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Soil ﬂrganic matter and structure in
vertosols — using pastures to make a difference
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Abstract. 501l organic matter (SOM) drves vital sl chenucal, phvsical and biologreal processes and

15 an important indicator of <oil health and ggoculiural sustainabilivg, Tridinonal ceropping practices

have caused a 'ﬁ'i:]t‘!\]‘JTl.".“l dechne m SOM concentrations in Australian sotls. The adoption of no-nll

and - stubble: retennon practices in cropping systems can help oo reduce the dechne bur one ot the

st etfectve amvs of mmprovang SOM 8 the use of pasmure phases B leys in g CRUY [ wduieTiond

system.
Introduction

sSonl arpue murrer (SOM) had been widely accepred
a5 an important indicator of sonl health and
sustainability 10 agncultural svstems. Soil onganic
mater 15 a complex group of compounds and
miterials that play an lmportant role in all aspecrs of
suiil feraliy — chemieal, physical and hiologieal, SON
is an impormnt source of nutrients for plants, has a
very high dagon exchange capacty, munons sodl
aggreganinn, and is the fond source for soil microbal
populations, SOM is also seen as a potentally
important global “sink”™ for .:Lrnu?pht:nc Co

Muost Australian soills are inherently low in S0,
between 0.5 and 4%, This is due 1o the dry
environment which limuts plant producnon and warm
temperatures that promoee rapid residuce breakdown
when moisture is available. Management
practices have changed the evcling of
plane residues by influencing the amount
and quality of plant residues that are
returned o the soil. The change from

et al. 1997,

natural systems 1o cropping sysrems has
aleo led torsubsiantial losses of SOM-rich
topsotls through erosion. These changes
have caused a sigmficant loss an SO
frivem many soils ina range of production
gviatemns, SOM fractions that are the most
sensitve to changes 1 managemenr are
th‘ RS lmpﬁflm“ 10 Maniainimg <ol
chemical and phywical fertility,

Crop producnon on Australian solls has
resulted in a rapid decline in orgamc
ternlity due 1o the need for mineralisanon
of SOM to provide cssential crop

Figure 1. The composition of
SOM ({adapted from Gregonch

nutrients, especally nitrogen (Nj, bur alse
phosphorus () and sulfur (5 Dechines in the total
and active, or labile, fractions of SO poal have been
micasured across o vanery of sails and under o range
of different crop management pracrices, This rapid
loss in SO has resulted in declines in physical,
chemical and biologreal soul fertility (Drakal and Mayer
198G Whithreead o2 ol 1995 Blaie and Crocker 20000,
Losses of the active fractions of SUIM are casier to
mieasure and have agrearer influence on soll processes
than losses of the ol SOM (Fig 1), The impeorance
of SOM in determining soil fertlity has meant thar
it has become a kev indicator of suscamable
agricultural sverems

The concentmation of SOM that 15 found In sails is
detcrmuned by the rate of mpurs of organic matenals,
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pamaniy plant residues, and the rate ar which these
materials decompose. Decompuosition rate s
determined by several factors, most importanth
temperature, and momsture, and also the quabine of
thie residuis: thiemsclves

Losss of SCIN resubs inoa decline inothe chemical
fertihioy of sonls aswell as sonl structure, This increases
the risk of erosion, compaction, and consequently
crentes problems for plant estabilishment and growth,
Mamigement stratepies o tmprove S iclude
reduced or no-ill cropping pracuces, residue
retention, inereased crop production through
fernlisation, green manure crops or pasture levs
phases, and the use of organic amendments, such as
e,

What are we doing to our soils under
current management?

By converting native grasslands o agricultural
producton the evelmg of SOM has been changed
significantly, One ot the most importam changes is
a reduction n the quanoty and frequency of return
of orgame matenal o the sol. SOM levels are also
deternuned by the rare of residue breakdown which
s mfluenced by the qualiny of the material such as
the carbonmitrogen (N moo and the proporoon
of components thar are resistant o breakdown, such
as lignins and hemicellulose (Reicasky 1994, Another
tictor is the change in soil muisture regames; under
cropping svstems, the sl often remams wer for long
periods of tme in the fallows between crops.

Cultivation cftects SOM in several ways, Firsdy, there
i a dilution effeer when organic manter (OM) nich
topsoil 1s incorporated with deeper soil matenal thar
is lower in OM causing a dilutdon m the most ferdle
layers. This mixing of rthe SOM also exposes
previously protected marenial o mierobial breakdown
causinga lossof SOM Rasmussen and Collins 1991).

In 1581, NSW Agricolture commenced a long-term

tillage study ar the Laverpool Pluns Field Stauon
(LPFS) in northern X8W This project investiguted
the use ney-tillage (NT) farming in the northern goins
area of NSW ar vanous sites in the region. After 19
vears of different dllage management stedtépes,
changes in SOM were assessed in the various
treatments and compared o an aren of virEn
grasslund that was adijacent w thie experimiental sne
Table 1), The actve fracnon of SO0 wus meagured
by essackitiony e senl C0 warh potissiurm permmingiite
Blar e &l 19950 The changes i sol € fracnons
wiere compared wath a nearby referenee site that hadl
not been eropped or heavily stocked to determine
changes i SO Thes allowed the calculanon of o
carbon munagement ndex (CMD 0o whieh the
reference site hud a CMEof TO0, by defmnon. Water
tileranion through vartous sol pore siees and
aggregate stataliny, or mean weeht diameter,
wetting were determined to indicite the physical
fereiliey. The abiliny of ageregares . mainiain
structure dunng wetting events means that rin s
more likelv 1o penetrate into the soil and conmbure
0 plant geowth, OM is vne of the most important
fACTOTS N MAINEARING A@eTesite Structure,

Y dechne in all sustamabiliny indicacors with eropping

was Found in all of the tillage dr crop romtion
treatments. Both physical and chemieal fertilicy
parameters dechined as a result of eropping with 3
small amelioranve effecr of no tllage observed.
Strong relationships were also found berween S0OM
tractions and sofl physical feraliny measurements.

The results from a survey of commercial propertes
arounid the LPFS support those of the long term
tillage study. Large declines in both lahile and ol €
were nbserved berween contnuously-cropped soils
and nearby native grass pastures, The declinesin those
sites with a predominant history of minimum or fio-
oll management were nor as great as those under
conventonal management and thus tended w have a
higrher CML

Table 1. Effect of cropping and fallowing on total soil C {mg €/ g soil), and the labile € (mg C€/g snil) fraction (0-5
cm, and the carbon management index (CMI) of a vertosal from LPFS

Time of Sarmpling Tl € Tshile O M
Agper- 118 Pre. s 11644 g S T
Referenee 14,39 BFF [
D 98 Pomt harvess 1303 253" 24
Referemce 1373 B Lims
Apar Dy Py fallow o2 212 it
Referenie 1495 321 fiah

e falloweid by the same Jetter wathin colummts dre nol siemficamdy ditferent sccdnding o DMRET P00.05 [Reference sites

were it inchoded mothe stansncal analvas:
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Figure 2. Relwionship berween water infiltranion through macropores, sl serveture and labile soil € fractions from a
long term tillige trial and commercial paddocks from the Liverpoal Plains.

Witer infiltravon throughs micropores, and
ageregatiod were higher in the minimum and no ol
sires than those culuvited. This was especially evident
o sites that had a large return of cereal crop residues
due ro flood damaged crops in the previous season.
This large input in OM led 10 more macropores
throwgh increased water stable agpreganon. The
relinonship berween soil € fracuons, especially labile
C, and svil pliysical fertility medsurements was
significant (Fig 2).

To muntain sustanable farming svstems on the
vertosol soils of the Liverpool Plains it is evident
thit no-till or minimum till farming syvstems
ettmbined with pracnices rhar maximise organic
rerurns to the soll, such as pastures, are vital factors
in mudntaining soil fertlit

Using pastures to make a difference

The inclusion of pasture leys and the ehimination of
fallows have been shown in other studics o have a
positve influence on SOM and sustainabibire. Grace
et al (1997) found thar the inclusion of sown pastures
is genetally assocaated with an increase or at the
minimum a slewing in the rate of decompositon of
arganic . These increases were observed in many
situations across Australia in which the cropping
rotation included 2-4 vears of pasture,

Pastures improve SOM by encouraging sail
organisms through the constant supply of an enerpy
stinrce and reduced soil disturhance. The use of
perennial grass-legume muxes increases the supply of
(M through the miproved supply of OM from the
grass component and supply of N from the legumes

The use 0f legumes i the crop roraton 15 also
preterred because of the benefits in grass weed
control, lowenng of disease levels aned bess potentl
for ™ immaohilisanon,

A survey of changes in soil properties in the Yallaroi
arca of northern WNSW showed that well managed
legume levs ameliorated the losses in soil € fractinns
and improved the CMI (Whithread erad 1998), Even
in 3 soil that had only been brought into crop
production 2 years previously there had been
sumificant [osses in sol € fracoons; 43% labile €
and 26% of tomal C,

Blair and Crocker {2000) showed thar the use of no-
ll pracuces and the inclusion of pasture legumes
improved phyvsical terality of a black earth {vertosal)
and improved the CMI compared ) long fallowing
(Table 2). Chan ef 2/ {1997) also showed that a
vertosol with degraded levels of SOM could be
ameliorated through the usc of ‘a pasture for 2 years.
Soil organic C increased i this period and was also
accompanied by inereased available N, microbial
bromass and soil structural-seabilioe: Hossain e al
(1996) found that the inclusion of a pasture which
included a grass (purple pigeon grass and Rhodes
grassj and a legume component (snatl and barrel
medic, and lucerne) was the only svstem thar was
able to merease the levels of onganic Cin a vertosol
soil i southern Queensland, This svstem increased
the total organic © by 2.7 ¢ C/havor 720 kg C/ha/ vr
during the pasture phase. This increase was ateributed
o addinonal contnbunons from the pasture phase
rodit 5_'-’5’:{‘-’1115,
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Table 2. Total and labile C (mg C/g soil) and the CMT determined by oxidation with 333 mM potassium permanganite
for different crop rotations and a reference for a Black carth soil at Tamwarth NSW (from Blair and Crocker 2000)

Contnuous Whent

Reterenee Long Falbore: | ueerne
Tonal €, 3550 T 15 57 L tH
Fabile £ .21 1.9 242~ e
Ml A I 2

Walues in the same row folliowed by the same fener are biot sysaficansly diffesene scocmahing v DIMBRTT (P = (00065).

Conclusions

Cropping practices have sipnificantly reduced bath
active (labile) and tomd SOM in soals and this bas
fead 1o a decline in chemucal and physical fernhire
The use of no-dll svstems can slow the rate of Tosses
i SOM, but contnued dechines are sull hkely. The
wse of pastures 1n the croppang system is one of the
muost effective meins of increasing SOM and the
stustwnability of crop producton. The increases in
SOM assocated with pastures are due 1o the lamger
returns of plant mutenal, especially the below ground
component, roots, The use of pastures in the
cropping sequence also has other benetits in
providing effective weed and discase breaks
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