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Abstract

Cr pping on yellow earth soils in the eastern wheatbelt of Western Australia can be restricted by subsoil
acidity. There are approximately one million hectares of yeliow earth soils in Western Austealia, some of
which are extremely unproductive due to acidity and high concentrations of available aluminiuim, The
best crop rotation on yellow earth soils includes wheat and narrow-leafed lupins, but this is not

- economically viable on those soils with high aluminium concendrations,

It is known that the yellow lupin (Lupinus luteus) is more tolerant to toxic levels of subsoil aluminium
than the narrow-leafed lupin (Lupinus engustifolius). Research has shown that the yellow lupin hasa
very high level of resistance to Pleiochaeta root rot and brown leaf spot (Pleiochaeta setosa) compared
to the narrow-leafed Jupin. Evidence from field trials has shown that the advantage of the yellow lupin
over the narrow-leafed lupin is gr eatest on the soils with a high Jevel of‘ extractable aluminium.

The potentml role of yellow lupms in the Western Australian eastern wheatbelt farming system is
assessed using the whole farm bioeconomic model, MIDAS (Model of an Integrated Dryland
Agricultural System).

Keywo‘rdsz yellow lupin (Lupinus' Juteus), MIDA,S, whale farm nio,del, sehs‘itivity analysis

Introduction

In Westen Austraha, cropping on the yellow carth soils in the low rainfall eastern wheatbelt can be
restricted by subsoil acidity. There are approximately one million hectares of yellow earth soils in

* Western Australia, some of which are extremely unproductive due to high concentrations of available
aluminium associated with subsoil acidity. The best crop rofation on yellow earth soils includes wheat
and narrow-leafed Jupins, Natrow-leafed lupins are an important component of the saudplam farming
system in Western Australia, Generally they are most prefitable when grown in rotations which include
a high proportion of wheat, Without the benefits which narrow-lea2d lupins have for produchon in
cereal crops, their production would be substantially lower than it is (Pannell, 1994). A rotation
including narrow-leafed lupins and wheat, however, is not economwally viable on those more acidic
sandplain soils, due to foxic levels of aluminium in the subsoil restrictitig both narrow-leafed lupin. and
wheat yields, Hence, most farmers cmently use the acidic san‘dplam smis f’or oonunuous pasmre whxoh
is ummproVed ‘

’C"omubuu.d papcr pr c»entcd fo uu, 41¥ Ammal Conferenice of the Au;u‘almu Agt’icuimral and Rosourw Economws i
Sociely, The cwid Coust, Queensland, Januarv 20:25 1997



The high aluminium concentrations of the acidic sandplmn soils sxtremely xestnct wheat yields,

Narrow-leafed lupins (Lupinus angustifolius) appeat to be more toleraat than wheat to subsoil ﬂlumnmum?

toxicity, but narrow-lenfed lupin yields are still restrieted on these soils. Hence, they zre pot an
economically viable option. It has been shown that the yellow upin (Lupins Iuteus) is more tolerant to
toxic levels of subsvi! aluminium than the narrow-leafed lupin (Carr, 1294). The yellosw fupin is better
able to maintain root eiongation in the presence of increasing concentrations of toxic alumininm in the
subsoif. S

Pletochaets setasa is known world-wide as the cause of brown leaf spot of lupins, The same fungus
causes a serious root disease of young seedlings when roots contact spores ot P, sefosa in soil previously
cropped with lupins, These two diseases are the most widespread and m;pomnr lupin diseases of the
wheatbelt of Western Australia. Research has shown that the yellow lupin is tolerant to brown leaf spot
and extremely resistant to Pleiochaeta root rot (Sweetingham, 1994y,

The yellow fupin has the potential to play a useful role in the eastern wheatbelt farming system,
particularly on the acidic sandplain soils, It has the ability to substantially outyield the narrow-leafed
lupin on the acidic sandplain soils due to its tolerance of high aluminium concentrations in the subsoil,
The yellow lupin also has the advantage of being tolerant to brown leaf spot and extremely resistant to
Pleiochaeta root vot, In addition, the yellow lupin has & protein content significantly higher than the
narrow-leafed lupin with a higher content of important amino acids. Therefore, there is potential for this
commadity to atfract relatively high prices in the atockfeed market (Shea et aI‘, 1996%,

This paper uses the whole farm bioeconomic model, MIDAS (Mode! of and Integratcd Dryland
Agricultural System), to evaluate the role of yellow lupins within the eastern wheatbelt farming; system,
in particular its contribution to whole farm profit. MIDAS is a mathematical progmmmmg maodel
designed for agmulmral systems analysis (Morrison, 1986), MIDAS is the most appropriate tool

available te be used in this analysis given its ability to account for the large number of interdependencies

between entc.rpnses on the farm. MIDAS has three components: (1) An objective to be maximised or
minimised, in this case, maximisation of whole-farm profit; (2) Activities which can be viewed as
different ways of meeting the objective (in the case of MIDAS, these are different land uses and other
farns management practices); and (3) Constraints which limit the activities (limited resources of land, -
finance and labour, and limitations imposed by the biology of the system) (Morrison, 1991). For a more
detailed description of MIDAS refer to Kingwell and Pannell (1987), ‘

In all models, parameters are more-or-less uncertain (Pannell, 1996), The modeller is not only
likely to be unsure about their future values, but also their current values, This applies to factors
such as prices, costs, productivity and technology. When parameters are uncertain, the use of
sensitivity analysis can give information such as: how robust the optimal solution is in the face of
different parameter value:s, under what circumstances the optimal solution would change; how the
optimal solution changes in different circumstances; and how much worse off the decision maker
would be if he or she ignored the changed circumstances and staycd with the optimal strategy or
some other stmtegy (Pannell, 1996). Hence, sensitivity analysis is used here to assess the role of
yellow lupins in the eastern wheatbelt farming system with MIDAS,

The aim of this paper is to defermine which parametcrs yellow luping are most sensnﬁva to in terms of
the optimal area of yellow fupins selected to be sown on the farm. and the extm profit tn be mnde by
including yellow lupins on the f‘arm, ; ,



Method

The Eastern Wheatbelt Moidel of MIDAS was used for the analysis, ‘The version used was MER96-
02, which is an updated version of that documented by Pannell and Bathgate (1994), The model
farm has 2500 ha of arable Jand and is made up of seven different soil types, Table | contains the
soil mux of the farm and a deseription of each of the soil types. Soil types 1,2 and 3 are those which
are cluded in the term yellow earth Hoxis, soil type 1 being that referred to as the acidic sandplain
SO :

Table 1: Definition and Soil Mix of the MIDAS ey~~~
Soii Type Description pH Range  Area

e i L i (CaCly)  (ha)
I Acid Sands Yellow loamy or gravelly sands. %55 500
2 Good Sandplain  Deep, yellow brown, loamy sands, 5.5+ 60 - 500
3 Graveily Sands  Yellow brown, gravelly sands and sandy gravels, 5.5-60 250
4 Duplex Grey sandy loams, loamy sands, gravelly sands ~ 5.5-6.5 250
“and sand. over whife clay with vellow or red
moitles. :
5 Medium Heavy  Red brown, sandy loam over clay subsoil. 60-70 375
6 Heavy Dark red brown, sandy clay loams. »6.5 500
7 Heavy (Friable)  As for soil 6. but better structured and higher >6.5 125

__yitlding, possibly due to gypsum application_

Trials were carried out in 1994 and 1995 throughout the West Australian wheatbelt to determine the
comparative yields of narrow-leafed luping and yelfow fupins across a range of soil types, rotations
and disease pressures. The results were averaged and scaled down from trial yields to “paddock”
yields and used for analysis with MIDAS. These yield ag sumpmns appear in Table 2 below, The
vield assumptions for the various cereal crops are shown in Table 3. Note that yc!low lupins are
only suitable to be grown oni the yellow earth soils, and thus only yields for soil tync;s 1, 2and 3 are
given, ,

Table 2: Base level yield assnmptions for lupins
on lha yelluw earth soils (kg/ha)

Soil Type | Type of Lupm - (?3014 _cL | e |
SL | YellowLupin ,~'*800_f.~"77:5‘f'f 7815 |
| Narrow-jeafed Lupin | 570 | 450 | 475 |
82 | VellowlLupin | 850 | 823.75 | 7685 |
| Narrow-leafed Lupin | 1050 | 997.5 | 1050 |
S3 | YellowLupin ,,.‘3'00‘, 7685 | 800 |
| Narrow-leafed Lupin | 900 | 837 | 90 |

N

ote that C = cereal, L= Lupin (yéllow or narrow-leaf‘ed), P = Pasture
et CCL = cerealicereal: lupin rotation «



Table 3: Bage level cereal yield assumptions for first cereal crop
after lumu £rop on the yellow earth smls (kg/ha)

: Sml’l’ypt
+r(e‘,¢r°i=;ﬂf‘1’yve s s s
Wheat | 950 | 1400 | 1400
Bacey | - | 1260 | 1260
_Oas | 1093 | - 1 -
~ Tritiosle | 1093 | I

The standard or base level gross grain prices in MIDAS for the cereals, narrow-leafed lupins and
yellow lupins were as follows and represent medium term prices (3-5 years):

Wheat : $2004
Manufacturing Batley $200n1
Feed Barley $1807
Qats $150%
Triticale , : $150/
Narrow-leafed lupins $2001
Yellow Lupins $2007t

The wool price used in the analysis was 360 o/kg greasy ﬁei,fcm farm.

Costs of production for yellow lupms and narrow-leafed lupins are assumed to be the same, othcr
than there being no phosphate application to yellow lupins. This makes the cost of production of
vellow lupins around $25/ha less than that for narrow-leafed lupins,

The analysis involved carrying out sensitivity analysis around several parameters in order to test the
robustness of the optimal solution in the face of different parameter values, The parameters which
were included in the sensitivity analysis were: yellow lupin yield, yellow lupin price, narrow-leafed
lupin price, wheat price, wool price and phosphorus application. Pannell (1996) suggests that when
selecting the parameter levels which will be used in a sensitivity analysis, the levels selected for
each parameter should encompass the range of possible outcomes for that varjable, or at least the
“reasonably likely” range for that variable, He states that what constitutes “reasonably lakely” isan
arbitrary choice of thie modeller, and suggests that one possible approach is to select the maximum
and minimum levels such that the probability of an actual variable being outside the selected range
is 10 percent, Given Pannell's (1996} suggestion, the authors subjectively selected a luw and a high
level for each of the parameters (except phosphorus application), In the case of phosphorous
application, the base level is zero, so only a high level was selected. Probabilities were subjectively
assigned to each level of each pammcter as suggested by Pan““eu (1996). Parameter levels and thexr
assigned probabilities dppcar in Table 4,

A complete factorial experimerital dcslgn was used, Hence, the model was solved for a!i possibh:
combinations of the parameters included in the sensitivity analysis. The effect of these different
parameter values on the optimal area of yellow lupins sown on the farm, and the extra profit
attributed to incorporating yellow lupsm on the fﬂl'ma was observed.



Table 4: Parameter Jevels for sensmwty analysis

Parameter Low level  Baselevel ngh Tevel
(Probability  Probability I’robabthty
e 0.0) 08) (0.1)
Yellow lupinyield ~ -25% 0.8 tfha* H25%
Yellow lupin price -40% $2004 +25%
Narrow-leafed «40% $2004 +25%
lupin price
Wheat price ~40% $2001 425%
Wool price 22% 360 o'k +44%
gk
Phosphorus 0 kp/ha** +50 kg/ha
application

*Yield is different for each rotation on each soil ;ype '
**As there is no low level, the probability of the base level is 0.9

By assigning probabilities to each of the parameter levels, and assuming statistical mdependeme of
the parameters, the probability of each scenario was easily caleulated, For cxample tlie scenario
which inciuded the low level yellow lupin yield, the high level ydlow lupin price, and the base
levels of all other parameters would have a probability of 0.1 x0.1 x0.8x08x0.8x 0.9
0.004608. A cumulative probability curve was constructed for the extra profit made dut- to the
inlusion of yeilow lupins on the farm.

Sensitivity indices were caleulated for the parameters with respect to optimal yellow lupin area, and
the extra profit due to the inclusion oi“yellow lupins in the farming system. A simple index
proposed by Hoffmann and Gardiner {1983) is as follows:

S1 = (Dmax = Dmin)/Dinas

where Dy is the output result when the parameter in question is set at its high level and Dyuy is fhe
result for the low parameter value. A sli ght variation of this equation was used in this analysns, The
equation used wag:

SI= (Dymax = Diuo)Diiean

where Dyesn is the mean statistical expected valtie over the 486 scenarios,

Resuits

Given the underlying assumptions for this analysis, the optimal farm management slrategy when all
parameters are set at their base levels, includes yellow lupins on the yellow earth soils (’I‘able 5,
Figure 1). The inclusion of yellow lupins in the farming systcm on these sonls fsads to an increase
in overall farm profitability (’l able 5, Figure 2),

The aims of this p'xpel‘ were to evaluate the effect of phanges in key parameters on the opnmal area
of yellow lupins selected, and estimate the increase in farm profit due to yellow luping being
incorporated into the farming systens. The sensitivity analysis considered changes in 6 different
parameters, Of these 6 parameters, 5 had 3 levels for scnsxﬁv;ty unalysis, and one: had two levels*




Hence, the sensitivity analysis gencrated 480 different scenarios (3x 3 x 3 x3x3x2). Table 5
presents examples of four of these scenarios, and presents results for the optimal area of yellow
lupins and the increase in farm profit due to yellow lupins, for the particular individual scenario,
Note that columns 2 and 3 of Table 5 include results for the single base-case scenario, while
columns 4 and 5 show results for the mean results over the 486 scenarios,

The first scenario which a,p,perirs.infi‘able‘ 515 the “best bet” scenario, in which all parameters are at
their base level. The expected optimal area of yellow lupins for this scenario is 495 ha, leading to
an expected increase in farm profit of $10,524. We consider that these results are a better indication
of the likely impacts than the single base-cose results.

Table 5: Example of results for four individual scenarios

 *Optimal *Bxtraprofit  **Expected  **Expected

nreaof due (o yellow “area of vellow - exira profit die

yellow Jupins (83 lupins, all - to pellow lupins,

Tupins (ha) scenarios all yeenarios

: considered - considered (3)
i i T, (.| A |
Swndard solution N T T
Standard with high phos applic . _SI88 43T 60Kl
Standard, low Y. lupinyield v 0 8 1300 |

| Standard, low Y. lupinprice N 4R 599

“*The single solution for an ;miuwduai seenario, I’mbabxlny of the pamcular seenario nccumng is not taken into
accoeunt.
**Suatistical expected value over 486 seenarios,
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Results of the sensitivity imalysxs highlighted that the ophmal area of yellow lupms is most sensitive
to changes in yellow lupin price and yield (Figure 1, Table 6). For wheat price, a decrease of 40
percent led to the optimal area of yellow lupins decseasing by around 150 ha. However an increase
in wheat price of 25 peicent was not enough to lead to any substantial change in the optimal arsa of
yellow lupms because of the limited ava;lablhty of some of the soils, The opposite was the case
with wool price, for which an increase in wool price of 44 petcent led to the optimal area of yello
lupins decreasing by around 150 ha, but a 22 percent decrease in Wool price dnd o jlter the area o

e b i




yellow lupins (Figure 1) Yellow lupin price and yield also had the Jargest effect un the profit
generated from incorporating yellow lupins into the farming system (Figure 2, Table 6).

A 25 percent increase in wheat price led (o an inciease in economic gain from including yellow
lupins in the farming system (I‘ngure 2). Although the optimal area of yeliow lupins did not change
substantially with an increase in wheat price of this magnitude (Figure 1), the extra farm profit due
to yellow lupins being included in the farming systern does, This appears to be due to low
probability-high return seenarios influencing the expectcd benefits, On the other hand, as expected,
a decrease in wheat price of 40 percent led to a decrease in the extra income due to yellow lupms
(Figure 2), as the optimal area of yellow lupms was decreased (Figure 1),

Table 6: Sensitivity indices of optimal vellow lupin area an nd extra profit due to the inclusion of
yelleny lupins in the farming system

Parameter Sensitivity index of _ Sensitivity index of extra
. optimalarea _ —  profit due to yellow lupins
Yellow lupin yield 098 247
Yellow Jupin price - 113 2,63
Narrow ‘eaf lupin price 0,26 -1.55
Wheat price 0.29 0.57
Wool price 031 -0.65
Phosphorous application =009 ~ ~~ -0.58
Fgure2
e ylpnyld
30000 L el ylpn pricé

- £ i whte

o 25000 -+~ wool pr

i

)

7 20000

s

3

E 15000

g

£ 10000

E Fone

8 -0

0 -

6 40 20 0 2 40 &
Parameter (% change from base}

As was seen in Figure 1, if woo! pncé increases by 44 percent, the area of yellow lupms decreases
by about 150 ha, Hence this increase in wool price will lead to a decrease in the extra farm profit
attributed to yellow lupins, as there is a smaller area of yellow lupins (Figure 2), Although a22
percent decrease in WQol pnce dm.,s not lcad to the optimal area of yellow lupms mcrcaSmg, the




extra profit due to yellow lupins mcrcascd slightly (Figure 2), again duc to the impact ofextrcme
scenarios on the expected benefit of ycllow lupms,

For purposes of clarity. the narrow-leafed lupin price pnrameter curve has been left out of Figures 1
and 2. It is expected that yellow lupin price and nurrow-leafed lupin price will be similar, and

follow similar trends and, if anything, that yellow lupin pncc will bc slightly higher than that of
narrow-leafed lupins.

Figure 3
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The phosphorous application parameter hias also been omitted from Figures | and 2, as it only had
two levels, This parameter had only a very small effect on the optimal area of yellow lupins beiag
selected in the optimal solution (‘Table 6). When Phosphorous applicavion was increased from zero
to 50 kg/ha, the optimal area of yellow lupins decreased by only 58 ha (Table 5), The increase in
farm profit due to yellow lupins decreased by $4,655 when phosphoroue application increased from
zero to 50 kg/ha on yellow lupins (Table 5). This difference in profit is made up of the cost of
applying the phosp!mmus (compared to applying none), in addition to the change in profit due to the
very sma't reduction in yellow lupin area,

Figure 3 indicates that the most likely increase in profit from mmrpmatmg yellow lupins into the
farming system is close {0 $10, 000. However, the vertical section of the curve at the origin also
indicates that it is likely there will be no inrrease in profit due to yellow lupins, The pmbab;hty of
tnis occumng is around 0,16 (Figure 3). This would correspond to the probab;hty of a scenario

occurring in which the aptimal area of yellow lupins .lected is zero, The probability of farm profit

increasing by somewhere between 0 and $10, 000 due to the incorporation of yellow Jupins into the
farming system is around 0,23 (Figure 4) There is a probabshty of about 0,31 that farm profit may
increase beyond $10,000 by i incorporation of yellow Jupins in the farming system, Hence, there is a
probdblhty of 0.84 that incorporating yellow lupins into the farming system, will lead to some
increase in overall farin profit.

ek ot T tapn sk




Discussion

The analysis with MIDAS indicated that the inclusion of yellow lupins on the yellow earth soils of
the low rainfall eastern wheatbelt farming system of Western Australian increases farm profit, By
adopting the methodology of sensitivity analysis suggested by Pannell (1996), it was possible to
determine that the majority of the scenarios generated by the sensitivity analysis included yellow
lupins in the optimal solution. ~

Given the assumed probabilities and sensitivity levels for the parameters included in the sensitivity
analysis, 84 percent of scenarios included yellow lupins in their optimal solutions, and 61 percent of
the scenarios vesulted in an increase in farm profit of more than $10;OOO due to the incorporation of
yellow lupins on the farm. Of the remaining 39 percent of scenarios, 16 percent did not include
yellow lupins ins their optimal solution. For the other 23 percent, although yellow lupins were
included in their optimal solution, the increase in profit made from doing so was less than $10,000,

The sensitivity analysis revealed that changes in yellow Jupin price and yellow lupin yield had the
Iargest effect on the area of yellow lupins selected in the optimal solution, and hence, the extra farm
profit due to yellow Jupins, Although decreases in wheat price and increases in the wool p,r“i‘ccs also
effect the optimal area selected, the optimal area of yellow lupins selected when wheat price
decreased by 40%, or wool price increased by 44% still resulted in an increase in fann profit of
$7,000. Therefore, given that in 61 percent of scenarios the inclusion of yellow lupins in the
farming system Jed to inereased farm profit of $10,000 or more, the optimal strategy would be to
include yellow lupins in the farming system on the yellow earth soils.

This analysis indicated that the introduction of a rotation including yellow lupias on the acidic
sandplam is likely to be a more profitable option than the traditional option of leaving this soil typ(. 7
i: continuous pasture, This is due to the fact that yellow lupins are able to tolerate the fower pH and
higher aluminium concentration of this sojl, and hence are significantly higher yielding than
narrow-leafed luping on the acidic sandplain soils, However, results indjcated that yellow lupins

are unlikely to be grown purely for their returns in the year that tixcy are grown, This was
demonstrated by the area of yellow lupins, and hence, the increase in farm profit due to the :
mncorporation of yellow lupins into the farming system decreasmg when wheat pnce decreased, The
indirect benefit of legumes, such as nifrogen carryover and cleaning crop effects, in addition to the
value of the harvested grain, make yellow lupins a potentially imy-ortant coraponent of the optimal
rotation on the yellow eaﬁh soils,

The role of yellow lupins Was thought to be most promising on the acidic sandplain, due to the yield
advantage yellow lupins have over narrow-leafed lupins on this soil type. On soil types 2 and 3 the
yield of narrow-leafed lupins and yellow lupins are comparable, Costs of production however, are
lower for yellow lupins on all three soil types, as yellnw lupins do not require phosphate application.
Shea er al (1 996“) found that the rotational profit increases on these soil types when yellow lupins

are included in the rotation, but not to the extent that it does on soil type 1, the acidic sandplam

An issues sot taken into account in this analysis is the mtmductwn of serradella (a pastuxc legume
tolerant of acidic goils) on the acidic sandplaiss soil, Serradella improves the carrying capacity of
this soil type, and hence it is expected that it would compete with ycliow lupins to be the most
profitable option on soil type 1, particularly in times of hlgh wool prices, Additiopally, wheat
varieties that are tolerant of law levels of subsoil aluminium are being bred in Western Ausfmiag
and this technology could wmplemem yellow lupms on some acldm soils.



Another issue not taken into account in this analysis is the cgmparatwe ywld variabllnty of ycllow

lupins versus narrow-leafed lupin, Reing discase resistant (and determinant in its growth pattern) it

is expected that the yellow lupin should have less variable yiclds compared to narrow leaf lupin
when grown in the wheatbelt,

Conclusions

The analysis with MIDAS indicates that there is likely to be a role for yellow lupins in the lew
rainfall enstern wheatbelt farming system of Western Australia, Given the underlying assumptions
of the analysis, it is suggested that the optimal strategy involves incorporating yellow lupins into the
farming system on yellow earth soils, particulasly the acidic sandplain.

The use of sensitivity analysis was found to be a useful methad for assessing the role of a hew crop

such as yellow lupins in the farming system. Assigning probabilities to the seenarios inthe
sensitivity analysis provided useful information about the probability of yellow lup‘ms being
selected in the optimal solution, and the pmbab iiity distribution of the increase in furm praﬂt
generated by including yellow lupins on the farm,
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