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Outline of presentation

 Background- global scenario
 Effects of pulses in cropping system
 Australian pulse production
 Adaptation of pulses to drylands
 Conclusions



World drylands



What are Pulses?

• Represent over sixty species 
of “grain legumes”

• Dry grain that is typically 
boiled and eaten

• A traditional crop in 
agriculture systems and a 
staple food in diets around 
the world



World-wide Origin of Pulses
Middle East and Mediterranean Region
Chickpea, faba bean, field pea, lentil
Americas
Common bean, lima bean, scarlet 
runner bean, tepary bean, peanuts
Africa
Cowpea (Blackeye pea), lablab, 
pigeon pea
Asia
Adzuki bean, mung bean, black gram, 
soybean



Pulses – World Scene



Why Pulses Important?
1. A nutrient-rich food that enhances 

dietary quality.
2. Promote gut health and function for 

improved  human health
3. Legume crops fix atmospheric nitrogen 

(N) for improved sustainability of 
cropping systems.

4. Provide farmers with diverse crop 
options to mitigate risk to climate 
change

5. Ensure food and nutritional security for 
a growing global population



Diverse parts of plant are eaten

Source: Irvin Widders



Diverse Market Classes within each
Species

Source: Irvin Widders



Phenotypic variability in 
chickpea germplasm conserved 
at ICRISAT, India. 
a, Variation in canopy development 
and leaf colour in chickpea 
germplasm in the field. 
b, Variation in pod size and pod 
colour. 
c, Variation in pod development and 
pod numbers on chickpea branches. 
d, Variation in seed size and colour in 
chickpea germplasm collection. 

Images courtesy of Hari Upadhyaya 
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Production sufficiency in pulses is 
a concern in some regions

Asia accounts for 45% of the global pulses production and remains 
a major producer, importer and consumer



Global pulse trade : about 12 
million tons (2014)

Source: ICARDA





The beneficial role of pulse crops 
in cropping systems. Pulse crops  
can be typically no-till planted (a) 
in rotation with cereals, with (b) 
numerous nodules on plant roots 
that fix N2 from the atmosphere, 
leading to significant benefits to 
the cropping systems, such as 
(c) reducing the use of inorganic 
N fertilizer, increasing soil organic 
carbon, and decreasing the 
carbon footprint of 
agroecosystems

Pulse crops in cropping systems



Legume fixed N or fertilizer N for 
food production

Region Source & estimated annual N input
million ton N/year

Asia & middle East 19 47
Europe 3 14
North America 8 14
Africa 3 5
South America  10 6
Australia 4  1

Total Global    47 87

value ≈>US$50 billion

Source: Herridge et al (2008) Plant & Soil 311:1-18  Peoples et al (2009) Nitrogen Fixation in Crop Production: Agronomy Monograph 52, pp.349-385



Diversifying cropping systems (a) 
are used to replace conventional 
cereal-based monoculture systems, 
leading to (b) reduced carbon 
footprint of durum wheat in the 
Northern Great Plains of North 
America

Pulse crops in cropping systems



Pulses are climate smart crops 
with less water requirements 

Source: ICARDA



Mediterranean Australia

Australia

Perth
Sydney

Mediterranean climate



Challenges for the Australian 
Agriculture
 Global competition is increasing from lower cost emerging 

producers
 The agricultural industry has to diversify its products range 

(including high value products) to meet new & emerging 
demands

 Escalating Fossil fuel prices and input costs
 Climate change and variability
 Become faster at adopting new technologies



Climatic 
regions suitable 
for pulses in 
Australia

Knights and Siddique, 2003
Knights and Siddique, 2003



Comparison of mediterranean environments: ( ) 
Aleppo, Syria, and (---) Merredin, W.A.

(a) Temperature: maximum and minimum - mean 
of 15 years.

(b) Pan evaporation: mean of 15 years.

(c) Precipitation: mean of 15 years for Aleppo and 
68 years for Merredin.

(d) Relative humidity: mean of 15 years for Aleppo 
and 9 years for Merredin.

Normal growing season, GA, Aleppo, and GM, 
Merredin. Arrow indicates normal flowering time.

Siddique and Sedgley 1986





Australian Pulses by Commodity
2014-2021

000’s Tonnes 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21

Chickpeas 555 875 2004 998 205 235 733

Lupins 549 652 1031 714 799 591 774

Faba beans 284 301 484 416 233 313 510

Field peas 290 205 415 317 160 210 294

Lentils 242 182 680 543 359 526 782

Total Pulses 1,959 2,342 4,720 3,105 1,819 1,913 3,093



Beneficial effects of legumes

 Overall cropping system productivity

 Addition of fixed nitrogen

 Effect on soil organic matter

 Availability of other nutrients

 Effect on biotic stresses



Figures in parentheses indicate seed yields (t/ha)
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Rotational benefits of grain legumes, 
Goomalling, WA



Previous crop % wheat plants 
with take-all

Grain yield of  
wheat (t ha-1)

Wheat 54 3.3

Lupin 15 4.8

Effect of the previous rotation on 
incidence of take-all and grain yield of 
wheat in South Australia 



Agro
Ecological 
Zones or
Ag-zones

325 mm

450 mm

Warmer / 
Shorter Season

Cooler / 
Longer Season

250 mm

750 mm

Decreasing
Rainfall

Increasing
Rainfall



Lupin Industry
Narrow-leafed lupin has become the major 

pulse crop in Australia over the past 35 years 
with > 75% of production in WA

Smaller industries in NSW, SA and Vic
 Lupins are mainly adapted to coarse-

textured, acidic to neutral soils common in 
WA

Benefits include improved soil nitrogen, 
organic matter content, better weed 
management, reduced level of disease, and 
increased diversity of cash income



Major constraints 
to lupin production
 Low price of grain relative to canola and 

other grain legumes
 Variable and low yields in many regional 

environments
 Fungal diseases (anthracnose and root rot)
 Aphid damage and virus infection
 Herbicide resistant weeds in lupin-cereal 

rotation



Soil types 
suitable for 
pulses in WA



Pulse Species
Field pea (Pisum sativum)
Faba bean (Vicia faba)
Common vetch (Vicia sativa )
Lathyrus cicera
Lathyrus sativus
Lathyrus ochrus
Narbon bean (Vicia narbonensis )
Desi chickpea (Cicer arietinum )
Lentil (Lens culinaris )
Albus lupin (Lupinus albus )
Bitter vetch (Vicia ervilia )
Kabuli chickpea (Cicer arietinum )



Aims
 To study the adaptation of a wide range of cool 

season grain legumes (pulses) to low-rainfall 
Mediterranean-type environments of southern 
Australia

 To identify morphological and physiological 
traits associated with the adaptation of pulse 
species to these environments



Pulses experimental sites in south-western Australia

PERTH

INDIAN OCEAN

AUSTRALIA

113o 117o 121o 125o

o

4o

o

30o

34o

32o

113o 117o 121o 125o

N
Mullewa

Three Springs

Dalwallinu

Beacon

Merredin
Northam

Ravensthorpe Scaddan
Salmon GumsPingaring

Watheroo

Williams

Kondinin

Dumbleyung

Frankland

Boyup Brook

Miling

Bencubbin

Kalannie

Narrogin

Sthn. Cross

Sth. Stirlings

Cunderdin

Gnowangerup
Jerramungup

Nyabing

Gairdner

No of sites: 46 Years: (1994, 1995 and 1996)
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Fixed effects Wald
statistic

Degrees of
freedom

P value

Species 72.2 11 >0.001
pH (0-10 cm) 118.2 1 >0.001
Species. pH (0-10 cm) 31.8 11 >0.001
pH (30-40 cm) 13.5 1 >0.001
Rainfall 19.3 1 >0.001
Year 5.5 2 0.064
Site 331.9 23 >0.001

Siddique et al. (1999) Aust. J. Agric. Res. 50, 375-387

Pulse species x environment 
interaction 



Siddique et al. (1999) Aust. J. Agric. Res. 50, 375-387

Mean seed yields of pulse species in WA
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Soil pH, clay content and rainfall were the environmental 

factors identified as the most important in determining seed 

yields of most species studied.

Soil pH, clay content and 
rainfall were the 
environmental factors 
identified as the most 
important in determining 
seed yields of most 
species studied



Faba bean & soil types

Low pH & coarse textured soilHigh pH & heavy textured soil



High pH & heavy 
textured soil

Low pH & 
coarse 
textured soil

narbon bean & common vetch (1.22)
field pea (0.84)

desi chickpea (1.03)
Lentil (0.93)

L. cicera (0.98)
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Water use 
efficiency of 
faba bean

Siddique et al. (2001) Europ J. Agron. 15, 267-280

Potential yield = [estimated crop water use (mm) - 110 mm] x 15 
kg/ha/mm



 The major traits of adaptation for grain legume species 
producing large yields in short season Mediterranean-type 
environments are early flowering, pod and seed set before 
the onset of terminal drought

 Further improvement in adaptation and grain yield of grain 
legume species in these environments requires increased 
early growth for rapid ground cover and improved 
tolerance to low temperatures during flowering and 
podding and development and transfer of robust 
agronomic packages

Pulse species x environment interaction



Grain Legume Varieties Developed and Commercially Released in Australia



Rapid adoption of desi 
chickpea by farmers as a 
cash crop in the mid 1990’s



International Partnership in 
the Development 
of Kabuli Chickpeas



Australian kabuli chickpea 
varieties

Ascochyta resistant kabuli 
chickpea lines-

ICARDA

Offshore screening 
program in Turkey

 Approx. 2,000 ICARDA 
and AARI breeding lines 
screened in Turkey. 335 
superior lines were 
selected and introduced 
to Australia between 
1998 



Medina 2002

Dongara 2003

Kaniva
(dead)

94ETA410 FLIP97-695-
CLIMAS

Medina 2006

Turkey 1998
Disease nurseries



Kabuli chickpea 
germplasm 
evaluation 
Dongara
September 2004Kaniva



Commercial release 
in August 2005



Kimberley Large Chickpea-
for Ord River





Ceora: Australia’s First low 
ODAP Grass pea



Source: Soil and environmental factors affecting pulse adaptation in WA Bob French & Peter White

Percentage land area 
suitable for at least one 
pulse crop (field pea, 
chickpea, faba bean and 
lentil) in the agricultural 
area of Western Australia



Source: Soil and environmental factors affecting pulse adaptation in WA Bob French & Peter White



Source: Soil and environmental factors affecting pulse adaptation in WA Bob French & Peter White

Relative sensitivities of grain legume species to boron 
toxicity and salinity

• Text

Sensitivity of different grain legume species to sulfonylur
residues



Wheat            Lupin            Canola                 Wheat                        Legumes

Phase rotation



No-till pulse crop (sown on cereal stubble)
with shielded sprayer to control

inter-row weeds with a broad-spectrum herbicide



Siddique et al 2012

Integration hierarchy in 
increasing complexity 
in moving from 
individual factor 
responses to integrated 
agro-ecosystem 
management



Source: Farm Policy Journal Vol 16 No.1 Autumn Quarter 2019

Crop shares of Australian grain exports 
1990/1 to 1994/5 vs 2013/14 to 2017/18



Opportunity and Necessity 
Drive Innovation
Research on Pulses needed to:
• Increase productivity 
• Improve climate resilience 
• Understand the health and 

nutritional benefits
• Add value through 

ingredients and food 
processing



Global investment  in pulse R,D&E is  too 
low compared with cereal crops: 
(US $ 175 million per annum in 13 pulse crops)





Area under pulses in Western 
Australia (‘000s ha)

Crop 1999-2004 2021* 2025?

Field pea 99 (2004) 26.4 125

Chickpea 72 (1999) 6.9 100

Faba beans 38 (1997) 18.4 50

Lentils 10 (1998) 4.9 15

*GIWA Report https://www.giwa.org.au/wa-crop-reports/2021-season/giwa-crop-report-february-2022/



Strategies for Enhancing Pulse 
Production
• Vertical increase in productivity 

through sustainable intensification of 
production systems

• Closing the yield gaps
• Crop genetic improvement and new 

genetic gains for improved varieties
• Horizontal expansion
• Reduced post-harvest losses

• 25-60% yield gaps in pulses
• Reasons are many…

• Closing the yield gaps can alone supply 60% of pulses deficit  
• Farmers participatory research



Conclusions and way forward
IYP2016 was timely because pulses are important for food & nutritional 
security, environmental benefits, and mitigation of climate change 
Demand for pulses is growing but supply constraints will lead to rise in 
prices and increase trade
Pulses production and trade scenario in changing

New countries producing pulses and exporting to deficit countries
Global level

Increase funding for pulse R, D & E
Incentives for improved technologies to public and private sector
Effective trade

National level
Bridge yield gaps to increase domestic production
Improve pulse value chains to benefit producers and consumers
Attract private sector in pulses production, processing and marketing
Promote innovative institutions for scale


