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LETTERS TO THE EDITOR 

Comment on "Modelling the seasonal contribution of a C0 2 

fertilization effect of the terrestrial vegetation to the 
amplitude increase in atmospheric C02 at Mauna Loa 

Observatory" by G. H. Kohlmaier et al.* 

By SHERWOOD B. IDSO, US Water Conservation Laboratory, 
4331 E. Broadway, Phoenix, AZ 85040, USA 

(Manuscript received 5 February 1990) 

Kohlmaier et al. ( 1989) present a detailed 
analysis of the increasing amplitude of the atmo­
sphere's seasonal C0 2 cycle at Mauna Loa, 
Hawaii, finding that the aerial fertilization effect 
of atmospheric C0 2 enrichment on the terrestrial 
biota accounts for only about a quarter of the 
observed amplitude increase between 1958 and 
1987. In discussing various ways of resolving this 
dilemma, they note that a quadrupling of the C0 2 

fertilization factor (/3) observed in phytotrons, 
greenhouses, and open-top chambers over 
exposure times of less than 1 year would provide 
the needed amplitude amplification; but they also 
note that a f3 factor of this magnitude would be 4 x 
higher than most ecologists are willing to support. 
Nevertheless, there are a number of reasons for 
believing that f3 may be considerably greater than 
has historically been assumed. 

First of all, phytotron and greenhouse 
experiments generally restrict root growth, so that 
plants suffer a reduction in available carbon sinks 
(Jarvis, 1989); and it is a well-established fact that 
carbon sink limitations generally reduce plant 
photosynthetic rates (Herold, 1980; Azcon-Bieto, 
1983 ). Hence, such experiments may yield a f3 fac­
tor much smaller than that likely to be experienced 
in nature because of end-product inhibition of 
photosynthesis (Guinn and Mauney, 1980; Von 
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Caemmerer and Farquhar, 1981 ). In addition, 
restricted rooting volumes reduce the potential for 
the roots of C0 2 -enriched plants to mine essential 
nutrients from greater soil depths (Luxmoore 
et al., 1986; Norby et al., 1986). 

Second, vesicular-arbuscular mycorrhizal fungi, 
which are generally present in all terrestrial 
ecosystems (Gerdemann, 1968; Read et al., 1976), 
tend to expand the effective root zones of 
naturally-occurring plants still more. Growing 
outward from their hosts' roots, they effectively 
increase the area of root surface available for 
nutrient uptake (Harley, 1975 ), and they extend 
the life of absorptive roots beyond the few days 
that root hairs are normally active (Fogel, 1983). 
Serving as biological filters, these fungi not only 
increase the absorption of water and nutrients by 
the plants they "service," they also protect their 
hosts from soil-borne diseases and reduce the 
incidence of nematode infection of roots (Ingham, 
1988 ). In addition, they typically produce hor­
mones (Slankis, 1973) that enhance root growth 
(Simmons and Pope, 1987, 1988). But, again, if 
available rooting volume is limited, or if the plants 
do not have access to such symbionts, as is often 
the case in phytotron and greenhouse experiments, 
these many additional benefits-all of which are 
enhanced by the enhanced vigor of their hosts 
(Johnson and McGraw, 1988), such as would be 
produced by atmospheric C0 2 enrichment (ldso, 
1989)-may be forfeited and the real-world f3 
factor thereby underestimated. 
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