Yield gap of winter pulses in South Eastern Australia
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Abstract

Pulses are a vital component in the rain-fed farming systems in South Eastern Australia and the pulse yields
are highly dependent on the seasonal water supply. As a result, pulses show a wide variability of yields
across seasons and agroecological zones in South Eastern Australia. Our work quantified the water limited
yield potentials, actual yields achieved by growers, and defined the yield gap for lentil, chickpea, faba bean
and wheat in South Eastern Australia during 2009-2016. Results indicate average yield gaps of 42% for
lentil, 50% for chickpea, 26% for faba bean and 31% for wheat. The yield gaps can be overcome through
research, development and extension that identifies the underlying issues and develops genetic and
agronomic solutions to increase productivity, profitability, and sustainability of farming systems in the
region.
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Introduction

Pulses are an integral component of South Eastern Australian rainfed farming systems. However, the average
yield fluctuated between 0.8 and 2.2t/ha over 2009-2016, which is strongly linked to seasonal rainfall
(ABARES 2018). There is a considerable yield gap (Y,) between the water limited yield (Yw) and the actual
yield (Y,) achieved by the growers. Here, Y is the yield of a well-adapted cultivar grown under rainfed
condition when pests, diseases and other stresses are well managed and nutrients are non-limiting (Van
Ittersum et al. 2013).

Causes for yield gaps (Y,S) have been quantified and identified for wheat but not for pulses in south eastern
Australia (Van Ittersum et al. 2013). Quantification of Y, at field, regional or national levels is vital to
generate baseline information to identify the main causes driving the Y,S and, identify research and
development goals and recommend improved agronomic strategies to close the gap (Van Ittersum et al.
2013). Therefore, the aim of this study was to quantify the Y. produced by the growers in different
agroecological zones in Victoria and South Australia and the Yy that is achieved in the given agroecological
zone for lentil, chickpea and faba bean, and estimate Y, and finally compare those gaps with the
performance of wheat in the given environment.

Methods

Study area: The actual yield (Y.) of lentil, chickpea, faba bean and wheat were collated from a survey
conducted among growers and agronomists in Victoria and South Australia during 2009 — 2016. Historical
and current grain yield data from research trials, 2002- 2016, were also used to estimate the Y, of crops in
the region.

A modified French and Schultz model (1984) was used to calculate Water limited yield (Yw) = (SWS-E) x
TE, where Y is water limited potential yield, SWS is seasonal water supply, E is soil evaporation and TE is
the maximum transpiration efficiency for grain production. The SWS was calculated as the total rainfall
received during April-October growing season (from on-farm monthly rainfall records or the data from the
closest Bureau of Meteorology weather station) plus the plant-available soil moisture content at sowing
(French & Schultz 1984). Plant available soil moisture at sowing was estimated as 30% the rainfall received
during January to March. Evaporation was estimated as 30% of the growing season rainfall or 60 mm,
whichever that was higher. TE for pulses was considered as 15 kg/ha/mm and 22 kg/ha/mm for wheat
(Sadras & Rodriguez, 2007; Siddique et al., 2001).

The Yield Gap (Y,) was calculated for each crop as the difference between the Yy and Y, during 2009 — 2016.
%Y, was calculated as %Y,/Yw. The Y, data was analysed where comparisons were made between different
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rainfall zones, growing season water supply, states, local government areas (not discussed here), and farm and,
experimental trials.

Results

Study area: Overall, 1261 data points for lentil, faba bean, chickpea and wheat were collected from over 45
locations representing the key pulse production areas of which 17% were in the high-rainfall zone (HRZ),
41% in the medium-rainfall zone (MRZ) and 42% in the low-rainfall zone (LRZ) of South Eastern Australia
during 2002 — 2016.

Variation of yields and yield gap in different rainfall zones

All crops produced higher Yy and Y.in HRZ compared to MRZ and the LRZ (Figure 1). However, in all
rainfall zones wheat produced 36 — 45% greater Y, and 63 — 70% more Y. than those produced by pulses.
The average Y,S of all crops were in the range of 1.17 — 1.51 t/ha across all rainfall zones. All crops had
higher %Y in the LRZ compared to MRZ and the HRZ. Further, on average faba bean %Y gS were similar
to wheat while lentils and chickpeas had higher %Y gS compared to wheat at LRZ, MRZ and HRZ zones
(Figure 1). This indicates the greater degree of yield constraints other than water affecting pulses compared
to wheat, especially in the LRZ.
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Figure 1 Actual yield (Ya), yield gap (Y¢) and percentage yield gap (%Y}) of lentil, chickpea, faba bean and

wheat grown in low (LRZ), medium (MRZ) and high rainfall zones (HRZ) in South Eastern Australia during

during 2009 — 2016. %Y, is yield gap (Yg) as a percentage of water limited yield (Yw).

Mean grain yield (t/ha)
Percentage yield gap (%)

Effect of water supply during the growing season on yields and yield gap

For all crops the average Ywand Y,increased when growing season rainfall increased (Figure 2): The Y.of
lentil increased from 0.60 t/ha to 3.21 t/ha, chickpea from 0.38 to 3.09 t/ha, faba bean from 0.36 to 3.95 t/ha
and wheat from 1.06 to 5.18 t/ha as SWS increased from 100-150 mm to 450-500 mm.
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Figure 2 Average actual yield (Ya), yield gap (Yg) and percentage yield gap (%Yy) of lentil, chickpea, faba bean
and wheat grown under different seasonal water supply ranges in South Eastern Australia during 2009 — 2016.
%Yy is yield gap (Yg) expressed as a percentage of water limited yield (Yw).

The %Y of pulses generally decreased with increasing seasonal water: An increase in SWS from 100 — 150
mm to 450 — 500 mm decreased the %Y, by 25% in lentil, 68% in faba bean and 44% in chickpea. However,
for wheat the %Y only decreased by 2% when SWS increased from lowest to highest level. This indicates
the presence of more production constraints in pulses especially in low rainfall areas and dry seasons
compared to wheat (Figure 2). Generally, pulses had higher %Y, compared to wheat at each SWS indicating
potential of R&D strategies for bridging pulse Y,S (Figure 2).
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Variation of yields and yield gaps in Victoria and South Australia during 2009 — 2016

All the crops showed considerable annual variation of Y, and Y, during 2009 - 2016 reflecting the variability
of seasonal conditions in Victoria and South Australia (Figure 3). The average Victorian %Y, for pulses
were 42% and 36% in South Australia reflecting the potential for improved agronomy to overcome subsoil
constraints, diseases, weeds, waterlogging, frost, and reproductive heat stress, especially in Victoria (Nuttall
et al. 2004; Delahunty et al. 2018).

In both states, chickpea had the highest average %Y, (up to 50%) possibly due to ascochyta blight causing
high yield losses (Murray & Brennan 2012). Faba beans had the lowest %Y averaged across years in both
states (22% in Victoria and 29% in South Australia) indicating less production constraints and higher
proportion of data from the HRZ where Y,S are lower. The %Y for wheat was about 30% in both states
again showing less constraints in wheat compared to pulses in South East Australia.
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Figure 3 Average actual yield (Ya), yield gap (Y¢) and percentage yield gap (%Yy) of lentil, faba bean, chickpea
and wheat grown in (A) Victoria and (B) South Australia between 2009 and 2016. %Y is yield gap (Yg)
expressed as a percentage of water limited yield (Yw).

Farm vs experimental yields

The Y. of trials compared to farms were 24%, 33%, 37% and 116% more for wheat, faba bean, lentil and
chickpea, respectively (Figure 4). This is because trials are normally located in more favourable soils and
topography, being representative of the higher yielding parts of farmer paddocks and are managed to
eliminate pests, diseases, and nutrient deficiencies.

On average %Y, for pulses at farm and trial sites were 51% and 38%, respectively, which were higher than
those for wheat, which was 38% at farms and 30% at trials (Figure 4). This indicates higher degree
constraints at farm scale with pulses in contrast to wheat, where farms yield considerably closer to trials.
Further, lower %Y for pulses (38%) at trial sites reflect optimal trial site positioning and that research
programs are effectively addressing the constraints to narrow the Y, in pulses.
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Figure 4 Average actual yield (Ya), yield gap (Y,) and percentage yield gap (%Yy) of lentil, chickpea, faba bean
and wheat in farms versus trial sites in South Eastern Australia during during 2009 — 2016. %Y,is Yield gap
(Y) expressed as a percentage of water limited yield (Yw).

Seasonal water supply is a key determinant of the yields of lentil, chickpea, faba bean and wheat in Victoria
and South Australia. Lentil and chickpea have larger Y, than wheat. The Y, in faba bean is comparable to
wheat except under the lowest seasonal water supply (100-150 mm). Research trials generally show a lower
Y, than farmer trials indicating both the optimal site selection and that research is progressing to address the
Y.. However, further research is needed to identify the underlying issues limiting yield and to develop
genetic and agronomic solutions for areas with larger Y,S to increase productivity, profitability, and
sustainability of farming systems.
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