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A History of U.S. Bureau of Reclamation Riparian
Restoration Efforts on the Lower Colorado and Lower
Gila Rivers
From 1979 to 1987 the Bureau of Reclamation's Lower
Colorado Region implemented major riparian restoration
projects at nine sites on the lower Colorado River, California/Arizona and the lower Gila River, Arizona (Figure 1).
The projects included planting of over 32,000 trees on 153
hectares. Objectives included the development of successful techniques for restoring and creating riparian communities, and the mitigation of adverse impacts of U.S. Bureau
of Reclamation construction projects (Carothers et al. 1990).

Tree species planted included western honey mesquite
(Prosopis glandulosa var. torreyana) (approximately 20,000
plants), Fremont cottonwood (Populus fremontii), willow

(Salix gooddingii), screwbean mesquite (Prosopis
pubescens), and blue palo verde (Cercidium floridum). Several riparian shrub species were planted or seeded, as well
(Pinkney 1992). Revegetation techniques generally followed

those developed by Anderson and Ohmart (1982) on the
lower Colorado River.
Topock
Site

Abstract

An accession of western honey mesquite (Prosopis
glandulosa var. torreyana) was identified at a riparian restoration project on the Gila River near Tacna in southwestern Arizona which grew faster than other honey mesquites
at the same site. This "Tacna" accession appeared to be resistant to or grew despite infestations of psyllids (aphid -like
insects) which damaged or killed other honey mesquite
planted at this and other restoration sites. Seedlings of the
Tacna accession, lower Colorado River P glandulosa var.
torreyana from near Blythe, California, and P. alba, a hardy
South American species popular as an ornamental in the
Southwest, were planted at Fortuna Pond on the Gila River
near Yuma, Arizona to compare survival, growth, and the
effects of psyllids among mesquite types. Two years after
planting, survival was similarly high (92 %) for all types,
but growth indices (maximum height + maximum width)
of the Tacna accession andR alba were significantly greater
than the lower Colorado River accession (p <.001). Median
growth index of the Tacna mesquite was 146% of the lower
Colorado River mesquite growth index two years after planting. Infestations of psyllids occurred on all three mesquite
types, but despite their association with severe damage and
mortality in previous restoration efforts, relatively few seedlings were damaged. Psyllid presence and damage were not
negatively correlated with growth indices (p >.05). The success of riparian restoration projects could be enhanced by
planting Tacna mesquites. This accession could be used for
fuelwood, ornamental plantings, and other purposes, as well.
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Figure 1. Locations of the nine Bureau of Reclamation
riparian restoration projects on the lower Colorado and
lower Gila Rivers, Arizona and California.
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These projects met with variable success (Table 1). Survival
was poor at some sites and at others trees grew very slowly.
Survival of Prosopis glandulosa var. torreyana varied from
24 to 85 %. Causes of mortality and slow growth of honey
mesquite were apparent at some sites but not at others. Vertebrate damage was the most easily discernible cause of dam-

age and mortality. Black -tailed jackrabbits (Lepus
californicus) and cottontail rabbits (Sylvilagus audubonii)
damaged most plants not protected by chicken wire baskets
and clipped branches which protruded through the wire.

Pocket gophers (Thomomys bottae) often browsed P.
glandulosa var. torreyana both above and below ground and
were considered an important cause of mortality at the lower
Tacna site on the Gila River. In some areas trees were probably planted where ground water was too deep for them to

survive without irrigation, or they were not irrigated long
enough to allow root growth to the water table (Carothers et
al. 1990). Other causes of mortality and slow growth included clay soils which inhibited root development, competition with weedy species, and failure to monitor and act on
developing problems (Carothers et al. 1990; Anderson and
Ohmart 1982).
Damage by insects was generally light with the exception
of mortality and damage attributed to psyllids (Psyllidae)
( Pinkney 1992), which are small, aphid -like insects. Psyllids were rarely observed on any seedlings except those of
Prosopis glandulosa var. torreyana, on which they were often abundant on new shoot growth. Infestations resulted in
deformation and death of the apical meristems. Although
the infestations were limited to new growth, trees with heavy
infestations often became chlorotic and died. A similar systemic effect has been described for several crop species and

is known as "psyllid yellows" (Borrer and DeLong 1964).
Psyllids were considered major causes of mortality and loss
of vigor at both Tacna sites, No Name Lake, and Fortuna
Pond and, with the exception of the Topock site, were noted
at all sites where P glandulosa. var. torreyana was planted
(Dunn, 1989; Pinkney 1992). Several genera of Psyllidae,
including Aphalara, Aphalaroida, and Heteropsylla are as-

sociated with and occasionally cause severe damage to
Prosopis in the United States, Mexico, and Chile (Ward et
al. 1977, Cordo and DeLoach 1987).

Identification and Experimental Propagation of
Vigorous Accessions of P. glandulosa var. torreyana
Individuals of Prosopis species are typically highly variable, genetically and phenotypically (Solbrig et al. 1977),
thus great potential exists for selectively breeding superior
accessions for various uses. Accessions of Prosopis have
been identified which yield high biomass, increased pod
production, cold tolerance, salinity tolerance, or which have
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grew well while most remained stunted and exhibited chlorosis and other signs of psyllid damage. The purpose of the
present study was to test whether seedlings from vigorous
P glandulosa. var. torreyana individuals at the upper Tacna
site would show similar vigor in an experimental planting
and ultimately provide superior stock for riparian restoration projects.

Methods

In July, 1989, seed pods were collected from vigorous
Prosopis glandulosa. var. torreyana at the upper Tacna site.
P alba, a South American species commonly grown in the
Southwest as an ornamental (Burkhart and Simpson 1977,
DeLoach et al. 1989), were also present, as well as possible
hybrids between P alba, P. glandulosa, and/or P velutina.
Only seed pods from trees that appeared to beP. glandulosa.
var. torreyana were collected. In March of 1990, Mountain
States Nursery of Glendale, Arizona planted seeds from the
Tacna mesquites in 38 by 10 cm plastic citrus tubes. At the

same time they also started P glandulosa var. torreyana
seeds collected from along the Colorado River near Blythe,

California. P alba growing at both the upper and lower
Tacna sites were generally large and vigorous, and did not
show signs of psyllid damage. Thus, they could serve as a
basis for comparison with the other mesquite types. As a
result, 50P alba were also grown bÿ Mountain States Nursery for use in this experiment. P alba seedlings, grown from
seeds collected in Argentina, were germinated in 3.8 -liter
(1- gallon) pots in 1989.
Using techniques of previous U.S. Bureau of Reclamation
riparian restoration projects (Pinkney, 1992), a plantation
to test the vigor of the Tacna accession was established at
Fortuna Pond near Yuma, Arizona (Figure 1). Fifty each of
the Tacna Prosopis, lower Colorado River Prosopis, and P
alba were planted from July 9 to 11, 1990. The three mesquite types were distributed randomly over 150 planting
sites, which were spaced about every 6 m along drip irrigation lines; irrigation lines were 4.6 to 6.0 m apart. Seedlings were planted in holes approximately 0.7 m deep by
0.25 m wide and then back -filled to the proper depth for
planting of the seedlings. Thus, some tillage of the soil was
provided below the root ball. To protect seedlings from vertebrate damage, each plant was surrounded with a 2.5 cm
mesh chicken wire basket measuring approximately 0.9 m
tall by 50 cm wide and supported with two stakes.
Several holes were augered on the site to examine soils and
to ensure that trees were not planted over clay lenses which
might inhibit root development. Soils were found to be uniformly fine sand with no clay lenses from the surface to the
water table, which was at a depth of 3.4 m.

desirable characteristics as ornamental plants (Felker and
Lesney et al. 1982, Felker et al. 1983, Felker, Clark, Cannell

and Osborn, 1982; Felker, Clark, Nash et al., 1982).
Prosopis glandulosa. var. torreyana planted at the upper
Tacna site reflected this variability in that some individuals

All seedlings were drip irrigated. Water from Fortuna Pond
was pumped through a 5 cm black polyethylene mainline
which distributed water to either 1.3 or 1.9 cm laterals. The
lateral lines passed inside the wire baskets and supplied water
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to each seedling via two Rainbird 7.6 liter -per -hour pres- indicated a difference among growth indices, Dunn's Prosure- compensating emitters. The drip system was operated cedure was used to identify which pairs of indices differed.
on 15 days in July, 1990, including the first five days dur- The .05 level of significance was used in all tests.
ing and after planting. In August, 1990 the seedlings were
irrigated 10 times, approximately every three days. In Sep- Median growth indices at planting (sum of the maximum
tember and October, 1990, irrigation occurred about once a height and width of each tree) were 66, 61, and 175 cm for
week; in November seedlings were irrigated twice. Irriga- the Tacna Prosopis, lower Colorado Prosopis, and P alba,
tion occurred again in 1991, once on February 28, and again respectively. A Kruskal- Wallis test indicated significant
on May 16. During irrigations, the drip system was typi- (p <.001) differences among the three groups. Although
cally operated for two to four hours, and delivered 30 to 60 growth indices of the Tacna Prosopis and lower Colorado
liters to each seedling. On August 27 -28, September 3 -4, Prosopis did not differ (Dunn's Procedure, p >.05), growth
10 -11, and 17 -18, and October 23 -24, 1990, plants were of P alba was significantly greater than either of the P
irrigated for 12 consecutive hours in order to thoroughly glandulosa accessions (Dunn's Procedure, p <.001). All
wet the soil column from the surface to the water table.
Prosopis were planted at Fortuna Pond in July, 1990. However, P alba were started at the nursery in 1989, whereas
Mesquite growth and condition were monitored monthly the Tacna and lower Colorado mesquites had been started
during the growing season from July through November in in early 1990. This likely accounted for differences in ini1990, again in April, May, July, and September of 1991, tial growth indices at planting.
and during June of 1992. Maximum height and width were
measured to the nearest cm, and each tree was examined The growth indices of the Tacna Prosopis increased rapidly
for the presence of psyllids, psyllid damage (death of apical from date of planting to October 1, 1990, then surpassed
meristems), damage by other insects and vertebrate pests, the growth indices ofP. alba probably early in the spring of
chlorosis, and leaf loss. Psyllids were collected from the 1991 (Figure 2). However, growth of P alba accelerated
site in April, 1992, and sent to Raymond Gill, Department from late spring of 1991 to the summer of 1992, and by
of Food and Agriculture, Sacramento, California, for iden- June 20, 1992 the growth indices of P alba were signifitification. Seed pods, leaves, and flowers of seven ran- cantly greater than those of both the Tacna and lower Colodomly selected Tacna Prosopis at Fortuna Pond were col- rado accessions (Kruskal- Wallis test, p <.001; Dunn's Prolected in the summer of 1992 and sent to Matthew Johnson, cedure, p <.01). The growth indices of the Tacna accession
Desert Legume Program, Tucson, Arizona, for identification.
were significantly greater than that of the lower Colorado
accession for all sampling periods after July 16, 1990 (Mann
Results
Whitney test, p <.001).

Growth and Survival. Of the 150 trees planted, four of
each of the three Prosopis types had died by June 20, 1992.

Cause of death could not be determined, although two of
the trees had been seriously damaged by pocket gophers.
None exhibited heavy psyllid infestation, chlorosis, or leaf
loss which had been associated with psyllid damage in previous restoration efforts. Trees which died, were vandalized, or lost their wire baskets and were subsequently seriously damaged by rodents and rabbits, were eliminated from

further analyses. A total of six Tacna Prosopis and seven
each of the lower Colorado Prosopis and P alba were eliminated from the following analyses.
Maximum height and width of each tree in each of ten survey periods were summed into a composite variable used
herein as an index of overall growth (Figure 2). Initial evaluation of these data with a Kolmogorov- Smirnov test and
Bartlett's test (Campbell, 1989) showed that although most
data sets approximated a normal distribution, the variances
among mesquite types were not equal. Generally, variances
of Prosopis alba growth were less than those of either the
Tacna Prosopis or the lower Colorado Prosopis. Thus, non parametric statistics were used to compare data sets and test
hypotheses. Kruskal- Wallis tests (Campbell, 1989) were used

to test for differences among the populations of growth indices for the three mesquite types. If a Kruskal- Wallis test

Because Prosopis alba were larger than the other mesquite
types at planting, analysis of the change in growth since

date of planting (growth index at sampling date minus
growth index at planting) is needed to evaluate growth response at Fortuna Pond. These data are presented in Table
2 for each Prosopis type in each of the nine post -planting
sampling dates. Post -planting growth indices of the Tacna
accession were significantly greater than that of the lower
Colorado accession in all sampling periods ( Kruskal- Wallis
test, p <.05; Dunn's Procedure, p <.01). By the last sampling
period, median growth of the Tacna accession was 146% of
the lower Colorado accession. P alba and the lower Colorado accession had similar post-planting growth indices until

April 10, 1991 when the indices of P alba were significantly less than that of the lower Colorado accession. However, this trend reversed in subsequent samples, and in the
last three sampling periods the post -planting indices of P
alba were significantly greater than the lower Colorado accession. By the last sampling period, the growth indices of
P alba had exceeded those of the Tacna accession, as well,
although not significantly (Table 2).

Height to Width Ratios. As the trees grew, it became evident that Prosopis alba had a tendency to spread horizontally, whereas the P glandulosa accessions exhibited a more
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Figure 2. Median growth indices, expressed as maximum height + maximum width of Tacna Prosopis, lower Colorado Prosopis, and P alba, monitored ten times from July 16, 1990 to June 20, 1992.

upright growth. At planting, the median of the maximum
height/maximum width ratios for the Tacna Prosopis, lower
Colorado Prosopis, and P alba were 4.00, 3.40, and 2.20,
respectively. Differences among ratios were significant
(Kruskal- Wallis test, p <.001). Ratios for P alba were sig -.
nificantly less than for the other two types (Dunn's Procedure, p <.01), but the Tacna and lower Colorado accessions
did not differ from each other (Dunn's Procedure, p >.05).
Height/width ratios of all three mesquite types decreased
over time, and by the last sampling period (June 20, 1992)

mum psyllid score was 20 per tree. Scores ranged from 0 to
9. Psyllid damage was observed only 54 times. Most dam-

age occurred in the last three sampling periods. Psyllids
were found on, but never damaged Prosopis alba. Psyllid
damage was observed 35 times and 19 times on the Tacna
and lower Colorado accessions, respectively. This difference
between the Tacna and lower Colorado accessions was significant (Chi -square test, p <.05).

Median psyllid scores for the three mesquite types were 5.5

median ratios for the Tacna Prosopis, lower Colorado (Tacna Prosopis), 4.0 (lower Colorado Prosopis), and 3.0
Prosopis, and P alba were 0.73, 0.72, and 0.55, respec- (P alba). Differences among psyllid scores were significant
tively. Differences on June 20, 1992 between P alba and (Kruskal- Wallis test, p <.001). The psyllid scores of the Tacna
the P glandulosa accessions were, once again, significant
(Dunn's Procedure, p <.001), and ratios of the Tacna and

accession were significantly greater than that of both the
lower Colorado accession and P alba (Dunn's Procedure,

lower Colorado accessions did not differ ( Dunn's Procedure,

p <.05 and p <.001, respectively). However, scores ofP.. alba
and the lower Colorado accession did not differ significantly
(Dunn's Procedure, p >.05).

p >.05).

Presence of Psyllids and Psyllid Damage. A psyllid score
was calculated for each tree by summing the number of times
psyllids or psyllid damage were observed. Given a possible
score of 2 in any one of the ten sampling periods, the maxi-

The relationship between seedling growth and psyllid presence or damage was examined with Kendall's Coefficient
of Rank Correlation (Campbell, 1989). Psyllid scores were
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significantly correlated with growth indices for the Tacna
accession [t =0.36 (t represents the rank correlation coefficient), p<.001] and lower Colorado accession (t =0.27,
p <.01), but not for Prosopis alba (t = -.05, p >.05). Plots of
these relationships demonstrated that despite a significant
positive Kendall's Coefficient for the Tacna and lower Colorado accessions, these relationships were very weak.

Correlation of Other Factors with Growth. Seedlings of-

ten showed vertebrate damage in the form of clipped
branches. Black- tailed jackrabbits and Audubon's cottontail were likely responsible for some of this damage, as rabbit pellets were sometimes found at the base of affected trees.

Rabbits sometimes dug under the wire baskets, but most
damage occurred to branches protruding through the wire.
Rodents, possibly white -throated woodrats (Neotoma
albigula), may have also contributed to this damage. No
vertebrates were actually observed feeding on the seedlings
except for desert iguanas (Dipsosaurus dorsalis), which were

occasionally seen climbing into the branches of the trees
and feeding upon the foliage. An unidentified insect similar to a black aphid or psyllid was infrequently observed
feeding on new growth of the seedlings. Spiders and web-

bing on the tips of stems and a large leaf -footed bug
(Coreidae) were observed on some mesquites, but these did

not noticeably damage the seedlings. Plants infrequently
showed signs of chlorosis and premature leaf loss.
A rabbit/rodent score was calculated for each tree by summing the number of times freshly clipped stems were observed. A maximum score of 10 (10 sampling periods) was
possible. Scores ranged from 0 to 6 for the Tacna and lower
Colorado accessions and from 0 to 3 for Prosopis alba. Median rabbit/rodent scores were 2 for the Tacna and lower
Colorado accessions and 1 for P alba. The relationship between rodent/rabbit scores and growth indices was examined with Kendall's Rank Correlation test. A weak but significant negative correlation between growth and rabbit/rodent scores was detected for the lower Colorado accessions
(t= -0.27, p <.05). No significant correlation existed between
rabbit/rodent scores and growth of eitherP alba or the Tacna
accession (P. alba: t =.087, p>.05; Tacna mesquites: t =0.16, p>.05).
Plots of growth versus rodent/rabbit scores showed these relation-

ships to be very weak for all three mesquite types.

Identification of Psyllids and Tacna Prosopis. Psyllids
collected from the site in April, 1992, consisted of two spe-

cies. Most specimens were Heteropsylla texana, but
Aphalaroida inermis was also present (Gill, 1992). Seed
pods, leaves, and flowers collected from the Tacna accession at the site were found to be consistent, morphologically, with P glandulosa var. torreyana (Johnson, 1992).
Discussion
The Tacna mesquites grew significantly faster than the lower
Colorado mesquites. The growth indices for Prosopis alba
at the study's conclusion were greater than for either of the
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P glandulosa accessions, but the P. alba were larger at planting. Change in growth indices from planting to the study's

conclusion did not differ significantly between P alba and
the Tacna accession (Table 2). Survival was high for all
three mesquite types when compared to mean survival of
mesquites at the nine major U.S. Bureau of Reclamation
riparian restoration sites (Table 1). Although growth rates
of P glandulosa var. torreyana at these nine sites have not
been quantified, growth of the trees in this study was probably superior to mesquites at most sites based on a visual
assessment during 1989. P glandulosa var. torreyana at
Fortuna Pond which survived from the first planting in 1985
were, as of late 1992, not appreciably larger than the experimental mesquites planted in 1990.
The superior survival of the seedlings in this experiment as
compared to the nine earlier U.S. Bureau of Reclamation
plantings is likely related, in part, to meticulous monitoring of the trees and maintenance of the irrigation system.

However, little psyllid damage was observed during this
study, whereas it was reportedly a major cause of mortality
and stunting during previous restoration efforts (Pinkney,
1992). The two species of psyllids collected from mesquites
in this study are fairly host -specific and are typically associated withProsopis (Jensen, 1945; Crawford, 1914). Jensen
(1945) postulated that Prosopis glandulosa was the principal host of Heteropsylla texana, and possibly the only plant
upon which this species is able to complete its entire life
cycle. Although only one species of the genus Aphalaroida
was collected, at least two other species are known to attack

mesquites in California and Arizona, and it is likely that
they may have also been present at Fortuna Pond (Gill, 1992;
Crawford, 1914). Both species of psyllids found at the study
site are presumably native species (Jensen 1945, Crawford,

1914) with which mesquites on the lower Colorado River
have long coexisted.

Growth of Prosopis glandulosa var. torreyana in natural
riparian systems typically occurs in March and April with a
secondary period of growth in August (Nilsen et aí.,1983;
Sharifi et al., 1982). Growth in this and previous restoration efforts on the lower Colorado and Gila Rivers was induced with irrigation from leaf expansion in early spring to
senescence in fall. This continual supply of new growth may
allow unnatural buildups in psyllid populations, resulting
in damage and mortality of plants. However, if this hypothesis is correct, it does not explain why psyllid damage was
not a problem in this experiment. Gill (1992) suggests that
pesticides used in croplands adjacent to restoration sites may
adversely affect natural enemies of psyllids, allowing pest
outbreaks. If this is the case, changes in pesticide use, development of resistance by psyllid enemies, or perhaps adverse effects on psyllid populations caused by a change in

pesticide use, could have reduced psyllid damage in this
study. However, the effects of psyllid herbivory on growth
and survival of mesquites may simply be more serious if
trees are stressed, and due to meticulous care, plantings in
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this study were less stressed than in previous restoration
efforts. It is also possible that some damage attributed to
psyllids in earlier restoration projects was not caused by
psyllids. Psyllid damage clearly caused death and deforma-

tion of apical meristems in this and previous projects
(Pinkney, 1992). However, chlorosis and leaf loss associated with psyllid infestations in previous restoration efforts
could have been caused by some other agent which for unknown reasons was not a problem in this experiment.
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terms of height to width ratios, variability in growth, and
incidence of psyllid and rabbit/rodent damage, but differed
from P alba in these characters. Furthermore, P alba exhibited a different phenology; it typically retained its leaves
longer into the winter months and occasionally into the
spring (some leaves were probably perennial) and leafed
out later than P glandulosa var. torreyana.
Prosopis alba seedlings were treated differently at the nurs-

ery; they were planted in 38 -liter pots rather than citrus
Although psyllid damage was rarely observed, it was seen tubes, and were older and larger than the P glandulosa acmore frequently on the Tacna accession as compared to the cessions when planted at Fortuna Pond in July, 1990. Some
lower Colorado mesquites. Also, psyllid scores were sig- P alba seedlings may have been root -bound at planting,
nificantly higher for the Tacna accession as compared to which might explain their relatively slow growth early in
bothProsopis alba and the lower Colorado accession. These the study. If this is the case, observed differences in growth
findings suggest that a resistance to psyllid damage may betweenP. alba and the P. glandulosa accessions might have
not be the reason why the Tacna mesquites grew well in this been greater had all seedlings been treated similarly prior
study or at the upper Tacna site, from which they origi- to planting.
nated. The higher psyllid scores of the Tacna accession may
be the result of the rapid growth of these trees and the abun- Prosopis glandulosa var. torreyana has been planted on the
dance of young shoots upon which psyllids feed. Psyllid lower Colorado and lower Gila Rivers primarily to mitigate
scores for P alba were relatively low despite rapid growth, the loss of wildlife habitat resulting from water resources,
indicating a possible avoidance of this species by psyllids. agricultural, and recreational development projects. P
Psyllid scores did not take into account densities of psyllids glandulosa var. torreyana is highly valued as wildlife habiand no data exist to quantify psyllid density in previous lower tat on these river systems and provides excellent habitat for
Colorado and lower Gila River restoration projects. Psyllid mourning dove (Zenaida macroura), white -winged dove
density on young shoots is likely related to the occurrence (Zenaida asiatica), gambel's quail (Lophortyx gambelii),
and severity of damage and should be considered in future and a variety of other wildlife species (Rosenberg et al.,
studies. Further research is needed to clarify the relation- 1991; Anderson and Ohmart, 1984; Mares et al., 1977).
ships between psyllids and mesquite growth and survival.
Although derived from a single site which may or may not
be representative of potential riparian restoration sites, the
No other variables were found to appreciably influence results of this experiment demonstrate that the Tacna acgrowth of mesquites. Rabbit and rodent damage was fre- cession represents a seed stock which may be valuable in
quently observed, but was only weakly negatively correlated increasing the success of future habitat restoration and creor not correlated with growth indices. However, this type of ation projects.
damage should not be disregarded. Plants in this experiment were protected by chicken wire baskets. In cases where Mesquite is also valuable as fuelwood and barbecue wood,
trees lost their baskets or baskets became ineffective at ex- in the production of crafts and furniture, as feed for livecluding rabbits, trees were invariably damaged, sometimes stock, as a source of nectar in honey production, and as an
severely. Although browsing by desert iguanas ws occa- ornamental (DeLoach ,1984; Felker et al., 1983; Fisher,
sionally observed, this probably had little effect on growth. 1977). P glandulosa var. torreyana is drought resistant and
tolerant of saline soils (Felker et al., 1981; Jackson et al.,
An argument could be made that the superior growth of the 1990; Nilsen et al., 1983), which also makes it potentially
Tacna accession relative to the lower Colorado accession is valuable as a fuelwood or other crop, or for stabilizing erosion
the result of hybridization with Prosopis alba, whic has in arid lands or on saline soils (Choudhuri et al., 1979;
similar growth characteristics. P alba occur at the u per Ebenshade, 1980). Again, the Tacna accession could find
Tacna site and P alba and P glandulosa var. torreyana are some application in these uses.
widely thought to hybridize (Johnson, 1992). Seeds f m
which the Tacna mesquites were grown were collected from Densities of Prosopis velutina and P glandulosa have inonly those trees which appeared to be P glandulosa var. creased greatly in southeastern Arizona, New Mexico, and
torreyana, but it was impossible to ensure that hybrid mate- Texas since livestock grazing was introduced to the Southrial was not collected. Nevertheless, the Tacna mesquites in west. This has been attributed to a reduction in perennial
this study were morphologically homogeneous, and exhib- grasses and reduced incidence of fire resulting from liveited characters consistent with P glandulosa var. torreyana, stock grazing (Humphrey, 1958; Fisher, 1977). Mesquite is
not P alba. Other than the magnitude of growth, the Tacna considered a pest species in rangelands and is often aggresaccession was indistinguishable from the lower Colorado sively controlled at great cost. Introduction of a fast -growth
accession. The P glandulosa accessions were similar in mesquite into rangelands could exacerbate rangeland prob-
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lems and increase the need for control. However, the Tacna

Carothers, S. W., G. S. Mills, and R. R. Johnson. 1990. The

mesquites are of the variety torreyana which, in western
Arizona and California, occurs primarily as a riparian or
xero- riparian species (Benson and Darrow, 1982). In these
areas honey mesquite is rarely cited as a rangeland pest.

creation and restoration of riparian habitat in south-

Use of the Tacna accession outside of the lower Colorado
and lower Gila drainages may, in some cases, be inconsistent with habitat restoration goals which often target propagation of local stock (Carothers et al., 1990); and may be
inappropriate due to mixing of genetic material between
drainages. However, the results of this study demonstrate
that favorable growth characteristics of P glandulosa var.
torreyana can be artificially selected for and reproduced in
the field. This finding can be applied in other regions to
identify and propagate local mesquite accessions with superior growth characteristics.

Choudhuri, G. N., N. K. Agarwal, and K. C. Basuchaudhary.
1979. A study on the contribution of Prosopis specigera
to bioreclamation of a salt -affected habitat. Indian Journal of Ecology 6(1):1 -8.
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Table 1. Percent survivorship of plantings at nine
riparian restoration sites on the lower Colorado River
and lower Gila River. Based on August, 1989 surveys by
the author.
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3Not Bold = growth significantly different from growth
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2Bold = growth at indicated date significantly different
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with Kruskal- Wallis test and Dunn's Procedure (p <.05).
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Table 2. Median growth, measured as maximum height +
maximum width (cm), since date of planting (July 16, 1990)'.

