Climate change severely affectswheat yield trends across southern Australia,
wher eas sorghum yield trends surge.
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Abstract

A review of productivity changes across the Augsrabrain-belt was commissioned by the GRDC to tepda
a phase 1 report based on data up to 2000/01. tdyerlecrop forecasting systems were used to assess
recent cropping performance and what were the araners of change. This paper will present theifigd
of this review and will concentrate on spatial éewhporal trends in the main winter and summer Grops
wheat and sorghum. A number of key conclusiongaFsstly, the rate of wheat yield increase (yiedhd)
declined rapidly from 2.1% per annum at the enthef1990s, to only 0.6% at the end of the 2000& Th
decrease in the rate of yield improvement occuimdde four southern mainland States at the same tthat
there was a shift to a drier and more variable aanin Queensland the wheat yield trend actuatlyeiased
as yield variability decreased. Eighty percenthef variance in the change in wheat yield trendspaoed to
phase 1 was related to yield variability, makingafaility a major driver of crop performance. Irsasiation
with this, two thirds of this variance in the charig wheat yield trends could be explained witthange in
nitrogen fertiliser use in the 2000s. In Westerrsthalia the spatial pattern of wheat yield trenuftesd from
rainfall amount to frost risk in spring. For sorghuhigher genetic gains, a shift in emphasis frameat to
sorghum, and higher rates of nitrogen applicatidirgontributed to the national sorghum yield trend
increasing from a high 3% at the end of the 19@08,9% at the end of the 2000s. Sorghum had much
greater gains in water use efficiency than whedtagpears to be less affected by climate change.
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I ntroduction

Hamblin and Kyneur (1993) and Cornish et al. (1988)d low or static wheat yield trends across many
drier areas of the Australian wheat-belt betwees01#nd 1993, especially the northern GRDC zone. Low
soil fertility, largely related to inadequate swmilrogen (N), low rates of N fertiliser applicatiand a low
proportion of grain legumes in rotation were coesidl important factors.

A decade later a National Land and Water Resoukadit (NLWRA, Stephens 2002) and a GRDC
commissioned review of productivity changes (Bee&tbal. 2006) found large gains in crop yields-{48
kg/halyr) in the 1980s and 1990s in wetter shiféd/estern Australian, South Australia, Victoriadahe
southern and north-eastern areas of New South Waleis was related to a change in farming systems
where farmers progressively switched to early sgwahsemi-dwarf varieties, herbicide control of wee
better tillage techniques, increased N inputs,rantk grain legumes and oilseeds in rotation (Arejus.
2002; Anderson et al. 2005). The lowest yield tee(@12 kg/hal/year) were found where the highestlyi
variability was found in Queensland, the northeyneEPeninsular, central New South Wales and north
central Victoria (Stephens 2002). Sorghum trend®wah in the 1990s in northern New South Wales as
farmers dramatically increased N after noticingyawer of N between winter/summer crops (Stephens
2002; Potgieter et al. 2005). In contrast, sorglyietd trends were low in Queensland due to severe
droughts restricting N inputs and better land bgilagted to cotton (Stephens 2002; Potgieter &04l5).

In 2009, the GRDC commissioned an analysis of gremductivity changes (Stephens et al. 2011) tatepd
a phase 1 report (Beeston et al. 2005). The finstod this work was to utilise the DAFWA and QAABID
regional crop forecasting systems to properly defiield trends in the 2000s. Secondly, the aimtivas to
investigate what were the drivers of these changes.

M ethods
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Crop Modelling Analysis

A modelling analysis to examine yield trends wasied out with Western Australian Department of
Agriculture and Food’s STIN wheat model (Stephered.e 1989) and the Queensland Alliance for
Agriculture and Food innovations (QAAFI, Universay Queensland) Oz-Sorghum model (Potgieter et al.,
2005). These models calculate a water balance @nohralated stress experienced by the crop thrdugh t
growing season. With shire data being discontirfued 2001/02 on an annual basis, STIN and Oz-
Sorghum were calibrated on representative raisfations and statistical sub-division (SSD) yields
retrofitted back to 1990/91 based on 2007/08 boueslaAssuming a linear increase in yields withetim
model predicted yields (Y) are calculated by:

Y =bo + by*(Sl) + by*(year) (1)

where, Sl is the respective model stress indgxyband bare the population regression coefficients
estimated by the method of least squares. By ukis@pproach, the climate variability is removéal the
stress index, leaving edaphic and technologicabfacontributing to the trend termy(bActual yields were
converted into de-trended yields using) @nd the variability of de-trended yields was exsd through the
coefficient of variation. For wheat, we also exaedinf there was an interaction between climate $tooé
stress) and technology at a State scale usingytaien:

Y =bo + by* (SI) + by*(year) + bs* (Sl *year) 2

where, Ris the additional interaction term estimated byrtirethod of least squares. Both these calibrations
were set up for wheat to be calculated over 20-y@hng intervals from 1930-49 to 1989-2008.

Water use efficiency is related to the amount aefrgproduced per millimetre of total water usedhi@ crop
growing period. To assess water use (or produgétiitiency (WUE) of shire and SSD yields, actyiglds
were divided by potential yields () defined by French and Schultz (1984) with onedtbf growing
season rainfall lost to evaporation. Since we weoee concerned with the changes in WUE this method
gave similar results to more complex model calomtest, in spite of its limitations.

Other analysis

Modelling analysis was supplemented with groundesys of consultants and farmers in each regionti&pa
maps were also produced of yield variability, chesim N fertiliser application, frost frequencyinfall
changes, crop diversity, and farm business predittiliser data from the 2000/01 census and th&/280
Land Management surveys was spatially aggregated 8SD data into GRDC Agro-meteorological zones
in Geomedia. Wheat yield variability data was aggted up in the same way and both these varial#es w
compared to changes in yield trend at a GRDC agotegical zone level.

Results

When the STIN model was calibrated on yields ugiggation 1 the technological increase in yield2for
year intervals was graphed through time. The rg$oitthe 20 years ending in the 2001 crop an@ @09
crop are shown in Table 1. In all States excepte@Qsiand there was a dramatic decrease in yieldgras
the calibration of the model was moved forward eade. In Queensland the percentage change in yields
increased over a decade from the lowest percemaggase (0.3%/annum) to the highest (1.1%/annum).

Table 1. Wheat yield trendsin kg/halyear and per centage change per year asaratio of thelong-term average
for wheat growing States and Australia.

Period 1982/83 to 1990/91 to

2001/02 2009/10
Region Kg/halyr %/annum Kg/halyr %/annum
National 34.9 2.1 10.6 0.6
New South Wales 43.7 2.4 3.7 0.2
Queensland 4.3 0.3 14.6 1.1
South Australia 2.1 2.1 14.8 0.9
Victoria 25.7 1.3 3.9 0.2
Western Australia 38.4 2.6 16.3 1.0

The largest decrease in yield trends occurred smath-eastern Australia in New South Wales andoviit
where the largest yield variability occurred in 8@00s. In this region the severe 2006-2008 drowgistthe
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main factor behind a -10% to -30% change in waserafficiencies between 2003-2008. In Western
Australia the lowest yield trend in the 1980s a@f0s was in the variable northeast, but in the 2003
shifted to the region of highest frost risk in Sapber and October in the central southern pahefheat-
belt. Compared to the 1990s, this region actually & slight increase in frost frequency in the 2008ich
confirmed anecdotal evidence from farmers in thgmahat frost had really affected yields.

Thus, climate factors appear to play a major noleffecting crop productivity changes seen oveldke
decade. This was confirmed when the interactiam farEquation 2 was calculated for 20-year rolling
periods with State wheat yields. Through the 198t51990s this term was close to zero, inferritag tlew
technology was not restricted by climate or depanhda it. However, in the 2000s the interactiomter
jumped to record levels in the four southern maidi&tates at the same time the standard deviatigields
jumped to a maximum (around 2000). In these regithvestechnology of the 1980s and 1990s would be
deemed appropriate for the climate resources heualbrupt climate change in the 2000s imposed sever
constraints on technology which has limited yigidreases. All across Australia there was a comsigtesr
May in the 2000s which affected the trend to ead@ving and the move to more grain legumes irtimia

To investigate the important role of N fertilis¢ksamblin and Kyneur 1993; Cornish et al. 1998, Bezs
2002), changes in yield variability and N fertilisgplication were compared to changes in yielddre
between phase 1 and 2 periods. The importanceslaf yariability in adjusting productivity gainssgen in
Figure 1 where the change in yield trend progrefgisecomes more negative with a larger increase in
variability. Tasmania has very small crop areaswasl coming off very large yield increases in thdier
period so should be separated from the mainlanéssté&/hen this is done, eighty percent of the wagan
yield trend changes can be explained with the obsungyield variability. National scale fertilisdata was
very limited being only available for two separatgvey years at the end of the phase 1 periodrand i
2007/08 (close to end of phase 2). Neverthele$%, @#he variance in yield trend changes could be
explained by the percentage change in nitrogeriGgtigin between these two surveys.
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Figurel. Thechangein GRDC Agro-ecological zonewheat yield trends between 1982-2000 and 1990-2008
versus: a) the changein the coefficient of variation in de-trended yields between 1982-2000 and 1994-2008 (with
Tasmanian excluded, r? = 0.80), and b) the per centage change in nitrogen at the end of the two respective
periods, i.e. 2000/01 and 2007/08 (r* = 0.67, note Tasmania excluded).

In Comparison to wheat, the high rate of sorghuatdyincrease in the 1980s and 1990s actually isectas

the calibration of the Oz-Sorghum model moved fodrmadecade (Table 2). All trends in this case were
significant (at 0.05 p-values) and only the peragatchange in sorghum yields in NSW slightly deseda

Table2. Sorghum yield trendsin kg/ha/year and per centage change per year asaratio of the long-term average
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for sorghum growing Statesand Australia.

Period 1982/83 to 1990/91 to

2000/01 2008/09
Region Kg/halyr %/annum Kg/halyr %/annum
National 65.13 2.98 104 3.9
New South Wales 102.3 4.39 123 4.2
Queensland 33.83 1.64 77.3 3.2

There was less of a clear relationship betweeraldity and sorghum yield trends as variability wap in

New South Wales and decreased in Queensland. Sup¥a@gronomists highlighted that genetic gainsifro
hybrid varieties and better sorghum managementdaatito the large gains in yield. This was confidme

with WUE modelling analysis with Oz-Sorghum, whidund very large (40-70%) increases in inland greas
and increases of the order of 10-40% in traditisoaghum growing areas. In inland areas farmeraréy
focus on increasing sorghum yields as sorghum becaate profitable than wheat. Higher increases in
WUE were found where there was a shift to wider spacing, variable rate fertiliser and a matchihg o
fertiliser application to soil tests.

Conclusion

The abrupt change to a drier more variable climesealted in a strong interaction between climatéwheat
technology in the four southern mainland States.cdfdirm the hypothesis that N fertiliser is a nmajaver
of yield trends, but for the first time documeng trery important role of yield variability as a magriver of
productivity changes. Overall, it appears thatweg factors that underpinned record wheat yietdgases

in the 1990s produced a cropping system that wimerable to the changed climate experienced in the
2000s. High rates of nitrogenous fertilisers, eadwing and higher adoption of grain legumes alsteds
were most affected. For sorghum climate changeappe have had much less of an impact as gensdtic a
management gains have continued in a drier climate.
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