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Ahstract

Attempts were made to develop an instrument for monitoring fresh weight of leaf lettuce.

First, the characteristics of aload cell, which 15 a component of the instrument, were investigated.
Cutput voltage of the load cell was most stable when 1t was excited by a stabilized

electric power source. Effects of temperature change and hysteresis after long term loading

were negligible. The readings of the weight determined by a device, equipped with aload

cell, well agreed with the values of fresh weight of the plant part abowe the water level. This
result suggests that the values of the reading be alm ost the same as the values of actual

top fresh weight, provided that the level of water, in which the roots are submerged, 15 sufficiently
high Using the newly developed instrument for monitoning top fresh weight, changes

of fresh weight and relative growth rate in a plant community of leaf lettuce were monitored

for a 17-day period of cultivation. The fresh weight increased 23-times during the cultivation,
and the relative growth rate varied in the range from 10 to 29%. These values agreed with

the actual measurements taleen at the same time by destructive methods. Tt 13 therefore concluded
that the fresh weight of leaf lettuce plants can be accurately monitore d with the

instrument developed in this study.
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Introduction

In recent years, continuous and nondestructive
methods for monitoring plant growth have increas-
ingly received a keen interest in accordance with the
development of sensing devices. In monitoring plant
growth, most of those studies have dealt with elon-
gation or expansion of part of a plant body such
as stems”, leaves'™, fruits"® and roots®. How-
ever, only a few studies have pursued the growth
of a whole plant®™®.

Although fresh weight is one of the most important
indexes of plant growth, it is seldom investigated,
because dry matter production is generally of major
interest to agronomists. In the case of vegetables,
however, water is one of the major components, and
the fresh weight reflects their yield and quality.
Monitoring of fresh weight is therefore required for
identifying effects of environmental changes on the

fresh weight of plants and improving cultivation tech-
niques of vegetables. From this viewpoint, an at-
tempt was made to develop an instrument for
continuous and nondestructive measurements of top
fresh weight of leafy vegetable plants.

The following three methods are made available
as sensors for measuring the fresh weight: a strain
gauge, an electric balance and a load cell. Use of
the strain gauge is not costly, but inaccurate and
requires a temperature compensator. The electric
balance gives accurate measurements but expensive.
On the other hand, the load cell gives accurate
measurements and is rather inexpensive.

The present paper attempts to review results of
the studies on the load cell which was adopted as
a sensor of the instrument for fresh weight monitor-
ing. The study subjects include effects of the elec-
tric power source, temperature and long-term loading
on the output of the load cell, and relationships of
fresh weight between the measurements with the load



cell and the direct determinations. Based on the
results of those tests, an instrument for fresh weight
monitoring was worked out, and the leaf lettuce
weight was monitored thereby for a period of 17
days.

Materials and methods

1) Device for suitability test

Fig. 1 shows a schematic device for suitability test-
ing of the load cell (Shinkoh UT-500GR). A styrol-
foam board with a wire hangs on the load cell fixed
to a stand. The load cell is excited at 3-V with elec-
tric power sources. Qutput voltage of the load cell,
which is generated in proportion to the weight on
the board, is measured with a recorder (Yokogawa
YEW-3087).

2) Excitation power source, temperature and long-
term loading

An AC-adapter (Sharp EA-17E), dry batteries (1.5
V x 2) and a stabilized electric power source (Kikusui
PAC7-10, maximum load 500 g) were used as the
excitation power source and output voltage by load-
ing a 250 g weight.

The device illustrated in Fig. 1 was set up in an
incubator. The temperature in the incubator was
gradually changed from 4 to 40°C and the output
voltage at each temperature was measured,

The device was loaded with a 250 g weight for 20
days at 20°C, and the relationship of weight values
between the start and the end was determined with
a regression analysis.
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Fig. 1. Schematic device for suitability testing of

the load cell
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3)  Measurements with the device and direct deter-
minaiion

A Wagner pot containing water was placed below
the board as illustrated in Fig. 1. Plants with leaf
lettuce (Lactuca sativa L. var Grand rapid) with 4,
6, 11 and 20 leaves each were put in a hole at the
center of the styrol-foam board. A plant at each
stage was fixed in the hole with urethane foam
surrounding the stem. Roots of the plant were
submerged in water, and the weight was determined
by the device. Then, the actual fresh weight of par-
tial (top and above water part) and whole plant was
destructively measured with an electric balance. The
relationships between the readings of weight with the
device and the values of actual weight of the plant
were subjected to regression analyses at several
growth stages.

4) Instrument for monitoring fresh weight

The instrument for monitoring the top fresh weight
of plants in a community is schematically illustrated
in Fig. 2. Four load cells mounted on the upper
edge of a container support a styrol-foam board
(60 x 100 cm) at every corner. Plants, the stems of
which were surrounded with urethane foam, were
transferred to the board, and their roots were sub-
merged in a nutrient solution. The level of the
nutrient solution in the container was kept constant
to minimize fluctuations of the readings. For that
purpose, the level was controlled with a level sensor
electrically responding. The nutrient solution in a
water bucket was supplied to the container through
a pump (Yamato PA-11D). Air was bubbled into
the nutrient solution at some intervals by using a
timer, an air pump and air stones. Output voltage
from the load cells was input into a 16-bit personal
computer (NEC PC-9801m) through an A/D-
converter (Yokogawa YEW-3087) every 5 seconds.
Signals from the load cells were transformed to the
reading of the weight and averaged every hour by
the computer. The relative growth rate was calcu-
lated on the basis of average weight during the last
hour in the dark every day. These values were stored
in a floppy disk and displayed on TV as a graph.

5) Long-term monitoring fresh weight

The instrument for fresh weight monitoring was
placed in a growth chamber controlled at an air-
temperature of 20 = 0.5°C, a relative humidity of
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Fig. 2. Instrument for monitoring top fresh weight of leaf

lettuce in a community

70-85%, a photon flux density of 342 ymol ms™
with metalhalide plus mercury vapor lamps (ca. 3:2
installed wattage). The day length was 18 hr.
Fifteen plants were sampled one week after seeding
and transferred to the board at a 15 cm-spacing.
The nutrient solution contained: (in mmol /™) 11.7
NO;-N, 1.2 NH4-N, 0.9 P, 2.7 K, 3.2 Ca, 1.4 Mg
and 1.2 SOy; (in gmol I™") 36 Fe, 17 B, 17 Mn.
The pH of the nutrient sclution was kept at 5.3-6.3
through adding NaOH. The electric conductivity of
the solution ranged from 3.0 to 3.7 mS cm . Bub-
bling by the air pump was discontinued during the
input of signals from the load cells. The monitoring
started 9 days after transfer.

Actual top fresh weight and number of leaves were
measured with a destructive method for the plants
cultured at the same time every 2 to 4 days.

Results and discussion

1) Excitation power source, temperature and long-
term loading

QOutput voltage of the load cell excited by the three
power sources is shown in Fig. 3. The output vol-
tage fluctuated with the AC-adapter, and gradually
decreased with the weakened dry batteries, but it was
constant with the stabilized electric power source.
These results indicate that only the stabilized power
source can be used as excitation power source for the
load cell, which requires a constant excitation voltage.

Fig. 4 shows the effect of temperature on the
output voltage. The load cell was not affected by
temperatures ranging from 4 to 40°C. Hence, the
changes of temperature may be overlooked for the
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Fig. 3. Effects of power source on the output voltage
of the load cell
Left: AC-adapter, Center: Dry battery,
Right: Stabilized power source.
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Fig. 4. Effects of temperature on the output
voltage of the load cell
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Fig. 5 Relationships of the readings of weight
by the load cell between the twa stages
(at the start and 20 days later)

Table 1. Relationships between readings of weight
by the load cell and values of actual fresh
weight of leaf lettuce

Actual fresh weight (g)*

MNo. of Rc:i:nﬁtof T Above Whale
leaves [:] 0? [; water part  plant
' X)) (X

4 1.4 1.3 1.4 1.8

6 5.0 5.1 5.3 6.3

11 29.0 26.8 27.4 339
20 109.5 108.3 110.0 121.0

*Y= 101X, +0.51, Y=L00X;+0.36, and
Y = 091Xy + 0.85.

use of load cells except under extremely high or low
temperature conditions,

The relationship between the reading values of
weight by the test device at the start and that after
20 days (end) is shown in Fig. 5. The correlation
coefficient between the values of the two readings
was 1 = 1.00*** and the value of the reading at the
end was 0.6 g higher than that at the start, suggest-
ing that hysteresis after long-term loading be not
significant.

2)  Readings with the device and actual weight
Table 1 shows relationships between the readings
of weight with the test device and the values of actual
weight in leaf lettuce. The value of the reading
(Y g) and the value of actual weight of top (X; g),
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Fig. 6. Changes in top fresh weight and relative
growth rate of leaf lettuce under monitoring

Table 2. Changes in top fresh weight and relative
growth rate measured by desiructive methods

Top fresh weight

Days (2) No. of leaves
0 4.4 3
2 6.4 4
5 9.7 6
8 14.4 8
11 27.4 11
13 44.6 13

_I.T 102.6 16

above the water (X, g) and whole plant (X3 g) were
represented by the following equations:

Y = 1.01X; +0.51 (r= 1.00%*%),
Y = 1.00X;z + 0.36 (r=1.00***), and
Y =0.91X3 +0.85 (r= 1.00%*%).

These functions, which are characterized by high
correlation coefficients, indicate that the values of
the readings were slightly higher than those of actu-
al top fresh weight and lower than those of whole
plant, but almost the same as the values of fresh
weight of the plant part above the water level. Thus,
the values of the readings determined with the device
almost agreed with the values of top fresh weight,
when the level of water contents was sufficiently high.

3) Long-term monitoring with the instrument
Average values of the fresh weight obtained by

the instrument during the last hour in the dark and

relative growth rates calculated for each day were
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plotted in Fig. 6. The fresh weight increased 23-times
during the 17-day period of cultivation. Values of
the minimum and maximum relative growth rate,
which were observed 5 and 11 days after the start
of monitoring, were 10 and 29% for the top fresh
weight of 10 and 30 g in plants with 6 and 11 leaves,
respectively (Table 2). The readings of fresh weight
with the instrument almost agreed with the values
of actual fresh weight measured by destructive
methods.

4) Use of the instrument for monitoring fresh
weight

Studies of environmental effects on fresh weight
have seldom been carried out. The fresh weight,
however, is important for evaluating vield and quality
of vegetables. In operating nutrient solution culture,
fresh weight monitoring is particularly useful for
managing the growth of plants based on their status.
Effects of environmental changes on the fresh weight
can also be investigated with the present instrument.
Since the fresh weight is sensitive to environmental
stress, its monitoring would provide useful informa-
tion on the plant growth status. [t would be expected
that new methods of cultivation are developed
through the accurate information which could be sup-
plied by the above-proposed instrument for fresh
weight monitoring,

References

1) Gallagher, J. N., Biscoe, P. V. & Saffell, R. A, (1976):

JARQ 25(4) 1992

A sensitive auxanometer for field use. J. Exp. Boi,
27, 704-716.

2) Gallagher, J. N. & Biscoe, P. V. (1979): Field studies
of cereal leal growth. 111, Barley leaf extension in re-
lation to temperature, irradiance, and water potential.
J. Exp. Bot., 27, 645-655.

3) Gallagher, J. N., Biscoe P. V. & Wallace, J. S. (1979):
Field studies of cereal leaf growth. IV. Winter wheat
leaf extension in relation to temperature and leaf water
status. J. Exp. Bot., 30, 657-668.

4) Hole, C. C. & Scout, P. A. (1984): Pea fruit exten-
sion rate. 1. Effect of light, dark and temperature in
controlled environment. J. Exp. Bot., 35, 790-802.

5) Kamota, F. & Naito, Y. (1975): Studies on photo-

synthesis and transpiration of vegetable crops. Il. A

linear electronic device for continuous measurement of

stem and fruit enlargement in relation to water stress.

Bull. Veg. Ornam. Crops Res. Sta., AZ, 33-47 [In

Japanese with English summary].

Tamaki, K. (1983): Measurement of plant growth in

weight using cantilever beam sensors. Environ. Con-

rrol Biol., 21, 27-35 [In Japanese with English
summary].

7) Tamaki, K. (1984): Measurement of plant growth in
community state using a loading plate. Environ. Con-
trol Biol., 22, 15-21 [In Japanese with English
summary].

8) Tamaki, K. (1986): Measurement of weight growth of
Chrysanthemum coronarium cultivated in hydroponic
culture. Environ, Control Biol., 24, 87-93 [In Japanecse
with English summary].

9) Tanimoto, E. & Watanabe, J. (1986): Automated
recording of lettuce root clongation as affected by aux-
in and pH in a new rhizometer with minimum mechan-
ical contact to roots. Plant Cell Physiol., 17,
1475-1487.

6

=

(Received for publication, Sept. 26, 1991)



	25-4-248のコピー
	25-4-249
	25-4-250
	25-4-251
	25-4-252

