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Comparison of Non-destructive Measuring Methods of
Tomato Plant to Detect N, P and Ca Deficient Stresses
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SUMMARY

A series of experiments was conducted to evaluate the capability of detecting nutrimental deficient stress
of N, P and Ca of a tomato plant using several fast and intact type physiological properties measuring
devices - a chlorophyll content meter, an infra-red thermometer to measure leaf temperature, a chlorophyll
fluorescence meter, a porometer, an optical spectrometer, a multi-scan rad’iometer, and a canopy analyzer.

To detect N deficient stress a chlorophyll content meter, a spectrometer and a multi-scan radiometer were
useful and their possibility to detect was estimated as about 50%, 100% and 100%, respectively. To detect
P deficient stress the infra-red thermometer, the porometer and the spectrometer proved their usefulness and
their possibility to detect was estimated as about 70%, 70% and 70%, respectively. To detect Ca deficient
stress an thermometer, a porometer, a spectrometer and a multi-scan radiometer were useful and their
possibility to detect was estimated as about 60%, 70%, 80% and 100%, respectively.

The experiments resulted that use of a spectrometer and a multi-scan radiometer in combination with a
chlorophyll content meter, an infra-red thermometer and a porometer were desirable to distinguish the
nutrimental stresses tested in the study.
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Fig. 1 Shape of a tomato tree and various locations of tomato leaves.

Fig. 2 Possible locations on a tomato leaf
to measure the physiological pro-
perties of a tomato plant.
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Table 1 Possibility of detection of nutrimental deficient stresses of tomato (in %) and a
range of first detectable day (in parenthesis) from the day of application of the
stresses by the chlorophyll meter, the infrared thermometer for leaf temperature,
the chlorophyll fluorescence meter and the porometer

Nutrimental Chlorophyll meter Infra-red Chloro. Fluore. meter Porometer
Stress Thermometer

N 50%, (6-10) 20%, (11) 30%, (8-9) 30%, (1-5)

P 0% 70%, (1-2) 0% 70%, (1-5)

Ca 40%, (11-12) 60%, (1-3) 0% 70%, (2-8)
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Fig. 3 An experimental result to detect N deficient stress by measurement of chlorophyll
content of leaf, where « is the significant level of difference between control and
treated tomato plants.
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Fig. 4 An experimental result to detect P deficient stress by leaf temperature measure-
ment, where DT = ambient temperature - leaf temperature and « is the significant
level of difference between control and treated tomato plants.
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Fig. 5 A graphical demonstration to determine a sensitive wavelength band and a central
wavelength around 560 nm to detect Ca deficient stress.
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Fig. 8 An experimental result to detect Ca deficient stress by measurement of light
absorbance of leaf at a wavelength of 560 nm, where a is the significant level of
difference between control and treated tomato plants.
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Table 2 Possibility of detection of nutrimental deficient stresses of tomato (in %) and a
range of first detectable day (in parenthesis) from the day of application of the
stresses by the .selected central wavelengths of the spectrophotometric

measurement
Nutri 1
utrimenta 480 nm 560 nm 710 nm 1120 nm
Stress
N 30%, (1-5) 100%, (1-8) 100%, (1-11)
P 30%, (8) 70%, (5-8)
Ca 40%, (3-5) 80%, (2-9) 80%, (2-10)
4
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Fig. 7 An experimental result to detect N deficient stress by the multi-spectral radiometer
at a center wavelength of 485 nm, where a is the significant level of difference
between control and treated tomato plants.
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Table 3 Possibility of detection of nutrimental deficient stresses of tomato (in %) and a
range of first detectable day (in parenthesis) from the day of application of the
stresses by 4 wavelength bands of the multi-scan radiometer

Nutrimental 485 nm 560 nm 660 nm 830 nm
Stress
N 100%, (4-10) 100%, (1-7) 100%, (4-11) 100%, (4-7)
Ca, 50%, (5) 100%, (5-7) 100%, (5-8) | 0%
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