











Using the Depth Stop

The depth stop can be used to set the maximum depth to which samples can be inserted into the
sample slot to keep the measuring point constant. It is especially useful when measuring small leaves.

To set the position of the depth stop, squeeze both sides of the
depth stop against the sides of the measuring head and slide the
depth stop to the desired position. The depth stop can be moved
within the range of 0 to 8mm from the center line.

When not using the depth stop, remove it, turn it upside down (with the tabs facing away from
sample slot) and replace it on the measuring head.




MEMORY FUNCTIONS

Measured data are automatically stored in memory at the time of measurement. The SPAD-502
has memory space for up to 30 data. When the memory is full, the data for the first data number (the
oldest data in memory) is deleted and the remaining data in memory are shifted, so that the data for
data numbers 2 through 30 become the data for data numbers 1 through 29. The new measurement
is then stored as data number 30. All data are deleted from memory when the power switch is turned
to OFF.

By using the keys of the SPAD-502, it is possible to perform certain operations on data in memory
as shown below.

Key name Function State of data in memory Dlsplay after
operation
AVERAGE Calculates the Number of data in
average value of all memory
i .
!m{ data in memory Average Average value
gl '\_!

Deletes all data in
CKEAR memory.

TR
N

.

4

W

D Blank

Recalls the data Displayed data
stored for the previous number
data number to the
display for checking.
DZZ Display
Display

Deletes displayed data.
Can be used to delete

data which is incorrect.
Display D«; Blank

Data number of
deleted data

10



After displayed data has been deleted using the 1 DATA DELETE, later measurements will be
stored in one of the following ways.

1. If another measurement is taken without changing the data number (while *'- - -”" is shown in the
display or if AVERAGE was the only key pressed after data was deleted), the new measured
data will be stored in the space for the data number from which data was deleted.

—» Measurement ——

//// /4 i
Deleted data 2 New measured data is
2, 27002 stored here.

-

2. If the display is changed to another data number by using the DATA RECALL, the remaining
data in memory will be shifted up to fill the space for the data number from which data was
deleted and the new measured data will be stored in the space for the next empty data number.

Display is changed
™ using DATA RECALL —* Measurement 2 /

/////////// z Deleted data 2347

New measured data
is stored here.

PN
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INPUTTING COMPENSATION VALUES

The SPAD-502 can use compensation values defined by the user to adjust data if desired, such
as for standardizing the response of several meters. Compensation values can be set between
—9.9 and 9.9. After a compensation value has been input, data will be calculated according to the
fallowing formula:

Displayed value = Measured SPAD value + Compensation value

To input a compensation value:

1. Turn the power switch to ON-while pressing both AVERAGE and
DATA RECALL. The meter will enter compensation mode and
the previous compensation value will be shown in the dispiay.
The compensation value will be 0.0 if a compensation value has
not been previously input.

olo

DATA 1 DATA
RECALL DELETE

2. Set the compensation value using ALL DATA CLEAR and
1 DATA DELETE. The compensation value will increase by 0.1
each time ALL DATA CLEAR is pressed; value will decrease by
0.1 each time 1 DATA DELETE is pressed. The compensation
value can be set between —9.9 and 9.9 in 0.1 steps. The com-
pensation value is set to 0.0 at the factory.

|
i

M

¢ The reading checker should not be used to decide the compen-
sation value. Increase Decrease

3. After setting the desired value, press AVERAGE. The displayed ———J
value will be stored in memory and input of compensation value PO GF
is complete. Switch off the power and then switch it on again to
start operation.

ALL DATA
AVERAGE CLEAR

DAT; DATA
RECALL DELETE

When the compensation value is set to other than 0.0, the following display sequence occurs when
the powet switch is turned from OFF to ON.

12



Power switch turned to ON

Wl ——— T | T
e | L

Compensation value in memory

When “CAL" appears, calibration can be performed according to the procedure on p. 7.

When the compensation value is set to 0.0, compensation value in memory is not displayed when
the power switch is turned from OFF to ON.

Power switch turned to ON
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Standardizing Several Meters

Different SPAD-502 units will yield slightly different results even if the same area of the leaf is
measured. By following the steps below and inputting compensation values, these differences can
be reduced to a minimum.

1. Select one meter as the master unit.

2. Measure the same area of a leaf several times with the master unit and push AVERAGE to
obtain the average value.

3. Take several measurements of the same area measured in step 2 using the other meters and
press AVERAGE of each meter so that all units display the average measured value.

4. Subtract the average value displayed by each meter from the average value displayed by the
master unit to obtain the compensation value for each meter.

5. Input the compensation value for each meter as caiculated in step 4 according to the procedure
for inputting compensation values on p.12.
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USING THE READING CHECKER

A reading checker is included with the SPAD-502. This reading checker can be used to check that
the SPAD-502 is operating normally, and should be used periodically for best accuracy.

To use the reading checker:

1. Turnthe power switch to ON while pressing both 1 DATA DELETE ( A
and DATA RECALL. The meter will enter its check mode and

e d
“CH" wili appear momentarily in the display. Then the display will ) '_‘
change and ““CAL" will appear. L ’ ’ J

2. Perform calibration. With no sample in the sample slot, press on
the finger rest to close the measuring head and hold it closed until
a beep sounds and the display shown at right appears.

* If a series of beeps sounds and "“CAL” blinks in the display,
calibration was not performed correctly. Repeat step 2, making
sure that calibration is performed correctly.

3. Remove the depth stop.

N

4. Insert the reading checker into the sample slot, press on the
finger rest to close the measuring head, and hold it closed until
a beep sounds and the measured value appears in the display.
* If a series of beeps sounds and “---" blinks in the display,
measurement was not performed correctly. Repeat step 4, mak-
ing sure that measurement is performed correctly.
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5. Repeat step 4 several times with the reading checker inserted in
the sample slot.

6. Press AVERAGE to calculate the average value of the measure-
ments. The displayed average value should be within the range
shown on the reading checker. If it is not within this range, clean
the emitting and receiving windows and repeat the above proce-
dure starting with step 1. If the average value is still not within
the range shown on the reading checker, the meter may be
malfunctioning. Contact the service center.

7. To resume normal operation, turn the power switch to OFF and
then to ON again.

¢ The reading checker should be used only in check mode.
Measuring the reading checker in measurement mode may give
inaccurate values.

* Only the reading checker included with the unit (and having the
same serial number as the unit) should be used. Other reading
checkers may not give accurate values. .

* The reading checker should not be used outdoors. When using
indoors, do not use in direct sunlight or in areas subject to high
temperatures or high humidity.

¢ Differences between the measured value of the reading checker
and the value shown on the reading checker should not be
corrected for by inputting a compensation value.

* Do not touch the glass surface of the reading checker. If it
becomes dirty, wipe it with a soft, clean, damp cloth.

¢ To protect the reading checker, it should always be stored in
the accessory case. Do not store it in areas subject to high
temperatures or high humidity.

=N
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TROUBLESHOOTING GUIDE

If a problem occurs with the SPAD-502, use the following troubleshooting guide to try to solve the
problem yourself. If the problem cannot be solved according to the troubleshooting guide, call the

service center.

Problem

Checkpoint

Solution

Power switch is at ON, but
display is blank.

Are batteries installed correctly?

Install batteries correctly
(seep.6).

Are batteries ‘dead”’?

Replace batteries with fresh
ones.

Measurements cannot be taken
even if the measuring head is
closed.

Did you perform calibration by
closing the measuring head with
no sample in the sample slot?

Perform calibration according
to the procedureon p. 7.

Measured values disappeared
from memory.

Did you turn the power switch
to OFF?

Memory is erased when the
power switch is turned to OFF.

The measured value varies
even though the same area of
the leaf is measured.

Is there a drop of water or a
stain on or near the emitting
or receiving windows of the
measuring head?

Wipe the emitting and receiving
windows of the measuring head
with a clean, soft, dry cloth.

Is the sample leaf positioned
correctly?

Position the sample leaf so that
it is under the center line and
completely covers the receiving
window.

Does the leaf have many veins?

When measuring leaves with
many veins, the measured
value may vary due to the veins.
For best results, measure
several areas of the same leaf
and use the average value of
these measurements.

Are you closing the measuring
head correctly and keeping it
completely closed until
measurement is complete?

Close measuring head correctly
head correctly and keeping it
and keep it completely closed
completely closed until
measurement is complete

(until 2 beep sounds and the
measured value appears in the
display).

Are you measuring under direct
sunlight?

When measuring in direct
sunlight, shade the SPAD-502
with your body to prevent the
sunlight from affecting
measurements.
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CARE AND STORAGE

* The SPAD-502 is water-resistant. However, do not immerse it in water or wash it with water.
If it gets wet, wipe it dry after use.

* Do not subject the meter to strong shock or vibration.

* Do not press on or damage the LCD window or measuring head.

* Do not leave the meter in direct sunlight or near sources of heat, such as stoves, strong lights, etc.
* Turn the power switch to OFF when the meter is not being used.

* When dirty, the meter may be wiped with a soft, clean, dry cloth. If the meter is extremely dirty,
use a damp cloth to wipe off most of the dirt and then wipe the meter dry with soft, clean, dry
cloth. Do not allow alcohol or chemicals to touch the meter’s surface.

* Never attempt to disassemble the meter. If the meter malfunctions, contact the service center.

* The meter should be stored at temperatures between - 20 and +55°C. Do not store the meter
in places subject to high temperatures or high humidity, such as inside a closed motor vehicle.
It should be stored with a dehumidifying agent, such as silica gel. if possible, the temperature
should be kept relatively constant during storage.

* When the meter is to be stored for more than two weeks, remove the batteries from the meter body.

Lo
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MEASURING PRINCIPLE

The values measured by the Chlorophyll Meter SPAD-502 correspond to the amount of chlorophyll
present in the plant leaf. The values are calculated based on the amount of light transmitted by the
leaf in two wavelength regions in which the absorption of chlorophyll is different.

Ultraviolet
Violet
Blue
Green
Yellow
Orange
Red
Infrared

uondiosgy
Qoo
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Figure 1: Spectral absorption characteristics of chiorophyll

Figure 1 shows the spectral absorption characteristics of chlorophyll extracted from two leaves
using 80% acetone. The chlorophyll content of leaf B is less than that of leaf A. The graph also shows
that the peak absorption areas of chlorophyll are in the blue and red regions, with low absorption in the
green region and almost no absorption in the infrared region. Based on this, the wavelength ranges
chosen to be used for measurement are the red area (where absorption is high and unaffected by
carotene) and the infrared area (where absorption is extremely low).

Lot
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A block diagram of the Chlorophyll Meter SPAD-502 is shown in Figure 2.

lluminating system

v Sample leaf

Receptors

Y
Amplifier

Y

A/D converter

Y
Microprocessor | Keys

Y
Display

Figure 2: Block diagram of the SPAD-502

LEDs in the illuminating system emit red and infrared light. The light which passes through the
sample leaf strikes the receptor, which converts the transmitted light to analog electrical signals.
These analog signals are boosted by the amplifier and are then converted into digital signals by the
A/D converter. The digital signals are then used by the microprocessor to calculate the SPAD value,
which is shown in the display and also automatically stored in memory. Data in memory can then be
recalled or deleted and the average value of all data in memory can be calculated by pressing the
appropriate key.
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Illuminating/Measuring System

Two LEDs, a red LED (peak wavelength: approx. 650nm) and an infrared LED (peak wavelength:
approx. 940nm), provide illumination. The relative illuminance provided by these LEDs is shown in

Figure 3 below.

Red LED Infrared LED
10F
Relative luminous
intensity 054
Wavelength (nm)
1 1 1 [ i L 1 1
400 500 600 700 800 900 1000 1100

Wavelength (nm)

Figure 3: LED luminous intensity characteristics

The two LEDs are built into the measuring head (Figure 4) and emit light in sequence when the
measuring head is closed. Light from these LEDs goes through the emitting window, passes through
the sample leaf in the measuring head, and enters the receiving window. It then strikes the SPD
{silicon photodiode) receptor and is converted into analog electrical signals.

Receiving window

Emitting window

PN

Figure 4: illuminating/measuring system of the SPAD-502
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Calculations
Calculation of the SPAD value is performed according to the following procedure.

1. During calibration, the two LEDs emit light sequentially without any sample in the sample slot.
The received light is converted into electrical signals and the ratio of their intensities is calculated.

2. After a sample has been inserted in the measuring head, the two LEDs emit light again. The light
transmitted by the leaf strikes the receptor and is converted into electrical signals. Then the ratio
of the intensities of the transmitted light is calculated.

3. The values obtained in steps 1 and 2 are processed to calculate the SPAD value, which
corresponds to the amount of chlorophyll present in the sample leaf.

=
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TECHNICAL DETAILS

Type:

Measurement sample:
Measurement principle:
Measurement area:
Maximum sample thickness:
Insertion depth:

Light source:

Receptor:

Display:

Data memory:
Controls:

Power source:
Battery life:

Minimum interval between

measurements:
Accuracy:

Repeatability:
Reproducibility:
Temperature drift:
Temperature range:
Other:

Dimensions (L x W x D):
Weight:
Standard accessories:

Handheld meter for measuring chlorophyll

Plant leaves (mainly leaves of rice plants)

Optical density difference at two wavelengths

2mmx 3mm

1.2mm

12mm maximum; depth stop adjustable to depths between 0 and 6mm
2 LEDs (light-emitting diodes)

1 SPD (silicon photodiode)

LCD panel showing 3-digit measurement value (- 9.9 10 99.9 in 0.1-
unit steps; 100 to 199 in 1-unit steps) and 2-digit data number number
Space for 30 data

Power switch: Switches power on and off

AVERAGE key: Calculates the average of all data in memory

ALL DATA CLEAR key: Deletes all data in memory

DATA RECALL key: Recalls data for previous data number

1 DATA DELETE key: Deletes displayed data

Measurements automatically taken when measuring head is closed.
2 AA-size 1.5V alkaline-manganese or carbon-zinc batteries

More than 20,000 measurements per set of 2 alkaline-manganese
batteries

Less than 2 seconds

Within + 1 SPAD* unit (at room temperature, SPAD™ value between
0 and 50.0); SPAD™* values of greater than 50.0 may be less accurate
and will cause decimal point of display to biink; for SPAD* values of
more than 99.9, no decimal point will appear.

Within +0.3 SPAD* units (SPAD* value between 0 and 50.0)
Within +0.5 SPAD* units (SPAD* value between 0 and 50.0)

Less than +0.04 SPAD* units/ C

Operation: 0 to 50°C; Storage: —20 to +55°C

Buzzer (single beep for measurement complete, series of beeps for
error); function for inputting compensation value

164 x 78 x 49mm

225 (without batteries)

Sliding depth stop; carrying strap; soft case; 2 AA-size batteries;
reading checker

*SPAD values are values defined by Minolta which indicate the relative amount of chlorophyll present in plant leaves.
Specifications subject to change without notice

o
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This equipment has been manufactured for
Spectrum Technologies, Inc.
12360 S. Industrial Dr. East
Plainfield, IL 60585 USA

The Manufacturer's DECLARATION OF CONFORMITY is on file at the above
address, and certifies conformity to the following:

Model Number: 2900, 2900DL

Description: Chlorophyll Meter

Type: Electrical Equipment for Measurement, Control, and
Laboratory Use

Directive: 2004/108/EC

Standards: EN 61326-1 (2006), Class B

Oy -

Douglas L. Kieffer,
Soil/Water Products Manager March 4, 2009

Spectrum

Technologies, Inc.

12360 S. Industrial Dr. East
Plainfield, IL 60585
(800) 248-8873 or (815) 436-4440

FAX: (815) 436-4460
E-Mail: info@specmeters.com
www.specmeters.com






