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We honor here Hartmut Karl Lichtenthaler, a pioneer of plant physiology, plant biochemistry, plant biophysics, plant 
molecular biology, and stress physiology. His contributions to the ingenious use of chlorophyll a fluorescence imaging 
in understanding the physiological processes in leaves stand out. We wish him many happy and productive years of 
research and educating others.

of stress on plants (see Lichtenthaler and Rinderle 1988, 
Lichtenthaler et al. 1998). In fact, Hartmut is the top 
authority on the use of Chl fluorescence in plants under 
stress (see his own account: Lichtenthaler 2020).

Moreover, Hartmut is the pioneer of imaging the red 
and far-red Chl a fluorescence of whole leaves (Lang  
et al. 1994, Lichtenthaler and Miehé 1997, Buschmann 
and Lichtenthaler 1998) and in the application of Chl 
fluorescence imaging (at the maximum Fm, and the 
steady-state Fs after 5 min of saturating light) in order to 
simultaneously determine, in a nondestructive way, the 
individual photosynthetic activity of several thousand or 
ten thousand leaf pixels and the gradients in photosynthetic 
rates over the leaf surface (Lichtenthaler and Babani 2000, 
Lichtenthaler et al. 2000, 2007, 2013). No one can match 
the description of research what Hartmut has done better 
than what he himself has written in an outstanding review 
(see Lichtenthaler 2015). To show my connection with 
Hartmut's Chl a fluorescence imaging, I refer the readers to 
my efforts, with the late Robert (Bob) Clegg (1945–2012) 
on the imaging of lifetime of Chl a fluorescence (see e.g., 

I express my heartfelt greetings, and best wishes, for many 
happy and productive years to my dear friend Hartmut 
Lichtenthaler at the University of Karlsruhe, Germany, 
whom I consider as my younger brother. A quick look 
at the ‘photosynthesis literature’, tells us that the name 
Hartmut Lichtenthaler is not only synonymous with the 
discovery of phylloquinone in Photosystem I, but brings, 
before our eyes, the images of osmiophilic plastoglobules 
(see Lichtenthaler 2013, for a review), and the intricate 
differences in ultrastructure, pigment composition and 
photosynthetic rates of ‘sun chloroplasts’ vs. ‘shade 
chloroplasts’ from sun and shade leaves (see a review by 
Lichtenthaler and Babani 2004), as well as the processes 
that led to the forest decline (see Sharkey and Govindjee 
2016). In addition, Hartmut is well known for detecting 
and establishing, in close cooperation with the chemist 
Michel Rohmer, the non-mevalonate desoxyxylulose-
phosphate (DOXP)/methylerythritol phosphate (MEP) 
pathway of isoprenoid biosynthesis in chloroplasts, 
which is responsible for the biosynthesis of carotenoids, 
plastoquinone-9, phylloquinone, isoprene, and phytol, that 
are essential components of the photosynthetic apparatus 
(Lichtenthaler et al. 1997, Lichtenthaler 1999).

Furthermore, and closer to my heart is Hartmut's 
authoritative research on the use of ‘chlorophyll (Chl) a 
fluorescence’ (Govindjee et al. 1986, Lichtenthaler 1988, 
Papageorgiou and Govindjee 2004) in studying the effects 
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Holub et al. 2000, 2007).
Hartmut continues to amaze me with not only his 

research, but his contributions to writing tributes remem-
bering the discoverers of the photosynthetic carbon 
fixation cycle (see Lichtenthaler et al. 2015, Buchanan  
et al. 2016, for Andrew A. Benson; and Govindjee et al. 
2020 for Melvin Calvin). On top of all this, he has provided 
for the future generation, English translation of Robert 
Emerson's 1927 PhD thesis (Emerson 1927), in German, 
under Otto H. Warburg (see Lichtenthaler and Björn 2020, 
for a prelude, see Govindjee 2020). 

I end this article on Hartmut Lichtenthaler's outstanding 
and exciting contributions to photosynthesis by showing 
a photograph of two of us (Fig. 1) paying homage to 
two pioneers of the past: Robert Emerson (1903–1959; 
Govindjee 2020), and Eugene Rabinowitch (1901–1973; 
Govindjee et al. 2019).
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Fig. 1. A photograph of Hartmut Lichtenthaler (left) and the 
author Govindjee (right), who have continuously exploited the 
use of Chl a fluorescence in understanding photosynthesis and 
the life of plants. They are shown here at the historical plaque, 
which honors two pioneers of photosynthesis research – Robert 
Emerson and Eugene Rabinowitch – who had their laboratories 
in the Natural History Building (in the background), in Urbana, 
Illinois, USA. This photo was taken in May 2005 during the 
‘International Symposium on Chloroplast Engineering’, held at 
the University of Illinois at Urbana-Champaign. Source: Rajni 
Govindjee.

http://nasonline.org/publications/biographical-memoirs/memoir-pdfs/benson-andrew.pdf
http://nasonline.org/publications/biographical-memoirs/memoir-pdfs/benson-andrew.pdf
http://nasonline.org/publications/biographical-memoirs/memoir-pdfs/benson-andrew.pdf
https://www.sciencedirect.com/science/article/pii/S0176161798801442?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0176161798801442?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0176161798801442?via%3Dihub
http://www.life.illinois.edu/govindjee/recent_papers_files/1_Gov_On_Emerson(2020).pdf
http://www.life.illinois.edu/govindjee/recent_papers_files/1_Gov_On_Emerson(2020).pdf
http://www.life.illinois.edu/govindjee/recent_papers_files/1_Gov_On_Emerson(2020).pdf
https://www.sciencedirect.com/book/9780122943102/light-emission-by-plants-and-bacteria#book-info
https://www.sciencedirect.com/book/9780122943102/light-emission-by-plants-and-bacteria#book-info
https://link.springer.com/article/10.1007%2Fs11120-019-00693-y
https://link.springer.com/article/10.1007%2Fs11120-019-00693-y
https://link.springer.com/article/10.1007%2Fs11120-019-00693-y
https://link.springer.com/article/10.1007%2Fs11120-019-00641-w
https://link.springer.com/article/10.1007%2Fs11120-019-00641-w
https://link.springer.com/article/10.1007%2Fs11120-019-00641-w
https://ps.ueb.cas.cz/artkey/phs-200004-0020_fluorescence-lifetime-imaging-fli-in-real-time-a-new-technique-in-photosynthesis-research.php
https://ps.ueb.cas.cz/artkey/phs-200004-0020_fluorescence-lifetime-imaging-fli-in-real-time-a-new-technique-in-photosynthesis-research.php
https://ps.ueb.cas.cz/artkey/phs-200004-0020_fluorescence-lifetime-imaging-fli-in-real-time-a-new-technique-in-photosynthesis-research.php
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2818.2007.01763.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2818.2007.01763.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2818.2007.01763.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2818.2007.01763.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2818.2007.01763.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1438-8677.1994.tb00790.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1438-8677.1994.tb00790.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1438-8677.1994.tb00790.x
https://link.springer.com/book/10.1007%2F978-94-009-2823-7
https://link.springer.com/book/10.1007%2F978-94-009-2823-7
https://link.springer.com/book/10.1007%2F978-94-009-2823-7
https://link.springer.com/book/10.1007%2F978-94-009-2823-7
https://www.annualreviews.org/doi/10.1146/annurev.arplant.50.1.47
https://www.annualreviews.org/doi/10.1146/annurev.arplant.50.1.47
https://www.annualreviews.org/doi/10.1146/annurev.arplant.50.1.47
https://link.springer.com/chapter/10.1007%2F978-94-007-5724-0_15
https://link.springer.com/chapter/10.1007%2F978-94-007-5724-0_15
https://link.springer.com/chapter/10.1007%2F978-94-007-5724-0_15
https://link.springer.com/chapter/10.1007%2F978-94-007-5724-0_15
https://link.springer.com/chapter/10.1007%2F978-94-007-5724-0_15
https://link.springer.com/chapter/10.1007%2F978-94-007-5724-0_15
https://link.springer.com/chapter/10.1007/978-3-319-08807-5_1
https://link.springer.com/chapter/10.1007/978-3-319-08807-5_1
https://link.springer.com/chapter/10.1007/978-3-319-08807-5_1
https://link.springer.com/chapter/10.1007/978-3-319-08807-5_1
https://ps.ueb.cas.cz/artkey/phs-202004-0010_historymy-contact-and-cooperation-with-govindjee-over-the-last-five-decades-chlorophyll-fluorescence-and-rebei.php
https://ps.ueb.cas.cz/artkey/phs-202004-0010_historymy-contact-and-cooperation-with-govindjee-over-the-last-five-decades-chlorophyll-fluorescence-and-rebei.php
https://ps.ueb.cas.cz/artkey/phs-202004-0010_historymy-contact-and-cooperation-with-govindjee-over-the-last-five-decades-chlorophyll-fluorescence-and-rebei.php
https://www.sciencedirect.com/science/article/pii/S0981942800011992?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0981942800011992?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0981942800011992?via%3Dihub
https://link.springer.com/chapter/10.1007/978-1-4020-3218-9_28
https://link.springer.com/chapter/10.1007/978-1-4020-3218-9_28
https://link.springer.com/chapter/10.1007/978-1-4020-3218-9_28
https://link.springer.com/chapter/10.1007/978-1-4020-3218-9_28
https://link.springer.com/chapter/10.1007/978-1-4020-3218-9_28
https://link.springer.com/chapter/10.1007/978-1-4020-3218-9_28
https://link.springer.com/chapter/10.1007/978-1-4020-3218-9_28
https://link.springer.com/article/10.1007%2Fs11120-007-9174-0
https://link.springer.com/article/10.1007%2Fs11120-007-9174-0
https://link.springer.com/article/10.1007%2Fs11120-007-9174-0
https://ps.ueb.cas.cz/artkey/phs-200004-0009_measurement-of-differences-in-red-chlorophyll-fluorescence-and-photosynthetic-activity-between-sun-and-shade-le.php
https://ps.ueb.cas.cz/artkey/phs-200004-0009_measurement-of-differences-in-red-chlorophyll-fluorescence-and-photosynthetic-activity-between-sun-and-shade-le.php
https://ps.ueb.cas.cz/artkey/phs-200004-0009_measurement-of-differences-in-red-chlorophyll-fluorescence-and-photosynthetic-activity-between-sun-and-shade-le.php
https://ps.ueb.cas.cz/artkey/phs-200004-0009_measurement-of-differences-in-red-chlorophyll-fluorescence-and-photosynthetic-activity-between-sun-and-shade-le.php
http://www.life.illinois.edu/govindjee/Electronic Publications/Emerson'sPhDthesis.pdf
http://www.life.illinois.edu/govindjee/Electronic Publications/Emerson'sPhDthesis.pdf
http://www.life.illinois.edu/govindjee/Electronic Publications/Emerson'sPhDthesis.pdf
https://link.springer.com/article/10.1007/s11120-015-0119-8
https://link.springer.com/article/10.1007/s11120-015-0119-8
https://link.springer.com/article/10.1007/s11120-015-0119-8
https://link.springer.com/article/10.1007%2Fs11120-013-9842-1
https://link.springer.com/article/10.1007%2Fs11120-013-9842-1
https://link.springer.com/article/10.1007%2Fs11120-013-9842-1
https://link.springer.com/article/10.1007%2Fs11120-013-9842-1
https://www.sciencedirect.com/science/article/pii/S1360138597899542?via%3Dihub


363

TRIBUTE TO H.K. LICHTENTHALER

diagnostic tool for plant stress. – Trends Plant Sci. 2: 316-
320, 1997.

Lichtenthaler H.K., Rinderle U.: The role of chlorophyll 
fluorescence in the detection of stress conditions in plants. – 
Crit. Rev. Anal. Chem. 19: S29-S85, 1988.

Lichtenthaler H.K., Rohmer M., Schwender J.: Two independent 
bio-chemical pathways for isopentenyl diphosphate (IPP) and 
isoprenoid biosynthesis in higher plants. – Physiol. Plantarum 
101: 643-652, 1997.

Lichtenthaler H.K., Wenzel O., Buschmann C., Gitelson A.: 

Plant stress detection by reflectance and fluorescence. – Ann. 
NY Acad. Sci. 851: 271-285, 1998.

Papageorgiou G.C., Govindjee G. (ed.): Chlorophyll a 
Fluorescence: A Signature of Photosynthesis. Advances in 
Photosynthesis and Respiration. Vol. 19. Pp. 818. Springer, 
Dordrecht 2004.

Sharkey T.D., Govindjee G.: Hartmut Lichtenthaler: an authority 
on chloroplast structure and isoprenoid biochemistry. – 
Photosynth. Res. 128: 117-123, 2016.

© The authors. This is an open access article distributed under the terms of the Creative Commons BY-NC-ND Licence.

https://www.sciencedirect.com/science/article/pii/S1360138597899542?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1360138597899542?via%3Dihub
https://www.tandfonline.com/doi/abs/10.1080/15476510.1988.10401466
https://www.tandfonline.com/doi/abs/10.1080/15476510.1988.10401466
https://www.tandfonline.com/doi/abs/10.1080/15476510.1988.10401466
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1997.tb01049.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1997.tb01049.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1997.tb01049.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1997.tb01049.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1998.tb09002.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1998.tb09002.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1998.tb09002.x
https://www.springer.com/gp/book/9781402032172
https://www.springer.com/gp/book/9781402032172
https://www.springer.com/gp/book/9781402032172
https://www.springer.com/gp/book/9781402032172
https://link.springer.com/article/10.1007%2Fs11120-015-0211-0
https://link.springer.com/article/10.1007%2Fs11120-015-0211-0
https://link.springer.com/article/10.1007%2Fs11120-015-0211-0

