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INTRODUCTION

A1l plants are exposed to large numbers of microorganisms,
particularly in the soil, though leaves and stems are also colonised.
As far as we are aware most of the species involved do not affect the
wellbeing of plants., A wmx“mumn_mu are important pathogens, some
cause minor damage and others have a known role in promoting the
growth of plants through their abtlity to provide essential nutrients.
The best-known example of the latter are the nitrogen-fixing micro-
organfsms which will be discussed elsewhere in this Proceedings by

Postgate. In this brief review other aspects of the role of micro-

organisms in providing nutrients for plants will be discussed.

MICROORGANISMS AND THE SOIL BIQMASS

It 1s clear from extensfve research that the fertility of arable
sofls is influenced strongly by the amount of organic sonﬁam vwmmmmn.
_ﬁ has 8 very important role in holding water and 1s a major reservoir
of plant nutrients. Sofl organic matter is mo1ama,ﬂwos plant matter
by extremely large numbers of microorganisms, which are responsible
for decomposing plant remains and cycling the nutrients that they
contain. Microorganisms decompose w_nzn material to obtain carbon
compounds and other nutrients for their own Lﬂoxaz - they
will either die and release part of these into the soil or pe
consumed by other organisms such as protezoa, which again wi}l die or
be consumed. Each time an organism dies there will be & relesse of
nutrients, some of which wil) be taken up by plants, some will be

taken up by other micro-organisms for further recycling, some will be



irreversibly lost through leaching or as gases {for example
denitrification) and some will become unavailable through being
i{ncorporated 1nto complex organic compounds which are only degraded
very slowly, if at all. When microbial activity is 1imited, as occurs
in very acid soils, organic matter buflds up and nutrient cycling is
very restricted. A good éxample of such a situation 1s the

accumulation of peat.

The metabolic activities of microorganisms are also important in
altering the chemical nature of nutrients, often making them more
available to plants. Good examples of this are nitrification (the
conversion of ammonia to nitrate) and the oxidation of reduced sulphur
compounds to sulphate. However, under znnnﬂmwuumn conditions when
5011 1s anaerobic the lack of available oxygen can lead to
irreversible losses of nitrogen, through denfitrification (the
reduction of nitrogenous compounds to aitrogen gas or Nz0), and
sulphur as HpS and other sulphides. Some nftrogen s also lost

during nitrification, though the significance of this is debatable.

MICROORGANISMS AND PHOSPHATE

The availability of phosphate in the soil to plants is often 1imited
because too little is vnnuunﬁ.‘s the soil solution, from which uptake
occurs., Tnis may result from strong sorption on the solid phase, as
in ferruginous soils, or only a small amoynt being present in the
14bite pool, or because phosphate fons migrate only slowly through

s01] leading to zones of depletion around mumonu*au.woonm. Micro-

organisms may fmprove phosphate nutritfon in three main ways: 1) by

producing actd which increases the solub{l{ty of phosphates; 2) by
transporting phosphate across depletion zones to roots; and 3) by
altering the physiology and possibly morphology of roots so that they

are more able to exploit existing sources of phosphate in the soil.

Phosphate solubilizing bacteria have long been a source of interest
because they appear to offer an opportunity to utilise slightly
available reserves of phosphate in soil. Indeed inocula containing
these bacteria have been sold. They 'liberate’ phosphate by the
production of acid during their metabolism, or by producing compounds
which complex with aluminium or calcium, and so cause phosphate salts
with these elements to dissotve. However, as with nitrogen fixation
by free-11ving bacteria, the potential for this activity is Timited by
the availability of organic substrates which are nearly always in
short supply 1n the soil and are utilised by a wide range of other
microorganisms. Further, though phosphates 'solubilization’ has been
shown to occur in agar or similar media, there is no good evidence *ow

it occuring 1n sofl, where pH 1s buffered.

The transport of phosphate to plant roots by mycorrhizal fungi 1is
probably the most widespread and important interaction between plants
and microorganisms that we are awsre of, because it involves virtually
all plant species of commercial importance (notable exceptions being
brassicas and sugar beet). Mycorrhizas, which are defined as
associations between roots and fungi, are of two main types;
ectomycorrhizas, fn which the fungi grow mainly on the surface of the
root and endomycorrhizas, in which the fungi grow mainly within the

root. In both types of assocfation funga) mycelium grows in the root
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and also out fnto the soil, extending well peyond the zone which 1s
explored by root hafrs,

It 15 generally accepted now that mycorrhizal fungi absorb and
transport phosphate through the mycelfum into plant roots, and that
the plant provides the fungf with photosynthetically-fixed carbon
Compounds. There 1s no evidence available to suggest that the fungi
specifically __rns.na unavailable pnosphate; their role appears to be
due mainly to their ability to explore regions of tne soil beyond
those from which phosphate fons can move to the root surface. There
are also suggestions that their apsorbing power is greater than that
of roots alone in soil solutions with very low phosphate
concentratfons. It has also been shown that the ability of
mycorrhizal plants to take up phosphate is particularly fmportant when
plants are under moisture stress, because the movement of phosphate in

sofl is then particularly slow.

Spectfic micro-organisms are now used to inoculate tree seedlings
with ectomycorrhizas. This is particularly jmportant where the tree
1s an introduced species, and the appropriate fungus may not be
present naturally, Ectomycorrhizal fungi are often quite specific for
a particular host, but the vesicular-arbuscular (VA) mycorrhizal fung{
have very little mvon.m‘n*mw. and ¢=¢hnm almost all susceptible
ptants. For this reason spectacular responses to inocutation with YA
mycorrnizas in the field are rare, because the sofl will almost
certainly contain natural {nocuium. The largest responses are thus
found whnere the sofl has been sterilfzed, e.g. for citrus nuseries tin

California, and for moﬂn.nc_naxn_ crops in Israel. In such conditions

crops can fail completely without mycorrnizal fnoculatfon, Useful
effects are also being found in non-sterilfzed soils, e.g. in hil1-
land pasture in Britain. In pot tests, inoculation of non-mycorrhizal
plants has gien responses corresponding to adding from 30 to several
hundred kg P ha-! to the soil, depending upon crop and conditions,

with the most usual values being about 100 kg P na-1.

In pot tests 1t has also been shown that {noculation with YA
mycorrhizas allows plants to use phosphates of low solubility more
effectively (Tinker, 1980). Mycorrhizal inoculation fs of no benefit
1f the phosphate source s so 'available' that the phosphate
deficiency of non-mycorrhizal plants 1s ncﬂma.. It also does not help
the plant to utilize phosphates of such low solubflity that the non-
mycorrhizal plant is not benefited at all, pbut 1t can greatly increase
the response to moderate dressings of phosphate of intermediate

solubility (Table 1).

g

There are particularly interesting interactions between simul taneous
tnfections of Rhizobium and mycorrnizal fung! in legumes. The
presense of the mycorrhizas fncreased the activity of the nitrogen
fixing bacteria. It 1s not yet clear whether this is because
Rhizobium §nfections are particularly susceptible, to phosphate
deficiency, or whether hormonal interactions are involved. Other
nutrients are also transferred to plants, such as zinc, copper and
some other trace elements , though there s little evidence to Suggest
that nitrogen and potassium are transported in the same way. There
are reports that mycorrhizal fungi may have a role in making plants

less susceptible to water stress, particularly tree species which form
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ectomycorrhizas. If so, mycorrhizal fung! must obviously have an

fndirect effect on nutrient uptake in general.

OTHER ROLES FOR MICROORGANISMS

Because plant roots in nature are constantly exposed to very large
populations of a wide range of different microorganisms it s
difficult to determine whether particular groups or species have a

direct role in plant nutrition.

Microorganisms compete with plants for nutrients, and this ts best
known in retation to the requirement for additional nitrogen
fertiliser when cereal or other plant annm1*n_m are ploughed fin.
Under tnese conditions there 1s a dramatic nmwzom in the amount of
carbon compounds with high C/N ratio available to microorganisms. As
these are utflised the microorganisms take up nitrogenous compounds,

.

sulphur, phosphate and other nutrients from the soil. Such nutrients

are, of course, eventually recycled in the organic matter.

A particularly interesting example of an organism that might have a
quite unexpected role in ptant nutrition has arisen from studies with
Azospirillum. This 1s a nitrogen-fixing bacterium which has been
studied in some detail recently umnucmn it grows in the region of soil
closely associated with plant roots and is isolated routinely from a
range of plants, especially tropical grasses, that are believed to be
benefitting from biological nitrogen fixation. The potential for
reducing nitrogen requirements for crops and/or jncreasing yielas

through inoculation with Azospirillum is at present unclear.

Initial optimism, usually based on rather poorly conducted
experiments, has been replased by a realizatfon that in temperate
agriculture inoculation ts unlikely to provide host plants with as
much as 10 kg of N per ha per annum (see 0'Hara, Davey & Lucas, 1981;
van Berkum, McClung & Sloger, 1982). Under tropical and sub-tropical
conditions greater amounts of nitrogen may be fixed, though it has yet
to be demonstrated clearly that the amounts will be sufficient to

repay the investment in purchasing and distributing inocula

containing Azosperilium.

Perhaps the most interesting observation for the future that has
come from work with Azospirillum is that maize plants inoculated
with Azospirillum in Israel contained significantly more phosphorus
(0.5% P) than uninoculated plants (Kapulnik et al. 1982). Thus it
is 11kely that part, or possibly all of the growth response seen after
inoculation 1s due the role of the bacteria in modifying the ability
of the plants to take up nutrients from the soil. wWhether other )
bacterfa can be isolated that will have simflar attriputes remains to

be seen, -

It 1s not clear at present whether the growth responses to
inoculation with these bacteria are due to an increased ability of
inoculated plants to take up nutr¥ewes under conditions where plant
growth is nutrient-1imited, or that they are due to & general increase
in plant growth, leading to increased nutrient uptake. To find
sensiple methods for testing bpacteria for their ability to facilitate
plant putrition will require that these different roles are

recognized. Our understanding of what is happening to plants that are
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{noculated with Azospirillum is stil} Vimited, and we cannot- yet
make mm:m»adn predictions about the uﬂ-w.a*d,nk of developing
umnan1,u_ strains that could improve the ability of plants to take up

nutrients from the soil.

i

Recently Schroth and coworkers Amzmaft et al. 1979; Kloepper,
Schroth & Miller, 1980; Suslow & Schroth 1982) have reported that some
bacteria fsolated from the roots of plants can promote growth {(plant
growth promoting rhizobacteria, PGPR), probably because they are
antogonistic to minor pathogens. It not at all clear what happens
after inotulation, omngcwn .a*=a1 path ens' 1s an ‘__nnmqizmn term
concerning largely unknown a*n1oo1mulrwam. We assume that PGPR
inhibit minor pathogens because they mwn not effective when added to
sterile soil or to sofl taken from fields in which the test plant has
not been grown previously. We have * {dea how minor pathogens affect
plant growth. It could be through o,wmnn_u damaging the plants,
causing damage which makes plants ao1m.m=mnmnn‘odm to other pathogens,
or by fnterfering with nutrient :vnoxm. Some microorganisms may,

fact, do all of these. There is no suggestion from this work that

PGPR can be used to reduce the demand for fertilizers.

CONCLUSIONS

It should be clear from this review, and that of Postgate at this
meeting, that some microorganisms are of great importance in providing
nutrients to plants. In the case of nitrogen-fixing microorganisms
this s done by no=<mﬂn*=a nitrogen a.m tn the air into a form usable

by plants, while for the others the qﬂ-n is 1n facilitating uptake of

nutrients already present in the soil. Our knowledge of these
interactions is l1imited, and thus our apility to manipulate many om
the organisms involved is poor. However, microbfal tnoculants

containing Rhizobium for use on legumes are widely available and can

be of enormous importance in producing nitrogen-fixing root nodules
when appropriate strains awo.namaaa in the soil. Mycorrhizal fungi
are also produced commercially and have a definite role in forestry
and some other situations. Improvements in strains used as fnoculants
will be made in the future and we can expect to see an expanding
market for these useful organisms. Unfortunately there are also &
aumber of other products containing microorganisms on the market which
are claimed to improve plant growth. In many cases the claims are
pased on the supposition that, simply because the inoculants contain
nitrogen-fixing bacteria, levels of soil N will be increased. This
{dea has been refuted earlier in this review on the basis of tne very
ebvious constraint that sufficient reserves of energy are seldom
availabte in soils. Whether or not such preparations contain species
of microorganism that are of direct benefit to plants i5 uncertain amd

will be difficult to prove or disprove.

Further attempts to improve crop ylelds by inoculation with micro-
organisms will depend upon the {solation of species, such as
Azospirillum, which appear to pe beneficial, the testing of such
organisms to ensure that they are useful in specific conditions and
the formulation of inoculants to add enough aicroorganisms to be aple
to colonise the soil in sufficient numbers to have an effect. These
fnoculants will have to compete with indigenous microorganisms whicn

are 1ikely to be well adapted to the soil conditions, making it
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Table )

Effect of 1noculation with vesicular-arbuscular fungi on growth of

white clover 1n partially sterilised soil, in presence of different

rates of soluble phosphate or rock phosphates. {after Sparling &

Tinker, 1978). 1nocula were of fine endophytes (Glomus tenufs), an

undefined 'coarse’ endophyte, and Glomus mossea

T Fertifiger Tt oo-
applied per Inoculum Dry weight P
—kgsol)
Nil N1l 6 0.08
Fine 130 “ 026
Coarse 170 0.21
G. mosseae 6 0.09
Soluble P Ni} 30 0.16
(50 mg P)
Fine 370 0.31
Coarse 140 0.28
G. mosseae 30 0.19
monxvvzauv:.au N1l 210 0.27
9
Fine 490 0,37
Coarse 450 0.30

G. mosseae 380 0.32




