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D,0PĞŏ 
A-1 ��ŐŒ@�KF�·đ�1H�)%&JĺäÌ�Ĭ�Ğå���
¸Ŷ 
žĚŇÖ 1)OĄţ�� 1)OŪÝĔ� 2) (1�oµġĮŞãòĘÉŎĹ�.N0P, 2�¤­�¡Ş
¡Ŧ) 
 
A-2 =:#�Ŋ�åĐ¿ 
�Ě� 1)O�¦ſÆ 1)O�Ěį¹ 1)OŘ®à� 2)O²ũÀ¶ 1)  (1���§�¡�¡ŭĖ�¡ĥ

ĭĪ, 2���§�¡�¡ŭė�Ş¡ĥĭĪ) 
 
A-3 �QĖ�S�ėł��ĝ��Ę�ěß�,$Ķå·Ä�ñŝ 
★bĜZ 1,2)Oàņŉ 2,3)OĚŤØ� 2,4)Oö�ă£ 5) OÕýx 1)  (1�à^�¡�¡ŭŞ¡ė�

Ī¡ĥĭĪ, 2�^ŧ�¡�¡ŭŞ¡ĥĭĪ, 3�ĨÇ�¡�¡ŭŞ¡ĥĭĪ, 4�^ŧ�¡�¡ŭ
�ĒĖ�¡Ņ, 5��űŞãòĘéĥĭ.N0P) 
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F$�%�DJNHvPIP2;1�JNŨ{�Ŕâ 
★�ő]Ł 1)OU~ĢÚ 1)  ( 1�ª©�¡řĈçďĪ¡ĥĭÈ (IPSR)) 
 
B-1 òŀæ�����Śŵùų{pē�ŹÿČ´�T �¸Ŷ 
★Regina Ancilla NatasyaOśŪŜOüũ_ê  
(ÓĊŸÒŞé�¡ŸÒĘé¡ŦŸÒĘé¡Ī) 
 
B-2 Ā¨¡Ľ�ę��[ī�ĶåńyÊq/@4����ŕh 
©·Ë` 1)OõũŇt 2)OÚÝÐÑ 1)OĦ®Áìť 3)OªÛħê 4)O�ëĕô 1) 
(1�oµġĮ�¡Ė�`Ŭ¡Ŧ, 2�ĩģ©mĮ�¡Ã�¡Ŧ, 3�oµġĮ�¡�¡ŭ°¡ĥĭ
Ī, 4�oµġĮ�¡�¡ŭĖ�`Ŭ¡ĥĭĪ) 
 
B-3 Ų�,?NnżøƀESRƁ���å��ė	�û¿Ũĵī�ą£ 
ŋőģ�OŮ®Å  (|œ°é�¡°¡Ŧ) 
 
C-1 ňAM2(JP�Ï¼����RŦ����SŦ�·Ä�ķ×ğ�{ 
★fİÑ 1)OªĚ�ê 1)OjÚÂ 2) (1)Ö÷�¡�¡ŭŞ¡ĥĭĪ, 2)Ö÷�¡Ş¡Ŧ) 
 
C-2 åūŔâ+,3F (WinRHIZO) �ę���,<I", 2�ī�åĴr±�Í£ ★ª
Ě�ê 1)OfİÑ 1)OjÚÂ 2)  (1)Ö÷�¡�¡ŭŞ¡ĥĭĪ, 2)Ö÷�¡Ş¡Ŧ) 
 
C-3 +M�86-6����,4MN1�F���å�ĶŃï 
ūĚîOÓ\¥ė (Î}�¡ē°¡Ŧė�Ī¡Ī) 
 
C-4 Ŵėďğ,4L,ÞcS����9$ŷ;�!J/P,�åŦaŗďĸĻŔâ 
★ĚVi�ť 1)Oáó³� 2, 6)OAbdelrahman Mostafa3)OşÛ� 4)O�ōíļ 5)O²Ěľ 1) 

( 1)X¯�¡�¡ŭŞ¡ĥĭŭ, 2)Ż��¡�¡ŭš�Ş¡ĥĭĪ,� 3)"II�¡ē¡ŦƂ4)Ż

��¡Y�ĥ, 5)©��¡�¡ŭvÆĪ¡ĥĭĪƂ6)à^�¡�¡ŭŞ¡ė�Ī¡ĥĭĪ) 
 
D-1 Control mechanisms of promoted root development by our1 mutation in rice 
★Dong Yihao1)OCornelius M. Wainaina2)ORyosuke Akahoshi1)OTsubasa Kawai3)O

Yoshiaki Inukai2)  (1�Grad. Sch. Bioagr., Nagoya U., 2� ICREA, Nagoya U., 3�Inst. Crop. 
Sci., NARO) 
 
D-2 Ţć����w
��NG7���9�Ũĵĉq;J�·Æ�¸Ŷ
��ƃ 
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★ô«ħ�O�ũk¢ (ĩ\ġĮ�¡�¡ŭėďřĈĥĭĪ) 
 
D-3 Effect of rhizosphere root oxygen deficiency on root distribution and oxygen 
concentration profiles in maize and rice ★Phanthasin Khanthavong 1,3)O

ShotaroTamaru1)OShin Yabuta2)OJun-Ichi Sakagami 1,2)� (1)The United Graduate School 
of Agricultural Science, Kagoshima University, 2�Faculty of Agriculture, Kagoshima 
University, 3�National Agriculture and Forestry Research Institute (NAFRI), Dong Dok, 
Ban Nongviengkham, Vientiane 7170, Laos) 
 
D-4 Effect of P-dipping priming on roots of NERICA 4 to withstand drought and nutrient 
stress under rainfed lowland ★Emmanuel Odama1, 2)OYasuhiro Tsujimoto3)OShin 
Yabuta4)OIsao Akagi4)OJun-Ichi Sakagami4)   (1)The United Graduate School of 
Agricultural Sciences, Kagoshima University, Japan, 2)Abi Zonal Agricultural Research 
and Development Institute, Arua City, Uganda, 3)Crop, Livestock and Environment 
Division, JIRCAS, Japan, 4)Faculty of Agriculture, Kagoshima University, Japan) 
 
E-1 #>���+(%> �å��eŨĵ,4L,�å·Ä��RŦĐ¿���
¸Ŷ� ★
ĚWľ�ť 1)OzčĠè 2)OºŌ�� 1)OĳĚd 3)O�RċQ 3)  (1�Žl¬�¡�¡ŭš�

Ş¡ĥĭĪ, 2�Žl¬�¡�¡ŭŞãòĘ¡ĥĭĪ, 3�Žl¬�¡Ş¡Ŧ 
 
E-2 Deep-Place fertilization facilitates nutrient uptake by inducing root growth to 
fertilizer in rice ★Mumtahina Nabila1), Aozora Moriwaki2), Keigo Yoshinaga2), Aya 
Matsuoka3), Hiroyuki Shimono2), Maya Matsunami2)  (1) United Graduate School of 
Agricultural Sciences, Iwate University, 2) Faculty of Agriculture, Iwate University, 3) 

Graduate School of Arts and Sciences, Iwate University) 
 
E-3 EK1řÜ�tę�ėłsÙ����**'�åĴ·Æ���
¸Ŷ 
★²®ľ� 1)O�úÑů 2)   (1�Ö÷�¡�¡ŭŞ¡ĥĭĪ, 2�Ö÷�¡Ş¡Ŧ) 
 
E-4 **'(Viguna unguiculata)���
 VuCLE25CB15�ådū�YĎ¾ı�ŖĲ

�� ĂĤþ� 1)OĤ\ g 2)OĆāź½ 1)  ( 1�¤­�¡Ş¡Ŧ, 2�Ż��¡YĎ�ĥĭ.N0
P) 
˷

˷

˷



����������!"#"$%&%'()*+%,-'.)/'0)),'0%&%"/*1'2!(003!
 

5 
 

�'ÉÅ¾¼ÃÆÊÃÑ¾Ó?Òčwº¼ÃÆ�Í¼Ã�

�Ĵ%pŝ*Ž
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*ŕħ,Ǘhiradate@agr.kyushu-u.ac.jpǘ 

Ž

Ǻͩ͜͞ʔ�ͧ̈́ͻϒÅ�͗ͼ͑ͤ͊ü͜ͻ[͗͌͢ŒƊͪƐͧͷ͉͏ͦͅ�´ϓ͕͉͕ϒ͚͑ͣͪͤ͢͠ͷͦ

ͅŀͩǐǅ͊Ì͓ͧͳ͔ͳͦǐ�Ɯd΀�΁͈ͣͻϒ͚ͽͧ�͟͢ǅʐćǏ͊ʑ͑ͻϒȢŧǢͧƑ͊ƞg͓ͽϒ

 ǍºƐͩęQȠę͊ÈÊg͓ͽϒǐǅ¹żĎ͊ȧĩ͓ͽϒǺͧ͜͞˫Ń΀)ȣ͗ͼͦͥϒ  ǍΖΘΣμ

B#ͩ4BĎ΀Ļ͇ͼ˞ðͧʻɩͦƁɂ΀ħ͟͢ͅͳ͗ϓ͑ͩ͹͆ͦƁɂͪϒçǰ΀ǲ͜͝ͅ͏ͩȕ#ͣͪ

ħ͆͑ͤͪͣ͋ͳ͙΁ϓçǰ͊˅ͅőˉ΀͉͏͢˪g͓ͤͳ͔ͳͦ�´ǐę%ǒ΀x͏ϒ͚ͩŻʨ͊ǅǎǢό

gÇǢͧļ·͓ͽϒ͓ͺͧǐ�Ɯdͧǔţ͗ͼřƁǅ΀wͻʠ΁ͣϒ͚ͩȢŧ͖ͪͶ͑ͩ͢͹͆ͦƁɂʈ͉ͦ

�´͊ͣ͋ͼͩͣ͗ϓ͑ͩʃƴͣͪϒ�´ͩǐę͕͉ͩͤ͜Ɓɂͧ͢͠ͅϒ͚ͩ©ŠǢͦȸ͇ŇͤʁŮŇƙ

ͧ͢͠ͅɰɾ͕ͳ͗ϓ 
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���ǔ®Ļ�� ��ǔc��Ű ��ǔÀ�µÑ ��ǔìºÕÑ ��ǔ~�ō� ��Ž

Ž

ü?uđě§Ž -ţr�uđěƹǓƻǕŽ -ţr9�¨ĽŨĈƼǕǋŽ
�ŕħ,Ǘswada@riken.jpǘ 

Ž

Ě͊�ͪϒ¹͍ͩǹ�ʀ˧΀ĥ͇͢ͅͼϓjǟ͸�ʆϒΈΪφΎύϒ˫Șͦͥ�Ðͩ©ǥͤͦͼQʼ͊Ĵͺͅ

ͣͅͼͩ͊ǌǇͣ̈́ͼϓǎǱͩĚ̿ͩΠύμͪϒ@Ġɡ΀Vǒ͕͑͢ͽͺͩǹ�ʀ˧ͩɰƕͧ�͏͜ǱȄͧ

wͻȠ΁ͣͅͼϓʞŸQʼͪϒ˫Ńǵ.ͤ͆ͅđ�͝͏͍ͣͪͦϒ΋ύθϊΨρύΥτφϒřƁʞŸͦͥņͦ͜

ʀ˧͊ʑ͑ͻϒ˞ðͧʻɩͦQʼͤͦ͟͢ͅͼϓĚ̿ͩΠύμͪϒǎgÇǱȄĝF͝͏͍ͣͪͦϒ˝æǪϒĖ

ėȶ°ºÇͤʩĶ͕͢ϒ̖̉̐˻̡̗̟̮ ͤ�ͫͽ͢ͅͼǱȄΚϊΞύ΀˝æǪͧɶȇ͕ϒǌ«ͧǧȢ͕͜ŗ?Ȉͩ

Ġɡ΀ÛA͕͜ǱȄˈǠ΀įʫ͕͢ͅͼϓΓ΃ͤͦͼɶ6ͩ�͊͠ϒƃ	�Ų¨ΖΘΣμͣ̈́ͼϓ˷

˷ � ˿ ͧ ̖̉̐˻̡̗̟̮ ͩƃ	�Ų¨ΖΘΣμ΀ɶȳ͕͜Ì˯ÍͩżÃ΀Ƿ͗ϓ̂ ͩ͠Ξ΅δͩŲ¨ΖΘΣμ΀ʸ

ȳ͕͢ͅͼϓΖΘΣμͪϒ@͸ϒƑȻϒ�ȻϒƩøϒƬøϒΌΘęQ͸ƐƝͩƝͽ͊XĆͣ͋ͼΖΘΣμͧͦ͟

͢ͅͼϓŠΖΘΣμͪϒǧǅê«ͩχΖαͩˈǠ͸ϒǏ±ͩXĆͧ͹ͼƁɂĎęQ΀¹ʽͧ�΁͝ʼɕ͍͠ͻ

ͩǱȄͧVǒ͓ͽ͢ͅͼϓͳ͜ϒǏ±΀XĆͣ͋ͼǆĉ΀ǐ͉͕ϒ ǍƩŕgͧ�͆Ɛʉ·dͧ×͗ͼʞ%ǅ

ͩȿęǇēͩ·gͧˊ͗ͼǱȄͷįʫ͕͢ͅͼϓ͕͑͆͜ƃ	�Ų¨ΖΘΣμ΀Vǒ͕͜ǱȄͩ�ͣϒǆͧϒ

�´΀×ʉ͕ͤ͜ǱȄ͊ǬǦ͓ͽ͢ͅͼϓĚ̿ͩΠύμͪϒ�´΀×ʉ͕ͤ͜ǱȄͩ͜Ͷϒņͦ͜ƃ	�Ų¨

ΖΘΣμͩˈǠįʫ͕͢ͅͼϓŠʃƴͣͪϒĚ̿ͩˈǠ͕͢ͅͼΖΘΣμͩźɩͤǆĉ΀�ͧª�͗ͼϓ� ̀

ͧƃ	�Ų¨ΖΘΣμ͈ͧ͢ͅ@ͩŢ�΀·͇͢ͅͼżÃ΀Ƿ͗ϓ˷

˷

Ȋϔ�˷ƃ	�Ų¨ΖΘΣμʸȳ�˷

�

Ȋϕ�˷ƃ	�Ų¨ΖΘΣμ˷

���� B 
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*ŕħ,Ǘtuzihiro@affrc.go.jpǘ 

Ž

ƴȹͪϒ�ȻʑŲ¨͸΋έύΏψΡδȌ΀ǒ͜ͅ.BǢɢâȐǎ�͈ͧ͏ͼ%ǅͩűșǠʯͤǐȿTŜ

ͩˬQ�vȌͧǬǦ͕ϒ͚ͩuč΀Ŏͺ͉ͧ͗ͼǱȄͧwͻȠ͵ͤͤͷͧϒ%ǅűͩǠȿϒű�Ǐ±͈͹͚ͭ

ͽͺͧʑ�͗ͼǐǎǐēÇǢͦǮɫ΀ϒƹäƺǙ΀�Ċ͕ͤ͜%ǅǐǑĠɡͧƜǒ͗Ͱ͍ǱȄόˈǠ΀ɠ͟

͋͢͜ϓŠŋ͚ͪͩ�Ȉ΀ȟ�͗ͼϓ˷

˷ ϔϑȻʑƙ͊űșͩǠʯͦͺͭͧ%ǅͩǐȿͧtͲ͗þˡ˷

�ȻʑŲ¨Ġɡ͊%ǅͩǐȿϒǆͧűͩǠȿͧtͲ͗þˡͧǬǦ͕͢ǱȄ΀ʫͶ͜ϓ�ȻʑŲ¨ͣͪű

ͩ��ɯø͊Ɵ͍ͦͻϒ5űͩǠǐ͊-ʫ͓ͽ͢ͅͼ͑ͤ͊Ŏͺ͉ͤͦ͟͜ϓ͑ͽͺͩ�ȻʑŲ¨ͧ͹ͼűșͩ
·gͤɢâ͉ͺͩˬƑQ�vͩ-ʫ͊ϒ%ǅͩTŜǐȿͩ-ʫͧÒ�͗ͼ͑ͤ͊Ŏͺ͉ͤͦ͟͜ϓ͑ͩ͹͆ͦ

TŜǐȿͩ-ʫ͊ˏǿͩòͫ͠Ïͩ�ʵͧÒ�͗ͼ͑ͤͦͥ͊Ŏͺ͉ͤͦ͟͜ϓ˷

̀ϑȻʑŇƙ͸ʛ%Ňƙ͊ű�΀�͵�´Ǐ±ͧtͲ͗þˡ˷

�ȻʑŲ¨ͦͥͩ.BǢȻʑ͸΋έύΏψΡδͦͥͧ͹ͼɢâȐǎͪϒ%ǅͩű�όű¦ͩǏ±ͧþˡ΀

tͲ͗͑ͤͪ�[͹ͻǮͺͽ͢͜ͅϓƴȹͪhƠʮ͈ͧ͢ͅ¹żͦQʼͩǱȄȹͤm_͕ϒ.BǢȻʑ͊�

´ƼȜͩɚȁ͸ƩÍcŧΌΘͩǠǐͧtͲ͗þˡͩÊʽgϒȻʑͩ˦øͤɣɪͩřƿ͊�´�ͩdǅǨ

ͧtͲ͗þˡϒ˔ɒͩűʽ͊řÏΚϊΠρΆͩÓøͧtͲ͗þˡȌ΀Ŏͺ͉ͧ͗ͼ͑ͤͧʋǉ͕͜ϓ˷

́ϑhƠʮ͈ͧ͏ͼ%ǅǐǑĠɡˈǠͧƜ͉͗űǱȄϐűͯͩ͑͝Ϳͻϑ˷

̼ű΀ĪŽͧĠɡ΀ɸ*͗ͼϗŐĹ͋ΓμΎͩTJĹ͋ϐĿĹϑŲ¨ͣͪϒɟ˘ǧăͧΓμΎ͊ �ͣǠɍ

͕͢ͅͼϔ́ͼͪͅϒ ɢ˟ͣPɍ͕͜«~ͧͪ˘ͩ�ͣǾÃű΀˷ ̀˷Š�� �ͧʌA͓͙͢ͅͼ͑ͤ͊ϒ

Ő�ˌͩǐÅͩŢ�ͣ̈́ͼ͑ͤ΀Ŏͺ͉͕ͧ͜ϓ͑ͽ΀ĪŽ͕ͤ͢ϒĿĹĹǾĠɡͩļɊ΀ʫͶ͜ϓ˷

̽űͩ�ͭŇͧ~Ϳ͙͢ȾŃ΀ňǒ͗ͼϗ˜ ʼɕͩΞκΪΎͪǐȿTŜͧűͩ�˅͊ʬ͍5űͩǠʯ

͊Ýͦ͜ͅͶϒυϊʺȾƖø΀Œʦ%ǅͩʱƆ1͉ͺ˰ͶͼϐΥφΊύΐ1ͣ ̄˾�˿˾˾˷̪̤˽˿˾˾˷ ̤ϑċɩ͊̈́ͼϓ

ƹäĎ�´Ǚ͈ͧ͢ͅΞκΪΎ΀ǧĹŲ¨͗ͼͧͪĄţͩŇƙͣͪºʽͩυϊʺʎš΀ĢA͕�´΀ļɊ

͗ͼċɩ͊̈́͟͜ϓ͚͑ͣϒǧĹΞκΪΎͩǾÃű͊ǫ�ͧ�ͭͼ͑ͤŎͺ͉͕ͧϒǵÌͧű͊υϊʺ΀�vͣ

͋ͼǾÃͩǧ�ͧυϊʺ΀Þĝňǒ͗ͼĹǾƁ΀ˈǠ͕͜ϓ͑ͽͺͧ͹ͻϒǙʛ%ͧÛA͗ͼΞκΪΎǐǑͩ

ĠɡŻȓͧʋǉ͕͜ϓ˷

̾/#ˉͩòƧ%ǒͧ͹ͼűͩ¼ͻŇ΀�ƪ͕͢ŲŶÓø΀ƕͶͼϗΣϊΕ΅ͪű΀vȂ͗ͼhƠʮͩʻ

ɩ%ǅͣ̈́ͼϓΣϊΕ΅Ų¨ͪǩ_g͊ƒͶͺͽ͈͢ͻϒǈǜϐŢˉ ̃˾ ώϑͩǧĹŲ¨ͤº£ƁŴ#ș΀Û

A͗ͼ͑ͤ͊řcͤȸ͇ͺͽ͊͜ϒʱƆͦŲŶÓøͧ͢͠ͅ�FͩǮɫͪÝ͉ͦ͟͜ϓŶǅͩǐȿʽͪ/#

ˉͩòƧ%ǒͩþˡ΀x͏ϒ͚ͽ͊/#ˉͩʕ˕ͩȁȏ1ͧ͹ͼ͑ͤͧǬǦ͕ϒŲŶżù΀ξΤφg͕͢Σ

ϊΕ΅͊¹vͤͦͼŲŶÓø΀ɳȏ͕͜ϓ͚ͩŲŶÓø΀ĭǒ͕͜ǌ ͣͩÌɷŲ¨ͣĔɠϐŢˉ ̄̄ ώϑͧ

ƏͰ͢¹v͊ɼͶͺͽϒŎͺ͉ͦΓΘΥZƨͤͦͼ͑ͤ΀Ƿ͕͜ϓ˷

ʄʝϗ��ͩǱȄ΀D�ͣʫͶ͢͜͜͝ͅͅǣżϒÇ�ʏͧ͒įɜ͜͜͝ͅͅºˆ?ǐϒÖŮ͜͜͝ͅͅ

͜?ǐŇͤ§ɠʷͩǣżϒż̿ͦίϊΥ΀�͇͢͜͜͝ͅͅűǱȄÇ�ͩǣżͧĊ͹ͻĆǸǕ͕�͐ͳ͗ϓ˷

����	
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{ºĮp�Ž Ž

œÌǔŵVāÌ¨ĽĪNđěÓÎ"÷đěŞŧŽ
*ŕħ,Ǘteramotos154@affrc.go.jpǘ 

Ž

˷ %ǅͩűșͪ��ͩˬƑQ΀�v͗ͼ͜Ͷͩʻɩͦ�Éͣ̈́ͼϓ˷űșͩʰͧͅʑ�͕͜ˬƑQͩ�vc

ǋͩʰͅ͸�´ΘΥχΘͯͩȺĎͩʰ͊ͅ�ǾǆĎͤͦͼϓɲͅĲ͇ͼͤϒűș΀ļɊ͗ͼ͑ͤ͊ͣ͋ͽͫϒ�

´Ǐ±͸ňȾŢ�ͧǆg͕͜�Ǿ΀ȿę͗ͼ͑ͤ͊zɂͧͦͼϓ͕͉͕ͦ͊ͺϒ͚ͩ͜Ͷͧͪż̿ͦʀ˧͊̈́

ͼϓ�ɉǢͧűșͩɰť͸ɸ*ͩ͜Ͷͧͪ ˟ͩ�ͧ̈́ͼűș΀�͉ͺĬͻP͕űͩʹ΀ƛͅP͗ċɩ͊̈́

ͼϓĬͻP͕͸ƛͅP͕ͪ˞ðͧb_͉͉͊ͻϒűșɰť΀˞cǋg͕͢ͅͼϓͳ͜ϒűșͩ¼͓͸˅͓ͦͥͩ

ďª΀ąͼ«~ϒűșͩΘ΍οϊǗ:͸Iǫ͉ͺűșͩʹ΀ĦP͕͢ΤύΞɰť΀ɠ͆ċɩ͊̈́ͼ͊ϒ͚ͽͺ

ͩɰťͧ˅ͅőˉ΀ɩ͗ͼϓ͓ͺͧϒ�͉ͺĬͻʑ͑͗ǳ³ǢͦɰťĞƙͪϒ��ͩűͩ ́ ƃ=ǢͦQíͩ

ďª΀ǳ³͕ȡőǢͦűșͩɰť΀À͐͢ͅͼϓǺͪ͑ͽͺͩʀ˧ɰƕͩ͜Ͷͧϒ̼β΄ύφΦ͈ͧ͏ͼǩ

_Ǣͦűșv˓ĞƙͩˈǠϒ̽¯µƙIǫ͉ͺűș΀cǋǢͧĦP͗ͼ͜ͶͩƁŴÇȷξΤφͩˈǠϒ͈

͹ͭ̾ǱȄÍF͈ͧ͏ͼ ̝ ȫ ̋̚˷ ˸̢̬̪̭̱̰̣̋˷̴̬̪̬̤̮̟̭̥̚˹˷ ΀ǒ͜ͅűșͩ˞ǳ³ɳƪδτΡΥηύμͩˈ

Ǡ΀ɠ͟͜ϓ˷

̼˷β΄ύφΦ͈ͧ͏ͼǩ_Ǣͦűșv˓ĞƙͩˈǠϗξΫυΘƙͪϒ��ͧɯȍͷ͕͍ͪGȍǇͩ�E˷ ˸ξΫ

υΘ˹˷ ΀ğ͞ʠʹϒȍFʷͩűș΀�´͒ͤv˓͗ͼĞƙͣ̈́ͼϓΖοεφͦͥ΀ǒ͢ͅűș΀Ĭͻʑ͑͗Ȕ

+ͦĞƙͧƏͰϒ�Ê#ȁ�ͩűș΀v˓ͣ͋ͼ͊ξΫυΘͩº͓͋ͧƏ(͕͢%Ÿͩb_͊²º͗ͼϓǺͪϒ

έΡΏηύ΀ǒͅͼ͑ͤͧ͹ͻξΫυΘ΀ǒ͜ͅűșv˓΀ǩ_g͕͜˷ ˸̣̮̟̪̬̰̬̚˷̣̰˷̟̩˼˷̢̮̣̣̦̫̤̊˷̡̙̦˷̀˾˿̆˹ϓʿ

ɧͩGȍξΫυΘ˷ ϐǧĀ ̀˾˷̡ ̪ϒ˰͓ ́˾˷̡ ̪ϑ˷ ΀Ƥ͓ ̀̃˷̡ ̪ ͳͣέΡΏηύͣğ͞ʠʹϒβΡΏ΀ȱͣͅέΡΏη

ύͣú͋�͐űș΀v˓ͣ͋ͼ͑ͤ΀Ƿ͕͜ϓŠĞƙ΀ǒ͢ͅʞǱƁŻ͊Ł6͗ͼ	ǘͩ΅Ϊ˷ ˸̴̵̖̮̟˷ ̯̟̰̦̲̟˹˷

Γ΃ΓχΏΖςϊ˷ ˸̜̘̋˹˷ ̃̅ �Ǿ΀�͵˓�ͩűș΀ȩȴǢͧv˓͕ϒűșɰťΜβΥ ̵̜̦̫̘̥̦̬ ΀ǒͅͼ͑ͤ

ͧ͹ͻϒ̜̘̋űșͩ¹żĎ΀ɸ*ͣ͋͜˷ ˸̨̟̳̟̟̰̯̱̒˷̣̰˷̟̩˼˷̀˾̀˿˷̗̩̟̫̰˷̑˹ϓ˷

˷ ̽˷¯µƙIǫ͉ͺűș΀cǋǢͧĦP͗ͼ͜ͶͩƁŴÇȷξΤφͩˈǠϗ¯µƙͪϒŰˑͩ�΀Ζςε

φ΋ύͦͥͧ͹͟͢¢ǧͧZͻϒŅ˟ͧ˜P͕͜ű͉ͺ�´�ͩűͩQí΀ɸ*͗ͼĞƙͣ̈́ͼϓQíͩƪ

Êͧͪż̿ͦĞƙ͊ǒͅͺͽͼ͊ϒǺͪβ΄ύφΦͣͩb_͊ÝͦͅIǫ΀ǒ͜ͅƪÊƙͩǩ_g΀ɹʹ͜ϓ

͑ͩĞƙͣͪϒŅ˟ͧ˜P͕͜ű΀Iǫͣĺþ͕ϒǱȄÍͧĩ͞ïͻǗ:ɰťͧ͹ͻűșͩQí΀ƪÊ͗ͼϓ

ĄţϒIǫΤύΞͩ�ͧʤŎͦχ΅πύ΀ʻͨϒχ΅πύͩ�͉ͺű΀ΥχύΘ͗ͼ͑ͤͧ͹ͻűșͩQíďª

΀ą͜ϓ͕͉͕ͦ͊ͺϒ͑ͩ͸ͻŇͪ͗Ͱ͢�_ͣɠͿͽͼ͜Ͷ˞ðͧb_͉͉͊ͻϒΥχύΘͩ�ʐ͊ÈÊ͕

ͦͅϓǩ_gό�ÊͩΥχύΘ�ʐ΀ȧĩ͗ͼ͜ͶͧͪƁŴÇȷ΀ǒ͜ͅǗ�ǢͦűͩΚΐνϊΣύΖςϊ͊

řcͤȸ͇ϒ��ͩƁŴÇȷξΤφ΀%ę͕͜ϓΚΐνϊΣύΖςϊǒξΤφͣ̈́ͼ ̛˻̣̰̕˷˸̘̬̫̫̣̠̣̮̤̣̮˷̣̰˷̟̩˼˷

̔̐̋̋̉̐˷ ̀˾˿̃˹˷ ΀ϒ¯µƙIǫͤ�_ͣ%ę͕͜ΥχύΘǗ:ͩζ΃΀ľîΤύΞ͕ͤ͢Çȷ͕͜ϓβ΄ύφΦ

ͣĺþ͕͜Iǫͪ@øϒ@ʐϒ�ʐͦͥ͊¡�ͣͦ͜ͅͶϒľîΤύΞͩ¯µƙIǫͪŎͼ͓ϒΓϊΥτΘΥϒ

ɋǨ΀τϊΟμͧ·g͓͙͢Çȷ͓͙͜ϓÇȷ͓͙͜ξΤφͧ͹ͻϒ̜̘̋̃̅ �Ǿ΀�͵˓�ͩűș΀¯µƙ

����	
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ͧ͹ͻȩȴǢͧɰť͗ͼ͑ͤ͊ͣ͋ϒ̜̘̋űșͩ¹żĎ΀ɸ*ͣ͋͜˷ ˸̣̮̟̪̬̰̬̚˷̣ ̰˷̟ ̩˼˷̀ ˾̀˾˷̗ ̩̟̫̰˷̗ ̡̥̣̫̬̪̦̯˹ϓ

ÇȷƦʹξΤφ͈͹ͭΜύΘΓύΦͪ ̡̮̣̫̥̘̬̬̰̚˻̙̍̎ ͕ͤ͢ ̦̰̱̠̎̏ ͧCˈ͕͈͢ͻϒɿͣͷVǒzɂͣ̈́

ͼ˷ ˸̥̰̰̭̯̇˽˽̤̦̰̥̱̠˼̡̬̪˽̯̰̅˾̅́˿˿̤˽̡̮̣̫̥̘̬̬̰̚˻̙̍̎˹ϓ˷

̾˷ǱȄÍF͈ͧ͏ͼ ̝ ȫ ̋̚ ΀ǒ͜ͅűșͩ˞ǳ³ɳƪδτΡΥηύμͩǵȇϗ̝ ȫ ̋̚ ͪŲ¨ιΡΥ΀

ż̿ͦɯø͉ͺ˞ǳ³ͣĺþ͗ͼ͑ͤͧ͹ͻϒ˷ιΡΥͩ ́ ƃ=Ǘ:΀HŻę͕��ͩűșͩȡőǢͦɰť΀

zɂͤ͗ͼϓ͕͉͕ͦ͊ͺϒ˷ ̋̚ Ǘ:͉ͺűșͩďª΀Êʽg͗ͼ͜Ͷͧͪϒ̋̚ Ǘ:͉ͺűșͩǗ:ͩʹ΀

ĦP͕ϒýͩďªͣ̈́ͼεΏΥφ˷ ˸űș΀ȫͩ˓~ͤʹ͕ͦϒȫͩȱ͊ͻŇͣűș΀Ƿ͗#ș˹˷ͯ·Ĳ͗ͼċ

ɩ͊̈́ͼϓǺͪ͑ͩʀ˧΀ɰƕ͗ͼ͜ͶϒűșzɭgΜβΥΆ·΃ ̘̙̲̦̯̉́̌˷ ˸̣̮̟̪̬̰̬̚˷ ̣̰˷ ̟̩˼˷ ̀˾̀˾˷ ̗̩̟̫̰˷

̢̣̰̥̬̯̔˹˷͈͹ͭűșεΏΥφgΜβΥΆ·΃ ̡̘̙̰̮̟̣̉́̌˷˸̣̮̟̪̬̰̬̚˷̣̰˷̟̩˼˷̀˾̀˿˷̊̔̋˷̗̩̟̫̰˷̦̬̩̊˹˷ ΀ˈǠ͕͜ϓ

̘̙̲̦̯̉́̌ ͪ ́̌ νΤ΄΃ϊͧ͹ͻ ́ ƃ=Ǘ:͉ͺΫ΅Ι΀ʘƨ͕ϒΈΡΗĦPͧ͹ͻűș΀ĦP͗ͼϓɳȏ͊Ζ

ϊδφͣ̈́ͼ͜ͶŀQͣ ̋̚ Ǘ:͉ͺűș΀ĦP͗ͼ͑ͤ͊ͣ͋ͼϓ̡̘̙̰̮̟̣̉́̌ ͪΫύΦ˷ ˸Į~ƽ˹˷΀ΜβΥΆ

·΃Ǘ˟�ͣǡˁ͗ͼ͑ͤͧ͹ͻϒ̘̙̲̦̯̉́̌ ͣĦP͕͜űș΀εΏΥφg͗ͼϓΫύΦˉ΀ȫͣȢͮ͑ͤͧ͹ͻϒ

oÃɗŶǅͩűș΀lɇdǢͧεΏΥφgͣ͋ͼϓεΏΥφg͓ͽ͜ďª͉ͺϒűșͩý΀Êʽg͗ͼ͑ͤ͊

zɂͤͦ͟͜ϓ˷ ̘̙̲̦̯̉́̌ ͈͹ͭ ̡̘̙̰̮̟̣̉́̌ ͩΜύΘΓύΦͪ ̦̰̱̠̎̏ ͧCˈ͕͈͢ͻϒɿͣͷVǒzɂͣ̈́

ͼ˷ ˸̥̰̰̭̯̇˽˽̤̦̰̥̱̠˼̡̬̪˽̯̰̅˾̅́˿˿̤˽̘̙̲̦̯̉́̌ϒ̥̰̰̭̯̇˽˽̤̦̰̥̱̠˼̡̬̪˽̯̰̅˾̅́˿˿̤˽̡̘̙̰̮̟̣̉́̌˹ϓ˷

ŠǠɢͣͪϒűș΀ɰť͗ͼ�ͣͩ ́ ͩ͠ʀ˧˷ ˸űș΀v˓͗ͼ%Ÿͩǩ_gϒűșͩΤύΞɰťͩc

ǋgϒ˞ǳ³ɳƪ˹˷΀ɰƕ͗ͼ͜ͶͧǺ͊wͻȠ΁͝ǱȄ΀ȟ�͕͜ϓűșͩɰťͪb_͉͉͊ͻ˞cǋͦ

͑ͤ͊¹͊ͅϒŠǠɢͣȟ�͕͜͹͆ͦĠɡˈǠ΀ʦ͖͢űșͩʻɩͦýʐ΀cǋǢͧɳƪͣ͋ͼ͹͆ͧͦͻϒ

űșͩǱȄįʫͧÿȇͤ͠Ŝā͓ͽͼϓŠǱȄͪϒ̙̑̚˷̘̙̋̍̚˷˸̗̘̑̔̑̋˿̖̅˿˹˷ͩĻĳ΀x͏͜ͷͩͣ̈́ͼϓ˷

˷ ˷
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M��åĊáĈäĊÓUdÀÃ DNA ÿêõĊâĊîÕĈàÈÐÒ�
.Ij)I.ÛêóñĈæĈJ"�#È»¿Ò�'7b\iÉr1(�É�G�

Ļ�p����ǔDgà ��ǔ�ÒàĠ ��Ǚ ĻŽA ��ǙôďŽq� ��Ž ǙêŞC� ���

�

Şou�ĂĀ÷uđěĘƀŽ�
ü?uđě§ǄƮưǏƺǕƸđěƹǓƻǕÉ÷Ɓ�Ā÷1Āđě

ŨĈƼǕǋƀŽ�
Ą�^ƭƵǏǅƬǕǋÆ��ĔŽ
*ŕħ,Ǘfujii_t@isc.chubu.ac.jpǘ 

Ž

ɝǒŶǅΊΞΪΨϊΗϊ (ʦ�ϗś˱�sϒ˰˴�sϒPanax ginsengϒΆΓΎǻ) ͪϒͿ͊�ͣƔĜő�͉

ͺŲ¨͓ͽ͢ͅͼ�ȤǢͦ%ǅͣ̈́ͻϒʡôͩ�ˑǢͦ˚ɩͩ²aͧ͢͠ͅͷȸĕ͗ͼͤϒjɝ�͕ͤ͢͝͏

͍ͣͦϒłgǢtͭǑŸǢͧͷʻɩͦɝǒŶǅͣ̈́ͼϓ͕͉͕ϒ5�6 ôͤ͆ͅ˅ŜˉͩŲ¨͊ċɩͣ̈́ͻĞˉ

ͤΓΘΥ͉͉͊ͻϒ�͖�«ͣ˅ŜˉŲ¨͗ͼͤʩ%˒Ï͊Ǡǐ͗ͼͤ͟͜ͅ�˧͊̈́ͼϓ͚ͩ͜Ͷϒðͧņ͜

ͦ�«΀ˈĨόŁ6͗ͼċɩ͊̈́ͻϒ�Ǣb_tͭǏ±ʊɓ͊º͋ͅɝǒŶǅͣ̈́ͼϓʩ%˒Ïͩq�ͧ͠

ͪ͢ͅ�´ĈǐǅǨ͊ˊ�͕͢ͅͼͤǷ�͓ͽ͈͢ͻϒΊΞΪΨϊΗϊ�«͈ͧ͏ͼ�´ĈǐǅǨɰťͩ?

ɠǱȄͣͪϒ��͈ͧ͏ͼ PCR-DGGE ΀Ɯǒ͕͜�(͊ª�͓ͽ͢ͅͼ (Xiao et al., J. Ginseng Res., 

40(1):28–37, 2016)ϓ͕͉͕ϒPCR-DGGEͪϒ͗Ͱͩ͢�´Ĉǐǅ΀ȩȴͣ͋ͦ͜ͅͶϒ�´ĈǐǅǨͩɻȞ

ͦ·dͧͪ͢͠ͅŞ͝�Ŏͣ̈́ͼϓͳ͜ϒXiao et al., J. Ginseng Res., 40(1):28–37 (2016) ͩª�ͧͪŲ¨�

«ͩȐǎĞƙͧͩ͢͠ͅɾŎ͊ͦ͜ͅͶϒÌǒgŲ¨ͯͩčǒͪ�˖ͣ̈́ͼϓͳ͜ϒ΃ύέΘ΍ρτύɔű

ɔ (AMɔ) ͪΊΞΪΨϊΗϊͩę˅-ʫ͸ǞqĎȺĎͯͩcŧ͊Ƿ͓ͽ͢ͅͼ͊ (Cho et al., Sci. Hortic., 

122(4):633–637, 2009)ϒ�FͩŲ¨�«͈ͧ͏ͼǱȄª�ͪǣƿͣ̈́ͼϓ͚ͩ͜ͶϒŋŠ�F͈ͧ͏ͼ�Ȥ

ǢŲ¨Ğƙ΀ɠ͆�«ͣͩ�´ĈǐǅǨͩɰŎ͸͚ͩȡô·g΀ɰť͗ͼ͑ͤͪϒÈÊǢͦŲ¨ĞƙɰŎ

ͩ͜Ͷͩ©ǶǢͦΤύΞͤͦͼͤȸ͇ͺͽͼϓʡôϒƃ	�ΖύΑϊΕύ(NGS) ΀Ɯǒ͕͜ DNA νΞέύΓ

ύΤ΄ϊΐĠɡͪϒƑ�ϒ�´�ͩɻȞͦĈǐǅǨɰťͧċɩ�zƂͦ΢ύφͤͦ͟͢ͅͼϓ͕͉͕ϒDNA ν

ΞέύΓύΤ΄ϊΐ΀ǒ͜ͅΊΞΪΨϊΗϊŲ¨�«ͩ�´ĈǐǅǨɰťͪ͑ͽͳͣÌň͓ͽͦ͢ͅͅϓŠ

ǱȄͣͪϒŲ¨ãƇ͊Ŏͺ͉ͦǔČ�΃ΐυβ΂ύμŰù�ǹ͊Ȑǎ͗ͼŋŠͩ�ȤǢŲ¨ͤ�´Ƌɔ\

Ȍͩʞɝ΀Ɯǒ͕͜ΊΞΪΨϊΗϊŲ¨�« (èűǪºűè) ͈ͧ͢ͅϒ DNA νΞέύΓύΤ΄ϊΐĞƙ΀

Ɯǒ͕͜�´ĈǐǅǨ͈͹͚ͭͩȡô·gͩɰť΀Ìň͕͜ϐFujii et al.ϒJ. Nat. Med, 75:1067-1079, 2021ϑϓ 

�«ͩ�Εϊδφ΀ĭw͕͜èűǪºűèͪ˟ȁȚ 6.78km2 ͩƹäèͣ̈́ͻϒ�´Ξ΅δͪΊΞΪΨϊΗ

ϊŲ¨ͧʱ͗ͼ˵θΏ�ͣ̈́ͼϓ�«ͪΊΞΪΨϊΗϊ΀ĹǾ͗ͼ[ͧμΎ΀ŀôͩˉŲ¨͕ϒ�´ͧ͗͋ʠ

ʹ΀ɠ͟͢ͅͼϓĹǾôøͧͪŐ?ͧǰƺȆȜ΀ňǒăϒΟΝνΡΥͣ�´ƢƎ΀ɠ͟͜ăϒ12ŘͩĹǾͳͣ

ͧŀ�Ȼʑ͓ͽ͢ͅͼϓĹǾ͉ͺ 15 ΋ŘăͩɎͪ�ø�«͉ͺĬͻʑ͕͑ϒɎͩ�ʐ΀ǵɼ͕͜ăͣ 3 Řͧ

Uͩ�«ͧǼŶ͕͢ͅͼϓ͑ͽͺΊΞΪΨϊΗϊŲ¨ͪŲ¨ǙB#΀ʲ@ßű (8ń 35Ϟ45̶) ͤȉ¤ (˰

͓ 1.5Ϟ2m) ͣ�ͅϒǧÙŋ@ϒ˗ϒ˪͉ͺ.ʆ͕͢ͅͼϓŠǱȄͣͪϒŲ¨ǧ[ͩ�«͉ͺϒ5ôˉŲ¨͓ͽ

͜�«ͳͣͩ�΀Εϊδυϊΐ͕͜ϓĭw͕͜�͉ͺ DNA ΀ĦP͕ϒȞɔǨͩɰťͧͪ 16S rRNA ˥¦ϒǫ

ɔǨͩɰťͧͪ 28S rRNA˥¦΀ǒ͢ͅ DNA νΞέύΓύΤ΄ϊΐɰť΀Ìň͕͜ϓHTS͉ͺP_͓ͽ͜©

ʸSͩMǎͧͪ dada2 ή΅δτ΅ϊ΀Ɯǒ͕͢ ASV ʸS΀wą͕͜ϓ͑ͽͺ ASV ʸSͩQ˩ƕÊͧͪ

����	
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Claident v0.2.2018.05.29ͧÌɤ͓ͽ͜ clidentseq ΓκϊΦͤ classigntax ΓκϊΦ΀ǒ͢ͅϒsemiall_genusΤύ

ΞεύΘ΀sȸͧQ˩ȵ΀�Ê͕͜ (Tanabe and Toju, PLoS ONE, 10:e76910, 2013)ϓ͚ͩăϒŊª͈͹ͭŋ

ŠͩŶǅǞÏΤύΞεύΘ΀sȸͧΊΞΪΨϊΗϊǞqĎĈǐǅͩřƿͧ͢͠ͅįÊ͕͜ϓͳ͜ϒĈǐǅǨ

ͩȡô·gͧˊ͕ͪ͢ϒBray-Curtis Īŀ΀©ͧϒ}�ΕϊδφˉͣͩĈǐǅǨͩ˩ ø΀ȏP͕ϒ͑ͽͺͩ

ΤύΞ΀©ͧΤϊΦψΐτμ΀Żȓ͕͜ϓ 

èűǪºűè͈ͧ͏ͼΊΞΪΨϊΗϊ�«ͩĈǐǅǨɰťͩȢŧϒΊΞΪΨϊΗϊͩǞƐͩq�ͤª�͓

ͽ͢ͅͼ 20 Ǿ˩ͩǞqĎĈǐǅͪŠǱȄ΀ɠ͟͜�«͉ͺͪŞŷPͣ̈́͟͜ϓ͑ͽͪŋŠͩ�ȤǢŲ¨ͤ

�´Ƌɔ\Ȍͩʞɝ΀&ǒ͗ͼŲ¨ĞƙͩřcĎ΀Ƿ͕͢ͅͼϓ�ŇͣϒΞκΪΎűɄͽǞͩq�ɔ͸΅Ϊ

ͩȇŪǞͦͥͩǞqɔ΀¹͍Ff͗ͼ Betaproteobacteria (εύΞδψΣΊέΏΣυ΃Ȩ) ͊¹͍ŷP͓ͽ͢ͅ

͜ϓ͚ͩ͜Ͷϒ͑ͩɔ͊ΊΞΪΨϊΗϊͯ�͇ͼþˡͧ͢͠ͅŷɴ͗ͼċɩ͊̈́ͼ͉ͷ͕ͽͦͅϓͳ͜ϒΊΞΪ

ΨϊΗϊŲ¨[ͧÌň͕͢ͅͼ�«Ƌɔͧ͹͟͢ϒAM ɔͷƋɔ͕͢ͅͼ͑ͤ͊Ƿ�͓ͽ͜ϓŲ¨TŜͧɫͺ

ͽ͉ͦ͟͜ AM ɔ͊Ų¨ăŜͧͪŷP͓ͽ͢ͅͼ͑ͤ΀ȸ͇ͼͤϒŲ¨TŜ͈ͧ͏ͼę˅-ʫ͸ǞqȺĎͯ

ͩ AM ɔķwcŧ͊Ŝā͓ͽͼϓȞɔǨϒǫɔǨͧˊ͕͢ϒȡô·gͧ�͆·dͧ͢͠ͅʁŮ͕͜Ȣŧϒǫ

ɔǨͪŲ¨ŜƇͤͩǨˊͪǵɼͣ͋͘ϒ͚ͩ�ŇͣȞɔǨͩȡô·gͪǫɔǨͤƏʙ͕͢Ų¨Ŝˉͧ×č

͕͜·d΀͕͈͢ͻϒΊΞΪΨϊΗϊͩŲ¨ͪȞɔǨͧû͍þˡ͗ͼzɂĎ͊Ƿ͓ͽ͜ϓ͑ͽͪϒȞɔǨͩǎ

ɰ͊Ų¨ͧˊ͕ͩ͢ʻɩͦĪŽͤͦͼzɂĎ΀Ƿ͕͢ͅͼϓ  

͑ͽͺͩȢŧ͹ͻϒŠǱȄ΀͓ͺͧǠà͓͙ͼ͑ͤͣϒǞqɔͩǠǐ͕͍ͧͅ�«ȐǎĞƙ͸ϒǞqɔͩŌŜ

ǠɫĠɡͧʋǉͣ͋ͼͤȸ͇ͺ͇ͼϓ͑ͩżͧŠǱȄͪϒjɝ�͕ͤ͢͝͏͍ͣͦϒ�ȤǢ*1΀ř͗ͼΊΞΪ

ΨϊΗϊŲ¨ͩÈÊgϒcǋgͧ�͏͜©ǶΤύΞ΀İǷ͕͈͢ͻϒż̿ͦŲ¨Ğƙļ�ͧ͵͏͜ǠàͧÒ

�͗ͼΤύΞͩˈǷͧʋǉ͕͢ͅͼϓŠǱȄȢŧͪϒΊΞΪΨϊΗϊŲ¨ĠɡͯͩÚţǢͦǱȄˈǠͧº͋

͍Ò�͗ͼͤȸ͇ͺͽͼϓŠĞƙͪΊΞΪΨϊΗϊ�¸ͩ%ǅͣͷÌňzɂͦĠɡͣ̈́ͼϓ͚ͩ͜ͶϒŲ¨ͧ

¹ŀͩôŘ΀ř͕ϒ͑ͽͳͣȡ˯YǢͧ�´ĈǐǅǨͤͩˊʩ͊Ƿ�͓ͽ͋͢͜�ͩɝǒŶǅͩŲ¨ͯͩ

čǒͷŜāͣ͋ͼϓ 

�

˷ ˷
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Żăķ³���ǔêśap ��ǔŤ¼ýW ��Ž
�
2�ČĜœÂÙā¨ĽĪNƹǓƻǕƀŽ�
x�ouœuŞŽ

*ŕħ,ǗHideaki_Kuroda@pref.hyogo.lg.jpǘ 
Ž

ϜǦǢϝ ī͕Ȁͧʱ͕͜¨ ƑQͪ,ī͕ȀͩəĿ͸ī͕Ȁ©ʷͩ·gͤͤͷͧ,ī͕Ȁɇʖͩɩƒø͊ǝͦ

͍͟͢ͼ (ǖǓ,1974).ȋȹͺͪΏυȀŝ�ǾͩȺKĎ΀˰ͶͼΠρΆΔΏΐυ{ŝ No.345 ͈͹ͭ No.337 ΀«

Fʳģ͕ (��,No.345͈͹ͭ 337) ,͚ͽͺͩŗʱͦī͕ŝȰƉŢ�΀ŷɴ͕͢ͅͼ.λΘΥȰƉƙ͈ͧ͢ͅ,ī

͕÷ͧ�Ù͓ͽ͜λΘΥͪ,ī͕Ȁͧɱͽ͢ƑƲͤͦ͟͢Ɲͽ͜ͻ,ǧĮ¨ ͧWʯ͕͜ͻ͕͢,¨ ƑQͩ2ͻ͊

ǐ͖͢ͅͼͤȸ͇ͺͽͼ.͑ͩø,ýǇͩǝͦͼ¨ ɣɪMǎͣī͕ŝ͕,ǠűͧtͲ͗þˡ΀ŷɴ͕͜. 

ϜšŃ͈͹ͭŇƙϝ No.345 ͈͹ͭ 337 ͩƌƀ͉ͺ 2022 ô 6 Ř 7 ŋͧņų΀ĭw͕,}ņų΀˅͓Ț 10 ώ

ͧRͻQ͏,ī͕Ȁ͕ͤ͜.ī͕Ȁͪ©ʷͩɗ΀Rˎ͕,?Ȉͩ 2ɗ͊Ț 50 �ͧͦͼ͹͆ͧʁŁ͕͜.¨ ɣɪβ

΄φμ (��,β΄φμ) ͪ,0.2 mmpͩιυδψαχϊΖύΥ΀�ʟ͊ 7 ώ˷ (Ü)˷ ͤ 9 ώ˷ (º)˷ ͩ 2Ǿ˩ͩƆ

�ɯý(�½ͧǧĀ 1.5 cm ͩȃ)ͧRͻwͻ,ˢƽ͉ͺ�½ͯϔ͉ĝRͻʠʹ,Rͻʠʹͩë|�ʟ�¶΀ʻͨ

͢ȇ#˷ (�ɯˀ{)˷ aê͕͜.¨� (νΥψλΡΏΘ 360) ΀Aͽ͜ 0.3 LιΡΥ (�ʟ 8 ώ) ͩ�ɢ˟ͧaêβ

΄φμ (ɣɪ͕ͦ(A),Oβ΄φμÜi(B),Nβ΄φμÜi(C),Nβ΄φμºi(D)) ΀ɶȳ (Ȋϔ�) ͕,}ιΡΥ

ͧȀ΀�Š͘͠ī͕,ȰƉÍFͧȳ͜ͅ.ȰƉÍͪλΘΥɤȳ΀'ǒ͕, Ʃø 40℃��,Ǩ×Ƭø 80Ϗ��ͧ

XĆ͕͜άΆΘFͧɶȳ͕͜.Ì˯ͪ}i 12ιΡΥ΀)ɹ͕,ī͕ŝ 2͉ŘăͧǠűǇƘ΀ʁŮ͕͜.ͳ͜,Ŷǅ

#ͩƿͅιΡΥͣ}iͩ¨ �Ċʷ (ǧĀ 3 cm) ͤ�ȭʷͩ¨ ƑQǋ΀,λΘΥ3ƅ 3Qăͧɳƪ͕͜. 

ϜȢŧ͈͹ͭȸÕϝ˷ Nºiͩī͕ȀͩǐÅǋ͸Ǡűǋͪ
șȤͤͷ<ͽ͢͜ͅ (Ȋϔɢ).OÜiͩǠűŠ

ŀͪ
șȤͤͷƿMǎi͹ͻͷ¹͉͊͟͜,Ȫű˅ͪǯ͉͟͜.NÜiͩ}ʁŮȢŧͪ,�ͩβ΄φμMǎͩ�

ˉ1΀Ƿ͕͜.¨ ƑQǋͪ͘ͅͽͷ�Ċʷ͹ͻͷ�ȭʷ͊ȚϔϏ"͍, }i͈ͧͪ͢ͅ,Nº͊ŗͷ"͍,NÜ

ϙƿMǎϙOÜͩ8�΀Ƿ͕͜˷ (ΤύΞǛ).��ͩȢŧ͉ͺ,Ǡűǌʉ΀űq#ͩǠǌͤ�ÊűͩǠʯͧQ

͏͢ȸ͇ͼͤ,űq#ͩǠǌͤ�ÊűͩǠʯͧʱ͕͜ƑQǋͪǝͦͻ,[ȹͩŇ͊˰ͅƑQ͊ċɩͣ,¨ Ƒ

Qͧ×͗ͼučͪ,șȤͧ͹ͼìǝ͊̈́ͼ͑ͤ͊Ƿ�͓ͽ͜.¨ ɣɪβ΄φμͪ,¨ ƑQͩ2ͻ΀ǐʹP͕,

Ǡűǋͩ��͸űʽ΀²a͓͙ͼzɂĎ͊̈́ͼ. 

  

�G�� ����DCFEA��
� 
>
�@B, (A) ���, (B) �DCFE	, 
(C) �DCFE	, (D) �DCFE���? 

(A) (B) 

(C) (D) 

#�!
K $�! $���

J
*�5

J

8k9 8k9 8�9 78GH9

�f`jg� =<< BC >;E ==?

�f`jg� =<< AD >;E =BA

�f`jg� =<< AD ?;B >E?

��" =<< @> ?;@ ?AB

�f`jg� =<< BC ?;< =@E

�f`jg� E> ?? >;D =?@

�f`jg� CA ?? >;> AB

��" E> A< =;A ==B
K
7�R�>P��:�-.[��(,X1
Q3]_VPUT�R%X��;
J
7$�RT�R%MT^X$���[�5X���;

&n/L�
02f`jgX� X4NQehadbci+��R%X#�!:
LLLLL$�!:$���O\Y*�5W�ZS�6l><>>�m

')	 �
02�"

FI;?@A

FI;??C

A-1 
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OăH ��ǔ_�ż¥ ��ǔUăĝ� ��ǔŋ�¿r ��ǔ�Ţ�����Ž
�
QK�ououŬÿkuđěĘƀŽ�
QK�ououŬĀTœuđěĘŽ

*ŕħ,Ǘyhirano@naagoy-u.jpǘ 
Ž

ƀŝͩȞűͪϒŀ͉Ř͉ͺŀôͩØ�΀ͷ͠ϓ͗ͦͿ͞ϒɗͣ͆̀ͅɖ͞ɗ́ͩ͹͆ͧϒȞűͪ̀ɖ͞ű́ͤͦͻϒ

�´ͯĢAϒʶ=͓ͽ͍͢ͅϓɖ͞ɗ͊�´ͯƼȜ͸ˬQ΀ʶ=͕ϒǐēșFͩǅʐ΀ćǏ͓͙ͼ͹͆ͧϒɖ

͞űͷ͚ͩćǏ΀ˮd͓͙ͼϓɖ͞űͪϒǆͧ�´Ƥâͳͣņ˱ͦɖ͞ű΀ĢA͗ͼ͑ͤͣϒ͚ͩćǏͧɖ͞

ɗͤͪǝͦͼδψΚΘͣþˡ΀�͇ͼϓ˷ ˷

͑ͩ͹͆ͦɖ͞űͩdēͪϒ͑ͽͳͣ�´ͩGȍΓ΃΀ĭw͕͜ăͧǐ͋͜űͤŪƈűͧQ͏ͼ͑ͤͣϒͳ͜

λΨτ΅ΝΥψϊ͸Θ΍οΧͦͥͣĺ:͕ɮÕ͗ͼ͑ͤͣϒŎͺ͉͓ͧͽ͋͢͜ϓ[ȹͣͪϒ͠ͅɖ͜͞ű͉ǆÊ

ͣ͋͘Qɰͩʫ΁͝Ūƈű͊�ͳͽ͢ͅͼ͑ͤϒăȹͣͪϒɖ͜͞ű΀ǧĮĭw͗ͼ͑ͤ͊ĠɡǢͧ�˖ϒͦ

ͥͩǯĝ͊Īĸ͓ͽ͋͢͜ϓ˷

͚͑ͣǺͪ͜͞ϒŵŦFͣƀŝ͉ͺRŅ͓ͽͦ͢ͅͅȞű΀ϒņͧ͜ˈǠ͕͜¨ˬ�Fͣǐȿ͓͙ϒ͚ͩ

¨ˬ�Fͧɖ͜͞ű΀�v͗ͼ͑ͤͣϒίΫ΍ͧ͢͠ͅϒɖ͉ͫ͜͞ͻͩɖ͞ű΀ǧĮĭw͗ͼ͑ͤͧę`͕͜

ϐ̢̞̬̯̥̦̟˷̣̰˷̟̩˼˷̀˾̀̀˺˷̡̡̬̩̬̤̦̟̩̍˷̢̡̫̦̟̰̬̮̐˺˷˿̂̀̇˷˿˾̆̀̅̄˺˷̖̌̐˷̇˷˿˾˼˿˾˿̄˽̧˼̡̢̣̬̩̦̫˼̀˾̀̀˼˿˾̆̀̅̄ϑϓ˷

͑ͩ͹͆ͧǧĮĭw͓ͽ͜ɖ͞ű΀ɰť͗ͼ͑ͤͣϒϔϑίΫ΍ͩɖ͞űͪƍŘÅ�͗ͼ͑ͤϒϕϑ͚ͩʽͪŘ͒

ͤͧ·g͗ͼͷͩͩϒɖ͞ɗͩŘU·gʽͤƏʙ͗ͼͤÜ͓͑ͤͅϒϖϑȞűͩ͆͞?Ȉűͩ˅͓͹ͻͷǯͅͷͩ

͊ɖ͞ͼ͑ͤϒQå!ȳ͉ͺ͝͏͍ͣͦϒQå͕͜ű͊ʥ�͉ͺɖ͢͞ͅͼ͑ͤϒͦͥ΀Ŏͺ͉͕ͧ͜ϓ˷

ŠǱȄͣˈǠ͓ͽ͜ņĞƙ΀ǒ͢ͅϒƀŝͩ̀ɖ͞ű́΀ǧĮĭw͗ͼ͑ͤͧ͹ͻϒ�´ͯͩTŜƼȜĢA

ʽͤ͆ͅǐēǢĪŽ΀Ŏͺ͉ͧͣ͋ͼϓ͑ͩ͑ͤͪϒŵŦǐēșͩƼȜćǏ͈ͧ͏ͼŗăͩγτΡΏθΡΏΘ͓ͤ

ͽͼϒȞű͊Ò�͗ͼƼȜćǏͩɸ*ȗø��ͧͦ͊͠ͼͣ̈́;͆ϓ˷

˷ ˷

A-2 
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�Ć������ǔ¿Ķĸ ����ǔăŜµr ����ǔÝNéw 	�Ž ǔ²ã< ��Ž
�
¿�ououŬœuĀTĘuđěĘƀŽ�
�şououŬœuđěĘƀŽ�
Ė¦ououŬœuđ

ěĘƀŽ�
�şououŬbûÿkuĳƀŽ	
]ůœÂÙāÌđěƹǓƻǕŽ
*ŕħ,Ǘryo.nkht@gmail.comǘ 

˷

şȈűșͩýē˷ ϐǧĀϒSpecific root length (SRL) ͦͥϑ˷ͪƑ͸ůˬ®ͩ�vɂ_ϒʜʣɂ_ϒØ�ϒɔ

űgǋͦͥͩǐǎǆĎͤÓĮͧˊ,͗ͼ͜Ͷϒűͩýē΀ƪͼ͑ͤͧ͹͟͢ϒ͚ͩƀŝͩǐǎǢǆĎ΀ɸ*

͗ͼ͑ͤ͊ͣ͋ͼϓȞűýēͩ·d΀ɬÊ͗ͼɩ�ͧͪǏ±ɩ�ͤʴ�ɩ�͊̈́ͼϓ�͖ƀǾͣ̈́͟͢ͷǏ±

ɩ�ͩʰͧͅ͹͟͢ȞűýēǆĎͪz­Ǣͧ·g͗ͼ˷ (e.g. Wada et al. 2019, Plant Soil)ϓ�ŇͣϒȞűͩý

ēýʐͪǾͩʫgǢͦɀœͧͷº͍͋þˡ͓ͽͼ˷ (e.g. Ma et al. 2018, Nature)ϓͳ͜ϒΘΎͪŋŠSèͩöȒ

�ͧQí͕ϒ}Ǒ ͒ͤͧʴ�ǢͧQg͕͢ͅͼ ϐTsumura et al. 2012, HeredityϑϓŠǱȄͣͪϒűͩýēǆ

Ď͊ͥͩǽøʫgǢɀœͧ͹ͻƕÊ͓ͽͼ͉ͩ΀Ǯͼ͜ͶͧϒDʦ�«ͣǐȿ͕͜ǝͦͼǑ ǔţͩΘΎͧ

͢͠ͅȞűýēǆĎ΀ɸ*͕ϒ �ʷͩʎƮǊąěǛ͈ͧ͏ͼʴ�Ǣɩ�ͩþˡ΀Ŏͺ͉ͧ͗ͼ͑ͤ΀Ǧ

Ǣ͕ͤ͜ϓŠǱȄͣ×ʉͤ͗ͼ 3Ǒ ͩΘΎϐπΧΚΘΎϒσΖΫΘΎϒπΏΘΎϑͧ͢͠ͅϒπΏΘΎͩ �ʷę

˅ͪřđͧ"͍ϐAzuma et al. 2022, Ecol. Res.ϑϒσΖΫΘΎͩűƱPǅʽͪ˰ͅϐOhta et al. 2019, Plant Soilϑ

͑ͤ͊?ɠǱȄͣͿ͉͈͟͢ͻϒȞűýē͈ͧ͢ͅͷ͑ͽͺͤˊʩ͕͜ʴ�Ǣɩ�ͩþˡ͊�ƪ͓ͽͼϓ˷

˷ ˷ hƠʮºÇ�ƄäǱȄŦͧǐȿ͗ͼʴ�Ǣɀœͩǝͦͼ 3Ǒ ͩΘΎ΀×ʉ͕ͤϒ2018ôͤ 2019ôͧϒ

}Ǒ ͩΘΎ 6/#͉ͺ/#͒ͤͧ 2űșϒɳ 36űș΀ĭw͕͜ϓűͩƃŀQ͏΀ɠͅϒ1ƃű͉ͺ 4ƃű

ͳͣͩƃŀ͒ͤͩó¡/ű˅˸cm˹ϒó¡/űǧĀ˸mm˹ϒó¡ SRLϐo!/űʻɩü͜ͻͩű˅̈˷m g-1ϑ΀ɳ

ƪ͕ϒƃŀˉͩűQåƏϐRBR; no. no.-1ϑ΀ȏP͕͜ϓͳ͜ϒűșü͜ͻͩ SRTϐo!ʻʽü͜ͻͩűȈŀ̈˷no. 

mg-1ϑͤ SRTLϐo!ʻʽü͜ͻͩűȈ˅̈˷ cm g-1ϑ΀ƒͶ͜ϓ/#ì΀·ʽcŧ͕ͤ͜ GLMM ΀ǒ͢ͅϒ}ý

ēǆĎͩǑ ˉì͈͹ͭƃŀˉìͩŷÊͤϒ/ű˅˻SRLϒ/űǧĀ˻SRL ͩˊ,ͧͩ͢͠ͅɰť΀ɠ͟͜ϓ˷

πΏΘΎͪ˓�ˉͣ 1 ƃűͩ/ű˅͊řđͧ˅͍ϒ/űǧĀ͊Ü͓͉͟͜ϓƃŀ͒ͤͩ SRL ͪϒπΧΚΘ

ΎϒσΖΫΘΎͣͪ 3-4 ƃűˉͣřđͧǝͦ͊͟͜ϒπΏΘΎͣͪ 3 ƃű�ˌͣ·g͉͊ͦ͟͜ϓ͑ͽͪϒπΏ

ΘΎ͊�˓�ͧƏͰ͢�vűͤʜʣűͩRͻŖ͇΀͹ͻ"ƃŀͩűͣɠ͟͢ͅͼzɂĎ΀Ƿ�͕͢ͅͼϓSRL

͊Ø�ͤǨˊ͗ͼ͑ͤ΀ȸ͇ͼͤϐe.g. McCormack et al. 2012, New Phytol.ϑϒπΏΘΎͪØ�ͩǯͅű΀"ƃ

űͩʹͧ˓�͓͙ͼϔ́ͼͪͅȞͅ 1 ƃűͣͷ SRL ΀�͐ͦ͑ͤͧͅ͹͟͢ϒΞύϊΊύέύͧ͹ͻ¾Ϳͽͼ

ʎƮ΀ȑȚ͕͢ͅͼzɂĎ͊̈́ͼϓπΧΚΘΎͪ 2ƃűͩ SRL͊ 1ƃűͤ�Ȍͧ˰͉͟͜ϓͳ͜ϒ2ϗ3ƃűͧ

͈͏ͼ RBRͪ˓�ˉͣřđͧ˰͍ϒȢŧǢͧ SRT ͷ˰͍ͦ͟͜ϓ͑ͽͺ͉ͩ͑ͤͺϒπΧΚΘΎͪ 3˓�ͣŗ

ͷ¹͍�vűę˅ͯͩĢʎ΀ɠ͟͢ͅͼzɂĎ͊̈́ͼϓσΖΫΘΎͪ 3 Ǒ ˉͣ�ˉǢͦȢŧ΀Ƿ͕͜ϓ͕͉

͕ϒσΖΫΘΎͩ �ʷǐǑͪπΧΚΘΎͤ�Ȍ͉͚ͽ��ͧ˰ͅ8�͊̈́ͼϐe.g. Azuma et al. 2022, Ecol. 

Res.ϑϓ͑ͩ˰ͅ �ʷǐǑ΀zɂͧ͗ͼ �ʷͩůˬ®ǊąɂͪϒűƱPǅʽ΀²͸͕˷ ϐOhta et al. 2019, 

Plant Soilϑ˷ű��´ͩůˬ®Ǐ±΀ļ�͗ͼ͑ͤͧ͹ͻɥ;͓ͽ͢ͅͼzɂĎ͊̈́ͼϓ͑ͩ͹͆ͧϒ��ǐȿ

±�ͣͷϒǝͦͼǑ ǔţͩΘΎͪϒʴ�Ǣɀœͧ©͍͡ǝͦ͟͜ʎƮǊąěǛ΀ͷ͑ͤ͊͠Ƿ�͓ͽ͜ϓ˷

A-3 
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˷

$çïĆç�DO�È»¿Òx$9ÛÛþÞ K305ÉIR��9 (Lpr) �B�5Æ 
ÛÛþÞÔßÔýĄĈ HvPIP2;1ÉĄĈ��É�G 

oĿ�İ*1)ǔ�Gč¸ 1) 
1
��ouŎîÉ÷Ęuđě§ (IPSR) 
*ŕħ, Ǘp6va53y9@s.okayama-u.ca.jpǘ 

Ž

	ǘɬžͣͩ˫Ș�ʔͪ�y²aͧ͹ͼͤ͑;ͷº͋͊ͅϒƐ0·dͦͥǏ±ΘΥχΘͧ͹ͼʞ%ǅͩvʽ

ƨÝͷº͋ͦ�˧ͤͦ͟͢ͅͼϓ�ǃ ͸®Ï ͦͥͣͩ΅ΊϊΘΥχΘ͸ƑƂ
ΘΥχΘͪ�ɩͦǏ±ΘΥχ

Θͩ�ͣ̈́͠ͼϓŶǅͩǏ±ΘΥχΘčȎƁŻ΀ɰŎ͗ͼ͑ͤͪϒŶǅͩǐȿ͊�˖ͦǏ±ͧʱčͣ͋ͼ�Ǿ

΀%P͕ϒ˫ȘͩǐǑ΀ÈÊg͓͙ͼ͜Ͷͧʻɩͣ̈́ͼͤȸ͇ͺͽͼϓŠǱȄͣͪŶǅͩ®ΘΥχΘȺĎƁŻ

ͩ�Ȉ͕ͤͩ͢Ⱥ®ĎΊΊμΎ K305ͩȺ®ĎƁŻ΀ǐǎÇǢͧŎͺ͉ͧ͗ͼ͑ͤ΀ǦĪ͕͜. 

δχΡΖούΠοϊέύͣͩűƑʤʭĎ (Lpr) ͩƪÊͩȢŧϒȺ®ĎΊΊμΎ K305 ͣͪϒ®ΘΥχΘMǎ

60Qͣ Lpr͊ 87.5ϏƨÝ͕͜ ϐ�ŇXĆ͓ͽ͜ϑ ͩͧ×͕ϒ®ĒxĎșȤ I743 ͣͪ�ŇXĆ͓ͽ͉ͦ͟͜ 

(Ȋϔ�).δχΡΖούΠοϊέύͣͩƪÊͣͪ®ΘΥχΘMǎ 60 QŞƭͩ Lpr΀ɰť͗ͼ͑ͤͪ�˖ͣ̈́͟͜

͜Ͷϒ˨Ĉ˄΀ǒ͢ͅűͩ�˅΀ȗÓƪÊ͗ͼ͑ͤͣϒ®ΘΥχΘ 60 Q�Fͣͩ Lprͩ·g΀ˉĮǢͧɰŎ

͗ͼ͑ͤ΀ɹʹ͜ϓ͚ͩȢŧϒȺ®ĎΊΊμΎK305ͣͪ®ΘΥχΘ 10Q�Fͧűͩ�˅ͧ·g͊ɮÕ͓ͽ͜

͉͑ͤͺϒ10 Qͩˉͧ$ͺ͉ͩűƑʤʭĎXĆ͊ɠͿͽ͢ͅͼzɂĎ͊̈́ͼ͑ͤ͊Ƿ͓ͽ͜ (Ȋϕ�)ϓLpr ͩ

�ŇXĆƁŻ΀ɰŎ͗ͼ͜ͶϒȞɁFͯͩƑͩwͻʠʹͧˊ�͕͢ͅͼqýʐÞ�£ (PIP) ΃Ώ΃ιυϊͩ

υϊʺgχεφͩ·g΀ɰť͕͜ϓΞϊήΏͩυϊʺg΀ɰťͣ͋ͼɹɝ Phos-tag ΀ǒ͢ͅυϊʺgχεφͩ

·g΀ɰť͕ͤ͑͜;ϒ®ΘΥχΘ 60Q�Fͣ HvPIP2Ϙ1 ͩυϊʺgχεφ͊·g͕͢ͅͼ͑ͤ͊Ŏͺ͉ͧͦ͟

͜ϓHvPIP2;1 ͩυϊʺgχεφͪ®ΘΥχΘ 15 Qͣ�ō͕ϒ15Ϟ60 QˉͣυϊʺgχεφͪƨÝ͕͜ϓ͑ͩυ

ϊʺgχεφͩ²ƨ͊ Lpr ͩ�ŇXĆͧͥ͆ˊ�͕͢ͅͼ͉ͧͪ͢͠ͅϒ͓ͺͦͼǱȄ͊ċɩͣ̈́ͼϓ�ă΃

Ώ΃ιυϊͩυϊʺgʷ!ͩǆÊ͸ϒHvPIP2Ϙ1 ͩÞ�«ĝͩɰť΀ʫͶ͢ϒȺ®ĎΊΊμΎ K305 ͈ͧ͏ͼ

LprXĆͩQÃƁŻɰŎͧͦ͐ͤ͜͠ͅȸ͇͢ͅͼϓ�

�

�

�

˷ ˷

Ȋ ˿ �ϓ˿˾˾˷̪̔˷̟̩̋̕ ͣ®ΘΥχΘMǎ΀͕͜ő

ͩ ̒́˾̃ tͭ ̐̅̂́ ͩ ̭̓�ͩ·g˷

Ȋ ̀�ϓ̒́˾̃ ͩ ˿őˉͩűͩ�˅ʽͩȁȏ˷

˷
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RyJ"È»¿Ò��T���`½�V[2È�ºÒ4��

Regina Ancilla NatasyaǔŐŤő*ǔâŢ�ÑŽ

°ïŵ¯œÌouŵ¯āÌuŞŵ¯āÌuĘŽ

*ŕħ, (tiejun-zhao@nafu.ac.jpǘ 
Ž

˷ βΉΐιΨΡΏΘͪϒȅˉͩ�ͧŶǅű΀Ę�͕ϒ˛Ǉͩˬƣ΀>ƭ͓͙ˬQͤƑQ΀ı)͗ͼϓʡôϒ˰

�ιϊδ΀Vǒ͕͜Ƒ�˛�ͧ�Ϳͻϒ͹ͻÜ͓ͦˬƣͩȖÃ΀Ǡǐ͓͙ͼʒˠƚ˛Ǡǐ�ͩVǒ͊ŷɴ͓

ͽ͢ͅͼϓʒˠƚ˛Ǡǐ�΀ǒͅˬƣͩ˛ȖÃ΀Ü͓͍͗ͼ͑ͤͣϒűͩˬQ�vcǋ΀��͓͙ͼ͑ͤ͊Ŝ

ā͓ͽͼϓ͕͉͕ϒʒˠƚ˛Ǡǐ�ͧ͹ͻ˛g͊ϒˬƣͩˬƣQƶøͦͥͧ�͇ͼþˡͪB͍ª�͊ͦͅϓ͑

ͩǱȄͩǦǢͪϒʒˠƚ˛Ǡǐ�ͩ˛gMǎ͊ˬƣƶøͯ�͇ͼþˡ΀ɰŎ͗ͼ͑ͤͣ̈́ͼϓEC=1.0 ds/m, 

2.0 ds/m, 3.0 ds/mͩ 3Ɗːͧʁɧ͕͜ˬƣϐOATάΆΘȾŃϐOAT΃ΐυŰù�ǹϑ΀ ̙̉MŇͣʸ~ϑ΀͚

ͽ͛ͽ 10 L΀%ę͕ϒʒˠƚǠǐ�΀ǒ͢ͅˬƣ΀˛g͕͜ϓ˛g[ͩˬƣͤ˛găͩˬƣ΀ 45 mL͘͠

ĭw͕ϒɰť΀ɠ͟͜ϓ}ˬƣΕϊδφͩ EC ΀ƪÊ͕ϒȆȜ˸Ǵʺē˹ϒυϊϒ΋υΆμϒκΐΪΖΆμϒͤ΋φΖ

Άμͦͥůˬ®˩ͩ�řʽͷƪÊ͕͜ϓ͚ͩȢŧϒˬƣͩƶøϐECϑ͊˰͍ͦͼͤϒ˛g͕͜ˬƣ�ͩůˬ®

˩ƶø͊Ϳ͉ͧ͘"�͗ͼ8�͊ɼͶͺͽ͜ϓ˷

˷ ˷

B-1 
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W-+vÓd¹Ã�kÉqI|�=�éúï×ØÔÉ���

��ª����ǔÜŢķ7 ��ǔ¸¼¬­ ��ǔĒ� Ôŝ ��ǔ�ºĕÑ ��ǔoÒþÛ ��Ž
�
2�ČĜouÿk�ũuŞƀŽ�
ėĎ�0Ĝou¢huŞƀŽ�
2�ČĜououŬ�uđěĘƀŽ Ž

�
2�ČĜououŬÿk�ũuđěĘŽ

*ŕħ,(takuff0630@gmail.com) 
Ž

Θ΍οΧƙͪ�´ͧ¥ɶ͕͜΃ΏυφθΡΏΘͧβτΡΥεΡΦΘ΍οΧ΀īA͕Θ΍οϊ͗ͼ͑ͤͧ͹ͻ˺Êƽͣ

˞ǳ³Ǣͧ�´Ņ˟Ǘ:΀ʩȦĺþ͗ͼ͑ͤ͊ͣ͋ͼĞƙͣ̈́ͼ˼͑ͩĞƙͣͪöȒ�ͩ�´Ņ˟Ǘ:΀ą

ͼ͑ͤ͊ͣ͋˺wą͕͜�´Ņ˟Ǘ:ͩȞűͩ˥¦΀ĦP͗ͼ͑ͤͧ͹͟͢Ǘ:�ͧÅ�͗ͼȞűͩ˟ȁ͸˅

͓΀ȏP͕˺Ȟűdē΀ɰť͗ͼ͑ͤ͊ͣ͋ͼ˼͕͉͕ͦ͊ͺ˺͑ͩĞƙͣͪĞdͧ͹ͼȞűĦPͩêǽ͈ͧ͢ͅ

Ɇºͦőˉ΀ɩ͕˺�ƾǢͦĦPλΘ͊ǐ͖͕͢ͳ͆˼͚ͩ͜Ͷ˺ʡô˺ƤâÇȷ΀ǒ͜ͅȞűɇdĦPΜβΥΆ·

΃͊ˈǠ͓ͽ͢ͅͼ˼˷ ͑ͽͺͩΜβΥΆ·΃ͣͪϒĺþǗ:͉ͺȞű΀ĞdĦP͕͜Ȣŧ΀Çȷ͓͙ͼ͑ͤͧ͹ͻϒ

Ǘ:�ͩͥͩ˥¦ͧű͊Å�͗ͼ͉ͩ΀ɇdǢͧįÊ͗ͼ͑ͤ͊ͣ͋ͼϓ͕͉͕˺͑ͽͺͩȞűɇdĦPΜβΥ

Ά·΃͚ͪͽ͛ͽˍͺͽ͜Ε΅Υ͸ŶǅǾ͕͉ͣɸ*͓ͽͦ͢͜ͅͶ˺¹żͦΕ΅Υ͸ŶǅǾͯͩƓǒĎͪŞ

͝Ŏͺ͉ͣͪͦͅ˼͚͑ͣŠǱȄͣͪ˺ίΫ΍�êŦ΀×ʉͧ˺̡̘̮̣̫̥̘̬̬̰̀̉̉̉́ͤ̀̚̚˻̙̍̎́ͤ͆ͅ�Ǿ˩ͩȞ

űɇdĦPΜβΥΆ·΃͈ͧ͏ͼȞűĦPȗøͩɸ*΀ɠ͟͜˼͚ͽ͛ͽͩȞűɇdĦPΜβΥΆ·΃ͣÇȷ

͈͹ͭĦP΀ɠͅ˺ɇdĦPȢŧͤĞdĦPȢŧ΀Əʙ͗ͼ͑ͤͧ͹ͻɸ*΀ɠ͟͜˼
ΜβΥΆ·΃ͩɇdĦ

PȢŧͤĞdĦPȢŧ΀ǦɭͣƏʙ͕ͤ͑͜;˺͈͈͵ͨȞűͩĦP͊ͣ͋͢ͅͼ͑ͤ͊ǵɼͣ͋͜˼˷

�

˷ ˷

B-2 
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�*çùĈ��Sċ ¢¡ČÈÐÒI¼ÑbÁÒU9�pkÉX,�

ĺĿĎrǔŭ�¤�Ž

@Ł�Ìou�uŞŽ
*ŕħ,Ǘyokawaken@mail.kitami-it.ac.jpǘ 

Ž

Ǐ±·gͯͩ�ƃčȎΖΐΧφ͕ͤ͢ǮͺͽͼƜĎʺȜǾͪ�Ŷǅͩű͈ͧ͢ͅͷʻɩͦÿ^΀ĩ͠�͹͍

Ǯͺͽ͢ͅͼ(͕ͤ͢�ŶǅɅ�ͧÅ�͗ͼ ̗̉̌̏̕ Ί΍ΖΟύΛͪǏ±ΘΥχΘͧčȎ͕͢ΘύήύΊ΍Ζ

Φ΃ΨΊϊτΗ΋φ˷ ˸̖�
��˹˷ ΀΃ιδτΘΥͧǐ͖�ȞɁF¸ͩʻɩͦΖΐΧφ΋ΘΑύΦ΀ú͋ʑ͑͗�͜͝�

τΗ΋φͣ̈́ͼƜĎʺȜǾͪǠǐ͉ͺ͎͗ͧ�ͩQÃͤÑŏͧuč͕�ǯØ�ͣ̈́ͼ͜Ͷɮƪ͊˖͕͑ͤ͊ͅ

Ǯͺͽ͢ͅͼ�͑ͽͳͣͧűͩȠȲͧǐ͖͜ƜĎʺȜǐę΀ˉĮǢͧzɭg͗ͼͧͪϒŬɋƙ˷ ϐΨΥψγφ

ύΣΥτΝυΆμƙͦͥϑ˷͊ƏʙǢɊ͍ǒͅͺͽ͢ͅͼ͊�ÊʽĎͧ
͕ͅ�ͳ͜ϒίΦψ΍ΖφτΗ΋φ˷ ˸̖̏ϟ˹˷

ͪƜĎʺȜǾ͉ͩͦͣͷϒŗͷØ�͊ǯ͍Ŭɋͣǵɼ͗ͼĞƙ͊Å�͕ͦͅϓŠǱȄͣͪ��#ɢ˟͸ưƣ

�ͩ�×˙Ã΀ǧĮɮƪPţͼ˙ÃΘαϊD˳ƙ˷ ˸̙̘̍˹˷ ΀ǒ͢ͅ�űͩȞɁɢ˟ͧǐ͖ͼτΗ΋φͩǆÊ

΀ɹʹ͜�Ŷǅͩ7ÏΘΥχΘͩˑͧȞɁ¸ͧΖΐΧφ͕ͤ͢ĽP͓ͽͼ͑ͤͣǮͺͽͼ̗̉̚˷˸ ΃ΤΫΖϊ�υϊ

ʺ˹˷ ͤ ̗̉̌˷ ˸΃ΤΫΖϊ�υϊʺ˹˷΀Ζψ΅ΩΧΙΧűͧMǎ͗ͼ͑ͤͣ�űͩɢ˟ͧǐ͖ͼίΦψ΍ΖφτΗ΋

φ΀ƪÊ͕͜�τΗ΋φͩÈÊgͧͪΘαϊΥτΡδ\ͣ̈́ͼ ̂˻̗̖̊̕˷˸̹˻˸̂˻αυΗφ ̕˻Ί΍ΖΦ˹˻̕˻̰̣̮̰˻γ

ΠφΨΥψϊ˹˷ ͤΈΞΫύφ΀ǒ͜ͅ˷ ˸̘̣̫̣̳˷̣̰˷̟̩˼˺˷̗̩̟̫̰˷̑˺˷̀˾˾̃˹�͚ͩȢŧ�ű̗ͩ̉̚�̗̉̌ ͩĒǮͧ͹ͼί

Φψ΍ΖφτΗ΋φͩǐę͊ǵɼ͓ͽ͜����űͩǏ±čȎͩˑͩƜĎʺȜǾͩ˷ ̙̘̍˷ͧ͹ͼɳƪͩzɂ

Ďͧ͢͠ͅʅʂ͕͜ͅ� 

˷

˷

�

˷ ˷
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}ûćìâĄĊÉA8ÈÐÒ ��»ÐË ��É3:ÉrCh(��

 Ğ­*1)ǔ�ăUÑ 1)ǔ+¸¡ 2) 
1)³ÞououŬœuđěĘ, 2)³ÞouœuŞ 

*ŕħ, (sat621139@gmail.com) 
Ž

ɑγψΡΓυύͪϒz˫ʷ͊5ŨǔţͩȞ˅ͅɑ͈͹ͭÜɌɛ (��ϒ5Ɍɛ) ͩʼɕͣ̈́ͻϒ5Ɍɛͩ

ę˅΀-͗͜ͶϒPɛ͕͢ˉͷͦͅˢɌɛ΀ĸĊ͕ϒˢɍ<eͩɰˎ΀�ͼϓȽʼͺ (2021) ͪϒɑγψΡΓυ

ύ͈ͧ͢ͅϒĸĊͧ͹͟͢ �ʷʻ͊²a͕ͤ͜ª�͕͢ͅͼͷͩͩϒ �ʷʻ͊²a͕͜ν΋ΨΙμͪ�Ŏ

ͣ̈́ͻϒ�ăϒŲ¨Ȑǎ΀ŷɴ͗ͼ͇͆ͣϒ �ʷͩýēͩȡőǢ·g΀͹ͻɻȞͧʁŮ͗ͼċɩ͊̈́ͼϓǆ

ͧϒȞűͪϒƑ͸ˬQͦͥͩ�vͧʻɩͣ̈́ͻϒű˅ͩɸ*͊ċɩͣ̈́ͼϓ͚͑ͣŠǱȄͣͪϒĸĊăͩ 

�ʷʻ͈͹ͭű˅ͩ·g΀ȡőǢͧʁŮ͕ϒ �ʷͩǐȿͤͩˊ,΀ɰť͕͜ϓŲ¨ͪϒŎƗºÇǐǓ΍ο

ϊήΘͩ˜ �«ͣɠ͟͜ϓŲŶżùͪϒǚñ 150 cmϒŰˉ 45 cm͈͹ͭŢˉ 75 cmͩ 2ŢŶ͇͕ͤ͜ϓɹ

˯iͪϒĸĊͤƿMǎͩɳ 2 Mǎi͕ͤϒ1 i 3 Ű΀ʁŮ͕͜ϓĸĊͪϒǭʓͺ (2003) ͧƯ͖ϒˢɌɛ͊ǧ

Ā 2Ϟ3 cm ǽøͣɠ͟͜ϓʁŮͪϒĸĊő͉ͺĸĊă 8 ʪǦͳͣʪͧ 1 øɠͅϒ �ʷņ˱ʻϒ �ʷ�

ǅʻϒɗŀϒ �ʷņ˱ʻ͈͹ͭ �ʷ�ǅʻ΀ƪÊ͕͜ϓ �ʷͪϒ ˑʷͣ �ʷͤ �ʷ΀Q͏ϒΘ

ΓΡδ΀ǒ͢ͅ 40 cmȇŇͣĬͻ�͐͜ϓͳ͜ϒĸĊőϒĸĊă 3͈͹ͭ 6ʪǦͩ �ʷͪϒű˅ɰťΖΘΣ

μ (WinRHIZO) ΀ǒ͢ͅű˅΀įÊ͕͜ϓű˅ͪϒűĀ͊ 0.3 mmŞƭϒ0.3�� 3.6 mmŞƭϒ3.6�� 6.9 

mmŞƭ͈͹ͭ 6.9 mm��ͩ 4 ΏτΘͧQ͏͢ɸ*͕͜ϓ �ʷ�ǅʻͪϒĸĊă 6 ʪǦ�ˌϒĸĊi͊

ƿMǎiͧƏͰ͢řđͧʻ͉͟͜ϓ͑ͽͪϒĸĊͧ͹͟͢ˢɌɛ͊ˎr͓ͽϒˢɌɛ΀ˎ͍ �ʷ�Éͩę

˅͊-ʫ͓ͽ͜͜Ͷͤȸ͇ͼϓ �ʷņ˱ʻͪϒĸĊi͊ƿMǎiͤ�Ȍ͉řđͧʻ͉͟͜ϓͳ͜ϒ �ʷ

�Ƒǋͤ �ʷņ˱ʻͤͩˉͧûͅʊͩǨˊ͊ɼͶͺͽ͜ (r = ̻0.80**)ϓ͉͑ͩ͑ͤͺϒĸĊi͈ͧ͢ͅ 

�ʷ�Ƒǋ͊ƨÝ͕ϒƑQ�vͩ͜Ͷ �ʷ͊Ǡʯ͕ͤ͜ȸ͇ͼϓĸĊi͈ͧ͢ͅϒűĀ 0.3 mm Şƭ͈͹

ͭ 0.3�� 3.6 mmŞƭͩű˅ͪϒĸĊă 3ʪǦ͊ 6ʪǦͧƏͰ͢˅ͅ8�ͣ̈́͟͜ϓ�ŇϒűĀ 3.6��

6.9 mmŞƭ͈͹ͭ 6.9 mm��ͩű˅ͪϒĸĊă 6ʪǦ͊ 3ʪǦͤ�Ȍ͉řđͧ˅͉͟͜ϓ4+P<TQ

�U:87 6OF�� �U:8/�B-C/�@��=9�Q��
�U	��U:8/�>6 3.6 

mm,*�>R�5.�H�
	��02����J��V�
UĸĊă 3ʪǦ͉ͺ 6ʪǦ͉ͧ͏͢Ȟ

űͩű˅͊ƨÝ͕͜q�ͪϒȞű͊Ƀɖ͕͜͜Ͷͤȸ͇ͼϓ 

˷ ˷
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I��Gåçíþ (WinRHIZO) Ód¹ÃÔçöăÜç 2�kÉIo�0É@,�
�ăUÑ*1)ǔ Ğ­ 1)ǔ+¸¡ 2) 

1)³ÞououŬœuđěĘƀ 2)³ÞouœuŞŽ
*ŕħ, (cf210208@meiji.ac.jp) 

Ž

΃ΘήτΌΘͩ 1ôˬęŰBvȂŲ¨ƙ̀ĭͻ͋͟ͻŲ΅ͪϒvȂ 1ôǦͩ²v΀�ͼ΃ΘήτΌΘͩ˜ 

ͩņŲ¨ƙͣ̈́ͻϒˊŤ Ň΀�ĊͧB�ͧơʤ͕̈́͠͠ͼϓͤ͑;ͣϒűșQí΀Ǯͼ͑ͤͪϒňȾ͸ƸƑ

ͦͥͩ�´Ȑǎƙ΀ǵȇ͗ͼ͇͆ͣŹͶ͢ʻɩͣ̈́ͼϓ͕͉͕ϒ΃ΘήτΌΘͩ 1 ôˬęŰͧ͢͠ͅϒűșQ

í΀ű˅ͣʁŮ͕͜ª�ͪͦͅϓŠǱȄͣͪϒĭͻ͋͟ͻŲ¨ͣŲ¨͕͜΃ΘήτΌΘϕ�ǾͩűșQíͧ͠

͢ͅϒWinRHIZO ΀ǒ͜ͅű˅ɰťͧ͹͟͢įÊ͕͜ϓɹ˯ͪϒŎƗºÇǐǓ΍οϊήΘ˜ �« (˵θΏ

�) ͣŲ¨͕͜΃ΘήτΌΘ�Ǿ‘¼ËŌǐ’͈͹ͭ‘Patron’΀ǒ͢ͅɠ͟͜ϓ͂ɹ˯ 1̓΃ΘήτΌΘͩű˅΀

WinRHIZO ͣƪÊ͗ͼˑͩŗʱͦΘ΍οϊɶÊ΀ǵȇ͗ͼ͑ͤ΀ǦǢ͕ͤϒŬɋͩřƿϒɰ:ø͈͹ͭ΅νύ

ΗΞ΅δͩʰ͊ͅű˅ͩƪÊȢŧͧtͲ͗þˡ΀ɸ*͕͜ϓ͂ɹ˯ 2̓űͩQí΀įÊ͗ͼ͑ͤ΀ǦǢ͕ͤϒȊ

1 �ͧƺɋͣǷ͕͜Ȓ�΀ 10 × 10 × 40 cm ͩξΫυΘͧQ^͕͗͢Ͱ͢Ĭͻ�͐ϒ}ξΫυΘFͩű˅΀

WinRHIZOͣƪÊ͕͜ϓɹ˯ 1 ͹ͻϒ΃ΘήτΌΘͩű˅΀WinRHIZOͣƪÊ͗ͼ«~ϒƿŬɋϒ400 dpi͈

͹ͭ 8 bit ΐχύͩɶÊ͊ŗʱͣ̈́͟͜ϓɹ˯ 2 ͹ͻϒ˵θΏ�ͣͪϒű˅ͩQí^~ͧ͢͠ͅϒ‘¼ËŌǐ’

ͪϒƤ͓ 0Ϟ20 cm ͊ 24Ϗϒ20Ϟ30 cm ͊ 48Ϗϒ30Ϟ50 cm ͊ 29Ϗͣ̈́͟͜ϓ�Ňϒ‘Patron’ͪϒƤ͓ 0Ϟ20 

cm͊ 53Ϗϒ20Ϟ30 cm͊ 18Ϗϒ30Ϟ50 cm͊ 29Ϗͣ̈́ͻϒ‘¼ËŌǐ’ͧƏͰ͢ ɢ˟�ʡͧű͊¹͍Qí

͕͜ϓ͉͑ͩ͑ͤͺϒ�ǃΘΥχΘ͸ƬÏͦͥͪϒʱRͦűșQíͩ�Ǿ΀�´ͩǾ˩ͧ͹͟͢ʳĤ͗ͼ͑ͤͧ

͹ͻϒυΘΏ΀ʘƨͣ͋ͼzɂĎ͊̈́ͼϓ 

˷

˷ ˷
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åćÖòðèðÈ»¿ÒçïćĈë×þÈÐÒIÉq{N�

ŦăÖ*ǔ°�}ĀŽ

«Douü�uŞĀTĘuĘŽ
*ŕħ,Ǘt-nagata@lif.setsunan.ac.jpǘ 

�

ΘΥψϊΠΆμ (Sr) ͪ�´�ͧ�ͳͽ͢ͅͼ΃φ΋υ�˩ʾáͩ�Ǿͣϒ΋φΖΆμ (Ca) ͦͥͤ�ŉͣ̈́ͼϓ

ͳ͜ Sr ͪ Ca ͤ΅ΊϊlĀ͸gÇǢĎʐ͊˩ ͕͈͢ͻϒêŸǢǒʥ͕ͤ͢Ɍƹ͸Ǡƻȍͩƻɋučͦͥͧ

ǒͅͺͽͼϓŶǅ͈ͧ͢ͅ Ca ͪċˤ=Ȝͣ Sr ͪ˞ċˤ=Ȝͣ̈́ͼ͊ϒSr ͤ Ca ͤͩɻ͕ͅˊ,Ďͧ͢͠ͅ

ͪͳ͝ɰŎ͓ͽͦ͢ͅͅϓ͑ͽͳͣͧϒŶǅͯͩ�vͪ�´ pH ͤǾͧ͹͟͢ɘ͕͍·g͗ͼ͑ͤ͊ª�͓ͽ͢

ͅͼϓͳ͜ϒΟ΅Ι͸΃κτϊΕΘͦͥõ͉ͩ͠ŶǅǾͪ Sr ΅Ίϊͩ�vͧ˰ͅƜĎ΀ř͗ͼ͑ͤͷŎͺ͉͓ͧ

ͽ͢ͅͼϓĚ̿ͪ͑ͽͳͣͧϒΖψ΅ΩΧΙΧ (Arabidopsis thaliana) ͈ͧ͢ͅ Srƶøͩ�ōͧĄ͟͢ϒ �

ʷͯͩ Srͩɚȁ͊²a͗ͼͩͧ×͕ Caͩɚȁ͊"�͗ͼ͑ͤϒͳ͜ϒűͩ�˅ġX͊ǐȿˋÏ΀x͏ͼ͑ͤ

΀ª�͕͢ͅͼϓ͕͉͕ϒSr ͧ͹ͼǐȿˋÏϒ͓ͺͧͪȞɁƎĎ͊ȞɁƈ΀Đ͋ʑ͕͑͆ͼ͉͉ͥ͆ͧͪ͢͠ͅ

�Ŏͣ̈́͟͜ϓ͚͑ͣŠǱȄͣͪϒ Sr ͧ͹ͼȞɁƈ͊}ȠȲͣĐ͋ʑ͓͑ͽ͢ͅͼ͉ɰŎ͗ͼ͑ͤ΀ǦǢ͕ͤ

͜ϓ 

Ζψ΅ΩΧΙΧ (Col-0) ΀ Sr ƶø 0ϒ0.1ϒ1ϒ10 mM ͧʁɧ͕͜Ô»¨ ͣ 2 ʪˉ¨ˬ͕͜ɏɎͧϒEvans 

Blue ŬɋƣͤŶǅʤŎgɹɝ TOMEI ͣMǎ͕͜ϓMǎăϒŬɋȠȲ΀ɮÕ͕͜ϓƃͧϒ�żͧ¨ˬ͕͜ɏ

Ɏ΀ �ʷͤűͧRͻQ͏ϒŬɋtͭʤŎgMǎ΀ɠ͟͜ϓMǎăϒ}ŬɋȠȲ΀˨Ĉ˄ǒ͢ͅɮÕ͕͜ϓ

͈ͦϒȞɁƈ΀Đ͋ʑ͑͗͑ͤ͊ª�͓ͽ͢ͅͼ Bi 2 µM ΀ΓϊΥψύφͧǒ͜ͅϓSr 1 mM��ͩ"ƶøͣ

ͪϒ �ʷ͈͹ͭűͩ͘ͅͽ͈ͧ͢ͅͷŬɋ͓ͽ͉ͦ͟͜ϓ͚ͩ͜Ͷ Sr 1 mM ��ͩ"ƶøͣͪȞɁƈ͊

Đ͋ʑ͓͑ͽͦͤ͢ͅͅȸ͇ͺͽͼϓ͕͉͕ Sr 10 mMͣͪϒ �ʷB#ϒͳ͜űͣͷB#͊Ŭɋ͓ͽ͈͢ͻϒŶ

ǅ/#ͣȞɁƈ͊Đ͋ʑ͓͑ͽ͢ͅͼͤȸ͇ͺͽͼϓǆͧűͩνυΘΣμ˥¦͈ͧ͏ͼŬɋ͊ɮÕ͓ͽ͜ϓ��

͉ͩ͑ͤͺϒSr 10 mMͣͪϒűͩ�˅ġXͪ Srͧ͹ͼȞɁƈ͊q�ͩ�ͤ͠ȸ͇ͺͽͼϓ͑ͽͳͣͩǱȄͣϒ

 �ʷ͈ͧ͢ͅ˰ƶøͩ Sr ɚȁ͊ɮÕ͓ͽ͈͢ͻϒɂdǢͦ Sr �v͈͹ͭʗƝͩzɂĎ͊Ƿ�͓ͽ͢ͅ

ͼϓ͑ͽͺ΀~Ϳ͙ͼͤϒSr ͩ�vͧ͹͟͢ȞɁƈ͊Đ͋ʑ͓͑ͽ͜zɂĎ͊ȸ͇ͺͽͼ͊ϒ͚ͩ�vν΋ΨΙ

μͪ�Ŏͣ̈́ͼϓ͹͟͢ϒ�ăͩàŚ͕ͤ͢ϒʴ�Ǣ΃δψύΠ΀ǒ͢ͅŶǅ͈ͧ͏ͼ Sr ͩ�vν΋ΨΙμͧ

͢͠ͅɰŎ͕ͤ͜ͅȸ͇͢ͅͼϓ 

 

�

˷ ˷
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*pŝ 1)ǔÀÚ�r 2), 6)ǔAbdelrahman Mostafa3)ǔŔºl 4)ǔeļÕĭ 5)ǔ�ăĮ 1)* 
1) ��ououŬœuđěŬ, 2) ŹIououŬŕNœuđěĘ,Ž 3) ƱǎǎouüuŞǙŽ Ž Ž Ž

4) ŹIou�bđ 5) �JououŬ:¥ĘuđěĘǙ6) ¿�ououŬœuĀTĘuđěĘ 
*ŕħ,Ǘhirata.sho.481@m.kyushu-u.ac.jpǘ 

 
ǛīŃǜǁƳǔƻǉǁƳǔǀǓǀƴƚƙƜǁƳŴŢĸƝǙú`�ą
ƗĀāƍƩƨšŀƚŶŒŢĸƗƄ

ƨƉǙ}¾Ɯbûë¶?ƛ�Ɔć�ØŌƤØ)m=ƚƙƜÿkm?ƛ|�LĲƚ°VęƜŨĈ

ƉZĩƜňųƘƚƔƖƅƨǚºđěƗƝǙǁƳŴǄƮưǏƺǕƸƜntÈfŇŷƫļƅǙǏƺǕƸƉ

ƣƕŲĀ÷ĉƸƾǑƸř��ƫÇŞ�Ŋ÷ƜłóƈƦÊņƎƒƜƗhSƏƨǚŽ

Ǜ»¯Ƈƥƞ±ßǜÉ÷»¯ƘƎƖǙǁƳVę‘�½’(Allium fistulosumǙ2n=16)ǙƶǍǒƽƾĄ¾E�
ćęÄĵ!è;ǁƳ'! 8ģĨ(2n=17)ǙǁƳ-A. vaviloviićŏ�(!ģĨ(2n=24)ǙǁƳ-ƶǍǒƽ
ƾćŏ�(!ģĨ(2n=24)ƇƥƞǁƳ-A.galunthum ľ�(!ģĨ(2n=32)ƫÉ÷»¯ƛĂƅƒǚM
'!ƫ 2020� 5·-9·��ouœuŞū�œiƛƇƅƖnt£ļÈfŇŷƫļƅǙĈŘƎƒÆ
šţƇƥƞÇŞšţƫŅťƎƒǚ2021 �Ɯ 5 ·-9 ·ƛƇƅƖPÏƜ'!ƫŹIou�öbđě
ƹǓƻǕ3Đ�bǃƯƸƛÉ�ƋǙòÙţƫ9�Ǝƒõǔ�öƸƾǑƸÈfŇŷƫļƔƒǚ	bóĀ

ı´ƛĈŘƎƒÇŞƫ4Ħ�ö�Ģ¹?ƎǙæ!ƴǒǉƾƵǎǅƾǏǆǐ[šÍdŏţ6Áń(LC-
MS/MS)ƛ$ŇƎǙŲĀ÷ĉƸƾǑƸŚŖ´ƛƇƋƨǏƺǕƸƜ�Ŋ÷m?ƫŉÅƎƒǚ 
ǛĦÃƇƥƞįzǜMģĨƜÇŞšţƝǙĐ�bƸƾǑƸÈf´ƗƝ£ļÈf´ƛ×ƟǙƥƧĈŘƎ

ƖƇƧǙ�ö�ƜƍƦƛ�Ɯíð�ƛƠƗ8ŘƎƖƅƒ (ğ 1\)ǚLC-MS/MS6ÁƛƥƧǙ105ƜÐ
Vƫgƛ�Ŋ÷ƜPwǔwţƫļƔƒƘƌƪǙ56 ęŴƜÇŞ�Ŋ÷¢hƫI�Ǝƒǚ�¥66Áƫ
ļƔƒƘƌƪǙƅƊƕƈƜ�¥6Ɖ©5ƍƩǙğ�Ƈƥƞğ��¥6ƠƗƜĤĚy�ùƝ 56.5ǖƗ
ƄƔƒǚǆǒƽƾ\ƫ"¥ƎƒƘƌƪǙ	ŇŷBƝűƩƖǆǒƽƾƍƩƒ(ğ 2 \)ǚ�Ŋ÷Ɯğ��¥

6Ɯ�¥6�óƫơƨƘǙøwƜƭǊǂŠƜÕƜ�óƉŸƈƔƒǚƠƒǙƸƾǑƸÈf´ƛƇƋƨb

�ŞšţƘMę�Ŋ÷RţƜċŪƫơƒƘƌƪǙǌƼưǀǓƸǐǈƲƶƿǙǇƻƮǓǙǆǒǏǓǙƃ-ƭ
ǎǀǓǙƵƭǂƶǓƇƥƞƶƼƷǓƘƜũƛŸƅÕƜċŪƉơƦƩƒǗƐƩƑƩǝ = 0.4Ǚ0.4Ǚ0.5Ǚ0.5Ǚ
0.4 Ƈƥƞ 0.4ǘǚ��ƜĦÃƥƧǙǁƳŴÉ÷ƝŲĀ÷ĉƸƾǑƸƛ|ƎǙÇŞƛƇƅƖƌƩƦ�Ŋ
÷ƜĹĚÓÎƫŸƢǙĥĬƜ���ƫ&Ɠÿkƛř�ƎƖƅƨLĲ�ƉēƍƩƒǚ 
A B

�1� �������������
���
�A!������� B!����
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��������������
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Dong Yihao1)ǔCornelius M. Wainaina2)ǔRyosuke Akahoshi1)ǔTsubasa Kawai3)ǔYoshiaki Inukai*2) 
1
Grad. Sch. Bioagr., Nagoya U., 2
 ICREA, Nagoya U., 3
Inst. Crop. Sci., NARO 

*ŕħ,Ǘinukaiy@agr.nagoya-u.ac.jpǘ 
 

�Introduction� A well-developed root system is essential for efficient water uptake, particularly in drought-

prone environments. However, the molecular mechanisms underlying the promotion of root development are 

poorly understood. Previously, we identified and characterized a rice mutant, outstanding rooting1 (our1), which 

exhibited a well-developed root system (Hasegawa et al., Plant Sci., 2021). The our1 mutant displayed typical 

auxin-related phenotypes, including elongated seminal root and defective gravitropism. Seminal root elongation 

in the our1 mutant was accelerated via the promotion of cell division and elongation. In addition, compared with 

the wild type, the density of short and thin lateral roots (S-type LRs) was reduced in the our1 mutant, whereas 

that of long and thick LRs (L-type LRs) was increased. Here we would like to discuss the control mechanisms of 

promoted root development by our1 mutation in rice.  

 

�Materials and Methods� To compare the expression levels of auxin-related and root development-related 

genes, quantitative real-time PCR (qRT-PCR) was performed using the total RNA extracted from the seminal 

root of wild-type (WT) and our1 mutant seedlings. To test the binding of OUR1 to the upstream sequence of the 

candidate target genes, we performed an electrophoresis mobility shift assay (EMSA) with recombinant OUR1 

proteins and Cy5-labeled DNA probes.  

 

�Results and Discussion� Compared to WT, expression levels of many auxin responsive genes including root 

development-related genes were lower in our1 mutant. However, OsWOX10 gene that is one of the auxin 

responsive genes and promotes L-type LR development were clearly up-regulated in our1 mutant. These results 

suggest that the increase in the number of L-type LRs in our1 mutant is promoted by an auxin-independent 

induction mechanism of OsWOX10 gene expression.  

 In addition, we found that one of the auxin efflux carrier genes, OsPIN, was also remarkably up-

regulated in our1 mutant. The causal gene isolated from the our1 mutant encodes a member of the bZIP 

transcription factor family, which is known as a rice homolog of the Arabidopsis HY5 transcription factor. HY5 

was originally shown to regulate the transcription of light-inducible genes by directly binding to the cis-element, 

G-box, in their minimal promoters (Gangappa and Botto, Molecular Plant, 2016). In the 1-kb upstream region of 

the OsPIN gene, there is also the G-box sequence. Thus, to test the binding of OUR1 to this candidate sequence, 

we performed an EMSA and found that the OsPIN gene is a potential direct target of OUR1. Through these 

observations, we are now considering the possible control mechanisms on promoted root development seen in 

our1 mutant to get clues for further improvement of root architecture in the future.  

D-� 
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�

͂ɀœ̓ 

ʭƬǇēͧͦ͟͜�´ͣͪϒʺȜƶø͊ŀŋ�Fͧ"�͗ͼϓQÃǇʺȜ͊�ʔ͗ͼͤϒȊ�Ɗː͕ͤ͢ϒ

ĈǐǅͪřƁǅͩʺgQɰͩ͜ͶͧǴʺ (NO3-) ͧ�ͳͽͼʺȜ΀Vǒ͗ͼϓǴʺƶøͩƨÝͤ�őͧ΃

ϊξΨ΃ (NH4+) ͩ²a͊ʹͺͽͼϓ͓ͺͧ"ʺȜǇē͊ȥȦ͗ͼͤϒ�´ͪʶ=g͕�*κϊΌϊ΅Ίϊ͸

�*ʿ΅ΊϊͦͥͩřƎ΅Ίϊͪ²a͗ͼϓ΅ΪͪȺƬĎýʐͩʺȜƳPέυ΃ͤʦƐȠȲ΀ýę͗ͼ͜Ͷϒ

ʭƬǇēͩ�´ͣͷǐȿͣ͋ͼϓʺȜƳPέυ΃ͪ,űͩ©ʷ5͉ͺͩʺȜƳP΀ġX͕ϒűȈͳͣkQͧʺ

Ȝ΀)ȣ͗ͼ͑ͤͣűͩ��΀Ļ͇͢ͅͼϓ͑ͽͳͣͧϒʺȜƳPέυ΃ͩɽÛĎͧˊ͗ͼǱȄ͈͊͑ͦͿͽϒ

ʭƬ�´ͣ²a͗ͼ�*ʿ΅Ίϊ (Mongon et al., Funct Plant Biol 2014) ͸řƁʺ (Colmer et al., Plant Cell 

Environ 2019) ͩ²a͝͏͍ͣͦϒƫƑTŜͧʑ͋ͼǴʺͩƨÝ͊έυ΃΀ɽÛ͗ͼ͑ͤ͊Ϳ͉͋͟͢͜ (®

ʼͺϒŞǠɢ)ϓ�żͧƫƑTŜͧ²a͗ͼ΃ϊξΨ΃ͪϒ΅Ϊͩέυ΃ͩř_ͦ0ɥęQͣ̈́ͼΘευϊg΀

ɽÛ͗ͼ (Ranathunge et al., Planta 2016) ͷͩͩϒ͑ͽͳͣ΃ϊξΨ΃ͧ͹ͼʺȜƳPέυ΃ýęͪɸ*͓ͽ

͉ͦ͢͟͜ͅϓ͚͑ͣϒŠǱȄͣͪϒ΃ϊξΨ΃ͩ²ƨ͊ʺȜƳPέυ΃ýęͧ�͇ͼþˡ΀ŷɷ͕͜ϓ 

͂šŃόŇƙ̓ 

΅Ϊ (ŋŠŔ�Ǿ) ΀¿ƐǢͦƑȻƣͣ 15ŋˉǐȿ͕͜ăϒƑȻƣ�ͩȆȜƶø΀·͇͚͢ͽ͛ͽ 7ŋˉ

Ų¨΀ȥȦ͕͜ (ʦðůˬiϒǴʺƂ
iϒ΃ϊξΨ΃Ƃ
iϒ΃ϊξΨ΃ʭ]i)ϓ22 ŋ˶ͩ΅Ϊ΀νΠχ

ϊγφύŬɋ͕͢ʺȜƳPέυ΃ýę΀ɸ*͕ϒέυ΃ýęǋ΀ȏP͕͜ϓέυ΃ýę΀ɸ*͕͜űͩ�văϒ

űͩ©ʷϒ�½ʷϒűȈͩſŅRǄ΀%ę͕ϒ¸ǤͩΘευϊg (Fluorol Yellow 088 ƙ) ͤʦƐȠȲ (RǄ

ƙ) ΀ɮÕ͕͜ϓΘευϊg͕͜ȞɁŀϒʦƐȠȲͩýęǋͪϒwą͕͜Ǘ:͉ͺ ImageJ ΀ǒ͢ͅŀ1g͕

͜ϓ 

͂ȢŧόȸÕ̓ 

ʺȜƳPέυ΃ͪʦðůˬiͣͪͱͤ΁ͥýę͓ͽ͉ͦ͟͜ (ýęǋ: 20Ϗ) ͊ϒǴʺƂ
iͣͪͱͲB͢

ͩűͣ (ýęǋ: 97Ϗ) έυ΃΀ýę͕͢͜ͅϓ�Ňϒ΃ϊξΨ΃΀²a͓͙͜őͷϒƨÝ (ƿƥa) ͓͙͜ő

ͷέυ΃ýęͪɽÛ͓ͽ͉ͦ͟͜ϓ͑ͩͤ͋ϒ΃ϊξΨ΃ͩʭ]iϒƨÝiͤͷͧ¸ǤͩΘευϊgͪǵɼ͓ͽ

͉ͦ͟͜ϓʦƐȠȲͩýęǋͪϒ΃ϊξΨ΃ʭ]iͤʦðůˬiͪ�ǽøͣϒ΃ϊξΨ΃Ƃ
iͣ"�͕͢

͜ͅϓ͑ͩ͹͆ͧϒ΃ϊξΨ΃ͩ²aͤƨÝͪέυ΃ýęͤΘευϊgͧþˡ͕͉ͦ͟͜ϓ��ϒRanathunge et 

al.(Planta 2016) ͩª�ͧ̈́ͼ͹͆ͦ 4ʪˉͩ΃ϊξΨ΃²aMǎͧ͹ͼ¸ǤͩΘευϊgͪǵɼ͉ͣ͋ͦ͟͜ϓ

Ǻͩ͜͞MǎŜˉ͊ 1ʪˉͤǯ͉͑ͤ͊͟͜ϒΘευϊgͩɽÛͩǽøͧþˡ͕͉ͩ͜ͷ͕ͽͦͅϓ 

͂ʄʝ̓ 

ŠǱȄͩ�ʷͪǻǱʍ (16KK0173ϒ19K05978ϒ22K05587) ͩĻĳ΀x͏͢Ìň͓ͽ͜ϓ 
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Phanthasin Khanthavong 1,3) ǔ ShotaroTamaru1) ǔShin Yabuta2)ǔ Jun-Ichi Sakagami *1,2) 
1ǘ The United Graduate School of Agricultural Science, Kagoshima University, Kagoshima 890-

0065, Japan, 2
Faculty of Agriculture, Kagoshima University, Kagoshima 890-0065, Japan, 3


National Agriculture and Forestry Research Institute (NAFRI), Dong Dok, Ban 
Nongviengkham, Vientiane 7170, Laos  

*ŕħ,Ǘsakagami@agri.kagoshima-u.ac.jpǘ 
Ž

Abstract: Maize grown under waterlogging showing shallow root distribution and poor biomass production 

compared to rice was evaluated. Aerenchyma is key to enable diffusive oxygen transport to reach the root tip. Both 

crops share formation aerenchyma (lysigenous), but the ability of diffusive oxygen transport, root distribution of 

between these crops was not unanswered. Therefore, we compared and examined the characteristics of difference 

in root elongation under waterlogging conditions from changing oxygen concentrations in the rhizosphere. Maize 

and rice were grown under aerated (AE), semi-aerated (SA) and deoxygenated (DO). The diffusive oxygen 

transport in the root was measured by micro-oxygen sensor. Root distribution, root anatomy and shoot biomass 

was evaluated at 14 days after treatment. Diffusive oxygen transport of maize under DO was lower in the base part 

of root downward to tip part of root than AE. However, there was no effect of change oxygen concentration on 

diffusive oxygen transport within each root part in rice. Shoot biomass of maize under DO was significantly lower 

than AE; whereas there was no significant effect of change oxygen concentrations on reduction of shoot biomass 

in rice. The root elongation of both crops at lower layer was restricted by (DO). Indeed, we suggested that shallow 

root distribution was not strategic adaptation of the crops. In conclusion, the ability of diffusive oxygen transport 

maize was weaker than rice, which caused poor growth in shoot biomass of maize under waterlogging conditions. 

The ability of high diffusive oxygen transport from aerial parts to reach the tip of root was adaptive strategy of 

wetland species like rice.  
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Effect of P-dipping priming on roots of NERICA 4 to withstand drought and 
nutrient stress under rainfed lowland 

Emmanuel ODAMA1), 2)Ž ǔYasuhiro TSUJIMOTO3) ǔShin YABUTA4) ǔIsao AKAGI4)Ž ǔJun-Ichi 
SAKAGAMI4)* 

1)The United Graduate School of Agricultural Sciences, Kagoshima University, Japan; 2)Abi Zonal 
Agricultural Research and Development Institute, Arua City, Uganda; 3)Crop, Livestock and 

Environment Division, JIRCAS, Japan; 4)Faculty of Agriculture, Kagoshima University, Japan.  
�ŕħ,ƂŽžsakagami@agri.kagoshima-u.ac.jpſ 

Introduction  
Drought stress and phosphorus (P) deficiency are both major abiotic factors that limit both upland and lowland 
rice yields in Sub-Saharan Africa (SSA). There also exists a high interrelation between the soil water status and P 
availability to rice plants through diffusion, aeration, and sorption. Additionally, water availability is known to 
have a dominant modifying role on root architecture, which in turn affects P uptake efficiency in both upland and 
lowland soils. Studies have shown that localized P application accelerates initial P uptake. In this study, we 
evaluated the root distribution and morphology of rice under combined localized P application or P-dipping and 
water regimes. 

Materials and Method 
The experiment was conducted in a greenhouse. Root boxes (measuring 40 cm L x 40 cm W x 3 cm H) and 
NERICA 4 seeds were used for the experiment. The rice was grown in seedling trays for 14 days and transplanted 
in the root boxes that were filled with 5 kg of soil (1:1 w/w; bulk density 1.2 g cm-3). To correct any deficiencies 
in N and K, the experiment soil in each root box was homogenously mixed with 1.4 g ammonium sulphate and 
0.4 g potassium chloride, respectively. Prior to transplanting, the seedling roots were dipped into P-enriched slurry 
with a range of P concentration rates, that is, 0% for D0, 0.25% for D1, 0.51% for D2, 0.76% for D3 and 1.02% 
for D4 for 30 minutes. The P-enriched slurry was developed by mixing 45 g of air-dried soil, 14 ml of water, and 
different amounts of single superphosphate: 0 (D0), 0.65 g (D1), 1.31 g (D2), 1.96 g (D3), and 2.62 g (D4) 
depending on different P concentrations. A control treatment was set up in the same manner but without P, N, or 
K applications. Two water regimes, i.e., waterlogging (WL) and moderately dry water condition (MD), were 
combined with fertilizer treatments with 3 replicates. In the MD treatment, the volumetric water content was 
reduced to 0.23 m m-3 from 10 days after transplanting to the end of the experiment. Then root samples were 
collected using the pin-board method, carefully washed with water, and photographed to determine the root cone 
angle. The root samples were scanned, and images analyzed for morphology and distribution using the WinRhizo 
software. The root samples were then oven-dried at 80 °C for 48 h to determine the dry weight. 

Results and Discussion 
There was a significant difference (P < .001) in the total root length between MD (32.6 m) and WL (25.1 m) water 
treatments. Though not significantly different, the root length in the P-dipping treatments (D1-D4) under the MD 
showed an average 11% increase over D0 (where no P-dipping was done). Under the WL treatment, D2 showed 
the highest average root length increase (22%), and D4 the highest decrease (-14%) over D0. The average root 
cone angle under the MD moisture condition (102.3°) was significantly narrower (P < .00005) than that under the 
WL condition (158.4°). Analyses of the root distribution between the top (0-20 cm) and bottom (20-40 cm) soil 
layers in the root boxes showed that in the MD water treatment, there was no significant difference in the root 
length between the top and bottom soil layers and among the P levels. However, there was a significant difference 
(P < .0004) in the root distribution between the two soil layers under the WL condition, with the higher average 
root length in the top layer (18.4 m) than the bottom (7.9 m). Root classification results showed that in the MD 
treatments, only thick lateral roots (TLR, 0.08-0.2 mm) and other bigger-diameter roots developed. However, in 
the WL treatments, both the TLR and fine lateral roots (0.01-0.08 mm) developed. We think that this root plasticity 
is a mechanism by which NERICA 4 adapts to water stress. The shallow root development under WL conditions 
could have been a result of the effect of P-dipping, coupled with the excessively available moisture content; as 
opposed to the MD condition, where root development was enhanced to survive the water stress conditions. In 
conclusion, the findings of our study suggest that P-dipping improves NERICA 4 resilience to withstand drought 
and nutrient stress in rainfed lowland. Some of the root plasticity characteristics to drought stress include 
development of thick lateral roots, deeper root length, and narrower root cone angel as adaptation mechanisms. 
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Ž

͂ɀœ͈͹ͭǦǢ̓˷ ΅ΪǻŶǅͪǾÃŶǅͩ�ͣ̈́͠ͻ,�ˉͩȡƦƜd͸ɇǀǘͩŶǅȵɖͩŻę͈ͧ

͢ͅŗͷʻɩͦÿ^΀ħ͟͢ͅͼ. Kono et al. (Japan Journal of Crop Science,1988)͸ Matsuura et al (Plant 

Production Science, 2021)ͩª�ͧ͹ͽͫ,΅ΪǻŶǅFͩȺƬĎ͸űͩ"ʺȜΘΥχΘȺĎͩǾˉ·ǝͪº

͋ͤͅȸ͇ͺͽ,͑ͽͺͩȺĎͧˊʩ͗ͼν΋ΨΙμͩɰŎͪ%ǅͩȺƬĎ΀˰Ͷͼ˂ͤͦͻąͼ͊,�ɩ%ǅ

΀ˎ͜ͅ΅Ϊǻ%ǅͯͩ"ʺȜΘΥχΘͩþˡͧˊ͗ͼǮɫͪˍͺͽ͢ͅͼ.͚͑ͣ,Ě̿ͪɗͩΘΥχΘ7Ï

ͩǽøͤ �ʷ͈͹ͭ �ʷͩýē·gͧ©͋͡ϒ΅Ϊǻ%ǅͩ"ʺȜΘΥχΘȺĎ͈ͧ͏ͼǾFόǾˉ·

ǝ΀Ŏͺ͉ͧ͗ͼ͑ͤ΀ǦǢ͕ͤ͢ǱȄ΀ɠ͟͜.ŠǱȄ˓�ͣͪ,"ʺȜΘΥχΘͧĒxǢͦ΍ΰ͈͹ͭΖΓΏ

ΰΈͩűͯͩ"ʺȜΘΥχΘ͊,űýēͤ �ʷǆĎͧtͲ͗þˡͧ͢͠ͅª�͗ͼ. 

͂šŃ͈͹ͭŇƙ̓˷ ΍ΰ͈͹ͭΖΓΏΰΈϐ�Ǿ�ͪȊ 1 �ͩL(ͧɵʚϑͩɗ˶ 4-5 ͩŶǅ#΀,ʦƐÔ»

ƑȻƣͧ 6 ŋˉ˭g͓͙͜ăͧ,͚ͩͳͳǐȿ͓͙͜iϐʦƐiϑͤ,ȆȜΌΘͧ͹͟͢ɃƐ͕͜ƑȻƣͣǐȿ

͓͙͜iϐɃƐiϑ΀ɶ͏,͑ͽͺͩ 2 ƑƯͩiͣ 16 ŋˉͩMǎ΀ȥȦ͕͜.MǎˈÁő͉ͺ 2 ŋ͈͋ͧɗͩ

ŗºʽÃvǋϐFv/Fmϑ͈͹ͭ SPAD1΀ɳƪ͕͜ϓMǎ 16ŋăͧ �ʷͪɑŀ΀ɳƪă, 80̺ͣ 72őˉ

�ǃ͓͙͜ăͧ�ǅʻ΀ƪÊ͕ϒűͪ50ϏΈΞΫύφͧơƵ͕,4̺ͣ.Å͕,�ƃűŀ,Ȫű˅,űFʷͩ}Ƞ

ȲϐB#,ɢǤ,Ǥâ,�Ċŭ,ʦƐȠȲϑͩŅ˟ȁ΀ɳƪ͕͜. 

͂Ȣŧ͈͹ͭȸÕ̓˷ ˷ Ȋ 1 �͹ͻ,ΖΓΏΰΈͪ΍ΰͤƏʙ͕͢"ʺȜ�ͣű 1 Š̈́͜ͻͩ˅͓΀ƨÝ͓͙ͼ͑ͤ

͊Ƿ�͓ͽ͜.͑ͩčȎͪ,űͩ¸ʷ͉ͺͩʺȜͩ)ȣ͊Xˍ͓ͽͼǏ±ͣ, �ʷ͉ͺűȈͳͣͩʺȜͩʜ

ʣʕ˕΀ǯȯ͗ͼ͑ͤͣűͩÂƐ�ʄ΀Ȭ�͗ͼͤįÕ͕͜.�
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Deep-Place fertilization facilitates nutrient uptake by inducing root growth to 
fertilizer in rice 

Mumtahina Nabila1)*, Aozora Moriwaki2), Keigo Yoshinaga2), Aya Matsuoka3), Hiroyuki Shimono2), 
Maya Matsunami2) 

1) United Graduate School of Agricultural Sciences, Iwate University, 2) Faculty of Agriculture, Iwate 
University, 3) Graduate School of Arts and Sciences, Iwate University 

*ŕħ, (mumtahinanabila@gmail.com) 
Ž

Plants are inherently poor at accessing applied fertilizer by surface broadcasting method. Therefore, reducing 

chemical fertilizer application requires widely applicable solutions such as increased root length and root surface 

area exposed to localized fertilizer would facilitate plant to uptake nutrient more efficiently. Nitrogen (N) deep 

placement is thoroughly studied as a strategy for reducing amount of fertilizer application, but phosphorus (P) and 

potassium (K) deep placement in rice and its effect on nutrient uptake and root development is not well known. 

This study was conducted to evaluate the effect of combined N, P, and K by Deep-Place-Fertilization (DPF) 

method on root development and nutrient uptake. In 2020 and 2021, field experiment was conducted at Iwate 

University experimental field using rice cultivar “Akitakomachi”. Ammonium sulphate and slow-release N 

fertilizer used as N source in 2020 whereas only urea used as N source in 2021, along with superphosphate as P 

and KCl as K sources. Nutrient mixed in soil used as control where nutrient ball placed at 7 cm (DP1 in 2020) or 

10 cm (DP1 in 2021) and 7 cm and 15 cm (DP2) depth of soil was the DPF treatment condition. In DP2 treatment, 

fertilizer used in half amount as of DP1 at each position. The N, P & K application rate was same for all the 

treatments with the ratio of N:P:K= 8:15:9 (g/m2) in both years. Fertilizer ball placed at 5cm horizontal distance 

from the hill in 2020, though in case of 2021 the distance was 15 cm for DPFs treatments. In 2020, at heading 

stage, greater root length and root surface area were found at both DPF conditions specially at deep soil layer 

(below 10 cm from soil surface). Likewise, in 2021, higher relative root length and root surface area against control 

found for DPFs specially at fertilizer position which indicating the elongation of root towards nutrient. At heading 

stage, nutrient uptake was equivalent among the treatments but at maturity stage, it enhanced significantly by DPFs 

not only for NPK but also for Ca and Mg in both years. Taken together, deep fertilization induces the root growth 

towards fertilizer and with increased root surface area plants were facilitated to better nutrient uptake. 
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΃βυ΋΀�ĊͧŲ¨͓ͽͼκνǻ%ǅͩΕΕΒͪʻɩͦ˫Șͩͬͤͣ̈́͠ͼϓΕΕΒͪ�ͧɦ ͣŲ¨͓

ͽ͈͢ͻϒʡôͩƐ0·dͧ͹ͼˌ˗�ˣ͸ʢͻ͍ͼ�Æͧ͹ͼǐǑĎ·dͩþˡ΀x͏͸͉͗͑ͤͅͺϒŲ

¨Ġɡͧ͹ͼÈÊǐǑ͊ƒͶͺͽ͢ͅͼϓŲ¨Ġɡͩ�͕ͤ͢͠ϒ�´�ǃͩġX͸˔ɒġXϒ Ʃͩ�ō

ͦͥͩcŧ͊̈́ͼκφΠŲ¨͊ȸ͇ͺͽͼ͊ϒΕΕΒͩǱȄ�(ͪÝͦͅϓͳ͜ϒκφΠʎšͩʰͧͅ͹͟͢

͚ͩcŧͪż̿ͣ̈́ͻϒ�´Ǐ±ͩ·gͧ�ͅűșýęͷ·Ϳͼ͑ͤ͊ȸ͇ͺͽͼϓ͚͑ͣϒŠǱȄͣͪκφ

Πʎšͩʰ͊ͅǐȿTŜͩΕΕΒͩűșýęͧtͲ͗þˡ΀Ŏͺ͉ͧ͗ͼ͑ͤ΀ǦǢ͕ͤ͜ϓ 

͂šŃ͈͹ͭŇƙ̓ 

ŎƗºÇǐǓ΍οϊήΘn�«ͣɹ˯΀Ìň͕͜ϓ)ɹ�ǾͪȺ�Ď�Ǿ IT98k-205΀ǒ͜ͅϓǚȇͪ͢

nhŇ�ͧεΡΦñ 30 cmϒǚñ 60 cmϒǚ˰ 20 cmͣɠ͟͜ϓɹ˯iͪϒƿκφΠi (Ni)ϒμΎɞκφΠ

i (Si) ͈͹ͭ˵κφΠi (Bi) ͩ 3Mǎi΀ɶ͏͜ϓ2022ô 7Ř 27ŋͧŰˉ 4 0cmͣĹǾ͕͜ϓň

ȾͪϒNϗPϗK=4ϗ9.3ϗ13.3 g/m̷΀ňǒ͕͜ϓĹǾă 21 ŋͧ ˑͣRŅ͕ϒ �ʷ΀vȂăϒ/#̈́͜ͻ �

ʷ�ǅʻ΀ƪÊ͕͜ϓűșʁŮͪƿũξΫυΘƙͣɠͅϒȮ 15 cm̸ſ 15 cm̸Ƥ͓ 30 cm ͩ�¬΀ĭw͕

͜ϓąͺͽ͜�¬ͪ 0-10 cm (�â)ϒ10-20 cm (�â)ϒ20-30 cm (�â)ͧQ͏͜ăϒ�΀ƛͅƝ͕ϒű΀ĭw

͕͜ϓ͚ͩăϒâUͩű˅ϒűĀUͩű˅ϒűʻϒű˅ÓøϒűʻÓøͦͥͩűșǆĎ΀ʁŮ͕͜ϓͳ͜ϒ}

Mǎiͩűʻ͉ͺűͩƤ͓Īŀ΀ȏP͕͜ϓ Ʃͪϒǂ˙×ͧ͹ͼ ƩΚϊΕύ (MCR-4TCϒT&Dǹ) ͣǚ

FͩƤ͓ 10 cmͩ Ʃ΀ƪÊ͕͜ϓ�´�Ƒǋͪϒ�´ƑQΚϊΕύ (SM150ϒDelta-Tǹ) ͣƤ͓ 5 cm ΀

ƪÊ͕͜ϓ 

͂Ȣŧ͈͹ͭȸÕ̓ 

ǐȿŜˉ�ͩ ƩͪMǎiͧ͹͟͢º͍͋ǝͦͻϒBiͩ Ʃ͊ŗͷ˰͍įǼ͕ϒƃͣͅ NiϒSiͩˣͣ

̈́͟͜ϓǆͧϒB iͩŗ˰ Ʃͪ 48.3̺ͣ N i͹ͻͷȚ 13̺˰͉͟͜ϓͳ͜ϒ�´�ƑǋͪκφΠͩřƿ͸

Ǿ˩ͧ͹͟͢ǝͦͻϒBiͣ˰͍ϒNiͣ"͉͟͜ϓ �ʷ�ǅʻͪ Ni͊ 0.86 g//#ͣŗͷ˰͍ϒƃͣͅ S

i͊ 0.76 g//#ϒBi͊ 0.47 g//#ͣ̈́͟͜ϓƃͧâUͩű˅ͧ͢͠ͅŷɴ͕ͤ͑͜;ϒ�âͪ BiϚSi

ϚNiϒ�âͪ NiϚSiϚBiϒ�âͪ NiϚSiϚBiͤͦͻϒMǎiͧ͹ͼʰ͊̈́͟͜ͅϓ͕͜͝ϒ�

â͈͹ͭ�âͣͪűĀ͊ 0.2 mm ͹ͻº͋ͅ¼ͅűͩ^~͊ϒ͚ͽ͛ͽ 59Ϗ͉ͺ 69Ϗϒ64Ϗ͉ͺ 73ϏͤűĀ

UͩŻę^~ͧʰ͊ͅʹͺͽ͊͜ϒ�âͣͪ 71Ϗ͉ͺ 73Ϗͤʰ͊ͅʹͺͽ͉ͦ͟͜ϓκφΠʎš΀Vǒ͕͜

«~ϒ�â͈ͧ͏ͼű˅Óø͈͹ͭűʻÓøͪ²a͗ͼ8�ͧ̈́͟͜ϓu×ͧϒ�âͣͪϛi͈ͧ͏ͼűʽ

ͩ²a͊ʹͺͽ͉͑ͤ͜ͺϒűͩƤ͓Īŀͷ NiϚSiϚBiͤͦ͟͜ϓ 

��͹ͻϒǝͦͼκφΠʎš΀Vǒ͕͜«~ϒ�´�Ƒǋ͸ ƩͦͥͩκφΠFͩǏ±ɩ�ͧ͹͟͢ΕΕ

Βͩűʽ͊·g͗ͼ͑ͤ͊Ƿ�͓ͽ͜ϓ͕͉͕ͦ͊ͺϒűʽͩ²ƨǽøͪâUͣǝͦ͟͢͜ͅϓ�ăͪϒ͹ͻö

Ȓ�ͦűșʁŮ΀ʦ͖͜űșýęͩÊʽg͈͹ͭ·dɩ�ͩɰŎͧ͢͠ͅŷɴ͗ͼċɩ͊̈́ͼϓ  

E-� 
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Ž

͂ǦǢ̓ΕΕΒ [Vigna unguiculata (L.)Walp.]ͪ�ǃȺĎͧ<ͽ͜ɨ΃βυ΋qǑͩκνǻ%ǅͣ̈́ͼ. ΕΕΒ

ͩ<ͽ͜�ǃȺĎͧͪƤűĎ͸Ŷǅηφξϊ, ΃γΖΗϊʺ(ABA)ͧčȎ͕͜ƐÄˇ˃ͧ͹ͼƑQĵ¾ġ

Xͤʱ~ưʐͩɚȁͩʻɩĎ͊Ƿ͓ͽ͢ͅͼ. ʡô, �ǃčȎΖΐΧφͧͪ ABA ʜʣ#͈͹ͭ CLE ζδ

ΠΦ΀�͕͜űͤ �ʷͩˉͩ˅ʕ˕ΖΐΧφ͊ˊ�͗ͼ͑ͤ͊Ζψ΅ΩΧΙΧͩǱȄ͉ͺŎͺ͉ͤͦ͟͜

(Takahashi et al. 2018 Nature). ͚͑ͣΕΕΒͩ�ǃȺĎǊąν΋ΨΙμ͈ͧ͏ͼ CLEʴ�Ãͩ9͋ͧǬǦ͕

͜. ΕΕΒΒΫμ͈ͧ͏ͼ�ǃčȎ CLEΖΐΧφˊʩʴ�Ãͩ�Ê, CLEζδΠΦMǎͧčȎ͕͜΃γΖΗ

ϊʺ(ABA)ǐ~ęĂʧʹȜʴ�Ã(VuNCED)ͩǠǌδψβ΂΅φ͈͹ͭűͩ�˅ͯͩ%ǒ΀ɰť͕͜.  

͂šŃ͈͹ͭŇƙ̓˷ ÎéºÇÌ˯�«ΰΨύφάΆΘ͈ͧ͢ͅʇgę 10g, ɐ�ǰƺ 10g ΀a͇͜Îéǁ

�΀ɺͶ͜ 1/5000a ωΐΪφιΡΥͧΕΕΒ IT98K-205-8șȤͩǾÃ΀ĹǾ͕ 4ʪˉŲ¨΀ɠ͟͜. ƸƑ3

ƅͧ͹ͻ�ǃΘΥχΘMǎ΀ɠ͟͜. ͳ͜ in vitro ΘΥχΘMǎÌ˯ͣͪɗʖ΀ɗūͩű=ͣRŅ͕͢ 1/20MS

¨ ͧɗū΀ 1ŋ[¨ˬ͕͜. (1)ΓϊΥψύφi(1/20MS¨ ), (2)CLE25Mǎi(10μM VuCLE25ζδΠΦ

+1/20MS¨ ), (3)�ǃi(ɗʖ΀Ʒț�ͧ˝ȳ)ͩΘΥχΘMǎ΀Ìň͕͢Ŷǅ#΀Εϊδυϊΐ͕͜. ðƙͧ

ĄͅlÊʽǢ RT-PCRͧ͹ͻʴ�ÃǠǌɰť΀ɠ͟͜. ΕΕΒͩ CLEζδΠΦ[ˮ#, LRR-xÑ#΍Χύ

Λ͈͹ͭ NCED ʴ�Ã0ɥ΀, Phytozome v13(https://phytozome-next.jgi.doe.gov)͈ͧ͢ͅ tblastx ŷȝͤ

clustalw(https://www.genome.jp/tools-bin/clustalw)ͧ͹ͻǨ�Ď΀Əʙ,�Ê͗ͼͤͤͷͧ, ʴ�ÃǆǝǢδτ

΅κύ΀ɶɳ͕͜. Ƒʺgδψυϊ΀�͵ VuCLE25 ζδΠΦ΀�ê~ę͕͜. CLE ζδΠΦ΀�͵Ô»¨ 

ͧΕΕΒǾÃ΀ĹǾ͕űͩ�˅΀ʁŮ͕͜. 

͂Ȣŧ͈͹ͭȸÕ̓˷ ΕΕΒΒΫμͧͪΖψ΅ΩΧΙΧ CLE25 ζδΠΦͩ 12 /ͩ΃λΫʺͩ͆͞ 1 ϋĝͩ΃λΫ

ʺͩʰ͊̈́ͅͼ CLEζδΠΦ΀ΓύΦ͗ͼ 2ͩ͠ VuCLE25ʴ�Ã͊Å�͕͜. �ǃΘΥχΘͧčȎ͕͢ǄŇ

ͩVuCLE25ʴ�ÃͩǠǌ͊˨ɘͧ�ō͕͜. ?ɠǱȄͣͪΖψ΅ΩΧΙΧͣ�ǃMǎͧčȎ͕͢CLE25ζ

δΠΦ͊ű͉ͺ �ʷͧǼɠ͕ɗȼȞɁͩxÑ# AtBAM1, AtBAM3 ͧȢ~͕͢ AtNCED3 ʴ�ÃǠǌɽ

Û΀�͕͢ ABA~ę΀-͗͑ͤ͊ª�͓ͽ͜(Takahashi et al, 2018 Nature). ΕΕΒΒΫμͩ LRR-RKΊφΜ

ψΐʴ�Ãβ΂λυύͩ͆͞AtBAM1,3ͤ˰ͅ΃λΫʺǨ�Ď΀Ƿ͗ 5ͩ͠ΕΕΒ BAMΊφΜψΐʴ�Ã͊Å

�͕͜. ΕΕΒɗʖͯͩVuCLE25ζδΠΦMǎͧčȎ͕͢ VuNCED-02gͩǠǌ͊²a͕͊͜ VuNCED-01g

ͩǠǌͪ·d͕͉ͦ͟͜. �Ň,�ǃͧčȎ͕͢ VuNCED-01g ͪ˨ɘͧǠǌ�ō͕͊͜, VuNCED-02g ͪ·

d͕͉ͦ͟͜. Ζψ΅ΩΧΙΧͣͪ CLE ζδΠΦͤ�ǃͪDʦ͕͢ AtNCED3 ͩǠǌ΀²a͓͙ͼ͑ͤ͊ª�

͓ͽ͊͢͜ͅ, ��, ΕΕΒͣͪ CLE ζδΠΦͤ�ǃ͚͊ͽ͛ͽǝͦͼ VuNCED QÃǾ΀Ǡǌ²a͗ͼɈ

�ƤͅǮɫ͊ąͺͽ͜. ͳ͜ CLE ζδΠΦMǎͪΕΕΒͩű�˅΀˨ɘͧġX͕͉͑ͤ͜ͺ, ΕΕΒ͈ͧͅ

͢ͷCLEζδΠΦ͊�ǃčȎABAǐ~ęͩʁȑͧa͇͢űȈνυΘΣμͩʁȑͧͷƁɂ͗ͼ͑ͤ͊Ƿ͓ͽ͜. 

͂ʄʝ̓ŠǱȄͪ�� 2,3,4ôø˲wºÇ�ǃ ǱȄΚϊΞύD�ǱȄȡʍͩĻĳͧ͹ͻÌň͓ͽ͜. 
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