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Plant Growth Monitoring Using Thermography

- Analysis of nutrient stress -
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SUMMARY

Automated greenhouse production systems often require crop growth monitoring involving accurate
quantification of plant physiological properties. Conventional methods are usually burdensome, inaccurate, and
harmful to crops. A thermal image analysis system can accomplish rapid and accurate measurements of
physiological-property changes of stressed crops.

In this research a thermal imaging system was used to measure the leaf-temperature changes of several
crops according to nutrient stresses. Thermal images were obtained from lettuce, cucumber, and pepper plants.
Plants were placed in growth chamber to provide relatively constant growth environment. Results showed that
there were significant differences in the temperature of stressed plants and non-stressed plants.

In a case of the both N deficiency and excess, the leaf temperatures of cucumber were 2°C lower than
controlled temperature. The leaf temperature of cucumber was 2C lower than controlled temperature only
when it was under N excess stress. For the potassium deficiency or excess stress, the leaf temperatures of
cucumber and hot pepper were 2°C lower than controls, respectively. The phosphorous deficiency stress
dropped the leaf temperatures of cucumber and hot pepper 2°C and 1.5°C below than controls. However, the
leaf temperature of lettuce did not change.

It was possible to detect the changes in leaf temperature by infrared thermography when subjected to
nutrition stress. Since the changes in leaf temperatures were different each other for plants and kinds of
stresses, however, it is necessary to add a nutrient measurement system to a plant-growth monitoring system
using thermography.

F 2 go}(Key Words) : G4 A& (Image processing), &% (Thermal image), 2E A3 (Crop growth),

25 A3 ZAl(Crop growth monitoring), Y] %3 &7 (Non-destructive

measurement)
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Fig. 3 Effects of nitrogen stress on leaf
temperature of lettuce.
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Fig. 5 Effects of potassium stress on leaf
temperature of cucumber.

w7 SEt 4Y AR F o 102 ol
el

>

[ 32 2 o X
o
Fu
o
o
> M

2
a
ok n

Or

& FELL FEL 25TER FYEE
E P4

e
diE W2 RES AL 2EFY

v
e
i

2xo] +H3t
EEG & 2T

dee 4 QY 2
2oz Jerdth 28
g3} ~Ed~E ¥R

AZS FRE Agol

ki
S o o oox
oo

o M 5
e
2
X
N
)
M
oX
to

o me X omo N rlr ox

10
nx
O oX
fo
ki
2
N
wn
i
4
B
R
o
32
A
I
2
=

fo &
=0é

o

b

e
s

ix
Koo
rr e
fr
o ot
Hu
WoLoex
oo T ooy e
3

T I
fo

ol ool
of
;i
o
ue oki
ol
hi:2
rlo

N
band
O
-
2

do
2
)
=}
¥

il

O
0
2
o3

o £ g
X,

Fig. 72 Zgo] & & ¥4
FHAS 9o 0139 2% uheg
o ZEo| Byoz FFHE HEH B
TE AES MR AAE E

p=]

sy
-
F 2EHLE B2 AEY 5= A

o
202
L

=3
b
P ol oft ¥ o

I~
olo
o
e
32
<

e AEALE WA @

o
W -
Ho|x oty AEHAE W

A253 AM4E 2000 8Y

Temperature (C)
N

9} —e— Normal
—e—K Deficient
17 ¢ %~ K Excess
15 " ' 1 i -t — 5

Time (minute)

Fig. 6 Effects of potassium stress on leaf
temperature of lettuce.
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Fig. 7 Effects of potassium stress on leaf

temperature of hot pepper.
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Fig. 8 Effects of phosphorus stress on leaf
temperature of cucumber.
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Fig. 9 Effects of phosphorus stress on leaf
temperature of lettuce.
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