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Abstract  Global food security challenges are driv-
ing renewed interest in neglected and underutilized 
crops with high nutritional and agronomic potential. 
The genus Physalis includes more than 95 species, yet 
only Physalis peruviana is commercially exploited 
despite the presence of at least 15 wild sweet Physa-
lis (WSP) species traditionally consumed across the 
American continent. These species represent a rich 
but underexplored reservoir of morphological, nutri-
tional, and biochemical diversity. Here, we synthesize 
current knowledge on WSP taxonomy, distribution, 
fruit morphology, and phytochemical composition to 
assess their potential as emerging fruit crops. Sev-
eral species, including P. pubescens, P. pruinosa, 
P. chenopodiifolia, and P. grisea, exhibit favorable 
traits—large, sweet berries, high antioxidant capacity, 
and environmental resilience—supporting their suit-
ability for cultivation and market development. How-
ever, significant gaps remain for many taxa, under-
scoring the need for targeted agronomic, nutritional, 
and breeding research. We advocate that WSPs offer 

promising opportunities to diversify food systems, 
enhance nutrition, and strengthen climate-resilient 
horticulture.

Keywords  Crop domestication · Food system 
diversification · Nutritional diversity · Solanaceae · 
Underutilized fruit crops · Wild sweet Physalis

Introduction

Identification of new food resources is critical for 
addressing the challenges of global food security, 
which are exacerbated by population growth, climate 
change, and depletion of arable land. The current 
global population is nearly 7.9 billion people and is 
expected to reach 9 billion by 2050 (United Nations. 
Global issues: Population). This growing population 
requires innovative solutions to meet the increas-
ing demand for sustainable and nutritious food. 
Accordingly, much interest has been generated in the 
underutilized/neglected species referred to as ‘Crops 
for Future’ from various perspectives, such as nutri-
tional value and food security. Importantly, diversi-
fying food sources can reduce the reliance on staple 
crops that are vulnerable to environmental stressors, 
thereby enhancing resilience in agricultural systems.

Approximately 20,000 berry-bearing species exist 
worldwide, around 2000 of which are recognized 
as edible, demonstrating their broad diversity and 
potential as a food resource (RBG Kew 2016). The 
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Solanaceae family, or nightshades, includes more 
than 1800 berry-producing species, such as tomato, 
eggplant, and pepper, which are not traditionally 
identified as berries due to their savory use (Knapp 
2002). However, the broad diversity of wild, sweet 
edible berries across the nightshades remains largely 
unstudied. Physalis peruviana L., also known as 
goldenberry (ENG), ananaskirsebær (NOR/DAN), 
kapkrusbär (SWE), karviaiskoiso (FIN), földic-
seresznye (HUN), or uchuva (SPA), has emerged 
as a notable exception, gaining popularity in gour-
met markets, particularly in European/Nordic coun-
tries (Fig. 1). Its appeal lies in its bright orange fruit 
encased in a papery husk and its unique flavor profile 
(an inviting sweetness with a subtle bitterness). Nutri-
tionally, P. peruviana is rich in vitamin C, vitamin A, 
dietary fiber, potassium, and bioactive compounds 
like carotenoids and polyphenols, which provide anti-
oxidant and anti-inflammatory benefits (Puente et al. 
2011; Ramadan 2011; Bazalar Pereda et  al. 2019). 

These attributes, combined with its aesthetic and 
culinary versatility, position it as a promising fruit 
for both high-value markets and health-focused con-
sumers, justifying further research and commercial 
investment.

Recent investigations in P. peruviana have focused 
on its genetics, morphology, evolution, and cultivation 
to support these efforts. Genetic research has revealed 
significant intraspecific diversity in P. peruviana, high-
lighting its potential for trait improvement. Genomic 
analyses have identified markers associated with key 
agronomic traits, such as fruit size, nutritional content, 
and stress tolerance, which are valuable for breeding 
programs (Delgado-Bastidas et al. 2019). Morphologi-
cal investigations have shown variation in fruit color, 
husk size, and plant architecture, emphasizing the need 
for systematic phenotyping to classify and exploit this 
diversity (Fischer et  al. 2014). The evolutionary his-
tory of P. peruviana places it as a domesticated spe-
cies within the Andean region, where wild relatives 

Fig. 1   Diverse gourmet 
and commercial grocery 
products that feature berries 
of Physalis peruviana 
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and landraces still exist, providing untapped genetic 
resources for crop improvement (Whitson and Manos 
2005; Zamora-Tavares et  al. 2016; Martínez et  al. 
2023). However, although agricultural research has 
given little attention to these neglected or underutilized 
crops (Hammer and Heller 2001), taxonomic and phy-
logenetic investigations offer an opportunity to explore 
fruit diversity within the genus and uncover potential 
food resources.

The diversity beyond Physalis peruviana: wild 
sweet physalis (WSP)

The genus Physalis includes several orphan crops, 
which are (scientifically) neglected and under-utilized 
plants not traded internationally (Lopez-Gomollón 
2023). Although Physalis peruviana is a valuable 
food resource to address growing food demands, it 
is not the only Physalis species with such desirable 
fruit traits that have been cultivated in the American 
continent. Physalis peruviana is one of 95 Physa-
lis species, all of which are annual or perennial 
plants characterized by their distinctive papery husk 
(Zamora-Tavares et  al. 2016; Deanna et  al. 2019; 
Martínez et  al. 2023). These are usually found in 
tropical and temperate regions of the world (Martínez 
et al. 1998a; b), with the center of diversity in Mex-
ico; their origin dates to at least 52 million years ago, 
during the Eocene (Wilf et  al. 2017; Deanna et  al. 
2020).

Although not all species produce sweet or edible 
fruits, 15 Wild sweet Physalis (hereafter WSPs; 
Table 1, Fig. 2) are collected from their natural popu-
lations for consumption (e.g., Santiaguillo Hernández 
and Blas Yáñez 2009; Martínez et  al. 2023; Moer-
man 2025). Five of these species show suitable nutri-
tional traits for the sweet berry market, making them 
promising candidates for cultivation and commercial 
use (Table 1, Fig. 2; e.g., Valdivia-Mares et al. 2016; 
Shenstone et al. 2020a, b). For instance, P. chenopod-
ifolia and P. pubescens have been extensively studied 
for their fruit morphology, flavor profiles, and adapt-
ability to various climates (e.g., Whitson and Manos 
2005; Valdivia-Mares et al. 2016).

Morphological diversity across WSP

The 15 wild sweet Physalis (WSP) species repre-
sent a diverse morphological assemblage spanning 
annual herbs, rhizomatous perennials, and suffrutes-
cent shrubs (Martínez et. al. 1998a, 2023; b). Species 
such as P. pubescens, P. pruinosa, and P. grisea are 
typically low-growing annuals with diffuse or decum-
bent branching, while P. chenopodiifolia, P. hederi-
folia, and P. heterophylla are perennial herbs with 
more erect, branched habits (Sullivan in press; Mar-
tínez et al. 2023). In contrast, P. viscosa, P. cineras-
cens, and P. fendleri are often rhizomatous perennials 
adapted to temperate or disturbed habitats, producing 
persistent underground structures that promote clonal 
expansion (Barboza 2013; Sullivan in press; Martínez 
et al. 2023). Leaf morphology varies from the wider 
and ovate leaves of P. pubescens, P. pruinosa, and 
P. virginiana to the narrower and lanceolate leaves 
of P. lanceolata and P. acutifolia, with indumentum 
ranging from glabrous (e.g., P. acutifolia) to densely 
pubescent with glandular or non-glandular stellate 
hairs (P. chenopodiifolia, P. cinerascens, Sullivan in 
press; Martínez et. al. 2023).

Floral and calyx traits also display substantial 
diversity among WSPs. Corollas are generally yel-
low with variable maculations, but flower size ranges 
considerably, from the small-flowered taxa (e.g., P. 
pruinosa, P. cinerascens) to larger-flowered species 
such as P. gracilis and P. chenopodiifolia (Sullivan in 
press; Martínez et  al. 2023). The accrescent fruiting 
calyx varies from moderately inflated forms (e.g., P. 
acutifolia) to fully enveloping, inflated, lantern-like 
structures in P. pubescens, P. pruinosa, and P. gri-
sea (Martínez et  al. 2023), the latter contributing to 
their post-harvest protection. Calyx ribs (5-angled 
vs. 10-costate) and texture (membranous vs. more 
rigid or papery) further distinguish these species, and 
have been used in systematic treatments of the genus 
(Whitson and Manos 2005; Martínez et al. 2023).

Fruit morphology exhibits marked differences in 
size, flavor, and husk adherence (Fig. 2). Species such 
as P. pubescens, P. pruinosa, and P. grisea bear rela-
tively large, sweet berries and have already attracted 
attention for cultivation trials (Martínez et  al. 2023; 
Dale et  al. 2024). Others, including P. hederifolia 
and P. gracilis, produce smaller fruits but retain the 
characteristic orange berry coloration associated with 
edible Physalis (Martínez et  al. 2023). The austral 
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species P. viscosa and the xeric species P. acutifolia 
and P. cinerascens produce smaller berries (Barboza 
2013; Martínez et  al. 2023), but they are still nota-
ble for their robustness, environmental tolerance, and 
fruit palatability in local contexts (Arenas and Kami-
enkowski 2013; Barboza 2013; Martínez et al. 2023). 
Together, these 15 species encompass a continuum of 
morphological traits linked to fruit protection, disper-
sal, and environmental adaptation, underscoring their 
relevance as underutilized genetic resources for crop 
diversification.

Nutritional research and food value

Phytochemical analyses of several WSPs have 
revealed high levels of bioactive compounds, such 
as withanolides, flavonoids, and acyl sugars, which 
contribute to their potential health benefits and anti-
oxidant properties (Ramadan 2011; Zhang and Tong 
2016; Shenstone et  al. 2020a, b). These compounds 
also play a role in pest resistance, enhancing the 
resilience and agricultural viability of certain spe-
cies. Recent screenings of acyl sugar profiles across 
Physalis berries indicate broad biochemical diver-
sity, ranging from over 30 distinct compounds in P. 
chenopodiifolia to almost none in P. grisea and P. 

Fig. 2   The most recent phylogenetic hypothesis of Physa-
lis, including 55% of the species (Deanna et  al. 2019). Wild 
sweet Physalis (WSPs) are highlighted in red across the phylo-
genetic tree, except P. gracilis Miers, which is not shown in the 

tree because it does not have molecular data. Physalis peruvi-
ana, the most studied and cultivated sweet berry of the Physa-
lis genus, is colored blue. Bolded branches represent Bootstrap 
support > 90
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cinerascens (Fig. 3; Nowack et al. 2025). Such varia-
tion highlights the potential of WSPs to provide novel 
flavors, nutraceutical compounds, and food innova-
tion opportunities.

Despite these promising findings, there is a major 
gap in knowledge regarding the nutritional com-
position of nine species native to the United States, 
including P. longifolia, P. neomexicana, P. grisea, 
P. fendleri, P. cinerascens, P. hederifolia, P. hetero-
phylla, P. virginiana, and P. lanceolata. Similarly, the 
most austral species, P. viscosa, lacks published data 
on nutritional content or cultivation practices, despite 
its broad distribution and local use (Arenas and Kam-
ienkowski 2013; Barboza 2013). These gaps highlight 

the need for targeted biochemical and agronomic 
research  to evaluate their potential as underutilized 
food resources.

In addition, several WSPs have not been reported 
as sweet edible fruits but exhibit traits that sug-
gest their potential for human consumption. These 
include P. subilsiana J. M. Toledo (endemic to 
Argentina, Bolivia, and Paraguay; noted as a poten-
tial food by Arenas and Kamienkowski 2013 and 
Barboza 2013), the perennial shrubs P. melano-
cystis (B. L. Rob.) Bitter and P. coztomatl Moc. & 
Sessé ex Dunal (both native to Mexico and Mes-
oamerica, Martínez et  al. 2023), and the profusely 
branched perennial P. crassifolia Benth. (growing in 
coastal dunes and sandy places of Mexico and the 
United States, Martínez et  al. 2023). Collectively, 

Fig. 3   Distribution of the 15 wild Physalis species across the 
American continent, including photos of some representative 
species. Acyl sugar numbers recovered from the berries are in 
a red box next to each Physalis photograph. Vitamin C, pH, 

and soluble sugars in fruit (SSF) values are included if known 
(Singh et al. 2014; Valdivia-Mares et al. 2016; Enríquez Anto-
nio 2025)
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the biochemical diversity and underexplored edible 
potential of these WSP species highlight opportuni-
ties for expanding minor crop portfolios, functional 
fruit markets, and breeding programs aimed at 
improving nutritional quality and stress resilience.

Ethnobotany and agro‑economical research

Wild sweet Physalis (WSP) species have long-
standing ethnobotanical relevance across the Amer-
ican continent, where fruits are collected from wild 
populations for local consumption and processing. 
Among the species with the southernmost distri-
bution, P. viscosa produces bright orange, sweet 
berries (Fig.  2) that are traditionally used in mar-
malades and other preparations, with a native range 
extending to Patagonia (Fig.  3; Arenas and Kami-
enkowski 2013; Barboza 2013). These observations 
suggest the potential for temperate cultivation of 
austral WSPs outside their native ranges. Molecu-
lar genetic research using molecular markers has 
further highlighted the untapped genetic diversity 
across Physalis, revealing lineages with traits suit-
able for breeding programs focused on fruit quality, 
stress resilience, and adaptation to diverse environ-
mental conditions (Whitson and Manos 2005; Mar-
tínez et al. 2023; López-Gomollón 2023).

Despite this potential, several species remain 
underutilized and, in some cases, are perceived as 
weeds in non-native regions. For example, prai-
rie groundcherries, P. fendleri and P. viscosa, have 
become naturalized and invasive in Australia (P. fend-
leri listed as P. hederifolia var. fendleri, Donaldson 
1984; Wu et al. 2019), reflecting their robust growth, 
high adaptability, and potential to become established 
in disturbed habitats. These same traits, combined 
with local edibility, suggest that such species could be 
incorporated into smallholder or low-input cropping 
systems if domestication efforts are undertaken.

Currently, only a few WSPs are being evaluated 
in cultivation beyond the widely grown P. peruviana. 
Trials with P. pruinosa and P. grisea have demon-
strated their potential as specialty fruits suitable for 
small-scale and community-supported agriculture 
production systems (USDA 2020). However, the 
majority of WSPs remain largely unstudied. Inte-
grating traditional knowledge, agronomic trials, and 
breeding efforts for these species could expand their 

utilization as minor crops, diversify food resources, 
and strengthen resilient horticultural systems.
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