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! Better Soils
An Agr i cu l t u ra l  Bu  reau  P ro jec t
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WHY IS LIFE 'N THE
SOIL IMPORTANT?

Biota sustain plant growth
-\ojl is alive with billons of microbes, microscopic animals and larger animals such
as termites and carrhrvorms. \\' ithout this teeming population the soil is clead and
unable to sustain plant growth.

Changing the balance
Before the land rvas cleared soil biota lived in harmonv rvith rhe stable vegetatir.e
cover. As soon as the trecs and scrub rvere cleared, the land plou-ehed and pastures
or crops planted a nerr.- biological balance had to devciop.

Tvro way relationship with farming
If the iarming rvas exploitative r'".ith burning, ploughing, no Liming and lorv fertilizer
inputs, then the soii microbes and animals suffer and their numbers decline (scc
graph 1). \\ 'hen rhis happens, the soil plocesses rvhich are essentiai for aqrjculture
such as organic matter breakdorvn, nitroecn fixarion, nitrogen cr.cling and soil
structure mainrenance all decline. This is w'hv rve have to do er-erlthing possible to
maintain an acti\.e hr.ing soil population,

Remember
. An acrive soil biota is essential to improve and sustain agricultural producrion.

. \Ve can insure a heakhv soil bv increasing the iood supplr.for the microbes and
soil animals.

. A healthl' food supplv can be achieved d-Lrough increesing residue return,
increasing pasture producdon and maintaining soil pH abor.e 5.5.

Tlrree maior factors affec:t life in the soil:
1. Input of Plant Residues. Organic matter is the tuel which drives rhe soil biota.

The higher the inpur of plant residues the higher the biological activitv and the
greater the improvement in soil ferdlin.

2. Soil pH. Soil acidio develops after land is cleared and pasrures or crops gro\r.n.

This aciditv comes from processes such as:

. nitogen fixation bv legumes

.  growing of  shal iou ' roored crop . rnd pasrurc p l rnrs

. leaching of mineral nitrogen such as nitrate.

Soil acidiq'is not direcdr,caused bt'the use of superphosphate but father bv the
increased piant production fcillowing the use of fertilizers.

i : i T E q  : C  I



As sorls become more acidic microbial acrivin slov's dorvn and eatthrvorn-rs

clisappear. T his results in organic matter breakdo$'n, nitrogen fixation and

producrilitl being reduced.

Rcscarch I did some vears ago shorvcd that microbial numbers and soil

rcspiradon more than doubled when a pnstute soil u'as limed from pH 4 5 ro 6 5.

I-iming of aericult,iral soils is a common Practice o\-ersees but hcrc in Australia

l - r m i n g  h r -  n , r r  b r c n  u i t l e ) i  a d , ' p r c d .  m u c h  t o  r h e  d r r r i m c n r  o i  L ' r n .  p r . , J : c t i r - i t r .

3. Cultivation. Even time a soil is culdvatcd there is a ilush in microbiai activiry

w'irh a loss of valuable organic matter and this leads to a breakilorvn in soil

structure. So wherever possiblc, u,'c nced to minimize cultiradon.

Where do soil biota live?
Tl.re majorin'of soil organisims are found in the top 1Ocm of soi1. Agricr-rltural

practice s rvhich change the environment in the top 1Ocm oi soil ,.r'1ll lmpnct on rhe

npe and numbcr of soil organisims present. Ilanv soil organisims are smaller than

soil parricles. If top soil is being lost bv erosion so are soil organrslms.

Figure 1: Soil biota carcy out 5 keyfunctions which interact
xuith production.

Diferenl prodaction slslens a/ter tbe.rhod-aeb for plant ruidues breakdoun.

Soste: LlllS.k Gapta- CRC For lul c,: Latd rllanag*nent

Mirrofloro
Bocrer lo ond f rngl  hove diverse
me'obol ic  copobi i r ies ond ore the
pr nc ple oqenrs lor  rhe cyc ng ot
n!lrienls e.g nilrogen, phosphorus
ond sulphur.  They moy be {ree
iv inq or  symbioi ic  ond ocl ive in
the d-econiposir ion or  br i ld-up of
oroon c moner.  Thev o so he o in
$e-- tdr6dr io.  o l  srdLle soi l
o9grego€s.

Microlouno
Protozoo ond nemoloder ore o
crucio l  l ink bei 'een microforo
ond orger foLrno.  they reguloie
the populot ions of  bocier io ond
{ungl  ond ploy o.moior  ro le in ihe
minerol isot ion ol  nut ienis.

Mites ond collembolo feed on lirer
ond he p Fogmenr orgon,c rei,des
They ore pfedorors of  fungi  ond
microtouno , ploylng 6n imporlonl
ro le in reoulot ing microbio l
popu olions and nutrienr l!rnover

liocrofounq
Eoahworms, lermi les ond
d!ngbeetles, etc ore imporront
bio loo col  ooenh l roomenr,no
oroon-, .  , " r , i r " ,  ond.or t 'n i  o
lcr"qe surfoce oreo to be expo-sed.
Theiy olso he p rhe formr:tion of
sor oggregores ono sorr  pores

Plonl residues Funcl ions
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FUNGI THAT FEED PI.ANTS
i-'- -r irersiy of Adeloide

,\Iost plants don't just ha'e roots, thev have \rANls - vesicular ariruscular mvcorrhiza.
\:AlIs are fungi rvhich live in a harmonious relationship rvith plant roors. This is a
svmbiosis in v'hich the fungr prc,viJe rhc planr rvith .r,r" ,ru,ri"r,r, from the soil,
especiallv phosphorus ;rnd zinc, in exchanue for sugars provided bv the plants.

About 800,'o of all plants, rncluding mosr fielcl crops and man\,.treesJ harbour the
iungi as an integral and normal component oi their root s\.stems.

-{s with all funei \A\Is also help hold soil particles to-qethcr.

I{ow VAll{S live

- 'i'\l 'ir4i yatL' itrside planl root.r. Sutttter: plattt: absettt. Futgi ,liter rdin I )l,ll gerttinale front
.:: .: .:. .ri:orb.r nrlienrs beynd saniues h dead roolfragnerrs or dead rootJra;4uenrs atul .pores -
: : ..:. tl roal!. as /arge s?arcJ. Ftngi are darntanl nkntsi4qnet,rao/.r.

a,ber sd/ is dry,.

There are about 150 species of the fungi, s'hich mav havc small preicrences tbr
difterent soil tr.pes and environments, but in general thev are all capable of
colonising roots of all susceptible plants (see Table 1 for susceprible/hosr crops),
rvhich is an important factor in their managemenr.

Some plants, especiallv trees rike Eucarlpts, orchids and some hearhland shrubs,
har.e a diiferent npe of srmbioric fungus rr,-hich works in a similar war,to \\\I.
If vou are interested in re\.egetadon lou also need to consider rhe rrnge of different
beneficial fungi that mav be important.

Can I see \',\\Is cannot be seen uniess the root is stained and vieu'ed under a microscope.
1.L|I irt soil The \rll l fungi do not cause anv disease, so there is no discolourarion or roor
or roots? distortion. This makes it difiicult to determine rvhether thev are present in the roots

or rhe soil. Horvever, the chances are thev $'ill be there and u,.orking to improve the
nurr ienr  uprake of  rour  crops and rhe srebj l in .of  vour  so i l .

Lack of \AIIs will reduce plant growth but this again mav be harcl to determrne in a
p . r d d o c k . i r u e r i o n .
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Figure 2: Mycorchizal (V'LMs) and. phosphctte responses in lou'
phosphorus soil
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This picture sbous hou, bath phtqltate Jirtiliser and I ILIIs can inreast te grotl t aJ nbc/0rcr. h lon' P soik the
pllttt/s grlu uery bad!', bat -qrovth can lte ittcrensed eitl:ter b,Jirliliser aPPli.atiot yhich tlircctll intrertses I) supp!1 or b1
LAI'ls u:hnh hep tbe plant extracf P evetr in the ueUt d|ictent toi/. 11' the balanu is ight ther applitatia ai lirtili.wr
axd helpJron I.AlIs can aork ta,uelber.

\AIis extend the plant root svstem and the whole mvcorrhiza (funeus plus plant) Hout does
can exploit the soil nutrients much more effccrir-clr-r,han rhe piant alone. the fungus -

Some plant nutrients, such as phosphorus (P) and ztnc (2i1, mo\:e verv slorvlv in the Plant
soil soirition. ^fherefore, whcn 

" 
pLn, ,.-,rr.., these nutrienrs from the soil ncar relationship

the root there can be a delav before thet'are replaced at the root surface. -,\ ,on o; uorh?

nutrient depletion mav occur near the root slowing dou'n plant nutrient uptake.

The iungi grou,'out into the soil, somerimes several
cenr imelrcs f rom rhc roor  and p ick up nurr ienr :  a t  a
distance rvhere thev are still readilv available. The fungal
srrands ftvphae) then transport the nutrients quicklv back
ro the p lenr  -  a  k ind of  rapid r ransi r  s \ 's rem -  o\  ercominq
the slorv movement in the soil. Tolerance to drought can
be increased as rhe rapid transit svstem overcomes slov
moyement of nutients in drv soil. There is no good
evidence that the tungi actually transport water.

Additionalli, the hlphae are ver\.', very narrow (onh' about
10 mr lhonrhs o[  a  merre across,  ur  le 's l .  Tf r is  means thar
thev have a huge surface area for nutrient absorprion and
thev can squeeze into soil pores that are not accessible to
roor i  which u i l l  be l0  Umer,  or  more,  the rv iJrh o[  a
VA-\{ fungal hrpha.

YAII hvphae growing our of the roots bind soil particles
together, hke a 'sacky string bag'. This improves soil
: r .Lb i l i t r  and can help ro prcr  enr  er . rs ion.

ltlll groa hside lhe roots. Tl:e1, extend be16na/
lhe Tane af natie dePletiatr. The1, prouide a
rapid trdnsit gsten for paar/;' sokble nutients
eg P d:Zn

.  i  i  : a  |  ? E r T E !  5 t  I



Table 1. Some examples of crops with different
re sp o tt s i tt enes s to VAM
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Do ttl I
plants host
I A,rI fungi?

T'nc L'ererrrs rlrn't ccime absolutclv frec because thc fungus needs sugars pror.ided
ir-. :ht li.rnt. I-'nder most cor.rditions the planr procluces sugars to spere, so the ,cost,
,,: slrp,rrring the fungi is weil in.".ested. This results in enhanced nutrient uprakc
.i:r!i l--rore eilecrive use of fertiusers.

,\:-.or:r S(-til 'r of planr species, including manv important crops, do form \rr\r\I.
T.rble 1 lisrs common crops and rvhether thet arc hosr or non-hosts.

S,rmc imp'rtant non hosts rvhich never form \AlI are canola and other members
oi thc cabbage familr; lupins and beets ftee Table 1).

Other famiLies of crop plants do host thc fungi, bur the degree to rvhich thev
rcspond ro the svmbiosis is variable and oiten relates to rhe speed oi ro.rt gr.,v.rh
and der-elopment of root hairs by the plant and to soil conditions, particularlv
nutrient levels.

vA.t

Hout are
l:L:v
alfected
b1' soil
conditions?

fobo becns
l inseed ond ino o
peos
ch rckpecs
len i i s
medic
velcil

subciover
lucerne
ci l rus
lelluce
co psicum

MODERATE TO LOW

VERY LOW

whec i
ools

A knorvieclge of of v'hich crops are
n.n ho:r .  and u h ic l r  are h ighh
rcsponsive could l.relp impro."-e crop
productivitl especiallv in soils rvith
lor.v nutrienr ar,ziiabilitr, Ideallv htehlv
responsive crops should not iollorv'
non hosts.

I-ack of response docs not mean that
the beneiicial fungi are absent. \Atr{s
u'il l continue to multiplv in al1 host
crops reg:rrdless of the crop's
responqi \en(5c.  This  c . rn h. r r -e po. i t r r .e
benet l r .  for  . t  re<n( ,n\ r \  e  crop l . r rer  rn
the rotarion

Tab/e 1 prauidu a ratgh gtide ta crap
respaft |ellers, bt/l it iJ i//,parlanl la ale
thal lhere uill be taialions u,ith cahiuar and
sai/ conditiar.r.

rye

To grorv and reproduce, \rAN{ fungi need living plants w.hich are hosts. Ilorver-er,
thel'are adapred to surr,-ir-e as'resting stages,in most soil npes and conclitions
around the v'odd, includrng hot and dn,, w.et and frozen soils.

Thev are present in soils of all textures, from sandr. so s to those w.ith a hiqh cra'
content and are also present ar a rvide range of soil pH.

A mixrure of species is usuallv present, adapted to the local conditions.

The spores and intecdve root fragments can survir.e verl'wel in hot conditions as
long as the soil is dry, rvhich is imporranr for cropping in trIediterranean climates
Iike South Australia, Spores will become active in moist conditions, but ii host
plants are absent, thev will die. Faise breaks mav reduce but certainlv not eriminate
coloni ,adon rvhen rhe crop f ine lh gers going.
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VA '\,1 clo not usc soil organic matter as a food source. Different species can
associate with al1 host plant species (bur not thc non-hosrs, of coutse). Host
plants rvill ptoride sugars for the fungi and so help to maintain populations.

Rotations
Rotations that inclucle either long bare fallow (espcciallv whcn thc soil is r.vet) or
non-hosts rvill reduce \iL\I populations.

The effect of bare fallorv has been shorvn bv rcsearch in

Queensland, rvhere 'Long Fallow Disorder' has been iound to
bc caused bv low populations of \r-A-\I.

This is because in u,'arm moist soils wirhout plants, the \ANI
sfore5 germinr lc .  bur  r .  r  he i -  c :nnor  f in t l  r  p l ;nr .  rhe\ '  d ie .  I  t '
fallow persists for 12 months or lonqer, rhe \,'AI1 spores cen
, F L - r ; ' - 1 ' .  ] -  -  -  ' l ^ - , - l  ^ , ,  r

In South AustraLia long fallorvs are not used and often the soil is
drv in the summer) so gcrmination does not occur and
problems are much less likeh..

Non-hosr crops, like canola, also reduce \:L\I populations and
the amount of VANI in the roots of the follorving crops. At
present is seems that onc vcar of canola rvi11 not create a major
problcm, but ii several vears of canola or mustards are gro\\.n
for soil fumigation, then the \AlI will be recluced, tt-rgether
rlith tl.re disease organisms.

Hottt does
ntanasemeflt
influence
VAM?

Lory-falku - Lll)l spores ,oerttinate in
ruaist sai/. If hosl p/anl raols are tral
araihhle /be LAll ai// die.

Tillage
Conr-entionai trllage and orher soil disturbance has a negatir,-e
impact on \rAtr{ function. It breaks up tungal threads in soii
and destroys their connections virh the plant so that tirev
canno! rvork to increase uptake of nutrients.

Soil compaction
This nor  onh' reduces roor  growrh.  but
reduces the benehts of \ANI. Research is
in progress to iind out how rhe fungal
threads grow through compacted soil and
v'hether some fungr are able to do this
better than others.
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Fertiliser
I{igh fcrtihser applicarions, especiallv phosphorus reduce the
plant's need for \i.'\\I and can reduce tl.re tungal poplrlarions
too, The effect varies u'irh the responsiveness oi tbe crop.
\\;l.reat essentiallt ' loses its \'-\\I partner rvl-ren fcrtil isers are
high, but peas, beans and manr.pasture legumes mev still have
the \r{\I and benefit from them, but to a }esser degree.

Pesticides and soil
frrrnigants
Son.re fungicides, ii thev get into the sojl, will
reduce \ANI populations.

NIost herbicidcs do not seem to havc a direct
chemical et-fect on \i\11, but d"rev do kill the
pl:n-. and rherefore rcduc. rhc lir ing tl,-'d
source of the \rl,\{ fungi.

Soil fumigants eliminate rll soil biota,
including VAII. This can be a problem in
horr icu l rure.  s .pcc iaLl r  i t  rh(  crop is
pardcul : r l r  recponsr \  e  ru \ ' .L \ [ .

Stubble management
Retaining stubbic r', ' i l l return nutrients to rhe soil and the \ANI
rvill help to take rhese direcdv ro tl.re plants. Stubble burning
kills VAII, especiallv hot burns. Some research has shorvn that
burning stubble tiom a peanut crop reduced the percentage of
the root length of the next crop from 7 2o,io to 16t,./a. Taking into
account differences in the crop growth, this translated to a
reducrion of \r,t\I-colomsed roots from 12 mctres per plant,
to  1.5 metres per  pLant .

Organic management has been shown to increase VA,\I
populadons in the roots of cfops.

Do VAIII interact with other soil organisms?
VAX,Is compete with other members of the soil biota for soil nurrients and hence
increase the competitive abihw of rheir host plants.

Thev increase nodulation and nitrogen frxation in legumes by supplving the
phosohate that is essential ior effectir.e nodulation.



\A\{ can increase the tolerance of plants to some diseases and pests by
compensating for rc.rot damrge and mt\. cr.en have direct ncgxrive effects on rhe
clisease causing orgenisms themseh.es.

Some soil animais grazc on \'-L\I hi'phae and sporcs, but unless the populations are
rcn h igh ; rd our  of  ba lance rhe grrz ing mr, .  acruel . l r  he lp lo  keq[ '  rhe runui  r . ,ung
and liqorous and release nutricnts from the dead hvphae.

Table 2: IIow can I make the most oJf VAM in my soils?

DO DON'T

o Conslder the role of VAM' in different crops
in the rolol ions. ls the crop o hosi  or non-hosl ,
responsive or non-responsive? Wil l  they buid
up soi  populct ions?

. Grow biofumigol ion croos l ike,  conoio or
muslofds, lor  more ihon one yeor

.  lnc lude host  p lcnts  in  the roto l ions to buiC r - lp
populotions, especio ly ofier o non hosf,
essent io l  t i l loge or  s tubble burn ing

o Grow c h igh y responsive crop immedio le y
cher o non-hosf

. Limil non-hosls in roiotions, especio ly before o
very fesponsive crop

. Use convenliofol tl lcge, except where reo 1y
necessory lo reduce i iseose

o Adopl  min imum l i  loge to o, ro id domoge lo
:he fungus

o Burn s lubble evefy yeor .  Occosiono burns
mcy ce necessoiy



HERBICIDES AND LIFE
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IN THE SOIL

Appropriate
use of
herbicides
cottld be less
destructire
to soil biota

CSIRO lond & Worer

Pesticidcs are an essential in modern agriculture. In AustraLia over $E00 million is
spent each vear on pesticides, rvith 65?'o of this expenditure on herbicides.

Ifany herbicides are apphed direcdv to the soil vhich has lead to questions about
their impact on the soil biota the Life in Soil.

-1 tliterse Soil biota consist of a dir-erse ranse of organisms; both flora (microorganisms) and

range of fauna (animals). These organisms carrv out kev soil funcdons and are grouped bv

orgarrism both bodv size and function (See figure 1) For example the function of nutnenr

tl,pes and cychng is carried olt bl microilora, e.g. bacteria, microfauna e,g, protozoa and

species mesofauna e g. collembola (sprin.gtails).

carr)'oltt All the organisms invoh'ed in a speciiic function are grouped and termed a
orte rttnctiofl functional group, eg. nitrification is carried out bl nitriiving microorganisms.

Agronomic practices rvhich interfere u'ith specific ortanisms mal reduce rhe
output of a functional group but mav not cause it to cease. Flou.er.er, this mar.
result in a new population balance which could lead to plant pathogenic organisms
be coming domrnant.

An understanding of the impact of diftcrent herbicides on various soil functions
rvi11 help farmers rvork in harmonv rvirh the soil biota and minimise the imprct of
herbicides on these functions.

Please note:

e The fol lowing inlormoi ion drows on Auslrol ion ond internol iona reseorch.

.  A moior i ly of  herbic ide resecrch is cborotcry bcsed. This is beccuse f ie d f luctuol ions in
tarpe ol  . re ord mo:s'u 'e ond te uo cbi  ry 

' -  
pry) co o-d cler;co p operies of  s.  |  -o,

inf luence the soi l  orgonisr-ns lo o greoter extent thon the oppl icci ion of  o pesl ic ide.
Direcl trcnsfer of resulis from lob reseorch io fie d siluotions mov not be ooorooriote.

Physical versus chernical weed control
The appropriate use of herbicides nat'be less destructive to the soil enr,ironment
and soil organisms than traditional rveed control techniques of cultirzrion and
stubble burning, (see graph 1 )

For this to hold true the follov'rng managemenr practices need ro be in plrce:

. the retention of stubble/organic residues, a major carbon source for
soil organisms

. lorv mte: oi chemical apphc-rlron

. a 'recoverv period' for soil biota is aLiowed benveen herbicidc applicrtions

. repeated application of the same herbicide within a short period is avoided.

I  i - M  5  t l , L



Eorthworms

$l Sustoinoble - minimrm
ti loge, siubb e
reienl ion, oppropriote

f l  Trodit iono
cu rvoi on/ ourn ng

Fungol Hyphoe

Decomposer Bocler ia

Ni l rogen Fix ing Bocier io

Graph 1: Impact of difJerentfarming rnethods on soil
biota populations

Are all chemicals OI(?
Appropriatc chemical use wirh srubble retcnrion mav be better for soil biota than
cultivation and burning but it does not mean that it is 'good' for soii biota. In
general soil biota mav be effectcd bv herbicide applications either directh'or
indirectlr'. A clirect eftect is rvhcn the chemical kilis the organism or inhibits irs
actir.in. lndirecr effects include changes in soil temperrture and moisture due ro
removal of rveeds, the addirion of weed residues u'ith iorv C:N ratios and changes in
thc populations of predators and pret.

Details of the impact of some rv:idelv used agricultural herbicides are contained in
table 3.

In manv cases there are no definidve ansrvcrs and oniv iimited work has been
carried out in Austra[a. Each herbicide needs to be considered separatelr,.

Table 3: A summary offtndingsfor a range of
chemicals tested in Australia or oaerseas.

Appliccrtio of
herbicides

(such as SUs)
sl.ould be

quoidecl in
situatiorts
uhere the

crop is not
robust and

clisease leaels
in soil are

medium,
especiall! irt

qlkaline soils.

Red-ced ob;  i r . ,  o f  - ic roorgor  srs  -o g 'o , \ , /  -o  ro s  .  to  e ig l  ^ee.s
o:er  oppr  co ion l -  c 'oo o l  s  ress; .  Moy res,  , -  -ed .ceo r  r rogen
minerol isot ion. Moy ccuse increosed tnciCence of p onl  diseoses such
os Rhizoctonio ond Toke-oi i .  Some herbic ides o so reduce colorr  sr :r  or
by mycorrnizol fungi. No informotion on ong term effects.

Under long lerm f ie ld oppl icot ions generc ly no ef fect  on soi l  b ioto
of providing orgonic motter wos cont inuol ly r-eiurned to the sot l .  Shor

n h n t n < ' , n t h o < i <  a t -erm er fec i  on 50 |  ooc 'e. :o  esoec o l lz  .  l rogen f iye-s ond .os:

involved with nitrogen cyc ing. Moy increose the chonces of sc-e

Tr czines
Group C

70
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No indicotion of long term effects. t hos been
wifh lecume/rhrzobio symbiosis.  Moy increcse
fungo, v irol  or i  nemctcde iniuced i isecses.

Negclive e::ecfs hove be:r recorded fci niirogen fixotion by rhlzoblo
ond reduc:ion in co onisclion by mycorrhizc. long term effects ore
vor iob e ond dependont on soi l  rype cnd environmenl.

iound tc inlerfere
ihe cho nces of some

" t -  . - / -

- t r -araucl

G'orp [  -  Inh ib i tors  of
c i -o losynthesis  o i
p,f ctosystem

G yphosole No indico i ion of  ony long term ef fec is .  Ni t rogen f ixot ion by egurnes i

Reduced rote ol srubble decor:oosiiion when sprcyed on 1o slubbie
rolher thon on to lhe soiL contoining stubb e. Non-synnbicl ic nirrogen
irx ing bccle: lo ore inhlbi le i  even oi  veTy ow conceniToi ions.

Group M
of EPSP

Soils uith a
Irealth)) biota
,raal recouer
or compensate
better;from the
short-term
,,egatiae
ejtfects due to
herbicide
applicotion.

In h ib ito rs hcs been shown to be reduceC in some crops. Any negotive elfects
ore dependenl on soil rype.

In recent laboraton'and field srudies carried out in Australia a range oi herbicidcs
where appLied as single applications ar a ranqe of rares. The fbllorving information
details the kev results.

Short term versus long terrn impact
The impact of a herbicide on soil biota mav be rer.ersible or irreversibie. A
reversible impact is one rvhere levels of microbial gros,'th are returned to'normal'
over a period of time after a singe application.

The duration oi reversible impacts has been lbund to vrrv rvith:

. rate of appLication

. place of application - soil, stubble or plant

. tlpe of herbicide

. frequencr- of appLication.

Results from both freld and laboratorv research have shov'n sr-mptoms of microbial
stress (reduced neu'microbial growth) even at recommended rates up ro six to eighr
weeks following the application some herbicides eg. GLean", Logran" (See tabie.l).
These effects rvhere found ro be soil n'pe dependent. For example, in sandv soils
with low organic matter and lorv microbial acar.iry the negative effecrs oi these
herbicides were tbund to be greater.

Table 4: The impact of different chemicals on microbi&l
biomass (MB) ancl cctrbon dioxide production (MA)

Fusl lode@
p^, , . . 1  ^q

^ l l .  .g

Gleon@

Pnrnn at@

Brodol@
l n n r n  n  i

1 /



In similar expcriments thc herbicides Allv*, Hoegrasso and Pamqlrat' u erc epplird
dircctlr, on to soil rvithout anv stubble cover at tlvo and five times the recommended
rate. IIicro organisms were found to be under strcss and not functioning properlv
sir t-..kr eftcr rhc epplicrtion. ln most situations this low level of tunctioning
continued up to nine weeks.

I Iowever vu'hen the chemical rvas applied drrectlv to the soil or to grou'ing plants dre
stress lime ior soil organisms v.as reduced.

Nluitiple application of the same or different herbicides within rhe :ir t.., <ighr s-cck
vinclorv is a common precdce in br.adecre agticulture. The research has shown
that it takes six rveeks for the microbial activitv ro return to normal. Consequenth'
multiple applications bcfore the end of thc six to eight week recor-erv period would
be e\pected to reduce soil biota function, especiallv if orgamc carbon food sources
were also limited.

The duration of this reduced biota function mav be less significant than the timing.
The majorin of herbicides in broadacre cropping are appLied around seeding. Ar
germination the piant is at its most mlnerable as the root svstem is stii l der-eloping.
Reduction in biota functions such as nutrient release and disease suooression mlr'
- . . , t , , ^ -  . t " -  - , - t ,  .  ; ^ . . , , -  , . -  t - ^ , . -  i ,  - ^ - ^  . . , " ^ - ^ , i L t -  ,-, - -.Jp or leave it more susceptible to root diseases,
Application of another herbicide prior to thc biota recoverins from thc first
herbicide may accentuare the undesirable eiiccts. N{ore research rvork is needed in
this area.

Sttrbble is honrc
to 60?; of the
biota pop.tl..tion
thereJore.
applications to
stubble u'il l
impact or. q
Iarge proportion
oJf the soil
pop..latiorr-

A recoaer!
period of six to
eight teeks
shoukl be
allowed betu,ee
.tpplications oJ
herbicides.

Impact on firnctions
Disease Transmission

Some herbicides v'ere found to akcr the balance bctu,'een bacteria and fungi
populations near the plant litter. For erample. some SL'hcrbicides and HoeErassi
increased the proportion of fungi near litter. This could result in rhe grorvth o[
oppornrnistic pathogenjc organisms near the stubble increasing rhe chance of root
diseases development.

Organic Mattcr Btcakdown

Application of AJh,/'216 Hoegtassu at nvice the recommended rate reduced the
abiliw of bacterial populations to usc some oi carbon substrares available from
decomposing residues and near the growing root. This could result in a slower rate
of stubble breakdorvn and associated nutrient mineraLisadon. Table 5 illustrates
tl-re significanr reduction in celluh'tic bacteria and fungi after herbicides har.e
been aoolied.

Table 5: The number and percentege of ,nicroorganisms oahich can
breakdourn cellulose (a major part of strcurt)found near wheat
strala after the application of herbicides.

popurorron/g
sruoote

% remoining
of conirol

Control 389000 taa% 335000

A ly' 3644 4.9% 65 l0 2%

38900 3r3 c 09r,
This aark sugges* A@6 is barder on baxeia and Haegrasf is nore detrirnntal /o fin,qi.
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Nutrient Cycling

Clther u'ork hes shown that the nitrifving bacteria, responsible ior the
rrlnsiormadon of ammonia nitrogen to plant availablc nitrate, are the mosr
susceptible to herbicide applicarons.

Itodit-ied applications of fertil izer N mx\ be ;rpprc,ptiare rr) c, ,mpensatc for rcduced
N mineralisation during the first six to eight rveeks follou'ing herbicide application.

Ilerbrcide effect on mvcorrhizal colonisation is nvo folded. Firstlv herbicide effect
the mvcorrhizal fungi ir self and seconclll herbicides reduce root growrh affecung
the available root length for mlcorrhizal colonisation.

Graph 2: Changes in leuels of mineral nitrogen after application of
a chemical to the soil.

RestrLs are sbop'n .$ a Pertentag! oJ tlte ntineral nitragen auilable under the contro/. Ty'te larger
percetta?e s .+qestr hlqh le:vk af ninerali.ratian Q' :oi/ arganisus.

Pesticides as food

Nlicroorganisms feed on simple carbon compounds and agrochemicals, therefore all
pesticides, to a lesser or greater exrent, can be used as a food source by the soil biota.
Differenr chemicals rvill be used by ditferent microbes, therefore popularions of
appropriate microbes must be present if the pesacide is to be degraded by microbes

It mav take cime for the populadons oi appropriate microbes to build-up. During
*us period these pesticides may harm other soil organisms and temporarilv or
permanendv alter the balance of biota populauons present in the soil,

Sulfonl'lureas har.e been found to persistent longer in alkalne soils. I Iou'errcr, it is
coming to light that in some alkaline soils sulfonrlurea residues are becoming Iess of
a problem. This is thought to be due to an increase in the numbe r of orgenisms
which breakdorvn these chemicals in an alkaline enr.ironment. Ilanagement
pracdces that couid lead to rhe build-up of these microbes are ns lec unknown.

Nlicrobial degradation of herbicides is an importanr method of breakdown.
As the majoriry of microbes in southern Australian soils are located in the top
10 cm soil, movement of herbicides bey'ond this zone may result in long-term
n e r , t i ( r c n . c  n F  h e r h i r i r l e c

Endosulfonl

Hoegross

Ally

Conkol

N Afier 6 doys

I Aher 24 doys
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,N SEARCH OF A
RECIPE FOR DISEASE
SUPPRESSIVE SOIL

By Stephen Neote, CS/RO Lond and Woter

Take horne rnessages:
. Discase suppressir-e soils are found throughour rhe world

. \Ve have shown that suppression develops due to changes in soil biologv

. Suppression idenriiled in South Australia is against several disease organisms
(pathogens) and exists in rota[ons

' Intensir.e cropping and increased carbon inputs are associated with the
der  e lopmenr of  s . ippress ion.

For manv vears farmers and sciendsts have lbcusecl on the soil organisms Lhat cause
disease, the pathogens. Horvever, more recentlr soil organisms r.vhich prevent
disease have been put under the microscope and the search is on for farming
practices which encourage the multiplication of disease suppressive organisms.

Soil organisms carrv out a rangc of funcdons (see Figure 1). One of drese
tunctions is disease transmission and suppression. Suppression rs resrc,ring the
balance berween the soil organisms in the soil so rhe pathogens do not dominate.

A suppressive soil is one that, despite having conditions thar iar-our the
esrablishment of a disease forming organism, results in rhe parhogen:

. either not establishing,

. establishing but not producing disease,

. esrablishing and then dechrung

Suppression is not the elimination but the controi of disease iorming organisms.
In agriculture we are trving to achieve a lelel of suppressiveness which prevents
disease ler' 'els that cause economic loss. But suooression is telative - a soil mav be
suppressir-e. bur disease ar e lou cr ler el rs srill experienced.

Table 6: Adaantages and disadaantages of controlling disease with
suppresiae soils

. tokes more inlensrvemonogemenl

. moy restr icl  f lexibi l i ty in eor y yeors

. req u ires new ski l ls

r disecse conkol is noi ochieved ;mnrec::a
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What rnakes a soil suppressive?
\er,-rrlLLv all soils har.e the capacin to suppress cliscase.

\Iicrobial acdritr', which depends on soii moisture, tcmpereture and the ratio of
c:rrbon to nitrogen, is the precursor to suppression. Table J il lusrrates the
increase in soil organisms in suppressile soils compared to organism levels in
non-suppressive soil ar triai sitcs in Avon, South Austra[a.

Condirions that change biological activiw or relationships benveen orgenrsm: can
effect snppression.

\\Iatm, moist soils r'"-ith high levels of carbon to nirrogen r','ill have higher levels of
mjcrobial actir.iw and a relativelv higher ler-el of suppression.

Figure 7: Different leuels of soil biota in suppressiae and
non-suppressiue soil at Aaon SA.

250-500 2CA-45a

,'r',icrobiol Biomoss neci' siubcle

600 200

Survivol in Rhizosphere

' predot oa ol nccui!m
- predoricn in bulk sorl

ccmpel I  on
-  i nh ro i l  cn
_ cclos Sfn

The degree of suppression rviLi
also rclatc to the balance bem'een
disease-causing organisms and thosc
organisms which feed on these
pathogens. Figure 3 iliustrates that
the ler..el of disease inoculum rvili
varv from season to season.
Consequentlr', a soil that is abie to
supress moderate levels oi disease
incolum mal nor be able to suppress
diseese in a vear rvhen large amounts
of efiecrir.e disease organisms
haye survived.

Figure 3: Suruiual and
effe ctia e n e s s oJf di s e ase
inoculumlfrom one
season to the next
(L'Captal

5AO-c75

Survivol over summer

lnoculum to seed/root
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Table 8: Disease capacit! and stubble decomposition ratesfot-
the crouns / stubble recoaeredlfromfield incubation uthich
contmenced in May.

LYthere soils Lere s/.tppresJbe tl)€ disea:e lerelJe// dranaliml!' beht:een J 1' artd Atgttsl. At the sante tirte rate of'
snbble breakdovr, u.,hich ls caried att bl soil org'urisnts. l,aslhurd lo be gredt?r /lnder.vtppressirc soi/s.

Which diseases can be suppressed?
In Europe, suppressive soils have been tound ro suppress a single disease, for
example Take-all decline. However, this suppression requires a monoculture ro
be maintained. Researchers in South AustraLia have found soils v'hich are able to
suppress a range oi diseases under a range of crop fipes and which remain
sr-rppressir.e or.er different seasons.

Table 9: Disease in broad acre cropping which may or
mcty not be suppressed.

What management prac.tices
improve suppression?
\Iaximising the return of crop residues to the soil has been found to increase
microbial actir.in and turn a soil into a disease suppressive soil.

Srubbie retendon and minimising grazing have both been found to help maximise
residue return.

Non-suppressive

Rh izoclon io solon i
.lu ry 40  -cC " " >80%

August <2 f% >6C7

Toke oli {Ggt)
ju y 5C 60 ?a >80%

/\UgUST >7A%

Stubb e b:eckdown
?l broken down

lr ly 25%

l2  mor lhs

Nol suppressed Unknown

P J . i - ^ - f ^ ^  ^  ! - ^ . ^  ^ ^ r - L

To ke-o
Fusorium crown rol

Pythium rool rot
CCN

Pro! encus
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Table 1O: Case llistories - Management systems uncler uhich
disease supression has beenlfound to deaelope.

Case History 1:
B o o b ctrou'ie, South Australia

Soil Wpe: Red Btos'n Earth

Arrnu:rl rainfall: 425mm

Production System:

l r iur  ro thc dcr  e lopmenL of  supprcs5i6n

. lev farmins rotation system of wheat and bar-
ley crops witi-r grasst'pasrures

. sheep - hear.ilv grazed pastures

In thc early 80's mor.ed into

. more intensive cropping rnd stubble retention

. nerrow sowrng points to minimise
soil disrurbance

. 70kg DAP 't Zn and 60kg Urea

. pastures spraved vear before for weed control,
cu l r iv . r rec l  a t icr  r l re  brerk s  i rh  narrow , i ( )winS
points and use of knockdown herbicidcs

NIid 90's suppression recorded

Case History 2:
Lock, South Austrslia

Soil type: Grey Calcareous Sandy Loan

Arrnual rainfall: 400mm

Ptoduction Svstern;

Non suppressive soil
. pasrure/w-ireatT6arlev rotation
.  U n c  c , r L t i r  r r i o n  r v j r h  n , r r r - $  s , , r r  i n g  a , , 1 n r "

afrer the break
. Roundup three weeks before seeding
. Trifluralin betbre seecling

95kg 26:11 + Zn applied rvith the seed

Suppressive soil
. contrnuous crop, rvhear/barler'/peas totation
.  onc cul r iv l r ion u i rh  n, r r ro, .v  sorv inu; , . , inrs

atlcr the break
. Roundup three rveeks before seeding
. Tritluralin before seeing

95kg 26:11 + Zn applied rvith tl.re seed

Ifow long does it take for a soil to
becorne suppres$ive?
Suppression develops or.er a period oi uming. The duration rvill depend on the
conditions and the rerurn of organic residues. At Al.on diseasc suppression
developed over ten vears irrespective of rotadon or til lage.

Decline in Rhizoctonio Root Domoge in
Direcr Drilled Wheof dt Avon over the Period 1982-9O

lnodilied non RaJet 1e95i

3
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Dornoge -
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FREE N'TROGEN
FROM THE AIR
Some focts, figures ond rules of thumb
By Ross BollorC, SARD/.

Bacteria fix nitrogen
Legumes (clovers and lucerne) 'fis' nitrogen from the rir rnt,, a form u'hich can t,e
crscd br  rhc p l . r r t .  ThL '  f  rocec\  i<  cr r r icd our  br  rhe b. rcrcr i r .  Rhiz . ,b i r  sp. .  s  hrch
live in the nodules on the legume root.

Symbiosis "Rules of thumb"
Nitrogen fixotion

For ecch tonne of legume Cry mot ler,
25kg of ni i rogen is f ixed.

A recso-obe egL::e pcs ,  -  ncy t

l25kg cf  nikogen per hectcre.

Thol is eculvo ent to 27akg of ureo.

D . r r : ' e  r  I l . g -es f , c -o  - : : - e . '

Slovr release fertiliser

cereals, or the legume mav take up this inor-{anic nitrogcn.

This is a s-rmbiotic relationship, the plant receir.es
nitrogen and d're bacteria receive sugars.

Ni r rogen f ixed br ' - r  legumc is  orranic  n i r rngen.rnd
acts Like a slorv release fertil iser. It becornes ar-ailabie
ro rhe p lanr  as thc pJ. tnr  res iJuc.  xre decompo'ed br
other soil organisms. The process of conr.erting
organic nitrogen to the inorganic form rvhich is
available to plants is called mineraLisadon. Grasses,

Graph 4: Prefered pII rangeifor common
pasture legumes

Medlc

.)!octover

BoLonso

Lucerne

Serrode lo

Sail texture and rainfa/l ai/l also izpact on gravth
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Ilorses for courses
Dit-tcrcnt legumes need different rhizobia. Clor.er rhizobia will not nodulere
Ilrcerne. Equallri lucerne rhizobia u.ill nor noduLate vetch. Hence, ii lou sorv e nes.
legume in a pacldock, inocuLation should be practiccd.

Ensure you use the correct inoculant strain.

Rhizobial inoculants are alive
Remcmbe r that rhizobial inoculants contain Living bacte ria. Thev are fragile. Don't
expose them to excessive te mpcrature s or frecze them. Avoid miring tlrem rr,-irh
pesticides and ferril isers. Sov,'seed as soon as possible after inoculadon, inro a
moist seedbed.

R-hizobia require warm moist soil condidons. Ther-must be the correct spccics for
rhe lcqume so rhar  n iLrogrn f i r rdon occurs.

"Rules of thumb"
Assessing nitrogen fixotion

When
P onls ore besi ossessed B' lO weeks

of ler  germinol ion.

Where
There shcu d be ol eost 5 red nodu es

close to lhe top of the root system.

Red nodules
Somelimes ihe nodules needs io be cut 1o

see "re red colo rrol ior

White nodules
Numerous white nodules scotlered

..  c.-h- .n.- .  - l  c^r-  rh- .  -bios.s s
noi  f  ix ing nihogen.

OId nodule
d..- t  re rod. es ( 'ed) -oy u" g een os

lNeir  n f ixot ion oct iv i !  decl ines with oge
o'  p cni  stress. in subclover pionls ot

f c',r,ering, it is common lo observe thoi
a s- tl-e sec-,o^ or rode le c ose 'o rhe

p cnl  :ool  is green, the nodule l ip
remolns rei .  This red orec of  the nodule

is st i  t ix ing ni t rogen.

Factors that s'ill lirnit nitrogen fixation:

. Hot dn soil

'  I n c o m p r r i b r l i n  o i  r h i z n b r u m  r n d  p l a n r

. Low pFI

. High levels of nirrogen ienilizcr.

Impact of pH
Soil pH can be the major Limitation to a good
sr mbiosis ftee graph 4),

Nitrogen irxation br, subclover mav decline v'here
soil pH talls below 5. \\'hilst there are often sdll
rhizobia rn the sorl, their abiLrn'to nodulare thc
clor.er mal be reduced. Liming to increese soil pH
is the best solution.

Lucerne rhizobia are less tolerant of low pH. They are
rarelv found in soils u'here the pIJ is less than 6.
Hence, it is absolutelv essential that lucerne seed is
inoculatedand lime pelleted at sorving. Liming to
increase soil pH is also a good strategi.

.  ' , _ - :  s c  t  3 : T T E R  S O r i 19
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Graph 5: Approximate relationship between atrortttts
o1f nitrogenfixed and legume dry matter productiott.
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