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ABSTRACT

Turbulent dispersion is one of the most important transport mechanisms in the life cycle of

many fungal plant pathogens. Without turbulent dispersion both inoculum spread beyond

leaves adjacent to infection sites and epidemics would be limited in severity. Thus, under-

standing the mechanisms that influence and control dispersion gradients from disease foci

are of primary importance towards improving our ability to prevent and respond to disease

outbreaks. In sparse canopy environments, the influence of canopy geometry (row spacing,

canopy height, and plant density) on turbulent fluxes results in highly intermittent trans-

port. This can be problematic for traditional dispersion modeling techniques that rely on

assumptions of steady or horizontally homogeneous velocity fields. Here, the link between

canopy geometry, turbulent fluxes and particle dispersion gradients in sparse agricultural

canopies is explored using a Lagrangian particle dispersion model linked to velocity fields

from large-eddy simulations. In particular, particle dispersion from point and line sources in

plant canopies with geometry characteristic of grape vineyards are examined. Simulations

are performed with varying row spacing, canopy height and particle source height to charac-

terize the length and velocity scales associated with turbulent fluxes and particle dispersion

gradients within the canopy.

1. Introduction

Plant disease outbreaks caused by airborne pathogens present a substantial hazard to

vegetative growth. Outbreaks can be detrimental economically and impact the security of

the food supply (Agrios, 2005). In this research, our interest is focused on transport of
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Erysiphe necetor (powdery mildew of Vitis vinifera L., grapes) spores in grape vineyards.

Turbulent wind transport is the primary mechanism by which E. necetor and most other

fungal spores are spread (Aylor, 1999). The epidemic severity of diseases caused by these

fungal pathogens is strongly linked to the distance and speed that spores can travel from

initial sources of inoculum. Therefore, understanding turbulent transport of spores is of

primary importance toward understanding fungal plant disease epidemiology (McCartney et

al., 2006). This makes understanding the mechanisms that influence and control dispersion

gradients from disease foci of great importance towards improving our ability to prevent and

respond to disease outbreaks.

For perinnial plants like grape vines, the existance of the plant canopy has a strong

impact on turbulent fluxes (Finnigan, 2000) and presumably on spore transport through

the canopy. While a strong understanding of how continuous canopies impact turbulent

transport processes and flow structures has started to develop (e.g., Finnigan et al., 2009), the

same can not be said of discontinuous canopies where a substantial percentage of the canopy

is open. Motivated by the importance of turbulent transport in epidemic development and by

the sparse nature of most vineyards, we examine how plant canopy geometry (row spacing,

canopy height and plant density) interacts with atmospheric flow characteristics to impact

the dispersion of airborne plant pathogen spores in grape vineyards using a computational

model.
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2. Vineyard Canopy Simulation

Numerical simulation of the turbulent ABL was performed using large-eddy simulation

(LES), in which the filtered Navier-Stokes equations were solved within and above the plant

canopy. The sub-filter scale stress term was modeled using a scale-dependent dynamic

Smagorinsky model (Stoll et al., 2006). The presence of the canopy was represented as

a local drag force term that was added to the right-hand side of the governing momentum

equations. This term was calculated as follows:

Fi = cd a ũi Ṽ , (1)

where cd is the drag coefficient, a is the local leaf area density (equal to zero in areas of no

vegetation), ũi is the filtered velocity component, and Ṽ is the filtered velocity magnitude.

In traditional simulations, agricultural canopies are treated as a horizontally homoge-

neous volumes of vegetation, where the spaces between vegetation are not explicitly resolved

(Shaw et al. 1992, Patton et al. 1998, Aylor et al. 2001). Here, because of the emphasis on

the impact of canopy geometry, we performed LES of vineyard canopies where the canopy

row structure is resolved.

The spore particles were modeled as passive fluid parcels whose positions were calculated

according to the equation:

dxi

dt
= ũi + u′

i
. (2)

The sub-filter velocity (u′

i
) is not known and was modeled as a Gaussian random number

scaled by the resolved velocity variance (Uliasz, 1994.) The vertical component (u′

3
) inclued
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an additional term to account for the settling of particles due to gravity. The drift velocity

used in the settling term was constant for all particles, and therefore did not inclue any

size distribution among particles. A stochastic model was used to determine the probability

that particles within the canopy would be deposited onto plant foliage (Aylor et al., 2001).

A similar model was used to determine whether particles that hit the ground would either

ricochet upward, or become deposited.

a. Effect of Canopy Geometry on Particle Dispersion

Ten simulations were run in which the leaf area index (LAI) of individual rows (exluding

open spaces) and the row spacing of the vineyard were varied. An approximately 18x18x6

m3 volume was simulated with a horizontal resolution of 0.18 m and a vertical resolution of

0.10 m. Cases were run for row spacings of 1, 1.5, 2, 2.5, and 3 meters for LAI values of

1 and 3. This range of values represent the typical variability observed in actual vineyards

(Johnson et al., 2003). In each case, the volume average of the streamwise velocity was held

at a constant value of 2 m/s. Furthermore, the shape of the leaf area density profile in each

case was held constant, and was simply scaled to achieve integrated LAI values of 1 and 3.

3. Results

Near source particle distributions were examined to determine how spores spread in the

vicinity of the source. Figure 1 shows concentration contours averaged in the spanwise

direction for a simulation with a LAI of 3 and row spacing of 2 meters. As the particles
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approach a row, many of the particles are either deflected up and out of the canopy, or down

into the trunk space. A large percentage of the particles which travel into the foliage of

the row are deposited, resulting in the low concentration area observed in the wake of the

foliage. For sufficiently large row spacing, some particles above the canopy are swept back

into the canopy, and the process is repeated for each row.

To examine the impact of changing row spacing and LAI, particle concentration profiles

are shown in Figure 2 for a downstream location of 8 m. The results indicate that as LAI is

increased, downstream particle concentration tends to decrease in general. Furthermore, as

row spacing is decreased, downstream particle concentration tends to also decrease.

Long distance particle transport was also of interest because of its importance in deter-

mining epidemic velocity (Mundt et al., 2009). To examine long distance particle transport,

an instantaneous puff of particles were released and tracked over a specified period of time.

The probability density function of how far particles traveled over the specified time period

was calculated for each vineyard geometry case. Results (not shown) indicate that increas-

ing LAI or decreasing row spacing tended to reduce the probability of long-range particle

transport.
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Fig. 1. Contours of particle concentration averaged in the streamwise direction for an LAI
of 3 and row spacing of 2 meters
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Fig. 2. Particle concentration profiles at 8 m downstream of the release point
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