
expressing a dominant-negative let-60 
allele could lead to discovery of gf 
mutations in genes for proteins that act 
downstream of let-60 ras in vulva! dif
ferentiation. 

Beitel et al.' also sequenced eight inde
pendent let-60 reduction-of-function 
mutations that produce a recessive Vu! 
phenotype. The locations of amino acids 
substituted in such mutants should be of 
negligible interest, because mutations can 
disable a ras protein in many ways. But in 
fact the three-dimensional structure of 
p21'''' shows that five of these eight muta
tions are remarkably close to one another 
on the protein's surface. Of these five, 
four (including three substitutions of ala
nine at position 66, and a substitution for 
glycine at position 75) are located at either 
end of an ex-helix whose conformation 
changes in response to binding of OTP'"·". 
This proximity is not likely to have 
resulted from coincidence. Instead, it 
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probably reflects a selection procedure 
favouring mutant let-60 alleles that retain 
partial function. All five of these recessive 
mutants were obtained in a procedure that 
required a large proportion of the mutant 
animals to reach a stage at which vulva! 
differentiation can be scored - this stage 
is later than the point at which severe loss 
of let-60 function kills most C. elegans 
larvae' 1219

"'. Perhaps one of the simplest 
ways for a mutation to induce a partial loss 
of function is to impair interaction of let-60 
ras protein with a specific protein; if so, 
the locations of the substituted amino 
acids indicate the binding site of the puta
tive protein ligand, which might be a 
GNRP or the elusive effector. D 
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GREENHOUSE WARMING----------------

Vegetation an unlikely answer 
William H. Schlesinger 

WHETHER land plants and soils can act as 
a net source or a sink for CO, is a critical 
and controversial issue for understanding 
the current increase in atmospheric CO, 
and the potential for greenhouse warming 
during the next century. Using the past as 
an indication of the future, Adams et al., 
on page 711 of this issue1, suggest that the 
terrestrial biosphere contained signifi
cantly less carbon during the last ice age 
than it does today. They base their 
analysis on their best estimates of the 
distribution of land vegetation at the last 
glacial maximum which they compared 
with maps of the present-day distribution. 
The increase in carbon storage is due to 
the regrowth of forests on areas formerly 
covered by glacial ice and to the accumula
tion of soil organic matter in peatlands. 
Thus, vegetation took up CO2 as the 
temperature warmed. Over the same 
interval, the atmospheric CO2 concentra
tion increased' from 200 to 280 parts per 
million (p.p.m. ). Adams et al. suggest that 
the current concentration of CO, (350 
p.p.m.) might be even higher if it were not 
for the uptake by land vegetation. 

The maps of the distribution of vegeta-
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tion 18,000 years ago show that the area of 
desert was 83 per cent greater than today 
- a conclusion roughly in line with most 
studies of lake palynology and measure
ments of desert dust in the Vostok Antarc
tic ice core3

• As forests and woodlands 
have expanded onto these lands during 
the past 10,000 years, they have also acted 
to remove CO, from the atmosphere and 
store carbon in organic matter. The total 
storage of carbon on land during the 
Holocene is large enough to have removed 
the entire atmospheric content of CO,, 
but equilibrium concentrations of CO, are 
maintained by degassing of CO, from the 
oceans. 

That land plants and soils take up CO, is 
also indicated by the recent model of 
Prentice and Fung"; however , their esti
mate of the net storage of carbon on land 
during the past 10,000 years is smaller, 
mainly because they assume an unrealisti
cally small area of desert during the last 
glacial. More significantly, Prentice and 
Fung suggest that land vegetation could 
act as a large carbon sink in the potentially 
warmer climate of the future. The stor
age could exceed 2 x 1015 grams of carbon 
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a year (g C yr- 1
), which would significantly 

slow the rate of greenhouse warming due 
to CO,. Tans, Fung and Takahashi' indi
cate that the terrestrial vegetation and 
soils must already be acting as a sink for 
CO,, as the atmosphere does not contain 
as much of the fossil fuel CO2 as it should, 
a result they obtain by way of a new esti
mate for the oceanic uptake of atmos
pheric CO, that is derived from human 
activities. Tans et al. suggest that the 
terrestrial storage of carbon was 2-3.4 x 
1015 g C yr-1 in the mid 1980s. 

Although all these analyses appear to 
show that the terrestrial biosphere may act 
as a sink for CO2 in warmer climates, they 
differ in degree. The vegetation changes 
indicated by Adams et al. yield an 
average storage of only 0.13 x 1015 g C yr-1 

on land during the Holocene. I estimate' 
that the maximum potential sink in soils is 
not now likely to exceed 0.4 x 101' g C yr-1. 
These values are much smaller than the 
accumulation rates needed to reduce the 
potential for global warming due to CO,. 

The analyses by Adams et al. and Pren
tice and Fung are based only on changes in 
the distribution of vegetation in response 
to past and future climates. They do not 
include stimulation of photosynthesis and 
carbon storage as a response to higher 
CO, concentrations in the atmosphere. 
Indeed, to achieve the storage of carbon 
required by the model of Tans et al. would 
seem to require a substantial CO, fertiliza
tion effect, when most field-fertilization 
studies show little78

• In most cases net 
primary production is quickly limited by 
the low supply of nutrients in soils. 

The potential for the terrestrial bio
sphere to store carbon is also limited by 
degradation of natural vegetation and 
soils in response to human population 
growth and agricultural expansion, par
ticularly in the tropics. Houghton', Wood
well111 and their collaborators have shown 
that there is a significant net release of 
CO, to the atmosphere from biomass 
destruction. As the human population 
continues to grow exponentially, the 
potential for vegetation shifts and CO, 
fertilization to create a carbon sink on 
land may become largely academic. The 
Earth's surface will be too disturbed. D 
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