Plate 1. A view of the sprinkler irrigation field block
where ten landscape plant species were randomly
planted both in the field and in containers.
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Significancetothe L andscapeand Nursery Industries

In the face of California’s rapid population growth,
the competition for increasingly limited water resources
has necessitated the use of recycled water for landscape
and nursery irrigation. A reference list of the sensitivity
of plant speciesto recycled water would facilitate imple-
mentation of recycled water irrigation. Theinformation
generated by this study is valuable for both landscape
and nursery irrigation management.

Species used in this study: Abelia grandiflora
‘Edward Goucher’ (Abelia), Acacia redolens (Redolen
Acacia), Albizia julibrissin (Silk Tree), Arbutus unedo
(Strawberry Tree), Buddleia davidii (Butterfly Bush),
Buxus microphylla japonica (Janpanese Boxwood),
Ceanothus thrysiflorus (Ceanothus), Cedrus deodara
(Deodar Cedar), Celtis sinensis (Chinese Hackberry),
Clytostoma callistegioides (Trumpet Vine), Cornus mas
(Cornelian Cherry), Cotoneaster microphyllus
‘Rockspray’ (Cotoneaster), Escallonia rubra
(Escallonia), Euryops pectinatus (Golden Marguerite),
Forsythia intermedia (Forsythia), Fraxinus angustifolia
(Raywood Ash), Ginkgo biloba (Ginkgo), Jasminum
polyanthum (Jasmine), Juniperus virginiana ‘ Skyrocket’

(Juniper), Koelreuteria paniculata (Goldenrain Tree),
Lantana camara (Lantana), Liquidambar styraciflua
(Liquidambar), Mahonia pinnata (CaliforniaHolly
Grape), Myrtus communis (True Myrtle), Nandina
domestica (Heavenly Bamboo), Nerium oleander (Olean-
der), Olea europea ‘Montra’ (Dwarf Olive), Pinus
cembroides (Mexican Pifion Pine), Pistacia chinensis
(Chinese Pistache), Pittosporumtobria (Tobira
Pittosporum), Plumbago auriculata (Cape Plumbago),
Prunus caroliniana (CarolinaLaurel Cherry), Quercus
agrifolia (Coast Live Oak), Rhaphiolepisindica (Indian
Hawthorn ), Rosa sp. (Rose), Sambucus nigra (Elder-
berry), Sapium sebiferum (Chinese Tallow Tree),
Washingtonia filifera (California Fan Palm), Bromus
carinatus (California Brome), Deschampsia caespitosa
(CaliforniaHairgrass), Deschampsia elongata (Slender
Hairgrass), Elymus glaucus (Anderson valley ecotype),
Elymus glaucus (Blue Wildrye, coast range ecotype),
Elymus glaucus (Stainslaus, 2000 ft. elevation), Elymus
glaucus (Stainslaus, 5000 ft. elevation), Festuca
californica (California Fescue), Melica californica (Cali-
forniaMelic), Poa scabrella (Pine Bluegrass),
Muhlenbergia rigens (Deergrass), Sporobolus airoides
(Alkali Sacaton), and Stipa pulchra (Purple
Needlegrass).

PART |
Testing Salt-tolerance of Landscape Plantsfor Recycled
Water Irrigation

I ntroduction

Recycled water is water that has been previously
used, suffered alossin quality and has been treated to a
point whereit is suitable for additional use. Thefirst
wastewater treatment plant used solely for recycling
water and reuse was built in San Francisco in 1932. To-
day, wastewater isrecycled at over 300 locations
throughout Californiafor agricultural and landscape
irrigation, groundwater recharge and industrial use. The
California Water Resources Control Board estimated that
by the year 2010, landscape irrigation will account for
the second largest use of recycled water next to ground-
water recharge (Westcot and Ayers, 1984). After most of
the water treatment processes, sodium chloride is the
only chemical compound remaining in recycled water
that is potentially detrimental to landscape plants
(Westcot and Ayers, 1984; Hays et al., 1990; Pepper and
Mancino, 1994). Other elements such as boron, sele-
nium, magnesium, and cadmium arerarely found to be
above harmful levels.
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The objective of this research project was to con-
duct screening trials on landscape plants to determine
their tolerance to salt for recycled water irrigation. This
study addressed these questions: (1) Are the salt con-
centration levels used for this study able to induce de-
tectable salt stress symptoms and differentiate salt toler-
ant and salt sensitive plant species? (2) Does planting of
plants in containers or in the field affect the results of
plant response to salt stress? (3) What will be the fluc-
tuation of soil salinity over the dry and wet seasons? (4)
Considering the research results generated from this
study, can we establish a simple and rapid salt tolerance
testing method?

Materialsand Methods
A. Field and Container Plantings
Field plots

Field trials were conducted on a plot measuring 70
X 70m at the Department of Environmental Horticulture,
University of California, Davis. Thefield was divided
into 18 blocks, each measuring 5 x 10m (Plates 1 and 2).
Therewasa 1.5 m buffer zone between blocks. Nine of
the 18 blocks were designated for sprinkler irrigation and
the other 9 were designated for drip irrigation. Thefield
blocks were randomly designated for three levels of salt
concentration treatments, and each treatment was repli-
cated threetimes. Thefield soil wasaloam clay soil
(fine, mixed, mesic Typic Hapludalf). A 500 L tank was
installed for storage of salt treatment stock solution.
Liquid fertilizer injectorswere used to deliver salt treat-
ment solutionsinto theirrigation water.

Chemical properties of recycled waters

This cooperative research project was partially
supported by Marin County Municipal Water District
and the City of San Jose, California. The chemical analy-
sis of the recycled water reported by Marin Municipal
Water District (MMWD), Corte Madera, Californiafor
1993 and 1995 and the water treatment facility of the City
of San Jose, Californiain 1996 and 1997 indicated NaCl
to be the principal compound in the recycled water that
might be detrimental to plants. The average sodium (Na)
concentrationsranged from 6.78 mM (156 mg L) t0 9.78
mM (225 mg L1), chloride (Cl) concentrations ranged
from9.02mM (175mg L) to4.79 mM (319 mgLt). Con-
centrations of calcium (Ca), magnesium (Mg), bicarbon-
ate (HCO,), boron (B), and nitrate (NO,) were below the
level that might be toxic to plants. Sodium chloride
(NaCl) was, therefore, the target chemical compound for
the plant testing studies.

Plate 2. A view of drip irrigation field block where the
ten landscape plant species were randomly planted
both in thefield and in containers.

Irrigation treatments

Thethree salt (NaCl) concentrations used for irri-
gation were: control (potablewater); low salt (500 mg L™
NaCl), and high salt (1500 mg Lt NaCl). Thelow salt
treatment supplied 200 mg L* Naand 300 mg L Cl, thus
approximating the highest Na and CI concentrations
found in recycled waters. To insure arelatively higher
salt stress, 1500 mg Lt NaCl was chosen for the high
salt concentration treatment. This salt concentration
provides 600 mg L Naand 900 mg L* Cl. Each salt
treatment was replicated three times for both the sprin-
kler and drip irrigations. Through the dry season, from
April to November, thefield wasirrigated every other
day with 2.5 cm water from both the sprinkler and drip
irrigation systems. From December to March, irrigation
frequency was adjusted depending on the weather con-
ditions. Two grams of slow release Apex Polyon Coated
Fertilizer (21-5-6) were applied per plant in June 1997,
andin March 1998.

Planting, salt stress evaluation, and soil analysis
Selection of plants was based on both the popu-
larity of the speciesin Californialandscapes and the
inclusion of awide range of growth habits (from Trum-
pet Vineto Mexican Pifion Pine). Ten landscape plant
species ranging from 25 to 45 cm tall among species and
with comparabl e size within a single specieswere pur-
chased from High Ranch Nursery in Loomis, California.
The ten species were: Chinese Pistache (Pistacia
chinensis), Oleander (Nerium oelander ), Mexican Pifion
Pine (Pinus cembroides), Japanese Boxwood (Buxus
microphylla japonica), Liquidambar (Liquidambar
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styraciflua), Trumpet Vine (Clytostoma callistegioides),
Ceanothus (Ceanothus thyrsiflorus), Heavenly Bamboo
(Nandina domestica), Rose (Rosa sp.), and Jasmine
(Jasminum polyanthum). Within each field block, one
plant of each of the 10 species was transplanted into the
fieldaswell asin 18.9 L containersin June of 1997, and
all plants were randomly arranged. The containerswere
filled with UC Mix (1:1:1, peat-moss: redwood sawdust:
sand). Two grams of Apex coated slow releasefertilizer
(21-5-6) were applied to each plant. All plantswereirri-
gated with potable water for 6 weeks during establish-
ment before salt treatments started. Plants were moni-
tored for growth, symptoms of salt induced stress and
other possible damage.

For evaluation of salt stress response, symptoms
such as chlorosis and |leaf burn were recorded as per-
centage of leaves affected, and were translated into salt
tolerance indices (%) by subtracting from 100%. In addi-
tion, plant height and canopy diameter were measured
after 6 weeks of salt treatment. A toleranceindex was
calculated as: Index of salt tolerance = (mean value of
plant height plus canopy diameter of salt treated plants/
mean value of plant height plus canopy diameter of con-
trol plants) x 100. The 10 plant specieswere placed into
three salt tolerance categories according to their toler-
ance indices (above 90% = High; above 50% less than
90% = Moderate; lessthan 50% = Low).

Soil samples (0 to 30 cm deep) were collected on

September 15 and October 15, 1997, January 28 and May
15, 1998. Soil sampleswere dried at room temperature for
4 weeks or more before analysisfor pH, EC (electrical
conductivity), Cl, and Na concentrations. Leaves of all
the 10 plant species after 6 weeks of salt treatment were
collected randomly from each plant. Leavesweredried
at 60°C in adrying oven for 72 hours, ground into pow-
der, and extracted overnight with 0.2 M HNO,. Tissue
chloride concentrations were measured with a Buchler
Cotlove automatic titrator. Sodium concentrationswere
measured using atomic absorption spectroscopy.

B. Field planting for additional 10 plant species

Infall, 1998, after completion of thefield and con-
tainer planting studies, container-grown plants were
removed from the field. Ten additional landscape plant
species were planted in the field plots. They were Silk
Tree (Albizia julibrissin), Strawberry Tree (Arbutus
unedo), Chinese Hackberry (Celtis sinensis), Raywood
Ash (Fraxinus angustifolia), Ginkgo (Ginkgo biloba),
Golden Raintree (Koelreuteria paniculata), Skyrocket
juniper (Juniperusvirginiana), Dwarf Olive (Olea
europea ‘Montra’), Coast Live Oak (Quercusagrifolia),
and Fan Palm (Washingtonia filifera). Irrigation and salt
concentration treatments were identical to those de-
scribed previously. Irrigation was discontinued on De-
cember 1, 1998, because of wet winter weather and was
resumed on March 1, 1999. Salt stress response of

Table 1. Chemical properties of field and container soils after 6 weeksirrigation with sprinkler and drip

systems and three salt concentrations.

Irrigation Salt Treatment Planting
Treatment (mgL?)

Sprinkler Control Field
Sprinkler 500 Field
Sprinkler 1500 Field
Sprinkler Control Container
Sprinkler 500 Container
Sprinkler 1500 Container
Drip Control Field

Drip 500 Field

Drip 1500 Field

Drip Control Container
Drip 500 Container
Drip 1500 Container
ANOVA

Between field and container
Between irrigation treatment

Control: Potable water. *: Mean values of three replicated composite samples.

EC(dSm?) pH Cl(mgkg') Na(mgkg?)
0.63* 6.70 71 45
091 6.85 384 209
208 6.73 1201 794
0.31 711 44 22
120 7.02 794 253
181 7.01 1479 757
0.32 6.70 80 59
118 6.47 416 314
248 6.80 1356 823
0.30 6.50 62 31
121 7.05 790 244
230 6.80 1127 755
P>0.05 P>0.05 P>0.05 P>0.05
P<0.01 P>0.05 P<0.01 P<0.01
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Table 2. Symptoms of salt stress, growth, and salt tolerance of the 10 selected plant species after 6 weeks irrigation
with sprinkler or drip system and with low (500 mg L) or high (1500 mg L) levels of salt concentrations.

Growth of
container plants
(% of control)

Plant species and
Irrigation Treatment

L ow salt concentration Drip Sprinkler Drip
(NaCl 500mg L)

Chinese Pistache 86 65 95
Oleander 120 120 100
M exican Pinon Pine 105 105 110
Japanese Boxwood 100 100 105
Liquidambar 105 75 100
Trumpet Vine 90 90 100
Ceanothus 90 80 95
Heavenly Bamboo 100 68 100
Rosa sp. 108 70 95
Jasmine 100 100 95
ANOVA

Between species P>0.05 P<0.01

High salt concentration Drip Sprinkler Drip
(NaCl 1500 mg L 1)

Chinese Pistache 95 25 85
Oleander 100 100 110
Mexican Pinon Pine 100 100 100
Japanese Boxwood 95 95 105
Liquidambar 95 35 93
Trumpet Vine 105 85 100
Ceanothus 90 70 100
Heavenly Bamboo 100 45 85
Rosa sp. 100 35 100
Jasmine 95 35 90

ANOVA
Between species
N: No apparent salt stress symptom

plants was recorded in June 1999, and was translated
into low, moderate, and high salt tolerance categories as
previously described.

C. Salt Tolerance Testing Using Container Grown Plants
The abovefield trials demonstrated that differ-
ences in salt tolerance among plant species could be
detected by sprinkler irrigation. Therefore, salt tolerance
was tested on an additional 18 container grown species
inasimpler manner. The 18 specieswere ‘ Edward
Goucher’ Abelia (Abelia grandiflora), Redolen Acacia
(Acacia redolens), Butterfly Bush (Buddleia davidii),
Deodar Cedar (Cedrus deodara), Cornelian Cherry

Growth of field
plants
(% of control)

P>0.05

Chlorotic field
plant leaves (%)

Clorotic container
plant leaves (%)

Sprinkler Drip Sprinkler  Drip Sprinkler
75 N 20 N 5
100 N N N N
110 N N N N
105 N N N N
65 N 5 N K0
100 N N N N
95 N N N N
100 N N N N
75 N 20 N 5
95 N 10 N 15
P<0.01

Sprinkler Drip Sprinkler  Drip Sprinkler
30 5 % 5 60
110 N N N N
100 N N N N
105 N N N N
25 N 70 N 6
78 N 15 N 20
65 N N N 15
52 10 60 10 50)
38 N 70 N 53
30 N 5 N 5

P>005 P<001 P>0.05 P<0.01

(Cornus mas), ‘ Rockspray’ Cotoneaster (Cotoneaster
microphyllus), Escallonia (Escallonia rubra), Golden
Marguerite (Euryops pectinatus), Forsythia (Forsythia
intermedia), Lantana (Lantana camara), CaliforniaHolly
Grape (Mahonia pinnata), True Myrtle (Myrtus commu-
nis), Tobira Pittosporum (Pittosporumtobria ), Cape
Plumbago (Plumbago auriculata), Carolina L aurel
Cherry (Prunus caroliniana), Indian Hawthorn
(Rhaphiolepisindica), Elderberry (Sambucus nigra),
and Chinese Tallow Tree (Sapium sebiferum). Plants
ranging from 30 cm to 60 cm tall depending on plant spe-
cieswere grown in 20 cm diameter by 20 cm deep plastic
containersin the soil mix previously described. Plants
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5 . Uiy
Plates 3 and 4. Chlorosis on leaves of Liquidambar
(left) and Rose (right) irrigated with water contatining

500 mg L salt.

were placed on 1.3 m wide and 8 m long benchesin aran-
domized block design with three replications for each of
the three salt level treatments (control, 500 mg L-*and
1500 mg L salt). Plantswereirrigated with automated
sprinklers on every other day. A total of 2.5 cm water
was applied per irrigation. Two grams of Apex coated
slow releasefertilizer were applied to each plant prior to
irrigation treatment. After 6 weeks of irrigation, symp-
toms of salt stress were recorded as percentage of leaves
showing salt damage, and the index of salt tolerance (%)
was determined as previously described. The salt toler-
ance indices were translated into the three salt tolerance
categories, high, moderate and low (Table 5).

Results
A. Field and container plantings

Soil chemical characteristics

Chemical characteristics of the soil samples after 6
weeks of irrigation treatments are presented in Table 1.
Electrical conductivity (EC) valuesfor soilsirrigated with
potable water ranged from 0.30t0 0.63 dSm*. Soilsirri-
gated with the low salt water (500 mg LY) had EC values
ranging from 0.91to 1.21 dSm?, athree-fold increase
over the control. EC values of soilsirrigated with the
high salt water (1500 mg L) ranged from 1.81t0 2.48 dS
m1, asix-fold increase over the control. Soil pH values
wereinanarrow range from 6.50 to 7.11 with no apparent
difference between the irrigation and planting treatments
(P>0.05) (Table1).

Chloride concentrationsin soils irrigated by potable

water ranged from 44 to 80 mg kg and from 384 to 794
mg kglin soilsirrigated with low salt water. In soilsirri-
gated with high salt water, chloride concentrations
ranged from 2021 to 1356 mg kg!, aten-fold increase
over the control treatment. Overall, the soil chloride
concentrations were significantly different between salt
treatments (P < 0.01), but not significantly different be-
tween plantings (Table 1).

Soilsirrigated with potable water had Na concen-
trationsranging from 31 to 45 mg kg*. Thelow saltirri-
gation caused an approximate five-fold increase in soil
sodium, whilethe high salt irrigation raised soil sodium
levels by afactor of 10. The container and field soils
had similar sodium concentrations (P>0.05).

Symptoms of salt stress response

A summary of salt stress symptoms and growth of
the original ten landscape plant species are presented in
Table 2. After 6 weeks of sprinkler irrigation with the
high salt solution (1500 mg L) seven of the 10 species
exhibited leaf chlorosis. Fifty percent or moreleaves of
Chinese Pistache, Liquidambar, Jasmine, Heavenly Bam-
boo, and Rose showed chlorosis (Plates 3 and 4), and
only had 25 to 35% growth (tolerance index). Trumpet
Vine and Ceanothus exhibited moderate salt damage with
approximately 15 to 20% of their leaves showing chloro-
sisand had 70 to 90% growth. No salt stress symptoms
were found in Mexican Pifion Pine, Japanese Boxwood,
or Oleander (Table 2). The correlation between the salt
tolerance indices represented by growth and the salt
tolerance indices represented by salt stress symptoms
indicated that the two sets of values were significantly
positively correlated (Fig. 1).

Of the plantsirrigated by sprinklerswith low salt
water, four species displayed moderate salt stress symp-
toms. Jasmine, Liquidambar, Chinese Pistache and Rose
had 10 to 25% chlorosisin their leaves and had 65 to
80% growth. There was no visually detectable salt
stress on the other 6 species that had over 80% growth.

Plants sprinkler irrigated with 1500 mg L* salt fell
into three categories of salt stress response: (1) Both
plant growth and leaf appearance of Oleander, Japanese
Boxwood, and Mexican Pifion Pine were not affected by
the high salt water irrigation, thus designated “ salt toler-
ant”. (2) Ceanothusand Trumpet Vine were moderately
salt tolerant, and had 15 to 20% growth reduction and
moderate leaf chlorosis. (3) Chinese Pistache, Liquidam-
bar, Jasmine, Heavenly Bamboo, and Rose were the most
salt sensitive plantsin this study. Growth of these plant
species was severely affected by sprinkler irrigation with
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Fig.1. Joint distribution and correlation of salt tolerance
(%) of landscape plants represented by growth and
symptom of salt stress

1500 mg L1 salt, and was slightly affected by 500 mg L1
salt (Table 2).

All drip-irrigated plants appeared normal. Of those
receiving 1500 mg Lt salt irrigation, only Chinese
Pistache and Rose developed chlorosisin fewer than
10% of their leaves. Correlations between the salt toler-
ance indices represented by growth and salt stress
symptoms (100 minus recorded % of symptom) indicate
that the two sets of values are significantly positively
correlated (Fig. 1).

Of the 10 additional field planted species sprinkler-
irrigated with 1500 mg L salt, leaves of Chinese Hack-
berry, Silk Tree, Raywood Ash, and Ginkgo were se-
verely damaged, and chlorosis appeared on 70% or more
of their leaves. Moderate damage (10 to 30%) on leaves
wasfoundin Strawberry Tree, Goldenrain Tree, and
Coast Live Oak. No salt stress damage was noticed on
Dwarf Olive or CaliforniaFan Palm. Of the plants sprin-
kler-irrigated with 500 mg L* salt; Chinese Hackberry and
Gingo had chlorosis on 50 to 60% of their leaves, Silk
Tree and Raywood Ash showed moderate salt tolerance
(less than 10% leaf chlorosis) and no salt stress ap-
peared on the remaining 5 species. Salt tolerance of
these plant species were summarized and placed into
low, moderate, or high tolerance categories (Table 5). All
drip-irrigated plants had normal growth and no symp-
toms of salt stress.

Chloride and sodium uptake

Leaf chloride levelsfor container plantsirrigated
with potable water ranged from 2.2 mg g* dry weight in
Oleander to 8.6 mg g dry weight in Liquidambar (Table

3). Plantsirrigated with the low salt concentration (500
mg L") had 2 to 4 times more | eaf tissue chloride than the
controls. Leaf chloride concentrations of plantsirrigated
with high salt water (1500 mg L) were4to 5times
greater than those of plantsirrigated with potable water.
Tissue chloride concentrations of the field planting
plants were similar to the container plants, and were sig-
nificantly different between salt treatment and between
plant species, but not significantly different between
plantings (Table 3). Tissue sodium concentrations of the
container plantsirrigated with potable water ranged from
0.3mggtdry weightin Roseto 1.5 mggtdry weightin
Liquidambar. Plantsirrigated with low salt water had 2 to
15 times more sodium in their leaves than the controls.
Ten to 20 times more sodium was detected in leaf tissue
of plantsirrigated with high salt water (Table 3). Differ-
ences in plant tissue Na concentration were significant
between treatment and plant species, but not signifi-
cantly different between plantings (Table 3).

Seasonal soil salinity changes

Soil salinity values were at their highest for all
treatmentsin October 1997. Soil irrigated with potable
water (control) had EC values of approximately 0.5dSm?,
those receiving the low salt water had EC values of ap-
proximately 1 dS m?, and soilsirrigated with high salt
water had EC valuesaround 2 dS m. In January 1998,
EC measurementsfor all soilswerelessthan 0.4 dSm?,
reflecting the winter cessation of irrigation treatments
and significant leaching by winter rains. Irrigation
started again in March 1998 and by May, 1998, all soils
showed some increase in salinity levels.

B. Salt tolerance testing using container grown plants

After 6 weeks of sprinkler irrigation with 1500 mg
L1 salt, Butterfly Bush, Elderberry, Abelia, Cornelian
Cherry, CaliforniaHolly Grape, Rockspray Cotoneaster,
and Golden Marguerite showed severe chlorosisin over
80 to 90% of their leaves. No signs of salt stress were
detected for Tobira Pittosporum, Cape Plumpago,
Redolen Acacia, Deodara Cedar, Indian Hawthorn, or
Chinese Tallow Tree under the same salt treatment re-
gime. When irrigated with 500 mg L* salt, Butterfly
Bush, Abelia, and Cornelian Cherry displayed salt stress
in about 50% of their leaves. Elderberry, CaliforniaHolly
Grape, Golden Marguerite, and Rockspray Cotoneaster
exhibited moderate salt stress (10-20% chlorotic |eaves).
The remaining species showed no sign of salt stress
when irrigated with the 500 mg L1 salt. A summary of
the salt tolerance of these 18 speciesis presented in
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Table 3. Chloride and sodium concentrations detected in leaf tissues of 10 landscape plant species grown either in the
field or in containers after 6 weeks of sprinkler irrigation with water or one of two salt concentrations.

Plant Species Container

Control Low salt

Cl (mg g Cl (mg g%
Ceanothus 31+1.0 15.1 + 3.0
Chinese Pistache 6.6 + 0.4 16.2 + 2.8
Japanese Boxwood 44 + 1.2 73+ 12
Jasmine 57+ 1.8 195 + 2.4
Liquidambar 85+ 15 32.0 + 3.0
Mexican Pinon Pine 2.4 + 0.3 6.3+ 1.0
Heavenly Bamboo 8.6 + 1.5 16.4 + 2.5
Oleander 22 +03 36+ 15
Rose 74 + 0.8 22.6 + 4.6
Trumpet Vine 6.0 + 1.0 18.4 + 4.5
ANOVA
Between plant species F = 6.97 P < 0.001
Between treatment F = 6.36 P < 0.001
Between planting F=0.82 P > 0.05

Na (mg g7) Na (mg )
Ceanothus 0.4 + 0.5 57+ 15
Chinese Pistache 0.8 + 0.2 5.1 + 0.6
Japanese Boxwood 0.8 + 0.1 4.0 + 0.8
Jasmine 0.5+ 0.0 12.3 + 3.0
Liquidambar 15+ 04 75+ 23
Mexican Pinon Pine 0.6 + 0.0 1.1+05
Heavenly Bamboo 0.8 + 0.0 35+11
Oleander 14 + 0.1 20+ 0.7
Rose 0.3 + 0.0 7.3+ 32
Trumpet Vine 0.5+ 0.4 11.0 + 2.3
ANOVA
Between plant species F = 3.43 P < 0.001
Between treatment F = 3.43 P < 0.001
Between plantings F = 0.00 P > 0.05

Field
High salt Control Low salt High salt
Cl (mg g Cl (mg g% Cl (mg g% Cl (mg g*)
14.3 + 2.0 3.0+ 0.7 17.6 + 3.5 13.6 + 1.5
353 + 25 7.4 + 1.4 16.5 + 2.0 40.3 + 2.0
16.5 + 2.1 4.7 + 1.6 6.4 + 1.2 153 + 2.5
47.8 + 2.7 4.0 + 05 18.3 + 3.2 46.7 + 2.7
43.6 + 2.5 11.0 + 1.2 30.0 + 4.1 44.3 + 4.0
9.0 + 1.7 19+03 105 + 2.1 12.9 + 2.9
315 + 1.3 6.5+ 1.4 8.0 + 2.4 16.0 + 0.5
85 + 25 19+03 39+ 10 8.7 + 45
40.5 + 4.9 6.1 + 0.4 19.0 + 1.5 40.9 + 6.9
34.8 + 2.2 7.4 + 0.9 19.0 + 2.0 34.7 + 5.9
Na (mg g7) Na (mg g*) Na (mg g*) Na (mg g*)
13.7 + 2.4 0.8 + 0.5 55+ 21 142 + 1.2
12.7 + 0.3 0.6 + 0.7 6.2 + 1.5 17.0 + 2.5
9.1 +0.0 0.4 + 0.0 56+ 1.1 9.3+ 25
23.9 + 2.4 0.3 + 0.0 9.3+ 25 22.6 + 2.9
16.5 + 0.8 0.6 + 0.3 6.5 + 2.4 16.8 + 1.1
4.0 + 0.9 13+03 2.0 + 0.0 6.3+ 79
10.4 + 1.4 0.6 + 0.0 22+ 12 6.6 + 0.9
6.2 + 0.7 0.3 + 0.0 30+ 13 7.7 + 4.6
19.3 + 3.6 0.4 + 0.1 78 + 15 20.5 + 3.8
21.2 + 1.4 0.6 + 0.8 9.3+ 14 15.6 + 4.5

Table 5 along with the other 20 species and the California
native grasses.

Discussion

Most recycled water irrigation studies have been
conducted on agricultural crop plants (Bernstein and
Francois, 1973; Day and Kirkpatrick, 1973; Pettygrove
and Asano, 1984; Maas, 1985; Pepper and Mancino,
1994). Limited information isavailable about there-
sponse of landscape plants to recycled water. Among
species and varieties of crop plants, there is consider-
able variation in salt tolerance (Francois and Mass, 1993;
Maas, 1990). Itis possible to select crops whose yields
are only slightly affected by a particular level of salinity.
An EC value of 10 dS m! appears to be the maximum tol-
erated by crops without suffering alossinyield. Unlike
the monoculture of agricultural crops, most landscape
plantings include a variety of different plant species with
different abilitiesto tolerate salt in irrigation water.

Most recycled waters contain less salt than the
lower concentration (500 mg L-1) used in this study.

Plant response under these experimental conditions
should be indicative of plant salt tolerance in the land-
scape. Although, in this study, salinity levels of soils
irrigated by adrip system with salt laden waters were
significantly higher than the soils irrigated by potable
water, there were no detectabl e effects on plant growth
or salt stress symptoms. This suggests that the soil
salinity was not sufficient to cause salt damage to the
plants. In addition, the seasonal fluctuation in soil salt
concentration may prevent soil salinity from building up
to damaging levels.

Salinity-induced growth reduction, in many cases,
affects shoots more severely than roots (Munns and
Termaat, 1968; Blitsand Gallagher, 1990). Crop pantsare
more severely injured by saline water applied by sprin-
kler than by drip systems (Bernstin and Francois, 1975;
Francois and Clark, 1979; Mass and Francois, 1982;
Westcot and Ayers, 1984). Dripirrigation using recycled
water was acceptable for nearly all the plant species
used in this study. However, sprinkler irrigation is used
for most Californialandscape settings, because it is
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lower maintenance and less vulnerableto traffic. Perfor-
mance of landscape plantsis judged by their physical
appearance rather than their yield. Therefore, salt toler-
anceto leaf spread isacritical trait for selecting land-
scape plants for recycled water irrigation. In woody tree
plants, injury to leaves can be minimized by sprinkler
irrigation under the canopy. However, severe damage of
lower leaves can occur even with under-canopy sprinkler
irrigation. Very little information can befound in the
literature regarding the relationship of salt tolerance for
roots and shoots. Ashraf et al. (1986) found no correla-
tion between salt tolerance tested on roots and tested on
leaves in grass species. In this study, for the selected
woody landscape plants, we used higher salt concentra-
tions and found that there was a good positive correla-
tion between salt tolerance tested by drip irrigation and
by sprinkler irrigation (Wu et al., 2001). Thisstudy re-
vealed that large differencesin salt tolerance exist among
landscape plant species under sprinkler irrigation. Nev-
ertheless, salt tolerance of any given plant species may
vary considerably with climate, irrigation management,
genetic variation among varieties, soil texture and struc-
ture, and soil fertility (Maas, 1990). However, differences
in tolerance to salt spray among the plant species tested
were very clear. This study suggests that screening of
landscape plant species for recycled water irrigation can
be achieved in asimple and rapid fashion. A salt toler-
ancereferencelist for recycled water irrigation manage-
ment for the 38 plant species and 10 Californianative
grasses is presented in Table 5.
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PART II

Studiesof Salt Stress Response and Root Depth
Potential of California Native Grass Species For
Recycled Water Irrigation

I ntroduction

In California, there are 478 species of grasses, 303
of which are native and 175 which have been introduced
(Crampton, 1974). Two thirds of these species are peren-
nial. Perennial grasses are of two kinds, bunchgrasses
and sod forming grasses. Sod forming grasses are used
mainly for turf, groundcover, or for erosion control. In
the landscape and garden, bunchgrasses are preferred
for ornamental purposes and/or for creating buffer zones
between landscapes and watersheds. California peren-
nial bunchgrass species occur in a wide range of geo-
graphic habitats ranging from the humid Coast Range to
the Central Valley to high elevationsin the Sierra Nevada
Mountains to the Mohave Desert. Therefore, substan-
tial differencesin response to salt and salinity stress
among them are expected. Lessthan twenty California
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Plate 5. Soil column
set-up for the
California native
grass root depth
potential and salt
stressresponse
studies.

native perennial bunchgrass species are considered to
be good candidates for landscape and garden use.

In California, the competition and cost for increas-
ingly limited water resources has forced the use of re-
cycled water for landscape irrigation, particularly in ur-
ban areas. The chemical properties of reclaimed or re-
cycled water vary greatly among different water treat-
ment facilities. However, the major chemical compound
remaining in the water after treatment that is potentially
detrimental to plantsis sodium chloride. For example,
the chemical characteristics of the reclaimed water re-
ported by Marin County Water District (MMWD) and
the City San Jose from 1993 to 1995 indicated that the
principal chemical compound found in concentrations
potentially detrimental to landscape plants was sodium
chloride. The average sodium (Na) concentrations
ranged from 155 mg L-*to 225 mg L%, and the average
chloride (Cl) concentrationsranged from 175 mg L to
319 mg L1, Other elements, such asboron, cadmium,
and magnesium were not exceptionally high. Therefore,
for this study, sodium chloride was the target chemical
compound to be tested. The salt levels commonly en-
countered in recycled water are too low to induce salt
stress on the root systems of many grasses which can
tolerate up to 5000 mg L of salt (Rogerset al., 1996;
Marcum, 1999). However, plants are more sensitive to
salt spray on leaves than exposure of roots to salt solu-
tions (Bernstein and Francois, 1973, 1975). Therefore,
for the present study, salt concentrations slightly above
those found in recycled waters were considered.

Salinization of soil and water usually occursin
areas with arid and semiarid climates such as the Central

Valley and most parts of southern California. In addi-
tion, saltsin coastal regions are transported by ground-
water, precipitation, and aerial spray. Therefore, elevated
salt levelsin the environment have been a widespread
problem in Californialandscapes. Furthermore, the mor-
phology, phenology, growth habit, and management of
grasses are, generally, quite different from most land-
scape plants, and their response to salt stress may also
be different. Inthisproject, wetested Californianative
grass species potentially suitable for Californialand-
scapes and gardens. Information generated from this
project may be useful for managing Californianative
grasses in landscapes and gardens where recycled water
may be used and/or in areas where elevated salt and
salinity concentrations exist inirrigation waters.

Two experiments were conducted: (1) testing the
response of grass species to sprinkler irrigation with salt
concentrations slightly above those found in recycled
waters, and (2) measuring the effects of salt treatment on
root depth potential. The first experiment was completed
and the results are presented here. In order to obtain
results of the full potential of root growth acompletelife
cycleisrequired. Therefore, the second experiment will
be finalized by the end of September 2001, and the re-
sultswill be summarized and submitted for publication
by the end of 2001.

Materialsand Methods
A. Salt tolerance testing

Eight native grass species and four ecotypes in-
cluding Bromus carinatus (CaliforniaBrome),
Deschampsia caespitosa (CaliforniaHairgrass),
Deschampsia elongata (Slender Hairgrass), Elymus
glaucus (Anderson valley ecotype), Elymus glaucus
(Blue Wildrye, coast range ecotype), Elymus glaucus
(Stainslaus, 2000 ft elevation), Elymus glaucus
(Stainslaus, 5000 ft. elevation), Festuca californica (Cali-
forniaFescue), Melica californica (CaliforniaMelic),
and Poa scabrella (Pine Bluegrass) were established
from seeds (100 seeds per pot) in sand culture in pots
(20 cm diameter and 20 cm deep). Irrigation and salt
treatment started in the fifth week after the seeds were
planted. Threesalt (NaCl) levelsof irrigation waters,
control (potablewater), low salt concentration (500 mg
salt L1), and high salt concentration (1500 mg salt L1),
were used for this study. The average Na concentration
in recycled water reported by the MMWD was approxi-
mately 225 mg L and Cl concentration was approxi-
mately 320 mg L*. The 500 mg salt L supplied about
200 mg L Naand 300 mg L"* ClI, thus approximating the
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highest Na and ClI concentrations found in recycled wa-
ters. In order to establish atreatment that will induce a
relatively higher salt stress, 1500 mg L ! salt was chosen
for the high salt concentration treatment. This salt con-
centration provides 600 mg L-* Naand 900 mg L1 Cl.
Each salt concentration treatment was replicated three
times. The plantswere irrigated every other day and 2.5
cm water were applied by asprinkler system at each irri-
gation. Two grams of slow release Apex Polyon Coated
Fertilizer (21-5-6) were applied per pot. After 12 weeks of
growth and salt treatment, plant tissue above the soil
level was harvested. Fresh leaves were briefly rinsed
with distilled water (about 30 seconds) and driedin a
drying oven for 72 hours. Leaf tissue was ground into
powder and extracted overnight with 0.2 M HNO,. Tis-
sue chloride concentrations were measured with a
Buchler Cotlove automatic titrator and sodium concen-
trations were measured by atomic absorption spectros-

copy.

B. Effects of salt stress on root depth potential
Grasses have fibrous root systems and tend to
grow downward. Root depth of a grass species deter-
mines such management decisions as frequency and
intensity of irrigation. Different speciesof California
native grasses may have inherited differences in root
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depths. Therefore, the potential depth of root distribu-
tion for each of the grass species will be measured. Soil
and water salinity may affect dry weight distribution in
roots, shoots and leaves differently among species
(Philipp, 1988). The effects of salt and salinity stresson
root dry weight distribution along the soil profile and
root/shoot dry weight partitioning will be measured,
because these factors may affect irrigation management
strategies. Plantsirrigated with overhead sprinklersare
subject to injury not only from salts in the soil but also
from salts absorbed directly by the wetted leaves
(Gornat et al., 1973). For landscape plant species, the
application of salinewater with sprinkler irrigation was
found to be a feasible method for screening salt tolerant
plants (Wu, et al., 2001). For the present study, sprinkler
irrigation was used.

Six species of bunch type perennial Californiana-
tive grasses that have been grown in Californialand-
scapes and gardens were chosen for this study. The six
species were Deschampsia caespitosa (California
Hairgrass), Festuca californica (Californiafescue),
Melica californica (CaliforniaMelic), Muhlenbergia
rigens (Deergrass), Sporobolus airoides (Alkali Saca-
ton), and Stipa pulchra (Purple Needlegrass). The
plants were established from vegetative tillers taken from
two year old field established plants. Grasstillers (10 to
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15tillers) of comparable size within a specieswere col-
lected from three or moreindividual plants and were
transplanted to plastic pots (15 cm diameter and 20 cm
deep) containing sand for initial establishment. The
plants were kept in a greenhouse and irrigated three
times aweek with quarter strength Hoagland nutrient
solution (Hoagland and Arnon, 1950). After 8 weeks of
initial establishment, inthefirst week of January 2001,
the plants were transplanted to plastic columns 15 cm
diameter and 115 cm deep (Plate 5.) The plastic columns
were filled with sand up to the top. Two grams of slow
release Apex Polyon Coated Fertilizer (21-5-6) were ap-
plied to each column. The plants were grown under a
regime of 21°C day and 18°C night under natural sunlight
with extended light for 15 h day length. Irrigation and
salt treatment started right after transplant. The experi-
mental design and salt concentration treatments were
identical to those previously described.

Resultsand Discussion

The results of irrigation and salt tolerance testing
on eight grass species and four ecotypes are presented
inFigures2 and 3. Of theplantsirrigated with 500 mg L !
salt, 7 species and 4 ecotypes of Elymus glaucus had
tolerance ratios ranging from 80% to over 100 %, and
CaliforniaMelic had atoleranceratio of 75%. When
irrigated with 1500 mg L* salt, the toleranceratio of Cali-
fornia Melic was reduced to about 50%. The tolerance
ratios of CaliforniaHairgrass, Pine Bluegrass, and Slen-
der Hairgrass ranged from 70 to 75% under the 1500 mg
L1 saltirrigation regime, and the remaining 4 species had
tolerance ratios over 85%. Ecotype differencesin salin-
ity tolerance within a grass species have been reported
(Wu, 1981; Chetelat and Wu, 1986; Wang and Nobel,
1996), but the four ecotypes of Blue Wildrye that came
from quite distinct habitats had similar salt tolerance
ratios. Most salt tolerance studies on grasses have in-
volved treating the plants with salt at the root environ-
ment and have found that most grasses are not affected
by up to 100 mM NaCl (5000 mg L) (Rogers, 1996;
Marcum, 1999). The salt levels used for this study were
only 10 and 25 mM, but they were sufficient to induce
salt stress in the plants. This result suggests that when
grasses are subjected to salt exposure on leaves from
overhead sprinkler irrigation differencesin salt stress
sensitivity can be detected. Chlorosis induced by salt
stress appeared on leaves of CaliforniaMelic and Cali-
forniaHairgrass (Plates 6 and 7). For landscape manage-
ment, acceptable salt concentrationsin irrigation water
are much lower than those considered acceptable for

Plates 6 and 7. Leaf chlorosis on California Melic
(Melica californica) and California Hairgrass
(Deschampsia caespitosa) after sprinkler irrigation
with 500 mg L™ salt.

agricultural cropirrigation.

Salinity-induced growth reduction, in many cases,
affects shoots more severely than roots (Munns and
Termaat, 1986; Blits and Gallagher, 1990). Crop pantsare
more severely injured by saline water applied by sprin-
klers than by drip systems (Bernstein and Francois,
1975; Francoisand Clark, 1979; Mass and Francois, 1982;
Westcot and Ayers, 1984). Dripirrigation using recycled
water may be acceptable for most native grass species.
However, sprinkler irrigation isused for most California
landscape settings, because it is lower maintenance and
less vulnerable to traffic. Therefore, salt tolerance to
leaf spread isacritical trait for selecting grasses for
landscape irrigation. Nevertheless, salt tolerance of any
given plant species may vary considerably with climate,
irrigation management, genetic variation among varieties,
soil texture and structure, and soil fertility (Maas, 1990).
However, differences of tolerance to salt spray among
the grass species tested were very clear. This study
suggests that screening of California native grass spe-
ciesfor recycled water irrigation can be achieved in a
simple and rapid fashion.

Leaf tissue Na and Cl concentrations are presented
in Table4. Plantsirrigated with 1500 mg salt L-* had Na
concentrations ranging from 2515 (in deergrass) to 6346
(in Pine Bluegrass) mg kg* dry weight which is about 3
times greater than the tissue Na concentrations detected
for the plantsirrigated by 500 mg salt L and is about 15
times greater than the concentrations detected for the
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Table 4. Sodium and chloride concentration in plant tissue of eleven California native grass species and ecotypes after
twelve weeks of sprinkler irrigation with three salt concentrations.

Grass species

Bromus carinatus (California Brome)

Deschampsia caespitosa (California Hairgrass)
Deschampisa elongata (Slender Hairgrass)

Elymus glaucus (Blue Wildrye), Anderson Valley
Elymus glaucus (Blue Wildrye), Berkeley (Coast Range)
Elymus glaucus (Blue Wildrye) Stanislaus (2000 ft elev)
Elymus glaucus (Blue Wildrye) Stanislaus (5000 ft elev)
Festuca californica (California Fescue)

Melica californica (California Melic)

Muhlenbergia rigens (Deergrass)

Poa scabrella (Pine Bluegrass)

Bromus carinatus (California Brome)

Deschampsia caespitosa (California Hairgrass)
Deschampsia elongata (Slender Hairgrass)

Elymus glaucus (Blue Wildrye), Anderson Valley
Elymus glaucus (Blue Wildrye), Berkeley (Coast Range)
Elymus glaucus (Blue Wildrye) Stanislaus (2000 ft elev)
Elymus glaucus (Blue Wildrye) Stanislaus (5000 ft elev)
Festuca californica (California Fescue)

Melica californica (California Melic)

Muhlenbergia rigens (Deergrass)

Poa scabrella (Pine Bluegrass)

Bromus carinatus (California Brome)

Deschampsia caespitosa (California Hairgrass)
Deschampsia elongata (Slender Hairgrass)

Elymus glaucus (Blue Wildrye), Anderson Valley
Elymus glaucus (Blue Wildrye), Berkeley (Coast Range)
Elymus glaucus (Blue Wildrye) Stanislaus (2000 ft elev)
Elymus glaucus (Blue Wildrye) Stanislaus (5000 ft elev)
Festuca californica (California Fescue)

Melica californica (California Melic)

Muhlenbergia rigens (Deergrass)

Poa scabrella (Pine Bluegrass)

plantsirrigated by potable water. Salinity tolerance of
some turfgrass species, tested at the root environment,
was found to be associated with an exclusion mechanism
in which the tolerant plants tend to exclude Na and Cl
from being taken up and transported to the shoots
(Greenway and Munns, 1980; Gorham et al ., 1986;
Marcum and Murdoch, 1990; Marcum, 1999; Wu and Lin,
1994). The present study indicates that among the eight
native grass species a salt exclusion mechanismisin-
volved. For example, Deergrass and Blue Wildrye were
the most salt tolerant and had the smallest tissue Na and
Cl concentrations. CaliforniaHairgrassand Pine Blue-
grass were the least salt tolerant and had the highest
tissue Na and Cl concentrations.

The last part of this research project on root depth
potential isstill in progress, and it will be completed at

Salt treatment Tissue Na Tissue Cl
(mg L) (mg kg*) (mg kg*)
Potable water 233 + 21 711 + 33
Potable water 166 + 18 446 + 59
Potable water 240 + 15 546 + 44
Potable water 110 + 10 348 + 50
Potable water 120+ 9 330 + 62
Potable water 131 + 14 393 + 75
Potable water 100+ 9 306 + 51
Potable water 106 + 16 346 + 35
Potable water 100+ 8 236 + 27
Potable water 100+ 8 299 + 36
Potable water 250 + 26 762 + 47
500 1729 + 200 5189 + 204
500 2100 + 120 5802 + 162
500 1744 + 180 5233 + 238
500 1167 + 110 3503 + 150
500 1540 + 100 3129 + 219
500 1246 + 120 3738 + 206
500 1033 + 120 3097 + 144
500 1526 + 154 4585 + 180
500 1848 + 120 4344 + 189
500 1560 + 180 3488 + 250
500 2203 + 201 6610 + 200
1500 3846 + 250 14539 + 952
1500 4993 + 480 14980 + 793
1500 5203 + 500 15609 + 8228
1500 4500 + 280 11316 + 827
1500 2900 + 390 10833 + 973
1500 3398 + 260 10195 + 8596
1500 3868 + 250 11606 + 420
1500 3046 + 270 10038 + 752
1500 4829 + 300 15488 + 830
1500 2515 + 360 9390 + 711
1500 6346 + 540 14145 + 913

the end of September 2001. It will bewritten for publica-
tion by the end of 2001. Nevertheless, among the 6 spe-
cies, salt stress symptoms were apparent, and found on
CaliforniaMélicirrigated by both 500 and 1500 mg L ™!
salt and on CaliforniaHairgrassirrigated by 1500 mg L
salt. The rest of the four species showed no salt stress
response. The results of salt stress response of the ten
California native grass species were added to the final
landscape referencelist (Table5).
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PART 111
Conclusions

Field trials tested salt tolerance of landscape plants
for recycled water irrigation. Salt (NaCl) concentration
levels used for this study were slightly above those
found in recycled waters. Thirty-eight landscape woody
plant species and ten California native grass species
exhibited substantial differencesin salt tolerance when
the salt-laden waters were applied by overhead sprin-
klers. Plants were more susceptible to salt stress by
sprinkler irrigation than by drip irrigation. Twelve (31%)
of the 38 woody plant species and 5 (50%) of the 10 na-
tive grass species were salt tolerant when they were
irrigated with 1500 mg L"* salt and 21 (55%) woody spe-
cies and 7 (70%) native grass species were salt tolerant
when irrigated with 500 mg L salt. This study suggests
that testing salt tolerance of landscape plants for re-
cycled water irrigation can be simple and rapid. No salt
stress symptoms were detected on plants irrigated by
dripirrigation either with 500 mg L or 1500 mg L * salt.
Dripirrigation is acceptable for most landscape plantsin
California. A salt tolerancereferencelist of 38 woody
landscape plant species and 10 California native grass
species was developed (Table 5), and is useful for both
landscape and nursery irrigation management. Seasonal
fluctuationin soil EC (electrical conductivity), highest in
the fall and lowest in the spring, may prevent soil salin-
ity build up to damaging levels.
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Table 5. Reference list of salt tolerance of 38 landscape woody plant species and 10 California native
grass species grown under sprinkler irrigation with two salt (NaCl) concentrations.

Plant species

Woody landscape plants

Abelia grandiflora ‘ Edward Goucher’ (Abelia)
Acaciaredolens (Redolen Acacia)
Albiziajulibrissin (Silk Tree)

Arbutus unedo (Strawberry Tree)

Buddleia davidii (Butterfly Bush)

Buxus japonica (Janpanese Boxwood)
Ceanothus thrysiforus (Ceanothus)

Cedrus deodara (Deodar Cedar)

Celtis sinensis (Chinese Hackberry)
Clytostoma callistegioides (Trumpet Vine)
Cornus mas (Cornelian Cherry)
Cotoneaster microphyllus ‘Rockspray’ (Cotoneaster)
Escalloniarubra (Escallonia)

Euryops pectinatus ( Golden Marguerite)
Forsythia intermedia (Forsythia)

Fraxinus angustifolia (Raywood Ash)
Ginkgo biloba (Ginkgo)

Jasminum polyanthum (Jasmine)

Juniperus virginiana ‘ Skyrocket’ (Juniper)
Koelreuteria paniculata (Goldenrain Tree)
Lantana camara (L antana)

Liquidambar styraciflua (Liquidambar)
Mahonia pinnata (CaliforniaHolly Grape)
Myrtus communis (True Myrtle)

Nandina domestica (Heavenly Bamboo)
Nerium oleander (Oleander)

Olea europea ‘Montra’ (Dwarf Olive)
Pinus cembroides (Mexican Pinon Pine)
Pistacia chinesis (Chinese Pistache)
Pittosporum tobria (Tobira Pittosporum)
Plumbago auriculata (Cape Plumbago)
Prunus caroliniana (CarolinaLaurel Cherry)
Quercus agrifolia (Coast Live Oak)
Rhaphiolepisindica (Indian Hawthorn)
Rosa sp. (Rose)

Sambucus nigra (Elderberry)

Sapium sebiferum (Chinese Tallow Tree)
Washingtonia filifera (California Fan Palm)

California native grasses

Bomus carinatus (California Brome)
Deschampsia caespitosa (California Hairgrass)
Deschampsia elongata (Slender Hairgrass)
Elymus glaucus (Blue Wildrye)

Festuca californica (Californiafescue)
Melica californica (CaliforniaMelic)
Muhlenbergiarigens (Deergrass)

Poa scabrelld (Pine Bluegrass)
Sporobolus airodies (Alkali Sacaton)
Stipa pulchra (Purple Needlegrass)

Sprinkler irrigation
with 1500 mg-L* salt

LOW

HIGH

LOW
MODERATE
LOW

HIGH
MODERATE
HIGH

LOW

LOW

LOW

LOW
MODERATE
LOW
MODERATE
LOW

LOW
MODERATE
HIGH

LOW
MODERATE
LOW

LOW
MODERATE
LOW

HIGH

HIGH

HIGH

LOW

HIGH

HIGH

LOW
MODERATE
HIGH

LOW

LOW

HIGH

HIGH

MODERATE
LOW
MODERATE
HIGH

HIGH

LOW

HIGH

LOW

HIGH

HIGH

Sprinkler irrigation
with 500 mg-L ! salt

LOW

HIGH
MODERATE
HIGH

LOW

HIGH

HIGH

HIGH

LOW

LOW

LOW
MODERATE
HIGH

LOW

HIGH
MODERATE
LOW

HIGH

HIGH
MODERATE
HIGH

LOW
MODERATE
HIGH
MODERATE
HIGH

HIGH

HIGH

LOW

HIGH

HIGH

HIGH

HIGH

HIGH

LOW
MODERATE
HIGH

HIGH

HIGH
MODERATE
HIGH

HIGH

HIGH

LOW

HIGH
MODERATE
HIGH

HIGH
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