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Abstract Resumen

We compared the responses of seedlings of introduced Se compararon las respuestas de plantulas de una graminee
Lehmann lovegrass Eragrostis Lehmanniana Nees) and a native introducida (Eragrostis lehmanniana Nees) y una graminea nati-
perennial grass, Arizona cottontop Digitaria californica (Benth.) va perenne Digitaria californica (Benth) Henr.) a 7 tratamientos
Henr.) to 7 nitrogen and 2 water treatments to determine if de nitrégeno y 2 tratamientos de riego, para determinar si E.
Lehmann |ovegrass d|sp|ayed greater growth or nitrogen use lehmanniana exhibia mayor crecimiento o eficiencia en el uso del
efficiency than Arizona cottontop. After 8 weeks, the lovegrass nhitrégeno que D. californica. Después de 8 semanas, las plantu-
seedlings had greater shoot N concentrations (2.07 vs. 1.20%)las de E. lehmanniana exhibieron mayor concentracion de N en
and lower C:N ratios (27.7 vs. 49.6) than Arizona cottontop biomasa aérea (2.07 vs. 1.20%), y una relacion C:N mas baja
seedlings. Arizona cottontop seedlings produced more biomass(27.7 vs. 49.6) que las plantulas de. californica. Las plantulas
per plant (1.09 vs. 0.31g), exhibited greater nitrogen use efficien- de D. californica produjeron mas biomasa por planta (1.09 vs.
cy (63 vs. 39%), and tolerated high N levels better. Arizona cot- 0.31g), exhibieron mayor eficiencia en el uso del nitrégeno (63 vs.
tontop may be a superior N competitor under both N-limited and 39%), y toleraron mejor condiciones de alto nivel de N. D. cali-
high N conditions, while Lehmann lovegrass may outcompete fornica podria ser un competidor superior por N tanto en condi-
Arizona cottontop at moderate N levels. ciones de N limitante como en aquellas de alto nivel de N, mien-
tras que E. lehmanniana podria superar a D. californica en la
competencia por N bajo niveles moderados de este nutriente.

Key Words: invasive plant, nitrogen dynamics, nitrogen use effi-
ciency, desert grassland, plant strategies ) . )
and Cox 1984); and relative unpalatability compared to nativ

Cox et al. 1990). Lehmann lovegrass also can use soil water
J,the winter and early spring, when other warm-season pla
generally considered to be dormant, and is able to extract

Invasive, non-native grasses affect the diversity of native ve
tation communities and associated fauna (Bock et al. 1986),

may influence fire, nutrient and hydrologic cycles (D'Antonio a : : .
- = ater at very low soil water potential (Frasier and Cox 1994).
Vitousek 1992, Evans et al. 2001, Williams and Baruch 200 Few data are available on nutrient uptake or nutrient use e

Iaehnlia:m Iovcfr?rasf(agrostls Lleggzlannlgna Nees) was mmt)_l ciency of Lehmann lovegrass. In a greenhouse experiment,
Zggeoooohso?h ernh rliona tlrr: ¢ ar;\ _how ogcurs tonl alge wground nitrogen (N) was significantly reduced in defoliate
' a throughout southeastern Arizona (Cox et al. ture Arizona cottontop plants compared to undefoliated pla

A”?O“a cottontop Rigitaria califorpica (Benth.) Henlr.) Is a but was unchanged in Lehmann lovegrass plants (Cox et
native perennial bunchgrass considered to be a “climax dorm—

e . 92). Other studies have shown that high fertility sites are v
nant” in the semi-desert grassland where Lehmann Iovegrasaé§ab|e to invasion by non-native plants, including grass

now common (Cable 1979). tohlgren et al. 1998, Burke and Grime 1996, Wilson ar

A n_umber of mechanisms have been propo§;ed to explain fian 2002), although some research has not supported
invasive success of Lehmann lovegrass, including the large nym- thesis (L,owe et al. 2002). In contrast, native species

ber O.f Sf.'eds f?ro?utced' their pe_r3|stence||n thz 30" aﬂ? i%'b cessfully exclude invaders under low nutrient conditiol
germination after late summer rains or prolonged drought ( enneke et al. 1990, McLendon and Redente 1991). Willial

et al.. 19:.95' Cox anddFQtuert;986); high t((a:mpertatlljrigoel)‘Sop'\;i d Baruch (2000) suggest that some invasive African gras
germination compared to native grasses (Cox et al. » Ma Qy be superior competitors under very low nutrient conditior

and that other invaders have high nutrient requirements &

This study was funded in part by a University of Arizona Faculty Small Grarfi€spond .d.ramatlcally to nutrient add|t|0r!5. but also use nutrie
Thanks to Mark Pater and Bruce Munda, USDA-NRCS, Tucson Plant Materigsore efficiently than native grasses (traits that are usually ne
Center, for providing seed for this experiment; Simmyrong Cho and Alexandgely correlated in plants). If Williams and Baruch (2000) ar

Conley for assistance in tending, harvesting and processing samples; De(n? ; i :
Fendenheim for greenhouse management and data entry; Thomas Thompso ézFeCt’ these invaders should be competltlvely superior to nat

advice on experimental treatments and design; David Williams, Mitch McClarddl 2SS€S in.bOth fertile and nutrient-poor environments. .
and two anonymous reviewers for helpful comments on the manuscript; andVe studied the N dynamics of Lehmann lovegrass and Arizo

Andres Cibils for translating the abstract. cottontop seedlings to elucidate possible mechanisms respons
Manuscript accepted 18 Apr. 03. for Lehmann lovegrass's invasion success. Our objective was

76 JOURNAL OF RANGE MANAGEMENT 57(1) January 2004



compare the responses of Lehmann lovegfter germination. All cones were keptShoots and roots were stored in paper ba
rass and Arizona cottontop seedlings to hoist to facilitate rapid germination. Sixand air dried for 4-8 weeks. After weigh-
levels of N under 2 watering regimes. Irdays after sowing, the 2 water treatment®g, the shoots from each treatment b
accordance with the predictions ofwere applied. Plants in the high watereplicate combination were combined anc
Williams and Baruch (2000), and indica-treatment were watered daily to beyondround in a Wiley mill with a 1 mm
tions that Lehmann lovegrass has morgeld capacity and those in the low watescreen. The same was done for root:
efficient water use characteristics (Frasietreatment were watered likewise but ormhese bulked root and shoot samples fror
and Cox 1994), we hypothesized that: 13lternate days. Replicates Il and IV were analyzed by
Lehmann lovegrass would show a greater With imposition of water treatments, 7combustion for total C and total N using &
growth response to N additions tharN treatments were applied to the coneseco CNS-2000 autoanalyzer (IAS
Arizona cottontop, measured as absolutence a week for the duration of the experitaboratories, Phoenix, Ariz.). Twenty-
biomass produced per plant and as bionent (8 weeks), using 1 x Hoagland’dour out of 152 samples were not analyzel
mass produced relative to the maximunsolution (Hoagland and Arnon 1950) butdue to insufficient tissue mass.
production for a given species in thiswith varying levels of N. The N treatments
experiment; 2) Lehmann lovegrass wouldmg N/ml solution or % N in solution)
display greater nitrogen use efficiencywere: 0, 0.013, 0.028, 0.067, 0.133, 0.280, Calculations and Statistical
(NUE) than Arizona cottontop; and, 3)and 0.700. Treatment levels were selected Analyses
Lehmann lovegrass seedlings would outo represent our best estimate of 0, 5, 10,
perform Arizona cottontop seedlings a5, 50, 100, and 250% of weekly N uptake
low water levels, as measured by biomadsy Arizona cottontop. We calculated this. .
per plant, relative biomass productiongstimate by multiplying the plant biomas<! Seedling development, largely due tc
NUE, and % N tissue content (an indicatoproduced by 8-week old Arizona cottontopp'f.ferences in caryopsis mass betwee
of N uptake). plants grown in the greenhouse under coriX/iz0ona cottontop and Lehmann loveg-
ditions similar to those of this experiment 2SS: We compared their response to |
(S.E. Smith, unpublished data) by pub_addItIOI’lS _by examining the response o
Materials and Methods lished estimates of Arizona cottontop roofach species as a percentage of mean m:

and shoot N (Cox et al. 1992) and multiimum biomass in the treatment combina
plying the result by 4 to reflect antion with the highest biomass for that

sumed 25% N use efficiency. species in this experiment. Nitrogen us
géOn areas of the Santa Rita Wher@ff_lmepcyb_(NUE) Wasdcaltzjulated as t.htf
rizona cottontop was once common!atio of g biomass produced per g N with

with 4 replications in a randomized com-Otal soil N varies from 0.027% in open:Jn m?tlgbo)r(n?:ﬁt(tgltzlrtng;asl)]r)nass ' tplan
plete block design, in which water treat_grassla.nds to 0.083% under the canopy O/f]Data Werg analyzed usin 'PROC GLM
ments = main plof N levels = sub pIOtmesque trees (Barth and Klemmedsonf SAS (SAS Insti)t/ute 1989)gusin o com-
and species = sub'sub plot. Each sub-scjf/S: Tiedemann and Klemmedson 107355 A% 0 = b B o ot sl
plot included 7 plants which were treated|0n9 Nistorical grazing pressure gradi lot design with replications con%idefed
as individuals Mean, temperature in thgmS radiating out from water points (plospandom gffects Mgans were compare
greenhouse Wés 29° C (mean low 22° Cpheres) on the Santa Rita, total soil N Va{]sin Duncan’.s Multiole Ranae ?est
mean high 36° C) to simulate typi0a|IEd from 0.042% 100 m from water to efo?e analysis normal?t was egvaluate'(
growing conditions for Ggrasses. 0.083% immediately adjacent to wateP ysIS, y

; ; ..-using the method of Shapiro and Wilk
Arizona cottontop seeds (caryopses WitR.omtS' Mean total soil N over the entire
glumes and lemmas) were collected i

iosphere (1000 m) was 0.050% (M_E_(Shapiro and Wilk 1965) and homogeneity
1994 from a population on the Santa RitE

ernandez-Gimenez and S.E. Smithof variances tested using the'Fmax tes
2>t z ! (Sokal and Rohlf 1981). In neither case
(31° 50'16"N, 110° 50' 34'W). Lehmann
lovegrass A-68 seeds were provided bVe

unpublished data). npere significant deviations from the
the USDA-NRCS Tucson Plant Materials

To assess the validity of our treatme 4 X .
vels relative to N levels in native Soils,asgumptlons underlylng '.[he a.naI.y.S|s 0
Center (32° 1649"N, 111° O' 39"W). The® also planted Arizona cottontop qn%’vfg;aggfer‘;:’isn‘zg’z?'P(Sxtggsttl'qcrghs'hgglft'ca”c‘
plants were grown ir’1 a mixture of 1 par ehmann lovegrass in cones filled with B ? .
acid-washed sand and 2 parts vermiculit| ative soll ff"m the Santa Rita (Cpmbate-
(by volume). The mixture was wetted iaspar Series; thermic Ustic Torrifluvent)

slightly with tap water and then was use‘glr:dtrgz‘t)rl:]eednttgetzgmvfax?tsvrage:;t)ngl? g(tjs.olnn
E%glrl]ezgi):]g;gr)n (i%ﬁﬂ;ggerfgvggcgzgays other than when N applications wer&hoot and Root Biomass

: : ; : ; required. Arizona cottontop and Lehmann loveg-
requires light to germinate while Arizona . . - .
cottontop does not. Acid-washed sand (g‘Seeds were sown on 2 Aug. 2000 anthss seedlings differed in their response t

To account for the inherent differences

Arizona cottontop and Lehmann loveg
rass seedlings were grown in a greenhou
for 8 weeks with 7 N treatments and 2
water treatments in a split-split plot desig

Results

: : e final N application occurred on 22varying N levels, and these responses we
mi) was placed in the cones assigned pt. 2000. Aboveground biomass wadependent on water level. Shoot biomas
Lehmann lovegrass and seeds were plac S . S o :
; arvested by clipping shoots at the soibf both species increased with increasin
on top of the sand. Arizona cottontop
. urface on 27 Sept. 2000. Roots were haK treatment levels from 0.013% N to
seeds were placed directly on the sand- .
P : : vested on 4 and 5 Oct. 2000, and washéd280% N (Fig. 1). Lehmann lovegrass
vermiculite mixture or soil (see below) - . ; R
and covered with 5 ml of acid-washed® fémove excess sand and vermiculitshoot biomass declined significantly at the
efore drying. Roots were harvested fronmighest N level (0.700% N), while

Z:gﬂ'(ﬁ)‘:‘%rogggatﬁgnzds?gdlsg;laer:?;:r\’\::no' eplants (nos. 2, 4, and 6) per sub-sub ploArizona cottontop's did not. Arizona cot-
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producing more root biomass at N levels

over 0.028% under the low water treat:
'I’ "I' ment, and Arizona cottontop producing
more at or above the 0.280% N treatmer
level under the high-water treatment.

et
o

|

Digitaria

n

Eragrostis

Shoot and Root N Concentrations
£ and C:N Ratio

Lehmann lovegrass shoot N increase
more with increasing N levels than
Arizona cottontop shoot N. Lehmann
lovegrass shoot N also differed more
between water treatments under low N
than high N, leading to significant interac-
tion effects. For both species, shoot N wa
greatest at the highest N levels, and dif
fered significantly among most levels
(Fig. 3). Lehmann lovegrass mean shoot |
(2.08%) was significantly greater than tha
0 - of Arizona cottontop (1.21%), and shoot N
for both species was greater under the hig
0 0.013 0.028 0.067 0.133 0.280 0.700 water treatment. Root N was also greate:
with the highest N level, but did not differ

N in nutrient SO'UtiOn (o/o) between species or water treatments.

. . o . . The C:N ratio declined significantly
Fig. 1. Shoot biomass response of an exotic, invasive grass, Lehmann lovegrisagfostis), P - . .
and a native grass, Arizona cottontop Qigitaria), to a gradient of nitrogen availability. with increasing N in both species, but

Both species were grown from seed in a greenhouse for 8 weeks. Error bars are the stan-€hmann lovegrass C:N declined more
dard error of the mean. while the C:N ratio of Arizona cottontop

remained elevated until the 0.280% N

) o treatment, at which point it dropped signif-
tontop shoot biomass was significantlyg/plant) and when response was calculajcantly (Fig. 4). Lehmann lovegrass mear

greater than that of Lehmann lovegrased as the fraction of maximum biomass. Ac:N (27.7) was significantly lower than
overall. However, when Arizona cottontopsignificant N x water x species interactionsrizona cottontop’s (49.6).
and Lehmann lovegrass responses wergas observed, with Lehmann lovegrass
compared on the basis of percent of maxi-
mum biomass yield in this experiment,
Lehmann lovegrass production was con
sistently greater than Arizona cottontop's
except at the highest N level (Fig. 2).

Arizona cottontop produced greater bio-
mass with the high water treatment, a
expected. However, Lehmann lovegras
biomass production was higher with the
low water treatment. When the N x watel
X species interaction was examined, i
appeared that Lehmann lovegrass shou
growth was retarded by the combinatior
of high N and saturated water conditions.

Mean shoot biomass over both specie
was greater in native soil (0.04 g) than ir
the O N treatment (0.02 g), and lower thau
the 0.013% N treatment (0.06 g). The
same pattern held for Arizona cottontor
and Lehmann lovegrass individually.

Root biomass followed a similar pattern 0
to shoot biomass, increasing with increas 0 0.013 0.028 0.067 0.133 0.280 0.700

ing N levels. Arizona cottontop root bio-

mass peaked at 0.700% N while Lehman N in nutrient solution (%)

lovegrass biomass peaked at 0.280% anu ) e ) .
declined sharply at 0.700%. In contrast t'Flg. 2. Biomass response of an exotic, invasive grass, Lehmann lovegr&ssgrostis), and a

- - native grass, Arizona cottontop Digitaria), to a gradient of nitrogen availability, expressed
shoot biomass, Arizona cottontop de'.“.or of as a percentage of maximum shoot biomass for each species in this experiment. Bot
strated a greater response to N additior

’ ‘ species were grown from seed in a greenhouse for 8 weeks. Error bars are the standart
both in terms of absolute biomas: gpor of the mean.

——
(4}
-
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accounted for. However, Lehmann loveg
rass seedlings also experienced apparent

) toxicity at the highest N treatment level,
3t Digitaria especially under high soil moisture condi-
] tions. Arizona cottontop seedlings pro-
Eragrostis duced more biomass per plant thal

Lehmann lovegrass seedlings. Lehman
lovegrass seedlings appear to be mor
2 L effective in acquiring N than Arizona cot-
tontop, as indicated by greater shoot |
concentrations and lower C:N ratios,
regardless of water level. However,
Arizona cottontop exhibited greater NUE,
and tolerated high N levels better thar
1} Lehmann lovegrass seedlings. Thus
hypothesis 1 is partially supported (wher
relative shoot production is considered)
and hypothesis 2 is clearly rejected
Hypothesis 3 is also rejected since ther
were no situations in which Lehmann

0 lovegrass seedlings outperformed Arizon:
0 0.013 0.028 0.067 0.133 0.280 0.700 cottontop seedlings under low water con

ditions but not high water conditions,

i 1 i ° although Lehmann lovegrass showed

N in nUt”ent SOIU“On ( /o) higher relative shoot biomass, greater |

Fig. 3. Shoot N concentration (%) of an exotic, invasive grass, Lehmann lovegrasstiSsue concentration, and |0W€f CN .ratios
(Eragrostis), and a native grass, Arizona cottontop[igitaria), in response to a gradient of regardless of water level, while Arizona
nitrogen availability. Both species were grown from seed in a greenhouse for 8 weekscottontop showed superior NUE and

Error bars are the standard error of the mean. absolute biomass at both water levels. /
) o potential limitation of our study is that the
Nitrogen Use Efficiency Lehmann lovegrass response to N addiew-water treatment (watering on alternate

Arizona cottontop 's mean NUE (63.1%}ion was more dramatic than that ofdays vs. daily) may not have imposed suf
was significantly greater than that ofArizona cottontop when the inherent dif-ficient water stress to cause a detectab
Lehmann lovegrass (39.3%), but only at Nerences in biomass production potentiadifference in some plant response vari
levels below 0.280%. The NUE of bothbetween seedlings of these species weeles.
species was lowest at the highest N levels
(0.280% and 0.700%) (Fig. 5). Water leve’
did not affect the NUE of either species. —

50 | —
HIE R

Eragrostis

Discussion

H
o

Our objective in this experiment was tc
compare the responses of Lehmann love
rass and Arizona cottontop seedlings t
varying N levels under contrasting wate
regimes to determine whether differing
growth responses to N or resource us
efficiencies might be associated with th
invasive success of Lehmann lovegrass
Arizona's desert grasslands. We posite
that if superior resource use efficiency c
more dramatic seedling growth respons
to N contribute to Lehmann lovegrass sur
cess, we would observe a steeper grow
curve in response to increasing N levels i 0
Lehmann lovegrass seedlings tha 0 0.013 0.028 0.067 0.133 0.280 0.700
Arizona cottontop seedlings (hypothesi . . .

1), and/or greater NUE in Lehmann loveg N in nutrient So|ut|0n (0/0)

rass (hypothesis 2). We also expected tr

Lehmann lovegrass seedlings would petFig. 4. The C:N ratio of an exotic, invasive grass, Lehmann lovegrassrégrostis), and a native
form better under water-limited conditions grass, Arizona cottontop Digitaria), in response to a gradient of nitrogen availability. Both
than Arizona cottontop seedlings (hypoth: species were grown from seed in a greenhouse for 8 weeks. Error bars are the standart
esis 3). error of the mean.

(]
o

Carbon/nitrogen

—h
o
T
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petitive-stress tolerant strategist, anc
Arizona cottontop a stress-tolerant com
petitor. Unfortunately, these classifications
do not help determine which specific traits
explain the invasive success of Lehman
lovegrass. Since Lehmann lovegras:
seedlings used N less efficiently thar
Arizona cottontop at low and moderate N
levels and exhibited a toxicity response a
elevated N levels, we would expect
Arizona cottontop to be the superior N
competitor at low and high N levels.
Lehmann lovegrass’s greater N uptake an
growth response to N may enhance it
competitive fitness at moderate N levels
where Arizona cottontop's greater NUE s
less of an advantage. Our findings thu:
neither support nor definitively refute the
hypothesis that high fertility sites are more
0 vulnerable to invasion by exotic, invasive

0 0.013 0.028 0.067 0.133 0.280 0.700 plant species (Burke and Grime 1996
Grime 1979). Lowe et al. (2002) studiec

: : H o) the response to N additions of 4 exotic an

N in nUt”ent SO|Utlon ( /°) 2 native species and also found no consi

Fig. 5. Nitrogen use efficiency of an exotic, invasive grass, Lehmann lovegraBsagrostis), ~ tent pattern to support .thiS hypothe_sis
and a native grass, Arizona cottontop Digitaria), in response to a gradient of nitrogen Direct competition experiments and field
availability. Both species were grown from seed in a greenhouse for 8 weeks. Error bars studies are needed to determine wheth

are the standard error of the mean. Lehmann lovegrass outcompetes Arizon:
cottontop under low, moderate or elevate

These results do not point clearly to @ained maximum production at the higheshl regimes. o
nitrogen-related explanation for the invaN level, with no indication of a toxicity = Our findings have potential implications
sive success of Lehmann lovegrass iresponse. Arizona cottontop 's relativelyor interpretation of some vegetation pat
desert grasslands where Arizona cottontdprge caryopses, with a mass approximatéerns observed in prior fieldwork. Since
is historically a climax dominant. In addi-ly 11 times greater than Lehmann lovegArizona cottontop seedlings performec
tion, the life history traits and nitrogenrass (Smith et al. 2000), and small numbédietter than Lehmann lovegrass seedling
gradient responses of Lehmann lovegrass seeds per plant are traits associated wittider very high N levels, N additions may
and Arizona cottontop only partially con-a high growth rate and competitive strateenhance Arizona cottontop 's competitive
form with existing plant strategy theory,gy (Berendse and Elberse 1990). Arizonguccess relative to Lehmann lovegrass.
and present some apparent contradictionsottontop 's apparent ability to reallocatdrue, this outcome would contradict previ-
The greater nutrient concentrations ancesources rapidly, as indicated by the dr2us findings that native species are mor
growth response, and lower C:N ratio ofmatic decline in belowground N aftersuccessful under low nutrient conditions
Lehmann lovegrass seedlings are consisiefoliation (Cox et al. 1992), suggestdHuenneke et al. 1990, McLendon anc
tent with the characteristics of a “competigreater plasticity in resource allocatiorRedente 1991). )
tive” species or a plant adapted to a relg¢han Lehmann lovegrass, another trait The higher N concentrations and lowe
tively productive environment (Chapinmore common in competitors and plant§:N ratio found in Lehmann lovegrass
1980, Grime 1979). The prolific seed profrom nutrient rich environments (Chapins€€dlings contradicts earlier studies i
duction of Lehmann lovegrass and its relat980, Grime 1979). Finally, while ArizonaWhich this species was shown to hav
tively short lifespan are typical traits ofcottontop seedlings produced more biolower N concentrations in belowground
ruderal species (Grime 1979). Howevennass per plant than Lehmann lovegrass fffsues than Arizona cottontop, as well a
the apparent toxicity response to elevatettis experiment, in an earlier field studylOwer crude protein content than native
N levels would be expected of a stress-tokonducted on the Santa Rita, mature plang§asses (Cox et al. 1992). This finding als
erant plant adapted to low nutrient sitesof Lehmann lovegrass produced 4 time§Uns counter to the generalization tha
not a fast-growing competitor or ruderaimore shoot biomass per unit area thattroduced African grasses often exhibi
(Grime 1979). Arizona cottontop exhibitsnative grasses (Cox et al. 1990). greater C:N ratios than native grasses
some classic traits of "stress tolerant” Thus, while our results initially suggestalthough evidence for this claim is more
strategists, such as greater NUE and lowénat Lehmann lovegrass and Arizona cotequivocal in arid environments than in the
tissue N, as well as a lower growthontop offer an example of the seedlingtropics (Williams and Baruch 2000). If the
response to N additions when adjusted fastage trade-offs between ruderal an&:N ratio of mature Lehmann lovegrass
differences in inherent biomass productiostress-tolerant strategies, on consideratioRlants is lower than that of Arizona cotton-
potential between species (Chapin 198@&ach species possesses a suite of tral and other native grasses under fiel
Grime 1979). However, Arizona cottontopassociated with 2 or more strategiesconditions, we speculate that the expar
produced more total biomass with increasAccording to Grime's classification,Sion of Lehmann lovegrass over broa
ing N than Lehmann lovegrass, and main-ehmann lovegrass may be a ruderal-conff€as of southern Arizona could potential

(o]
o

DigRaria

Eragrostis

H (2]
o o
T T

Nitrogen use efficiency
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ly alter ecosystem properties by increasingox, J. R. and G. B. Ruyle. 1986nfluence of Martin, M. H. and J. R. Cox. 1984.
litter quality and lowering the soil C:N climatic and edaphic factors on the distribu- Germination profiles of introduced Lehmann

; i i tion of Eragrostis Lehmanniana Nees in lovegrasses at six constant temperatures.
ratio. Such changes, if they occur, in turn Arizona, USA. J. Grassl. Soc. South Afr. 3: Range Manage. 37:507-509.

may affect competitive interactions among 5z "5q McLendon. T and B_F. Redente. 1991
native and invasive species in _Al’l_Zona'%ox, J. R., G. B. Ruyle, and B. A. Roundy. Nitrogen’an-d phosp.)ho-rus effecté on séc
desert grasslands by altering soil nitrogen 1990. Lehmann lovegrass in southeastern ondary succession dynamics on a semi-ari
availability. These potential impacts Arizona: biomass production and disappear- sagebrush site. Ecol. 72:2016-2024.
remain speculative until further work is ance. J. Range Manage. 43:367-372. SAS Institute, 1. 1989.SAS/STAT® User's

done to verify our results in a field setting.Cox. J. R., M. Giner-Mendoza, A. K. ; i t
fy 9 Dobrenz, and M. Smith. 1992 Defoliation ~ cYide. Version 6. Vol. 2, Aed. SAS
Institute, Cary, N.C.

effects on resource allocation in Arizona cots, . .
tontop Qigitaria californica) and Lehmann SNapiro, S. S. and M. B. Wilk. 1965An
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