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Methods S1: Detailed 18O Calculations and assumptions. The 18O values used in the 
calculations below can be found in bold in Table S1, both in ∂ notation in ‰ and in atom%. 18O 
values are reported in ∂ notation in ‰ throughout the main text, figures, and supplement for ease 
of reading, but the calculations were performed in atom%. 

 
Assumption #1: The same volume of water crossed the air gap via liquid or vapor diffusion 
(i.e., not via AMF hyphae) from the no-plant compartment to the plant compartment and 
was taken up by roots in +AMF, -AMF, and 16O microcosms. The pore size of mesh used in 
+AMF and 16O vs. -AMF microcosms was 18 µm and 0.45 µm, respectively; this difference was 
required to allow versus restrict AMF hyphae from crossing the air gap. These standard mesh sizes 
are routinely used by AMF researchers for studies of hyphal transport of water and solution-based 
N and P nutrients (e.g., Hodge et al., 2001; Querejeta et al., 2003; Egerton-Warburton et al., 2007; 
Storer et al., 2018). 
 
Assumption #2: For both +AMF and -AMF microcosms, the 18O content of the water in the 
no-plant compartment soil mix was the same at t=0 and at harvest (t=3.5), 300.75‰ ∂18O.  
We did not directly measure the 18O content of water in the no-plant compartment soil mix at t=0 
(i.e., when the labeled water was injected) since obtaining this value would have required 
destructive sampling. We acknowledge that the 18O content of the water in the soil mix may have 
slightly changed between t=0 and harvest 3.5 days later, due to natural abundance fractionation 
caused by evaporation and AMF water transport. If this were the case, both evaporated water and 
AMF-transported water would have been slightly 18O depleted relative to the water remaining in 
the soil mix (Sharp, 2007; Poca et al., 2019). However, the change in ∂18O due to evaporation or 
AMF transport would be quite small compared to the tracer-level ∂18O we added to the soil mix 
(3000‰), approximately 7‰ ∂18O for evaporation (Yong et al., 2020) and approximately 3‰ for 
AMF-transport (Poca et al., 2019). Therefore, we assume that natural abundance fractionation 
effects did not significantly influence our calculations.  
 
Assumption #3: Any water crossing the air gap and reaching the roots via AMF hyphae, 
liquid diffusion, or vapor diffusion had the same 18O content as water in the no-plant 
compartment soil mix, 300.75‰ ∂18O. Fractionation attributable to evaporation/water vapor is 
~7‰ (Yong et al., 2020) and ~3‰ for AMF-transport (Poca et al., 2019). These effects are small 
enough that we assume they did not significantly affect our calculations (see assumption #2).  
 
Assumption #4: The 𝛿18O of the water in the plant compartment sand mix at t=0 was the 
same for all microcosms. On average, between t=0 and harvest (t=3.5), the water in the sand 
mix had a 𝛿18O value of -4.89‰. We did not directly measure the 𝛿18O value of the water in the 
sand mix at t=0 (i.e., the time when the labeled water was injected into the no-plant compartment) 
since obtaining this value would have required destructive sampling. However, all microcosms 
received the same water in the plant compartment throughout the experiment, and plant 



 

compartments received their last watering 24 hours prior to the 18O-labeled water injection into 
the no-plant compartments (t=-1). All plants were watered with natural abundance water that had 
a 𝛿18O value of -8.24‰, and in the 16O microcosms, the 𝛿18O of the water in the plant compartment 
sand mix at harvest was -1.53‰. The difference between these values was likely due to 
fractionation within the plant compartment, caused by water evaporation and root and hyphal 
uptake of water (Poca et al., 2019; Yong et al., 2020). On average, if there had been no input of 
water from the no-plant compartment, the water in the sand mix of all microcosms would have had 
a 𝛿18O value of -4.89‰ between t=0 and harvest (the average between -8.24‰ and -1.53‰.).  
 
Mixing model: To calculate the volume of soil mix water transported by AMF to host plants, we 
used a standard isotope mixing model, following the approach described in Hayes (2004), but 
substituting VT - VK for VI and solving for VK: 
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Where: 
VK = volume of water from the no-plant compartment transpired by plants (mL) 
VI = volume of water from the plant compartment transpired by plants (mL) 
VT = total volume of water transpired by plants (mL) 

FT = 18O value of transpired water (atom% 18O) 

FI = 18O value of water in the sand mix in plant compartment (atom% 18O) 

FK = 18O value of water in the soil mix in no-plant compartment (atom% 18O) 
 
In -AMF microcosms: 
VK1 = volume of water that crossed the air gap as liquid or vapor diffusion (mL)  
VT1 = volume of water transpired by -AMF plants (mL) 

FT1 = 18O value of transpired water of -AMF plants (atom% 18O) 

FI = 18O value of water in the sand mix in plant compartment = 0.1991 atom% 18O  
FK = 18O value of water in the soil mix in no-plant compartment = 0.2601 atom% 18O  
 
In +AMF microcosms: 
VK2 = volume of water that crossed the air gap via AMF, plus via liquid or vapor diffusion (mL)   
VT2 = volume of water transpired by +AMF plants (mL) 

FT2 = 18O value in transpired water of +AMF plants (atom% 18O) 

FI = 18O value of water in the sand mix in plant compartment = 0.1991 atom% 18O  
FK = 18O value of water in the soil mix in no-plant compartment = 0.2601 atom% 18O  
 
Solving the mixing model equation (1) for each +AMF and -AMF microcosm on days 1, 2 and 3, 
we obtained VK1 and VK2 values. We averaged VK1 and VK2 across all microcosms and days (and 
named the averages V&K1 and V&K2). We used the difference V&K2 - V&K1 to calculate VK3, the volume 



 

of water transpired that came from the no-plant compartment via AMF. We calculated the standard 
deviation of VK3, σ3, from the standard deviation of V&K1, σ1, and of V&K2, σ2. We then calculated the 
95% CI from σ3. 
 
VK3 = water transported by AMF and taken up by roots = V&K2 - V&K1 = 0.885 mL = 34.6% of V&T2 
95% CI of VK3 = VK3 ± 1.96 × )$

√+
 = 0.885 ± 0.268 

Where: 
V&T2 = average volume of water transpired by +AMF plants over three days = 2.56 mL 

𝑛 =18 (6 microcosms per treatment × 3 individual days of transpired water collection)  
σ3 = √(σ,- +	σ--)	= 0.581 
1.96 × )$

√+
 = 0.268 = 10.5% of VT2 

 
On average, water travelling via AMF across the air gap and taken up by roots accounted for 
0.885 ± 0.268 mL (95% CI) of the transpired water per day; this is equivalent to 34.6 ±10.5% 
(95% CI) of the total transpired water by the +AMF plants. 
 
We also calculated the values described above using a Monte Carlo analysis with associated error 
propagation. In this approach, we used data from our three independent treatments (+AMF, -AMF, 
and 16O control) and randomly grouped individual replicates from the treatments. To do so, results 
from the six replicates for each treatment were separated by day (Day 1, 2 and 3), and randomly 
paired with the other treatments from the same day to calculate transpiration due to AMF (3,744 
pairings per day, 11,232 total). Means, standard deviations, and 95% confidence intervals were 
calculated by day and for the whole experiment using the number of replicates per treatment (6) 
for n and a = 0.05 (Zar, 1984). Our Monte Carlo analysis yielded the result 34% ± 15% (95% CI), 
which is not statistically different from the value we calculated above.  
  



 

Table S1: Data used in statistical analyses and 18O calculations. Values that appear in the main 
text are in bold. Means ± standard errors were obtained by one-way ANOVA & Fisher LSD test. 
Means ± standard errors are averages of six microcosms per treatment, except for transpired water 
volumes and 18O contents that are averages of eighteen samples per treatment (six microcosms × 
three individual days of transpired water collection).  
 

  



 

Figure S1: Assembly of a microcosm. 1, Laser cut acrylic panels; 2, Nylon mesh; 3, Acrylic 
washers; 4, Metal screws.  
 

 
 
 
 
 
 
 
 
 
 
 
 
  



 

Figure S2: Fluorescence images of Avena barbata roots dyed with acid fuchsin showing AMF 
structures. In (a-f): 1, Hypha; 2, Arbuscule; 3, Root. 
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