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Design and Construction of Recording-Apparatus for Leaf-Growth
Measurement and Water-Temperature Controller

—Applied on the Measurement of Leaf-Elongation in Cereal Crops—
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Fig. 1 Flow diagram of measurement

apparatus
U: U gage, A: Amplifier, R: Recorder,
S;, S;: Limit switch, S: Switching circuit,
M: Servomotor, G: Gear
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Fig. 2 Switching circuit

Sl, Sz: Limit SWitCh, Sg, S4, Ss, Sg, S7:
Relay switch, S;, Sy: Snap switch, M:
Servomotor
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Fig. 3 Schematic of automatic measuring
apparatus for leaf growth
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Fig. 4 Block diagram of switching circuit

Si, S;: Limt switch, S,, S¢: Relay switch,

S;: Delay switch, M: Servomotor, 1/s:

Transfer function of switch, M: Transfer
function of servomotor
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Fig. 5 Bode diagram of switching circuit
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Fig. 6 Bode diagram of measurement
apparatus
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Fig. 7 Flow diagram of water temperature
controller

D: Detector, C: Cooler, P: Program,
L: Control circuit, E: Power regulater,
B: Motor valve
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Effect of water temperature (sine wave, 1 [cycle/day])

on the leaf growth of rice

* A scale in compression waves indicates 0.2 [mm] leaf elongation
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Effect of water temperature (sine wave, 6 [cycle/day])

on the leaf growth of rice

* A scale in compression waves indicates 0.2 [mm] leaf elongation,
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Fig. 11 Effect of water temperature (saw tooth wave, 6 [cycle/day])

on the leaf growth of rice

* A scale in compression indicates 0.2 [mm] leaf elongation,
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Summary

In order to measure the micro-growth-increment and -rate in the cereal crops, an automatic
recording-apparatus was designed and constructed, using electrical strain-meter, For environ-
ment control, an automatic controller of programing water-temperature in a water-bath was
constructed,

By measuring the period of 0.1 [mm] leaf elongation and recording the frequency using
this apparatus, the growth-increment and the growth-rate could be known, Applied forces on
the leaf apex were less 0.005 [gm], displacement quantities of the U gage were 1 micron and
the accuracy of this apparatus was 1 percent, If the selection of environmental condition,
circuit constants, and components were made, the more increasing stabilization and sensibility
could be expected.

In the overall characteristics of this water-temperature controller under the conditions of
30[°C] room temperature and of 28[°C] water temperature, the maximum rising velocity is
1.56[°C/min] and the maximum dropping velocity is 0.27[°C/min]. When the function of water
temperature indicates a sine wave having the frequency of 8[cycle/day] and the amplification
from 20 to 35[°C], the accuracy of temperature is less than +0.2[°C]. If the selection of
capacities in heater, cooler, and water-bath were made, the more increasing amplification and
frequency of water temperature could be expected,

As an example, the relation between the water temperature in the water-bath and the third
leaf elongation of rice was measured, using these apparatueses. Generally, the growth incre-
ments were adapted to the change of the water-temperature curve. However, it was estimated
that the micro-growth-rate curve was kept characteristic appertaining to each pattern in the
change of water temperature,



