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Infrared Thermography to
Assess Spatial Variation
of Water Stressed Cotton

By Susan A. O0Shaughn

ncreasing costs and regulations on
water pumped from existing ground
water aquifers is cause for producers in
irrigated agriculture to look at new
technologies for improving water savings and
sustainability through irrigation management.
The use of infrared thermography and digital
imagery to investigate unapparent but
important field conditions (poor drainage, non
-uniform irrigation, soil variability, or biotic
infestations) offers improved management for
a producer to avoid yield declines or variability
in crop status. This article focuses on the use of
non-satellite infrared images to improve
irrigation water management to enhance crop
productivity.
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BACKGROUND

Useful information on canopy
water relations can be derived
from infrared thermography,
which provides spatitemporal
imagery and relational surface
temperature measurements. Infri
red thermography in agriculture
has been used as a rionasive
versatile tool to investigate plant
water status issues. Jones et al.
(2002) performed field studies to
assess the consistency and repe
ability of using thermal imagery t
measure stomatal conductance i
grapevine canopies. They con-
cluded that thermography allows
for semiautomated analysis of

large areas of canopy with much
more effective replication than cz Figure 1. Three span center pivot system shown with-8géons. The three sections

be achieved with porometr | abel ed fimanual 06 were irrigated manually
P Y- 100%, 67% and 33% of full replenishment of soil water to field capacity using low en-

Moeller et al. (2007) used therme  ergy precision application (LEPA) drag socks. Automatic plots were irrigated when the
and visible imagery to estimate tl  center pivot received a signal based on plant canopy temperature feedback. Dryland

crop water status of irrigated win  plots (Dry) were also planted.

grapes. Included in their methodui- _
2280 (Bollgard II® Roundup Ready®, Delta and Pine

ogy was the temperature of an artificial wet reference to )
estimate a wet baseline (i.e., a surrogate for a fully trand@@Rd 0., Scott, Miss.) was planted on DOY 149 (May 29)

ing leaf) and maximum daily air temperature to estimatd32007- The crop was grown in eighteen row plots on
dry baseline. beds spaced 0.7& apart under a three span center pivot in

Thermal imagery is a tool that enables detailed inve&ti¥ S h! and,  Tex. (35¢ 1106 N, 1

gation of: (1) the temperature contribution of a specific Mean sea level). Manual irrigations were applied weekly to
material within an image, for example leaf temperature three designated pie sections, comprised of four treatment

versus bloom or tassel temperature of a crop; (2) the fré2!0tS and two replicates (Fig. 1). lIrrigation was applied at
67%, and 100% of full replenishment of

quency distribution of temperatures over a selected are€ 1€Vels of 33%, _ )
which can assist in estimating fraction of vegetation or !l Water in the root zone to field capacity (treatments des-
cerning between sunlit and shaded samples; and (3) thdgnated _3'*3%' le79 and. hoor) based on neuFrt_)n m0|st.urel me-
reference temperatures for further use as thresholds to ter readings and using low energy precision gpphcaﬂon
eliminate extraneous surfaces when analyzing large are PA) drag socks. Drylanq plgts were also included as
of canopy that may include some sky or soil the fourth treatmentdy,). Irrigation treatments ran con-
At the Bushland USDAARS Conservation and Pro- centrically in the southeast half of the field, while the
duction Research Laboratory, we have been using therrﬂgfthweSt half was planted to sorghum. The pie sectiofs

imagery to document the spatial variability of crop wated 2P €1 €d fautoo were irrigate
status in irrigated cotton fields and have made use of arfutomation and control that use canopy temperature meas-

empirical crop water stress index to characterizéeid urements (Fig. 1). The full irrigation level for automatic
crop water stress. treatments was wedkng peak cotton water use.

FALLOW

METHODS AND M ATERIALS In SI_II_U mlea?uiementst tential | taken f
Agronomy en lear stem water potential samples were taken rrom

Cotton Gossypium hirsuturh.), variety Paymaster each treatment plot on each of four sampling days near

"Mention of trade names or commercial products in this article is solely for the purpose of providing specific informatioesarut imply
recommendation or endorsement by the U.S. Department of Agriculture.
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solarnoon on days of year (DOY) 223 (Aug. 11), 240 (Aug. 28), 247 (Sept. 4) and 256
(Sept. 13) in plots-B (Fig. 1). Leaves were excised with a razor blade, wrapped in alumi-
num foil, and placed in an ice chest until the petiole was inserted into the pressure chamber
(PMS Instrument Company, Albany, Oreg.). All readings were performed within one hour
of excision. This metric is an accepted method to characterize crop water stress (Turner,

1988).

Thermometric Image Analysis

Digital images were taken with a thermal infrared camera and corresponding software
(model SC2000 and ThermaCAM Researcher Pro 2.8 software, FLIR Systems, Billerica,
Maine) on DOY 223 (Aug. 11), 240 (Aug. 28), 247 (Sept. 4), and 256 (Sept. 13) near solar
noon. Overlapping images were taken at the same time with an RGB digital camera (model
DSC-S85, Sony Electronics, Inc., Oradell, N.J.) mounted alongside the thermal imager to
aid in image analysis. Images were taken at a nadir view angle from a hydraulic platform,

7.0 m above the ground. For
each thermometric image ac-
quisition, cardboard crosses
covered with aluminum foil
were placed in the plant can-
opy to define the boundaries of
interest. The crosses appeared
as colder areas in the thermo-
metric images and as bright
areas in the RGB images. The
scale to the right of the digital
image (Fig. 2a) indicates that
shaded soil temperatures are
approximately 42°C, sunlit soil
is > 50°C, average crop canopy
temperature is approximately
32°C, and the wet reference
temperature is 22.7°C. Can-
opy temperature for the CWSI
was determined by measure-
ment of individual leaves se-
cured to cardboard circles that
were also covered with alumi-
num foil for easy discrimina-
tion; the leaves were fully ex-
panded and sunlit. (b)

(@)

Figure 2. Images taken
from 7.0 m above a
dryland plot:

(a) thermal image
showing average
temperature of
wet reference,
soil, and
individual leaves;

(b) RBG digital
image with wet
reference in the
center furrow.
Photo taken Sept
2007.

The extracted wet reference temperatures were average values of the unshaded areas. The digital photographs w

used to improve digital analysis (Fig. 2b).

The empirical wet reference crop water stress index, eCWSI, was calculateC¥¥S|=

w

Te- T,

where T was the temperature (°C) of the crop at the time of the thermometric image, Tdry - T, [1]

Twwas the average temperature

i wwatered bmdeer ence o t h

line temperature, andy, was estimated by adding 5°C to the maximum dry bulb temperature recorded (Méller et al.,
2006) for the specific field day. The wet reference was a 27 by 42 cm wet surface constructed frpenrseatle

plastic foam blocks covered with white polyester felt resting in a basin filled with deionized water. The foam blocks anc
felt were submerged to-weet them at least one min before readings were taken. Capillary action kept the fabric wetted

for several minutes.
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