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Database of JapaneseAgricultural Soil analyzed by SOFIX

Sachie Horii1), ToshihideMatsuno1), Kenzo Kubota1), Yuki Hukuhara1), Yoshiki Matsumiya1),

Jun Hirakawa2), BunyuMatsuda3), Chikayoshi Kitamura4) andMotoki Kubo1)

The evaluationmethod of soil fertility (Soil Fertile Index; SOFIX) had been developed for themeasurement of the
material circulation activity in agricultural soil. Soil bacterial number, Nitrogen circulation activity, phosphorous circulation
activity, and nutritional components (SOFIX) in soil were analyzed for construction of database of the Japanese agricultural
soil. The range of bacterial number was between detection limit (7.8×10 6 cells/g) to 1.9×10 9 cells/g, and the average number
was 6.4×10 8 cells/g. The average value of nitrogen circulation activity and phosphorus circulation activity was 26 points and
43 points, respectively. The average values of all samples suggest that material circulation activity of Japanese agricultural
soil was low level. For the efficient and reproductive organic agricultural system, the total evaluation of agricultural soil
should be needed.
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1. XYZ	
20[\]^�_�`abcdXe<�f`gh	ijk��l@`=mn`o;piq=mr`stuv
w	xj�yz�z{|�e<�f`}~�����	������x��u�|ezk�k��y����

��=m�`�� (����`�����`��e) ���f��`��	 ¡��¢£¤`¥=�¦/§¨
©ª��X«¬r®d`¯°±ex²u³´�µ� (1, 2, 3)y¶`�Z�·?`abcdX�e<�f`¸
~nu��zk�kp¹�º»�¼½¾dX�¿JÀÁ`e<�f`¸~nu 1999Â�� 2008Â` 9ÂÃ
d 23.5%��zk�� (4)yÄ`i¡	�ÅÆ$ÇÈ`É¹ÊËÌbZ�µk�k��yÍ��[ÎÏxe<
�f`ÐÑ	 ¡��ÒÓ`ÔÕ�����e<�fÖ×ÌØÙzkp¹�ÚÑÛÜ`o;X=mÝ`ÛÞ

Ïßàáâ�k��y

Ä`i¡xÅÆãä`ØÍ¹å=mæ�ç`ØÙ	 ��è�é`êë��f`ìíÏî~uï��µk

��yè�é`êë��fXêëðpiqñëð`��áòêzkp¹�ó@uêëð��áôõö÷��

ÄåXd�x�y¶`�Z�êë��fáî~��	X���ø`ù=@	i�êëð��`ñëeuÚÑ

dª�y��ødX�_ú_�x=@�ù=@	ijk@�ûÅuüýµkp¹ (þ 1)�êë@X=@`l
~	ijk�ñë@	���ñëe��µ�y���µ�ñë@Xó@	ijkö÷�µ�ó@��	�	

�µ�yÄ`ûÅ
	p�kX�ñë��`

��u�x�ÅÆß�u����Z�ûÅ

`�f=m	p�kX�êë��f`î~u

�Ñdª�y

z�z�è�x²`êë��fXe<�f

å�x¹�f������`��u��	

��dª�y¶`�Z�êë��f`¸~	

p�kX���ø`�f��`���á�í

Z�Äåu�Ñdª� (6)yÍ��=@	i
�ñëeu����	��áh �Äå�

����=@���!"`#r	����@

�ûÅáï$zx%µ�x�x�y&�'�

µ��êë��f`�(Ïx�~	X��Å

Æpiqè�ÅÆá)*	+,��ÚÑu

ª�y

ÄµÍd	�HI-dX���`@�ûÅ	./��=@#r	01z�23Ïx������� (Soil
Fertile Index; SOFIX) á4¥z� (7)ySOFIXåX���ø`=@`#r	01z�2!"5�67ûÅ#r
piqJ�ûÅ#ré	ijk���`=@Ï�e<Ï�@8Ïx239Öá:Ë���dª�y�HId

X�ÄµÍd		ìz��;<�á�����ez�¶`�;<�����`����`{=	>�k?

@��y

2. AfpiqBC
2!"5`DE

F:��ø`2!"5X���ø`ÅÆ DNA (environmental DNA; eDNA)`G�piq�;C	HjkDE
z� (8, 9)yI"z�LJ�K	F:�� 1g�DNAG�LMN 8 mL�20%OPQRSTçJÀÁUN 1 mL
áV��WXëdWX (1,500 rpm�-Y�20�Ã) z�yWXz�UN 1.5 mLáZ[�\ (8,000 rpm�-Y�
10�Ã) 	Fz�¢] 700 �LáB�xLJ�K	�Éz�yW¼¼^QÁ§U_R`QRQæ�Q (24:1 (v/v) )

þ 1. 67ûÅ (ÅÆù=@< (5) i¹a~)
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700 �LábVz�L��	cde�Z[�\ (14,000 rpm�-Y�10�Ã) z�y¢] 500 �LáB�xLJ
�K	�Ézk�2-f¼¾g�QábVz�L��	cdeZ[�\ (14,000 rpm�-Y�20�Ã) z�y¢
]áhie�70% (v/v) j�g�Q 1 mLábVz�Z[�\ (14,000 rpm�-Y�5�Ã) z�y¢]áhi
e�R�kl���d�mnoz eDNAáp�y1.0 %Rq¼��rQálsz�p�µ� eDNAUNpiq
tnuls~`v�¿�åzkwxn` DNAáòy Smart Ladder (NIPPON GENE�árQ	Fz�yz{
|}áüj�Rq¼��rQX�jL~ÀÁK¼vUOd¤�eUV��z�DNA��Oá*�z�yKODAK
1D Image Analysis software�KODAK�á~�k�jL~ÀÁK¼vUOá�äåz� DNA��O`����
DEáüj�yRq¼��rQt` DNAn`DE<����:f 1.0 mlª�¹` eDNAná��z�p�
µ� eDNAnå eDNA-2!"5tnu (��2!"5�cells/g-sample��1.7 × 10 8 ×eDNAn��g/g-sample�
�r2 = 0.96��á~�k���2!"5á��z�y

67ûÅ#rDEC

F:��`ò¢(á�����Z	���`�;$¢�ná�Z�y¶`e�¢%��piq���X¶

µ�µ�;$¢�n`100%piq60%`ò¢(	��z�67ûÅ#r`DE	~��y��	RSR��
�ÀÁª��X��S¿JÀÁá¶µ�µ����u60 �g-N/g-soilåx�i¡	bVz�25�d4�Ã��z
�y1�1å4�1`��4 g��ñëð67á1M KCl¢UN40 mLdG�z�R���Rð67��piq�
�Sð67��á¶µ�µU�ON�g�Q�CpiqTNLQjLl�~R`�Cá~�kDEz��10�
11�yR���Rð67piq��Sð67`��(X��`E	Hjk��z�y

��( (%) = (1�1` NH4+-N��ª��X NO2�-N�� – 4�1` NH4+-N��ª��X NO2�-N
��) / (1�1` NH4+-N��ª��X NO2�-N��) × 100

R���Rð67piq��Sð67`��(á�¶µ�µR���RSe#rpiq��SSe#rå

E�zk9Öz�y2!"5`9Ö�X�2!"5`.��8.0×10 8 cells/gá100%åzkF:��`2!"5
`9Ö�á��Ï	��z�yÄµ�'>`9Ö�	i�l���L �ç`¡ì�á67ûÅ#r`9Ö

�åz��0-100¢�(12)y

J�ûÅ#rDEC

F:��X�67ûÅ#rå£�	ò¢(á��z�y��	NOL�Sá��� 9.0 mg-P2O5/g-soilåx
�i¡	bVz�25�d 4�Ã��z�y1�1å 4�1`�� 1 g��ñëðJ�Sá¤¥¢ 20 mLdG�
z�¢UrJ�S��á�JK�KQ�Cá~�kDEz� (13)yJ�ûÅ#rX��`E	Hjk��
z�y

J�ûÅ#r (¢) �(4�1`¢UrJ�S���1�1`¢UrJ�S��)/2.7×100

Ç��

F:��X�RS��Se¢7¢��Cd��áüj� (14)y¶`e�Ç��UN`R���Rð67�
�piqJ�S��á¶µ�µU�ON�g�Q�Cpiq�JK�KQ�Cá~�kDEz� (10, 13)y
Í��Ç��UN`¿JÀÁ��X)¦ö���§ (A-2300¨©�ª�v�)¦ö���§, HITACHI) dD
Ez�y

土壌肥沃度指標（SOFIX）に基づくデータベースから見た日本農地
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Ç«7

F:��`Ç«7X�¬�:f®¯� (SSM-5000A, Shimazu) áõ°z�Çêë�«7§ (TOC-V CPH,
Shimazu) dDEz�ytnuXSQæ��á~�kl�z�y

�Sð67�¢UrJ�Spiq¢Ur¿JÀÁ

�Sð67��X��� 4 g	 1M KCl¢UN 40 mLáV�k�Sð67áG�z�KQP��QN±�Q
SCdDEz� (15)y¢UrJ�S��piq¢Ur¿JÀÁ��X��� 1 g	¤¥¢ 20 mLáV�kG
�z�¶µ�µ�JK�KQ�Cpiq)¦ö���§dDEz� (13)y

pH
�� 10 g	¤¥¢ 25 mLáV��1²Ã³å¡zk��z�e�pH´���§ (pH METER F-52, HORIBA)
dDEz� (14)y

¢%piqTÀ�µ¶��áòy����á�;`�·åz�y��x��á�;���Z�µ¶l@�

�¶¸8�K�fJ�S`²¹x²Xï$º»_5`��á�;z�y¼§½8X�Excel _Nçá~��y
�¾¿5`9ÖX�À4 (16) 	
���0Á|r|Á0.2 (ÂåÃ²�¾ux�)�0.2Á|r|Á0.4 (���¾uª�)�
0.4Á|r|Á0.7 (�x¹�¾uª�)�0.7Á|r|Á1 (���¾uª�)åÄÅz�y

3. <�
SOFIX�;	
��2!"5�����
���� 206K�fQ`2!"5X�eDNA
C`t�ÆÎdª� 7.8×10 6 cells /g-soil]�
�� 1.9×10 9 cells/g-soil`ÇÈdª¹�¶`.
�X�6.4×10 8 cells/g-soildªj� (þ 2)y�
 � (17) X������]É`��piq
ÀÊ£¤��`2!"5áDEz�¶`ÇÈ

Xt�ÆÎ]��� 1.8×10 10 cells/g-soil`Ç
Èd�2!"5u��ÅÆ	ijk;���

x�Äåá?@zk��yËÌX���`Ë

á�Í�·åz�u�ÎÏ	Ðlzk���

�dªjkÌ�¶`¸8BC	ijk���

ø`!"5u;���x�ÄåuÑ�µ�yÍ��67`ûÅ	p�kX�2.0×10 8 cells/g-soil]t`2!"
5uÚÑdª�å�µkp¹ (12)�2!"5u 2.0×10 8 cells/g-soil]�dªj���X 30K�fQdª¹�
206K�fQ`Ò 15%áÓZ�y

SOFIX�;	
��67ûÅ#r�����
����152K�fQ`67ûÅ#rX�0¢��100¢`ÇÈdª¹�¶`.�X26¢dªj�yw? (12)
`47��K�fQ`.�46¢i¹Ì���dªj� (þ3)y¶`8ÔX�µ¶¸8u�x�_�`��á�;
z��ZåÕýµ�u�K�fJ�S²¹	>�kÌï$��ÚÑuª�`�Ìzµx�yR���RSe

#rX�0¢��99.5¢`ÇÈdª¹�¶`.�X30.2¢dªj�y��SSe#rX�0¢��100¢`ÇÈ
dª¹�¶`.�X56.7¢dªj�y_�`��d�R���RSe#ru��SSe#ri¹Ì��j�y

þ 2. ����`2!"5

�� 6.4� cells/g
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R���Ru67ûÅ	p�k	ìÖs	ª

�ÄåX�ÄµÍd	_�?@�µkp¹�

ËÌp�µ�<�XÄµ�`?@	3×��

Ì`dª��12�18�19�yHjk��`6
7ûÅdX�R���R`SeuØÙÚÛd

ª�Äåu��HIdÌÑÜ�µ�y

��	Ý%� (12) `�Þ	
����;
��á5>`�Uf	�Þz� (þ4)y�ÌK
�fQ5u_�j�`X�B�Uf (Ø2!"
5�Ø��SSe#r�piq�R���R

Se#r) `��d�Ç�`Ò39%dªj�y
A�Uf (Ø2!"5�Ø��SSe#rpiqØR���RSe#r) `��XÇ�`Ò26%dªj�yÄ
`Äå���67ûÅ#r`9Öåx�'ß¨`¨ðX���ÅÆ	ijk�x¹�R���RSe#ru

����u_�áÓZ�ÄåuÑ�µ�y

SOFIX�;	
��J�ûÅ#r�����
����152K�fQ`J�ûÅ#rX�0¢��100¢`ÇÈdª¹�¶`.�X43¢dªj� (þ5)y4

�Ã`¢UrJ�S`oVnX�0 mg-P2O5/g-soil��5.83 mg-P2O5/g-soil`ÇÈdªj�yJ�ûÅ#r100¢
`
à�åz�2.7 mg-P2O5/g-soil]t`K�fQ`á3X�ÇK�fQø`Ò13%dªj�y
152K�fQø�����Á	âÃã60K�fQ`J�ûÅ#rpiq2!"5áþ6	Ñ�yJ�ûÅ#

rå2!"5`�¾Xä� (r�0.24)�J�ûÅ#r	X�NOL�Sá����åE`!"`¾/uÑÜ�
µ�yÍ��¢%`��X�¶`æ`��åçèzkJ�ûÅ#ruØ�ÖsuË�µ�yK�fQ5u�

x��Z�Ëeé!xtêuÚÑdª�yÄµÍd	HI-dX�w	NOL�S��"`ë\§£Eáü

þ 3. ����`67ûÅ#r

þ 4. ��ÅÆø	p%� 5�Uf`67ûÅ#r

A: Ø2!"5�ØNOA�piqØ AOA
B: Ø2!"5�ØNOA�piq� AOA
C: Ø2!"5��NOA�piqØ AOA
D: Ø2!"5��NOA�piq� AOA
E: �2!"5�ØNOA�piq� AOA

.� 26¢

AOA: ��������	
NOA: 
�����	

土壌肥沃度指標（SOFIX）に基づくデータベースから見た日本農地
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jkp¹�NOL�S��"`EnBCá*8zk��y2!"5ã%dx����ø`J�ûÅ	¾/�

�ù=@5á)*	En��Äåd���ø`J�ûÅ#ráìíz�J�ûÅ#r`Ø�=ðáîï��

BCáðñd��åÕýµ�y

SOFIX�;	
��Ç«7�����
����183K�fQ`Ç«7nX�5,600

mg/kg��85,600 mg/kg`ÇÈdª¹�òó��
ôáÑz� (þ7)y.�X24,000 mg/kgdªj
�y��ø`Ç«7nå2!"5`�¾¿5X

r=0.33dä��¾u�Z�µ� (��õ)y2
!"5u�.�2!"5`6.4×10 8 cells/g-soil
]t`��XÇk�Ç«7nu10,000 mg/kg ]
tdªj�yz�z�Ç«7nu10,000 mg/kg
]tdªjkÌ�2!"5u6.4×10 8 cells/g-soil
i¹����Ì�Z�µ�yHjk�Ç«7n

u10,000 mg/kg ]tdª�ÄåX�2!"5`
îï	åjkÚÑö÷dª�å&��y��ø	·En]t`!"5áîï��	X�10,000 mg/kg ]t`
Ç«7nuÚÑdª�yÍ��Ç«7nXÇ67nåØ��¾ (r=0.85) áÑz� (þ8)yÄ`ÄåX���
	p�kÌ“l½ONO�QOç”Þø`¾¿Eu�¹8>å�¡?@ (20) å·×zk��y��	ùúÏÌ
z�Xûü	Fý�µ�êë@X�¶`C/Nçá;��þ�Äåx�ù=@	ijk���µ���ød@�
uûÅzk��vwruª�ÄåuÑÜ�µ�y

SOFIX�;	
��Ç67�ÇJ�SpiqÇ¿JÀÁ�����
����191K�fQ`Ç67nX�390 mg/kg��10,600 mg/kg`ÇÈdª¹�.�X2,500 mg/kgdªj�

(þ9)yÇJ�SnX�170 mg/kg��27,600 mg/kg`ÇÈdª¹�.�X4,600 mg/kgdªj� (þ10)yÇ¿J
ÀÁnX�90 mg/kg��20,500 mg/kg`ÇÈdª¹�.�X6,100 mg/kgdªj� (þ11)y��ø`Ç67n�
ÇJ�SnpiqÇ¿JÀÁnå2!"5`¾¿á���åÄ��r�0.19�-0.11 piq-0.01d�¾X�Z�
µx�j�yÇ67nå2!"5`�¾X�Ç«7nå2!"5`�¾åçè��åi¹��j�y
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þ 5. ����`J�ûÅ#r
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� � � � � � � � � �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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þ 6. J�ûÅ#rå2!"5`¾¿

þ 7. ����`Ç«7n

�� �� �

�� ������ �����

�

��

���

� � � � � � � � � �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��21 411

�� !�

�¢%���l�
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SOFIX��;	
��C/Nç�����
����183K�fQ`C/NçX�2��32`ÇÈdª¹�.�X12dªj�y��`C/Nçå2!"5	X
�¾u�Z�µx�j� (r�-0.1)y

4. ï�
�DE�1`.��á	1	Ñ�y²`�1
Ìòó��ôáÑz�Äå���K�fQ	i

jk��ÅÆu;���x�ÄåuÑ�µ�y

C/Nçu10��14`SOFIX
��dªµ��
2!"5u6.4×10 8 cells/g-soil ]tdªj�31
K�fQ`¡�Ò71%X�Ç«7nu10,000
mg/kg��20,000 mg/kg dªj� (þ12)y·B�
C/Nçu9]�Ìz�X15]t`3�2!"5
u6.4×10 8 cells/g-soil ]tdªj�59K�fQ
ø�Ç«7nu10,000 mg/kg��20,000 mg/kg
dª���`á3XÒ44%dªj�yHjk�
��`C/Nçu��x�dªµ��çèÏ�x�

�

����
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þ 10. ����`ÇJ�Sn þ 11. ����`Ç¿JÀÁn
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þ 9. ����`Ç67nþ 8. ����`Ç«7nåÇ67n`¾¿

�� ��"�� �����

�� ��#�� �����
�� #�$�� �����

þ 12. C/Nç�Ç«7n�2!"5`¾¿
C/N�10�� 10Á C/NÁ14

� C/N>14

�

��

���

� ����� ����� ����� ����� ������

$%� �&��'��
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