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1. INTRODUCTION

In the Lake Tahoe Basin, California, deicing of highways
with salt (sodium chloride) mixed with sand and cinder
was begun in the early 1950's. Between 1965 and 1975,
on an average, 1,460 tons of salt per year were used in
deicing highways around the basin, In the early 1970's
several species of coni ferous trees were observed to be
dying along these highways. Plant pathologists of the
U.S. Forest Service (USFS) reported in 1971 that the
decline of pine and fir in several hundred acres in the

' _vicinity of Camp Richardson and Echo Summit were caused

by fungi - Elytroderma deformis and Melampsorella
cerastii. Local foresters suspected highway deicing salt
alsc as a cause of damage especially in areas where these
fungi were absent. seyeral investigations (1,8,9,10,171,
14,18,24,25) conducted in the eastern and midwestern
states have shown that deicing salt caused damage to

roadside vegetation, byt in California information on the
impact of salt on the roadside vegetation was scanty.

In the spring of 1973 the Pacific Southwest Forest and
Range Experiment station and the pacific Southwest Region,
USES conducted a study to determine the effect of salt on
the coniferous trees in the Lake Tahoe Basin and concluded
that some 3,000 trees were dying or dead within 60 feet of
the highways due to salt (21). This study did not attempt
to correlate the extent of damage tO the amount of salt
applied in different sections of the highways nor did it
take into account other possible causes of plant damage.
The California State,Deﬁartment of Transportation (Caltrans),
the USFS and the Tahoe Regional Planning Agency (TRPA)
recognized the need for more detailed studies which would



agents, establish threshold Tevels of sodium (Na) and
chloride (C1) causing phytotoxicity, and delineate salt
damage symptoms from those caused by other factors. The
‘relation between highway application rates of salt, salt
in the soil adjacent to the highway, and tissue lTevels of
Na and C1, at threshold levels of damage was needed to
implement a successful mitigation program.

A research Program initiated andg financed by Caltrans and
the Federal Highway Administration (FHWA), and conducted
by the Department of Environmental Horticulture of the
University of California at Davis was begun in 1973. This
report presents and discusses the research findings of
this program.

2. BACKGROUND

Sand or cinders, and salt are used as safety nmeasures gn
some California highways subjected to snowfall. The sangd

used primarily as a bond breaker between the pavement and
the snow and jce. The rate of application of salt varies
according to storm fraquency and site aspect,

Between 1970 and 1975, the tota] annual use of salt on the
state highway system ranged from about 18,000 to 31,000
tons depending on the Sseverity of the season (7). Approxi-
mately half of the total annuai tonnage was used on State
Route 50 and I-80 in Transportation District 03 (Fig. 1).

During these vears typical annual salt application rates
per lane mile in District 03 ranged from 15-25 tons on
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‘State Route 50 over Echo Summit (7,000 ft), 7-12 tons

on I-80 over Donner Summit (7,240 ft), to a low of 1.5 -
5.8 tons on State Route 89 in the Lake Tahoe Basin (7).
These roads lie in regions of heavy snowfall and traverse
coniferous forests of the Sierra Nevada mountains. They
are routes of heavy winter traffic.

An environmental impact report was prepared and circulated
by Caltrans in 1975 covering the use of deicing salt on
state highways in California. This report covered specific
issues of salt usage impact on the roadside environment and
the established Caltrans approach to handling snow and ice
removal along state routes. The report compilation resulted
in a re-definition of statewide objectives of snow and ice
removal, namely "......to use the minimal amount of salt
necessary to maintain highways in a condition that is

safe......"

Caltrans has directed its efforts since 1975 to the reduc-
tion of salt usage through:

Uniform Togging of salt applicationy

2. Identification of highway segments of typical salt
usage;

3. Re-evaluation of snow and ice control levels through-
out the system to determine when reduced salt usage
will give equivalent adequacy;

4, Improved training of field personnel;

5. Securing better electronic metering for improved
mixing and application of salt and abrasives;

6. Identifying environmentally sensitive segments where
further downward adjustment of salt applications
might be made.



An experimental no-salt section of 10 miles on State
Route 89 is currently beihg monitored by Caltrans in an
effort to relate safety, maintenance costs, road closure,
etc., to similar areas where salt 1is used.,

Salt leaves the highway surface in three ways. Snow plows
remove large quantities of salt-laden snow and deposit it
in the median or along the roadway shoulder. Dissolved
salt leaves the roadway as runoff. Aerosols created by
traffic may deposit salt on foliage. The quantities of
salt that leave the road depend on the amount applied but
the distance the salt is transported and the concentration
in the soil from place to place depends oOn other factors.
The topography, presence of berms, highway slope (super)
and grade, wind velocity and direction, presence of
vegetation, location of roadside ditches and drainage
channels, volume of traffic and variations in snow
accumulation (affecting dilutioh) influence the distri-
bution of soil salt adjacent to the highway.

Many studies have shown that deicing salt can have an
adverse effect on vegetation near highways because of the
toxicity of high concentrations of Na and C1 in the tissue.
The damage is mani fested in mild form by tip browning of
foliage, premature defoliation in conifers, retardation of
growth and, in severe cases, death of the plant, (8,9,10,
11,14,24,25).

Plant damage along highways can be caused by a number of
other agents. Various fungous diseases, plant parasites
and insects occur in the study area.

Needle blight (Elytroderma spp.) in Jeffrey pine and
lodgepole pine, brown rust (Melampsorella spp.) in white




firﬂéﬁéﬁfed fir, both in'epidemic proportions in certain
lTocalities, commandra blister rust (Cronartium spp.) in
the native pines, canker (Cytospora sp.) in white fir
and Teaf rust (Gymnosporangium sp.) in incense cedar and
species of Armillaria, Fomes and Polyporus. which cause
root and heart rot and pocket dry rot in pines, firs and
incense cedars are known to be present in the Lake

Tahoe Basin.

Dwarf mistletoes (Arceuthobium spp.) which causes extensive
damage in sugar pine, white and red firs and especially 1in
Jeffrey and Todgepole pines are also prevalent in the area.

The mountain pine beetle (Dendroctonus ponderosae (Svn.:
D. monticolae)) in sugar pine and lTodgepole pine, deffrey
pine beetle (Dendroctonus-jeffreyi) in Jdeffrey pine, fir
engraver beetle (Sco]ztis sp.) in white fir and red fir
are known to be destructive in these areas.

Changes in the mic¢ro-environments by men's activities may
contribute to plant damage. The activities include: the
opening of the forest canopy by highway and other construc-
tion; a1tering runoff and drainage patterns, dumping fil7
material around trees during construgtion or clean-up
activities, severing portions of the root sysiems during
road and sewer construction, and compaction from traffic
and parking along highway rights-of-way. Most of these
factors are diffigult to evaluate but this study did
attempt to assess the effects of fil] around trees.

In the study area where roads are uniformly salted, the
damage pattern is erratic. This suggests that there may
be genetic variability and that variations in tree size



and vigor may affect susceptibility to salt damage. The
adverse biotic agents and changes in micro-environments
~could act independently or have an additive effect on
‘p1aht damage. A careful examination of the etiology of
plant disorders along highway corridors seemed desireable.

The geography and hydrology of the research areas are
similar but vary somewhat.

Lake Tahoe, at an elevation of about 6,200 feet, is
encircled by mountains. The soils are formed from a
complex admixture of volcanic, metamorphic and granitic
rocks. The annual snowfall is between 200 and 300 inches.
The summer day-time temperatures range from 70-90°F and
the growing season between killing frosts varies from

8~12 weeks depending upon the year.

The three Trans-Sierra highways have, at the elevations

of the study sites, somewhat similar soil and vegetation
patterns. The soils at the sites are described in Caltrans
Data Appendix (17). Precipitation at the weather stations
in the project area are given in Table 1. At lower eleva-
tion sites the plant spectrum begins to change. The true
firs and the lodgepole and Jeffrey pine give way to Douglas
fir (Pseudotsuga menziesii (Mirb.) Franco) and ponderosa
pine (Pinus ponderosa Dougl. ex P. Laws., & C. Laws.} and
the deciduous poplars give way to California black oak
(Quercus Kellegii Newb.) and big-leaf maple (Acer macro-
phyllum Pursh). There is change in diversity and Kinds

of shrub species.

The following are the predominant tree and shrub species
in the Tahoe Basin and adjacent study areas:



Table 1. Annual precipitation in the study area (inches, July through June).}

Truckee Ranger

Blue Canyon Station Tahoe City Twin Lakes
Year Normal Actual Normal Actual Normal Actual Normal Actual
1974-75 67.58 68.92 32.82 31.56 33.13  27.33 §1.13 49.96
1975-76 " 34.75 " 17.42 " 14.32 " 29.14
1976-77 " 26.98 " 17.91 " 12.16 " 26.68

1977-78 »___87.87 " 33.47 " 28.7 " 55.00

From Nakao et al (17).




Trees

Abies concolor (Gord.) Lindl.
ex Hildebr.

A. magnifica A. Murr.

Calocedrus decurrens (Torr.) Florin

Pinus jeffreyi Grey. & Balf.

P. lambertiana Dougl

P. murryana Grev. & Balf.

P. ponderosa Dougl. ex P. Laws & C. Laws

Populus tremuloides Michx.

- P. trichocarpa Torr. & Gray

Shrubs

Arctostaphylos nevadensis

A. patula Greene ’
Artemisia tridentata Nutt.

Ceanothus cordulatus Kell.

C. prostratus Benth.

€. velutinus Dougl. ex Hook.

Chrvsolepis sempervirens (Kell.)
Hielmguist

Cornus stolonifera Michx.
(Syn.: C. sericea)

Penstemon newbervryi Gray

White fir

Red fir
Incense cedar
Jeffrey pine
Sugar pine
Lodgepole pine
Pondebosa pine
Quaking aspen

Cottonwood

Pinemat manzanita
Greenleaf manzanita
Bigbasin sagebrush

Mountain whf£ethorn,
snowbush

Squaw carpet,
mahala mat

Tobacco brush,
buckbrush

Chinquapin

American dogwood,
creek dogwood

'Newberry penstemon,

mountain pride



Shrubs (Cont.)

Prunus emarginata (Dougl.) Walp. Bitter cherry
Quercus vaccinifolia Kell, ' Huckleberry Oak
Salix spp. | ~ Willow

Sambucus microbotrys Rydb. Mountain elderberry

Numerous other shrub species occur in varying numbers
in the study areas and at the lower elevations on the
trans-Sierran highways a few additional tree species
are found.

3. OBJECTIVES

This five-year study was inaugurated by Caltrans in 1973
to assess the extent and causes of damage to roadside
vegetation in Transportation Districts 03 and portions of
District 10 caused by highway operations; to investigate
the role of other possible agents that might contribute
“to ‘damage; and to devé1op operational procedures to
minimize or alleviate plant damage.

The pfoject was divided into two phases: I - soil salt
analysis and II - vegetation damage assessment and
recommendation for mitigation.

Phase I was conducted by Caltrans staff with the following
objectives:  to quantify salt concentrations of soils at
selected sites along roadways, to determine typical ozone
concentrations in the Basin and to develop methods to
minimize or alleviate plant damage. The task was completed
in June 1975, In January 1976, Caltrans published an
interim report discussing their findings.

10



phase 1I, conducted by the Department of Environmental
Horticulture, ucD, had the following objectives:

1. To survey the extent of plant damage in the study
areas, identify the causes of damage (salt in the soil
and foliage, pathogens., bark beeties and altered micro-
environment, etc.). and when possible, guantify the
damage caused by each agent, and delineate plant damage
symptomss

2. To determine the seasonal fluctuation of salt in
roadside vegetation and soilss

3. To develop salt damage symptoms in shrubs and trees
native to the study area and to determine the threshold
toxicity 1evels in the leaf tissues

4. To determine the symptoms and threshold 1evels of
damage from salt applied to the foliages |

5. To determine the influence of temperature 0N salt
uptake by roots of at least one tree speciess

6. To determine the role of root rot pathogens in
damage to conifers in the study sitess

7. To determine whether salt can enter the tree through
the bark at the pase of the trunk. (This area is often
covered by deicing sahd or cinders near the highway.):.and
8. To assist Caltrans 1in developing alternative highway
'operational proceduves, to minimize OF alleviate plant .
damage, pased on the results of the research.

4. RESEARCH STUDIES

A number of separate studies were devised toO meet these
objectives. These were:

1) Field Surveys = objectives 1, 2, and 6 (in part)s

11



2y Seil Satt Application Trials - objective 3,

3) Foliar $alt Application Trials - objective 4,

4) Armillaria Root Rot Study - objectives 1 (in part)
and 6,

5) Seasonal Fluctuation of Salt Study - objectives 1

Potentia) study areas Wwere selected ip the fall of 1973
by visiting the highway corridors involved, State routes
28, 88, and 89, U.s, 50, and 1-80 in the areas in which

teen sites werekse]écted for intensivye study, basegd on:
deicing sé1t apb]ication rates, roadway drainage patterns,
5011 types, topography, vegetation diversity and density,
and type and severity of plant damage. The objectives

types, tdpography, drainage Patterns, etc,, of the sites



Figure 2 . PLANT DAMAGE 'STUDY SITES
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FIGURE 3A. . DEICING SALT APPLICATION RATES AT THE
TERRESTRIAL VEGETATION STUDY SITES
ok ... WINTER 1974 -75
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FIGURE 38. DEICING SALT APPLICATION RATES AT THE

TERRESTRIAL VEGETATION STUDY SITES
. WINTER 1975-76
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FIGURE 3¢. DEICING SALT APPLICATION RATES AT THE
TERRESTRIAL VEGETATION STUDY SITES
Gk . WINTER 1976-77
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FIGURE 30. DEICING SALT APPLICATION RATES AT THE
TERRESTRIAL VEGETATION STUDY SITES
wtC . WINTER 1977-78
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Additional preliminary survey work was done in 1975 and
early 1976. It was apparent from these studies that
changes in vegetation were not occurring at a rate which
would supply the data needed to accomplish the objectives
within the time constraints of the project. A more inten-
sive survey was begun in August 1976 on three of the 15
original sites.

5.2 General Methods

5.21 Chemical Analysis: Sodium and chloride contents of
leaf tissue were taken as a measure of damage due to salt.

The sodium (Na) and chloride (C1) contents of the leaf
tissue were determined by the following procedures. For
Na, dried, ground tissue was leached with a neutral normal
NH4Ac (ammonium acetate) solution. This solution effec-
tively removes all Na from the tissue. Sodium is then
determined in the leachate. For C1, dried, ground tissue
is extracted with hot dilute nitric acid, and C1 is then
determined in the extract. Results for beth Na and Cl1 are
reported as percent by weight of dried leaf tissue.

The salt content of soil samples was obtained by measuring
the electrical conductivity of the saturation extract (18).
The electrical condugtivity (ECe) is given in millimhos/cm.
Na and C1 analysis of the saturation extract are reported
as miltiequivalents/liter (meq 1-J).

For both tissue and soil analysis, Na was determined by

flame photometry and C! was determined by potentiometric
titration.
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5.22 Beetle Damage: The number of beetle holes
(including pitch tubes) detected around a 6" band of
bark at breast height was counted. These data were con-
verted to holes per square foot of surface area and

were taken as an index of beetle damage. The species

of beetles were not identified.

5.23 Fungous Damage: The base of the trunk and the

bark of the crown roots of each tree were examined for
the presence of fungus especially Armillaria root rot
fungus, and when present, a samplie was taken and cultured
in the laboratory for identification.

5.24 Fill Material: One of the easily measured modifi-
cation of the micro-environment of roadside trees is the
presence of fill material around the trunk. The depth
of fill around each tree in the intensive survey was
measured in inches.

5.25 Miscellaneous Observations: The presence of
mistletoe, leaf diseases, altered drainage patterns, etc.,
were recorded when observed. Because of the random occur-
rence, their contribution to plant damage could not be '
quantified. '

5.26 Damage Rating: Damage of trees was assessed on the
extent of browning and defoliation of the whole tree.

This was expressed as % damage in the Intensive Survey of
1976. The pattern of leaf browning caused by deicing salt
was different from that caused by other factors such as
beetle and fungus and was noted. However, in damage
assessment, the overall browning of the tree was considered
regardliess of the pattern or the cause. Damage on shrubs
was not rated.

19



5.3 Preliminary Surveys

5.31 Survey of 1974: During the summer and fall of 1974,
the 15 sites selected in the fall of 1973 were staked and
vegetation inventories made (the inventory on site 9 was
completed in the spring of 1975). The inventories included
the number and size of trees by species and the percentage
of shrub cover by species. Qualitative data included
observations on health and vigor of tree species. Tissue
samples of four shrub species were collected to correlate
Na and C1 levels with the soil salt levels found in the
Caltrans Translab studies (16).

These inventories indicated that, in general, there was
somewhat more damage adjacent to the highways, but the
pattern of injury was erratic and trees distant from the
highways also often exhibited damage symptoms.

The four shrub species sampled were pinemat manzanita,

squaw carpet, Newberry penstemon and mountain elderberry.
These pltants were growing at various distances from the
hiéﬁway in sites 1 and 11 which received low quantities of
salt, and site 15, which received large quantities of salt.
Tissue samples from these plants were collected and analyzed
for Na and C1. Both green and damaged leaves were obtained
from the manzanita and the penstemon.

The concentrations of Na and C1 in the samples are listed in
Table 2. Sodium concentration in mountain elderberry varied
from 0.45 to 0.56% and in other shrubs from 0.07 to 0.26%.
Chioride concéntrations in all these sampies ranged from Tess
than 0.003 to 0.05%. Thus, except for mountain elderberry,
Na and C1 in foljage within each shrub at different distances

20



Table 2. Preliminary Survey - Leaf Na and C1 concentration of 4 shrub species growing

in sites, 1, 11 and 15; sampled in August, 1974.

Distance from highway

% dry waight
Ci

Species Site feet Na
Pinemat manzanita 1 70 0.14 <(.005
n 70 0.09 <(,005
11 70 0.08 <0.005
11+ 70 0.09 <0.003
11+ 70 0.07 <0.005
11+ 70 0.09 <0.003
15 230 0.13 <0.05
15 230 0.14 . <0.05
15 230 0.12 <0.05
15 - 0.13 <0.05
15 - 0.12 <0.05
15 -- 0.13 <0.05
16+ -- 0.11 <0.05
5+ - 0.10 <0.05
15+ - 0.11 <0 .05
Squaw carpet 1 30 0.25 <0.05
11 30 0.25 <0.05
11 30 0.25 <0.05
1 200 0.23 <0.05
n 200 0.25 <0.05
N 200 0.24 <0.05
1 325 0.26 <0.05
1 325 0.25 <0.05
11 325 0.25 <0.05
Newberry penstemon 15 10 0.09 0.017
' 15 10 0.14 <(.003
15+ 10 0.15 0.006
15+ 10 0.14 0.002
15+ 40 0.13 0.006
15 40 0.09 <0.015
15+ 40 0.4 0.004
15+ 40 0.14 0.003
15 100 0.15 <0.015
15 - 100 0.14 0.003
Mountain elderberry 1 100 0.46 0.006
1 100 0.56 -
i 100 0.46 0.006
1 220 0.47 0.003
1 220 0.45 0.003
1 220 0.47 0.003

+Brown leaves.



firom fheihighway did not vary widely though so0il data
of Spring 1974 at corresponding distances, furnished by
Caltrans, showed that Na and C1 concentrations differed
widely with distances from the highway (16). Also Na
Tevels encountered in these shrubs were much lower than
the levels that caused damage in these shrubs under
greenhouse conditions (Appendix 1).

In November, roots of dead or dying conifers were
examined for presence of root rot. These trees were at
varying distances from the highway and included some
trees in sites 7,8,10,11, and 13,

At 03-Ed-50, PM 51.40 (site 13) an incense cedar with
‘limbs dying on one side was sampled. A water mold,
possibly a species of Pythium was isolated.

At Site 7, Camp Richardson 03-Ed-89, PM 10.43 many trees
of Jeffrey pine were dead, most over 100 feet from the
road. All dead trees examined were found to have
Armillaria mellea in the large roots and below-ground
portion of main trunk. Some roots of several unthrifty
trees were examined but no Armillaria was found on these.
Trees on the steep bank at Site 8, 03-Ed-89, PM 14.32 had
excessive so0il pushed around the lower portions of the
main trunk, one of which was covered more than 5-6 feet.
5011 was removed to the root crown on two white fir and
Armillaria was found in the larger roots and beTow-ground
portioﬁ of main stems of both trees.

At the snow gate, north approach to Emerald Bay, Site 10,
43-Ed-89, PM 18.10, stumps of several trees were examined.
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uNdffuﬁgus was found on the very large Jeffrey pihe
removed earlier. Several declineing trees across the
road were examined. No fungus was found on these,

Two trees on the downhill side of the road were examined

a few hundred yards north of the Bliss State Park entrance.
Soil Tevel had been raised on these trees. On one, a

white fir, Armillaria was found but not on the other, a
lodgepole pine. Across the road, Armillaria was found on
one large red fir but not on two others.

North of Tahoma, (03-PLA-89) two large white fir stumps
(sporophores from near one) were examined but no Armillaria
was isolated. The sporophores were not those of Armillaria.

Just north of Site 11, 03-Ed-89, PM 26.4, Sugar Pine Point
State Park, two trees on the west side of the roadway were
examined. Both had beetle infestation, one had mechanical
damage at the base and possible Armillaria mycelia appeared
to be present on one, a red fir. The other, a white fir,
did not show Armillaria mycelia.

At the time of the survey it could not be determined
whether the Armillaria was a contributing cause of death
or invaded the roots as a saprophyte. Inoculation studies
will be reported later.

Green and brown leaf tissue samples of white fir and incense
cedar were collected in November from different limbs of the
same tree or from carefully selected paired trees growing
20' from the highway at site 11.

Na and C1 levels were determined (Table 3). Sodium concen-
trations in green as well as brown tissues were essentially
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Table 3. Preliminary Sur\iey - Leaf Na and C1 concentration of white fir and incense cedar

growing 20 feet from highway in site 11; sampled in Nov. 1675.

Species Same tre .
or pairg % dry weight
Na 1
. i . ; Green Brown Green Brown
Vhite fir _ Pair 0.02 0.03 0.56 1.26
" Same tree 0.03 0.02 0.61 0.62
v ~Same tree 0.02 0.03 0.62 0.64
" Pair 0.02 0.13 0.40 0.99
Incense cedar . Same tree 0.01 0.02 0.62  0.94

*Green and brown leaves were collected from the same tree or from a selected pair of trees.




the same, ranging from 0.01% to 0.3% except in one white
fir brown tissue sample which showed a higher value,
4,13%., However, in 3 pairs, concentrations of chioride
in brown needies were higher than those of the dqreen
needles. 1In all samples, the chloride was near or above
the levels later determined to be toxic.

9.32 Snow Removal Operations: Trees adjacent to highways
where rotary plows are used for snow removal often have
dead limbs on the side facing the road and live limbs on
the side away from the road to a height of 30 feet or more,
On February 7, 1975, a survey was made of snow removal
operations on [-80 between Kingvale and Donner Lake inter-
change to assess the effects of the operation on this
plant damage. Removal of snow pack does not appear to be
the major factor in the damage to branches on the highway
side of trees. The snow is pulverized so finely that it
probably has little abrasive force., Tt is suspected that
the removal of the 1ce crust or pack and cinders from the
pavement may be the principle cause of this injury.
Measurements of impact force would be required to verify
this conclusion.

5.33 Survey of May 1976: In this survey, trees and shrubs
in all the sites were carefully examined for damage symp-
toms caused by various agents. Tissue samp?es'from several
plants were collected and analyzed for Na and Cl1. Damage
of trees was rated (Table 4).

‘In conifers, based on the preliminary data in Tables 4 and
5, and field observations, oider foliage appeared to be

the first indicator of salt stress. The symptoms generally
developed within an individual needle basipeta?]y, (from
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species growing in different sites and damage rating of trees; surveyed in HMay 1976.

Table 4. P'féT'imi'nary Sur'vey" ~ Leaf Na and C1 concentration of different tree and sarub

Nature of tissue®

Green 50:50 Green/Brown Brown
Tran-1 5 (% dry weight) Tree"
Species  Site sect Dist. Na (4] Na C1 - Na €1  damage
Jeffrey 4 B 20 0.111 0.129 2
Pine 4 A 75 0.019 0.011% 1
7 B 200 0.017 0.048 4
9 A 10 0.036 0.672 0,020 0.322 ?
9 B 10 0.029  0.693 2
13 B 10 0.065 0.370 0.299 0.874 0.259 (.725 2
13 B 10 0.081 0.403 0.109 0.506 0.234 0.966 2
13 B 10 0.105 0.338 0.348 0.667 0.106 0.370 3
13 B 30 0.027 0.037 - 0.070 0.518 0.115 0.467 2
13 B 30 0.037 0.046 0.071 0.851 0.07% 0.628 2
13 B 30 0.083 0.282 0.063 0.575 0.105 1.047 2
15 B 5 0.204 0.213 0.285 0.589 (0.426 0.562 3
15 B 10 0.184 0.364 0.35& 0.725 0.351 0.757 3
15 B 200 0.026 0.055 0,025 0.069 0.033 0.064 4
15 B 200 0.036 0.048 ¢.029 0.040 4
Sugar 3 - 260 0.022 0.0M
Pine . :
Lodgepole 1] B 20 0.023 0.030 1
Pine 1 B 500 0.016 0.030 1
5 c 15 0.101 0.177  0.411 0.634 2
5 c 90 0.031 0.225 0.048 0,805 2
5 c 110 0.050 0.097 1
5 C 130 0.023 0.058 1
White 4 A 40 0.018 0.040 1
fir 4 A 100 0.017 0.010 1
8 B 10 0.047 0.170 1
Red 1 B 20 0.021 0.045 1
fir 1 B 300 0.020 0.0M1 1
14 A 10 0.155 0.179 1.3%0 1.087 3
14 B 10 0.167 0.386 0.432 0.758 3
14 B 100 0.020 ©.097 1
14 A 150 0.017 0,105 1
14 B 200 0.016 0.193 1
Incense 2 - 30 0.026 0.870 0.040 1.079 0.042 0.853 2
cedar 13 B 30 0.016 0,547 0.032 1.047 0.049 0.483 2
13 B 30 0.035 0.88 0.076 1.272  0.25%  1.4010 3
13 B 0.147 1.095 0,283 1.771 0.299 1.417 3
Newberry 15 B 20 0.235 0.274 0.422 0.362
pens= 1% B 200 0.029 0.0M
“"femon
Huckle- 15 B 20 0.119 0.177 0.213 0.242
berry 15 B 200 0.063 0.055
~oak
Green- 15 B 20 0.092 0.097 0.125 0.322
leaf i5 B 200 0.026 0.032
Manzan-
. ita
Chin- 15 B 200 0.043 0.064 0.062 0.058
‘quapin

2pistance from highway in feet.

3samples were collected from the same
based on the entire

‘Damage rating key:

defoliation; 0 = 0%, 1
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IA = uphill transect; B = downhill transect: C =

middle transect {(between roads ).

plant and composed of 1-5 year old needles.
foliage of the tree, % browning and
= 1-256%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100%.



tip to base). VYellowing or deep reddening of foliage,
browning of youngest foliage, and top kill where the top
of the tree was‘damaged while the bottom of the c¢rown
remained healthy were usually associated with insects
(1leaf miners and bark beetles), diseases (Teaf and root
fungi) and parasites (mistletoe). These observations
were confirmed in later studies.

Trees and shrubs, closer to the highway (within 30 feet)
showed higher concentrations of Na and C1 in leaves than
those further from the road (Table 4).

In shrubs, based on the preliminary data in Table 4, it
appeared that salt damage symptoms began as leaf tip burn
and progressed downward. Damage due to other agents such
as fungi and insects were negligible. On the whole,
damage was minimal. ‘

Irrespective of the distance from the roadway, trees in
many sites, especially Jeffrey pines, showed eyidence of
bark beetle attack. Leaf fungi and mistletoe were widely
prevalent in sites 7,8,9,10,11 and 12, and stem and root
fungi were present in sites 11,13, and 14.

Damage was not confined to trees that were within 30 feet
of the highway but extended further into the forest. The
damage further than 30 feet from the roadside was usually
associated with agents other than salt. Damage was not
particularly higher in sites that were exposed to areater
quantities of deicing salt than those exposed to Tow
quantities.

Two trees were sampled at site 12 to determine the change
in Na and C1 with age of tissue to be used as a guide in
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future sampling (Table 5). In a Jeffrey pine 10 feet
away from the kbad, Na and C1 concentrations consistently
increased with age of the needle. Four year old needles
showed 5.5 and 3.3 fold increases in Na and C1 concentra-
tions respectively when compared to 1 year old needles.
In a white fir 25 feet away from the road, only sodium
concentration increased with age. Only one set of
samples was collected.

5.4 Intensive Survey, 1976

Salt damage to plants was reported to extend up to 60 feet
from highways at Lake Tahoe (21) and in some midwestern
states and Canada up to 100 feet (1,10,23,24,25). Soil
analysis data from the Caltrans study showed that salt
usually reached ambient levels within 20 to 100 feet from
the roadway (17). The Preliminary Surveys indicated
coexistence of salt, biotic agents, and modified micro-
environment, within 200 feet of the roadside. With this
background information, an intensive survey was conducted
in Aug./Sept. 1976 with the objective of quantifying the
share of salt, root rot fungus, bark beetles, fill around
the trunk and other causes of plant damage.

Four sites, 9 on State Route 89, 4 on I1-80, and 13 and 14
on U.5. 50 were chosen because of the plant spectrum and
the previous deicing salt application levels. The salt
applications (tons/lane mile) to the highways traversing
these sites for the two Previous seasons are summarized

in Table 6. In order to obtain sufficient numbers of
trees to sample, sites 13 and 14 were pooled and are here-
after referred to as site 14. The overall maps of these
sites ‘are shown in Figures 4A, 5A. and 6A and C. The tree
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Table 5. preliminary Survey - Leaf Na and €1 concentration in different age green needles
of Jeffrey pine and white fir collected from the downhill transect of Site 12, May 1976.

Age of Tree
Distance from needle % dry weight damage
Species highway (feet) . (years) Na ¢l rating®
Jeffrey pine 10 1 0.081 0.290 - 2
2 0.121 0.338
3 0.368 0.628
4 0.449 0.950
white fir 25 1 0.026 0.161 1
2 0.037 0.126
3 0.040 0.145
A 0.038 0.12%
5 0.046 0.161

*Damage rating Based on entire foliage of tree, 7 browning and defoiiation: 0 = 0%,
=1 -28%, 2= 26-50%, 3 = 51 - 759, 4 = 76 - 100%.
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Table'6.

Suhmary of deicing salt applications
sites 13, 14, 4, and 9,

{tons/lane mile) on intensive survey

Applications prior
to survey
1974-75 1975-76 Total

Study
Site 1976-77  1977-78
9 1.1 1] 1.1 ) 0
4 9.3 4.9 14.2 13.1 8.2
13 15,2 7.9 23.1 4.1 10.9
14 24.1 9.5 33.6 9.7 15.5
Average 13 + 14 19,7 8.7 28.4 6.9 13.2

Applications during




Figure 4A. Intensive Survey, 1976.

Map of Site 9.
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38.

Figure 6C. Intensive Survey,

1976, Map of Site 14.
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spectrum as mapped in the Preliminary Survey are shown
in Figures 4B and C. 5B and C, and 6B, D and E respec-
tively for these sites.

Four plant species, Jeffrey pine, white fir, incense
cedar and greenleaf manzanita growing in or adjacent to
these sites were evaluated. For each species at each
site, 5 to 9 plants (2 of which were on the uphill
transect) were rated for damage at three distance inter-
vals from the pavement edge: 0-20 (Group I); 50-100
(Group II); and 150-200 feet (Group IIL},.

The trees ranged in height from 8-20 feet with circum-
ference at breast height (cbh) of 1«38 in. Tissue samples
consisting of the oldest green leaves were collected from
each tree and analyzed for Na and C1. Brown leaves of
the same age were also collected when available. The Na
and C1 analyses of paired green and brown samples were
compared to determine whether samples of green leaves
would give reliable estimates of the Ma and CI levels in
the plants prior to death of the tissues. Soil samples
were col]ected for ECe, Na and C1 analyses under some of
the trees at two depths, 0-12, and 13-24 in. For each
tree beetle holes, including pitch tubes were counted in
a 6 in. band at breast height., The circumference (cbh)
was recorded for calculation of beetle numbers pner square
foot. The depth of fill around the trunk was measured
and the existence of fungi or other potential causes of
damage were noted.

Means and standard errors of the means of the variables

were calculated for each species, site, and group (distance
intervals). The data were subjected to correlation analysis.
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KEY TO SYMBOLS ON
Figures 4B and C; 5B and C; 6B, D and E

Ac Abies concolor | White fir
Am A. magnifica Red fir
Cd Calocedrus decurrens Incense cedar
Jo Juniperus occidentalis Sierra juniper
Pj Pinus jeffreyi . Jeffrey pine
Pl P. lémbertiana' Sugar pine
Pm P. murrayana Lodge pole pine
Qk . Quercus kelloggii California black oak
Qw ;tQ.A wislizenii Interior live oak
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Figure 4B. Intensive Survey, 1976.
transect A, Site 9.

37

Plant inventofy of

o
[=3
a3

SITE 9
03-ED-39 PMI5.47




éf.-

Figure 4C,
B and C, Site 9.
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SITE 4

i ive § , 1976. Plant inventory
Figure 5B. TIntensive Survey 03-PLA-80 PM 50.26
of transect A, Site 4.
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SITE 4

Figure 5C. Intensive Survey, 1976. Plant inventory of transect B, Site 4.
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5.41 Results: Neither fungt nor mistletoe were found
Wwith sufficient frequency in these three sites to warrant
inclusion in the statistical analysis. Trees were free
of Armillaria and only a few trees were found to be in-
fected with other fungi. The effect of these fungi on
the trees could not be determined. Mistletoe can cause
extensive damage and death in trees in the study area

but in these sites the frequency was low. ‘

Leaf Na and C1 and fi11 around the trunk of trees growing
in uphill transects were somewhat lower than those growing
in downhill transect. However, the differences were not
significaﬁt;u Therefore, the data were analyzed without
distinguishing between the uphill and downhill transects,

Thé agreement betWeen Na and C! content 0f green and brown
leaf tissue taken from the same tree varied with tree
species (Table 7),

Agreement was close for both Na and (i between areen and
brown samples from Jeffrey pine. Na was 0.095 and 0.109%
dw, and C1 was 0,102 and 0.105% dw, respectively, in
green and brown tissue, Comparison in individual trees
showed Na highest 1in 33, equal in 5 and Towest in 171 and
Cl highest in 16 and Towest in 33 in brown samples of 49
tissue pairs. Both correlation coefficients, 0.948 for
Na and 0.957 for C1 were significant at the 999 level.

The greatest divergence between Na and CI content of green
and brown tissue was in white fir. Na was 0.40 and 0.66%
dw, and €1 was 0.114 and 0.149%, respectively, in green
and brown tissue. Na was highest 1in 20, equal in 2, and
towest in 3, and C] was highest in 17 and lowest in 8
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Table 7. Comparison of Na and C1 in green and brown leaves of 3 conifer species.

Intensive Survaey, 1976.

& Na, % dw

Numbeyr %8¢, % dw
Site Group of samples green brown green brown
A. Jeffrey pine
14 1 7 0.304 0.377 0.307 0.3N
: II 7 0.041 0.042 0.039 0.027
III 7 0.027 0.02%9 0.037 0.028
4 1 5 0,237 0.3N1 0.165 0.243
I1 3 0.055 0.062 0.031 0.036
IiI 5 0.046 0.047 0.035 0.029
9 1 15 0.035 0.050 0.213 0.193
II 4 0.038 0.046 0.027 0.028
III 6 0.031 0,036 0.006 0.008
Grand total: X 0.095 0.109. 0.102 0.105
5% 0.016 - 0.018 0.018 0.020
Correlation coefficient: 0.948*% 0.957+%*
B. White fir
14 I 5 0.100 0.206 0.277 0.105
I 7 0.020 0.027 0.069 0.083
III 7 0.019 0.027 0.054 0.076
4 i 1 0.050 0.087 0.107 (.049
; LI 1 0.034 0.036 0.160 0.259.
III 4 0.036 0.034 0.087 0.110
9 I 0
11 0
III 0
Grand ‘total: X 0.040 0.067 0.114  0.149
5% 0.007 0.017 0.024 0.029
Correlation coefficient: 0,9715%* 0.934%*
C. Incense cedar )
14 1 5 0.106 0.199 0.471 0.463
11 6 0.025 0.038 0.090 0.154
III 6 0.024 0.035 0.060 0.089
4 I 4 0.094 0.160 0.519 0.525
I 6 0.036 0.074 0.225 0.249
11 4 0.034 0.045 0.080 0.104
9 I 3 0.044 0.059 0.25¢ 0.199
11 3 0.036 0.039 0.074 0.093
111 3 _ 0.024 0.027 D0.033 0.034
Grand total: X 0.047 0.077 0.209 0.216
5% 0.005 0.011 0.033 0.032
Correlation coefficienti 0.885%* 0.832%*

3411 means computed from original data.
**Significant at the 1% Tevel.
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b¥own samples of 25 tissue pairs. Both correlation
coefficients, 0.915 for Na and 0.934 for C1, was signif-
icant at the 99% level.

Agreement was intermediate for Na and C1 content of green
and brown tissue in incense cedar. Na was 0.047 and 0.077,
and C1 was 0.202 and 0.244% dw, respectively, in green and
brown tissue. Na was highest in 33, equal in 2 and lowest
in 5 and C1 was highest in 21 and lowest in 19 brown sam-
ples of 40 tissue pairs. Both correlation coefficients,
0.885 for Na and 0.832 for Cl1, were significant at the

99% ‘Tevel. '

The Ma and C1 levels of tissues killed by salt would be
expected to be higher than that of tissues not yet dead,
if excessive leaching by rain had not occurred. The
overall agreement of Na and C1 levels in green and brown
pairs of samples was good. When levels were Tow in brown
tissue they were low in green tissues. and when high in
brown tissues they were high in green tissues. Because
these studies were to investigate the status of many trees,
both apparently healthy and distressed, it was impossible
to obtain brown tissues on many of the trees. It was
concluded that green samples would reflect the relative
Na and C1 content of the leaf tissues of trees in the
study area.

5.4T.1 Damage: Damage'was-rated as the percent of brown
foliage and defoliation in the crown of the tree (Table 8).

5.41.11 Jeffrey pine

Jeffrey pine in site 9, the low salt site, exhibited con-
siderable damage. Mean damage (43.3%) was highest in
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"Group TIT, 150-200 feet from the road, intermediate
~(29.2%) in Group I and lowest (24.0%) in Group II. These
damage ratings were not significantly different because
of the large range in ratings. Overall damage was 32.6%
with a range of 5 to 85% browning and defb]iation.

Damage in site 4, the intermediate salt site, was highest
in Group I (31.0%), intermediate in Group III (17.2%),

and lowest (5.5%) in Group II. Damage in Group II was
significantly lower than in the other two groups. Overall
damage was 17.9% with a range of 0 to 75% browning and
defoliation.

Damage in site 14, the high salt site, was greatest in
Group I (25.6%), intermediate in Group III (16.8%), and
lTowest in Group II (14.0%). Two trees had ratings of
15% and seven had ratings of 20 to 50% in Group I. In
Group II, three trees of eight had damage ratings of 20%
or more and five had 15% or less. In Gfoup IIT, four
trees of eight had 20% or more damage. Differences
between Groups I and IIIl and between Groups TII and II
were not significant, but were significant between Groups
I and II. Overall damage was 19.0% with a range of 1 to
50% browning and defoliation.

The overall damage on site 9 was significantly greater
than on the two other sites with higher salt application
rates. In this site, damage was highest in Group III
while in sites 4 and 14 it was highest in Group I.
Damage on sites 4 and 14 were similar although there was
a slightly different pattern of damage within sites. In
site 4, the lowest damage was in Gfoup IT and in site 14
damage was not significantly different in Groups II and III.
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5.41.12 White fir

Mean damage ratings in site 9 were low (5.0, 8.3, and

0.3) in all three groups. The range was 0 to 50% brown-
ing and defoliation in this site, but only two trees out
of eighteen showed damage of 20% or more. Three trees

had ratings of 2-5% and the remainder were zero. Overall
damage was insignificant at 4.6% browning and defoliation.

Damage was low on site 4 in all groups. Although the

mean damage rating in Group Il was significantly different
than in Groups I and III, the highest rating (3.9%) and
the overall mean of 2.75% browning and defoliation was
very small. The maximum damage on any tree in this site
was only 11%.

The damage in site 14 was highest in Group I (9.6%), withl

a range of 1 to 30% browning and defoliation. Only one
tree had 30% damage, all the others were below 10%.

Damage in Groups II and III was small and scarcely different
between the two groups. Overall damage was 5.9% with a
range of 1 to 30% browning and defoliation.

The overall damage on site 14 was significantly greater than
on site 4 but not different than on site 9. However, only
one tree was severely damaged in each of sites 9 and 14 and
there was little real difference among sites. Overall, there
was a trend for greater damage in Group I but the data were
not statistically significant.

5.41.13 Incense cedar

Damage in site 9 was highest in Group II (17.6%), in
Group I (10.4%), and lowest in Group III (5.4%).
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‘Bifferences between Groups I and II and between Groups I
and III were not significant but those between Groups II
and III were. Two trees out of five each in Groups I and
Il had 20% or more damage. Overall damage was 11.1% with
a range of 0 to 40% browning and defoliation.

Damage was highest in site 4 in Group I (15.4%). Damage
was low in both Groups II (5.4%) and IIT {2.7%). Overall
damage was 8.0% with a range of 0 to 60% browning and
defoliation,

Damage in site 14 was highest in Group I {25.3%) with
three of six trees having 25 to 50% browning and defolia-
~tion. Damage was low in Groups II (5.0%) and III (1.7%).
Overall damage was 10.7% with a range of 0 to 50% browning
and defoliation.

The differences in damage among the three sites were not
significant. Damage was most severe in Group I except on
site 9 where damage was slightly higher in Group II.
Overall the damage correlation with distance was signifi-
cant at the 1% confidence level with r = 0.400.

5.41.14 Species comparison
Jeffrey pine exhibited the most damage on all sites, incense
cedar had intermediate damage and white fir had the least
-damage on these three sites.

Damage was negligible on greenleaf manzanita on all sites.

5.41.2 Depth of fill: The depth of fill was generally
greatest in Group I and Towest in Group III (see Table 9).
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CF411 was rarely over 12°'in. in depth and usually under

5 in. In four cases there was a significant correlation
with damage ratings. However, because of the nature of
the fill, primarily sand and c¢inders, and because of the
negltigible depth in most cases, it is felt that the
correlations were not of biological importance. The
highest correlation occurred with white fir in site 14,
Group III where damage was almost non-existent. The
fi11 around incense cedar in site 4, Group I was 2.6 in.
(range 1-6 in.) did not seem to be sufficient to be
important biologically. On the other hand, one tree in
Group II on this site had 34 in. of fill and only 10%
damage.

5.41.3 Beetle holes per square foot: !o number of beetle
holes per square foot can be cited as a critical level

for tree damage or death (see Table 10). The number will
vary with the species of beetle, the vigor of the tree and
other factors (2,12,15). The only sure way to assess tree
damage from beetles is by destructive sampling which was
not possible in this study. However, Cole (2) states that
12 pairs of mountain pine beetle (Dendroctonus ponderosae)
per square foot at breast height would be sufficient to
infest and kill a lodgepole pine. Keen (12) gives the
same value for westernypine beetle (g. brevicomis) on
ponderosa pine. Both species will attack Jeffrey pine.
Twelve pairs of beetles would result in twelve entry holes
because the males enter through the holes made by females.
In any case, once a "pioneer beetle" is successful it
creates an attraction for others to attack. Damage to

the tree is both by girdling and the introduction of
fungus spores which destroys the phloem and cambium
(5,6,13). '
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5.41.31 Jeffrey pine

Beetle holes in site 9 were highest in Groups III and I
and intermediate in Group II at 40.0, 33.6 and 17.7
respectively. The range in Group III was 12.7 to 77.1,
all above the critical levels given by Cole and Keen.
In Group I, the range was 5.3 to 64.9 with four of five
trees having 24.0 or more holes per £2.  1In Group II
(range 3.5 to 32.,0), three of five trees had 14.4 or
more beetle holes per ft2. Correlation with damage
ratings was significanf at the 99% level in Group II and
at the 95% level overall. The overall mean was 31.2
holes/ft°.

Means for beetle hole numbers in site 4 was the lowest
of the three sites. The number of holes was highest in
Group IIT and about equal in Groups I and II. In Group
III, four of six trees had 14.4 or more beetle holes
(range 0.0 to 37.6). Group I (range 0-14.6) had two
trees of six with 14.4 or more holes and Group Il (range
4.0 to 20.6) only had one tree with more than 8.7
holes/ft2. The overall mean was 11.2 ho]es/fte. Corrla-
tion with damage was sighificant at the 95% level in
Group II and at the 99% level in Group III.

Beetle holes in site 14 were intermediate between sites
9 and 4. There were no significant differences between
Groups II and III or between Groups I and III, but there
was a significant difference between Groups I and II.
Four of nine trees in Group I had 12 or more, six of
ejght trees in Group II had 16.0 or more and four of
eight trees in Group III had 18.5 or more beetle holes.
For the site overall, fourteen of twenty-five trees had
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more than twelve beetle h01es/ft2. Correlation coeffi-
cients with damage were significant at the 95% level in
Groups I and II and at the 99% level in Groups III and
for the site, overall. The overall mean was 14,0
holes/ft2,

Beetle holes in jeffrey pine were highest in site ¢,
intermediate in site 14 and Towest in site 4. 1In all
sites and groups, one or more trees had twelve or more
beetle ho]es/ftz. Correlation of damage x beetle holes
was significant in six of the nine aroups, two of the
three sites, and was significant at the 99% Jevel (r =
0.54) for all sites.

5.47.32 White fir

Mean beetle holes in white fir in site 9 was not signifi-
cantly different among groups. One tree in Group I had
15.6 holes/ft% and five had 5.0 or fewer. The highest
number of holes in Group II was 4.2/ft2 and Group III was
- 7.0. Correlation with damage rating was only significant
Tn Group I at the 99% level,

No beetle holes were found in site 4 in Groups I and II.
The maximum number of hojes in Group III was 4.0/ft2.
Five of six trees had no holes.

Beetle hole numbers were Tow in site 14. In Group I the
mean was 0.9 with a range of 0—2.7/ft2. No holes were
found in four of seven trees. The mean in Group II was
1.8 with a range of 0 to 5.1 hoTes/ftz. No holes were
found in three of seven trees. The mean in Group II1I

was 1.4 with a range of 0.53 holes/tree. No holes_were‘
found in four of seven trees., The correlation with damage

55



ratings was significant at the 90% level in Group II and
at the 95% level in Group III. Correlations for the site
overall was not significant. At this very low number of “
ho]es/ftz, the damage on this site cannot be attributed

to beetle attack with any degree of certainty.

Beetle holes in all sites were Tow in number. The greatést
number were in site 9 and the lTowest number in site 4.

Only one tree in site 9 had more than 12 ho1es/ft2. Al-
though correlation with damage for all sites was significant
at the 90% level, because of the relatively low number of
holes per ftz, the damage to white fir on these sites can-
not, with any degree of certainty, be attributed to beetle
attack. However, during the preliminary surveys many dead
and dying white fir were found with extensive beetle

damage in the 0Vgra11 study area.

5.4];33 Incense cedar

Beetle attacks on incense cedar may be largely a matter of
secondary invasion of weakened trees {(Bedard, 1980).

The beetle ho1es/ft2 in site 9 were highest in Group 11
(32.9), intermedijate in Group IT1, and lowest in Group I
(11.8). Because of the variation in beetle numbers,

these means are not significantly different. Two trees

in Group I had 10.3 and 43.6 holes and none were found in
two of the five trees. In Group 11, four trees had fewer
than ten holes and the high mean was due to a single tree
with 142 ho1es/ft2. Group ITI had only one tree with 6.4
holes and four trees with 14.7 to 58.3 holes. Correlation
with damage ratings was significant at the g5% level.

The number of beetle holes in site 4 were relatively low,
3.9, 2.3, and 1.1 in Groups I, I1, and IIL respectively.
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In Group I, one tree had 24, one 7.2, and six trees zero
holes.: No holes were found in four of eight trees in
Group II. Only two of seven trees in Group III were
found to have beetle holes. Although correlation with
damage ratings was significant at the 99% tevel in

Group III, the small number of beetle holes suggest that
this correlation is meaningless biologically,

In site 14, the numbers of beetle holes were small in al]
groups. The maximum number was 6. 9/ft2 Mo holes were
found in th1rteen of eighteen trees on this site.

The number of beetle holes was high in s1te 9 and very

Tow in sites 4 and 14, For all sites and groups, correla-
tion with damage ratings was significant at the 95% level,
In view of the reports in the literature that beetles

only attack weakened, dying or dead trees, in this species
it cannot be concluded that the beet]e holes (beetles)
humbers, per 5e were a cause of damage in this species,

5.41.34 Species comparisons

Jeffrey pine had the highest numbers, incense cedar, an
intermediate number, and white fir the fewest number of
beetle holes on these study sites. The beetle hole
numbers in Jeffrey pine suggest that beetles may be con-
tributing to the damage of this species. Where Na and
C1 levels are also high it is impossible to determine
which is the primary cause of damage. There is no evidence
on these sites that Na or (1 increases susceptibility to
beetle attack.

5.41.4 Leaf sodium and chioride: Leaf sodium and chloride
concentrations are expressed on a percent dry weight hasis.
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Threshold levels for these two elements were estimated
From tissue sampling carried out in 1977 and 1978 on

the Soil Salt Application Study. The threshold level

was defined as the tissue concentration of either element
where necrosis or browning of leaf tissue ranged from.
tip burn (about 12 to 15% necrosis) to 25%. These thres-
hold levels were estimated three ways. One set of
estimates was derived from samples of individual needies
just showing tip burn, 25, 50, 75, and 100% browning. A
second estimate was made using treatment means of MNa and
€1 and the mean damage rating for the treatments when
damage was rated 1 (25% damage). The third estimate was
derived from data for individual trees which had damage
ratings of 1. This third estimate was selected because
it was generally intermediate between the other two
estimates and appeared to most closely match the leaf
concentrations and damage ratings in the individual trees
in this .intensive survey. These estimates of threshold
levels are graphed and discussed at greater length in the
Soil Salt Apptication Study.

5.41.41 Leaf sodium
Refer to Table 11 for leaf sodium values.

5.41.41.1 Jeffrey-pine: Estimated threshold level,
0.15-0.20% dry weight.

Leaf Na was low in site 9 in Jeffrey pine in all three
groups. The overall mean was 0.035% D.W. Although the
correlation with damage in Group I and overall for the
site was significant at the 90% level, the range of 0.027

to 0.049% was well below the estimated threshold level.
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Leaf Na in site 4 was highest in Group I (0.228%). The
statistical calculations did not give significant corre-
Tation with the damage rating. However, the range of
0.184 to 0.289% would indicate that nearly all of the
trees in this group were at a Na Tevel which could be
expected to result in damage. Groups II and III had low
Na Tevels (0,055 and 0.043%) and ranges below that at
which damage could be expected. Overall, there was
correlation with damage rating at the 95% level for the
site.

Leaf Na was also highest in site 14 in Group I (0.277%).
The range was 0.115 to 0.414%. Eight of nine trees had
ieaf Na above 0.230%, one had 0.115%. The Teaf Na in
Group Il was intermediate at 0.042% with a range of 0.23
to 0.115%. Group III had low Na at 0.024% with a range
of 0.017 to 0.032%. The damage ratings and Na levels did
not correlate well on this site.

Leaf Na levels increased from the Tow to the high salt
sites. The correlation with damage ratings was poor in
all groups and was not significant when calculated for
all sites combined. However, in sites 4 and 14 in Group
I, Na levels in individual trees were near or above that
which could be considered damaging.

5.41.41.2 White fir: Estimated threshold level, 0.07-12%
dry weight.

Leaf Na was low and almost identical in site 9 in all three
groups. The mean Na level for the site was 0.035% with a
range of 0.029 to 0.042%. Correlations with damage levels
were not significant,
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In site 14, Na levels were'highest in Group T (0.088)
with a range of 0.046 to 0.147%). Two trees of seven
had levels over 0.100% Né, three had Tevels of 0.073 to
0.096% and two had levels of 0.064 or below. The leveis
in Groups II and III were almost identical and very low.
The maximum value was 0.027%, The correlation with
damage rating was significant at the 90% level 1in Groups‘
I and III and at the 99% level for the site as a whole.

Leaf Na increased from the low to the mid-level salt site,
Levels were slightly (but not significantly) lower in the
high salt site than in the mid-salt site, Only four trees
had leaf Na levels above 0.100 and three trees had leaf Na
levels between 0,070 and 0.100% for all sites. Correlation
with damage ratings were not significant for all sites
‘combined. |

5.41.41.3 Incense cedar: Estimated thresﬁon level,
0.05% dry weight.

Leaf Na in site 9 decreased from 0.046 in Group I to 0.023
in Group ITII. The maximum Na in Group I was 0.055%. Two
trees of five had Na levels above 0.05%. The correlation
with damage rating was only significant in Group II where
the mean was 0.035% D.W. This has Tittle meaning because
the Na levels (range 0.032-0.03%%) were below those
expected to cause damage.

Leaf Na in site 4 was highest in Group I (0.702%). Five
of eight trees had leaf Na between 0.059 and 0.100% and
one each had 0.126, 0.130 and 0.179% Na. The Na levels
in Groups II and III were almost identical (0.037 and
0.036%) with a maximum Tevel in Group II of 0.43% and in
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gbebJIIilé? 0.046%. There was no significant correlation
with damage ratings. However, all trees in Group I had Na
levels which could be considered damaging.

The Teaf Na levels in site 14 were essentially the same as
in site 4. The maximum levels were in Group I (0.107%)
with a range of 0.050 to 0.161%. One tree had levels of
0.160%, three were between 0.115 and 0.126%, one was 0.073
and one was 0.050%. Correlation with damage was signifi-
cant at-the 90% level in Group I. The mean Na in Groups II
and III were 0.025 and 0.024 with ranges of 0.014 to 0.034
and 0.017 to 0.032% respectively. Correlation with damage
ratings was significant at the 99% level for the site
overall,

Leaf Na increased from the low to the mid-salt site but
remained at about the same level in the high salt site.
The correlation with damage rating was significant at the
99% level when all sites were combined. Sodium in sites 4
and 14, Group I were approaching or at estimated threshold
levels.

5.41.41.4 Species comparisons: Sodium accumulation was
highest in Jeffrey pine and about equal between white fir
and incense cedar. In general, the correlation between Na
and content and damage was poor for all three species.

Leaf sodium concentration in all samples of greenleaf
manzanita were very low.

5.41.42 Leaf chloride

Refer to Table 12 for leaf chloride values.
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5.41.42.1 Jeffrey pine: Estimated threshold level,
0.25-0.40% dry weight.

Leaf CT in site 9 was highest in Group I (0.179%) with

a range of 0,010 to 0.450%. Of six trees, one had 0.450
and one had 0.317% and four were below 0.153%, Two trees
were at or above the estimated threshold level., Leaf
chloride in Group II was 0.023% with a maximum of 0.033%.
The mean in Group III was 0.006% with a maximum of 0.010%.
The correlation with damage rating (r = 0.97) was signifi-
cant at the 99% level for Group I but not for the site
overall.

Leaf C1 in site 4 was highest in Group I (0.152%) with a
range of 0.090 to 0.292%. One tree had 0.292%, in the
estimated threshold level range, thres had between 0.138
and 0.156% and two had beltow 0.100% C1. Groups II and
ITT had Tow leaf C1 {0.027 and 0.030% respectively) and
with a range of 0.009 to 0.044% in Group II and 0.006 to
'0.070 in Group III, Only one tree in this site was at
the estimated c¢critical level of Cl1. Correlation with
damage rating were not significant in any group but were
significant at the 99% level for the site overall.

Leaf CT was also highest in site 14 in Group I (0.280)
with a range of 0.128 to 0.481%. Two of nine trees had
Cl levels of 0.416% or more, one had 0.34Q, two were
between 0.253 and 0.300, two were between 0.23 and 0.24,
and one was below 0.200% C1. Chloride levels in Groups
IT and III were low and essentially the same {(0.036 and
0.034 respectively) with ranges of 0.017 to 0.073 and
0.011 to 0.105 respectively. Correlation with damage
ratings were significant in all three groups and for the
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site overall. The level was at 95% in Groups I and III
and at 99% in Group II and for the site overall.

Leaf chloride was higher in site 9, the Tow salt site,
than in site 4, the mid-salt site. This was thought to
be due to the topography and drainage patterns in site 9.
The southerly half of the pavement drains downhill for at
least a quarter of a mile, crosses the road in a culvert
and collects in a portion of this site. See Fig. 4A.-
The highest chloride levels were in the high salt site.
Correlation with damage rating was significant at the 99%
Tevel for all sites combined.

5.41.42.2 White fir: Estimated threshold level, 0.45-
0.60% dry weight.

Leaf C1 in site 9 was highest in Group I (0.131%) and low
in Groups II and III (0.040 and 0.26% respectively). The
range in Group I was 0.0713 to 0.324%. Two of six trees
had Teaf C1 of 0.311% or more but these levels were about
two-thirds the estimated threshold level. The ranges in
Groups II and III were 0.024 to 0.74 and 0.010 to 0.489
respectively. Correlation with damage rating was signifi-
cant (at the 90% level) in Group I only.

Leaf C1 in site 4 was highest in Group I (0.720%) with a
range of 0.043 to 0.347%. A1l but one tree had levels
below 0.142% C1. The C1 in Groups II and IIT was very
similar to 0.072 and 0.070% respectively. The ranges

vwere 0,023 to 0.160 for Group II and 0.024 to 0.132 for
Group III, Correlation with damage rating was not
significant in groups but was significant at the 95% level
for the site overall. Hohever, ohly two trees on.the site
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near the highway manifested symptoms at a slightly Tower
leaf Na and Cl1 concentration when compared to those in
the Soil1-Salt Application Study.

5.5 Salt Application Trials

A greenhouse study with shrubs and a field experiment with
conifers were conducted in order to produce salt damage
symptoms and determine threshold salt levels causing damage.

5.51 Salt Damage in Shrubs: Shrubs constitute a conspic-
uous portion of the'ground cover along roadsides in the Lake
" Tahoe Basin., The effect of deicing salt on growth and
survival of these shrubs is unknown. As part of the pre-
liminary survey, a greenhouse study was conducted in 1974

to produce salt damage symptoms in four shrub species

native to the Tahoe region, and to develop guidelines to
-identify salt damage on these plants in the field. This
experiment was done by Dr. Robert P, Doss. The results of

~ this study are given in Appendix 1.

The original plan had been to extend these greenhouse
“studies to include the native conifers of the study area.
The results of the greenhouse studies on the four shrub
species indicated that threshold Tevels developed in this
manner might be unrealistically high because of the higher
humidities and lack of water stress compared to field
conditions. A second question was whether threshold levels
and symptom déve]opmentrwould be similar in the 2-3 year
old trees suitable for greenhouse studies as for more
mature trees. It was decided, therefore, to conduct salt
application experiments in the study area. '
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were 0.048 to 0.095 and 0.008 to 0.077% respectively.
The only correlation between C1 and damage rating was a
negative value at the 90% level in Group II. This cor-
relation appears to be biologically meaningless because
of the Tow Teaf Cl levels and because of the negative
value,

Leaf C1 in site 4 was 0.484 in Group I, 0.180 in Group II
and 0.058 in Group III. The range in Group T was 0.087
to 0.756 with values for three trees of eight exceeding
0.600%, one exceeding 0.500%, two exceeding 0.400% and
one, 0.300%., A1l trees in Group I had Cl Tevels at or
exceeding the estimated thresholid Tevel. The range in
Group II was 0.090 to 0.383%, with one tree at 0.383%,
and two trees between 0.270 and 0.280%. Five trees had
levels below 0,175%, The range in Group III was 0.013

to 0.113%. Correlation with damage rating was significant
at the 90% level for Groups II and III and at the 99%
level overall., |

Leaf C1 in site 14 was 0.464% in Group I, 0.140% in Group
I, and 0.060% in Group III. The range in Group I was
0.311 to 0.704%. One tree was above 0.700%, one had
0.612%, one 0.426%, and three had between 0.311 and 0.400%
~C1. Group II range was 0.044 to 0.151% and Group III was
0.014 to 0.143%. Correlation with damage rating was
significant at the 99% level for Groups I and II and for
the site overall. The C1 levels in all trees in Group I
were at or above the estimated threshold levels.

Leaf C1 was at intermediate levels in site 9, the low

salt site, and at higher and similar Tevels in both sites
4 and 14, The pattern in Groups I, II, and III, were
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very similar in these latter two sites. Leaf C1 levels '
were approaching or above estimated threshold Tevels in
Group I in both these two sites. The leaf C1 in site 4,
Group II, was somewhat higher than in site 14, Group II.
Correlation with damage ratings were significant at the
99% level when all sites were combined.

5.41.42.4 Species _comparisons: The overall comparison
of chloride tissue concentration among these species
indicated that Jeffrey pine and white fir contained about
the same concentration in the.area nearest the roadway.
In Groups II and III, which were more distant from the
roadway, the white fir leaves contained more C1 than the
pine. In general, the incense cedar contained more C1
with 1eve1s sometimes nearly twice that of the other
spec1es.

Leaf Cl concentrations in all samples of greenieaf manza-
nita were very low.

5 41,43 Comparison of leaf sodium and chloride
concentrations in relation to tree
damage ratings

Significant correlations (90% level and above) of damage

rating x Teaf Na concentration by species and site occurred

in four of nine cases {Table 11). These were; for Jeffrey
pine in site 9 at the 90% level {(r = 0.47), and in site 4
at the 95% level (r 0.50), for white fir in site 14 at

the 99% level (r = 0.68), and for incense cedar in site 14
at 99% level (r = 0.86). Significant correlations of
damage rating x Teaf Ca concentrations occurred in five of
nine cases (Table 12). These were, for Jeffrey pine in
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cites 4 and 14 at the 99% level (r = 0.61 and 0.57
fresbeétiVely), for white fir in site 4 at the 95% level
(v = 0.47}, and for incense cedar in sites 4 and 14 at
the 99% level (r = 0.59 and 0.86 respective1y).

Significant correlation of damage ratings X leaf Na
concentrations for species (a1l sites combined) (Tab]e 13)
occurred only with incense cedar, at the 909% level

(r = 0.45), Howevel, for damage rating X leaf C1 concen-
trations, correlation coefficients weve significant-for

" 411 three species (Table 13). For Jeffrey pine, signifi-
cance was at the 99% level (v = 0.35), for white fir at
the 90% ievel (r = 0.24), and for incense cedar at the

99% level (r = 0.56).

For these three species, teaf Cl concentration appears
to be a better indicator of the salt status of the
plant, relative to damage vrating than does the leaf Na
concentration.

5.41.,44 50il salt levels and leaf
sodium and chloride

Spil analyses for EC.» fa and Cl were made for a portion
of the trees in the Intensive Survey Study. (Appendix 11,
Tables 1-3.) The values were genera11y higher in group I
in all sites and increaéed from site 9 to site 14, How-
ever, they were relatively low even in Group 1, site 14,
the high salt site. Correlations with corresponding tree
tissue levels of Na and Cl1 were poor. It is probable that
by the time of sampling, the soil salts had been mostly
1eached from the top 2 ft of the soil profile. The s0i1
sampling was done in mid-summer.
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T Distance, Depth of Fiil,
» and Damagg for Jeffray Pine,
ined, .

Correlation . Jeffrey Pine - White Fip Incense tedap

r Sig. r  Sig. r Sig.
Fill ys, Distance -0.52 wk -0.38 ** -0.29 ~ «
BeetTe ys. Distance - 0.15 0.004 0.08
Leaf Na ys. Distance -0.58 *k -0.48 *k -0.49 *k
Leaf CT s, Distance ~0.60 *% -0.40 ok -0.63 *%
Damage vs., Distance =0.07 -0.20 ~0.40 fald
Beetla ys. Fill 0.15 0.38 *k =-0.01
. LeaF Na ys, Fil 0.18 . 0.09 -0.03
‘Leaf €1 ys. Fill 0.55 *ok : 0.55 ok -0.21
Damage vs, Fi1lr 0.19 ) 0.13 0.15
+. Damage vs. Beetje 0.54  ss . 0.2 o3 0.29
‘Béetle vs. Tear Na -0.30 ~0.17 -0.13
Damage vs, Teaf Na 0.1z 0.15 0.45 **
Leat Na vs, Teaf (1 0.65 4 0.29 = ' 0.83
Beetie vs, leaf (7 ~0.06 0.1 -0.16

*k 0.24 0.1: 0.56

Damage vs, leaf 7 0.35

0:1 = 902 Yave] gf significance
* = 957 Teve] of significance
hk o ]

99% level of Significance

wED
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5.41.5 Summary: Both beetles and chloride are probable
causes of damage to Jeffrey pine in Group I in sites 9

" and 14, In site 4, Group I damage may be in part due to
beetles. The C1 levels are such that it is difficult to
determine the contribution of C1 to damage. The C1 levels
are well below the estimated critical levels.

Damage levels were relatively low in all sites and groups
for white fir. Maximum C1 concentrations in Group [,
sites 9 and 14 were only about two-thirds the estimated
threshold levels. Beetle hole numbers were relatively

low in site 9 and zero in site 4 in Group I. From the
data available, the damage rating of 50% in one tree in
Group I, site 9 cannot be accounted for. Damage in Group
I, site 14 was probably related to Cl concentration. The
beetle hole count was very low.

The leaf C1 concentrations in Group I atia]1 sites was
sufficient to be the suspected cause of damage in incense
cedar. Beetle hole numbers were sufficiently high in all
droups in site 9 and in Group I, site 14 to be suspected
of causing damage except that the literature indicates
that beetles are only secohdary invaders in this species
(6). In Groups II and III, site 9, Teaf Cl concentrations
are not high enough to be suspected of being primary cause
of damage. If beetles are indeed only secondary invaders,
it becomes difficult to attribute a cause of damage,
particularly in Group II.

When both leaf chloride concentration and beetle hole
numbers are high in one group, it is impossible to assign

a percentage of damage due to each factor unless individual
"tree data show one factor high and one tow,
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‘There was no evidence in this survey that high leaf
chloride levels made the trees more susceptible to beetle
attack. This was surprising in view of the statements
made in the Titerature that trees weakenhed by any environ-
mental factors were more susceptible to attack (4,5,6,13,22).

5.42 Survey of June, 1977: After becoming familiar with
foliar salt damage symptoms based on observations from the
Intensive  Survey and the Soil-Salt Application Study
(discussed later), a small scale follow up survey was
undertaken in June 1977. The objectives were to compare
the salt levels in trees and soil with those of the
Intensive Survey where samples were collected in Aug./
Sept. of 1976 and to determine whether the different
degrees of damage observed along the highway occur at a
similar leaf Na and €1 concentration as in the Soil-Salt
Application Study. Trees growing 20 feet from the
highway in sites 6 and 14 were examined. Seven compari-
sons each in Jeffrey pine and lodgepole pine, and 4 each
in white fir and incense cedar were made. These trees
were given a damage rating of 2 on a scale of 0-4. From
each tree, tip browned, half green and half brown and
dead needles were coliected separate1y. Soil samples at
three depths (0-12", 12-24" and 24-36") under these trees
were also collected. Leaf samples were analyzed for Na
and C1 and soils for ECe, Na and C1.

The data showed that as Ma and €1 concentrations increased
in the leaves so did the damage (Table 14). The June levels
of Na and C1 in the foliage and soil were higher than those
recorded in Aug./Sept. of 1976 (Table 14 and 15).

The soils data are relatively low and suggest that by the
time of sampling, leaching had taken place. Trees growing
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Sampled trees were within 20’

" Table 14. Survey of June 1977: Leaf Ra and C1 concentrations {% dry weight) of conifers.

of highway near sites 6 and 14.

Nature of tissue

Half green/
‘ Green (tip burned) half dead Dead
Species Na [H] Na [H] Na Cl
‘Jeffrey pine (7}+} 0.237 0.389 0.453 0.616 0.547 0.704
Lodgepole pine {7) 0.228 0.396 0.48] 0.637 0.653 0.853
White fir (4) 0.302 0.529 0.451 0.790 0.647 0.888
Incense cedar (4) ++ '0.923 + 0.968 +H 1.177

+: # of sampies in each mean.

++: not analysed.

"Table 15. Survey of June 1977:

Electrical Conductivity, ECo, Na and C1 concentrations

of the saturation extract of soil samples at different depth_s. Samples

correspond to the trees in Table 14.

Species Depth ECe mmhas/cm Na meq 1! € megq 17
Jeffrey pine 1st foot 1.14 - 1.2 5.3
end foot 1.15 9.2 4.8
3rd foot 1.5 12.3 7.7
Lodgepole pine 1st foot 0.80 7.5 3.5
. 2nd foot 0.72 6.5 4.2
3rd foot_: 1.40 10.3 7.1
White fir | 1st foot 1.24 10.9 6.8
2nd foot 1.37 11.0 5.8
3rd foot 1.24 10.2 - 6.2
Incense cedar 1st foot 1.58 10.0.’ 7.7
2nd foot 1.18 11.8 7.0
3rd foot 1.51 12.3 7.7
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near the highway manifested symptoms at a slightly Tower
leaf Na and Cl1 concentration when compared to those in
the Soil1-Salt Application Study.

5.5 Salt Application Trials

A greenhouse study with shrubs and a field experiment with
conifers were conducted in order to produce salt damage
symptoms and determine threshold salt levels causing damage.

5.51 Salt Damage in Shrubs: Shrubs constitute a conspic-
uous portion of the'ground cover along roadsides in the Lake
" Tahoe Basin., The effect of deicing salt on growth and
survival of these shrubs is unknown. As part of the pre-
liminary survey, a greenhouse study was conducted in 1974

to produce salt damage symptoms in four shrub species

native to the Tahoe region, and to develop guidelines to
-identify salt damage on these plants in the field. This
experiment was done by Dr. Robert P, Doss. The results of

~ this study are given in Appendix 1.

The original plan had been to extend these greenhouse
“studies to include the native conifers of the study area.
The results of the greenhouse studies on the four shrub
species indicated that threshold Tevels developed in this
manner might be unrealistically high because of the higher
humidities and lack of water stress compared to field
conditions. A second question was whether threshold levels
and symptom déve]opmentrwould be similar in the 2-3 year
old trees suitable for greenhouse studies as for more
mature trees. It was decided, therefore, to conduct salt
application experiments in the study area. '
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5.52 Salt Damage in Conifers: From the field survey it
was recognized that salt is one of the two major causes
for the decline of conifers near highways in the Tahoe
Basin. From preliminary field observations and leaf
analyses, it appeared that the salt damage symptoms (tip
burn) develop in these conifers in a similar manner as
described in trees of the midwest and northeast: from
base to tip within a branch or a tree and from tip to base
within a leaf. Threshold levels for damage in these
conifers (Jeffrey pine, white fir, and incense cedar)
based on the May 1976 survey was tentatively set at 0.25%
(dry weight) for Na and 0.4% for Cl1. However, in order to
establish these more precisely, two field trials were per-
formed to observe the onset and development of symptoms
and to determine the corresponding leaf Ma and Cl1 concen-
trations at various damage levels. These trials were

also designed to observe the differences, if any, between
damage resulting from salt taken up through foliage and
salt absorbed by roots. These experiments, initiated in
the winter of 1976-77, were conducted in the Tahoe Basin,
near sites 7 and 15. The first trial was to determine
plant response to salt application to the soil. The
second, was to determine p]ant'response to salt application
to foliage. ' |

5.53 Soil Salt Application Study: This study was conducted
during the winters of 1976-77 and 1977-78. Two locations
were selected where four of the conifer species native to
the study area were available of such sizes that leaf samp-
ling could be done and where they were spaced far enough
apart so that treatments could be separated. Location I

was near site 15 and location II was near site 7. Both

" locations were isolated from any influence of highway
deicing salt by distance and terrain. '
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The sa1t‘app11cation rates were selected to be represen-
tative of rates that might occur adjacent to deicing
operations. Caltrans research (16) had shown that soil
salt levels were highest within 25-50 ft of the pavement
edge and that beyond this distance, salt levels were
negligible. If all the salt from one lane mile moved to

a strip 25 ft wide adjacent to that Tane, it would be
dispersed over 3.03 A. A 50 ft dispersal would cover

6.06 A. On a roadway with super, the salt from two lanes
would largely be dispersed to a strip on one side (unless
removed in the plowing operation). One and one-half tons
of .salt 'per lane mile transported to a 25 ft strip would
equal a salt appiication rate of 0.5 T/A., and to a 50 ft
strip, would equal 0.25 T/A. The rates planned for this
experiment ranged from 0 to 8.0 T/A or 0 to 24 T/lane mile
for a 25 ft dispersal zone, 0 to 48 T/lane mile for a 50
ft zone, or 0-12 T/lane mile for a 25 ft zone where highway
super caused melt from both lanes to disperse on one side
of the highway.

The experimental details are given in the following table.

Table 16. Salt application rates, species used and Jocation of the soil-salt

application study, 1976-77 and 1977-78.

Species Salt treatment, Tond/acre? Number of replications
: and locations

Ptanned Actual
1976-77 1977-78

Jeffrey 0 0 0 Jeffrey pine:
pine 0.5 0.33 0.5 3 in Location I, 3 in 1I
and 1.0 0.66 1.0
White 2.0 1.33 2.0
fir 4.0 2.67 4.0 White Fir:
8.0 5.33 8.0 5 in Location II
Lodgepole 0 0 ] Lodgepole pine:
pine 0.5 0.33 0.5 4 in lLocation 1
and 1.0 0.66 1.0 .
Incense 2.0 1.33 2.0
cedar 4.0. 2.67 4.0

Incense cedar
4 in Location TI

To convert to Kg/ha, niuitip]y by 1.12.
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A1l trees selected were healthy and ranged in height‘from
8-20 feet. The ground around each tree was level and most
trees were isolated from other forest trees. Each repli-
cation contained trees of similar heights and consisted of
six trees for Jeffrey pine, five trees for white fir, and
four trees for lodgepole pine and incense cedar. One tree
within each replication received each level of treatment.

The height, circumference at breast height, crown spread,
density, and possible surface runoff were recorded before
salt application. ‘

For the purposes of salt épp]icatioh it was assumed, from
general horticultural knowledge, that feeder roots occupy

an area slightly more than twice the area of the spread of
the crown. The crown spread of the selected trees of
Jeffrey pine, white fir, and incense cedar averaged 10 feet,

Salt was broadcast in an area of 400 square feet around
2. .
these trees [(3%) x T = 380, rounded to 400 square feet].

The average crown spread of lodgepole pine was 7 feet and
salt was applied in an area of 200 square feet [(l%) X T

= 201, rounded to 200 square feet]. Salt was applied in
equal doses, twice in 1977 (mid January and mid April),

and three times in 1978 (mid January, February, and March).
The third application was omitted in 1977 because of the
very low snowfall,

Leaf samp]és were collected from all trees in January 1977
before the first salt application.

From May through October 1976 and January through September
1977, leaf samples were collected from each tree, except

)
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those trees that were completely defoliated. Samples

were analyzed for Na and Cl. The leaf tissue sample
consisted of oldest "green" leaves on a branch. On trees
with no damage symptoms, these Teaves were the oldest
leaves (e.g. 4 yéar old on Jeffrey pine}). On trees where
there was noderate damage, samples were taken just above
severely damaged leaves. These Teaf samples may or may
not_havé had tip burn. On heavily damaged trees, the
samples were again taken above'severely damaged leaves

and in this case, the sampled lTeaves may have been partially
brown. The objective was to obtain a Teaf sample whose Na
and C1 concentration most sensitively reflected the damage
status of the entire tree, yet sampling criteria in the
field were subjectivé. and there was a degree of sampling
error and variability which could not be avoided.

Another Study‘in&alved_the relation between the Na and C1
concentration and extent of damage of the leaf. Therefore,
- leaves with tip burn or which were 1/4, 1/2, 3/4 and
totally brown'were_ana1yzed for Na and C1. In this study,
we wished to obtain the minimal Na and Cl concentration
associated with. individual Teaf damage.

At the time of sampling, trees were assessed for damage oh
a scale of 0-4 where 0 = no damage, 1 = first visible
symptoms-25, 2 - 26-50, 3 = 51-75, and 4 = 76-100% browning
and defoliation.

! :
Soil samples from four replications in Jeffrey pine, three
in white fir, two each in lodgepole pine and incense cedar
at three increment depths (0-12", 13-24", 25~36") were col-
lected in June and October, 1977, and June 1978 before leaf
sampling.
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Photographs showing the sequence of symptoms in these
ptants were included in the Quarterly Report for June-
August 1977.

5.53.1 Description of Damage Symptoms:
5.53.11 Jeffrey pine

In this species, only trees treated with 5.28 tons of salt
per acre showed visual damage symptoms in 1977. By July,
five out of six trees were distressed. One of the six
exhibited injury on the lowest branch as early as mid-April.

Damage progression in this tree was as follows: The four
year old annual whoril of needles on the affected branch
were green'from base to middle and brown from the middle

to the tip. In the individual needles there was a distinct
though narrow chlorotic band between the areen and the
brown portion. As much as one centimeter of the tips of
needles of the third annual whorl were brown. The two and
one year old needles and the dormant buds did not show any
visual symptoms, '

The damage had spread almost half-way up the tree by May.
In the lower branches that showed symptoms in April, the
four year old annual whorl was totally brown, and the
needles could easily be stripped from the branch. WNeedies
of the three year old annual whorl were three-quarters
brown and the two year old one-~half brown. The one year.
old needles showed one-quarter browning. There was ho
damage in the current year's growth which had just begun.
In the branches above, damage in individual needles varied
from tip burn to three-quarters dead, depending upon the
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agé-of the needles, the oldest needles showing the nost
injury. Between two adjacent tiers of branches, the
lower tier showed greater damage.

The damage had progressed to the upper crown by June, in
the same pattern as in the lower crown. By then the
needles of the lowest branch, except for the current
growth which now was about one-half brown, were totally
dead. The older whorls of the branches above were also
dead or almost dead.

The damage had progressed in intensity by July and was so
apparent that the tree was dominated by a brownish hue,
despite the active, green current growth. By this time,
the three and four year old needles even in the topmost
branches were almost totally brown and the younger needles
tip brown to one-half brown. The lower branches showed
distinct defoliation. The damage rating was raised to
three.

By August, there was severe defoliation of the brown
needles resulting in a very sparse c¢crown. The current
growth was at its peak, and once again, the green needles
became prominent.

This is the typical progression of damage in this species
although the onset of injury and the exact stage at which
it leveled off varied in some cases. In two trees,
exhibiting minimum damage (rating in July = 1) there was
a spiral pattern of injury; however, within a branch the
symptoms progressed in the pattern described above.
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5.53.12 White fir

One tree each in 1.33 T/A and 2.67 T/A and three out of
the five white firs in 5.33 T/A salt treatments showed
moderate (rating = 2) to terminal  (rating = 4) damage
symptoms. The general pattern of spread of symptoms was
identical to that of Jeffrey pine, basi-petally within a
needle and acropetally within a branch. |

The first visual symptoms were noticed in April in one of
the trees receiving the highest treatment. The damage
appeared among the oldest needles {(over 5 vears) in the
lower branches and then progressed upward to the younger -
needles. At this point, the oldest needles were one-half
green (from base to middle) and one~half brown (from tip
downwards), Tip die-back had begun in the younger needles
(3-5 years). The youngest needles (1-2 vears) and dormant
buds were unaffected. | '

The oldest needles, depending upon their age, turned brown
and fell off in May. The younger needles, except current
seasons growth, showed varying degrees of die-back ranging
from tip die-back to three-quarters browning. All these
needles could easily be peeled from the branches.

There was marked defoliation of all the brown needles by
June. In several branches only current to three year old
needles were retained., In a few of the defoliated branches
the tender current growth was scorched or burned, resulting
in an upward curl while the one to three year old growth
remained green, | |
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‘Severe defoliation continued through July and August..
The scorched current season's growth succumbed. Damage
progressed to the younger needles as usual in those

- branches where the current growth was not affected.

5.53.13 Incense cedar

Until July, only two of the four incense cedars at the
highest salting rate (2.67_T/A) showed damage symptoms.
The oldest foliage in the Tower branches of these trees
turned bronze and the branchlet tips were necrotic in May.

Distinct browning of foliage appeared in June. The lower
half of the branchlets turned brown while the upper hailf
remained green, thys conforming to the general salt
damage pattern. There was no defoliation,

Damage progressed only in one tree by July, where the
previous and current season's growth were also killed.

A third tree'began to show symptoms of salt injury in
August and this continued through September.

.5.53;14 Lodgepole pine

One of the four lodgepole pines in the maximum salt treat-
ment (2.67 T/A) showed a moderate amount of damage in July.
The pattern of damage was essentially the same as 1in Jeffrey
pine. The remainder.showed no symptoms even until the end
of October.

¥

5.53.2 Leaf Na and CI.Concentrations and Damage Rating:

Tables 17, 19, 21 and 23 contain plant data for the salt
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application study for 1977 and 1978. The data presented
are Na and C1 corncentrations of leaf tissue and the tree
damage rating; the values given are the mean values and
standard errors for each treatment. Selected data are
given in graphs in Fig. 7, 8, 10, 11, 13, 14, 16 and 17.
Soil data are presented in Tables 18, 20, 22 and 24 and
also in Figs. 9, 12, 15 and 18.

5.53.21 Jeffrey pine

Damage in 1977 appeared only in plots thaf received the
highest level of salt (5.33 T/A). In 1978, damage appeared
at lower rates but not until late in the year (see Table 17
for results).

The background leaf concentration of Na and C1 for this
species are about 0.02% and 0.01% dry weight respectively.
These values are for samples taken from the 0 T/A treatment.
Accumulation of Ma and C1 following the addition of salt at
the highest rate (5.33 T/A. 1977 and 8 T/A, 1978) as a
function of time is shown in Fig. 7. While the pattern of
increase was somewhat irregular, both Na and C1 followed

a similar course. Damage rating increased in a manner very
similar to that of Ma and Cl1. There was no increase in Na
during the first year in the Towest three application rates
(0.33, 0.67, and 1.33 T/A)., During the second year, in-
creases in Na were small at these rates. Leaf Cl, however,
increased gradually at these rates and then increased
sharply at the 2.67 and 5.33 T/A rates. Increases in CI

at the Tower application rates were substantial the second
year., A marked increase in leaf Na occurred in the 5,33
T/A treatment. This is shown in Fig. 8 where Na and Cl
Teaf concentrations are plotted as a function of applied
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Figure 7, Soil-Salt Application Study. Sodium and chloride
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salt. At low salt app]iéation rates, Jeffrey pine appears
to be a Na excluder. The data are for the October 1977
sampling only, but the pattern is typical for other months
as well,

Detailed soil data are given in Tahle 18, It is apparent
that applied salt reached a depth of 36" on all sampling
occasions. During 1977, the salt remaining in the soil

was much greater than that remaining in the soil in 1978,
This is shown c¢learly in Fig. 9. The reason for the marked
decrease in so0il salt is most likely that 1976 and 1977
were drought years and the normal to above normal precipi-
tation in 1978 resulted in leaching of salt from the sojl
profile. This indicates that salt does not accumulate but
is readily leached under 'normal' precipitation.

5.53.22 White fir

The response of white fir to controlled application of salt
was similar to that of Jeffrey pine. One tree in the

1.33 T/A treatment showed severe damage symptoms and very
high tissue levels of Na and C1 as early as May 1977.
Because none of the other trees in this treatment behaved
in this way, we concluded that there was either an error in
application or that particular tree was more sensitive to
salt than other specimens. In the discussion of results
for this species, this tree is not included, '

In general, this species appeared to be more sensitive to
salt than Jeffrey pine. Three out of five trees in the
5.33 T/A treatment were killed by'sa1t by October 1977.
In 1978, damage occuvrred in the 2, 4 and 8 T/A treatments.
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Figure 9. Soil Salt Application Study. Soil ECe (miilimhos/cm) in upper
one foot of profile under Jeffrey pine as a function of salt applied -
the previous season.

® June 1977
O Oct. 1977
A June 1978
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Using the background level of 0.02% dry weight Na as a
reference concentration, it is apparent that very little
Na accumuiated in leaf tissue except at the 2.67 and
5.33 T/A rates in 1977 and 4 and 8 T/A rates in 1978
(Table 19). As with Jeffrey pine, C1 accumulation was
much greater than Na. The background C! concentration
was 0.04% dry weight. €1 concentration had reached
0.08% dry weight in the lowest application rate (0.33
~T/A) as early as May 1977 and at the highest rate
(6.33 T/A) tissue concentrations had risen to 1.3% C1,
dry weight, by September 1977,

The time course of Na and C? accumulation in the highest
salt application treatment (5.33 T/A) is shown in Fig. 10.
The concentration of both elements increase with time

and reached a maximum by October 1977. Mean damage rating
increased in a fashion similar to that of C1 tissue con-
centration. At the Tower rates of salt application (0.33,
0.67, 1.33 and 2.67 T/A), Cl1 absorption was much greater
than that of Na (Fig. 11). This reduced tendency of Na
accumulation compared to Cl suggests that Na is excluded
by this species relative to C1 absorption.

The soil salt concentration increased more or less linearly
with the increased in applied salt {Table 20, Fig. 12).

The salt was distributed fairly evenly in the first three
feet of the soil profile. Data in Fig. 12 show that the
salt content of the soil was much lower in 1978 than in
1977 owing to the higher precipitation in 1978 than in 1877.

5.53.23 Incense cedar

Prior to this study it was felt that incense cedar and
lodgepole pine were very sensitive to salt and that
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Na or C1, % by wt.

Figure 10. Soil salt Application Study. Sodium anhd chloride concentrations
and damage ratings for white fir as a function of time at the high salt

rate. Salt applications were 5.33 T/A in 1977 and 8 T/A in 1978.
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Na or C1 - % by wt.

Figure 11. Soil Salt Application Study. Sodium and chloride concentrations

and damage ratings for white fir on October 1977 as 2 funct

salt.
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upper one foot of profile under white fir as a function of salt
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sufficiénf“iﬁfcrmétion‘regarding their response to salt
application could be obtained by using lower rates of
salt application. Thus, the highest rate of 5.33 T/A
(1977) and 8 T/A (1978) was eliminated for these species.

In 1977, damage occurred only in the 2.67 T/A treatment
but in 1978, damage was present in both the 2 and 4 T/A
treatments. The data did not confirm the assumption that
incense cedar was more sensitive to salt than the other
species.

This species readily absorbs C1, but appears to exclude

Ma. This is suggested by data in Table 21 and in Figs. 13
and 14, In Fig. 13, C1 content of the Teaf tissue increases
steadily with tine and at a rate about 10 times greater than
that of Na. Chloride and Na accumulation are sharply con-
trasted in Fig. 14, Here we note that Cl1 uptake is much
greater than that of Na. As with Jeffrey pine (at low salt
rates), and white fir, incense cedar appears to have the
ability to exclude Na uptake relative to C1 uptake; thus,

€1 1s probably mainly responsible for damage in this species.

The soil salt Tevels found in June and October 1977 were
very similar to those found for Jeffrey pine for the same
rates {(0-2.67 T/A) (Table 22). 1In 1978, the soil salt
levels were significantly lower than those of 1977, pre-
sumably due to greater leaching (Fig. 15).

5.53:.24 Lodgepole pine
Damage was negligible in this species. Ue believe that

this is due to the very low level of salt in the treated
plots and not due to this species being less sensitive to
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' ngure 13. 'Soi]-Sa1t'App1ication Study. Sodium and chloride concentrations
and damage ratings for incense cedar as a function of time at the

high salt rate., Salt applications were 2.67 T/A in 1977 and 4 T/A in 1978.
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Figure 14. Soil Sailt Application Study.

and damage ratings for incense cedar in October 1977 as a function of

apnlied salt.
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Ece, mmhos/cm

Figure 15. Soil Salt Application Study.
one foot of profile under incense ced
the previous season.

® June 1977
© Oct. 1977
A June 1978

S0il ECq (millimhos/cm) in upper
ar as a function of salt applied

Salt th]ied, T/A, previous season
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salt. The soil salt levels found in June 1977 were much
lower than anticipated (Fig. 18)., The maximum levels
(Table 24) found were 1.5 mmhos/cm, much lower than the
levels found for incense cedar, Jeffrey pine and white
fir for the same application rates. The reason for lower
salt found under lodgepole pine is because of higher
leaching that occurred where lodgepole grew. It was pre-
sent only on site 1 and trees were immediately adjacent
to a fire trail into which snow drifted and thus, snow
depth was much deeper than around the other species.

Very littlte Na and C1 accumulated in the leaves of lodge-
pole pine except for the highest application rates (1.33
and 2.67 T/A) (Table 23, Figs. 16 and 17) in 1977 or 1978.
Sodium did not accumulate much except at the highest rate
of applied salt (Fig. 17). Where Na and C1 accumulation
are plotted as a function of time for the 2.67 T/A treat-
ment (Fig. 16), the rate of accumulation of both ions is
very similtar. In any case, too 1ittle Na or C1 was
absorbed to cause much damage.

5.53.25 Relation between Ma and Cl1 tissue
concentration and damage rating

A correlation between tree damage rating and C1 and Na
tissue concentrations was found for three of the four
species tested. Damage in lodgepole pine was too low to
obtain a correlation.

The correlation was obtained in the following way: the

Na or C1 t4issue concentration of trees having the same
damage rating, regardless of treatment or length of treat-
ment, was plotted against damage rating. In this instance
damage rating was the dependent variable. The relationship
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~

Figurellﬁ. Soil-Salt Application Study. Sodium and chloride concentrations
and damage ratings for lodgepole pine as a finction of time at the

high salt rate. Salt applications were 2.67 T/A in 1977.
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Figure 17. Soil Salt Application Study. Sodium and chloride concentrations

and damage ratings for lodgepoie pine in October 1977 as a function of

applied salt.

s —Ci
A& — Damage
O —~Na

-
2
@
3F
o
'.
o
e .2
o
=

_ —
1 DNe— 3 1

! 2 3
Salt Applied - Tons/Acre

105

Demoage Roting



2.67
meq 1-1
4]

following
Na

ne
ECe

C1

meq 1-1

1.33
Na

EC_e

Cl

0.67
meg 1°1

ECe Na

€1

Nimhos/cm}, sodium and chloride {meq 1-') under lodgepole p
Salt Treatménts - Tons/A

meq 1-1
Na =~

i

1 ECe_(m
0.5

1
ECe

So

M

meq 171

Na

meter ECe

Para-

the addition of various rates of salt.
1.2

77

Table 24. Soil Salt Application Study,

Date Depth
June (-1

1977
3978

0o
o

= o
Ly &

0.9
0.5

ol O
uy =k

106

0-1

Oct.
77

—_—

25.1 2171,
24.5 26

2.86
2.n

o el
[N =]

M~ 0
— 0

0.34
0.05

O h
= N

78

dune 0-1



ECe, mmhos/cm

Figure 18. Soil Salt Application Study. Soil ECg (miliimhos/cm) in upper
one foot of profile under lodgepole pine as a funct1on of salt applied

the previous season.
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for'§§ff?ey binéﬂis'§ﬁ5wﬁ“in'Fig. 19. Trees having a
damage'rating of 1 have a mean C1 tissue concentration

of 0.4% and a mean Na tissue concentration of about 0.18%.
As damage rating increases, Na and C1 leaf concentration
increase linearly. White fir (Fig. 20) behaves similarly
to Jeffrey pine, however, incense cedar shows (Fig. 21)

a much lower Na level than either white fir or Jeffrey pine.

1t should be remembered that the tissue sampled and analyzed
in this study represents the oldest green or partly green
leaves on a branch. When trees are sampled in this fashion
and tissues are found to contain Na and C1 concentrations

at or exceeding the levels given in the following table,
then the tree is very likely suffering from salt stress.

Table 25. Sodium and chloride concentration of oldest
leaves associated with. a tree damage rating of
1 in Jeffrey pine, white fir and incense cedar.

Species % dry wt. Damage
- _ Rating
Na C1

Jeffrey pine 0.18 0.4 1

Hhite fir’ ‘ - 0.13 0.65 1

Incense cedar 0.05 0.65 1

5.53.3 Relation between individual Teaf damage and Cl

and Na content: One of the objectives of this study was to
obtain an estimate of the Na and Cl1 Teaf cancentration that
resulted in damage (necrosis) of individual leaves. Specif-
ically, we were interested in the minimum Na and Cl tissue
leve] associated with necrosis. To do‘fhfs.'samp]es with
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Damage Rating

Figdre 19. Soil Salt Appiication Study. Damage rating in Jeffrey pine as
~a function of leaf sodium and chloride concentrations for individual
tree data. Concentrations at 0.5-1 damage ratings are astimated

threshold levels.
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Leaf Na or C1 conc., % dry wt.
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Figure 20."Soii'Salt_AppTitdfidﬁi§tudy. Daﬁége rating in white fir as a
fuﬁctionlof leaf sodium and chloride concentrations for individual
tree d&ta._IConéeﬁtrationS!at 0.5-1 damage ratings are estimated

threshold levels.
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Dahage Rating

Figure 21. Soil Salt Application Study. Damage rating in incense cedar as
a fuhction_of leaf sodium and chioride concentrations for individual
tree data. Concentrations at 0.5-1 damage ratings are estimated

threshold levels.

T

Leaf Na or C1 conc., % dry wt.
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varying degrees of necrosis (i.e., tib buvn, 1/4 brown,
1/2 brown, 3/4 brown and fully brownh) were collected
from the plots réceiving salts. Samples were collected
in 1977 and also in 1978, The results are shown in
Figs. 22 through 25. From these figures an estimate of
Na and C1 associated with varying degrees of leaf
necrosis can be obtained. In the following table, Na
and C1 leaf concentrations associated with tip burn
(about 10% browning) and completely dead tissue (100%
browning) is presented.

TabTe 26. Sodium and chloride concentration of leaves with tip burn and
complete necrosis in Jeffrey pine, white fir, incense cedar and

lodgepole pine.

Tip burn Complete necrosis
: % dry wt.
Species ‘ Na Cl Na Cl
Jeffrey pine 0.15-0.23 (.44-0,50 0.990 1.10-1.40
White fir 0.14 0.43-0.50 0.95 1,.56-1.98
Incense cedar 0.06 0.44 0.30 1.80
Lodgepole pine 0.14-0.22 0.37-0.56 0.40-0.70 0.09-1.12

These estimates can assist in ascertainihg whether
tissue damage (necrosis) is due to salt or to other
factors.

5.53.4 Summary: Controlled application of sodium chilo-
ride to four species of trees growing in the Tahoe Basin
has allowed us to: 1} to record and note the development
of symptoms and tree damage as a result of excessive salt
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Figure 22. Soil Sailt Application Study. Leaf sodium and chloride

concentrations in Jeffreypine at different fractions of leaf
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FigUfe 23. Soil Sa1t'Apri¢a£ion'Study. Leaf sodium and chloride

concentrations in white fir at different fractions of leaf browning.
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Eraction of leaf that is brown

Figure 24. Soil Salt Application Study. Leaf sodTum.and chloride

concentrations in incense cedar at different fractions of leaf

browning.
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Fraction of leaf that is brown

Figure 25. Soil Salt Application Study. Leaf sodium and chloride

concentrations in 1odgepo1e pine at different fractions of leaf

browning.
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in the soil; 2) to obtain leaf tissue Na and Cl concen-
rations associated with varying degrees of overall tree’
damage; and 3) to obtain leaf tissue Na ahd C1 concentra-
tions associated with varying degrees of leaf necrosis. "

5.6 Foliar Salt Application Study

Some portion of the salt applied to highways is dispersed
as spray or aerosols whipped up by traffic and blown onto
adjacent vegetation. Vegetation can absorb salt through
the foliage and suffer damage. The objectives of this
study were to induce damage symptoms on conifers to deter- -
mine: 1) concentrations of salt spray which might cause
damage; 2) whether the symptoms differed from those result-
ing from root uptake; 3) relative sensitivity of sbeciés;
and 4) concentration of salt in leaves which causes damage.

5.61 Materials and methods: The foliar salt app1icafioﬁ
study was conducted from January 1977 till June 1978.
Four species of trees, Jeffrey pine, white fir, 1odgepo1e
pine and incense cedar were chosen at two sites, removed
from the highway environment in the Tahoe National Forest,
Lake Tahoe basin. Three replications of Jeffrey pine and
five of lodgepole pine were in Location I of the Soil Salt
Application Study near site 15. Three replications of
Jeffrey pine, five of white fir and five of incense cedar
were at Location II of the Soil Salt Application Study
near site 7. ‘ | S

3
There were five NaCl ¢oncentratioh$ used as a foliar spray:
6, 0.1, 0.5, 1.0, and 5.0 molar (M) NaCl, made from deicing
salt. The 0.5 M solution is slightly more concentrated than
the salt concentration in sea water, These'concentratiﬁns
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“bracket the salt concentrations found in pavement runoff
by an earlier Caltrans study (16). Five healthy branches
of similar size and condition, 6 ft above the ground on
‘the same tree, received one treatment each. Thus, every
tree was a single replication. There were six replications
of Jeffrey pine and five each of the other three species.

The treatment solutions were sprayed to runoff on Jan-
uary 24, March 22 and April 12, in 1977. A snowstorm
occurred the day after the March 22, 1977 application.
The treatments were reapplied in January, February, and
March, 1978. The air temperatures were between 28 and
"36°F on the days of app1icat10n.

From May 1977 to June 1978, the treated branches were
observed for salt damage symptoms, Damage was rated on

a scale of 0-4, where: 0 = no damage; 1 = first visible
symptoms to 25; 2 = 26-50; 3 = 51-75; 4 = 76-100% browning
or defoliation. ' |

Depending upon avaiiabi]ify. oldest green leaves and vary-
ing grades of brown foliage (tip brown, 1/4, 1/2, 3/4 and
fully brown Teavés) were sampled from each treatment in
-January and August 1977 and January and June 1978 for
determining their Na and C1 concentrations.

The Teaf samples were washed in distilled water to remove
sqrface salt and oven-dried at 70° for 72 hours. They
were ground through a 40 mesh screen in a Wiley mill and
Na and C1 concentrations were determined as described
previously.
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5.62 Results: Means and Standard errors of the means
are given in Table 27.

5.62.1 Jeffrey and lodgepole pine: deffrey and lodge-
pole pines did not show any salt damage symptoms even
at the 5M treatment after two years'although in the
interval, concentrations of Na and C1 in the leaves had
increased significantliy. They did not, however, exceed
the threshold levels, as determined by the Soil Salt
Apptication Study.

5.62.2 MWhite fir: Damage occurred in white fir in the

S5M treatment as early as June 1977 in onhe branch. This
branch received a damage rating of 2 in August. Symptoms
were no different from those resulting from the uptake of
salt by roots., Tip browning in a second branch became
visible in August and was rated 1 on the damage scale.
These two branches had damage ratings of 2 in January 1978.
By June 1978, the damage rating on these two branches were
3 and 2, respectively. Branches on two other replicates
were rated 1 on the scale and one replicate did not show
visible damage. No damage symptoms developed in the 1.0M
and lower treatments. Leaf Na and C1 concentrations
increased over initial levels in most of the treatments

but did not exceed the estimated threshold of the Soil

Salt Application Study by June 1978, However, there was
damage at the damage rating of 1 (25% level) in several
trees at the highest application rate. From the data,

the estimated threshold levels for injury (25% damage) to
white fir from foliar-applied salt were 0.30% for HNa {range
0.16-0.38%) and 0.42% for C1 (range 0.28-0.49%).
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The leaf Na and C1 concentrations in white fir are
plotted as a function of time 1in Figure 26. Sodium
concentration in leaves increased gradually to January
1978 in the 5 and 1 M treatments then increased again
after the 1978 applications. Chloride concentrations
increased by August 197?'and'held steady or dropped

's]jghtly by Jdanuary 1978 in all except the 1 M treat-

ments. The Tevel increased in all treatments following
the 1978 applications.

.5;62.3 Incense cedar: Incense cedar was the most sus-

ceptible conifer in this study. Even at the lowest
éoncentration.(O.T M) NaCl spray caused damage in incense
cedar. Foliar symptoms were jdentical to those resulting
from root upfake. By August, all five branches that
received the 5 M spray showed damage, two received a
fatihg off] and .three received a damage rating of 2.

Three branches each in the 1 M and 0.5 M treatments re-
ceived a damage rating of 1. One branch in_the 0.1 M
treatment received a damage rating of 1. Damage increased
prbgres;ivejy until June 1978 when all the branches in the
5 M treatment WQre dead (damage rating of 4). One branch
in the 1 M treatment was dead, three were rated 2, and one
was rated 1. . One branch in the 0.5 treatment was rated 3,
three were rated 2, and one was rated 1. Four of five

‘branches in the 0.1 M treatment were rated 1. Estimated

threshold levels for injury (25% damage) to incense cedar

- from foliar-applied salt were 0.16% {(range 0.062-0.265%)

and 0.45% for C1 (range 0.20-0.79%). The data (means) for
sodium and chloride concentrations at all damage levels
are plotted in Figure 27.

-'The leaf Na and C1 concentrations in incense cedar are

plotted as a function of time in Figure 28. The pattern

122



Legf Ci

Leaf Na Concentration, % DW

Concentration, % Dw

Figure 26. Foliar-5alt Application Study. Leaf sodium and chloride
concentrations in white fir as a function of time at several

application rates.
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Figdfe 27. Fo]iéf”551t Application Study. Damage ratings as a function
of leaf sodium and chloride concentrations in incense cedar from

B S
foliar applied salt.
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Figure .28. Foliar-Salt Application Study. Leaf sodium and chloride
concentrations in incense cedar as a function of time at several

application rates.
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of ‘accumulation is very similar for both ions. However,
the concentration of both elements was about 4-fold
higher in incénsé‘éedar than in white fir at the two
highest concentrations {5 and 1 M) and 2- to 4-fold in
the Tower concentrations (0.5 and 0.1 M). Slight in-
creases in leaf C1 in both species may have been due to
transiocation within the plant.

5.63 Summary: It i1s very probable that some of the plant
damage from deicing operations, at least in white fir and
incehse cedar, is from salt spray of aerosols. Although
damage symptoms were not visible in the pine species, a
porifbh of leaf Na and Cl may come from aerosols.

Accumulation of foliar applied salts was additive for the
two years Qf-this study. For three to five or more years,
leaves remain on a tree salt accumulation through foliage
~could be a major cause of damage. This could be particu-
“larly important-in incense cedar which absorbed up to

four times as much Na and C1 as did the second most sensi-
tive species, white fir. However, the typical one-sided
pattern (more damage on the side of the tree nearest the
highway) reported by some workers in the eastern United

- States ﬁere not observed in the surveys of the original

15 sites.

5.7 Temperature Influence Study

5.71 Materials énd methods: This experiment was conducted
between January and May 1978. Forty-eight three year old
white fir seedlings established in gallon cans were acquired
from Christensen Nurseries, Saratoga, California. These
seedlings were acclimatized to the Lake Tahoe environment
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for three weeks in January. The plants were then pTéced

in a wooden frame outdoors, in an area well protected

from direct snowfall at a private homesite in North lLake
Tahoe. Each can was fully insulated with redwood sawdust.

There were eight salt treatments viz. 0, 10, 20, 40, 60,
80, 100, and 120 me g 1—1. This experiment was a complete
randomized block design with six replications.

Treatments were applied five times in February, .on the
3rd, 7th, 10th, 16th, and 23rd. One hundred mi of solution
were applied per can at each application, On February 3,
treatments above 40 meq 1-1, were not used, instead those
~plants received the 40 meg 1f1 sojutions, so that they |
could be gradually conditioned to the higher dosages.
Likewise, on February 7th, treatments above 80 meq 1-
received only the 80 megq 1-] solution. But from February
10th onwards, the plants 1in higher treatments {100 and

120 meq 1~1) received their designated dosages. In March,
the treatments were applied on the 6th, 11th, and 29th,
and in April, on the 12th, and 26th. Each fime, 100 ml

of the treatment solution was applied to the soil except
for February 16th when a 150 mi was used. The container
media never became dry. Some leaching occurred from drip
snow melt.

At the end of Februavry, March, April, and May, oldest
needles were sampied from these seedlings to determine
their Na and C1 content. Plants were observed for salt
damage symptoms and rated on a scale of 0-4 where; 0 =
no damage, 1 = first visible symptoms -25, 2 = 26 to 50,
3 = 51 to 75, 4 = 76 to 100% browning and defoliation.
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“The“leaf samples were washed in distilled water to remove
surface contamination and oven dried at 7¢° for 72 hours.
Na and C! concentrations were determined as described
previously,

Daily maximum and minimum temperatures from January
through May recorded by National Weathep Forecasting
Service of the National Oceanic and Atmospheric Agency
at Tahoe City, about six miles from the test site, were
 obtained to determine the influence of temperature on
Na and CT uptake (Table 28). |

5.72 Results: The average minimum and low maximum air
temperatures were ]ow during the course of this experiment
and had relatively narrow ranges. The average minimum
temperature varjed between 23 and 31°C, the high minimum
between 32 and 37°F and the low maximum between 27 and
40°F.  However, the avérage maximum and the high maximum
temperatures had a greater range. The average maximum
temperatures were 33°F ip January and February and reached
60°F in May. The high maximum in January was 46°F, in
February, 47°F, in March and April, 58°F, and in May,
76°F,

Leaf Na incréased-on?y slightly from the end of February
until the end of April in the 99 and 120 meq 1-1 treatments
and then increased 4- to o-fold by the end of May (Table 29,
Fig. 29). The uptake of the Na somewhat parallels the
maximum temperature levels.

Leaf €1 increased somewhat more during March and April
than did the Na, about 2-fold, and then increased very
rapidly by the end of May, another 2- to 3-fold increase

e

I "'rﬁg‘ )
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Table 28. Temperature data for Tahoe City, 6 miles S.W. of the experimental
1

site .
MAXIMUM TEMPERATURES ° F MINIMUM TEMPERATURES °F |
Month . Range Average Range | Avefage
January 46-27 33 32-4 24
February 47-30 33 37-12 23
March 58-36 45 35-18 29
 April 58-34 47 3315 26
May 76-40 . 60 35-24 o 31

lppovided by: National Oceanic and Atmospheric Administration, Reno,

Nevada, U.S. Department of Commerce.
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7 Figure 29. Temperature Influence Study. Leaf sodium concentrations at

Leaf Na C"éf‘ncén'traf-iéin,“’/o Dw

four sampling dates at four levels of applied Na C1. maximum and

“average maximum air temperatures during the study are also given.
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in one month (Table 29, Fig., 30). The uptake of C1 and
the maximum temperature 1eve1s as plotted are strikingly
similar,

- These results are similar to those of other workers who
have shown that uptake of salts and development of damage
‘symptoms occur more rapidly in the spring than in the
winter (20). This suggests that the addition of salt.
during late winter and early spring months may be more
detrimental to the roadside vegétation than the midwinter
applications. There is less uptake of salt when tempera-
tures are low. At this time the roots are relatively
inactive. Salts applied in midwinter would have more
time to be diluted by additional snowfall and early éprinq
rains and to be leached from the soil than sa1ts applied
later in the season.

5.8 Bark Uptake Study

'5.81 Materials and methods: This study was conducted
from March to August 1978. Seventeen white firs, eleven

Jeffrey pines, and five incense cedars, established in
five gallon cans were placed in a lathhouse. These plants
obtained from Christensen Nursery, Saratoga, California,
were more than 10 years old and 30-36 in. high.

An aluminum foil cup, 4" diameter and 1" cm déep (10.6 x
2.54 cm) was attached around the base of the stem.of
each plant. These cups were waterproofed so that there
would not be any leakage of salt solution into the root
zone. Fill material, 300 gm cup, with a content of 11
meq 1-] Na and 14 meq 1-] Cl collected near a'highway in
Lake Tahoe Basin, was added.
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Figure 30. TéﬁperatuféfInT1uence Study. Leaf chloride concentration at
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There were three treatments of 30, 100, and 300 meq I-l
NaCl with five replications for white fir. Treatments
for Jeffrey pine and incense cedar were 30 and 300

meq ]—} with five and two replications respectively.
Four seedlings, two of white fir and one eath of Jeffrey
pine and incense cedar received no sait. The cuﬁs were
kept covered with aluminum foil until the end of April
to prevent entry of rain water. However, on May 2nd,
roots were observed which had been initiated from the
area surrounded by fill material in three white fir, two
in the 30 megq 1-T treatment and one in the 100 megq 1--1
treatment. Subsequently, the cups were left uncovered
to discouragk further root initiation and the treatments
were added more frequently to keep the fill saturated.
During the entire course of this exper1ment, plants were
watered with tap water. No fertilizer was added. The
experiment was terminated in June because of the possi-
bility of further root initiation and of breakdown of
the seals between the cups and trunks. ‘

0ldest leaves were collected from each seedling in Febru-
ary, April, and June to determine their Na and C1 cohcen-
trations. The samples were oven-dried at 70° for 72

hours and ground through a 40 mesh screen in a Hiley Mill.
Na and C1 concentrations were determined as descr1bed
previously. The plants were observed every month for salt
damage. None was observed through the June sampling date.

5.82 Results: The mean leaf Na and C1 concentrations
are given in Table 30. Initial Tevels of both MNa and Cl
were low in Jeffrey pine and these remained low through
the experiment.
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Table 30. Bark Uptake Study, Mean leaf sodium and chlorid

white fir, and incense cedar on four sampling dates.

stem was treated with NaCl solutions from March onward.

e (% DW) in Jeffrey pine,
Fi1l materials around the

0.057

Feb. 1978 April 1978 June 1978
Treatment % D
Species meg 1-1 Na (W] Na (W] Na c1
deffrey pine 30 0.041 0,036 0.039 0.021 0.023 0.014
300 0.041 0.023 0.028 0.014 0.023 0.039
White f.ir 30 ¢.033 0,050 0.036 0.029 0.028 0.091
100 0.038 0.046 0.049 0.034 0.059 0.183
300 0.028 0.063 0.040 0.050 0.084 0.365
Incense cedar 30 0.065 0.342 0.038  0.323 0.033  0.342
100 0.599 0.049 0.448 0.100 0.852
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The initial levels of Na and C1 were low in white fir;. By
June there were somewhat higher levels of Na in the 100
and 300 megq 1~1 treatments but these were below 0,05% dry
weight even in the 300 meq 1.1 treatment. Leaf C1 levels
in April were low but there was an increase in all treat-
ments on the June sampling date (Fig. 31). It couid not
be determined whether this was due to bark uptake or the
beginnings of root initiation.

Leaf Na cohcentration in incense cedar was low initially
and on the April sampling date. In the 100 meq 1-] treat-

ment the level had reached 0.1% by June but was unaffected

in the Tower salt treatment. Initial leaf chloride levels
were fairly high in this species. They remained‘nearly
constant for the 30 megqg ]-] treatment throughout the
experiment, In the 300 meq 1--1 the chloride Tevel dropped
on the April sampling date and then increased somewhat on
the June sampling date. The data for incense cedar are
plotted in Fig. 32.

The data indicate that bark uptake of salt was negligible
from March through May or June. In the study area, much
of the salt would be leached out of the sand-cinder side
castings by June. It is concluded that these materials
are not a serious stress factor in the study area.

5.9 Seasonal Salt Fluctuation Study

5.91 Materials and methods: This study, conducted from
October 1977 to August 1978, was initiated to supplement
the Intensive Survey of 1976 by giving a greater diversity
of sampling distances between 10 and 100 feet of the high-
way, and, through more frequent sampling times, to study
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Fiﬁﬁré 31; ‘Béﬁk-Uptaké,Stuﬂy. Leaf chﬁorjde‘concentfation (% dry wt.) in

" white fir treated with 30, 100, and 300 meq 1-1 NaCl as a function

of time.
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" Figure 4. “Salt concentration of the soil solution as a function of

the distance from the paved roadway. Data provided by State

Samples were collected in spring, 1974. High salt transect

was at site 15 and lTow salt transect was at site 1.

of California, Division of Highways, Transportation Laboratory.
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ol

"seasona1 trends in 50115 and tissue salt levels, and
in damage rat1ngs.

Three of the or1glna1 15 study sites were selected for
this study Site 11 in Sugar Pine Point State Park
(03'ED 89, PM 26.4); Site 4, immediately west of the
‘Baxter Maintehance Station (OS—P]a-SO, PM 50.26); and
Site 13, east of Kyburz (03-ED-50, PM 51.43). (See
"Fig. 2.) This salt application rates in previous years
on these sites are ﬁiven in Table 31,

i .
TWo species of trees were studied, Jeffrey pine and
incense cedar. Transects were taken: four at Site 11,
“six at Site 4, and 10 at Site 13. One tree of each
species was samp1ed at each of seven distance intervals
in each transect. Distance intervals were 10, 20, 30,
- 40, 60, 100, and 200 feet (3.1, 6.1, 9.1, 12.2, 18.3,
©30.5, and 61 meters) from the pavement edge. Each
transect was cons1dered a replication. There were, of
each species, 28 trees at Site 11, 42 at Site 4, and
70 at Site ]3,_a total of 140 trees. Trees were 7-15
feet tall and located downhill from the pavement edge.

Damage was ratég on a scaTe of 0-4 where: .0 = no damage,
1 = f1rst, observable symptoms to 25, 2 = 26~50, 3 =

51- 75, and 4 = 76 100% browning and defoliation. These
ratings were taken in October 1977, May, June, and August
1978.

01dest green t1ssues (usually three year old needles) of
~Jeffrey pine and the oldest leaf tissue of incense cedar,
without and somgt1mes with symptoms were collected from
each tree to determine the Na and C1 levels. Sampling
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Table 31. Salt Application Rate (Tons/1ane mile) on Seasonal Fluctuation

Study Sites.

Site 1974-75 1975-76 1976-77 1977-78
11 4.4 2.6 0.6 2.2
4 9.3 4.9 13.1 8.2
13 15.2 7.9 4.1 10.9
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"was in October 1977, April, May, June, and August 1978.

Leaf samples were oven-dried at 70°F for 72 hours and
ground through a 40-mesh screen in a Wiley mill. Sodium
and chloride were determined as described previously.

One soil sample per tree was taken in October 1977, May
land August 1978 at 0-12 in. Soil ECe, and Na and C1
‘levels were determined as described previously.

‘5.92 Results:

5;9é,1 General Patterns: The overall seasonal fluctua-
tion patterns of leaf Na and C1, and of so0il analyses for
Ece, Na and C]1 were very similar for both species studied
and among atl sites (Tables 32-43, Figs. 33-46). The
quantitative values varied, of course, between species,
and among sites, and for distance intervals within sites.

~Leaf Na and C1 (Tables 32, 34, 36, 38, 40 and 42, Figs.
33, 35, 37, 41, 43, 45), were always highest at the 10

ft. distance interval and usually decreased as distance
from the highway increased. In a few cases the leaf Na
and C1 concentrations at one distance interval were higher
than those at a distahce interval nearer the'highway, e.g.
in Jeffrey pine at Site 11, levels at 40 feet were higher
than those at 20 and 30 feet. - For trees 60 or more feet
from the highway, in most cases, these levels were below
the estimated toxicity threshold levels. At all but the
100 and 200 foot distance intervals, levels were usually
lowest in October 1977, highest in May 1978, and had
decreased somewhat by August 1978. However, August 1978
levels were almost always higher than those in October
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1977, Thus, one can conclude that except where NaCl in
‘the soil is .at or-near background levels there.willibevan
increase in leaf Ma -and C1 with -time, .until either ‘the
‘leaves . are damaged or they abcise normally.

-The soll parameters EC,, Na and C1 had, for: each sfte
.and distance interval, almost identical patterns as +a
functien of time (Tables 33, 35, 37, 39, 41, 43, Figs.
34, 36, 38, 42, 44, 46). The October 1977 sampling was
at the end of two years of severe drought (see Table '1).
The levels of ECe, Na and C1 at the distance intervals
nearest the road were highest at this samplinyg date. Even
though additional salt was applied during the winter of _
1977-78, soil salt levels dropped dramatically by May 1978
after a season of normal or above normal precipitation.
They dropped even further by August 1978. The levels of
these parameters at 100, 200, and sometimes at 60 feet
chdnged very little because they were already at or near
background levels, . '

5.92.2 Species, Sites and Distance Comparisons: The
concentration of leaf C1 and soil EC, will be discussed
by species and by site and distance intervals. Soil Na
and C1 patterns were very similar to those for EC
(Tables 33, 35, 37, 39, 41, 43) and therefore are not
discussed separately.

5.92.21 Jeffrey pine

Site 11, 2.2 T saTt/1ane mile. Tables 32 and 33, Figures
33 and 34. On this site, the leaf CI concentration at 40
feet was intermediate between that at 10, and at 20 and 30
feet. The higher levels at 40 feet, compared to 20 and 30

143



"SU0Led] [dad JO daqunu ‘g/gL-7/6) Uorjeat(dde ILES ‘43qUnuU 8345;

- 200°0  200°0 - L00"0> €00°C = Zlo'o £00°0 000>  L00"D - L00*0 200°0 -5

- 600°0 600D - 1000 9100 - $50°0 L1100 ¢00°0 00" 0 - ¥00°0 390070 abuey
0 Llo°0 geo'o 0 600°0 #$20°0 0 0g0°0 8EC0 9000 ¥23°0 0 S00°0 020°0 X 14002
- €500 100'0 - ¥50°0  £00°0 “ 8£0'0_ 20070 V00 20070 - 9%0°0 900°0 X5
- El2'0 0070 - 2g¢’0 2o - .651°0 - 01070 €170 oio‘o - £8L°0 S20°0 sbuey
0 §%0°0 9£0°0 "0 69070 82070 0 080°0 0G0 05070 820'0 0 0070 s20°0 ¥ 1400l
- EE0T0  20¢'0 - 000  500°0 - ¥e0°0 2000 Sil0"o 900°0 - g210°¢ -010°0 %s .
: - EEL'O  600°0Q - 88l"0 22070 - 65L°0 £00°0 9070 ¥20°0 - 9/0°0° L¥0°0 abuey
0 S90°0 $€0°0 0 180°0 €g0°C 0 goL 0 070 2r0°0 GE0°0 0 920°0 @200 X 109
§£°0 0S2°0 #00°0 S£°C 6LE0  0L0°0 SL£°0 61270 80070 S6L°0 - S00°0 0570 [51°0 0L0°0 % )
£ #00°L Z10°0 € . 162°L 99070 £ 16870 iv0°0 £28°0 ¥20°0 2 919°0 Lrl'0 sbuey :
S£'0 2920 Eb0'0 S0 EWETD  8E0°Q SL*0 64270 290°0 £52°0° E£E0°0  0QS°0 63L°0 2e0°¢ X 34 0f ,
G2°0 6vL°0  800°CQ 42°0 lLL'0 +¥l0°O §2°0 96070  ¥L0°D .860°0 200 G20 180°0 £10°0 %5 :
L €E09°0  pE070 L ES¥°0 29070 [ Sl¥°0 e0°0 - 0P PLLO L SVE'0 2L0°0 abuey ’
2°0 vLL°0  650°0 S2°0 991D 280°0 §2'0 92Z°0 §80°0 8LL°0 | ££0°0 §2°0 9LL*0 s90°0 X 34 0E Mw ’
62°C¢ 990°0 #10°0 262°0 68070 9100 mwrc 690°0 ¥10°0 6%0°0 £10°0 620 L£0°0 6L0°0 %s - ~ 2
L v82°¢C +90°0° L 06£'0 £90°0 : L 82£°0 G900 122" 0 18070 i ¥0E"0 6070 abuey
§°0 .LOL°0 10L0 S0 49L°0 8zZL'0 §°0 20Z°0 _ALL'o ZrLto 92170 §°0 oLL'0 12l-o . X 3302
7’0 LEL'0  L1G°D _euo qmp.o . ¢lo"0 ‘§2°0 6LLTO 9EQ70 880°0 §20°0 szZ'0 £80°0 Z£0°D %s F=u
¢ 950 9%0°0 - Z 1290 68070 L €25°0 ELLT0  EL£°0 - 9LL'D L §8e°0 19L°0 sbuey 12°e
¢ 990 gSLTo ¢ LEFTD 6SL°0 8470 6SF0 SEL°0 - 628°0 - 981°0 G2°L {9270 s8ri ¢ , X 330t L1
C sbeleq 19 BN sbelieg |9 BN abeureq 13 mz. [i] N aneuRg 12 ‘ 3y 48330 aduexr  a1ig
: ] Mt % Ma % - : MO % MO % . Ma % ~BJEY -sig
861 3snbny © Bi6L {unp - - 86l fey 8/61 Llady - L6 190

. . S : *sUeal
BU} 40, S404J3 PABPUR]S pue abued *sueal apnioul eje -usAlb os|e ade sBuijed Beweg " -AemyBLy sy wods saje3sip Burfupa e
8261 3snbny 01 /76| 439030 wody 3uld Aauggap UL SUOLIBJIUBOUOD BPLJIOIYD pue WNLpos ged] :ApniS UOLIENION|J |RUOSESS 'ZE BlqeL




*suoLjestided 0 JBGURU ‘G/E|-LL6L WQLIEDL|dde J|es ‘uaqunu a3iS.

: "W /SOl | | Lug

. - : 312642%2 835ed HOLlRJUN]ES;

52070 0v0°0 2070 620°0 #92°0 #50°0 viz'0 85070 50070 =S

0oL 0 08L 0 02€°0 ool o orLTL 0E270 a0z 1 08270 0¢0°¢ abued
zZi'0 ogt o 06170 06170 §19°0 06L°0 00570 LOv'0 GeLo X 4002
goL-o 2210 §20°0 61170 99070 1£0°0 0EE"0 19170 68070 L
0oy"0 0¢5°0 gzL'o 00570 082°0 oiL°c pos L 0rLt0 06E°0 abued
-§£2°0 SES°0 . L5170 0sZ°0 GES'D ShL0 X G8°0 066°0 £22°0 X 14 00L
G20°0 520°0 900°0 L0 25170 8£0°0 §/0°0 LvL 0 59070 Mm
oaL'o azL'o 0E0°0 00970 00L°0 0910 00E"D 02970 0le 9 abued
G270 sy o 010 G2€°0 §95°0 g9L'o Gi5°0 S0L°0 <020 X 33 09

0 256070 120°0 22l o 6v0°0 5¢0°0 80L°0 L0270 EFQT0 %5

0 0220 gol o 005°0 0020 0L 0 00s°0 026'0 00270 sbued
ool o 0L£°0 £60°0 0050 099°0 . 290 - 008°0 09470 6170 X 3 Of
Gee'0 6LE"D §80°0 65E°0 8800 £20°0 mﬁwpo 98£°0 2E0°0 Mm
00g" L 02t L 08¢ 0 00G° L 0v0°¢ OLL"D oog'L CooveTL 0ELD abues
G25°0 LEL°0 oLz o §¢9°0 000" L £062°0 oSl L - 00671 . §9Z2°0. X 13 0¢
580°0 99270 $50°0 §2¢°0- 1220 220’0 CELETL 621 #01°0 s
0ot 0 Ore"L 08270 000" L ugL L 0600 - 008°8 02L°G 09%°0 abue.
§2¢°0 oLt §SL2°0 54570 0071 516 08671 T 506°¢ 06270 X 1} 02
#eE0 #6270 #0070 . 0s8°0 869°0 L1070 Z99°0 {6071 SL0°0 %5 , p o= U
0041 0ot 1 oLte'o 008z 4]4] 85 09e°0 Qo8*e 0sL'y ove*0 abuea 12°2
000", 26i°1 £02°0- : SLLtl 0862 §¢€°0 0oL e . 060°¢ 50b°0 X 34 01 L

L3 BN } 33 12 BN - n LD 11BN z .ﬁmom JAajsll  DUBYSL] gagig
. — ~BAE
-1 bot T -l bem . p=l ol ‘
8Z6L 1snbhy 861 Aul : LI6L "330

. - *sajep Buppdees asayi
:omuz;mw;m;peogmmmu:mmewFmsm>wmumm:mnhuxmmmmpmﬁcsmuwso—guu=m53muom ﬁmuu —_om"»unumcowumz“u=~mszommmm.mmmFQME

145



Figuré 33. Seasond1 Fluctuation Study. Leaf chloride concentration (%DW)

in Jeffrey pine as a function of time, site 11, 2.2T salt/lane mile.
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_ Figure 34. Seasonal Fluctuation Study. Soil ECe(m1111mhos/cm) under

Jeffrey pine as a function of time, site 11, 2.2T salt/lane mile,
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feet could nét be explained by the estimates of spray or
runoff possibilities. At 60 feet and beyond, levels were
Tow. Leaf C1 at 10 feet was 0.27%, below the estimated
‘threshold Tevel (0.4%) in October 1977, increased to
slightly above the level in May and June 1978, (0.46 and
1 0.44%), and decreased to slightTy below the level (0.37%)
by August.

The ECe'data of October 1977 and May 1978 at different
distance intervals did not correlate well with the leaf
C1 concentrations. At 40 feet, EC, was lower than at 20

~ and 30 feet and were almost identical to those at 60 feet.

This tack of correlation may have been due to leaching of
soils that may have occurred prior to sampling and/or to
differences in exposure to salt from aerosols,

Site 4, 8.2 T salt/lane mile. Table 34 and 35 and Figures
35 and 36. Leaf C1 concentrations at 10 and 20 feet were
essentially the same and very similar to those at 10 feet
on Site 11. These peaked in April and May 1978 at about
0.47% and declined to at or just below the estimated
threshold level by August. At 30 feet and beyond the
levels were all below 0.16% CI.

"The ECe data and leaf C1 concentrations generally were
arrayed in the same order on this site. However, the

ECe was higher at 10 and 20 feet than at 10 feet in Site
11 but the leaf C1 levels at 10 feet were almost the same
on both sites.

~Site 13, 10.9 T salt/lane mile. Table 36 and 37, Figures
37 and 38. Leaf Cl concentrations were above estimated
threshold ]evels at 10 and 20 feet on all sampling dates,
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Figure 35, Seasonal Fluctuation Study. Leaf chloride concentration (%DH)

Leaf Cl

Concentration, % DW

in deffrey pine as a function of time, site 4, 8.2T salt/lane mile.
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)

Figure 36. Seasonal Fluctuation Study. Soil ECé(Mi]1imhos/cm) under

Jeffrey pine as a function of time, site 4, 8.2T salt/lane mile.
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Figure 37. Seasonal Fluctuation Study. Leaf chloride concentration (%DW)

in Jeffrey pine as a function of time, site 13, 10.9T salt/lane mile,
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Figure 38. Seasonal Fluctuation Stﬁ&y. Soil Ece(MiT]imhos/cm) under Jeffrey

pine as a function of time, site 13, 10.9T salt/lane mile.
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peaking a£i0.99 and 0.85% respectiveiy. Leaf C1 concen-
trations at 30 feet peaked in May and June at 0.42%, at
the estimated threshold level. At 40 feet, the maximum
€1 level was 0.21%. The levels at 100 feet were slightly
Tower than at 40 feet while the levels at 60 and 200 feet
were very low.

The Ece on this site at 10 feet was about twice that at
Site 11. Values at 20 and 30 feet were almost identical
and similtar to those at 10 feet on Site 17, However,
leaf C1 concentrations at 20 feet were almost twice those
at 30 feet on this site and equal to those at 10 feet

‘on Site 11. This may again have been due to differences
in leaching or exposure to aerosols.

ATl sites, Figures 39 and 40. The leaf €1 concentrations
in May 1978 are plotted as a function of distance from

the highway in Figure 39. Maximum levels in Sites 11 and
4 were very similar even though the salt application rates
were quite different, Levels were below the estimated
~threshold levels at all sites 40 feet from the highway and
were near background levels at 60 feet and beyond.

Soil ECq in May 1978 plotted as a funection of distance
from the highway for all sites are shown in Figure 40.
These were at or near background leveis at 20 feet on
Site 11 and at 40 feet for the other two sites.

5;92.22-Incense cedar
Site 11, 2.2 T salt/lane mile. Tables 38 and 39, Figures

41 and 42. Leaf C1 concentrations were above estimated
threshold levels at both 10 and 20 feet and just below this
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Figure 41. seasonal Fluctuation Study. Leaf

in incense cedar as a function of time,

chloride concentration (%DW)

gite 11, 2.2T salt/lane mile.
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Figure 42. Seasonal Fluctuation Study. Soil ECe(M111mhos/cm) under incense

cédar as a function of time, site 11, 2.27 salt/lane mile.
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level at 30, 40, and 60 feet on this site. At 100 and
200 feet, levels were Tow and relatively constant with
‘time.

 The Ecé'data did not match leaf C1 concentrations very
well. The value at 20 feet was lower than that at 30
.feet while leaf Cl at 20 feet was twice that at 30 feet.
This species was found to be very susceptible to foliar
applied salt in an earlier study. This fact and the data
seem to suggest that much of the leaf €1 in this species
may have core. from aerosols.

Site 4, 8.2 T salt/lane mile. Tables 40 and 41, Figures

43 and 44, Leaf C1 concentrations at 10 and 20 feet on
this site were below those at 10 feet and similar to those
‘at 20 feet on Site 11. Levels at 30 and 40 feet were
above, and those at 60 feet were at estimated threshold
Tevels. At 100 and 200 feet leaf CT was low and relatively
constant with time.

The ECe values generally decreased as distance from the
highway increased. The values at 20 feet were slightly
more than half those at 10 feet although leaf C1 was
essentially the same at the two distances. Again, this
suggests that salt carried by aerosols may have been an
important source of C1 in this species.

Site 13, 10.9 T salt/lane mile. Tables 42 and 43, Figures
45‘and 46. Leaf C1 was high and similar at both 10 and 20
feet. At 30 and 40 feet, C1 was well above the estimated
threshold Tevels and of about the same order of magnitude.
At 60 feet, the CT levels were above the estimated thres-
hold Tevels on all sampling dates and at 100 feet on twe
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Figure 43. Seasonal Fluctuation Study. Leaf chloride concentration (%DW)

in incense cedar as a function of time, site 4, 8.2T salt/lane mile.
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Figure 44. Seasonal Fluctuation Study. Soil ECE(MﬂHmhos/cm) under incense

cedar as a function of time, S'ite_ 4, 8.2T salt/lane mile.
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Figure 45. Seasonal Fluctuation Study; Leaf ch]om‘de concentrétioh (%DW)

in incense cedar as a function of time, site 13, 10.9T salt/lane mile.
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Fighre‘46. Seasonal F]uctuatidh'Studyf' Soil ECe(M1111mhos/cm) under incense

cedar as a function of time, site 13, 10.9T salt/lane mile.
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sampling dates. Even at 200 feet, C1 was above 0.3% on
all sampling dates, This was considerabiy higher than
the C1 level at efther 100 or 200 feet on the other two
sites.

The high leaf ¢ lTevels on this site at the points more
distant from the highway could not be explained on the
basis of Ece which had a pattern very similar to that of
Site 4, and at the greater distances on Site 11, the Tow
salt site. Again, air-borne salt seems to be a reasonable
explanation for at least a part of these differences.

5.92.3 A1l sites: The Teaf (1 Concentration in May 1978.
plotted as a function of distance from the highway, are
given in Figure 47, They are consistently higher than
those of Jeffrey pine. 1In both the Soil Salt and Foljar
Salt Application Studies, this species was shown to
accumulate more of C1 than Jeffrey pine. A portion of
this greater accumulation in this study may be to both
soil and foliar sources of salt. At 60 feet from the
highway, these levels are just below estimated threshold
levels for Site 11 and above these levels for Sites 4 and
13, On Site 13 they remain above the estimated threshold
Tevel to 100 feet and were still above background level

at 200 feet, VYet ECe (Figure 48) was at orp approaching
background levels at 40 and 60 feet on aljl sites and the
EC, Tevels as well as soil Na and C1 Tevels were similar
for both incense cedar and-Jeffrey pine. It seems mast
lTikely that the differences in leaf Ci on Site 13 at 100
and 200 feet compared to the levels at thoese distances in
Sites 11 and 4 are due to salt that reaches and enters the
leaf as a result of salt carried in aerosols,
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5210 Armillaria Root Rot Study

During the preliminary surveys, Armillaria root rot
‘(causal eorganism, Armilleria mellea) was observed on

a humber of white fir, red fir, and Jdeffrey pines in
the study area. This root rot may be either a virulent
pathogen or little more than a saprophytic invader of
dying tissue, depending upon the strain of the fungus
involved. '

5.101 Materials and methods: Six isolates of this
fungus were collected in the Tahoe Basin in the summer
of 1976, These were cultured and purified in the lab-
oratory dUringwthe winter of 1976-77 and a supply of
inoculum of each was obtained. A seventh isolate of
proven virulence was used for a control. On June 21,
1977, 21 red fir seedlings were inoculated with each
of the seven isolates. Successful inocuiation should
occur in 4-10 menths.

5.102 Results: At the end of 16 months, 18 of the 21
trees inocuiated with the known virulent strain of the
fungus were>dead. None of the trees inoculated with
the isolates obtained in the Tahoe Basin were dead even
though the fungus was still alive in most of the con-
tainers. The fact that the known virulent sirain was
effective in killing the trees proved that conditions
for infection were correct. It must be concluded that
the six isolates from the Tahoe Basin were nonvirulent
strains of the fuhgus;
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6. COMPARISONS WITH Y.S. FOREST SERVICE STUDY OF 1973

Comparisons of the findings of this study with those of
the U.S. Forest Service Study of 1973 "Conifer Damagé and
Death Associated with the Use of Highway Deiting Sait in
the Lake Tahoe Basih of California and Nevada" by R. F.
Scharpf and M, Srago, (21), show similar findings and are
useful in putting the extent of conifer damage in
perspective.

The damage ratings Scharpf and Srago used were similar
but not identical to those used in this report. Their
rating "light damage" corvesponded to the upper range of
"1* and the lower kange of "2" as used in this report.
The rating "moderate damage" corresponded to the upper
range of "2" and lower range of "3" of this report. The
rating of "severe damage" corresponded to the upper range
of "3" and all of rating "4" of this report.

Symptom development and descriptions of the twoe reports
are very similar except that dieback of youngest foliage
was rarely observed in this study until all older foliage
was affected, whereas Scharpf and Srago reported it as
“the most conspicuous and distinctive symptom of salt
damage” in pine. ‘

The relationship between damage, location along the
highways and distance from them was very similar in both
studies. The majority of the damage was on downhill
transects and within the first 20-25 feet of the pavement.
At 60 feet leaf Na and €] concentrations were usually near
background or control levels. The principal exception was
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in our study, where, in our Seasonal Fluctuation Study,
high leaf C1 concentrations were sometimes found up to
100 feet from the pavement. '

The levels of Na and C1 in foliage at various damage
ratings were very similar (Tables 25, 26 and 44). The
estimated threshold damage levels of this report (+ 25%
damage) were intermediate between those of "light" and
"moderate” damage reported by Scharpf and Srago.

It is not poésib]e to make exact comparisons of total or
percentages of tree damage between the two studies. The
study of Scharpf and Srago did not contain any total
population estimates nor did our study estimate total
numbers of trees damaged. The Forest Service study was
limited to the Lake Tahoe Basin while ours included por-
fions of highways outside the Tahoe Basin. However, it
is, possible to make some models using the data and certain
assumptions to i1lustrate the extent of conifer damage in
the study area. These models should not be taken as
estimates of the total tree damage in the study areas.
They will help to set the problem of tree damage in per-
spectlve so that decisions relating to the cost (tree
damage)/benefits (highway access and safety) may be made
more rationally.

Scharpf'and Srago surveyed approximately 80 miles of
highWay and reported 321 sifes with one or more trees
showing symptoms of salt damage, (Fig. 49). Although not
;éounted precisely, they estimated 3,000 conifers, six
;feet or taller that were dead or damaged. Of these, 75%
'-were estimated to be on downhill transects. It was not
clear whether the 3,000 trees were an estimate of those
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TABLE 44. The means of percent dry weight of sodium and chloride found
in the foliage of three major conifers growing beside highways deiced with

salt, and the 95 percent confidence intervals around the means. !

%‘;’Y‘r&%‘f | JEFFREY PINE WHITE FIR INCENSE-CEDAR
Control 002 += .001 002 £ .001 001 = 001
S None 027 = 011 023 + 016 014
O Light 042+ 011 022 + 010 037 = 041°
,\L}'l Moderate 034 -+ 007 036 + 0052 062 £ 0422
Severe 077 =+ .035 192 + 085 072 * 044
Control 020 =+ 025 047 £ 062 | .097 = .103
c
ii-_l None 094 =+ .022 185 + 073 330"
g Light 271 + .081 302 + 210 503 + 2077
E') Moderate 535 = .131 853 + 0822 990 + 8312
B Severe 855 + .150 1204 = 199 | 1.387 + 083
'Not enough observations to determine confidence intervals.
8mall sample (2-3 observations).

1 From Scharpf and Srago, 1974, p. 10.
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" FIGURE 49( The locations of salt-damaged roadside confiers at Lake Tahoe,

~ April 1973.1
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only on the 3271 sites or in the total survey area. How=
ever, they stated "Al1 trees oY groups of trees growing '
within 200 feet of highways and appearing to have been
damaged by salt were recorded and plotted onh a map.". and
"pamage was not uniform along the highways. In some.
locations, only scattered trees showed damage. In others,
groups of trees Were damaged, and in some‘cases,'near1y
all the trees were damaged in a continuous strip of from
one to three-tenths of a mile along one or both sides of
the highway." |

The discussion will be limited to the downhill transects
where damage 1is concentrated to illustrate the most severe
cases. Scharpf and Srago estimated 3,000 trees damaged or
dead in the study area indicated in Fig. 49, with 75% or
2,250 located on downhill transects. The mean number of
tyrees showing damage symptoms would be about 28 per mile,
or one every 188 feaet. On a site basis, the estimate
would be between 9 and 10 per site. Mean site size was
not stated, however. ' |

In the Preliminary suryey of this study there viere 419
trees in the 0-50 foot distance interval on 14 sites.-
There were 1,413 lineal feet of frontage in these sites or
about 3,060 trees Dper mile. Using the data from Scharpf
and Srago of 28 damaged or dead trees per mile, slightly
less than 1% of trees would have been affected.

The sites in the Preliminary Survey of this study averaged
100 lineal feet along the highways for the first 25 feet
from the pavement edge and 88 Tinea] feet for the 25-50
foot distance interval (Table 45). There vere 12 -trees per
site in the 0-25 foot distance interval, 18 trees in the
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TABLE'4S;W'Prelimihany Survéy. Plant spectrum, description and densities

at 0-25 and 25-50 feet from highway on 14 sites.

Distance Lineal 25x25° P
Interval  feet blocks g2 Species]

Ac Am Cd Jo Pi Pl ' Pm Total

0-25' 1,500 67.5 42,188 nNbr. 64 4 19 0 47 1 32 167
i % 38 2 11 - 28 <1 19 40%

25-50" 1,325 52.5 32,813 Nbr. 107 28 41 1 20 0 55 252
% 42 11 16 <1 8 - 22 60%

0-50% . - 1,413 120 75,000 Nbr. 171 32 60 1 67 1 89 419

% 41 8 1M <1 16 <1 21

Summary
Distance
Interval. Trees/Site Trees/25x25 Plot  lineal ft/tree  ft2/tree tree/acre
0-25"' 12 2.5 9 253 192
25-50'* 18 4.8 5 130 335
0-50"' T.=30 X =3.5 3 179 243

1. Ac = Abies concolor, white fir; Am = A. magnifica, red fir; Cd = Calocedrus
decurrens, incense cedar; Jo = Juniperus occidentalNs, western Juniper; Pj =

Pinus jeffreyi, Jeffrey pine; P1 = p, lambertiana, sugar pine; Pm - P, murryana,
h - T e—— _—
lodgepole pine.
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25-50 foot interval for a total of 30 trees in the first
50 feet from the pavement edge. Most of the trees in the
25 foot strip nearest the highway were Tocated at a dis-
tance beyond 10-15 feet from the pavement edge. This is
probably mainly due to highway construction activities,
e.g., cuts and fiills, berms, culverts, etc., which may
occupy much of the first 10 feet. There was one tree per
nine lineal feet in the 0-25 foot distance interval, one
tree per five lineal feet in the 25-50 foot distance
“interval, and one tree per three lineal feet in the 0-50
foot distance interval.

A conservative estimate (from the standpoint of tree
preservation} of potential damage or death of trees on
these sites may be made from the leaf C1 concentration
levels found in the Intensive Survey of 1976. These
estimated critical levels were based on observations that
when damage approached 25%, trees often lTost progressively
more foliage and might eventually die., Observations in
the Seasonal Fluctuation Study indicated that trees with
leaf C1 concentrations somewhat below the estimated
threshold levels would continue to accumulate C1 and
eventually reach these threshold levels. To illustrate
the most extreme possibilities, leaf C1 concentrations of
1/2 estimated threshold levels, or more, will be used.

In this illustration, numbers of trees of Jeffrey and
lodgepole pine and of white and red fir are combined.

In the Intensive Survey study, 47.6% of the Jeffrey pine
and 73.7% of the incense cedar had levels of C1 at or
above 1/2 the estimated threshold levels. (Percentage of
trees at or above leaf C1 concentration of estimated
threshold levels were 14.3 and 10.5% respectively, and
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4'0%”for'white %ir;) Because the values for C1 concentration
in white fir seemed abnormally low in this study compared

to the findings in the Soil Salt and Foliar Salt Application
Studies, the leaf (I concentrations for this species is
estimated as the mean between the deffrey pine and incense
cedar, i.e. 60.6%. This estimate is based on the findings
of these later two studies which indicated that white fir

is intermediate in sensitivity between Jeffrey pine and
incense cedar,

Using these percentages of leaf Cl concentrations an estj-
mate of the number of trees which may eventualiy have
serious damage or death for trees in the downhill transects
on the 14 sites is given in Table 46. These values give a
frequency of potential damage or death of about one tree

in 16 lineal feet, in the first 25 feat.

TABLE 46. Estimate of potential for serious damage or death in 14 sites
of the Preliminary Survey for three genera of conifers within 25 feet of

the highway.

Genus Number of Al Number of trees
trees Moderate dam- 0-Tight
age or death damage
Pine (2 spp.) 79 47.6 38 41
Fir {2 spp.) 68 60.6 41 27
Incense cedar 19 73.7 14 5

Tpercent with 1/2 estimated threshold level or more of Teaf C1 Concentration.
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1f 75% of the damage (93 trees) is in the first 20-25 feet
and estimate of serious damage or death in the 25-50 foot
distance interval would be 15% or +23 (of 252). This
averages about one tree in 12 feet or about 16 times more
frequent than the data of Scharpf and Srago indicate. This
is perhaps the most severe illustration of potential damage.

Recalculating for tree distribution in the 50 foot strip
along the highway based on assumed removal of all trees
with serious damage or death gives the estimates in Table -
47. Of course, real damage is in an irregular pattern as
pointed out by Scharpf and Srago.

TABLE 47. Tree distribution on 14 survey sites as originally surveyed and
after removal of trees estimated to sﬁffer severe damage or death from

highway salt.

Distance interval Original ' Estimated
distribution? ‘ distribution
0-25 ft 9 20.5
25-50 ft ' 5 6

0-50 ft B ' 3 . 4.6

1L ineal feet per tree.
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It is regrettable that any trees die from highway
déicing operations. Gross numbers as “3,000 dead or
dying trees" may give a picture of devastation along
highway corridors, In perspective, however, even a
50-60% mortality within 20 feet of the pavement edge
_(or a 27% for the first 50 feet) as the above estimate
is, would have a relatively minor effect on the visual
quality of the first fifty feet of highway corridor
where tree density may change from one tree per three
1ineal feet to one tree per four to five lineal feet.
This illustration is far more severe than that depicted
by Scharpf and Srago.

7. SUMMARY AND COMCLUSIONS,

"Tree damage and death along mountain highways of the
stiudy area is due to several factors: highway deicing
salt, beetle attack, and, although not found in signifi-
cant amounts in this study, mistletoe and fungous
infestations, and purposely avoided in this study, con-
struction activities and natural attrition. In the
selfection of study sites, those areas of known epidemics
of leaf fungi, extensive construction activity and old
mature trees were avoided because of the difficulty of
obtaining uniform sampling or of separating confounded
causes of decline. Furthermore, sampling was limited to
trees of such size that leaf tissue samples could be
obtained by reaching from the ground. Beetles, fungaus
infection and dwarf mistletoe may be more serious on trees
of a more mature age.

- The several étudieS'do indicate that deicing activities
cause tree damage and death mostly within 25 but up to
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30 to 60 feet of the pavement edge in Jeffrey pine (Pinus
jeffreyi) and white fir (Abies concolor) and perhaps to
100 feet or more in dincense cedar (Calocedrus decurrens).
This is in contrast to reports for California and other
areas of death at up to 10p feet or more from deicing
operations. However, this damage was very spotty with
many trees remaining apbarent]y undamaged. These studies_
also indicate that beetle attack may be serious at any
distance from the highway. In the Intensive Survey of
1976, for example, Jeffrey pine near the road on some
sites were heavily infested with beetles. There was no
indication, however, that trees weakened by salt were more
susceptible to beetle attack. This is contrary to reports
that trees weakened by other stresses are more susceptible
to beetle attack (4,5,6,13,23). |

Beetle attack has been reported to be serious, usually on
trees of moderate size, e.g. 10-12 in. trunk diameter at
breast height (dbs).or larger, and especially to mature
and over-mature trees, Many trees in this study, partic-
ulariy of Jeffrey pine, with trunk diameters as small as
three inches (dbs) were found with heavy infestation.

In the Intensive Survey Study of 1976, there was little
beetle infestation in white fir (Abies concolor) however,
in spot surveys, including those where dead trees were
being removed, heavy beetle infestation was observed in

this species.

Although Armillaria root rot (also known'as mushroom,
shoestring, or oak root rot) was observed frequently,
inoculation studies indicated that the isolates collected
were nonvirulent strains, acting more as a saprophyte on
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"dying trees rathér than as a primary pathogen. This does
not rule out other pathogens as cause of tree decline.

Dwarf mistletoe can be a cause of tree decline and death.
On the selected sites it was present in varying amounts,
but infestations appeared to be limited. Although this
parasite may sérious]y weaken and kill trees, it was
1mpossib1e to quantify the contribution it was making to
tree decline in the study area.

‘The importance of dispersal or concentration of runoff of
'éhow melt from‘the highway was demonstrated by the Inten-
sive Survey of 1976 where, on the lowest salt application
site, tissue Na and C1 levels were abnormally high in
certain areas. This appeared to be due to the drainage
pattern for the site where runoff from one quarter mile
or more of pavement was concentrated in one spot.

Soil and foliar salt application studies allowed an
estimate of threshold levels of tissue Na and C1 where
about 1/4 of the needles were brown (25% damage). These
threshold levels varied from'species to species. Incense
cedar appeared to be the most sensitive, white fir inter-
mediate, and Jeffrey pine the most tolerant species to
salt when both rate of uptake and leaf damage were con=-
sidered. Threshold Tevel estimates for incense cedar
ware higher than those for white fir and Jeffrey pine,
but this species absorbed chloride much more readily than
did white fir and Jeffrey pine. This was true whether
salt was applied to the soil or to the foliage.

The uptake by white fir of salt applied to the soil was
temperature dependent. Little uptake occurs in months
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with Tow air temperatures, but the rate of absorption
increased rapidly in April and May when air temperatures
increased. '

Salt uptake through bark seems unlikely on the basis of
one study. Young trees of three species were used and
there was little change in Teaf Na and C1 from February
through April. By June, leaf Na and Ci were increasing
but there was evidence of some root initiation in the
treated area in one species and of breakdown of the
sealing materials around some of the trees by this date.

A study on seasonal patterns of salt in soils and tissues
indicated that soils in the study area do not continue to
accumulate salt but that the salts are readily leached.
SoiTlsa1t levels were relatively high in October 1977 after
two years of drought but by May 1978, even after an addi-
tional year of salt application, the normal to above normal
precipitation had reduced salt levels to one-half or more.
This Teaching was also observed in the Soil Salt Application
Study. However, tissue Na and C1 continued to increase
during the course of the study at distances near the road.

In the Seasonal Salt Fluctuation Study on Jeffrey pine and
incense cedar, the Tatter species accumulated higher levels
of C1 and accumulated potentially damaging levels at greater
distances from the highways than did Jeffrey pine. Because
of the low levels of soluble soil Na and C1 at 60 feet and
beyond and because of the low levels of leaf C] in Jeffrey
pine, it is believed that the C1 accumulation in incense
cedar at 60 to 200 feet from the highway was due largely to
aerosol borne salt.
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The results of these studies regarding damage symptom
development and damage descriptions, and of leaf Na and
'C1 levels at different stages of damage symptom develop-
ment correlate very well with those of Scharf and Srago.
In putting tree damage in a proper perspective comparison
of the findings of the Scharf and Srago study and of this
study were made.

These comparisons indicated that as few as 1%, or under
extreme assumptions, as many as 27% of the trees in the
50 feet adjacent to the highways may ultimately be

" damaged. Even with the maximum estimates of losses, the
" visual quality, as measured by tfee density in the first
50 feet of the highway, would only be reduced from one
tree per three Tineal feet to one tree per 4.6 lineal
feet. The use of mitigation measures already in effect
and which might be implemented should reduce both actual
tree damage and mortality and the visual impact of such

" damage and mortality.

- 8. MITIGATION MEASURES

"Reduction in salt applications is an obvious mitigation
measure, This reduction will be effective primarily in
those species which absorb salt through the roots. It
will be less effective in reducing damage in incense cedar,
and to some extent in white fir, which absorb salt readily
through the foliage. Incense cedar was found to have high

 Tevels of salt in the Seasonal Fluctuation Study even on

the site where the salting rate was only 2.2 T lane/mile.
However, even with this species, a reduction in salt use
should reduce absorption of salt distributed in aerosols.
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Continuation of revised salting practices, e.g. accurate
logging of sait application, calibration of egquipment,
etc., is recommended. '

The estimated critical levels of salt applied in. the Soil
Salt Application Study (tons/acre) may be related to high-
way salt applications (tons/1ane mile) with the help of
Table 48 and Figure 50. It must be remembeved that these
are theoretical distribution patterns. Usually there wi11
be a continuous gradient of salt levels, decreasing as the
distance from the pavement edge increases, and also altered
by roadside ditches; AC dikes, culverts and highway grade
and super. | |

A reduction in soil salt levels may also be accomplished

in other ways. Highway runoff may be channeled to live
streams or to areas with little vegetation by use of AC
dikes, culverts, roadside ditches or berm configuration.
Conversely, a reduction in soil salt in localized areas

may be accompiished by more uniform dispersion of runoff
over a large area by the removal of AC dikes, more frequent
use of culverts of diversion techniques which minimize the
concentration of runoff. These efforts would be of partic-
ular value when specific problem areas are identified or in
areas where the existing vegetation is of particular impor-
tance to the visual guality of the site.

The use of other deicing chemicals cannot be recommended at
the present time. Nitrogen containing compounds such as
urea are apt to be more deleterious to the environment than
is NaCl because of their effects on stream and.lake water
quality. The use of Cac12 would prpbab]y be no better from
a biological standpoint because the conifers in the study
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Table 48. salt abp]iéaf%ﬁﬁ'conversion,

for several distribution distances from edge of pavement.

tons per lane mile equated to tons per acre

Tons/Acrel,2
Distance Mstributed, Feet
Tons/
Tane mile 10 20 25 30 40 50 £0

1 0-83 041 033 . 02 o021 017 o

2 .65 0.83  0.67 055 041  0.33  o.08

3 248 124 o0 0.8 062 050 g4

2 330 165 1133 1710 0.83  0.66 0.5

6 495 248 200 165 128 099 g

8 660 3.30 267 220 15 132 1.10

9 743 371 300 2.48 1.8 1.9 1.2
10 8.25 413 333 27 206 1.65 1.3
12 9-90° 495 400 3.30 248 1.9 .65
e N.55  5.78 46 3.8 28 231 1.93
15 1238 6.9 5.00 493 3.09 248 .06
16 1320 6.60 5.3 440  3.30 2.8 2.20
18 14.85  7.43  6.00 4.95 371 2.97 .48
20 16.50  8.25 667 550 493 330 275
21 17.33 8.66  7.00  5.78  4.33 3.47 .89
22 1815 9.08 733 6.5 4.5 3.63  3.03
24 1980 9.%0  8.00 660 4.5 3.95 3.39
" 26 21.45  10.73 8.67 7.15 5.36 4.29 3.58
27 22.28 - 1.4 900 7.43 557 4.4 3oy
28 2310 .55 9.3 770 570 4.62 s3.88
30 - 2475 12.38 10.00  8.25 615  4.95  4.13

YIF salt from more than one lane ig dispersed on one side of the pavement,

by the number of lanes.

2Salt will not be distributed evenly throughout the distances but usually will be more

concentrated nearest the highway.
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~area absorb C1 as readily, and with some species, more
readily than Na.. The C1 ion was found to be extremely
well correlated with plant damage. The fact that the
soils of the study area are mostly coarse textured and
leach readily negates any advantage CaC]z might have
over NaCl.

Applications of gypsum (CaSO4.2H20) have been recommended
~in the east to counteract the deflocculating effect of Na
ions., This chemical is-only effective on soils with
sufficient clay fractiens to permit flocculation or aggre-
gation. The soils of the study area are largely sandy
soils with 1ittle or no aggregation, hence the Na ion does
‘not appear to materially alter the percolation rates in
these soils. In general, we do not recommend the use of
this chemical as a mitigation measure., Its use would only
add to the "salt" Toad in the study area without any
predictable advantages. Howevek,,therermay be small areas
of clay soils along roadsides where Na ions would adversely
- affect percolation, If such areas are specifically identi-
fied, the use of Ca504 may be justified in these localized
areas.

" Although perhaps not strictly a mitigation measure, the
prompt removal of trees which have been injured beyond

the point of recovery, whether by salt, beetle infestion,
infection by fungi or mistletoe or other causes, will
lessen the visual impact on the traveling public. This
removal should occur before the tree is completely dead.
The point at which removal is accomplished should be
determined by individual diagnosis, e.g., extent of beetle
damage, leaf C1 concentrations, etc.
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The visual impact of branches defoliated or mechanically
‘damaged by snow removal operations could be reduced by
removal of the damaged branches. The economics of
removal may not be justified on economic considerations.
These dead limbs have little adverse effect on the
survival of trees.

Beetle infestations can be controlied by sanitation
:1ogging and by use of insecticides. The economics of
chemical control on the extensive mountain highway
system is very questionable.

Any revegetation with conifers along the highways subject

to deicing salts should use the most resistant tree species,
Jeffrey pine, lodgepole pine and Western juniper (Jduniper
occidentalis) appear to be the best trees for most of this
study area. Shrub species native to the study area should
be used in the first 10 to 20 feet from the pavement edge.
In this study we could not confirm death of any shrub
species due to highway deicing salts, although some of the
foliage burn observed may have been due to this cause.

There is, of course, the possibility that a long term test-
ing and screening brogram might find individual trees 1in
some of the native species which might be more tolerant of
salt than the average tolerance of the species. Propagation
would have to be by vegetative means. This would make
planting stock quite costly compared to bare root seedlings
now used. It is very questionablie whether the economics of
such a program would be justified. |
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10. APPENDIX

10.1 Salt Tolerance of Four Shrub Species of the Sierra
Nevada - Potential Impact of Highway Deicing
Robert P. Doss1, John Lawz, Jack L. Paul, Andrew T. Leiser
Department of Environmental Horticulture
University of California,

Davis, California 95616
Abstract

Arctostaphylos nevadensis Gray, Ceanothus prostrétus Benth.,
Penistemon newberryi Gray, and Sambucus microbotrys Rydb.

were grown with varying soil salt concentrations in the
greenhouse. The objective was to obtain information about
the possible response of these species to increased salinity
in.the roadside environment resulting from the application

of highway deicing salt. A. nevadensis, C. prostratus, and
P. newberryi had vis$ible salt damage symptoms after less

than a six week exposure 1o a soil solution containing a

salt concentration of 40 milliequivalents Titer -1 (meq 1']).
- Symptoms appeared in 5. microbotrys after 30 days- exposure

to a salt concentration of 80 meq 171, With the onset of
salt damage symptoms, the concentration of scodium varied
from 0.54 to 2.01 and of chloride from 2.55 to 7.74 percent
of dry weight in these shrubs. Leaves of these shrubs
collected from several locations contiguous to highways
subjected to heavy deicing sait application did not show
potentially damaging levels of chloride or sodium,

1Present address: USDA, ARS Ornamental Plants Lab, Extension
Center, Puyallup, Washington 98371

2ppesent address unknown

199



- Introduction

Numerous workers have suggested that plants growing 1in
roadside environments can experience damage resulting from
the application of highway deicing salts (7, 13, 14, 15,
17, 18, 19, 20, 21, 23, 24, 25, 26). Others have concluded
that, in at Teast some locations winter road salting does
not harm roadside trees (8, 9).

Scharpf and Srago (17) found many conifers in the Lake
Tahoe Basin of California and Nevada exhibited damage
symptoms that correlated with high leaf congentrations of
sodium (Na) and chloride (C1). The work reported here

grew out of an attempt to duplicate these findings using
native shrub species. Shrubs were chosen because of the
ease of propagation and maintenance. These characteristics
allowed extensive testing within the relatively controlled
environment of the.gréenhOUSe. Moreover, shrubs constitute
a conspicuous portion of the roadside vegetation, and are
important with respect to erosion control (13), snow
screening (10). and soil fertility (4).

Materials and Methods

Greenhouse studies:

Rooted cuttings of the evergreen shrubs Arctostaphylos
nevadensis Gray, Pinemat manzanita, Ceonothus prostratus
Benth., squaw carptet, and Penstemon newberryi Gray,
Newberry Penstemon and the deciduous shrub, Sambucus
microbotrys Rydb., mountain elderberry, were transplanted
into one galion nursery cans with a soil mix containing
“equal parts (by velume) of medium sand, ground peat, and
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redwood sawdust. The plants were grown under photoperiods
(July and August, Davis, California) in a greenhouse with
a maximum day temperatuke of 21°C and a minimum night
temperature of 16°C,

The shrubs were irrigated to runoff daily with half strength
Hoagland's solution., <Equinormal amounts of CaC]2 and NaCl
were added to the basic irrigation solution to give added
salt concentrations of 0, 20, 40, 80, 120, and 160 megq 171,
Final soil salt concentrations greater than 40 meq 1'] were
reached by stepwise increase from 40 meq 171 using a

40 meq 1~ step up every third day1. The treatments in each
shrub species were replicated at least ten times.

The character and the time of onset of salt damage symptoms
were noted for each species. After 40 to 59 days, the
treatments were discontinued and the fresh and dry weights
of the plant tissue formed during the treatment intervals
were measured. Leaf concentrations of C]1 were determined
by potentiometric titration and of Na by flame photometry
using a Beckman Model DU Flame Spectrophotometer.

Field studies:

Three sites, 1, 11, and 15 in the Sierra Nevada either near
or within Lake Tahoe Basin were chosen for collection of
field grown shrub tissue. Site 15 had been exposed to large,
and sites 1 and 11 to Tow quantities of deicing salts.
Healthy (green) and dead (brown) leaves were collected

1Th1s preliminary experiment was started before any field
5011 data were available., All salt levels except 20 meq 17 ol

were higher than actual field levels.
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'xsepafétéTy‘and analyéEd for ch1oridé and sodium content
using procedures identical to those used for the green-
house grown plants. The State of California, Division of
Highways, Transportation Laboratory provided soil and
water ana1ysis data used in the field study.

Results and Discussion

.Greenhouse studies:

Table 1 describes the salt damage symptoms seen with
greenhouse grown plants. Visible symptoms of salt damage
did not appear oh any of the plants which received the 0
or the 20 meq 171 salt treatment (Table 2). Longer treat-
“ment periods would probably have caused an increase in the
number of plants showing symptoms as well as an increase
in the number of plants killed.

"Figure 1 indicates the relative fresh weight yield of the
four shrub species as a function of soil salt concentration.
The dry weight yields followed an identical pattern.

Sambuces microbotrys exhibited a severe depression of
growth at the 20 and 40 meq 1f1 salt concentrations.
Visible symptoms of salt damage were not apparent at the
lTower concentrations except that plants periodically
dropped leaves and new growth flushes appeared (Fig. T,
Tables 1 and 2). This species was a Tow Na accumulator
but was the highest C1 accumuTator (Figs. 2 and 3).

Ceanothus prostratus and Penstemon newbervyi, on the other
hand, showed visible signs of salt damage at soil salt
levels not associated with a marked inhibition of growth.
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Table 1. Salt damage symptoms in four Sierran shrub species developed in greenhouse study.

Species Symptoms

Arctostaphylos Reddening of leaf tips followed by nécrosis which develops basipetally

nevadensis on the leaf. No particular starting place on the plant.
Ceanothus ~ Chlorosis of leaf tips followed by necrosis which develops basipetally.
“prostratus Leaves in center of plant (i.e. neither least nor most mature Teaves}
are affected first.
Penstemon Increase in succulence accompanied by pronounced decrease in size of
newberryi newly formed leaves. Lleaves later take on a duil silvery cast and

chlorotic areas develop on tip and along midvein. Necrosis follows.
same pattern as chlorosis with necrotic areas bordered by chlorotic

tissue.
Sambucus Leaf roll in younger leaves is followed by slight yellowing. Leaves
microbotrys later lose turgidity and undergo senescence. At lower salt levels
affected leaves abscise and are replaced by new leaves which appear
normal, o
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Table 2. Time to appearance of Sé;]t'damége symptoms in four Sierran shrub species.

Minimum days to
appearance of

Salt symptoms after Fraction of plants Fraction of
. level beginning of showing symptoms plants dead at
Species meg 11 treatment? at harvest harvest '
A. nevadensis 0 - 0/10 0
' 20 _ - 0/10 0
40 20 3/10 0
| 80 20 10/10 3/10
: 120 10 10/10 . 5/10
160 0 10/10 9/10
€. prostratus 0 - 0/10 0/10
20 - : 0/10 0/10
40 14 3110 0/10
80 . 1 10/10 3/10
120 2 10/10 8/10
160 ’ 0 -10/10 6/10
P. newberryi 0 - oM 0/11
20 - 0/11 o/
40 - 37 1/11 0/
80 26 411 0/10
120 18 . /M a/11
' 160 11 11/11 6/11
P S. microbotrys 0 - 0/10 0/10
! 20 - 0/10 0/10
f 40 ‘ - o 0/10 0/10
: 80 : 30 8/10 0/10
120 25 10/10 7110
160 16 10410 3/10

ITreatment periods were: Arctostaphylos nevadensis-59 days, Ceanothus prostratus-40 days,
Penstemon newberryi-49 days, and Sambucus microbotrys-50 days.
! 2Zero value indicates that symptoms were already present at time of step up in salt
concentrations.

i
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Relative yield fresh wt.

Figure 1. Relative yleld of faur Sierran shrub species as a function of the
salt concentrationof the soil solution. Average fresh weight yields at

0 meq 17V salt concentration were: Arctostaphylos nevadensis (A.n.),

5.41 + 0.83 g: Ceanothus prostratus (C.p.), 21.3 £ 3. 17 g; Penstemon

newberryi (P.n.), 43 45 + 3.00 g; and Sambucus m1crob0trys (S.m.),

.170.04:t28.8 g. Each point represents the average of either 10 or 11
(P. newberryi) values. Standard errors were similar in magnitude to

those listed above for most of the points. See Table 3 for treatment periods.
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Leaf Na conc., % dry wt.

Figure 2. Leaf Na concentration of four Sierran shrub species, Arctostaphylos

nevadensi§*(ﬂ.n.), Ceanothus prostratus (C.p.), Penstemon newberryi (P.n.),

and Sambucus microbotrys (S.i.) as a function of salt concentration of the

soil solution. Each point represents the mean of three determinations.
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tonc.,-% dey. Wi,

Tissue C1

Figure 3. Leaf C1 concentration of four Sierran shrub species,:ArctOStaphy1os '

nevadensis (A.n.),Ceanothus prostratus {C.p..), Penstemon newberryi (P.n.},

and Sambucus microbotrys {(S.m.), as a furction of salt concentration

of the soil solution. Each point represents the mean of three

determinations.
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C. prostratus, a reTatively slow grower, had the highest
retative yield, the highest Na and second highest (1
levels. P. néwberrgi, a relatively strong grower, had
a relative yield, low Na and intermediate C1 levels.

Arctostaphyios nevadensis, a slow grower, had the second
lowest relative yield, an intermediate Na level, and the
Towest C1 level of the four species.

Table 3 Tists the Teaf concentrations of Na and €1 found
in plants which showed incipient symptoms of salt damage.
The values reported here are generally higher than those
reported to be excessive by other workers who have related
Na levels of from 0.5 to greater than 9.0 percent of dry
weight to damage symptoms in a number of plants (1, 7, 8,
‘14, 17, 21, 22, 26). Similarly minimum leaf C1 Jevels of
from 0.3 to 8.5 percent of dry weight have been correlated
with damage symptoms (1, 3, 5, 7, 8, 17, 18, 22, 23, 26).

Figures 2 and 3 show the leaf concentrations of Na and CI
as a function of the salt concentrations of the soil
solution. This information, taken along with the data
shown in Table 1 should provide rough guidelines for
retating symptoms to salt damage in the field.

Field studies:

Neither Na nor Cl1 were found at potentially damaging levels
in any leaves from plants growing naturally in the field
except Na levels (Table 4) in S. microbotrys.

Sodium concentrations in samples from the field varied from
0.45 to 0.56 vercent of dry weight in the six samples of
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Table 3. Minimum leaf salt concentration of four Sierran shrub species with onset
of salt damage symptoms, Each value represents the mean of three replicates,
shown with standard ervors. -

Tissue .concentration (% dry weidht)
4]

Spegies Ha

Arctostaphylos nevadensis 0.92+0.15 2,55%0.48
Ceanothus prostratus T2.01:0.18 6.33+£0,47
Penstemon newberryi 0.61+0.17 4,55+0.73
Sambucus microbotrys 0.54:0.24 7.75+0.45
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Table 4. Leaf salt content of shﬁubs growing 1n the fie1d.

Distance from % of dry weignt % of dry weight
Species Sitel hi ghway? Na Cl
Arctostaphylos 11 72 0.14 <0.005
nevadensis n 72 0.09 <0.005
n 72 0.08 <0.005
112 72 0.09 <0.003
113 72 0.07 «0.005
113 : 72 0.09 <0.005
15 250 0.13 <0.05
15 ~ 250 0.14 <0.05:
15 o 250 0.12 <(.,05
15 - 0.13 <0.05
15 - 0.12 <0.05
15 - 0.13 <0.05
153 - 0.1 <0.05
153 - 0.10 <0.05
153 - 0.11 <0).05
Ceanothus - }1 36 O.%S <0.05
prostratus 1 36 0.25 <0.05
: 11 36 0.25 <0.05
n 113 0.23 <(,05
n o113 0.25 <0.05
11 13 0.24 <0.05
11 354 0.26 <0.05
1 354 0.25 <0.05
n 354 0.25 <0.25
Penstemon 15 13 0.09 0.017
newberryi 15 13 0.14 <0.003
153 . 13 0.15 0.006
. 158 : 13 0.14 0.002
P 15 - : 43 0.13 : 0.006
: 15 ) 43 0.09 _ <0,015
153 T 43 .14 0.004
158 43 0.14 0.003
15 108 0.15 <0.016
15 108 0.14 0.003
Sambucus 1 43 O.Qg 0.006
microbotrys 1 43 a. -
1 43 - 0.46 0.006
1 243 . 0.47 0.003
1 243 0.45 (.003
1 243 0.47 0.003

1site 1, State Route 88, (Carson Pass Highway), Amador Co., P.M. 60.5; Site 11, State
Route 89, El Dorado Co., P.M. 26.4 (Sugar Pine State Park, Lake Tahoe); Site 15, U.S. 50,
E1 Dorado Co., P.M. 69.4, {foot of Meyer's Grade, Tahoe Basin).

2Measured from edge of paved roadway, in feet.

3pead tissue.
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tissue from S. microbotrys, and from 0.11 to 0.26 percent
in the 34 tissue samples from the remainder of the plants.
Again, these concentrations, except for S. microbotrys are
below those associated with sodium toxicity symptoms in
any but Na sensitive plants (1, 26).

Chloride concentrations in the samples ranged from less
than 0.003 to 0.017 percent of dry weight. These values
are several orders of magnitude below the minimum toxic
concentrations found in the greenhouse studies and are
also far below any values reported to be excessive by
other workers (1, 3, 5, 17, 22, 23). The lowest levels
found in field grown plants would be considered to be
below the critical concentration for C1 in a number of
plants (6, 22). Therefore, the death of these tissues is
probably due to factors other than excessive salt.

The lack of excessive Tevels of.salt in plants growing in
the field may be explained when soil concentrations of Na
and C1 are considered. Investigators have found that soil
concentrations of C1 must reach from 3 to 25 meq 1"1 in
the soil solution before damage éymptoms are seen, even in
perennial plants (2, 18). 1In the greenhouse studies it
was found that damage symptoms did not appear in shrubs
growing in soil ‘containing 20 megq 171 chioride and

10 meg 1'] sodium. Such levels of salt were not often
detected in field soil even at locations heavily treated
with deicing salt. Figure 4 indicates that, as reported
by others (18, 26), chioride and sodium concentrations are
highest immediately next to a salted highway where few
plants are found. Thus, the number of shrubs exposed to
excessively high levels of salt in the soil solution is
small. Moreover, the data shown in Figure 4 were obtained
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Na and C1 conc,, .me'q 1.

R

" Figure 4. “Salt concentration of the soil solution as a function of

the distance from the paved roadway. Data provided by State

Samples were collected in spring, 1974. High salt transect

was at site 15 and lTow salt transect was at site 1.

of California, Division of Highways, Transportation Laboratory.

Distance from highway (m)
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from soil samples collected in the Spring when salt Tevels
are usually at their highest (23) and over-estimate the
average salt levels experienced by the plants during the
entire growing season. Another possible explanation is
that rain may have leached Na and C1 from the leaves prior
to the summer sampiing date.

Summary

ATthough Scharpf and Srago (17) had found that conifers
adjacent to highways 1in the Lake Tahoe Basin exhibited
damage symptoms that were correlated with high Teaf concen-
trations of Na and Ci1, the data for the four shrub species
did not show high Na or €1 concentrations. The high Na
levels for Sambugus microbotrys were at both 43 and 343
feet from the pavement edgye. In the greenhouse studies,
this species was the lowest accumulator of Na, thus the
results are difficult to explain.

Two exp1anat¥ons for the differences between reported salt
damage on conifers and these data for shrub species are
possible. These conifer species may be more sensitive to
salt than the associated shrub species. Differences in
species sensitivity to salt have been veported (7, 19, 20,
21). Much of the salt accumulation in conifers might be
due to salt spray generated by traffic. The associated
shrub species would be covered by snow and thus protected
from spray drift. |

Further greenhouse studies were abandoned in favor of more
extensive field studies because of the poor relationship
between these preliminary experiments. The symptoms of
salt damage developed in the greenhouse are valuable but
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10.

threshold lTevels at which these symptoms occurred
be unrealistically high,
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APPEMDIX I1I

10.2
Intensive Survey, 1976
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. Photo 1. Beetle Damage. Holes in bark of Jeffrey
pine. Pitch exudate is sometimes visible.

September 1975
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Photo 2. Beetle Damage. Symptoms in young
- Jeffrey pine, spreading basipetally

(top to bottom) in tree. The tips
and top branches are affected first.

October 1977
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Photo 3. Beetle Damage., Symptoms in needles of Lodge-
pole pine develop acropetally (base to tip)

in needies but basipetally in branches and
tree.

October 1977
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Photo 4. Mistletoe. Severe damage on Jeffrey pine
caused by dwarf mistletoe; defoliation of
older needles, dwarfing of younger neediles,
and swelling of branches.

May 1976
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Photo 5.

Salt Damage. Jeffrey pine treated
with 5.33 T/A NaCl in 1977, photo-
graphed in January 1978. Damage 1is
spreading acropetally (base to top)
in the tree.
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Photo 6. Salt Damage. Jeffrey pine needle damage
spreads basipetally {tip to base) 1in needles.
Left to right: 50, 25, and 0% damage (damage
ratings of 2, 1, and 0).

May 1976
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Photo 7. Salt Damage. Lodgepole pine treated with
2.67 T/A NaC1 in 1977, photographed October
1977. Damage spreads basipetally (tip to
base) in needles.
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Photo 8. Salt Damage. White fir treated with
2,67 T/A NaCl in 1977, photographed
January 1978, Damage spreads acropetally
{base to top) in tree. The spiral pattern

of damage sometimes seen, is developing
in this tree.
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Photo 9.

Salt Damage. White fir treated with 5.33
T/A NaCT"in 1977, photographed in May 1977.
Individual needle damage spreads basipetally

(tip to base). These needles are ahout 75%
brown.
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Photo 10.

Salt Damage. White fir treated
with 5.33 T/A NaCl in 1977, photo-
graphed in September 1977. This
tree is virtually dead. The last
remaining needles are those formed
in the summer of 1977.
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Photo 11.

Salt Damage. Incense cedar treated
with 2.67 T/A NaCl in 1977, photo-
graphed August 1977. The acropetal

.(bottom to top) development of

symptoms in the tree, although
present, is not as obvious as in
pine or fir. Because of the scale-
like leaves the browning must be
observed in branchlet systems.
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Photo 12. Salt Damage. Incense cedar treated with
' 1.33 T/A NaCl in 1977 and 2 T/A NaCl in
1978, photographed July 1978. Damage
symptoms develop basipetally (tip to base)
in the branchlets.
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