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Abstract:
							                           
Pea is considered an essential component of sustainable farming systems. The main objective of pea researchers in Argentina and worldwide is to improve yield components and composition of the seed to enhance nutritional characteristics. Breeding programs that use conventional and nonconventional techniques are a very important tool to develop new varieties that can be used more efficiently in production systems but also adapt to changing market needs.
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Resumen:
						                           
El cultivo de arveja o guisante se considera un componente esencial de los sistemas agrícolas sostenibles. El principal objetivo de los investigadores de arveja en Argentina y en todo el mundo es mejorar los componentes del rendimiento y la composición de la semilla para mejorar las características nutricionales. Los programas de mejoramiento genético que utilizan técnicas convencionales y no convencionales son una herramienta muy importante para desarrollar nuevas variedades que puedan ser utilizadas más eficientemente en los sistemas de producción pero que también se adapten a las necesidades cambiantes del mercado.
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INTRODUCTION

The increase in world population will lead to a food shortage, which raises the question whether current agriculture will be able to satisfy the food demand of the more than nine billion people that will inhabit the planet in 2050 (Gerland et al., 2014). Food security is the main challenge for scientists and the farming community. A partial substitution of animal proteins for plant proteins could meet this growing demand within the framework of the sustainable development of agricultural and food systems (Dorin et al., 2011).

Pea is an annual grain legume originated in Southwest Asia. It is adapted to temperate climates and reduces the negative impact of wheat monoculture. (Nemecek et al., 2008; Duc et al., 2010; Jensen et al., 2012). Peas are a readily available source of protein, complex carbohydrates, vitamin C and minerals (Dahl et al., 2012). The protein content in legume seeds is up to 30%, unlike that of cereals, which is up to 13% and equal to the protein content found in meat (18-25%) (Pandey et al., 2016). Compared to cereals, legumes are rich in lysine and poor in methionine and cysteine (Kotlarz et al. 2011). There is an increase in riboflavin and niacin content after germination (Swaminathan, 1988). They fix atmospheric nitrogen in symbiosis with soil bacteria (Pandey et al., 2016; Blackshaw et al., 2005), so nitrous oxide is reduced. (Jeuffroy et al., 2013). They also reduce wind and water erosion (Battany and Grismer, 2000), reducing soil impedances (Villamil et al., 2006; Alvarez et al., 2017), soil runoff and nitrate leaching (Omae and Nagumo, 2016). They increase carbon capture (Blanco-Canqui, 2012) and nutrient absorption (Möller et al., 2008) Legumes have a fundamental role as diversification crops, breaking the cycles of pests and diseases (Nemecek and Kägi, 2007; Hayer et al., 2010; Macwilliam et al., 2014), developing populations of beneficial insects for crop defense (Pullaro et al., 2006).

Pea is the third most widely grown pulse in the world reaching around 12Mt in 2021 (FAOSTAT 2023) for field pea. Traditionally, the Argentinian core production area is in Buenos Aires and southeastern Santa Fe but it has been extended recently. In the 2021/22 season, the national production reached 225,000 tons, exporting about 136,800 tons in 2022 (SENASA). The main destination is Brazil, followed by India, Senegal, Myanmar, Russia and Italy. The main producers in the world are Canada, followed by Russia, China and India. (FAOSTAT, 2023). Peas are consumed either as human food or animal fed.


Objectives in pea breeding programs


The objective of this work is to review the most relevant aspects of conventional and non-conventional pea breeding worldwide in Argentina. The main traits used as criteria to develop a new variety are yield, tolerance to biotic and abiotic stress, cycle, quality, organoleptic quality parameters, chemical parameters, and nitrogen fixation.


1-Yield 


Increasing yield involves maximizing the number of developing seeds per plant. Attempts have been made to increase the number of flowers per node (Gritton, 1986; Devi et al., 2018) instead of increasing the number of grains per pod (Calisaya, 2006). In addition, a higher uniformity in the stage of development of seed or pods has been considered a major objective in breeding programs.

Another important aspect is to improve the efficiency in the harvest of the product, reducing plant height for green and field peas (Singh et al., 2003), increasing the strength of the stem (Banniza et al., 2005) which prevents the lodging of the crop, and using genotypes with the afila (af) gene (Goldenberg, 1965) that contributes to a significant reduction in harvest losses.


2-Tolerance to biotic and abiotic stresses 


Pea cannot tolerate frost at the reproductive stage, so, winter-hardy materials and locating winter-hardy genes for winter-hardy breeding of pea, is an interesting objective too. (Zong et al., 2019). Drought and heat stress during germination, early vegetative stage (Devi et al., 2023) and flowering also affect yield (Yang et al., 2022.) Ascochyta blight complex (Kraft et al., 1998) and powdery mildew are very important fungal diseases. Many achievements have been made in terms of resistance to powdery mildew (Pavan et al., 2011), which is based on a single recessive er-1 gene (Harland, 1948).


3-Cycle


According to Ravasi et al. (2020) crop earliness is the most important trait for increasing yield because it allows it to partly escape the unfavorable conditions in the final cycle. During the evolution of legume crops, a reduction in photoperiod sensitivity conferred by mutations in the ELF3 gene in pea, lentil and chickpea (Ridge et al., 2017), have in each case contributed to the expansion of their ecogeographical range (Williams et al., 2022). In Argentina, having a shorter cycle than winter cereals, is the ideal predecessor of second or late crops of corn, soybeans or sunflower.


4-Quality 


Quality traits and post-harvest changes represent an important challenge for breeders (Ambrose, 2008). Good quality peas should be uniformly bright green, of intermediate caliber, fully turgid, sweet taste (Dürrschmid et al., 2010) and free from deterioration and damage caused by insects, freezing process (Haiying et al., 2007), mechanical damage, mildew or other diseases for better market price (Anurag et al., 2016). Biofortification is the improvement of the nutritional quality of the edible part of the plant, but unfortunately, there is a limited number of studies related to genetic variation for quality traits in pea, which prevents the full micronutrient enrichment potential of this pulse crop to be reached (Guindon, 2021).


Protein content


The total protein content in the pea seed is lower than that in soybean meal and higher than that in cereals (Ludvíková and Griga, 2022). Pea cultivars have shown protein content be­tween 11.38 and 32.60% (Nikolopoulou et al., 2007; Jha et al., 2013, 2015; Guindon et al., 2019; Accoroni et al., 2022). Be­sides the cultivar effect, the soil and climatic conditions, as well as agrotechnological management, may substantially influ­ence the seed protein content (Ludvíková and Griga, 2022; Coyne et al., 2005 and Guindon et al., 2019) reported that seed type, wrinkled or smooth, affected the composition of pea seeds, with higher protein content in wrinkled seeds, but Jha et al., (2013) didn’t observed significant differences between accessions with different seed surface or cotyledon color.


Starch content


The values of starch ranged between 27.6 and 56.3% in dif­ferent pea accessions (Jha et al., 2013 and 2015). Wrinkled seeds had shown lower starch concentrations than smooth seeds at maturity and field peas with green cotyledons had shown less starch than accessions with yellow ones (Jha et al., 2013).


Micronutrients


The content of micronutrients have been less studied. Cheng et al. (2015) evaluated metal concentration in 330 accessions from a core collection of the USDA pea collection, obtaining the following means expressed in µg g-1: boron (B): 7.8; Ca: 802.1; copper (Cu): 4.4; Fe: 50.4; magnesium (Mg): 1,685.8; manganese (Mn): 16.0; molybdenum (Mo): 23.2; nickel (Ni): 2.5; phosphorus (P): 5047.5; potassium (K): 12474.3, and Zn: 41.8

Understanding genetic variability among genotypes is important for the selection of lines with a good nutritional profile. Guindon et al. (2019) calculated broad sense heritability for quality traits obtaining high values (between 40.43 and 98.29), while (Nemeskéri, 2006) established values of broad sense her­itability of 0.78 for xanthophyll content and 0.32 for carotene, and (Ma et al., 2017) found values of broad sense heri­tability from 83.9 to 98.3 for different minerals (B, Ca, Fe, K, Mg, Mn, Mo, P and Zn).


Total phenolics, tanins, carotens and clorophyll contents


The quality performance of a genotype is influenced by the cultivation (starch exception) the year and location (Nikolopoulou et al., 2007).

Environmental conditions exhibited a significant effect on starch, fat content, Fe, K, Mg, Mn, P and Zn, alanine, glycine, isoleucine, lysine, threonine content, and trypsin inhibitor activ­ity, Wang and Daun (2004). Amarakoon et al. (2012) informed that Zn, Ca, P concentrations were influenced by location, genotype and genotype by environment interaction (G x E). G x E was not significant for phytic acid. Liu et al. (2015) showed that variety, environment and their interaction affected P and phytic acid concentration, but for Fe concentration G x E was not significant. For carotenoids and polyphenolics (Marles et al., 2013) demonstrated that only chlorophyll a showed G x E interaction. All other compounds assayed, were reasonably stable across environments, suggesting that breeding for increased levels should be possible.


5-Nytrogen fixation 


Pea’s ability to fix atmospheric nitrogen in symbiosis with rhizobia (BNF), and its participation in crop rotation is essential for sustainable agricultural systems. (Wysokinski and Lozak, 2021; Dowling et al., 2021). Their inclusion also helps to break cycles of pests and pathogens (Macwilliam et al., 2014).

BNF can be increased by improving efficacy and rhizobia infection by repeating inoculation of rhizobia (Vessey, 2004), using more efficient strains (Hynes et al., 1995), or by co-inoc­ulation with “helper organisms” (Mishra et al., 2009; Dileep Kumar et al., 2001). Crop varieties and strain-by-variety specific interactions (Andrews and Andrews, 2017) are also important factors. (Abi-Ghanem et al., 2011).

Several studies have found a strong influence of the variety in FBN. Abi-Ghanem et al., (2011). Mutations in pea associat­ed with root nodulation and N fixation offer an opportunity to develop pea cultivars with greater N fixation potential (Dhillon et al., 2022). Supernodulating and hypernodulating mutants developed in pea are important genetic sources for breeding high BNF varieties.

Further improvement of rhizobia inoculants is necessary (Brockwell and Bottomley, 1995). Strain selection may be possible to improve the ability to infect a wide range of varieties, stimulate the production of large numbers of nodules, and fix N efficiently with minimal consumption of host plant resources (Chalk et al., 2010). Pea has great nutritional and export value (Dhillon et al., 2022). Improving N fixation in pea will also ben­efit the rapidly growing plant-based protein market for which pea is a preferred ingredient (Boukid et al., 2021).


Pea breeding in the world


Significant achievements have been made through conventional breeding. Cultivars adapted for winter sowing have been developed in Europe and the northwestern US (Hanocq et al., 2009). The introgression of the Hr allele that delays the onset of flowering by avoiding winter frosts (Lejeune-Hénaut et al., 2008) allowed increasing winter resistance (Tayeh et al., 2015).

Breeding for disease and pest resistance in garden pea start­ed two decades ago in Jabalpur, India (Asima et al., 2010). Wild pea species/forms represent valuable donors of resistances to biotic and abiotic factors (Coyne et al., 2020). Since then, cultivars with resistance to some important diseases such as downy mildew, Fusarium, and rust were developed, along with desirable characteristics, such as maturity, green pod yield, pod length, and seed quality (Asima et al., 2010). In pea, where variability in germplasm is low due to its autogamous nature, the use of induced mutagenesis for plant breed­ing, is highly recommended (Burstin et al., 2018; Masry et al., 2019; Pandey et al., 2022). Thirty Pisum sativum L. mutant varieties officially were released and recorded in (FAO/IAEA) Mutant Varieties Database. Some of them were developed by hybridization with a mutant variety, others by direct induced mutations techniques. Among the improved traits, lodging resistance, plant structure, early maturity and high seed yield have been reported.


Pea breeding in Argentina


In 2005, a pea-breeding program was initiated at the Faculty of Agrarian Sciences of the Rosario’s National University (FCA-UNR) to increase production in quantity and quality. There is an active collection of germplasm from around the world and genetic variability is analyzed through morpho-agronomic and molecular traits (Espósito et al., 2007; Gatti et al., 2011). In 2014, the National Institute of Agricultural Technology (INTA) and the FCA-UNR, joined inter-institutional efforts to promote the local development of pea genotypes adapted to the region. This program, which uses conventional methodologies, has so far obtained two new commercial lines of green and yellow field peas, leafletless and with high adaptation to local agroecological conditions and high yield potential. In addition, it shows good behavior at harvest and partial resistance to powdery mildew disease, Erisiphe pisi DC (Syn. E. polygoni DC). This disease can reduce the yield up to 59% and affect the industrial quality of the grain (Warkentin et al., 1996; Carrillo et al., 2012).

The development of new pea varieties needs a decade or more of the use of traditional methodologies. The process time is a limiting factor to obtain improved varieties and recombinant inbred lines (Ril’s). Pea breeders tried to formu­late and realize a pea ideotype, which would join the maximum desired characteristics both from an agronomic and markets point of view. Another widely used method to improve a pea variety is backcrossing to introduce a single desired trait, such as disease resistance or quality variables, from less adapted materials to elite ones.


Conventional improvement techniques in the world and in Argentina


The use of DNA markers, along with conventional breeding, can accelerate the selection of desirable traits in cultivar development (Collard and Mackill, 2008) and increase efficacy (Ragot et al., 2007; Collard and Mackill, 2008).

Since the first genetic map, already published in 1948 (Lamprecht 1948), knowledge of the pea genome has expanded consistently along with the development of molecular mark­ers including RAPDs, SSRs, SRAPs and SNPs (Pandey et al., 2021). SNP markers are abundant and amenable to high-throughput genotyping (Tayeh et al., 2015; Jha et al., 2017; Gali et al., 2018; Aznar-Fernández et al., 2020, Tran et al., 2023).

The use of new technologies is necessary to accelerate this process, improving phenotyping and genotyping methods and increasing available genetic diversity. The selection of superior genotypes has some limitations, especially with quantitative traits, with continuous variation and high influence from the environment. The genetic complexity of these traits arises from segregation and interaction of different alleles at multiple loci. The regions within genomes that contain genes associated with them are known as quantitative trait loci (QTLs) and can be efficiently analyzed using molecular markers (Atienza et al., 2016).

Molecular markers that reveal polymorphism at the DNA lev­el have proven to be a very powerful tool for genotype char­acterization and estimation of genetic diversity (Wang et al., 2015; Teshome et al., 2015; Singh et al., 2021; Sharma et al., 2022), gene mapping and the classification of genetic resources forming groups with similar characteristics (Espósito et al., 2007; Bermejo et al., 2010); providing essential information for the design of strategies for use in breeding programs.

Several reviews that dealt with available genomic resources in pea have been published (Vignesh et al., 2011; Tayeh et al., 2015). Some gel-based markers works have been developed Wu et al., 2017, Sharma et al., 2020), but advances in next-generation technologies have reduced the costs of DNA sequencing so several works have used high throughput marker genotyping platforms that can develop a relatively large number of polymorphic markers.

Genotyping by sequencing (GBS) is now feasible for high diversity, large genome species. It has been used in different pea studies, like germplasm characterization, genomic selection (Gali et al., 2019)days to maturity, plant height, seed yield and seed weight, linkage map construction and QTL analyses Ma et al., 2017, Huang et al., 2017; Gali et al., 2018, Guindon et al., 2019; Gawlowska et al., 2021; Sari et al., 2023such as protein, mineral nutrients, carbohydrates and several vitamins, pea (Pisum sativum L..

There are also important QTL studies on pea seed quality. QTLs were determined in Va and Vb of the linkage map for seed protein content (Krajewski et al., 2012). In addition to important minerals such as Ca, Fe, K, Mg, Mn, Mo, and P (Ma et al., 2017), QTLs of starch, fiber, and phytate contents (Gali et al., 2019) in pea were also defined. The QTL studies using plant populations derived from interspecific crosses in pea are very limited (Jha et al., 2016).

Kulaeva et al. (2017) integrate information about pea mark­ers and provide an easy-to-use online tool, the Pea Marker Database, combining information about known pea gene-based markers.

An international consortium has recently been formed to produce a reference genome sequence for pea. It provides insights into legume genome evolution, with resequencing data for 42 wild, landrace and cultivar Pisum genotypes. This is a valuable tool that facilitates the characterization of mutants, enhances pea improvement and allows a more efficient use of the wide genetic diversity present in the genus, enabling ge­nomic assisted crop improvement (Kreplak et al., 2019).

If this positional information available from genome se­quenc­ing is combined with linkage, QTL or association mapping, opportunities arise to identify the genes or polymorphisms in genes responsible for variation in a character of interest. Several markers have been associated to traits of interest, such as yield- related traits; aerial and root architecture; plant phenology, morphology, and physiology; abiotic stress resistance, seed nutritional profile and trypsin inhibitors content and lodging resistance. Also, resistance to diseases such as powdery mildew, pea enation and seed borne mosaic virus, fusarium wilt, Ascochyta blight and rust (Tayeh et al., 2015).

Unfortunately, there is still little information available on resistance against diseases of economic importance in Pea, being insufficient to achieve effective control. New advances have been made in understanding resistance to Ascochyta blight through mapping candidate genes associated with QTL regions (Jha et al., 2017)Phoma medicaginis var pinodella and, in South Australia, P. koolunga. This study aimed to identify candidate genes that map to quantitative trait loci (QTL. Arrays Technology DArTseq platform has been used to identify QTLs Controlling Rust Resistance (Barilli et al., 2018)a wild relative of pea is an important source of allelic diversity to improve the genetic resistance of cultivated species against fungal diseases of economic importance like the pea rust caused by Uromyces pisi. To unravel the genetic control underlying resistance to this fungal disease, a recombinant inbred line (RIL, pea weevil (Bruchus pisorum) resistance (Aznar-Fernández et al., 2020).

Other recently evaluated characters included QTLs for yield-related traits (Gali et al., 2018, Guindon et al., 2019), for nutritional characters, (Jha and Warkentin, 2020), for metribuzin tolerance (Javid et al., 2017), for frost tolerance (Liu et al., 2017), and leaf shape traits (Zheng et al., 2018).

Marker-assisted selection improves the process of selection and decreases the costs of managing large plant populations. Several genes critical to pea breeding and for which ‘perfect’ markers or genetically linked markers have been identified, but have established that relatively few pea breeding programs use marker-assisted selection routinely (Warkentin et al., 2015).

INTA and UNR have developed two new commercial lines of green and yellow field peas, leafletless, with high adaptation to local agroecological conditions and high yield potential using conventional breeding. As the time required to increase the genetic gain is a disadvantage, we can also try to use non-conventional methods to increase the efficiency of traditional methods.


Non-conventional improvement methods in the world and in Argentina


The whole breeding process is quite lengthy and laborious – the standard time for releasing a new pea variety is to 10 to 15 years (Brummer et al., 2011) suggested off-season sowing as a methodology to reduce breeding time. However, in pea, two generations per year could be obtained by changing the hemisphere Ochatt and Sangwan (2010).

Another alternative is in vitro culture methodology. Different authors (Surma et al., 2013, Ribalta et al., 2017) have devel­oped it to induce in vitro flowering, shortening this period using inductive photoperiods and in some cases applications of hormones. In vitro plant regeneration is not 100% efficient (Greenway et al., 2012) and is usually genotype dependent (De la Fuente et al., 2013). The rescue of pea embryos can also be carried out in vivo along with the flowering acceleration using a hydroponic system with photo and thermo periodic control and reducing the growth of plants by applying antigibberelin (Cazzola et al., 2020). According to Chahal and Gosal (2002), the high cost of materials, labor and the need for specialized staff are limiting factors for the incorporation of in vitro acce­l­eration techniques. Therefore, new technologies that improve efficiency and decrease costs are demanded (De la Fuente et al., 2013, Varshney et al., 2019).

In recent years, Speed Breeding was developed in different crops. It includes growth plants using artificial lighting with inductive photoperiods, temperature and humidity control and anticipated grain harvest. It could be initiated at any moment of the year using a large amount of material in a small area (Cobb et al., 2019). In Pea, Cazzola et al. (2020) used a hydroponic system, with a 22-hour photoperiod, flurprimidol antigiberelin and early grain harvest, achieving up to 5 generations per year.

The combination of Speed breeding and Single Seed Decent has the potential to reduce the time required to develop new cultivars and increase the efficiency of breeding programs compared to conventional field systems.

Double haploids (DH) were developed as a quicker method than conventional breeding methods to produce pure lines. DH can be produced by chromosome elimination via wide crosses (Devaux and Kasha, 2009); parthenogenesis and apomixis through gynogenesis or androgenesis from anthers or isolated microspores (Nitsch and Nitsch, 1969; Wedzony et al., 2009). Among these techniques, androgenesis seems to be most promising for induction of haploids in legumes (Gatti et al., 2016) and significant progress has been achieved in dry pea, chickpea, and Medicago truncatula Gaertn using it (Ochatt et al., 2009). However, its drawbacks of genotype-dependency and only a single chance of recombination limited its wider application (Yan et al., 2017).

Pea has been described as recalcitrant to doubled-haploids (Bobkov, 2010, 2014; Ribalta et al., 2014) because of its low regeneration frequency of complete haploid plants (Ochatt et al., 2009; Germana et al., 2011).

Recently, Bermejo et al. (2020) studied the androgenic re­sponse among different taxa of the genus Pisum from the primary and secondary gene pools under the same experimental conditions and found significant differences in the percentage of callus and plant production between the different species and subspecies. They found that P. fulvum, P. sativum subsp. elatius and P. sativum var. arvense had the highest efficiency in shoot regeneration from another culture (67%, 38% and 40% respectively), becoming potential sources of androgenic competence and androgenesis studies. The commercial varieties tested among P. sativum showed significant differences in the callus and plant production, Primogénita FCA-INTA and B101 from the local program giving the best results although with low percentages of plant regeneration (17% and 11%, respectively).

Induced mutagenesis can increase genetic variability at a high mutation frequency. This technique is carried out by subjecting seeds, plants or different plant tissues to mutagenic agents, which can be chemical (ethyl methanesulfonate, sod­ium azide, etc.) or physical (gamma rays, X-rays, fast-neutrons). Nowadays, scientists continue developing protocols and studying the effects of chemical or physical mutagens over Pea (García et al., 2022; Vinod Bansod et al., 2022; Pandey et al., 2022) and other legume crops (Galili et al., 2021; Tiryaki et al., 2022).

The application of genetic engineering can also play an important role in the non-classical breeding approach to improve agronomic traits. The regeneration potential of grain legumes is lower than that of forage legumes. (Somers et al. 2003). Morphogenesis in them is very slow and associated problems like development of albinos, and vitreous tissues and no-re­sponse in dedifferentiated calli are very common (Pratap et al., 2010). There are some protocols to obtain stable transgenic plants in beans, soybeans, peas and alfalfa (Zimmermann et al., 2009; Asif et al., 2011). However, the limited success of this technology is associated with a poor regeneration capac­ity (Atif et al., 2013; Ludvíková and Griga, 2022).

Although some transformation protocols have been devel­oped, the regeneration of transgenic pea plants is not yet routine (Pratap et al., 2018). The efficiency of transformation protocols has been relatively low, 0.1-6.0% (Polowick et al., 2000 and very few close to 10% (Grant and Cooper, 2006). The acceptance of GMOs is also the subject to permanent discussion and their application in breeding programs is subject to legislation and regulations of different countries. Otherwise, it is possible to generate genetic variability using other mentioned techniques.

The climate change that is taking place and the rapid growth of the world population are a reality. Breeding programs are a very important tool to minimize them. They contribute to the creation of the next generation of leguminous crops that not only help agricultural crops to be used more efficiently in production systems but also adapt to changing market needs.







REFERENCES

ABI-GHANEM, R.; CARPENTER-BOGGS, L.; SMITH, J.L. 2011. Cultivar effects on nitrogen fixation in peas and lentils. Biology and Fertility of Soils, 47, 115-120.

ACCORONI, C., MAGNANO, L.; ESPOSITO, M.A. 2022. Evaluación de la estabilidad en el tiempo del contenido proteico en variedades de arveja. Estación Experimental Agropecuaria Oliveros. Ediciones INTA.

ALVAREZ, R.; STEINBACH, H.S.; DE PAEPE, J.L. 2017. Cover crop effects on soils and subsequent crops in the pampas: a meta-analysis. Soil and Tillage Research. 170: 53-65. https://doi.org/10.1016/j.still.2017.03.005


AMARAKOON, D.; MCPHEE, K.; THAVARAJAH, P. 2012. Iron-, zinc-, and magnesium-rich field peas (Pisum sativum L.) with naturally low phytic acid: A potential food-based solution to global micronutrient malnutrition. Journal of Food Composition and Analysis, 27(1), 8-13.

AMBROSE, M.; PROHENS, J.; NUEZ, F.; CARENA, M.J. 2008. Handbook of plant breeding. New York: Springer. 317-349 pp.

ANDREWS, M.; ANDREWS, M.E. 2017. Specificity in Legume-Rhizobia Symbioses. International Journal of Molecular Science. 18, 705. https:// doi.org/ 10.3390/ ijms18040705

ANURAG, R.K.; MANJUNATHA, M.; NARAYAN, J.H.A.; KUMARI, L. 2016. Storage quality of shelled green peas under modified atmosphere packaging at different storage conditions. Journal of Food Science and Technology 53(3): 1640-1648. DOI 10.1007/s13197-015-2066-y

ASIF, M.A.; ZAFAR, Y.; IQBAL, J.; IQBAL, M.M.; RASHID, U.; ALI, G.M.; ARIF, A.; NAZIR, F. 2011. Enhanced expression of AtNHX1, in transgenic groundnut (Arachis hypogaea L.) improves salt and drought tolerance. Molecular Biotechnology. 49, 250-256.

ASIMA, A.; FAHEEMA, M.; SINGH, P.K.; WANI, K.P.; SONAM, S.; NAZIR, N. 2010. Review article genetics and breeding of pea. International Journal of Current Research, 10: 028-034.

ATIENZA, S.G.; PALOMINO, C.; GUTIÉRREZ, N.; ALFARO, C.M.; RUBIALES, D.; TORRES, A.M. 2016. QTLs for ascochyta blight resistance in faba bean (Vicia faba L.): validation in field and controlled conditions. Crop and Pasture Science. 67: 216-224. doi: 10.1071/CP15227

ATIF, R.M.; PATAT-OCHATT, E.M.; SVABOVA, L.; ONDREJ, V., KLENOTICOVA, H.; JACAS, L.; OCHATT, S.J. 2013. Gene transfer in legumes. Progress in botany. Cham, Switzerland: Springer, Berlin Heidelberg. 37-100 pp. https://doi.org/10.1007/978-3-642-30967-0

AZNAR-FERNÁNDEZ, T.; BARILLI, E.; COBOS, M.J.; KILIAN, A.; CARLING, J.; RUBIALES, D. 2020. Identification of quantitative trait loci (QTL) controlling resistance to pea weevil (Bruchus pisorum) in a high-density integrated DArTseq SNP-based genetic map of pea Scientific Reports 10 (33): 1-12. https://doi.org/10.1038/s41598-019-56987-7


BANNIZA, S.; HASHEMI, P.; WARKENTIN, T.D.; VANDENBERG, A.; DAVIS, A.R. 2005. The relationships among lodging, stem anatomy, degree of lignification, and resistance to mycosphaerella blight in field pea (Pisum sativum). Canadian Journal of Botany. 83: 954-967. doi:10.1139/b05-044

BARILLI, E.; CARRILLO-PERDOMO, E.; COBOS, M.J.; KILIAN, A.; CARLING, J.; RUBIALES, D. 2020. Identification of potential candidate genes controlling pea aphid tolerance in a Pisum fulvum high-density integrated DArTseq SNP-based genetic map. Pest Management Science. 76(5): 1731-1742.

BARILLI, E.; COBOS, M.J.; CARRILLO, E.; KILIAN, A.; CARLING, J.; RUBIALES, D. 2018. A high-density 615 integrated DArTseq SNP-based genetic map of Pisum fulvum and identification of QTLs 616 controlling rust resistance. Frontier in Plant Science 9:167.

BATTANY, M.C.; GRISMER, M.E. 2000. Rainfall runoff and erosion in Napa Valley vineyards: effects of slope, cover and surface roughness. Hydrol. Process. 14: 1289-1304.

BERMEJO, C.; CRAVERO, V.; ANIDO, F.; COINTRY, E. 2010. Agronomic and molecular evaluation of recombinant inbred lines (RILs) of lentil. Journal of Plant Breeding and Crop Science 2: 280-285.

BERMEJO, C.; GUINDON, M.F.; PALACIOS, L.T.; CAZZOLA, F.; GATTI, I.; COINTRY, E. 2020. Comparative androgenetic competence of various species and genotypes within the genus Pisum L. Plant Cell Tissue and Organ Culture. https://doi.org/10.1007/s11240-020-01934-y


BLACKSHAW, R.; MOYER, J.; HUANG, H. 2005. Beneficial effects of cover crops on soil health and crop management. Recent research developments in soil science, Agriculture and Agric-Food Canada, Lethbridge, AB. No. (387) 05038.

BLANCO-CANQUI, H. 2012. Crop residue removal for bioenergy reduces soil carbon pools: how can we offset carbon losses? Bioenergy Research. 6: 358-371. https://doi.org/10.1007/s12155-012-9221-3. 6, 358-371

BOBKOV, S.V. 2010. Isolated pea anther culture. Russian Agricultural Science 6: 413-416. https://doi.org/10.3103/S1068367410060078


BOBKOV, S.V. 2014. Obtaining calli and regenerated plants in anther cultures of pea. Czech Journal of Genetic and Plant Breeding 50: 123-129.

BOUKID, F.; ROSELL, C.; CASTELLARI, M. 2021. Pea protein ingredients: A mainstream ingredient to (re)formulate innovative foods and beverages. Trends in Food Science & Technology 110: 729-742. https://doi.org/10.1016/j.tifs.2021.02.040


BROCKWELL, J.; BOTTOMLEY, P.J. 1995. Recent Advances in Inoculant Technology and Prospects for the Future. Soil Biology and Biochemistry, 27, 683-697. https://doi.org/10.1016/0038-0717(95)98649-9


BRUMMER, F.C.; BARBER, W.T.; COLLIER, S.M.; COX, T.S.; JOHNSON R.; MURRAY, S.C.; OLSEN, R.C. 2011. Plant breeding for harmony between agri­culture and the environment. Front Ecol Environ. Pratt and A.M. Thro 9: 561-568.

BURSTIN, J.; RAMEAU, C.; BOURION, V.; TAYEH, N. 2018. The PeaMUST project: defining ideotypes for the pea crop development. OCL 25, D604. https://doi.org/10.1051/ocl/2018056


CALISAYA, J.V. 2006. Herencia de caracteres cuantitativos en arveja (Pisum sativum L.). Tesis Licenciatura, Universidad Mayor de San Simón, Cochabamba, Bolivia. 70 p.

CARRILLO, E.; RUBIALES, E.; PÉREZ-DE-LUQUE, A.; FONDEVILLA, S. 2012. Characterization of mechanisms of resistance against Didymella pinodes in Pisum spp. European Journal of Plant Pathology 135(4):761-769. DOI: 10.1007/s10658-012-0116-0

CAZZOLA, F.; BERMEJO, C.J.; GUINDON, M.F.; COINTRY, E. 2020. Speed breeding in pea (Pisum sativum L.), an efficient and simple system to accelerate breeding programs. Euphytica 216, 178. https://doi.org/10.1007/s10681-020-02715


CHAHAL, G.S.; GOSAL, S.S. 2002. Principles and Procedures of Plant Breeding: Biotechnology and Conventional Approaches. Alpha Science International, London.

CHALK, P.M.; ALVES, B.J.R.; BODDEY, R.M.; URQUIAGA, S. 2010. Integrated effects of abiotic stresses on inoculant performance, legume growth and symbiotic dependence estimated by 15N dilution. Plant Soil 328: 1-16.

CHENG, P.; HOLDSWORTH, W.; MA, Y.; COYNE, C.; MAZOUREK, M.; GRUSAK, M.; FUCHS, S.; MCGEE, R. 2015. Association Mapping of Agronomic and Quality Traits in USDA Pea Single-Plant Collection. Molecular Breeding 35(2).

COBB, J.N.; JUMA, R.U.; BISWAS, P.S.; ARBELAEZ, J.D.; RUTKOSKI, J.; ATLIN, G.; HAGEN, T.; QUINN, M.; ENG., H.N. 2019. Enhancing the rate of genetic gain in public-sector plant breeding programs: lessons from the breeder’s equation. Theoretical and Applied Genetics volume 132, 627-645 pp. https:// doi.org/ 10. 1007/ s00122-019-03317-0

COLLARD, B.C.; MACKILL, D.J. 2008. Marker-assisted selection: an approach for precision plant breeding in the twenty-first century. Philosophical Transactions of the Royal Society B: Biological Sciences, 363(1491), 557-572.

COYNE, C.J.; GRUSAK, M.; RAZAI, L.; BAIK, B.K. 2005. Variation for Pea Seed Protein Concentration in the USDA Pisum Core Collection. Pisum Genetics. 37: 5-9.

COYNE, C.; KUMAR, S.; WETTBERG, E.; MARQUES, E.; BERGER, J.; REDDEN, R.; ELLIS, N.; BRUS, J.; ZABLATZKÁ, L.; SMYKAL, P. 2020. Potential and limits of exploitation of crop wild relatives for pea, lentil, and chickpea improvement. Legume Science, 2: e36.

DE LA FUENTE, G.N.; FREI, U.K.; LÜBBERSTEDT, T. 2013. Accelerating plant breeding. Trends Plant Sci. 18: 667-672. https://doi.org/10.1016/j.tplants.2013.09.001


DEVAUX, P.; KASHA, K.J. 2009. Overview of barley doubled haploid production. In: TOURAEV, A.; FORSTER, B.P.; JAIN, S.M. (Eds.). Advances in Haploid Production in Higher Plants, Springer Netherlands. 47-64 pp.

DEVI, J.; MISHRA, G.P.; SANWAL, S.K.; DUBEY, R.K.; SINGH, P.M.; SINGH, B. 2018. Development and characterization of penta-flowering and triple-flowering genotypes in garden pea (Pisum sativum L. var. hortense). PLOS ONE: 13(7). https://doi.org/10.1371/journal.pone.0201235


DEVI, J.; SAGAR, V.; MISHRA, G.P.; JHA, P.K.; GUPTA, N.; DUBEY, R.K.; SINGH, P.M.; BEHERA, T.K.; PRASAD, P.V.V. 2023. Heat stress tolerance in peas (Pisum sativum L.): Current status and way forward. Frontier in Plant Science: 13:1108276. doi: 10.3389/fpls.2022.1108276. PMID: 36733601; PMCID: PMC9887200.

DHILLON, L.; LINDSAY, D.; YANG, T.; ZAKERI, H.; TAR’AN, B. KNIGHT, D.; WARKENTIN, T. 2022. Biological nitrogen fixation potential of pea lines derived from crosses with nodulation mutants. Field Crops Research 289, 108731. https://doi.org/10.1016/j.fcr.2022.108731


DILEEP KUMAR, B.S.; BERGGREN, I.; MARTENSSON, A.M. 2001. Potential for improving pea production by co-inoculation with fluorescent Pseudomonas and Rhizobium. Plant Soil 229:25. DOI:10.1002/jsfa.11059

DORIN, B.; TREYER, S.; PAILLARD, S. 2011. Agrimonde-scenarios and challenges for feeding the world in 2050. Editions Quae, Paris. (Available at: http://www.foresight-platform.eu/brief/efp-brief-no-196-agrimonde verified on March 12, 2023).

DOWLING, A.; SADRAS, V.; PENNY, R.; DOOLETTE, A.; ZHOU, Y.; DENTON, M. 2021. Legume-oilseed intercropping in mechanised broadacre agriculture – a review. Field Crops Research 260. https://doi.org/10.1016/j.fcr.2020.107980


DUC, G.; BAO, S.Y.; BAUM, M.; REDDEN, B.; SADIKI, M.; SUSO, M.J.; VISHNIAKOVA, M.; ZONG, X.X. 2010. Diversity maintenance and use of Vicia faba L. genetic resources. Field Crops Res. 115: 270-278.

DÜRRSCHMID, K.; DANNER, L.; DE KOCK, R.; MINNAAR, A.; NIEYA, M. 2010. Consumer Defined Quality Specifications of Frozen Green Peas. (Available at: https://www.researchgate.net/ publication/ 281777197).

ESPÓSITO, M.A.; MARTIN, E.A.; CRAVERO, V.P.; COINTRY, E. 2007. Characterization of pea accessions by SRAP’s markers. Science Horticulturae. 113: 329-335.

GALI, K. K.; SACKVILLE, A.; TAFESSE, E.G.; LACHAGARI, R.V.B.; MCPHEE, K.E.; HYBL, M. 2019. Genome-wide association mapping for agronomic and seed quality traits of field pea (Pisum sativum L.). Front Plant Sci. https: //doi.org/ 10.3389/ fpls. 2019. 01538

GALI, K.K.; YONG, L.; ANOOP, S.; MARWAN, D.; ARUN, S.K.; GENE, A. 2018. Construction of high-density linkage maps for mapping quantitative trait loci for multiple traits in field pea (Pisum sativum L.). BMC Plant Biology. 18: 172. doi: 10.1186/s12870-018-1368-4

GALILI, S.; HERSHENHORN, J.; EDELMAN, M.; SOBOLEV, V.; SMIRNOV, E.; AMIR-SEGEV, O.; BELLALOU, A.; DOR, E. 2021. Novel Mutation in the Acetohydroxyacid Synthase (AHAS), Gene Confers Imidazolinone Resistance in Chickpea Cicer arietinum L. Plants. Plants (Basel). 10(12):2791. doi: 10.3390/plants10122791

GARCÍA, A.N.; ESPÓSITO, M.A.; GATTI, I.; ETCHART, V.J.; LENCINA, F.D.; LANDAU, A.M. 2022. Efectos de los rayos x en dos variedades de Pisum sativum. L Congreso Argentino de Genética SAG.

GATTI, I.; GUINDÓN, F.; BERMEJO, C.; ESPÓSITO, A.; COINTRY, E. 2016. In vitro tissue culture in breeding programs of leguminous pulses: use and current status. Plant Cell, Tissue and Organ Culture 127: 543-559.

GATTI, I.; ESPÓSITO, M.A.; ALMIRÓN, P.; CRAVERO, V.P.; COINTRY, E.L. 2011. Diversity of pea (Pisum sativum) accessions based on morphological data for sustainable field pea breeding in Argentina. Genetics and Molecular Research 10: 3403-3410. https://doi.org/10.4238/2011


GAWLOWSKA, M.; KNOPKIEWICZ, M.; ŚWIĘCICKI, W.; BOROS, L.; WAWER, A. 2021. Quantitative Trait Loci for Stem Strength Properties and Lodging in Two Pea Biparental Mapping Populations. Crop Science 61: 1682-1697.

GERLAND, P.; RAFTERY, A.E.; ŠEVČKOVÁ, H.; LI, N.; GU, D.; SPOORENBERG, T.; ALKEMA, L.; FOSDICK, B.K.; CHUNN, J.; LALIC, N. 2014. World population stabilization unlikely this century. Science. 346(6206):234-237. doi:10.1126/science.1257469

GERMANA, M.A. 2011. Anther culture for haploid and doubled haploid production. Plant Cell Tissue and Organ Culture. 104: 283-300. 10.1007/s11240-010-9852-z

GOLDENBERG, J.B. 1965. “Afila” a new mutation in pea (Pisum sativum L.). Bole I Genetico 1: 27-31.

GRANT, J.; COOPER, P. 2006. Peas (Pisum sativum L.). Methods in Molecular Biology, 343:337-346.

GREENWAY, M.B.; PHILLIPS, I. C.; LLOYD, M.N.; HUBSTENBERGER, J. F.; PHILLIPS, G.C. 2012. A nutrient medium for diverse applications and tissue growth of plant species in vitro. In Vitro Cellular and Developmental Biology Plant 48: 403-410. https://doi.org/10. 1007/s11627-012-9452-1

GRITTON, E.T. 1986. Pea breeding. In: BASSETT, M.J. (Ed.). Breeding vegetable crops 284-316. Westport, CT: AVI Publishing Company.

GUINDON, M.F.; AGUERO, M.G.; COINTRY, E. 2019. Análisis Comparativo de Características Físico-Químicas de Cultivares de Arveja (Pisum sativum L.). Libro xxi Congreso y xxxix Reunión Anual de La Sociedad de Biología de Rosario 56.

GUINDON, M.F.; CAZZOLA, F.; PALACIOS, T.; GATTI, I.; BERMEJO, C.; COINTRY, E. 2021. Biofortification of pea (Pisum sativum L.): a review. Journal of the Science of Food Agriculture. 101(9):3551-3563. https://doi.org/10.1002/jsfa.11059. PMID: 33417241.

HAIYING, W.Z.; SHAOZHI, Z.; GUANGMING, C. 2007. Experimental study on the freezing characteristics of four kinds of vegetables. LWT Food Science and Technology 40(6): 1112-1116.

HANOCQ, E.; JEUFFROY, M.H.; LEJEUNE-HÉNAUT, I.; MUNIER-JOLAIN, N. 2009. Construire des idéotypes pour des systèmes de culture varies en poisd’hiver. Innovations.Agronomiques. 7: 14-28.

HARLAND, S.C. 1948. Inheritance of immunity to mildew in Peruvian forms of Pisum sativum. Heredity 2, 263-269. https://doi.org/10.1038/hdy.1948.15


HAYER, F.; BONNIN, E.; CARROUEE, B.; GAILLARD, G.; NEMECEK, T.; SCHNEIDER, A. 2010. Designing sustainable crop rotations using Life Cycle assessment of crop combinations. Heredity 2: 263-269. doi:10.1038/hdy.1948.15

HUANG, S.; GALI, K.K.; TAR’AN, B.; WARKENTIN, T.D.; BUECKERT, R.A. 2017. Pea Phenology: Crop Potential in a Warming Environment. Crop Sci 57: 1540-1551.

HYNES, R.K.; CRAIG, K.A.; COVERT, D.; SMITH, R.S.; RENNIE, R.J. 1995. Liquid rhizobial inoculant for lentil and field pea. Journal of Production Agriculture: 8:547-552.

JAVID, M.; NOY, D.; SUDHEESH, S.; FORSTER, J.W.; KAUR, S. 2017. Identification of QTLs associated with metribuzin tolerance in field pea (Pisum sativum L.) Euphytica. 213: 91.

JENSEN, E.S.; PEOPLES, M.B.; BODDEY, R.M.; GRESSHOFF, P.M.; HAUGGAARD-NIELSEN, H.; ALVES, J.R.; MORRISON, M.J. 2012. Legumes for mitigation of climate change and the provision of feedstock for biofuels and biorefineries. a review. Agronomy for Sustainable Development. 32: 329-364. DOI: 10.1007/s13593-011-0056-7

JEUFFROY, M.H.; BARANGER, E.; CARROUÉE, B.; DE CHEZELLES, E.; GOSME, M.; HÉNAULT, C.; SCHNEIDER, A.; CELLIER, P. 2013. Nitrous oxide emissions from crop rotations including wheat, oilseed rape and dry peas, Biogeosciences, 10: 1787-1797, https://doi.org/10.5194/bg-10-1787-2013


JHA, A.B.; ARGANOSA, G.; TAR’AN, B.; DIEDERICHSEN, A.; WARKENTIN, T.D. 2013. Characterization of 169 diverse pea germplasm accessions for agronomic performance, mycosphaerella blight resistance and nutritional profile. Genetic Resources and Crop Evolution, 60, 747-761. https://doi.org/10.1007/s10722-012-9871-1


JHA, A.B.; TAR’AN, B.; DIAPARI, M.; WARKENTIN, T.D. 2015. SNP variation within genes associated with amylose, total starch and crude protein concentration in field pea. Euphytica, 206, 459-471. https://doi.org/10.1007/s10681-015-1510-4


JHA, A.B.; TAR’AN, B.; STONEHOUSE, R.; WARKENTIN, T.D. 2016. Identification of QTLs Associated with Improved Resistance to Ascochyta Blight in an Interspecific Pea Recombinant Inbred Line Population. Crop Science, 56: 2926-2939.

JHA, A.B.; GALI, K.K.; TAR’AN, B.; WARKENTIN, T.D. 2017. Fine mapping of QTLs for ascochyta blight resistance in pea using heterogeneous inbred families. Frontiers in Plant Science. 8: 765. https://doi.org/10.3389/fpls.2017.00765


JHA, A.B.; WARKENTIN, T.D. 2020. Biofortification of Pulse Crops: Status and Future Perspectives. Plants 9 73. doi:10.3390/plants9010073

KOTLARZ, A.; SUJAK, A.; STROBEL, W.; GRZESIAK, W. 2011. Chemical composition and nutritive value of protein of the pea seeds -effect of harvesting year and variety. Journal of Fruit and Ornamental Plant Research, 75: 57-69.

KRAFT, J.M.; DUNNE, B.; GOULDEN, D.; ARMSTRONG, S. 1998. A search for resistance in peas to ycosphaerella pinodes. Plant Disease. 82: 251-253. doi: 10.1094/PDIS.1998.82.2.251

KRAJEWSKI, P.; BOCIANOWSKI, J.; GAWLOWSKA, M.; KACZMAREK, Z.; PNIEWSKI, T.; ŚWIĘCICKI, W.; WOLKO, B. 2012. QTL for Yield Components and Protein Content: A Multienvironment Study of Two Pea (Pisum sativum L.) Populations. Euphytica 183: 323-336.

KREPLAK, J.; MADOUI,  M.; CÁPAL, P.; NOVÁK, P.; LABADIE, K .; AUBERT, G.; BAYER, P.; GALI, K.; SYME, R . 2019. A reference genome for pea provides insight into legume genome evolution. Nature Genetic. 51: 1411-1422. https://doi.org/10.1038/s41588-019-0480-1


KULAEVA, O.A.; ZHERNAKOV, A.I.; AFONIN, A.M.; BOIKOV, S.S.; SULIMA, A.S.; TIKHONOVICH, I.A.; ZHUKOV, A.V. 2017. Pea Marker Database (PMD): a new online database combining known pea (Pisum sativum L.) gene-based markers. PloS One 12, e0186713. doi:10.1371/journal.pone.0186713

LAMPRECHT, H. 1948. The variation of linkage and the course of cross­ing over. Agri Hortique Genetica 6:10-48. https://doi.org/10.1371/journal.pcbi.1002462


LEJEUNE-HÉNAUT, I.; HANOCQ, E.; BÉTHENCOURT, L.; FONTAINE, V.; DELBREIL, B.; MORIN, J.; PETIT, A.; DEVAUX, R.; BOILLEAU, M.; STEMPNIAK, J.J.; THOMAS, M.; LAINÉ, A.L.; FOUCHER, F.; BARANGER, A.; BURSTIN, J.; RAMEAU, C.; GIAUFFRET, C. 2008. The flowering locus Hr colocalizes with a major QTL affecting winter frost tolerance in Pisum sativum L. Theoretical and applied genetics. 116: 1105-1116. doi:10.1007/s00122-008-0739-x

LIU, R.; FANG, L.; YANG, T.; ZHANG, X.; HU, J.; ZHANG, H.; HAN, W.; HUA, Z.; HAO, J.M.; ZONG, X. 2017. Marker-trait association analysis of frost toler­ance of 672 worldwide pea (Pisum sativum L.) collections. Scientific reports, 7(1):5919. https://doi.org/10.1038/s41598-017-06222-y


LIU, X.; GLAHN, R.; ARGANOSA, G.; WARKENTIN, T.D. 2015. Iron Bioavail­ability in Low Phytate Pea. Crop Science 55(1): 320-30.

LUDVÍKOVÁ, M.; GRIGA, M. 2022. Pea transformation: History, current status and challenges. CAAS Agricultural Journals 58(3):127-161. doi: 10.17221/24/2022-CJGPB

MA YU.; COYNE, C.; GRUSAK, M.; MAZOUREK, M.; CHENG, P.; MAIN, D.; MCGEE, R. 2017. Genome-Wide SNP Identification, Linkage Map Construction and QTL Mapping for Seed Mineral Concentrations and Contents in Pea (Pisum sativum L.). BMC Plant Biology 17(1): 1-17.

MACWILLIAM, S.; WISMER, M.; KULSHRESHTHA, S. 2014. Life cycle and economic assessment of Western Canadian pulse systems: the inclusion of pulses in crop rotations. Agricultural Systems 123:43-53. doi: 10.1016/j.agsy.2013. 08.009

MARLES, M.S.; WARKENTIN, T.D.; BETT, K. 2013. Genotypic Abundance of Carotenoids and Polyphenolics in the Hull of Field Pea (Pisum sativum L.). Journal of the Science of Food and Agriculture 93(3): 463-70.

MASRY, A.I.; FAYAD, A.M.; TAHER, D.E. 2019. Genetic Improvements in Pea (Pisum sativum L.) Through Irradiation by Gama Rays. Journal of Plant Production, Mansoura Univ.10 (12): 1089-1093.

MISHRA, P.K.; MISHRA, S.; SELVAKUMAR, G.; BISHT, J.K.; KUNDU, S.; GUPTA, H.S. 2009. Coinoculation of Bacillus thuringeinsis-KR1 with Rhizobium leguminosarum enhances plant growth and nodulation of pea (Pisum sativum L.) and lentil (Lens culinaris L.). World Journal of Microbiology and Biotechnology 25: 753-761.

MÖLLER, K.; STINNER, W.; LEITHOLD, G. 2008. Growth, composition, biological N. fixation and nutrient uptake of a leguminous cover crop mixture and the effect of their removal on field nitrogen balances and nitrate leaching risk. Nutrient Cycling in Agroecosystems. 82: 233-249. https://doi.org/10.1007/s10705-008-9182-2


NEMECEK, T.; KÄGI, T. 2007. Life Cycle Inventories of Swiss and European Agricultural Production Systems. Final report ecoinvent V2.0 No. 15a, Agroscope Reckenholz-Taenikon Research Station ART, Swiss Centre for Life Cycle Inventories, Dübendorf, ecoinvent report.

NEMECEK, T.; VON RICHTHOFEN, J.S.; DUBOIS, G.; CASTA, P.; CHARLES, R.; PAHL. H. 2008. Environmental impacts of introducing grain legumes into European crop rotations. European Journal of Agronomy, 28: 380-393.

NEMESKÉRI, E. 2006. Breeding Strategy for Improvement of Colour Quality and Carotenoid Levels in Dry Pea Seeds. Communications in Biometry and Crop Science 1(1): 49-55.

NIKOLOPOULOU, D.; GRIGORAKIS, K.; STASINI, M.; ALEXIS, M.N.; ILIADIS, K. 2007. Differences in Chemical Composition of Field Pea (Pisum sativum) Cultivars: Effects of Cultivation Area and Year. Food Chemistry 103(3): 847-52.

NITSCH, J.P.; NITSCH, C. 1969. Haploid plants from pollen grains. Science 163: 85-87.

OCHATT, S.J.; PECH, C.; GREWAL, R.; COREUX, C.; LULSDORF, M.; JACAS, L. 2009. Abiotic stress enhances androgenesis from isolated microspores of some legume species (Fabaceae). Journal of Plant Physiology 166: 1314-1328. doi:10.1016/j.jplph.2009.01.011

OCHATT, S.J; SANGWAN, R.S. 2010. In vitro flowering and seed set: acceleration of generation cycles. In: DAVEY, M.R.; ANTHONY, P. (eds.). Plant cell culture: essential methods. Wiley, Chichester, 97-110 pp.

OMAE, H.; NAGUMO, F. 2016. Effects of oat (Avena sativa) and hairy vetch (Vicia villosa) cover crops on nitrate leaching, soil water, and maize yield in Subtropical Islands in Japan. Journal of Agricultural Science 8: 44.

PANDEY, A.K.; RUBIALES, D.; WANG, Y.; FANG, P.; SUN, T.; LIU, N.; XU, P. 2021. Omics resources and omics-enabled approaches for achieving high productivity and improved quality in pea (Pisum sativum L.). Theoretical and Applied Genetics 134:755-776. https://doi.org/10.1007/s00122-020-03751-5


PANDEY, M.K.; ROORKIWAL, M.; SINGH VIKAS K., RAMALINGAM, A.; KUDAPA, H.; THUDI, M.; CHITIKINENI A.; RATHORE, A.; VARSHNEY RAJEEV, K. 2016. Emerging genomic tools for legume breeding: current status and future prospects. Frontiers in Plant Science. 7: 455.

PANDEY, P.K.; BHOWMIK, P.; KAGALE, S. 2022. Optimized methods for random and targeted mutagenesis in field pea (Pisum sativum L.). Frontiers in Plant Science: 13:995542. doi: 10.3389/fpls.2022.995542. PMID: 36160971; PMCID: PMC9498975.

PAVAN, S.; SCHIAVULLI, A.; APPIANO, M.; MARCOTRIGIANO, A.R.; CILLO, F.; VISSER, R.G.; BAI, Y.; LOTTI, C.; RICCIARDI, L. 2011. Pea powdery mildew er1 resistance is associated to loss-of-function mutations at a MLO homologous locus. Theor Appl Genet.;123(8):1425-31. doi: 10.1007/s00122-011-1677-6. PMID: 21850477.

POLOWICK, P.L.; QUANDT, J.; MAHON, J.D. 2000. The ability of pea transformation technology to transfer genes into peas adapted to western Canadian growing conditions. Plant Science, 153: 161-170.

PRATAP, A.; PRAJAPATI, U.; SINGH, C.H.; GUPTA, S.; RATHORE, M.; MALVIYA, N.; TOMAR, R.; GUPTA, A.; TRIPATHI, S.; SINGH, N. 2018. Potential, constraints and applications of in vitro methods in improving grain legumes. Plant Breeding 00:1-15. doi: 10.1111/pbr. 12590

PRATAP, A.; CHOUDHARY, A.K.; KUMA, J. 2010. In vitro techniques towards genetic enhancement of food legumes-a review. Journal of Food Legumes 23: 169-185.

PULLARO, T.C.; MARINO, P.C.; JACKSON, D.M.; HARRISON, H.F.; KEINATH, A.P. 2006. Effects of killed cover crop mulch on weeds, weed seeds, and herbivores. Agriculture, ecosystems and environment. 115: 97-104.

RAGOT, M.; LEE, M. 2007. Marker-assisted selection in maize: current status, potential, limitations and perspectives from the private and public sectors. In: GUIMARÃES, E.; RUANE. J.; SCHERF, B.; SONNINO, A.; DARGIE, J. (eds.). Marker-assisted selection-Current status and future perspectives in crops, livestock, forestry and fish. FAO, Rome. 118-150 pp.

RAVASI, R.A.; PALEARI, L.; VESELY, F.M.; MOVEDI, E.; THOELKE, W.; CONFALONIERI, R. 2020. Ideotype definition to adapt legumes to climate change: A case study for field pea in Northern Italy. Agricultural and Forest Meteorology 291, 108081. https:// doi.org/ 10.1016/ j.agrformet.2020.108081

RIBALTA, F.M.; CROSER, J.S.; ERSKINE, W.; FINNEGAN, P.M.; LULSDORF, M.M.; OCHATT, S.J. 2014. Antigibberellin-induced reduction of internode length favors in vitro flowering and seedset in different pea genotypes. Biologia Plantarum 58, 39-46.

RIBALTA, F.M.; PAZOS-NAVARRO, M.; NELSON, K.; EDWARDS, K.; ROSS, J.J.; BENNETT, R.; MUNDAY, C.; ERSKINE, W.; OCHATT, S.J.; CROSER, J.S. 2017. Precocious floral initiation and identification of exact timing of embryo physiological maturity facilitate germination of immature seeds to truncate the lifecycle of pea. Plant Growth Regulation, 81(2), 345-353. https://doi.org/10.1007/s10725-016-0211-x


RIDGE, S.; DEOKAR, A.; LEE, R.; DABA, K.; MACKNIGHT, R.C.; WELLER, J.L.; TAR’AN, B. 2017. The Chickpea Early Flowering 1 (Efl1) Locus Is an Ortholog of Arabidopsis ELF3. Plant Physiology:175(2):802-815. doi: 10.1104/pp.17.00082. Epub 2017. PMID: 28818860; PMCID: PMC5619881.

SARI, H.; EKER, T.; TOSUN, H.S.; MUTLU, N.; CELIK, I.; TOKER, C. 2023. Mapping QTLs for Super-Earliness and Agro-Morphological Traits in RILs Population Derived from Interspecific Crosses between Pisum sativum × P. fulvum. Current Issues in Molecular Biology 45 (1): 663-676. https://doi.org/10.3390/cimb45010044


SHARMA, A.; SHARMA, S.; KUMAR, N.; RANA, R.S.; SHARMA, P.; KUMAR, P.; RANI, M. 2022. Morpho-molecular genetic diversity and population structure analysis in garden pea (Pisum sativum L.) genotypes using simple sequence repeat markers. PLoS ONE 17(9): e0273499. https://doi.org/10.1371/journal.pone.0273499


SHARMA, R.; DAR, A.A.; MAHAJAN, R.; SHARMA, S. 2020. Molecular and Biochemical Characterization of Indian Germplasm of Pisum sativum L. Proceedings of the National Academy of Sciences India Section B - Biological Sciences 90: 103-111.

SINGH, N.D.; SAHOO, L.; SARIN, N.B.; JAIWAL, P.K. 2003. The effect of TDZ on organogenesis and somatic embryogenesis in pigeonpea (Cajanus cajan L. Millsp). Plant Science, 164(3): 341-347. https://doi.org/10.1016/S0168-9452(02)00418-1


SINGH, S.; SINGH, B.; SHARMA, V.; KUMAR, M.; SIROHI, U. 2021. Assessment of Genetic Diversity and Population Structure in Pea (Pisum sativum L.) Germplasm based on Morphological Traits and SSR Markers. Legume Research - An International Journal. 10.18805/LR-4751

SOMERS, D.A.; SAMAC, D.A.; OLHOFT, P.M. 2003. Recent advances in legume transformation. Plant Physiology, 131(3): 892-899. https:// doi.org/10.1104/pp.102.017681

SURMA, M.; ADAMSKI, T.; ŚWIĘCICKI, W.; BARZYK, P.; KACZMAREK, Z.; KUCZYŃSKA, A.; KRYSTKOWIAK, K. 2013. Preliminary results of in vitro culture of pea and lupin embryos for the reduction of generation cycles in single seed descent technique. Acta Societatis Botanicorum Poloniae 82(3): 231-236. doi:10.5586/asbp.2013.021

SWAMINATHAN, S. 1988. Handbook of Food Science and Experimental Foods. Bangalore printing and publishing co. Ltd, Bangalore: 127-9.

TAYEH, N.; AUBERT, G. PILET-NAYEL, M.L.; LEJEUNE-HÉNAUT, I.; WARKENTIN, T.D.; BURSTIN, J. 2015. Genomic Tools in Pea Breeding Programs: Status and Perspectives. Front. Plant Sci. 6:1037. doi: 10.3389/fpls.2015.01037

TESHOME, A.; BRYNGELSSON, T.; DAGNE, K.; GELETA, M. 2015. Assessment of genetic diversity in Ethiopian field pea (Pisum sativum L.) accessions with newly developed EST-SSR markers. BMC Genet. 16:102. doi: 10.1186/s12863-015-0261-5

TIRYAKI, I.; SARI, U.; CETIN, S.; ACAR, O. 2022. Improved drought tolerance of EMS mutagenized Alfalfa (Medicago sativa L.) mutants by in vitro screening at germination stage. Sci Rep. 12(1):12693. doi: 10.1038/s41598-022-16294-0

TRAN, C.T.; BEISSINGER, T.M.; BECKER, H.C.; HORNEBURG, B. 2023. Genetic diversity of pea (Pisum sativum L.) genotypes differing in leaf type using SNP markers. Genetic Resourse Crop Evolution 70, 1085-1095. https://doi.org/10.1007/s10722-022-01487-3


VARSHNEY, R.K.; PANDEY, M.K.; BOHRA, A.; SINGH, V.K.; THUDI, M.; SAXENA, R.K. 2019. Toward the sequence-based breeding in legumes in the post-genome sequencing era. Theoretical and Applied Genetics 132: 797-816. https://doi.org/10.1007/s00122-018-3252-x


VESSEY, J.K. 2004. Benefits of inoculating legume crops with rhizobia in the northern Great Plains. Online. Crop Management. doi:10.1094/CM-2004-0301-04-RV

VIGNESH, M.; PICHANDAMPALAYAM, S.; EASWARAN, K. 2011. Agricultural Reviews. 32: 183-192.

VILLAMIL, M.; BOLLERO, G.; DARMODY, R.; SIMMONS, F.; BULLOCK, D. 2006. No-till corn/soybean systems including winter cover crops. Soil Sci. Soc. Am. J. 70: 1936-1944.

VINOD BANSOD, S.; GUPTA, P.J.; PANDEY, B.K; AWACHAR, S.R. 2022. Effect of Chemically induced Mutation on Yield Contributing and Seed qua­­lity. Attribute in Pea (Pisum sativum L.). Biological Forum. An International Journal 14(3): 1497-1500.

WANG, Y.; SHAHID, M.Q.; GHOURI, F.; BALOCH, F.S.; WANG, Y.; HUANG, H. 2015. Evaluation of the geographical pattern of genetic diversity of glycine soja and glycine max based on four single copy nuclear gene loci: for conservation of soybean germplasm. Biochemical Systematics and Ecology. 62: 229-235.

WANG, N.; DAUN, J.K. 2004. Effect of Variety and Crude Protein Content on Nutrients and Certain Antinutrients in Field Peas (Pisum sativum). Journal of the Science of Food and Agriculture, 84, 1021-1029. https://doi.org/10.1002/jsfa.1742


WARKENTIN, T.D.; SMÝKAL, P.; COYNE, C.J.; WEEDEN, N.; DOMONEY, C.; BING, D.J.; LEONFORTE, A.; XUXIAO, Z.; DIXIT, G.P.; BOROS, L.; MCPHEE, K.E.; REBECCA, J.; MCGEE, B.S.; BURSTIN, J.; ELLIS, T.H.N. Pea. In: DE RON, A.M. (ed.). New York: Springer, 37-83. doi: 10.1007/978-1-4939-2797-5_2

WEDZONY, M.; FORSTER, B.P.; ZUR, I.; GOLEMIEC, E.; SZECHYNSKA-HEBDA, M.; GOTEBIOWSKA, G. 2009. Progress in doubled haploid technology in higher plants. In: TOURAEV, A.; FORSTER, B.P.; JAIN, S.M. (eds.). Advances in haploid production in higher plants. Springer, Berlin. 1-34 pp.

WILLIAMS, O.; VANDER SCHOOR, J.K.; BUTLER, J.B.; RIDGE, S.; SUSSMILCH, F.C.; HECHT, V.F.G.; WELLER, J.L. 2022 The genetic architecture of flowering time changes in pea from wild to crop. Journal of Experimental Botany: 73(12):3978-3990. doi: 10.1093/jxb/ erac132. PMID: 35383838; PMCID: PMC9238443.

WU, X.; LI, N.; HAO, J.; HU, J.; ZHANG, X.; MATTHEW, W.B. 2017. Genetic diversity of Chinese and global pea (Pisum sativum L.) collections. Crop Science. 57: 1574-1584. doi: 10.2135/cropsci2016.04.0271

WYSOKINSKI, A.; LOZAK, I. 2021. The Dynamic of Nitrogen Uptake from Different Sources by Pea (Pisum sativum L.). Agriculture 11, 81. https://doi.org/10.3390/agriculture11010081


YAN, G.; HUI, L.; WANG, H.; LU, Z.; WANG, Y.; MULLAN, D.; HAMBLIN, J.; LIU, CH. 2017. Accelerated Generation of Selfed Pure Line Plants for Gene Identification and Crop Breeding. Front Plant Sci.8: 1786. doi: 10.3389/fpls.2017.01786

YANG, X.; GOU, Z.; ZHU, Z.; WANG, C.; ZHANG, L.; MIN, G. 2022. Bree­ding and Evaluation of a New-Bred Semi-Leafless Pea (Pisum sativum L.) Cultivar Longwan N.. 6. Agronomy 12, 850. https:// doi.org/10.3390/agronomy1204085

ZHENG, Y.; XU, S.; LIU, J.; ZHAO, Y.; LIU, J. 2017. Genetic diversity and population structure of Chinese natural bermudagrass (Cynodon dactylon L. Pers.) germplasm based on SRAP markers. PLoS One 12: e0177508. https://doi.org/10.1371/journalpone.0177508

ZIMMERMAN, J.; SAALBACH, I.; JAHN, D.; GIERSBERG, M.; HAEHNEL, S.; WEDEL, J.; MACEK, J.; ZOUFAL, K.; GLUNDER, G.; FALKENBURG, D.; KIPRYANOV, S.M. 2009. Antibody expressing pea seeds as fodder for prevention of gastrointestinal parasiti infections in chickens. BMC Biotechnology 9: 79.

ZONG, X.; YANG, T.; LIU, R.; ZHU, Z.; ZHANG, H.; LI, L.; ZHANG, X.; HE, Y.; SUN, S.; LIU, Q.; LI, G.; GUO, R.; HU, X.; SHEN, B.; MA, J.; ZHANG, T. 2019. Chapter 6: Genomic Designing for Climate-Smart Pea in: Genomic Design­ing of Climate-Smart Pulse Crops. Chittaranjan Kole ed. New Delhi, India. https://doi.org/10.1007/978-3-319-96932-9










OEBPS/rva864.png





