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More than 24,000 lb of sodium chloride per mile of four-lane 
highway have been used per year for ice removal on some sec
tions of Interstate 80 in Iowa. Salt applied at this rate during 
the winters of 1963-64 and 1964-65 affected median and fore
slope soil structure and prevented satisfactory establishment 
of grass cover. Injury to grass seedlings and established turf 
has been greatest on heavy soils with little organic matter-Le., 
glacial till. Soluble salt determinations made on soil samples 
taken along I-80 indicate concentrations of sodium chloride 
sufficiently high to restrict grass growth up to 10 ft from the 
pavement. Kentucky 31 fescue, slender wheatgrass, inter
mediatewheatgrass, western wheatgrass, Russian wild-rye and 
reed canarygrass have enough seedling vigor for rapid estab
lishment and enough tolerance to clipping at a 3-in. height to 
be used effectively on roadsides. Of these grasses, Kentucky 
31 fescue and western wheatgrass are the most salt tolerant. 
Up to about 600 ppm sodium chloride stimulated growth of all 
grasses tested, but injury became evident and increasingly 
more pronounced as salt levels increased from 1000 to 5000 
ppm. Of the 10 grasses studied, Kentucky 31 fescue is best 
suited for use where roadside soils are contaminated by salt. 

•SHOULDER and median areas and foreslopes receive nearly all the runoff water from 
adjacent pavements. Use of salts as deicers during winter months has increased in 
recent years, and sodium chloride used for this purpose has been correlated with prob
lems in establishing and maintaining vegetation on roadsides in Iowa. The purpose of 
this investigation was to determine the extent of salt contamination of foreslopes and 
ditch areas along I-80 in Johnson County, Iowa, and to evaluate salt tolerance and suit
ability for roadside use of 10 coarse-textured grasses. Four tests were conducted: 

1. Soil samples were analyzed to determine extent of salt contamination; 
2. Salt tolerance of grasses was evaluated by treating turf with varying rates of 

sodium chloride; 
3. Salt tolerance of grass seedlings and rate of turf establishment were determined 

under field conditions; and 
4. Foliar and root development and tolerance of grasses to clipping were evaluated 

under controlled conditions. 

TEST 1 

Materials and Methods 

Applications of sodium chloride totaled 12,400 lb per mile per 2 lanes during the 
1963-64 winter and 12,485 lb during the 1964-65 winter on I-80 in Johnson County. 
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Figure l. Sa It accumu I ati on in the soi I of this median section of 1-80 prevented the establishment of 
turf from seedings during fall 1964 and spring 1965. 

Attempts to establish turf on roadsides in this area were unsuccessful during fall 1964 
and spring 1965 (Fig. 1), and salt contamination of soil was considered a likely cause 
of poor seedling stands. To determine salt content of these soils, samples were taken 
from six areas with differing runoff patterns from the pavement. Eight samples were 
collected at each area representing soil conditions along foreslopes and ditch bottoms. 
Each sample consisted of 5 cores taken to a 3-in. depth. Samples were obtained in 
January and again in early April. Soluble salt readings were obtained from the samples 
by measuring the conductivity of a 1 :2 soil extract on a Wheatstone bridge (~). 

Results 

There were high com:entrations of salt where waler ran from paveruenl u11Lu Iure
slopes. Conductivity readings varied from 150 to 225 mhos x 10- 6 within areas up to 
10 ft from the pavement. Soil conductivity readings in ditch bottoms varied from 48 to 
57 mhos x 10- 5

• These soils consisted of from 54 to 68 percent sand and gravel, 16 to 
26 percent silt and 16 to 20 percent clay. Where physical properties of soils are more 
favorable for plant growth than these, a reading of 100 mhos x 10- 5 is sufficient to re
duce vegetative development. In general a reading of this order is equivalent to about 
2000 lb sodium chloride per acre furrow slice (2) or about 1000 ppm sodium chloride. 
Thus, excessively high levels of sodium chloride existed along foreslopes and median 
areas tested. Data indicated that about 50 percent of the salt applied to the pavement 
may have been removed by traffic, about 25 percent was carried off in surface water, 
and about 12 percent leached through the soil. The remainder, distributed through the 
top 3 in. of soil, was equivalent to from 1500 to 2500 ppm sodium chloride. 

TEST 2 

Materials and Methods 

Ten coarse-textured grasses (Table 1) were planted in 3½-in. plastic pots filled with 
a soil consisting of 81 percent sand, 8 percent silt, and 11 percent clay. Grasses were 
seeded on March 1 at a calculated rate of 8 live seeds per square inch and clipped 
weekly at a 3-in. height for 3 months before sodium chloride treatments were made 
(Table 2 ). Salt was applied in 50 ml of water, and all pots were irrigated to field ca
pacity. A randomized complete block design with four replications was employed to 
evaluate salt tolerance of established turf grown on this sandy soil under optimum 
moisture conditions. 



TABLE 1 

TEST GRASSES 

Common Name 

Kentucky 31 fescue 
Russian wild-rye 
Reed canarygrass 
Buffalograss 
Sand lovegrass 
Side-oats grama 
Blue grama 
Slender wheatgrass 
Western wheatgrass 
Intermediate wheatgrass 

Scientific Name 

Festuca arundinacea 
Elymus junceus 
Phalaris arundinacea 
Buchloe dactyloides 
Eragrostis trichodes 
Bouteloua curtipendula 
Bouteloua gracilis 
Agropyron trachycaulum 
Agropyron smithii 
Agropyron intermedium 

TABLE 3 

PERCENTAGE DRY WEIGHT OF FOLIAGE 
FROM TEN GRASSES-TEST 2 

Grasses 

Kentucky 31 fescue 
Sand lovegrass 
Western wheatgrass 
Slender wheatgrass 
Side-oats grama 
Buffalograss 
Russian wild-rye 
Intermediate wheatgrass 
Blue grama 
Reed canarygrass 

Mean Percentage Dry 
Weight in Grams* 

40.8 a 
48.5 b 
49.8 C 

51. 2 d 
51.6 e 
51. 8 f 
53.7 g 
54.2 h 
57.9 i 
60.6 j 

it-Means not having letters in common are significantly different 
at the .01 level according to Duncan 1s multiple-range test. 
Low percentage dry weight indicates less salt injury. 

TABLE 5 

DRY WEIGHT SOD AND ROOT YIELDS OF TEN 
TEST GRASSES GROWN IN SOLUTION 

CULTURE-TEST 4 

Grasses 

Kentucky 31 fescue 
Intermediate wheatgrass 
Reed canarygrass 
Russian wild-rye 
Sand lovegrass 
Side-oats grama 
Slender wheatgrass 
Buffalograss 
Western wheatgrass 
Blue grama 

Mean G1·nms Dry 
W<?Jght" ' 

Sod 

8.0 a 
6.3 b 
5.3 be 
4.4 cd 
2.3 ef 
3.3 de 
2.1 ef 
1. 2 fg 
0.2 g 
0.1 g 

Roots 

5.5 a 
2.5 b 
2.2 b 
1.3 b 
1.0 b 
0.7 b 
0.6 b 
0.4 b 
0.1 C 

0.1 C 

i~Means not having letters in common are significantly different 
at the .05 level For roots ond ot the .01 level for sod according 
to Duncan 1s multiple-range test. 
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TABLE 2 

SALT TREATMENT-TEST 2 

Level 

No Salt 
A 
B 
C 
D 
E 

ppm NaCl 

0 
210 
631 

1262 
2525 
5050 

Equivalent lb of 
NaCl per Mile of 
2-Lane Highway 

0 
4,000 

12,000 
24,000 
48,000 
96,000 

TABLE 4 

CONCENTRATION OF SALTS USED IN 
SOLUTION CULTURE-TEST 4 

Salt 

(NH.J.so. 
Ca(NO,), ·4HaO 
KaHPO• · 3HaO 
caso.·2HaO 
MgSO.·7Ha0 
Fea(SO.), 
H,BO, 
MnSO4 ·H,O 
ZnSO.·7Ha0 
cuso.·5Ha0 
(NH4).,Mo7O24 · 4HaO 

Results 

Molarity 

-• 0.18 X 10_
3 

0. 53 X 10 
3 

0.8ox10-, 
2.07 X 10-, 
0.79Xl0- 4 
0.11 X 10-, 
0.90 X 10-, 
0.45 X 10= 6 
0.15X 10 6 

0.16 X 10-
7 

0.16 X 10-

fu general, salt tolerance decreased in 
the order Kentucky 31 fescue > sand love
grass > western wheatgrass > slender 
wheatgrass > side-oats grama > buffalo
grass > Russian wild-rye > intermediate 
wheatgrass > blue gra.ma > reed canary
grass (Table 3 ). Tolerances differed 
among the grasses to increasing levels of 
sodium chloride (Fig. ,2). All grasses had 
increased foliar growth at salt levels 
through 631 ppm (level B). Sodium chlo
ride applications at 2525 ppm and 5050 ppm 
(levels D and E) caused varying amounts 
of injury depending on the grass. Kentucky 
31 fescue was tolerant of 2525 ppm sodium 
chloride and only slightly injured at the 
5050 ppm level. Reed canarygrass was 
completely killed at both 2525 and 5050 
ppm levels. Intermediate wheatgrass and 
slender wheatgrass were severely injured 
from 1262 ppm through 5050 ppm sodium 
chloride. 
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Figure 2. Foliar response of selected grasses to 
six levels of NaCl applied to a light-textured 
soil. Note increased growth of foliage at low 
salt levels (A= 210 ppm and B = 631 ppm) in all 
four grasses. Kentucky 31 fescue was most salt 
tolerant; reed canarygrass, intermediate wheat
grass, and slender wheatgrass were severely in
jured at high salt levels (D = 2525 ppm and 
E = 5050 ppm). Slender wheatgrass failed to 

develop a dense stand of turf. 

TEST 3 

Materials and Methods 

Ten coarse-textured grasses (Table 1) 
were planted in field plots where the soil 
consisted of 37 percent sand, 37 percent 
silt and 26 percent clay. Grasses were 
seeded at a calculated rate of 17 live seeds 
per square inch. Sodium chloride treat
ments equivalent to the first 5 levels used 
in Test 2 (Table 2) were made at the time 
of seeding on May 13. The plot area was 
watered to create conditions favorable for 
seed germination. A randomized com
plete block design with 4 replications was 
employed to evaluate rate of seedling 
establishment and salt tolerance of seed
lings on this high silt and clay soil. 

Results 

Kentucky 31 fescue, intermediate wheat
grass, slender wheatgrass and western 
wheatgrass established most rapidly (with
in 2 weeks). Reed canarygrass and Rus
sian wild-rye were intermediate and sand 
lovegrass, side-oats grama, blue grama 
and buffalograss were slowest (Fig. 3 ). 

Dispersal and deflocculation of the 
heavy-textured soil particles were noted 
at the 1262 and 2525 ppm sodium chloride 
levels. Effects of salt on turf establish
ment were evident only at the 2525 ppm 
level. Slower starting grasses were in
jured more than 1vcrc the r~pidly estab 
lishing wheatgrasses and Kentucky 31 
fescue (Fig. 4). 

TEST 4 

Materials and Methods 

Ten coarse-textured grasses (Table 1) 
were planted on specially constructed 
solutiori culture lids (1, 8, 10). Grasses 
were seeded on January l.6at a calculated 
rate of 100 live seeds per lid and estab
lished on a nutrient solution containing 
adequate but low amounts of all essential 
elements (Table 4). Solutions were 
changed weekly and all grasses clipped 
at a 3-inch height. A completely ran
domized design with three replications 
was used in this experiment to evaluate 
rate of seedling establishment, foliar and 
root growth characteristics and tolerance 
to defoliation. 
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Figure 3. Kentucky 31 fescue, slender wheat grass, intermediate wheatgrass and western wheatgrass 
established most rapidly. Reed canarygrass and Russian wi Id-rye were intermediate and sand lovegrass, 
side-oats grama, blue grama and buffalograss were slowest. Note salt-treated plot {top) shows lighter 

color of deflocculated soi I. 

SLENDER 
WHEAT 

' ·' A'~ t,.: 
·._1,.~•-,·, -~ ... _., 

Figure 4. Slender wheatgrass {bottom) was more salt tolerant than Russian wild-rye (middle). Blue 
grama (top) was injured most by salt applications at 2525 ppm. 
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Figure 5. Sod and root development of Kentucky 31 fescue were superior to reed canarygrass and 
intermediate wheatgrass. Slender wheatgrass produced the least sod and roots. 

Results 

Kentucky 31 fescue produced more sod and roots than any of the other grasses 
(Table 5). Intermediate wheatgrass, reed canarygrass and Russian wild-rye developed 
good sod cover but had less roots. Slender wheatgrass produced a thin sod cover and 
a weak root system (Fig. 5). Buffalograss, western wheatgrass and blue grama failed 
to develop satisfactory stands. All grasses tolerated regular defoliation at a 3-in. 
height except intermediate wheatgrass, which declined in foliar production with con
tinued clipping. 

DISCUSSION AND CONCLUSION 

The Johnson County 1-80 area soils were classified according to pH and conductivity 
readings of soil extracts as nonsaline-alkali (containing sufficient exchangeable sodium 
to interfere with plant growth but not containing appreciable quantities of other soluble 
salts). Replacen1ent of exchangeable sodiu111 is required for correction of this soil 
condition. These soils had a dense, blocky, single-grain structure, which is hard to 
till when dry, and had a low hydraulic conductivity when wet. Soil aggregates were not 
stable and slaked down in water so that pores became filled with fine particles. Poor 
physical condition of these soils and toxic levels of sodium chloride were responsible 
for turf establishment failures. Salt contents of these soils accounted for only about 
one-eighth of the total sodium chloride applied to the pavement. 

Of the 10 test grasses, western wheatgrass is listed by the U.S. Salinity Laboratory 
as among the most salt tolerant (14). Forsberg (4) has rated slender wheatgrass among 
the most tolerant in natural saline soils, particulii ly under dry conditions. :rvlcKenzie 
and Bolton (11) found that slender wheatgrass, tall fescue, and reed canarygrass were 
well adapted in saline areas of Saskatchewan. In Test 2, where soil was sandy and 
moisture conditions were favorable, reed canarygrass was injured more than might 
be expected. It is likely that sodium chloride alone, without a balancing effect from 
other salts, was responsible for this increased injury. 

Harris (5) found the relative toxicity of soluble salts in the order of NaCl> CaCh > 
KCl > MgCG > KNOs > Mg(NOsh > Na2COs > Na2SO4 > MgSQ4. Harris and Pittman (6) 
compared the relative toxicity of sodium chloride at concentrations of O to 4000 ppm 
and Na2CO3 and Na2SO4 at concentrations up to 10,000 ppm at moisture levels ranging 
from 20 to 32 percent. Up to 1000 ppm, all salts were beneficial, but above 1500 ppm, 
all salts were increasingly toxic, chloride being the most toxic, sulfate the least and 
carbonate intermediate. The effect of increasing concentration of salt on vegetative 
development is usually recognized as a reduction in rate of growth, which may not be 
accompanied by visible symptoms of injury. Eaton (~) noted that, under marginal con-
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ditions of salinity and in the absence of detectable symptoms of salt injury, it is dif
ficult to recognize salt effects under field conditions. The first physiological reaction 
to increased salt concentration is reduced intake of water into the roots (7, 9, 12). Thus, 
if water is lacking in the root zone, injury is more pronounced than where adequate 
moisture exists. Initial injury usually starts with a tip burn and is followed by progres
sive involvement of additional tissue extending along the margins of the blade until the 
entire surface becomes brown and necrotic. 

Although salt tolerance of a mature turf is important, seedling tolerance and rate of 
seedling development is critical in areas where new highways are being built. Climate 
places restrictions on duration of seeding operations which limit the amount of road
side establishment each year. Highways may be open for traffic and pavements salted 
before seeding roadsides. Thus, salt contamination of soils may be more important 
in establishing new turf than in maintaining older stands. 

Although salt tolerance of sand lovegrass, side-oats grama and buffalograss is 
relatively high, slowness to establish restricts usefulness of these grasses except in 
mixtures with more rapidly developing types. Even so, slower developing grasses 
appear more sensitive to salt injury than grasses with higher seedling vigor. 

Following establishment of roadsides, turf must withstand at least infrequent clip
ping at a 3- to 4-in. height. Since defoliation influences sod and root production (13 ), 
it is important that mowing practices do not unduly restrict sod and root development. 
Of the grasses found most salt tolerant, Kentucky 31 fescue produced better sod and 
roots. 

Of the 10 grasses tested, Kentucky 31 fescue possesses the most desirable physio
logical and best overall growth characteristics for use on roadsides where soils are 
contaminated by salt. 
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