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* Air circulation (and its speed) is an important
factor affecting positively and negatively the
plant growth.

* Air current speed specifically affects gas
exchange through boundary layer.
*CO,/0, (photosynthesis)
*H,0 (transpiration)
* Air current speed affects plant temperature.
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Outdoor wind profiles

* Mean wind speed decreases
as it gets closer to the
surface (crop and soil).

* Wind speed is zero at the |
soil surface.

* Wind speed is constant at h=1 cm

0.0 LA LA B R A S T T 7

height away from the 0 1 2 3 4 5 & 7
Surface. Wind Speed (m/s)

Figure. Profiles of wind speed above a 50 cm tall
crop and a soil surface (1 cm above, without
crops)
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(Campbell and Norman, 1998)

Example ranges of wind speed outdoors
Columbus (OH): 1.0-4.0 m/s average

Max and average wind speed (m/s)
12 1m/s=2.2MPH
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Air current speeds in
greenhouses

Circulation fans (for temperature uniformity)

Greenhouse air current speed:
1.0 ms?orless.
Under natural ventilation (without
fans)
0.2 ms?orless

Under forced ventilation (with fans)
0.2-1.0mst

Air current speeds in indoor
farms

Circulation fans (for temperature uniformity)

Indoor farm air current speed:
0.5 ms?orless.
Without fans in crop head space
0.1 ms?torless

With fans in crop head space
0.1-0.5ms?
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Boundary layer around leaves limit gas and
heat exchange rates

Boundary Layer

https://howthingsfly.si.edu/media/boundary-layer-0

Boundary layer thickness = resistance

Thick boundary layer
= Large resistance
Thin boundary layer Boundary Layer oy

= Small resistance

v' Boundary layer becomes thinner at greater air current speed.




H,O:

Transpiration COZ - Net photosynthetic rate

Air current speed

Rb: Boundary layer resistance

RSZ Stomatal resistance

X
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Fig. 5. Effects of the air current speed on the net
| photosynthetic rate of the tomato plant canopy.
Bars indicate standard deviations.
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i L Effects of air current speeds
r - on boundary layer and gas

: exchanges of sweetpotato

leaf (left) and tomato

ST | canopy (right) (Kitaya et al.,
0 02 04 06 08 1.0 2003)
Air current speed (m s™')

Transpiration rate Net photosynthetic rate Boundary layer resistance
(pmol m2 s°1)

(mmol m? ')

S = MW Bk U SR

Downs and Krizek (1997)
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Energy balance over leaf surface

Net Radiation

Heat loss
(cooling) or gain
(warming)
depending on
air-Leaf temp.
difference

Radiation from the
light source and the
surrounding
environment

Sensible heat

Latent heat

Heat loss
(cooling) by
Transpiration

v'Air current enhances both sensible and latent heat exchanges
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Air current speed  Air current speed
0.2 m s! 1.0 m s!
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Leaf temperature distribution (sweetpotato leaf) at two levels of laminar wind speeds
under constant shortwave radiation (100 W m2) and air temperature (26°C).

Slide by Yoshiaki Kitaya (Osaka Pref Univ.)
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Effects of wind speeds on young seedlings

< Mechanical stress => Negative plant growth >

0.5m/s 1.0 m/s 2.0 m/s 4.0 m/s

Slide by Ricardo Hernandez (NCSU)
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Summary

* Air circulation around plants is an
important factor affecting plants.

* Boundary layer gets thicker and creates
more resistance to photosynthesis and
transpiration of leaves as air current speed
decreases.

* Thicker boundary layer also limits heat
exchange with the surrounding air and
increases leaf temperature.

* Optimum air current speed around plant
leaves or canopy is 0.5 m/s (~ 1 mile/h).

Air current speed = 0.5 m/s

Courtesy by Ricardo Hernandez
& Brandon Huber (NCSU)
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Thank you!
OptimIA
For questions, please contact: . . . ‘
kubota.10@osu.edu
‘This lecture series is supported by Specialty Crop Research Initiative [grant no. 2019-51181-30017] from the USDA National
Institute of Food and Agriculture. Any opinions, findings, conclusions, or recommendations expressed in this publication are
those of the author(s) and do not necessarily reflect the view of the U.S. Department of Agriculture.”
USDA National Institute of Food and Agriculture
_ U.S. DEPARTMENT OF AGRICULTURE
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