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© The Author(s) 2020. Published by Oxford University Press on behalf of the Society for Experimental Biology. All rights reserved. 
For permissions, please email: journals.permissions@oup.com

RESEARCH PAPER

Short-term effects of increased CO2, nitrate and temperature 
on photosynthetic activity in Ulva rigida (Chlorophyta) 
estimated by different pulse amplitude modulated 
fluorometers and oxygen evolution

Felix L. Figueroa1*, , Jose Bonomi-Barufi2, Paula S.M. Celis-Plá3,4, Udo Nitschke5, Francisco Arenas6, 
Solene Connan7,8, Maria Helena Abreu9,  Erik-J. Malta10, Rafael Conde-Álvarez1, Fungyi Chow11,  
Maria Teresa Mata12, O. Meyerhoff13, Daniel Robledo14 and Dagmar B. Stengel5

1  Malaga University. Institute of Blue Biotechnology and Development (IBYDA), Ecology department, Faculty of Sciences, Campus 
universitario de Teatinos s/n, E-29071 Malaga, Spain 
2  Botany department, Federal University of Santa Catarina. Campus Trindade s/n, 88040–970 Florianópolis, SC, Brazil 
3  Laboratory of Coastal Environmental Research, Center of Advances Studies. University of Playa Ancha. Traslaviña 450, 2581782 Viña 
del Mar, Chile 
4  Hub Ambiental UPLA, Vicerrectoría de Investigación, Postgrado e Innovación, Universidad de Playa Ancha, Valparaíso, Chile 
5  Botany and Plant Science, School of Natural Sciences, Ryan Institute for Environmental, Marine and Energy Research, National 
University of Ireland Galway, Galway, Ireland 
6  CIIMAR - Interdisciplinary Centre of Marine and Environmental Research, University of Porto, Rua dos Bragas 289, 4050–123 Porto, Portugal 
7  CNRS, GEPEA, UMR6144, Boulevard de l’Université, CRTT BP 406, 44602 Saint Nazaire Cedex, France 
8  Univ Brest, CNRS, IRD, Ifremer, Lemar, F-29280 Plouzane, France 
9  ALGAplus Ltd – R&D Department, Rua António Castilho 3850-405 Angeja, Portugal 
10  Centro IFAPA Agua del Pino, Crtra. El Rómpido – Punta Umbría, 21459 Cartaya (Huelva), Spain 
11  Department of Botany, University of São Paulo, Rua do Matão 277, 05508-090, São Paulo, SP, Brazil 
12  Centro de Bioinnovación Antofagasta (CBIA), Faculty of Marine Sciences and Biological Resources, Antofagasta University, 
Antofagasta, Chile 
13  Heinz Walz GmbH Eichenring 6 - 91090 Effeltrich, Germany 
14  CIVESTAV-IPN, Unidad Mérida Km6 Antigua Carretera a Progreso Apartado Postal 73 Cordemex 97310, Mérida, Yucatán, México 

* Correspondence: felix_lopez@uma.es
This paper is dedicated to Jacco Kromkamp in memoriam.

Received 17 March 2020; Editorial decision 14 September 2020; Accepted 13 October 2020

Editor: Hendrik Küpper, Biology Center of the Czech Academy of Sciences, Czech Republic

Abstract

Short-term effects of pCO2 (700–380 ppm; High carbon (HC) and Low carbon (LC), respectively) and nitrate content 
(50–5 µM; High nitrogen (HN) and Low nitrogen (LN), respectively on photosynthesis were investigated in Ulva rigida 
(Chlorophyta) under solar radiation (in-situ) and in the laboratory under artificial light (ex-situ). After six days of incu-
bation at ambient temperature (AT), algae were subjected to a 4 °C temperature increase (AT+4 °C) for 3 d. Both in-situ 
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