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Context  (2-3 lignes)  In the contemporary ocean, it is assumed that the nutrients limiting N2 fixation are mainly 
phosphorus (P) and  iron (Fe). However, in some oceanic regions, such as the Mediterranean and the northern 
subtropical Atlantic, N2 fixation can be considerably stimulated by the addition of Saharan dust whereas the 
addition of P and/or Fe has no effect. 

 

Objectives / scientific questions (2-3 lignes) . The main goal of DIADEME was to improve our knowledge about 

the biogeochemical controlling factors of marine N2 fixation by identifying which trace metals (others than Fe) 

from dust atmospheric origin is required for the growth and activity of diazotrophic cyanobacteria.  Our study 

was focused on cobalt and nickel which are essential for phytoplankton and are present in dust  

 

Main results (y compris les relevés de conclusions des réunions de coordination si c’est l’objet du financement 

LEFE) 

The concentration of dissolved Co can change the biomass and the growth rate of the cultured unicellular 

diazotroph Crocosphaera watsonii (Figure 1A). Under Co-limited conditions, the cellular content of Chla of C. 

watsonii is reduced while its cellular carbon content remains unchanged. Similarly, the dissolved Ni 

concentration impacts the growth rate of the unicellular C. watsonii (Figure 1B) and also the growth rate of the 

filamentous diazotroph Trichodesmium erythraeum. Under Ni-limited conditions, the cellular contents of Chla 

and carbon of both diazotrophs are strongly reduced. Trichodesmium appears to have higher Ni requirements 

than C. watsonii. 

 

We have obtained a first dataset on the concentrations in Ni and Co in African dust (Figure 2), and on their values 

of solubility. The solubility of Ni is about 3.5% while that of Co is about 0.5%. This dataset has been used to 

estimate the atmospheric fluxes of trace metals associated to dust deposition in a global scale (Zhang et al., 

2015). The experiments of solubility showed that the dissolved concentrations in wet deposition were negligible 

for Ni in comparison to typical surface seawater concentrations, whereas the wet deposition of dust could be a 

significant source for Co.  

 

According to our results, a Saharan rain could significantly increase the dissolved Co concentration in the first 

meter of seawater by about 10 to 20% and thus potentially stimulate the activity of diazotrophic cyanobacteria. 

On the contrary, the impact of a Saharan rain on the in situ surface concentration of dissolved Ni seems 

negligible (+ 1.5% increase). 

 

Future of the project : 

The project DIADEME enabled to initiate a first step of work on the characterization of trace metals in dust close 

to source regions. This work has been continued by studies in deposition regions as Mediterranean Sea in the 

framework of ChArMEx/MERMEx initiative (MISTRALS funding) through the monitoring of trace metals fluxes in 

dust deposition (Fu et al., 2017), and by a work on trace metals solubility and seawater concentrations in link 

with N2 fixation (PEACETIME project:  http://peacetime-project.org/).  
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Figure 1 : (A) cellular abundance (cell.µL-1) and growth rate (µ) of the unicellular diazotroph C. watsonii in cultures 

without addition of Co and with addition of 2.5 nM  and (B) growth rate of C. watsonii versus dissolved nickel 

concentration added in the medium. 
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5 students have worked on the DIADEME project: one in L3, two in M1,  one M2, and one engineer student:  

L. Stuck : Limitation de l’activité des cyanobactéries diazotrophes marines Crocosphaera watsonii et 
Trichodesmium erythraeum par le nickel, stage Master EBE 
D. Vandewiele:  Impacts du nickel sur la croissance des cyanobactéries diazotrophes marines., L3-EBO 
I. Guerar : Suivi de la variabilité du fer soluble dans les aérosols Sahariens en fonction de leur source 
D. Boulesteix : limitation des cyanobactéries diazotrophes par le cobalt et le nickel et impact sur les contenus 
cellulaires 
Gaubert, M. : Limitation de la croissance de la cyanobactérie diazotrophe Crocosphaera watsonii par des métaux 
trace autres que le fer, Master 1 OEM. 
Violaine Jacq worked partly on DIADEME during her PhD ‘ Influence de la biodisponibilité des nutriments sur la 
fixation de N2 et réponse de Crocosphaera watsonii face à la limitation en fer’ 

 

 

 

A B 

Figure 2 : Variability of Ni and Co 

amounts in dust particles collected in 

various emission zones of African dust 

(map issued from Formenti et al., 2014) 




