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•THE National Park Service in the Washington, D. C., area began applying sodium 
chloride to the park roads for snow and ice control during the last half of the 1962-1963 
winter . In previous years calcium chloride had been used. From January 1964 until 
June 1965 studies were made to investigate the use of rock salt on the park roads and 
determine whether this use was detrimental to the roadside vegetation. 

FACTORS INVOLVED IN VEGETATION INJURY 

Only recently has the subject of road salting and its effect on vegetation been investi
gated. The effect of salt on trees has received the widest attention; however, the Park 
Service must concern itself with the effect of salt on all forms of plant life as well as 
animal life. 

The factors which have a bearing on salt injury to plants are centered around the 
main deleterious effects of sodium chloride on plants: direct toxicity to the protoplasm, 
and higher water tension in the plant. These facto1·s are placed under nine headings as 
follows : (a) amount of rock salt applied, (b) amount of r ock salt reaching the vegetatiou, 
(c) water availability, (d) e:,j;pected temperatures, (e) expected wi nd velocity, (f) soil 
factors, (g) plant dormancy, (h) salt tolerance of plants, and (i) cumulative effects. 

Aside from the direct effects of salt, there may also be some indirect effects . For 
example Hayward and Bernstein (1) list several valuable wildlife food plants that are 
very sensitive to salt. A decline 1n food supply means a reduction in wildlife . Thomas 
(~) discusses these factors. 

METHODS 

The approach to this problem was to look for the symptoms of sRlt injury on Kentucky 
bluegrass (Poa pratensis L . ) . Once symptoms were found they were verified with a 
chemical test . The symptoms of sodium chloride injury are essentially the same as 
drought symptoms (3). Easily recognized symptoms on bluegrass are leaf chlorosis, 
stunting, and death of plant. There were several reasons for selecting Kentucky blue
grass for the study . It is abundant along all the roads studied, thus providing a degree 
of uniformity to the observations. It remains green throughout the winter in Washington, 
D. C., and therefore, salt injury would be noticed earlier. Grass is also more sensitive 
to salt than trees (2) and hence may act as an indicator of possible future damage to 
trees. -

The first symptoms were noticed at the parking lot of the National Park Service 
regional office building and at the John F. Kennedy Grave site, Arlington National 
Cemetery (a nonpark area) . Evidence had shown that the sod at these two sites had been 
killed by rock salt used to control snow and ice. Eighteen sod plugs 4 cm in diameter 
and 6 cm deep were obtained from these sites on March 11, 1965. The samples included 
dead sod, chlorotic sod at the edge of the dead area, and healthy sod. About six weeks 
later on April 21, these two sites were resampled for comparison. The 21 samples 
taken at this second sampling were either takenadjacenttothefirst samplingorwithina 
few feet of it . 

About seventy miles of park roads received rock salt for snow and ice control. All 
these roads were examined periodically through the year for symptoms of salt injury. 
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Figure I. Results of soil tests using qualitative chemical analysis; control sample at far left and three 

soi I chloride positive samples at right with heavy si Iver chloride precipitates, 

To determine whether rock salt was responsible for dead sod areas along the park 
roads, 48 samples were taken. These sample sod plugs included controls that were 
free of sodium chloride splash or runoff, dea.d sod, and chlorotic or stunted sod pri
marily at the edge of the dead areas. 

For each sample, a record was made of location, vigor of sample, and result of 
chemical analyses on roots and soil. Probably most of the chemical analyses done on 
problems of this type are quantitative. These take both time and equipment. It was 
felt that a need existed for a simple qualitative method to determine salt injury quickly 
and with little equipment. Such a method was developed from samples obtained for this 
study (4). In this method 5 percent aqueous silver nitrate solution is used to test for 
chlorides which are an indicator of sodium chloride presence. A certain amount of 
chloride is a normal constituent of the soil (5) and hence of plants. Therefore, through
out this paper when the terms soil or root positive or negative are used, this does not 
refer to absolute quantities but relative presence. The root or soil to be tested is 
compared to a control sample to obtain the relative amount. A heavie1· precipitate than 
the control is considered positive (Fig. 1). Because excessive chlorides may be found 
in roots and not in soil and vice versa, the proposed method ( 4) recommended that. both 
be tested to establish excessive chloride presence. A dissecting microscope was used 
in making the root tests. To verify the qualitative analyses the parts per million of 
soluble soil salts were determined by the University of Maryland soil testing laboratory 
for eleven each of healthy and unhealthy samples. 

To gain some indication of how far away from the roads these dead areas extended, 
fifteen areas were measured from the curb perpendicular to the road. For the most 
part, the chlorotic sod was located near the edge of the killed areas. At several of the 
sampling areas, chlorotic sod was found further away. At three of these the distance 
from the curb to the chlorotic plants was measured and sod samples taken. 

Most of the data of this study were placed in tables and a chi- square test (x 2) applied 
to each table. On small samples, Yates' correction (xy) was used. In addition, the 
coefficient of mean-square contingency (C) was determined. For ease in comparison, 
the coefficient has been rounded to tenths. 

RESULTS 

To relate presence of chlorides to bluegrass Vigor, the data were cross-classified. 
Either a positive root test or a positive soil test indicated presence of chlorides (Table 
1). Sod vigor was classified as either healthy or unhealthy. The unhealthy category 
indicated chlorotic, stunted, or dead plants. Table la indicates an excellent correla
tion of unhealthy plants with excessive chlorides in either the roots or the soil. Table 
lb indicates no significant relationship with unhealthy plants after six weeks. Table le 
indicates that with the presence of chlorides in either the soil or roots the number of 
healthy plants decreases. 
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TAB ,.El 

RELATIONSHIP BETWEEN PRESENCE OF CHLORIDES 
WITH BLUEGRASS VIGOR 

Root-Soll Chlorides 

Plant Vigor Positive Negative 

Relative 
Number Number Relative 

Number Number 

(a) Kennedy Grave and Parking Lot Sites, March 11, 1965 

Healthy 0 . 00 (OJ 1.00 (6) 
Unhealthy 1.00 (12) o.oo (0) 

Total 1.00 (12) 1.00 (6) 

x; = 13 .1801 etgntficant above 0 . 001 level. 

C = O. 7 , 

(b) Kennedy Grave and Parking Lot Sites, Apr!! 21, 1965 

Healthy 0.37 (7) 1.00 
Unhealthy 0 . 63 (12) o.oo 

Total I.DO (19) I.DO 

xY = 0, 805, not significant . 

C = 0 . 2. 

(c) Roadside Study, April 13-20, 1965 

Healthy 0 . 22 (7) 0 . 62 
Unhealthy 0. 78 (25) 0.38 

Total I.DO (32) I.DO 

X ' = 7 . 568, significant above 0 . 01 level. 

C = 0 . 4 , 

TABLE 3 

RELATIONSHIP OF SOIL CHLORIDES WITH 
VIGOR OF BLUEGRASS 

Soll Chlorides 

Plant Vigor Positive Negative 

(2) 
(0) 
-
(2) 

(10) 
(6) 

(16) 

Relative 
Number Number Relative 

Number Number 

(a) KeMedy Grave and Parking Lot Sites, March 11, 1965 

Healthy 
Unhealthy 

Total 

0 . 00 
I.DO 

1.00 

(0) 
(12) 

(12) 

I.OD 
0.00 

1.00 

xf = 13,780, significant above 0.001 level. 

C = 0. 7. 

(b) Kennedy Grave and Parking Sites, April 21, 1965 

Healthy 
Unhealthy 

Total 

0.37 
0 . 63 

I.DO 

xY = 0 . 804, not significant. 

C = 0.2. 

(7) 
(12) 

(19) 

1.00 
0.00 

1.00 

(c) Roadside Study, Apr!l 13-20, 1965 

Healthy 
Unhealthy 

Total 

0.18 
0.82 

I.DO 

(5) 
(23) 

(28) 

0.60 
0.40 

1. 00 

\y = 8. 994, significant above O. 005 level. 

C = 0 . 4. 

(6) 
(0) 

(6) 

(2) 
(0) 

(2) 

(12) 
(8) 

(20) 

RELATIONSHIP OF ROOT TISSUE CHLORIDES WITH 
VIGOR OF BLUEGRASS 

Root Chlorides 

Plant Vigor Positive Negatlve 

Relative 
Number Number Relative 

Number 
Number 

(a) KeMedy Grave and Parking Lot Sites, March 11, 1965 

Healthy 0.00 (0) 0.60 (6) 
Unhealthy 1.00 (8) 0.40 (4) 

Total I.OD (8) I.DO (10) 

x; = 4 . 893, significant above O. 05 level. 

C = 0 . 5 . 

(b) Kennedy Grave and Parking Sites, Aprii 25, 1965 

Healthy 0 .43 (6) 0.43 (3) 
Unhealthy 0 . 57 (8) o. 57 (4) 

-
Total I.DO (14) I.OD (7) 

xY = 0,000, not significant, 

C = 0.0. 

(c) Roadside Study, April 13-20, 1965 

Healthy 0.25 (5) 0.43 (12) 
Unhealthy 0. 75 (15) 0. 57 (16) 

Total I.DO (20) I.DO (28) 

x; = 1,652, not significant. 

C = 0.2. 

To determine which is a better indicator 
of likely bluegrass injury, excessive root 
chlorides or excessive soil chlorides, the 
data were further broken down. Root tis
sue chlorides were comoared with vi,mr 
(Table 2). Table 2a indicates that when 
roots test positive for chloride, the num
ber of healthy plants decreases. Table 2b 
shows that after six weeks there was no 
relationship between excessive chlorides 
in the root tissue and vigor of the plants. 
In Table 2c, there is no relationship be
tween root chlorides and plant vigor. 

Soil chlorides were also compared with 
vigor. Table 3a shows a correlation of 
healthy plants with chloride negative 
soils, and unhealthy plants with chloride 
positive soils. Table 3b indicates that 
after six weeks the relationship of exces
sive soil chlorides to plant vigor is not 
significant. Table 3c shows that when the 
soil tests positive for chlorides, the num
ber of healthy plants decreases. 

The quantitative tests on parts per mil
lion (ppm) of the total soluble soil salts 
confirmed the qualitative chemical tests. 
That is, unhealthy sod was not only soil 

chloride positive (Table 3a and b) but contained the higher parts per million of all 
soluble soil salts. The interquartile range for unhealthy sod was 996 to 3, 660 ppm and 
for healthy sod, 216 to 960 ppm. 
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The dead areas sampled along the roadsides varied in width from 1. 7 to 15. 0 ft, with 
a median width of 3. 8 ft. Chlorotic sod associated with excessive chlorides was found 
up to 12. 4 ft from the curb. 

DISCUSSION OF RESULTS 

Chlorotic, stunted, and dead sod was observed in late winter and early spring of 1965. 
Table la shows an excellent correlation of these symptoms with the excessive presence 
of chlorides. Six weeks later (Table lb), however, after leaching of chlorides from the 
soil and dead roots, the correlation is much less. It is also possible that some re
covery and adjustment had been made to the high salt levels (compare the relative 
number of healthy and unhealthy positive samples in Table la with Table lb). The cor
relation given in Table le also indicates that some leaching and recovery of the sod may 
have occurred. Whether the healthy plants associated with excessive chlorides will 
remain vigorous will probably depend on whether they receive additional rock salt. 

When the presence of root chlorides and soil chlorides is related to bluegrass vigor, 
chloride positive soil is a better indicator of salt injury than chloride positive roots 
(Tables 2 and 3) . Soil chloride and vigor show the same correlation that was obtained 
when root and soil chlorides were considered together (compare Table 1 with Table 3). 
This has a bearing on the method of making a qualitative chemical analysis to deter
mine rock salt injury. In making a survey, the root tests could be eliminated, especial
ly if the investigation is done sometime after the injury has occurred. However, re
gardless of whether only the soil is tested or whether both roots and soil are tested, 
with the passage of time it becomes more difficult to correlate chlorides with plant 
vigor. Theoretically, sodium chloride could kill the plant, be leached away, and not be 
suspected of causing the death of the plant when a chloride test is used. Therefore, 
the timing of tests for salt injury is very important. 

Although the dead turf along the park roads extended up to 15 ft wide, the median 
width of 3. 8 ft confirmed the observation that although the turf killed by rock salt was 
widespread, it was confined mostly to the immediate road shoulders. However, chlo
rotic turf with excessive chlorides in both roots and soil was found up to 12. 4 ft from 
the curb. 

The reason sodium chloride injury did not become evident until after the second 
winter of study is attributed to an increase in the use of rock salt. Not only do the rec
ords show increased use, but salt was present on the ground in some locations after all 
ice and snow had melted. 

Some of the injury, however, may have been due to cumulative effects. The soil 
chlorides detected may have included some residual chlorides from the previous year. 
Possibly an important factor which may have contributed to the turf injury at the 
Kennedy Grave site was the use of rock salt after growth of the grass had begun. This 
followed a late winter snow storm. 

CONCLUSION 

This study has shown that sufficient rock salt was applied to park roads to cause the 
death of the bluegrass turf along the roadsides. With increasing use of sodium chloride, 
the decline and death of the vegetation can be expected to continue. 

The qualitative chemical method for determining sodium chloride injury as proposed 
by Thomas (4) appears satisfactory for determining rock salt injury. However, there 
appears to be no reason for testing root tissue for chlorides since the quantity of chlo
rides in the soil is a better indicator of the probable cause of injury. More accurate 
results are obtained when tests are made soon after injury occurs. 
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