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Effects of Plant Species on 
Nutrient Cycling 
Sarah E. Hobbie 

Plant species create positive feed6aclis to 
patterns of nutrient cycling in natural 
ecosystems. For example, in nutrient-poor 
ecosystems, plants grow slowly, use nutri- 
ents efficiently and produce poor-quality 
litter that decomposes slowly and deters 
her6ivores. In contrast, plant species from 
nutrient-rich ecosystems grow rapidly, 
produce readily degrada6le litter and sus- 
tain high rates of herbivory, further 
enhancing rates of nutrient cycling. Plants 
may also create positive feed6achs to nutri- 
ent cycling Gecause of species’ differences 
in car6on deposition and competition with 
microbes for nutrients in the rhizosphere. 
New research is showing that species’ 
effects can be as or more important than 
abiotic factors, such as climate, in control- 
ling ecosystem fertility. 

Ecologists have long recognized 
that vegetation can exert a strong 
influence over soil properties, and 
that individual plant species play 
an important role in determining 
soil fertility in natural ecosystems’. 
Plant species create positive feed- 
backs to nutrient cycling, affecting 
nutrient cycling directly through 
uptake, use and loss of nutrients, 
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and indirectly by influencing micro- 
bial activity and herbivory. 

Uptake and use 
In general, differences among 

plant species in nutrient uptake 
and loss reinforce existing patterns 
of nutrient availability. In low-nutri- 
ent ecosystems such as tundra, 
boreal areas, desert and highly 
leached tropical systems, rates of 
nutrient mineralization from organic 
matter are slow, so nutrient sup- 
ply and diffusion limit nutrient 
uptake2,3. Plants from such low- 
nutrient environments have higher 
allocation to below-ground parts, 
including mycorrhizae, than plants 
from high-nutrient environments4 - 
at the expense of allocation to car- 
bon (C) acquisition and growth5. 
Besides having traits that increase 
their ability to take up scarce nutri- 
ents, species from low-nutrient 
ecosystems have inherently low rel- 
ative growth rates, and thus have a 
low demand for nutrients4. 

In contrast, in high-nutrient 
ecosystems such as old-fields and 
some grasslands, the strength of 
the sink for nutrients controls plant 
nutrient uptake. Although roots are 
the immediate sink for soil nutri- 

ents, the ultimate sink is whole- 
plant growth. Species from environ- 
ments where soil nutrients are 
abundant allocate more to above- 
ground parts, have more rapid 
growth rates, and have higher rates 
of nutrient uptake per gram of root 
biomass than species from low- 
nutrient environments4r6. 

Once plants have taken up nutri- 
ents, further nutrient demand 
depends on the efficiency with 
which they use acquired nutrients7. 
In general, species from low-nutri- 
ent environments are more ef- 
ficient than those from high-nutri- 
ent environments in their nutrient 
use7m8, mainly because they have 
low productivity and long-lived tis- 
sues, minimizing losses due to 
abscission and maximizing cumu- 
lative photosynthesis per gram of 
nitrogen (N)4. Although the C:N 
ratio of plant leaves is high in N- 
poor habitats4a7, such plants do not 
exhibit higher rates of C fixation 
per unit of N than plants with low 
leaf C:N9. Leaf retranslocation ef- 
ficiencies vary inconsistently across 
gradients of nutrient availability, 
and leaching losses show no pat- 
tern with nutrient availability4. 

In general, plant species rein- 
force patterns of nutrient avail- 
ability in natural ecosystems 
through their uptake and use of 
nutrients4p7. In low-nutrient ecosys- 
tems, plants grow slowly and use 
nutrients efficiently, minimizing 

0 1992, Elsevier Science Publishers Ltd (UK) 
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immobilization by heterotrophic 
soil microbes**, attract microbial 
grazers that in turn increase N min- 
eralization rates2’,24, or be unavail- 
able to soil microbes, if microbes 
are limited by N rather than C 
availability*‘. However, few data 
exist to support any of these sug 
gestions; thus, how rhizodeposition 
affects microbial processes deserves 
increased and careful study. 

Whether the quantity or quality 
of C that ends up in the rhizo- 
sphere differs among plants 
species also has yet to be deter- 
mined. However, studies of indi- 
vidual plants from low-nutrient 
environments suggest that they 
allocate more C below ground than 
plants from high-nutrient environ- 
ments4. The importance of mycor- 
rhizae for nutrient acquisition sug- 
gests that much of the below- 
ground C allocation in low-nutrient 
environments supports mycorrhizae. 
Thus, species from low-nutrient 
environments potentially deposit 
proportionally more C to the rhizo- 
sphere than species from high- 
nutrient environments, because of 
root turnover, exudation and 
mycorrhizae (but see Ref. 25 for a 
discussion of patterns of below- 
ground productivity among ecosys- 
tems). Whether high allocation to 
below-ground C reduces26 or 
enhances23 nutrient availability 
deserves further attention, as does 
the role of competition between 
microbes and plants for nutrients 
in determining partitioning of nutri- 
ents between plants and microbes*‘. 

Herbivore-mediated effects 
Plant species interact with herbi- 

vores to influence nutrient cycling 
through differences in palatability 
and in physiological response to 
herbivory. Plants from low-nutrient 
environments invest heavily in C- 
based secondary metabolites such 
as terpenes and polyphenols that 
are effective defenses against her- 
bivores14. Because many of the 
compounds that deter herbivores 
are also antimicrobial agents27, 
litter containing such compounds 
decomposes slowly. Furthermore, 
in relatively low-nutrient ecosys- 
tems where browsers feed prefer- 
entially on palatable species with 
high-quality litter, they may pro- 
mote the establishment and growth 
of species with more recalcitrant 

litter that slows rates of nutrient 
cycling, especially if fast-growing 
species cannot sustain heavy 
browsing due to low N availability. 
These more heavily defended 
species may create a nutrient 
regime that is no longer suitable 
for less well-defended, palatable 
species27p28. For example, moose 
(Alces &es) on Isle Royale, Lake 
Superior (USA), preferentially browse 
early-successional species like 
paper birch (Bet& papyfifera) and 
aspen (Populus tremuloides), allow- 
ing establishment of white spruce 
(ficea glauca), whose lignin-rich lit- 
ter decomposes slowly, decreasing 
N availability28. 

In grasslands such as the Seren- 
geti, Tanzania, and perhaps in more 
nutrient-rich ecosystems in gener- 
al, herbivores enhance, rather than 
decrease, nutrient availability27~29-3’. 
Where grazing limits production 
more than does nutrient availability, 
grazers may increase nutrient 
cycling rates because plant re- 
growth contains higher N concen- 
trations, because of deposition of 
feces and urine, or because grazing 
causes shifts in plant allocation that 
lead to lower rates of N immobil- 
ization 4,26.27,30,31 

. In the saltwater 
marshes of the Hudson Bay region 
in Canada, sedge species, but not 
dicotyledonous species, are able to 
regrow and increase their relative 
abundance in response to grazing 
by lesser snow geese (Chen 
caerulescens caerulescens)30. Be- 
cause sedges are the preferred 
food of lesser snow geese, the 
geese continue to graze in these 
sedge-dominated areas, increasing 
rates of nutrient cycling both by 
depositing feces that are rich in 
soluble N, and by opening up sites 
that are then colonized by N-fixing 
algae30,3’. Increased rates of nutri- 
ent cycling further favor the sedge 
species, creating a positive feed- 
back to grazing30. New empirical 
and simulation model studies of 
prairie dog (Cynomys ludovianus) 
colonies in the Wyoming prairie, 
USA, reveal that grazing-adapted 
populations of grasses that increase 
shoot biomass when grazed, while 
reducing root biomass, may decrease 
available C for microbes, promoting 
lower rates of N immobilization 
and potentially greater N loss from 
the system through denitrification 
and leaching26. Conceivably, inter- 

specific differences in allocation 
patterns, such as rootiness in low- 
nutrient environments and shoot- 
iness in high-nutrient environ- 
ments, could create positive feed- 
backs to nutrient immobilization 
rates through a similar mechanism. 

Overall, species characteristics in 
low- and high-nutrient ecosystems 
create positive feedbacks, mediated 
through herbivory, that decrease 
and enhance nutrient availability, 
respectively4. In nutrient-poor eco- 
systems such as the boreal forest, 
herbivores select for plants with 
well-defended, poor-quality litter, 
over both short and evolutionary 
time scales, that further reduces 
nutrient availability. In contrast, 
herbivory in more nutrient-rich sys- 
tems like the Serengeti increases 
nutrient availability, either by 
speeding up rates of nutrient return 
to soils or by decreasing nutrient 
immobilization by mi-crobes. Low 
rates of microbial and plant uptake 
caused by herbivory could result in 
the accumulation of large inorganic 
nutrient pools, promoting nutrient 
losses through ammonium volatil- 
ization, nitrate leaching and trace 
gas production26. Extreme nutrient 
losses due to herbivory could con- 
vert a high-nutrient ecosystem to a 
low-nutrient ecosystem, which is 
consistent with the occurrence of 
Artemisia tiigida (a shrub that pro- 
duces low-quality litter) on older 
prairie dog colonies in the 
Wyoming studyZ6 and with the con- 
version of many grasslands to 
shrublands in response to intense 
grazing3*. 

Implications 
Plant species can potentially 

affect nutrient cycling in a variety of 
ways, from differences in uptake, 
loss, litter quality, and associations 
with microbes, to differences in 
effects on herbivory. In general, 
plant species characteristics create 
positive feedbacks to patterns of 
nutrient cycling, further reducing 
nutrient availability in low-nutrient 
habitats, but enhancing nutrient 
availability in high-nutrient habi- 
tats. Such feedbacks are created 
because species that occur in low- 
nutrient habitats grow slowly, use 
nutrients conservatively, and pro- 
duce litter high in secondary 
metabolites that deters herbivores 
and decomposes and releases 
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nutrients slowly. In contrast, 
species from high-nutrient environ- 
ments grow quickly, take up and 
lose nutrients rapidly, produce 
high-quality litter and sustain high 
rates of herbivory, all factors that 
result in rapid rates of nutrient 
cycling. Critical to our understand- 
ing of how plant species affect 
nutrient cycling is better knowl- 
edge of the controls over plant C 
inputs from roots to soil, how these 
inputs affect microbial nutrient util- 
ization and partitioning of nutrients 
between plants and microbes, and 
how C inputs to soil are affected by 
increased atmospheric CO>. 

Ecosystem perturbations such as 
climate warming and land use 
change will undoubtedly increase 
future rates of extinction and in- 
vasion. In order to predict whether 
a particular species’ loss from or 
addition to a system will signifi- 
cantly alter nutrient cycling in that 
system, we must understand the 
relative importance of all factors 
that influence nutrient cycling, 
including species’ traits. Further- 
more, we must understand the 
rates at which species-mediated 
feedbacks to nutrient cycling occur 
compared with predicted rates of 
vegetation change, especially since 
vegetation will undoubtedly change 
more rapidly in the future than it 
has in the past. Thus, models that 
make predictions about the effects 
of climate warming, for example, on 
nutrient cycling must incorporate 
changes in vegetation if they are to 
be accurate. 

To date, existing models that 
have examined the response of 
nutrient cycling through ecosystems 
to climate change have treated 
species’ effects on nutrient cycling 
both implicitly and explicitly. The 
CENTURY model, which simulates 
grassland biogeochemistry, con- 
tains no species per se, but instead 
includes plant lignin as a variableS3. 
The model of Pastor and Posts4 pre- 
dicts individual species’ responses 
to climate warming in North 
American temperate forests and 
exhibits important feedbacks of 
vegetation to nutrient cycling. In 
their simulations, the effect of veg- 
etation change on decomposition 
and thus nutrient cycling is some- 
times great enough to offset the 
direct effects of climate change 
on N availability. Furthermore, in 

this model, vegetation change 
creates positive feedbacks to 
nutrient cycling because soils with 
low water-holding capacity favor 
species with poor-quality litter that 
further reduces N availability, while 
soils with high water-holding 
capacity favor species with high- 
quality litter that enhances N avail- 
ability. These simulations reveal 
complex interactions between the 
factors that constrain species in 
their response to climate change 
and the feedbacks to nutrient 
cycling created by species’ traits 
such as litter quality, emphasizing 
the importance of understanding 
species’ effects on nutrient cycling 
through natural ecosystems. 
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