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Student questions: SESE Postdocs colloquium  

Dr. Luiza Maria T. Aparecido: “Excessive plant water loss mitigates thermal stress” 

3/30/22 

 

Will the transpiration rates of plants differ in desert environments with lots of dust as opposed to 

desert environments with less dust? 

LA: That is a great question and it has been a question I have had myself throughout these years 

living in the desert. I still hope to answer this experimentally, but what I do know is: 1) from my 

work with the effects of leaf wetness on plant physiology, when stomata are occluded by a fluid 

(even thick / dense air!) or solid the transpiration rates are decreased substantially (even below 

50% for some species). I hypothesize that similar effects would be seen for dust. 2) There has 

been some evidence that dust particles can create lesions on the leaves that enable water to be 

lost through the leaf epidermis. This type of water loss is called ‘cuticular conductance’ or 

‘cuticular transpiration’. I did not have time to go through our hypothesis on cuticular 

conductance within our findings, but we do believe it’s a significant component of the excessive 

water loss seen in our results, which could be related to heat damaging the leaf epidermis wax, or 

possibly even dust. For our awarded NSF grant, we will be able to tease dust out from our results 

since we will be conducting our experiments in a greenhouse. 

 

Do you think there is promise in 'geo-engineering' plants in order for them to survive in more 

arid conditions as our climate changes? 

LA: That is definitely a possibility, especially for crops which already have this type of 

technology applied to them. For plants not commercially appealing, that is a possibility but we 

should consider the ecological implications of creating a “super-plant” that could have a negative 

effect in the natural environment, such as aggressive invasive behaviors when interacting with 

non-manipulated natural plants. My recommendation would be to develop a plant restoration or 

management project that mixes more vulnerable plant species with more tolerant species in the 

hopes that more tolerant species will create a favorable environment to the most vulnerable 

species. Amother alternative is to thin / partially exclude invasive plants or natural plants that 

outcompete neighboring plants to provide better conditions for more vulnerable species to thrive. 

A lot of work can be done through restoration plans before implementing bio-geo-engineering to 

natural system. 
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Is it possible that, if climate change and global warming continue along their current trends, we 

could see an expansion of the ranges of some of Arizona's desert plants, like saguaro cactus, into 

more northern states (relative to Arizona) like into southern parts of Nevada and Utah? 

LA: Absolutely. There are already some predictions or evidence of that. Here is a reference: 

https://www.jstor.org/stable/266241788 ;  

But that could also come with a cost: 

https://www.sciencedirect.com/science/article/abs/pii/S01401963150003488 (negative effects 

from fire and frost); https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6151114/ (negative effects 

from low precipitation). Here is a great article I read awhile ago: 

https://www.washingtonpost.com/climate-solutions/interactive/2021/saguaro-cactus-climate-

change/ . And this one has some striking images of how much the saguaro population has 

declined in Tucson due to climate change, urbanization and woody encroachment: 

https://www.nps.gov/articles/000/climate-change-and-other-factors-influencing-the-saguaro-

cactus.htm . 

 

What are the leading theories for why some environments have both large leaves and small 

leaves for various plants? 

LA: Great question! Large vs. small leaves can be due to: 1) the larger the leaf, the more surface 

area to photosynthesize – this happens mostly with plants that are often or constantly shaded; 2) 

small leaves prevent plants to lose excessive amount of water – main reason for exposed 

canopies; 3) small leaves (plus other traits such as coloration, pubescence, angle, stomata 

placement) also dissipate heat more easily due to smaller surface area. There has also been 

evidence that lobed vs smooth leaf margins are correlated to climatic gradients: 

https://www.researchgate.net/publication/5342728_Sensitivity_of_leaf_size_and_shape_to_clim

ate_within_Acer_rubrum_and_Quercus_kelloggii  

More information here: 

https://www.researchgate.net/publication/227645271_The_evolution_and_functional_significanc

e_of_leaf_shape_in_the_angiosperms/figures?lo=1.  

 

With the use of exotic trees, what are the safety measures and awareness to keep such a plant 

from becoming an invasive species? 

LA: Acknowledging their phenological cycles (germination and fruitication, as well as 

resprouting potential) and growth rates (outcompeting with native species if it germinates in 

natural areas) are highly important before implementing these species widely across urban 

landscapes. 

 

https://www.jstor.org/stable/266241788
https://www.sciencedirect.com/science/article/abs/pii/S01401963150003488
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6151114/
https://www.washingtonpost.com/climate-solutions/interactive/2021/saguaro-cactus-climate-change/
https://www.washingtonpost.com/climate-solutions/interactive/2021/saguaro-cactus-climate-change/
https://www.nps.gov/articles/000/climate-change-and-other-factors-influencing-the-saguaro-cactus.htm
https://www.nps.gov/articles/000/climate-change-and-other-factors-influencing-the-saguaro-cactus.htm
https://www.researchgate.net/publication/5342728_Sensitivity_of_leaf_size_and_shape_to_climate_within_Acer_rubrum_and_Quercus_kelloggii
https://www.researchgate.net/publication/5342728_Sensitivity_of_leaf_size_and_shape_to_climate_within_Acer_rubrum_and_Quercus_kelloggii
https://www.researchgate.net/publication/227645271_The_evolution_and_functional_significance_of_leaf_shape_in_the_angiosperms/figures?lo=1
https://www.researchgate.net/publication/227645271_The_evolution_and_functional_significance_of_leaf_shape_in_the_angiosperms/figures?lo=1
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Have you ever considered the influence of the ability of some plants to access to groundwater in 

your research? 

LA: Absolutely. For our current project on urban species, that is not an alternative due to the 

plants being potted. But for the work publised on Ecology Letters, yes, we can not rule out that 

plants might be tapping into the groundwater system. However, the plants that are already known 

to do this in natural areas (for example, mesquites) did not show the alternative water use 

strategy that we were investigating. We attribute this result to mesquites being protective of their 

hydraulic system – even with plenty of water it would be risky to continue pumping water when 

conditions are warm and dry. Thus, mesquites can have a conservative water use strategy if their 

xylem can be protected and leaves can be resprouted easily. 

 

Besides cacti, what is another plant that uses the least amount of water and has low thermal 

stress? 

LA: Good question, but quite broad as it varies across biomes. From our current studies, it seems 

like conifers are the ones that fit that criteria. 

 

Would desert willow be a contender for further investigation based on its results? 

LA: Yes! Especially since it’s a landscape favorite here in the Phoenix Metro area. 

 

How do you measure tranpiration? 

LA: Briefly, our equipment (LI6800 and LI600 from the company LICOR Inc.) measures the 

water concentration at the leaf level and compares to the water concentration in the nearby air or 

reference water concentration within the machine. The difference is considered as 

evapotranspiration, since we cannot tease out evaporation from the leaf surface, but evaporation 

is considered minimal compared to the transpiration rates. Transpiration can also be determined 

at the stem-level using sensors installed within the stem (i.e., sap flow sensors). 

 

How do native cacti fare during these heat waves? 

LA: they are resistant but not immune to the effects of thermal damage to the photosynthetic 

surface, which is a major issue especially since cacti transpire at night and not during the day 

which could mitigate the heat damage through evaporative cooling. Thus, compromising growth 

and possibly lead to the death of the plant if that tissue cannot be regenerated or produce new 

tissues. 

 

As the effects of climate change become more persistent, how will this affect plant thermal 

stress? 

LA: Plants that do not adapt fast enough or migrate to more optimum habitats will unfortunately 

die or even become extinct. The other question is: how long will these adapted traits sustain the 

increase of stress on plants? We do not know and further investigation is needed. 
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Can different plant species within a biological plant community trigger plant drought by 

increasing their water intake? 

LA:Yes, more “resource-hungry” plants can outcompete with other nearby plants. Not just water, 

but also light and soil nutrients. On the other hand, some species can perform hydraulic lift that 

can provide deep water and nutrients to drier, shallower depths that shallow rooted plants are 

mostly affected by drought. https://nph.onlinelibrary.wiley.com/doi/10.1111/nph.13431  

 

Do you think the thermal tolerance of coastal vegetation will be better or worse in adapting to 

stronger and more frequent heat waves? 

LA: Great question! I am not sure, but my assumption is that due to moisture, fog and wind, 

coastal plants will be better protected. However, if these climatic components become more 

scarce, then those plants would be more vulnerable to heatwaves and droughts. Similar have 

been since during more extreme dry seasons in the Amazon forest. 

 

“Excessive plant water loss mitigates thermal stress”: Are there any plans to take what you’ve 

found and attempt to push how exactly we could use this somewhere like Arizona that is prone to 

droughts? 

LA: Yes. We are very interested in our findings assisting landscapers and urban-planners to 

choose the best trees that would save water and also be the most effective coolers. Hopefully we 

can get the conversation going when our data analysis is completed and the work is published. 

We will also be creating an exhibit at the Desert Botanical Garden, where we’ll raise awareness 

on the ecosystem benefits of trees especially when it comes to mitigating the urban heat island 

effects. 

 

Can many types of plants adapt to needing less water the same way the plants in this project 

have? 

LA: We are not sure, but we aim to find out through our recently awarded NSF project. 

 

Is there a minimum volume of trees that would make a change to local heat? 

LA: Not sure if “volume” refers to water volume or canopy volume (thus shade). The higher the 

water volume, the cooler the environment will be. However, plants do not have infinite capacity 

of releasing water without compromising the plant’s functioning. Thus, plants that can maintain 

their leaves throughout the year and with stomata open during heatwaves and not compromising 

the hydraulic safety would be the ideal plants for cooling the environment, although it would be 

expensive when it considering irrigation costs. When it comes to canopy volume, the canopies 

don’t need to necessarily be volumous. An ideal shade tree would have an expansive shade 

projection area with significant layers of foliage, while not have major gaps in the canopy that 

light cannot be intercepted.  

 

How does thermal stress affect plants that keep their stomata closed during the daytime?  

LA: It can lead to leaf scorching, which would make those leaves inviable to photosynthesize 

(thus grow) if new leaves cannot be replaced soon. Some leaves are more resistant than others, so 

this effect would vary across species. 

 

https://nph.onlinelibrary.wiley.com/doi/10.1111/nph.13431
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How (if at all) does transpiration differ between conifers and more broad-leaved plants? I was 

surprised (probably because I don't know much about it!) to hear that the conifers you studied 

tended to be conservative water users. 

LA: Good question! This is a very broad question that involves understanding the physiological 

and structural differences between needles vs. broadleaves, tracheids vs. porous vessels, 

evergeen vs. possible deciduousness. Since this would lead to a large conversation, here is a 

paper I co-authored that compared pine and oak water use in Texas: 

https://onlinelibrary.wiley.com/doi/abs/10.1002/eco.2052 . Happy to discuss this further if 

interested! 

 

I was wondering if when you said the desert plant species you picked at the desert botanical 

garden were “well watered”, was this well watered according to their desert species or well 

watered in general? I know that these desert plants require less water to thrive than other plants 

from outside the desert and Im wondering if this would’ve had an impact on the results. 

LA: The plants in our urban plot were watered like yards and parks are watered in the Phoenix 

metro area. But the plants sampled in our Ecology Letters work were watered more than they 

would be in their native ecosystems. Due to that, for our recently awarded NSF project we will 

manipulate temperature, air and soil moisture to simulate more extreme and natural conditions. I 

am also interested in one day comparing native plants used in urban systems and their natural 

plants in the natural habitats surrounding Phoenix. More to come! 

 

Have you observed any migration of any of the plants species to areas with more habitable 

areas?  

LA: Not with my own work, but there are several researchers focusing on that question across 

various biomes globally. As commented earlier in regards to the saguaro, there are theories that 

the saguaro will be migrating to cooler environments as it’s original habitat is warming and 

drying. The eastern part of the US is now dealing with the issue of red maple overpopulating 

forested areas with more favorable climates and outcompeting with other natives. Here is an 

example: https://www.washingtonpost.com/archive/politics/2003/11/09/red-maple-crowding-

out-oaks-across-east/436c0342-0d85-456c-bbd2-e324e9325196/   

 

How much worse do environmental conditions need to get to inhibit plant's ability to survive by 

changing their water usage, and how much time do you think it will take us to get there? 

LA: Those conditions have already reached a number of plants and ecosystems. Here is an 

example – pinyon and juniper die-off https://www.fs.usda.gov/rmrs/projects/drought-and-

pi%C3%B1on-juniper-woodlands-changing-fuel-loads-tree-

mortality#:~:text=The%20American%20Southwest%20is%20characterized,to%20350%20millio

n%20pinyon%20piness. However, we need to understand that species with different traits and 

different survival strategies will be affected by environmental stress in different ways. We also 

need to acknowledged that a great amount of species are plastic, meaning that they can survive in 

a wide range of environmental conditions by slightly changing their hydraulic, leaf and root 

traits. Therefore, what is stressful for one species might not be for the other. Furthermore, 

sometimes the conditions won’t directly kill the plant, but other factors would such as fire and 

insect outbreaks (e.g., emeral ash borer, pine beetles). In summary, we are already there for some 

species, and (possibly) never will be there for other species.  

https://onlinelibrary.wiley.com/doi/abs/10.1002/eco.2052
https://www.washingtonpost.com/archive/politics/2003/11/09/red-maple-crowding-out-oaks-across-east/436c0342-0d85-456c-bbd2-e324e9325196/
https://www.washingtonpost.com/archive/politics/2003/11/09/red-maple-crowding-out-oaks-across-east/436c0342-0d85-456c-bbd2-e324e9325196/
https://www.fs.usda.gov/rmrs/projects/drought-and-pi%C3%B1on-juniper-woodlands-changing-fuel-loads-tree-mortality#:~:text=The%20American%20Southwest%20is%20characterized,to%20350%20million%20pinyon%20piness
https://www.fs.usda.gov/rmrs/projects/drought-and-pi%C3%B1on-juniper-woodlands-changing-fuel-loads-tree-mortality#:~:text=The%20American%20Southwest%20is%20characterized,to%20350%20million%20pinyon%20piness
https://www.fs.usda.gov/rmrs/projects/drought-and-pi%C3%B1on-juniper-woodlands-changing-fuel-loads-tree-mortality#:~:text=The%20American%20Southwest%20is%20characterized,to%20350%20million%20pinyon%20piness
https://www.fs.usda.gov/rmrs/projects/drought-and-pi%C3%B1on-juniper-woodlands-changing-fuel-loads-tree-mortality#:~:text=The%20American%20Southwest%20is%20characterized,to%20350%20million%20pinyon%20piness

