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Abstract: Two hypotheses were tested with respect to the germination of Diplolophium 

marthozianum, an endemic plant species of the copper-cobalt outcrops in Katanga, Democratic 

Republic of Congo: (1) germination of copper-endemics is limited by fungal infection in the 

absence of pathogen control and (2) the germination success of this copper-endemic species is 

copper-dependent. Seed lots of twenty seeds were weighed, soaked in different disinfection 

treatments and then placed in a germination medium containing four distinct copper 

concentrations for 30 days. Seed viability was measured at the beginning and at the end of the 

experiment by a cut test. Final germination percentage (15.2 ± 8.2%) and seed viability (24.2 ± 

10.3%) were not affected by copper concentration or disinfection treatments. D. marthozianum 

is able to germinate in a substrate without added copper, despite pervasive fungal infection. 

However, seed mass had a significant positive effect on seed germination suggesting that 

selecting the largest seeds may ensure the highest germination success in ex situ conservation 

programs. 
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The Global Strategy for Plant Conservation 

aims to halt the continuing loss of plant diversity. 

Understanding, documenting and developing 

conservation strategies for plant species are key 

issues that need to be urgently addressed as 

international responsibilities (UNEP 2007). 

Biodiversity conservation priorities should focus 

especially on tropical regions, which include 90% of 

extant species (Myers et al. 2000). Rare endemic 

taxa are considered priorities for conservation 

programs when threats are identified (Primack 

2010; Schemske et al. 1994).  

Metalliferous areas (i.e. soils with elevated 

concentrations of trace metals) often host rare 

ecologically endemic taxa due to the severe 

selection pressures induced by trace metals, 

founder effects and genetic drift induced by the 

insularity of these habitats (Baker et al. 2010). 
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Plants that are distributed only on metal-rich soils 

are called absolute metallophytes (Pollard et al. 

2002). Many of these species are threatened by 

mining, which leads to degradation or even total 

destruction of their habitats, increasing extinction 

risks (Saad et al. 2012; Whiting et al. 2002). 

The Katangan Copperbelt (Southeastern 

Democratic Republic of Congo) is formed by more 

than 150 copper-cobalt outcrops, which are 

globally unique (Duvigneaud & Denaeyer-De Smet 

1963). These hills are geographically and 

ecologically isolated and have a unique flora that 

includes over 600 species, including 32 taxa that 

are strict endemic species (i.e. occurring solely on 

Cu-rich soils) or absolute cuprophytes (e.g. 

Crepidorhopalon perennis), and 24 taxa that are 

broad endemic species (i.e. more than 75% 

occurrence on Cu-rich soils) (Faucon et al. 2010). 

Many copper-endemic species are highly 

threatened by habitat destruction caused by 

industrial mining (Faucon et al. 2010).  

Many factors influence the success of current 

ex situ conservation efforts focused on reproduction 

(Di Salvatore et al. 2008; Godefroid et al. 2013). 

Chipeng et al. (2010) showed that copper 

concentrations or the disinfection of seeds prior to 

germination trials may improve germination 

percentage for the absolute cuprophyte 

Haumaniastrum katangense (S. Moore) P. A. 

Duvign. & Plancke. The regeneration of 

metallophytes poses particular problems because 

of their limitation to highly metal-enriched 

substrates. This limitation may be due to various 

factors. First, these species may have higher 

copper physiological needs than other species 

(Faucon et al. 2012; Peng et al. 2012). Second, 

copper may limit the development of pathogens, 

e.g. by acting as a natural fungicide (Antonovics et 

al. 1971); thus, metal hyperaccumulation can 

provide an effective form of defence (called 

elemental defence) against a wide range of 

pathogens (Boyd 2007; Fones et al. 2010). From an 

evolutionary point of view, the metallophytes may 

have therefore lost their pathogen-resistance 

mechanisms (Tadros 1957). Third, these species 

may also be limited to metalliferous soils because 

of inter-specific competition; e.g. endemics could be 

less competitive in other environments but able to 

grow on non-metal-enriched soils in the absence of 

competition (i.e. edaphic endemism, Gankin & 

Major 1964). 

In order to develop a rapid conservation 

strategy and maintain maximum genetic diversity, 

the scientific community seeks to reproduce 

copper-endemics from seed collections rather than 

by cloning methods. However, there is still no 

standardized protocol for managing seed lots of 

these species from the wild, and it is unclear which 

disinfection and other specific treatments have to 

be applied to seeds in order to enhance their 

germination. 

The aim of this study is to provide guidelines 

for ex situ conservation of endemic species from 

copper-rich ecosystems. The first critical process of 

a plant propagation strategy is seed germination; 

therefore, this study focuses on germination. Two 

hypotheses regarding seed germination of an 

endemic species from copper ecosystems, D. 

marthozianum, were tested. First, germination of 

this copper-endemic species is limited by fungal 

attack in the absence of pathogen control by 

copper. Second, the germination success of this 

species is copper-dependent. In addition, the effect 

of seed mass on germination was also examined to 

determine if seeds should be sorted by size prior to 

germination in conservation programs.  

Diplolophium marthozianum P. A. Duvign. 

(Apiaceae) is a perennial cuprophyte and a broad 

endemic species with a high affinity for Cu–Co rich 

substrates in Katanga (Faucon et al. 2010; Saad et 

al. 2012). Its proposed classification for the IUCN 

Red List of Threatened Species is endangered (EN; 

Faucon et al. 2010). Like many plants of the 

Apiaceae family, seed teguments have 

microcavities on their surface, where fungal 

pathogens can shelter (Bulajic et al. 2009). The 

achenes of D. marthozianum (henceforth referred 

to as seeds) used in the present experiments were 

collected on three sites in the Katangan 

Copperbelt between Tenke (10.61°S; 26.12°E) and 

Fungurume (10.62°S; 26.32°E) towns; one 

collection was made in July 2011 at Mwinansefu, 

another in July 2011 at Fungurume IV and the 

third seed lot was collected in September 2011 at 

Kavifwafwaulu. Seeds were stored in paper bags at 

room temperature, in Gembloux, Belgium, for 5 to 

15 weeks before germination tests.  

Germination tests were performed in Petri 

dishes under sterile conditions on a culture 

medium consisting of agar (0.8%) (Kumari & 

Ichhpujani 2000). Copper in the form of copper (II) 

sulphate (CuSO4) was used. Previous studies on 

seed germination of non-metallophyte species have 

shown that the phytotoxicity of copper appears 

between 2.5 and 10 mg l-1 Cu, whereas the 

absolute cuprophyte H. katangense (which occurs 

in the Katangan Copperbelt) tolerates more than 

10 mg l-1 Cu (Chipeng et al. 2010; Di Salvatore et 
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al. 2008). Based on these previous findings, four 

Cu concentrations were added to the medium:       

0 mg l-1 Cu (control), 5 mg l-1 Cu, 10 mg l-1 Cu and 

20 mg l-1 Cu. After the copper (II) sulphate 

addition, the pH of the medium across treatments 

was 5.4 ± 0.1.  

Due to the small population size and the IUCN 

status of the species, the three collected 

populations (ca. 1000 seeds per population) were 

pooled before the experiment. Seed lots of 20 seeds 

were weighed to the nearest 0.1 mg and received 

one of three disinfection treatments: bleach, 

fungicide or sterile water. The first was based on a 

widely used protocol of seed surface disinfection 

using 1.6% sodium hypochlorite (Sauer & 

Burroughs 1986). The second used a broad-

spectrum anti-fungal agent (ROVRAL® SC, 2 % - 

BASF), and the third was the control (no 

disinfection treatment). Seeds were soaked for 5 

minutes in either disinfection treatment followed 

by three rinses of 5 seconds in three different 

vessels of sterile water. Finally, seed lots were 

placed in Petri dishes having distinct copper 

concentrations. Ten replications were performed 

for each treatment combination (copper 

concentrations × disinfection) resulting in 120 

dishes and 2400 seeds. The dishes were wrapped 

with Parafilm® and placed in an incubator at 25 

°C with a 12 hour light/12 hour dark photoperiod. 

This corresponds to the natural conditions at the 

beginning of the growing season in Katanga. 

Photosynthetic photon flux density (PPFD) was set 

at 30 µmol m–2 s–1 using cool white fluorescent 

lamps (Philips TL 8W/33-640). This standard 

intensity used for germination tests is lower than 

the intensity in natural tropical areas. 

Germination was recorded and Petri dishes were 

randomized three times a week. Seeds were 

considered germinated when the radicle emerged.  

Seed viability was measured with two cut 

tests. An initial cut test was performed on 65 seeds 

from the initial seed sample. A second cut test was 

performed on a subset of 10 non-germinated seeds 

randomly chosen from each treatment combination 

(4 copper concentrations × 3 disinfection treat-

ments, for a total of 120 seeds) at the end of the 

experiment. The experiment duration was 30 days, 

based on mean germination time (MGT) observed 

by Godefroid et al. (2013) for this copper-endemic 

species.  

A two-way ANCOVA was performed to 

compare the germination percentage between 

copper concentrations and disinfection treatments 

(as fixed factors) using seed mass (i.e. mass of lots 

of 20 seeds) as a covariate. To compare the 

percentage of seed viability, two separate one-way 

ANOVAs were performed among the copper 

concentrations or the disinfection treatments. 

Statistical analyses were performed using the 

statistical software R (R Development Core Team 

2010). 

An average final germination percentage of 

15.2 ± 8.2% (Mean ± SD, %) was obtained. No 

significant effect of either fixed factor on final 

germination percentage was found (Fig. 1). The 

cumulative germination curves showed a similar 

germination rate over time among copper 

concentrations and disinfection treatments (Fig. 

2). 

The statistical analyses showed a significant 

effect of the covariate (seed mass) on final 

germination percentage (F1,113 = 23.99, P < 0.001), 

and a positive correlation between these two 

variables (r = 0.422, P < 0.001, N = 120). Heavier 

seed lots showed higher germination percentages. 

During the experiment, infection by fungi was 

observed on the surface of seeds, and more than 

90% of seeds were affected regardless of the 

disinfection treatment or the copper concentration.  

The cut test performed prior to germination 

showed that approximately half of the seeds 

(46.1%) contained a viable embryo. The second cut 

test carried out on non-germinated seeds showed 

that the viability of seeds was unaffected by 

disinfection treatments or copper concentrations 

(average viability of non-germinated seeds: 24.2 ± 

10.8%). 

A previous study on D. marthozianum showed 

that the percentage of germination was around 

37.4 ± 35.0% (Mean ± SD, %) in non-copper-

enriched substrate at 22 °C and under similar 

light intensity (Godefroid et al. 2013). However, 

this experiment used only viable seeds, whereas 

we did not sort viable seeds from seed lots. If we 

consider the seed lot viability of 46.1%, the 

germination percentage of fully developed seeds 

would be 32.9 ± 17.6%. In both cases, the 

germination percentage was similar and presented 

a high standard deviation that could be due to 

population variation, since Godefroid et al. (2013) 

also used three populations from different sites but 

found lower seed viability. Seed viability is 

particularly important to implement conservation 

and restoration programs in tropical areas 

(Bargali & Bargali 2016; Silveira et al. 2014) 

Our results did not support the first 

hypothesis that the germination of D. 

marthozianum is limited by fungal attack in the 
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absence of pathogen control by copper. The 

addition of copper in the medium did not hinder 

the growth of fungi, and fungi did not affect the 

germination percentage of D. marthozianum. In 

contrast, Haumanisatrum katangense has been 

identified as highly susceptible to pathogen 

attacks in non-copper-enriched soils (Chipeng et al. 

2010). As copper is known as a mineral anti-fungal 

agent (Carlile et al. 2001), the presence of high 

levels of cupric ions in the soil may promote the 

selection of fungi possessing genetic determinants 

for copper resistance, mainly controlled by the cell 

wall (Cervantes & Gutiérrez-Corona 1994). The 

presence of pathogens in all media suggests that 

they were from the seed surface and microcavities 

of D. marthozianum. This form of fungi could be 

classified as seed-borne fungi that are dependent 

on seeds as a host for their dispersal and 

development (Carlile et al. 2001).  

The hypothesis that germination of D. 

marthozianum requires high copper concentrations 

was not supported, since no significant differences 

in germination percentage were found among 

copper concentrations. However, either high 

copper requirements or low tolerance could occur 

at other developmental stages. Seedlings have 

been suspected to be more sensitive to metals than 

mature plants for some species (Street et al. 2007). 

Also, the exclusion of copper endemics from the 

dominant vegetation in soils that are not enriched 

in copper could be expected (i.e. edaphic 

endemism). This species response to copper in 

more advanced growth stages should be studied. 

Seed mass was an important source of 

phenotypic variation among D. marthozianum that 

proportionally affected the germination 

independently of the treatments (i.e. copper 

concentrations or disinfection). This result 

suggests that maternal effects can play a 

significant role in germination dynamics and 

subsequent seedling traits, as already documented 

for other species (Monty et al. 2013; Roach & Wulf 

1987). These results have direct implications for 

conservation strategies of this species regarding 

the selection of seeds for propagation in a nursery. 

From a conservation perspective, our results 

indicate that the copper endemic D. marthozianum 

is not copper-dependent and that, although it is 

susceptible to fungal attack, this does not affect 

seed germination. Thus, disinfection of seeds does 

not seem to be a crucial step for the propagation of 

this species. In contrast, the selection of the 

largest seeds may ensure the highest germination 

success in a nursery. Apart from germination, 

future research should consider the growth and 

the survival of seedlings of D. marthozianum, 

which may be more sensitive to copper and to 

pathogens than seeds. A better understanding of 

the effect of copper concentration on the 

germination and development of copper endemic 

species is crucial for their ex situ conservation. 
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Fig. 1. Final percentage of germination (mean 
± standard deviation, %) of the species D. 
marthozianum under different copper 

concentration and disinfection treatments. 

 

Fig. 2. Cumulative germination percentage of the 

species D. marthozianum under different copper 

concentration and disinfection treatments during 

30 days. 
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