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Future climate change scenarios predict changes in tempera-
ture, water availability, and the frequency and severity of ex-
treme weather events. These climate variables often occur in 
combination; for example, drought and heat stress generally 
occur simultaneously. The synergistic impacts of these cli-
mate variables often mean that their combined impact on 
plant physiology is much greater than that of the individual 
stressors. Therefore, understanding both the individual and 
compound effect of stressors on carbon assimilation will be 
vital to both predict and improve crop yield. 

Historically, measurement and analysis of photosynthesis 
has generally occurred under steady-state conditions such 
as constant high light (Walters 2005). However, the import-
ance of understanding plant performance under natural con-
ditions has highlighted the need to measure dynamic 
photosynthetic traits. Plant canopies can be structurally 
complex, resulting in multiple leaf layers, including overlap-
ping foliage. Features of the environment, such as cloud cover 
or wind, which induces plant movement, results in highly 
fluctuating light intensities within the canopy (Burgess 
et al. 2021). The importance of these light dynamics is only 
just beginning to be recognized. For example, Long et al. 
(2022) showed that transitions between sun and shade can 
reduce total carbon assimilation by up to 40%. In addition, 
genetic approaches to improve the speed of response to light 
fluctuations produce yield increases of up to 33% under field 
conditions (De Souza et al. 2022; Kromdijk et al. 2016). 

Following an increase in light intensity, photosynthetic rate 
will increase. The speed of this response, known as the photo-
synthetic induction rate, is determined by multiple factors, 
including diffusion of carbon dioxide (CO2) into the leaf 

and cells via stomatal (gs) or mesophyll (gm) conductance, 
and through action of the electron transport chain (mea-
sured as the electron transport rate [ETR]) and the Calvin 
Benson Cycle. The factor that limits photosynthetic induc-
tion rate is species specific, with variation seen between 
phylogenetic groups (Tanaka et al. 2019). The main limiting 
factor for photosynthesis under stressors also differs. For ex-
ample, under drought stress, a decrease in water potential 
and simultaneous increase in abscisic acid content reduces 
gs and gm, while fluctuating light can affect stomatal func-
tion. In comparison, under heat stress, a reduction in photo-
synthesis is usually a result of decreased electron transport, 
reduced functioning of the Calvin Benson Cycle, and in-
creased photorespiration, although heat stress can also affect 
gs and gm. 

Within this issue of Plant Physiology, Zeng et al. (2023) 
combined heat and drought stress to determine the mechan-
isms affecting dynamic photosynthesis of tomato (Solanum 
lycopersicum) under field conditions. Gas exchange measure-
ments under steady-state conditions resulted in an almost 
10-fold reduction in maximum assimilation rate under satur-
ating light intensity for plants subject to compound stress 
(heat and drought) relative to the nonstressed conditions. 
Similarly, gs, gm, and ETR exhibited a greater reduction under 
the compound stress relative to all other treatments. 

To determine the impact of single and compound stressors 
on dynamic photosynthesis, Zeng et al. (2023) measured gas 
exchange during changes in light intensity. Following 5 min 
of low light (50 μmol m−2 s−1), plants were exposed to 
1500 μmol m−2 s−1 for 25 min to quantify photosynthetic 
induction. Exposure to stressors altered all measured 
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photosynthetic parameters relative to the nonstressed con-
dition (Figure) but to a greater magnitude during compound 
stress relative to either stress individually. For example, cu-
mulative CO2 fixation decreased by up to 50% during either 
heat or drought stress individually but up to 100% during 
compound stress. Similar results were also seen for gm and 
ETR. In comparison, gs exhibited an increase of 70% relative 
to the control during heat stress but a decrease under 
both drought and compound stress of 45% and 55%, respect-
ively. Finally, under compound stress, photorespiration acted 
as a major electron sink, seen as an increase in the contribu-
tion of photorespiration to total electron flow for NADPH 
production (Jo/Jg; Figure). Following photosynthetic induc-
tion, plants were then exposed to fluctuating light, alternat-
ing between 50 and 1500 μmol m−2 s−1. During fluctuating 
light, the change in photosynthetic parameters relative to 
the nonstressed condition exhibited similar patterns to 
that during photosynthetic induction, namely a greater mag-
nitude of change during compound stressors compared to 
individual stressors. 

Together, the results of Zeng et al. (2023) indicate the 
greater impact of compound stressors on plant physiology 
than either individual stress. Under combined heat and 

drought, carbon assimilation during fluctuating light was lim-
ited by gm. During the high-light phase, gm had a near zero 
value and thus severely restricted the available substrate 
for carboxylation reactions. Therefore, future yield improve-
ment strategies should focus on improvements to gm to im-
prove plant performance under combined heat and drought 
stress of tomato grown under field conditions. 
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Figure. Overview of the impact of drought, heat, and combined 
drought and heat (compound) stressors, relative to the nonstressed 
condition, on photosynthetic parameters of tomato (Solanum lycoper-
sicum) during dynamic photosynthesis. Parameters cumulative CO2 fix-
ation, gs, gm, ETR, and the contribution of photorespiration to total 
electron flow for NADPH production (Jo/Jg) were measured using an 
LI6400-XT infra-red gas exchange analyzer following transfer into satur-
ating light (1500 μmol m−2 s−1) for 25 min (photosynthetic induction: 
left bars) or during alterations between 50 and 1500 μmol m−2 s−1 

(fluctuating light: right bars).   
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