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Summary   We reviewed the impact of exotic grass 
invasions on nitrogen cycling by examining studies that 
compared N cycling in native grass and exotic grass 
invaded habitats. A total of 30 studies were identified, 
with grass invasions affecting N cycling over a wide 
range of habitats and regions. Eleven individual exotic 
grass species were identified as changing aspects of 
N cycling, with five more species occurring as exotic 
grass mixtures. While grass invasion commonly led to 
increases in biomass, there were few consistent effects 
on plant and soil N pools and fluxes. There was often 
variation within a species between sites and years, 
suggesting that environmental factors such as soil 
moisture, soil type and native community composition 
may play a significant role in the magnitude and direc-
tion of the impact of exotic grasses on N. No studies 
examined the impact of exotic grass-mediated changes 
in fire regimes on N cycling – a potentially signifi-
cant impact in many exotic grass invaded commun-
ities.

Keywords    Exotic grasses,  invasive species,  ni-
trogen cycling,  nitrogen pools,  nitrogen fluxes.

INTRODUCTION
Exotic grass invasions can significantly alter the struc-
ture of native plant communities and the prevailing fire 
regimes (D’Antonio and Vitousek 1992). Both effects 
can alter N cycling through changes to N pool sizes 
and flux rates. For example, changes in grass litter 
quality, quantity and decomposition can affect rates 
of N transformations (Mack and D’Antonio 2003a). 
Invasive grasses can also increase soil N through N2-
fixation, or alternatively decrease soil N by increasing 
fire-mediated losses or via other pathways of N loss 
(Ehrenfeld 2003, D’Antonio and Hobbie 2005). 

Information on the specific effects of exotic 
grasses on N cycling is fundamental to defining both 
the long-term impacts of current invasions and the 
potential impacts of future invasions. Changes in N 
cycling could have significant consequences for the 
persistence of native vegetation in invaded ecosystems. 
Changes in N cycling, such as increases or decreases in 
soil total N, may also persist for many years after exotic 
grass removal; leaving a legacy that could interfere 
with the restoration of invaded habitats (Corbin and 
D’Antonio 2004). In this paper we review the evidence 
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for changes in plant and soil N pools and fluxes due to 
exotic grass invasion and evaluate the possible trends 
in the patterns of response.

MATERIALS AND METHODS
We focused this review on invaders that altered key 
aspects of plant and soil N cycling. We examined the 
available literature in which an exotic grass species 
was directly compared with native grass species. We 
searched for literature using the following combination 
of terms ‘exotic’, ‘invasive’, ‘alien’, ‘nitrogen’ and 
‘grass’ in the electronic databases Web of Science and 
Cambridge Abstracts. Additional searching was car-
ried out using the references lists of relevant papers, 
as well a review by Ehrenfeld (2003) on the effects of 
exotic plant invasions on soil nutrient cycling proc-
esses. Several studies were not included in the review 
as they either lacked a direct comparison with native 
species or communities, or were in significantly dis-
turbed habitats, e.g. cleared forests, pastures. 

RESULTS AND DISCUSSION
We identified 30 studies that examined the effect of 
exotic grasses on N cycling (Table 1) in a wide range 
of habitats including: deciduous forests, temperate 
and arid grasslands, subtropical montane woodlands 
and shrublands, tropical savannas and wetlands. Grass 
invasions also affected N cycling over a wide range of 
regions, from Australia (three studies), South America 
(five studies) and the USA (seventeen studies on the 
mainland and five in Hawaii).

Eleven individual exotic grass species were found 
to impact on N cycling, with an additional five species 
occurring in exotic grass mixtures. In the USA, invad-
ers such Bromus tectorium L. and Phragmites australis 
(Cav.) Trin. ex Steud feature significantly, making up 
almost half of the studies identified. In South America, 
Hawaii and northern Australia, African grasses such as 
Andropogon gayanus Kunth., Hyparrhenia rufa (Nees) 
Stapf., Melinis minutiflora Beauv., and Pennisetum 
polystachion (L.) Schult., were predominant.

Changes in plant N cycling were reported in 20 
of the total 30 studies (Table 1). However, the plant N 
patterns presented need to be interpreted cautiously, 
as so few data were available for each variable. Grass 
invasions were commonly associated with increases in 
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Table 1.   Changes in key plant and soil nitrogen pools and fluxes associated with exotic grass invasion.

Species Ecosystem 
invaded

Region Plant 
biomass

Foliar 
N

Litter 
decomp.

Soil 
TKN

Inorganic 
N

Mineral-
isation

Other Ref

Agropyron 
   cristatum

Grassland USA – – – 7

Andropogon 
   bladhii

Grassland USA C:N + – – 22

Andropogon 
   gayanus

Tropical 
savanna

Australia + X – 24

Bromus tectorium Grassland USA Y + + = + N uptake + 6

Bromus tectorium Grassland USA = = = 5

Bromus tectorium Grassland USA C:N + = – Litter N – 10

Bromus tectorium Grassland USA = 11

Bromus tectorium Grassland USA – – 23

Bromus tectorium Grassland USA – + + 26

Bromus tectorium Grassland USA = = = = = 27

Bromus mixtureA Grassland USA – 20

Cenchrus ciliaris Grassland Mexico – 13

Hyparrhenia 
   rufa

Tropical 
savanna

Costa Rica – – 14

Hyparrhenia 
   rufa

Tropical 
savanna

Venezuela + = NUE + 2, 4, 3

Melinis 
   minutiflora

Tropical 
shrubland

USA + + Litter N + 1

Melinis 
   minutiflora

Tropical 
savanna

Venezuela = NUE + 2, 4

Microstegium 
   vimineum

Deciduous 
forest

USA – – = Soil pH +  9

Pennisetum 
   polystachion

Tropical 
savanna

Australia + X – 25

Phragmites 
   australis

Freshwater 
wetland

USA + + = = = SSN + 19, 21

Phragmites 
   australis

Freshwater 
wetland

USA + + + + + SSN +
N uptake +

28, 29, 30

Urochloa 
   mutica

Tropical 
wetlands

Australia + 8

Mixture of 2 
   species B

Grassland USA = + 12

Mixture of 2 
   species C

Subtropical 
montane 
woodland

USA N fixation – 15

Mixture of 3 
   species D

Subtropical 
montane 
woodland

USA Y = + Timing of N 
availability

16, 17, 
18

+, exotic higher than native(s); –, exotic lower than native(s); =, exotic not different from native(s), N, Nitrogen; Decomp, 
Decomposition; Ref, Reference(s); Inorganic N, soil NH4

+ and NO3
−; TKN, Total Kjeldahl N; X, only nitrification altered; 

Y, native litter decomposed in native and exotic sites; N uptake, plant N uptake; NUE, N-use efficiency; SSN, plant 
standing stock of N; Timing of N availability, altered timing of N availability.
A Exotic grasses Bromus japonicus and Bromus tectorum (co-dominant).B Exotic grasses Avena barbata and Bromus 
hordeaceous (co-dominant).
C Exotic grasses Schizachyrium condensatum and Melinis minutiflora (co-dominant). 
D Mixture of exotic grasses Schizachyrium condensatum and small amounts of Melinis minutiflora and Andropogon 
virginicus.
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grass biomass (9 out of 11 studies). The effect of in-
creased biomass on the standing stock of N (SSN) was 
only examined in three studies, and was higher in exot-
ics in all three cases. Litter decomposition was lower in 
exotics than natives in three out of the six studies that 
examined this. Some studies also documented plant 
physiological differences that may lead to changes in 
N cycling, such as higher plant N uptake (two studies) 
and higher N use efficiency (two studies). 

Changes in soil N cycling were reported in 22 of 
the total 30 studies (Table 1). Grass invasions were 
associated with decreases in total soil N (4 out of 10 
studies), increases (2 of 10), and no change (4 of 10), 
suggesting that there is no discernable pattern in the 
response to grass invasion. In most studies (7 out of 
13) soil inorganic N showed no change compared to 
natives, but increased in some (3 of 13) and decreased 
in others (3 of 13). Mineralisation rates also showed 
variable trends with increases (7 out of 16 studies), 
decreases (6 of 16) and no change (4 of 16). Only one 
study examined the indirect effect of grass invasion on 
N fixation, finding that the exotic grass decreased N 
fixation by reducing the abundance of leaf litter of a 
native tree, which supported nonsymbiotic N-fixers.

In some cases, a given species had different effects 
on soil variables at different sites, or in different years. 
Environmental factors such as soil type, native com-
munity type, and particularly soil moisture, may have 
affected the direction and magnitude of impact of grass 
invasion on soil N pool/fluxes (Asner and Beatty 1996, 
Booth et al. 2003, Evans et al. 2001, Ibarra-Flores et 
al. 1999, Svejcar and Sheley 2001, Sperry et al. 2006) 
These differences in environmental conditions may 
partially explain the lack of discernable trends in the 
effect of grasses on soil N cycling.

There were several potentially important impacts 
of grass invasions on N cycling that were not identified 
in any of the studies. There were no studies examining 
the impacts of invasion on losses of N. In particular, 
fire mediated losses could significantly increase in 
many exotic grass invaded habitats given the effect 
of exotic grasses on fire regimes (D’Antonio and Vi-
tousek 1992). There were also no studies that examined 
the direct effect of exotic grasses on N2-fixation. Sev-
eral African grasses have been found to fix significant 
amounts of N in their native habitats (e.g. Abbadie 
et al. 1992), which may have potentially significant 
implications for N cycling in invaded habitats.
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