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ABSTRACT

The Andean lima bean (ALB) (Phaseolus lunatus L.), also known as “Pallar” in Peru, is a large, semi-flat, kidney-shaped rarely

investigated legume. This ancestral legume lacks in-depth scientific reports and is mainly cultivated in the coastal region of the

Ica valley. Its consumption dates back to ancient times, as evidenced by archaeological finds from pre-Columbian civilizations

in Peru, and it is still part of the Peruvian diet today. ALB has been domesticated and adapted to climate change in arid territo-
ries and under peculiar agronomic conditions in Peru, making the crop tolerant to various stresses, including drought. Like the
common bean, ALB is an important source of protein, carbohydrates, dietary fiber, and micronutrients that are essential for a
nutritious diet. However, the information on its diversity, particularly the native varieties that are the ancestors of the commer-

cial lima bean “Pallar de Ica,” is scarce. Therefore, this review consisted of synthesizing and analyzing important aspects of the

little known ALB, such as its morphological description, domestication, response to climate change, nutritional composition, and

relevance to food security and potential for cultivation to address food shortages.

1 | Introduction

The Andean lima bean (ALB) (Phaseolus lunatus L.), a mem-
ber of the Leguminosae family, is a sustainable source of pro-
tein that has been part of the traditional diet in many parts of
the world for thousands of years. In addition, its great economic
potential, which is increasingly recognized, makes it a viable
option for improving the environmental sustainability of crops
(Keskin et al. 2022; Lewis and Schrire 2003; Semba et al. 2021).
The classification of P. lunatus L. has been thoroughly studied,
and two distinct gene pools have been identified: wild and do-
mesticated. Fofana et al. (1999) stated that cultivated varieties
(P.lunatus var. lunatus) have been divided into three groups,
each with unique seed characteristics and growing regions:
Cv-gr: sieva, Cv-gr: potato, and Cv-gr: Big Lima (Baudet 1977).
One of ALB varieties is “Pallar,” an improved unpigmented va-
riety of big Lima, whose name comes from the ancient Peruvian

Quechua language and is derived from the term “Paxllec” of the
Mochica culture (Eloranta 2019). “Pallar” is a native legume
that has been consumed along the Peruvian coast for centuries
(Rodriguez et al. 2023).

Subsequent research has shown that the Moche culture of Peru
was one of the first to consume and trade “Pallar” before the
Spanish conquest of Peru in the 16th century (Ferreira and
Dargent-Chamot 2002). In the iconography of the Moche culture,
the “Pallar” is represented in scenes of hunting, fighting, and
play. The Moche also managed it as a widespread crop, because
its cultivation required short periods of irrigation and, in trop-
ical conditions, they could obtain up to four harvests per year.
In fact, the “Pallar” crop became more important than maize
(Cueva 2018; Hacquenghem 1984; Rodriguez et al. 2023). During
the viceroyalty of Peru, after the arrival of European explorers in
the Americas, “Pallar” was exported to the rest of America and

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is

properly cited.

© 2024 The Authors. Legume Science published by Wiley Periodicals LLC.

Legume Science, 2024; 6:€225
https://doi.org/10.1002/leg3.225

1of 14


https://doi.org/10.1002/leg3.225
https://doi.org/10.1002/leg3.225
mailto:
mailto:
https://orcid.org/0000-0001-5229-4758
mailto:
https://orcid.org/0000-0002-9677-5446
https://orcid.org/0000-0002-9286-7191
https://orcid.org/0000-0001-5485-1271
mailto:20210485@lamolina.edu.pe
mailto:isabel.gavilan@upsjb.edu.pe
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fleg3.225&domain=pdf&date_stamp=2024-05-29

Europe in boxes marked “Lima, Peru,” which is why it is known
as “lima bean” in English-speaking countries (Baudoin 1993;
Esquivel, Castifieiras, and Hammer 1990). Figure 1 shows the
location of the most representative pre-Hispanic cultures on the
coast of Peru, whose vestiges of seeds and iconography in ceramics
and textiles are evidence of the presence and importance of this
crop. The Mochica culture stands out in the north and the Nazca,
Paracas and Ica cultures in the south. The pallares cultivated in
the region of Ica are ALB have a denomination of origin granted
in 2007 and are distinguished by their sweet taste due to the low
level of hydrocyanic acid, thin shell, easy and quick cooking and
smooth and creamy texture. It is noteworthy that they come from
the ancestral pigmented ALBs domesticated by the Mochica cul-
ture in northern Peru, also known as “pallar mochero”, which
stand out for their black and cream pigmentation. Unfortunately,
some of these ancestral varieties are on the verge of extinction.

The world production of lima bean is difficult to assess. Many
countries and the Food and Agriculture Organization of the
United Nations (FAO) do not keep separate statistics on lima
bean production. FAO legume crop reports group lima bean with
eight other species of the genera Phaseolus and Vigna, which are
collectively classified as dry beans (Ernest and Wisser 2024). In
Peru, it is marketed as a fresh legume in pods and as a dry bean
for human consumption, as it is rich in protein and other nutri-
ents beneficial to human nutrition (Sandoval-Peraza et al. 2020).

In 2022, Peru exported 9.9 million kilograms of Pallar valued
at US$16.4 million. The main export destinations were the
United States, Japan, Spain, Lebanon, Jamaica, Canada and

Domestication
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other countries with smaller quantities (Agrodata, 2024). The
geographic distribution is concentrated in the coastal regions
(Ancash, Lima, and Ica), as production areas, and in some up-
land departments (Junin, Ayacucho, Huancavelica, Apurimac,
and Puno), with little or no significant production (Rodriguez
et al. 2023). The consumption of this legume was 8kg/inhab/
year in 1984 but decreased to 5.3kg/inhab/year in 1990. It
should be noted that by 2021, the consumption of legumes in
the country had increased to 7.5kg/inhab/year, which is lower
than the 9kg/inhab/year recommended by the World Health
Organization (AGRARIA. PE, 2021; Rodriguez et al. 2023).

Currently in the Ica region there are 12 native varieties rec-
ognised with Designation of Origin under the name “Pallar
de Ica” (INDECOPI, 2017). It is also important to note that
the cultivation of “Pallar” takes place during the period be-
tween February and April, while the harvest is carried out in
the Peruvian coast between August and October (Espinoza
et al. 2022). Thanks to the favorable agroecological conditions
in this region, there is a high potential to significantly increase
production in a profitable way. “Pallar is characterised by its
large size, white colour, pleasant taste and nutritional benefits
in terms of lysine as limiting amino acid. (Ccala Sucasaca and
Ramirez Carrasco 2021). Although pulses are rich in protein
with a high lysine content, they are deficient in cysteine and me-
thionine, which are usually present in significant amounts in ce-
reals. Therefore, diets that combine cereals and legumes achieve
a better balance and supplementation of limiting amino acids,
thus improving the quality of proteins in the diet of people who
do not have access to animal protein (Juliano 1999).

Pallar seed Paracas
(C) culture 2.250 years aprox.
&

(b)

Pallar seed Ica culture

Ica region * 800 years aprox.

Designation of origin
“Pallar de Ica” 2007

FIGURE 1 | History and geographical distribution of the main pre-Hispanic cultures of the coast of Peru where ALB (Phaseolus lunatus L.)

cultivation has been found. (a) Iconography of the Mochica culture showing ALB. (b) Iconography of the domestication of ALB cultivation in Ica and

Paracas. (c) Areas producing domesticated Pallar in the southern area of Ica. (d) Designation of origin ‘Pallar de Ica’.
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In this context, the aim of our review is to deal specifically with
the ecology of the ALB, with a special focus on the type of lima
bean known as “Peruvian big Lima.” The review provides an
overview of phylogenetics, archaeology, ecophysiology, high
temperature tolerance, soil adaptation, water stress, biological
nitrogen fixation, and food security. These specific aspects are
examined in detail in this review, responding to the need to bet-
ter understand the ecology of the ALB and its potential contri-
bution to food security.

2 | Phylogenetics and Archaeology of P.lunatus L.
of the Andes

In his classic Origin of Cultivated Plants, de Candolle (1883) em-
phasized that the cultivated forms of the bean did not originate
in the Old World, as previously thought, but in the New World.
Subsequently, the genus Phaseolus has been extensively studied
to elucidate its origins, evolutionary pathways, and genetic di-
versity (Baudet 1977). These studies have emphasized the im-
portance of vernacular names in native languages for describing
and classifying numerous bean varieties worldwide, highlight-
ing the importance of linguistic diversity in understanding
the history and evolution of this plant (de Candolle 1883). The
common bean and lima bean are thought to have originated in
the Americas, and efforts have been made to understand how
Phaseolusvulgaris and P. lunatus L. underwent two independent
domestications: one in Mesoamerica and the other in the Andes
(Bitocchi et al. 2017).

Extensive research has revealed the presence of three sig-
nificant genetic pools within the Phaseolus species—two
Mesoamerican genetic pools (MI and MII) and one Andean ge-
netic pool (AI)—all of which consist of wild and domesticated
lima bean species (Andueza-Noh et al. 2013; Chacon-Sanchez
et al. 2021; Martinez-Castillo et al. 2016). The MI genetic stock
is distributed primarily in the tropical dry forests of the Pacific
coastal plain of Mexico at an average elevation of ~450 m, with a
small group of accessions on the western side of the Neovolcanic
Axis at higher elevations (1.250-1.810m.a.s.l.). The MII genetic
pool is present in the lowlands of Mexico (~550m.a.s.l.) along
the Atlantic coast (Gulf of Mexico) and the Yucatan Peninsula,
as well as to the southeast of the Isthmus of Tehuantepec, the
Caribbean, and South America (Bitocchi et al. 2017; Chacoén-
Sanchez and Martinez-Castillo 2017).

The AI gene pool is restricted from southern Ecuador to north-
ern Peru, where these species actually originated (Bitocchi
et al. 2017; Chacén-Sanchez and Martinez-Castillo 2017; Garcia
et al. 2021). The studies of Serrano-Serrano et al. (2010) sup-
port the origin of the wild ALB, followed by an early diver-
gence due to geographic isolation associated with the uplift
of the Andes and the closure of the Isthmus of Panama. This
hypothesis is supported by studies conducted by Andueza-
Noh et al. (2013); in their study, a total of 262 wild specimens
and domesticated accessions were analyzed, of which 235 be-
longed to the Mesoamerican gene pool and 27 to the Andean
gene pool. Through sequence analysis of the chloroplast spacers
trnL-trnF and atpB-rbcL, it was determined that the AI group
is distributed exclusively in South America, mainly between
Ecuador and Peru, although it is also observed less frequently

in Colombia, Bolivia, and Argentina, at altitudes ranging from
6to2620m.a.s.l.

These results support the possibility that domestication of wild
Andean lima beans occurred in the south-central region of Peru.
In addition, the existence of another Andean gene pool (AII)
has been reported in the central Andes of Colombia (Caicedo
et al. 1999), which determined the genetic relationships and
phylogeny based on genome-wide DNA analysis using restric-
tion fragment length polymorphisms (RFLPs) of Andean beans.
These results are significant because they support the south-
north dispersal of the species to other parts of the Andes. Studies
on the diversity of lima bean cultivars have mainly been con-
ducted using samples collected in Central America and Mexico.
However, studies on ALB in South America remain scarce (da
Silva et al. 2015; Fofana et al. 1999).

The presence of domesticated P. lunatus dates to about 5600 “C
year BP (about 6400 cal BP) in the valleys of Chilca, on the south-
ern coast of Peru. On the other hand, the antiquity of common
beans in the central highlands of Peru has been reported as early
as 4600 “C year BP (ca. 5000cal BP) (Kaplan and Lynch 1999).
Additional studies of P.lunatus starch found in human teeth
from the preceramic culture of Nanchoc in Peru provide perti-
nent information on the age of the lima bean, which was found
in a sample dated to 6970 *C year BP (ca. 5000 cal BP). However,
the similarity of the starch of P.lunatus or P.vulgaris suggests
that the unique domestications of the Andean lima and common
bean occurred in southern Ecuador/northern Peru and southern
Peru/Bolivia, respectively (Piperno and Dillehay 2008).

3 | Ecophysiology of ALB (P.lunatus L.)

The ALB-type “Pallar” is a diploid (2n=22) herbaceous species
with a determinate growth pattern and erect plants or an inde-
terminate growth pattern with staggered budding and inflores-
cence. The plant is mainly creeping and can be annual, biennial,
or perennial (regrows when watered). Its stems are herbaceous,
some of which are woody, ribbed, slightly hairy, or glabrous.
Its leaves are alternate, trifoliate, with pointed tip and rounded
base, and are dark green, with or without hairs (IPGRI, 2001).

The legume family is one of the main food resources for polli-
nators and is mainly pollinated by bees. Legumes and bees have
been associated with each other throughout their evolutionary
histories and this association reaches its climax in the subfamily
Papilionoideae (Leppik 1966). The pollination of plants gener-
ally occurs by indiscriminate mating, either by wind dispersal
of pollen or by random visits of pollinating insects attracted to
the flowers (Shivanna and Tandon 2014). This phenomenon also
applies to highly heterozygous bisexual animals, where the re-
sulting chaotic segregation tends to lead to a gradual improve-
ment in the breeding of such species. Pallar flower colour may
vary according to cultivar type, e.g. pallars of determinate and
indeterminate growth pattern have white flowers and others of
non-indeterminate growth pattern have light pink, violet or pur-
ple flowers (Allard 1999; Espinoza et al. 2022) (Figure 2).

The evolution of ALB in South America, through its adaptation
to regional environmental and eco-physiological conditions, has
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FIGURE2 | Pallar of Ica (Phaseolus lunatus L). (a) “Pallar” plant. (b)
White flower. (c) Fresh pods. (d) Fresh “Pallar” seeds.

involved changes in landraces. In a study that included 36 local
accessions of P.lunatus L. in Colombia (Quilichao, Palmira,
Paita, and Monteria) grown for 2 years in four different loca-
tions, Lyman (1983) showed the existence of significant inter-
actions between genotypes and environmental conditions such
as temperature, humidity, and soils, which are relevant for the
improvement of important agro-morphological traits. The in-
formation on the botanical and adaptive characteristics of grain
legumes in the tropical lowlands can be summarized in a table,
adapted from the work of Wall (1973) to facilitate comparison of
their potential in specific situations. Species have been grouped
according to their ecological use patterns, although overlaps in
adaptation and macroclimates are found within the same region
(Table 1).

3.1 | Tolerance of ALB (Phaseolus lunatus L.) to
High Temperatures

The main effects of high temperatures on plants (usually
around 30 °C) include reduction of life cycles, pollen abortion,
bean shrinkage, reduction of seed reserves, anther indehis-
cence, and reduction of pollen tube development (Paredes-
Loépez, Reguera, and Octavio 2023). Lima bean, according to
its distribution in the wild, is adapted to tropical lowland sa-
vanna climatic conditions. Over the years, ALB has evolved
and adapted to different climates, from humid, dry, or semi-
arid tropics and temperate regions (Duke 1981; Temegne
et al. 2021). Ideal temperatures for growth range from 16°C
to 27°C (Baudoin 1993). Some varieties may have difficulty
in germinating if soil temperatures are below 20°C, and ger-
mination is optimal in the range of 21 to 27°C (Duke 1981).
A recent study conducted by Machado et al. (2022) in Brazil
characterized 46 P.lunatus L. accessions from various coun-
tries. The accessions were planted in pots and evaluated
for high temperature conditions, morphology, and phenol-
ogy. The results showed that accessions from Azerbaijan,

Philippines, United States, Brazil, and Peru had lower values
for days to flowering initiation and average number of days to
maturity. The mean values ranged from 37 to 51 days and 62
to 91 days, respectively. It should be noted that these values
represent a general trend and variations may occur depending
on the specific conditions of each plant and its environment.
In addition, it presented higher values for the average num-
ber of flowers emitted and pods formed, in contrast to lower
values for the average number of aborted pods. The group's
accessions displayed average measurements for pod length,
width, and thickness, as well as seed length, width, and thick-
ness. The mean values ranged from 49.9 to 66.84 mm for pod
length, 13.4 to 17.17 mm for pod width, 6.4 to 8.3 mm for
pod thickness, 10.75 to 14.54 mm for seed length, 7.78 to 9.8
mm for seed width, and 3.84 to 4.69 mm for seed thickness.
Additionally, they thrive in temperatures ranging from 20 to
30°C, with optimal temperatures around 30 to 35°C. Based on
the results, these species demonstrate significant potential for
future breeding programs due to their early maturation and
high yield. On the other hand, Ernest and Wisser (2024) eval-
uated data from 8 years of testing of lima bean genotypes from
the United States planted annually to understand the cause of
yield loss due to heat stress in lima bean (P.lunatus L.), sug-
gesting through environmental validations that yields were
reduced due to sensitivity to heat during the floral transition.
High nighttime temperatures during these study periods were
also associated with a delay in pod formation and subsequent
harvest. This fact highlights the need for multi-mechanistic
measures to improve heat tolerance.

3.2 | Tolerance of ALB (P.lunatus L.) to Saline Soils

FAO (2023) estimates that salt-affected soils cover about 11%
of the Earth's surface and about 10% of irrigated and rainfed
cropland. Salt stress is a major constraint on crop productivity,
with negative effects on germination, plant vigor, and yield
(Tessema et al. 2023). Many irrigated areas are vulnerable
to salinization from brackish water use due to limited fresh-
water resources and increased demand for food (Munns and
Tester 2008). In this regard, research on salinity tolerance
mechanisms highlights the particular sensitivity of the legume
family to this stress (Maas and Hoffman 1977). According to
the classification proposed by Maas and Hoffman in 1977
(Table 2), most legumes are considered sensitive or moderately
sensitive to salinity. It is important to note that legumes, like
other plants, experience salt stress directly, but their symbiotic
associations also show increased sensitivity to salinity com-
pared to their individual components. This effect is reflected
at various stages, from the initial establishment of the sym-
biosis to nodule formation and functionality (Bruning and
Rozema 2013; Khan and Basha 2015).

Most plants in the legume family can adapt to different types
of soil if the soil is well drained. In their natural environment,
some of these plants grow on eroded soils and soils with a pH
between 4.5 and 6.2, but they can also grow on sandy soils,
heavy clay soils, and slightly alkaline soils with high calcium
content. It is important to note that the tolerance and adaptation
of legumes to soil type can vary considerably from one crop to
another. For example, Altramuz angustifolius does best in acidic
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TABLE 2 | Saltsensitivity of the plant family Leguminosae.
Biomass
production
° g Salinity level Classification (%)
Q
512 ~3dS/m (~30mM NacCl) Salt sensitive 80%
-
1 ~6dS/m (~60mM NaCl)  Moderately 80%
KA sensitive
~11dS/m (~110mM Moderately 80%
= 3 :o: NaCl) tolerant
a h a 8 —_— g a3
s |E224E ££5 ~16dS/m (~160mM Tolerant 80%
8 A2 5E8 822y
MEETEL R L g Nacl
E Qe E S5 928 8 Source: Maas and Hoffman (1977).
A B0
§ ,? soils, while chickpeas and lentils prefer alkaline soils (Kumar
§ = et al. 2022). As salinity is one of the most detrimental environ-
&l g_‘ mental factors limiting crop productivity, research to under-
é é stand the mechanisms of salt tolerance in plants has developed
RS (Munns and Tester 2008). Salt resistance involves adaptations
to maintain physiological and biochemical homeostasis, includ-
O oo ing structural and molecular adaptations (Parida and Das 2005).
g = . L
398 %® For example, Andean crops such as Quinoa, Kiwicha, and
T8 g § 82 E Cafiihua can increase the speed and percentage of germination
o
= g E qg g < = under moderate conditions (100-150mM NaCl, equivalent to
oy p— —_— by . . . [y
S5 EIC 5 % 10-15dSm™1) up to high salinity conditions (Delatorre-Herrera
g and Pinto 2009; Paredes-Lopez, Reguera, and Octavio 2023;
é’ = < Razzaghi et al. 2011). In addition, studies by Arteaga et al. (2018)
Ll g 2 reported the effects and salt stress response in four local Spanish
Qs & o .
I 5= 4 g fava bean (P. lunatus) cultivars that could tolerate three weeks of
E = E E é exposure to salinity up to 150mM NacCl, proving that P. lunatus
18 L3 i is moderately tolerant to salt and that the main mechanisms of
alla E adaptation to salt stress are the maintenance of high K* concen-
o 5 trations and the accumulation of proline in leaves.
(=¥
g |8 :
o % < 2 The wild forms of “Pallar” prefer soils rich in organic matter and
A& s tolerate moist, deep, light to medium textured, well-drained,
o ] aerated, slightly acidic to moderately alkaline tropical soils with
= z pH6-7.2, although there are varieties that tolerate soil acidity
<
-g E down to pH4.4. In general, it does not tolerate high salt concen-
g 5 trations, but some varieties, especially Andean varieties from
E N E Peru, do well in saline conditions (FAO 2018). For example,
g Machado et al. (2022) reported that as for soil pH, a range of 5.5
2 = to 7.5 is recommended for cultivation and pH values of 4.3 to 8.3
g § have been reported in different studies.
o
7] Q
=) =
& u
ERCI = 3.3 | Biological Nitrogen Fixation and Legumes in
s SABRERSS < . 0
= E Sustainable Agriculture
o
& £
< [ Biological nitrogen fixation plays a crucial role in sustainable agri-
= 2383 = . . s .
=) S5 5% 3 . culture, an is emerging as a key player in this process. Wi
= = = It d ALB key pl th With
- —
_ § g § § E § E = its ability to form a symbiotic relationship with soil bacteria such as
§ g g S8 S8 o = rhizobia, ALB provides a valuable contribution to soil enrichment
E g with nitrogen, an essential nutrient for plant growth. Numerous
S g . § studies have shown that lima bean is able to establish symbiosis
= @ . . . . . . .
0 g_c 5 < with a variety of rhizobia, although it prefers Bradyrhizobium
- o ~ Z 4 ~ . . . . .
~ | & g E g % %’ s = £ (Ormefio-Orrillo 2022), found in the Peruvian lima bean, mainly
= = = . . . . . . .
BE: g 2 £1838 5 «é: B g Bradyrhizobium strains distributed in four (geno) species, one of
: nq:f e 5 -ED c/B) = § = them, Bradyrhizobium paxllaeri, representing up to 80% of the
= ==e 32 Bradyrhizobium obtained in the central coast, where most of the
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Proximal composition and mineral of raw dry beans of lima bean (Phaseolus lunatus L.) according to different investigations.

TABLE 3

Mineral (mg/100g)

kcal

Proximal composition (g/100g dry matter)

Reference

Mn Zn

Cu

Water Fiber Carb Energy* Ca P Fe Mg Na
12.12 286.20

Fat
1.36

Protein Ash

23.08

Country

Reyes Garcia, Gémez-Sanchez

359.73 7.58 NR 62.22  651.58 NR NR 3.20

79.19

69.46

21.49°

6.11

Peru

Prieto, and Espinoza
Barrientos (2017)
Alcéazar-Valle et al. (2021)

Palupi et al. (2022)

NR NR

NR NR NR NR NR NR NR

493.45

NR

72.60
68.89
73.11

5.76
27.87°

10.64
11.78
2.77

NR

1.77
1.15
0.22
3.03

3.85
3.67

2.86

21.77
15.93

23.81

Mexico

NR NR NR
3.

38.21

NR

10.19 183.93

74.95
NR

11.04
97.94
360.73

Indonesia

Ezeagu and Ibegbu (2010)

El-Gohery (2021)

187.46  840.08 1.06 3.35 38
53.87 1.07

114.59

3.29

NR

18.91°
25.84b

Nigeria

Egypt
Abbreviation: NR

4.17

1.74

1373.29

268.04

18.54

355.63

374.47

67.9

3.05

26.02

not reported.

2Kcal/100 g dry matter.
bTotal dietary fiber.

lima bean is grown. It is interesting to note that all isolates of
B. paxllaeri show very similar genomic profiles by PCR as well as
identical or nearly identical housekeeping and symbiotic genes. On
the other hand, Ormefio-Orrillo, Martinez-Romero, and Zufiga-
Dévila (2020) reported that B.paxllaeri is a common species in
root nodules of lima bean (P.lunatus) in Peru. LMTR 21T is the
type of strain of the species and was isolated from a root nodule
collected from an agricultural field in the central Peruvian coast.
Its 8.29 Mbp genome encodes 7635 CDS, 71 tRNAs, and 3 rRNA
genes. All genes necessary to establish a nitrogen-fixing symbiosis
with its host were present. The draft genome sequence and annota-
tion have been deposited in the GenBank under accession number
MAXB00000000 (Ormefio-Orrillo et al. 2017). In a context where
water scarcity and climate change pose significant challenges to
agriculture, understanding and optimizing biological nitrogen fix-
ation in ALB is critical to promote sustainable agricultural prac-
tices and ensure long-term food security (Espinoza et al. 2022).

4 | Hydric Stress: The Case of the ALB (Peruvian
Pallar)

Water scarcity is emerging as one of the biggest current global
challenges. In this context, the management of legume crops and
drought research become even more critical, especially considering
the anticipated increase of 2 to 4°C in global temperatures during
the next century (Lambers and Oliveira 2019). This is particularly
true in semiarid tropical regions where a high temperature may
further complicate the relationship between plants and water
(Cerqueira et al. 2019; Lambers and Oliveira 2019; Martinez-Nieto
et al. 2020). Low-altitude temperate and warm humid and semi-
humid climates have been suitable for the adaptation of Phaseolus.

In addition, the ecological descriptors of this species indicate
an altitudinal range of 0 to 2.386m.a.s.l., an annual tempera-
ture range of 13.2 to 29.9°C, and an annual rainfall range of
400 to 4.250mm, which shows its ability to adapt to different
climatic conditions (Barrera-Sanchez et al. 2020). Another study
conducted by Machado et al. (2022) report that P. lunatus shows
good growth performance under high-temperature conditions
in terms of the number of flowers and pods produced, as well as
lower values for the number of aborted pods, demonstrating its
ability to adapt to different climatic conditions.

An interesting fact is that Martinez-Nieto et al. (2020) com-
pared the Peruvian Pallar with Valencian varieties from Spain,
such as “Pintat,” “Ull de Perdiu,” and “Cella Negra,” in Europe.
The evaluation of germination responses at temperatures of
15°C, 20°C, and 30°C, observing high germination percent-
ages for “Pallar” and “Pintat” at 15°C and 30°C. In addition,
the response of germination to drought stress was presented by
“Pintat,” obtaining values higher than 50% for germination. In
arecent study by Martinez-Nieto et al. (2022), it was found that
P.lunatus L. demonstrates drought tolerance. This was de-
duced by evaluating and comparing the growth and biochem-
ical responses of several genotypes, including those found in
Valencian cultivars in Spain. When comparing Pintat and UII
de Perdiu with the Peruvian Pallar, it was found that the latter
exhibited similar levels of tolerance as the other varieties and
even greater tolerance than the local cultivar Pintat during
the growth phase under mild to moderate drought conditions
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with soil moisture levels of 40% to 60% and 20% to 40%. Both
studies demonstrate that P. lunatus L. was minimally affected
by water scarcity. However, genotype tolerance to water stress
shows significant variance. This highlights the importance
of precise genotype evaluation and selection for legume pro-
duction. The “Pallar de Ica” is cultivated and developed in the
Ica region, situated along the Pacific Ocean, approximately
300km south of Lima, the capital of Peru. This region is con-
sidered a hyperbaric zone, with an average yearly precipitation
of 100mm (Correa-Cano et al. 2022).

There has been limited research on the cultivation of “Pallar”
in the local territory, particularly in relation to abiotic factors.
In addition, rising temperatures and other factors are expected
to lead to changes in regional pest, disease, and weed distribu-
tion, posing new challenges for crop improvement and manage-
ment programs. The Ica region is experiencing heat waves more
frequently, as noted by Cuny, Shlichta, and Benrey (2017) and
Valdez-Nuiiez, Rios-Ruiz, and Bedmar (2022). Preserving the
diversity of Ica dry beans is crucial for Peru as a cultural heri-
tage and as a source of local adaptations. According to Martinez-
Nieto et al. (2022), the adoption of old and local varieties can
enhance the valuation of marginal areas and enable entrepre-
neurs to earn higher incomes than with conventional ones. This
is because consumers are increasingly willing to pay a premium
for local products.

5 | Food Security

In recent decades, efforts have been focused on addressing
hunger, malnutrition, and limited intake of essential nutri-
ents, particularly in developing nations (Milido et al. 2022).
Eliminating all forms of hunger and malnutrition by 2030 is a
key objective of the United Nations Sustainable Development
Goals (ODS), as hunger and malnutrition present a global
challenge. The ODS 2 specifically addresses these issues
(Sgarbieri, Antunes, and Almeida 1979; Vadez et al. 2012;
von Braun et al. 2021). Currently, plants are being researched
as a viable nutritional source for the population. P.lunatus
L. stands out as an alternative due to its potential for pro-
moting health and providing sustenance (Cuny et al. 2019;
Didinger and Thompson 2022; Farinde, Olanipekun, and
Olasupo 2018). On the other hand, legumes are regarded as
one of the food products that have the least environmental
impact concerning greenhouse gas emissions, land use, en-
ergy efficiency, eutrophication, and acidification per serving
(Willett et al. 2019). Furthermore, following their harvest,
legume seeds have a prolonged storage life and can be con-
sumed throughout the year.

Table 2 displays reported values of the proximate composition
and mineral content across different varieties of P.lunatus L.
from diverse origins. The dried grains of the “Pallar” variety were
analyzed using the Peruvian food composition table by Reyes
Garcia, Gémez-Sanchez Prieto, and Espinoza Barrientos (2017),
which shows that the main components of the sample ana-
lysed are carbohydrates (69.46g/100g), followed by protein
(23.08g/100g), dietary fibre (21.49 g/100g), fat (1.36 g/100g) and
energy source (286.20kcal). In terms of minerals, ‘Pallar’ is rich
in potassium (651.58 mg/100g), phosphorus (359.73mg/100g)

and calcium (79.19mg/100g), with lower levels of sodium
(62.22mg/100g), zinc (3.20mg/100g) and iron (7.58 mg/100g).
The protein content of the legume species P. lunatus varies ac-
cording to ecological factors in countries. For instance, Egypt
has the highest level of protein content with 26.02%, whereas
Indonesia has the lowest with 15.93%. However, compared to
other countries, P.lunatus has relatively higher levels of nu-
tritional compounds, primarily protein, as documented in the
literature. Therefore, despite the variability in protein content
depending on the type of legume species, P.lunatus remains
a potential source for protein extraction in the plant-based
category.

In general, ALB have a higher amount of carbohydrates.
According to research (Alcdzar-Valle et al. 2021; Ezeagu
and Ibegbu 2010), carbohydrates are the main component
of legumes, whereas fat is reported to be at a low level. For
instance, P.lunatus L. studied in different countries have re-
ported carbohydrate ranges from 67.9 to 73.11% (Table 3). The
carbohydrates that stand out in legumes are primarily starch.
In contrast to cereals, legumes contain a larger amount of slow-
digesting starch, which is the most favorable form of starch in
the diet as it reduces the glycemic response and moderates' in-
sulin levels in the blood (Chung, Liu, and Hoover 2009). Due to
its functional properties, starch from pulses is an ideal ingre-
dient for the production of healthy foods. In addition, mineral
composition ranges have been reported for calcium (11.04-
360.73mg/100g), phosphorus (74.95-359.73mg/100g), iron
(3.29-18.54mg/100g), sodium (53.87-187.46mg/100g), Zn
(3.20-4.17mg/100g) and potassium (38.21-1373.29mg/100g),
the latter being predominant in Lima bean cultivars (Table 3).
These variations in nutritional and mineral composition may
be attributed to climatic factors, growth stages, and agro-
nomic conditions of the variety (Adebo 2023). On the other
hand, according to studies reported by Ccala Sucasaca and
Ramirez Carrasco (2021), the “Pallar de Ica” contains sig-
nificant amounts of limiting amino acids (lysine and methi-
onine) and essential amino acids (valine and phenylalanine).
However, further studies are needed to confirm these findings
in greater depth.

“Pallar” is an essential component of food security as it has the
potential to reduce malnutrition and undernutrition rates in
developing countries. Its dietary fiber content also aids in pre-
venting degenerative and chronic diseases, such as diabetes,
cancer, obesity, neoplasms, and cardiovascular diseases (Toklu
et al. 2021). Furthermore, studies indicate that factors such as
phytic acid, tannins, trypsin inhibitor, and hydrogen cyanide,
which are present in Phaseolus but not in cereals, can be par-
tially or fully eliminated through common household or indus-
trial processing methods such as cooking, soaking, roasting, and
husking (Adebo 2023; El-Gohery 2021). From salads to soups
and stews, “Pallar” is widely used in Peru's varied culinary land-
scape and is a staple ingredient. MIDAGRI (2022), documented
and published a recipe book of these dishes, highlighting the
vital role of “Pallar” in promoting food security in Peru. Despite
its popularity, the commercialization of “Pallar” is limited to
fresh pods and dried beans. Therefore, it is crucial to exam-
ine novel presentations and innovative ways of using “Pallar”
as a valuable ingredient in various formulations. This will not
only improve the quality of food products, but also enable the
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creation of value-added foods, while expanding the range of
“Pallar”-based offerings.

Various options for exploiting these legumes are currently being
studied, given the importance attributed to the cultivation of P.
lunatus L. on the Peruvian coast, a region generally considered
dry and hot. This raises interesting questions about the adapta-
tion of Andean beans to extreme environmental conditions. This
aspect could be the subject of future research to better under-
stand how these conditions affect their ecology and development
(Milido et al. 2022; Sahasakul et al. 2022; Sgarbieri, Antunes, and
Almeida 1979; Toklu et al. 2021). Additionally, there is a notable
lack of research at the agronomic and compositional level on all
varieties of “Pallar.” For example, the “Pallar mochero” is a par-
ticular variety, different from those known, which has black and
white seeds that show the presence of phenolic compounds such
as anthocyanins and others with potential biological and antioxi-
dant activity that could be beneficial to human health and which
have not yet been investigated. It is currently a forgotten resource
and efforts to rescue it are still insufficient. Therefore, it is sug-
gested that more research efforts are needed in this area, espe-
cially to fill this knowledge gap and improve the understanding
of the characteristics and potential uses of these legumes.

6 | Conclusion and Perspectives

Ancestral Peruvian civilizations cultivated and utilized ALB,
which has disseminated globally, particularly in tropical and
subtropical regions such as the Peruvian coast. The Ica region
represents a significant center of cultivation and commercial-
ization of Pallar. On the other hand, environmental stresses
(decrease in precipitation, increase in temperature, etc.) are key
factors in the production and quality of crops. Therefore, greater
effort will be necessary in the development of varieties better
adapted to adverse conditions to meet the growing demand for
food. As a crop that can thrive in diverse soils, including those
affected by global warming and limited water resources, it of-
fers promising avenues for research in social and economic de-
velopment, as well as food security, as many research results
highlight its nutritional value, in terms of plant-based proteins,
dietary fiber, and minerals. In addition, pigmented wild species
may have an important contribution in phytochemicals and/or
bioactives of mainly phenolic nature.
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