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implications of ley pastures in crop rotations
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Abstract. The benefits of meorporiting ley pastures into cropping rotatiens i becoming more relevant
as sl fernling decline becomes apparent in regions where continuous cropping has been practised
over the long-rerm, However, there has been onlv a limited ameun: of economic analvas thar
demanstrates the cconomic implicanons of management changes o include ley pastures. The authors
have developed a whole farm economic decision aid that enabiles comparisons of several different
cropping rotations including lev pastures to provide dectsion makers with informadon for management
of thelr Barmung svstem The target audienee for this 1s farmers and thetr advisors.

The decision support model is @ whole farm ceonomic analysis that incorporates farm capital value,
plant and machinery invenory, fived costs, depreciation and gross migregin analysis for cach of the
cropping rotation scenarios selecred; it compares the seleced erop rotaoon scenarios on a site speatic
basis, dependant upon individoal farm management, markenng sorategy amd seasonal coneitons; it
incorporates risk assessment methodology so that firmers gain an appreciation of the range of possible

outenmes; and provides growers with a quanotative assessment of possible changes o ther Benung
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Introduction

The introduction of lev pasturcs into cropping
rotanons of prain-growing enrerprises has been used
o AT COArs as O meins i|‘[1])r:n':_' sl f:_'rl'.ﬂit:.'
and condinon for the long rerm susmainable use of
cropping resources (Llovd o w1990 Hossain of a
1995}, Ower the vears there has been o sigmficant
amount of research directed sowards ley pastures in
the form of legume variety selection, planting
informaton, meregen (N) fixaton amounts, and ver
there 15 relanvely livde mformanon to derermine the
economic and financial implicadons of these changes

tir the Farm business: Many growers acknowledge the

Leretits that ley pastures can provide within their
farming system such as improving soil ol X,
improving soil organic mateer, improving $o1l
structure and 1nfiltranon, reducing weed populatons
and reducing some crop diseases (Llovd e af 1995
Woiston of af 20000 Whithread e el 2000, 8. However,
they are nor conlident o include ley pasieres into
their farming system as they are concerned about the
timineial and management implicanons (Weston @
al, 20001, Research datng back e the 19505 has
proven that economic factors are the major
determinants of adopoon and rechnolegical change
{Marra er el 2003), so it is ¢rucial that consideration

be given 1o the economic analvsis of ley pasture
SVSTLITIE,

The benefirs derived Ffrom ley pasmees are site specific
individual
mmnagemnent, markeany and the seasonal condinons

and  dependent upon grower's
encountered. Assessment of these bemelir regquires
an eeonennic methodologey that can be tailored woan
individual farmeand efficendy caprure the full range
of possible outcomes rhat @ farmer mav éncounter,
Some past work (Moore and Grage 1998) has
observed thar “extremely high benefin: cost ranos™
21225 1) ean be obtained in South Australian whear-
pasture. (legume dominanty ley svstems, bur this
ceonomic assessment was based on a paddock (gross
margin) level only and did nat take inte account the
extri benefits to livestock from Increasing pasture
lepume conrene.

The economic decision aid developed and discussed
iy this paper will assst farmers in the decision making
process by enabling them o evaluate alrernanve
cropping rotations that include ley pastures in
camparison with current crop-based rotagons. The
decision aud determines the profiability of the
selected cropping rotatons on a whole farm basis
and estmates the eisk profile foran individual fiemern
The eniters used o measure the selecad options arc
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raxable income and retarn on eapital. Comparisons
are tade over the perod of the selecred totanons,

The model

The model has been written within a Microsofe'™
Excel™ spreadsheer that consists of multiple
worksheets: A cover page and navigation menu 15
mcluded 1o |':|t'.[]":u the user r‘aﬂ\-‘ig;:[r_‘- around the model.
The compenents include rotanon selection, summizey,
sheer (“Farm analysis™), fixed costs, plant and
couipment, depreciadon, crop and livestock prces,
vield and price scenario tables and gross margns tor
cropping and livestock alternatives (see Fig 1.

The analysis compares a baseline conunuous
cropping rotation {this can be & ratation evele of up
tor 1 yvears) svieh up 1o 3 scenarios of selected ley
pasture and crop rowbons on a whole farm basis;
There s also a section char allows tor the meome
from permanent native pasture to be included o
complete the whaole farm picture. The cntena used
o assess the opoons are taxable meome and return
O HIVESEMCT,

For each of the 10 véars in the baseline or alternative
scenarios, summer and winrer-season options may
be selected. Romaton oprions include long and shore
fallow wheat (in rotation with other crops), wheat as
4 continuous crop, chickpea, munghean, long and
short fallow sorghum, winter and stinmer fallow,
whear underscwn with lucerne, wheat after Jucerne
(vear-1, yvear-2 and year-3), wheat undersown with
prass and medic pasture, merino ewes on grass-medic
pasture, lambs or steers on oars, lambs or steers on
foragre sorghum, merino or cross bred lambs on
lucerne and lucerne hay (1 or 2 hav curs instead of
grazing). The reason tor this vanery of options is
that the region this maodel applies 1w s the northern
cereal zome (northern WEW and sourthern and cenrral
Chugenstand)., In this ermvaronment, roratons are
variable, as noted by Tow (1992) “rontion sequences
are flexible and opportunistc in response to rainfall
and market vadabilite

When rotations are selecred i the model, the inital
sEttngs give 4 stalic comparison, using average gross
margins. The user inputs informanon on stocking
rates; wool cuts and crop nields. There is also a faaly
to Jook at “snapshot’ scenarios of different weather
ancl output price combinanons for the case study,
‘I'he weather scenanos have been defined as ‘poor’,
‘most likely” and ‘good” seasons and their parameters
are defined by the grower or operator, since they will

vary from location ro location. Defaule fipures have
been used for crop yields and lvesrock producoon,
bt these can be changed o suit individual growers,
There 15 also a range of prices for cach erop (3/
tonne), wool 57k, lvestock (5/ke) and hay {5/
wonne). These include ‘minimuorn’, poor’, "mose lkely',
‘wood” and ‘maimum’ prices for each caregory: These
are alsoin g simple table formarso they can be altered
from season o season.

Aouser of the model seleces trom different weather
arzel price seenaros to-compare the different rotatons
seleeted under such scenarios, For example, 2 ‘good’
wenther season with 'poor’ prices could be compared
with 1 “poor’ season with “good” prices. This is an
initial way of comparing the robustness of the
cropping/ley pasture scenarios being comparod
before pomng mio more in-depth risk analysis,

Risk analysis

The model uses nsk analvsis methodology ro caprure
aned describe the possible, bus unpredicrable variation
that exisrs in vields and prices due o seasonal
conditions and marker fluctuanons, This is achieved
by incorporanng the expected range of possible
ourcoties for each of the varlables used in the analvsis
and apphiing probabilities of likely occurrence in the
form of a cumularive diseribution. The probalslines
are elicited from the grower according o ther
perception of the possible variaton in each of the
varables used, For each of the vamables in the ET0SS
margin budgers o cumuladve distmburion 5 used

(Table 1.

Tuble L. An example of inpur dara for crop yield

eld category Tonnes, ha Csrmulative

[rrealaabattiey ()

Mmimaim I i

Poatir 1.1 A

Mot likely 23 il

Caanid dal Hi

Maximurm 33 i
2,

Expreted vield

In the abeve example, the cumularive distribution of
this crop vield is deseribed as follows;

* the mimum possible vield 15 0 t/ha (note: the
miode] denofics and takes into account non-
economuic Vields — e vields that have u value less
than the cost of harvesdng),
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» apoorvieldis Lo/ ha and the probalality of gerong
=1 t/ha s 20%,

o g mest likely vield 15 2.5 v/ha and the probability
af gering 2.5 ofhais 6%, thus the probabilite
of getting =1 t/haand <2.5 t/ha 1s 400,

* agocdvield s 3 ¢ ha and the probabilicy of getting
=23 t/ha 1 B, thuy the probability of gerdng
=25 ' ha and <3 0 ha i 200,

» aomaximuin vield is 3.5 t/ha, thus the probabilicy
of gerting =3 t/ha and <35 t/ha 15 200, and

+  the E?{pﬂcmd valug 15 rhe mean value of rhe
distribution,

Thevield amounts and the probabibines used to define
the disrributions can be vaned, according to the
perceptions of the model user. Figure 1 provides the
distribution of the example vield in Table 1.

Bemdinbaly
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Figure 1. Distribution of the vield variable as described
in Table 1

In Figure 1, the point A demonsirates thar the
probability of the vield being =2 t/ha s 46.7% and
the point P shows that the probabilio: of the yicld
being =3 t/ha is 80%,

By runningr the simulation, the model uses random
sampling rechmques to define the distnbution for
each of the variables throughout the spreadsheet
where a cumulatve distnbution has been used, as
iluserated in Figure 1. The distribunons of vanables
can also be correlated either positively or negatively
depending on the relatonship among the variables,
For example, if the price of wheat 15 high, 1t is
expected that a positively correlated product would
also have @ high proce ar the same time, I one varable
is high, while another is low then a negative
correlation-exists. These distributions are then wsed
toydefine the dismbunoen of the crrena being assessed
and used 1o compate the selecred cropping romtions.

As previously menooned, the assessment crrena used
in the model are axable income and rétarn on
INVESITICTIL

Fipure 2 illustrares an example of 2 distdbutons of
taxable meome tor 2 selected e pping forations,

Protakalsy
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Figure 2, Distribution of taxable income for 2 cropping
rotations 1 {solid line) and 2 {dashed line).

The model does 2 analyvses simultaneoushy: Fiestly, i
calculates the mean value for each of the assessment
eriteria such as the mean taxable ineome value that is
based on the expected values (or mean values) of
each of the varables used throughour the model.
For this example, (Fig 3) the mean values or expected
raxable income for the first opdon is $18,300 (solid
Hine) and for the second OpLion -.'_L!ﬂf"h{::i ]i.nL':l 1%
341400, Both options demonstrate positive mean
expeored values,

Secondiy, the model prenvides a distnbudon of cach
of the selected cropping retations (Figure 2], These
distribunons are denved by randomlyv sampling each
of the variables according to their cumulative
distriburion by running i simulation that re-caleulates
the spreadsheet a designated number of omes (for
example 2000), Each recaleulation represents a
different possible outcome for each of the selected
cropmng romions and axable meome resutt. All of
the cutcomes are sorted from smallest to largest and
gpraphed to indicate the final casable ineome
distribution for each cropping rotanon.

The risk analvsis methodology uses values trom the
cumulatve distibutions for each of the vadables wo
eviluate the overall riskiness of the investment. Now
that the distributions for this example show that the
taxiuble income for both cropping rotations has the
possibility of being negarive. The full distrbution
of the ertena (taxable income) being assessed with
the accompanying probabilines provides more
intermation for the decision maker than simply
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calculating an average or expeeted rasable inconme,
Fesr the first apnion {(solid line) the possibility of
achieving & negative txable income is esdmated to
e 47%, whereas for the second option (dished line)
it is approximately 33%, The unalvas of this cxample
would suggest that the second cropping rotanon
opton bas lessinsk: Nore from the example thac the
lines cross over. This indicates that in vears whene
the variables selected have high values (e, high prices
and vields), Crop Romnen 1 has the poteatial o
achieve higher income even though its overall fisk
profile is higher. It also has the petennal o make
substantially greater losses in years when borh prices
and vields are losw

The example described alove demonstrates the
analyvsis merhodology: it is not a [EPrestnianyve
outcome of the viability of cropping alrernanves, It
tmerely an example w demonstrate the use of sk
analysis in crop rotation analysis, The model is
destzned ro be wsed on an individual property basis,
and as such will have completely differing outcomes
of cach farm’s investment analysis and nsk profile,

The dara generated by the simulanon allows the
esomanon of aorange of stansneal dae such ag che
tnean or expected outcomes, standard deviarion,
maximum and minimum vilues as well as an estimate
of the probability of obtaining 2 aeganve outcome.
These assessments provide informaton of a risk
profile for cach of the options sclected. These are
key considerations when considenng the viabilice of
crapping rotaton alternatives when trving wo achicve
sustainable farm management practices,

Conclusions

The methodology used in this model gives a bener
indicaton of the overdll profitbiliny of alternacve
crop romions on i whole farm basis Tt provides an
understanding of the full range of possible outcomes
as well as a4 quantitative assessment of rhe climatic
and price risks involved. It alse offers a succiner
summary. of wiabiliev in s estimate of mean,
maximum and minimum assessment criteria values
as well as an estmace of the probability of achieving
eritical outcomes: This is vital informarion for
decision makers seeking the best information thes
can obrain o help make difficult management and
investment decisions, especially in a business sector
that s characterised by seasonal and marker variaton,
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