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Analysis of a wheat-pasture rotation in the 330 mm
annual rainfall zone using the STEP model

Andrew Blake and Caroline Peek, Department of Agriculture, Geraldton

KEY MESSAGES

. Self regenerating biserrula pastures grown in rotation with wheat were more profitable than
volunteer pastures based on the assumption that the legume phase can lift wheat yields and
improve grain quality.

. In the event of the pasture legume failing to persist, reseeding the biserrula every pasture phase
was affordable if wheat yields were increased by 10 per cent (to 2 t/ha).

AIMS

Primary producers across the wheatbelt face many challenges including a severe cost price squeeze
on top of biological problems such as increasing levels of herbicide resistance in weeds. For those in
lower rainfall areas, the challenge is even greater as their yield potentials are lower making them less
able to absorb increased input costs. Their rotational options are also more restricted due to
unreliable yields of non-cereal crops and the risk of investing in improved annual pastures that may fail
to persist.

A grower from the 330 mm rainfall zone of the northern wheatbelt has recently been prompted to look
for alternative rotations for his 7,450 ha farm of predominately medium to heavy red soils. His
traditional system involves 70 per cent wheat, 30 per cent volunteer pasture with a self replacing
merino flock producing cross bred lambs. He has about 2,100 ewes and also grows a small area of
lupins. While returns from this system was meeting all fixed and variable costs and paying for the
farmers labour, he was interested in improving his pastures, lifting his stocking rates and improving his
wheat yields. He wants to move toward a ley pasture system that involves 2-3 wheat crops followed
by a biserrula pasture phase. With this system he hopes to maintain the wheat area of 70 per cent
and increase his stock numbers to 4,000-5,000 head. He also believes he will lift his average wheat
yields from 1.8 to 2 t/ha by including a legume phase. This paper describes an economic analysis of
these two systems.

METHOD

The analyses were conducted using the STEP (Simulated Transitional Economic Planning) model
over a 15 year planning horizon. STEP is a computerised series of whole farm annual financial
budgets. Itis designed to investigate the progressive annual cash flow consequences of changing the
enterprise mix. The main output is an annual surplus/deficit and the cumulative addition of the
surplus/deficit which results in the cumulative financial position (CFP). To simulate the cost price
squeeze, costs increased at 3 per cent per annum and returns increased at 2 per cent per annum. A
discount rate of 7 per cent was applied to the 15 year cumulative financial position. The results of the
analyses should only be used as a comparative guide to the relative differences between the systems.

Financial and production details were obtained for a case study farm business located in the northern
agricultural region with average annual rainfall of 330 mm. These details provided by the farmer were
used as the basis for the analyses. Other assumptions included in the main analysis included a farm
gate grain price of $162/tonne for hard wheat and a price of $65/head for fat lamb. In the traditional
system $15,000 pa was budgeted for supplementary feeding. This was increased to $30,000 pa when
dse was 3.3 and to $36,500 pa at 4 dse.

The analyses included:

. Comparing the case study farm’s traditional rotation that included mainly wheat, unimproved
pasture and small areas of lupins with a ley pasture system (2-3 wheat crops followed by one
year of biserrula pasture).

. Examining the financial implications of having to reseed the legume pasture in the event of the
pasture legume failing to persist.
. Examining the sensitivity of the system to wheat yield and price, stocking rate and input costs.

Crop Updates is a partnership between the Department of Agriculture, Western Australia and
the Grains Research & Development Corporation

54



Agribusiness Crop Updates 2006

RESULTS

Table 1 summarises the relative areas of different crops and pasture as well as livestock numbers and
stocking rate. Although the systems are similar in wheat area, the ley system has no lupins and has
higher stocking rates and ewe numbers.

Table 1. Relative area of crops, pasture, ewe numbers and approximate winter stocking rate on the
7,450 ha case study farm under their traditional rotation and the ley pasture system they are
moving towards

System Wheat Lupins Pasture Ewe no. Stock rate
Traditional 68% 3.5% 28.5% 2,096 head 1.5dse
Ley pasture 68.5% 0% 31.5% 4,280-5,340 3.3-4 dse

Analysis of the traditional system shows the cumulative financial position increased by over $12,000
after fifteen years (farm gate wheat price $162/t). In this system CFP did not increase much because
the lupin phase is unprofitable and the low stocking rates means income from livestock fails to cover
costs. Income from wheat covers all variable and fixed costs but this only just overcomes the losses
made from livestock and lupins. The grower was aware that this system was not making much money
which prompted him to seek help regarding more profitable systems.

Table 2 shows the discounted cumulative financial position after 15 years of both the traditional and
proposed systems, at two wheat yields, two wheat prices and two stocking rates. The farmer is
moving towards a ley pasture system where the volunteer pasture is replaced by a self regenerating
annual legume pasture and wheat is the only crop grown. This system was also analysed to compare
the financial consequences of reseeding the pasture. Analyses of this ley pasture system show the
farm business is in a better financial position after 15 years than under his traditional system as long
as wheat yields are lifted by the inclusion of the legume.

Table 2. The impact of wheat yield and stocking rate on the discounted 15 year cumulative financial
position of the case study farm. Assumed lamb price is $65/head

Stocking rate CFP after 15 years CFP after 15 years
System Wheat yield (DSE winter (farm gate hard wheat | (farm gate hard wheat

grazed) @ $162/t) @ $1471t)
Traditional 1.8t/ha Low (1.5) $12,000 -$1,561,000
Ley pasture High (2 t/ha) 4 $1,394,000 -$81,000
Ley pasture High (2 t/ha) 3.3 $1,140,000
Ley pasture Low (1.8 t/ha) 4 -$162,000 -$1,582,000
Ley pasture Low (1.8 t/ha) 3.3 -$419,000
Ley pasture Low (1.8 t’ha), $10/ha 3.3 $130,000

less inputs

Reseed all High (2 t/ha), reseed 3.3 $654,000
pastures pastures

If yields are not lifted then the CFP is negative at both stocking rates. This is because the increased
stocking rate does not cover all the costs of establishing the annual pasture so without a yield benefit
in the cereal phase, inclusion of the biserrula has a negative effect on CFP. Obviously this was even
more negative at the lower stocking rate as the income from livestock covered even less of the cost of
pasture establishment than at the higher stocking rate.

If the ley system lifts wheat yields to 2 t/ha the system is better financially for several reasons. Firstly,
higher wheat yields generated higher returns. Secondly there is no lupin phase which was costing the
grower money as his lupin yields did not generate enough returns to cover his fixed and variable costs.
Finally, it was assumed that wheat grown in the first or second year after legume pasture would be
higher in protein and therefore attract the $10/tonne premium paid in the AH segregation. In the
traditional system with mainly wheat on wheat or wheat on volunteer pasture the grower felt only some
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of his wheat would be classified hard. We therefore assumed only half of his wheat produced in the
traditional system would attract the premium. Therefore, even at the same yields, greater returns are
generated from his cereal phase in the ley system through an improvement in grain quality.

One potential threat to the success of the ley pasture system is the failure of the pasture legume to
persist through multiple crops. This was addressed in the analyses by assuming all biserrula pasture
following three wheat crops would need reseeding, whilst that following two wheat crops would
self-regenerate. A separate analysis was done with the assumption that the pasture legume never
self-regenerated and needed to be reseeded at the start of each pasture phase. This analysis showed
that despite the cost of reseeding all biserrula every pasture year, the system was still profitable if
wheat yields of 2 t/ha were achieved (see Table 1).

Another threat to this system is that the legume pasture may fail to carry the higher stocking rates.
Analysis suggests that as long as the legume pasture results in improved wheat yields (at least 10%)
and improved quality, the grower is better off including the legume phase even with no stock than
persisting with his traditional system.

If the ley pasture system fails to increase wheat yields the model predicts a negative discounted
cumulative financial position after 15 years at both stocking rates. However, this is very sensitive to
input costs. If inputs costs are reduced by $10/ha in the wheat crop, the cumulative position is
increased by $549,000 after 15 years (see Table 1).

The case study farmer grew Casbah biserrula for the first time in 2005. He was extremely impressed
by its production and believes it grew better than any other legume he has tried. Unfortunately it failed
to set seed because a severe aphid infestation decimated the pasture whilst he was on holidays.
Based on its performance last year he intends to progressively establish the majority of his farm to
biserrula and implement the ley pasture system. One final risk worth mentioning is the threat of
photosensitivity in livestock grazing exclusively on biserrula pasture. He saw no sign of the condition
in his sheep last year but until we learn how to eliminate the risk of photosensitivity this remains a
threat to his system.

Most of the analyses were done assuming a 15 year average farm gate wheat price of $162/t for hard
wheat. As a worst case scenario some runs were also done assuming a wheat price $15/t lower and
all these runs resulted in a negative CFP after 15 years. It is clear that to remain viable at lower wheat
prices, either additional income must be generated from crop and pasture phases (higher yields) or
input costs must be reduced.

CONCLUSION

If the biserrula pasture system delivers the grower higher wheat yields (to 2 t/ha) and better grain
quality this system is far more profitable than his traditional system. If wheat yields remain at 1.8 t/ha,
but quality is improved and livestock numbers are lifted the system is less profitable than his traditional
system and the overall discounted cumulative financial position is negative after 15 years. At lower
yields, input costs must be reduced to remain profitable. The impacts of incorporating biserrula
pasture into the cropping rotation need to be assessed on a paddock scale over several years.

KEY WORDS

biserrula, pasture legume, wheat, rotation, economic analysis, STEP

ACKNOWLEDGMENTS

Thanks to the case study grower for making these analyses possible by sharing the financial and
production details of his farm business. Thanks also to Peter Tozer from the Geraldton Department of
Agriculture for his comments and suggestions.

Project No.: Northern Region Farming System Project 69F

Paper reviewed by: Clinton Revell

Crop Updates is a partnership between the Department of Agriculture, Western Australia and
the Grains Research & Development Corporation

56



Agribusiness Crop Updates 2006

Response to winter drought by wheat on shallow
soil with low seeding rate and wide row spacing

Paul Blackwell*, Sylvain Pottier? and Bill Bowden*®
'DAWA; 2Esitpa (France)

KEY MESSAGES

. Very wide rows (600 mm) and low seeding rates (30 kg/ha) can reduce stress from a
July/August drought in the NAR on sandy clay loam about 500 mm deep.

. Reduced early biomass and inter-row water use from wide rows and low seeding rates helped
tiller survival, reduced head damage and allowed heavier grain; this resulted in 180-380 kg/ha
(14 to 30%) better yield with wide rows and low seeding rates; grain quality also benefited.
Winter irrigation of Arrino corrected the drought and almost doubled yield to 4 t/ha.

. Canopy temperature depression (CTD) from a hand held infra red thermometer correlated well
with grain yield and quality responses of many cultivars to the mid-season drought stress.

AIM

Understanding how very wide rows and low seeding rates help reduce crop drought stress.

METHODS

The experiment was at Pindar, 35 km east of Mullewa; agronomic details are in Blackwell et al. 2006.
The soil is sandy clay loam over granite with pH of 4.2 available P of 50 ppm and organic matter of
1.4 per cent. Ten wheat varieties were sown on 7 May. Crop establishment, biomass, yield
components, grain yield and quality were measured. Soil water content was measured with TDR, and
crop drought stress by canopy temperature depression (CTD) using an infra red thermometer (Fischer
et al. 1998).

RESULTS

Poor rainfall induced drought in July and early August (Dry and warm period in Figure 1; also identified
by rapidly declining soil moisture). 53 mm fell after 13 August and 23 mm in September.
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Figure 1. Weather at Pindar 2005 from sowing to anthesis showing growth stages of Arrino in the trial
and a classification of the different periods of temperature and soil moisture.
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Soil and crop responses

Wide rows (WR) and low seed rate (LS) gave 380 kg/ha more yield (30%) compared to harrow rows
(NR) and high seeding rates (HS). The crop canopy in WR and LS was 2.4°C cooler in the drought
period compared with NR and HS which had greater early biomass and more water use. Wide inter-
rows conserved moisture, as did fewer plants at LS. Stress caused 125/m? more tiller loss in the NR
and HS crop than the WR and LS crop, which had 90 per cent less head damage, 80 per cent more
grains/head and 13 per cent heavier grain. Later flowering varieties, such as Janz, had more head
damage (i.e. heads ‘caught in the boot’), compared to earlier flowering varieties; Kalannie and
Westonia.

Wide rows alone gave an average yield benefit of 182 kg/ha (13%). The crop canopy was 1.6°C
cooler in the drought period. Stress caused 90/m? more tiller loss, which had 80 per cent less head
damage, 40 per cent more grains/head and 7 per cent heavier grain.

Lower seeding rate alone gave an average yield benefit of 198 kg/ha (14%). The crop canopy was
0.7°C cooler in the drought period. Stress caused 30/m? more tiller loss, which had 40 per cent less
head damage, 30 per cent more grains/head, 6 per cent heavier grain and 9 per cent more head wt at

anthesis.

Table 1. Mean variety effects and changes by row spacing and seeding rate. Bold figures within rows
indicate significant difference at P < 0.05
Spacing, mm 300 300 600 600 Isdoos | Difference
Sowing rate, kg/ha 30 60 30 60 SI?OV\\:VX 328/06/280
Initial conditions before drought stress
Plants/m? 77 124 69 106 8.29 -55
Biomass (15 June), g/m2 89 109 60 69 10.0 -49
Expression of drought stress
Leaf temperature 25 July hotter than air cooler than air
CTD, °C (air-canopy temp) -0.85 -1.52 0.87 0.06 0.693 2.4
Effects on growth to anthesis
Tillers/m? (June) 332 408 207 251 26.5 -201
Shoots at anthesis/m? 268 296 220 247 18.8 -76
Tiller change/m? -65 -112 13 -5 315 125
Anthesis green leaves/head 1.38 1.40 1.16 1.10 0.139 -0.25
Anthesis heads/m? 174 183 155 174 10.3 -27
Head wt, g anthesis 0.58 0.55 0.62 0.55 0.030 0.07
Head dry wt, g/m? anthesis 101.1 100.3 95.6 94.7 6.48 -4.70
Head damage, hds/m? (anth)* 4.4 7.2 0.9 1.7 2.15 -6
Effects at harvest
Damaged spklts/hd, % (hvst)# 14 15 7 8 271 -8
Harvest heads/m? 201 214 170 186 9.81 -44
Grains/head 20.7 15.6 27.8 21.7 1.63 12.22
Grains/spikelet 1.91 1.59 2.30 2.03 0.14 0.71
Hectolitre wt, g 83.0 82.0 83.6 83.6 0.62 1.60
Screenings, % 1.07 2.81 1.00 1.19 0.93 -1.81
1000 grain wt, g 36.49 34.28 38.6 36.82 1.15 4.32
Small grain (2-2.5 mm), % 10.2 12.8 7.9 9.0 2.19 -4.91
Large grain (> 2.5 mm), % 88.6 854 91.0 89.7 2.39 5.63
Yield, kg/ha 1510 1262 1642 1494 103 380
Grain protein, % 13.27 13.58 13.07 13.35 0.37 -0.51

* Observed necrosis; equivalent whole heads.

# Observed spikelet damage; mostly fungal infected.
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Irrigation was used on the Arrino crop during the drought; about 80 mm total was added by weekly
applications. This added to the 190 mm of growing season rainfall. Table 2 shows that the yield could
have been about doubled if the transient winter drought had not occurred to damage tillers and heads!

Table 2. Yield and yield components of Arrino with or without irrigation during the drought. Same
letters within ‘Rainfed’ rows indicate no significant difference at P < 0.05. (Irrigated plots were
treated with 250 mL/ha of ‘Tilt’ fungicide on 15 September)

Spacing, mm 300 300 600 600
Sowing rate, kg/ha 30 60 30 60
Tiller loss/m? Rainfed 9 b 131b 55a 66 a

Irrigated 55 39 34 49
Heads/m? Rainfed 186 b 201 b 165a 173 a
Irrigated 269 275 214 237
Head wt, g/m? Rainfed 97 96 97 91
Irrigated 123 111 98 99
Damaged spikelets, Rainfed 2la 18a 6b 4b
% per head Irrigated 0 0 0 0
Yield, kg/ha Rainfed 1494a 1496a 1937b 1823b
Irrigated 3987 3580 3849 3864

More detailed measurements in the Arrino crop showed the drought retarded growth in the narrow row
spacing treatments, but at wider row spacing crop biomass accumulation was more constant during
the drought period (Figure 2). Wider row spacings also conserved more soil moisture during the
period of drought (Figure 3). The wide row spacing and low seeding rate retained relatively high soil
moisture during the early growth period, before the mid season drought (Figure 3). All treatments
were close to ‘wilting point’ before the relieving rain in August. 53 mm fell in the rest of August and

23 mm fell in September.
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Figure 2. Biomass accumulation of Arrino in the four treatments. Standard deviation bars are attached
to each mean, growth stages and weather periods are shown.
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Canopy temperature depression (CTD) during the drought period was closely related to grain yield of
individual cultivars (Figure 4). Calingiri (dashed line) appears more sensitive to drought stress than
the other varieties used Strong correlation was also found between CTD and hectolitre wt of the grain
(Table 3). Calingiri, Cunderdin and Janz yield was more sensitive to drought stress, Wyalkatchem,
Westonia and Bonnie rock least sensitive. Calingiri grain size was most sensitive to drought stress,
Drysdale least sensitive.
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Figure 3. Profile soil moisture average of under and between rows; from 0-400 mm depth. Standard
deviation bars are attached to means and weather periods shown.
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Figure 4. Fitted linear relationships between CTD during the drought (25 July) and grain yield of plots
for four of the ten varieties. More detail is shown in Table 3.
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These results encourage yield prediction by canopy temperature measurements during drought stress.
Rodriguez et al. (2005) found almost 50 per cent better prediction of growth and yield of wheat by
canopy temperature than the normalised differential vegetation index (often used in precision
agriculture).

Table 3. Slope, intercept and degree of fit of regressions between grain yield or quality and Canopy
Temperature Depression during the mid-season drought. The r* values > 0.6 are made bold.
The varieties are listed in order of slope value

Grain yield (kg/ha) and CTD (°C) Hectolitre wt (g/hl) and CTD (°C)
Variety Slope Intercept r? Variety Slope Intercept r?
Wyalkatchem 73 1540 0.582 Drysdale 0.130 84.35 0.036
Westonia 83 1623 0.798 Tamarin Rock 0.360 82.61 0.635
Bonnie Rock 94 1529 0.475 Westonia 0.381 83.25 0.768
Drysdale 105 1635 0.309 Bonnie Rock 0.460 82.79 0.570
Arrino 115 1753 0.527 Cunderdin 0.626 83.07 0.671
Kalannie 115 1596 0.528 Arrino 0.708 84.22 0.471
Tamarin Rock 116 1751 0.673 Wyalkatchem 0.758 83.12 0.703
Janz 130 910 0.807 Kalannie 0.834 82.68 0.610
Cunderdin 142 1359 0.762 Janz 0.864 82.86 0.805
Calingiri 200 1532 0.888 Calingiri 1.062 83.80 0.607

CONCLUSIONS

In situations of reasonable rainfall and/or deep soils which can store a lot of water, promoting early
growth and vigour in crops, promotes bigger yields. However, in lower rainfall regions and on
shallower and relatively fertile soils, promoting early vigour causes the limited water supplies to be
used early to the detriment of later crop growth and grain fill. In such circumstances it may be better to
adopt practices which reduce early vigour (e.g. reduce seeding rates, use less fertiliser — particularly
nitrogen, and sow at wider row spacings) and so allow the crop to survive mid season and end of
season droughts. In some, wet seasons, low early vigour practices will give lower yields, but in drier
years, the low vigour practices will help drought-proof the crop and guarantee a return in all but the
worst situations. Canopy Temperature Depression during the drought was a good indicator of drought
stress and subsequent effects on yield and grain size for many wheat cultivar used here. Caution is
advised for application of these results; adjacent less fertile sites sown at the same time showed less
early growth, less drought stress and more benefit of lower seeding rate. Later sown sites showed
penalties to very wide rows because of less water stress due to frequent September rain.
Observations at other locations and seasons in the same area have shown that wide rows can have
less yield than narrower rows where the rooting depth is very shallow (~300 mm) because evaporation
easily dries the inter row.
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drought, shallow soil, very wide rows, wheat, low sowing rate, canopy temperature
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How much yield variation do you need to justify
zoning inputs?

Michael Robertson and Greg Lyle, CSIRO Floreat
Bill Bowden, DAWA Northam; Lisa Brennan, CSIRO Brisbane

KEY MESSAGES

Significant variation in yield potential, enough to potentially justify zoning fertiliser inputs on economic
grounds, can occur in both small and large paddocks and low and high yielding situations.

The economic benefits from targeting nutrients to yield potential in each zone, rather than fertilising the
paddock to an average yield potential, can be estimated and is influenced by the range of factors. The
wider the variation in potential yield, the greater the benefit. Benefits will be further enhanced if there
are differences between zones in soil fertility status, a decrease in wheat price, an increase in fertiliser
cost, or if the low yielding zone dominates the area of the paddock.

Accounting for seasonal influences on yield potential will be crucial in maximising the benefits for
variable rate application of nutrients.

BACKGROUND

Most emphasis on precision agriculture (PA) to date has been on variable rate application of nutrients
to different areas or zones in paddocks (hereafter called zone management). Use of this approach to
crop management requires investment in equipment and managerial effort. Despite awareness of the
benefits of PA by some leading grain growers there has been little uptake of zone management in the
Australian grains industry. Some of the uncertainty surrounding its adoption is whether enough within-
paddock variation in yield exists to justify the investment. Intuitively, one would expect that the
economic and environmental benefits of zone management will be proportional to the extent of sub-
paddock yield variation, where the biggest gains to be made will be in paddocks with the widest
differences in yield potential. This is because yield potential (defined here as the yield, limited only by
water) is the major determinant of crop nutritional requirements (see Bowden paper these updates).

With the widespread availability of yield monitors on harvesters many farmers are in the position to
collect yield maps over much of their properties each season and ascertain the range of variation in
yield within paddocks. However, a common cry heard is that it is difficult to know how to interpret yield
maps and use the information to make a management decision. This paper makes an attempt to
develop some rules of thumb for within-paddock yield variation that would translate into economic
advantages for zone management. We also report on the results of a survey of yield maps collected
on the northern sandplain in order to document the extent of sub-paddock yield variation and to
debunk some myths associated with sub-paddock yield variation, e.g. larger paddocks have more
yield range than small paddocks.

The aims of this paper are to:

. document sub-paddock variability in grain yield from yield maps of wheat in the northern
sandplain region of WA,

. test if variation is related to variables like paddock average yield and paddock area;

. show how differences in yield potential, size of management zones, costs and prices, soil

fertility status will influence the economic gains achievable from zone management.

HOW MUCH VARIATION IS OUT THERE?

To answer this question we conducted a survey of 200 yield maps of wheat obtained from the northern
sandplain region. Yield maps were accessed from farmers who have collaborated with CSIRO in PA
research over the recent years (1997-2002) in Buntine, Three Springs, Wongan Hills and Yuna. As
such the survey was not random, however the assumption was that by analysing yield maps from a
wide range of locations and seasons we could gain an overall picture of the extent of yield variation
that exists. Paddock average yield varied from due to paddock-to-paddock and seasonal variation
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from 0.5 to 4.9 t/ha, and paddock size ranged from 7 to 172 ha. A number of yield maps came from
the same paddock over a few seasons.

Management zones can be defined on the basis of patterns in yield variation, using statistical
techniques called clustering, which groups similar yielding areas into the same cluster or zone.
Management zones would not usually be defined on the basis of yield variation alone and would
normally involve additional information on factors responsible for yield variation such as soil type or
topography. For the purposes of this paper we clustered each of the 200 maps into three zones. The
breakdown of the zones did not neatly fit into three zones consisting of one-third of the paddock area
each, however more than 90 per cent of the paddocks had zones that varied between 25 and 40 per
cent of the paddock area. We then calculated the average yield in each zone. Our measure of within-
paddock yield variation was the difference in average yield between the highest yielding and the
lowest yielding of the three zones (the middle one was close to the paddock average usually). An
example of a clustered yield map is shown below (Figure 1).

Figure 1. Example of ayield map clustered into three zones.

What did we find? An interesting finding is that large paddocks were no more variable than small
paddocks (Figure 2a).
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Figure 2. Relationship between yield difference between high and low yielding zones and (a) paddock
area and (b) paddock average yield.

High yielding paddocks were no more variable than low yielding paddocks (Figure 2b). Even when
maps from individual seasons were examined the lack of relationship held for paddock yield and area.
Across all 200 yield maps the difference between the average yield of the high and low yielding zones
ranged from 0.5 to 3.3 t/ha, with the median around 1.7 t/ha. This gives us an idea of the upper and
lower bounds of within-paddock yield variation.

If we zone the 200 yield maps into 5 clusters rather than 3 then the difference between the lowest and
highest yielding zones (which equates to about 20% of the paddock each) increase from a median of
1.7 t/hato 2.4 t/ha. Going the other way, from 3 to 2 zones the median difference went from 1.7 t/ha
to 1.1 t/ha. This shows that with more zones in a paddock we can separate higher and lower yielding
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areas more distinctly. But is it worth the bother? That's both an economic question and a
logistical/personal preference question, which is beyond the scope of this paper.

ECONOMIC SIGNIFICANCE OF VARIATION IN POTENTIAL YIELD

We have a well developed ability to estimate crop nutrient requirements for wheat if we know yield
potential and soil fertility status. Moreover, with some information on the price of grain and the costs
of fertiliser we can estimate the economically-optimum rate of say N and P. This information lies
behind the current key fertiliser decision support systems available to the industry in WA.

Take the simple case of a paddock with low soil N status, broken up into three equal-sized zones with
the low-yielding zone having an average yield of 0.5 t/ha. If we take some standard prices and costs
for wheat ($150/t) and fertiliser N ($1.2/kg), we can calculate what advantage there is to applying N at
the economically-optimum rate to each zone based on its yield potential versus just applying the
economically-optimum rate to the whole paddock, and therefore under-fertilising the high yielding
zone, over-fertilising the low yield zone and matching fertiliser requirements to the middle zone.
Figure 3 shows that the yield benefit varies from no advantage where the yield difference between the
low and high zones is only 1 t/ha or less, to $15/ha where the yield difference between high and low
zones is the maximum found in our survey of 3.5 t/ha. These results show that differences in yield
potential have a huge influence on expected benefits from zone management.
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Figure 3. Economic advantage over uniform application of fertiliser N over zone management, as a
function of the difference in yield potential between high and low-yielding zones.

If we take one point on the curve in Figure 3 where there is an average of 0.5, 2.0 and 3.5 t/ha in the
low, middle and high and zones. The economically-optimum N rate for the three zones was 20, 60
and 80 kg N/ha (and the paddock average was 60 kg N/ha), so the $12/ha advantage for zone
management for N management came from avoiding the over-fertilising on the low zone and under-
fertilising on the high zone. Let's now consider some additional variables that may influence the
economic advantages of zone management.

If the low zone dominates the paddock at 50 per cent of the area rather than 33 per cent then the
paddock optimum N rate when applied to the high zone falls short of its requirements and penalises
yield, so the advantage to zone management increases to $14/ha. A similar increase occurs under
the situation of a higher grain price ($250/t) or higher N cost ($1.6/kg N).

Let’'s now consider differences in soil fertility status as well as yield potential. This might arise where
previous non-legumes may have left behind less available soil N on high yield zones and left more
behind in low yielding zones. If we assume in our example that the high zone has 10 kg N/ha
available and the low zone has 60 kg N/ha available, then the range in economically-optimum N rates
in the three zones gets larger (0, 60 and 80 kg N/ha versus 20, 60 and 80 kg N/ha). By accounting for
the zone differences in soil N status, as well as yield potential, moves the economic advantage to
zone management from $12/ha to $27/ha. If we consider the opposite case where less available soll
N occurs in the low zone and more in the high zone, which might occur following a legume pasture or
a pulse crop, then the economic advantage drops back to $13/ha. This is because the extra soil N in
the high zone insures that there is less shortfall in its N requirement when applying one N rate
throughout the paddock.
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What about other nutrients? If we assume that in addition to N we also variable rate P to each zone
(and it's a P responsive paddock) then the economically-optimum rates of P for this paddock are 10,
20 and 25 kg P/ha. The advantage of applying the economically-optimum N and P rate to each zone
over applying the paddock optimum increases from $12/ha to $17/ha. If soil P status levels are lower
on the high zone and higher on the low zone (as described above for N) then the advantage increases
to $24/ha.

If we start stacking the various effects described above then it starts to give us an upper limit to the
economic advantages than can be expected from zone management. For example, take the case of
N and P, where soil fertility status for both nutrients is lower on the high zone and higher on the low
zone, and where the low zone comprises 50 per cent of the paddock. In this case the paddock optima
are 40 kg N/ha and 5 kg P/ha, compared to the low zone of 0 kg N/ha and 0 kg P/ha, middle zone of
40 kg N/ha and 5 kg P/ha and high zone of 80 kg N/ha and 25 kg P/ha. In this case the advantage for
zone management over uniform paddock management is $57/ha. Instead of assuming a paddock with
a wide range of yield potentials (0.5, 2.0 and 3.5 t/ha) and taking something more representative of the
survey results (1.0, 1.75, 2.5 t/ha) then the advantage to zone management drops to $44/ha. This
highlights the overall importance of differences in yield potential and soil fertility status within a
paddock driving the potential economic benefits that can be gained from zone management.

IMPORTANCE OF SEASON

The economic benefits described above to zone management all depend on fertiliser being able to be
matched to yield potential, which is difficult if yield potential is unknown at the time of the fertiliser
decision being made! The issues involved in estimating or predicting the seasonal influence on yield
potential have been described well by Bill Bowden in these proceedings. The table below shows the
likely variation in yield potential we estimate for Buntine climate and a range of soils we are aware of
occur on the northern sandplain varying in plant available water capacity (PAWC). It highlights that
while in an ‘average’ season, potential yield might vary by 3 t/ha (from 0.9 to 3.8 t/ha) across the range
of soil types, in a below-average season the variation might only be 1.3 t/ha, thus diluting the potential
benefits for zone management, while in above-average seasons the range might increase to 3.6 t/ha.

Table 1.  APSIM simulated estimates of potential yield for wheat on three soils contrasting in plant
available water capacity (PAWC), for Buntine climate data

Soil PAWC (mm)
Season 50 mm 90 mm 130 mm
Above average 1.4 4.5 5.0
Average 0.9 3.0 3.8
Below average 0.6 15 1.9

CONCLUSIONS

Considerable variation occurs in potential yield within paddocks in WA, small and large, and low and
high yielding. The larger the difference in yield between zones the more economic benefit from zone
management. The economic benefits also increase with higher grain and fertiliser prices and depend
on levels of soil nutrients in the different zones. However, use of this approach requires a good
indication of yield potential. Yield maps can be put to good use by giving estimates of within-paddock
variation in yield potential.
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