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AN ASSESSMENT OF CHLORIDE-ASSOCIATED, AND OTHER ROADSIDE TREE
DAMAGE, ON THE SELWAY ROAD, NEZ PERCE NATIONAL FOREST

Susan K. Hagle, PhD
Plant Pathologist

ABSTRACT

Tree damage following dust abatement/road
stabilization treatment was evaluated on 12.5
miles of the Selway River Road, Nez Perce
National Forest. Calcium chioride was applied in
June of 2000, mostly at a rate of 5lb/yd® (18,600
Ib./acre) or 6.9 Ib/yd® (25,700 Ib/acre). 1,189
trees up to 30 feet from the road were examined
in June 2001 and again in December 2001.
Western redcedar and Douglas-fir were most
damaged by the chloride. Ponderosa pine was
the most tolerant of the tree species. Severity of
damage was associated with tree species,
proximity of trees to road, and CaCl, application
rates. Cedar foliage samples collected in
November 2001 from symptomatic trees near
treated road averaged nearly seven times more
chioride ion concentration than the controls.
Treated Douglas-fir averaged 50 times more and
ponderosa pine average 30 times more than
their respective controls. As of December 2001,
12% of cedars were dead and another 18%
appear to be dying. Douglas-fir fared worse with
29% dead and 12% dying. Grand fir and
ponderosa pine had only 6% and 4%,
respectively, dead or dying.

INTRODUCTION

The Selway River Road is a single-lane road
adjacent to the lower Selway River. It primarily
provides recreation access to the river and to
wilderness trails in summer and fall.
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Potholes, dust, washboards and boulders in the
road surface have limited serviceability of the
road. Sediment has been a concern as well. In
June of 2000, solid (flake) calcium chloride was
applied to a section of the Selway River Road as
part of surface treatments to stabilize the road
(Monlux and Calcaterra 2001). Treatment also
included in-place processing of the native road
surface to a 6-inch depth and addition of
crushed basalt. In the spring of 2001, tree
damage on the lower (river side) of the treated
road was evident. The pattern of damage was
easily discerned; most severe damage occurred
in mature western redcedar, Douglas-fir, grand
fir and ponderosa pine that were closest to the
road edge and most discoloration is high in the
crowns of these trees. This pattern and the
known toxicity of chloride (CI') in plants
suggested absorption of chloride ions by the
trees as the cause of their demise.

Studies of phytotoxic effects of calcium chloride
were funded by National Cooperative Highway
Research Program; published in 1976. The
studies, conducted by researchers at Virginia
Polytechnic Institute and State University,
investigated relative tolerance of 18 species of
woody plants in three different physiographic
regions to both sodium chloride and calcium
chloride (Hanes and others 1976). In the
controlled experiments, calcium chloride was
applied at rates of 1,500, 3,000 or 6,000
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died shortly after bud break and the half-grown
leaves were brown and curled. Since chloride is
a highly leachable ion, | was interested to see if
the chloride content would be comparable to that
of live symptomatic pines.

Samples were collected from three control trees
of each species for comparison. These trees
were nonsymptomatic trees that were at least
100 feet from the road on the uphill side.

Fresh samples were sent to Dr. Ronald
Etheridge at the Poultry Research Laboratory,
University of Georgia. Dr. Etheridge dried and
ground the samples and analyzed the percent of
chloride and percent of moisture of each
sample. From this | calculated the percent of
chloride by dry weight, which allowed a direct
comparison with results of the National
Cooperative Highway Research study (Hanes et
al 1976).

SUMMARY OF RESULTS
THE GENERAL CONDITION SURVEY

Of the roughly 12 miles surveyed, nearly half
(48.8%) were rated low for chloride symptom
severity in June (Table 2). Most of the
remainder was rated moderate (37.6%). Most
mortality observed in June occurred in the
portions of the stand rated severe.

Table 2. Chloride damage tallied in the general
condition survey.

Chloride Symptom
Severity Miles % of Survey
None 0.6 4.8
Low 6.1 48.8
Moderate 4.7 37.6
Severe 1.1 8.8

One third (34%) of the treated miles received an
application of 6.8 to 6.9 Ib/yd® of calcium
chloride (25,300-25,700 Ib/acre) as well as
basalt aggregate (Table 3).

Table 3. Summary of chloride symptom severity from general survey by road treatment.

% of % % % %
Road Treatment Miles | Road | None | Low | Mod. | Severe
6.9 Ib./yd” CaCl, (25,700 Ib./acre) 2.7 21 0 31 54 15
(5 Ib./yd® CaCl, mixed,
1.9 Ib./yd® CaCl, on surface. Basalt aggregate
added.]
6.8 Ib./yd” CaCl, (25,300 Ib./acre) 1.6 12 0 31 69 0
[6.8 Ib./yd® CaCl, mixed.
Basalt aggregate added.]
5.0 Ib./yd” CaCl, (18,600 Ib./acre) 7.5 58 1 55 36 8
[5 Ib./yd® CaCl, mixed.
Basalt aggregate added.]
5.0 Ib./yd” CaCl, (24,000 Ib./acre) 0.2 2 0 0 100 0
[5 Ib./yd® CaCl, mixed.
No basalt added.]
4.0 lb./yd® CaCl, (15,000 ib./acre) 0.3 2 0 0 100 0
[4 Ib./yd® CaCl, mixed.
Basalt aggregate added.]
No CaCl, added 0.3 2 100 0 0 0
[Basalt aggregate added.]
No CaCl, added 0.3 2 100 0 0 0
[No basalt added.]
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classes. This further indicates that the two CHLORIDE CONTENT OF FOLIAGE

factors most responsible for variation in damage . y

are the adjacency of the tree to treated road, Foliage samples collected from live trees

and the individual root morphology that brings along treated sections of the road all yielded
the fine roots in contact with concentrations of higher concentrations of chloride than did
chloride. samples from trees that were not near the

treated road (Table 6).

Table 6. Samples analyzed for total chloride content on 5 November 2001, approximately 17 months
after road application of CaCl.. Chloride content reported as percent of sample dry weight.

v Sev Sev Rd
Sample |- Species | Tree | DBH | Zone | 06’ 12 | Cond.? | CaCl, | Seg B
1 DF 63 14 2 3 4 D 5 7 1.223
2 DF 625 | 20 2 4 4 D 5 2A 0.675
3 DF 458 | 16.2 | 2 4 4 uT 5 7 1.108
A3 PP 834 | 22 2 4 4 D 6.5 1 0.376
5 . PP 430 | 20 3 3 3 5 7 0.584
6 PP 622 | 16 1 2 3 5 2A 0.909
7 PP 69 28 3 2 3 U 5 7 0.887
8 C 652 | 16 3 3 4 D 5 2A 0.233
9 C 129 | 22 1 4 4 uT 5 7 0.311
10 @ 81 28 2 4 4 uT 5 7 0.870
11 C 267 |18 3 4 4 D 5 7 0.357
12 C 14 32 2 3 3 uT 5 7 1.035
13 C 144 | 335 |1 3 4 uT 5 7 1.154
14 C 538 | 28 1 2 3 T 5 7 0.435
15 C 829 | 38 1 4 4 D 6.5 1 0.922
16 C 832 | 16 2 4 4 D 6.5 1 1.054
17 C 737 | 24 3 3 4 D 6.5 1 0.905
18 DF C1 14.8 0 0 0 0.016
19 DF Cc2 15.3 0 0 0 0.096
20 DF C3 21.2 0 0 0 0.022
21 PP C4 24.6 0 0 0 0.018
22 PP C5 27.9 0 0 0 0.023
23 PP C6 18.8 0 0 0 0.022
24 C C7 28.5 0 0 0 0.062
25 C C8 19.7 0 0 0 0.117
26 C C9 32.3 0 0 0 0.147

'Sev 06 = Chloride symptom severity in June 2001, Sev 12 = severity in December 2001.

2Codes for condition in December 2001; D = dead, U = unlikely to survive (appears nearly dead), T = topkill, UT = topkilled and

unlikely to survive.
3This tree was the only sampled tree that was dead when first examined in June 2001. It had died shortly after bud break
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In the case of Douglas-fir, the treated sample
averaged 50 times more chloride than the
control. Treated ponderosa pine averaged just
over 30 times greater chloride than controls.
Western redcedar showed the least difference,
with nearly seven times greater chloride than the
control (Table 7).

Only one dead tree was sampled. Ponderosa
pine #834 was dead when transects were
established in June 2001. The 16-inch diameter
tree had died shortly after bud break as
indicated by the wilted, incompletely expanded
shoots. Foliage from the 2000 growing season,
which was the only foliage remaining on the
tree, was curled and red-brown in June 2001.

When the sample for chloride analysis was
collected in November of 2001, foliage had
turned gray but remained attached to branches.
| wanted to see if the chloride content was
similar to other symptomatic trees even though
the tree had been dead for several months.
Although the chloride content was still 18 times
greater than the control average for ponderosa
pine, it was somewhat lower than that of live
symptomatic pines. It is evident that chloride
poisoning was the cause of death and if chioride
was leaching from deteriorating foliage, it was
happening slowly because considerable chloride
was still present.

Table 7. Summary of 26 samples analyzed for foliar chloride content on November 5, 2001.

Species

~ Factor
Control Treated (treated/control) |

| L
| % Cl, (Average) Cedar
. Douglas-fir
: Ponderosa
: pine
| DBH (Average) Cedar
Douglas-fir
Ponderosa
pine
Severity June 2001 Cedar
Severity Dec. 2001  Cedar
Severity June 2001 Douglas-fir
Severity Dec. 2001  Douglas-fir
| Severity June 2001 Ponderosa
pine
Severity Dec. 2001  Ponderosa
pine

0.109 0.728 6.7
0.019 1.002 B22

0.021 0.689 33.7
26.8 25.6
17 16.7
17.8 21.5
3.4
3.8

3.6
4.0

2.8

3.3
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According to Singer and others (1982)
“absorbed” chloride is needed only in small
amounts by plants but it also may be very toxic
at low concentrations. Studies have correlated
high levels of chloride (Cl-) in foliage and twigs
with foliage damage where CaCl, was used on
adjacent roads (NRCC 1977). A technical
bulletin on chlorides issued by Environment
Canada, Environment Protection Service (1984)
lists the chloride ion threshold limit for chronic
plant toxicity in water as 100 ppm. T his figure is
likely to vary greatly by plant species because
salt tolerance is known to vary widely.

Hanes and others (1976) reported that the three
conifer species that were most injured by salts
(eastern white pine, Norway spruce and
Canadian hemlock) absorbed 7 to 15 times
more chloride than untreated plants. This was
sufficient to kill all of the treated plants. Their
percent dry weight chloride content for untreated
trees of these conifer species was comparable
(0.04) to those found in the Selway control
samples for western redcedar (0.11), Douglas-fir
(0.02) and ponderosa pine (0.02). In the Selway
samples, on average, treated trees had
absorbed from 7 to 50 times as much chloride
compared to untreated samples. Trees near the
Selway River road having higher concentrations
of chloride in foliage is consistent with higher
application rates of calcium chloride on the
Selway Road (from 2.5 to 4 times higher than
the highest rates tested by Hanes and others.)

Vischer (2001) reported that in two of three sites
he sampled in June 2001 on the Selway Road,
little of the chloride that had been applied a year
earlier remained in the upper 4 inches of the
road. He noted that heavy rainfall in September
through November of 2000 may have caused
removal of much of the chloride through runoff.
Damaged trees are mostly downslope from the
road. Perhaps much of the transported chloride
was deposited in the soil downslope of the road
where it would be even more available to fine
roots of trees. With sufficient runoff, some
chloride may have moved into the adjacent river,
and was thus transported away from the site.
Since a considerable amount of chloride was
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found in tree foliage, this may account for much
of the “missing” chloride as well.

Chloride ions are readily soluble in water and
easily transported by moving water. Hanes and
others (1976) reported rapid leaching of ions
from calcium chloride deicer through the soil
profile. Under natural rainfall conditions for
Virginia, 2 years after application of 6,000
Ib/acre, chloride contents of soils were no higher
than that of nontreated sites.

CONCLUSIONS

> Severity of crown symptoms is related to
amount of CaCl, applied to the road. Higher
application rates result in greater damage
and greater distances from the road.

» Severity of crown symptoms is related to
proximity of trees to treated road sections.

» Absorption of chloride by roots, and
translocation to and accumuiation in the
upper crown, is the most probable
mechanism for observed tree damage.
Deposition of chloride in dust or salt spray on
foliage is unlikely mechanisms.

» Douglas-fir exhibited the least tolerance to
chloride, followed by western redcedar and
grand fir. Ponderosa pine exhibited the
greatest tolerance.

» Conditions of trees have continued to
worsen since June 2001, indicating that we
probably will see additional mortality in the
coming (2002) growing season.
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Appendix A. General condition survey.

Odometer | Nearest Overall
reading milepost | rating Notes
19.0-19.5 | Low End of road Race Creek campground. C mild to
none, 2 dead DF, 1 nearly dead PP.
18.5-19.0 | Moderate | PP with curled (wilted) terminals and dead distal 'z to
1/3 of needles.
17.9-18.5 | Moderate | Moderate to severe near road.
17.6-17.9 | Moderate | Upriver from Gedney Creek bridge. Most are PP,
moderate; 3 dead DF, 1 dead C.
0-0.5 17 Low Average June severities all about 1 (Low),
Average December severities 1-2 (Low to Mod.)
0.5-0.6 Low Mild to severe C. 2 large GF very severe.
0.6-0.75 Low Mild to severe on C.
0.75-1.0 Moderate | Moderate to severe on cedar, Severe on some DF,
GF, PP
1.0-1.25 Moderate | DF with current growth wilting/turning red.
1.25-1.4 N/A No trees in this stretch
1.4-1.5 Moderate | DF w/ severe symptoms (Roll 2, photo 15)
1.5-1.6 Low Not much discoloration in any spp.
1.6-1.7 Severe Group of C are likely to die
1.7-1.9 Low Few trees, fewer symptoms
1.9-2.0 Moderate | Moderate to severe, especially in C
2.0-2.2 Low Average June severities both 1 (Low),
Average December severities 1.3-1.7 (Low to
Mod.)
2.2-24 Very low | Ave. June severities <1 (very low),
Ave. December severities 0.5-1 (very low to low)
2.4-2.5 15 None Few trees, June and December severities both 0.
2.6-2.7 Moderate | Moderate to severe.
2.7-2.9 Low Trees present but have few symptoms.
2.9-3.7 Low Few scattered trees show moderate to severe
symptoms.
3.7-4.0 Moderate | Moderate to severe in most of the C.
4.0-4.1 Low Ave. June and December severities about 1 (low).
4.1-4.2 Low Ave. June severity low, December moderate.
4.2-4.5 13 Low Ave. severities very low in June to low in
December.
4.5-4.7 Low Few symptoms
4.7-5.3 Moderate | Mild to severe, most C are affected
5.3-5.4 Low Mild symptoms
5.4-5.5 Moderate | Moderate to severe symptoms.
5.5-6.0 Low Very mild
6.0-6.1 Low Ave. June and December severities low.
6.1-6.2 Low Ave. June severity low, December high

moderate.
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Appendix A. General condition survey, continued.

Odometer | Nearest Overall

reading milepost | rating Notes

6.2-6.3 None Few trees. June and December severities almost
0.

6.3-6.4 11 None Few trees. June and December severities 0.

6.4-6.5 Moderate | Ave. June severity moderate, December high
mod.

6.5-6.6 Severe Severe in all species

6.6-6.8 Low Mild to none- Boyd Creek campground

6.8-7.2 Low Mild to none

Odometer | Nearest Overall

reading milepost | rating Notes

7.2-7.3 Low Mild to moderate

7.3-7.8 Severe Moderate to severe. Many dying at 7.4-7.5.

7.8-8.0 Low Mild to none

8.0-8.1 Low Ave. June severity 1(low), December 2
(moderate.)

8.1-8.2 Moderate | Ave. June severity 1.6, December 2. 1.

8.2-8.3 Low Ave. June severity 1.2, December 1.7.

8.3-8.5 9 Moderate | Ave. June severities 2, December 2.5.

8.5-8.9 Severe Severe to moderate mostly, some mild.

8.9-9.1 Low Mild to none

9.1-9.2 Moderate | Moderate to severe overall

9.2-9.6 Low None or mild

9.6-10.6 Moderate | Few trees. Clump of C at 9.8 with severe symptoms.
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