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ABSTRACT 
This study aimed to develop for in vitro germination of zygotic embryos and to establish an acclima-

tization procedure for the production of Butia yatay palm plants under controlled conditions. B. yatay fruits 

were mechanically scarified for seeds extraction prior to isolation of zygotic embryos. Embryos were cul-

tured on Murashige and Skoog medium with a combination of plant growth regulators. Acclimatization 

consisted of transferring plants to sterilized or unsterilized soil-sand substrates, with or without polyeth-

ylene cover. Embryos cultivated on Murashige and Skoog medium with 0.1 mg·L-1 1-naphthaleneacetic 

acid and 0.1 mg·L-1 6-benzylaminopurine achieved 90% germination. After fungicide treatment and trans-

planting into sterilized soil mix in shaded conditions, the plants were covered with polyethylene, which 

resulted in a 67% acclimatization success rate. 
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INTRODUCTION 

 

The genus Butia (Mart.) Becc. (Arecaceae) is 

endemic to the central-eastern region of South 

America, consisting of 24 species distributed across 

Argentina, Brazil, Paraguay, and Uruguay. Certain 

species, such as B. odorata and B. yatay, can de-

velop extensive populations, creating unique eco-

systems known as palm groves or “butiazais” in 

Brazil (Batista et al. 2014). Although the global risk 

of extinction of B. yatay has not been assessed, it is 

classified as vulnerable in the Brazilian Red Book 

of Endangered Species (Martinelli & Moraes 2013). 

Based on current distribution data, the population of 

B. yatay in Uruguay is categorized as endangered by 

the International Union for Conservation of Nature 

(IUCN 2020). Butia yatay is one of the tallest spe-

cies in its genus, reaching a trunk height of 12–15 

meters. It is widely cultivated for ornamental pur-

poses in urban environments, including plazas, 

parks, and gardens (Mandón & Campagna 2023). 

The fibrous and compact root system, located close 

to the trunk, facilitates successful transplantation of 

adult specimens (Márquez & Fiorentino 2007).  

Recent studies have shown that B. yatay fruit 

pulp is high in carbohydrates (11.4 mg·g-1) and is an 

excellent source of dietary fiber, linoleic acid, and 

linolenic acid, which are essential precursors for the 

synthesis of omega-3 and omega-6, important in the 

diet (Mandón & Campagna 2023). 

Compounds found in the fruit, including the 

pulp and seeds, are considered beneficial due to 

their antioxidant, antiproliferative, and antimicro-

bial properties, which offer potential applications in 

the food and pharmaceutical industries. Another po-

tential product is the seed oil from B. yatay, which 

can be used in the production of soaps, detergents, 

cosmetics, creams, and dental adhesives (Hoffmann 

et al. 2014). Moreover, Butia oil can provide an al-

ternative for biofuel production, as has been demon-

strated for other palm species (Young & Steffen 

2008; Falasca et al. 2012). 

Despite their ecological and economic im-

portance, the conservation of natural populations and 

the propagation of Butia palms pose significant chal-

lenges. The dissemination of these palms relies on 

seeds, known for their dormancy and inconsistent 

and slow germination rates (Baskin & Baskin 2014).  
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Studies reveal that B. capitata seeds can take up to 

two years to germinate naturally, and germination is 

erratic and highly inefficient unless mechanical re-

sistance to the endocarp is removed – a critical step 

for commercial seedling production (Broschat 

1998). Low germination rates in Butia species are 

often associated with a combination of factors, in-

cluding immature embryos, impermeability to water 

and gases, mechanical barriers, and chemical inhib-

itors (Hoffmann et al. 2014). These hurdles hinder 

large-scale seedling production and pose a signifi-

cant obstacle to ex situ conservation efforts. In re-

sponse, innovative approaches such as in vitro cul-

ture and cryopreservation are emerging as powerful 

tools to overcome these limitations, offering prom-

ising solutions for both rapid propagation and long-

term genetic preservation. In this short communica-

tion, we present a sustainable and efficient protocol 

for the regeneration of B. yatay plants by in vitro 

culture of zygotic embryos. 
 

MATERIALS AND METHODS 
 

Ripe fruits of B. yatay (Fig. 1A) were collected 

from Buena Vista, Goya Department, Corrientes 

Province, Argentina (29º25'2" S, 59º18'19" W). 

Fruits from multiple plants were stored together at 

room temperature. Fruits were incised to remove 

the epicarp and mesocarp, yielding pyrenes 

(woody endocarp and seeds, Fig. 1B). Seeds were 

extracted (Fig. 1C), disinfected with 70% ethanol 

(3 min) and 2.5% sodium hypochlorite (20 min), 

and rinsed with sterile water. Zygotic embryos 

were isolated by sectioning the seeds at the micro-

pylar region with sterile forceps (Fig. 1D). Disin-

fected seeds and isolated zygotic embryos (Figs. 

1C–E) were cultured in Murashige and Skoog 

(MS) (1962) medium (3% sucrose) as a control or 

supplemented with 0.1 mg·L-1 indole-3-acetic acid 

(IAA), indole-3-butyric acid (IBA), or 1-naphtha-

leneacetic acid (NAA), alone or in combination 

with 0.1 mg·L-1 or 1 mg·L-1 6-benzylaminopurine 

(BAP). The pH of the media was adjusted to 5.8, 

gelled with 0.6% agar, and sterilized. Cultures 

were maintained at 27±2 °C with a 14-h photoper-

iod (116 µmol·m-2·s-1 photosynthetically active ra-

diation). Germinating embryos were transferred to 

fresh medium after 60 days. Contamination, ger-

mination, and plant conversion were recorded after 

60 and 120 days. A total of 30 zygotic embryos 

were used for each medium. 

Plants with well-developed roots and leaves 

(~5 cm) were rinsed and treated with 2 g·L-1 captan 

fungicide. They were potted in a 1:1 soil-sand mix, 

with two types of substrate (sterilized or unsteri-

lized) and two acclimatization methods (1 – venti-

lated chamber, 80% humidity, 80% shade, 30 days, 

2 – sealed polyethene bags, 80% shade, gradually 

ventilated, 4 weeks). For each acclimatization 

method, 16 randomly selected plants were used. 

Data were analyzed using ANOVA and Duncan’s 

test (P ≤ 0.05) in InfoStat 2017 (Di Rienzo et al. 

2017). Results are presented as means ± SD. 

 

RESULTS AND DISCUSSION 

 

This study showed that in vitro cultivation of 

disinfected B. yatay seeds resulted in 100% contami-

nation, making them unsuitable for plant production. 

Similarly, B. eriospatha seeds showed a 62.6% con-

tamination rate in vitro (Waldow et al. 2013). These 

challenges highlight the need for alternative methods, 

such as the use of isolated zygotic embryos, which 

have successfully established aseptic cultures with-

out contamination, as opposed to whole seeds. 

On the basal MS medium, 50% of the zygotic 

embryos germinated (Fig. 1F & 2A). After 40 days, 

the embryos (initially 1 mm) had elongated to 5 mm 

and turned white (Fig. 1F), while the remaining 50% 

showed no physiological activity (Fig. 1E & 2A). On 

containing 0.1 mg·L-1 BAP alone or with NAA, 

0.1 mg·L-1 IAA, 1 mg·L-1 BAP with 0.1 mg·L-1 NAA, 

germination increased to about 60–70% compared to 

the control. The most stimulating medium was the 

one containing 0.1 mg·L-1 BAP and 0.1 mg·L-1 NAA, 

where germination reached more than 90% (Fig. 2A). 

Eslabão et al. (2018) noted that B. yatay has the low-

est germination rate (20%) among Butia species. Ac-

cording to the definitions of seed dormancy proposed 

by Baskin and Baskin (2004), B. yatay is considered 

to exhibit a type of dormancy caused by a combina-

tion of physical and physiological dormancy due to 

the water-impermeable woody endocarp and hor-

monal requirements for normal seedling growth. 

The absence of growth regulators in the me-

dium prevented the development of embryos into 

plants within 120 days (Fig. 1F & 2B). The presence 

of BAP or auxins (NAA, IAA, IBA), alone or in com-

bination with BAP, significantly boosted the devel-

opment of plants (Fig. 2B). After 90 days, the em-

bryos turned green and produced the first leaf (Fig. 

3A, B). The combination of 0.1 mg·L-1 BAP and 
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NAA resulted in more than 90% plant formation 

(Fig. 2B), outperforming the combinations of IAA 

and IBA. Conversion rates in different combinations 

of BAP and auxin conversion ranged from 23% to 

60%. Higher concentrations of BAP, i.e. 1 mg·L-1, 

reduced conversion compared to 0.1 mg·L-1 BAP, 

regardless of auxin. Other studies confirm that aux-

ins or cytokinins enhance plant conversion in Butia 

species (Eslabão et al. 2018; Fior et al. 2018). 

After 120 days, plants with robust root and leaf 

growth were acclimatized. Acclimatization is chal-

lenging for Arecaceae, requiring careful adjustments 

(Plata et al. 2006). In this study, 68.7% of plants on 

sterile substrate covered with polyethylene adapted 

successfully, whereas only 25% survived in the accli-

matization chamber without any cover. No seedling 

survived on unsterilized substrate (data not presented). 

Mortality during acclimatization is often due to mi-

crobial exposure, highlighting the need for steriliza-

tion or agrochemicals (Kumar & Rao 2012). In vitro 

regenerated plants often wilt or die when transferred 

to the greenhouse due to environmental changes. 

The most effective method involved transplanting 

captan-treated (2 g·L-1) plants into a sterilized soil-

sand mix covered with polyethene bags under 80% 

shade cloth, with periodic ventilation. Figure 3E 

shows B. yatay plants acclimatizing, while Figure 

3F shows a 1.7 m tall plant thriving outdoors 12 

years after transplanting. 

This experiment demonstrated high germina-

tion capacity and successful plant conversion, and the 

possibility of commercial micropropagation could be 

helpful in the ecological restoration and commercial 

propagation of Butia yatay. 
 

 
Figure 1. Extraction of seeds and isolation of zygotic embryos of Butia yatay for disinfection and in vitro culture: pyrene set 
(A, B), extraction of seeds from pyrene (C), dissection of seeds in the micropylar part to isolate the zygotic embryo (D), 
isolated zygotic embryo (E), isolated zygotic embryo that has started the germination process (F) 
Bars: 1 cm (A–C), 5 mm (D–F); sem – seed, endoc – woody endocarp, ts – seminal integument, end – endosperm, emb – zygotic embryo  
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Figure 2. Effect of culture medium on germination and conversion to plants of zygotic embryos isolated from Butia yatay: 

percentage of embryos that germinated or did not respond after 60 days of culture (A), percentage of embryos that formed or 

did not form plants after 120 days of culture (B) 

Different letters indicate significant differences according to Duncan’s multiple range test (P ≤ 0.05); MS – Murashige and Skoog basal medium, 

AUX – auxin, NAA – 1-naphthaleneacetic acid, IAA – indole-3-acetic acid, IBA – indole-3-butyric acid, BAP – 6-benzylaminopurine  
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Figure 3. In vitro morphogenic responses and acclimatization of plants obtained from zygotic embryo cultures isolated from Butia 

yatay: zygotic embryos that became green and produced the first leaf after 90 days of in vitro culture (A, B), plants obtained from 

in vitro with marked root and leaf growth, selected and conditioned for acclimatization, after 120 days of culture (C, D), plants 

obtained from in vitro in the acclimatization phase with transparent polyethylene bags as a humid chamber and an acclimatized 

plant ready for transplanting to the field (E), plant transplanted to outdoor soil after 12 years of in vitro culture (F) 

Bars: 1 cm (A–C), 10 cm (D, E), 1 m (F)  
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CONCLUSIONS 

 

A meticulous method of germination and seed-

lings initiation was developed that enables commer-

cial propagation of Butia yatay from zygotic em-

bryos. The protocol consisted of extraction of em-

bryos from disinfected seeds and their culture on 

MS medium with 0.1 mg·L-1 1-naphthaleneacetic 

acid and 0.1 mg·L-1 6-benzylaminopurine for 60 

days, followed by growth of seedlings on fresh me-

dium for another 60 days and acclimatization of 

young plants in sterile soil – sand substrate under 

foil and after captan application for 120 days. 
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