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ABRIDGMENT 

studies in Virginia, Maine, Connecticut, and Massachusetts have called attention to 
the effects of de-icing salts on roadside plants. Even though these detrimental effects 
have recently attained importance, the areas along the roads affected are sporadic; 
and the total area is quite small compared to the large mileage of roads treated. Never
theless, the continuous applications of large amounts of these salts will affect larger 
areas, and maintaining vegetation along roads will become more of a problem. 

De-icing salts in soils are taken up by plants and cause leaf burn, premature de
foliation, and terminal growth dieback. Salt damage is of concern because of unsight
liness and added costs of removing or replacing the plants. The use of salt-tolerant 
plants is a realistic approach to maintaining vegetation in the problem areas. Salt tol
erance is not a parameter commonly used when plants are selected for the humid area; 
nevertheless, it becomes increasingly more important when plants are selected for use 
along roads that receive large applications of salt, and especially wher e de-icing salts 
have been a problem. 

The purpose of this paper is to summarize the findings of a study intended to deter
mine the tolerance of several deciduous trees and shrubs and several evergreen trees 
and shrubs to the commonly used de-icing salts-sodium and calcium chlorides. A 
rapid and practical approach was employed where salt tolerance was based on plant 
injury symptoms and survival after salt treatment under field conditions. 

The field experiments with deciduous and evergreen trees and shrubs were estab
lished in the spring of 1966 in 3 physiographic regions of Virginia: mountains at Blacks
burg, piedmont at Orange, and coastal plain at Warsaw. The soils on which the 3 sites 
were located were Groseclose, Nason, and Sassafras respectively. A planting plot de
sign was used that allowed for 12 different salt treatments over whole plots. Within 
each whole plot 6 species were planted as bare-root seedlings in random rows of 9 
plants on 3-ft centers. All treatments were replicated 4 times, except that treatments 
for the deciduous shrubs at Blacksburg were replicated 3 times. Salt treatments con
sisted of rates of sodium chloride up to 6 tons and calcium chloride up to 3 tons applied 
in the solid form as split applications during the winter months. 

Salt-tolerance ratings of the species were based on a numeral scale as follows: 1, 
healthy; 2, slight leaf scorching; 3, moderate leaf scorching and slight defoliation; 4, 
severe leaf scorching, moderate defoliation, and minor limb dieback; and 5, severe 
defoliation, extreme limb deterioration, and plant dead or dying. A sixth rating class 
was added to the tolerance ratings the second year to account for the plants that died 
after ratings were taken on the first salt treatments. Ratings for the salt-treated plants 
were compared with those of the untreated plants. 

Table 1 gives the average salt tolerance ratings across all salt treatments. The 
letters represent statistical differences, and the rating values that have common letters 
do not differ significantly. Thornless honey locust was tolerant to either sodium chlo
ride or calcium chloride and survived all treatments. These plants remained healthy, 
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TABLE 1 

AVERAGE SALT-TOLERANCE RATINGS ACROSS ALL SALT TREATMENTS 

May 1967 August 1968 
Species 

Blacksburg Warsaw Blacksburg Warsaw Orange 

Deciduous trees 
Green ash (Fraxinus 

pennsylvanica) 3.6c 3.6c 3.6c 
Sugar maple (Acer 

saccharum) 3.5c 2.9b 3.Bc 2.6b 2.5b 
White birch (Betula 

pendula) 3.0b 3.0b 2.7b 2.7b 1.7a 
Thornless honey locust 

( Gleditsia triacanthos 
inermis) 1.Ba 1.6a 2.la 2.2a 1.8a 

Tulip poplar (Liriodendron 
tulipifera) 4.5c 4.0d 5 .3d 4 .2d 4 .0c 

Redbud (Cercis canadensis) 3.9d 3.0b 4.lc 2 .9b 2 .6b 

Deciduous shrubs 
Tartarian honeysuckle 

(Lonicera tartarica) 2.la 2.4b 2.0a 2.4a 1.6a 
Spring glory forsythia 

(Forsythia intermedia 
spectabilis) 2.8b 2.7b 3.3b 3.3b 1.4a 

Spirea (Spirea Vanhouttei) 4.0d 3.5d 4.lc 4.lc 2.2b 
Amur privet (Ligustrum 

amurense) 1.9a 2.la 2.0a 2.la 1.4a 
Red-flowered weigela 

(Weigela Eva Rathke) 3.6c 3.0c 3.Bbc 3,3b 1.7a 
Rose (Rosa multiflora) 4,ld 3.6d 4.lc 3 .5c 2.6c 

Evergreen trees and shrubs 
Creeping juniper (Juniperus 

horizontalis plumosa) 3.lb 2 .6b 2.8b 
Pfitzer juniper (Juniperus 

chinensis pfitze1·iana) 2.3a 1.9a 2.0a 2.0a 
Adam's needle (Yucca 

filamentosa) 3,0c 1.8a 
White pine (Pinus strobus) 3.2b 3.3d 3.lb 3.7c 
Norway spruce (Picea abies) 3.5b 3 .6de 4.0c 4.7d 
Canadian hemlock (Tsuga 

canadensis) 4.5c 3.7e 5.2d 4.9d 

even for the highest salt treatments, during the duration of the 4-year experiment. 
White birch, sugar maple, and redbud were moderately tolerant, but there was serious 
injury on the plots with high salt rates; and many of these plants failed to survive dur
ing the summer following the first winter treatments. Green ash and tulip poplar were 
injured by both salts. Injury occurred at the low salt application rates; the higher salt 
rates killed most of these 2 species. Many of the green ash and tulip poplar trees died 
during July and August the first summer after salt treatments. Green ash was not re
ported for the mountain area because it was planted in the late fall to replace another 
species, and poor survival was obtained. The late planting and small size of the trees 
when treated with salt may have contributed to the susceptibility of green ash. 

Privet and honeysuckle survived all salt treatments and were most tolerant among 
the 6 species. Forsythia and weigela were intermediate, while spirea and rose were 
sensitive to both sodium and calcium chlorides. Privet and honeysuckle showed little 
or no damage and had no visible leaf-burn symptoms. Frequently, spirea was seri
ously injured, showing complete leaf drop and dead woody tissue. The salt tolerance 
of the plants tended to increase with age and growth; similar salt treatments produced 
more injury when applied on the small young plants . The rating values showed less 
salt injury for the Orange location as compared with the other 2 areas. This difference 
in plant ratings may well be an expression of salinity-fertility interaction because 
Nason is a very poor soil. 

The 6 evergreen species can be divided into 2 groups: 3 salt-tolerant and 3 salt
sensitive plants. The salt-tolerant group included pfitzer juniper, creeping juniper, 
and Adam's needle. White pine, Norway spruce , and Canadian hemlock were very 
sensitive to the salts. During the first winter, even the lowest salt rates seriously 
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injured and frequently killed these less tolerant species. The 3 salt-sensitive species 
were so injured hy thP. low salt rates that they did not survive the first summer, yet 
the salt-tol~rant group remained healthy. Pfitzer juniper and Adam's needle even sur
vived the highest salt rates. Because of poor survival at the Blacksburg location, 
Adam's needle was not included in the experiment and creeping juniper was excluded 
the second year. The degree of injury for individual species was dependent on whether 
sodium chloride or calcium chloride was applied. It was observed in August 1969 that 
a 3-ton treatment of these salts showed calcium chloride to cause more injury to white 
pine, while sodium chloride caused more injury to hemlock. 

The plants studied gave significant differences in response to salt treatments, and 
species-salt treatment interactions were observed. Plants that were sensitive to the 
2 de-icing salts showed increasing degrees of leaf burn, leaf defoliation, and limb die
back as the amount of salts applied increased. The more tolerant plants such as honey 
locust, honeysuckle, privet, and pfitzer juniper showed no leaf burn, even for the high
est salt-treatment rates. 

The average tolerance values across all sodium chloride and calcium chloride treat
ments showed salt tolerance of the deciduous trees to increase in the following order: 
tulip poplar < green ash < redbud= sugar maple < white birch < honey locust. For the 
deciduous shrubs salt tolerance increased in the following order: rose = spirea < wei
gela < forsythia < honeysuckle < privet. Salt tolerance for the evergreens increased 
in the following order: hemlock < Norway spruce < white pine < creeping juniper < 
Adam's needle < pfitzer juniper. 
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