 

4 of the 6 inst~nces. It is believed thet the dec~ease in 

the potassium content of the le aves was a result of greater 

competition be tween cations due to the ,igh concentr8ti ons 

of sodium and calcium in the irrigation water. I t was noted 

that the alfalfa variety A-253 (Utah Syn. B) at the high 

salt leve l accumulated considerably more sodlu~ and calcium 

than the variety Buffalo. Due to the fact that A-253 

(Utah Syn . B) was one of the lo,lest yielding varieties found 

at the high salt level, it is possible that the excess of 

these two cations or of one of these cations ~ay hBve had 

a toxic effect on the protoplasm within the cells which 

resulted in smaller, less vigorous plants. 

The salt tolerance of crop plants is be lieved to be 

heritable . It is thought that the inhe ritance is somewhat 

similar to that of yield. Coarseness And ha rshne ss of a 
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plant appear to be genetic factors that ere linked to salt 

tolerance. Generally, plant~ which are coarse and harsh 

demonstrate better tolerance to salto 

Salt resistance of plants may be attributed to: (l) 

the ability of the plant to withstand periods of drouth, 

(2) the faculty of the plant to increese the osmotic pressure 

of its tissue fluids as the salinity of the soil increases, 

(3) the capacity of the plant to regulate the ionic con-

centration of the ions needed and exclude those not needed, 
-

anu (4) the resistance of the protoplasm to the toxic 

effects of ions in excesso 



SUMMARY AND CONCLUSIONS 

lo The effect of increasing levels of salinity on the 

growth, yield, survival, and chemical composition of oar

ticular varieties, strains, and selections of 3 grasses end 

2 legumes was tested. The artificially salin ized field-plot 

technique was employed. Selected plant samples were analyzed 

for sodium, calcium, and potassium content. 

2. Significant differences in salt tolerance were 

found to exist between selections, strains, and/or varieties 

within a species. 

3. Tall wheatgrass was the most salt tolerant of the 

3 grasses tested. Of the tall wheatgrass selections, Utah 

6-12 was the most salt tolerant. 

4. The poorest salt tolerance of the grasses was ex~ 

hibited by Canada wild-rye grass. Utah 1? was the most pro

ductive Canada wild-rye grass selection on the salinized 

baa1ne o 

5. Utah 61 was the most salt tolerant strain of reed 

canarygras s o 

6. Alfalfa showed considerably more salt tolerance 

than strawberry clover. Buffalo was the most productive 

alfalfa variety at the highest salinity leve~,however, 

Terra Verde N. K. did well in all of the treatments. 

7. Salt appeared to advers ely effect the recovery 

ability of strawberry clover o Of the varieties and strains 



tested, the strain F. C. ??797 showed the most salt 

tolerance. 
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8. Salinization treatments consisting of sodium 

chloride and calcium chloride generally increased the sodium 

end calcium content in the leaves of tell wheatgrass , reed 

canarygrass , and alfalfa but usually decreased the po

tassium content . 

9. This study indicated that excellent opportunities 

exist i n the selection and development of varieties and 

strains of forage crops for use on salty soils. 
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