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Introduction
The current drought in California has lead to extremely dry 
soil moisture conditions, and there may be more frequent 
and severe droughts in the future. UC Davis has 
experimented with different irrigation systems to get water 
directly to the tree roots on campus. Trees prefer the 
lighter carbon isotope (12C) to become leaf biomass, but 
during a drought leaves will use any carbon isotope (12C 
or 13C) . The ratio between the 12C and 13C isotopes 
indicates the water use efficiency (iWUE) and drought 
stress of the tree. We tested the carbon isotopes of the 
leaf biomass to measure the iWUE of trees on the UC 
Davis campus. The midday stem water potential (MSWP) 
is another indicator of the amount of stress/work that the 
tree is under. We compared the MSWP to the iWUE
during summer of 2015 and spring of 2016.
Question 
Has the drought increased water use efficiency of trees on 
the UC Davis campus?
Hypothesis
We hypothesize that the trees sampled in the summer 
would be more stressed and thus more efficient with 
water, and vise versa the trees would be less stressed 
and less efficient in the spring.
Study Site

Results
For iWUE we found that both species of trees were more stressed during the 
spring and they were less stressed during the summer. However, the results 
for the SWP showed the opposite result. We hypothesized that the trees 
would be more stressed during the summer due to lack of moisture and due 
to greater water demands (Figure 6). Only the SWP results supported our 
hypothesis.

Discussion
We expected that both the iWUE and MSWP results would agree by showing 
more stress in the summer than in the spring. The results from the iWUE
contradicted our initial hypothesis. We then realized that the trees had soaker 
bags (Figure 5)  to help irrigate them during the summer but not during the 
spring, which helped explain the unexpected result. However, the results of 
the MSWP supported our initial hypothesis that the trees would be more 
stressed during the summer. We recognized that these results contradict 
each other and this might be because the iWUE measures lifelong stress and 
MSWP measures stress of the exact sampling moment.
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Are Your Trees More Stressed than You Are?
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Cecilia and Katie pressure 
bombing on the UC Davis 
campus 

Cecilia grinding the 
samples with a coffee 
grinder

Cecilia prepping samples 
to be sent to the carbon 
isotope lab
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Figure 2

MSWP Tree Sampling

Figure 2: Samples were collected and inserted 
in a pressure bomber. The pressure bomber is 
used to apply pressure by pumping air into the 
chamber to extract the water from the stem, 
which indicates MSWP of the leaf. 

iWUE Tree Sampling

Figure 3: After leaves were collected they were 
dried in an oven at 65°C. As shown in the picture 
the samples were diced by using a coffee grinder 
and to be put into a ball mill grinder for 3 days. 

Figure 4: The final process of preparation was to 
weigh the samples accordingly and enclose them in 
tin capsules to be sent off to the UC Davis stable 
isotope facility. Equations 1-4 were used to 
calculate iWUE from the isotope results.

Figure 3

Figure 4

Figure 6: The two sampling periods were during summer 2015 and 
spring 2016.

Figure 6

Figure 1: Tree sampling locations on UC Davis 
Campus

Figure 5: Soaker bags for tree 
irrigation
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Figure 5

Interview with Dr. Lucas Silva (pictured with Cecilia to the right)
Question: “How did you choose to be a Biogeochemist?”

Response: “I didn't choose it. It chose me. I began as Forestry then 
one thing led to another and I’m a Biogeochemist.” 

(1)δ (‰) = (Rsample/Rstandard -1) * 1000 

(2)Δ13C = (δ13Cair - δ13Cplant)/(1 + 
δ13Cair)/1000

(3) Ci = Ca * (Δ13C – a) / (b – a)

(4) iWUE = A/g = Ca * [1 − (Ci/Ca) ] * 0.625


