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solubilisation. In this context it is in
teresting that Fambrough (Neuro
chemistry of Cholinergic Receptors, 
edit. by E. de Robertis, Raven Press, 
New York) observed that cluste-rs of 
toxin-labelled receptors on cultured 
chick muscle cells could be dispersed 
by 0.01% Triton, although this treat
ment did not solubiJ.ise the receptors or 
irreversibly damage the membrane. 

It seems that to establish the mem
brane characteristics which are res
ponsible for the stabiHty of the end
plate it will be necessary not only to 
investigate the structure of the recep
tor prote.in itself, but also to look more 
closely at the -involvement of other 
membrane components ·in the intact 
tissue. 

Conservation 
of nitrogen 
in climax ecosystems 
from Peter D. Moore 
CLIMAX ecosystems possess seve,rnl 
attributes which lead to an increased 
conservation of essential nutrients; for 
example, nutrients generally be·come 
concentmted ·in the biota, ·and nutrient 
output from the system is low ·in oom
parison ·to this biotic reservoir (Bor
mann, Likens and Eaton, Bioscience, 
19, 600; 1969). In a series of papers, 
Rice and Pancholy (Am. J. Bot., 59, 
1033; 1972 and 60, 691; 1973) have now 
suggested that ce.rtain climax vegeta
tion types may inhibit nitrification by 
soil microbes, as a result of the pro
duction of toxins in the litter, thus 
reducing the rate of nitmte production 
and loss. 

In the process of nitrification am
monium ions are ox~dised by microbes 
in two stages to nitrite and then to 
nitm:te, in which form nitrogen is more 
readi,ly available to the majority of 
plants. In this form, however, nitrogen 
is easily lost from ecosystems since, 
be,ing anionic, it is not retained weH by 
oiay colloids in the soi.J. Rice and 
Pancholy therefore l!'egard the suppres
~ion of nitrification as a mechanism 
whereby nitrogen is re:ta:ined within the 
ecosystem. 

They were led to this position initi
ally by a number of .reports concerning 
gr-assland habitats in which low activi
ti-es of the nitrifying bacte.ria and very 
low nitrate levels were found. Theron 
(J. Agric. Sci., Cambs., 41, 289; 1951) 
had suggested that grass roots could 
secrete a tox,in which might affect 
nitr.ification and, in African gmsslands, 
Boughey et a!. (Nature, 203, 1302; 
1964) suggested that the secretion of 
toxic substances by the g:rass Hypar
rhenia could explain many aspects of 
the ecology of these habitats. Rice and 

Pancholy followed up these ideas in an 
old field succession in Oklahoma by 
measuring ammonium and ni.trate 
levels .in soils from various stages in 
the succession. 

They showed high nitrate levels in 
the early stages falling to low levels at 
the climax, with ammonium ions be
hav,ing in a reciprocal fashion. They 
also found tha{ the density of Nitro
somonas ·and N itrobacter (the nitrify
'ing bacterja) :in the soil fell during the 
course of succession. In 1973 they pub
lished furthe•r data implicating tannins 
and their derivatives as possible agents 
in the suppression of nitrification and 
showed that tannin levels were highest 
in the climax soils. Particular•ly surpris
ing were th·e high .tannin concentra
tions in grassland soils and in the litter 
produced by gmsses. This, they felt, 
could account for the low nitrate levels 
found in many grass·lands, pa.rticularly 
since Nitrosomonas activity is inhibited 
by tannin levels of· only 2 p.p.m., less 
than half the lowest recorded soil con
centration in grasslands. Nitrobacter 
(which oxidised nitrite to nitrate) was 
'less sensitive, but suppression of one 
step would effecti·vely block ni.t.rifica
tion. 

Recently (Am. J . Bot., 61, 1095; 
1974) they have attempted the separa
tion and identificat·ion of the precise 
in•hihitors which may he involved and, 
by analysing acetone extracts of plants 
and soj,), have come to the conclusion 
that many compounds in addition to 
tannins could be active in suppression, 
mainly phenolic acids and phenolic gly
cosides. All were more effective in sup
pressing Nitrosomonas than ~n the in
hi·bition of Nitrobacter. 

Meanwhi,le, back in the African 
grasslands, more work has been in pro
gress on the suggested inhibitory pro
perties of Hyparrhenia; Pumhase 
(Plant Soil, 41, 527; 1974) has added 
the washings of this g·rass to soils and 
has checked the progress of nitrifica
tion. After 13 days nitrate production 
began to fall, but Purchase regards this 
as the result of increased ·acidity, since 
addi.tion of CaCO:~ to the water led to 
continued n.itrate production . Bluate 
of the soils seemed not to .influence the 
activity of test Nitrobacter cultures, 
but Rice and Panc·holy ·have shown that 
the ni;trite to nit·ra1e stage of the oxida
tion is less sensitive to inhibitors. 
Nitrate production was depressed when 
Hyparrhenia root macerate was added 
to soils, but Purchase puts this down 
to immobilisation of the mineral nitro
gen by the presence of •root tissue, 
since the.re WdS no bui·ld-up of am
monium ions which one might expect 
if the nitrify.ing bacteria were sup
pressed. Purchase considers the scarcity 
of nitrifying bacte•ria in Hyparrhenia 
grassland soi,)s to be due to the immo
bilisation of ammonium ions by root 
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tissue, hence mbbing the microbes of 
a substra,te. 

Chase, Corke and Robinson (in The 
Ecology of Soil Bacteria, edit. by T. R. 
G. Gray and D. Parkinson, 593; Liver
pool University P·ress, 1967) have come 
to the conclusion that in some soils low 
pH and phosphate deficiency may limit 
nitrification. Using perfusion tech
niques they showed vhat nitrific·ation 
could be induced jn infe·rtile g.rassland 
soils, perfused with ammonium sul
phate, by the addition of lime and 
phosphate. Purchase (Plant Soil, 41, 
541; 1974) has also Jnvestigated the 
possibility that the savanna grassl·and 
soils could be deficient in nitr.ifying 
bacteria because of low phosphate 
levels, even when ample ammonium 
ions are available. He added ammonia 
to soils wi.th varying degrees of phos
phate defioiency and found that the 
nitrification resulting was close-ly re
lated to the amount of ava.ilable phos
phorus in the soil. He concludes that 
phosphate deficiency in savanna soils 
could account for the ·restl'icted nitri
fication, the nitrite oxidisers be.ing par
ticul·arly sensitive. It is also possible 
t!hat the gmss roots themselves, to
gether with associated 'l"hizosphere 
microorganisms, are compe,ting with 
the nitnifiers for phosphate, thus 
aggravating the deficiency. Robinson 
(Plant Soil, 19, 173; 1963) has sug
gested this sort of competition, but for 
ammonium ions, in New Zealand grass
lands. 

It is now well known that many 
higher plant speoies are able to absorb 
and utilise nit·rogen in the form of 
ammonium ions. Re·cent work by 
Havill, Lee and Stewart (New Phytol., 
73, 1221; 1974) suggests that in some 
habitats where nitrate production is 
particularly low, such as acidic, 
ombrotrophic mires, many of the higher 
plants have a reduced capacity fo:r 
nitrate utilisation, since the.ir nitrate 
reductase activjties are ve.ry low. Such 
speci.es must depend upon ammonium 
ions as uheir major source of nitrogen. 
As Rice and Pancholy have poi·nted 
out, this mechanism not only bypasses 
the microbial ni<trification stage, which 
may ·reduce the risk of nitrate loss 
from the ecosystem, but also saves the 
plant the ene•rgy requi:red for the acti
vity of nitrate reduct·ase. Wha·tever 
the mechanism whereby niltrification 
is suppressed in some ecosystems, and 
it i.s likely that the precise nature of 
the suppression vanies from one eco
system to another, the resulting nitrate 
sca,rcity has evi.dently placed a se.lective 
pressure upon the resident plant spe
cies, resulting in their ·a.bi<lity to use 
ammonium ions. This evolutionary res
ponse and the suppressed nitr,ification 
which has engendered it, may wei]] 
prov.ide a mechanism for ecosystem 
nitrogen conservation. 
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