
Weed Technology. 1998. Volume 12:345-352

Restoration of Saltcedar (Tamarix sp.)-Infested Floodplains
on the Bosque del Apache National Wildlife Refuge'

" JOHN P. TAYLOR and KIRK C. McDANIEU

Abstract: Vegetation development bordering the Middle Rio Grande, as with most major south-
western U.S. tributaries, has historically undergone rapid and dynamic change. The introduction of
saltcedar (or Tamarisk, genus Tamarix) and other exotic species into this environment within the
20th century has contributed to this process. These plants are now an integral component of the
riparian vegetation mix. Manpower, logistics, and financial resources constrain the degree to which
a desired riparian habitat can be restored from saltcedar thickets on the Bosque del Apache National
Wildlife Refuge near Socorro, NM. Saltcedar clearing is accomplished using a combination of her-
bicide, burning, and mechanical control techniques costing from $750 to $1,300/ha. Soil salinity and
depth to water are the principal physical features limiting revegetation efforts. Cottonwood and black
willow plantings and natural regeneration after timed irrigations have produced diverse habitats that
support a wide array of faunal species in areas previously occupied by homogeneous saltcedar.
Nomenclature: Saltcedar, Tamarix ramosissima Ledeb. #3 TAARA; cottonwood, Populus fremontii
S. Wats.; black willow, Salix nigra Marsh. # SAXNI.
Additional index words: Phreatophyte control, riparian restoration, Rio Grande, wildlife, imazapyr,
Populus fremontii, TAARA, SAXNI.
Abbreviations: NWR, National Wildlife Refuge.

INTRODUCTION

Historically, the Rio Grande's narrow riparian corri-
dor, in an otherwise arid environment, has been a rich
vegetative mosaic maintained through periodic flooding
that fostered patchy habitats with extensive vertical
structure. Avian species are the hallmark of this envi-
ronment and reflect the diverse flora. As with many
southwestern river systems, however, habitat degradation
has occurred through altered river hydrography and con-
stricted floodplains resulting from irrigation and flood
control developments, and the introduction of exotic flo-
ra. Resource managers are frequently charged with re-
storing these riparian habitats with little knowledge of
benefits, methodology, costs, and manpower require-
ments.

In this paper, we discuss efforts by the Bosque del
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Apache National Wildlife Refuge (NWR) near Socorro,
NM, toward rehabilitating saltcedar-infested floodplains
and restoring diverse riparian habitats. Efforts to manage
saltcedar on the refuge began in the 1940s and continues
today. Restoring saltcedar thickets is consistent with the
NWR's mission of providing suitable habitats to support
a wide array of fauna.

RESTORATIONTECHNIQUES

Riparian restoration efforts in the southwestern U.S.
began in the 1960s largely supported by federal agencies,
including the U.S. Bureau of Reclamation and the U.S.
Fish and Wildlife Service, to compensate for river con-
struction and operation projects (Busch et al. 1992).
These efforts have varied in scale and have centered on
larger river systems, including the lower Colorado River
in Arizona and California, the Rio Grande in central
New Mexico, and the Salt River in Arizona. Native spe-
cies revegetation frequently involving preliminary salt-
cedar control has shown varying degrees of success on
impacted sites.

Several methods of saltcedar control have been em-
ployed over the last 50 yr. An early method of mechan-
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ical removal involved chaining followed by maintenance
mowing, but no lasting control was achieved using this
method (Great WesternResearch, Inc. 1989). Annual fall
mowing to reduce the stature of saltcedar and to provide
a grassland appearance continues today along portions
of the Rio Grande, usually within the confines of a levee.
Through the late 1940s and early 1950s, various imple-
ments pulled by bulldozers and tractors were used for
saltcedar control in New Mexico. These included tool
bars, root planes, root knives, plows, and saws (Anon-
ymous 1951). In 1960,a root plow pulled by a bulldozer
was developed to clear saltcedar stands. The method
probably evolved from previously described implements,
but was standardized and adopted by river management
agencies including the U.S. Bureau of Reclamation. The
plow involves cutting the root crown 30 to 45 cm below
the surface in dry soil and warm weather (Horton 1960).
More than 90% saltcedar control was recorded using this
method in early trials, and the technique remains a re-
liable tool for saltcedar control today. More recently, im-
proved control has been achieved by raking cut stems
and roots into piles before burning to prevent sprouting
from adventious buds (Bosque del Apache NWR, un-
published data).

Chemical control was used experimentally and later
in control maintenance programs during the 1940s and
1950s using 2,4-D [(2,4-dichlorophenoxy)acetic acid],
2,4,5-T [(2,4,5-trichlorophenoxy)acetic acid], and silvex
[2-(2,4,5-trichlorophenoxy)propanoic acid] (Anonymous
1951; Bosque del Apache NWR, unpublished data;
Busch et al. 1992). These herbicides were generally not
effective in killing saltcedar roots, and 2,4,5-T and silvex
were banned in 1983 by the Environmental Protection
Agency. In the 1980s, new herbicides were found effec-
tive to varying degrees for controlling saltcedar. These
include triclopyr, which has been most effective as a
bark penetrant (Neill 1988), and imazapyr, which is most
effective for foliar application (Taylor 1987).

Prolonged flooding has also been used as a means of
saltcedar control (Warren and Turner 1975; Widemann
and Cross 1978). Seventeen months of prolonged flood-
ing combined with some form of mechanical control,
i.e., chaining or plowing, has provided mortality rates
near 80%, whereas flooding alone for 28 mo has killed
99% of saltcedar plants. Finally, DeLoach (1989) iden-
tified saltcedar as a candidate for biological control. The
U.S. Department of Agriculture has approved two spe-
cies for release, the leaf beetle (Diorhabda elongata) and
the mealybug (Trabutina mannipara), pending an ap-
proved biological assessment.
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Riparian revegetation techniques have evolved along
two lines since the 1970s. The first technique has cen-
tered on complete restoration of riparian communities
using supplemental irrigation. Anderson and Ohmart
(1982) pioneered this technique along the lower Colo-
rado River by installing a drip irrigation system to aid
in the establishment of planted materials. Planting pre-
scriptions were based on site capabilities, plant adapta-
tions to soil texture, salinity, depth to water table, and
wildlife habitat response models. This restoration effort
remains a model of excellence today, as saltcedar thick-
ets have been transformed into native communities max-
imizing habitat patchiness and vertical flora structure.
High cost is the primary drawback to restoration using
supplemental irrigation. Costs for projects in Arizona
and California have ranged from $864/ha to $1,535/ha,
which includes preliminary saltcedar control (Anderson
1988a; Anderson and Ohmart 1982).

A second planting technique utilizes dormant cotton-
wood and blackwillowpoles augeredto the watertable
to establish forested areas. This technique was first de-
veloped for southwestern riparian areas in New Mexico
by Swenson and Mullins (1985). In many areas, how-
ever, few native stands of cottonwood and willow are
available nearby for harvesting poles in large numbers
(Busch et al. 1992). Superior stock collections have been
gathered by the USDA Plant Materials Center in Los
Luna, NM, for eventual release to government agencies
for restoration purposes and to nurseries for further prop-
agation (Fenchel et al. 1987). Advances have recently
been made propagating coyote willow (Salix exigua
Nutt.), seepwillow [Baccharis glutinosa (R. & P.) Pers.],
false indigo (Amorpha fruticosa L. #3 AMHFR), and
New Mexico olive (Forestiera neomexicana Gray) for
use as augered pole plantings (Fenchel et al. 1996).
These native shrubs complement several tree species al-
ready developed for riparian restoration.

RIPARIANRESTORATIONON THE BOSQUEDEL
APACHENATIONALWilDLIFE REFUGE

Between April 13 and 18, 1986, a wildfire consumed
735 ha of riparian habitat on the Bosque del Apache
NWR. At the time, this was the largest wildfire ever to
occur on the refuge, and it resulted in the destruction of
180 ha of native cottonwood and willow forest habitat.

A funding plan to rehabilitate the burned area was pre-
pared and forwarded to U.S. Fish and Wildlife Service
reviewing officials in June 1986 for submission to the
U.S. Department of the Interior for fire rehabilitation
funding. This original proposal, based on experimental
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