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The genus Lathyrus consists of more than 184 herbaceous annual and perennial

species suitable for multifaceted sustainable food and feed production system in the

arid and semi-arid regions of the world. The grasspea is a promising source of protein

nutrition. However, its potential is not being utilized fully due to the presence of

neurotoxin content (β-N-oxalyl-l-α, β diaminopropionic acid, β-ODAP), a causal agent

of non-reversible lower limbs paralysis. The high protein contents in seeds and leaves

with ∼90% digestibility make it sustainable super food to beat protein malnutrition in

future. Therefore, it is desired to breed new grasspea cultivars with low β-ODAP contents.

Limited research has been carried out to date about this feature. A draft genome

sequence of grasspea has been recently published that is expected to play a vital role

in breeding and identifying the genes responsible for biosynthesis pathway of β-ODAP

contents in grasspea. Efforts to increase awareness about the importance of genus

Lathyrus and detoxify β-ODAP in grasspea are desired and are in progress. Presently,

in South Asia, systematic and dedicated efforts to support the farmers in the grasspea

growing regions by disseminating low β-ODAP varieties has resulted in a considerable

improvement in reducing the incidence of neurolathyrism. It is expected that the situation

will improve further by mainstreaming grasspea cultivation by implementing different

approaches such as the development and use of low β-ODAP varieties, strengthening

government policies and improved detox methods. The present review provides insight

into the multifaceted characteristics of sustainable nutritious grasspea in the global and

Indian perspective.
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INTRODUCTION

The human population growth rate is very fast compared to the food yield per hectare as per
the report of World Food Programme, 2018 (1). Therefore, there is a need to boost our food
grain production by 70% (taking 2015 as the base year) to feed the 1.66 billion people and meet
the Sustainable Development Goal (SDG) targets by 2030. Despite the fact that the hunger has
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decreased globally since 2000, the yield plateau in all major
crops and increased malnutrition makes hidden hunger severe
in many parts of world (2).The number of undernourished
people in the world has continued to increase. If recent
trends are not reversed, the SDG 2.1 zero hunger target
will not be met. Sustainable development is only possible in
communities where malnutrition is eradicated. The world may
not achieve the global nutrition targets of ensuring access to safe,
nutritious and sufficient food for all and eradicating all forms
of malnutrition (3). Globally in 2020, the scale challenges in
nutritional imbalances amounting to two billion people lacking
key micronutrients like iron and vitamin A; 149 million children
under age five were estimated to be stunted; 1.9 billion adults
are overweight or obese, while 462 million are underweight
(4) and out of 141 countries analyzed, 88% of countries face
serious burden of more than one form of malnutrition and
29% have high levels all forms of malnutrition (stunted growth,
obese and overweight) (5). Utilizing plant genetic resources
of various climate-smart species, including underutilized and
neglected crops, will be of great significance to achieve SDG’s.
The present communication reviews grasspea (Lathyrus sativus
L.) a member of family Fabaceae (Leguminosae), subfamily
Papilionoideae, and tribe Vicieae, which is an underutilized
and neglected food, feed and pharmaceutically important crop
that shows resistance to harsh environmental conditions (6,
7) like drought, heat, soil infertility, floods and many ranges
of biotic stresses. It grows either as cultivated crop or weed
under natural conditions in South, Southeast Asia, Middle East,
Eastern Europe and in many other countries of the world.

FIGURE 1 | Lathyrus species and its uses (14, 15).

The cultivation of grasspea requires minimal inputs and cost;
thereby, it can be successfully incorporated in the conservation
agriculture and breeding programmes for developing climate
smart (biotic and abiotic stress-resistant, nutrition rich) varieties.
This crop deserves a sustainable and nutritionally rich status and
therefore the rediscovery of its potential as food and nutritional
security in reference to the global and Indian perspective
is desirable.

ORIGIN AND DOMESTICATION OF
GRASSPEA

The word “Lathyrus” is derived from the ancient Greek word
lathuros which means “exciting,” and refers to the aphrodisiac
properties of grasspea (8). The grasspea is also known by
many names (countries in parenthesis) like chickling vetch,
chickling pea, dog toothed pea (America, Britain); khesari
(Bangladesh); san lee do (China); fovetta (Cyprus); sabberi
(Ethiopia); gisette (France); khesari dal, lang, chural, latri, lakhori,
batura, tiwra (India); pisellobrettone (Italy); kheshari (Nepal);
matri, mattra, kesari (Pakistan); almorta (Spain); gilban (Sudan);
murdumuk (Turkey) and pharetta, garbanzo (Venezuela) (9).
The current list of 184 taxonomically accepted names of the
genus Lathyrus can be accessed through Plants of the World
Online, Royal Botanic Gardens, Kew, United Kingdom. The
genus Lathyrus consists of more than 160 annual and perennial
species (10, 11) and subspecies (12) belonging to 15 divisions
based on morphological features (13). The common uses of
important species in the genus Lathyrus is given in Figure 1

Frontiers in Nutrition | www.frontiersin.org 2 February 2022 | Volume 8 | Article 826208

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Ramya et al. Grasspea for Sustainable Nutrition

FIGURE 2 | Species richness in genus Lathyrus and its distribution.

and the global distribution of species in genus Lathyrus in
the Figure 2 (14). L. sativus, L. cicera L., and L. hirsutus
L. are the most extensively cultivated species for food and
feed whereas L. latifolius L. and L. odoratus L. are gorgeous
looking ornamental plants produced commercially in Europe
(14, 15).

The cultivation and domestication of many important annuals
such as wheat, pea, grasspea and lentil started during early
neolithic era around the 6th millennium Before Common Era
(BCE) in the West Asia (Irano-Turanian regions). Later, these
crops spread to the temperate Mediterranean region; moving
further to tropics and sub-tropics in the northern hemisphere
including East Africa, South Asia and naturalized in South
America over time (16). Grasspea is grown as a pulse and
fodder crop in Southeast Asian countries since time immemorial.
The origin and distribution of crops have a long history and
in several cases uncertainty is due to the discrepancies in the
description of primary and secondary centers of diversity and
natural spread in later stages (17). The earliest archaeological
evidences dates back from the 8th millennium BCE to the
Neolithic age from the village of Jamro lying at the foothills of
the Zagros Mountains in Northern Iraq (close to the Turkish
and Iranian borders) at an altitude of 800 msl (18, 19). The
important archaeological evidences of grasspea are noted in
adjacent areas of Tepe Sadz (7500–5700 BCE) and Ali Kosh
(9500–7600 BC) in Iran (19) and in the Gangetic plains, India
(2000–1500 BCE) (20) with presumption of its introduction
from West Asia. Probable remains of L. cicera have also been
reported at AzmaskaMoghila, in Bulgaria 7000 BCE (21). Several
archaeobotanical and phytogeographical evidences proved that
grasspea was initially domesticated in the Balkan Peninsula
during the early neolithic era, around the 6th millennium
BCE (22).

BOTANY AND TAXONOMY OF GRASSPEA

Grasspea is a herbaceous annual with a well-developed taproot
system that is greatly branched, straggling, or ascending. Small,
cylindrical, branching nodules cover the rootlets. The stems are
quadrangular and extremely slender, having winged margins.
Pinnately opposite leaves have two or three pairs of lanceolate
leaflets that terminate in a simple or branching tendril. The
leaflets are sessile, entire, and cuneate at the base and acuminate
at the top. The stipules are triangular to oval in shape with basal
appendage. The flowers are axillary, solitary with varied colors
viz. blue, violet blue, pink, dark pink, light yellow, white or
white with purple stripes. The blue flower is the most common,
and the variation in pigmentation is due to four genes (9). The
peduncle is relatively long (3–5 cm) with 2-minute bracts. It is
primarily a self-pollinated species, but has a high rate of out-
crossing, ranging from 9.8 to 27.8%. Insects like honey bees
are the main pollinators and also twisted keels with a slight
opening in flowers aid in cross pollination (23, 24). Standard
petals are erect and clawed. Wing petals are ovate, clawed and
obtuse at the top. The keel is somewhat twisted, boat-shaped,
completely split dorsally and ventrally near the base, which
helps in insect pollination. The colors of the keel have a lighter
shade compared to the wings with different color tinges. The
stamens are diadelphous (9 + 1) and filiform, having vexillary
stamens. The anthers are bright yellow in color and ellipsoid
in shape. The stigmas are upturned and enlarged at the tip.
The stigma is spatulate, glandular-papillate and terminal. Ovaries
are sessile with 5–8 ovules. The pods are oblong, flat, and
slightly bulging above the seeds, with a length of 2.5–4.5 cm,
with a width of 0.6–1.0 cm, and slightly curled tips (25). The
two-winged, short-beaked dorsal regions of the pod contain 3–
5 small seeds. The seeds are angled, wedge-shaped, and come
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FIGURE 3 | Continued
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FIGURE 3 | (a) Leaf variation in different species of Lathyrus (top) and flower color variation (bottom) - (A) L. aphaca; (B) L. cicera; (C) L. odoratus; (D–I) L. sativus. (b)

Seed color variation in different species of genus Lathyrus.

in various colors, including white, brownish-gray, yellow, and
are spotted or mottled (26). The hilum is elliptic with yellow
to pinkish yellow cotyledons. The seeds germinate hypogeally
with purplish-green epicotyls. The morphological variation in

leaf, flower and seeds of some species of Lathyrus are depicted
in Figures 3a,b. As described by Hanbury et al. (27); and
Jackson and Yunus (19), grasspea accessions are broadly grouped
into two groups viz. (1) Blue-flowered accessions with smaller
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brown mixed seeds from South West and South Asia and (2)
White and mixed-colored accessions from the Mediterranean
region. Generally, larger white seeded genotypes yield higher
than the accessions from the Indian subcontinent, including
those from areas lying in between the Canary Islands to the
west of the republics of the former Soviet Union. Small-
seeded grasspea accessions are associated with hard seed coats
and are considered more primitive like chickpea and lentil of
old world.

LATHYRUS GENETIC RESOURCES:
DIVERSITY FOR SUSTAINABILITY

The Himalayan region of India has a very rich genetic diversity
of genus Lathyrus with nine different species viz. L. aphaca
L., L. pratensis L., L. sphaericus Retz., L. inconspicuus L., L.
odoratus L., L. altaicus Ledeb., L. luteus Baker., L. imphalensis
and L. sativus (28–34). In the recent report published by
Botanical Survey of India, there are nine taxa (eight species
and one subspecies) present in India. These are having
their distribution accordingly which include L. aphaca present
throughout the country; L. hirsutus L. and L. cicera in Jammu
and Kashmir; L. laevigatus (Waldst.& Kit.) Gren., L. pratensis,
L. humilis (Ser.) Spreng. and L. erectus Lag. in Himachal
Pradesh, Jammu and Kashmir, Uttarakhand; L. odoratus in Bihar,
Gujarat, Jharkhand, Madhya Pradesh, Maharashtra, Punjab,
Tamil Nadu, Uttarkhand and Uttar Pradesh; L. sphaericus Retz.
in almost throughout India except South and North East
India (35). Lathyrus germplasm including cultivated grasspea
germplasm collections are maintained ex-situ at many places
in the world. The major genebank collections in the world
are given in the Table 1. Similarly, 73 taxa of Lathyrus have
been described in the Flora of Turkey, out of which 22 taxa
are endemic (38). The global conservation strategy of grasspea
highlights the urgency of upgrading documentation systems,
safe multiplication, duplication and adopting international
standards for managing existing collections as a means
toward a rational and effective conservation system. As a
part of global backup or safety duplication, a total of 4,510
accessions of different origin with 45 other species in genus
Lathyrus from 18 depositors are conserved in the Svalbard
Global Seed Vault (39). The establishment of the “Lathyrus
Genetic Resources Network” (40) propelled foundation for the
coordinated international efforts for conservation, collection
and other pre-breeding works on the grasspea in the last
few decades. South Asia including India is one of the major
focussed areas of grasspea cultivation. The geo-referenced map
of India highlights the grasspea collecting sites indicating
adaptation of crops to eastern part of India which is the most
populated region of country (Figure 4). If any intervention
for grasspea adaptation will be supported by all stakeholders
such as farmers, scientists and policy makers in systematic and
focussed approach, this crop may alleviate protein malnutrition
and food insecurity of the populated region of India and
South Asia.

TABLE 1 | The Lathyrus holdings in major global genebanks.

S.N. Major genebanks Total Lathyrus accessions with

three major species conserved in

different global genebanks

1 Conservatoire botanique national

Midi-Pyrénées (CBNPMP), France*

4,477

2 International Center for Agricultural

Research in Dry Areas, Lebanon

(ICARDA)**

4,417 (L. sativus−2,577, L.

aphaca−339, L. cicera−216)

3 Indian Council of Agricultural

Research—National Bureau of Plant

Genetic Resources (ICAR-NBPGR),

New Delhi, India##

2,622

4 Bangladesh Agricultural Research

Institute (Plant Genetic Resource

Centre (BARI-PGRC), Bangladesh)#

2,422 (L. sativus)

5 Instituto Nacional de Investigación

Agraria (INIA), Chile *

1,824

6 Australian Grains Genebank,

Australia**

1,477 (L. sativus- 896, L.

cicera−201, L. ochrus−122)

7 Millennium Seed Bank (MSB), Kew,

England**

1,439 (L. aphaca - 226, L. sativus-

156, L. hierosolymitanus−97)

8 Ustymivka Experimental Station of

Plant Production, Ukraine**

1,215 (L. sativus−782, L. cicera−73,

L. hirsutus−70)

9 N.I. Vavilov All-Russian Scientific

Research Institute of Plant Industry,

Saint Petersburg, Russia**

1,207 (L. sativus−824, L. cicera−86,

L. hirsutus – 45)

10 United States Department of

Agriculture (USDA) National Plant

Germplasm System**

871 (L. sativus−294, Lathyrus.

sp.,−125, L. odoratus- 52)

*Patto and Rubiales (36).

**https://www.genesys-pgr.org/a/overview/v2Vd8B228KX (accessed December 2021).
#Mathur et al. (37).
##http://genebank.nbpgr.ernet.in/SeedBank/CropSpecieswithICECWise.aspx?

CropCode=1641 (accessed January 7, 2022).

NUTRITIONAL COMPOSITION OF
GRASSPEA

Grasspea seeds contain about 8.6–34.6%, protein content which
is higher than chickpea (18%), field pea (21%), French bean
(20%) (41). Grasspea seeds consist of around 60% globulins and
30% albumins in the total seed proteins with 90% digestibility
at a 10% level of protein intake (42–46). Analysis of seeds
for carbohydrates and crude fiber has shown that these vary
between 48–52.3% and 1.1–1.7%, respectively (9, 27, 44). The
total amino acids and fatty acids are estimated at 19.69–23.48
g/100 g and 58–80% in the same order in grasspea seeds that
are in desirable proportion for animal and human consumption
(47–49). Like other legumes, grasspea seeds are rich in lysine
(18.4–20.4 mg/kg) but low in sulfur-containing amino acids
that range 3.8–4.3 mg/kg in cysteine and 2.5–2.8 mg/kg in
methionine (50, 51). Interestingly, one mutant was identified
through the research showed 63% more methionine than its
parent genotype. However, threonine content in seeds ranged
from 10.2 to 11.5 mg/kg (47). The contribution of the total
lipids, ascorbic acid and glutathione amount to 1.67 g, 13.50mg
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FIGURE 4 | Grasspea germplasm collecting sites in India.

and 15.90 mg/100 g grasspea seeds in the same order. The
legume also has higher glutathione and ascorbic acid levels,
which contributes to its enhanced antioxidant activity (44, 48,
49). The grasspea seeds contain 4.60mg thiamine (B1), 2.30mg
riboflavin (B2), 16.40mg niacin (B3), 18.40mg pantothenic
acid (B5), 5.80mg pyridoxine (B6) and 5.40 mg/kg folic acid
(B9), making them a strong source of vitamin B complex.
Furthermore, ascorbic acid (42.5 mg/kg), retinol (34.9 g/kg),
and carotene (323.3 g/kg) are all abundant in grasspea seeds
(52). The collective nutritional profile of grasspea is given in the
Table 2.

Utilization of grasspea as food and feed or fodder is limited
due to the presence of a plant neurotoxin called β-ODAP
that is considered causal agent of muscle atrophy and lower
limbs paralysis or neurolathyrism in humans, animals and
poultry (50, 53, 61). Recent discovery of some health-promoting
nutraceuticals shows some hidden potential of grasspea seeds
(18). It is the only known dietary source of L-homoarginine

which is useful to treat cardiovascular ailments, hypoxia -
Alzheimer’s disease and other memory-related disorders (54,
62–64). A wide range of L-homoarginine concentration (6.26–
20.97 g/kg) (52–55) reduces excitation of neuronal receptors
due to the biosynthesis of nitric oxide (65, 66) in our body.
Asparagine content ranged from 0.59 to 5.22 mg/g of seeds
desired for young children’s healthy brain development and
body functions (52). Daily dietary intake of asparagines and L-
homoarginine from grasspea seeds could be beneficial to human
health and need more systematic research (63). The iron and
zinc content in grasspea seeds ranged 6.9–8.7 mg/100 g and
2.46–36.7 mg/100 g, respectively (58, 59). However, large genetic
variability for iron and zinc concentration in Lathyrus genetic
resources were observed at ICARDA breeding programme (46,
67) that can be used for biofortification or genetic improvement
of grasspea. The comparative table on nutritive value of
grasspea with other cool season legumes are given in the
Table 3.
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TABLE 2 | Nutritional profile of grasspea (L. sativus L.).

Nutritional contents Range Reference (s)

Protein 8.60–34.60% (42–46)

Globulins >60% of the total proteins (9, 27, 44)

Albumins >30% of the total proteins

Carbohydrate 48.0–52.3% (44, 47)

Crude fiber 1.1–1.7%

Homoarginine 6.26–20.97 g/kg (49, 53–55)

Fatty acids

(polyunsaturated)

127.39–179.39 mg/100 g (47, 56, 57)

Amino acid 19.69–23.48 g/100 g (44, 48, 52)

Total lipids 1.67 ± 0.18 g/100 g

Glutathione 15.90 ± 0.10 mg/100 g

Asparagine 0.59–5.22 mg/g seeds (49, 58)

Retinol 34.9 µg/kg

Carotene 323.3 µg/kg

Thiamine (B1) 4.60 mg/kg

Riboflavin (B2) 2.30 mg/kg

Niacin (B3) 16.40 mg/kg

Pantothenic acid (B5) 18.40 mg/kg

Pyridoxine (B6) 5.80 mg/kg

Folic acid (B9) 5.40 mg/kg, (44, 48, 52)

Ascorbic acid 13.50–42.5 mg/kg

Acid detergent fiber 4.3–7.3% (47, 50, 51)

Calcium 0.07–0.12 mg/kg

Phosphorus 0.37–0.49 mg/kg

Lysine 18.4–20.4 mg/kg

Threonine 10.2–11.5 mg/kg

Methionine 2.5–2.8 mg/kg

Cysteine 3.8–4.3 mg/kg

Iron 6.9–8.74 mg/100 g (46, 58–60)

Zinc 2.46–36.7 mg/100 g

Potassium 644 mg/100 g

Magnesium 92 mg/100 g

Vitamin-E 40 IU /kg (56)

GRASSPEA AND THE CASE HISTORY OF
LATHYRISM

Grasspea is a source of debate among agricultural scientists,
nutritionists, and farmers for decades due to notoriety for being
neurotoxic. Cantani of Naples coined the name “lathyrism” in
1873; however, the history of lathyrism finds its reference way
back to ancient times (68). Lathyrism is a crippling disorder and it
is more exacerbated when grasspea is the primary component of
the human diet accounting for at least 30% of the caloric intake
for about 3–4 months as a sole diet (40). Overconsumption of
the seed has been linked to neurolathyrism, a neurodegenerative
spastic paraparesis disorder due to neuroexcitatory β-ODAP.
Zinc deficiency in the soil was found to increase the amount
of β-ODAP in the seeds (69). Variable increase in the cases of
neurolathyrism was observed among the people of Bangladesh
and Ethiopia (70, 71). It is reported that the young human males,
cattle and poultry are more affected by the disease (72–74).
However, the studies on biosynthesis pathway of β-ODAP have

found that it is co-regulated with serine and cysteine of the
nitrogen and sulfur metabolism, respectively, that is inversely
proportional to the β-ODAP accumulation and key enzyme
β-cyanoalanine synthase (75). A novel cysteine synthase gene
(LsCSase) has been discovered in grasspea. Under zinc-iron stress
and polyethylene glycol-induced osmotic stress, this gene was up-
regulated in young seedling tissues and seeds, with an elevated
expression level (76). Understanding of the fundamental steps in
the regulation and the biosynthesis of β-ODAP are significant in
breeding new grasspea cultivars.

ABANDONED, NEGLECTED, AND ORPHAN
LEGUME WITH MULTIPLE USES

Grasspea is a promising alternative for sustainable food
production because of its inherent qualities, such as minimal
water requirements, drought tolerance and disease resistance.
Furthermore, it is a highly profitable crop for many developing
countries like Bangladesh, Ethiopia, India, Nepal, and Pakistan
(77, 78). There are reports claiming that grasspea and several
other legumes were used as offerings to kings and in various
religious and funeral ceremonies of mummies in the ancient
Egypt, in contrast to the modern-day bad reputation of this
crop, which makes it as the survival and subsistence food for
the poorest of society (18). It is one of the most affordable and
the largest source of protein next to soybean. It is a hardy crop,
tolerant to both drought and flooding. It fixes 60–124 kg/ha
nitrogen under dry conditions (67, 79) and contributes positively
to the nitrogen requirements of its subsequent crops. Grasspea
is an abandoned, neglected and underutilized crop that can be
explored to isolate a number of compounds and metabolites
contributing to human health. It has high folic acid that plays
a vital role in erythropoiesis (the production of red blood cells)
along with nucleic acid and protein synthesis. Therefore, it is
essential in preventing congenital disabilities (44). The water-
soluble inositol phosphoglycan (IPG) molecules from seeds of
grasspea are being used in some traditional medicines to treat
diabetic symptoms (80).

A Chinese group has also patented the metabolite β-ODAP
from its seeds are used as a hemostatic agent following surgery
(81). β-ODAP is also present in the roots of Chinese ginseng
(Panax ginseng C.A.Mey.), which is believed to promote lifespan
and is commercialized as “Dencichine” in the markets and
are used in the treatment of hemorrhage and thrombopoiesis
(82, 83). Some Chinese toothpaste brands also use its herbal
extracts to avoid bleeding gums (18, 84). β-ODAP metabolite
has also been shown to have the property of healing wounds
naturally (84). Thereby, grasspea seeds have demonstrated range
of therapeutic properties, indicating that they may be used as a
potential medicinal or pharmaceutical crop plant of the future.
The radical scavenging activity is explained by the presence of
phenol phytochemicals they contain in their roots. It can be
recommended for cultivation on unproductive marginal lands
adjacent or close to hill slopes and during droughts to decrease
soil erosion (44). Plant antioxidant mechanisms that accumulate
ascorbic acid (AC), oxidized forms of AC-dehydroascorbic acid
(DAA) and diketogulonic acid (DKGA) in L. maritimus (L.)
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TABLE 3 | Comparative table on nutritional values of grasspea (L. sativus L.) with other cool season legumes.

Composition Chickpea (Cicer arietinum Lentil (Lens culinaris Dry Peas (Pisum Field bean, Black Grasspea

L.) (Whole)* Medik.) (Whole, Brown)* sativum L.)* (Phaseolus vulgaris L.)*

Protein (%) 18.77 ± 0.42 22.49 ± 0.58 20.43 ± 0.79 19.93 8.60–34.60**

Total poly unsaturated fatty acids 2,337 ± 78.2 mg/100 g 277 ± 9.70 mg/100 g 873 ± 41.50 mg/100 g 468 mg/100 g 127.39–179.39 mg/100 g$

Total Carotenoids 999 ± 240 µg/100 g 924 ± 89 µg/100 g 933 ± 94.10 µg/100 g 207 µg/100 g 323.30 µg/kg#

Iron 6.08 ± 0.27 mg/100 g 7.57 ± 0.67 mg/100 g 5.09 ± 0.45 mg/100 g 4.50 mg/100 g 6.90–8.74 mg/100 g***

Phosphorus 267 ± 21.9 mg/100 g 274 ± 27.40 mg/100 g 334 ± 18.30 mg/100 g 457 mg/100 g 0.37–0.49 mg/kg

Potassium 935 ± 37.9 mg/100 g 756 ± 63.60 mg/100 g 922 ± 67.40 mg/100 g 1,272 mg/100 g 644 mg/100 g***

Calcium 150 ± 18.3 mg/100 g 76.13 ± 9.23 mg/100 g 75.11 ± 13.93 mg/100 g 78.16 mg/100 g 0.07–0.12 mg/kg

Magnesium 160 ± 17.5 mg/100 g 101 ± 13.90 mg/100 g 123 ± 8.10 mg/100 g 197 mg/100 g 92 mg/100 g***

Vitamin B1 0.37 ± 0.04 mg/100 g 0.40 ± 0.07 mg/100 g 0.56 ± 0.05 mg/100 g 0.35 mg/100 g 0.46 mg/100 g#

Vitamin B2 0.24 ± 0.01 mg/100 g 0.22 ± 0.03 mg/100 g 0.16 ± 0.01 mg/100 g 0.07 mg/100 g 0.23 mg/100 g#

Vitamin B3 2.10 ± 0.06 mg/100 g 2.54 ± 0.12 mg/100 g 2.69 ± 0.15 mg/100 g 1.88 mg/100 g 1.24–2.03 mg/100 g#

Vitamin E 1.72 ± 0.07 mg/100 g 0.19 ± 0.02 mg/100 g 0.32 ± 0.02 mg/100 g 0.51 mg/100 g 40 IU /kg##

Cysteine 1.27 ± 0.09 g/100 g 1.18 ± 0.04 g/100 g 0.82 ± 0.15 g/100 g 0.59 g/100 g 3.8–4.3 mg/kg###

Threonine 3.55 ± 0.31 g/100 g 3.35 ± 0.05 g/100 g 3.65 ± 0.15 g/100 g 4.12 g/100 g 10.2–11.5 mg/kg###

Methionine 1.16 ± 0.16 g/100 g 0.84 ± 0.03 g/100 g 0.68 ± 0.19 g/100 g 1.36 g/100 g 2.5–2.8 mg/kg###

#Grela et al. (58) and Arslan et al. (52).
##Grela and Gunter (56).
###Rotter et al. (47), Hanbury et al. (50), and Lambein and Kuo (51).

*Indian Food Composition Table-2017 (41).

**Barpete et al. (42), Tamburino et al. (44), Girma and Korbu (43), Kumari and Kumar Jha (45), and Sengupta et al. (46).

***Sandberg (60), Urga et al. (59), Grela et al. (58), and Sengupta et al. (46).
$Arslan (57).

FIGURE 5 | Grasspea as a multifaceted legume.
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Fr. contribute to antioxidant activity which helps in adapting
to the changing environment (85). A new protein PGIP-
Polygalacturonase-Inhibiting Protein from its seeds play an
significant role in plant protection against fungal infections by
endo polygalacturonases (EPGs), the first enzymes released by
phytopathogenic fungi during plant infection (86). It can be used
in crop improvement as the effective donor source of resistance
to Ascochyta blight compared to other field pea cultivars (87, 88).
The silver nanoparticles biosynthesized from grasspea species
and Stachys lavandulifolia Vahl. can also be used as an antifungal
agent against Dothiorella sarmentorum (89).

Metalloproteases isolated from the dry grasspea seeds are
useful in the biotechnology, food, medical and pharmaceutical

industries (90). The different proportions of grasspea protein
isolates and glycerol were used to combine Lepidium perfoliatum
L. seed gum to form composite biopolymer films that
are biodegradable in nature (91). An effective biocontrol
strain of plant growth promoting rhizobacteria obtained from
the rhizosphere of grasspea was used as an alternative to
conventional fertilizer that could contribute to crop disease
reduction and significantly increase crop growth and yield
(92). The ability of this crop to withstand nutrient shortage
and retain vast amounts of lead in the root tissues has made
it a tough species. As a result, it could be incorporated
into the phytoremediation and rhizofiltration systems as an
effective lead phytoextracting species (93). The characterization,

TABLE 4 | Low-β-ODAP grasspea cultivars released in Australia, South Asia, Central Asian, Mediterranean, East African and Latin American countries.

Breeding method Variety name Pedigree/selection method Country References

Intraspecific hybridization Ceora K33 × 8604 Australia (67, 96)

Bari Khesari 1 P-24 × Local cultivar Bangladesh (67, 97)

Bari Khesari 2 P-24 × Local cultivar Bangladesh (67, 97)

Wasie (ILAT-LS-LS-B2) SC5 × PGRC 46071 Ethiopia (98)

Prateek LS 82046 × A 60 India (99)

Mahateora Ratan × JRL 2 India (99)

Studenica Polish cultivar ×local Serbian landrace (Pedigree method) Serbia (67, 100)

Stinica Polish cultivar ×local Serbian landrace (Pedigree method) Serbia (67, 100)

Mutation breeding Bina Khesari 1 Mutation Bangladesh http://dhcrop.bsmrau.net/

binakhesari-1/

Biotechnological approaches Ratan Somaclone of cv. Pusa-24 India (99)

Direct introduction CLIMA 2 pink Introduction Nepal https://www.scribd.com/

document/18528265/

Status-of-Grasspea-in-

Nepal

Bari Khesari 2 Introduction Bangladesh https://nfsm.gov.in/

areacoveragecropsdashboard.

aspx

Direct selection from germplasm Chalus Selection from IFLA 1279 Australia (67, 101)

Bari Khesari 3 Selection from Sel.190 Bangladesh http://dhcrop.bsmrau.net/

bari-khesari-3/

Bari Khesari 4 Selection from Sel.1337 Bangladesh http://dhcrop.bsmrau.net/

bari-khesari-4/

Strandja Local selection (VIL) Bulgaria (67)

LS 8246 Selection from Pusa-24 Canada (67, 102)

Luanco-INIA Selection from LS 0027 Chile (67, 103)

Quila-blanco Selection from germplasm Chile (67, 104)

Ali Bar Selection from IFLLS- 554 Kazakhstan (105)

Pusa-24 Selection from germplasm India (99)

Nirmal Selection from germplasm India (99)

Bidhan Khesari-1 Selection from LAT-15-6 (BK-14-1) India (99)

19A Selection from germplasm Nepal https://www.scribd.com/

document/18528265/

Status-of-Grasspea-in-

Nepal

19B Selection from germplasm Nepal https://www.scribd.com/

document/18528265/

Status-of-Grasspea-in-

Nepal

Derek Selection from Der Poland (67, 106)

Krab Selection from Kra Poland (67, 106)

Gurbuz-1 Selection from IFLLS 554 Turkey (98)
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evaluation and utilization of diamine oxidase (DAO) from L.
sativus species used as biocatalytic component of a novel DAO-
based amperometric electrochemical biosensor to determine
biogenic amines (BA) index in the wine and beer samples. It
can produce a credible assessment of the overall BA’s content
in production plants or wineries. Food quality commissions
around the world are increasingly requesting this metric (94).
Several different attractive ornamental species of genus Lathyrus
like L. odoratus, L. vernus (L.) Bernh and L. latifolius have
potential for increasing diversity in grasspea by interspecific
hybridization. In the United Kingdom, a seed bank has been
established to preserve the variety of ornamental plants and
make the materials freely available to the academic researchers
and farmers worldwide (95). Therefore, holistic research on this
crop could explore the other possible and sustainable uses of the
crop (Figure 5).

The seeds are generally used as a pulse, dahl and flour, which is
used in preparing different types of savories, sweets and snacks.
Immature pods and young leaves of a plant are used as a leafy
vegetable in India and Bangladesh. Tender leaves and branches
of the grasspea are popularly sold by the farmers in Indian and
Bangladeshi markets. Apart from its use as a food, it is also used
as fodder to cattle during the early vegetative stage to maturity
and feed. Split-grains and flour of grasspea are also utilized as
feed for lactating animals or bullocks in periods of heavy field
work (15). In sustainable agriculture system, this multifaceted
species can serve as an insurance crop to the marginal land
farmers in drought hit areas with minimum inputs and high
output. High protein contents, tolerance against the number of
biotic and abiotic stresses and the ratooning (multiple cuts for
its foliage) capacity of this crop makes it a good choice for
cultivation in the arid regions and semi-arid regions with high
scarcity of water.

BREEDING EFFORTS FOR NUTRITIONAL
GAIN IN GRASSPEA

Grasspea is recognized as a versatile crop and one of the climate-
smart choices for the future and it has attained the status
of the multipurpose legume. With the help of conventional
breeding and selection strategy from available germplasm,
ICARDA and National Agricultural Research Systems (NARS)
have developed and released more than 25 improved cultivars
of grasspea that can be cultivated in diverse agroecology
throughout the world (Table 4). Grasspea breeding programs are
focussed their efforts toward the improved early maturity, high
biomass, plant types, and resistance to both biotic and abiotic
stresses along with low β-ODAP cultivars (46, 107, 108). This
will incorporate tolerance against major pests, pathogen and
induce improved nutritional quality (protein, micronutrients,
methionine and homoarginine) using traditional and improved
breeding protocols (25).

Characterization and breeding efforts were attempted in
grasspea for agro-morphological traits and β-ODAP content
(48, 109). Cross compatibility studies were carried out between
common peas, Pisum sativum and L. sativus. It was observed

that there was successful isolation, culture and fusion of
viable protoplasts from these crop plants. This will allow
for the development of genetic novelties with intriguing
agronomic properties such as stress tolerance and rusticity
from grasspea and grain quality from peas (110). The use
of genetically distant grasspea accessions could give possible
superior recombination with low β-ODAP content compared to
carrying out crosses among or between the genetically closer
species (111).

Mutation studies on grasspea with gamma-rays are
encouraging and have shown induced salinity (NaCl) tolerance
in M2 progeny mutants of grasspea (112). Different kinds of
auxins (IBA; IAA; NAA) in tissue culture experiments are carried
out to find the factors affecting healthy rooting, acclimatization
and the effects of different concentration of sugar on root
morphology phenology and developmental attributes of grasspea
plants (25, 113, 114).

Grasspea has natural source of resistance to many pulse
diseases (36). Ascochyta blight can be considered one of the most
important diseases in legumes (88). Ascochyta blight resistance
was observed in various species of genus Lathyrus namely L.
cicera, L. clymenum L., L. ochrus (L.) DC. and L. sativus as in
comparison with the field peas (87, 115). The gene expression for
creating resistance against Ascochyta lathyri in grasspea has also
been demonstrated (88).

Limited genetic and genomic research by the public and
private sector for the genus Lathyrus has resulted in meagre
and stagnant data on the desirable aspects of grasspea. In future
improvement programmes, the use of molecular markers for
the genetic diversity studies and their utilization in marker-
trait association for plant phenology and yield-related traits are
expected to play a crucial role in understanding the association
of novel alleles in trait expression (116, 117). The development
and use of simple sequence repeats (SSRs) (45, 118–120),
EST-SSR (111), Restriction Fragment Length Polymorphism
(RFLP), and Random Amplified Polymorphic DNA (RAPD)
(10, 121, 122) markers as a conventional molecular tool and
recent development of SSR markers by In silico mining of
nucleotide sequences (117) has enhanced our understanding in
genetic linkage mapping, QTL mapping, association mapping,
DNA fingerprinting and genetic diversity studies. The above
mentioned research on the topics related to grasspea breeding has
given a promising way of exploring the genetic potential of this
species. In addition to this information, phylogenetic relationship
between different species of the genus Lathyrus using chloroplast
DNA trnH-psbA -intergenic spacer (123), nuclear ribosomal
DNAITS2-nrDNA - Internal Transcribed Spacer 2 (124) and an
Inter-Simple Sequence Repeats (ISSR) technique has been carried
out (125) to know the better understanding of the existence of
genetic diversity among the accessions in their experiments.

A draft genome sequence of grasspea ranged between 6.75 and
7.63 Gbp (126), 7.82 and 8.90 Gbp (127), 6.85 Gbp (128), and 6.52
Gbp (129). This data will help to identify the genes responsible
for the gene regulation of biosynthesis pathway of β-ODAP and
identify the alleles for different traits that will be helpful in the
agronomic and nutritional improvement. It is also expected to
allow comparative genomic analyses between different legumes,
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which will aid in the development of genetic and physical maps
which can be used for the development of marker-assisted and
genomic selection strategies through genome editing and tilling
platforms (23).

CURRENT SCENARIO OF GRASSPEA
CULTIVATION AND LATHYRISM IN INDIA

Grasspea has the immense potential to grow as a rice-fallow
pulse crop in eastern India. A study has showed that out of
11.6 million hectares of fallow land in India, ∼0.5 million
hectares could be easily brought under grasspea cultivation to
improve land productivity and raise revenue for farmers as
a second crop (130). The Indian farmers are discouraged to
grow grasspea on large scale for commercial purpose, except for
family consumption and livestock feed. Commercial production
of grasspea is on ban in some Indian states under the Prevention
of Food Adulteration Act 1961 (131). This has ended up in
reduction of its farming areas from 1.3 million hectares to
<850,000 ha in a decade (67). Contrary, the researchers are
becoming more interested in grasspea due to its multifaceted
importance. Therefore, they are interested to breed zero or low
β-ODAP cultivars. It is expected that an interaction among
government, breeders, farmers, pharmaceutical professionals
will increase awareness about the genus Lathyrus and help
in developing techniques to detoxify β-ODAP. This will
further increase their importance as a new putative functional
food (pharmaceutically valuable crop), forage and crop of
industry, along with other pulse crops. Hence, abandoning
or neglecting this crop may not be a wise decision. Efforts
toward developing and popularization of low or zero β-ODAP
cultivars would need some detoxification methods to enhance
the use of grasspea in the common households. Some of the

popular grasspea detoxification methods are described and listed
in Table 5.

RECENT TRENDS ON LATHYRISM IN
INDIA

Presently in India, about 3.62 lakh ha area of land is
under grasspea cultivation (138). Several studies about grasspea
consumption were conducted by Nagarajan and Gopalan (139)
in Bilaspur, Durg, and Raipur districts of Chhattisgarh in India.
Previous studies noted that β-ODAP content in most of the
lines or cultivars ranged between 0.5 g and 2.5 g/100 g (78).
These districts were restudied after 50 years in 2018. The new
studies showed that β-ODAP content in local germplasm was
significantly reduced and ranged 0.63 ± 0.14 to 0.65 ±0.14 g
100 g−1. No or negligible incidence of neurolathyrism which
includes the occurrence of these symptoms in aged persons of
50–60 yrs were reported in these areas (140). Similar findings
were reported from Bora and Malgaon villages along with
Miraj country (Tehsil) of Sangli district in the Maharashtra,
India (141). Chaurasia et al. (142) has reported only three
cases of post stroke paralysis from Eastern Uttar Pradesh.
However, grasspea consumption cannot be blamed solely for
this report. These findings suggested a considerable reduction
in the incidence of neurolathyrism compared to its reports
in the past primarily due to consumption of low ß-ODAP
cultivars that were distributed among the farmers by the
state government.

FUTURE PERSPECTIVE

Different species in genus Lathyrus including cultivated grasspea
have greater potential for nutritional use in the industry

TABLE 5 | Traditional and acquired knowledge based β-ODAP seed detoxifying methods of grasspea.

Detoxification techniques Methodology References

Roasting Seeds are roasted at 180◦C for 45min. (132)

Roasting after soaking

seeds in water

Overnight soaking of seeds then roasting as described in procedure no. 1.

Boiling in freshwater Overnight soaking and then boiling next day. (114, 132–135)

Soaking in alkaline water

and boiling

Seeds are soaked for 6 h in a 1% calcium hydroxide solution (1:5 w/v), then wrapped in muslin fabric and boiled

for 45min. Then it is dried and pulverized as flour.

(132, 136)

Soaking in tamarind water

and boiling

The seeds are steeped for 6 h in tamarind water (1:3 w/v). Then it is washed in fresh water and cooked for 45min.

After this, it can be dried and powdered to use as flour.

(132)

Germination Germinated seedlings over a muslin cloth which takes 30–36 h for sprouting can be eaten as microgreens or

salads.

Autoclaving Soaking seeds overnight followed by autoclaving/ pressure cooked at 15 psi for different time intervals, say 15,

30, and 45min.

(114, 132, 135)

Frying Overnight soaking and then deep frying in vegetable oil. (132)

Fermentation with bacterial

and fungal inoculum

Overnight soaking of seeds followed by boiling and then it is crushed in a mixer for 5 s before being placed on

Petri dishes. Then this mixture is fermented with Aspergillus oryzae spores after sterilization (110◦C, 30min) for

48 h at 30◦C. Then it is cooled and again inoculated with Rhizopus microspores var chinensis and allowed for

further and fermentation for about 42 h at 30◦C. Both the fungal and bacterial fermentation are inoculated with

108 spores per petri dish of each and ended with steam (100◦C, 20min). The resultant product is called as

“tempeh”- a traditional fermented protein-rich product resembling cake slices.

(132, 137)
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compared to other legumes. Therefore, Indian government and
some International organizations are paying more attention
and importance to the conservation and utilization of grasspea
genetic resources due to their versatile uses under rapidly
changing environmental conditions (78). The coordinated
programme with proper methodologies for breeding new low
or zero β- ODAP cultivars is desired. Similarly, development of
methodologies for detoxification of β-ODAP and antinutrient
contents in grasspea are the need of hour for this miraculous
crop. These will boost national economy and improve standards
of living of the farmers. The ideas to transform grasspea from
orphan, neglected and abandoned crop to the multi-faceted
mainstream crop would bring additional new sources of income
to the farmers along with proper dietary consumption awareness
among the people to reduce the incidences of neurolathyrism.
The concepts for mainstreaming grasspea are proposed in
Figure 6.

For enhancing the quality and quantity of pulses seed
in the country, an Indian model of creation of seed-hubs
can be replicated globally with the mandated objectives and
targeted seed production of latest varieties. The farmers

should be continuously provided with seeds of improved
grasspea cultivars through seed distribution centers in the
coming years and should be continuously educated and
updated with latest information with diffusion of new
dissemination technologies, encouraging them to improve
seed production and multiplication technologies following
available appropriate agronomic practices. It is expected that
the improved government policies highlighting the paramount
importance of the grasspea in the South Asian context, as a
primary staple pulse for marginal farmers for their subsistence
in dietary supplements will make and turn out this crop as
the “Golden Pulse Crop of the Future.” Recently released
draft genome of grasspea by Emmrich et al. (23) will make
it easier to harness genomic information for breeding new
cultivars to maximize its potential as a high protein pulse
and a donor source for multiple resistance to biotic and
abiotic stresses. The new and superior cultivars using this
technology will facilitate farmers and poor people with small
to marginal economies in more sustainable way. Inclusion
of grasspea in irrigated and arid agricultural systems and
its introduction to marginal lands with low input could

FIGURE 6 | Ways to promote grasspea cultivation.
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prove it as a highly resilient, climate-smart crop in times
to come.
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