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Agricultural production in large scale greenhouses based on SPA
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1.3 ha
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Chlorophyll fluorescence imaging for plant diagnosis
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Demonstrative measurement of Chl fluorescence imaging robot
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Practical use of CFI robot in a large-scale greenhouse 
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Distribution of photosynthetic function of tomato plant in 1.3 ha�

���7/+<>;381�:938=<�38����2+�

#�%jƔÙĎİìơƒŏČk�

7
6
m

 

170m 

Low �

High �

ƱêďǄÜǈ�

���7/+<>;381�:938=<�
���
����

Low �

High �

ǱƹÖƟõ�Üǈ�

16 �

23 �

S
te

m
 e

lo
ng

at
io

n 
(c

m
)�

�	�:6+8=<j�	:6+8=<����2+k�ƔÙĎăŋ�âƄ��ÁÅ�àx�ù�

�{Îá��
%#����ĽŋëƎƂýǖŮƃ�

ãŧêÜĻ�

Taa[J`ǳƔŘǓĪǃÉ½¯²���ãƼõâöļġĪǃ�
ǴøƻƙÉ½¯²�ǣǋ� ǵãƼõâöļġ�

ãèêÜĻ�

1

1.2

1.4

1.6

1.8

0 5 10 15

Ɣ
Ù
Ď
İ
ì
ơ
ƒ
ŏ
Č
�

Day�

ǶƎƂýǖ�Ľŋù�ŨŋČ�

Ɣ
Ù
Ď
İ
ì
ơ
ƒ
ŏ
Č
��312�

 9@�

1.3 ha�



1

1.2

1.4

1.6

1.8

0 5 10 15
#�
%�

�+B�

²¿²žöǕ�ƔÙĎăŋ�ÿËŠù�
� Changes in photosynthetic function for two weeks �

0

4

8

12

16

20

1

1.2

1.4

1.6

1.8

0 5 10 15
0

4

8

12

16

20

0 5 10 15

Daily solar radiation

�+
36B
�<
96
+;
�;+

.3
+=
39
8�
�!

��
7


�
��

ËƗŖËǁƉ��ïœ�

ƎƂĪǃ����īǃ�x�|�v�
ǀĴţƨ�ǜƺ�ÃµÆÊ¥�

ǌě�ƎƂćƶ�ǌÙë�ƑƢ�

ķŎy��łƥ�

ƬǪÌĀǀĴľßƆƠ¬Êh 

äÔǮǩÈhÊÒ�žöǕ�æŽ�e�
�/,��C������úƱĪǃ�

ƍǍƔǀĴľß�y}�ÖĆįƣ²¿²âĉ 

ǘƔÙĎąÌù�ƲęÜŹ�ƿĦ 

ǘƔÙĎ�
ąÌù�

�%�
� �

���

ÜŹ�

Ǳ�

Ɛ�

Ŏø�Ƌ��

sÔí�Ɩ��

kF/jkSpkLk�
ąÌù�ǫ�

Ɣ��"��

ĎƄ¸ÅÊª�ÃµÆÊ¥�

øƻƙTaa[J`��26�ǳƔŘǓĪǃÉ½¯²�



Ǳ
Ǡ
z
�

50
cm

ǱƹÖƟõ 

Ǳǧ 

ÒIÑIóı
Ɛ�ƐŅƗ 

Ɛě 

ǎŚ�ƿĦ�÷ë���ĸÏë�Īǃ 

ĎƄ¸ÅÊªƩĿ����ÔƾëâöļġĪ
ǃǔ÷�ŘǓĪǃ 

ǱƹÖƟõ 

ǱǠ�(Ƶƭ�Šù�

#29=9<29:�üv�
\YLP`Īǃ�

y = 0.2721x
R² = 0.9958

0

2

4

6

8

10

12

0 10 20 30 40

�2
+8

1/
<�
38
�B

-
99

;.
38
+=
/�

90
�<
29

9=
�+
:/

A�
�#
3A
/6
<�
�

%=/7�/6981+=398��77��

�����

ǏË�
ǱƹÖƉĪǃ{Ũŋ

ǎŚ�ƿĦ�÷ë���ĸÏë�Īǃ 

ǱƹÖƟõ�15ËêúĒĪǃ 

%=
/7

�/
69
81

+=
39
8�
;+
=/
�

�#
3A
/6
<�
.+

B

� �
�

0

4

8

12

16

20

0 5 10 15

Manual

15

17

19

21

%=
/7

�/
69
81

+=
39
8�
;+
=/
�

�7
7
�.
+B


�
��

�+B

ÝĪǃ��ǥǗ�|�v
Ëƴı�ĎÖƉ�Šù
�ǥǗŨŋ�

�i�Ëé�ËƗŖËǁƉ��þï

0

5

10

15

20

2

5

8

11

14

17

0 5 10 15

Daily solar radiation

Stem elongation rate

�+B�

%=
/7

�/
69
81

+=
39
8�
;+
=/
�

�#
3A
/6
�.
+B


�
��

�+
36B
�<
96
+;
�;+

.3
+=
39
8�

�!
��
7


�
�

~���ĂŨŋ�u��
ƎƂćƶ�ĎƄ�ïœ
�ǜƺ�ĻǛ{Ũŋ��

�

�

�

�
�

15

17

19

21

0 5 10 15
0

4

8

12

16

20

0 5 10 15

Manual

�

�

�

�

�



ƎƂýǖ�Úāù(Ľŋù)�ŨŋČ�

u�ƞõ�Úāù�Żg�ƒĎŨŋ�

Ðê�÷fƪƥ��ǥǗĂ
Ũŋ�È¼Ç�ǜƺ�ę
ő�âƄůŷǥǗ{Ũŋ�
Ǵ ƔÙĎăŋ�ËŠùfÜ
ǈ�ǥǗ�

ǵ ª²ÈªfƏǤŦ�ŻĆ
ĳĽ�

Ƕ tËƴı�ĎÖjǱƹÖe
ƐƉlǱǧeŎøƀƷ
/=-�m�ęő�ǥǗ�

ǏË�ƎƂýǖ�ǡè[JOXcZcNT�
sǮǩ¶¡·¡�±h¼hªù�

ƎƂýǖ�Ľŋù�

øƻƙChlǳƔŘǓĪǃÉ½¯²� ŃŢħż¨ª°Á� 
ǝ�Ě}å����v��

2==:���@@@�<>,+;>�4:�

ǴƊ�eǵ��ƞõ�
Ƽõ�Īǃ�e��
ux�Ƕ���w�
æģ�Ǒ���Ųv
�z�

ǱƹÖ{ŝǞ��-7ĜÒ���|�ƱêďǄ�
�q�

Ġ
ƕ
j
ř
Ɖ
k

 

Ġü��âöļġ�Ĭǆõ 
j±¸ ªeèêfŧêÜĻŋk 

~25 kg/m2 

40~60 kg/m2 

60~70 kg/m2 
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