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Preamble.....
This document describes the biology of Cicer arietinum L. (chickpea), with particular reference to the Australian environment, cultivation and use. Information included relates to the taxonomy and origins of cultivated chickpea, general descriptions of its morphology, reproductive biology, biochemistry, and biotic and abiotic interactions. This document also addresses the potential for gene transfer to closely related species. The purpose of this document is to provide baseline information about the parent organism for use in risk analysis of genetically modified (GM) chickpea that may be released into the Australian environment. 
In this document, the word ‘chickpea’ is used to refer to C. arietinum.
Chickpea is a short annual leguminous plant, which has been cultivated for many millennia. In Australia chickpea is grown as a grain legume, with the majority of the crop exported for human consumption. Lower quality seed is used for stock feed. Chickpea is not native to Australia and related species of Cicer are not present in Australia. The major centre for chickpea production in Australia is in southern Queensland and northern New South Wales, where it is grown as dryland or irrigated crops. Chickpea is also grown in Victoria, South Australia and Western Australia.
Section 1 Taxonomy  
Chickpea (Cicer arietinum L.) is an annual herbaceous legume belonging to the family Leguminosae (also known as Fabaceae or Papilionaceae), subfamily Papilionoideae (Faboideae) and the monogeneric tribe Cicereae Alef. (Table 1; van der Maesen et al., 2007). It is the only cultivated species in the genus Cicer, which contains both annual and perennial species. The 43 species of Cicer are further divided into four sections. Chickpea belongs to section Monocicer, along with the annual species C. bijugum, C. cuneatum, C. echinospermum, C. judaicum, C. pinnatifidum, C. reticulatum and C. yamashitae (van der Maesen, 1987). Cultivated chickpeas fall into two major groups, desi and kabuli, that have different phenotypic characteristics and end uses (Figure 1). 
The common name chickpea is derived from the genus name Cicer. The plant was known as Chich or Chich pea in 18th century English (Hale, 1758). The similarity of the chickpea seed shape to the head of a ram (aries in Latin) is thought to be the origin of the species name arietinum (van der Maesen, 1987). Chickpea is commonly known as garbanzo in Spanish-speaking countries and the US, and chana or (Bengal) gram in India.
The species of Cicer fall into different gene pools, as defined by Harlan and de Wet (1971), according to their ability to cross with C. arietinum (Table 2). Placement of the species of section Monocicer into either primary, secondary or tertiary gene pools varies considerably between researchers; and will likely continue  to change over time based on the results of further crossing experiments. 
Table 1  Taxonomic hierarchy of chickpea.
	Taxon
	Nomenclature
	Comment

	Kingdom
	Plantae
	

	Phylum
	Tracheophyta
	Vascular plants

	Class
	Magnoliopsida
	

	Order
	Fabales
	

	Family
	Leguminosae
	[= Fabaceae or Papilionaceae]

	Subfamily
	Papilionoideae
	[= Faboideae]

	Genus
	Cicer
	

	Section
	Monocicer
	Annual species

	Species
	arietinum
	


Higher level classifications according to Ruggiero et al. (2015). Lower level classifications according to van der Maesen et al. (2007).
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[bookmark: _Ref526841987]Figure 1  Phenotypic variation in chickpea. 
a-c) Kabuli chickpea with simple leaves, white flower and large seeds. d-f) Desi chickpea with compound leaves, purple flower and small seeds. Bars 5 mm. Reproduced from Kalve and Tadege (2017) under Creative Commons (cropped image). 
[bookmark: _Ref525804425][bookmark: _Ref529974096]Table 2 	Chickpea gene pools
	Species
	Gene poola
	Chromosome numberb
	Distributionc

	C. arietinum (chickpea)
	Primary
	2n=16
	Widespread in cultivation, including Australia

	C. reticulatum (wild progenitor)
	Primary
	2n=16
	Turkey

	C. echinospermum
	Primary
	2n=16
	Iraq, Turkey

	C. bijugum
	Secondary
	2n=16
	Iran, Iraq, Syria, Turkey

	C. judaicum
	Secondary
	2n=16
	Israel, Lebanon

	C. pinnatifidum
	Secondary
	2n=16
	Armenia, Iraq, Syria, Turkey

	C. chorassanicum
	Tertiary
	2n=16
	Afghanistan, Iran

	C. cuneatum
	Tertiary
	2n=16
	Egypt, Ethiopia, Saudi Arabia

	C. yamashitae
	Tertiary
	2n=16
	Afghanistan


a Croser et al. (2003); b Ocampo et al. (1992); c van der Maesen et al. (2007).
According to Croser et al. (2003), the primary gene pool contains the wild annual progenitor, C. reticulatum, and C. echinospermum. These species produce viable hybrids with chickpea. Members of the secondary gene pool (C. bijugum, C. judaicum and C. pinnatifidum) can be hybridised with chickpea, but there is some sterility in the F1 generation. Members of the tertiary gene pool (C. chorassanicum, C. cuneatum and C. yamashitae) are extremely difficult to cross with chickpea, if at all, and produce sterile hybrids. 
Cicer anatolicum is closely related to the species in the chickpea primary gene pool and is considered by some to be the wild perennial progenitor (Croser et al., 2003).
The majority of Cicer spp. occur in Asia or Eastern Europe, with two exceptions: C. canariense is found on the Canary Islands, and C. cuneatum in Egypt, Ethiopia and Saudi Arabia (van der Maesen et al., 2007). The range of Cicer does not extend to Australia.
Section 2 Origin and Cultivation
Centre of diversity and domestication
The centre of origin of chickpea is in the Fertile Crescent around modern-day Turkey and Syria (Redden and Berger, 2007). This is inferred from archaeological records and the current distribution of wild ancestors of chickpea. The wild annual progenitor of chickpea, C. reticulatum, occurs only in a small region in eastern Turkey (Berger et al., 2003). The proposed wild perennial progenitor, C. anatolicum, is found in Turkey, Armenia, northwest and western Iran, and northern Iraq.
Chickpea was part of an assemblage of crops (including wheat, barley, peas and lentils) that was domesticated in the Fertile Crescent around 10,000 years ago (Abbo et al., 2003b). The first archaeological record of chickpea occurs in the Early Neolithic period around 8290–8750 BC at Tell el-Kerkh in north-west Syria (Tanno and Willcox, 2006). The seeds are smaller than present day chickpea cultivars and are thought to be at an intermediate stage of domestication between C. reticulatum and C. arietinum. 
Neolithic remains of chickpea are found at sites in Syria, Turkey, Jordan, Palestine and Greece (Redden and Berger, 2007). In the Bronze Age the archaeological range of chickpeas moves to Israel, Iraq, Pakistan, India, Crete and Egypt. During the Iron Age chickpeas first appear in Cyprus and Ethiopia, and are also found in Israel, Iraq and India. 
Unlike the ancestors of many other crop species, the pods of C. reticulatum do not dehisce and shatter as soon as they are dry. Selection for modified seed dispersal was thus not a major step in chickpea domestication, although modern cultivars do have less tendency to shed pods and shatter seeds (Ladizinsky, 1979). Likewise, C. reticulatum does not tend to exhibit seed dormancy so there was little need for ancient farmers to select for non-dormant mutants during domestication (Abbo et al., 2003b).
A major step in the domestication of chickpea was selection against a vernalisation response, allowing crops to be sown in spring, instead of autumn. Abbo et al. (2003b) argue that this shift to summer cropping occurred around the early Bronze Age and allowed crops to avoid weather conditions that promote the development of ascochyta blight disease. In Mediterranean climates, however, increasing temperatures and terminal drought limit the growing season and yield of traditional spring-sown chickpea crops (Kumar and Abbo, 2001). In modern farming systems, chickpea cropping in Mediterranean climates has reverted to winter sowing, requiring greater ascochyta blight and weed control.
Further selection for variation in sensitivity to temperature and day length allowed chickpea to spread to different geographical and climatic environments (Kumar and Abbo, 2001; Berger et al., 2011).


Five centres of origin for chickpea were proposed by Vavilov (1951). These are now considered to be centres of diversity (van der Maesen, 1984):
· the Indian Centre, extending to Myanmar
· the Central Asiatic Centre, extending from northwest India to Uzbekistan
· the Near Eastern Centre, extending from Turkey to Turkmenistan (secondary centre; pea-shaped chickpeas)
· the Mediterranean Centre (a large-seeded group of chickpea)
· the Abyssinian Centre, extending from Eritrea to Somalia.
Chickpea was introduced to the American continents by Spanish and Portuguese migrants around 1500 (van der Maesen, 1972). 
Chickpea accessions arrived in Australia from the 1890s onwards (Siddique and Sykes, 1997). Following trials in NSW and Qld, the first Australian chickpea crop was grown in 1979.
Production and commercial uses
Chickpea is the world’s third largest pulse crop after beans (Phaseolus vulgaris) and peas (Pisum sativum). In 2016 around 12 million tonnes of chickpea were produced from 12.7 million ha across over 50 countries (FAOSTAT website, accessed 27 November 2018). India is by far the largest producer and consumer of chickpea, accounting for 67% of total production and 36% of world imports in 2012–2016 (Figure 2, Figure 3). Australian chickpeas made up 6% of world production; while Myanmar, Turkey, Pakistan and Ethiopia together produced 16% of total production in 2012–2016. In recent years Australia was the largest exporter of chickpea. Almost all Australian grown chickpeas are exported, making up 46% of the world chickpea trade (Figure 3).
Chickpea production in Australia is dependent on expected returns relative to cereal crops and adequate rainfall (ABARES, 2018b). In 2016–17 Australian chickpea production peaked at 2.0 million tonnes from 1.1 million ha. Following reduced demand from India and low rainfall, production was forecast to drop to 0.28 million tonnes from 0.28 million ha in 2018-19 (Figure 4).
Chickpea is primarily grown for human consumption. At over 5 kg/capita/year, Turkey and India are the highest consumers of chickpea (Yadav et al., 2007). Chickpea is prepared in numerous different ways around the world. In India, the seeds of desi varieties are ground into a flour (known as besan) or split to produce dhal, green leaves and green seeds are used as a vegetable in cooking, and sprouted chickpeas are eaten at breakfast. In Turkey, whole mature chickpeas are used in cooking or eaten roasted as a snack. A type of tofu is made from chickpeas in Myanmar. The Middle Eastern foods hummus and falafel, usually prepared from kabuli chickpeas, are also widely consumed in Australia.
Chickpea is used in cosmetic preparations in India, where a paste containing chickpea flour is applied to the skin of babies to improve the complexion (Patil et al., 2001). 
A small proportion of chickpeas and chickpea plants is used as animal feed (Yadav et al., 2007).
Chickpea has been used in traditional medicines since Roman times (see Section 5.3.1).
Cultivation in Australia
Commercial propagation
Chickpea is an annual legume that is propagated by seed. In Australia, chickpea is grown as a cool season crop, in rotation with other crops including cereals, oilseeds and cotton (Pulse Australia, 2016). Chickpeas are produced both as dryland and irrigated crops.
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[bookmark: _Ref536604071]Figure 2  Worldwide chickpea production quantity 2012–2016. 
Average annual production over the five years 2012–2016: 12.3 million tonnes. Data source: FAOSTAT website, accessed 27 November 2018.
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[bookmark: _Ref532387484]Figure 3  Traded quantities of chickpeas for the top five exporting (a) and importing (b) countries 2012-2016. 
Data source: FAOSTAT website, accessed 27 November 2018.
Desi varieties make up the majority (90–95%) of Australian chickpea production (Pulse Australia, 2016). Pulse Breeding Australia (PBA) develops desi and kabuli chickpea varieties suited to different Australian regions (PBA website, accessed 20 December 2018). Varietal traits differ for early vigour, time to flowering and maturity, plant height, lodging at maturity and resistance to ascochyta blight disease. End-point royalties, including breeder royalties, are collected for every tonne of chickpea at delivery. 
Commercial seed production follows a seed certification scheme based on the rules and directives of the Organisation for Economic Co-operation and Development (OECD) Seed Schemes and International Seed Testing Association (OECD, 2018). The Australian Seeds Authority (ASA) Seed Certification Schemes follow the same rules as the OECD Seed Schemes (ASA website, accessed 20 December 2018). The ASA administers the OECD and ASA Seed Certification Schemes in Australia, and accredits Certifying Agencies to deliver the certification schemes (Seed Services Australia, 2013). Certifying Agencies conduct crop inspections and seed testing, and issue official certified seed certificates.
Production of certified seed involves several steps. Breeders’ seed is sown to produce Pre-Basic seed. Basic seed is produced from Breeders’ or Pre-Basic seed (Seed Services Australia, 2013). Basic seed is the basis of all seed certification programs and is intended for the production of certified seed. Certified seed may be First Generation (C1; produced from Basic seed) or Second Generation (C2; produced from C1 seed). Certified seed is used for sowing crops and pastures. 
Certification rules are defined for every crop (Seed Services Australia, 2013). For chickpea the paddock used to produce seeds must not have been sown to another chickpea crop for three years or two years, to produce Basic or Certified seed, respectively. The paddock must also not have been sown to any pulse crop in the previous year. Crops grown for seed certification have to be isolated from any contaminating pollen. The isolation distance for chickpea Basic and Certified seed production is 3 m. According to the ASA National Seed Quality Standards, certified chickpea seed must be at least 98% pure (by mass), have a minimum germination rate of 70% and have less than 15 contaminating seeds per kilogram (Seed Services Australia, 2013).
[image: ]
[bookmark: _Ref531688781]Figure 4  Australian chickpea production and export quantities. 
e, estimate. Data source: FAOSTAT website (accessed 27 November 2018) and ABARES (2019). Chickpea seed may be produced and exported in different years.

Scale of cultivation
Chickpea was first grown as a crop in Australia in the 1970s near Goondiwindi, Qld (Pulse Australia, 2016). The first commercial variety was a desi chickpea introduced to Australia from India (Siddique and Sykes, 1997). With the opening of export markets to the Indian subcontinent in the mid-1980s, chickpea production increased. Demand from India remains a major driver in Australian chickpea production (see Section 2.2). 
Several factors, including phytophthora root rot and ascochyta blight disease, prevented the early expansion of chickpea production in Australia (GRDC, 2016a). Chickpea production increased substantially following the release of PBA HatTrick in 2009, a variety with increased disease resistance.
In recent years the scale of chickpea cultivation in Australia has fluctuated. Since 2013–14 chickpea production has ranged from 555 to 2004 kt from an area of 425,000 to 1,069,000 ha (ABARES, 2018a). Farm yields averaged 1.2–1.9 t ha-1.
Queensland and NSW are the largest producers of the chickpea in Australia (Figure 5). The major chickpea growing region extends from southern Qld to northern NSW (Figure 6). Chickpeas are also grown in central Qld, southern NSW, Vic., SA and WA, including a small area of kabuli chickpeas grown in the Ord River Irrigation Area in northern WA (Pulse Australia, 2016; GRDC, 2017b; ABARES, 2018b).
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[bookmark: _Ref532824347]Figure 5  Australian state chickpea production area (left) and quantity (right). 
Five-year average to 2017–18. Data source: ABARES (2019).
Cultivation practices 
Chickpea can be a permanent part of a crop rotation sequence, or may be grown as an opportunity crop in drier regions when there is a full soil moisture profile or when chickpea prices are high (Pulse Australia, 2016). When grown in rotation with cereals, chickpea provides a break in cereal disease lifecycles and can assist with management of grass weeds. Nitrogen-fixing legumes, such as chickpea, also improve yields in subsequent wheat crops (Armstrong et al., 1996). Inoculating with Rhizobium bacteria prior to sowing is recommended to ensure maximum yield (GRDC, 2017a).
A break of at least three years between chickpea crops is recommended to reduce the risk of ascochyta blight disease (NSW DPI, 2018). Chickpea should also be sown in fields that are at least 500 m from previous year’s chickpea crops. It is important to know the paddock history, as chickpea is susceptible to damage from residual herbicides, such as sulfonylureas, that are used to control weeds in previous crops or fallows (GRDC, 2017a). Emerging plants may be stunted or die if herbicide residues have not broken down, e.g. due to low rainfall or high soil pH.
In Australia, chickpea crops are grown as cool season crops, generally planted in late autumn/early winter, and harvested in late spring/early summer (Pulse Australia, 2015, 2016). In high rainfall areas of SA and Vic., the preferred sowing time for chickpea is August–September. Average daily maximum and minimum temperatures, and average rainfall, for representative towns in different chickpea growing regions is given in Table 3. 
[image: ]
[bookmark: _Ref257877]Figure 6  Chickpea growing regions in Australia. 
Data source: Pulse Australia (2016) and variety guides available via Seednet website.

[bookmark: _Ref534209095]Table 3 	Climatic data for Australian chickpea growing regions
	Town
	Preferred sowing windowa
	Average daily min/max temperature (°C)
	
	Average rainfall
(mm)

	
	
	At sowing
	Winter
	Spring
	
	Annual
	Winter 
(% of annual)

	Emerald, Qld
	Apr-May
	15/28
	10/24
	17/31
	
	561
	70 (12%)

	Moree, NSW
	May-Jun
	7/21
	5/19
	13/28
	
	583
	101 (17%)

	Narrandera, NSW
	May-Jun
	5/17
	4/15
	9/24
	
	434
	115 (26%)

	Horsham, Vic.
	May
	5/18
	3/14
	6/22
	
	374
	118 (32%)

	Clare, SAb
	Aug-Sep
	4/16
	4/14
	8/21
	
	556
	199 (36%)

	Wongan Hills, WA
	May-Jun
	9/20
	7/18
	10/25
	
	388
	191 (49%)

	Kununurra, WA
	May
	19/33
	15/31
	23/38
	
	726
	5 (1%)


a DPIRD (2015), Pulse Australia (2015), Pulse Australia (2016); b Spring sowing is recommended for high rainfall districts in south-eastern Australia. Data source: BOM climate data, accessed 20 December 2018.

Chickpea is grown in both dryland and irrigated production systems. A greater proportion of chickpea crops is irrigated when prices are high (K. Moore[footnoteRef:2], personal communication, December 2018). However, chickpeas are now rarely irrigated in northern NSW, as irrigation has been shown to be of little assistance in increasing yield in normal seasons (G. Onus[footnoteRef:3], personal communication, February 2019). Farmers may irrigate prior to sowing to establish a full soil moisture profile and, if necessary, irrigate prior to flowering or soil cracking to avoid waterlogging damage. Kabuli chickpeas grown during the dry season in the Ord River Irrigation Area usually receive eight irrigations from pre-sowing to the end of podding (DPIRD, 2014). [2:  Kevin Moore is a Senior Plant Pathologist at NSW Department of Primary Industries.]  [3:  Garry Onus is a Senior Agronomist at Landmark, Moree.] 

When soil moisture is present, seeds are sown at a depth of 5–7 cm (NSW DPI, 2018). Seeds may be sown as deep as 17.5 cm if surface soil moisture is inadequate. Suggested sowing rates range from 45–253 kg ha-1 to achieve plant densities of 20–45 plants m-2; target plant densities depend on growing region and yield potential due to water availability. 
Treatment of chickpea seed with fungicide seed dressing prior to planting is recommended to protect against seed-borne ascochyta blight, botrytis grey mould and damping off (Pythium spp.) (NSW DPI, 2018). Phytophthora and fusarium root rot diseases can also be managed with seed treatments.
Fertilizer is often applied at sowing (GRDC, 2017a).
Chickpea development is described in Section 4. Seedlings emerge 6–30 days after sowing. Emergence takes longer under cool temperatures. Plants grow vegetatively for 12–16 weeks after sowing before flowering begins, depending on variety, location, sowing time and growing conditions. Kabuli varieties grown in the Ord River Irrigation Area flower around six weeks after sowing (DPIRD, 2015). Flowering progresses from the lower branches upwards. Seeds and pods mature around six weeks after flowering. Depending on environmental conditions, the growing period for chickpea crops ranges from 100–225 days (Summerfield and Roberts, 1985; as cited in Croser et al., 2003b).
Chickpea is a poor competitor with weeds. Weed management is required, especially during the seedling stage (see Section 7). Insect, nematode and vertebrate pests, diseases and viruses may also require management.
As an indeterminate crop, if chickpea crops do not reach maturity through terminal drought, herbicide application is used to desiccate crops when at least 90% of seeds have reached physiological maturity (GRDC, 2017a). Chickpea crops are usually not windrowed prior to harvest. In the Ord River Irrigation Area, chickpea crops are undercut 2.5 cm below the soil surface after the final irrigation, and harvested 1–2 weeks later (DPIRD, 2014). Chickpeas are best harvested when seed moisture content is 13–15% (GRDC, 2017a). 
Chickpea harvest often occurs during hot, dry weather. The dust produced during chickpea harvest (Figure 7) is highly flammable and can settle around the engine bay of headers, with a high risk of ignition and header fires (Bowden, 2016). Chickpea crops produce a relatively low quantity of stubble biomass (Armstrong et al., 1996) and residues break down rapidly (Lefroy et al., 1995). 
Harvested chickpeas may be stored in gastight sealed or non-sealed silos, storage bags or storage sheds on farm prior to delivery to a local silo (GRDC, 2017a). Silos are often fitted with aeration fans to modulate temperature and humidity. Application of diatomaceous earth or fumigation with phosphine is used to control insect pests in storage.  

[image: \\central.health\dfsuserenv\Users\User_01\schnka\Desktop\Chickpea biology document\Photos from Kieran\Chickpea harvest  K. Shephard.jpg]
[bookmark: _Ref534376520]Figure 7  Chickpea dust and trash being spread from the back of a header during harvest. 
Photo: Kieran Shephard
Crop improvement
Breeding
The first modern chickpea breeding programs were established in India in the early 20th century (Singh, 1987). The first released cultivars were selected landraces, followed by cultivars bred by hybridisation. The Indian National Genebank contains 14,651 diverse accessions of chickpea (Figure 8). Many other countries have longstanding chickpea breeding and research programs. The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) and the International Center for Agricultural Research in Dry Areas (ICARDA) have been conducting breeding and research to improve chickpea for developing countries since the 1970s.
The first cultivar released in Australia in the 1970s was a desi chickpea originating in India (GRDC, 2012). Australian germplasm includes landraces and advanced breeding material from ICARDA, ICRISAT, India, Azerbaijan, Iran, Spain, Turkey, Russia, Ethiopia, Canada, Mexico and the US; locally developed lines; and accessions of the wild relatives C. reticulatum and C. echinospermum (Berger et al., 2004; Imtiaz et al., 2008).
Australian cultivars are usually developed by crossing two or more lines using controlled pollination, followed by single seed descent (SSD) (IP Australia PBR database, accessed 16 January 2019). Lines are tested in an ascochyta blight disease nursery at around the F5 generation, when lines are considered fixed. Promising lines are then included in yield trials. Pedigree seed is derived from generation F8 or F9.
In recent years breeding of chickpea varieties for Australian environments has been carried out by Pulse Breeding Australia, a joint venture between the Grains Research and Development Corporation (GRDC), Pulse Australia, and various state agriculture departments and universities (GRDC, 2012). End point royalties paid by farmers on delivery of harvested PBA varieties are returned to the GRDC and other agencies.
[image: ]
[bookmark: _Ref536605266]Figure 8  Morphological variability observed in desi chickpea germplasm in the Indian National Genebank at the ICAR-National Bureau of Plant Genetic Resources.
A) Plant type; B–D) foliage and canopy; E) flower colour and size; F) pod size; and G) seed colour, size and shape. Reproduced from Archak et al. (2016) under Creative Commons.
The major focus of the Australian chickpea breeding program is the development of regionally adapted varieties with improved host resistance to ascochyta blight disease, as the pathogen continues to evolve more aggressive strains (GRDC, 2016a). 
Other breeding objectives include:
· improved yield through early phenology and abiotic stress tolerance traits
· introgression of phytophthora root rot resistance from C. echinospermum
· selection for plant architecture traits that improve harvestability
· incorporation of herbicide tolerance traits, which are being developed using ethyl methanesulfonate (EMS) mutation
· increased kabuli seed size
· selection for botrytis grey mould resistance (GRDC, 2016a).
Wild relatives of chickpea have been identified with traits for increased resistance or tolerance to fungal diseases, insect pests and abiotic stresses (Croser et al., 2003). However, only hybrids between chickpea and C. reticulatum or C. echinospermum are routinely used in breeding programs, with the aim of introgressing desirable traits from the wild relatives into elite cultivars (Gaur et al., 2007). The desi variety ‘Pusa 1103’, released in India in 2005, was developed by crossing chickpea with C. reticulatum (ICAR-IARI variety list, accessed 18 January 2019).
Recent advances in chickpea breeding have been to shorten generation times, allowing multiple generations of chickpea to be grown within a year. This has been necessary as doubled haploid production, a technique used to generate homozygotes in the breeding of cereals and oilseeds, is not available for legumes (Croser et al., 2015). Four to six generations of SSD are generally required to fix alleles (Watson et al., 2018). Up to six generations of chickpea can be grown per year using the ‘speed breeding’ technique, in which plants are grown in a glasshouse with a 22 hour photoperiod and day/night temperatures controlled at 22/17 °C. Pods are harvested and dried six weeks after anthesis. In a similar accelerated SSD technique, six to eight generations of chickpea can be grown per year (Croser et al., 2015). Plants are grown with a 20 hour photoperiod and temperatures controlled at 24/22 °C. Immature seeds are harvested 16–18 days after anthesis and germinated using an IP-protected precocious germination technique.
Draft genome sequences of a kabuli and a desi line of chickpea were published by Varshney et al. (2013) and Jain et al. (2013), respectively. The draft genome of the wild progenitor of chickpea, C. reticulatum was published in 2017 (Gupta et al., 2017).
With the development of genomic tools in recent years, genomics-assisted breeding promises faster gains in crop improvement. For example, a high-throughput genotyping array allows data for 50,590 chickpea single nucleotide polymorphisms to be generated for a relatively low cost (Roorkiwal et al., 2018). This tool can be used to discover quantitative trait loci from phenotypic data for the selection of desirable traits in breeding. 
Gene expression studies look at which genes are up- and down-regulated in plant tissues under particular conditions, with the aim of discovering genes that might be targeted in breeding programs, e.g. genes involved in the development of chickpea flowers, seeds, roots and nodules; or genes involved in drought tolerance (Kudapa et al., 2018).
Genetic modification 
Genetic modification allows the integration of genes into chickpea, that cannot be introduced through conventional breeding (Kumar et al., 2018). Agrobacterium-meditated transformation is the most common method for the production of GM chickpea. 
Genetic modification of chickpea was first attempted in the 1990s (McPhee et al., 2007). Since then, chickpea has been genetically modified for resistance to insect pests and abiotic stress tolerance. Several groups have integrated cry genes from Bacillus thuringiensis into the chickpea genome for resistance to pod borer, Helicoverpa armigera (Kumar et al., 2018). A bean α-amylase inhibitor gene transformed into chickpea inhibits development of bruchid insect storage pests (Sarmah et al., 2004); however when the same gene was transformed into garden pea, a modified form of the protein with undesirable altered antigenicity was synthesised (Prescott et al., 2005). Overexpression of a mothbean gene involved in proline biosynthesis alters the accumulation of sodium ions in leaves and improves tolerance to salinity stress in chickpea (Ghanti et al., 2011). Overexpression of an Arabidopsis thaliana dehydration-responsive transcription factor gene alters chickpea root morphology and transpiration characteristics under water stress, improving tolerance to terminal drought conditions (Anbazhagan et al., 2015).
Attempts have also been made to improve the nutrient balance of chickpea seeds by increasing the concentration of the sulfur amino acids, cysteine and methionine. An increase in sulfur amino acid content was achieved, under certain nutrient conditions, by inserting a sunflower gene that expresses a sulfur-rich protein in seeds into the chickpea genome (Chiaiese et al., 2004).
Section 3 Morphology
Plant morphology
Chickpea is an annual plant that grows to approximately 20–100 cm in height (Cubero, 1987). Australian desi cultivars reach approximately 50–80 cm in height, depending on the growth environment (GRDC, 2016b).
There is considerable variation in the growth habit of chickpea, ranging from erect to prostrate. Most accessions have a semi-erect branching habit (Upadhyaya et al., 2002). Australian commercial cultivars are usually erect or semi-erect (IP Australia PBR database, accessed 16 January 2019).
Chickpea emergence is hypogeal. As the plumular shoot ascends from the seed, the first formed leaves are scales (Cubero, 1987). True leaves develop alternately from the shoot. The outer edge of leaflet blades is serrated. Chickpea leaf arrangement is typically pseudo-imparipinnate[footnoteRef:4]. The first true leaves have 3–4 pairs of leaflets that extend from the rachis, but only one of the two terminal leaflets is formed (Figure 9). After the sixth node, fully formed leaves usually have 5–8 pairs of leaflets (GRDC, 2017a).  [4:  Most chickpea cultivars have pinnate leaves. A simple unifoliate leaf shape mutation has been bred into some kabuli varieties, as seen in Figure 1 (Srinivasan et al., 2006).] 

Primary branches emerge from the main shoot, often at the base of the plant (Cubero, 1987). The angle at which primary branches emerge determines the growth habit of the plant.  Secondary branches emerge from primary branches, and bear most of the plant’s leaves and pods. Tertiary branches may also be formed. 
All the above-ground surfaces of the chickpea plant, apart from the flower petals, are pubescent (Cubero, 1987). Hairs may be single-celled with no glands or multicellular glandular hairs that secrete malate and other acids (see Section 5.1 for more details on secreted acids).
Chickpea plants have an indeterminate growth habit, meaning that leaves, stems, flowers, pods and seeds can develop at the same time. The terminal bud remains vegetative even when the plant is in the reproductive stage (Pulse Australia, 2016). 
The chickpea root system is deep and robust, with roots growing to a depth of 1–2 m (van der Maesen, 1972; Thomas et al., 1995; GRDC, 2017a). Lateral roots extend from a primary tap root (Figure 10). Close to the soil surface roots develop nodules through symbiosis with Rhizobium bacteria. These fix atmospheric nitrogen, which becomes available to the plant, in exchange for carbohydrates. The majority of nodules occur within the top 15 cm of soil (Loss et al., 1998).
A useful guide to scoring morphological characteristics of chickpea was compiled by Singh and Diwakar (1995).
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	[bookmark: _Ref536015174]Figure 9  Chickpea plant morphology. 
Image source: RGB Kew, used under Creative Commons. Preliminary drawing of Cicer arietinum by John Curtis for Curtis's Botanical Magazine, 1822.



Reproductive morphology
Chickpea produces small pea-like flowers (Figure 11). Each zygomorphic[footnoteRef:5] papilionaceous[footnoteRef:6] flower (8–10 mm) has five petals: a large standard petal, two lateral wing petals and two fused keel petals (Kalve and Tadege, 2017). The flower contains ten diadelphous stamens (nine fused and one free; 6–8 mm) and a style (3–4 mm) with a slightly broadened stigma (Auckland and van der Maesen, 1980). [5:  Zygomorphic flowers have only one plane of symmetry.]  [6:  Papilionaceous flowers are legume flowers that resemble a butterfly.] 

Petals of desi flowers are usually pink or purple, while kabuli flowers are white to cream in colour (Figure 1). In some environments, the chickpea plant produces a number of pseudo-flowers or ‘false’ flower buds prior to the onset of flowering (Khanna-Chopra and Sinha, 1987). 
Papilionaceous flowers are evolutionarily adapted to pollination by bees and bumble bees (Leppik, 1966); however chickpea flowers are essentially self-pollinating (see Section 4.2).
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[bookmark: _Ref536015624]Figure 10  Genotypic variation in chickpea root architecture. 
Experimental layout (a) and close up view (b) of chickpea plants grown in a semi-hydroponic system. c) Contrasting root systems of C. echinospermum (left) and an Indian kabuli line (right) at 35 d; white tag on left side is 10 cm long. Reproduced from Chen et al. (2017) under Creative Commons.
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[bookmark: _Ref529802611]Figure 11  Flower structure of chickpea. 
a) Closed flower bud. b) Dissected flower revealing different parts of the flower bud. Bars 1 mm. Reproduced from Kalve and Tadege (2017) under Creative Commons.

Section 4 Development
After germination and emergence, chickpea plants grow vegetatively prior to entering the reproductive growth phase (Figure 12). 
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[bookmark: _Ref527462323]Figure 12  Major developmental stages of chickpea. 
Reproduced from Kudapa et al. (2018) under Creative Commons (cropped image).
Reproduction
In nature, chickpea plants reproduce sexually. Only in the laboratory has vegetative propagation of chickpea plants and relatives been reported.
Asexual reproduction
With human intervention it is possible to vegetatively propagate desi and kabuli chickpeas, wild Cicer species, and hybrid crosses between C. arietinum and wild species (Danehloueipour et al., 2006). Rooting rate is improved by taking cuttings from plants during the vegetative growth phase and by dipping cuttings into a plant growth regulator (indole butyric acid and naphthalene acetic acid) prior to planting into potting mix. Chickpea has also been vegetatively propagated using solution culture.
Sexual reproduction
Chickpea plants transition from vegetative growth to reproductive maturity with the onset of flowering. During the transition, the plant may produce some pseudo-flowers or ‘false’ flower buds  (Khanna-Chopra and Sinha, 1987). The length of time until flowering depends on genotype × environment interactions. Although chickpea cultivars lack a vernalisation response (Berger et al., 2005), some cultivars are highly responsive to temperature and some exhibit photoperiod sensitivity. In a simulation of eight groups of chickpea germplasm grown in seven different regions, days to flowering ranged from 47–166 days (Berger 2011). In a survey of accessions in the Indian National Genebank desi germplasm collection, days to 50% flowering ranged from 29–145 days (Archak et al., 2016). Under Australian cropping conditions, chickpeas usually flower 90–110 days after sowing (GRDC, 2017a). Volunteer chickpea plants that grow during summer can flower earlier than chickpeas that are grown as a cool season crop in Australia, e.g. around 60 days after sowing (K. Moore, pers. comm., 2018; G. Onus, pers. comm., 2019).
Flowering in chickpea is indeterminate, starting at the lower nodes and continuing to the upper nodes until the whole plant matures (Loss et al., 1998). Pea-like flowers are borne at leaf axes and are usually single. Plants produce a large number of flowers, but only around 20–50% of flowers will develop into pods (Loss et al., 1998; MoEF&CC, 2016).
Pollination and pollen dispersal
Pollen
The chickpea flower goes through five stages of development: closed bud, hooded bud, half-open flower, fully open flower and fading flower, as shown in Figure 13 (Eshel, 1965; as cited in Auckland and van der Maesen, 1980). 
The stigma is receptive to pollen over a three-day period from the hooded bud to the fully open flower stage (Kalve and Tadege, 2017). 
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[bookmark: _Ref525804104]Figure 13  Five main stages of chickpea flower development. 
Petals and sepals are intact in the upper row and detached in the lower row. a) Day 0: closed bud, b) Day 1: hooded bud; when crossing, emasculation is done at this stage, c) Day 3: half opened flower; pollen is collected at this stage, d) Day 4: fully opened flower after self-pollination has occurred, e) Day 6: faded flower where petals are wilted and ovary starts to expand. Bar 5 mm. Reproduced from Kalve and Tadege (2017) under Creative Commons.

Pollen matures and anthers dehisce at the half-open flower stage, resulting in self-pollination. The keel petal remains closed at this stage, preventing the entry of foreign pollen. Mature pollen is yellow in colour and slightly sticky (Kalve and Tadege, 2017). Pollen remains viable for 24 hours, with the anthers shrivelling as the flower becomes fully expanded (Auckland and van der Maesen, 1980). Following pollination, pollen tubes form from the stigma to the ovule, with fertilization occurring 24 hours after pollination (Auckland and van der Maesen, 1980; Fang et al., 2010).
Pollination
Chickpea is predominantly self-pollinating, as pollination occurs 1–2 days before flower buds open (van der Maesen, 1972).
Insects are reported to visit chickpea flowers, but rarely mediate cross-pollination. Honey bees (Apis spp.), bumble bees (Bombus spp.) and wild bees are attracted to open chickpea flowers (van der Maesen, 1972; Tayyar et al., 1996). There is no evidence that insect pollination increases seed production in chickpea (Klein et al., 2007).
Outcrossing rates
Outcrossing rates in chickpea are very low. When outcrossing is observed in close plantings, rates are in the range of 0–1.9% (Table 4). An open-flower mutation increased the outcrossing rate to 5.9% (Srinivasan and Gaur, 2012). During seed production in India, isolation distances of 5–10 m are recommended to maintain the genetic purity of seeds (Gaur et al., 2010; MoEF&CC, 2016).
Using flower colour as an outcrossing marker, researchers in Iran sowed a row of white-flowered chickpea plants with two rows of purple-flowered plants 60 cm apart on either side (Niknejad and Khosh-Khui, 1972). Across three planting dates, the rate of cross-pollination was 1.58±0.43%. The authors noted that wild bees visited both white- and purple-flowered plants.
Experiments at ICRISAT in India studied natural outcrossing using different phenotypic markers. Plants were sown in rows 30 cm apart, with 10 cm between plants within each row. Observing the inheritance of simple or compound leaf shape, Gowda (1981) estimated an average outcrossing rate of 1.92%. Three lines, each carrying a different recessive marker (white flowers, simple leaves and twin flowers/pods) were sown in a matrix by van Rheenen et al. (1990). The authors noted a large overlap in flowering time between varieties and estimated average outcrossing at 0.08%.
Three different sowing layouts were used by Malhotra and Singh (1986) in an outcrossing experiment in Syria. A kabuli chickpea line with three recessive markers (white flowers, green stems and beige seeds) was sown alongside a desi chickpea line with corresponding dominant traits. Bees were released into the area for pollination and were observed in the chickpea plots. Recording flower, stem and seed colour, researchers did not find any evidence of outcrossing in the three treatments.
In Turkey, a row of pink-flowered desi chickpeas was sown every 10 rows between rows of white-flowered mutant kabuli lines, and as a border at the end of the block. Screening of the resulting F1 plants for flower colour revealed an outcrossing rate of 0% for 38 lines and 1.25% for one line (Toker et al., 2006).
Using leaf shape as a marker, nine simple-leafed lines were sown within a mixture of dominant compound-leafed lines over six different planting dates in the US (Tayyar et al., 1996). The overall outcrossing rate was estimated to be 0.138%. Bumble bees, honey bees and wild bees were observed visiting the chickpea flowers. Statistical analysis did not reveal an influence of genotype, environment or genotype × environment interactions on the rate of outcrossing.
Intra- and interspecific cross-pollination are considered in greater detail in Section 9.1. 
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[bookmark: _Ref264577]Table 4	Outcrossing rates in chickpea
	Study
	Outcrossing rate
	Plant spacing
(interrow x intrarow)

	Niknejad and Khosh-Khui (1972), Iran
	1.07–2.31%; average: 1.58%
	60 cm interrow

	Gowda (1981), India
	0–4.22%; estimated average: 1.92%
	30 x 10 cm

	Malhotra and Singh (1986), Syria
	0
	30 x 10 cm
30 cm interrow
30–480 cm interrow

	van Rheenen et al. (1990), India
	0–0.20%; estimated average: 0.08%
	30 x 10 cm

	Tayyar et al. (1996), US
	0–1.43% per plant; 
estimated average: 0.14%
	76 x 20 cm

	Toker et al. (2006), Turkey
	38 lines: 0%
1 line: 1.25%
	45–225 cm interrow

	Srinivasan and Gaur (2012), India
	Open-flower mutant: 5.9%
	60 x 20 cm



Fruit/seed development and seed dispersal
Fruit and seed development
Seed pods appear around 5–6 days after fertilization (Figure 14). The pod wall expands rapidly in the first two weeks after pod initiation (Loss et al., 1998). Seed filling proceeds at a slower pace, over 3–4 weeks, reaching maturity after about 6 weeks. The chickpea pod is inflated and seeds rattle within the pod when mature (Figure 15).
Chickpea seeds have a characteristic beak that covers the embryo (Cubero, 1987). Seeds of kabuli varieties tend to be large (100–750 mg), rounded, with thin cream-coloured seed coats (Figure 1). Desi chickpeas are smaller (80–350 mg), angular, with thicker darker seed coats (Knights and Hobson, 2016).
Chickpea seeds reach physiological maturity when seed moisture content drops to approximately 60% (Ellis et al., 1987). This coincides with desiccation-tolerance, meaning that seeds are able to germinate if they are harvested and rapidly dried at this stage. In the paddock, seeds are considered to have reached physiological maturity when moisture content is below 35%, seed colour begins to lighten and pod walls begin to yellow (GRDC, 2017a).
Chickpea pods contain between one and three seeds (Cubero, 1987). The number of pods and seeds per plant is highly variable. Plants with fewer pods per plant tend also to have fewer seeds per pod, whereas plants with many pods tend to have more seeds per pod. Cubero (1987) gave average ranges of 30–150 pods per plant and 20–240 seeds per plant, but noted that these figures are almost meaningless due to the large influence of the growing environment.
Chickpea biomass and yield are reduced when crops are sown outside the ideal sowing date range for a particular genotype, particularly in unirrigated environments (Saxena, 1987). This is due to sensitive phenological stages, e.g. flowering, occurring under stressful environmental conditions. Recommended planting times in Australia are between April and June, depending on region (Pulse Australia, 2016). Preferred sowing windows range in length from two to four weeks.
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[bookmark: _Ref526853377]Figure 14  Pod development. 
a) Pollinated flower (petals and sepals removed for cross-pollination). b) Pod initiation 5 days post fertilization. c-f) Various stages of pod development. g) Mature pod. Bars 5 mm. Reproduced from Kalve and Tadege (2017) under Creative Commons.
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[bookmark: _Ref535406616]Figure 15  Chickpea pods. 
Photo: Eitan Ferman (via Wikipedia).
Seed dispersal
During chickpea production a large number of seeds remain in the field after harvest. Although cultivated chickpea varieties have non-dehiscent pods (van der Maesen, 1972), weathering can result in pods dropping, crop lodging, and unthreshed pods passing through the header (GRDC, 2017a). The short stature of chickpea plants can also make harvesting difficult, especially if the crop is grown on uneven ground. Chickpea harvest losses tend to be in the range of 5–30% (Loss et al., 1998; GRDC, 2017a). 
Harvest loss due to pod drop and shattering was measured in an experiment with desi chickpeas grown in NSW and harvested early, on time or late (Cassells and Caddick, 2000). Losses ranged from 44–529 kg ha-1, equivalent to 27–309 seeds m-2. 
HUMANS 
Seeds are deliberately dispersed by people for cropping. Accidental dispersal may occur due to spillage during movement of seed on equipment for planting, at harvest or at post-harvest storage/handling facilities. Seed could be spilled during transport, but may also be dispersed if inadvertently transported on machinery, e.g. on muddy wheels. It is also possible for small quantities of seed to be transported in or on clothing, e.g. in pockets and cuffs, or on boots (especially muddy boots) of workers.
WIND
Chickpea trash (leaves, pods and stems) can be dispersed by wind, carrying pathogen spores (GRDC, 2017a); however the large and heavy seeds are not appreciably dispersed by average winds. Mature desiccated plants, whole pods or seeds could be dispersed by very strong winds, particularly if plant structures are weakened by weathering.
WATER
No data is available on chickpea seed transport rates by water. It is likely that seed could be carried by heavy rains and flooding either shortly after planting or at harvest. Transported seed is likely to germinate because chickpea seed has little or no dormancy. However, chickpea is very sensitive to excess soil moisture through heavy rainfall or waterlogging (GRDC, 2017a). Waterlogged roots are unable to supply plants with nutrients and die due to a lack of oxygen. Wet weather and humid conditions also promote the development of ascochyta blight, phytophthora root rot, and sclerotinia root and stem rot, which can lead to plant death.
ANIMALS
Secondary seed dispersal by animals may occur via transportation by ants, dung beetles or food-storing mammals and birds (Vander Wall et al., 2005). 
Chickpea predation by pigs can be devastating in newly sown crops (GRDC, 2016b). Chickpea seeds may be dispersed in pig faeces (G. Onus, pers. comm., 2019).
Mice are particularly damaging to chickpea crops when present in plague numbers, digging up and eating chickpea seeds 2–3 days after planting, and eating emerging shoots (Coulston et al., 1993; Poole, 2011). Post-harvest dispersal (scattering) or hoarding of seeds by small mammals, i.e. rodents, is likely with predation of seeds present on the soil surface (Vander Wall et al., 2005). 
Native animals may also feed on chickpea or move through crops. Overseas, birds are reported to feed on shallow-sown chickpeas in the field (van der Maesen, 1972); however there is limited information on predation by Australian bird species, such as cockatoos and galahs. These can be present in larger numbers but their ability to disperse viable chickpea seed is unknown. It was noted by G. Onus (pers. comm., 2019) that emus may move chickpea seeds in their beaks, but chickpeas had not been observed in emu droppings.
Chickpea stubble and grain remaining on the ground may be grazed by livestock after harvest (Loss et al., 1998). Whole chickpeas are used in animal production, particularly in ruminant feeds, as rumen fermentation inactivates many of the antinutritional secondary compounds present in the seed (Bampidis and Christodoulou, 2011). Chickpea can also be included in the diets of pigs, poultry and fish; but heat treatment, e.g. extrusion, is recommended to improve digestibility.
The viability of chickpea seed after passing through the digestive tract of different animals is poorly understood. A study on the passage of ten different legume seeds, not including chickpea, through bovine rumen found that ingested soft (germinable) seed was unlikely to be recovered from faeces in a viable state (Gardener et al., 1993). Soft seeds imbibe water in the digestive tract and become vulnerable to the digestive process.  Large seeds (like chickpea) are also more prone to damage from chewing during ingestion and rumination than small seeds.
Seed dormancy and germination
Dormancy and longevity
Under natural conditions chickpea seeds remain viable from one season to the next (Auckland and van der Maesen, 1980).  Under controlled storage conditions chickpeas remain viable for a relatively long period of time. Chickpea seeds with water content reduced to 4–8% have retained over 90% germination after 36 years in storage at 5 °C and -18 °C (Walters et al., 2005).
High moisture conditions, including rainfall after harvest, high temperatures and physical damage reduce seed viability (Loss et al., 1998). At 20 °C and approximately 18% moisture content, the viability of three chickpea seed lots reduced to 50% in 209–246 days (Ellis et al., 1982).
Dormancy is a mechanism by which viable seeds can avoid germinating during unfavourable conditions (Smýkal et al., 2014). Innate dormancy prevents seeds from germinating for a certain period of time after they become mature. Wild species of Cicer exhibit varying levels of innate seed dormancy (Singh and Ocampo, 1997); however, there is no evidence for dormancy in chickpea cultivars (MoEF&CC, 2016; K. Moore, pers. comm., 2018). 
Physical dormancy through reduced permeability of the seed coat is a common phenomenon amongst legume species (Smýkal et al., 2014). This is often referred to as ‘hardseededness’, as seeds fail to imbibe. 
Hardseed dormancy in chickpea appears to be restricted to germination under cool conditions. Poor crop establishment is a concern for farmers who sow chickpeas into cool soil. There is some evidence that warm storage temperatures prior to sowing into cool soil increases hardseededness. Storage of chickpeas at 23 °C and 16–27 °C, with moisture content of 7–8%, resulted in reduced germination and increased hardseededness when seeds were subsequently germinated at 5 °C, compared with seed stored at 5 °C (Frisbee et al., 1988). This physical dormancy was overcome by germinating seeds at 27 °C.
In some parts of Iran farmers practice ‘dormant sowing’ (Soltani et al., 2006). Chickpeas are sown late in autumn, when soil is cold, but not yet frozen. The rate of chickpea germination and development falls so low that seedlings do not emerge when temperatures fall below 4.5 °C. Crops emerge the following spring, around three weeks earlier than spring-sown crops. In the field, low temperatures reduce final emergence percentage due to increased susceptibility to seedling diseases.
Germination
Germination begins when seeds imbibe water (Bewley, 1997; Vessal et al., 2012). Solutes and low molecular weight metabolites leak from the seed into the surrounding solution. Respiration and protein synthesis resume. The radicle emerges and grows on seed reserves until the plant is able to photosynthesise.
Chickpea germination is hypogeal, with the cotyledons remaining inside the seed coat providing energy for the ascending shoot (GRDC, 2016b). Chickpeas can emerge from up to 15 cm deep, allowing crops to be sown into deeper soil moisture. 
Under favourable temperature and moisture conditions, seeds germinate around 1–3 days after sowing (Sleimi et al., 2013). In laboratory experiments, greatest final germination percentages occurred at 10–15 °C[footnoteRef:7] (Ellis et al., 1986), 15–25 °C (van der Maesen, 1972) or 20–25 °C (Sleimi et al., 2013) depending on cultivars used. In these studies chickpeas were able to germinate over a range of temperatures from 2–45 °C, although final germination percentage was usually reduced at temperature extremes. [7:  This temperature effect was seen in two of five genotypes.] 

Germination rate increases with increasing temperature. In experiments by Ellis et al. (1986) maximum germination rate occurred in the range of 25–35 °C, depending on genotype. Germination rate is reduced under limited water availability (Vessal et al., 2012). Under these conditions, smaller seeds are able to imbibe more water and proceed to germination more readily than larger seeds. This is thought to be due to the larger surface area to volume ratio of smaller seeds.
The length of time required for chickpea plants to emerge can be measured in thermal time. Chickpea emergence from 5 cm sowing depth takes six physiological days, or a thermal time of 94 °C days using a base temperature of 4.5 °C (Soltani et al., 2006). Under Australian field conditions, chickpeas usually emerge 7–30 days after sowing (Loss et al., 1998). Delayed emergence up to eight weeks after sowing has been observed in chickpea crops that were planted deep into marginal soil moisture (G. Onus, pers. comm., 2019).
[bookmark: _Toc3373768]Persistence in seed banks 
Because of the importance of harvest losses (see Section 4.3.2), seed viability under field conditions is an important factor to predict the presence/number of volunteers[footnoteRef:8] in subsequent crops.  [8:  Volunteers are unwanted plants in succeeding crops emerging from the soil seed bank.] 

Seeds lost at harvest can enter the soil seed bank[footnoteRef:9] when they are buried by tillage (Gulden and Shirtliffe, 2009). Most seeds present in the seed bank will die, decompose or be eaten by predators (beetles, rodents and birds) before germination. Seed predation is greatest when seeds are buried at shallow depths. Attacks by pathogens such as bacteria and fungi are most frequent when seeds are buried deeper. Other mechanisms involved in seed mortality in the seed bank are lethal germination (when seedlings exhaust their reserves before reaching the soil surface) and desiccation. Dry seeds can remain viable for very long periods of time but desiccation tolerance is lost when seeds are subjected to frequent wetting/drying conditions prior to germination (Gulden and Shirtliffe, 2009). [9:  A seed bank is defined by Gulden and Shirtliffe (2009) as a place where seeds remain until germination.] 

Delayed germination is usually due to poor seed-soil contact and insufficient soil moisture around the seed (G. Onus, pers. comm., 2019). Most chickpea seeds left in the field through harvest losses germinate in the first 2–3 suitable rainfall events after harvest. In no-till situations seeds can lay at the soil surface for extended periods, germinating 12–18 months after harvest when conditions become suitable (G. Onus, pers. comm., 2019). Buried chickpea seeds can survive for several years if soil remains dry (K. Moore, pers. comm., 2018). In paddocks that have not received sufficient moisture for germination, i.e. during drought conditions, chickpeas can remain in the seed bank and germinate 2–3 years after the previous crop.  
Dormancy can affect the persistence of seeds in soil, but as discussed in Section 4.4.1, chickpea has no or very little long-term seed dormancy which limits its persistence in seed banks.
Section 5 Biochemistry
Chickpea plants are primarily grown to produce seeds for human consumption (Figure 16). The nutritional composition of chickpea seeds is summarised by Wood and Grusak (2007). In some regions green leaves, immature green pods and seeds, and sprouted seeds are also eaten (Yadav et al., 2007). Livestock graze on green crops, stubble and grain.
Chickpeas are considered a healthy food and contain many beneficial phytochemicals. The seeds also contain some antinutritional factors, which are usually reduced by cooking or other processing.
Toxins
The chickpea plant does not produce acute toxins and its components are not considered to be toxic; however different parts of the plant produce irritants and antinutritional factors. Mycotoxins may accumulate during seed storage under high temperature and humidity if mycotoxigenic fungi are present.
Chickpea plants secrete acids from leaves, stems and pods, which protect the plant from insect predation. It is generally held that malic acid comprises over 90% of the exudate (van der Maesen, 1972; Khanna-Chopra and Sinha, 1987; GRDC, 2017a); however there appears to be considerable genotypic variation in the proportion of secreted acids. For example, in a collection of nine genotypes Narayanamma et al. (2013) found that the predominant component was either malic acid, oxalic acid or acetic acid, with fumaric acid and citric acid present at lower concentrations. Lazzaro and Thomson (1995) found that hydrochloric acid secreted by chickpea trichomes lowers the pH of secretions to <1. These acids are irritants, affecting the skin, eyes and respiratory tract of humans (NCBI PubChem Compound database, accessed 22 January 2019).
Organic acids are also secreted from chickpea roots into the rhizosphere. Studying two desi genotypes, Wouterlood et al. (2004) found that malonate was present at the highest concentration, followed by citrate and malate. Malonate and citrate mobilise phosphorus into the soil solution, making the nutrient available to the plant. Malonate does not accumulate in the soil, as it is degraded by microbes (Wouterlood et al., 2006).
Antinutritional factors
Antinutritional factors affect the palatability, digestibility and nutritional quality of chickpea when consumed by monogastric animals. Many of these factors are reduced by processing, e.g. dehulling, soaking, germination, fermentation, cooking or extrusion (Muzquiz and Wood, 2007; Bampidis and Christodoulou, 2011).
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[bookmark: _Ref1462121]Figure 16  Examples of chickpea food products. 
Clockwise from bottom left: besan (desi chickpea flour), pakoras made with besan, hummus made with kabuli chickpeas, roasted kabuli chickpeas, kabuli chickpeas, desi chickpeas.
Photo: Kathy Schneebeli.
Chickpea and other grain legumes contain several proteinaceous antinutritional factors (Muzquiz and Wood, 2007). Protease inhibitors bind and inhibit the digestive enzymes trypsin and chymotrypsin. Alpha-amylase inhibitors interfere with carbohydrate metabolism. Heating reduces trypsin and α‑amylase inhibitor activity (Williams and Singh, 1987). 
Phytohaemagglutinins are lectins that can interfere with digestion by binding to cells in the gut wall (Muzquiz and Wood, 2007). Phytohaemagglutinins are found at low levels in chickpea; their activity is completely destroyed by cooking (Williams and Singh, 1987; Alajaji and El-Adawy, 2006).
Phytic acid binds essential minerals, reducing bioavailability (Muzquiz and Wood, 2007). Proteins, including digestive enzymes, may also be bound by phytic acid, reducing their activity. Phytic acid is reduced by cooking (Alajaji and El-Adawy, 2006).
Levels of the oligosaccharides stachyose, raffinose and verbascose are reduced by germination or by cooking when cooking water is discarded (Williams and Singh, 1987; Alajaji and El-Adawy, 2006). As flatulence factors these α-galactosides are undesirable; however they are beneficial to human health in their role as a source of dietary fibre and a prebiotic food source for bifidobacteria (Muzquiz and Wood, 2007). 
Chickpeas and other legumes contain saponins, which can bind mucosal cells and interfere with nutrient uptake, as well as reduce palatability (Muzquiz and Wood, 2007; Jukanti et al., 2012). Saponins may have health benefits, including reduction of plasma cholesterol levels. Saponin concentration is reduced by cooking (Alajaji and El-Adawy, 2006).
Chickpeas contain low levels of tannins, compared with other legumes, and these are further reduced by cooking or removal of the seed coat in the preparation of dhal (Alajaji and El-Adawy, 2006; Muzquiz and Wood, 2007). 
Cyanogenic glycosides are present only at trace levels (Williams and Singh, 1987; Jukanti et al., 2012).
Mycotoxins
Mycotoxins are metabolites produced by certain fungi when grain is stored under inappropriate conditions. High relative humidity, dew and temperatures over 25 °C promote the growth of storage fungi and the production of mycotoxins (Ramirez et al., 2018). The most common mycotoxins associated with stored chickpeas are aflatoxins (produced by Aspergillus spp.) and ochratoxin A (produced by Aspergillus and Penicillium spp.).
Altering seed biochemistry, e.g. through breeding, can change a cultivar’s susceptibility to fungal infection and mycotoxin production (Cleveland et al., 2003).
Allergens
Allergic reactions to chickpea have been reported in several countries, including India and Spain (Patil et al., 2001; Martínez San Ireneo et al., 2008). It is thought that the higher prevalence of chickpea allergy in these countries may be linked to the relatively high dietary consumption of this legume.
Currently, no chickpea allergens are registered in the WHO/IUIS[footnoteRef:10] Allergen Nomenclature database (WHO/IUIS Allergen Nomenclature Sub-Committee, accessed 17 October 2018); however putative allergens have been identified. The globulin proteins 7S vicilin and 11S legumin are related to allergens in other leguminous species, including lentil and pea (Bar-El Dadon et al., 2014), and are members of the only seed storage protein classes able to resist gastrointestinal digestion (Ribeiro et al., 2017). [10:  World Health Organization and International Union of Immunological Societies] 

It has been noted that, in some regions, people with chickpea allergy are often also allergic to other legumes, and sometimes also to tree nuts (Barnett et al., 1987; Patil et al., 2001; Martínez San Ireneo et al., 2008; Bar-El Dadon et al., 2013). It is thought this is due to antibodies that recognise allergenic proteins of one species cross-reacting with similar proteins from other species. 
Beneficial phytochemicals
The health benefits of eating chickpeas have been recognised since Roman times.  Chickpea is a good source of protein, dietary fibre, vitamins and minerals, along with non-nutritive beneficial compounds.
Chickpea is a source of high quality protein, particularly valuable to those that consume little meat. All essential dietary amino acids are obtained when chickpeas are eaten in combination with cereals, as chickpeas are only limited in methionine and cysteine (Wood and Grusak, 2007).
Compared with other pulses, chickpeas contain relatively high quantities of lipids, ranging from 2.9–8.8% (Wood and Grusak, 2007). However, chickpea lipid concentration is much lower than that of peanut and soybean, which are considered oilseeds. Polyunsaturated linoleic acid is the predominant fatty acid, followed by monounsaturated oleic acid. Linoleic acid is an essential fatty acid, which reduces serum cholesterol levels and is beneficial for heart health. Consumption of the major phytosterol in chickpeas, β-sitosterol, is linked to reduction in colon cancer and other health benefits (Jukanti et al., 2012).
The starch content of chickpeas is 30–57%. Starch is broken down to glucose through the action of α‑amylase and other digestive enzymes (Wood and Grusak, 2007). Resistant starch, oligosaccharides and other non-starch polysaccharides are dietary fibres that travel undigested through to the large intestine, where they are fermented by bacteria. Along with gases that result in flatulence, this produces short-chain fatty acids that are beneficial in the prevention of colorectal cancer (Jukanti et al., 2012). 
The glycaemic index (GI) of chickpeas is low (Wood and Grusak, 2007). Low GI foods are beneficial in the management of diabetes.
Chickpeas are a good source of folic acid, thiamine (vitamin B1), pyridoxine (vitamin B6), phosphorus, iron, magnesium, and other vitamins and minerals (Wood and Grusak, 2007).
Chickpeas contain the isoflavones biochanin A and formononetin, which are metabolized to genistein and diadzein, respectively, and act as phytoestrogens (Wood and Grusak, 2007). A range of health benefits is attributed to these isoflavonoids, including prevention of hormone-related cancers, cardiovascular disease, osteoporosis and menopausal symptoms.
Use in traditional medicines
Chickpeas have been used to treat a vast range of health conditions for millennia. Chickpea is used in Uyghur traditional medicine to treat hypertension and diabetes, and in Ayurvedic medicine to treat disorders of the blood, skin and other organs (Jukanti et al., 2012). The Roman author, Pliny (AD 23–79), noted that preparations of chickpea seeds or leaves were beneficial in the treatment of menstrual and urinary disorders, warts and jaundice; and to soothe gout pains (Pliny, 1969). In traditional Persian medicine, chickpea is prescribed for cancer and other diseases, and is thought to increase libido and breastmilk production (Javan et al., 2017). In India, the acidic secretions of chickpea leaves were used in traditional preparations to treat indigestion and constipation (van der Maesen, 1972).
Section 6 Abiotic Interactions
[bookmark: _Toc3373777]Soil properties
Chickpea production is best suited to well-drained neutral to alkaline soils, from loams to self-mulching clays (GRDC, 2017a). Chickpea does not grow well in acid soils, sands, tight hard-setting clays, and soils that are saline, sodic or high in boron.
Nutrient requirements
Adequate nutrition is required for chickpea crops to achieve optimum yields. Every tonne of harvested desi chickpeas removes 33 kg nitrogen, 9 kg potassium, 3.2 kg phosphorus, 2 kg sulfur, 1.6 kg calcium, 1.4 kg magnesium, 34 g zinc, 34 g manganese and 7 g copper from the paddock (Mayfield et al., 2008). Trace concentrations of molybdenum and cobalt are also required to promote good rhizobial nodulation of roots (GRDC, 2017a). Boron is an essential micronutrient for chickpea growth; however, some alkaline soils in southern Australia contain boron at concentrations that are toxic to chickpea. Transient iron deficiency is often associated with waterlogging. Acid soils are unsuitable for chickpea production due to aluminium toxicity.
The chickpea plant is able to access atmospheric nitrogen via symbiotic nitrogen fixation; however, growers often apply additional nitrogen at planting (GRDC, 2017a). Chickpea also has enhanced access to soil phosphorus and zinc as a result of the acidic secretions released from roots and symbiotic colonisation of roots by arbuscular mycorrhizal fungi (Pulse Australia, 2016).
Salinity
Chickpea is more sensitive to salinity than other crops, such as wheat and canola (Flowers et al., 2010). In moderately saline soil (ECSE > 2.9 dS/m) chickpea growth is reduced as plants are unable to extract all available water from the soil due to salt toxicity (Sheldon et al., 2017).
Although nitrogen-fixing bacteria are relatively tolerant of salinity, the number and size of nodules formed under saline conditions is reduced (Flowers et al., 2010).
Temperature requirements and tolerances
Chickpea cultivars vary in sensitivity to temperature and day length (photoperiod) for flower initiation, allowing the species to be adapted to a range of growing environments (Berger et al., 2011). In photoperiod sensitive cultivars, photoperiod sensitivity extends from the latter part of the vegetative growth phase, through flower bud initiation and into the full flower development phase (Daba et al., 2016).
The loss of vernalisation sensitivity is thought to be one of the key steps in chickpea domestication (Abbo et al., 2003a).
Optimal temperatures for growth and development in four kabuli cultivars were identified to develop a chickpea crop simulation model (Soltani and Sinclair, 2011). Cardinal temperatures[footnoteRef:11] were calculated for different stages of plant development (Table 5). The rate of development drops to zero at temperatures below the base temperature (Tb) and above the ceiling temperature (Tc). The rate of development increases as temperatures approach optimum temperatures (To1, To2), and remains at a constant maximum level between To1 and To2.  [11:  Cardinal temperatures are minimum, maximum and optimum temperatures for plant growth.] 

[bookmark: _Ref531789160]Table 5	Cardinal temperatures for chickpea
Source: Soltani et al. (2006) and Soltani and Sinclair (2011).
	Growth phase
	Temperature (°C)

	
	Tb
	To1
	To2
	Tc

	Sowing-emergence
	4.5
	20
	29
	40

	Node production
	0
	22a
	31

	Other
	0
	21
	32
	40


Tb, base temperature; To1, lower optimum; To2, upper optimum; Tc, ceiling temperature; 
a single optimum temperature


Cold and frost
Chickpea is tolerant of cool conditions during the vegetative growth phase. Desi varieties are able to germinate at soil temperatures of 5–7 °C, while kabuli varieties require warmer soil (12 °C) for effective germination (Pulse Australia, 2016). 
Frosts occur when air temperature drops below 2 °C (GRDC, 2017a). Chickpea plants are tolerant of frost at the seedling stage and during late podding, as plants are able to recover from frost damage to leaves and stems.
A major constraint to chickpea production is cool temperatures at flowering. Flower abortion occurs when mean minimum temperatures fall below 15 °C (Toker et al., 2007; GRDC, 2017a). Pollen viability is reduced when plants are exposed to low temperature stress (3 °C) during two temperature-sensitive stages of pollen development at 9 and 4–6 days before anthesis (Clarke and Siddique, 2004). In genotypes that do not have chilling tolerance, low temperatures can also reduce fertilization by inhibiting the growth of pollen tubes in the style. 
Heat stress
Chickpea is sensitive to heat stress during flowering and podding. 
Extended periods of high temperature (day/night temperatures of 35/22 °C or higher) during flowering leads to an increased rate of plant development, along with reduced biomass and yield (Kaushal et al., 2013). The effect is more pronounced in heat sensitive lines. Heat stress impairs sucrose metabolism and transport to developing pollen grains, resulting in reduced pollen viability and germination. Pollen load on the stigma and stigma receptivity is also reduced.
High temperature stress (35/16 °C) during podding reduces biomass, number of seeds per plant and weight per seed (Wang et al., 2006).
Water stress
It is recommended that chickpeas are grown in regions with rainfall greater than 350 mm or 450 mm, for desi and kabuli varieties, respectively (Pulse Australia, 2016). Water stress increases chickpea susceptibility to insect and pathogen attack (GRDC, 2017a).
Drought 
The greatest impact of drought on yield occurs when moisture stress is experienced during flowering and podding (Khanna-Chopra and Sinha, 1987). Drought stress can occur intermittently through the growing season; however dryland chickpea crops most often experience terminal drought through depletion of stored soil moisture (Toker et al., 2007). Terminal drought reduces the production of flowers, pods and seeds per pod, especially on secondary branches; while flower, pod and seed abortion increases (Leport et al., 2006; Pang et al., 2017). The duration and rate of seed filling is reduced under terminal drought, leading to an overall decrease in seed weight and yield (Davies et al., 1999).
Waterlogging
Chickpeas are prone to waterlogging, especially during flowering and podding (Cowie et al., 1996). In irrigated crops, the application of water needs to be managed well to avoid waterlogging, e.g. irrigation and drainage should be completed within eight hours, and irrigation should be avoided during flowering and podding (GRDC, 2017a).
Waterlogging can lead to nutrient deficiency, such as potassium and iron deficiency, by interfering with absorption and translocation (GRDC, 2017a). Nitrogen fixation by rhizobia is also very sensitive to waterlogging.
Plant mortality following waterlogging increases with increasing stage of development. Symptoms of waterlogging appear within two days of flooding (GRDC, 2017a). Roots die as a result of anoxia; photosynthesis decreases and leaf chlorosis appears four days after flooding. Plants begin to shed leaves after six days. 
Other abiotic stresses
Herbicide damage
Chickpea crops are susceptible to damage from unintended exposure to herbicides, either present as residues in soil at planting and emergence, or via spray drift (GRDC, 2017a). Herbicide residues in soil become a problem during dry seasons, when inadequate moisture inhibits microbial breakdown of residual herbicides. Extreme temperatures and high pH can also reduce herbicide break down. Spray drift damage occurs when nearby paddocks are sprayed with herbicide when it is very windy or still, particularly when an inversion layer is present.
Low light
Low light intensities, as experienced during cloudy weather, has been shown to affect chickpea yield by reducing the number of pods per plant, number of seeds per pod and average seed weight (van der Maesen, 1972). The greatest impact of shading on yield occurs at the start of flowering, peaking at approximately 20 days after flowering (Lake and Sadras, 2014; Sadras and Dreccer, 2015).
The effect of low light on yield is exacerbated under well-watered conditions, which promotes vegetative growth (Verghis et al., 1999). The limited supply of photosynthetic assimilates is diverted from seed development to vegetative growth, resulting in a higher rate of aborted pods and seeds.
Section 7 Biotic Interactions
Weeds
Chickpea is a poor competitor with weeds, when compared with crops such as wheat, barley, oilseed rape, faba beans and field peas (Whish et al., 2002). Chickpea yield losses of over 80% are recorded in fields with uncontrolled weeds (Frenda et al., 2013; GRDC, 2017a). The critical period for controlling weeds in chickpea is during the seedling stage and into flowering, as chickpea plants are slow to emerge and grow. Uncontrolled weed growth during this period leads to a greater than 10% reduction in yield. Overseas studies have shown that the critical weed-free period is around 17–60 days after emergence, depending on the environment (Mohammadi et al., 2005; GRDC, 2017a).
Broad-leafed weeds are particularly problematic in chickpea crops, as they cannot be easily controlled with herbicides (GRDC, 2017a). Grass weeds can often be controlled with selective herbicides. Important weeds in eastern Australian chickpea crops include common sowthistle (Sonchus oleraceus), wild oats (Avena spp.) and turnip weed (Rapistrum rugosum) (Osten et al., 2007). 
Canopy closure is generally associated with reduced weed competition. Increased plant density is a suggested method in the integrated weed management toolbox; however it is also noted that the open structure of the chickpea canopy reduces its ability to compete with weeds (GRDC, 2017a). No difference in weed competition was found in experiments with chickpeas grown on narrow or wide rows (Whish et al., 2002).
Pre-emergence herbicides are the most common method of weed control for chickpeas in eastern Australia, followed by post-emergent herbicides (Osten et al., 2007). Inter-row cultivation and higher seeding rates are used less frequently. Sheep grazing may also be used to control some weeds, e.g. volunteer peas, in chickpea crops, as chickpeas are less palatable than peas (GRDC, 2017a).
Pests and diseases
Pests
INSECTS
The major insect pest in Australian chickpea is the native budworm, Helicoverpa punctigera, which reduces grain yield and quality when present during podding and grain-filling (GRDC, 2017a). Other insect pests are less attracted to chickpea, compared with other pulse crops, due to the chickpea plant’s acidic secretions. Red-legged earth mite, lucerne flea, cutworms and aphids can cause damage during the emergence and seedling stages.
Aphid control is important as they are the main vectors of viruses (see Section 7.2.2). The likelihood of aphid infestation is reduced by ensuring optimum plant density to reduce gaps in plant stands, as some species of aphid are attracted to plants next to bare soil (GRDC, 2017a; NSW DPI, 2018). 
Insecticides are used to control insect pests in crops when numbers exceed an economic threshold (GRDC, 2017a).
Storage pests, such as cowpea bruchids, are controlled with good hygiene, fumigation or controlled atmosphere treatment (GRDC, 2017a).
NEMATODES
The major nematode pests in Australian chickpeas are root lesions nematodes (Pratylenchus spp.). The predominant species are P. thornei in the northern region of eastern Australia; P. thornei and P. neglectus in the southern region of eastern Australia; and P. neglectus, P. quasitereoides, P. thornei and P. penetrans in WA (GRDC, 2016b, 2017a, b). 
Chickpea is also susceptible to root-knot nematodes (Meloidogyne spp.), cyst-forming nematodes (Heterodera spp.) and reniform nematodes (Rotylenchulus reniformis) (Castillo et al., 2008). 
There are varietal differences in resistance to P. thornei and P. neglectus, but none are completely resistant. Some varieties are tolerant to these nematodes, i.e. able to yield well when nematodes are present (NSW DPI, 2018). Nematode management includes farm hygiene, crop rotation and long fallows; no nematicides are registered for use in Australia (GRDC, 2017a).
VERTEBRATES
In Australia, pigs, kangaroos, emus, brush-turkeys (in central Qld) and mice are the major vertebrate pests in chickpea crops (K. Moore, pers. comm., 2018). Feral pigs and mice damage crops by digging up and eating germinating seeds and shoots (Coulston et al., 1993; Poole, 2011; GRDC, 2016b). Kangaroos often graze young chickpea crops, particularly when other food sources are unavailable during droughts (G. Onus, pers. comm., 2019). Shallow-sown seed can also be predated by birds (van der Maesen, 1972). 
Diseases
FUNGI AND OOMYCETES
Chickpea is susceptible to several fungal diseases. The major disease of chickpea in Australia and world-wide is ascochyta blight (Ascochyta rabiei) (GRDC, 2016b, 2017a, b). Other important fungal diseases are botrytis grey mould (Botrytis cinerea), and sclerotinia stem and crown rot (Sclerotinia spp.). Phytophthora root rot is caused by a fungus-like oomycete (Phytophthora medicaginis). Root rot diseases caused by Fusarium, Rhizoctonia and Pythium spp. occur occasionally under wet conditions.
Ascochyta blight develops rapidly when plants are wet for several hours (Pande et al., 2005). The pathogen infects the aerial parts of plants, growing through leaves, stems, flowers and pods (Figure 17). Plant tissues are disintegrated by toxins and cell-wall degrading enzymes. The disease is spread to neighbouring plants via air-borne and water-borne (splashing onto nearby plants) transmission of spores. When chickpea debris remains on the soil surface, A. rabiei can survive in infected material for many months. Varying levels of genetic resistance to ascochyta blight is available in chickpea germplasm for breeding into commercial varieties (Pande et al., 2005). The pathogen continues to evolve to overcome varietal resistance, such that ascochyta blight resistance ratings need to be revised over time (NSW DPI, 2018). The disease can also be managed with fungicides; however, registered fungicides are protectants only, i.e. they cannot eradicate an established infection (GRDC, 2013a).




NSW DPI (2018) recommendations for management of ascochyta blight are:
· Do not grow chickpea crops in paddocks that grew chickpea in the previous three years. A four-year break is recommended by Hawthorne et al. (2012). 
· Avoid paddocks with a history of lucerne, medics, phytophthora root rot, sclerotinia or waterlogging.
· Select paddocks that are at least 500 m distant from a previous year’s chickpea crop.
· Grow varieties with improved resistance. 
· Remove volunteers.
· Treat all sowing seed with a registered fungicide.
· Apply fungicide before the first post-emergent rain event, even for varieties with improved resistance. All varieties should also be sprayed prior to rainfall events during podding (Ford et al., 2018).
· Plant on wider row spacing (≥66 cm) to improve airflow and canopy drying after rain or dew, and to improve fungicide penetration into the canopy later in the season.
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[bookmark: _Ref536611393][bookmark: _GoBack]Figure 17  Chickpea plant with lesions on leaves and stems caused by ascochyta blight disease. 
Photo: Weidong Chen (via Wikipedia).




Botrytis grey mould develops in closed, wet canopies when temperatures are above 15 °C (Ryley et al., 2015). Lesions develop on the plant stem, with a grey mycelial ‘fuzz’ appearing under humid conditions. Seedling death can occur when chickpeas are sown into infected residues. Botrytis cinerea has a broad host range, including weeds. The primary disease management strategy is to avoid sowing into paddocks with high inoculum load, through weed and stubble management, and appropriate crop rotation. Application of foliar fungicides for disease control is usually not required outside central Qld. 
Sclerotinia stem and crown rot is caused by three species: Sclerotinia sclerotiorum, S. minor and S. trifoliorum (GRDC, 2016b). The resting structures of sclerotinia, sclerotia, usually germinate directly and invade plants through the roots or at the base of the plant (NSW DPI, 2018). Under moist conditions apothecia may form on the soil surface; these release air-borne spores that infect aerial tissues. Sclerotinia spp. have a wide host range, although not including cotton or cereals, and their sclerotia are able to survive in soil for over 10 years (GRDC, 2016b). Crop rotation and using disease-free seed are recommended management options to reduce the risk of sclerotinia development.
Phytophthora root rot is a production constraint in northern NSW and Qld (GRDC, 2016b). The disease develops when infested soil is saturated with water, allowing oospores to germinate and produce zoospores that encyst on plant roots. These produce hyphae that invade and destroy plant roots. Symptoms of phytophthora root rot can be confused with waterlogging. Other hosts of P. medicaginis include lucerne, medics and leguminous weeds. Oospores can survive in soil for over 10 years. Disease management includes avoiding high risk paddocks, i.e. those with recent phytophthora infections and prone to waterlogging, and selecting varieties with increased resistance (NSW DPI, 2018).
VIRUSES
The most important viral diseases of chickpea are those spread by aphids (Schwinghamer et al., 2009; NSW DPI, 2018). Luteoviruses are transmitted persistently by aphids, and include Beet western yellows virus, Bean leafroll virus and Subterranean clover redleaf virus. Non-persistently transmitted viruses include Cucumber mosaic virus and Alfalfa mosaic virus. Thrips and leafhoppers also transmit viruses. Virus control measures focus on reducing aphid infestation and removing sources of infection, e.g. weeds.
Symbionts
Rhizobia 
Chickpea plants form symbioses with rhizobia, bacteria that infect root hairs to form nitrogen-fixing nodules (Kantar et al., 2007). The atmospheric nitrogen fixed by rhizobia becomes available to the growing plant and also to subsequent crops. Rhizobia use photosynthetic carbon assimilated by the host plant.
Rhizobial symbionts of chickpea belong to the genus Mesorhizobium (Kantar et al., 2007). In Australia, commercial inoculants for chickpea contain M. ciceri, which is specific to chickpea (GRDC, 2013b). Mesorhizobium ciceri does not naturally occur in Australia. 
Soil properties, environmental conditions and the presence of compatible hosts influence the proliferation and persistence of rhizobia in a paddock (Kantar et al., 2007). Inoculation is recommended every time a leguminous crop is sown, as rhizobial populations can decline in soil over time and rhizobial communities can become less effective at fixing nitrogen, compared with commercial strains (GRDC, 2013b).
The effect of chickpea residues on the yield of a subsequent wheat crop was shown to be comparable to that of field pea and albus lupin, but less effective than residues of narrow leaf lupin (Armstrong et al., 1996).
Arbuscular mycorrhizal fungi
Chickpea is considered highly dependent on root colonisation with arbuscular mycorrhizal fungi (AMF), which facilitate the extraction of phosphorus and zinc from the soil (Pulse Australia, 2016). In central Qld, low mycorrhizal colonisation (18±7% of root length) of chickpea resulted in poor crop growth after a long fallow, compared with healthy crop growth with high mycorrhizal colonisation (73±6%) after a short fallow (Thompson, 1987).
Section 8 Weediness
Weediness status on a global scale
An important indicator of potential weediness of a particular plant is its history of weediness in any part of the world and its taxonomic relationship to declared weeds (Panetta, 1993; Pheloung, 2001).
During the early stages of growth, chickpea is a poor competitor with weeds (Loss et al., 1998). Chickpea requires human intervention to colonise environments and is only found in cultivated areas (van der Maesen, 1984). Other species of Cicer are able to colonise disturbed habitats and natural areas; however these are not present in Australia.
Globally, the weed risk rating of chickpea is considered to be low (Randall, 2017). No species of Cicer are listed as weeds in the US (USDA NRCS noxious weed lists, accessed 25 October 2018).
Weediness status in Australia
Chickpea has been reported as naturalised in natural and agricultural ecosystems in Australia, but is not considered an important enough problem weed to warrant control at any location (Groves et al., 2003).
In 2000/2001 a rating system was applied to weeds of natural and agricultural ecosystems in Australia (Groves et al., 2003). The weeds or naturalised non-native flora of Australia, were categorised on a scale from 0 (indicated naturalised but the population no longer exists or removed) to 5 (indicating naturalised and a major problem at four or more locations within a State or Territory). Chickpea was classified as a category 1 weed of agricultural ecosystems and as a category 1 weed of natural ecosystems in Australia (Groves et al., 2003). 
The Weed Risk Assessment system used by the Australian Government Department of Agriculture, and Water Resources is based on the questions listed by Pheloung (2001) to determine the weediness potential of plants. Chickpea scores are low for most questions, with a few exceptions: 
· Broad climate suitability. Although there is relatively little genetic diversity within chickpea, the species is cultivated across a broad range of climate types, including arid zones (Sani et al., 2018). 
· Unpalatable to grazing animals. The acidic exudates of chickpea plants make them unpalatable, such that grazing animals can be used to control more palatable weeds in chickpea crops (Loss et al., 1998). 
· Grows on infertile soil. Chickpea has an increased ability to mobilise and extract phosphorus from the soil through the production of acidic root exudates (Wouterlood et al., 2004) and symbiotic associations with AMF (GRDC, 2017a). Chickpea is able to fix atmospheric nitrogen through symbiosis with Rhizobium bacteria; however, these are generally not present or persistent in Australian soils (GRDC, 2017a). 
The Australian Government Department of the Environment and Energy does not include any species of Cicer in its National weeds lists (DoEE website, accessed 26 October 2018). 
Related species of Cicer are not known to occur in Australia (Atlas of Living Australia occurrence record download on 26 October 2018). A small number of chickpea specimens have been collected outside cultivation in Australia. Atlas of Living Australia occurrence records include a specimen collected from cleared cattle-grazing land in Qld (1989); a specimen collected from a roadside in SA (1989); a chickpea plant growing spontaneously in a vegetable garden in Vic., possibly introduced via turkey manure (1993); and a specimen collected from river flats in WA (2013).
Weediness in agricultural ecosystems
Chickpea is unlikely to become a weed under current agricultural conditions. It is considered a category 1 weed of agricultural ecosystems in Australia, specifically in SA. A category 1 weed denotes it is naturalised and may be a minor problem but not considered important enough to warrant control (Groves et al., 2003). Chickpea is not considered an agricultural weed in Qld, NSW, Vic., Tas., WA and the NT (Groves et al., 2003).
Chickpea seed may be inadvertently dispersed into neighbouring fields or non-agricultural areas by wind, water and animals (see Section 4.3.2). It is also deliberately and inadvertently spread by humans during transport and on farming equipment. 
Chickpea volunteers are most often found in the following situations:
· summer fallows in paddocks that grew chickpea crops the previous winter
· summer mungbean crops planted after a chickpea crop
· winter cereal crops planted in the autumn/winter following a chickpea crop
· paddocks that had a chickpea crop up to 2–3 years earlier but did not receive sufficient moisture for seeds to germinate due to drought conditions (K. Moore, pers. comm., 2018).
The number of chickpea volunteers depends on losses during harvest and conditions allowing germination in the subsequent fallow. In northern NSW, volunteer numbers could potentially reach 40 plants m-2, but are usually closer to 0.5–2 plants m-2 (G. Onus, pers. comm., 2019). Germination can be induced by tillage, which improves seed-soil contact particularly for seeds on the soil surface, and by irrigation if soil moisture levels are deficient. Chickpea seeds can remain in the seed bank for several years if conditions for germination are not met (see Section 4.4.3).
Volunteers are rarely seen outside of areas that were planted to chickpea, e.g. along fence lines around paddocks (G. Onus, pers. comm., 2019). Chickpea seeds that are spilled from trucks during transport are eaten by wildlife or germinate if conditions allow. Seeds germinating at the soil surface rarely grow into viable plants, but can possibly progress to set seed under very good conditions (G. Onus, pers. comm., 2019).
In an agricultural setting, chickpea volunteers are undesirable as they host aphids and the pathogens that cause ascochyta blight, botrytis grey mould and phytophthora root rot, which can affect subsequent crops (see Section 7.2).
Chickpea volunteers will set seed when conditions allow (K. Moore, pers. comm., 2018; G. Onus, pers. comm., 2019). Usually, however, volunteer chickpeas are controlled by herbicides, cultivation or grazing; or succumb to hot, dry conditions often experienced over summer (G. Onus, pers. comm., 2019). Volunteer populations are unlikely to persist as chickpea is a poor competitor and is easily controlled by standard agricultural practices and standard roadside weed control measures.
Weediness in natural ecosystems
In Australia, chickpea is classified as a category 1 weed in natural ecosystems, meaning it is naturalised and may be a minor problem but not considered important enough to warrant control at any location (Groves et al., 2003).
Control measures
Chickpea is a poor competitor with weeds so chickpea volunteer survival and fecundity is expected to be low in competitive subsequent crops such as barley or wheat. Chickpea volunteers are usually controlled with herbicides (K. Moore, pers. comm., 2018). A range of herbicides from several different chemical groups is registered for the control of chickpea volunteers (APVMA PubCRIS database, accessed 26 October 2018). Under dry conditions volunteers are controlled by cultivation (K. Moore, pers. comm., 2018).


Section 9 Potential For Vertical Gene Transfer
Vertical gene transfer is the transfer of genetic material from parent to offspring by reproduction. Reproduction may occur by sexual or asexual means. Gene transfer can be intraspecific, interspecific or intergeneric. This section deals with gene transfer by sexual reproduction only, as chickpea does not reproduce asexually.
Intraspecific crossing
Vertical gene transfer is the transfer of genetic information from an individual organism to its progeny. In flowering plants vertical gene transfer mainly occurs via pollen dispersal and cross pollination between related sexually compatible plants. Intraspecific crossing refers to fertilisation between C. arietinum chickpea plants. Although bees visit chickpea flowers, chickpea is predominantly self-pollinating (see Section 4.2.2). 
Chickpea plants are rarely reported to grow outside of cultivation in Australia (see Section 8.2). Thus, it is highly unlikely that crosses between cultivated chickpea and feral chickpea could occur in Australia.
There is no information on intraspecific outcrossing of chickpea in Australia. Worldwide, studies show that outcrossing rates are very low. Overseas, chickpea breeding lines have been developed with an open flower trait, which are expected to have higher outcrossing rates (Srinivasan and Gaur, 2012). Summaries of these studies are provided in Section 4.2.3. 
Natural interspecific crossing
Natural interspecific crossing is unlikely in chickpea, and has not been reported, as plants in genus Cicer are almost entirely self-pollinating (van der Maesen, 1987). Evolution of domesticated chickpeas is thought to be the result of mutation and selection. 
The two other species in the chickpea primary gene pool, C. reticulatum and C. echinospermum, only occur in Turkey and Iraq (Table 2). Fertile crosses between chickpea and the other members of the primary gene pool have been produced through manual crossing (see Section 9.3). 
There is no potential for natural interspecific crosses in Australian between C. arietinum and other Cicer species, as these are not known to occur in Australia.
Interspecific crossing under experimental conditions
In order to understand the evolutionary history of chickpea, Ladizinsky and Adler (1976) carried out a combination of interspecific crosses between C. arietinum and the two species in the chickpea primary gene pool[footnoteRef:12], C. reticulatum and C. echinospermum. Several chickpea hybrids with C. reticulatum had had a similar rate of pollen fertility and seed set as the parental lines. Chickpea was also able to hybridise with C. echinospermum, but the hybrid offspring produced very few seeds. [12:  According to Croser et al. (2003).] 

The primary gene pool species are now routinely used in chickpea breeding programs. Interspecific crosses allow disease and stress resistance, and other beneficial traits to be transferred from wild Cicer species to chickpea. Hybrid crosses between chickpea and C. echinospermum showed increased resistance to phytophthora root rot, compared with chickpea cultivars (Knights et al., 2008). Hybrids of chickpea with C. reticulatum and C. echinospermum are being crossed with chickpea cultivars in an effort to introgress resistance to root-lesion nematodes (Thompson et al., 2011).
The three species in the chickpea secondary gene pool, C. bijugum, C. judaicum and C. pinnatifidum, have been successfully hybridised with chickpea (e.g. Verma et al., 1990). Likewise, hybrids have been produced between chickpea and two members of the chickpea tertiary gene pool, C. cuneatum and C. yamashitae (e.g. Singh et al., 1999). 
Chickpea has not been successfully crossed with the tertiary gene pool species C. chorassanicum (Croser et al., 2003). There are also no reports of successful crosses between chickpea and other species of Cicer, or with species from other genera.
Summaries of interspecific crossing under experimental conditions were published by Croser et al. (2003) and Ohri (2016). Crossing chickpea with wild relatives outside the primary gene pool is challenging. Barriers to hybridisation can be pre-zygotic or post-zygotic, with post-zygotic being more difficult to overcome. Pre-zygotic barriers include problems with pollen germination and pollen tube growth. Post-zygotic barriers include chromosomal and cytoplasmic incompatibilities (Croser et al., 2003).
Crosses between chickpea and other species, apart from C. reticulatum, require specialised techniques to produce hybrids (Sharma et al., 2013). Application of growth hormones around pollinated flower buds prevents premature pod abscission in crosses with C. echinospermum (Singh et al., 2015). Techniques used in secondary and tertiary gene pool crosses include embryo rescue, ovule culture and tissue culture. In embryo rescue, for example, embryos that would normally be aborted are placed onto a nutrient medium that allows the embryo to proceed to maturity and germination (Croser et al., 2003)
Increased yield through heterosis has been reported in hybrids with members of the chickpea primary gene pool, e.g. references within Croser et al. (2003). Chickpea F1 hybrids with C. reticulatum and C. echinospermum, had increased numbers of pods per plant and increased seed yield per plant (Singh et al., 2015).
Summary.....
This document provides baseline information about chickpea, Cicer arietinum L. The information included describes chickpea uses and extent of cultivation in Australia; provides an overview of agronomic practices and environmental conditions necessary for chickpea cultivation; describes chickpea morphology, development and biochemical characteristics; estimates the weediness potential for chickpea; and evaluates the probability of gene flow from chickpea. The purpose of this baseline information is to inform risk analyses of genetically modified forms of the species that may be released into the Australian environment. 
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Appendix 1 	Weed Risk Assessment
Species: Cicer arietinum L. (chickpea)
Relevant land uses:	 
1. Intensive[footnoteRef:13] uses (ALUM[footnoteRef:14] classification 5),  [13:  Intensive use includes areas of intensive horticulture or animal production, areas of manufacture or industry, residential areas, service areas (e.g. shops, sportsgrounds), utilities (e.g. electricity, gas, water), areas of transportation and communication (e.g. along roads, railways, ports, airports), mine sites and waste management areas.  ]  [14:  ALUM refers to the Australian Land Use and Management classification system version 8 published October 2016 (ABARES, 2016).] 

2. Production from dryland agriculture (ALUM classification 3.3.8 Pulses) 
3. Production from irrigated agriculture (ALUM classification 4.3.8 Irrigated pulses)
Although chickpea was rated as category 1 weed of natural ecosystems by Groves et al. (2003), chickpea is only found in cultivated areas worldwide (see Section 8.1) and rarely outside agricultural or intensive use areas in Australia (see Section 8.2). Thus, nature conservation areas (ALUM classification 1.1) will not be considered as a relevant land use.
Background: In Australia, chickpea is cultivated in most states of Australia under irrigated or dryland conditions. Domesticated cultivars are grown to produce seed for human and animal consumption. 
This WRA is for non-GM chickpea volunteers in the land use areas identified above. Reference is made to chickpea as a cultivated crop only to inform its assessment as a volunteer.
The Weed Risk Assessment (WRA) methodology is adapted from the Australian/New Zealand Standards HB 294:2006 National Post-Border Weed Risk Management Protocol. The questions and ratings (see table) used in this assessment are based on the South Australian Weed Risk Management Guide (Virtue, 2008). The terminology is modified to encompass all plants, including crop plants.
Weeds are usually characterised by one or more of a number of traits, these including rapid growth to flowering, high seed output, and tolerance of a range environmental conditions. Further, they cause one or more harms to human health, safety and/or the environment. 
Chickpea has been grown globally for centuries, without any reports that it is been become a serious weed. It lacks many common weedy characteristics. In Australia, Groves et al. (2003) consider chickpea to be a category 1 weed of natural ecosystems[footnoteRef:15]. Chickpea is a recognised as a naturalised weed of agricultural systems in Australia, with a category 1 classification in SA (Groves et al., 2003). Globally, the weed risk rating for chickpea is low (Randall, 2017).  [15:  Category 1 weeds are characterised as naturalised and may be a minor problem but not considered important enough to warrant control at any location.] 

Unless cited, information in this weed assessment is taken from the document The Biology of Cicer arietinum L. (chickpea).

	Invasiveness questions
	Cicer arietinum L. (chickpea)

	1. What is chickpea’s ability to establish amongst existing plants?
	Rating: Low in all relevant land uses
Chickpea is a domesticated crop plant that is only found in cultivation. After harvest, volunteer chickpea plants may emerge in dryland and irrigated cropping areas over subsequent months. The species is poorly competitive and rarely reported outside of cultivation in Australia. Thus, chickpea seems to have a limited ability to invade and establish in undisturbed intensive use areas.

	2. What is chickpea’s tolerance to average weed management practices in the land use?
	Rating: Low in all relevant land uses
In agricultural land uses, chickpea volunteers are well controlled in subsequent crops or along field margins by control methods such as herbicide application and tillage. Chickpea volunteers in intensive use areas are not known to sponsor self-perpetuating feral populations. Typically, such volunteers are killed by management practices (e.g. herbicide treatment or slashing/mowing), thereby limiting their potential to reproduce.

	3. Reproductive ability of chickpea in the land use:

	3a. What is the time to seeding in the land uses?

	Rating: < 1 year in all relevant land uses
Chickpea grows to maturity, with harvestable seed, in 14–32 weeks in agricultural systems. Volunteer chickpea might be expected to achieve maturity slightly later, due to sub-optimal growth conditions; however this is still within a single year. Viable seeds may remain in the seed bank for 2–3 years.

	3b. What is the annual seed production in the land use per square metre?
	Rating: Low to medium in all relevant land uses
A conservative estimate of annual seed production can be arrived at by combining data from the scientific literature, where seed yields of greater than 1000 seeds m-2 are likely in intensive agricultural conditions[footnoteRef:16]. However, volunteer chickpea will not reach these seed yields, as optimum yields are only obtained with human intervention, e.g. weed control, as chickpea is a poor competitor with weeds. It is likely that annual seed production would be low to medium (less than 1000 seeds m-2) in all relevant land uses. [16:  A high average farm yield of 1.9 t ha-1 (ABARES, 2018a) with a low seed weight of 100 mg (Knights and Hobson, 2016) produces 1900 seeds m-2.] 


	3c. Can chickpea reproduce vegetatively? 
	Under natural conditions, chickpea cannot reproduce by vegetative propagation. 




	4. Long distance seed dispersal (more than 100m) by natural means in land uses

	4a. Are viable plant parts dispersed by flying animals (birds and bats)?
	Rating: Unlikely in all relevant land uses 
Chickpeas are eaten by birds; however there is no evidence that flying animals play a role in the dispersal of chickpea seeds. 

	4b. Are viable plant parts dispersed by wild land based animals?

	Rating: Unlikely to Occasional in all relevant land uses
Chickpea seed is predated by a range of wild flightless land based animals, including pigs, kangaroos, emus, brush-turkeys and mice. The large non-dormant seed is likely to be damaged by chewing or rendered non-viable by the digestive process following imbibition in the digestive tract.
Chickpea seed does not have adaptations for dispersal on the exterior of animals, e.g. hooks or spines. Chickpea seed may be transported if attached to animals by mud; however due to the large size of the seed, this is not expected to be frequent. 
There is no evidence that wild animals play a role in chickpea dispersal.

	4c. Are viable plant parts dispersed by water?
	Rating: Occasional in all relevant land uses
Dispersal of viable chickpea seed by water might be possible, e.g. through flooding or irrigation run-off, but no data is available.

	4d. Are viable parts dispersed by wind?


	Rating: Unlikely in all relevant land uses
Chickpea seeds are unlikely to be transported long distances by wind due to their size and weight, except perhaps during severe wind storms.

	5. Long distance seed dispersal (more than 100m) by human means in land uses:

	5a. How likely is deliberate spread via people?
	Rating: Common in/from dryland and irrigated cropping and intensive land uses
Chickpea is a crop species that is purposely cultivated for the production of seeds. Chickpea seeds are primarily used as a human food and may also be used in animal feeds, and are distributed commercially for these purposes.
Chickpea seeds are deliberately transported for cultivation in dryland and irrigated cropping areas and to intensive land use areas for processing and use in animal production.




	5b. How likely is accidental spread via people, machinery and vehicles?

	Rating: Occasional in dryland and irrigated cropping areas and intensive land uses
In dryland and irrigated cropping areas chickpea seed may be accidently dispersed by people, machinery, and vehicles. For instance, seed may be spilled as part of the agricultural supply chain – leading to volunteers on roadsides, around seed stores, or areas adjacent to seed handling facilities. Seed can remain on machinery after harvesting.

	5c. How likely is spread via contaminated produce?

	Rating: Unlikely in/from all relevant land use areas 
Chickpea crops in dryland and irrigated cropping areas are often grown in rotation with other crops, such as cereals, oilseeds and other grain legumes. Chickpea is a poor competitor with other plants and growth of volunteer chickpea in rotation crops is easily controlled with weed management procedures for these crops. Thus, chickpea is unlikely to set seed and contaminate subsequent crops. 

	5d. How likely is spread via domestic/farm animals?
	Rating: Occasional in all relevant land uses
Chickpea seed does not have adaptations for dispersal on the exterior of animals, e.g. hooks or spines. Chickpea seed may be transported from field to field within the hooves of animals, or attached to hooves by mud. Due to the large size of the seed, this is not expected to be frequent.
Whole chickpea is used in stockfeed. Dispersal of viable legume seeds by ingestion and then later excretion has been reported for livestock. Chickpea cultivars lack appreciable primary seed dormancy. Seed passing through the digestive tract would imbibe and be subjected to the digestive process, thus rarely remaining intact and viable upon excretion.



	Impact questions
	Cicer arietinum L. (chickpea)

	6. Does chickpea reduce the establishment of desired plants?
	Rating: Reduces establishment by < 10% in all relevant land uses
Chickpea is a poor competitor with other plants, so volunteer chickpea survival and fecundity is expected to be low in following crops. Chickpea is susceptible to a range of herbicides; those commonly used on following crops are likely to further reduce chickpea volunteers.
In intensive use areas, such as along roadsides, desired species may range from native flora to introduced trees, bushes and shrubs. Such areas are often managed, for either aesthetic or practical reasons (e.g. maintaining driver visibility) by the removal of larger trees and invasive weeds. Chickpea would be treated as a weed and managed accordingly. 




	7. Does chickpea reduce the yield or amount of desired plants?
	Rating: Reduces yield/amount by < 10% in all relevant land uses
Chickpea is not considered to threaten agricultural productivity or native biodiversity in Australia. The poor competitiveness of chickpea volunteers would likely lead to negligible reduction of yield or desired plants in relevant land uses.
Chickpea volunteers are hosts for diseases of legume crops, such as ascochyta blight. If high numbers of chickpea volunteers were present in dryland and irrigated cropping areas this may lead to an increase in disease incidence and reduce yields in subsequent chickpea or legume crops. 

	8. Does chickpea reduce the quality of products or services obtained from the land use?
	Rating: Low in all relevant land uses
Chickpea has a low impact on both the establishment and yield/amount of desired species and thus there is no expectation that chickpea would reduce the quality or characteristics of products, diversity or services available from the relevant land use areas. 

	9. What is the potential of chickpea to restrict the physical movement of people, animals, vehicles, machinery and/or water?
	Rating: Low in all relevant land uses
Chickpea plants are short and produce relatively little biomass, and chickpea stubble breaks down quickly. Thus, the potential for chickpea to restrict the physical movement of people, animals or water would be low. 

	10. What is the potential of chickpea to negatively affect the health of animals and/or people?
	Rating: Low in all relevant land uses
Chickpeas are considered a healthy food for humans, and are also used in animal feeds. Some people are allergic to chickpea seeds. Antinutritional factors are present in low concentrations. Mycotoxins may be produced in seeds that become infected with certain soil-borne fungi. The low expected density of volunteer chickpea limits the amount that may be ingested.




	11. Major positive and negative effects of chickpea on environmental health in the land use

	11a. Does chickpea provide food and/or shelter for pathogens, pests and/or diseases in the land use?


	Rating: Major negative effects in dryland or irrigated cropping use
              Minor negative effects in intensive use areas
Chickpea is susceptible to a range of pathogens, including those that cause ascochyta blight, botrytis grey mould, sclerotinia stem and crown rot, and phytophthora root rot. Chickpea is also susceptible to pests, including Helicoverpa punctigera, nematodes and aphids. Infected chickpea volunteers in dryland or irrigated cropping use areas may act as a reservoir of these pathogens and pests that can infect crops in subsequent years.
In crop rotation regimes, chickpea can provide a disease break for cereals and other crops, and this would constitute a positive effect. It is unlikely that chickpea volunteers would have this major positive effect because volunteer densities are expected to be low due to standard weed management practices.
In intensive use areas the density of chickpea volunteers is expected to be low and thus may have only minor or no effect.

	11b. Does chickpea change the fire regime in the land use?
	Rating: Minor or no effect in all  relevant land uses
Chickpea residue is highly flammable, but the number, density and biomass of chickpea volunteers is expected to be low for all relevant land uses, and would not be expected to affect fire regimes.

	11c. Does chickpea change the nutrient levels in the land use?
	Rating: Minor or no effect in all  relevant land uses
Chickpea crops fix nitrogen when seeds are inoculated with Rhizobium prior to sowing, increasing the nitrogen content of field soil for the subsequent crop. Volunteer plants germinate from uninoculated seeds, so nodulation and nitrogen fixation is expected to be reduced. Furthermore, the number and density of chickpea volunteers is expected to be low for all relevant land uses, and would not be expected to affect nutrient levels substantially.

	11d. Does the species affect the degree of soil salinity in the land use?

	Rating: Minor or no effect in all  relevant land uses
The number and density of chickpea volunteers is expected to be low for all relevant land uses, and would not be expected to affect soil salinity.

	11e. Does the species affect the soil stability in the land use?   
	Rating: Minor or no effect in all  relevant land uses
The number and density of chickpea volunteers is expected to be low for all relevant land uses, and would not be expected to affect soil stability.




	11f. Does the species affect the soil water table in the land use

	Rating: Minor or no effect in all  relevant land uses
Chickpea roots can extend down to approximately two metres in the soil. Depletion of water from the soil can result in less water being available for subsequent crops. However, the number and density of chickpea volunteers is expected to be low for all relevant land uses, and would not be expected to affect the soil water table.

	11g. Does the species alter the structure of nature conservation by adding a new strata level?
	Rating: Minor or no effect in all  relevant land uses
Chickpea grows to a height of approximately one metre, which is similar to native Australian grasses. The number and density of chickpea volunteers is expected to be low for all relevant land uses, and would not be expected to add a new strata level.
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