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Abstract
Ficus americana and F. obtusifolia are among the 
most important tree species in Seasonally Dry Tro-
pical Forests (SDTF) due to their evergreen con-
dition and high levels of biomass. However, the 
SDTF of Lambayeque and northern Peru is greatly 
diminishing due to the advance of migratory agri-
culture, illegal mining, and deforestation. The ob-
jective of this work was to study the taxonomic 
aspects of both species, as well as seed germina-
tion, micropropagation, and in vitro germplasm 
conservation. Seed germination was 100% for 
both species up to three months after collection. 
As for micropropagation, rooting, and germplasm 
conservation, the Piper culture medium was effec-
tive, as it was constituted by MS mineral salts 
with 0.02 mg.L-1 IAA and 0.02 mg.L-1 GA3. In vi-
tro germplasm conservation lasted more than 24 
months for both species. Acclimatization under 
greenhouse conditions reached 50% survival for 
both species.

Keywords: acclimatization and survival, Moraceae, 
Piper culture medium, seasonally dry tropical fo-
rests, seed germination.

Resumen
Ficus americana y F. obtusifolia, se encuentran entre 
las especies arbóreas más importantes de los Bosques 
Tropicales Estacionalmente Secos (BTES) por su con-
dición de siempre verdes y sus altos niveles de bioma-
sa. Sin embargo, el BTES de Lambayeque y el norte 
de Perú está disminuyendo enormemente debido al 
avance de la agricultura migratoria, la minería ilegal 
y la deforestación. El objetivo de este trabajo fue es-
tudiar los aspectos taxonómicos de ambas especies, 
así como la germinación de semillas, la micropropa-
gación y la conservación de germoplasma in vitro. 
La germinación de semillas fue de 100 % en ambas 
especies hasta tres meses después de la recolección. 
Respecto a la micropropagación, el enraizamiento y 
la conservación de germoplasma, el medio de cultivo 
de Piper resultó efectivo, el cual está conformado por 
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sales minerales MS con IAA 0.02 mg.L-1 y GA3 0.02 
mg.L-1. La conservación in vitro de germoplasma duró 
más de 24 meses en ambas especies. La aclimatación 
en condiciones de invernadero alcanzó 50 % de su-
pervivencia en ambas especies.
Palabras clave: aclimatación y supervivencia, Mora-
ceae, medio de cultivo de Piper, bosque tropical es-
tacionalmente seco, germinación de semillas. 

INTRODUCTION

Ficus americana Aubl. and F. obtusifolia Kunth are 
the only wild species of the genus Ficus in the Seaso-
nally Dry Tropical Forest (SDTF) of the Lambayeque 
region (Peru). In the Angiosperm Phylogeny Group 
classification, the family Moraceae (to which Ficus 
belongs) is grouped into class "Rosids", in the order 
Rosales, together with the families Cannabaceae, 
Rhamnaceae, Rosaceae, Ulmaceae, Urticaceae, 
and others (APG IV, 2016). However, the taxonomy 
of the genus Ficus (Moraceae) and its c. 800 species 
(Lansky & Paavilainen, 2010) is very complex and, 
as with other groups of angiosperms, the use of se-
veral molecular markers has been necessary to fu-
lly understand the infragenic relation between the 
species. The nuclear ITS and G3pdh loci, several 
chloroplast loci, and 15 pairs of SSR markers have 
been used to aid the reconstruction of the phyloge-
netic relationship and clarify the species’ bounda-
ries (Zhang et al., 2018). This has shown the distinct 
molecular phylogeny of the F. auriculata Lour. com-
plex, namely a pronounced distinction between F. 
auriculata, F. oligodon Miq., F. hainanensis Merr. & 
Chun., F. beipeiensis S.S. Chang, and F. variegata 
Blume (Zhang et al., 2018).

The first studies on the micropropagation of 
Ficus species (Moraceae) were carried out in the 
commonly cultivated species F. benjamina L., ob-
serving that cuttings from in vitro propagated plants 
rooted faster, as well as with a higher rooting per-
centage, than cuttings grown using conventional 
methods for mass propagating large numbers of 
plants (Kristiansen,1991). A similar response was 

observed in the superior clone “Cleo” for eight 
subsequent subcultures (Kristiansen, 1992). Using 
axillary shoots in the same species (cv. Starlight), a 
high proliferation of shoots was achieved using an 
MS culture medium supplemented with 1.0 mg.L-1 
BAP and 50 mg.L-1 adenine sulphate, while op-
timal rooting was observed with 1.0 mg.L-1 NAA 
and 1.0 mg.L-1 activated charcoal (Lavanya et al., 
2006). 

In vitro clonal propagation using leaf cuttings 
from 45-50 year-old adult plants was studied only 
in F. religiosa L. (Sacred Fig or Bo-Tree). F. religio-
sa is a tree species native to India and Nepal, and 
it is primarily known to be important in the treat-
ment of Alzheimer’s disease (Bertaccini, 1982). It 
was observed that the highest frequency of respon-
se and the highest rate of shoots occurred using 
5.0 mg.L-1 BAP (Siwach & Gill, 2014). Previous 
studies using F. religiosa have largely employed di-
fferent tissues and elements, including apical and 
axillary buds, callus maintenance, culture medium 
supplemented with adenine sulphate, glutamine 
and phloroglucinol, and the season of simple co-
llection. However, in all these studies, the conta-
mination rate was significantly high and thus may 
not provide an accurate reading of the propagation 
potential (Hassan et al., 2009; Siwach & Gill 2011; 
Siwach et al., 2011). 

The common fig tree, F. carica L., originally nati-
ve to Western Asia but cultivated worldwide, is un-
doubtedly the most important food species within 
the genus Ficus. For this reason, several methods of 
sexual propagation have been developed (seedling 
production with entomophilic or vegetative polli-
nation), as well as several conventional methods of 
multiplication such as asexual cuttings, plunging, 
grafting, and tissue culture techniques (Boliani et 
al., 2019). In four of the varieties of F. carica, in vitro 
propagation using shoot-tip (0.5 to 1.5 mm in len-
gth) cultivation in an MS culture medium supple-
mented with various combinations of plant growth 
hormones has shown particular efficacy for elimi-
nating various viral diseases such as the Fig Mo-
saic Disease (FMD) (Bayoudh et al., 2015). Some 
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techniques, such as using stem segments isolated 
from seedlings, micropropagation of F. carica using 
the MS culture medium supplemented with 1.0 
mg.L-1 BAP, and callus induction from different cut-
tings with varying combinations of BAP-NAA (Patah 
et al., 2018), have shown to be among the best con-
ventional methods for the micropropagation of F. ca-
rica. Various similar techniques developed for plant 
tissue cultures and their mass application have been 
described by Singh et al. (2016). 

The phytochemical analysis of several Ficus 
species has revealed the presence of numerous se-
condary compounds of therapeutic importance. 
F. arnottiana (Miq.) Miq. has shown twenty-eight 
bioactive secondary metabolites in chloroform and 
ethanol extracts, highlighting tritetracontane and 
2, 6-lutidine 3,5-dichloro-4-dodecylthio, with va-
rious degrees of pharmacological properties (Babu 
et al., 2017). In F. benghalensis L., commonly 
known as the Indian Banyan Tree, phytochemical 
analysis has shown the highest total concentrations 
of phenolic contents (TPC) and total flavonoid con-
tent (TFC) in ethyl acetate extracts of the stem and 
leaves, respectively. The total reduction power and 
total antioxidant capacity, however, were higher 
in the stem extract of this species (Ahmed et al., 
2017). Furthermore, in the phytochemical scree-
ning of methanol, chloroformic, and aqueous fruit 
extracts using FT-IR spectroscopy, numerous se-
condary metabolites were detected. In particu-
lar, flavonoids, alkaloids, tannins, terpenoids, and 
phlobatanins were abundant in the methanol ex-
tract (Gopukumar et al., 2016). The phytochemi-
cal analysis of F. sycomorus L. leaves collected in 
Nigeria showed the presence of antifungal alka-
loids, glycoside, tannins, flavonoids, and saponins 
(Shinkafi & Abdullahi, 2018). 

Biological activity has been reported for se-
veral species of Ficus. Aqueous and varying con-
centrations (10 to 100 mg.mL-1) extracted from 
the leaves of F. sycomorus were tested against 
Malassezia globosa CBS 7966, a fungal species 
that can cause pathogenic skin diseases such as 

pityriasis and dermatitis under certain conditions 
(Shinkafi & Abdullahi, 2018). Latex was obtained 
from the unripe fruits of F. carica and has been 
studied for its potential in the therapeutic treat-
ment of the human papillomavirus (HPV), which 
is related to cervical cancers such as CaSki and 
HeLa. There are three main isolated latex com-
pounds that are active in the treatment of CaSki 
and HeLa: oleandiene, lanostariene, and stigmas-
terol (Ghanbari et al., 2019). In another study, va-
rious phytochemical characterization techniques 
were used, such as HPLC-DAD-ESI (Ion Trap)/
MSn qualitative analysis, in order to obtain me-
thanol extracts from the bark and leaves of F. cur-
tipes Corner. This technique allows isolating and 
identifying flavan-3-ols, apigenin derivatives, and 
apigenin-di-glycosides. Both extracts inhibited 
5-lipoxygenase (5-LOX) activity and interfered 
with nitric oxide (NO) levels in lipopolysaccha-
ride (LPS)-stimulated RAW 264.7 macrophages 
(Andrade et al., 2019). Similar studies involving 
the phytochemical analysis, antioxidant proper-
ties, and antibacterial activity of ethanol, toluene, 
and ethyl acetate extracts of F. racemosa L. leaves 
and fruits have been conducted, which have ad-
ditionally determined the presence of alkaloids, 
flavonoids, and phenols with high antioxidant 
potential. In a similar manner, bacteria from the 
wounds of diabetic patients such as Staphylococ-
cus spp., Pseudomonas spp., and Klebsiella spp. 
could be effectively treated, as they have shown 
significant inhibition following the application of 
fruit extracts (Bagyalakshmi et al., 2019).

The main objective of this research was to ta-
xonomically classify the most frequent species of 
Ficus (Moraceae), F. americana, and F. obtusifolia 
present in the SDTF of the Lambayeque region in 
Peru. Seed germination, micropropagation, and 
in vitro germplasm conservation were studied in 
order to establish a broad program for reforesta-
tion, mass propagation, and conservation, with 
the purpose of partially mitigating the effects of 
climate change. 

http://mg.mL
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longitude W), Chóchope Antiguo (06° 08'54.6" la-
titude S - 79°38'29.1" longitude W), and Ferreña-
fe: Laquipampa (06°21'10.9" latitude S - 79°26'41" 
longitude W). These trees were growing in SDTF en-
vironments of the Lambayeque region in northern 
Peru (Figure 1). 

Taxonomic aspects

Morphological descriptions were based on her-
borized and turgid material, which was dissected, 
analyzed, and photographed for later identifica-
tions supplemented with the pre-existing literatu-
re, such as the work by Cáceres and Reynel (2010) 
and Ibarra-Manríquez et al. (2012), as well as by 
consulting specialists in the genus. Two LCDP 
(Lankester Composite Dissection Plates) were also 
elaborated to illustrate the morphological descrip-
tions. The plates were produced in Corel Draw 
(2019) and Paint Shop Pro (2018), and the map 
was created using the Simplemappr online tool 
(Shorthouse, 2021). 

MATERIALS AND METHODS

Plant materials

Ripe fruits of both species, Ficus americana and F. ob-
tusifolia, were collected in the field and kept under 
the best physiological and phytosanitary conditions 
for sterile preservation and limited chance of conta-
mination in the temporary seed bank of the General 
Laboratory of Biotechnology (Universidad Nacional 
Pedro Ruiz Gallo, Lambayeque, Peru). Three fruits 
(syconium) were collected from three different trees 
by species and by locality, selecting the best seeds 
according to their size, shape, and color, by means 
of a stereo microscope (NINGBO Teaching Instru-
ment Co. Ltd.). These accessions come from field 
collections of previously identified healthy and ma-
ture trees (30-50 years old) from localities in the Pro-
vinces of Chiclayo: Chiclayo (06°47’35.5” latitude S 
- 79°52’54” longitude W); and Lambayeque: Pilas-
ca (06°14'14.6" latitude S - 79°35'34.1" longitude 
W), Kerguer (06°11'12.2" latitude S - 79°30'39.9" 

Figure 1. Collection map of Ficus americana and F. obtusifolia in the Lambayeque region (Peru)
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Micropropagation and acclimatization 

The fruits were washed with a conventional de-
tergent and disinfected with Benlate 0.2% for 30 
minutes. Then, they were dissected, and, with 
the help of a stereomicroscope, the largest seeds 
deemed to be in the best morphological condi-
tions were selected. These seeds were additiona-
lly cleaned using a 25 nylon mesh and washed 
with a 70% ethanol solution for 1 minute. Com-
mercial sodium hypochlorite (Clorox® with 5.25% 
active chlorine) containing 0.02% (v/v) Tween-20 
was also applied for 10 minutes. Subsequently, the 
seeds were rinsed three consecutive times with ste-
rilized distilled water in order to clear any residue. 
They were grown in numbers of 3 to 5 in a cultu-
re medium comprising MS minerals (Murashige & 
Skoog, 1962) supplemented with 2% sucrose and 
0.7% agar-agar.

After 60-90 days, the seedlings were propa-
gated by stem tips and nodal segments in an MS 
culture medium supplemented with 2% sucrose, 
0.7% agar-agar, and various growth regulators, in-
cluding auxins, cytokinins, and gibberellins. 

During the acclimatization process, seedlings 
between 30 and 45 days old and 3-4 cm in size 
were used, which contained 2-4 leaves, 1-3 roots 
of 2-5 cm in length, and no basal callus formation. 
Sterilized farmland + vermiculite (2:1) was emplo-
yed as substrate to idealize the growing conditions 
without external contamination of the samples. 

Preparation of the culture medium and the 
environmental incubation conditions

Various formulations of the culture medium were 
prepared during the rooting phase. These media 
were supplemented with 1.0 mg.L-1 thiamine.HCl 
and 100 mg.L-1 m-inositol. Several 150 x 25 mm 
Petri dishes, 110 x 13 mm test tubes, and 80 x 60 
cm glass flasks were used to maintain sterility de-
pending on the phase of the experiments. Once 
stored, the pH of all culture media was adjusted 
to 5.8 ±0.1 with 0.1N HCl and 0.1 N KOH. They 

were sterilized in an autoclave at 125 lb/in2 pres-
sure and a temperature of 121 oC for 20 minutes.	

The propagation conditions of the cultures were 
24 ±2 oC with a 16/8 h photoperiod at 50 μmol 
m-2s-2, which was provided by cool-white fluores-
cent lights and a 80-90% relative humidity. Each 
treatment comprised 15 repetitions and was per-
formed twice in order to obtain the best average 
sampling rates. 

Statistical analysis

To check for significant differences between the 
species, all attributes were subjected to an analy-
sis of variance (ANOVA) and a Tukey test (Haynes, 
2013) in the R 4.0.5 software (R Core Team, 2022).

RESULTS 

Taxonomic aspects

Ficus americana Aubl. 1775
Collection site: Chóchope Antiguo (Chóchope, 
Lambayeque) and Laquipampa (Ferreñafe), Peru 

Local name: Higuerón (Figure 2, left; Figure 3a)
General information: Hemiepiphytic or stran-

gler tree, 10 to 30 m tall. Habitat: gallery forest, 
tropical evergreen forest, and tropical sub-deci-
duous forest, from 100 to 1500 m in elevation. 
Distribution: South America (Peru, Bolivia, Ecua-
dor, Colombia, Brazil, Venezuela, Guyana), Grea-
ter Antilles, Lesser Antilles, Central America, and 
Mexico. 

Morphological characteristics: External bark 
with lenticels and grooves; brown in color. Latex 
has a white to milky color and retains its color after 
4 minutes of exposure. Terminal branches terete to 
elliptical, 0.3-0.5 cm in diameter. Terminal stipu-
les 0.6-1.2 x 0.2-0.3 mm, glabrous. Petioles 0.5-3 
cm x 1-2 mm, glabrous, ribbed. Leaf blade 3-10 
x 1-4.5 cm, elliptical, margin entire, apex acute, 
base acute to cuneate, light green, glabrous and 
lustrous above, sparsely puberulous with whitish 
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formation from 100 to 1650 m in elevation. Grows 
in both very wet areas and in seasonally very dry 
areas. Distribution: Bolivia, Brazil, Colombia, Be-
lize, Costa Rica, Ecuador, El Salvador, Guatema-
la, Honduras, Mexico, Nicaragua, Panama, and 
Venezuela.

Morphological characteristics: External bark 
with lenticels and cracks, light brown. Latex mi-
lky white, oxidizes to pink when exposed. Termi-
nal branches terete, 1 cm in diameter. Terminal 
stipules 10-40 x 4-15 mm, generally glabrous. 
Petioles 2-3 cm x 4-5 mm, glabrous, ribbed. 
Leaf-blade 8-26 x 3-11 cm, spatulate (obovate to 
oblanceolate), margin entire, obtuse at apex, cu-
neate to rounded at base, glabrous, glossy dark 
green on the upper surface with yellowish to 
dark brown veins, pale green on the underside, 
secondary veins in 5-10 pairs, anastomosed, ter-
tiary veins forming polygonal cells, juvenile mi-
drib cream-colored with a darker elliptical scar 

trichomes below, secondary veins in 10-18 pairs, 
anastomosed, tertiary cells forming polygonal cells 
along the veins. Peduncles 2.0-2.5 mm long and 
0.5-1 mm in diameter. Syconium in pairs, opposi-
te, axillary, globose, 0.3-0.5 cm in diameter, gree-
nish when immature, blackish purple to reddish 
when fully ripe, glabrous. Bracts 3, entire or so-
metimes divided, elliptical, yellowish, persistent, 
inconspicuous, glabrous, brown when the syconia 
are mature, 1-2 x 2-3 mm. Ostiolus not prominent, 
circular, 1-2 mm diameter, with 3 occlusive bracts. 
Flowers whitish to yellowish when fresh.

Ficus obtusifolia Kunth, 1817
Local name: Higuerón (Figure 2, right)

Collection site: Pilasca (Salas, Lambayeque), 
Chiclayo (Chiclayo), and Kerguer (Lambayeque), 
Peru

General information: Hemiepiphytic or rupi-
colous tree, 12 to 35 m. Habitat: Lowland forest 

Figure 2. Ficus americana: A. mature branch, B. leaf, C. terminal stipule, D. fruitful branch, E. mature syconium, F. 
bracts, G. ostiole. Ficus obtusifolia: H. mature branch, I. terminal stipule, J. immature syconia, K. mature syconia, L. 
cross-section of syconia, M. ostiole.
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Figure 3. A. Ficus americana tree calculated to be more than 50 years old. B. In vitro seedlings of F. obtusifolia 
after six months of culture. C. Germplasm conservation of F. obtusifolia after 24 months of culture. D. Germplasm 
conservation of F. americana after 12 months of culture.

2-4 mm long abaxially, merging close to the junc-
tion of the first base veins. Peduncles 2-3 mm 
long and 0.5 mm in diameter. Syconia in pairs, 
axillary, globose, 1-2 x 1-1.5 cm, greenish when 
immature, brown when mature, glabrous to pu-
berulent. Surface spotted with dark brown to re-
ddish lenticels, scattered to numerous, irregularly 
distributed. Bracts 2, whole or sometimes divi-
ded, deltoid, forming a greenish yellowish invo-
lucre when the syconia are immature, persistent, 
dark brown when the sycans mature, 7-15 x 6-8 

mm, puberulent to glabrescent. Prominent ostio-
le, 3-5 mm in diameter, with 3 puberulent bracts. 
Flowers whitish to yellowish when fresh. 

Seed contamination and germination

The seed contamination rate was 0%, which indi-
cates that the disinfection protocol used on both 
the fruits and seeds was very efficient. Furthermo-
re, the seed germination and seedling survival rates 
were between 95 and 100% for both species. This 
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strongly indicates that not only did the disinfection 
protocol make it possible to obtain 100% asep-
tic seeds, but also that the germination rate and 
growth of the seedling maintained a very high suc-
cess rate. After three months, following the collec-
tion of the seeds, the germination rate decreased 
to 90-100%. Leaving the seeds unsown for up to 
12 months after being collected gradually decrea-
sed the germination rate to 32.0 and 63.3% in F. 
americana and F. obtusifolia, respectively (Table 1). 
Seeds older than one year and kept in dry sterile 
conditions from the moment of their collection did 
not germinate. 

Micropropagation and acclimatization. In the 
formulation of the Piper culture medium (MS su-
pplemented with IAA 0.02 mg.L-1 and GA3 0.02 
mg.L-1), the shoot elongation rate after 4 and 6 
months of culture was similar in both species 
(Table 2, Figure 3b). However, after 12 months of 
culture, the highest elongation rate was reached in 
F. obtusifolia (7.0 cm). The number of shoots (1-2), 
nodes (12-13), and leaves (12) formed was similar 
in both species, increasing gradually with time in 
culture. Both species showed an optimal root sys-
tem with more than 4 roots formed from 1 to 5 cm 
in length. The slight formation of a basal callus was 
also observed after 6 to 12 months following cul-
tivation. Seedlings showed neither vitrification nor 
phenolization. 

Optimal root development in in vitro plantlets is 
an important condition, which is sometimes funda-
mental for successful acclimatization and survival. 
By using 100 x 13 mm test tubes and studying the 
plantlets for 45 days of culture, the plants of F. ameri-
cana reached the highest elongation of the shoot (3.4 
cm) in the treatments that employed a cassava-based 
medium (17N) and 1.0 mg.L-1 IBA. Under the same 
growing conditions, but in a slightly more diluted 
medium of 0.5 mg.L-1 IBA, the F. obtusifolia plant-
lets achieved the highest elongation of the shoot (3.6 
cm). It was therefore concluded that the cassava me-
dium provided the best physiological response in the 
samples, which included a greater elongation of the 
shoot and no callus formation at the base of the ex-
plant or the roots. However, using a treatment with 
2.0 mg.L-1 IBA, the over-contamination of the substra-
te lowered the root development efficiency, and the 
callus formation was 100%. In addition, there was an 
inadequate root formation (Table 3). 

In an additional experiment, the effect of the 
glass container size used on the accessions was 
examined (test tubes of 100 x 13 mm vs. test tu-
bes of 150 x 25 mm), showing significant differen-
ces while using the Piper culture medium as a proxy 
(Table 4). In both F. americana and F. obtusifolia, 
the highest elongation of shoots, nodes, and lea-
ves was achieved when the specimen was grown 
in a glass container of 150 x 25 mm test tubes.  

Table 1. In vitro seed germination of Ficus americana and F. obtusifolia, after 45 and 60 days of culture (culture 
date: February 2021)

Species Collection site Collection date
Seed germination (%)/Culture time (days)

45 75
Ficus americana Laquipampa August-2018 0.0 0.0

F. americana Chóchope Antiguo April-2019 0.0 0.0
F. americana Laquipampa January-2020 25.0 32.0

Ficus obtusifolia Pilasca July-2017 0.0 0.0
F. obtusifolia Kerguer November-2018 0.0 0.0
F. obtusifolia Chiclayo November-2019 0.0 0.0
F. obtusifolia Laquipampa January-2020 40.0 63.0
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Table 2. Effect of Piper formulation in MS medium on in vitro propagated plants of Ficus americana and F. 
obtusifolia, after 4, 6, and 12 months of culture

Plant 
species

Culture 
time

(months)

Shoot 
length
(cm)

Shoots 
number

(No)

Nodes 
number

(No)

Leaves 
number

(No)

Radicular
system

(%)/Scale

Physiological state/
Callus

Ficus ameri-
cana

04 4.1cd 0.0d 7.8d 7.0d (82)/**
Without vitrification/

-

06 4.7c 1.2c 8.2c 8.0c (100)/***
Without vitrification/

++

12 5.4b 1.7a 13.7a 12.5a (100)/***
Without vitrification/

++
F.

obtusifolia
04 4.0cd 0.0d 9.2c 7.5d (75)/**

Without vitrification/
-

06 4.3c 1.5ab 11.5b 10.8b (100)/***
Without vitrification/

++

12 7.0a 1.8a 13.3a 12.8a (100)/***
Without vitrification/

++

Piper medium: MS, 2.0% sacarose, vitamins, 0.02 IAA mg.L-1 and 0.02 mg.L-1 GA3
Test tubes: 150x25 mm 
-, without callus; +, < 1.0 cm Ø; ++; 1.0-2.0 cm Ø; +++, > 2.0 cm Ø
-, without roots; *, 1-2 roots, **, 3-4 roots; ***, > 4 roots. Roots: 1-5 cm length
Tukey parametric test at a significance level of 95%.

Table 3. Effect of several formulations of plant growth regulators in MS medium on in vitro root induction in 
propagated plants of Ficus americana and F. obtusifolia after 45 days of culture

Treat.
Culture medium 
and plant growth 
regulator (mg/L) 

Ficus americana F. obtusifolia

Shoot 
length
(cm)

Nodes 
(No)

Leaves
(No)

Callus (%)/
Roots
(%)

Shoot 
length
(cm)

Nodes 
(No)

Leaves
(No)

Callus (%)/
Roots (%)

1
Cassava medium 

(17N)
3.4a 3.7a 3.7a (100) 

-/*
3.6a 3.0a 3.0a (100) 

-/*
2 0.5 IBA 2.8b 2.7b 2.7b (80) ++/* 3.6a 2.9a 2.9a (60) +++/*
3 1.0 IBA 3.4a 3.5a 3.5a (95) +++/* 1.3c 1.5c 1.5c (50) +++/*
4 2.0 IBA 1.2c 1.1c 1.1c (100) +++/- 1.8b 2.5b 2.5b (100) +++/-

Cassava medium (17N): 1/3 MS, 2.0 sacarose, vitamins, 0.01 mg.L-1 NAA and 0.01 mg.L-1 GA3
Test tubes: 100x13 mm Ø; 
-, without callus; +, < 1.0 cm Ø; ++; 1.0-2.0 cm Ø; +++, > 2.0 cm Ø
-, without roots; *, 1-2 roots, **, 3-4 roots; ***, > 4 roots. Roots: 1-5 cm length
Tukey parametric test at a significance level of 95%.

The highest rooting was also improved by an avera-
ge of 82 and 75%, respectively. No callus formation 
was observed in either specimen. However, when 
the glass container size decreased to 100 x 13 mm, 
an 85% callus formation was observed, and the roo-
ting development was not greater than 20% in rela-
tive terms. 

Germplasm conservation

The germplasm conservation of both F. ameri-
cana (Figure 3d) and F. obtusifolia (Figure 3c) 
was observed for up to 24 months during this 
study. F. americana reached the highest elonga-
tion of the shoot (15.2 cm) (Table 5), whereas, in 
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F. obtusifolia, the highest number of nodes formed 
(52.9), thus allowing for a faster multiplication of 
explants for subcultures. In both species, the de-
foliation rate was quite high, and the vitrification 
and callus induction rates appeared to be mode-
rate. The root system reached the highest develo-
pment (Table 5). 

Acclimatization

The acclimatization and survival rate in professio-
nally sterilized farmland + vermiculite substrate 
(2: 1) was calculated as 64% for F. americana and 
48% for F. obtusifolia while using relatively mode-
rate data (Figures 4a, 4b, and 4c). 

Table 4. Effect of Piper medium on in vitro root induction in propagated plants of Ficus americana and F. obtusifolia, 
following 4 months of culture

Treat.
Piper me-

dium 
Ficus americana F. obtusifolia

Shoot 
length
(cm)

Nodes 
(No)

Leaves
(No)

Callus (%)/
Roots
(%)

Shoot length
(cm)

Nodes 
(No)

Leaves
(No)

Callus (%)/
Roots
(%)

1
 Test tubes: 

100x13 
mm 

2.8b 3.0b 3.0b (85) ++/(20)* 3.4b 3.2b 3.2b (85) ++/(15)*

2
 Test tubes: 

150x25 
mm 

4.1a 7.8a 7.0a (0.0)/
(82)***

4.0a 9.2a 7.5a (0.0)
/(75)***

Piper medium: MS, 2.0 sacarose, vitamins, 0.02 IAA mg.L-1 and 0.02 mg.L-1 GA3
-, without callus; +, < 1.0 cm Ø; ++; 1.0-2.0 cm Ø; +++, > 2.0 cm Ø
-, without roots; *, 1-2 roots, **, 3-4 roots; ***, > 4 roots. Roots: 1-5 cm length
Tukey parametric test at a significance level of 95%.

Table 5. Effect of Piper medium in MS medium on in vitro germplasm conservation of Ficus americana and F. 
obtusifolia after 18 and 24 months of culture

Plant species
Culture 

time
(months)

Shoot 
length
(cm)

Shoots 
number

(No)

Nodes 
number

(No)

Leaves 
number

(No)

Radicular
system

Physiological 
state/Callus

Ficus americana 18 14.5a 2.2b 43.5b 31.2b ***
With moderate 

vitrification/
++

24 15.2a 2.5b 48.6a 35.1a ***
With moderate 

vitrification/
++

F. obtusifolia 18 9.4c 2.3b 41.8b 28.3b ***
With moderate 

vitrification/
++

24 11.4b 4.2a 52.9a 23.1c ***
With moderate 

vitrification/
++

Piper medium: MS, 2.0% sacarose, vitamins, 0.02 IAA mg.L-1 and 0.02 mg.L-1 GA3
Test tubes: 150x25 mm
-, without callus; +, < 1.0 cm Ø; ++; 1.0-2.0 cm Ø; +++, > 2.0 cm Ø
-, without roots; *, 1-2 roots, **, 3-4 roots; ***, > 4 roots. Roots: 1-5 cm length
Tukey parametric test at a significance level of 95%.
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DISCUSSION

In the flora of Peru, F. americana has been repor-
ted in the high Andean and Amazonian regions of 
Huánuco, Junín, Loreto, Madre de Dios, Pasco, 
and San Martín, but it has not yet been reported in 
Lambayeque. F. obtusifolia has also been reported 
in the regions of Cuzco, Junín, and Loreto, but it 
has also not been reported in Lambayeque (Brako 
& Zarucchi, 1993). Therefore, this could be one of 
the first studies that analyze the taxonomy and pro-
pagation of these two species as part of the flora in 
the region of Lambayeque, on the northern coast of 
Peru. The morphological description of the species 
studied herein coincides with those reported by 

Cáceres and Reynel (2010) and Ibarra-Manríquez 
et al. (2012) in their works on the species of the 
genus Ficus in Chanchamayo (Junín, Peru) and 
Mexico. 

In most studies on the micropropagation of the 
common fig (F. carica) carried out in regions where 
the species is native, shoot tips of plants collected 
directly from the field have been most common-
ly used as starting material (Bayoudh et al., 2015; 
Al-Shomali et al., 2017). However, a study carried 
out by Patah et al. (2018) employed ripe fruit and 
seeds, but the contamination and germination 
were not reported. Fertile seed production in figs is 
a complicated issue, given the need for the specific 
pollinator Blastophaga psenes L. to carry out the 

Figure 4. Acclimatization of transplanted plants under greenhouse conditions. A. Ficus americana (left) and F. 
obtusifolia (right) after two months of culture. B. Germplasm conservation of F. americana after 12 months of culture. 
F. americana and C. F. obtusifolia after 12 months of culture. 
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pollination, and, in some countries such as Brazil, 
the production of seedlings of F. carica is not pos-
sible due to the absence of B. psenes (Anjam et al., 
2017). Therefore, other methods of propagation, 
such as burrs, plunging, grafting, tissue culture, 
and especially cuttings, are frequently used instead 
of pollination (Boliani et al., 2019). In other spe-
cies such as F. religiosa, leaf explants are used for 
its multiplication (Siwach & Gill, 2014).

As for F. americana and F. obtusifolia, fresh sy-
conium is consumed by various species of birds, 
rodents and small primates (‘keystone species’), 
which therefore constitute the main seed dis-
persers. The fertility of these seeds indicates the 
presence of their natural pollinators (Cáceres & 
Reynel, 2010), which are likely to be wasps of 
the Agaonidae family, specifically species of the 
genus Pegoscapus (Machado et al., 2005). This 
wasp species confirms the Ficus-insect coevolutio-
nary interaction that began at the end of the Cre-
taceous (Datwyler & Weiblen, 2004) and resulted 
in both species being relatively abundant and out 
of conservation risk (LC/Least Concern) (Cáceres & 
Reynel, 2010). However, at the collection sites of 
these species in Lambayeque, only sporadic indi-
viduals were found due to the fact that the limits of 
natural regeneration are restricted to some streams 
that maintain little humidity throughout the year. 

The Piper culture medium has been widely 
used in the micropropagation of numerous Piper 
species (Piperaceae) collected in both Peru and 
Brazil (Delgado-Paredes et al., 2012). It has been 
shown to reach high micropropagation rates in Pi-
per tuberculatum, an important species with bio-
cidal properties (Delgado-Paredes et al., 2017). In 
a similar way, it is used widely in the micropropa-
gation of woody species collected from the Seaso-
nally Dry Tropical Forest (SDTF) of northern Peru 
(Delgado-Paredes et al., 2020a), such as Muntingia 
calabura L. (Duque-Aurazo et al., 2020). The Pi-
per medium has proven to stimulate root formation 
and induce shoot elongation in Piper species, and 
it could be used on its own without the need for 
two different formulations. 

Conventionally, most efforts aimed at the mi-
cropropagation of Ficus have been carried out for 
the commercially important common fig (F. carica), 
which is grown as an important food crop world-
wide (Singh et al., 2016). Other Ficus species, es-
pecially the Old-World species, are commonly 
propagated under in vitro conditions from explants 
(shoot tips) obtained from wild-collected plants. The 
highest number of propagations for commercially 
grown F. benjamina was obtained using an MS cul-
ture with 1.0 mg.L-1 BAP and 50.0 mg.L-1 adenine 
sulfate (Lavanya et al., 2006). For F. religiosa, the hi-
ghest micropropagation rate was achieved using an 
MS culture medium supplemented with 5.0 mg.L-

1 BAP via leaf explants (Siwach & Gill, 2014). So 
far, no studies on the micropropagation of the native 
American species are known to exist, and our study 
on F. americana and F. obtusifolia using a single cul-
ture medium (Piper) provides a foundation to this 
taxonomic window by showing the significant elon-
gation and rooting of the sampled plants. 

The cassava medium (17N) was formulated at 
the Biotechnology Research Unit of the Interna-
tional Center for Tropical Agriculture (CIAT, Cali, 
Colombia) and used in the rooting of more than 
5000 cassava (Manihot esculenta Crantz) acces-
sions (Roca, 1982). Furthermore, it has been used in 
the international transfer of cassava germplasm be-
tween countries and continents (Flores-Meza et al., 
2014). This culture medium, whose formulation in-
corporates the MS macronutrients at a 1/3 concen-
tration and only very low concentrations of growth 
regulators, does not induce callus formation. The 
traces of gibberellin (GA3) in the medium promote 
shoot elongation, and the traces of auxin (NAA) aid 
the development of an optimal root system. 

The successful rooting of shoots obtained from 
plants collected in the field has been reported for 
several wild species of Ficus with varying trace 
compounds used in the culture medium. In F. ben-
jamina, 1.0 mg.L-1 NAA and 1.0 mg.L-1 activated 
carbon were used (Lavanya et al., 2006), as well 
as 2.0 mg.L-1 IBA and 0.1 mg.L-1 IAA in F. religiosa 
(Siwach & Gill, 2014). In all the studies mentioned 
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above, as well as in the one presented herein, the 
various concentrations of auxins IAA, IBA, and 
NAA have played a fundamental role in the roo-
ting of the accessions. 

Numerous previous studies have shown the 
effects of the container size, type, and quality in-
duced on the propagation and conservation of the 
germplasm of different plant species. These studies 
generally agree that polycarbonate boxes are a be-
tter type of container for the storage of photosen-
sitive Senecio macrophyllus M. Bieb. shoots, as 
opposed to glass tubes (Trejgell et al., 2015). Addi-
tionally, the micropropagation of peach rootstock 
GF 677 showed the best micro-plant development 
when grown in square vitro vent containers and 
glass jars (Kornova & Popov, 2009). It is possible 
that the smaller glass containers provide less air-
flow, which allows for a greater accumulation of 
ethylene, thus inhibiting shoot growth and root for-
mation, instead of stimulating callus formation in 
the root. 

In vitro tissue culture techniques are among the 
most important methods for multiplication in plant 
biotechnology. Among these techniques, one of 
the most important is the conservation of the germ-
plasm under controlled conditions, especially for 
vegetatively propagated species (Delgado-Paredes 
et al., 2021). The asexual propagation of species by 
means of tissues is vital to reproducing vast quanti-
ties of plants that naturally produce low numbers of 
seeds, or species with seeds that quickly lose their 
viability and cannot be stored by reducing humi-
dity or lowering temperatures (Engelmann, 1997; 
Reed et al., 2011; Rajasekharan & Sahijram, 2015). 
This largely includes the members of the genus Fi-
cus and has proven to be a potentially costly loss of 
fertile material and a pronounced constraint to the 
large-scale production of its members. This is why 
the results obtained for F. americana and F. obtusi-
folia, which show that in vitro conservation can be 
extended for more than 24 months, open the possi-
bility of conserving the best genotypes of these spe-
cies. In addition, this can be subsequentially used in 
areas that are currently threatened by deforestation 

and other forms of land exploitation, which has 
been particularly observed in the seasonally dry tro-
pical forest (SDTF) of Pilasca (Lambayeque, Peru) 
(Delgado-Paredes et al., 2020b). 

In F. religiosa, the survival rate of seedlings ob-
tained by direct organogenesis was 90% (Siwach & 
Gill, 2014), and that of those obtained by indirect 
organogenesis was 96.6% (Hesami et al., 2018). 
Said results are significantly higher than those re-
ported in this present study. 

CONCLUSION

Ficus americana and F. obtusifolia are evergreen 
species with high biomass production in the sea-
sonally dry tropical forest of Lambayeque and 
northern Peru. This study developed an efficient 
protocol for micropropagation, rooting, acclimati-
zation, and germplasm conservation using in vitro 
germinated seeds. Thus, it is now possible to deve-
lop an extensive reforestation program in current-
ly deforested areas, contributing to the protection 
of the environment and the mitigation of climate 
change. This constitutes an important aspect of our 
university’s mission of social responsibility. 
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