At what temperatufés should | grow fny plants’P

Plants can acclimate and grow healthily under a range of
temperatures, and here photosynthetic performance generally
correlates with overall plant performance (Lambers & Oliveira
2019c, Yamori et al 2014, Figure 1). The range of temperatures
plants can safely acclimate to depends on their evolutionary and
breeding history. The optimal growth temperatures for a given
species or cultivar will generally reflect their photosynthetic
type and climate of origin; warmer temperatures closer to the
equator and cooler temperatures for plants that evolved at
higher latitudes, varying with microclimates within latitudinal
generalizations (Berry & Bjorkman 1980). The standard
temperature control range (5 to 35°C) in growth chambers and
rooms can provide the optimal growth temperatures for virtually
any plant. Growth temperature affects the vapor pressure deficit
and interacts with light intensity (PPFD), light quality, nutrition,
and CO, concentration to set the course of growth for your
plants. In this way, definitively optimal growth temperatures
can be challenging to predict for a given growth chamber
situation. Deviation from optimal growth temperatures (both
warmer and cooler) tends to cause plants to invest more in roots
and decreases their shoot to root biomass ratio (shoot:root)
(Lambers & Oliveira 2019a).

Warmer temperatures toward optimal growth temperatures will
speed up growth and development. From seed germination
and emergence through to flowering and seed maturation, to
a threshold, warmer temperatures generally shorten lifecycles.
Because of the strong correlation between accumulated
thermal time and plant development, growing degree days
are a widely used index in agriculture to help determine
when to plant crops and how long before harvest (Lambers
& Oliveira 2019a). Daytime temperatures, when plants are
actively photosynthesizing, generally have more control over
growth rate than nighttime temperatures. In lettuce (Lactuca
sativa L.), tomato (Solanum lycopersicum L.), and soybean
(Glycine max L.), nighttime temperatures 7°C lower or higher
than constant growth at 25°C did not significantly affect

biomass gain at the end of the experiment (Frantz et al 2004).
Similarly in Arabidopsis, growth at 24/16°C day/night was not
significantly different than growth at constant 24°C (Pyl et al
2012). In contrast to dicots, where their circadian system has
more control over growth, leaf extension in grasses (monocots)
is more responsive to a day/night temperature differential
(Matos et al 2014, Poiré et al 2010). In some species, often
woody, low nighttime temperatures can inhibit overall growth.
In other species, elevated nighttime temperatures can
impair reproductive investment (Jing et al 2016). Nighttime
temperatures that are 5°C less than daytime temperatures, or
a constant day/night temperature, are commonly used in growth
chambers (Langhans & Tibbitts 1997). Outside, nighttime
temperatures routinely drop >5°C from daytime in many growing
regions. If your goal is to mimic plant growth closer to the field,
setting nighttime temperatures lower than daytime helps to
entrain the circadian system and metabolic cycling closer to
plants grown outside (Kronenberg et al 2020, Matsubara 2018,
Poorter et al 2016).
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FIGURE 1: Response of photosynthetic rate (net CO, assimilation rate, A)
to leaf temperature (°C) of the C, perennial grass Miscanthus x giganteus.
Measurements of A were taken at 1800 PPFD and 400ppm ambient cuvette
CO, concentration. Plants were grown in BioChambers GC-20 (TPC-19)
growth chambers at 27/20°C day/night temperatures, 14 hour photoperiod,
and under a growth PPFD of 550 (+50) at the top of the leaves. Symbols are
the mean average + standard error, n = 6 different plants/leaves. Straight
lines connect each symbol.



The difference between day and night growth temperatures (DIF
= day - night) can markedly affect stem elongation and plant
height in maize (Zea mays L.), tomatoes (S. lycopersicum L.),
cucumbers (Cucumis sativus L.), and lilies (Lilium sp.), among
others (Erwin & Heins 1995). A natural positive DIF (day warmer
than night) causes plant height to more closely match that of
plants growing outside. To a point, the greater the positive DIF,
the greater the stem elongation and plant height in DIF sensitive
species. Moving towards neutral and into negative DIF, plants
become shorter (Erwin & Heins 1995). The mechanisms
underlying the DIF plant height response involve the plant
hormone gibberellin and phytochrome B photoreceptor (Patil
& Moe 2009, Stavang et al 2005). Including and adding far-red
and/or lowering the R:FR in your light source enhances the stem
elongation effects of positive DIF (Friesen 2020, Patil & Moe
2009). Temperature directly affects phytochrome B; warmer
temperatures result in some of the same effects as increasing the
amount of far-red and lowering the R:FR (Legris et al 2016, Legris
et al 2017, Hayes et al 2021, Klose et al 2020). Retrospectively,
understanding how temperature directly affects phytochrome
B sheds clarity on earlier experiments, explaining why day
extension incandescent lighting (low R:FR, appreciable far-red)
counteracted the plant shortening effects of a negative DIF in
Campanula (Moe et al 1991).

Beyond temperatures a plant can acclimate to, high or low
temperatures can become stressful, markedly inhibiting growth
(possibly towards mortality), often with visible symptoms on
the plant body. Exposure to stressful temperatures may be
intentional, in the case of temperature stress experiments.
Occasionally temperature stress can be unintentional; transfer
of plants grown at high to low, or low to high temperatures can
be stressful during the transition, even if the plant can eventually
acclimate to the new growth temperatures. Low temperature
stress can be caused by chilling (low >0°C temperatures) or
sub-zero (<0°C) temperatures, and tolerance of either can be
independent of each other (Ruelland et al 2009). Acclimation
and tolerance of chilling temperatures and higher PPFD
involve many of the same processes while at the same time
exacerbating the potentially stressful effects of either one
(Lambers & Oliveira 2019c, Lambers & Oliveira 2019d). Visible
signs of chilling stress can include photobleaching (chlorosis)
or red/purple/blue pigmentation (anthocyanins) (Lambers &
Oliveira 2019c¢, Saltveit & Morris 1990, Taylor et al 1975). High
temperature stress can also cause visible photobleaching
(chlorosis) and leaf scorching, but often disproportionally impairs
reproductive development (pollination and seed development)
(Sage et al 2015, Wahid et al 2007). Stressful growth
temperatures are species specific and can be <15°C for maize
(Zea mays L.) and >25°C for some CANOLA (Brassica sp.)

cultivars (Long & Spence 2013, Morrison et al 1989).

Finally, you can make use of growth chamber temperature
control to aid in seed germination and timely flowering towards
your plant growth goals. Growth chambers and rooms can be
used like a giant fridge to stratify large numbers of seeds. After
planting, some seeds require diurnal temperature changes
to successfully germinate, which growth chambers can also
provide. Onions (Allium cepa L.), winter cereals, and some
ecotypes of Arabidopsis require vernalization for timely
flowering, and growth chambers can provide these conditions
as well (Lambers & Oliveira 2019b). Lastly, gradual user
controlled temperature changes can help transition to flowering
in photoperiodically sensitive plants; with a springtime warming
trend for long-day plants and autumnal cooling trend for short-
day plants (Lambers & Oliveira 2019b).

Plant tissue temperature can differ from growth chamber set-
point temperature, especially in equipment with fluorescent/
halogen or HID (metal halide + high pressure sodium) lighting.
Radiant heat from these older light sources can raise leaf
temperature several °C above chamber set-point, depending
largely on plant distance from the lights. LED lighting systems
generally emit less radiant heat compared to older lighting
systems; however, there are often still some measurable radiant
heat effects (Nelson & Bugbee 2015). Occasionally, plant
tissues can be lower than air temperature set-point through
evaporative cooling from transpiration (Hicklenton & Heins
1997). Air movement within a growth chamber also affects
plant tissue temperatures; more air movement causes plant
tissues to be closer to chamber set-point whereas heat can
build up in areas with little air movement. Accurate independent
reporting of plant tissue temperature is especially important for
temperature related experiments. Thermocouples in contact
with the underside of leaves (and other tissues) or infrared
thermometers pointed downwards on leaves in close range
are two methods to accurately measure tissue temperature
(Ehleringer 2000, Hicklenton & Heins 1997).
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