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How a pasture phase
improves soil health and sustainability

P Picraway

Chrysalis Landseape Consuleants, 31 Douglas Melnnes Dive, Laidley Qld 4341

Abstract. Feeding the soil biow i pasture phase is an investment in soil structure and the slow

release nuenient bank, synchronising the availability of nurrients with the demands of crop growth

What pastures do

Perennial pastures cover the soil for longer than
annual crops, and typically, fewer nutricnrs are
harvested and exported from the site. Under
conservative grazing pressure, increased ground cover
proects the soil surface from desiceation and reduces
the physical tmpact of wind and warer. The
temperiure fuctuation aecthe soil surface is less, warer
15 conserved, and the risk of ernsion i reduced, One
key advantage of a pasture over an annual crop is
thar a mix of unrelated plant species and different
ages is possible, increasing the diversity within the
system, reducing the risk of pest and disease
outhreaks. The very different selection pressures
imposed by grazing in a mived species stand are also
very effective in controlling erop wéeds that have
developed tesistance to herbicides,

Ground cover is equally important 1n providing
protection, shelter and sustenance for soil organismes,
Pastures are disturbed much less frequently, as plane
density and ptazing pressure replace the need for
tillage and herbicides. Asa resuls, the litter laver builds
up, feeding soil animals and microbes.

Bur do plants need soil animals and microbes? Plants
grow hydropomeally, so, shouldn'twe simply provide
the basic nutrients, select swrable species for the soil
npe and climate, and let the plants ger on wich i

Plants do indeed grow hydroponmically, but water-
soluble nutrients must be supplied in the correct ratins
aver the duration of the growinge evele. The nurrient
solution muse be oxyeenated, and must be filtered or
some form of microbial biocide added, w conol
diseases. The recycling of media used for germinaring
the plants and rhe nuttient soluton is imired, because
of the buldup of pests and diseases. To a lesser
degree, these interventons and limitadons apply o
annual crops. By comparison, pastures are much more

rabust and ecologically sustanable: In this paper, 1
will sheww vou that the answer lies in the soil Biom,
the soil amimals and microbes that are the essence of
soil health: Without these; we have only ‘dirt

Why soil health?

Health s the absence of disease, the ability of a crop
or pasture to funcuon to its full capacity within the
limitations of its gene poaol, and the resources
allocated to it To defing the health seatus of a crop
or pasture, prior knowledge of the capacity of the
erop o grow and produce within that envitonmen
15 necessary. If additional resources such as rngation
and fertilisers are to be allocated, then knowledge of
the limitatons of the soil tvpe and the water supply,
and the capacity of rthe erop to respond 18 necessary.
In the past, soil has been viewed as a black box, into
which seed 15 sown, ferobisers and pesdeides are
added, and fram which food and filbre is harvested,
This hydroponic approach’ ro marching inputs wich
harvested DUTpES; 18 ot sustainable for several
ressons. In broadacre farming, vield potential canvary
substantially over a season, and nutrients applicd can
be lost to the system pia leaching and erosion. As the
cost of inputs relative to harvested ourtputs has
increased, the need o anderstand and gy the
health” of the system has also increased. Some basic
tuncdons thar the soil must perform for plants to
grow and thrive arg;

*  Large soil pores for drainage and awr exchange.
*  Small sl pores for stonng water.

*  Soil aggregate structure that encourages root
penetration and cxploraton,

* A syvstemthat recveles organic matter back ino
the mineral form that rootsabsork

+ A depostt and withdraval sysrermy that retains
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nutrienos wichin the roonne zone avalable tor roor
absorption,

Most of the soils classed s arable in Auserabia fulfifled
these enrera for che fest 20 vears or so of frming
Cheer the lomger teem (30 yearsy, che Strroctore and
tertility 0f muany cropping seils has declined, despice
innovanons in tillage, fernlisers, pesticides, and the

release of improved plant variedes. The abilitv of

the soil o support these inputs and innovations, the
sl health, has declined. Research info factors
responsible for this deeline has highlighted the
importance Of organic carbon (OC) supplics, and
the hiological interactions that are responsible for
soif structure and ferdling
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Figure 1. The impact of crop mansggrement on the sate of
loss of organic cacbon from agricaltural soils, Tillage
includied direct drlling (D), reduced tllage (RT), and
conventional tllage (CT), A pasture phase before a direot
drilled wheat crop resulted in the lowese loss of organic
carbon fafter Chan 2001,

Organic carbon, the driver of soil biota

W know thar management pracoces such as nllage
anel burning increase the rate of loss of OC (Fig 1)
Tillige breaks open soil aggregates, within which OC
ts protected from amack by sl organisms: This

physically protected OO contributes w 20-40% of

the wenal GC reserves in the sodl, in the absence of
excessive tilbige (Table 1), Some scientises consider
that the sz of this longer term reserve of 00, with
a urnower tare of abour 30 vears, vegulates the size
of the microbial Bomass. Microbl populacions
inctease with the addingn of readily avmlalsle carbion
such as green manures or simpale sugars, and decrease
as tllagze and dry conditens kil exposed eells, Life in
the sail is very dynanic, wirth competinon between
organisms for O and the effect of wet and dry eveles
constantly challenging the survival of different
species. However, it is theeamounmt af the longer term
fraction of CHC that sets the populagon base of
microbes. A pasture phase increases both the readily
available dnd the |L|r'!gf,':' rerm (00 *-'l.:|31‘riiuﬁ i1 the sol,

Microbes (organisms <02 mm) have oo teeth or gt
and muse ¢hemically degrade organic marter 1nco
sealler-mmeral or ammo acid particles for ransport
across the celb wall and membrane inwo the cell, When
plants drop leaves, or o pasouee is slashed or graeed,
rhe resulong lirter 55 oo large for mucrolal access.
Soil arthropods {animals including the insects, having
joinged legs) do have 'reeth” (mouchpares) and a gur,
anel are critical in breaking litter down into smaller
tragments. Formed from modified legs, the
mouthparts of different arthropod species can march
the range of activites characreristic of the mechanical
attachments of backhoes, front-end loaders and
bobeats. These mint excavators move through the
soil, producing the pores and channels that are
essential for water infiltraton, ar exchange, and root
growth In the absence of a protective hioer laver,
andd under excessive tllage or heavy grazing pressure,
the populations of these arthropoed reevelers
nncluding terrmnes, ants and springails) are reduced,
Earthworms gee the best press, but in terms of
diversiny and tederance to dry conditons, the actovin:
of soil arthropods 15 much more significant,

Table 1, The different arganic carbon (O] fractions found in soil. The concenrration of littere is excluded, as this
should be brushed aside before soil is sampled for chemical analysiz. In southeast Queensland, the average
concenteation of OC utilised by micrabes (excludes humus, charcoal and coal) in agriculiural soils is 2%, Da are

from Jastrow ane Miller (1998)

[-_UI."I'IF-I et o[ A0 Chepmcal O frcion

Turoover rite Comtmbution e sl
{veirs s

(i dry weight)

Fine: fragments
Fine frignwnts
| wing microbes
Within soil chods

Humus

farncalate

1 .I_|__1||I

Shcsobial boormaes
Physipally prosecred
Chericallv protecred

320 (]
1-15 30
(EARX! 4.5

CIBIELT 24
TERIC- 30000 20401



Praceedimpe-of Hhe 1980 Asmsald Conforsieswf the Cormsrland Nocety of NAW L, 47

srarve the soll of litter and plant cover, the source
at sl O and vou lose the actviey ot these soil
animals. A conservatively grazed pasture fivours soil

ammals aned theretose soil health,

Microbes, soil structure and crop
nutrition

For microbes, all the biochemical compounds tor
-:.{i.\":trlh'll'l;_' tood fsaliva and hile -:_'quj‘;;[l;_-nn;] i
disposing of waste (urine equivalent) are secrered into
the space mmediately ourside the cell, Tnterscting
with sonl parncles, these microbial secrenons bind
clav, sile and sand into water-stable agpregites, Some
microbes (fangs) have the ability o erow from the
tip of acell, with new cells remaining artached, much
like & microscopic root sestem. These fne filaments
can penetriete simall fissures in sofl clods, also hinding
si11] |'?:l1'ri['|-.:.\ rogether. Just as tree roots can
mechanically penetrate weeping pipes, some funel
mvade plint roor svstems: Many pasture plants
tolerate mvasion by mycorrhizal fungn, because their
fine filaments are able o explon phosphores (1) and
trace ¢lement reserves locked ontg sand grains or
within very fine fissures in the soil thar rhots canno
access, The myeorrhizal filaments ean rtansport P 2-
3 omes faster than a plant root svstem, Under reduced
or no-till farming, the fungal nerworks esrablished

under a pasture remain available for the following

crup, For species such as manze, faba bean or cotton

thatare dependenr on myentrhizae, as much as 3500/
ham 1P ean be previded by sowing the crop o an
established myveorthizal nerwork (Thompson o
20013),

Lf the pasture contans a legume component, and
the lesumes dre nodulited by effective srrging of
rhizobium bactera, the nitrogen ) nutrtion of the
followwing crop can alse be ¢nhanced oo msiclerably,

[ stedies in sourth-cast Queensiand, lesurme-hased

pastures can add from 1301440 kgt ™ ear, fen
the nest crop (Dalal of ad 19915 As a rule of thumb
aeross eastern Ausrealia, for every wonne of shoot
v matrer produced by a legume crop, 20425 kg N
will be fixed (TPe wples o wll 20010 However, it there
15 insutficient 00 availalile o sdmulate microhial
uprake of the N, orif there 15 msufficient humuos o
held onto inorganic N, it may be lose below the

rocting zone 10 deep drainage,

1o be-available for uptake by plants, nurnenes muse
[ chissolved in the soilwater IE soil warer is excessive,
asattersruintall or Aoed event, then these dissobved
nurricnis can move below the roonne zone, and be
lost ta the erop, This process s referred 1o as leaching

23 Seme clay soils have an abilise 1o hind

(Fige
reversibly with positively charged minerals in the soil
soluton, retaimng them within the roonng wone, This

functin of canonn exchange is alsoa ProgHerty uf the

Figure 2. The role of organic carbon and the soil biota in seil ferrilitg, Without the biological activity indicated by the
corved arrows, nutrients i the inurg;lﬂiﬁ farm {straight arrws) can be loso i lexching, or can be irreversibly bouand
to clay particles. Withoue the biological nteractions, soil really is only dirg!

produce
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Figure 3. Oxygen uptake eate for 1000000 1.8
different animals per unit of il &

Bocy mass, Oxygen uptake is an 100000 - ) 18
indicator ol metabolic activity, .
The higher the metabolic rate 10000 ' " 144 =
and rhe smaller the animal, the ! ' & ﬁ
; . : P TRO0 4 ' 3
greater the rate of nutricnt =) ! ¥ ' 1.2 g
turntaver, Data are modifed w i ! ¢ =
b 100 1 ' c
from Prosser (1973), E r L ' i 2
i =
P : : ' 3
very resilient form of OC 3 . ' E
e T I
known as humus, Humus isthe @ 1 ; i B
) : ol cow sheag  mouse Y worm £
byproduct of  microbial =2 a1 1 s
. o r
activity, the toughened, ' .1 E
‘thewed and  spar out’ S ! '
remnants of plant residues thar 0,004 s 4 K ; i 0.2
constitutes between 20-40%, ¢ & ---® .
0.0001 {3

of the (O reserves inosail
{Table 13 In sandy sails, i the
0IC conzent is reduced, the caton exchange capacity
is also reduced. Parocularly in the ropics and
subrropics where the combination of warm and wet
tavouts the activity of soil organisms, OO supphies
must be replenished o a regular basis to remain the
structural and chemical fertility of cropping soils,

Feeding the soil to feed the crop or
pasture

Nitrogen is the only ‘minéral’ that can be taken 'from
thin air” (IN-fixing bacteria), All ofthe other minerals
must be recycled and tansformed from the organie
form into g soluble inorganic form, for plans o
absorb, In Figure 2, the inorganic processes are
mdicated by a straight arrow, the organic processes
are ndicated by a curved arrow Plants absorb the
morganic form, but when dissolved in the soil warer
these nurrients can be lost s leaching Plants need a
svstern thar stores nutrients 0 a form thar cannor be
leached, bur can be wirthdrawn “arcall”, The particulate,
light and microbial fractions of the soil OC age the
banked deposits (Table 1). The withdrawal ar call
funcoen is performed by micrebes. Microbes have a
life evele measured in hours, with a eapacity to turn
ewver nutrenss within days, Microbes constmice anly
a very small propordon of the OC poal (about 2-
3}, but their ability to transform rudents from the
erganic w the inorganic form is fundamenral forsoil
fertility,

The rate of nuttdent turnover in organisms is most
commonly measared as the uptake of oxygen per
unit nof body weighr per unit of tme. Animals such
as sheepand cattle lock up a large amount of nuthents

e ther body mass, and wra over abeut (02 mlL
cxyvgen/gram/ hour (Fig, 3], Reduce the body mass
to that of 4 mouse (@ hundred thousand tmes
smaller), and the oxyeen consumpoon rate increases
o about 1.7 ml/gram/hour Soil animals such as
wormms. and springrails are smaller sall, bur do oot
expend energy in mamtaining a body temperature,
Acvordingly, cheir oxvgen consumpuon 15 enlv about
(.1 ml. Reduce the body woa single cell (ot example
4 protogoan, with g very large active surfiice aren
relative o 1es volume, and the consumption rate soses
iy aboue L3 ml/ gram/hour (Prosser 1973,

Ever wonderad aliout the concept of 3 sheep
equivilents active below ground for every sheep actve
above grounds Soil microbes funcoon 3 times more
rapidly than sheep {(King 1996), wiening over nurrients
in ey, nor vears, Without the rapid nutdens storage
and turnover capacity of the seil biota, there would
I no pasture for stock w0 graze,

Mineralisation is the process of soil microbes feeding
on-accessible O (paroculace, bighe OC and cach
orther: Table 1}, ruMusiﬂg morganic nutrienrs. The
lifespan (turnover) of a microbe can be hours or days,
whereas that of a sheep 15 measured in years:
Microbes alse retain 1 millionth of the nutrients
stored and recycled within the body of a sheep (refer
trr the hars in Fig, 33 The concentranion of nursients
stored in microbes and other accessible OC reserves
in the soil 15 referred o 45 the slow release nurment
poal. The rare of mincralisarion of this pool is
greatest uncler warm and wet conditions. These
condioons also favour plant growth, Synchronising
mineralisation with plant growth cycles is a
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fundamental component of soil health. Nurrents
stored In the organic form are secured against
leaching, available ar call for plant growth, provided
there 15 sufficient gccessible OO o foel microbial
actvity (curved arrows cyehing into the plant-available
nutrient pool in Fig, 23

Managing microbes and soil animals
for soil health

There are many commercial products on the marker
that claim to enhance mucrobial actviey in soil, There
are also many clams that commonly used pesoades
and morganic fertdlisers kil microbes. Senl microbes
are constantly being challenged by competitors,
predators, and the rigors of extreme wer and dry
cvcles charactenstic of broadacre agriculture in
Avstralia, Some forms of mineral lertilisers will kill
microbes on contact (aeiditving fertilisers and those
with a high electrical conductiviy). Microbes are alsa
likely to be killed around stock urine patches for
similar reazons, However, the rates of fernliser (and
urine) application are too low to greatly affect the
general microbial populacesn, just as the rates of
applicanion of many commercial *soil actvator’
products are also too low to have any measurable
etfect. Repeated applicanions of some herbicides and
msectcides over the short term will have 4 more
damaging impact on soil animals, especially where
there is very lele leaf hirter to prmect‘them.

The soil biota will recover, provided there are
sufficient supplies of accessible OC o stmulate
growth, Mictobes are responsibile for the breakdoan
of chemicals in the soil, including pestcides, and the
microbial byproduct humus chemically mreracts with
minerals and pesncides to reduce their toxic effects.
The best way 1o manage the soil bioa 5 to provide
sutficient soil cover to buffer the soil environment,
and to diversify cropping over time to diversify the
tnputs of O into the soil system, Reducing the
frequency of tllage and pesoade application, and
managing stock ro reduce the extent of soil
disturbance will also favour the actvity of sail
animals. Monitorng the amount of litter per unit
surface arca over time, comparing rates of water
infileration and the depth of the werming front using
powder paint and PVC cylinders, are simple methods
that can be used to indirectly monitor the acdvity of
soil animals. For microbes, monitoring changes in
the concentration of biologically available organic
carbon (Walkley & Black test from a commercial

laboratory) in the soll over ome, or compating the
extent of decay in calico strips buried in PV
cylinders of soil maintained at field capacity for 6
weeks or so can indicate populanon rrends. For
intensive cropping enterprises, incorporating a
pastute phase is a great way to renovate the system,
providing @ greater opportunity tor the soil biot w
reCover.

Feeding the soil with a pasture phase and maintaining
an effective ltter byer is an investment mcsoll healrh,
and 1n the longer term ceonomic and environmental
sustamability of agriculture.
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