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Soil water balance — what can
pastures do for farming systems?

5. R Murphy

Tamwerth Agricultural Institure, RMB 944 Calala Lane, Tarsworth NSW 2340

Abstract. Farming svstems thar are based on annual crop or pasture species are inherently leakier for

water and nurrdents than svstems based on perennial species. Perennial pastures are an imporant

component of any farming systemand need to be mncorporated into the system in a way that minimises

cconomic penalty, vet maximises control of deep drinage and sccumulation of soil nirrogen, To

albstain high water use by pasture, manage pasture herbage mass (1300-3000 kg DM/ ha); litter mass

(L0060 kg DM /ha) and ground cover (57070 0o minimise losses of water theough surface runoft and

evaporation and so maximise producten: To rerern to cropping, rermove the pasture before i declines

anel weeds invade and carly enough 1o accumulate adeguate stored soil water and nitrogren for thy

folloradng crop,

Introduction

Farming systems in rthe mized-farming zonc thar
grow annual crops or pastures are undergoing 1 quiet
rranstormiation o increase sustainability and so
ensure long-rermy production and profirabiliny
outcomes, sustainability of these farmung systems s
under threat trom loss of seil structure, dechming
soil ternlicy, wind and water erosion, and excessive
losses of water and nutrients s deep drainage and
surtace runoft. Development of sustamable farming
systems requires @ thorough understanding of how
the farming svstem impacts upon the water balance
(Thurow 1991} One key threa: 15 that farming
systems’ that grow annual crops or pastures are
inherendly leaky due to their inabiliey to mainin green
leat area throughout the vear (Cocks 2003).
Therefore, a kev component of increasing the
sustainability of these systems is 10 reduce the losses
of water and nutrient by including a productve
perennial pasture phase that can contrbute 10 soil
health and fertility, <ail warer balance and everall
enterprise profitability,. However, farmers may
experience significant economic penalty during the
tine that croppig paddecks are sown down o a
pasture phase, The goal in managing the pasture
phase should be o maximise the production of dry
matter and use of excess soil water so that the
paddick can be returned to cropping ds soon as
possible, The aims of this paper are to explore the
soil water balance of both cropping svstems and
pastures and see how management can improve their

pertormance, and how this mreracts with the water
halance of the whole farming syvstem,
5]

Soil warter balance

The water balance is a marthemarical expression of
the warer cvete, which surround us and our actvities
each dav. Ramnfall is received and this water moves
through the landscape along various pathwines as
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Figure 1. The hydrological evele showing the major
processes and pathways of water movernent through o
aystem (after Thurow 1991),

The warer balance cin be defined using the following
COUAnnmMm,

P=R +ET+D, +AS
where I s precipitanon, R s surface runoff, 7 is
evipotranspicanen, L s deep drainage, and AV is
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Table I Estimated long-term mean values for the water balance {mm) of craps and pastieres on the Liverpool Plaios

{after Abbs and Littlchoy 1998)

Crop or pasture Bantall Runort
Wheit - soghum Ol6 11
Pastury Gl 3
Response crop Gl 4
Lucernie pid responss crop Gl6 4

| jc—(‘l'u i'.l':lll!::l_m:' ']'r:'ll‘|_i|_:||:-:|.l 1y % apuntice 1

48 174 R4
| il 138
2 53 275
B 244 A b

"guaporaton iichades components of cam ipy interception and evaporation from litver and bare soil

change in stored soml water, Evapotranspiration
mcludcﬁ.{:rapnrﬂnun from canopy inmrcq.:pl_i{m,]im;r
miass, bare soil surfaces, and transpiration by plants.

Managrement of crops and pastures can have a
stgntficant etfecr on the amouanr of water and the
time that it resides in the soil profile. For example,
fallowing on heavy cracking clay soils (vertosols) can
retain up to 250 mm of stored soil water for many
months prior to sowing of @ crop However, intense
rainfall on =il with low ground cover will penerare
runoff and se have 1 very short duration in the
farming svstem. The water balance quantfies the fate
of all minfall oo an annual basis, whiether it wem
meo interceprion, surface runoff, evaporation,
transpiration, deep dratoayre or e change in stored
soil water content (Fig: 1), The warer balance can be
viewed as an assessment of how the fiurming svstem
performs over different time frames (datly, monthly,
annual, and decadal), and how effecrively the svstem
i= utilising water, 1 most important<nd fundamental
input,

Deep drainage under farming systems

Development of agticulture in south-castern
Awstralia has led tooa substanoal ameoeunr of native
perenmal woody vegeration being cleared and
replaced with annual crops or pastures, Essendally,
annuil crops and pastures use less of the annual
ramnfall beeanse of their shorter growing seasons and
shallower root systems compared with the natve
vegeration, tesulting in larger amounrs of deep
dratnage (Johnston of ol 199Y). Excessive deep
drainage leading o ground water recharge is accepred
as the cause of “water mble nse and land and river
salinisation (Walker ¢ ol 19997 thae threatens the
productivity and sustainability of a significant
proportion of areas used for agnoultural producrion,

For the Liverpool Plains ared, for example, previous
stuclies have esumated that perennial pastures had
less déep drainape compared with any of che
simulared crop rotanons (Abbs and Littleboy [ 998,
Table 1), Pastures lost 1 mm to deep drinage cach

VEAr 0N average, while crop rotations lost up to 48
o In more recent studies on cracking clay sodls,
muan deep drainage under long fallow and comtinuous
wheat rotations was estimated at 66 and 75 mm//year,
respeetively compared with 0 mm/vear under
perenmial pastured for the period 1995298
{Ringrose-Voase ¢ ol 2003, Similarly, chloride mass
balance esumarted thar the deep drinage rare on
cracking clav sotls under cropping rotations was 5-
3 vear compared with 1-2 mmy/ year for lucerie
or perennial prass pasturcs (Young and Meleod
2003): Cropping systems on lighter soils (non-
vertosols) have deep deainagre rates thiat are muoch
higher {Table 23,

Soil water balance of pastures

Graingr management can sffect the amount of water
retined or lost by a pasture and sohas an imporcant
role in defining a sustainable farming svstem,
Simulation soudies of the long term water balance
for natural pastures on the Morth-West Slopes
(Sinpson ¢ al 1998; Lodge o af 2002) esumarted that
annual  rainfall  was accounted  for by
evapotranspiraton (BY-95%) ranaft (2.5-300%), and
deep drainage (2.3-85.4%) components. Grazing
management has the potennal o mampulace these
components by changing the physical structure and

sprecies compositon of pastures,

Considering the large area of grazed pastures on the
North-West Slopes of NSW, the potental for land
salinsation is high [Beale e/ wf 20007, but is offset by
asummer ramtall distributon occurnng 10 penods
of high evaporaonve demand. Therefore, the sk of
deep drainage is smaller than southern regions with
winter dominant rainfall (Simpson o @l 1998
However, due ro the large but infrequent raintall
events that occur in sumimer, deep deainnge is episodic
in northern WNSW, Further, deep drainage may
recharge agquifers thar supply irnigadon and town
water supplies elsewhere (eg Weltz and Blackburn
19955,

[n the Liverpool Plains area, pasures based on
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Table 2. Estimated mean deep drainage (mm/year) for crop and pastare sotations for Black and red soils on the
Liverponol Plains using Gunnedah climate data for periods I886-1993 (afrer Abbs and Lirdeboy 1998) and 1938-1998 (after

Ringrosc-Voase of al 2003)

Black sol

Hed soul

o o pasturg Ruirful [Iraingpe Resneing Dirainage Rostmg
() (i cheprh fem) {mvmn) depth {om)
R e Tateteley (1 908)
IF whear-snrghom 614 7l 120 H1 120
Whiean b6 35 120 Al 120
‘.:«-l.lri._-;i!'lu m Glé = 12 a2 1201
[fastiee il 4 30 I5 3
Fempwseee T are ot wd (2004)
LF wheat-s |:|'_t_-:|::|'.|:||:'_ 631 b} 0 HA ]
Whie il 3 2 b 0l
SorEim 3] 15 FRAlN] H2 Wil
Loy orop [FEN 1 IR B ] el
Pasture (mproved) (1% | 1501 3 1:a(1

perennial species have higher evaporranspieanon and
less deep dramage on an anneal basis compared with
erapping svstems based on annual speaes (cg Table
2), The main reason is thar perenmial pastures have
more green leat tor longer periods compared with
annual species, To effectively increase warer use and
reduce decp drainage, choose the deepest-ronoted
perenmial species thar is ac least as profitable as the
system that it replaces. This may include 2 perennial
pasture specics such as lucerne (Medirage sating) or
trees, or combinations of these, Depending on sol
e, locaton, and climate, the optimal contiguranon
of cropping, pastures and possibly (rees necds o be
determined (Streacker o @l 2002),

Laucerne being a deep-rooted perenmal species = ideal
for high warcrase and decp deainage control in many
landscapes, Where there are no subsoil consrraines,
lucerne will acovely mune stored soil warer from the
profile to depths of up o 6.0 min sandy soils (Tolling
et @l 2003, This can provide buffenng for deep
drainage, warer table rise and saline discharge (Bee
and Laslerr 2002 The warer use of lucerne has been
reported for g variety of situations and climaric
conditions (egn Crawford and MacFatlane 1995;
Lolicaro 2008, Ridley e el 20011, In areas with lower
anmual rainfall (ie, 300-600 mm /vear), the abiliny of
lucerne tor prevent drainage is more ree-like and 13
likely to he an economic alternative (Bathgate and
Pannell 2002}, However, limitanons o the growth
of lucerne across the landscape include frs low
tolerance to acidic and saline soils (Humphries and
Awricht 2002; Murphy and Levs 20043 Grazed
lucerne may also develop low ground cover, which

increases the sk of surface runoff and erosion
Young e ad 2003 Foe vertosols in notthern arcas,
Bambarsi panic (Pandcam caderatn var, makambamens)
together with a winter prowing species may he a
suitable alrernarve for using summer raintall and
prevent profile filling (Ringrose-Voase o al 2003).

Lucerne has been widely reported as a suiable plam
tor dewater soil profiles in south-eastern Australia (e
Angus of o 20015, The principle of this approach is
that lucerne remeves oxcess storcd sofl warer thar as
deep dranage would ortherwise be lost from the
production evele (¢ Bee and Laslert 20023, Orchers
have discussed the use of lucerne thar is grown in
phases to limit deep drainage in cropping systems in
southern Austrabia (egn Crawtord and MacFarlane
995 Dolling ¢ ol 20008 and for northern NEW (e
Young of ol 2003, However, the duration of the
eropping pedod before a return to a lucerne phase 15
rotagon and location specific amd i= highly dependent
upon large rainfall ¢vents. To best determine the
timing of @ return requires momonng of srored soil
water {e. Murphy and Lodge 20047,

Water use by pastures

Manapement of the amount of stored sl water
within the oot zone provides an opportunity o
mitigare deep drainage losses. Across southern
Australia, constderable eftorr has been cxpended 1o
compare the dryving ability of different crop and
pasture sequences for the purpose of managing
drevland salinity, and to furcher understand the
dvnamees of herbage mass production.
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For the high ramnfall 2one of southern Ausrralia,
various studies have shown that annual pastures use
less water (25-40%) than perenmal pastures (Scor
and Sudmeyver 1993 Ridley etal 1997 Simpson o af
1998; Dolling 2001; Heng ¢ ol 2001; Ridley o o
200, Studies of swored soil water dvnamics for
pastures o aorthern WHSW are somewhar rarer.
Hiowever, a range of studies has recently been
completed and reported in the lieerature (¢ Meleod
2002, Murphy 2002; Lodge et af 2003 For the
morthern Tablelands of NSW, a well managed
phalaris {Pladarrs agaaticd) ~white clover (Trifalinm
repensy muxed pasture used twice the amount of water
of either a degraded phalaris or annual pasture in
autumn. The phalars-whire clover pasnure exeracted
16% af this water from the sulssail (53-130 ¢m
depth}: while the other pastures used water only from
the top 50 cm: As a resuly, deep drainage under the
phalaris-whire clover pasture was only half of that
under the other pastures (MeLeod 2002, For the
Morth-West Slopes; redpgrass-wallaby grass pastures
oversown with subterranean clover maintained
significantly drier soil profiles than the same pasture
withour sabterranean clover and although the
amountswere <37 mm cach veat for the 30-170¢m
depth (Lodge o2 af 20033, this may alse reduce deep
drainage. However, grazing method (continuous
rotational} had linde affect on the totl amount of
stored soil water for the same pasture ope during
the monitoring period {.-"nr'lurph}-' 20023, but renationsl
grazing produced a significanty wetter surface sol
0-30 erm, 2.2 mm cach vear, Lodge & of 2003},

Simulation studies have indicated that grazing
management may have a minmal impact onowater
use of perennial grass based pastures and so deep
drainage, compared with the effect of different
rooting depths of alternative plant speaies (Simpsan
et al, 1998y, The 5GS Pasture Model (Johnson ef afl
2003) was used o esomate deep drainage under
arazed natural pastures on the North-West Slopes
and showed thar dounage evenos were lighly episodic
and occurred mainly in vears with above average
rainfall {Lodge of al 2002). For cxample, 3 years with
above average ramnfall {1996-1998) accounted for over
20% of the estimated deep drainage for the penod
1971-2001, Individual vears showed estimared deep
drainage values of up o 272 mm, but the mean was
just 56 mundvear (Lodee e af 20021,

What practical guidelines can
prnducer&‘- use to maxiniif-:e past‘ur&
water use?

While rainfall and senl conditions may vary beoween
arms, there are peneral indicators that can be applicd
o pasture management so thac wateruse by pastures
can be maximised. Fach of these indicarors hasdirect
nnpact on compopents of the water badance and the
interacrions berween them and so should not he
vigwed 1n ssolation: herbage mass (kg DM/ ha), liver
miss (kg DM g, and ground eover (%9),

Besules from gramng studics conducred in the 5GE
MNanonal Experiment indicated that although surtace
runioft is hargely influénced by storm size and
intensity, the amounts of surface runoff and seal
erosion gan be controlled by matneaining high levels
of ground cover (=TI and & minimum liter mass
of 1000 ke DM /ha (Lang 1979 Murphe 2002;
Murphy of af 20044). Bare soil evaporation can be a
major loss of water from pastures and this can be
reduced by maintaining high levels of lirter, Sradies
o evaporation indicated that for a wet soil surface 4
litter mass of 3N kg DM/ ha reduced evaporagon
|}_1' 1 mm,-":h'_-.' thereby maintaining a highe.r soil water
steare for pastures to use fora longer period following
eainfall (Murphy et ol 20045, Canopy interception
can be a significart pare of the wiater balance for
pastures depending on herbage mass of the pasture
and amount, inteasiey and frequency of raintall
(Dunkerley and Booth 1999}, For redgrass-wallaby
grass pastures in northern NSWL the 5G5S Pasture
Maodel esnmared that interception may be berween
2-20M0 {or 14-131 mm) of annual rainfall depending
on their herbagre mass (Murphy 20025, Maineaining
pasture herbage mass between 1500-3000 kg DM/
b will reduce losses through canopy interception
while ratntaming adequate amounts of ground cover
and Herer mass for runoft and evaporaoon control,
These herbage mass conditions ure also similar to
by PROGRAZE™

maximum fecd quality and intake by sheep and cattle

thaose recommended for
(Betl 2003}, Sowwing species that grow yeur round or
a mix of summer and winter acove species would
provide the best opportunity o maximise water use
of pastures in northern NEW,

Techniques to measure stored soil
water

Montonng stored soil water can provide a useful
mnsight into pasture arowth and hf,-lp forecast down
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turns mogrowth rates (Murphy and Lodge 2004),
Fatrsates OF stored soil warer conditions can be
ubtained using a variery of technigues ranging from
physical sampling {soil cores), rensiometers (soil warer
potential), electrical resisrance sensors {soil warer
potennal), tme domain reflectometry (TDR), and
neatron scattering techniques (NMM), Commerctal
equipment commaonly used o measure soil warer
uicludes Eoviro3CANY, Diviner 2000%, Tain
SoilMaoisture Toggers®, HvdroSense®, FeH.O" and
others. Sensors can he connected o auromaric
datalogeers and personal computers (o assess stored
sotl water conditons contnuously 1o aid ARG I et
decisions as demonstrated by Murphy and Lodge
(2004} A more practical method o mdicate the
amount of stored soil warer is the frequent use of 4
push-probe, parncularly for vertosols, Another smple
technique and reasonably pracacable is 1o determine
the gravimerric water content of soil samples
obeained with a post hole digger (e g sce the Malles
Sustanable Farming website, wenomsfporgan).

Getting ready for the next crop

The length of a pasture phase depends on the reasons
why 1t was used. For example, 1F the main reason
wis to dry the soil profile o masimum extenr, then
it may last for 2-10 years (Bee and Laslerr 2002),
Alternatvely, the pasture phase mav be used to
regenerate soil structure, provide a disease break, or
increase soil nitrogen (N) and soil orgame carbon
levels, which may be achueved ina shorter ome frame
of 2-4 vears. Once the decision has been made 1o
return o eropping the timing relies upon having the
greatest opportunity to accumulare adequate amounts
of soil water and soil N for the following erop. For
lucerne based pastures, studies have suggested that
removal should take place before the stand ching
excessvely, which will help avoid weed invasion and
any possible deep drainage and leaching of soil N
before the crop can be established {eun Young ef al
2003} T achieve this for a red soil ope o central
N5SW a Seprember removal has heen suggested
(Butler 2002), Also, September as npposed
December removal resulted in higher grain vield and
protein content. Studies of fallows on the Liverpool
Plains for vertosols suggested that no more than 12
months was required 1 accumulate adequate stored
soll warer for sowing a crop (Ringrose-Voase o af
2003), Forvertosols, removal of Tucerse 9212 months
before sowing wheat may allow soil water reserves
ta replenish and soil N benefirs may oceur for up

3 erops following the pusture (Crocker and Collen
2005,

{Unee the decision has been made 1o remove the
pasture, the technigque should also consider the nisk
of erosion from a fallow with low ground cover,
Fallow from legume pastures can have very low
ground cover due 1o the rapid breakdown of their
stubbles. The preferred method of werminating
lucerne where a high risk of surface runoff or erosion
exists 15 chenical removal withour allage: Herbicide
should be applied when the lucerne plants are aeovely
translocatng photosynthate o the crown and
taproots (Davies and Peoples 20033, 2-3 weeks after
defoliation, Acovely growing plants are more likely
to translocate the herbicide to all parts of the plant
compared with those thar are srressed due to o lack
of seil warer orcold condinens, Careful and accurare
applicanion ol herbicide (aecording o the
manufacrurer’s puidelines and statutory requirements)
when plants are actively growing is meost likely 1o
terminare the lucerne at a tme thar offers grearest
Lienefits of soil witer and ™ accumulation (Davies
and Peoples 2003,

Conclusions

Perennial pastures arc an imporiant component of
any farming system and need 1o be incorporated 1nto
the svsrem in such g way thar mumimises economic
pemalty, ver maximises control of deep drainage and
aceumulation of soil N, Perenmial pastures can offer
great opporiunities to increase soll seructure and soil
health, reduce excess stored soil water and decp
drainage losses, To obitain high warer use bw pasture,
It s important o manage the wial herbage mass, litter
rrss dnd ground cover o that [osses through surface
runoff, cvaporation and decp drainage are minimised,
thereby also increasing the productiviey of the
pasture, 1f the paddock will be returned o annual
cropping following rhe pasture phase, then it is
important to plan the removal of the pasture so tha
the greatest opportunity is provided to accumulare
adequate amounts of sail water and soil N prior to
sowing the Arst return crop,

Take home messages:

»  Parming systerns that are based on annual crop
o pasture species are inherently léakier for water
and nutrients than systems based on perennial
SpeCies:
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* A phase of perennial pastare can redress the risk
of deep drainage.

* A pasture phase is likely to be most productive
when madmuom stored sol water 15 avalable.

* Llse prazing m manage pasture herbage mass
(EROO-3000 ke DIM had, liteer mass (HHRE kg 1M
Bt and ground cover (=T to minimise losses
of warer throuph surface runoff and évaporation
and 50 maximise production. )

= Toreturn to eropping, remove the pasture betore
it dechines aned weeds invade and carly encugh o
accumulate adequate stoved soil water and soil N
tor the followimgr crop.
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