The Influence of Canopy‐mediated Hydrologic Fluxes and
Understory Microclimate on Soil Properties (PS 18-37)
Lisa Garrigues1, Courtney Siegert1, John Riggins2, Natalie Clay3
1Department of Forestry, Mississippi State University, MS
2Department of Biochemistry, Molecular Biology, Entomology, & Plant Pathology, Mississippi State University, MS
3Department of Biological Sciences, Louisiana Tech University, LA

Introduction
Throughfall is the proportion of rainfall partitioned by the forest canopy that falls to the forest floor below (Raat 2002). It is an important component
of water and nutrient cycling in forest environments, largely because it provides a flux of nutrients to the forest floor that can be readily
reabsorbed for use by vegetation and soil organisms (Devi and Yadava 2006). Throughfall quantity and quality are dynamic fluxes, influenced
by seasonality, species composition, and storm meteorological conditions (Muzylo 2009). However, less attention has been given to understanding
the spatial variability of these phenomena in southeastern forests, compared to their northern and tropical counterparts (Levia and Frost 2006).
The objectives of this study were to: (1) assess the temporal volumetric and chemical variation in throughfall; (2) measure soil
nutrient composition and respiration; and (3) determine the relationship between throughfall and soil properties in a north‐central
Mississippi temperate forest.

Study Site

Methods

The study was located in a north-central Mississippi remnant pine plantation. Tree species in
the stand consists of 60-year old loblolly pine (Pinus taeda) in the overstory and a hardwood
midstory of sweetgum (Liquidambar styraciflua), red maple (Acer rubrum), winged elm
(Ulmus alata), and red oak species (Quercus spp.). Overstory basal area is 28.1 m2 ha-1 with
417 trees ha-1. Midstory basal area is 17.9 m2 ha-1 with 713 trees ha-1. The primary soil type on
this site is an Urbo silty clay loam (NRCS 2016).
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 Throughfall samples were collected bi-weekly from 10 subplots using
324.2 cm2 funnels draining into 7.5-L collectors. Open precipitation
was measured with a tipping bucket rain gauge (HOBO RG3-M
Onset)100m from forest plots. Rainfall chemistry samples were
collected in an apparatus of similar design as throughfall.
 Dissolved Organic Carbon (DOC) in throughfall and rainfall was
determined using spectrometry (Method 10129, Hach DR 5000
Spectrophotometer). Total Kjeldahl Nitrogen (TKN), Ammonium (NH4+N), and Nitrate (NO3-N) were determined using persulfate digestion
and cadmium reduction method (Bran+Luebbe Autoanalyzer 3).
Dissolved Organic Nitrogen (DON) was calculated as: DON = TKN –
(NH4+-N).
 Soil cores were obtained seasonally from the O (litter layer), A (05cm), and B (5-10cm) horizons.
 Soil carbon and nitrogen was determined using elemental
combustion techniques(Costech ECS 4010 CHNS-O).
 Soil respiration data were obtained monthly using a soda lime method
(Keith 2006).
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Figure 1. Throughfall study location and experimental design. In each of
the ten plots, a throughfall collector was randomly deployed in addition to
two soil core samples collected from randomly selected locations. An
open precipitation gauge was deployed in a nearby clearing (yellow star).

Figure 2. Annual climatic trends recorded at the study
site. Climate in this region is marked by fluxes of rainfall in
winter and early spring and summers with high humidity
and low precipitation.

Soil Nutrients

Throughfall
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Table 1. Soil nutrient composition from samples obtained
mid-growing season (August 2014) and mid-dormant
season (January 2015).

Carbon %
Depth
Litter
0-10 cm
10-20 cm

Growing

Dormant

31.533
1.208
1.001

42.717
1.939
1.509

Nitrogen %

C:N Ratio

Growing Dormant Growing Dormant

0.602
0.125
0.112

0.836
0.160
0.1342
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Figure 5. Seasonal availability of total nitrogen in throughfall and
distribution of nitrate, ammonium, and dissolved organic nitrogen.
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Figure 6. Seasonal fluxes in dissolved organic carbon availability in
throughfall and precipitation samples collected.
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Figure 3. Seasonal variation in soil carbon and
nitrogen ratios with depth in the soil horizon.

Figure 4. Distribution of monthly soil respiration
rates (2014-2016) across the 10 study plots.
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Discussion

Soil carbon and nitrogen concentrations increase in winter dormant
season. In the litter layer, this results in a decrease in C:N ratio. In soil
layers, it results in an increase in C:N ratio (Table 1). In both dormant
and growing seasons, C and N availability decreases with depth in
the soil horizon (Fig. 3). Soil respiration decreases markedly with
decreasing temperature during the dormant season (Fig. 4).
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Figure 7. Throughfall as a function of precipitation during both growing and dormant seasons. Throughfall collectors (center) were deployed in the
forested plots, while the tipping bucket rain gauge was located on the open field site to obtain precipitation data.

Discussion

Total nitrogen availability varies seasonally, peaking in April largely driven by a flux in ammonium
(Fig. 5). Total rainfall observed during the leaf-off season was 96.75cm, with 76.9% partitioned into
throughfall. During the leaf-on season, only 36.25cm of rainfall was observed, with a smaller 64.5%
partitioned into throughfall (Fig. 7). DOC showed an annual flux occurring in early spring, peaking
in March 2015, 2016 (Fig. 6).

Study Implications
Throughfall nutrient flux coincides with spring plant emergence. This timing can provide an important source of carbon and other nutrients to the soil, to be taken up by
plants and the soil microbial community. Interestingly, as the growing season continues into summer, there is reduced precipitation inputs overall, and less nutrients
readily available in throughfall. A higher nutrient content occurs in soil during the dormant seasons, which may serve as an important nutrient recharge before spring
growth and increased activity of soil organisms. This study highlights the interconnected nature of nutrient cycles in temperate forest environments.
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