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INTRODUCTION

In arid snd semiarid sreas in the Western United States,
soluble salts tend to sccumulete in the soil in smounts
harmful to crop production. A conslderable portion of this
land cannot be reclaimed due to the poor quality of per-
meability of the soil. Therefore, the wise selection of
crops that will produce satisfactory ylelds on these soils
in necessary.

The salt tolerance of many crop plaents has been lnves~-
tigated; however, more informetion is needed on the rel -
etive salt tolerance of varieties, strains, and selections.
Such informetlon will permit the selection &snd development
of varietles and strains of crop plants which may do well
under such adverse conditions.

The objective of this research 1s to determine the
effect of increasing levels of sslinity on the growth,

survival, and chemical composition of selected forage plants.



REVIEW OF LITERATURE

Saline and alksli solls

Saline soils contsin amounts of soluble salts that
are harmful to plant growth. These solls are very preva-
lent throughout the arid and semlsrid regions of the world.
Isrselson (1950) reported that most saline and slkali 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
solls for which the conductivity of the saturation
extract is more than |} mhos/cm. at 25°C., and the
exchengeable-sodium-percentage is less than 15.
Ordinerily the pH is less than 8.5. These soils
correspond to Hilgard's 'white slkali' soils

and to the 'Soloncheks' of the Russian soil
scientists, Wwhen adeguste dralnage is estab-
lished, the excessive soluble salts may be re-
moved by leaching asnd they egeln become normal
soils.

Seline-elkall solls. Ssline-alksll is spplied
to soils for which the conductivity of the
saturation extract is greater than l mhos/cm.
at 250C. and the exchangeasble-sodium-percentage
is grester than 15. These solils form as a
result of the combined processes of salinization
end elkalization. Under conditions of excess
salts, the pH readings are seldom higher than
8.5 and the particles remain flocculsted. If
the excess soluble salts sre leached downward,
the properties of these solls may change mark-
edly and become similsr to those of non-saline=-
alkall soils.

Ngnsf]iqg =g/ 30ils. Non-sallne-alkali is
applled to solls for which the exchangeable-




sodium-percentage 1s greater than 15 and the
conductivity of the saturstion extract 1is less
than L mhos/cm. st 259C. The pH readings
usually range between 3.5 and 10.0 These
soils correspond to Hilgard's 'black alksli'
solls aend in some cases to 'Solonetz,' as the
latter term is used by the Russians,

The effect of salts on plant growth

Kearney and Scofield (1936) stated:

The effects of the dissolved constituents
of the soil solution are menifested in two ways.
One 1s directly on the plants, and the other 1is
on the physicsl 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 soll. 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 1is not so well known how

these growth processes are deranged, whether by
retarding water absorption and its trenslocetion
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 1s known
that some constituents are, in lower concen-
trations, not only harmless to plants but
actually beneficial or even essentiel, while in
higher concentrstions these same constituents
are injurious or poisonous.

Hayward (195l;) concluded that one of the main effects
of soil salinity is to 1limit water supply to the plant by
increasing the osmotic pressure of the soll solution. This
effect is intensifled by an increasse in the soil molsture
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 germinsetion of seeds in two ways: (1) it

may decrease the ease with which seeds may taske up water
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end thereby decrease the rate of water entry; end (2) it
may facilitate the inteke of ions in sufficlent amounts
to be toxic.

Bower and Fireman (1957) reported that when selecting
crops for saline solls, particular attention should be
given to the salt tolerance of the crop during germinatlon
due to the fact that poor yields frequently result from the
failure to obtain satisfactory stends.

Studies by Ayers and Hayward (1948) showed that al=-
though corn germinated at a higher level of sodium chloride
than sugar beets or alfalfa, it 1s less tolerant of salinity
during the later stages of growth. Their studies also in-
dicated that there is no generel relationship between the
salt tolerasnce of a plant during the later phases of growth
and that during germination. They concluded thst certaln
salt tolerant crops are especielly senslitive during germin-
ation whereas others are not.

Ayers (1953) studied the effects of various levels of
sodium chloride on the germination snd emergence of barley
varieties. He found thst salinity tended to increase the
time required for emergence and decreased the percentage
of seeds emerging.

Uhvits (1946) studied the effect of sodium chloride
on the germinetion of alfalfa seeds in Petri dishes by
placing seeds between filter papers molstened with solutions
having 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 substltuted for sodium chloride,
exceptrthat the reduction in germinstion percentage was not
as severe st equal osmotlic concentrations. The decrease
in rate and percentage of germinstion due to the moistening
of the seeds with either sodium chloride or mennitol weas
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 wss attributed to injury casused by the accumula-
tion of toxic amounts of chloride within the seed.

Harter (1908) observed tnat salts tended to stimulete
plant growth when present in small smounts. The United
States Salinity Laboratory (1954) reported that sodium
and chloride present in relatively small concentrations
may stimulate the productivity of certain crops. Broyer
et. 8l. (1954) concluded from their studles that chlorine
is an essentisl nutrlient element. This may account for
the increased production of some crops grown on soils where
small smounts of sodium chloride have been added.

Magistad and Christisnson (194ly) noted that plants
show few characteristic symptoms of salt injury unless the _
concentration is exceptionslly high. Plants grown in
saline solls and In sand cultures receiving saline solutions
are smaller than the ones grown under normal conditions.

However, if control plants are not asvallatle for comparison,

the dwarf effect 1s not very apparent.
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Fireman and Hayward (1955) stated:

Saline solls are often recognized by the

presence of white salt crusts; by damp, oily-

looking surfaeces devoid of vegetation; by

stunted growth of crop plants, with considerable

variebility in size and with & deep blue-green

follage; and sometimes by tipburn and firing

of the margins of leaves.

Heyward 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 lesflets of plants grown at
the high s alt concentrations wére significantly thicker
in the sodium chloride and sodium sulfate series. They
observed that the leaves of the plents grown in high sodium
chloride solutions were more succulent than those of the
base nutrient and sodium sulfate series, Anthesis wes
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 1In the sslinized plots bloomed a few days earlier

than those of the control plot, and most alfalfa vaerieties

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 tobecco, the length and fineness of cotton
fiber, end the purity of sugarcsne and sugar beets may
diminish because of selts In the soll interfering with the
growth of the plents., They also reported that when salts
sre present in large quentities some plants may take up
excess quantities from the soil which render the forage
unpalatable or even injurious to livestock.

Specific ion effects

There are several salts found in the soill solution.
The most common ones consist of various proportlions of the
cations: sodium, celcium, end magnesium, and the anions:
chloride, sulfste, and bicarbonate.

Hassen and Overstreet (1952) have shown 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 mey be
important 21so. They concluded thet certain ions may
exert specific effects on the nesture of growth processes
of radish seedlings.

Hayward and Magistad (1946) reported thet the growth
of some crops, such as peaches and beans, was reduced more
by chloride than by sulfste salts. Flax, guayule, end some
grasses were affected more by sulfate salts.

Wadleigh and Ayers (1945) studied the growth and bio-
chemical composition of bean plants as conditioned by soil

moisture tension and sodium chloride concentration. They
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found that an increase in the salt concentration tended
to cause an incresse in the percentage of nitrate nltrogen
in the plants. Long (1943) observed that when lsarge
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 cetionic
relationships was studied by Pierre and Bower (1943). It
was observed that potassium absorption by plants is usually
decreased by the presence of high concentrations of other
cations.

Larson (1938) found that strawberry clover grown on
saline soil contains more ash and lower percentages of
nitrogen and calcium end higher percentages of magnesium,
sodium, potassium, snd phosphorus then the normsl vigorous
plants from non-saline soil. |

Wwadleigh et al. (1951) concluded that high levels of
the calcium ion in the soil solution may be lethsl to
orchard grass when the associated anion 1s 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.

Geusman and Cowley (1954) conducted a test to ascer-
tain the effects of artificisl salinization on the perform
ence of five grasses grown extensively in the Lower Rio
Grande Valley. Thelr results indicated that the use of
sodium chloride and calcium chloride treatments increased
the sodium content of Coastal Bermuda grasss and 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 lncrease significantly
due to the salt treatments,

Elgabely (1955) used resin-sand systems to study the
effects of sodium, magnesium, and calcium on the growth and
cationic accumulstion of barley plants. The dry welight,
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 thet compared at equal concentrations, magnesium
and sodium were more deleterious on the growth of bsrley
than calcium,

Physiological basls of salt tolerance

The halophytes are nstural exemples of plants thst 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.
I1jin (Haywsrd, 1954) affirmedthst only those plants re-
sistent to high accumulations of sodium in the cell sap
should be considered as halophytes. Physiologicel charac-
teristics which he considers important in the halophytes
are: (1) the ability to develop high osmotic pressures of
the tissue flulds 1n order to counteract the increased
osmotic pressure of saline substrates; (2) the ability to
accumulate large quantities of salts in the tlssue fluids
and to regulete such sn accumulation; (3) a protoplasm that
is resistant to the effects of sodium accumulation in the
cell sap.

Collander (1941) observed that plant species which
normelly have relatively high concentrations of sodium
throughout the plant seem to be the ones that ere least
sensitive to an incresse in sodium concentration in the
substrate. He also noted that many salt-sensitive species
of plants take up relatively small smounts of salt.

Breazeale (1926) maintainedthat salt tolerance in
plants 1s primarily a metter of adaptation and development
of physiological differences, such as the development of nE
mechanisms for lowering the rate of transpiration, or loss
of water through leaves. Dsaubenmire (1947) asserts that
salt toleraeance appears to be 2 matter of physiologic

adaptation acquired through time.
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Repp and McAllister (1956) reported that the salt
resistance of the protoplassm is a very importent physiolog-
ical factor in salt tolerance of plants. Hayward (1954)
pointed out that the leck of salt tolerance in crop plants
may be related to the inabllity to regulate adegquately the
intake of salt, and the sensitivity of the protoplesm to
salt accumulatlions within their tlssues.

Funk (1956) hypothesized that the favorable growth
response of many plants on salted solls may be due to &n
ability to persist under adverse conditions of high salt
and then meke growth by obtaining waeter from e less concen-
trated soil solution either after a raln or irrigstion or
from a less concentrated part of the root zone.

Technigues used for salt tolerance investligations

It is difficult to make sccurate evaluation of crop
growth on saline soils becsuse of the diversity of salt
conditions found within one area of & field. The United
States Salinity Laborstory (1954) has developed several
techniques for evaluating the salt tolerance of crop plants.

Artificially salinized field plots. This msthod utilizes

1}-ft. square basins. These are leveled carefully to in-
sure even distribution of the saslinized irrigation water,
They are surrounded by btorders to restrict the salinized
water to the basin. Salinizstion is accomplished by
irrigation with waters artificially salinized with pre-
scribed amounts of salts. If the soill 1is permesble and
sufficient irrigstions ere asppllied, the sslt concentrations

in the basins tend to reach a steady value after the first



few irrigations. Egqual parts of sodium chloride end
calcium chloride are added in prsscribed smounts to the
irrigation water to prevent the development of alkall con-
ditions in the soil.

The salinization treatments are begun after the seed-
lings or transplants are established, since most crops
are more sensitive to salinity during germinstion or follow-
ing transplanting. Generally, the salinity is increased
stepwise during the first 3 or |} selinizing irrigstions.

Drum culture. Salt is sdded to the druma in the initial

irrigetion or by mixing 1t with the dry soil in amounts
calculated to give the desired level of sslinity. After
the initial salt has been added to the soil, non-saline
irrigation water must be used to prevent further increases
in selt concentration. Alternate surface and subirrigation
are practliced in order to svoid the leaching of the ssalt
downward in the drum. This elso insurss a more even dis-
tribution of the salt in the soil. Subirrigation is
accomplished by introducing the irrigation water into =
layer of fine gravel iIn the bottom of the drum. Drum
cultures require a minimum of space snd effort and are very

useful 1n selinity studies where many treatments =re desired.

Sand and water cultures. Sand end water cultures allow

for precise control of the substrete. 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 sslts to a base

nutrient solution. Provision for adequate nutrition 1is
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made by using & btase nutrient solution. Proper control
of the pH of the nutrient solution must be meintained
and adequate aeration must be provided.

Protoplasmic sslt resistance test. Repp end McAllister (1956)

developed a brief physiological test for predicting the salt
tolerance of crop plants. This technique consists of cut-
ting tengential stem sections contasining the eplidermis and
some cortex tissues from the plants to be studled. These
tangentlial stem sections are lmmersed in sodium chloride
solutions of various concentrations for 2l hours. After
removal, they are immersed in s hypertonic glucose solu-
tion for an hour asnd then examined under the microscope
for plasmolysis. Plasmolized cells sre considered unin-
jured while cells which fall to plasmolize are considered
injured or dead.

Plant ratings for relstive salt tolerance. Haywerd snd

wadleigh (1949) report that three criteris may be used to
evaluate salt tolerance. They are: (1) the ability of a
crop to survive on saline soils, (2) the ability of a crop
to produce s satisfactory yleld, and (3) the production of
a crop on a saline soll compared to the production of the
same crop on 8 non-saline soil.

Many specles and some varieties of crop plants have
been investigated by the United States Salinity Laboratory
(195) for their relstive sslt tolerance. In most in-
stences, the artificial salinized fileld-plot technique was

used to obtsin the dsta reproduced in Tables 1 and 2.



Table 1.

Relstive salt tolerance rstings for

1)

forage crops

et
—_—

ECo x 103 = 18

Alksll sacaton
Salt gress

Nuttel elkalicress

Bermuda grass
Rhodes grass
Rescue grass
Canada wildrye

Western wheatgrass

Barley (hay)

Birdsfoot trefoll

; . g
EC, x 10- = 12

EC, x 10° = 12

White sweetclover
Yellow sweetclover
Parennisl rysgrass
Mountein brome
Strewberry clover
Dallis grass

Sudan grass

Hubam clover
Alfalfs (California common)
Tall fescue

Rye (hay)

Wwheat (hay)

Oats (hayg
Orchardgrass

Blue grama

Meadow fescue

Reed canary

Big trefoill

Smooth brome

Tall meadow oatgrass
Cicer milkvetch
Sourclover

Sickle milkvetch

BCs x 103 = |

ECe x 10° = |

White Dutch clover
Meadow foxtail
Alsike clover

Red clover

Ladino clover
Burnet

ECe x 103 = 2

Table 2.

Relative salt tolerance ratings for field crops

ECe x 103 = 16

Barley (grain)
Sugar beets
Rape

Cotton

EC, x 103 = 10

ECq x 103 = 10

Rye (grain)
Wheat (grain)
Osts (grein)
Rice

Sorghum (grain)
Corn (field)
Flax

Sunflower
Casterbeans

= 3__
bCe x 107 = 6

ECe x 103 = |4

Fleld beans
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The numbers following ECg; x 103 are the electrical
conductivity values of the saturation extract in milimhos
per centimeter at 25°C. associsted with 50 percent decrease
in yield.



PLANT MATERIALS

The 5 species of crop plants included in this study

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

grass (Elymus canadensis), reed canarygrass (Phalaris

arundinacea), alfalfa (Medicago sative), and strawberry

clover (Trifolium fregiferum).

A commercial tall wheatgrass strain was planted a

few years ago on & saline soil near Springville, Utah. The -
seed collected from these plants was replanted in non-saline E{
soll and the seed obtaeined from these parent plants and §ﬁ
their progeny was used as the source of tall wheatgrass seed j_
for this study. Canads wlld-rye grass seed was obtained from é;
selections made over the state of Utah and also from North é“
Dakota. Reed canarygrass seed was received from the stocks ;5
of U.S.D.A. collaborators and experiment stetions. The seod %E
=

=<

for strawberry clover was obtained from the Fileld Crops

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

various sources reported in Table 3,

Grasses
Tall wheatgrass (Agropyron elongstum)is a

Tall wheatgrass.
native to Southern Europe and Asia Minor, where it lives

primarily on saline mesdows and seashores. It was intro-

duced into the United States in 1909 from Turkey. It 1s a
coarse, non-lodging, very late-maturing bunchgrass 2% to

6 ft. tall. The grass makes excellent fall and spring
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recovery and remains green 3 to 6 weeks longer than most
other grasses. It is very salt-tolersnt and glves high
yields on subirrigated eslkaline soils. The full develop=-
ment of the plant requires li or 5 seasons (Weintraub, 1953),.

Hafenrichter et al. (1949) described tall wheatgrass
ss a coarse, tell, vigorous, stemmy bunchgrass. They pointed
out that it seems to be much more platable then its sppearance
Indicates and 1ts yleld 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 tell wheatgrass has two
outstanding qualities of other wheatgresses. These are
hardiness and drought resistance and the abllity to pro-
duce excellent forage on solils too alkaline to grow any
other useful crop.

Canade wild-rye grass. Cenada wild-rye grass (Elxmus

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

grass. The plant height 1s from 3 fo S feet, and the stems
are coarse and woody. Although 1t 1s & cool-weather grass,
1t begins growth laster 1ln the spring snd lasts longer into
the summer. The palatabllity of Canada wild-rye grass 1is
only fair (Hawk, 1951).

Canade wild-rye grass occurs in pure stands on wet
alkaline sites. The seedling growth 1is slow in the cool
weather of early spring and spring recovery of established
stands 1s also slow. In Oregon under subirrigated conditions,
it hes averaged .56 tons of hay per acre (Hafenrichter
et al. (1949).
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Table 3. Sources of seed for slfalfa varieties used in
the salt tolerance studies
Variety Source of Seed

A-22l; Syn. 1

A-225 Norther
A-250 (Uteh S
A-251 (Utah S
A-252 (Utsh S

n Syn.
yn. Y)
yn. 2)
yn. A)

A-253 (Uteh Syn. B)

African A -3 (Ariz. Com.)

Arizona Chile
Atlantic

n Bam"

Brigham Young
Buffalo
Caliverde
Cossack

Delte Common
DuPuits

an

Heiry Peruvian

Kansas Common
Ladak
Lehontan
Narregsnsett
Nemastan
Nev. Syn. E.
Nev. Syn. K.
Nomad N B 21
Kambler
Ranger
Rhizoma
Sevelra

1956 (0.F.S.)
(0.7.8.)

So, African (W3275)

Stafford
Swift Currant
Swift Currant
Talent

Terra Verde N
Urugusy clone
Vernal
Williemsburg

3434
M A 501

. K.
10

Dr. Marion W.
AR5

Dr. Marion W.
Dr. Marion W.
Dr., Marion W.
Dr. Marion W,
Arizona
e

Utah

Iran

A.A. Borgeson
Northrup King
ARS5

BaRS.
Camerson Adams
A.R.S.
Arizons
A.R.S,

Oregon

Nevada

A.R.S5.

Dr. Marion W,
Neveda

Nevada

Oregon

Canada

Utah

Cenada

Idaho
Northrup King
Colorado
Canada

Canada

AJR.S.
Northrup King
A-R.3.

Utah

R R. 85

Pederssen

Petersen
Pedersen
Pedersen
Pedersen

of Santaquin, Ut.

of Delta, Ut,

Pedersen
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Reed canarygrass. Reed canerygrass [(Phalarls srundinaces)

is a tall, cosrse, sod-forming, cool-season perennial that
reproduces by seed or vigorous rhizomes. It 1s believed

to be a native of the temperate regions of Europe, Asia,
and North America. The plant is well adapted to low, wet
areas but also makes good growth on upland, well-drained
solls supplied with ample moisture for spring and early
summer growth. Often, it can be found growing slong stream
banks and around lake shores in sreas where 1t 1s adapted
(Ahlgren, 1956).

Weintraub (1953) describes reed canarygrass as s tall,
coarse grass that spreads by rhizomes and tends to become
sod-bm‘md° The grass 1s asdapted to cool regions but 1s not
sensitive to heat or cold. It 1s especlally adapted to
swampy or overflowed lands. This grass is used for pasturage
on wet lands, silage, hay, end erosion control along water-
ways.

Ioreed 1s a synthetic variety developed by the Iowa
Agricultural Experiment Station. It 1s a recombinstion of
the best selections 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 sites. The seed is reported to show less tendency
to shatter. It 1s also reported to make a somewhat shorter
growth than the commercial unimproved reed canarygrass

(Heath and Hughes, 1951).



20

Legumes
Alfalfa. Alfalfa (Medicago setive) is the outstanding

forage plant in the United States. O0f all the commonly
grown hay crops, it hes the highest feed value. It 1s a
vigorous, deep-rooted, highly productive perennial that 1is
best adapted to a deep loam soil with open porous subsolls,
The tolerance of elfalfa to alkell and salt concentratlons
is better than for most other farm crops (Wheeler, 1950).

A-22} Syn. 1 is a synthetic variety developed by Dr,
H. M. Tysdal at Nebraska, It comnsists of L clones: C-53
Nebr., C-63 Iowa, C-87 Pa., and C-130 Nebr. These clones
211 have somewhat spresding or rhizomatous crowns. It is
a pasture type plant.

A-225 Northern Syn. was developed at Nebraska by Dr.
H. M, Tysdel 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-4j6 Nebr., and C-57
Colo. These clones were selected for their cold resistance
gs well as other desirsble characterlistics.

A-250 (Utah Syn. Y) is made up of 3 selections out of
262-10 and 1 from 8 Grimm x Nemastan cross. The I plants
were interpollinsted to produce Utsh Syn. Y. Dr. R. J.
Evans did the work st the Utsh Agricultural Experiment
Station,

A-251 (Utah Syn. Z) 1s a synthetic made up of L Utah
clones numbers: 60, 80, 123, and 151. The pserentage of

these clones involves the varieties Hardigen, Nemsstan,
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Russian Grimm, and Turkistan 86696. Dr. R. J. Evans at
the Utesh Agricultural Experiment Station was credited with
the work.

A-252 (Utah Syn. A) 1is a selection made from L Utah
clones., Each plant was selected for high seed production,
The plants selected each produced in excess of 200 grams
of seed. Utsh Syn,A was developed by Dr. Marion W. Pedersen
of the U.S.D.A, - A.R.S. at the Utah Agricultursl Experiment
Stetion.

A-253 (Utah Syn. B) consists of 7 Utah clones including
the clones in A-252, These clones were selected on the
basis of high seed production. Each of the 7 clones pro-
duced in excess of 200 grams of seed. Dr. Marion W.
Pedersen developed this synthetlc at the Utah Agricultural
Experiment Station (Pedersen, 1958).

Strawberry clover. Strawberry clover (Trifolium frogiferum)

1s a perennial, low-growing, pasture legume which spreads
vegetatively by creeping stems that root at the nodes. It
is adapted to a wide range of soll conditions. However,
the plant is of perticular veslue on wet saline or slksline
soils, although it will thrive in normal solls. 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 principslly a pasture plant, though it may be

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



METHODS AND RESULTS

The 5 experiments conducted at 3 salinity levels in
artificially selinized besins consisted of (1) compsering
the psrformance of 39 selections of tall wheatgrass, (2)
comparing the performance of 12 selections of Canade wild-
rye grass, (3) compsring the performance of 27 varieties
and/or strains of reed canarygrass, (L) comparing the per-
formance of 33 varieties of slfslfa, and (5) compering the
performsnce of 10 varieties snd/or strsins of strewberry
clover.

The sbove experiments were performed at the Greenville
Experimental Farm at North Logan, Utsh, on a salty clay loam
soil. The basin layout is shown in Figures 1 snd 2.

The grtificislly salinized fleld-plot technique was
employed in these experiments. In previous yesrs, 15
basins had been constructed, but due to the fact thet they
had been subjected to salinization treatments, it was
necessary that soll samples be taken from each bssin and
enelyzed. Samples were tsken at 0-6, 6-12, 18-24, 30-136,
and ;2-li8 inch depths in each basin. In eddition, random
samples were tsken at the ssme devths in the esreas where
10 more basins were later constructed. The enslyses of
the soill samples indicated thet I} (Table |l basin: I, II, III,

and 1V) of the basins were not suitable for selt tolerance
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studlies and therefore were not used. Also, 1 other basin
(Teble lj, basin V) was not used becsuse 1t wes not needed,
The anslyses of soil samples from basins used are glven in
Tables 5, 6, 7, 8, end 9.

Twenty of these 1, x 1} ft. besins were prepared for

planting early in the spring of 1957.



Besin 7 Basin 12 |1[Basin 17 Basin V
Straw- Reed Straw=-
berry cenary- berry
%1over grass clover
3,000 0 m O ppm salt
L . L
pom salt SJ¥%
as
Basin ¢© Basin 11 Basin 16 Basin 20
Tall Alfalfa 1Straw- Tall
Wwheatgrass 0 ppm berry wheatgraSﬂ
12,000 ppml | salt clover 12,000 po
sslt 8,000 ppm salt
salt
Basin 5 Basin 10 Basin 15 Besin 19
Alfalfa Alfslfa Straw- Alfalfa
16,000 3,000 ppr berry 3,000 ppm
ppm salt salt clover salt
16,000 pon
Basin L Basin II Basin III Basin 18
Reed Reed
canary- canary-
grass grass
12,000 m 2,000 I
4™ o 21809 vee
Basin 3 Basin I Basin 14
Tall Tall
wheatgrasg| wheatgrasg
0 ppm salt] 211,000 ppm
salt
Basin 2 Basin 9 Basin IV
Straw- Alfalfa
berry 16,000
clover 1t
16,000 ppm EpS AR
salt
wast
Basin 1 Basin 8 Basin 13
Reed Reed Tall
canary- Canary- wheatgrass
grass grass 24,000 ppm
24,000 ) salt
241990 prq | 2440201+

Figure 1,

in 1957.

2l

Salt basin arrengement on the Greenville. Experi-
mentsl Farm at North Logan, Utah,



Figure 2.,

B9 ]

Salinized basins at the Greenville Experimental
Farm at North Logan, Uteh. The first 3 rows

of basins in the foreground are part of Dr.

D. R. Dewey's salt tolerance studles on crested
wheatgrass.



Teble L. Analyses of soil samples taken from sslt basins not used (April 11, 1957)

Depth o PH Total Sst. Base Moist Water
Lab, No.l Rasin No. (inches) 5 Soluble Ext. Exch, Exch. Exch. at Lime Sol.
«© Salts Cond Ne. Cep. Ne, Set. CaCO3 Ns.
- 7 XKX103 Me/100g Me/100g % %

7571256 I 0-6 8.5 9.8 .09 3.7 A4 .2 3 28 4 .79
J57125 I 6-12 7.9 9.7 .28 3.6 .03 1.1 1 30 + »99
U57125 I 18-24 7.3 8.2 519 PBL.T 171 11.9 ih 35 + 5.53
J571259 I 30-36 7.6 9.7 B1  23.8 1.04 8.0 13 33 ++ 3.70
U571260 I he-8 7.6 8.3 - 1.2 6.2 19 25 s+ 2.60
Us71251 II 0-6 8.5 9.9 .07 2.0 L 1.6 3 28 + i
U571252 II 6-12 8.1 9.5 .25 8.4 4.5 1.3 31 3L + 2.55
0571253 II 182 7.4 B.2 1.1 35.2 1.5 el A 3L + 1.2
U571254 II 30-36 7.5 8.3 79 20.1 1.3 7.6 19 3? ++ 2,73
U571255 1I h2-48 7.7 8.5 .60 19.9 1.3 6.9 19 31 ++ 3.46
U571286 I1T 0=-6 8.9 9.8 .06 1.5 h.2 1.6 7 26 + + 37
U571237 B 6-12 8.8 9.7 .08 21 3.9 14.9 26 29 - .57
U571288 111 18-2li .6 8,2 1.3 31.2 21 11.9 17 36 T 5.09
U571239 III 30-36 7.7 8.1 1l.h 25.3 AT 7.9 47 36 4+ L.%9
0571290 III 248 ° 7.9 8.2 1.l 29.3 1.0 5.5 19 30 - 3.70
Us71276 Iv 0-6 8.7 10.0 .08 2.0 .5 15.0 3 30 + .68
Us71277 v 6-12 8.7 9.8 .06 1.6 L6 1.6 1 27 + .50
uc71278 I 18-24 7.9 8.9 5 8.2 27 13.1 - 37 37 E 2.59
US71279 IV .0-36 7.5 8,3 B2  BLLT i 9.3 17 3 ++ 3.16
U571230 IV ho-48 7.7 8.4 52  16.4 3 T+t 1P 32 e 1.4
U571301 v - 3.0 8.5 .02 140 .3 12 ? 29 + 0?2
U571302 v 6<12 8.0 8.k .02 b i 13:2 2 3 + .03
U571303 v 18-24 © 8.1 8.6 .02 N 2 10.4 1 30 + .06
Us571304 v 30-36 8.2 8.6 .02 .6 | 6.9 2 29 ++ .06
U57.305 v Lh2-L8 8.5 8.9 .02 A .2 5.7 3 28 ++ .0l
lSoil samples esnalyzed by the U.S.D.A. - S.C.S. - U.S.U. Cooperative Soills Laboratory, Logan, Utah




Table 5. Analyses of soll samples taken from selt basins prior to plenting them to tall wheatgrass
(April 11, 1957) |

Depth o pH Total Sat . Base Moilst Water

Leb. No.l Basin No. (inches) * w Soluble Ext, Exch., Exch, Exch. 8t Lime Soluble

@ s Salts Cond3 Na Cap. Na Sat, CBCOg Na

- KXI0° Me/100g Me/100g % % o -
U571221 3 0-6 7.9 8,8 .02 .6 .6 !
Us71222 3 6-12 8.2 9.0 .03 8 .9 %%:g % %% v ';3
U571223 3 18-24 8.3 9.3 .oh 1.0 1.3 13.0 10 30 +4 .26
us7i22h 3 30-36 8.5 9.5 el .9 1.0 3.1 12 55 i '?h
Us71225 3 o8 2.8 8.% il 11.8 6.1 £.3 > 33 +4+ 5 08
U571236 6 0-6 8.0 8.6 02 9 .
U571237 6 6-12 8,0 8.7 .02 .5 3 o - : ‘08
U571238 6 18-24 7.3 8.8 0L .8 4 12.6 3 3 4 S03
U571239 6 30-36 7.8 8.6 .oy 1.2 .2 8.5 2 135 ++ .05
Us71240 6 ho-48 7.9 3.6 . 0ly 1.2 . 6.2 L 20 4 02
U571301 20 0-6 8,0 8.5 .02 1.0 ; ) ( (
U571302 20 6-12 8.0 8. .02 .6 - ie. = 8 A B
u571303 20 18-24 8.1 8.4 .02 . .2 10.] I L N " 0b
U571394 20 30-36 8.2 8.6 .02 .é 2l 6.9 2 5 4 .06
U571308 20 L2-k8 8.5 8.9  .oa L I B - S oy
U571271 13 0-6 8.2 8.7 .02 : . 5
571272 13 6-12 8.1 8.6 .02 7 3 T A ok
U571273 13 18-2 €B.1 8.7 - .03 .5 .3 13,3 2 32 ‘4 .01
Us71274 13 30-36 8.1 8.8 .02 4 3 10.3 3 5 +4 01
U571275 13 b2-48 8.1 3.3 .02 i .3 79 3 gq +4 S0l
U571281 14 0-6 8,2 3.8 .03 1.6 7 3 +
o B SR RS % b ol M g oz or
U571233 1 13-24 3.5 9.4 .03 .8 1.8 13.2 1& 32 ++ ‘51
Us7123) 1) 30-36 8.3 9.4 .03 .9 1.5 9.7 15 0 4 22
U571235 1 h2-LB8 3.6 9.3 .03 . 1.0 7.6 1 %1 ++ o1

lsoil semples snalyzed by the U.S.D.A. - 8.C.8. - U.S.U. Cooperative Soils Leborstory, Logen, Utah.



Table 6. Analyses of soll samples taken from selt basins prior to planting them to Canada wild-rye
grass (April 11, 1957)

Depth o PH Total Sat. Base Moist Water

Lab No,l Basin No, (inches) +* wn Soluble Ext. Exech. Exch. Exch. at Lime Soluble
4 .. Salts Cond Na Cap. Na Sat. CaCO3 Na
P KXTOS Me/100g Me/100g % %

Us571241 12 0-6 8.2 8.5 .03 .6 2 1.2 1 33 + .02
us712L2 12 6-12 B.2 8.4 .03 .5 o3 13.7 2 3l + .02
Us71243 12 18-2 8.3 8.6 .0l 1P W, 11.7 2 36 s .03
us712Ll 12 30-36 7.7 8.3 .09 3.8 o2 8.0 3 3 ++ .03
Us71245 12 L2-48 7.6 8.5 + X6 5.2 .6 6.5 3 32 ++ W i
Us71226 N 0-6 8.2 9.2 .03 1.0 1.0 1L .6 7 32 + -
Us71227 i 6-12 8.5 9.4 .0l 1,3 1.6 11 32 + .36
U571228 I 18-24 6.3 9.5 .08 2.3 1.7 13.5 13 28 ++ .56
U571229 - L 30-36 7.4 8.2 1.2 29.7 .6 9.4 6 35 2 B.311
U571230 4 G2-48 8.2 8.8 1.1 PE.2 e | 6.9 1 23 ++ 3.37
U571306 18 0-6 7.9 8.6 .02 .5 . 14.0 2 33 + .22
U571307 13 6-12 8.2 8.6 .02 .5 2 b 1 32 + .02
U571308 18 18-24 8.2 8.6 0l oS3 o2 10.7 P 32 ++ .02
U571309 18 30-36 8.3 8.8 .03 .5 - 7.5 2 31 kg .03
U571310 18 L2-48 8.0 8.0 .0l ; - 5.5 3 29 ++ .07
U571211 1 0-6 8.0 8.4 .03 1.8 . 15.0 i | Ll ++ 07
U571212 1 6-12 7.8 8.5 .02 1.2 o 1.6 35 + .10
U571213 1 18=2lk 7.7 8.8 .03 12 - 15.1 1 38 + .10
Uus7121y 1 30-36 8.0 8.6 .03 .6 .2 11.5 2 36 ++ .02
U571215 1 he-u8 8.3 8.6 .02 A e 8.0 3 33 4k .02
U571266 8 0-6 8.0 8.6 .03 .6 3 1.4 2 32 + 02
U571267 8 6-12 8.0 8.6 .02 .5 3 13.6 2 37 + .01
U571268 8 18-2 8.1 8.7 .02 A «3 12.6 ? 32 + .01
U571269 8 30-36 8.1 8.8 .03 i «3 11.0 3 32 ++ .01
U571270 8 u2-48 8.2 8.9 .02 o | 7.4 Iy 32 ++ .01

1so11 samples snalyzed by the U.S.D.A. - 8.C.S8. - U.S.U. Laboratory, Logan, Utsh.



Table 7. Analyses of soill samples teken from salt basins prior to planting them to reed
canarygrass (April 11, 1957)

Depth ) Total Sat. Base Moist Water

Lab. No,l Basin No. (inches) & pH wn Soluble Ext. Exch. Exch. Exch. at Lime Soluble
Py 2, Salts Cond3 Na Cap. Na Sat. CaCO3 Na
% KXI0° Me/100g Me/100g % %

U571241 12 0-6 8.2 8.5 .03 b o7 14.2 1 33 + .02
Us712h2 12 6-12 8.2 8.4 .03 5 o3 13.7 2 3L + .02
Us71243 12 18-2; 8.3 8.6 .ol 1:2 2 s B 2 36 ++ .03
Us7124l 12 30-36 7.7 8.3 .09 3.8 -2 8.0 3 3 +# .03
Us71245 12 h2-u48 7.6 8.5 .16 5.2 .6 6.5 8 32 i .03
U571226 Ly o6 8.2 9.2 .03 1.0 1.0 1.6 i 32 + 295
0571227 : L 6-12 8.5 9.4 oog 13 1.7 ¥.6 . % 32 .- .36
U571228 L 18-24 8.3 9.5 .0 2.3 17 13.5 13 28 +4+ .56
Us71229 N 30-36 7.4 8.2 1.2.%°29.7 .6 9.4 6 35 ++ g.11
U571230 i i2-}i8 8.2 B.8 1.17085,2 &l 6.9 1 33 ++ 3.37
U571306 18 0-6 7.9 8.6 .02 D .2 14.0 2 32 + o2
U571307 18 6-12 8,2 8.6 N T - 13,7 1 32 + .02
U571308 18 18~2 8.2 8.6 oL B o2 10.2 gt 32 4 .02
U571309 18 30-36 8.3 8.8 .03, .8 o 7.5 2 31, ++ D3
U571310 18 Lo-48 8.0 8.0 .0l 1.2 2 5.5 3 29 ++ b
U571211 1 0-6 8.0 B.4 .03 1.8 2 15.0 1 N ++ .07
Us71212 1 6-12 7.8 8.5 .02 iy P i 14 .6 1 35 + .10
U571213 1 18-24 7.7 8.6 .03 1ol .2 15.1 1 18 . .10
Us7121l 1 30-36 8.0 8.6 .03 .6 2 11,5 2 36 ++ 002
U571215 1 L2-48 8.3 8.6 Ol A 2 8.0 3 B ++ .02
U571266 8 0-6 8.0 8,6 .03 .6 =3 1u.% > 32 + .02
U571267 8§ = =12 B.0 B.6 .02 .5 g 13, & » O + .01
U571268 8 18-24 8.1 8.7 03 L 3 12.6 ) 32 + .01
U571269 8 30-36 8.1 8.8 .03 AL 3 11,0 3 32 ++ .01
U571270 8 L2-48 8.2 8.9 .02 A 3 (N i 32 +4 .01

18011 samples analyzed by the U.S.D.A., - S.C.S. - U.S5.U. - Cooperative Soils Leboratory, Logen, Utsh




Table 8. Analyses of soll samples teken from salt besins prior to planting them to alfalfa
(April 11, 1957)

1 Depth o rH Total Sat. Base Moist Water
Lab. No. Besin No.(inches) % w Soluble Ext, Exch. Exch. Exch. st Lime Soluble
- & Selts Cond Na Cap. Na Sat. CaCO3 Na
% KXI03 Me/100g Me/100g % %

Uus71241 11 0-6 8.2 8.5 .03 .6 .2 2 1 33 + 07
us71i2h2 11 6-12 B.,2 B .03 .5 a3 13.7 @ 3% + .02
Us71243 11 18=2l; 8.3 8.6 .04 1.2 2 11.7 1 @ 3 + 03
us712hl 11 30=36 T:7 8+3 09 3.8 " Baft] - 3 3l +4+ .03
us71245 11 L2-43 7.6 8.5 .16 52 .6 6.5 8 32 +4+ .03
us712L6 10 geb 8.0 8.6 - .02 =f .3 .5 2 33 ++ Lol
us712L7 10 6-3p B,1 8.8 .02 .6 Wy 1.3 5 32 ++ L)
Us71248 10 18-2 B.3 9.5 02 o3 .0 12.8 - .o 30 b .20
. U571249 10 30-36 B.9 9.6 .03 .8 1.h 7.9 18 23 +4 .19
U571250 10 h2-48 8.4 9.4 .03 1.0 5 0 4 GsT - 20 27 - o
U571306 19 V<l 7.9 Qb6 02 L g k.0 2 13 + 22
U571307 19 6-12 8,2 B.6 .02 a9 2 i 550 A ¢ 32 + .02
U571308 19 18-2, 8.2 8.6 .04 .8 - 10,2 2 32 4+ .02
U571309 19 30-36 8.3 8.8 .03 o ald 2 Tl 2 31 ++ .03
U571310 19 n2-48 8.0 8,0 .ol ) e Gu. 3 29 ++ w7
Us71231 5 el - Yab B2 Ol 1.2 i .6 5 11 + .22
Us71232 5 6-12 B.3 9.1 04 1.1 1.0 shol - 7 31 o .27
Us571233 5 18-24 8.3 9.3 .0l 1.0 145 154 1) 32 ++ .26
Us7123L 5 30-36 8.4 9.5 .04 -9 142 8.3 1 27 ++ o2
U571235 5 ho-48 7.9 9.0 .19 55 7 6,1 13 29 ++ Yol
U571261 9 o-6 B.2 8,6 .02 1.3 4.9 1.6 33 32 + .10
U571262 9 6-12 8.2 9.0 .03 .6 1.0 1.6 8 28 + 17
U571263 : 13-24 8.1 9.1 .03 1.0 13.5 11 30 L .2l
Us7126L 9 30-36 8.4 9.1 .03 9 % 9.9 12 28 s .19
U571265 9 yo-48 8,0 8.9 .09 1.8 .6 5«7 11 29 ++ s 35

13011 samples enalyzed by the U.S.D.A. - S.C.S. - U.S.U, Cooperative Soils Leboratory, Logan, Utah



Table 9. Analyses of soil samples taken from salt basins prior to planting them to strawberry
clover (April 11, 1957)

—

1 Depth o PH Total Sat, Bease Moist Wster

Lab. No. Basin No. (inches) & B Soluble BXE . Exch. Exch. Exch. =&t Lime Soluble
s ot Salts Cond3 Na Cap. Na Sat. CaCO, Nas
P ~ KXI0> Me/100g Me/100g % % % -

U571301 17 o-6 8,0 8,5 .02 1.0 3 14.2 2 29 + .07
0571302 17 6-12 8.0 8.% .02 .6 -2 132 2 3l + .03
U571303 17 18-24 8.1 8. .02 .% .2 10.4 1 30 + .06
U571304 17 30-36 8.2 8.6 .02 " od 6.9 2 29 ++ .06
U571305 17 L2-48 8.5 8.9 .02 A .2 5.7 3 o8 ++ .0l
U571236 7 0-6 8,0 8.6 .02 .9 o3 14,5 2 3 + 0L
U571237 7 bl B.0 BT 02 .5 B 1.3 t 36 + .02
0571238 7 18-2h 7.8 B.5 .0oh .8 ol 12.6 3 35 ++ .03
0571239 7 30-36 7.8 8.6 .oi 1,2 Y 8.5 2 30 ++ .05
U571240 T ho-48 7.9 8.6 .04 1.2 3 6.2 L 30 ++ .02
US71296 16 0-6 B, 8.9 .02 1.0 .9 13.8 1 30 + .18
U571297 16 6-12 8.5 9.4 .03 .0 3ol 12.0 .13 28 + 2L
U571298 16 18-24 8.5 9.5 .04 .8 1.9 10.2 19 23 +4 .0l
U571299 16 30-36 8,6 9.3 .03 .8 1+3 4 R 32 ++ .02
U571300 16 Lo-y8 7.9 8.9 .09 ~ ey Y S 2 26 A 01
Us71216 2 0-6 8,2 8.5 .02 AL B 15.3 2 39 ++ .0l
U571217 2 6-12 8.3 8.8 .02 .5 .3 13.0 6 35 ++ .1l
U571218 2 18-24 8.1 9.0 .03 .6 1.3 14.6 9 30 ++ .14
U571?19 2 30"‘36 8o3 9-0 -02 .6 1-1 9-8 11 f 30 ++ 102
U571220 2 ho-48 8.2 9.1 .02 .9 «5 T2 7 28 4 .19
U571291 15 06 7.8 8.7 .03 : 2 1 1.0 ) o % | 8 35 + .02
U571292 15 612 8.2 9.1 .04 .8 « B 13:1 10 3y B 2L
U571293 15 18-2 8.4 9.4 .04 . T R W .2 18 30 ++ .29
U57129) 15 30~-36 8.4 9.4 .oy 1.1 1.3 g,.2__ 16 28 ++ 2l
U571295 15 RS 9.7 9.4 .03 .9 1.2 5.3 18 27 ++ .19

lSoil seamples analyzed by the U.S.D.A. - S.C.S. = U.S.U. Cooperative Soils Lsboratory, Logen, Utah
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After the basins were tilled and leveled, emmonium
nitrate and trebtle superphosphete were sdded at the rates
of 100 pounds per acre of N snd 130 pounds per acre of P?OE-

The basins were planted in s randomlzed block design
with paired plants of each selection, strain, and/or varlety
of a specles replicated L times in each basin. The rows
were 12 inches apart and the plants spaced 6 inches spart
within each row. In each of the 5 experiments, 1 bessin was
used for the control and 2 basins were used for esch of the
other 2 treatments.

The salinization treatments consisted of equal parts
of sodium chloride and calcium chloride added in prescribed
smounts to the irrigation water. The grasses were artificially
salinized with irrigation water contsining 0, 172,000, end
24,000 ppm respectively of asdded salt and the legumes were
ertificlelly salinized with irrigation water contasining
0, 8,000, and 16,000 ppm of sdded salt.

Soil samples were taken at the 0-6 inch depth randomly
within each basin twice during the growing season to de-
termine the approximate ppm of total salts iIn the soil.
These samples were esnalyzed using s conductivity bridge.

Most of the species were harvested when fully mature;
however, some of them did not meture and were, therefore,
harvested et the end of the growing season. Yield data
were taken on the alr dry forage.

Samples of dried plant material were ssved from tall

wheetgrass, reed canarygrass, and alfelfa. Two selections,
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streins, and/or verieties from each species were analyzed,
Sodium, calcium, and potassium were determined by the methods
employed by the United States Salinity Laboratory (195l)
after wet digestion of the dried plant material with nitric
and perchloric acids.

Duncen's (1955) Multiple Range test was used to test
the significant differences between selections, strains,
and/or varieties. This test is bassed on the fact that the
difference for significance between means varies with the
number of mesns in the comparison. As means further spart
in rank are compared, the difference required for signifi-
cance increases. Any 2 means which are found in the same
range have no significent difference between them. However,
8 significant difference does exist between those means

which ere not found within the least significant rsnge.
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Experiment 1. 3Salt tolerance of tsll wheatgress selections

Procedure snd results. Selt tolersnce studles were con-

ducted using the following 39 selections of tall whestgrass:

1. Utah 2
2. Utah 2-6
3. Utah 2-13
. Utah L
5. Utah -6
6. Utah =12
7. Utah 6~6
8. Utah 6-12
9, Utah 8
10| Utah 8"6
11, Utah 8-13
12. Uteh 10
13. Utah 10-6
1L, Utsh 10-17
15, Utsh 172-6
16. Utah 12-12
17. Utah 1L
18: Utah -7
e SRR 0 e o 14-13
20. Utah 16
?l, Utah 16-6
22y Ubksah 16=13
23, Utsh 18
2. Utah 1877
25. Utah 18-13
26, Utah 20
27. Uteh 20-6
28, Wtsh 20-13
29, Utah 2?7
30. Utah 22-6
31, Utah 272-12
32. Utah 2L
33, Utah 2L-5
3., Utah 24-10
35, Utah 26
36, Utah 26-12
37. Utah 28
35. Utah 28-5
39. Utah 28-10

The above selections were started in the greenhouse on
March 9, 1957. On May 16th, uniform seedlings were trans-
planted into one 1 x 1 ft. field basin. However, due to

2 weeks of rainy weather, the planting of the other I basins
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was delayed until the 29th of May.

On July Lth the plants appeared to be well established
and growing vigorously. They were clipped on this date in
order to have uniform plants when salinization treatments
were initiated the following day. The mixing tanks are
shown in Figure 3. The amounts and concentretions of the
salinized irrigstion water applied during the growing
season are given in Teble 10A. The effect of this added
salt 1s shown in Figures },5, and 6.

Totel salts (ppm) in the soil were determined for each
of the tall wheatgrass basins from soil samples tsken on
July 29th and September 3rd. The results ere given in
Table 10B.

On September 25th ell the plants were harvested. About
half of them had headed by this time. Yleld results are
given in the Table 10C., The Multiple Range test of the
ranked means of the ylelds of the selections on the control
basin 1s given in Teble 10D. A comparative test of raenked
means of the yleld of selectlons on the baslins sslinlzed
with 12,000 end 24,000 ppm esdded salt 1s presented in Tables
10E and 10F.

Observetions on survival were msde on October 11, 1957.
The percent of the plants surviving 1s given 1in Teble 10G.

The cetion content of the plant meterisl from the 2
selections Uteh 6-6 end Utah 8-6 1is given in Table 10H.

Observations. The plants on the selinlzed tasins were

smaller end the leaves tough, brittle, and non-plisble.



Most of the plents dled at the highest salinity level.
Those surviving showed signs of necrosis on the tips of the
leaves.

The plants on the salinized basins headed a few days
earlier than those on the non-sslinized.

Utah 28-10 selection produced the highest mean yield
on the non-salinized basin but did not show significance
from 2l other selections. Selection Utsh 10 had the
smallest mean yield.

The 2 basins salinized with irrigation water contain-
ing 12,000 ppm added salt were analyzed separately because
of the different planting dates. Ranked means from the
basin planted 2 weeks early indicated that Uteh 2 selection
produced the higﬁest mean yleld., Utah 12-12 selection had
the lowest mean yield.

Ranked means of the yield of tall wheatgrass selec~
tions receiving salinization treatments of irrigation water
containing 24,000 ppm salt showed that Utah 6-12 ylelded
significantly more when compared to the other 19 selections
which survived the treatment. Utah 12-1” selection had
the lowest mean yield of the survivors.

Sodium and calcium content of the leaves of Utah
_ 6-6 and Utah 8-6 increased as sodium and calcium in the
irrigation water were increassed. However, the potassium
content in Utah 6-~6 decreased as sodium snd calcium ip the

irrigation water were increased.



Figure

q

Salt mixing tanks. The 2 large metal tanks

on the left were used for water storage. Water
was pumped into them from the ditch. Wsater
flowed by gravity to the smaller tanks where
prescribed amounts of salt were added and

mixed manuslly. The sallinized irrigation

water flowed by gravity or was pumped to the
basins.
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Table 10A, Salinizing treatments on basins contsining
tall wheatgrass
Date Amount of Concentration of salt added (ppm)
Water to the irrigation water
(one-half N,Cl - one-half CaCls)
Basin Basin Basin Basin Basin
(inches) 1 2 3 L 5
July S 4.0 0 2;500 2,500 2,500 2,500
July 12 4.0 0 6,000 6,000 12,000 12,000
July 18 4.0 0 12,000 12,000 24,000 24,000
July 26 o) 0 12,000 12,000 24,000 2,000
Aug. 2-3 4.0 0 12,000 12,000 24,000 24,000
Aug. 12 L.0 0 12,000 12,000 24,000 24,000
Aug. 21 4.0 0 12,000 12,000 24,000 24,000
Aug. 29 4.0 g 12,000 12,000 2L,000 24,000
Sept. 9 4.0 0 12,000 12,000 24,000 24,000
Sept.18 6.0 0 0 0 0 0
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Figure 4. Tall wheatgrass on the non-salinized basin.
(August 1, 1957)



Figure 5. Tall wheatgress on a basin selinized with
irrigation water containing 12,000 ppm
added salt. (August 1, 1957)



Figure 6. Tall wheatgrass on & basin salinized with
irrigation watsr containing 24,000 ppm
added salt. (August 1, 1957)
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Table 10B. Total salts in the soll determined by a con~

ductivity brldge on salinized basins of

tell wheatgrass

Salt added (ppm) Approximate ppm total salts Average
to irrigastion water
(NaCl and CaClp)
July 29 September 3

0 258 26l 261
12,000 4,480 6,397 5,439
12,000 6,566 6,01l 6,285
2,000 36177 17,980 17,079
2,000 17,864 17,048 17,456
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Table 10C, Compserstive total ylelds of air dry forage
of tall wheestgress on selinized plots
(Yields ere recorded in grams per basin)

Selection Controll 12,000 ppme 2,000 ppm>
Uteh 2 14l 133 10 L
Uteh o=b6 13); 63 7 0
Utah 2-13 1%u 60 % | 0
Utsah i 181 L2 10 3
Uteh =6 135 513 13 2
Utah =12 150 6l 13 0
Utah 6-6 176 79 16 0
Utah 6-12 166 17 21 15
Utah 8 179 116 16 0
Utah 8-6 1l 52 12 N
Utah 8-13 117 82 13 3
Uteh g0 76 92 13 0
Utah 10-6 108 76 13 it
Utsah 10-12 101 75 13 2
Utsah 12-6 82 59 16 0
Utah 12-12 8L 30 % 1
Utah 14 155 88 ol 2
Utah 14-7 135 ' 107 23 l
Utah 1%-13 110 78 0
Utah 1 116 52 13 0
Utah 16-6 98 56 T - 0
Uteh 16-13 i 6l L 0
Utah 18 101 " 3l 11 0
Utsh i8=7 92 51 5 0
Utah 18-13 133 . 20 2
Utah 20 161 !y 7 1
Uteh 20~6 90 52 12 0
Uteh 20-13 96 148 T 2
Utah 22 129 101 11 1
Utah 22-6 105 58 T 0
Utsh 22=12 126 n 12 2
Utah 24 101 51 6 0
Utah 2L ~5 121 63 7 0
Utah 2%-10 % 56 12 0
Utah 2 80 L3 1l 6
Uteh 26-172 117 30 I 1
Utsh 28 139 oly 6 0
Utah 28-5 149 85 16 6
Utah 28-10 199 65 10 2

lFigurss represent yleld from one basin only.

First column figures represent the yield from the bssin planted
2 weeks early. Second column figures represent the yeild from
the basin planted st the seme time as the other basins.

3Figures represent yleld from two basins.



Table 10C.(Continued)

Control 12,000 ppm 2l ,000 ppm
Mean 126.13 66.92 11479 1.72
F value for 1.59% ZJShTT . .2 2,581
selection
sSX 6.09 3.61 11 .22
C. V. percent 9.65 10.83 19.08 35.83

¥Significant at .05 level

*¥gignificent at .01 level
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Table 10D. Ranked means of the yield of tsll wheatgrass
from the control basin

Selection Means #Least signiflicant ranges at the
5 percent lesvel
(Duncan's Multiple Range test)

Utah 28-10 L9.75
Uteh % 46.00
Uteh ! Ll .76
Utah 6<% 4y .00
Utah 6-12 41.50
Utah 20 L0.26
Utah 14 33.76
Utsh L-12 37.50
Utah 28-5 37.26
Utah 2 36,00
Utah 2-17 36.00
Uteh 8<6 316,00
Utah 28 .74
Utah h-6 33-7h
Utah 1L4-7 33 Th
Utah 2-6 33,36
Utah 18-13 32.76
Utah 22 32.26
Utah 16-113 31.76
Utah 272-17 31.50
Utah 24=~5 30.26
Utsh B8-13 29.26
Uteh 24.10 29,26
Utah 26-12 29.26
Utﬂh 16 29000
Utah 14-13 27.50
Utah 10-6 2T.00
Utah 22-6 26,26
Utsh 10-12 25.76
Uteh 18 25.26
Utah 24 25.26
Utah 16-6 2l .50

Utah 20-13 2L .00
Uteh 18-13 23.00

Uteh 20-6 22,50
Utsh 12-12 21.00
Utah 12-6 2050
Utah 26 20.00
Utah 10 10.00

# A slgnificent difference exists between e2ny 2 means which sare
not found within the same renge. There is no significsant
‘difference between any 2 mesns within the same range.
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Table 10E. Ranked means of the yield of tell wheaterass
recelving 12,000 ppm salt

Selection Meansl #Least significant ranges
et the 1 percent level
(Duncan's Multiple Range test)

Utsh 2 33.25
Utsh 8 29.00
Uteah  14-7 26.75
Uteh 22 25.25
Uteh 28 23.50
Utah 10 23.00
Utah 14 22.00
Uteh  28-5 21.25
Utsh 8-12 20.50
Utah b=6 19.75
Uteh  14-13 19.50
Utah 6-12 19.25
Utah 10-6 19.00
Uteh  10-12 18.75
Utah 22-12 13.50
Utah  14=7 17.00
Utah  28-10 16.25
Uteh 6-6 16,00
Utah  16-13 16,00
Uteh 2-6 15.75
Utah 2.13 15.00
Utah 12-6 1L .75
Utah 22=6 14 .50
Utah  16-6 1.00

Uteh 24-10 14 .00
Utah 18-13 13,50

Uteh -6 13.25
Utah B-6 13.00
Utah 16 13,00
Uten  20-6 13.00
Utah 18-7 12.75
Utsh 24 12.75
Utah 20 12,00
Utsh  20-13 12.00
Utah 26 10.75
Utah L 10.50
Utah 18 8.50
Utsh 26-172 7.50
Uteh  12-12 7.50

# A significant difference exists between any 2 means which are
not found within the ssme range. There 1s no significent
difference between any 2 means within the same range.

1 Renked means from the basin planted 2 weeks early.
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Table 10F. Renked means of the yleld of tall wheatgrass
receiving 24,000 ppm salt

Selection Means #Least significsnt renges
at the 1 percent level
(Cuncan's Multiple Range

test)
Utah 6-12 1.58 |
Utah 26 « 75
Utah 285 « 75
Utah 2 .50
Utah 8<6 .50
Utah  10-6 .50
Uteh 1h-7 .50
Utah I .38
Utah 8-13 + 38
Utah -6 .25
Utah  10-12 +25
Utah 1l .25
Utah  18-13 .25
Utah 20-13 .25
Utah  22-12 25
Utah  28-10 «25
Uten 20 213
Utah 22 .13
Utah 26=12 .13
Uteh  12-12 .13

% A significant difference exists between any ? means which sre
not found within the same range. There is no significant
difference between any 2 means wilthin the same range
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Table 10G. Percent survival of plents within tall whest-
grass selections (October 11, 1957)

Sslscticn Control 12,000 ppm! 2l;,000 ppm
Utah 2 100 100 87 18
Utah 2=6 100 100 57 6
Utah 2-13 100 100 75 0
Utah L 100 87 75 18
Utah L=6 100 100 100 18
Utah %-1? 100 100 87 12
Utsh -5 100 100 100 18
Utah 6~12 100 100 75 L3
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 7 12
Utzh 1 100 100 i 12
Utsah 14-7 100 100 75 18
Utsh 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
Utsh 187 100 100 50 0
Uteh 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 2l 100 100 87 0
Uteh 24~5 100 100 50 0
Utah 2Lh=10 100 100 62 0
Utah 26 87 100 87 25
Utah 26-12 100 100 75 12
Uteh 28 100 100 50 6
Uteh 28-5 100 100 87 21
Utah 28-10 100 100 87 6

1First column figures represent the basin planted 2 weeks early.
Second column figures represent the basin planted st the same
time as the other besins.



Table 10H. Cation content of plant materiel from 2 selec-

tions of tall wheatgrass

L

Salt added to
irrigation

Me/100 gm. dry matter

water (ppm) Leb. No.l Selection Na Ca K
0 U573853 Utah 6-6 16.0  12.9 72
12,000 U573855 18.2 35,0 65
12,000 U573857 2L4.5 39.6 ély
2ly,000 U573859 33.2  39.6 63
0 U573854 Utah 8-6 15.0 | 65
17,000 U573856 16,6 32,2 79
12,000 US73858 18.7  36.8 63
lpiant ssmples analyzed by the U.S.D.A. - S.C.S. - U.S.U.

Cooperative Soils Laboratory, Logan, Utah.



Utah 6-12 selection demonstrated remsrkably good
ability to survive at the highest salinization treat-

ment .

50
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Experiment 2. Salt tolerance of Cansda wild-rye grass

saelections

Procedure and results. Salt tolerance studies were con-

ducted using the following selections of Canada wild<rye grass:

s Utah 1
2. Ukahh 2
3., Utah 10
4. Utah 11
5. Utah 12
6y Ukalh 13
T« Dteh 1k
8. Utah 15
9. Utesh 16

10, Utsh:17

1l Obnhdb

12, Utah 19

The sbove named selections were started in the green-
house and uniform seedlings were transplanted to 5 basins
which also were used for the salt tolerance studles of reed
canarygrass. The transplasnting was completed on May 30, 1957.

On July Lth the plents were clipped in order that they
wopld be as near uniform as possible. The salinization
treatments began the next day with the amounts and concen-
trations of the irrigation water given in Table 11A, The
effect of thils added salt is shown in Figures 7, 8, and 9.

The total salts (ppm) in each basin were determined on
July 29th end September 3rd. The results are presented
in Table 11B.

The selections of Canada wild=rye 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 grésaes tested., Yields of the air dry forage are

presented in Table 11C. The Multiple Range test of the
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ranked means of the yield of the selections on the con-
trol basin is given in Table 11D. A comparstive test of
ranked means of the ylelds of selections in the besins

salinized with 12,000 ppm added salt is presented in Table 1l1lE.

Table 11A. Salinization treatments on basins containing
Canada wilc-ry grass

Date Amount of Concentration of salt added (ppm)
Water to the irrigstion water
(one-half NaCl - one-half CaCl»)
(inchés) Basin Basin Basin Basin Basin
1 2 3 L 5
July 5§ L.o 0 2,500 2,500 2,500 2,500
July 12 4.0 0 6,000 6,000 12,000 12,000
July 18 L.0 0 12,000 12,000 24,000 24,000
July 26 L.0 0 12,000 12,000 24,000 24,000
Aug., 2 4.0 0 12,000 12,000 24,000 24,000
Aug. 12 .0 0 12,000 12,000 24,000 24,000
Aug. 21 .0 0 12,000 12,000 24,000 24,000
Aug. 29 4.0 C 12,000 12,000 24,000 24,000
Sept. 9 .0 0 12,000 12,000 24,000 24,000
Sept.18 6.0 0 0 0 0 0




Figure 7. Canada wild-rye grass and reed cesnarygrass on
the non-salinized basin. Qugust 1, 1957)
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Figure 8. Canads wild-rye grass snd reed canarygrass on
g basin salinized with 1irrigation water con-
taining 12,000 ppm added salt. (August 1, 1957)
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Figure 9. Cansda wild-rye grass and reed csnarygrass on
&8 besin sseaiinized with irrigstion water con-
taining 24,000 ppm added salt, (August 1, 1957)



Table 11B. Total salts 1n the soll as determined by a
conductivity bridge on salinized basins of
Canada wild«rys grass

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

July 29 September 3
0 360 26l 302
12,000 5s219 6,914 6,066
12,000 L, TE1 5,716 5,239
2l,000 18,459 14,760 16,609

2,000 20,641 17,048 18,841
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Table 11C. Comparative total ylelds of air dry forage of
Canada wilc-rye grass on sslinized basins (Yields
ere recorded in grems per basin)

Selection Controll 12,000 ppm? 2l ,000ppm®
Utah 1 17 13 0
Uteh 2 72 25 2
Utah 10 140 85 6
Utah 11 107 10 L
Utah 12 99 100 6
Utsh 13 103 59 4
Uteh 14 119 58 5
Utah 15 51 32 6
Utah 16 75 30 6
Utah 17 8l 31 L
Utah 18 101 Lo 0
Utah 19 [ 32

Mean 86.83 h5.42 3.58
F value for 0 0 Yo 3.98%% .97
selection

SX L.49 1.60 .98
C.V. percent 310.3 9.99 2L4.67

*¥significent at .01 level
1Figures represent yield from one basin only.

2Figures represent yleld from two basins.



Table 11D.
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Ranked means of yleld of Censdes wild-rye grass
from the control basin

Selection Means #Least significant ranges st the
1 parcen% level
(Duncan's Multiple Range teat)

Utsh 10 35.00

Uteh 14 29.75

Uteh 11 26.75

Uteh 13 e5.78

Utah 18 25.25

Utah 17 21.00

Utsh 16 18.75

Uteh 19 18,50

Utah 2 13.00

Utah 12 14 .75

Uteh 15 12.75

Utah 14 4.25

*A significent difference exlsts between any 2 mesns which are
found within the same range. There is no significant
difference between any 2 means within the same range.

not
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Table 11E, Ranked means of the yleld of Csnade willde~rye
grass from basins receiving 12,000 ppm salt

Selection Means *Least significant rsnges at
the 1 percent level
(Duncan's Multiple Range test)

Utah 12 12.50
Utah 10 10.63
Uteh 13 Ta38
Utah 14 7.25
Uteh 11 5.00
Utah 18 5.00
Utsh 15 l4, 00
Uteh 19 4.00
Utah 17 3.88
Utah 16 3.75
Utah 2 3:13
Utah 1 1.63

A significant difference exists between any 2 means which
are not found within the same range. There is no signifi-
cant difference between any 2 means within the same range.
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Observations. The selections of Cenada wild-rye grass

headed earlier in the control basin then in the basins
receiving salinization treatments. The plsnts subjected

to the salinization treatments were smaller and showed some
symptoms of leaf burning or necrosis. However, in all
other respects, they appeared normal.

F tests indicated that selection differences were
highly significant within the control basin and the basins
salinized with irrigation water containing 12,000 ppm of
added salt.

Utah 10 selection hed the highest measn yield in the
control but did not show significance from 9 other selec-
tions. Utah 1 had the lowest mean yleld and wes not
significantly different from 6 other selections used in the
non-salinized basin.

Ranked means of the yield of Canada wild-rye grass from
basins receliving irrigation water containing 12,000 ppm
of added salt show that Utah 12 selection has the highest
mean sverage yield but 1s not significantly different from
Utah 10, Utah 13, and Uteh 1. Utsh 1 was the poorest
yielding selection.

The plant growth was reduced considerably at the
highest salt concentration (24,000 ppm) and there were no

significant differences between the selections.
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Experiment 3. Salt tolerance of varieties snd strains of

reed cenarygrass

Procedure and results. - The following varietles and strains

of reed canarygrass were used in this salt tolerance study:

l. Ioreed
2. Superior
3. Utah 15
. Utah 16
5. Utah 17
6. Utah 18
Te UtER 19
8, Utah 20
9.  Ttsl 21
10. Utah 22
11. Utah 36
12. Utah 137
L3« Usah L3
14, Utah L48
15. Utah 49
16. Utah 50
17. Utah 651
18, Uteh &2
19. Utah 53
20. Utah &l

2l, Utah 55
22. Utah 656
23. Utah 57
2. Utah 58
25. Utah 659
26. Utah 60
27+ Utah 61

The reed cansrygrass varietles and strains were stsrted
in a8 germinator. After germinsting, the seedlings were
planted in wooden flats 1In the greenhouse. On May 30, 1957,
the young seedling plants were transplanted to the fleld
basins.

The plants appeared well established and growing satis-
factorily on July L4th at which time they were clipped to
insure uniform plants. Salt treatments were initiasted
the following day. Table 12A lists the amounts end concen-

trations of salinized 1irrigation water epplied throughout



the growing season.
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Table 12A., Salinizing trestments on bassins containing

reed canarygrass
Date Amount of Concentretion of salt added (ppm)

Water to the irrigetlion water

(one-helf NaCl - one-half CseCl»o)
(inches) Basin Basin Besin Basin Basin
1 2 3 L 5

July &5 4.0 0 2,500 2,500 2,500 2,500
July 12 4.0 0 6,000 6,000 12,000 12,000
July 18 L.0 0 12,000 12,000 24,000 24,000
July 26 4.0 0 12,000 12,000 24,000 24,000
Aug. 2 4.0 o 12,000 12,000 24,000 24,000
Aug. 12 4.0 0 12,000 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 24,000
Sept. 9 4.0 0 12,000 12,000 24,000 24,000
Sept. 18 6.0 0 0 0 0 0




€3

Soil samples were taken from each basin on July 29th
end September 3rd. These were anslyzed for total salts
(ppm) and the results sre presented in Table 12B.

On September 17th the reed canerygress was harvested;
however, none of the plants had fully heasded, The com-
parative ylelds of sir dry forage ere given in Table 12C,
The Multiple Range test of the yields of the verletlies and
strains on the control tasin is gziven in Table 12D, A
comparative test of ranked means in the basins salinized
with 12,000 ppm added salt 1s presented in Table 12E,

On October 11, 1957,e survival count was taken and the
percent survival is presented in Table 12F,

The cetion content of the plant material from Ioreed

and Uteh 60 is given in Table 12G,

Table 12B. Totel salts in the soll as determined by &
conduetivity bridge on salinized basins of
reed cenarygrass

Salt added (ppm) Approximete ppm total salts Average
to irrigation weter
(NaCl end CaCls)

July 29 September 3
0 360 26l 302
12,000 5,219 6,91l 6,066
12,000 4,761 5716 5,239
2l , 000 18,459 1,760 16,609

2l;,000 20,641 17,048 18,8
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Table 12C. Comparstive totel ylelds of eir dry forage oi
reed canarygrass on salinized basins (Ylelds
ere recorded in grams per basin)

Strain

or Controll 17,000 ppm? 24,000 ppm®
Variety

Ioreed 288 60 3
Uteh 15 186 63 0
Utah 16 288 118 3
Utah 17 15 97 0
Utah 18 10 105 0
Uteh 19 165 117 0
Utsh 20 163 105 o)
Utah 21 L9 27 0
Utah 22 123 65 0
Superior 8L 29 3
Utah 36 - 12l 71 0
Utah 37 123 128 0
Uteh L3 158 LS 0
Utah 48 ol 440 0
Uteh 49 185 65 0
Utah 50 223 91 2
Utah 51 182 97 0
Uteh 52 145 114 0]
Uteh 53 7Y 91 0
Utah 5l 206 78 0
Uteh 55 160 66 0
Utah 56 185 83 0
Uteah 57 6L 26 0
Utah 68 157 109 0
Utah 59 173 62 0
Utah 60 237 149 0
Uten 61 153 16} o
Mean 161.4L 84.07 Ll
F velue for 1, 71" 3.68%" 87
strain

sX 11.04 2.36 .05
C. V. percent 13:67 7.95 95.46

“Significant et .05 level
"Significant st .01 level
lFigures represent yleld from one basin only.

2
Flgures represent yilelds from two basins.



Table 12D. Ranked means of yleld of reed canarygrass from
the control basin

Strain Means *Least significant rsnges at
or the S percent level
Variety (Cuncen's Multiple Range test)
Ioreed 72.00

Utah 16 T2.00

Utah 60 59.25

Utah 50 55. 75

Uteh 5L 51,50

Utah 15 L6.50

Utsh L9 L6.2

Uteh 56 46.25

Utah 651 45.50

Utah 53 Ll .25

Utah 59 43.25

Uteh P20 LL12.00

Utsh 19 41.25

Utah 55 40.00

Utah L3 39.50

Utah 68 39,25

Utah 17 35,50

Utah 61 38.75

Utah 52 36.25

Utah 36 31.00

Uteh 22 30,75

Utah 37 30.75

Utah 18 27.00

Utah 48 23.50

Superior 71,00

Uteh 57 16,00

Utah 21 12.25

#A significant difference exists between any 2 means which
ere not found within the same range. There is no significant
difference between any 2 means within the same range.
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Table 12E. Ranked means of the yield of reed canarygrass
from besins receiving 12,000 ppm salt

Strain Means #Least significent ranges st
or the 1 percent level
Variety (Duncan's Multiple Range test)
Utah 61 20,50

Utah 60 13.63

Uteh 37 16.00

Utah 16 14.75

Utsh 19 1l .62

Uteh 52 14.25

Utah 58 13.63

Uteh 18 13.13

Utah 20 13,13

Utah 17 12,13

Utah 651 12.13

Utah 50 11 38

Uteh 53 11,38

Utsh 56 10,138

Utah 36 8.88

Uteh 15 8,50

Utah 655 8.25

Uteh 27 8.13

Uteh L9 3.1%

Uteh 59 7.75

Ioreed 7.50

Utan L43. 5.63

Uteh L8 5.00

Superior 353

Uter 21 3.68

Uteh 57 3425

#A significant difference exists between any 2 means which
are not found within the same renge. There is no significant

difference between any 2 means within the sams range.



Teble 12F, " Percent survival of plants within reed
cenarygrass varieties end/or streins
(October 8, 1957)

€7

Strain

or Control 12,000 ppm 24,000 ppm
Variety

Ioreed 100 87 6
Utah 15 100 87 6
Uteh 16 100 87 18
Utah 17 100 100 0
Utah 18 100 100 0
Utah 19 100 100 18
Uteh 20 100 87 0
Utah 21 100 63 6
Utah 22 100 75 0
Superior 100 87 6
Utah 36 87 93 0
Utsh 137 100 87 12
Uteh 43 100 81 0
Utah 48 100 56 6
Utah 49 100 87 6
Utah 50 100 93 18
Uteh 51 100 68 18
Uteh 52 100 87 0
Utah 53 100 81 0
Uteh 5S4 100 L3 0
Uteh 55 100 62 0
Utah 56 100 87 0
Utah 57 87 33 12
Utsh 58 100 7 6
Utah 59 100 87 0
Utah 60 100 100 6
Uteh 61 100 87 6
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Teble 12G, Cetion content of plant meterizl from a
reed cenarygrass variety and strain

Salt added to

Me/100 gm. dry matter

e o R FO R v P PR

0 Us73847 Ioreed .8 23.5 Lo
12,000 US573849 19.4 60.3 L7
12,000 U573851 29.9 58.9 L6

0 U5713848 Uteh 60 341 22.5 53
12,000 U573850 18,8 59.8 L7
12,000 U573852 2L.0 65.3 50

lpiant semples analyzed by the U.S.D.A. - $.C.S. -~ U.S.U,

Cooperative Soils Leboratory, Logan, Utah.
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Observations. Reed canarygress grows in the salt-free

basin had smooth, bright green leaves free from necrosis,
The plant growth wes rank. However, the plents subjected
to sallnization treatments were small with dark green

to bluish-green leaves, Thelr leaf tips were frequently
necrotic.

The variety Ioreed and the strein Uteh 16 had the
highest mean yield of gll the varietles and streins groﬂn
on the control; however, they did not show significance
from 17 other strains of reed cenarygrass. The strain
Uteh 21 had the smellest mean yield.

Ranked means of the yleld of reed caznarygrass from
basins recelving 12,000 ppm selt in the irrigation water
show that the strain Utah 61 produced the highest mean
yield. The strain Utsh 57 was the poorest yielding but was
not significantly different from Uteh 21 strein and the
varlety Superior.

At the highest salt level there were no significant
differences between the streins end verieties.

Ioreed and Utah 60 accumuleted sodium and calcium
in thelr leaves with increasing salinity. Increasing
salinity decreased the amount of potassium in the leaves

of Utsh 60 but increessed the smount found in Ioreed.
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Experiment L. Salt tolerance of alfalfa varietles

Procedure and results, Salt tolerance studies were carried

on using the following 38 varieties of slfalfa.

37.
380

A-224 Sny. 1

A-225 Northern Syn.
A-250 (Utah Syn. Y)
A-251 (Utah Syn. Z)
A~252 (Utah Syn. A)
A-253 (Utah Syn. B)
Africen A L}-35 (Arizona Common)
Arizona Chilean
Atlentic

n Bam"

Brigham Young

Buffalo

Caliverde

Cossack

Delte Common

DuPuits

Hairy Peruvian

Kensas Common

Ladak

Lahontan

Narragensett

Nemastan

Nev, Syn. E, 1956 (0.F.S.)
Nev. Syn. K. (0.F.S.) s
Nomad N B 21

Rambler

Ranger

Rhizoma

Sevelra

So, African (W3275)
Stafford

Swift Currant 3484
Swift Currant M A 501
Talent

Terra Verde N, K,
Uruguay clone 10
Vernsl

Williamsburg

The sbove named varlieties were started in the greenhouse

and transplented into the salt bessins on May 31, 1957.

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

uniform plants at the beginning of the salinization trestments

which started the next day.
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The dete, amount, and concentration of the ssalinized
irrigetion water applied throughout the growing season
sare given in Teble 13A. The effect of this sdded salt
is shown in Figures 10, 11, end 12.

Soll samples were taken from each basin on July 27th
and September 3rd and snalyzed for total salts (ppm). The
results are pressnted in Table 13B.

The alfelfa waes hervested at about 1/10 tloom on
August 3rd end again on September 17th. The combined yield
of both hervests is given in Table 13C. The Multiple Range
test of the ranked means of the yields of the varieties on
the control basin 1s given in Table 13D, Tables 13E and
13F present the comparative test of ranked measns of the
yields of varietles on the basins seslinized with 8,000
and 16,000 pom of sdded salt.

Survival counts were teken on October 11, 1957. The
percent of the plants surviving is given in Table 13G.

Buffalo and A-253 (Utah Syn. B) were analyzed for
cetion content. The results of the snslyses are presented

in Table 13H.
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Table 13A. Salinizing treatments on basins containing

slfalfa
Date Amount of Concentration of salt added (ppm)
Water to the irrigetion weter

(one-hslf NaCl - one-half CaClo)

Basin Basin Basin Basin Basinm

(1nches) 1 2 3 N 5

July 3 4.0 0 2,500 2,500 2,500 2,500
July 10 4.0 0 5,000 5,000 8,000 8,000
July 17 4.0 0 8,000 8,000 16,000 16,000
July 25 4.0 0 8,000 8,000 16,000 16,000
Aug. 2 4.0 0 '8,000 8,000 16,000 16,000
Aug. 12 4.0 0 8,000 8,000 16,000 16,000
Aug. 21 l} .0 0 8,000 8,000 16,000 16,000
Aug. 29 4.0 0 8,000 8,000 16,000 16,000
Sept. 9 4.0 0 8,000 8,000 16,000 16,000
Sept. 18 6.0 0 0 0 0 0




Figure 10. Alfslfa on the non-sslinized basin (August 1, 1957)
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Figure 11. Alfelfa on a basin salinized with irrigetion
weter containing 8,000 ppm added sslt.
(August 1, 1957
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16, 000K

Figure 12. Alfslfa on a basin seslinized with irrigetion
water containing 16,000 ppm added salt,
(August 1, 1957)



Table 13B. Total salts 1n the soll s determined by a
conductivity bridge on salinized besins of

alfalfsa

76

Salt added (ppm) to Approximete ppm total salts Average
irrigation water

(NaCl and CaCl,)

July 29 September 3
0 268 26l 266

8,000 5,547 L, 400 4,973

8,000 4,272 4,608 L, 440

16,000 9,255 6,716 7,986

16,000 10,478 6,215 8,348
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Table 13C. Comparative totel yields of sir dry forage of
alfalfs on salinized basins
(Yields sare recorded in grams per basin)

Variety Controll 8,000 pme 16,000 ppm2
A=224 Syn. 1 298 277 110
A-225 Northern Syn. 218 212 117
African A }-35 (Arizona Common) 316 237 139
Arizona Chileesn 218 295 72
Atlentic 365 263 119
"Bam" 198 60 67
Brigham Young 274 25l 90
Buffalo 308 243 153
Caliverde 269 g 137
Cossack 294 260 115
Delts Common - 2%3 22l 103
DuPuits 285 238 106
Heiry Peruvian 285 308 90
Kansas Common 243 219 9%
Ledsk 259 227 95
Lahontan 159 28 117
Narragansett 191 243 82
Nemastan 222 21L 95
Nev. Syn. E 1956 (0.F.S.) 262 299 133
Nev. Syn. K (0.F.S.) 272 222 140
Nomad N B 21 177 97 L7
Rembler 210 95 50
Ranger 308 189 107
Rhizoma ' 240 199 38
Sevelra 255 180 87
So. Arican (W3275) N. K. 202 163 88
Stafford 288 169 95
Swift Currant 348l 172 iyt | 65
Swift Curreant M A 501 106 104 38
Talent 197 262 116
Terra Verde N, K. 330 326 150
Uruguay clone 10 235 217 103
Utah Syn. Y 255 219 9L
Utah Syn. 2 325 229 107
Utah Syn. A 263 306 137
Utsh Syn, B 270 135 bly
Vernal 233 185 67
Williamsburg 189 189 116
Mean 2L9. 217. 6
F value for variety u?.%g** Be ﬁz ok 92 ZB*F
sX 9.42 3.7 g
C. V. percent 7.50 . h 6.80

#4S31ignificent at .01 level
lFigures represent yleld from one basin only.

2
Figures represent yield from two basins.



Table 13D. HRanked means of yield of alfalfa from the
control bssin

Variety Meens #Least significant ranges
at the 1 percent level
(Duncan's Multiple Range

A test)

Terre Verde N. K. 95.00

Atlentic 91.°5

Utah Syn. Z 81.25

African A L1-35 (Arizona Common) 79.00

Buffalo T7.00

Renger 77.00

A-22l; Syn. 1 7l .50

Cossack 73.50

Stafford 72.00

DuPuits 71.25

Hairy Peruvian T ?S

Brigham Youn 65 .

Nev. Syn. K (0.F.S.) 63.00

Uteh Syn. A 67,50

Caliverde 67.25

Utsh Syn. B 65,75

Nev. Syn. E 1956 (0.F.S.) 65.50

Ladak 6l .75

Sevelrs 63.75

Uteh Syn. ¥ 63,75

Kansas Common 60.75

Delts Common 60.75

Ehizoma GQ.UO

Uruguay clone 10 BB .75

Vernsl 57.75

Nemastan £5.50

Arizons Chilean 5L .50

A-225 Northern Syn. £2.75

Rambler 652.50

So. African (N3°r5) N. K. £0.50

"Bam" 49.50

Talent 4) 2y )

Narragansett h7075

wWilliamsburg L7.2

Nomad N B 21 Hu.(S _

Swift Currant 3484 43.00 \

Lzhonten 39.75

Swift Currant M A 501 26.50

-

#A slgnificent difference exlists btetween esny 2 means which are

There is no significent
difference between eny 2 mesns within the seme renge.

not found within the same renge.



Table 13E. Ranked means of the yleld of slfalfa from
basins receiving 8,000 ppm salt

Variety Mesns *Leest significant
ranges st the 1 percent
level
(Duncan's Multiple Range
test)

Terra Verde N. K. 40.75

Heiry Peruvian 38.50

Uteh Syn., A 38,25

Nev., Syn E 1956 (0.F.S.) 37.38

Arizona Chilean 36.38

Caliverde 35.25

A=22l; Syn. 1 .67

Atlantic 32.83

Talent 32.75

Cossack 32.50

Brigham Young :T5

Lahonton 31 400

Buffalo 0. 38

Nerragansett 20.38

DuPuits 29.75

Africen A ;=35 (Arizona Common) ”9.63

Uteh Syn. Z 27.613

Ladak 23,18

Deltea Common 25 .00

Nev. Syn. K (0.F.S.) 27.75

Kensas Common 27.38

Uteh Syn. Y 27,38

Uruguay clone 10 27,13

Nemasten 26,75

A-225 Northern Syn. 26,50

Rhizoma 24 .88

Ranger 23.63

willismsburg 23,63

Vernal #3173

Sevelra 2250

Swift Currant 334 ?1.38

Stafford Aled3

So. Africen (W3275) N. K. 20,38

Utah Syn. B 16.83

Swift Current M A 501 13,00

Nomad N B 21 1813

Rambler 1}.87

"'Bam" '7."7'!‘)

#A significent difference exists between any 2 meens which are not
found within the seme range. There 1s no significent difirence
between any 2 means within the same range.
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Teble 13F. Ranked mesns of yleld of e21falfa from bsassins
receiving 16,000 ppm salt

Veriety Means #Least significent
ranges at the 1 percent
level
(Duncen's Multiple Range

test)

Buffalo 19.13

Terra Verde N, K, 18.75

Nev. Syn. K (0.F.S.) . 17.50

African A L4-35 (Arizonas Common) 17.38

Caliverde 17«13

Utah Syn. A 17«13

Nev. Syn E 1956 (0.F.S.) 16.63

Atlantic 14 .88

A~225 Northern Syn. b3

Talent 14.50

Williamsburg 14 .50

Cossack 14.38

Lehontan 14 .00

A-224 Syn. 1 13.75

Ranger 13.38

Utah Syn. Z 13.38

DuPults 13.25

Uruguasy clone 10 12.88

Delta Common 12.88

Kansas Common 12:13

Ladak 11.88

Nemastan 11.88

Stafford 11.88

Uteh Syn. Y 11.75

Brigham Young 11.25

Hairy Peruvian 11.25

Rhizoms 11.00

So. Africen (W3275) N. K. 11.00

Sevelra 10.38

Naerragsnsett 10.25

Arizona Chilean 9.00

Vernsl 3.38

"Bam" .38

Swift Current 384 8.13

Utah Syn. B - 8.00

Rambler 6.25

Nomad N B 21 5.88

Swift Currant M A 501 L.75 ;

#A significant difference exists between any ? means which are not

found within the same range.

There 1s no significant difference

between any 2 means within the same range.
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Table 13G. Percent survival of plants within alfslfa
verieties (October 11, 1957)

Variety Control 8,000 ppm 16,000 ppm
A-22 Syn. 1 100 93 75
A-225 Northern Syn. 87 62 87
African A ;=35 (Arizona Common) 100 8r . 81
Arizona Chilean 100 93 56
Atlantic 15 87 75
"Bam" 100 81 68
Brigham Young 100 87 75
Buffalo 100 100 81
Caliverde 100 87 93
Cossack : 100 100 68
Delta Common 100 100 75
DuPuits 100 87 87
Hairy Peruvian 100 100 68
Kansas Common 75 87 81
Ladsk 100 68 37
Lahontan 87 87 87
Narragansett 100 81 Sé
Nemastan 100 93 87
Nev. Syn. E. 1956 (0.F.S.) 100 93 93
Nev. Syn. K. (0.F.S.) 100 93 100
Nomed N B 21 100 87 68
Rambler 75 3 31
Ranger 100 T 87
Rhizoma 100 87 63
Sevelrs 100 93 62
So. African (W3275) N, K. 100 81 81
Stafford 100 93 62
Swift Currant 3484 87 93 62
Swift Current M A 501 100 g6 25
Talent 100 100 81
Terra Verde N, K, 100 100 93
Uruguay clone 10 100 93 87
Utah Syn. Y 100 93 75
Utah Syn. 2 100 100 63
Uteh Syn. A 100 100 87
Utah Syn. B 100 100 62
Vernal 100 81 31

Williamsburg 100 93 87




Tsble 13H., Cation content of plent msteriasl from 2

varisties of alfalfa

p— e

Salt added to
irrigation

32

weter (ppm) Leb. No.l  Variety  Na Ca K
0 0573837 Buffalo 3.4 119.1 4?2
3,000 U573839 11.2 159.2 40
8,000 Us73841 13.5 197.3 35
16,000 U573843 31.0 173.9 30
16,000 0573845 .6 183,1 28
0 U573838 A-253 L.6 126.5 L6
3,000 Us573840 12.8 146.3 L1
8,000 Us73842 15,5 17h.,3 41
16,000 U5738LL 65.1 227.2 132
16,000 U5738L46 59.0 223.6 31

1Plant. samples analyzed by the U.S.D.A, - S.C.S. - U.S8.U,

Cooperative Soils Laboratory, Logan, Utah
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Observations. The alfslfa varleties grown on the non-

salinized basins were bright green in color and hsd a luxuriant
growth., The alfalfe grown on the salinized besins had a

dark, bluish-green color and a dwarfed appesrance. Leaves

of the alfslfa plants receiving salinization treatments

were considerably thickened end had a waxy feel due to

heavy cuticle development and a waxy covering. These plants
showed extensive necrosis snd shedding of the older leaves.
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.

The ranked mesns of the yields of alfalfa varietiles
from the non-salinized basin show that the veriety Terra
Verde N. K. produced the highest mean yleld but did not
show significance from 28 other varietlies. Swift Currant
M A 501 was the poorest ylelding varilety.

Ranked mesns of the ylelds of alfalfa verieties in
basins salinized with irrigstion water containing 8,000
ppm of added selt show that Terrs Verde N. K. had the
highest mean average yield. "Bam" wss the poorest yield-
ing selection but did not show significance from 9 other
varieties.

The Multiple Range test of ranked means at the highest
salinity level (16,000 ppm) indicates that the variety
Buffalo produced the highest mean yleld. Swift Currant
M A 501 was the poorest ylelding variety.

The alfalfa varieties which had the highest ranked

means et the high salinlity level were generally the ones
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that had high survival percentages.

Incressing levels of salinity resulted in an increase
of sodium and calclum iIn the leaves of the varleties
Buffalo and A-253 (Utah Syn. B). The potassium content
decreased as sodium and calclum were added in increasing

smounts to the irrigaetion water,
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Experiment 5. Salt tolerance of strewberry clover varieties

and strains

Procedure and results. The verieties and stralns of straw-

berry clover used in this sslt tolerance study are listed
below.

l. Palestine

The strawberry clover varietles snd strains were started
in the greenhouse. Uniform sesdlings were transplented
to the field basins on Msy 31, 1957.

On July 2nd the plants were clipped to insure uniformity
of size when the salinization treatments commenced on July
3rd. Table 1A 1lists the amounts and concentrations of
salinized irrigetion wster applied throughout the growing
season. The effect of this added salt 1s shown in Figures
13, 14, and 15,

Soil semples were taken from each basin on the 29th of
July end the 3rd of September. These were anslyzed for
total selts (ppm) with the results presented in Table 14B.

On August 8th the strawberry clover was harvested.

Slow recovery prevented a second harvest. The compsarstive
ylelds of air dry forages are given in Table 14C. A com-
parative test of ranked means 1n the basins sallnized with
8,000 and 16,000 ppm added salt is presented in Tables 14D
and 1L4E.
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" Table 1LA. Salinizing treatments on basins contalning
strawberry clover

Date Amount of Concentration of saslt added (pem)
water to the irrigetion water
(one-half NaCl -~ one-hslf CaCl,)
(inches) Basin Basin Beasin Barin Basin
1 2 3 L -
July 3 4.0 0 2,500 2,500 2,500 2,500
July 10 L.0 0 5,000 5,000 8,000 8,000
July 17 L0 0 8,000 8,000 16,000 16,000
July 25 li .0 0 3,000 8,000 16,000 16,000
Aug. ? .0 0 B8,00C 3,000 16,000 16,000
Aug, 12 4.0 0 8,000 3,000 16,000 16,000
Aug. 21 I} .0 0 8,000 8,000 16,000 16,000
Aug. 29 4.0 0 3,000 3,000 16,000 16,000
Sept. @ 4.0 0 0 0 0 0
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Strawberry clover and birdsfoot trefoll on
the non-salinized basin August 1, 1957.
These 2 legumes were planted on the same
basins,but beceuse there were not sufficient
replications of each variety of birdsfoot
trefoil no report was made on this species.



Figure 1. Strewberry clover and birdsfoot trefoll on a
basin selinized with irrigstion weter contein-
ing 8,000 ppm sdded salt. (August 1, 1957)



Figure 15. Strawberry clover ana birdsfoot trefoll on a
basin selinized with irrigstion weter contsin-
ing 16,000 ppm added salt. (August 1, 1957)
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Table 1B. Totel salts in the soll as determined by a
conductivity bridge on salinized besins of

strawberry clover

Salt sdded (ppm) Approximete prm total salts Average
to irrigation water
(NaCl end CaClp)
July 29 Sentember 3
0 243 26l 253
8’000 h.370 L}!BOL\ )4:587
81000 5:905 3:6h? lhh?h
16,000 9,445 9,208 9,327
16,000 9,601 10,913 10,207
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Table 14C. Comparative totsl yields of sir dry forage of
strawberry clover on salinized basins
(Yields ere recorded 1n grams per basin)

Variety or strain Controlt 3,000 ppm® 16,000 ppm2

Palestine L3 ol °3
Salina 81 63 33
F.C. 22797 99 127 70
F.C. 22793 78 8L 66
F.C. 22800 103 101 63
F.C., 22801 98 71 39
F.C. 22874 66 32 19
P.C. PhEid 99 1283 6ly
F.C. 24315 82 133 57
F.C. 24868 50 56 34
Mean 78.9 89.9 50.8
ot plag 7,415 77
sX 3.50 1.40 .93
C.V. percent 3.83 b.lily 5.45

##31gnificant at .01 level
lFigures represent yleld from one basin only.

PFiguras reprosent yleld from two besins.
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Teble 14D. Ranked means of yleld of strawberry clover from
basins receiving 8,000 ppm salt

Variety Means #Least significent ranges at the

or 1l percent level

Strsin (Duncan's Multiple Range test)

P.C. 24315 16.63

F.C. 24311 16.00

P.C. 22797 15.88

F.Cc. 22800 12.63

F.C. 22798 10.50

F.C. 22874 10.25

F.C. 22801 8.88

Salina 7.88

F.C. 24868 . 7-00

Pelestine 6.75

#A slgnificent difference exlsts between any 2 means which asre not

found within the same range.

There 1s no significant difference

between any 2 meens within the same range.
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Tsble 14E. Ranked mesns of yileld of strawberry clover
from basins receiving 16,000 ppm salt

Variety Means #Least significant ranges et the
or 1l percent level

Strain (Duncan's Multiple Renge test)
F.C. 22797 8.75

F.C. 22800 8.50

F.C. 22798 8.25

F.C. 24311 8.00

F.C. 24315 7.13

F.C. 22874 6.13

F.C. 22801 4.88

Salina 4.75

F.C. 24868 L.25

Palestine 2.88

#A gignificant difference exists between sny 2 means which are not
found within the same range. There 1s no significent difference
between any 2 means within the same range.
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Observations. Strewberry clover varietles and strains

subjected to salinization treatments were a dark green
color. Their leesves were considerably thickened eand had a
waxy feel due to & heavy cuticle development and waxy cover-
ing. The salinization treatments hastened the rate of
maturity of strawberry clover.

F tests indicated highly significant yield differences
among varleties and strains on the salinized basins. How=
ever, there were no significant differences on the non-
selinized basin.

. Ranked means of the yields of strewberry clover from

basins receiving 8,000 ppm salt show thst the strain

F.C. 24315 produced the highest mean yleld but did not

show significance from‘the straing F.C. 24311, F.C. 22797,

and F.C. 22800. Pelestine had the lowest mean yleld,
hanked means of the yields of strawberry clover from

basins receiving 16,000 ppm sslt indicete that strain

F.C., 22797 hed the highest mean yield. The variety Pales-

tine had the lowest mean yield but did not show signifi-

cance from 3 other strains snd the variety Salina.

When strawberry clover was clipped on the salinized

basins recovery was slow.



DISCUSSION

This study has shown that significsent differences
in salt tolerance exist between selections, strasins, and/or
varieties within species,

The plents grown on sslinized basins were smaller and
had fewer leaves. They were a dark, blue-green color
whereas the plants recelving no salinization treatment were
a light green color. Leaves of legumes were thickened and
had a waxy feel dus to heavy cuticle development and a waxy
covering. Necrosis was evident on the leaf tips of many
of the plants at the higher salinity levels. The maturity
of the plants was accelerated by the use of the salt treat-
ments with the exception of Canade wild-rye grass,

The stage of growth at which plants are subjected to
a salinity stress sppears to be sn important factor in de-
termining the final response of the plants to the stress.
In this study the basin of tall whestgrass planted 2 weeks
early ylelded considerably more than the basin planted
later but subjected to the same treatment,

Although tall wheatgrass 1s slow to reach 1ts maximum
growth and development, it appears to be the most salt
tolerant of the 3 grass species studied. It was the only
grass species st the end of the growing season which had a
considerable number of plants surviving at the highest

salinity level. The tall wheatgrass selection Utah 6-12
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exhibited outstanding salt tolerance. It would appear
that the more salt tolersnt plants of thls selection
could be selected by growing relatively large populations
of its plants on salinized basins using a sufficiently
high level of selinlzation to eliminate a large percentage
of the populetion. Generslly on the salinized bssins,tall
wheatgrass selections having the highest survivael percent-
eges gave the highest yield.

After Canada wilcd-rye grass was harvested, it failed
to recover appreciably on the sslinlized besins. It did not
produce sn abundance of leaves and appeared to be rether
coarse and‘stemmy. However, the United States Salinity
Leboratory (1954) reports that it is quite sslt tolerant.

Of the 3 grasses tested, reed cenarygrass produced the
largest ylelds on the control. It appears to have a ;on—
siderable }ange in selt tolerance among its stralns and
varietles,

Alfalfa showed more salt tolerance than strawberry
clover. It was interesting to note thast the veriety Terra
Verde N. K. did consistantly well in all of the treatments.
There 1s a conslderable range of salt tolerance emong
elfelfa verieties with the variety Buffalo being the most
productive at the 16,000 ppm salt level., It may be possible
to select a more sealt tolerant strein from this variety.
The slfalfa verietles on the salinized basins recovered
well after clipping.

Strawberry clovar varieties and streins did not show
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exceptionally good salt tolersnce. Its importance es &
pasture plant is due mainly to its abillty to survive
flooding for prolonged periods of time. wet saline and
alkaline solls contain salts that are highly diluted,
and, therefore, strawberry clover is sble to withstand
the hermful effects of the salts and seems adapted to such
solls. However, on saline and alkaline solls which are
not wet, the salts are concentrated and csuse an adverse
effect on the growth of strawberry clover plants,

The sodium end caslcium content of the leaves of tall
wheatgrass, reed csnarygrass, and alfalfa generally in-
cressed s sodium end calcium in the irrigstion water were
incrsased. Conversely, the potesslum content decreesed in
i of the 6 instances. It is belleved thet the decrease in
the potesslum content of the lesves was a result of greater
competition between cations due to the high concentratlons
of sodium end calcium in the irrigetion water. It wss noted
that the alfelfa veriety A-253 (Uteh Syn. B) at the high
salt level sccumulated considerably more éodium and calcium
than the variety Buffalo. Due to the fact that A-253
(Uteh Syn. B) was one of the lowest yielding varietles found
at the high salt level, it 1s possible that the excess of
these two cations or of one of these cations mey have had
a8 toxic effect on the protoplasm within the cells which
resulted in smaller, less vigorous plants.

The salt tolerance of crop plants 1s belleved to be
heritable. It is t hought that the inheritance 1s somewhat

similar to that of yleld. Coarseness and hershness of s



98
plant sppeer to be genstic factors that sre linked to salt
tolersnce, Generelly, plante which are coarse and harsh ‘
demonstrate better tolerance to salt.

Salt registance of plants msy be sttributed to: (1)
the ability of the plant to withstand periods of drouth,
(2) the feculty of the plant to increese the osmotic pressure
of 1ts tissue fluids es the sallinity of the soill incresses,
(3) the cespacity of the plant to regulete the ionic con~
centretion of the ions needed and exclude those not needed,

and (lj) the resistance of the protoplasm to the toxic

effects of ions in excess.



SUMMARY AND CONCLUSIONS

1, The effect of increasing levels of salinity on the
growth, yield, survival, and chemical composition of par-
ticular varleties, strains, and selections of 3 grasses and
2 legumes was tested. The artificially salinized field-plot
technique was employed. Selected plent 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 specles.

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.

L« The poorest salt tolerance of the grasses was ex~
hibited by Cansda wild-rye grass. Utah 12 wes the most pro-
ductive Canada wild-rye grass selection on the salinizedk
basins,

S. Utah 61 was the most salt tolerant strain of reed
canarygrass,

6. Alfalfa showed considerably more salt tolerance
than strawberry clover. Buffalo was the most productive
alfalfe varlety at the highest salinity level,however,

Terra Verde N, K. did well in all of the trestments.
7. Salt appeared to adversely effect the recovery

abllity of strawberry clover. Of the varleties and strains
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tested, the strain F., C. 22797 showed the most salt
tolerance,

8, Salinization treatments consisting of sodium
chloride and calcium chloride generally increased the sodium
and calcium content in the leaves of tall wheatgrass, reed
canarygrass, and alfalfa but usually decreased the po-
tassium content,

9, This study indicated that excellent opportunities
exist in the selection and development of varieties and

strains of foresge crops for use on salty solls.
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