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“Controlling an existing stand of tamarisk  
is often relatively easy compared to  

restoring the site back to native species.”
– Pat Arbeiter Wildlife Biologist and UCRB Project Manager
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LOCAL/STATE 
Permits Required Activities Covered Administered By 
Varies- thresholds and 
definitions vary by state 

e.g. clearing/grading, sensitive/critical areas, water quality, 
aquatic access 

Local grading, planning, or 
building departments; 
various state departments 

FEDERAL 
Permits Required Activities Covered Administered By 
Section 10, Rivers and 
Harbors Act of 1849 

Building of any structure in the channel or along the banks of 
“navigable waters” of the U.S. that changes the course, 
condition, location or capacity 

U.S. Army Corps of 
Engineers 

Letters of 
permission 

Minor or routine work with minimum impacts 

3 Repair, rehabilitation, or replacement of structures destroyed by 
storms, fire, or floods in past 2 years 

13 Bank stabilization less than 500 feet in length solely for erosion 
protection 

26 Filling of up to 1 acre of a non-tidal wetland or less than 500 
linear feet of non-tidal stream that is either isolated from other 
surface waters or upstream of the point in a drainage network 
where the average annual flow is less than 5cfs. 

Nationwide 
permits 

27 Restoration of natural wetland hydrology, vegetation, and 
function to altered and degraded non-tidal wetlands, and 
restoration of natural functions of riparian areas on private lands, 
provided a wetland restoration or creation agreement has been 
developed. 

Regional permits Small projects with insignificant environmental impacts 

Section 
404, 
Federal 
Clean 
Water Act 

Individual 
permits 

Proposed filling or excavation that causes severe impacts, but 
for which no practical alternative exists; may require an 
environmental assessment 

U.S. Army Corps of 
Engineers 

Section 401, Federal Clean 
Water Act 

Water quality certification State agencies 

Section 402, Federal Clean 
Water Act National Pollutant 
Discharge Elimination System 
(NPDES) 

Point source discharges, as well as nonpoint pollution 
discharges 

State agencies 

Endangered Species Act 
incidental Take Permit 

Otherwise lawful activities that may take listed species U.S. Fish and Wildlife 
Service 
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 Suitability for Promoting Native Species Revegetation 

Soil Property Good Fair Marginal to Poor Very poor 

pH 6.0-8.4 5.5-6.0 or 8.4-8.8 5.0-5.5 or 8.8-9.0 <5.0 or >9.0 

EC (dS/m) or 
(mmhos/cm) 

0-4  
Growth of salt 
sensitive species may 
be limited 
 

4-8 
Growth of many plants 
is limited 

8-16 
Only salt tolerant 
plants grow 
satisfactorily 

>16 
Only a few, very salt 
tolerant plants grow 
satisfactorily 

Texture sandy loam, silty 
loam, sandy clay 
loam 

clay loam, silty clay 
loam, sandy clay, loamy 
sand 

clay, silty clay, silt, 
sand 
 

parent material 

SAR <6 6-10 10-15 >15 

% Organic 

matter 

>1 0.5-1 <0.5 0 

Nitrogen 
(Nitrate; NO3

-)  
50-100 ppm (>0.05%) 25-50 ppm (0.025-

0.05%) 
12-50 ppm (0.05-
0.012%) or 100-200 
ppm (0.1%-0.2%) 

0-12 ppm (0-0.012%) 
or >200 ppm (0.2%) 

Phosphorus  >25 ppm (>0.1 %) 15-25 ppm (0.05-0.1%) 8-25 ppm (0.02-0.05%) 0-8 ppm (0-0.02%) 
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Handling of 
biomass 

Pros Cons 

Off site disposal • Most aesthetic 
• Reduction of fire risk 
• Clears areas for active 

revegetation 

• Generally highest cost 
• Lost benefit of biomass 

(see ‘mulching’ and 
‘piling’ below) 

Piling on site • Creates Wildlife habitat 
• Most cost effective 

• Unsightly 
• May be fire risk 
• Re-rooting or re-

sprouting possible 
Burning on site • Reduces age-class of 

tamarisk, which may increase 
efficacy of herbicides and 
biological control 

• Low-cost means of rapidly 
reducing standing biomass 

• Can adversely alter soil 
chemistry, making 
establishment of 
desirable species 
difficult 

• Stringent fire safety 
controls required 

• Site access not reliably 
safe for tires (puncture 
risk) 

Mulching on site • Moisture conservation 
• Moderation of temperature / 

wind extremes 
• Salinity remediation and 

reduced capillary rise of salts 
• Enhancement of microsite 

environment for seedlings  
• Provides weed suppression 

(particularly for annual / 
ruderal species)  

• Elevates C/N ratios that 
induce nitrogen stress over 
time, facilitating positive 
successional trajectory. 

• Cost of equipment  
• Covers bare soil, 

hinders reseeding 
• Reduces site access for 

some equipment 
• Heavier equipment 

needed for planting 
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Type Description Uses Limitations 

Hand 
watering 

Watering individual 
plantings using water 
brought in, e.g. in a 
pick-up truck water 
tank. 

As an 
inexpensive 
supplement in 
sites without 
other irrigation; 
useful for initial 
establishment 

Labor intensive; 
generally used only 
once or twice after 
planting in a drier 
season 

Drip 
irrigation 

Slow, localized irrigation 
using flexible tubing,  
bubblers and misters 
and seep tubing.   

Recommended 
for transplants 

Expensive, including 
maintenance and 
cleaning; will require 
eventual removal. 

Impact  
Sprinkler 
systems  

Stationary lines 30-40’ 
joined by collars with 
multiple lines if needed.  
Can achieve 30-40’ 
radius of water from 
each rotating sprinkler 
head  

Impact sprinkler 
lines can be as 
long as needed. 
Can achieve 
100% coverage. 

Requires a pressured 
system (i.e. pump or 
other high pressure 
water source).   

Big gun 
sprinklers 

Like an oversize impact-
type as long as 100’ 
with lots of pressure 
resemble a traveling 
lawn sprinkler.  Wheel 
mounted lines, self 
powered. 

For seedlings or 
transplants. 

Requires high pressure 
and a relatively 
prepared seedbed with 
little debris. 

Surface 
flooding 
irrigation 

Canal water is diverted 
into a head ditch or 
pumped into a head 
ditch to irrigate via a 
siphon tube or pump.  A 
big sheet of water 
between two berms or 
within furrows  

Graded areas 
where water will 
flow through 
revegetation 
area.  

Requires extensive 
landform preparation to 
distribute water via 
furrows by gravity.  
Other irrigation 
infrastructure required 
to deliver water to site. 

Surface 
irrigation 
with 
gated 
pipe.  
Form of 
flood 
irrigation. 

6-10” diameter PVC or 
aluminum pipe with 
2”square gates every 
18-24” that can be 
opened into individual 
furrows. 

Good for both 
seeded and 
transplant.  Plant 
arrangement can 
be staggered to 
appear more 
natural. 

Pressurized or gravity 
flow system required.  
There must be at least 
2-3% grade for gravity 
system. Requires 
additional 
infrastructure as with 
surface flooding. 
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 pH 
 Salts 
(dS/cm) 

Lime 
% 

Texture 
estimate 

Organic 
matter 
% 

Nitrate 
ppm 

Phosphrus 
ppm 

Potassium 
ppm 

average 7.9 6.4 2.7 13.4 10.4 306.4 
st dev 0.3 6.9 1.7 16.9 7.8 193.5 
min 7.4 0.3 0.4 1.0 1.8 69.0 
max 8.4 27.6 

High Sandy 
Loam 

6.6 61.0 31.2 824.0 
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The USDA Natural Resources 
Conservation Service (NRCS), through 
their Field Office Technical Guides and 
professional experience, can provide 
detailed recommendations for types, 
rates and application methods for organic 
matter mulches and fertilization. 

http://www.nrcs.usda.gov/technical/
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B ox  3:  Endo vs. ECto MyCoRRhiza
Endomycorrhiza (also referred to as arbuscular 
mycorrhiza, AM, or VAM) are those which actually 
penetrate the root, and many revegetation species 
are believed to take advantage of this symbiosis. In 
general, native herbaceous species are more likely to 
benefit from AM, whereas trees such as cottonwoods 
and willows are more likely to have symbiosis with 
ectomycorrhiza, a fungus that forms a fruiting body 
(i.e. a mushroom) at the soil surface.
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B ox  5:   Plant latE in thE sEason
Timing of planting during the season was cited as 
an important factor by UCRB managers.  In par-
ticular, late fall and winter plantings for both seeds 
and poles was associated with success in both arid 
and wet sites due to more moisture availability 
in the form of snow this time of year, which also 
helps prevent bird and ant seed consumption.

Type Definition Example revegetation 
composition 

Predominantly 
mesic, less saline  

Receiving sub-irrigation from 
seasonally shallow water 
tables and/or seasonal 
inundation from flooding 
 

Grasses and annual / perennial 
forbs; reduced proportion of 
chenopod shrubs (e.g. Atriplex, 
Sarcobatus) and forbs (e.g. 
Heliotropium, Oenothera) 

Ephemeral mesic, 
highly saline  

Receiving periodic 
groundwater and/or surface 
flow contributions (e.g., alkali 
“scalds”, “slicks”, “sinks”).  

High proportion of halophytic 
chenopod species (e.g. Atriplex, 
Sarcobatus); minimal grasses 
(e.g., inland saltgrass in fringe 
zones) 

Arid, moderately 
to highly saline  
 

< 10”/yr precipitation, little to 
no surface flow contributions.  
Salinity >8 EC 

Mixture of shrubs, forbs, and 
grasses; emphasis on more 
halophytic species, particularly 
chenopod shrubs (e.g. Atriplex, 
Lycium)  

Arid, less saline  
 

< 10”/yr precipitation, little to 
no surface flow contributions.  
Salinity <8 EC 

Mixture of shrubs, forbs, and 
grasses; broader spectrum of 
adapted species (including 
legumes); (e.g. Ribes, Rhus), 
higher proportion of forbs and 
grasses 
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B ox  7:  CasE stUdy- UsE of gRassEs
The need to suppress severe competition from tama-
risk and/or secondary invasives following seeding may 
dictate species selection. For example, along the upper 
Pecos River in southeastern New Mexico, native grass-
es alone were seeded initially to assist in suppression 
of kochia (Bassia scoparia) (K. Lair and S. Nissen 2006; 
Bureau of Reclamation, Denver, CO, and Colorado 
State University, Fort Collins, CO; unpublished data). 
application of herbicidal and mechanical tamarisk 
control measures have converted riparian sites once 
dominated by tamarisk to monotypic kochia (Kochia 
scoparia), including apparent imazapyr-resistant 
kochia. Planting the grasses allowed use of a broad-
leaf herbicide to kill both the kochia and immergent 
tamarisk. Once the grasses had established and weeds 
controlled, the seeded plant community was aug-
mented by subsequent inter-seeding of desirable forbs 
and shrubs. 

B ox  6:  dEsiRaBlE tRaits WhEn 
Choosing Plant MatERial
.  Plant/seed source
       o  first priority – endemic (native) to local reach of the 

river. To do this, one may do your own collections or 
work with a local commercial nursery to transfer seed 
directly or propagate locally collected materials.

       o  second priority – endemic to affected watershed
       o  third priority – endemic to regional locale (50 miles) 

exhibiting similar soils, elevation, and climate
.   Ease of establishment in field situations characteristic of 
managed tamarisk infestations

       o  high germination, seedling vigor, and sustainability
       o  practical seedbed preparation and seeding methods 

for field establishment
.   Suppression of /resistance to/tolerance of weed competition
.   Reproductive success (sexually: seed production; asexual-
ly: vegetative spread by tillering, sprouting, root extension)

.  Favorable pollination requirements

.  Insect and disease resistance

.   Ease of seed harvest, cleaning, conditioning, processing, 
viability testing, and storage, utilizing mechanized and/
or seed industry standard methods wherever possible

       o  availability and quantity (commercial stocks and 
non-commercial harvest) 
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Fo
o

tno
tes fo

r Tab
le 8:

1  Sp
ecies scientific and

 co
m

m
o

n nam
es are acco

rd
ing to

 the U
SD

A
 PLA

N
TS d

atab
ase (http://plants.usda.gov).

2  A
d

ap
ted

 fro
m

: G
ardner, P.A

., R
. Stevens, and F.P. H

ow
e. 1999. 

    A
 handbook of riparian restoration and revegetation for the conservation of land birds in U

tah w
ith em

phasis 
    on habitat types in m

iddle and low
er elevations. Pub. N

o. 99-38, U
tah D

iv. W
ildl. R

es., Salt Lake C
ity, U

T. 48pp.

3  W
etland

 ind
icato

r status and
 d

efinitio
ns fro

m
 the U

SD
A

 PLA
N

TS D
atab

ase (http://plants.usda.gov), as 
    abstracted from

 the follow
ing w

etland reports: U
.S. Fish and W

ildlife Service. 1988. N
ational list of vascular 

    plant species that occur in w
etlands. U

.S. Fish &
 W

ildlife Service B
iological R

eport 88 (26.9). 

    U
.S. Fish and W

ildlife Service. 1993. 1993 supplem
ent to list of plant species that occur in w

etlands: 
    N

orthw
est (R

egion 9). Supplem
ent to U

.S. Fish &
 W

ildlife Service B
iological R

eport 88 (26.9). 

R
egio

nal Ind
icato

rs express the estim
ated probability (likelihood) of a species occurring in w

etlands versus 
non-w

etlands in R
egion 8 (includes U

tah). R
egional Indicators reflect the unanim

ous agreem
ent of the R

egional 
Interagency R

eview
 Panel. A

n asterisk (*) follow
ing a regional Indicator identifies tentative assignm

ents based on 
lim

ited inform
ation from

 w
hich to determ

ine the indicator status.

4  M
yco

rrhizal status:
    A

ssociation: 
 

 
Type:

    O
 =

 O
bligate m

ycorrhizal 
 

En =
 Endom

ycorrhizal (arbuscular)
    M

 =
 Strongly m

ycorrhizal 
 

Ec =
 Ectom

ycorrhizal
    F =

 Facultative m
ycorrhizal

    N
 =

 N
on-m

ycorrhizal
    N

I =
 N

o inform
ation

5  Thresho
ld

 salinity indicates the level of soil salt concentration at w
hich plant perform

ance begins to be 
    observably or m

easurably reduced. 

    M
axim

um
 salinity indicates that level at w

hich plant viability, grow
th and/or perform

ance are severely or 
    perm

anently curtailed.

6  O
rigin / Life H

isto
ry Status:

    O
rigin: 

 
 

Life H
istory:

    N
 =

 N
ative to C

ontinental U
.S. 

A
 =

 A
nnual

    I =
 Introduced to C

ontinental U
.S. 

B
 =

 B
iennial

 
 

 
P =

 Perennial

7  Typ
ical Successio

nal (Seral) Status o
n D

isturb
ed

 Sites: **
    P =

 Pioneer (new
ly disturbed sites)

    E =
 Early Seral

    M
 =

 M
id-Seral

    L =
 Late Seral

[adapted from
 Successional Status m

aterials and citations in the U
SFS Fire Effects Inform

ation System
, 

http://w
w

w
.fs.fed.us/database/feis/plants. See this site for com

prehensive literature citations on this topic].

Indicator 
C

ode 
W

etland  
T

ype 
 D

escription 
O

B
L 

O
bligate 

W
etland 

O
ccurs alm

ost alw
ays (estim

ated probability 99%
) under 

natural conditions in w
etlands. 

FA
C

W
 

Facultative 
W

etland  
U

sually occurs in w
etlands (estim

ated probability 67%
-99%

), 
but occasionally found in non-w

etlands.  
FA

C
 

Facultative 
Equally likely to occur in w

etlands or non-w
etlands (estim

ated 
probability 34%

-66%
).  

FA
C

U
 

Facultative 
U

pland 
U

sually occurs in non-w
etlands (estim

ated probability 67%
-

99%
), but occasionally found on w

etlands (estim
ated 

probability 1%
-33%

).  
U

PL 
O

bligate 
U

pland  
O

ccurs in w
etlands in another region, but occurs alm

ost alw
ays 

(estim
ated probability 99%

) under natural conditions in non-
w

etlands in the regions specified. If a species does not occur in 
w

etlands in any region, it is not on the N
ational List.  

N
A

 
N

o 
agreem

ent  
The regional panel w

as not able to reach a unanim
ous decision 

on this species.  
N

I 
N

o indicator Insufficient inform
ation w

as available to determ
ine an 

indicator status. 
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Objective Data to collect before and after control 
(minimum) 

Additional data to collect before and 
after control (optimal) 

Reduce/eliminate  
tamarisk cover 

• Measure canopy cover from the ground 
(visual estimate) 

• Count/density of tamarisk resprouts  
• Photographs at permanent reference points 

• Ground or aerial photography and mapping 
with GIS identifying tamarisk cover (Everitt et 
al. 1996). Requires ground-truthing to ensure 
proper tamarisk vs natives identification. 

• Measure light under tamarisk canopy 

Restore the plant 
community 

• Measure diversity and abundance of species 
in the plant community using line transects 
and/or plot sampling (Box 8) 

• Photographs at permanent reference points 

• Aerial photography and remote sensing 
identifying bare soil and cover or plant types 
(grasses, forbs, etc.) (Everitt et al. 1996). 
Required ground-truthing. 

• Track individuals 

Restore wildlife habitat • Measure key vegetation for wildlife survival 
• Direct measures of priority species (e.g. bird 

counts) 

• Monitor key species population dynamics 
(demography studies) 

 
Maintain or improve 
watershed health and 
function 

• Monitor ground water and channel water 
levels 

• Monitor water quality 
• Monitor wetlands (plant species, water 

quality) 

• Test for chemical residue in water and soil 
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Growth 
form 

Life 
History Species Invasive 

status 
Common 
name 

Average 
% cover  

graminoid annual Bromus tectorum L. CO Cheatgrass 40.7% 

forb/herb annual 

Bassia scoparia (L.) A.J. 
Scott/ aka Kochia scoparia 
(L.) Schrad. 

In WOTW Burningbush, 
Mexican 
fireweed 28.6% 

forb/herb perennial Convolvulus arvensis L. 
CO, UT, WY, 
NM, AZ 

Field 
bindweed 16.3% 

forb/herb perennial Carduus nutans L.  
UT, WY, NM, 
CO 

Musk thistle 
11.3% 

forb/herb perennial Lepidium latifolium L.. 
UT, WY, NM, 
CO 

Perennial 
pepperweed 10.4% 

forb/herb perennial Trifolium repens L. None for UCRB White clover 9.3% 
forb/herb annual Lactuca serriola L. In WOTW Prickly lettuce 6.8% 
tree perennial Elaeagnus angustifolia L.. NM, CO Russian olive 6.0% 

forb/herb perennial 
Taraxacum officinale F.H. 
Wigg. 

In WOTW Dandelion 
4.0% 

tree perennial Tamarix ramosissima Ledeb. WY, NM, CO Tamarisk 4.0% 
forb/herb annual Salsola L. None for UCRB Russian thistle 1.5% 
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Equipment  
 

Description Primary Area of Use Limitations 

Roller chopper Large drums with a series of 
longitudinally mounted blades or 
cutter-head with shredding or 
mulching capabilities that may be filled 
with water to increase weight.  Drums 
may be from 24 to 60 inches in 
diameter and can be pulled singly, 
double, triple or in tandem 
configurations. 

Can lay down standing material up to 
5” in diameter (maximum), and chop 
smaller vegetation, while at the same 
time create soil surface relief.  

Should not be used in overly rocky 
soils.  Cannot control tamarisk on its 
own.  Cannot chop any material over 
2” diameter. 

Land imprinter Similar to roller chopper but use 
conical projections welded to a drum 
surface instead of blades. Comes in 
various sizes and types.  Some can 
be filled with water to increase weight- 
2 to 4 tons when filled and normally 
require a larger tractor to pull them 
(150 horsepower or more).  

Creates depressions to collect 
moisture, mitigate surface conditions, 
and create soil compaction around 
seed.  Will help compact soil around 
seed to enhance germination. Seed 
dispensers may be attached to frame-
tow bar combination to plant in 
depressions. Works well on loamy or 
coarser soils. 

Does not work well in dense shrubs, 
grass communities, compacted or 
rocky soil, or on sites where there are 
stumps and stems remaining.  On fine 
textured soils, siltation will 
immediately fill depressions after 
precipitation. 

Tractor outfitted with 
rotary blade or cutter-
head  

Large blades attached to a motorized 
wheel or drum made for shredding or 
mulching woody material (e.g. 
Fecon™ or Fleco™ mulching head 
mounted to a Hydro-Ax™ machine or 
Prentice™ Site Prep Tractor, or other 
mulchers by WoodGator™, Brown 
Bear™, etc.) 

Can take down mature tamarisk trees, 
create mulch and in some cases do 
some surface tilling. 

Will not kill tamarisk trees alone (see 
section on control).  

Heavy duty 
tandem 
discs: 

Disk-plow Single gang of a few to several disks 
mounted on a frame.  Good for 
seedbed prep, not tamarisk removal. 

Deep plowing of rock-free and debris-
free soil.  Controls deep rooted plants. 

Restricted to fairly rock-free and large 
debris-free sites. Slow speed. Large 
amount of power required to operate. 

 Brushland 
plow 

Pairs of disks connected to 
independently suspended spring-
loaded arms.  Arm connected to 
heavy duty frame with wheels.  

Shallow plowing on smooth, rough, 
rocky, and uneven terrain.  Controls 
grasses, forbs, and non-sprouting 
shrubs.  Low maintenance costs.  

Will not control sprouting shrubs.  
Difficult to transport.  Operational 
speed is slow. 

 Off-set 
disk 

Two rows or gangs of disks set at an 
angle to each other. 

First gang of disks turn soil and 
vegetation. Second gang turns soil and 
vegetation in opposite directions. 
Vegetation is cut up and broken. Works 
well on dry, heavy, and moderately rocky 
soils.  

Cannot be operated in soil with large 
rocks and on slopes over 30 percent. 
Fairly slow operational speed.  

Chains and Cables Modified anchor chains that are 
generally pulled between two crawler 
tractors for the purpose of removing or 
thinning trees, shrubs, and grasses 
and for covering seed.  

Commonly occurs on slopes of up to 
50 percent grade (Vallentine 1980). 
Chaining can occur up and down or 
across the slope without adversely 
affecting watershed values.  

Not recommended for tamarisk 
control. Only moderate soil 
scarification.  

Rangeland pitter Discs, tines, or scrapers used to make 
pits in soil.  Standard rangeland pitter 
creates random pits in the soil 2-3’ 
long, 0.5’ deep. 

Allows water infiltration, moisture 
capture.  Best if done in conjunction 
with seeding. 

Can only be used when there is a 
minimum of woody material, including 
subsurface stumps or rocks in the soil.  
Can stimulate weed invasion. 

Contour furrows  
 

A plow share cultivator blade or chisel 
points.   

These can be used to create miniature 
terraces or berms.  Rain will catch in 
these that are on a slope.  You can 
pull a furrow instead of a pit on 
contour to achieve same effect.  

Can only be used when there is a 
minimum of woody material, including 
subsurface stumps or rocks in the soil. 

Root-plow Straight or V-shaped blade attached 
to shanks.  Shanks are attached to a 
trailing draft or arm or tow bar, dozer 
blade, or dozer frame.  

Used to undercut undesirable 
grasses, forbs, shrubs, and small 
trees in soils free of large rocks.  
Works well in dry soils. Can be used 
to remove root crowns of tamarisk, 
thereby killing plant. 

Not adapted to shallow, rocky, steep 
or wet areas. Cost of operation can be 
high.  If any material is left on site, 
tamarisk can re-sprout from stem or 
root segments. 
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