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The effect of water and nitrogen amendments
on photosynthesis, leaf demography, and resource-use efficiency
in Larrea tridentata, a desert evergreen shrub
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Summary. In the Chihuahuan Desert of southern New Mex­
ico, both water and nitrogen limit the primary productivity
of Larrea tridentata, a xerophytic evergreen shrub. Net pho­
tosynthesis was positively correlated to leaf N, but only
in plants that received supplemental water. Nutrient-use
efficiency, defined as photosynthetic carbon gain per unit
N invested in leaf tissue, declined with increasing leaf N.
However, water-use efficiency, defined as the ratio of pho­
tosynthesis to transpiration, increased with increasing leaf
N, and thus these two measures of resource-use efficiency
were inversely correlated. Resorption efficiency was not sig­
nificantly altered over the nutrient gradient, nor was it af­
fected by irrigation treatments. Leaf longevity decreased
significantly with fertilization although the absolute magni­
tude of this decrease was fairly small, in part due to a
large background of insect-induced mortality. Age-specific
gas exchange measurements support the hypothesis that leaf
aging represent a redistribution of resources, rather than
actual deterioration or declining resource-use efficiency.
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The physiological performance of individual leaves varies
with both leaf age and plant nutrient status (Mooney et al.
1978; Reader 1978; Gutmon and bu 198'(' Field and
Mooney 1981, 1983). Similarly, leaf longevity both in indi­
vidual species and in ptMt cOlTIlTIullitie varie with nutrient
availability (Monk 1966' Schl inger and habot 1977;
Shaver 1981, 1983; Bloom et al. 1985). The physiological
performance of a whole plant can be considered to be the
result of the interaction between the age structure of the
leaf population and age-specific leaf physiology (Nilsen
et al. 1987), yet both of these factors may be controlled
by the availability of various soil resources.

Recent authors (Shaver 1981; Chabot and Hicks 1982)
have pointed out that changes in leaf longevity in response
to environmental conditions can be expected to affect such
plant-specific processes as: 1) nutrient use efficiency (de­
fined as total C fixed per unit nutrient over the lifetime
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of a leaf; Small 1972), 2) the ability of old leaves to act
as a source of nutrients for new leaf production (Turner
and Olsen 1976; Jonasson and Chapin 1985), and 3) the
ability of overwintering leaves to serve as nutrient storage
organs'(Hadley and Bliss 1964; Mooney and RundeI1978).
In addition, changes in leaf longevity in the dominant spe­
cies of a community may also affect nutrient turnover rates
and nutrient cycling processes at the ecosystem level. How­
ever, the responses of leaf longevity to increased nutrient
availability have differed among species of study.

In contrast to the well-documented pattern of an in­
crease in proportion of evergreen species relative to decidu­
ous species as habitat fertility decreases (Monk 1966;
Bloom et al. 1985), several studies have found that leaflon­
gevity decreases under nutrient stress as nutrients from old
leaves are preferentially translocated to support new growth
(Osman and Milthorpe 1971; Turner and Olsen 1976; Baz­
zaz and Harper 1977; Reader 1980; Tolley-Henry and
Raper 1986). Perhap' part of this discrepancy can be ex­
plaincd by the J'C ult of Shaver (1983), who found that
while ~ rLilizalion decrea ed overall leaf survivorship in Le­
dum palustre through a sharp increase in winter leafmortali­
ty (thus agreeing with observed community-level evergreen/
deciduous changes), fertilization actually decreased leaf
losses during the growing season (consistent with the cited
empirical studies).

Alternatively, effects on leaf longevity may depend on
the degree of nutrient stress. While experiments that specifi­
cally reduced nutrient availability to plants have tended
to show reduced longevity, milder conditions that reduced
relative growth rates or leaf production, such as reduced
light or increased crowding, have tended to show increased
longevity (Bazzaz and Harper 1977; Abul-Fatih and Bazzaz
1980; Nilsen 1986).

The effects of other resources on leaf demography have
not been as well examined. For example, studies of the
effects of water availability on leaf turnover have been lim­
ited primarily to either drought-deciduous or determinately
seasonally-deciduous species (Nilsen and Muller 1981;
Sharifi et al. 1983; Nilsen et al. 1986).

Larrea tridentata (DC.) Cov., an evergreen xerophytic
shrub, is one of the most widespread perennial species of
southwestern U.S. deserts (Shreve 1942). Larrea remains
metabolically active throughout the year, and will grow
and flower opportunistically whenever environmental con-








