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Highlights

•	 Martynia annua produces desiccation-tolerant and physiologically dormant seeds.

•	 First confirmed evidence of physiological dormancy reported in the Martyniaceae family.

•	 Physiological dormancy in M. annua seeds is effectively alleviated by 500 ppm Gibberellic Acid treatment.

•	 Desiccation tolerance and physiological dormancy of M. annua seeds may enhance its invasive potential.
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Abstract:  Despite its medicinal value and invasive nature, the 
ecophysiology of seed germination in Martynia annua remains 
poorly understood. Thus, a study was conducted to explore the 
seed germination behaviour of this species. Diaspores were 
collected from the dry zone of Sri Lanka and brought to the 
University of Peradeniya, Sri Lanka. Seed moisture content 
and seed coat: seed mass ratio were determined. Imbibition and 
germination of fresh seeds were evaluated. The effect of dry 
storage and gibberellic acid (GA3) on germination was tested.  
Seeds with and without woody endocarp imbibe water readily 
and their seed mass increased to 61 and 104% within 10 days of 
imbibition. Water-permeable seeds with fully developed embryos 
suggest that germination of M. annua seeds was not affected by 
the presence of the woody endocarp, indicating the absence of 
physical, morphological and morphophysiological dormancy 
in its seeds. However, seeds with and without endocarp failed 
to germinate under control (distilled water) treatment, whereas 
500 ppm GA3 treated seeds germinated >90% both with and 
without endocarp. Removal of endocarp considerably enhanced 
germination speed as GA3-treated seeds completed germination 
within 11 days, while GA3-treated seeds with intact endocarp took 
1 month. Dry-stored seeds retained >90% viability even after 12 
months of storage. These results confirm that M. annua produces 
desiccation-tolerant seeds with physiological dormancy, enabling 
long-distance dispersal across both  spatial and temporal scales. 
This trait likely contributes to the species’ successful distribution 
and invasion.
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INTRODUCTION

Martyniaceae is a unique monophyletic family under the 
order Lamiales (Angiosperm  Phylogeny Group – APG 
III, 2009). Due to the uniqueness of the fruit, the family 
is known as the unicorn-plant family (Thieret, 1977). The 
fruit is characterized by the presence of incurved hooks 
that assist in epizoochory (Sorensen, 1986; Horbens et al., 
2014). Thus, the fruit is highly adapted to disperse by large 
mammals (Gormley et al., 2015). Martyniaceae is native 
to the New World (Bretting, 1981) and comprises five 
genera: Craniolaria, Holoregmia, Ibicella, M artynia and 
Proboscidea (Kadereit, 2004). Although the structure of the 
fruit has gained the attention of biologists, the seed biology 
of Martyniaceae species in general, has not been studied in 

detail (Riffle et al., 1988). A few studies have been reported 
on germination and seed production of Proboscidea 
louisianica (Riffle et al., 1988), which is the largest genus 
in the family (Gutierrez, 2011). Based on the information 
reported by Riffle et al. (1988), Baskin & Baskin (2014) 
have speculated that Proboscidea louisianica possesses 
physiological dormancy (PD). However, dormancy was 
not confirmed using a systematic experimental procedure. 
Thus, we know little about seed dormancy and germination 
ecology in Martyniaceae. 

Martynia annua L. is the most commonly distributed 
species among Martyniaceae species. Although it is 
native to Mexico, Central America, and the Caribbean 
(Gutierrez, 2011), the species has widely been introduced 
as an ornamental and medicinal herb in Australia, New 
Caledonia, South-eastern Asia, China, tropical Africa 
and in the Indian subcontinent (from Sri Lanka to 
Nepal) where it is currently designated as an invasive or 
naturalized weed (Rojas-Sandoval, 2018). In many of the 
introduced countries, M. annua has widely been used as 
a potential medicinal plant under the traditional system of 
alternative medicine (Bretting, 1981; G upta & Deogade, 
2018). Several studies have highlighted the antioxidant, 
wound-healing, antibacterial, and antidiabetic properties 
of this plant (Gupta & Deogade, 2018; Lodhi & Singhai, 
2013; Malik & Katare, 2020), demonstrating its strong 
pharmacological potential. More recently, the seeds of 
M. annua were proposed to be an excellent source of raw 
material for biofuel production (Kumar et al., 2020). In Sri 
Lanka, M. annua is the only known species in Martyniaceae 
and occurs as a weed mainly in dry parts of the country 
(Theobald & Grape, 1981).

Fruits of all the Martyniaceae species are covered with a 
leathery exocarp which is later dropped due to dryness, 
exposing the woody endocarp at maturity (Horbens et al., 
2014; Kadereit, 2004). M. annua, like the other members 
of the family, has a seed covered with endocarp and 
incurved hooks for epizoochory. Thus, the natural dispersal 
unit of M. annua contains 3-4 seeds surrounded by a hard 
woody endocarp. In Martyniaceae, the hard endocarp 
imposes mechanical constraints that can significantly delay 
germination, even after dormancy has been broken under 

*Corresponding Author’s Email: gejaya@sci.pdn.ac.lk
https://orcid.org/0000-0001-6518-7951

RESEARCH ARTICLE

Ceylon Journal of Science 54 (3) 2025: 679-684
DOI: http://doi.org/10.4038/cjs.v54i3.8477

 



Ceylon Journal of Science 54 (3) 2025: 679-684680

the right environmental conditions (Chia et al., 2016). Fruit 
dispersal of Martyniaceae especially Ibicella, Martynia, 
and Proboscidea is facilitated by curved hooks in the fruits, 
through passive transportation, attaching to the hooves or 
ankles of animals (Thieret, 1977; Sorensen, 1986). After 
fruit dispersal, seeds of Martynia can only be released from 
its hard endocarp either trampling by a large animal or 
rotting of the e ndocarp (Thieret, 1977).

Martynia annua is a seed-propagated species and it 
commonly grows during the warm and wet season of 
the year along with disturbed sites like roadsides, moist 
thickets, riverbanks, floodplains, waste areas, and pastures 
(Rojas-Sandoval, 2018). Despite being an invasive species 
and used extensively as an ornamental and medicinal plant 
in different parts of the world, surprisingly, we know very 
little about its seed germination and storage ecophysiology. 
The seeds of Martyniaceae are known to possess a fully 
developed investing embryo, i.e., embryo erect, and stalk 
invested by cotyledons for half its length or more (Baskin & 
Baskin, 2014), and thick cotyledons lacking an endosperm 
(Martin, 1946). Kew-Seed Information Database listed its 
seed under the probable orthodox (desiccation-tolerant) 
category of seed storage based on information available 
on the storage physiology of other taxa of Martynia (SID, 
2023). Since no information on the seed biology of M. 
annua is currently available, the first aim of our study was 
to investigate the presence/absence of dormancy in its fresh 
mature seeds, and if dormancy is present then identify the 
class and level of dormancy. The second objective was to 
confirm the seed storage physiology of M. annua suggested 
by Kew-SID (2022).

MATERIALS AND METHODS

Study species and fruit collection 

Martynia annua is an annual or perennial branched herb 
that grows up to 1  -2 m in height ( Theobald & Grape, 
1981).  The study species grows as a weed along roadsides 
in Sri Lanka. In January 2020, mature fruits of M. annua 
were collected from six individual plants growing at least 
2 m apart from each other in Medawachchiya town of 
Anuradhapura District, north-central province – belongs to 
the dry zone of Sri Lanka. Fruits were stored in labelled 
polythene bags and brought to the University of Peradeniya, 
Sri Lanka where the experiments were initiated within 3 
days of the collection. 

Fruit, seed, and embryo morphology and dimensions 

This species bears fruits with upwardly curved two hooks 
(shorter than the fruit body), which contain four oblong, 
laterally compressed seeds (Gutierrez, 2011; Theobald & 
Grape, 1981). External and internal fruit characteristics 
were examined visually to determine seed arrangement and 
embryo characteristics. The Vernier caliper was used to 
measure seed dimensions, whereas a micrometer was used 
to measure the embryo length. 

Determination of seed storage behaviour 

Seed moisture content 

The moisture content of freshly harvested seeds (with and 

without endocarp) was investigated to determine seed 
storage behaviour, i.e., sensitivity/tolerance to desiccation 
(Hong & Ellis, 1996) using an oven-dry method for 3 h at 
120 °C (ISTA, 2008). 

Seed coat ratio 

Covering structures including endocarp and papery 
structure covering the embryo of ten M. annua seeds were 
separated individually from the embryo. These structures 
were oven-dried at 103 °C for 17 hours (ISTA, 2008) 
and the dry mass of each component was measured using 
digital chemical balance to the nearest 0.001 g. Seed coat 
ratio (SCR) was calculated using the equation given below 
and the SCR was used to predict the probability of the seed 
being desiccation sensitive or tolerant according to the 
method proposed by Daws et al. (2006).

Determination of seed dormancy 

Germination of fresh seeds

This test was conducted to determine whether the fresh 
seeds of M. annua are non-dormant or dormant. Three 
replicates each of ten intact seeds (with endocarp). Four 
replicates each of eight endocarp-removed seeds (without 
endocarp) were placed on wet tissue papers moistened with 
distilled water and kept in boxes at ambient laboratory 
temperature (~ 26 oC) and 12/12 h light/dark conditions 
(white florescent light and diffused sunlight from windows 
during the daytime and complete darkness during nighttime) 
for incubation as a control treatment. Seeds were observed 
for germination initially at 2-day intervals, and thereafter at 
weekly intervals for 6 months.

Imbibition 

The water imbibition test was performed to investigate the 
water permeability and/or impermeability of the endocarp 
and seed coat of M. annua. Ten seeds with intact endocarp 
and ten isolated seeds (without endocarp) were weighed 
individually to determine their initial weight using a digital 
balance to the nearest 0.001 g. Each seed sample was 
placed on wet tissue papers moistened with distilled water 
at ambient laboratory temperature (~26 °C). Isolated seed 
samples (without endocarp) were kept in a Petri dish while 
the seeds with intact endocarp were in a transparent box 
(12 cm × 6 cm × 5 cm). Seeds from both samples were then 
removed, blotted dry, kept back on wet tissue papers, and 
reweighed after 24 h (1 d), 5 d, and 10 d intervals (Jayasuriya 
et al., 2010). The moisture content of 10 d imbibed seeds 
(with and without endocarp) was evaluated and compared 
with the moisture content of fresh seed samples. 

Effect of Gibberellic acid treatment on seed germination 

This test was initiated with the standard germination tests to 
identify the response of M. annua seeds (with and without 
endocarp) to gibberellic acid (GA3) to evaluate the class and 
level of seed dormancy, if any. Three replications each of 
ten seeds with intact endocarp and two replications each of 
six seeds without endocarp were, respectively, placed on 
wet tissue papers moistened with 500 ppm GA3 solution 
and kept in boxes for incubation under similar ambient 
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Figure 1: (A) Martynia annua fruits with characteristic upwardly curved two hooks; (B) longitudinal section and (C) 
cross-section of the fruit showing four locules; (D) laterally compressed seeds with black papery cover; (E) emergence 
of radicle; (F) seedling with cotyledons (CT, Cotyledons, EM; embryo, HK; hooks, LO; locules, RA; radicle, RT; root, 
SD; seed) 

laboratory temperature and light conditions.

Effect of dry storage on seed germination 

Four samples, each with 48 seeds of M. annua were placed 
in paper bags and kept for dry storage on a laboratory bench 
at ambient room temperature ( 26 oC) for 5 and 12 months, 
respectively.  Two samples were retrieved after each 
storage period. During each storage period, the samples 
were divided into four replications, each with 12 seeds, and 
placed on wet tissue papers in four boxes. The first sample 
was moistened with distilled water (as a control) while the 
second sample was moistened with 500 ppm GA3, and both 
samples were kept for incubation under similar ambient 
laboratory conditions as mentioned above. Additionally, a 
tetrazolium test was performed to determine seed viability 
(Phartyal et al., 2003) on two seeds taken randomly from 
each replicate of retrieved samples (a total of 8 seeds from 
each storage period).  

RESULTS AND DISCUSSION

Fruit, seed, and embryo morphology and dimensions 

The germination unit of M. annua (seed plus endocarp) 
consists of the black-thick, woody endocarp, papery seed 
coat, and an investing embryo (Figure 1). Martynia. annua 
fruit was 3.40±0.53 cm long, 1.94±0.22 cm wide, and 
1.4±0.2 cm thick. However, the incurved fang-like claws, 
which are believed to be an aid in dispersal, were 0.54±0.20 
cm long. The embryo of this species is composed of two 
thick overlapping cotyledons which auriculate at the base 
(length: 1.10±0.14 cm, 0.45±0.11 cm width) and with a 
small stalk.

Seed storage behaviour  

The initial moisture content of intact fruit (seeds with 
endocarp) at the dispersal was 7.5±0.8%, whereas isolated 

seeds (without endocarp) had a moisture content of 
11.3±2.1%. After 10 d of water imbibition, the moisture 
content of the seed both with and without the endocarp 
increased by 6.3 and 2.7-fold, respectively (Table 1). The 
moisture content of M. annua seeds at dispersal is within 
the range of desiccation-tolerant (orthodox) seeds but 
lower than the range suggested for recalcitrant seeds (Hong 
& Ellis, 1996). Thus, the observations suggested that M. 
annua seeds are desiccation-tolerant.  

Further, the average seed coat ratio (SCR) of M. annua was 
0.86±0.27. Daws et al. (2006) reported that recalcitrant 
seeds generally have an SCR < 0.5, and the probability of 
desiccation-sensitivity (P) is > 0.5. Based on the SCR, the 
probability of M. annua seeds being desiccation-sensitive 
(recalcitrant) is very low (0.0047), as ~0.5 is the threshold 
for desiccation-tolerant seeds. Thus, SCR further confirms 
the desiccation tolerance of M. annua seeds. This confirms 
Kew-SID (2022) speculation that seeds of M. annua must 
show orthodox storage behaviour. Orthodox seeds can 
maintain soil seed banks for considerably long periods. 
This trait may be one of the contributing factors to the 
invasive success of M. annua. 

Table 1: Percentage of moisture contents (mean ± SE) of 
Martynia annua seeds with and without endocarp soon 
after dispersal and after 10 days of water imbibition.

% Moisture Content
Soon after 
dispersal 

After 10 days of 
imbibition 

Seeds with 
endocarp (fruit) 7.5±0.8 47.7±4.0

Seeds without 
endocarp 11.3±2.1 30.2±3.7
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Seeds with a high SCR germinate slowly (Pritchard et al., 
2004) and seeds with high SCR invest more in the seed 
coat, i.e., more in physical defense (Dalling et al., 2011 & 
2020). Thus, as M. annua seeds have high SCR, it can be 
concluded that they depend on physical defense against 
seed predators and pathogens while they stay in the soil 
seed bank for extended periods. Pitt (1998) has reported 
that M. annua is difficult to control weeds as it creates a 
persistent soil seed bank. Gardener et al. (2010) devote M. 
annua invasion potential to its long-range dispersal ability 
by attaching through curved hooks.

Seed dormancy 

None of the fresh mature seeds (with and without endocarp) 
incubated on tissue papers moistened with distilled water 
(as a control) under the ambient laboratory conditions 
germinated during the experimental period of 6 months. 
However, almost all the seeds had white, firm embryos 
when the experiment was terminated at the end of the 
germination period. Thus, it revealed that M. annua seeds 
have seed dormancy. 

The mass of imbibed seeds with intact endocarp increased 
slowly by 27.6±1.8% in the initial phase (24 h), thereafter 
rapidly by 104.1±8.7% in 10 d. On the other hand, the 
mass of imbibed seeds without endocarp increased rapidly 
by 48.3±4.7% in the initial 24 h, thereafter slowly by 
61.1±6.3% in 10 d (Figure 2). This experiment showed 
that both scarified (without endocarp) and non-scarified 
(with intact endocarp) seeds can take up considerable 
amounts of water within 24 h. Moisture content analysis 
of these imbibed seeds also showed that water has readily 
reached the embryo, i.e., there are no water-impermeable 

Figure 2: Time course for percentage increase in mass of Martynia annua seeds with and without endocarp. Bars indicate 
standard deviation.

barriers within the endocarp. Thus, seeds have no physical 
dormancy.

Furthermore, the seeds possess a fully developed investing 
embryo that fills the entire seed, indicating that M. annua 
seeds do not exhibit morphological dormancy (for a detailed 
classification of seed dormancy, see Baskin & Baskin, 
2014). Thus, there is only a possibility that M. annua seeds 
must have a physiological component to dormancy. Seed 
dormancy of M. annua has not been categorized previously, 
though it is a common invasive weed in many parts of the 
world (Gardener et al., 2010).

Gibberellic acid-treated seeds (with and without endocarp) 
germinated >90% within a month of incubation. Seeds 
without endocarp germinated to 100% within 11 days, while 
seeds with endocarp took 1 month to achieve 93.3±6.7% 
germination. Hundred percent of the embryos of five and 
12 months stored seeds stained well during the tetrazolium 
test (an indirect test for seed viability). However, these 
stored seeds failed to germinate when incubated with 
and without endocarp in distilled water for 3 months. In 
contrast, both seed (with and without endocarp) samples 
of the same storage periods, incubated on GA3 germinated 
>90% within a month, similar to the germination of GA3-
treated fresh seeds.

Results of our dormancy-breaking experiments confirmed 
that M. annua seeds have PD as this class of dormancy is 
caused by mechanical constraints posed on the embryo by 
the layers covering it, like seed coats and endosperm and 
also by the low growth potential of the embryo (Baskin & 
Baskin, 2014). According to the experiments, removal of 
the endocarp failed to facilitate the seed germination of M. 
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annua, indicating that the endocarp constraint and the low 
growth potential of the embryo are responsible for the PD 
of this species. As seeds with and without endocarp have 
germinated significantly to a higher percentage (> 90%) 
within 30 days when incubated on GA3, it can be concluded 
that the lack of embryo growth potential is the leading cause 
of PD in this species. GA3 application on seeds without 
endocarp considerably increased the seed germination 
speed, as most seeds germinated within 10 days (20 days 
earlier than seeds with endocarp). External GA3 application 
is known to change the hormone concentration ratio 
(especially GA3: ABA; Yan & Chen, 2020) and enhance the 
expression of genes involved in increasing embryo growth 
potential. 

Dry storage of seeds has not weakened the degree of 
dormancy, as no seeds germinated under control (distilled 
water) treatment within 3 months of incubation. Similarly, 
dry storage did not enhance the degree of dormancy, as 
>90% of 12-month-old, stored seeds germinated when 
incubated on a 500 ppm GA3 solution, similar to the 
germination behaviour observed in the fresh seeds. When 
these results were considered, it was hard to define the level 
of PD of M. annua. As per the hierarchical classification 
system of seed dormancy, PD can be divided into 3 levels, 
i.e., nondeep, intermediate, and deep PD (Baskin & Baskin, 
2014). Nondeep PD can be alleviated by dry storage for 
< 3 months and responds positively to the GA3 treatment. 
Dry storage for 3-6 months could alleviate the intermediate 
PD.  However, GA3 may or may not alleviate intermediate 
PD. Over 6 months of dry storage is required to break deep 
PD and is not responsive to GA3. Further, isolated embryos 
of seeds with deep PD do not produce normal seedlings 
(Baskin & Baskin, 2014). Our results indicate that the 
dormancy of M. annua seeds could not be alleviated even 
after 12 months of dry storage. However, both fresh and 
stored seeds germinated well on the GA3 solution. Thus, 
M. annua seeds showed characteristics of both nondeep 
and deep PD. Thus, we categorize its seed as having an 
intermediate PD - closer to deep PD end of the continuum 
of PD from non-deep to deep.    

According to a study conducted on M annua in the Gregory 
National Park, Australia, it was found that seeds take 2 
years to germinate (Gardener et al., 2010; Pitt, 1998) and 
can be viable from 3.5 to 5 years. Therefore, understanding 
the seed germination pattern and dormancy behaviour is 
important to control the infestations of this species and its 
newly invaded ranges worldwide.

CONCLUSIONS

The results confirmed that seeds of M. annua possess 
physiological dormancy and the level of dormancy is most 
probably intermediate. Experimental findings also indicate 
that the seed display  orthodox storage behaviour.  However, 
to better understand the germination ecophysiology of 
M. annua, more field-based studies on its germination 
phenology are needed.  Such  studies should aim on 
identifying natural dormancy-breaking cues  to clarify the 
soil seed bank dynamics and further explain the species’ 
invasive potential.

D ECLARATION OF CONFLICT OF INTEREST

The authors confirm that they have no conflicts of interest 
to declare. 

FUNDING INFORMATION

No funding is received for this work.

AUTHOR CONTRIBUTION

Conceptualisation: K.M.G.G.J., D.L.M., S.S.P.; design 
of experiments: K.M.G.G.J., D.L.M.; execution of 
experiments, data collection: D.L.M.; Statistical analysis: 
K.M.G.G.J., D.L.M.; data interpretation: K.M.G.G.J., 
D.L.M., S.S.P.; writing the first draft: D.L.M.; Manuscript 
editing and reviewing: K.M.G.G.J., D.L.M., S.S.P.; All 
authors have accepted responsibility for the content of the 
manuscript, reviewed all results, and approved the final 
version

DATA AVAILABILITY STATEMENT

The datasets generated during the current study are not 
publicly available as the study is ongoing; however, 
they are available from the corresponding author upon 
reasonable request.

REFERENCES

Angiosperm Phylogeny Group – APG III. (2009). An update 
of the Angiosperm Phylogeny Group classification for 
the orders and families of flowering plants: APG III. 
Botanical Journal of the Linnean Society, 161(1), 105-
212. https://doi.org/10.1111/boj.12385

Baskin, C., & Baskin, J.M. (2014). Seeds: Ecology, 
Biogeography, and Evolution of Dormancy and 
Germination, 2nd Edition, pp 1586. Academic Press, 
San Diego, USA

Bretting, P.K. (1981). A systematic and ethnobotanical 
survey of Proboscidea and allied genera of the 
Martyniaceae. PhD Thesis, Indiana University, 
Bloomington, Indiana. Available in: https://www.
proquest.com/openview/84a8709435cbc9d7bf0b12ad
ef94f866/1?pq-origsite=gscholar&cbl=18750&diss=y 

Chia, K.A., Sadler, R., Turner, S.R., & Baskin, C.C. (2016). 
Identification of the seasonal conditions required for 
dormancy break of Persoonia longifolia (Proteaceae), 
a species with a woody indehiscent endocarp. Annals of 
Botany, 118(2), 331-346.  https://doi.org/10.1093/aob/
mcw100

Dalling, J.W., Davis, A.S., Arnold, A.E., Sarmiento, C., & 
Zalamea, P.C. (2020). Extending plant defense theory 
to seeds. Annual Review of Ecology, Evolution, and 
Systematics, 51, 123-141. https://doi.org/10.1146/
annurev-ecolsys-012120-115156 

Dalling, J.W., Davis, A.S., Schutte, B.J. & Elizabeth, 
A. (2011). Seed survival in soil: interacting effects 
of predation, dormancy, and the soil microbial 
community. Journal of Ecology, 99(1), 89-95. https://
doi.org/10.1111/j.1365-2745.2010.01739.x



Ceylon Journal of Science 54 (3) 2025: 679-684684

Daws, M.I., Garwood, N.C., & Pritchard, H.W. (2006). 
Prediction of desiccation sensitivity in seeds of woody 
species: a probabilistic model based on two seed traits 
and 104 species. Annals of Botany, 97(4), 667-674. 
https://doi.org/10.1093/aob/mcl022

Gardener, M.R., Cordell, S., Anderson, M., & Tunnicliffe, 
R.D., (2010). Evaluating the long-term project to 
eradicate the rangeland weed Martynia annua L.: 
linking community with conservation. The Rangeland 
Journal, 32(4), 407-417. https://doi.org/10.1071/
RJ10029

Gormley, I.C., Bedigian, D., & Olmstead, R.G. (2015). 
Phylogeny of Pedaliaceae and Martyniaceae 
and the Placement of Trapella in Plantaginaceae 
sl. Systematic Botany, 40(1), 259-268. https://doi.
org/10.1600/036364415X686558

Gupta, R.K., & Deogade, M. (2018). A critical review on 
ethnobotanical, phytochemical and pharmacological 
investigations of Martynia annua Linn. International 
Journal of Ayurvedic Medicine, 9(3), 136-143. https://
doi.org/10.47552/ijam.v9i3.1135

Gutierrez, R. (2011). A phylogenetic study of the 
plant family Martyniaceae (Order Lamiales). 
PhD. Thesis, Arizona State University, Tempe, 
Arizona, USA. Available in:  https://www.academia.
edu/108609909/A_Phylogenetic_Study_of_the_
Plant_Family_Martyniaceae_Order_Lamiales_
Signature=a791d702f1c8205150d4a9b94851b82a8 
93b28cce00a93f5848ced2ed18c4ba3

Hong, T.D., & Ellis, R.H. (1996). A protocol to determine 
seed storage behaviour. IPGRI Technical Bulletin No. 
1. (J.M.M. Engels and J. Toll [eds.])  International Plant 
Genetic Resources Institute, Rome, Italy. Available 
in: https://cropgenebank.sgrp.cgiar.org/images/file/
learning_space/technicalbulletin1.pdf 

Horbens, M., Gao, J., & Neinhuis, C. (2014). Cell 
differentiation and tissue formation in the unique fruits 
of devil’s claws (Martyniaceae). American Journal 
of Botany, 101(6), 914-924. https://doi.org/10.3732/
ajb.1400006

International Seed Testing Association, ISTA (2008). 
International Rules for Seed Testing. International. 
Seed Testing Association, Bassersdorf, Switzerland

Jayasuriya, K.M.G.G., Wijetunga, A.S.T.B., Baskin, J.M., 
& Baskin, C.C. (2010). Recalcitrancy and a new kind 
of epicotyl dormancy in seeds of the understory tropical 
rainforest tree Humboldtia laurifolia (Fabaceae, 
Ceasalpinioideae). American Journal of Botany, 97(1), 
15-26. https://doi.org/10.3732/ajb.0900213

Kadereit, J.W. (2004). Flowering Plants· Dicotyledons: 
Lamiales (except Acanthaceae including 
Avicenniaceae), Volume 7, pp 329. Springer, Berlin, 
Germany

Kumar, R.S., Sivakumar, S., Joshuva, A., Deenadayalan, 
G., & Vishnuvardhan, R. (2021). Bio-fuel production 
from Martynia annua L. seeds using slow pyrolysis 
reactor and its effects on diesel engine performance, 
combustion and emission characteristics. Energy, 217, 
119327. https://doi.org/10.1016/j.energy.2020.119327

Lodhi, S., & Singhai, A.K. (2013). Wound healing effect 
of flavonoid-rich fraction and luteolin isolated from 
Martynia annua Linn. on streptozotocin-induced 
diabetic rats. Asian Pacific Journal of Tropical 
Medicine, 6(4), 253-259. https://doi.org/10.1016/
S1995-7645(13)60053-X

Malik, J.K., & Katare, V. (2020). Pharmacological 
activities of Martynia (Martynia annua Lin.): a brief 
review. Asian Plant Research Journal, 4(2), 46-51. 
https://doi.org/10.9734/aprj/2020/v4i230084  

Martin, A.C. (1946). The comparative internal morphology 
of seeds. The American Midland Naturalist, 36(3), 513-
660. https://doi.org/10.2307/2421457

Phartyal, S.S., Thapliyal, R.C., Nayal, J.S., & Joshi, G. 
(2003). Assessment of viability of Acer caesium and 
Ulmus wallichiana seeds through the tetrazolium test. 
Seed Science and Technology, 31(3), 691-700. https://
doi.org/10.15258/sst.2003.31.3.18

Pitt, J. (1998). ‘Devil’s Claw: Agnote 489.’ Department of 
Primary Industries and Fisheries: Darwin

Pritchard, H.W., Wood, C.B., Hodges, S., & Vautier, 
H.J. (2004). 100-seed test for desiccation tolerance 
and germination: a case study on eight tropical palm 
species. Seed Science and Technology, 32(2), 393-403. 
https://doi.org/10.15258/sst.2004.32.2.11 

Riffle, M.S., Thilsted, W.E., Murray, D.S., Ahring, R.M., & 
Waller, G.R. (1988). Germination and seed production 
of unicorn-plant (Proboscidea louisianica). Weed 
Science, 36(6), 787-791. https://doi.org/10.1017/
S0043174500075846

Rojas-Sandoval, J., & Acevedo-Rodriguez, P. 
(2014). Echinochloa crus-galli (barnyard grass). 
Invasive Species Compendium, CABI Publishing, 
Wallingford, UK

Society for Ecological Restoration, International Network 
for Seed-Based Restoration and Royal Botanic Gardens 
Kew. (2023) Seed Information Database (SID). 
Available from: https://ser-sid.org/ (February 2023)

Sorensen, A.E. (1986). Seed dispersal by adhesion. Annual 
Review of Ecology and Systematics, 17(1), 443-463. 
https://www.jstor.org/stable/2097004

Theobald, W.L., & Grape, D.A. (1981). Martyniaceae. In: 
A Revised Handbook to the Flora of Ceylon (eds. M.D. 
Dassanayake & M.R. Fosberg), pp 202-205. Amerind 
Publishing, New Dhelhi, India 

Thieret, J.W. (1977). The Martyniaceae in the southeastern 
United States. Journal of the Arnold Arboretum, 58(1), 
25-39. https://doi.org/10.5962/bhl.part.29234

Yan, A., & Chen, Z. (2020). The control of seed dormancy 
and germination by temperature, light and nitrate. The 
Botanical Review, 86, 39-75. https://doi.org/10.1007/
s12229-020-09220-4


