
Background
In tropical dry forests, the length and severity of the 

dry season is expected to increase due to climate change 
and increasing deforestation (Fig. 1). 

In these forests, plants are very dependent on a 
symbiotic relationship with arbuscular mycorrhizal fungi 
(AMF) for nutrient and water acquisition, especially during 
the 6- 7 month long dry season (Carrillo-Saucedo et al. 
2018). 

Understanding how AMF are directly affected by 
drought is thus vital to understanding how tropical dry 
forests may be resilient to a more intense dry season. 

Experimental Design

Research Questions
There are three ways in which reduced 
rainfall might influence AMF (Fig. 2). We 
asked:
1. Will AMF abundance be directly affected 
by decreasing rainfall?

2. Alternatively, will AMF abundance vary 
due to changes in soil nutrients with 
decreasing rainfall?

3. Might AMF function be affected by 
reductions in rainfall?
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Fig. 1 Global climate projections showing regional shifts to drier 
or wetter conditions (NSF 2010).
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Results

Study site: Three overhead shelters were installed in 2017 in  a 
tropical forest in the Yucatan Peninsula, Mexico (Fig. 2B) to reduce 
rainfall by ~60%. Replicate soil samples were collected in July 2019 from 
under the shelters and adjacent forest receiving ambient rainfall.

Soil analyses: Soils were analyzed for nitrogen (N) and soil organic 
carbon (SOC) by combustion, phosphorus (P) by Hedley fractionation, 
and acid phosphatase (ACP) by colorimetry (Robertson et al. 1999 ).

Fig. 2. A) Conceptual diagram of the feedbacks between rainfall, soil 
nutrients, mycorrhizal fungi, and plant growth.  Arrows indicate the expected 
direction of response of each factor. B) Location of the study site (Yucatan 
Peninsula, Mexico); C) Rain-out shelters; D) AMF colonization in root sample.

CB

AMF abundance: Root samples were stained for AMF structures (Koske and Gemma 1989) and quantified using the 
methods of McGonigle et al. (1990). AMF hyphae were extracted and quantified as outlined in Robertson et al. (1999).

Conclusions
AMF abundance and function was not
directly affected by decreasing rainfall. 
In fact, root hyphal levels and external 
hyphal abundance were largely unchanged 
under the shelters. Levels of ACP, an
enzyme produced by AMF, was also 
similar between treatments.

Instead, AMF abundance may respond 
to reductions in soil nutrients (N) 
induced by lower rainfall.
Low levels of soil N may increase the 
importance of AMF to plant N uptake.
Reductions in SOC may limit nutrient 
cycling by other soil microbes.

Soil analyses: Soils under 
ambient rainfall had higher 
levels of SOC and N than those 
in the rainout shelters (Fig. 3A). 
There were similar levels of all 
P fractions in both rainfall 
treatments (Fig. B), with only a 
small fraction of  P available to 
plants.

AMF abundance: There 
was no difference in the 
abundance of external AMF 
hyphae (190- 200 m hyphae/ g
soil) or hyphae and vesicles in 
roots between treatments (Fig. 
3C).

AMF function: Levels of 
soil ACP activity were similar in 
ambient and reduced rainfall 
samples (Fig. 3D).

Fig. 3. Levels of A) SOC and N, B) fractions of P, C)  root length colonized by AMF hyphae and vesicles, D) 
acid phosphatase (ACP) activity in ambient and reduced rainfall plots. Vertical bars indicate the standard error.
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