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Ȣ

˒Ȇ3ÿąȢȶɀɐɃȢɀɋɂȢɐɆɊɃ˓Ȣ

Ȣ ȪȨȪȫ À ȭ Č ȪȨ ÿˌ�ˍȩȪˑȨȨɕȩȯˑȫȨˎȪȩ ÿˌÿˍȢ ȱˑȨȨɕȩȪˑȫȨȢ

˒Ȇ3�ãȢȿɃɋɑɃ˓Ȣ

ɝȪȩȬȦȰȭȯȩȢ ¹¸½�ñWĖ�ŭːɖːɖːȢ Ăľ��Ǫ�ǹȢ ƒ�ğƸ ȪgȚɢʆɼ ȮgȚȢ

˒ʹˈʚ˄ʿȢ ȼɎɌɄɎɀɊ˓Ȣ

ȭ Č ȪȨ ÿˌ�ˍȢ Ȣ

ȩȪˑȨȨȢȢ b� ȽɃɄɆɏɐɎɀɐɆɌɋˌȪȦȪȨȨ ô£HˍˎʼʢʦˋîƂ ȼɌɏɐɃɎɏȢɂɆɏɍɉɀɔˌȮȦȪȨȬ ô£ˍȢ

ȩȫˑȨȨɕȩȫˑȨȭȢ Ȇ�ɹíéˌ	ǾȢ ĂıȢ ġſƏ��Ȣ �ȃˍȻɍɃɋɆɋɄȢɎɃɊɀɎɈɏȢ

ȩȫˑȩȨɕȩȬˑȩȨȢ ʼʢʦˋųǊˌȩȭ ǚȔˍȼɌɏɐɃɎȢɏɃɏɏɆɌɋȢ

ȩȬˑȩȭɕȩȭˑȩȭȢ ŤFǜŕ ȾɍɃɁɆɀɉȢɉɃɁɐɑɎɃˌȪȦȪȨȨ ô£ˍȢ

ü±ȢƺľȢ6ŪˌĂľ��Ǫ�ǹȢĤţƪǇ�ſƏ£ˍȢ

əƪǇɹ!BɵɫɳɹġɚȢ

Ȣ Ȣ "ǆȢŸ�Ȣ6ŪˌĂľ��Ǫ�ǹȢ��ǡœ�ſƏ£ˍȢ

ə� ɴǪħʍɭʉɰʄɸȢ Ȧ ǽK�ɸɢɧʉĢ���	ɹĸDìRȦɚȢ

ȩȭˑȪȨɕȩȮˑȩȨȢ ƨ� ȸɃɋɃɎɀɉȢɊɃɃɐɆɋɄȢ

ȩȮˑȩȨɕȩȯˑȫȨȢ bǢǜŕ ȳɒɀɎɂȢɁɃɎɃɊɌɋɔȢ

ɛ�ǉLPǢɜȢ ǬȢ]�ȢĶˌǪſĭĩˊUŇǴǪħſƏʤˉʦˋˍȢ

əǪƳ���ɹ+:ŵǊ²ƕŧɵ$ţɹġƙųƵɢʆɼŪƵˊaǿɵɹȉ)ɚȢ

ɛ�ǉ�OǢɜ§đȢƯ�ȢĶˌǪſĭĩˊ$ţſƏǹȄˍȢ

əġƙɹǊŦ�ǒėɸȉɭʉüɫɟýŀɹȆųɚȢ

ɛ�ǉŤFǢɜǆ�Ȣ��Ķˊ\Ȣ�łĶˌ	ǹ��ÕŬŪţ�ſƏƉˍˎ½ĬȢ

łƖĶˊ"ǆȢVĶˊŝžȢ�ØĶˌŧT�ſƏãʳʒʕ˅ʥˋʢſƏʤˉʦˋĤ

ţȦÑŪţ<ŪſƏȆųʧˋʿˍˎŎǹȢ[ĶˌŮÔ�ʐʚ˅ʷʏˋʿĠÅ�ƃˍȢ

əİ��ʠˋʛˉʞˋʍńŬɫɰȶȺȳˀʦʳˋʝˋʫʑˉʚɸʆʉ·ġź�ġ

·ʕʦʱʯˉʡˉĢ�|�ɸɢɧʉ��ÑŪţŹɹƞÀ�TɹǒėɚȢ

ȩȰˑȫȨɕȢ Þǐ�ˌŴâȜˍȢ

Ȣ

ȭ Č Ȫȩ ÿˌÿˍȢ

ȨȰˑȫȨɕȨȱˑȨȨȢ b� ȽɃɄɆɏɐɎɀɐɆɌɋȢ

ȨȱˑȨȨɕȩȪˑȨȨȢ cȓųǊˌȩȪ ǚȔˍȻɎɀɉȢɍɎɃɏɃɋɐɀɐɆɌɋȢ

ȩȪˑȨȨɕȩȪˑȫȨȢ 5ƇųǊǢǊÌ ȴɃɏɐȢȼɎɃɏɃɋɐɀɐɆɌɋȢȳɒɀɎɂˎąďȏ�ɹ¢ǈ�sɹɩíéˎȅ�Ȣ

Ȣ

˒ƒ ȭȯ zġſƏȏ�¢ǈ�sˊwhɮ6˓ȢȵɌɋɐɀɁɐȢ

Ăľ��Ǫ�ǹȢ �ŃøȌȢ ȷȦɊɀɆɉˑɏɅɆɌɐɏɑȲɊɃɆɇɆȧɀɁȧɇɍˎȐǖˑȨȬȬȦȱȫȬȦȯȰȨȯȢ
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ȼȦȩȢ ʽˉʲˋʢɹʳʒʕʢʪʑʾ˃˄ˉʬɵɫɳɹeƷÖȢ

�·��ˊ�ǾƄ�Ȣ ˌ�ǂʛʾʖˆĠÅ�ƃˍȢ

★ ȼȦȪȢ ʠˈʒʰʮʣʮɹġɸɢɧʉʢʬˈˉʧʓʿɸʆʉńÖǻƛƋɹŪßȢ

ȃŭȢĲ�ˊü�«Ūˊ	Ĕ©Èˊµŭ%�Ȣ ˌï\��ŧ»�ǹŪqƉ�ƉˍȢ

ȼȦȫȢ ʒʱȞŏŴŞȎ¤ƲÖrƋɵÜbÖrƋɹġƙɸɢɧʉ�ǝţǣɹ¼ŲɹƦƬŵ

ǒėȢ

¹õf���ˊiǾĀƚ ��ˊǟƆ×���Ȣ ˌ��ƈŭźƐ��ŪţǡœƉ�ǹȥȢ��ƈŭźƐ

����ȋŪţǡœƉ�ſƏƉˍȢ

ȼȦȬȢ 	ÒĜ�^ƜƶƭɹÊÝŵƱ¦Ȣ

�ĐǩƩ���ˊÁȢÄ��ˊùǆȢǲ��ˌ��hj�ƃȢ ʾʗȑȒȢ ʒˀˋʡʹˈʤʨʠˉʚǹȄˍȢ

ȼȦȭȢ @ĸŏɤĆǯʥʳƾɹzÐďɹ��ǹɢʆɼ��ǹŪƵɸ`ʀɭÍȒȢ

ĊġYĈ�ˊ�ǾȕfȢ ˌƈŭźƐ��ŪţǡœƉ�ǹˍȢ

ȼȦȮȢ ȞŏŴŞȎ¤ƲÖƊÂɤŲɷʉʒʱrƋɹȞŏɸ¨ɭʉġƙŤÖȢ

ǟƆ×����ˊiǾĀƚ ��ˊ¹õf ��Ȣ ˌ��ƈŭźƐ��ŪţǡœƉ�ǹȥȢ��ƈŭźƐ

����ȋŪţǡœƉ�ſƏƉˍȢ

★ ȼȦȯȢ �Dʢʬˇʢɤ ȵ�ˎȵ�ĤţɹŪƵˎ7hßɸ�ɡʉÍȒȢ

ȁĐ1ú���ˊ¶¸łĹ ���ˌ��Ăľ��Ǫ�ǹˍȢ

★ ȼȦȰȢ Changes in native arbuscular mycorrhiza fungus colonisation along crop growth 
stages in upland rice-winter crop rotation with 4 preceding land uses 
Pacharo Kamanga1 , Akihiko Kamoshita1 , Ryo Ohtomo2 Graduate School of 

Agricultural and Life Sciences, University of Tokyo1, National Agriculture and Food 

Research Organisation2) 

★ ȼȦȱȢ Phenotyping short-term growth response of rice root system topology through 
image-based time series analysis 
Via Ann Candelaria MARCELO1), Hiroshi EHARA2) and Mana KANO-NAKATA2)*�

(1)Graduate School of Bioagricultural Sciences, Nagoya University, 2)International 

Center for Research and Education in Agriculture, Nagoya University) 

★ ȼȦȩȨȢ ŰƐɳɢʆɼʶʯˆʽˆʧɤʬʓˁˈʝʠˊʞʞʜŋ$ɹġƙD¾ɸ`ʀɭÍȒȢ

¿¹Ưv���ˊ�ŃøȌ ��Ȣ ˌ��Ăľ����ȋǪ�ſƏƉȥȢ��Ăľ��Ǫ�ǹˍȢ

★ ȼȦȩȩȢ īĐƜġɸɢɧʉǒIĩǰɹ��ŊÂɸ¨ɭʉÕƔȢ

˔ʢʘɵʵʲʗɹŲɷʉ^ŪĐǹ÷˔Ȣ

Ɯ�Ë���ˊĎ.Ž% ��ˊ��A ��ˊ�đłĽ ��ˊŢŭŸī ��Ȣ ˌ��,º����ȋƨhŧ

»�ſƏƉȥ���,º����ȋƨhXŧ»�ſƏƉˍȢ
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★ ȼȦȩȪȢ ʒʱɸɢɧʉ2ġ^�ɹe�ŵɷųŪĭĩɹǒėȢ

įŭƴ ��ˊǤăƺǨ ��ˊĽhư ����ˊťȘƮĂ���Ȣ ˌ��kd±����ȋŪqǪ�ſƏ

ƉȥȢ��ǪħˊȗrūħåǉƨhſƏĭĩ$ţſƏǹȄȥȢ��kd±��Ǫ�{ȍôƵ

ſƏʤˉʦˋˍȢ

★ ȼȦȩȫȢ �Dʢʬˇʢɹ³ĳɤʝʽʩʮɹ��ǹɗ��ǹɹŪƵɸ`ʀɭÍȒȢ

��8��ˊ¶¸łĹȢ ˌĂľ��Ǫ�ǹˍȢ

★ ȼȦȩȬȢ ĸƌġƙɹųǵɵńÖɸɺ��òƺǡēʆʈʅĢ�ũ�ɤÍȒɭʉȢ

ÏǆŻv�ˊHǼƼˊļ	�Ń¢ˊMǆɻɷɰˊȉǞ,�ˌ�ǽ��Ūţǡœ�ǹˍȢ

★ ȼȦȩȭ �șňɹ'ơŀɤʝʽʩʮɹŪƵɵġɹÊÝɸ`ʀɭÍȒȢ

ŗŭ%ƍ���ˊ	ǾĂı ��ˊŉȇıf ��ˊ�ǥǏ ��Ȣȣ��Yǃ����ȋ�ƽ�ſƏƉȥȢ��

Yǃ����ȋ�ƽ�ſƏȋȥȢ��Yǃ��ũ�1ÄʷʑˋˆʭȤȢ
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★ ȻȦȩȢ

ȨȱȨȨȦȨȱȩȭȢ

ġɽɹŲɷʉŁȃŜªɤʝʽʩʮɹŪƵɵĞșßDlčǿɸ�ɡʉÍȒɹǒĂȢ

Ȁ*Ǩ���ˊǟƆ×� ��ˊ¹õf ��Ȣ ˌ��ƈŭźƐ����ȋŪţǡœƉ�ſƏ

ƉȥȢ��ƈŭźƐ��ŪţǡœƉ�ǹˍȢ

★ ȻȦȪȢ

ȨȱȩȭȦȨȱȫȨȢ

ʴʴʒʐɹƲ¥Öɸ`ʀɭ��ǹMŏɹÍȒȢ

"�Š���ˊ	ĔQ���ˊȊƹ��ˊ¶ȡŸ����ˌ��Ăľ����ȋǪ�ſƏƉȢ ȣ�

Ɔ·��ȗǪ�ȖȤȢȥȢ��Ăľ��Ǫ�ǹˍȢ

ȻȦȫȢ

ȨȱȫȨȦȨȱȬȭȢ

ǱƤǅEšȕÑů4ɣʇɹ ȫȶ ʕʸʡʔʙʬɹĩƗȢ

ÁȢ Ȣ Ȣ Ä���ˊ�ĐȢ ǩƩ��ˊùǆȢ Ȣ ǲ��Ȣ ˌ��hj�ƃȢ ʾʗȑȒȢ ʒˀˋʡʹˈʤʨʠ

ˉʚǹȄˍȢ

★ ȻȦȬȢ

ȨȱȬȭȦȩȨȨȨȢ

īĐġ~ů4ɸɢɧʉßȃˊĚĴġĥCäŀɹÖƷĵǧȢ

´Êè����ˊĻǾƿG ��ˊĐĔóø ��ˊƁ¹ÙİǸ ��ˊ	ǦǵǸ 	�ˊ�ĬŨĺ ��Ȣ

ˌ��=ÃźƐ����ȋũ��Ȉ�ſƏƉȥȢ��ƆŽ´;Ɛ��Ú��ǹȥȢ��=Ã

źƐ��ũ��Ȉ�ǹȥȢ��=ÃźƐ����ȋ»�ſƏƉȥȢ	�UŇǴ��Uý

Ūţ}ʷʑˋˆʭƉ�ʤˉʦˋˍȢ

★ ȻȦȭȢ

ȩȨȨȨȦȩȨȩȭȢ

��	ɹġɹÆɥçɥˊ0�ɸȉɭʉˁʫˆ¢ȝȢ

Đ�ǀ5���ˊ´ctŪ ��Ȣ ˌ��Ė�����ȋǪ�ŪqƉ�ſƏƉˍȢ

★ ȻȦȮȢ

ȩȨȩȭȦȩȨȫȨȢ

Ųɷʉ��ũ�ɸŪƵɭʉʢʘ/#ġƙ>ɹŊɪFƜġŤÖȢ

ĝř�����ˊǞ¹Ė� ��ˊĒ´tż ��ˊȠǎ,Ǩ ��ˊȀ�ƅ ��ˊ´řö�Ǹ ��ˊǆ

�Yć ��ˊĻǾƿG ��ˊ�ĬŨĺ 	�ˊĮŅı� 
�ˊ¿Ǿ×Ç ��ˌ��kd±����ȋ

ũ��ſƏƉȥȢ��kd±����ȋŪqǪ�ſƏƉȥȢ��=ÃźǪĘĸūåǉƨ
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hʤˉʦˋģĘĘħåǉʤˉʦˋȥȢ��ƆŽ´;Ɛ��Ú��ǹȥȢ	�=ÃźƐ��

ũ��Ȉ�ǹȥȢ
��Ǻ����ȋǪ�ſƏƉˍȢ

★ ȻȦȯȢ

ȩȨȫȨȦȩȨȬȭȢ

ʞʒʬʖʒʯˉɺ�Ŷɹʢʺ˅ˉTʍ�ɫɰʒʱɹ ȽɀɂɆɀɉȢȻɓɔɄɃɋȢȹɌɏɏ ʳ˅ʐÊß

ɸȉ�ɭʉȢ

ž¹Û%������ˊōĸțǷ ��ˊĺ®Żú ��ˊƩýĄy ��ˊ´đ[Ô ��ˊ¿- ��ˊ�Ǿ8�
��Ȣ ˌ��Ɔ�źƐ��Ūţǡœ�ǹȥȢ��ĖU����ȋŪqƉ�ſƏƉȥȢ��·Ńǌ

$ãȥȢ��Ɔ·��ȗǪ�ȖˍȢ

★ ȻȦȰȢ

ȩȨȬȭȦȩȩȨȨȢ

ˆˋʬʹˇʨʠ˂ˋʧ˂ˉʳˋŀʍŬɟɰīĐƜġƙɹĸǮǳÖɹŐ¡ˑ 
Ǿ�ĕ��ɴŐʉɰʄɸ 
�đłĽ*1)ˊż^ɻɣʈ 1)ˊ�^ŻĐ 2)ˊŢŭŸī 1) ˌ1�,º����ȋƨhXŧ

»�ſƏƉ, 2�µ´��ǡœĤţƉ�ſƏãˍ 

★ ȻȦȱȢ

ȩȩȨȨȦȩȩȩȭȢ

Analysis of control mechanisms on promoted lateral root development by rice 
our1 mutation focusing on OsWOX10 regulation 
Dong Yihao1)ˊCornelius M. Wainaina2,3)ˊYoshiaki Inukai*2) (1� Grad. Sch. Bioagr., 

Nagoya U., 2� ICREA, Nagoya U., 3) Dept. Hort. Food Sec., JKUAT) 

★ ȻȦȩȨȢ

ȩȩȩȭȦȩȩȫȨȢ

ʒʱƉ$ţɺ ǻƛũ�ɸɳpmƥêɸÓǍɷġƙÊßʍǘ¬ɭʉȢ

ŭ
Ư�Ǹ���ˊSŘŸĦ ��ˊÏǆx� ��ˊƘŭ� ��ˊ��Ŗ� ��Ȣ ˌ��ȟ9·����

ȋǱhǪ�ſƏƉȥ���ȟ9·����ȋǪĘĸū�ſƏƉȥ���ȟ9·��Ǫ�

ǹˍȢ

★ ȻȦȩȩȢ

ȩȩȫȨȦȩȩȬȭȢ

Soil texture influenced the effect of P-dipping on NERICA 4 rice root 
morphology in early growth stages 
Emmanuel ODAMA1), 2), Yasuhiro TSUJIMOTO3), Shin YABUTA4), Isao AKAGI4), 

Rael CHEPKOECH1), Ibrahim SOE1), and Jun-Ichi SAKAGAMI4)* (1)The United 

Graduate School of Agricultural Sciences, Kagoshima University, Japan; 2)National 

Agricultural Research Organisation, Uganda; 3)Crop, Livestock and Environment 

Division, JIRCAS, Japan; 4)Faculty of Agriculture, Kagoshima University, Japan.)Ȣ

ȻȦȩȪȢ

ȩȩȬȭȦȩȪȨȨȢ

_ɫɟ�şʢʬˇʢ�ɴɹʒʱ�¡ŪūʍŷëɭüɫɟǕʂȢ

ťȘƮĂ���Ȣ ˊȀŪŻƧ ��Ȣȣ��kd±��Ǫ�{ȍôƵſƏʤˉʦˋȥȢ��kd±�

���ȋŪqǪ�ſƏƉȤȢ

�

 �
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ü±ƺľ* 

Ăľ��Ǫ�ǹ 

*ǱƠ6ˌshinya@meiji.ac.jpˍ 

Ȣ

̭ əʋ·əĆmǩ˶΄äʹΚmǩΆͮ, §ǲ�ŰΔɜƈͲmǩɢΆ϶ͽͲͿȎΘΛͿͣΚ. əʋ

·ǀƹ
Ε¤µ
΄ǵęʹΚmǩɢΆ
·3&Őͨ¥5ȅ΄ʸØ͢Ι, ºͫ·XʠɧͲͿǩʾĐǴ

΄Ö�ʹΚ. ͲͧͲ, əʋJ&Ά 10ϮȡÿΆȢ·Əǩ΄ÖǵͲͿiÒʹΚƏǩÖǵĘəʋ͢ΚͮͨȎΘ

ΛͿͦΙ, ͷΆ�ǻʐỜ·àͫΔø˹ 10EOaċ΄ΔΚĽÎͰΛͿͣΚ.  

̭ 
ΔʐÒͨǪ΄¼ͩͣΆ·ƏǩΆƋ΄ÖǵʹΚψΰϑθϨξϟΣ͢Κ. ψΰϑθϨξϟΣ·�ɶ΄¤µ


ÈnͲ͢, Ö�ƏǩΆƋ΄.IͲ, ɓȶź΄�ͧͼͿȟmʹΚ. ͷΆċ, əʋ·ƏǩɈɭ΄Ćġ·

nΞāͩˀͮͲ, î¼Ɉɭ�ΈΛΚǪơɈɭΞĆģʹΚͮ, Ƌ΄ͮ (˖ȞϼƋΰϑ) ͨĆģͰΛΚ. 

ͷΆċ, ψΰϑθϨξϟΣ·ƋΰϑN΄ǽΐΙ, î¼ɈɭͧΘlǰɷͫƈ̡Ξń�ʹΚͮͷΆǵƼ�ΞJͤ

ʹΚΔ΄, Ö�Əǩ΄ʐÒΞΔΘʹ. ͽΐΙ, ψΰϑθϨξϟΣ·Ö�Əǩ΄ÖǵͲ, ȥƒȅ΄@ͩͧͬ

ΚͮƋΆN˦Ɠ˘Ξ(Ιͧͥ, ɱΘΆ%VΞȖ1ʹΚΆ͢Κ.  

̭ ΐ, ψΰϑθϨξϟΣ·¬Ÿȅ΄uǟǵƣ΄ΗΪuǬ³ƣʹΚέϤϫϒ͢Κͨ, Ǵ²Ż�ƛȮ·

Ƞ΄̆ͨWǱʹΚͮͨȎΘΛͿͣΚ. ψΰϑθϨξϟΣ΄ͼͿΆ�¹˦Ǵ²·ƏǩƋNǴ²͢Κ

Γ, ǑɧΘ·ƋΆǵǳȅ·nͨψΰϑθϨξϟΣΆĘƯÎ΄ć̔ʹΚΆ·ͣͧͣͤ�ʯΞȫͿ, ̆ə

ʋʭÞŻ�ΞĻɆͲͿͩ. ΐ͵, ͰΐͱΐǴ²Ż�΄ͦͣͿ̆əʋΆWǱŐΞʲͮΜ, GĄÿΆ·

n΄ΗͼͿ̆WǱŐͨ·nʹΚͮΞşΘͧ΄Ͳ. ΐ, δϦχυηυ·ǿƉΞÕ�ͲͿ, ψΰϑθϨξ

ϟΣĠƅÏ̤ΞÏŖͲͮΜ, �˦ΆȾˋ˓˺˙·ǿ&΄ͦͣͿ̦̙ͣÿ̆əʋͨWǱʹΚ?�ͨʙΘ

Λ. ͮΛΘΆɎƂ·, ψΰϑθϨξϟΣͨƋΰϑN΄ĆģͲî¼ɈɭͧΘń�ͩΚȾΆ˭ΔͲͫ·ʾΞĵ

ƖͲͿ, ɱ˄ΆĘΞƯÎͲͿͣΚͮΞȗ�ʹΚ. ͽΐΙ, ψΰϑθϨξϟΣ·ƏǩΆG�ģǶǩ͢ΚȾΞ

˖ͳͿƋNΆǴ²ΞīŁͲ, əʋΆǵɫ΄ͼͿ�ɷǴ²\œͰΛΚ®�΄̆əʋΌģ˵Ͳ, Õ�Əǩ

ƋͧΘɯWʹΚ�ɋΑΞĴͼͿͣΚɦͥΘΛΚ. ŸʵǑ·, ƏǩÖǵĘəʋƋΆϨμϢάδϠϨΞ
ē

΄Ɣ͝ȎʙΞɉ�ʹΚΔ΄, ƏǩƋͧΘ+ɏͰΛΚƈ̡΄,ÅͲͿĘΞƯÎʹΚψΰϑθϨξϟΣ΄˺

ʹΚȓȨģƂ΄ͽͣͿͦʪͲͣ. ̭

̭

̭

̭

 

 �
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68÷¬hćôĆõāúÀ Á
µ��úíñĆe..-�ûo�U�ÁÀ

"ǆŸ�*1)ˊ
¯ǋ� 2)ˊȃĿǁð 3)ˊǾ¹1� 3)ˊŴ¯ņN 1) 

1�Ăľ��Ǫ�ǹ, 2�Ăľ��ſƏˊŽǠáűĭĩ, 3�Ăľ����ȋǪ�ſƏƉ 

*ǱƠ6ˌn_sato@meiji.ac.jpˍ 

 

Ǳ¦ϲ�ǻΆÉÍƚ˺ͨ}iʹΚ¡̃ÉÍĻƇs@έϤϫϒ (ISECG) ΄ͦͣͿϲű̑ͦΗΉǚšŲ�

ĻƇΞÏǱʹΚʣǺͨ˛ΓΘΛͿͣΚ (ISECG, 2020)ϴ˵ŴΆŲ�ĻƇϙοδϠϨΆÏǱ΄·ϲÉÍ̟ʍ¶Ά

̠ŒΞȖ1ʹΚĨƤ΄ͽͣͿƐʤΞʍͤĔʗͨ͢Κϴ§ǲͧΘǩʽΞˋ˓ʹΚ®�ϲ$ȩ��˅˞Δ

$10,000/kgϲǚš·$300,000/kgͨͧͧΚʙȥΔΘΛͿͦΙ (Massa et al., 2007)ϲ̠ŒΞ§ǲͧΘΆʓɏ΄

,ÅʹΚͮ·ǱÏȅ·ͣ (Maggi et al., 2018)ϴͷͮϲÉÍȩ˹΄ͦͣͿ(ǩƍ«Ξʍͤ͞ÉÍˍƑ͟

ͨƐʤͰΛͿͣΚϴͲͧͲϲÏ̃΄ÉÍζρϫδϠϨNÏŖͰΛ(ǩƍ«Ï̤ (Bingham et al., 2000; 

Massa et al., 2017) ·ϲƍ««§΄ƪͨƅΑˏΑ΄ͫͫͼͮͨ�ͰΛͿͦΙϲđß˫g�΄ͦͬΚ«

§
ΆƪX˭_Ďͨ�̊͢ΚͮͨşΘͧ΄ͼϴđß˫g�΄ͦͬΚºÄʾ«§
ΆǁǕ˗ÿΆ$

�· Yendler et al. (1996) ΄ΗͼͿΔʞÚͰΛͿͦΙϲȻĉ 1.5 mmΆ«§·�ǉ7ΗΙ 6ϻϮΔ$�Ͳ

�ͰΛͿͣΚϴͲͧͲͨΘϲđß˫g�΄ͦͬΚǁǕ˗ÿ$�Άz�·şΘͧ·ͫϲΗΙºͫΆ$˫gÏ

̤ͨĔʗ͢ΚͮͨĵŅͰΛͿͣΚ (Yendler et al., 1996)ϴͷͮŸȓȨ·ϲόϢϖϣοάϐϢσ΄ΗΙ(W

Ͳ$˫g�΄ͦͣͿǁǕÏ̤ΞÏŖͲϲºÄʾ«§
ΆƪXȟmΆ˫g,ÅĘ΄ͽͣͿƐʤΞʍͼϴ 

όϢϖϣοάϐϢσ·ɵȩƚΞŎǩə̟ʍͰͶΚͮ΄ΗΙ 20�30ȜȡÿΆ$˫gǴ²Ξ(WʹΚĨƶ

͢ΚϴŸȓȨ·όϢϖϣοάϐϢσ΄ΗΙϲÉÍζρϫδϠϨΞĝÎͲđß˫g (µG)ϲűǴ²ΞĝÎͲ

1/6G, ǚšǴ²ΞĝÎͲ 1/3GΞ(WͲϲƗŋ¤µ
ΆǁǕ˗ÿΞǉÎͲϴƗŋ¤µ΄·FʍȓȨΗΙΔ

ȻĉΆßͰͣȉĉ 0.4 mm ΆΩϢζώϫηΞ)ǷͲϴȮ϶�·�˫g�΄ͦͬΚǁǕ˗ÿ 1G�ǉÎͲ

«§Ά�ƪÿ΄¬;ͫ�ǉ7ΆƧˉ͢ΚϴFʍȓȨʞÚͰΛΗͤǁǕ˗ÿΆ$�·ʞÚͰΛ͵ϲ

1/3G ·�ǉ7Ïǉ7ͨΎΏ�ɲͲϴȻĉΆßͰͣ«§·˫g΄ΗΚć̔ͨßͰͫΙϲǁǕ˗ÿΆ

$�ͨˀͮΙ΄ͫͣɦͥΘΛΚϴ 

̭

Ȯ 1� µG, 1/6G, 1/3G�΄ͦͬΚ 0.4 mmΩϢζώϫη
ΆǁǕ˗ÿ 
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ÑÁÃÀĬķĤĹėûĥĊčėĝĉĭıĲķğøóöû$�MÀ

�·��ˊ�ǾƄ� 

�ǂʛʾʖˆĠÅ�ƃ 

hiroyuki.oshima.ma@mcgc.com 

 

ϋΧζρΡϙϟϢϨσ·ϲƏǩͨŸż<ͥͿͣΚHȀgΞ̦ΓϲǴ²ζσϥζΆˈǇϲƏǩΆģ˵ΕȂɫΆ

0˛ϲ³�lƂΞΔΘʹʽŹͰΛͿͦΙϲnÇˍʊΆ�ůͲͿ)ǷʹΚͮϲǴ²ʺʀΞ$ǇͲϲ

Ĵɒ�ɮˍƑΞÏǱʹΚΓΆŔͲͣʽŹͲͿƸȈͰΛͿͣΚϴΐϲɪŒzŒΆ-ƌ̦̥ͨͲͿͣΚͮ

ͨz�ɪŒ-ƌ̦̥ͨͲͿͦΙϲɪŒΆ�ΝΙͲͿΆϋΧζρΡϙϟϢϨσʽŹΆ̍ʗ·ΐʹΐʹ̦ΐΚ

�ǉͰΛΚϴːøϲ§ǲǈũn΄ΗΚ˽ƪ·n΄ ͣϲ¼̋Ά̙ÿͨ³iͲϲͷΛ�Ť΄Ǡ˽ƪΐ·à

̋ΆŴ˹Ά³iͨˀͮΚ�ɮĘͨȗ�ͰΛͿͣΚϴͰΘ΄ϲ��³i΄ΗῚªΆ¼˦X·�˹΄ΗΚć̔Ξ

�ͬͿͣΚͮƔ͝ʗ�ͨȊ�΄(ǷͲϲȒǒnͨ˛ʍʹΚͮΔwĜͰΛͿͣΚϴͮΆΗͤƩ6Εǵ

ġɁΆ·m·¤§ΆjnΞĚnͰͶϲ¼ʚƗ̠ɀ̊Ξāͩˀͮʹ�ɮĘΔɦͥΘΛΚϴͷͮϲΗΙ{Ͳͣ

ƍ«Ǵ²΄ͦͣͿΔƏǩΆɨ�ǧĘ��lƂͨčΘΛΚϲŔĪʎͨƭΓΘΛͿͣΚϴ 

G�ģǵǩΆ ΠζΰϤώϨ˪ǵ�ģɍ˂· D-ϘϨωϫζϯD-Manϰ L-ΩϢάσϫζϯL-GalϰΆʭÞ&Ξ�ʶ


˹&ʹΚ D-ManϵL-Gal ɍ˂ͨÅ¦ʹΚͮͨȎΘΛͿͦΙϲϘϨωϫζ·ϲĤ͝ΆͮΛΐΆȓȨΆ


ϲϕΣϥϨκΣƏǩ&
ΆΠζΰϤώϨ˪�Ų˭Ξ³iʹΚͮ΄˺�ʹΚǩʾ͢ΚͮͨXͧͼͿͣϴ

ͰΘ΄ɳ�Ǆͣͮ΄ϲϘϨωϫζ·�ÎǗÿ��·ƋΆ!˵Ξ˼ÒͲϲƏǩ&ΆǵɫΞĬ_ʹΚć̔ͨ

͢Κ�ŕϲ˻ĎĕȲˣ�Ã PR-1a ΆȂǱʭÞƼĘΞȗʹȎʙΔčΘΛͿͣϴδϦχυηυΆǃɭ·ϲ

�ǧζσϥζŤϲΐ˝eGŻ��Εȁz&ĠƅŤ΄ϲǃɭNΆΠζΰϤώϨ˪ͨĄͫ³iͲϲ�ǧζσϥζŤ

΄ʅɗ&ΕϔϤΧΪδκϫϚͧΘǃɭ΄ǐWͲͮΆɈɭpǺΆ H2O2ΆʠƦ΄ϲΠζΰϤώϨ˪ͨ˫ʗ

ĈfΞƂͲͿͣΚͮͨ�ͰΛͿͣΚ(Barbara Eva Kofflerϲet alϴϲPlant Scienceϲ2014)ϴͷͮĤ͝·Ϙ

ϨωϫζΆǆi΄ΗΙϲƏǩ&΄�ǧζσϥζ΄ÛʹΚɨĘΞ��ʹΚͮͨWżΚΆ·ͣͧɦͥϲ¸Ά

ƍ«΄·��ͩʅʂ̝Άɻ΄ͦͬΚϘϨωϫζΆlƂΞƐʧͲϴ 

ŸȓȨΆɎƂϲϘϨωϫζǆiċ΄�ǧ΄ͰΘͰΛϕΣϥϨκΣ΄ͦͣͿϲǔƪďôċΆǵɫͨɷÀ΄

ΚͮͨȖʬͰΛϴͮΆ?�·ϲȏŴ˹ΆĄͣ�ǧ΄ÛͲͿΔϲ˵Ŵ˹Ά�ǧ΄ÛͲͿΔ�Ɣ΄ʞÚͰΛϲ1 

mM Άǆi΄ΗΙlƂͨ͢ΚͮͨȗͰΛϴͰΘ΄ϲ�Άʅʂ̝ϲϙηυΕϊάβ΄ͦͣͿΔϲϕΣϥϨκΣ

�ƔΆǱʹͨʙΘΛϲǔƪďôċΆǵɫͨɷÀΚͮͨşΘͧΙϲϘϨωϫζǆi΄ΗΚ�ǧͧΘΆ�

ďlƂ·ϲúɻ΄ǆiͲ®�Δϲ͢ΚȡÿǵɫͲɻ΄ǆiͲ®�Δϲ�ƔΆlƂΞčΘΛΚͮͨ

ȗͰΛϴʹ΄�ǧͺ̦ͬͫǈ΄ÛʹΚɨĘΆ��lƂΔ͢ΚͮͨȎΘΛͿͣΚñʻΆϋΧζρΡϙ

ϟϢϨσʽŹΆƧˉ·ϲϕΣϥϨκΣ·ȏŴȅĄͣ�ǧ΄ͦͣͿ·ϘϨωϫζǆiĄͣlƂͨʙΘ

ΛͨϲͷΆϛΨφηϚ·ǿΚͮͨ�ĝͰΛϲ�ċͰΘΚȓȨͨĔʗ͢ΚɦͥΘΛΚϴϘϨωϫζñ

ʻΆϋΧζρΡϙϟϢϨσʽŹΆɋΑ�ΝͶΗΙlƂ̦ͨΐΚ�ɮĘΔȗ�ͰΛϴͮΛΘΆͮͧΘϲÛʹ

Əǩͨ�ǧŻ�΄ŪͰΛΚa΄ϲϘϨωϫζΞÛʹƏǩ΄ļʡͰͶΚͮϲɨ�ǧĘΞ��ͰͶΚͮͨͩϲ

�ǧ΄ΗΚƏǩΆƄƠΐ·ǵ˫˭ΆǇà΄ΗΚˍ(ǩΆ�Ȧ˭ΆǇàΞĬͥΚͮͨͩΚɦͥΘΛΚϴÀ À
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ÑÁÄÀĕĶĊĢĠĘĠûdúíñĆėğĶķĚċĮúăĆrM´��û�PÀ

ȃŭĲ*ˊü�«Ūˊ	Ĕ©Èˊµŭ%� 

ï\��ŧ»�ǹŪqƉ�Ɖ 

*ǱƠ6ˌt-nagata@lif.setsunan.ac.jpˍ 

 

ζσϦϨξΣϚ (Sr) ·¤µ
΄�ΐΛͿͣΚΠϤΨϣ¤̝ˮäΆ�ȢϲΨϤδΣϚ (Ca) �ŗ͢Κϴ

ɹǚΕȂǜȱΆǜɸ�ĕƔ͝ǶƑ΄ƮǷͰΛͿͦΙϲǃŧΩϢζΆςΡζϒϥ΄Δ�ΐΛΚϴƏ

ǩ΄ͦͣͿ Sr ·̐Ĕ̗CɅ͢ΙϲƏǩΌΆ��·ƏǩȢΕ¤µ pH ΄ΗͼͿʆͲͫ·nʹΚͮͨ

�ͰΛͿͣΚϴ*ͥΈϲνηΕΠϘϢϨβζûͽͧΆƏǩȢ·̦ͣ Sr ��ƼĘΞŲʹΚͮͨşΘͧ

΄ͰΛͿͣΚϴĤ͝·ͮΛΐ΄ϲδϦχυηυ (Arabidopsis thaliana) ΄ͦͣͿÙ½«§
Ά SrǗÿΆ�

Ş΄Čͣϲ§�˦ΌΆ Sr ʈȥΆ³iϲƋΆ!˵˼ÒͦΗΉɈɭƠΞ�ͲͿͣΚϴͲͧͲϲSr ΄ΗΚƏǩƦ

ĘΆʭÞƚƓ΄ͽͣͿ·Jͫ�ş͢ͼϴ�ŕϲΨτϙΣϚΕ˰Ά˫ˮäζσϥζ·ϲͷΆƦĘ΄ƼĘ

˪ɅȢ (Reactive Oxygen Species; ROS) Ά˺�ͨȎΘΛͿͣΚϴͷͮŸȓȨ·ϲ Sr ΄ΗΚǵɫ˼ÒΕ

ɈɭɭƠ΄ ROSͨ˺�ͲͿͣΚͧʠşʹΚͮΞȈȅͲϴ 

ΐ͵ϲSr ΄ΗͼͿƏǩɋɞN ROS ͨǵģͲͿͣΚͧεΠϙεωϓϨεεϨ (DAB) ƅɸ΄ΗΙƐʤΞʩΑ

ϴδϦχυηυ (Heynh. Col-0) Ξ SrǗÿ 0ϲ0.1ϲ1ϲ10 mM΄ʲʔͲÙ½«§ 2˚˹«̡Ͳϴ«̡

ċϲɼɻΞ§�˦Ƌ΄YΙXͬϲDAB ƅɸΞʍͼϴͷΆċϲ̜đ˴ΞǷͣͿƋΆʞÚΞʍͼϴͦϲ

ROSΞǵģʹΚͮͨ�ͰΛͿͣΚ 3-ϑρϨφσϣϤΞΰϨσϦϫϤ΄ǷͣϴͷΆɎƂϲSr 0 mMŻ�ΆƋ

·DAB΄ΗΚƅɸͨʞÚͰΛͧͼͨϲSr 0.1 mM��DAB΄ΗΚʖɸΆƅɸͨʬΓΘΛϴͫ΄ϲ

Sr 1 mM��ΆƋΆϛϣζρϚ̘ª΄ͦͣͿ̜ʆƅɸͨʞÚͰΛϴͮΛΘΆɎƂͧΘϲSr·ƏǩɋɞN

ROS ǵģΞĞͩˀͮʹͮͨȗ�ͰΛϴΐϲϛϣζρϚ̘ª΄ͦͬΚ Sr ʭÞĘΆɈɭƠ΄ ROS ͨ˺�Ͳ

ͿͣΚ�ɮĘͨɦͥΘΛΚϴ 

ƛ΄ϲ˥Cd͢ΚϡΣnΨϣΣϚ (KI) ΞǷͣͿϲSr ΄ΗͼͿǵģͲ ROS Ξǂ|ʹΚͮϲǵɫ˼Òl

Ƃͨ�ďͰΛΚͧƐʤΞʩΑϴδϦχυηυΞ SrǗÿ 10 mMͦΗΉ KIǗÿ 10 mM�ŲΔͲͫ·̐�Ų

Ù½«§ 2 ˚˹«̡Ͳϴ«̡ċϲɼɻΞ§�˦Ƌ΄YΙXͬϲ§�˦ͦΗΉƋΆŔ̨˫˭ϲƋ˵Ξǉ

ÎͲϴ§�˦΄ͦͣͿϲKI �ŲÙ½«§̐�ŲÙ½«§ǵɫͰͶɼɻΞƧˉͲɎƂϲŔ̨˫˭

ΆŲğï·ʬΓΘΛͧͼϴͲͧͲϲƋΆŔ̨˫˭· KI Άǆi΄ΗͼͿ 25%ȡÿΆŲğ³iͨʞ

ÚͰΛϴΐϲƋ˵΄ͦͣͿΔKIΆǆi΄ΗͼͿŲğ³iͨʬΓΘΛϴͮΛΘΆɎƂͧΘϲKIΆ˥Cɮ

΄ΗΙ SrͨǵģͲ ROSͨǂ|ͰΛϲƋΆǵɫͨ�ďͲΔΆɦͥΘΛΚϴ 

��ͧΘϲSr ΄ΗΚǵɫ˼ÒΕɈɭƠ΄ ROS Ά˺�ͨȗ�ͰΛϴͲͧͲϲͷΆ��ϛΨφηϚ·Jͫ�ş

͢ΚϴΗͼͿϲ�ċΆãųͲͿϲˣ�ȅΠϒϦϫξΞǷͣͿƏǩ΄ͦͬΚ Sr Ά��ϛΨφηϚ΄ͽͣͿʠ

şͲͣɦͥͿͣΚϴ 

À

À À
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ÑÁÅÀ

Ċģ¿v�yº;�M)�øN#M)�ûd�úíñĆ�¨|ªûB�û���¥`À

¹õf*1)ˊiǾĀƚ 2)ˊǟƆ×��)  

1�ƈŭźƐ��ŪţǡœƉ�ǹ, 2�ƈŭźƐ����ȋŪţǡœƉ�ſƏƉ 

*ǱƠ6ˌ111111@akita-pu.ac.jpˍ 

 

řŸΆψƍ«ΆǱ®΄ͦͣͿϲ§ǲǈũn΄ ͣWȤŴͧΘȃǤŴ΄ͧͬͿΆ̦ǈͨz�ΙϲJ¡

ȅ΄ǯȺ�ʾΆ$�ʹΝͻ̦ǈȃǤ̄Ò̙ͨȂͲͿͣΚϴͮΛΐΆ̦ǈȃǤ̄Ò΄˺ʹΚȓȨ·ϲºͫ

ͨͷΆǱʹͨǱΛΚȤΞ
ēͲ§�˦΄ƸȈͲͿʍΝΛͿͩϴ�ŕȂʏɧΘΆȓȨέϤϫϒ·ϲ

̦ǈȃǤ̄ÒɨĘ�ȢĠ�Ę�ȢΆ˹΄·ϲƋɁ΄¼ͩˠͣͨ͢ΚͮΞşΘͧ΄Ͳͽͽ͢Κϴͷͮ

ŸȓȨ·ϲ̦ǈȃǤ̄ÒɨĘȡÿͨ
ȡÿ͢Κͩͮ͢͞ΐͻ (Ûǣ�Ȣ) ̦͟ǈȃǤ̄ÒɨĘ�Ȣ

͢Κ͞ΊͰͦΓ͟ΞǷͣϲWȤŴaΗΙ̦ǈVǳΞʍͣϲWȤŴΆƋ΄ͦͬΚ̦ǈVǳ΄ΗΚ�ʶǩʾΆ

·nΞϛμϖϦϫϚʠſ΄ΗΙɔɡȅ΄ʲƇͲϴͮΆɎƂϲ262ΆǩʾΆϏϫάͨƐWͩϴ�ģXXſΆ

ɎƂϲ̦ǈVǳ΄ΗΙΆŲǠϲΐ̦ǈȃǤ̄ÒɨĘ�ȢĠ�Ę�ȢΆïǿ΄ΗΙ�ʶǩʾͨǿΚ?�

ΞȗͲͿͣϴ̦ǈVǳ΄ΗΙϲÛǣ�Ȣ͢Κͩͮ͢͞ΐͻ͟·ȾΕƊ˪�ʶɁΞ
ēͲ 5 ǩʾͨŲ

ğ΄³iͲϲ̦ǈȃǤ̄ÒɨĘ�Ȣ͢Κ͞ΊͰͦΓ͟·TCAβάϤϲέϤμϙϨ˪�ʶΞ
ēͲ 14

ǩʾͨŲğ΄³iͲͮͨşΘͧ΄ͼϴ�ŕϲ	�Ȣ΄ͦͣͿ̦ǈVǳ΄ΗΙŲğ΄ǇàͲǩʾ

·ͧͼϴͮΛΘΆɎƂͧΘϲ̦ǈŻ��΄ͦͣͿ̦ǈȃǤ̄ÒɨĘ�ȢΆƋ·ȥƒȅ΄ΥψϤΫϫ

�ʶΞʍ̦ͣǈζσϥζɨĘ΄˺�ͲͿͣΚͮͨȗ�ͰΛϴ 

  

À À

& 8�5 4��#�>GF� �D>?I

)�O� %E���MLJE���5 �

�"�
+��U

��

p-value �!�#�) �"�
+��U

��

p-value �!�#�)

Arg 1.86 0.0387 @OCKQ&�!3���#
2-Methylthiazolidine-4-
carboxylic acid

2.96 0.0296

Ile 1.73 0.0081
TCA�!49:=GO?R$�V
��&5���3��';KH
&5�!

N-Acetylgalactosamine
N-Acetylglucosamine
N-Acetylmannosamine

2.05 0.0285�"�!

Imidazole-4-acetic acid 1.87 0.0152 @OCKQ&�!3���# N-Acetyllysine 1.99 0.0355

Leu 1.76 0.0234
TCA�!49:=GO?R$�V
��&5���3��';KH
&5�!

Oxalic acid 1.61 0.0197

Lys 1.88 0.0477
TCA�!49:=GO?R$�V
��&5���3��';KH
&5�! /  %��!

Uric acid 2.81 0.0114
�&�! - JNQ�! - ;EHB
Q / �&�! - JNQ�! - @;H
BQ

Met 1.80 0.0389
ANQ�!3LD>FQ�# /  %
��!

Phe 1.72 0.0230�*�;KH&VI<FO;MFQ3
DPBQ�!

Pro 1.71 0.0013 @OCKQ&�!3���#
Tetrahydrouridine 1.30 0.0194
Thr 1.51 0.0135 ANQ�!3LD>FQ�#

Val 1.78 0.0099
TCA�!49:=GO?R$�V
��&5���3��';KH
&5�!

γ-Glu-Ile
γ-Glu-Leu

1.72 0.0411

γ-Glu-Trp 1.34 0.0325
γ-Glu-Val 1.64 0.0080

,.1/72S
���T60-38S+���(	����T

&R+5 4��#DGH��D�	@B".CAE�,'/�3�

& 8+5 &Q���6=;87>GF&R���P=;97D>?I

��-*0E��>GF�� :".CAE�,'/�

3�
PC1 PC2

��� �	��$ &�*/��� ��� �	��$&�*/���

Tyr 0.9577 �'�1FA#OD2?J1H?L+<K8L�� His 0.8798 6J;FL#��+
�� 

γ-Glu-Glu 0.9473 N γ-Glu-Thr 0.8445 N

Gly 0.9121

���+����� / 6J;FL#��+


��  / 7IL��+G<4?L�  /

�#�� - EIL�� - 1=A8L / �#

�� - EIL�� - 61A8L

Nω-Methylarginine 0.8322 N

Cystine 0.9083 7IL��+G<4?L� Serotonin 0.8322 �'�1FA#O>IE>D0L��

Ala 0.9039
TCA��,./3@J5M!O��#

-����+��%1FA#-��
Asp 0.8317

6J;FL#��+
��  / �#�� -

EIL�� - 1=A8L / �#�� - EI

L�� - 61A8L / �#�� - CIF9

L��
Methionine sulfoxide -0.3852 G<4?L-�� N-Acetylhistidine -0.5939 N

Betaine -0.3986 7IL��+G<4?L� Terephthalic acid -0.6123

�#�� - EIL�� - 1=A8L / �#

�� - EIL�� - 61A8L / �"��

�
Asn -0.4805 6J;FL#��+
�� N-Acetylglutamic acid -0.6216 6J;FL#��+
�� 

4-Methylaminobutyric acid

5-Aminovaleric acid
-0.4873 I8L-��(1J5?L)EKIL-�� Gly-Asp -0.6404 N

Imidazolelactic acid -0.5450 B:<9L-�� N-α-Acetylarginine -0.6876 -
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ÑÁÆÀ�Jb5 ���ûFO��=À

�ĐǩƩ*1)ˊÁȢ Ȣ Ȣ Ä�)ˊùǆȢ Ȣ ǲ�) 
 1�hj�ƃȢ ʾʗȑȒȢ ʒˀˋʡʹˈʤʨʠˉʚǹȄ 

 ǱƠ6 ˌteruo-niki@hb.tp1.jpˍ 
  

Ǒɧ·ͮΛΐƋΆFȬƓ˘Ξ

ʲͿͩϴψțΆƋΆ
ē

ƆΆÁzɈɭ·ΛͧϲͷΆ

ĆġΞşΘͧ΄ʹΚͮͨȈȅ

͢Κ̱̭ ̭

ƋΞɚYǨʞÚʹΚϲ
ē

ƆΆɈɭ·FȬªΐͷΆ˩Z

ΞΚͮͨͩϲFRVZY

	���ϯȮ϶�ϰ��

�����	�

�

Ȯ϶�̭ɚYǨA̭ ̭ ̭ ̭

ϯρΧδϨσϰ̭ ̭ ̭ ̭ ̭FȬͧΘ϶͚͑ yΆƘœʉYǨ

˙ɒȅ΄ʞÚΞʍͤϲʏȇ̲ȇåɢΞ˝ͪ#ɠ

Ϸ3ΆɈɭΞ
ē΄϶åΆɈɭɢͨǱΛΚϯȮϷ�

B′ϲC′ϰ̱̭ ͷΆɈɭɢΆ�΄ϲƧˉȅ¼ͩɈɭͨǱ

Λϲ�ΆɈɭɢXʑΆŕ�ĘͨǿΚɈɭɢͨʞ

ÚͰΛΚϯȮϷ� E′ЁG′ϰϴΐ¹�Ξ�ΒΗͤ΄Ŕ

ɈɭͨǱΛϯȮϷ� F′ЁG′ϰϲͷΛΘɈɭΆ¹ͧΘŔ

ɈɭͨǵͳͿͣΚϯȮϷ� HϲH′ϰϴ̭

Ȯϸ�̭
ēƆFȬΆɈɭɢΆϸ̻A̭

��Ά˙ɒʉYǨͧΘϲ�åΆɈɭɢ·ϲϷ3Ά

ɈɭΞ
ēͲϲͷΛΞ�Βɂ ̴̳ 3ΆɈɭɢͧΘ

Κϸ̻ AϯȮϸ� ̸ϰͨľͬΚϴȮϸ� ̹̭ Ȯϸ� ̸

AΆ�΄Å¦ʹΚɈɭɢΆϸ̻Aϴ̭

Ȯϸ� ̺̭ Ȯϸ� ̹ ΆɈɭɢΆ�ˎ΄ǱΛΚɈɭ

Ξiͥϸ̻ AϯȮϸ� FϲF′ͧΘϰϲͮΛΘɈɭΔ�

åɈɭɢϯȮϸ� ̸ϰΆ�΄Ű[΄Å¦ʹΚɈɭ

ɢ͢Κϴ̭

ȮϷ�̭ ƋΆ˙ɒƘœYǨ̭

��ΆʞÚͧΘϲ�ʥΆ�ΆΗͤ΄ɦͥͿͣΚϴ̭

ȮϹ�
ēƆFȬΆɈɭɢƓ˘̭ ̭ ̭ ̭ ̭

̭ ̭ ̭ ̷͉̭͂Ṋ̓ ̷̭͕͓̭͂͐͂͐͋͑͋ ̷͎̓�#6>2*V��

ΐΓ̭

˙ɒʉYǨAͧΘϸ̻ AƓȹ΄ΗΙϲƋFȬ
ēƆ

ΆɈɭɢΆɋɞƓ˘ΆɋΑȫͿΞĿˀͲͣϴ͎̓

ͨ
ēƆΆÁzɈɭ͢Ιϲ͕͓͂͐͋͑͋ ·˖õ�ƼȂ

͢Ιϲ	ɧΆɝͨΙ·ͣɦͥΚϴ̭ ̭ ̭ ̭

̭
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ÑÁÇÀ�ovïZ®ęĥ¡û*H\û-�³íăý-�³��ú"ÿôG»À

ĊġYĈ�ˊ�ǾȕfȢ

ƈŭźƐ��ŪţǡœƉ�ǹȢ
*ǱƠ6ˌccsone@akita-pu.ac.jpˍ 

Ȣ

řŸ΄ͦͣͿť˖κϋ (κϋ) ·ƪǸˆŀǼ΄ΗΚƍ«ͨJ&Ά 7 fΎΞvΓͿͣΚϴκϋ·ǋÒ΄Ă

ͣΓϲĸƪĘΆĚͣƪǸˆŀǼΆ�˭·$ͫϲǋǕϪǊƪΞÛʹ΄ȓȨͨʍΝΛͿͩϴːø·ǋÒ΄

iͥϲǿõƩʹȰ΄ΗΚƲìΆƬǘ΄ΗΙκϋ΄ͦͣͿΔƻƪʐÒΔȂǵͲͿͣΚϴͲͧͲϲψƧͮΛΐ

·ǼŻ�Άƍ«ͨºͧͼκϋ·ϲƏǩ&ͨJͿƪ̑�΄ưΒΗͤRƪΆć̔΄ͽͣͿΎΟʲ

ΘΛͿͣͣϴͮΛΐΆȓȨϲRƪ΄ΗΚκϋΆǵɫͦΗΉ�˭ΌΆć̔·RƪʹΚǵɫŤŴ΄Ηͼ

ͿǿΙϲǪ΄ǵɫ[ŴΆRƪ΄ΗͼͿ�˭·¼ͩͫ$�Ͳ (ŮƋΘϲřŸ(ǩÇ�Ȯ 253�ʵǑʗṥϲ

2022)ϴRƪͲÆȷ΄ΗͼͿΔRƪċΆκϋΆ�ďȡÿ·ǿΙϲz�ͲͿRƪǈΆć̔ͨɦͥΘΛϴŸ

ȓȨ·ǵɫ[ŴΆκϋ΄ƪǈΞ·ͥͿRƪVǳͲϲRƪċΆǵɫΆ�ďΌΆć̔ΞʲƇͲϴ 

͠ŹŒŕƶ͡ŹŒͲͿŽo§ŕΆ�ʗ�Ȣ́͞�Ŝǵ͟ΞǷͣ

ϴȣɫɻȻǫ«¤ΞD±Ͳ 1.3Lϗοσ΄ŇȢͲϴWɺċ΄ 1

˱ 2 ŸƏͥ΄˹āͩϲͷΆċRƪVǳŴ˹�¹·�ȦΐÐǈ

ɂ 28℃ΆΩϢζǈÐǼǫġƍ«ͲϴŇȢċ 9řȈΗΙÐǈ

ͨȶǳͰΛƏǩí®΄Əǩ&Ξ˜ΉϲRƪVǳΞʍͼϴRƪ

Vǳ·Əǩí®N΄ʦɠͲΠάϣϤƪƕ΄ϲƏǩ&ΆŰ�#Ά

ʅFͧΘ 20cm�ΐǊƪͲϲͷΆ
΄ϗοσΞưΓΚͮʍͼ 

(QȌ 1)ϴVǳpͲͿ 20℃ϲ25℃ϲ30℃ϲ35℃ΆRƪǈΆpΞʦ

ͬϲRƪŴ˹· 1ř˹ 2ř˹ΞʦͬϴΠάϣϤƪƕN΄ƪ
ύ

ϫμϫƪΆĐǴΆΓΆϗϨϒΞʦɠͲϲVǳŴ˹Ξ˖ͳͿʦ

ÎƪǈΞɓĴͲϴRƪVǳɊċ·ȉͻ΄ϗοσΞƪƕͧΘ�Ι

WͲϲΩϢζǈÐ΄ĦͲϴVǳɊ 1˚˹ċ΄Əǩ&Ξ�ȦͲϲ

ɿ�ϲSPAD 7ϲ§�˦�ǩ˫ϲ§�˦�ǩ˫ΞǉÎͲϴŇȢ

ċ 21 řȈ΄Δ�ƔΆVǳΞʍͤpΞʦͬϴ͠ɎƂϪΐΓ͡ŇȢ

ċ 9 řȈ΄RƪVǳͲpΆ§�˦�ǩ˫·ϲRƪŴ˹΄˺

ΝΘ͵ 30℃ΆRƪ΄ΗͼͿʆͲͫǇàͲϲƛ΄ 35℃Rƪpϲ20℃

RƪpΆ̖Ǉàͨ¼ͩͧͼϴ20℃ͦΗΉ 25℃Rƪ·ϲ1 ř

Rƪ·§�˦�ǩ˫ΆǇàȡÿͨßͰͧͼͨϲ2 řRƪ΄Η

ͼͿ¼ͩͫǇàͲϴ§�˦�ǩ˫Δ§�˦�ǩ˫�ƔΆ?�ΞȗͲͨϲ§�˦�ǩ˫΄Ƨ§�˦�

ǩ˫ΆŕͨǇàȡÿ·ßͰͧͼϴŇȢċ 21řȈ΄RƪVǳͲpΆɾʅ˦�ǩ˫· 30℃ͦΗΉ 35℃R

ƪpΆ 2ř˹VǳpǇàͨ¼ͩͫϲ§�˦�ǩ˫Δ�Ɣ͢ͼϴ��ΗΙϲκϋ΄ͦͣͿRƪŤΆƪǈ·

ͷΆċΆǵɫΆ�ď΄¼ͩͫć̔ͲϴƩǈ̦ͨͣŤŴΆRƪ·ʐÒΞ¼ͩͫͲϲǪ΄WɺȉċΆRƪʐ

Òͨ¼ͩͣͮͨ\şͲϴ 

&M 1: :O4 9<L
'C(G
A
3iCB%+$
g T.�C#�!

�!iCB9)
K �����5H

� �i 



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

 12 

ÑÁÈÀ¿v�yº;�M�Dï�ùĆĊģ)�û¿vú>ôĆd�}MÀ

ǟƆ×�*1)ˊiǾĀƚ 2)ˊ¹õf 1)  

1�ƈŭźƐ��ŪţǡœƉ�ǹ, 2�ƈŭźƐ����ȋŪţǡœƉ�ſƏƉ 

*ǱƠ6ˌkyotoyo@akita-pu.ac.jpˍ 

 

§ǲǈũnΆ˛ʍ΄ ͣřŸ·ǭŨřΕǥó»ͨŲğ΄³iͲͿͦΙϲȣ(ΆǱ®·ǯȺ�ʾΞ

$�ͰͶΚ̦ǈȃǤ̄ÒͨJ¡ȅ΄̙ȂͲͿͣΚϴȂʏɧΘ·WȤŴ΄ͦͣͿϲ̦ǈȃǤ̄ÒɨĘ�ȢΆ 

͞ΊͰͦΓ͟ ̦ͨǈ�ΔG�ģ˗ÿͦΗΉʇŏ˗ÿ̦ͨͫɓĴɑɒͰΛΚͮΞǱ¦ΐ΄şΘͧ΄ͲͿ

ͣΚϴ͞ΊͰͦΓ͟ Ά̦ǈȃǤ̄ÒɨĘ�Ȣ·ǯȺΆ�ʾ$�ʹΝͻȄŶǤȻǰͨŲğ΄$ͣϴW

ȤŴΆ̦ǈ�ΔG�ģƋͧΘΆ�ƪΞɓĴʹΚͮȤΌΆˆƽΞɓĴͲͿͣΚͮͨʗ�ɦͥΘΛΚϴ

ͮΆͮ·̡ƪX��ΞıͤƋɁΆǵɫ̦ͨǈ�ΔɓĴͰΛͿͣΚͮͨĽǉͰΛΚ̦ͨǈŻ��ΆÏ

̃ΆƋɁΆʫɈ΄ͽͣͿΆ�·àͣϴͷͮŸȓȨ·ϲ̦ǈȃǤ̄ÒɨĘȡÿͨǿΚψ�ȢΞ

ǷͣͿϲ̦ǈ΄ÛʹΚƋɁΆǪĘΞúƏǩ&ΆƤ́ƧˉʲƇͲϴ 

+ʩ�ȢͲͿϲ̦ǈȃǤ̄ÒɨĘϹ�Ȣ ϯΊͰͦΓϪȭΑΆɌϪ΄ͮΐΚϪΊɁ 227 �ϰ Ġ�Ęϸ�Ȣ 

ϯ[šϪ̣ΆɴϪββφδΪϰ ΆʣϺ�ȢΞǷͣϴ=ɺVǳċϲ̦ǈp (ř
 35℃/»˹ 30℃) Ûǣp 

ϯ25℃/20℃ϰ ΞʦÎͲϲ�íƩʹ�N΄ͦͣͿ 14ř˹ƪɩƍ«ΞͦͮͼϴͷΆɎƂϲÎƏċ 14řȈΆ

§�˦�ǩ˫ϲɿ�ϲƋ�ǩ˫ͦΗΉƋɁʴĆʾ·ϲ��ȢΔ̦ǈpΆŕͨÛǣpΗΙ̦ͣ7ΞȗͲϴ 

Ǫ΄Ġ�Ę�ȢΆɿ�Ά̦ǈp/ÛǣpΆ7·̦ǈȃǤ̄ÒɨĘ�ȢƧͿŲğ΄̦ͣ7ΞȗͲϴƋ

ɁʴĆʾ΄˺ͲͿ·ϲL ¨:ƋΆȂǵŐͨ��ȢΔ̦ǈVǳ΄ΗΙ³iͲͿͣͨϲ̦ǈȃǤ̄ÒɨĘ�

ȢΆȂǵ³iǰ·ͣ͵ΛΔ̦ͧͼϴ̦ǈ� L ¨:ƋΞ³iͰͶΚͮƋɁΞĲ¼Ͳ�ƪΞɓĴͲͿͣ

ΚĽǉͰΛϴ�ŕϲĠ�Ę�ȢΆ ͞[š͟  ͞ββφδΪ͟ Ά̦ǈVǳ΄ΗΚ L ¨:ƋΆȂǵ³iǰ·

ʆͲͫ$ͧͼϴͲͧͲͮΛΘΆ�Ȣ·̦ǈVǳ΄ΗΙRƋŐΆ³iͨʙΘΛΓϲ̦ǈ΄ÛͲͿ L ¨:Ƌ

·ͫRƋŐΞ³iͰͶƋɁΞĲ¼ͲͿͣΚͮͨȗ�ͰΛϴ 

 

̭

̭

 

À À

S型側根

L型側根

イネ根系のS型・L型側根の
形態的特徴

冠根

& 8�5 KN4�$!2�)�%>GF

���%E4��#DGI <����E

�
5 �

&R�5 KN4�$!2�)�%>GF

���%E4��#DGI(�1E�
�



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

 13 

ÑÁÉÀ1�ėğĵėï Í�ĺÍ�f|û��ĺ�%Pú�ìĆG»À

ȁĐ1ú*1)ˊ¶¸łĹ 1) 

1�Ăľ��Ǫ�ǹ 

*ǱƠ6ˌef200086@meiji.ac.jpˍ 

 

[Ȉȅ] �ˡY̡ƪXȶǳ΄ˀ�ʹΚ°̝̇ȥ·¤µjnΆ�ʗ�͢Ι�ǻȅ�̚͢Κϴ°Xζσ

ϥζ΄ΗΚ(ǩΆǵɫ�ɷ·ϲƋΆŃ>ΕƋªΆƪϗρϨδϝϤ$�΄ΗΚ̡ƪX��˭ΆǇàϲΐ·Ʃ

ÄΆ˷˳΄ΗΚG�ģɮgΆ$�ϲͦΗΉͷΛ΄�̂ʹΚ&NƼĘ˪ɅΆ³i΄ΗΙǵͳΚɈɭΆŃ>

ͨɦͥΘΛΚϴ�ɶ΄ C4Əǩ·ƪXζσϥζ΄ĄͣͰΛϲ°̝̇ȥͨ˛ʍͲ¤µ΄ΔˡĕͲΕʹͣɦͥ

ΘΛΚϴͷͮŸÏ̤·ϲ°Xζσϥζͨ(ǩΆǵɫΕG�ģ΄~Ώʹć̔΄ͽͣͿģ˵ʠſΞʍͣƧˉ

ʹΚͮΞȈȅʹΚϴ 

[ŹŒͦΗΉŕƶ] ΰϘπυ‘ΝͧΑ’ϲϕΣϥϨκΣ‘άϦωζ’ϲΰϚΫ‘ΖͩͻͧΘ’ϲσΣϜϦΰδ‘αϫϤτϢοδ

ϟ’ϲνη‘βοϗϦϙτϣ’Ξ+ʩͲϲşƳ¼Ç̫ìˍ® ϯìêñ̩ǵpϰ ΆÏ̤ǷϊΣζƍ«Ͳϴ2022

ø 12ű 11ř΄ϋϫϙΪϟϢσΞǷͣͿθϤσϥ΄ŇȢͲϲ12ű 29řϲ2023ø 1ű 4řϲ8ř΄ 10.5̭ cm

Άϗϣϗοσ΄ϞδΩϢ«§ΞD±ͲͿ˱�ͭͲϴ«̡ǃ΄ OAT ϊΣζ 1 �ϲ2 �Ξ)ǷͲϲ̌Ʃ�Þÿ 

(EC) ͨ 1.2 mS/cm ΚΗͤ΄ʲőͲϴͮΛ΄ NaClΞiͥͿ ECΞ 5.0ϲ10.0 mS/cm΄Ͳ«̡ǃΞ�ͥ

3Vǳp (��ͷΛΛΞ EC1.2pϲEC5.0pϲEC10.0pʹΚ) Ξʦͬϴ˱�ͭŤͦΗΉ 2023ø 2ű 1

řϲ3ű 1ř΄ʠ&ʲƇ ϯVǳp͢Ι 5Ɖϰ Ξʍͣϲɿ�ϲʅ̑ȥϲŔ̨˫ϲ�ǩ˫ΞʲƇͲϴ Relative 

Growth Rate (RGR)ϲNet Assimilation Rate (NAR)ϲLeaf Area Ratio (LAR) Ά7ΞȵWͲϴ§�˦§�˦

Ά�ǩ˫Άf�͢Κ T/RǰΞȵWͲϴʠ&ʲƇċ΄έϦϫζξϝϨϋϫNCO2ǗÿΆǇàͧΘG�ģ

˗ÿΞǉÎͲϴ 

[ɎƂͦΗΉɦÚ] ɖ�ǩ˫·ΰϘπυϲΰϚΫϲνη΄ͦͣ

Ϳ· EC̦ͨͫΚ΄ͽΛͿ$�ͲͨϲϕΣϥϨκΣσΣϜϦΰ

δ·¼ͩć̔·ΑΘΛͧͼϴΰϘπυϲΰϚΫϲνη·

NaCl ΞǆiʹΚ RGRϲNAR ͨ$�ͲϲLAR ͨ³iͲϴΐ

ϲʅ̑ȥ· EC̦ͨͫΚΎßͰͫͼϴT/Rǰ· EC̦ͨ

ͫΚΎ¼ͩͫΙϲ̦ EC Άć̔·§�˦ΗΙΔ§�˦ΆΎͤ

ͨć̔ͨ¼ͩͧͼϴϕΣϥϨκΣσΣϜϦΰδ· EC10.0 pΆ

RGR ̦ͨͫϲͮΛ· NAR ̦ͨͣͮ΄ˀ�ͲϴΐϲͮΆ®

�ϲG�ģ˗ÿ· EC1.2 p EC5.0ϲ10.0 p�ȡÿ΄ĽȟͲ

ϴͮΆͮͧΘ C4 Əǩ͢ΚσΣϜϦΰδ·°Xζσϥζ�΄ͦ

ͣͿΔ̦ͣG�ģɮgΞɓĴͲϲǵɫ΄ÛʹΚć̔ͨàͣͮ

ͨȗͰΛϴ�ŕϲC3 Əǩ͢ͼͿΔϕΣϥϨκΣ·°Xζσϥζ

΄ĄͣͮͨȎΘΛͿͣΚͨϲσΣϜϦΰδ�Ɣϲ°Xζσϥζ�΄

ͦͣͿΔG�ģɮgͨ$�Ͳ΄ͫͣͮͨşΘͧͼϴ 

  
� 2�
 �����	 

� 1�
 �����	 
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P-8 Changes in native arbuscular mycorrhiza fungus colonisation along 
crop growth stages in upland rice-winter crop rotation with 4 preceding 

land uses 
Pacharo Kamanga1 , Akihiko Kamoshita1 , Ryo Ohtomo2 

Graduate School of Agricultural and Life Sciences, University of Tokyo1, National Agriculture and 

Food Research Organisation2 

akamoshita@g.ecc.u-tokyo.ac.jp 

 

The management of native arbuscular mycorrhizal fungus (AMF) to produce effective communities by 

adopting appropriate soil management practices represent a convenient alternative to AMF inoculants 

and may be economically and ecologically important to cropping systems but there are only few 

examples of studies providing an overview of AMF colonisation in rice roots under upland rice 

ecosystems and there is still no clear picture of how the association may be exploited to benefit crop 

yield directly in fields. The purpose of this study was to evaluate the effects of preceding land 

management practices and crop growth stages on arbuscular mycorrhizal fungus colonisation in upland 

rice-winter crop rotations.  

Four preceding land management practices in the upland field were used during summer 2021, rice 

with inoculant (RI), rice without inoculant (RC), fallow (F), and vinyl mulch (V). Upland rice variety 

(cv Hitachihatamochi) was planted in summer 2022. This was followed by rye and wild oat in winter 

2022/23. The levels of mycorrhization were measured at different growth stages. 

The highest levels of colonisation were observed from anthesis, dough development to maturity stages 

whereas infection rates were lower from seedling, tillering to stem elongation stages. Previous land uses 

had significant effect AMF colonisation with higher colonisation in F than and RI, RC and V. Plant height 

was highest in V (80 cm) and lowest in F (70 cm). The number of copies of DNA of AMF in the roots 

tended to show insignificant but gradual increase from early December to end of February which tended 

to down toward middle of April on average of the 2 species. Tiller numbers per plant tended to be higher 

in V than RC. Rye had more vigorous shoot growth and root properties (i.e., root diameter, root length 

density, root surface area, root dry weight) than wild oat, and but no significant differences in AMF 

infection were found between them according to the copy numbers of DNA.  

The study shows AMF colonization dynamically increased in case of rice from early growth stages 

to anthesis to maturity stages by the microscopic observation while for winter crops, the dynamic changes 

were smaller by the measurement of DNA copy numbers in roots. 
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P-9 Phenotyping short-term growth response of rice root system topology  
through image-based time series analysis 

Via Ann Candelaria MARCELO1), Hiroshi EHARA2) and Mana KANO-NAKATA2)* 

1)Graduate School of Bioagricultural Sciences, Nagoya University,  

2)International Center for Research and Education in Agriculture, Nagoya University, 

*Corresponding author (mnakata@agr.nagoya-u.ac.jp) 

 
Root system topology is associated with the efficiency of water and nutrient uptake, which affects shoot 

development and yield formation. As soil water is rarely constant but continues to change in the field, we created 

a phenotyping system composed of a dual-layered moisture gradient gel, allowing us to simulate the dynamic 

nature of soil. In this study, we compared the growth response of two rice varieties, IR64 (shallow-rooting) and 

Kinandang Patong (KP, deep-rooting), under two treatments, representing moisture gradient stress and control 

conditions. The stress treatment consisted of an upper layer containing 10% polyethylene glycol (PEG) and 1.5% 

gellan gum (GG), while the bottom layer lacked PEG. In contrast, the control treatment composed a single layer 

of GG without PEG. Scanned images were captured at a 24-hour interval over ten days and analyzed using 

SmartRoot (Lobet et al., Plant Physiol. 157: 29-39. 2011) and archiDART (Delort et al., 2018. F1000Res. 7: 22. 

2018). To quantify root dynamics, we categorized roots from zero to second order and identified its root growth 

status (emerging, elongating, and static). Root topological traits (root length, spatial arrangement, and branching 

patterns) were measured. Our results revealed that KP exhibited significantly greater production and length of 1st 

order L-type lateral roots (LR), primarily driven by longer individual 1st-order L-type LR and 2nd-order LR. 

Moreover, KP displayed wider interbranch distances (0.1015 cm) than IR64 (0.0921 cm). These root system 

characteristics led to higher shoot dry weight (0.0101 g) in KP than in IR64 (0.0078 g). The observed increases in 

L-type LR length and number were associated with emerging and elongating roots on day 4, elongating roots from 

days 5 to 7, and the introduction of 2nd-order roots during days 8 and 10 relative to control. In contrast, IR64 

produced thinner and longer zero-order roots, and while there was an increase in 1st-order L-type LR number, it 

had individually shorter 1st and 2nd-order LR, with reduced branching angle to its parent root. Emerging and 

elongating nodal roots from days 6 to 8 contributed to longer zero-order roots. However, these increases hindered 

further growth of L-type LR from days 6 to 7 relative to KP. Overall, these findings suggest that the root system 

of KP is better adapted to moisture gradient stress enabling higher shoot dry matter production. Using a non-

destructive phenotyping system provides a comprehensive insight into rice root growth dynamics and topology 

under water stress conditions. 

 

 

 

À À
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¿¹Ưv*1)ˊ�ŃøȌ 2) 

1�Ăľ����ȋǪ�ſƏƉ, 2�Ăľ��Ǫ�ǹ 

*ǱƠ6ˌcf220227@meiji.ac.jpˍ 

 

(ǩΆȩ˹^Ƿ΄ͦͣͿϲǾȫͿ΄ΗΙȫ&ȅ΄(ǩΆXòΞ·nͰͶϲǾǾ˹ʽǍΆ˩XΕ^ǷΞ

ŰˡnʹΚͮͨĶͭΘΛΚ(Liu et al., 2022)ϴͲͧͲϲǾ˹ǅ(΄ͦͣͿ(ǩΆ¤µȩ˹Ά^ǷΞǳʠʹΚ

Γ΄ϲƋɁXòΞşΘͧ΄ͲȓȨ·ΎΟʙąΘͣϴ�ŕϲώφϤϘϤξΆʐʘ΄ΗͼͿǾNΆ

¤µƪXΞ̦ͫɓĴʹΚͮͨͩΚͨϲǾ˹ΆƪXmġΔ·nʹΚϯÑŸΘ., 2017ϰϴͷΆΓϲǾ˹ǅ(΄

ˡǷͲ®�ϲ	(ǩΆƋɁXò·˖õΆǾ˹ǅ(·ǿΚɦͥΘΛΚϴͷͮŸȓȨ·ϲǾȫͿͦΗ

ΉώφϤϘϤξͨσΣϜϦΰδϪββίǅ(ΆƋɁXò΄~Ώʹć̔ΞşΘͧ΄ʹΚͮΞȈȅͲϴ 

͠ŹŒͦΗΉŕƶ͡ 

̭ şƳ¼ÇǵǸΪϝϨόζt¢®ʩ̤ΞÏŖͲϴ+ʩ�Ȣ·σΣϜϦΰδϯΪϝϨϓϢ 90EXϰϲββί

ϯIT97k-499-35ϰΞǷͣϴʩ̤p·ϲ÷ƏͥpϯF pϰϲǾȫͿpϯR pϰϲǾȫͿϱ̫ϘϤξpϯMR pϰΆ 3

VǳpΞʦͬϴǾȫͿ·toŕ�΄ϓοτö 30cmϲǾö 60cmϲǾ̦ 20cmʍͼϴ2022ø 7ű 2ř΄

ͷΛΛƉ˹ 25cmϲ	(ǩ˹ 75cm ŇȢͲϴR p MR p΄ͦͣͿǾ΄·ββίΞŇȢͲϴŖɪ·

NϼPϼKϾ4:9.3:13.3 g/m²ΞŖǷͲϴ	(ǩΆ�ȦŤ΄ͷΛΛ§�˦�ǩ˫ʅ̑ȥΞǉÎͲϴƋɁʲ

Ƈ·�Vǳp 2 �ďʍͼϴ	(ǩΆƋ£Ξ�Βö 100cmϲǄͰ 20cmϲ¿ʍ 20cm Άȸ�ΞͷΛΛ

10×10×20cm ΆϜωϣζ΄XfͲϴčΘΛ�ϜωϣζͧΘ·Ƌ�ǩ˫ϲƋ˵ϲƋĉ]ΆƋ˵ϲƋ˵×ÿ

ΆƋɁǪĘΞʲƇͲϴƋĉ΄ΗΚX̝· WinRHIZO ΞǷͣͿʍͣϲƋĉͨ 0.2mm ŶǌϯƒɈƋϰϲ0.2mm

Ё0.4mmϯɈƋϰϲ0.4mm ��ϯ¾ͣ:ƋͦΗΉ�ƋϰÎɣͲϴ¤µ&ȥ�ƪǰ·ϲ¤µƪXθϨβϫ

ϯEC-5ϲMETER ȘϰΞ�VǳpΆŻ˹ΆǄͰ 10cmͦΗΉ RpϲMRpΆǾNΆǄͰ 10cmϲ30cm΄ʦɠͲ

ϴ 

͠ɎƂͦΗΉɦÚ͡ 

ǵɫŴ˹
Ά RpMRpΆǾNΆ¤µ&ȥ�ƪǰ·ϲǄͰ΄˺ΝΘ͵MRpΆŕ̦ͨͧͼϴΐϲŻ

˹Ά¤µ&ȥ�ƪǰ· FpϽRpϽMRpΆ̖̦ͫͼϴǾȫͿ΄ΗΙǾ˹Ά˔ƪĘΆ��ΕϘϤξ΄

˃΅ˑͼ˽̋Άǁ˔ͨɦͥΘΛϴƋɁXò·VǳpǿͼͿͣϴFp·σΣϜϦΰδͨɈƋΞ
ē΄

Ƌ˵×ÿΞ³iͰͶϲȈʛΆʞÚͧΘββίŕ�ΌƋΞ.IͰͶΚ?�΄͢ͼϴRp· Fp΄ƧσΣϜϦ

ΰδΆββίŕ�ΌΆƋΆ.I˭·àͧͼϴββί·Ǿ� 30cm Ƌ˵×ÿΞ³iͰͶϴMR p· R

p΄ƧββίΆJͿΆƋĉ]ΆƋ˵ͨ³iͲϴΐϲǾʏ̑ΆƋ˵×ÿ̦ͨͧͼϴσΣϜϦΰδΆ§�

˦�ǩ˫·Vǳp˹Ųğï·ʬΓΘΛͧͼͨϲFpΆ T/RƧ· RpϲMRpƧ$ͧͼϴββί

· FpϽRpϽMRpΆ̖΄§�˦�ǩ˫ͨŲğ΄³iͲϴ 

��ΗΙϲF p·̡ƪXΞǮčʹΚΓ΄σΣϜϦΰδΆββίŕ�ΌΆƋΆ.I˭ͨ³iͲȗ�ͰΛ

ϴΐϲǾȫͿͦΗΉϘϤξ΄ΗΙββίΆƋΆ̡ƪX��ƚɮͨ��ͲϲXƃΆȂǵͨ0˛ͰΛϲʅ̑ȥ

ΞĲ¼ͰͶͮ§�˦�ǩ˫ͨ³iͲɦͥΘΛϴ 

͠ʶˌ͡ŸȓȨ·ϲˍƑǵǩʽǍεϫϨϋϨάΗΙȢÃXʷΞ�ͬͿÏŖͰΛϴ 
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Ɯ�Ë*1)ˊĎ.Ž% 1)ˊ��A 1)ˊ�đłĽ 2)ˊŢŭŸī 1)  

1�,º����ȋƨhŧ»�ſƏƉ, 2�,º����ȋƨhXŧ»�ſƏƉ 

*ǱƠ6ˌsyk.hosoi13@gmail.comˍ 

 

¤µͧΘ̡ƪXΞ��Ͳˋ˓ʹΚƙŵɈƋΆºͫ·ϲÜ�ͨȏͫϲȏŴ˹ƄƠͲ¤µΌ+ɏͰΛΚϴ�

ŕϲɈƋΆƚɮ΄˺ʹΚěΆºͫ·¤µʏåΆɈƋΞÛʹͲͿͦΙϲǄ˦Ά¤µ΄XòʹΚɈƋͨ�ͳ

ƚɮΞȂłʹΚͧ·Ŷʠş͢ΚϴŸȓȨ·ϲɈƋÜ�ΆĵƖΚƋʠbǪĘΆzǵŵ˦ (PX) ΆŐ

΄ȍȈͲϲ¤µǄÿ΄ ͤɈƋÜ�ΆǪĒ·nΞʨ-ͲϴͰΘ΄ϲ��Ϫˋ˓ƚɮ΄˺˙ʹΚȇåϪ
ēƆ

ΆʠbǉÎ΄ΗΙϲɈƋƚɮΆ¤µǄÿ΄ ͤ·nɈƋÜ�Ά˺/ΞʠşʹΚͮΞȈȅͲϴ 

ŸȓȨΆʲƇ·ϲ2022 ø¸Æ΄ĨɷƱçǑɥƀ΄ͿʍΝΛϴÛʹƙȢ·ϲζΫύωΪϲK΄˯ʅƙ

ΆNǵʁƋȢͣͤǪĒΞĴͽϴ�3&Άː;΄Ǆÿ 100ϭΆ¤µœ̑Ξ(ģͲϲ¤µ 0-20 cm (ʏå)ϲ20-

50 cm (
å)ϲ50-100 cm (Ǆå) Ά�åͧΘɈƋɁΞĺ�ͲƺƾͲϴŸȓȨ·ϲFȬΞ϶ƛƋʹΚXè

ƛŐ́Ʉ΄ͦͣͿ 3ƛƋ��ΆƋɁΞÛʹͲϲÏ&̜đ˴�΄Ϳ 1ƛƋϲ2ƛƋϲ3ƛƋΆƘœ̑Ξ(ģ

Ͳϴƛ΄ʌG̜đ˴ΞǷͣͿ3ƋΆƘœ̑΄ͦͬΚ PX ŐΞʞÚͲ (Ȯ 1 �)ϲ�¤µå΄ͦͣͿϲʞÚͲ

Ƙœ̑Ő΄ͦͬΚ� PXŐΆƋΆf�ΞȵWͲϴΐϲňćͲƘœ̑ǺAͧΘϲ1ϲ2ƛƋ΄ͦͬΚƋȉ

ĉϲ
ēƆȉĉϲȇåöΞǉÎͲϴ 

ɎƂϲ¤µǄÿ΄ÛʹΚʠbǪĘΆĕȲ·ζΫύωΪǿͼͿͣϴζΫ΄ͦͣͿ·ϲ¤µǄÿ΄Ûʹ

Κ PXŐΆf�·n·ǵͳͧͼϴ�ŕϲύωΪ 1-3ƛƋ΄ͦͣͿϲ¤µʏåͧΘǄå΄ͧͬͿ 2z¨Άf

�ͨǇàͲ 4z¨ͨ³iͲϴ2z¨΄Ƨ 4z¨ΆɈƋ·�ƛģ˵Ό˟ʹΚɈƋͨºͣͮͨȎΘΛͿͣ

Κϴ�ƛģ˵·ɈƋΆǩǳȅζσϥζɨĘΞ̦ΓΚΓϲ�ƛģ˵ʹΚɈƋ·˵Ü�͢ΚϴͲͨͼͿϲ¤

µǄå΄ͧͬͿζΫɈƋ·Ü�Ξ·nͰͶ͵ϲύωΪɈƋ·Ü�Ξ˵ͫͲͿͣΚɦͥΘΛΚϴΐϲ	ƙȢ


ēƆȉĉ·¤µǄå΄ͧͬͿɪ¼ͲͮͧΘϲˇˋ˓ƚɮΆ��ͨȗ�ͰΛϴͰΘ΄ϲPX ŐΆºͣɈ

ƋΎ
ēƆȉĉ·¼ͩͫϲǪ΄ύωΪ΄ƧζΫ΄ͦͣͿΗΙ̜ʆ͢ͼϴͮΆɎƂͧΘϲ¤µǄÿ΄ƴͼ

Ϳˇˋ˓ƚɮΞ��ͰͶΚĨƤ·ϲζΫύωΪǿΚɦͥΘΛΚϴͽΐΙϲζΫ· PXŐΆf�Ξ̜ʆ΄·

nͰͶ͵ϲ� PX Ő΄ΗΚ
ēƆȉĉΆ³iǰΞ̦ΓΚͮˇˋ˓ƚɮΞ��ͰͶΚ�ŕϲύωΪ·ϲ� PX

Ő΄ΗΚ
ēƆȉĉΆ³iǰ·$ͣͨϲPXŐf�Ξ̜ʆ΄·nͰͶϲˇˋ˓ƚɮΞ��ͰͶΚɦͥΘΛΚϴ

ŸȓȨΆɎƂ·ϲɈƋÜ�Ά¤µǄÿĕȲͨζΫύωΪǿΚK΄ϲ¤µǄå΄ͦͬΚɈƋΆˇˋ˓

ƚɮΆ��·ϲPXŐΆf�� PXŐΆ
ēƆȉĉΆ·nΆ 2όμϫϨ΄ΗͼͿǵͳͿͣΚȗ�ʹΚϴ 

 

 

 

 

� 1 
 ,+*��%���%����.A &,+*�����%���.B &���)�#.� 1 
 B �%��&
	���)�#.	����$"-2 	�-3 	�-4 	�-5 	�$��!('. 

A B 
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įŭƴ 1)ˊǤăƺǨ 1)ˊĽhư 1,2)ˊťȘƮĂ*3)  

1ˍ kd±����ȋŪqǪ�ſƏƉ, 2�ǪħˊȗrūħåǉƨhſƏĭĩ$ţſƏǹȄ,  

3�kd±��Ǫ�{ȍôƵſƏʤˉʦˋ 

*ǱƠ6ˌinukaiy@agr.nagoya-u.ac.jpˍ 

 

͠ɬŦȈȅ͡ 

ψțƏǩΆ:Ƌ΄·ϲĆġȅ΄¼ͩͫǿΚ 2Ȣ̝Ά:ƋϯɈͫȏͣ S¨:Ƌϲ¾ͫ˵ͣ L¨:Ƌϰͨ

Å¦ʹΚϴ¤µΆ�ǧͨ˛ʍʹΚ̃΄·ϲɨĘɁɐ· L¨:ƋΆȂǵΞʆͲͫ0ͲͿƋªΞĲ¼ʹΚͮ

ƪ��˭Ά$�Ξ˻ͪϲ§�˦ǵɫΆɓĴΞ�Κϴɳ�Ǆͣͮ΄ϲS¨:Ƌz¬ΆȂǵͨ˕
ΐ˛Οͺ

ċ΄ͷΆː;΄ͿʝƋΞY˿ʹΚϲȂǵ˜�Ά·ʲͨǵͳͿ L¨:Ƌz¬ΌXnʹΚϯKawai et al., 

Plant Root, 2017ϰϴͷͮŸȓȨ·ϲKǡǞϥϫγϫ̜đ˴ΞǷͣͿϲXʑƼĘΕΧϫΪδϨ2��˟Ά

�ʛnϲL¨:ƋĆģΞ0ʹ OsWOX10ϯKawai et al., PNAS, 2022ϰΕɋɞǪǿȅȂǱĘΞȗʹϘϫΨϫ

ˣ�ÃɢΞ^ǷʹΚͮϲ:Ƌz¬ȂǵόμϫϨΆ·ʲƚƓΞʠſͲϴͰΘ΄ϲS¨ϪL¨	:Ƌz¬΄

ͦͬΚˣ�ÃɔɡȅȂǱʠſΞʍͣϲL¨:ƋĆģΞ0ʹ OsWOX10Ά�ƽˣ�ÃΆĻɆΞʩΑϴ 

 

͠ŹŒŕƶ͡ 

ΧϫΪδϨĕȲĘ�íϒϦϜϫμϫ͢Κ DR5ϲͦΗΉɋɞǪǿȅ΄ȂǱʹΚˣ�ÃΕ OsWOX10ϒϦϜ

ϫμϫ�ƽ΄ʌGμϨόάʾΞɝͭΰϨζσϢάσΞˬǵ¨ψ�Ȣϯ�
 65 �ϰ΄ÞIͲĆʾˆŀ&Ξ

(WͲϲ:Ƌz¬ΆȂǵ˜�·ʲŤ΄ͦͬΚȂǱ·mĘΞʞÚͲϴ�Ɣ΄ϲEdU ƅɸ΄ΗΙz¬·ʲŤ΄

ͦͬΚɈɭXʑΆĶm·nΞʞÚͲϴiͥͿϲLMDƶΞǷͣͿ�
 65�Ά S¨ϪL¨	:Ƌz¬ΞβϨ

ϒϣϨέͲϲσϢϨζάϣϒσϫϚʠſΞʍͤͮϲ	:Ƌz¬˹ȂǱ·mʹΚˣ�ÃΞˢĮͲϴ 

 

͠ɎƂɦÚ͡ 

S ¨ͧΘ L ¨Ό:Ƌz¬ΆȂǵόμϫϨΞ·ʲͰͶ̃΄·ϲΐ͵z¬J&ΆɈɭXʑͨ�Ś8Ɯ

ʹΚΔ΄ϲΧϫΪδϨδέυϤΕΧϫΪδϨĕȲĘ͢Κ OsWOX10 ΆȂǱͨz¬¬˦:0ͰΛΚͮ

ͨ\şͲϴͷΆċϲ�΄NȇɈɭå΄ͿȂǱʹΚ OsSCR ΆȂǱĄÿϲͦΗΉƋR̘ªȂǱʹΚ

OsNAC7 ΆȂǱ̘ªͨͷΛΛ·nͲϲͮΛΘΆ˝ȡΞɍċ΄ɈɭXʑͨPƼĘnͰΛϲŰɊȅ΄ L ¨

:Ƌz¬ͨËģʹΚͮͨşΘͧͼϴČͼͿϲ:Ƌz¬ΆȂǵ˜�·ʲ·ϲŘ΄˛ʍ
ΆȂǵϒϦέϢ

ϚΞ�Ś8ƜͰͶΚΔ΄ϲΗΙ[ŴǫġΌĦͲͿͧΘ L ¨nʭÞϒϦέϢϚΌŭͩŀͥΚͮ΄ΗΙ0Ͱ

ΛΚɦͥΘΛΚϴ 

iͥͿϲ	:Ƌz¬˹΄ͦͬΚσϢϨζάϣϒσϫϚʠſ΄ΗΙϲL¨nΞ0ʹ6ʓͲͿ 233Άˣ�Ãͨˢ

ĮͰΛϴͮΛΘΆ
΄·ȂǵϑϦέϢϚΆ[Ŵn΄˺ΝΚˆQ�ÃΕXʑόμϫϨΆ_ĎΞ˖ͲͿ�ÌΆ

Ćġ·nΞÞͫϕϤϜϨ˺˙ˣ�Ãͨ�ΐΛͿͦΙϲɍŤȅȂǱʠſɎƂ͢ΝͶ OsWOX10�ƽ6ʓˣ

�Ã͢Κ�ɮĘͨȗ�ͰΛϴ 

À À
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��8�*��ˊ¶¸łĹ 

��Ăľ��Ǫ�ǹ 

*ǱƠ6ˌef220147@meiji.ac.jpˍ 

 

[Ȉȅ] 

°Xζσϥζ·(ǩΆǵɫ΄¼ͩć̔Ξ~ΏʹͮͨȎΘΛͿͣΚϴͲͧͲϲ°XζσϥζΆć̔ΞǵɫƤ́

]΄ʨ-ͲȓȨ·àͣϴŸȓȨ·,̭ ǿΚ°Xζσϥζ�ƍ«ͲΰϘπυΆǵɫΞģ˵ʠſΆĨƶ

ǵɫƤ́΄XͬͿʲ,ǵɫ˕
°XζσϥζΆĄÿΞ·ŬͲ®�ϲ°XζσϥζŻ�Ά·nϯæƟϰͨ

ǵɫ΄~Ώʹć̔Ξʲ. 

[ŹŒͦΗΉŕƶ] 

2023/4/16΄ϋϫϙΪϟϢσΞD±Ͳ 128ȧθϤσϥ΄ΰϘπυ�Ȣ‘ΕΝΘͧßžʂ’ΆȢÃΞ�ȧ͢Ι

�Ȼ͵ͽŇȢͲ.°XζσϥζΆǿΚ 3VǳΞʦÎͲϲͷΛΛθϤσϥΞ 1Ɓ͵ͽfΙąͿϴ °Xζ

σϥζ·ý̑ͧΘ+ɏʹΚ«̡ǃ΄ NaCl ΞǆiͲͿʦÎͲ.«̡ǃ· OAT1�ϲ2�ϯOATϰΞǷͣϲEC1.2

ЀS/m΄ʲőͲϴͮΛ΄NaClΞǆiͲͿ EC10.0dS/mͲ«̡ǃΞ�ͥpΞ EC10.0pͲϴΐϲ Ȃ

ɺċͧΘ 4/30ΐ EC1.2p�ƔȶǳΞʍͣϲ 5/1�˽ϲNaClΞǆiͲ EC10.0pΆ«̡ǃȶǳͲ

pΞʦÎͲϲEC1.2→10.0pͲϴȂɺċͧΘÏ̤ɊΐNaClΞǆiͲͣ«̡ǃƍ«ͲpΞEC1.2

pͲϴȂɺċ·θϤσϥΆ�̑ͧΘζϘϫσϐΦϨΆΨϛϢθϤσϥ�ΆΰϘπυɻΞňćͲϲ 

canopeo(https://canopeoapp.com)Ξ^ǷͲͿʐʘǰΞƭΓ 4/30ϯŇȢċͧΘΆȥȵƩǈɂ 300℃Ϫřϰϲ

5/5ϯ�ϲ400℃Ϫřϰ΄�p 53&ΞĮͩ�Ιϲ§�˦ϲ§�˦Ά�ǩ˫ϲʅ̑ȥΞʲƇͲϴʅ̑ȥ· ImageJ

ϯhttps://imagej.nih.gov/ijϰΞǷͣͿʣǉͲ. čΘΛςϫμͧΘ RGR,NAR,LAI,SLAϲT/RǰΞƭΓϴ  

[ɎƂɦÚ] 

�VǳpΆʐʘǰΞαϨϔϤπūə(y=kb^exp(-cx);y:ʐʘǰ,k,b,c:ÎŐ,x:ȥȵƩǈ)ː"ͲϲͮΆ˺ŐΞ

đXͲ(Ȯ 1�)ϴȥȵƩǈ 130℃Ϫřΐ·ʐʘǰΆ³iȡÿ·

Vǳp˹΄ï·ͧͼͨϲͷΆċϲEC10 pėǖ΄$�Ͳϴ

EC1.2→10.0 p EC1.2 p·ʐʘǰΆ³iǰ΄·¼ͩï·ΑΘ

ΛͧͼϴRGR· EC1.2p̦ͫϲEC10.0$ͧͼϴRGRΆˠ

ͣ· NARΆï͢ΙϲLAR΄·ïͨΑΘΛͧͼϴT/Rǰ·°X

ζσϥζ΄ΗͼͿ¼ͩͫ³iͲϲ§�˦ΗΙΔ§�˦Άǵɫ·ć̔Ξ�

ͬΕʹͣͮͨȗͰΛϴ�ŕϲƍ«Ά˕
ͧΘ°XζσϥζΞͧͬ

� 1�� ������	%��'"#�
	�������&� �������

Gompertz� �$�( 

��� ����6 ����6 ����6 ����6 ����6 ����6 ����6 ����6 ����6 ����6

/.��� ����� ���(� �	�� ��� ���) ����� ���	� ����� ��(	 ����
/.���9���� ����� ����� �	�� (�� ���) ����� ���	� ���	� ��(	 ��(�
/.���� ����� ����� )�� )�) ��� ����� ����
 ����	 (��� 
�	�

303�7�7�6� 2-3�7�8��6� 1-3�8��7� 41-�8��7� 5�3

� 1!������	%��'RGR,NAR,LAR'SLA 
 T/R�����& 
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EC1.2→10.0p·ϲEC·Ŭċ΄ NARͨ$�ͲϲRGRͨ$�Ͳ.̭ ͲͧͲ SLA΄·n·ʙΘΛ͵,ͮΆͮͨ

ʐʘǰΆ³iǰͨ$�Ͳͧͼʗ�ɦͥΘΛΚ.°XζσϥζΆ·n· NAR Ά·nΞ˖ͲͿȏŴ˹

RGR ΄�ŢͰΛ.�ŕ,SLA ··nͲ΄ͫͫ,ͷΆɎƂͲͿʐʘǰΆ·nͨʙΘΛͧͼ.��ΗΙ,G�ģ

˗ÿ·°Xζσϥζ·nΆć̔Ξ�ͬΕʹͣͨĆġȅģ˵όμϫϨ·ć̔Ξ�ͬ΄ͫͣͮͨȗͰΛ. 

À À
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ÑÁÃÆÀo�d�û�²ørMúü,3V ©^ăąĂe.~2ïG»ôĆÀ

ÏǆŻv�ˊHǼƼˊļ	�Ń¢ˊMǆɻɷɰˊȉǞ,� 

�ǽ��Ūţǡœ�ǹ 

*ǱƠ6ˌ520117@m.mie-u.ac.jpˍ 

Ȣ

͠·ͳΓ΄͡ɽ¤ȑǛιΧϢσ·, ͷΛΛ¤µΆ˪ÿΞȐƝͲ, °¬1ĴɮgΞ̦ΓΚ. ΐ	ʽŹΔ

°¬+ɏɮΞĴͽ. 	ʽŹ·�ͫͧΘ¤µōɷʽŹͲͿɩ§ΌĭIͰΛͿͩͨ, ːø, ƋΆȂ˟ΕƼĘ

Ά��ΞŴĊͲͿˍÓͨȥƒȅ΄ƪǸ΄ĭIʹΚmͩͨΑΘΛΚ. ƪȣƋɁΆȂ˟ΕƼĘ·ƍ«ʹΚ¤µ

Ǵ²΄¼ͩͫć̔Ξ�ͬΚ. ͷͮŸȓȨ·, ƪȣƋɁΆȂ˟ƼĘ΄ͦͣͿ·, ɽ¤ȑǛΕιΧϢσΗ

ΙΔƍ«Ǵ²Άć̔Άŕͨ¼ͩͣͣͤ�ʯΞƐʧʹΚ.  

͠ŹŒŕƶ͡�˨þ�ʶˬǹ΄ͦͣͿ, §gƪȶǳͨǿΚ A §p B §pΆͷΛΛͧΘ 3 ¢®Ξ

İWͲ, ɽ¤ȑǛp (180 kg 10a-1), ιΧϢσp (180kg 10a-1), ǠVǳpͲ. 2022ø 3ű΄, Ⱥȿ, ͦ

ͧΘ, ̧͢ΘΞzŒʹΚŲƚɪŒ΄iͥ, �ʽŹΞĭIͲ, 5 ű΄ΰδύΨϣΞȟƏͲ. úȤĆģŴWȤ

Ŵ΄, Ƌ˫, §�˦�ǩ˫, Wǃ˗ÿΞǉÎͲ, ģǤŴ΄·�˭ΞǉÎͲ. 

͠ɎƂɦÚ͡A §p·, úȤĆģŴWȤŴΆƋ˫, u#Ƌ˫͢ΙΆWǃ˗ÿ, §�˦�ǩ˫, ģǤ

ŴΆ�˭΄�Vǳp˹Ųğï·ͧͼ. B §pΆúȤĆģŴ·, ǠVǳp΄ƧͿ	ʽŹpƋ

˫ͨ$ͫ, ιΧϢσp§�˦�ǩ˫ͨ$ͧͼͨ, WȤŴģǤŴΆͣ͵ΛΆ·Ő΄ͦͣͿΔ, Vǳp

˹Ųğï·ͧͼ. ͮΛΘΆɎƂ·, 	ʽŹͨ B §pΆΗͤƍ«Ǵ²ΆúȤĆģŴΞ˿ͣͿƋɁΆ

Ȃ˟ΕƼĘ΄ŲğlƂΞ�ͥͣͮΞȗͲͿͣΚ. �ŕ, úȤĆģŴWȤŴΆͣ͵Λ΄ͦͣͿΔ, Ƌ

˫· A §pΗΙΔ B §p¼ͩͫ, u#Ƌ˫͢ΙWǃ˗ÿ· A§pΗΙΔ B§pßͰͧͼ. §�˦�

ǩ˫·úȤĆģŴA §pΗΙΔ B §p¼ͩͧͼΔΆΆ, WȤŴ·§p˹ŲğïͨͫΙ, �˭

Δ§p˹Ųğïͨͧͼ. ��ͧΘ, 	ʽŹΗΙΔƍ«Ǵ²ΆŕͨƪȣƋɁΆȂ˟ƼĘ΄�ͥΚć̔

·¼ͩͣͮͨşΘͧ΄ͼ. ŸȓȨ·ϲƍ«Ǵ²΄ΗΙƪȣƋɁΆƓ˘ƚɮͨ·nʹΚͮ,̭ §�˦

ǵɫͨ�Î΄ɓĴͰΛͿͣΚ�ɮĘΞȗ�Ͳ.  

� 1 �  

͠ʶˌ͡ŸʲƇ΄ͦͣͿ·�ʶˬǹNΆǵǶɧΆȆƔĈ®ΆȆƔ΄º¼ΚͯsgΞͣ̕. ̭

À À

���

�,

(g m-2)

���,37<:
��*�

 (g g-1 h-1)

�+� ,

(g m-2)
�,

(g m-2)

���,37<:
��*�

 (g g-1 h-1)

�+� ,

(g m-2)
	-

(kg 10a-1)

��! 42 ± 2.2 b 1.6 ± 0.44 a 124 ± 4 b 79 ± 5.9 bcd 1.0 ± 0.29 a 509 ± 33 n.s. 588 ± 37 n.s.

'�#� 40 ± 1.9 b 1.2 ± 0.17 ab 110 ± 13 b 72 ±  3.6 cd 0.8 ± 0.15 ab 493 ± 33 n.s. 576 ± 20 n.s.

A@C?B 47 ± 3.2  b 1.0 ± 0.12 abc 118 ± 11 b 69 ± 2.4 d 0.7 ± 0.06 ab 446 ± 22 n.s. 708 ± 59 n.s.

��! 119 ± 17.5 a 0.3 ± 0.09 c 173 ± 11 a 119 ± 7.5 a 0.2 ± 0.06 b 528 ± 31 n.s. 516 ± 47 n.s.

'�#� 66 ± 3.4   b 0.3 ± 0.04 bc 135 ± 9 ab 105 ± 5.6 ab 0.3 ± 0.10 ab 510 ± 22 n.s. 595 ± 33 n.s.

A@C?B 72 ± 9.4   b 0.4 ± 0.03 bc 108 ± 5  b 103 ± 9.2 abc 0.3 ± 0.07 ab 563 ± 42 n.s. 623 ± 21 n.s.
* ��;0/���1��(�2"&
;�!�.8���43=59>$6

A

B

� )�

�%��� �%�
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ÑÁÃÇÀ.½sû��pïēĬĜĠû��ødûFOú"ÿôG»À

ŗŭ%ƍ*1)ˊ	ǾĂı 2)ˊŉȇıf 2)ˊ�ǥǏ 3) 

1�Yǃ����ȋ�ƽ�ſƏƉ, 2�Yǃ����ȋ�ƽ�ſƏȋ, 3�Yǃ��ũ�1Äʷʑˋˆʭ

Ɖ�ʤˉʦˋ 

ˌaypa2423@chiba-u.jpˍ 

 

̭ �̎ɩΆ�Ȣ͢ΚτϢϐΦέΥΠϦϗφοάζϯͣͬͤͻϯƉϰϰΆϥμζƍ«ϲȂ˟Ͳ:ƋƋƨͨ

ʛʜȅ΄ʞÚͰΛϯHikosaka ΘϲEnviron. Control Biol.ϲ2015ϰͨϲͷΆĆġȅ·n˭Ξ�ΆƪɩƶƧˉͲ

ͿÎ˭ȅ΄ʨ-Ͳ�·ͣϴͷͮϲΰϘπυΞ DFTϲNFTϲ�̎ɩƍ«ͲͿƧˉͲϲ«̡ǃΆ+ɏƶ

ͨΰϘπυΆǵɫƋΆĆġ΄~Ώʹć̔ΞʲƇͲϴͦϲ�̎ɩ΄·ϲ«̡ǃΞΗΙđɈ΄ͲͿ�ͥΚδ

ζρϚϯ��ϲɈ̎ɩϰΞǷͣϴ 

̭ §�˦ΆŔ̨˫·Ɉ̎ɩßͰͫΙϲT/R Ƨͨ$�ͲϴƏǩ&Ά�ǩǰ·Ɉ̎ɩ¼ͩͫͼϴƋȬ

Ő·Ɉ̎ɩºͫϲDFT àͧͼϴƋΞ̜đ˴ʞÚͲͮΜϲDFT ·Ƌƨͨ͢ΐΙȂ˟ͲͿͦΘ͵ϲ

NFTϲɈ̎ɩȂ˟ͲͿͣͮͧΘϲNFTɈ̎ɩƋΞΗΙʫɈ΄ƧˉͲϴ:Ƌ˵·Ɉ̎ɩͨ˵ͫϲĽÎ

ƋƨŐͨɈ̎ɩ¼ͩͫͼϴ˵Ͱ]ΆƋƨŐΞƧˉʹΚϲ�ƛ:Ƌ 0�0.1 mm  0.2�0.3 mm ΆƋ

ƨŐͨɈ̎ɩºͫϲΐ 1.4 mm ��ΆƋƨ·Ɉ̎ɩΆΑʬΓΘΛϴΗͼͿϲɈ̎ɩ·Ƨˉȅ˵ͣ

ƋƨΞΔͻϲ�ƛ:Ƌ·ºŐΆȏͣƋƨΞĴͽͮͨşΘͧͼϴ��ΆɎƂΗΙϲ«̡ǃΆ+ɏƶ·

ΰϘπυΆǵɫƋΆĆġΞ·nͰͶϲɈ̎ɩ·:ƋΕƋƨͨȂ˟ʹΚͮͨÎ˭ȅ΄şΘͧͼϴ 

 
À

À À
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Ȁ*Ǩ*1�ˊǟƆ×� 2�ˊ¹õf 2� 

1�ƈŭźƐ����ȋŪţǡœƉ�ſƏƉ, 2�ƈŭźƐ��ŪţǡœƉ�ǹ 

*ǱƠ6: M25G013@akita-pu.ac.jp 

 

�ɶ΄ϲƏǩΆƍ«·Ƌ΄GΞąͿΚͮͫʍΝΛΚϴͷΆΓϲ§�˦ΆGĄÿΕǿΚƷ˵ǣÝ

ͨƏǩΆǵ˵ΕģX΄�ͥΚć̔΄ͽͣͿ·şΘͧ΄ͰΛͽͽ͢ΚͨϲƋΌΆƷ˵ǣÝΆć̔΄ͽͣͿ·

ͮΛΐΎΟşΘͧ΄ͼͿͣͣϴŸȓȨ·ϲɇ¹G (397 nm)ϲ̏ (464 nm)ϲɗ (506 nm)ϲ̪ (506 

nmϲ633 nm)ϲʿ (633 nm)ϲːʿɸG (730 nm)ϲʿ¹G (850 nm)ϲʿ¹G (940 nm)Ά 8ͽΆƷ˵ΞƋ΄ǣ

ÝͲΰϘπυΞƪɩƍ«ͲϲǵɫͦΗΉΧϨϲώμϙϨ�Ų˭΄�ͥΚć̔΄ͽͣͿƐʤͲ (Ȯ 1 �)ϴƋ

Άǵɫ΄ͽͣͿϲGΞąͿͣVǳp (Ûǣp) ƧˉͲͿϲƋ�ǩ˫·ʿ¹G 850 nm ǣÝpŲğ³

iͨʬΓΘΛ (108Ϯ) (Ȯ2�)ϴƋΆώμϙϨC�Ų˭·̏ɸGǣÝpŲğ³iͨʬΓΘΛ (233Ϯ)ϲ

ɇ¹GǣÝpːʿɸGǣÝp·³i?�ͨʙΘΛ (196Ϯϲ207Ϯ) (Ȯ 3 �)ϴ §�˦Άǵɫ΄ͽͣ

Ϳϲ§�˦Ŕ̨˫·ʹͿΆVǳpŲğï·ʬΓΘΛͧͼϴ§�˦ΆώμϙϨ K1 �Ų˭·ϲ̏ɸ

GϲɗɸGϲːʿɸGǣÝpŲğǇàͨʬΓΘΛ (65Ϯϲ62Ϯϲ63Ϯ) (Ȯ 4�)ϴŸȓȨ΄ΗΙƋΌΆ

ǪÎƷ˵ΆǣÝ·Ƌ§�˦Άǵ�ģǶǩ΄ć̔Ξ~ΏʹͮͨşΘͧͼϴͽΐΙϲƏǩΆƋ΄·G

�Ô΄ΗΙ§�˦ΌδέυϤ�˟ͨͰΛΚϛΨφηϚͨÅ¦ʹΚ�ɮĘͨȗ�ͰΛϴ 

 

 

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

����
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������ ��	� �� ��
� ���
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*���: M25G013@akita-pu.ac.jp 
�

�Hp�/8q.�r-p��$k~cmobJ��~�gqhy���Slq�#!z=o~4V7�

a/8q;Vz(	p�^~%Xpj]kr*|`pd�jj\~a�-tq4V7�q%Xpj]kr

c�xlvm�n*|`poik]o]�,>@lr�B�� (397 nm)�W (464 nm)�C (506 nm)�Z (506 

nm�633 nm)�O (633 nm)�QOI� (730 nm)�O�� (850 nm)�O�� (940 nm)q 8jq4V�-p7

�e�����3E.�e�;F_{s���������+Up�^~%Xpj]k0Meh (A 1 �)�-

q;Fpj]k���$ko]�:� (�7�) m2Pek�-�8TrO�� 850 nm7��l+'o�


aNy|�h (108�) (A2�)�-q����C�+UrWI�7��l+'o�
aNy|� (233�)�

B��7��mQOI�7��lr�
��aL|�h (196��207�) (A 3 �)� ��Sq;Fpj]

k���S)YTrfukq�:�l+'o rNy|�o`ih���Sq����K1�+Ur�WI��

CI��QOI�7��l+'o5�aNy|�h (65��62��63�) (A 4�)�,>@p{}-tq9�

4Vq7�r-m��Sq;�(<8p%X��wfcma*|`moih�jx}�/8q-pr��

p{}��St�����Rad�~�����a��f~�G&a?�d�h� 

 

A 1�[ .�KDq1"� 

 
A2�[ -�tq=o~4V7�p{~-�8Tt

�^~%X�*r�7�m2Pek 5�36l+'

 a\~cm�?f� 

 
A 3�[ -�tq=o~4V7�p{~-q���

� C�+Ut�^~%X�*r�7�m2Pek

5�36l+' a\~cm�?f�

 
A 4�[ -�tq=o~4V7�p{~��Sq�

��� K1�+Ut�^~%X�*r�7�m2Pe

k 5�36l+' a\~cm�?f� 
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ÐÁÄÀĦĦĊĈû�<Mú"ÿô-�³�vûG»À

"�Š���ˊ	ĔQ���ˊȊƹ��ˊ¶ȡŸ���� 

1�Ăľ����ȋǪ�ſƏƉ (�Ɔ·��ȗǪ�Ȗ) , 2�Ăľ��Ǫ�ǹ 

*ǱƠ6 (akira-s0709@hotmail.co.jpˍ  

 

ɘʢ 

�ɶ΄ϲǥóƂƙ·ɨÙĘ΄jΚͮͧΘϲǈó§ª·SÆ΄iǈͲŖʦNƍ«ʹΚĔʗͨ͢Κϴ

$ǈ΄ΗΚƙ&Ά̄Ò·UÒÙ̞Ò΄XͬΚͮͨͩΚͨϲ	ɧK΄ƪXǵǳ˺/ͨ͢ΚϴUÒ·˝ÿ

Tx΄ΗΚɋɞΆUɎͨz�ϲɈɭʾΆ�ǏĘ Ćǩ�˭Άć̔Ξ�ͬΚϴ�ŕϲÙ̞Ò·ǈÿΆ$

�΄ ͤȩƩΆ�ǧ΄ΗΙʅΆʇȂŏͨ0˛ͰΛϲƒȬɯƪΆɎƂͲͿʄʅʹΚϴÙ̞ÒΞˈǇʹΚ

Γ΄·ϲƋΆ�ƪΞɓĴʹΚͮͨŲlɦͥΘΛΚͨϲUÒΆ�ˤ΄·Əǩ&ǈΞƫǞ��΄ɓĴʹΚĔ

ʗͨ͢Κϴƪ·ƧǥϯǥÔ˭ϰͨ¼ͩͣΓϲǈƪ·Əǩ&ǈΞɓĴʹΚlƂΔŴĊͩΚϴͷͮϲŸȓȨ

·SÆ΄§�˦ΞiǈʹΚͮƋΆ�ƪΞɓĴͲϲόόΠΆÙÒˈǇΆ�ɮĘ΄ͽͣͿƐʤͲϴ 

ŹŒͦΗΉŕƶ 

̭ ŸÏ̤·ϲşƳ¼ÇΆǠiǈÏ̤ǈÐ 2015ø�2018ø΄ʍͼϴ40 LΆ�ɞòϗοσ΄ƏƍͲ 4ø

ǵΆόόΠ‘ϓφρϨέ’ΞÏ̤΄+Ͳϴ§�˦iǈVǳ· 2017ø 11ű 2řͧΘ 2018ø 1ű 12řΐ

ʍͣϲ�ɞòϗοσ΄ðͩͽͬϢϨύϫμϫ§�˦ΆΑΞiǈͲϴVǳp·ϲ§ǈͨ 20℃Ξ��ͼ

̃΄õŤiǈʹΚ͞iǈp͟ϲţ˹ (8ŤͧΘ 20Ť) · 20℃ΞɓĴͲϲ»˹ (20ŤЁɤ 8Ť) ·iǈͲͣ

͞·ǈpͦ͟ΗΉ§ǈ_ĎΞʍΝͣ͞Ûǣp͟Ξʦͬϲ� 4ƙ+ʩͲϴVǳŴ˹
ϲɨÙĘʨ-ΆĵƖͲ

ͿƪXζσϥζʏȗδϫσΞǷͣʇŏǪĘΆʨ-ϲʅ˄ΆƪϗρϨδϝϤϲǁ˔ϗρϨδϝϤͦΗΉ�ǏĘ

Ⱦ�˭ΞÎŴȅ΄ǉÎͲϴΐϲ2015ø·§�˦iǈƏǩ&ǈΆ˺/΄ͽͣͿʲƇΞʍͼϴ 

ɎƂͦΗΉɦÚ 

̭ Ûǣp·ϲ11ű�ŝ�˽ϲʅΆʃΛͨʙΘΛϲ12ű 28řΐ΄JͿΆʅͨƄƠͲϴ�ŕϲiǈpͦΗ

Ή·ǈp·ƫǞ�ΆƩǈͨʞǉͰΛÁΓΚʅͨė˗΄ʃΛƄƠͲϴČͼͿϲÙ̞Ò·�ˤͩͨU

ÒΆć̔ƄƠͲɦͥΘΛϴʇŏǪĘͦΗΉƪϗρϨδϝϤ΄ͽͣͿϲÛǣp·iǈpͦΗΉ·ǈ

p΄ƧϲʇŏǪĘͨĚnʹΚΔ΄ϲƪϗρϨδϝϤΆ$�ͨʙΘΛ (Ȯ 1 �) ϴÛǣp·Ù̞ÒΆ

ʐÒͨǵͳΔΆɦͥΘΛͨϲ§ǈΆ$�΄ΗΙƋΆ�ƪgͨ$�Ͳͮͨz�ɦͥΘΛϴǁ˔ϗρ

ϨδϝϤ΄ͽͣͿVǳp˹Ųğï·ʙΘΛͧͼϴŸȓȨ·ϲ·ǈp΄ͦͣͿ»˹·iǈͲͣͮ

ϲ§�˦΄ǏʾΞʈȥͰͶɨUĘΞ��ͰͶΚͮΞʩΑΔΆ

ΆϲǏʾ·ʈȥͲͧͼϴͮΛ·ϲ»˹΄§ǈͨ�ͨΙͩΘͧͼ

ͮͨz�͢Κ�ɮĘ͢ΚϴͷΆΓϲ§�˦iǈΆŕƶ΄ͽͣͿ

·ΗΙʫɈʲƇͨƭΓΘΛΚͨϲ§�˦iǈ΄ΗΙÙ̞Ò·�ˤ

ͩΚͮͧΘϲUÒͨǵͳΚ�ɮĘͨ͢ΚřΆΑ§�˦ΞiǈʹΛΈ

ΗͣΆϲǦŒʼΆ`ǇͲͽͽϲόόΠΆSÆΆǵɫΞɓĴͩΚ

ΔΆɦͥΘΛϴ 

À À
S 1-� [`
C�� .��
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ÐÁÅÀ°�¢�{¼I��îĄû ÅÎ čĩĖČđğûi�À

ÁȢ Ȣ Ȣ Ä���ˊ�ĐȢ ǩƩ��ˊùǆȢ Ȣ ǲ��Ȣ
��hj�ƃȢ ʾʗȑȒȢ ʒˀˋʡʹˈʤʨʠˉʚǹȄȢ

�ǱƠ6ˌɔɀɏȲɊɆɈɆɌɋȧɐɌɈɔɌˍȢ

Ȣ

ρΧδϨσƋȬ˦ΆɚYǨ̜đǺAθοσ̭ ̶̮̳ Ɓ̯΄ÛͲ

ͿϲǺAVǳκϐσ ͇̾͑͌͋̿ ͦΗΉ ̽̾́͂ ΄ΗΚͣͫͽͧΆ

ǺAVǳΞŖͲϲ̵̻ ΧϑεΤάσΞƓȹͲϴȮ϶·ϲ̜đ

ǺAͧΘΆˊ˧İW͢ΚϴȮ϶� ̸ ΄ȗʹΗͤƊΞ�

ΒɈɭɢͧΘ3͝ΆɈɭΆˊ˧ΞİWʹΚϴͷΆΓ΄

^ǷͲπϫϤͨ ͇̾͑͌͋̿ Ŀ+ͰΛͿͣΚ̼͎̭͛͒͊́ ͇͙͎͇͑͜

͢ΚϴͮΛ·ϲǺAΆǗÿͨáħȅ΄ŰΔ̦ͣǞΞ̖ƛ

ĻɆͲϲɎƂͲͿϲǺAΆˊ˧ΞİWʹΚΔΆ͢Κ̭ ̮Ȯ

϶� ̹̯ϴͲͧͲͨΘϲͮΆƤ́·ΐͺ�ËJϲάϣϨ

υοϒVǳͨĔʗ͢Κϴ�΄ƢͼͿͣΚ�ʗʗɅϯƊ

ϰΞȄ˰ȯYœͲϲPÿ ̼͎̭͇͎͇͒͊́͑ ΞÏʍʹΚϴͮ

Άŉ(Ξ'�ͧɟΙˑͶΈȮ϶� ̺ ͨčΘΛΚϴͮΆǺA

·Ϸ7ǺAϲJͿΆ̘ª·ËJ΄˷ͳͿͣΚΆϲ¯Ι

ͽͲπϫϤ̭ ̮̯̭̽̾́͂ÔŠ΄ȍɸͩΚϯȮ϶� ̻ϰϴ̭ ̭

̭ ȮϷΆǺAVǳ·ϲJͿΆǺAθοσ΄ÛͲͿ̽̾́͂Ξ)

ǷͲͿ#ɠ�ΝͶΞʍͤΔ΄ϲ͇̾͑͌͋̿ Ȯ϶� ̺ ΐΆ

VǳΞŖʹϴȮϸΆVǳͲͿ ̽̾́͂ ǺAθοσΆσϣϙϨέΞʍͣϲǺAβηΞɐ�ʹΚϴɒͣͿϲĔʗ

θϤ΄ȍɸΞʍͤϴͮΆǺAθοσΞ¿ʍͩŕ�΄ζμοάʹΚͮ ̵̻ ΧϑεΤάσ̭ ̮̺͈͓͎̯̭͗͊ͨƓȹͰΛΚ̭

̮ȮϷ�ϲ͇̾͑͌͋̿ Ά ̵̻̭͎͕̓͋͋͘ ΄ΗΚʏȗ̯ϴͮΆζμοάΞ ͇̾͑͌͋̿ ΄ʰΑˏΓΈϲ͓̭͎͕̭͛̓͐͗͑͋̓͋͋͘͜�ğΆ

œ̑ͨʏȗͩΚϴ̭

̭ ǺAθοσΆ ͍͎͖̈́͋  ͕͓̽͋͋͒͆͋͐͐͘ Ά˦XΞ˔ş΄ʹΚΓ΄ϲ̹͇͉͐͏ ΄·ŀʹΚ̭ ̮Ȯϸ� ̸̰̭̹̯ϴͮΆ(Ƒ

ΞǺAθοσ΄ÛͲͿ�ĳVǳͩΚϒϢέϨͨ ̽̾́͂ ΄Ŀ+ͰΛͿͣΚ̭ ̮̹͇͖͉͍̭ ͇̭͇͎͔͇͖͎͓̯̾͑͌͋́͒͗͐͒ϴȮϸ

� ̹ ΆΗͤ΄VǳͰΛǺAθοσΞ ͇̾͑͌͋̿ ΄ʰΑˏΒͮ΄ΗΙϲ̭ ̀́ͅ Ξ
ē΄ƓģͰΛ ̵̻ ΧϑεΤά

σͲͿ ̵̻̭͎͕̓͋͋͘

ʏȗͩϲΠφϛ

ϫδϠϨΔ�ɮ

͢Κ̭ ̮Ȯ ̵ � ̺̯ϴ̭

À À

P�

X�
X�

Pc�

RCJ�

Pc�

P�

X�Pc�
X�

Pc�

RCJ�C�

P�

X�Pc�
X�

Pc�

RCJ�A�
P�

X�Pc�
X�

Pc�

RCJ�B�

D�
Color Names
(Pericycle) : GreenYellow.
(Plerome) : DarkSeaGreen; : OliveDrab; : DarkOliveGreen.
(Initials) : LightGray; : Violet; : DarkKhaki; : PaleVioletRed; : HotPink; : PaleTurquoise.
(LMXs) : MediumSeaGreen; : LightGreen; : Yellow; : Orange.

� � �

̭ ̭ ̭ ̭ȮϷ�̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ ̭ Ȯϸ�̭

0�

60�

600�
0�

500�

y	(pixel)	� 400�

200�

30�

250�

B�A� C�

Sj- 
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ÐÁÆÀj]d+��úíñĆP¸ĸamdg�QpûM�n«À

´Êè�*1)ˊĻǾƿG 2)ˊĐĔóø 3)ˊƁ¹ÙİǸ 4)ˊ	ǦǵǸ 5)ˊ�ĬŨĺ 3) 

1�=ÃźƐ����ȋũ��Ȉ�ſƏƉ, 2�ƆŽ´;Ɛ��Ú��ǹ, 3�=ÃźƐ��ũ��Ȉ

�ǹ, 4�=ÃźƐ����ȋ»�ſƏƉ, 5�UŇǴ��UýŪţ}ʷʑˋˆʭƉ�ʤˉʦˋ 

*ǱƠ6ˌtakuff0630@gmail.comˍ 

 

ƙŵɈƋ·ƙŵƋFȬ˦΄#ɠʹΚ,�΄̡ƪXΞ��ʹΚĈfΞıͤ�Ì͢Κ.ɈƋ·ȉĉɂ 2Ϭ�

�ΆƋͰΛΚͮͨºͫ,ȏŴ˹ǵǶƄƠΞɟΙˑʹͣͼǪĒΞĴͽ (Finer et al., Forest Ecology and 

Management, 2011) .Ǝƀ΄ͦͣͿɈƋΆɃ�ƛǵǶ˭ΌΆf�· 33%ΞvΓͿͣΚĽÎͰΛͿͣΚ

(Jackson et al., PNAS, 1997).ͷΆΓ,ɈƋmġΞʲΚͮ·ƎƀΆǝɅĐǴΞʠşʹΚ�˫ʗ͢Κ.Ͳ

ͧͲƎƀ§�˦ΆʲƇ·º˭ΆkgΞʗʹΚΓ,ɈƋmġΆȓȨ·�̊͢Κ. 

¤µ
ΆɈƋΞʞÚʹΚ΄·̐Ȕ´ȅ΄¤µœ̑ (Ƌ£) Ξ˙ɒňćʹΚĨƶ͢ΚϙφϢλσϦϨƶ 

(Boehm, Zeitschrift für Acker- und Pflanzenbau, 1974) ΕζΪϝυƶ (Dannoura et al., Plant Root, 2008) ͨǷ

ͣΘΛͿͣΚ. ζΪϝυƶ·͢ΘͧͳΓ§
΄©ʦͲͿͣΠάϣϤϖοάζ΄ϐϢοτϓοτζΪϝυΞķIͲƋ

£ΞňćʹΚĨƶ͢Κ.ͮΆĨƶ·Ƌ£ΞňćʹΚĨƶͲͿ�ƽ͢ΚϙφϢλσϦϨƶΆɂ 304Ά̑

ȥΞňćʹΚͮͨͩΚ.ͮΛΘΆĨƶ�čͲƋ£ǺAͧΘɈƋΞİWͲ,ɈƋΆģ˵ϪƄƠΞʣǉʹΚ

ͮ,ɈƋmġΆʠſΞʍͤͮͨͩΚ.ͲͧͲ,ČżΆŕƶ͢ΚĨmΆɈƋİW·,ɰ¼Ť˹ΞʗͲͧ

ͽ\œ¬ǎ΄ΗΚ3�ïͨǵͳͿͲΐͤ. 

ͷΆΓ,ːø,ǄåÇɥΞǷͣͿɈƋİWΞɱmʍͤκϐσΣΤΠͨͣͫͽͧ˸ȂͰΛͿͣΚ.*ͥΈ

ARATA (Yabuki et al., Method in Ecology and Evolution, 2022) Ε RootPainter (Abraham et al., New 

Phytologist, 2020) ,Trenchroot-SEG (Teramoto and Uga, Plant Phenomics, 2020) ͨ͢Κ.�ɶȅ΄,ɈƋɱ

mİWκϐσΣΤΠ·ÛĕʹΚƋ£ǺAɈƋİWǺAΞǷͣͿÇɥΞʍͤͮ,�ğǺAͧΘɈƋΆɱm

İWΞʹΚͮͨ�ɮΚ.ͮΛΘΞǷͣΚͮİW΄ʗʹΚŤ˹ΆȏɛΕ,�ÎΆ¬ǎ΄ΗΚɈƋİWͨ

�ɮΚ.ͺͨ,ͮΛΘͨɈƋmġΆƐW΄ˡͲͿͣΚͧ·Ŷͺ�ş͢Κ. 

ͷͮŸȓȨ·ɈƋmġƐW΄ˡͲɈƋɱmİWκϐσΣΤΠΞĻɆʹΚͮΞȈȅͲ.ʲƇ§·

LĀȋÂ˂ñɱǢʞÚΆƎΆύωΪ�íƀͲ,ζΪϝυƶΞǷͣͿƋ£ǺAΆňćΞʍͼ.ňćͲƋ£

ǺAΆɈƋ¤µΆ̘ªΞ�ğΆɸ¯ΙXͬΚͮɈƋĨmİWǺAΞ(ģͲ.ŸȓȨ· 3 ȢΆɈ

ƋɱmİWκϐσΣΤΠΞƧˉÛʹͲ.ΐ͵,Ƌ£ǺAɈƋĨmİWǺAΞ)ǷͲκϐσΣΤΠƥ΄ÇɥΞ

ʍͼ.ƛ΄,��ȴħňćͰΛƋ£ǺAΆŤɁZςϫμ΄ÛͲͿɱmİWΞʍͼ. ͷͲͿ,İWͲǺ

AΆɈƋ̑ȥΞǉÎͲ.ɈƋ̑ȥΆ³ǇΆ?�Ε,ģ˵ϪƄƠƋΆƐWɎƂͨĨmİWΆΔΆːͣΔΆΞ

ɈƋmġİW΄ˡͲͿͣΚ\ÎͲ. 

Ï̤ΆɎƂ,ɈƋ̑ȥΆ³ǇΆ?�·ĨmİW�ͳͫ³i?�΄͢ΚΔΆ,�Û΄Ǉà?�΄͢ΚΔΆ

΄XͧΛ.ģ˵ϪƄƠƋΆƐWϙζΆǪĒͲͿ,ģ˵Ƌ·ģ˵Ͳ˦XͨİWͩͧͼήϫζͨʙ

ΘΛ.ƄƠƋ·C͝ɈƋͨİWͰΛͿͣͧͼΓƄƠͨƐWͩͧͼήϫζͨºͫʙΘΛ. 

À À
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ÐÁÇ ,3�ûdûEðRðĸ�	ú¹ôĆįĞĴ:¾À

Đ�ǀ5*1)ˊ´ctŪ 1)ˊ 
1�Ė�����ȋǪ�ŪqƉ�ſƏƉ 

*ǱƠ6ˌkinoshita-mayu110@g.ecc.u-tokyo.ac.jpˍ 

 

̭ ̭ ̭ ƏǩΆƋ·, ¤µ
§�˦ΞŌĴʹΚΠϨΨϫͲͿƚɮͲ, lƂȅ΄ ÎgΞ��ʹΚͮͨͩΚ.

ͲͧͲͨΘ, XèƓ˘Ά�ʗɅͨ Îg΄�ͥΚć̔·Ĕ͵ͲΔşΘͧ·ͣ. ŸȓȨ·, ƋΆXè

Ɠ˘ͨ§�˦ΆŌĴΕ¤µΆĄ̒n΄�ͥΚć̔΄ͽͣͿ, Î˭ȅ΄ʠşʹΚͮΞȈȅͲ. ǱʹΞʫ

Ɉ΄ʠſʹΚΓ, 3D ϒϣϨμΞǷͣͿɁɐȅ΄ϜςϤƓ˘Ξ(ʔͲ, ͷΆ®ʞÚΞʍͣͨΘĄÿΞǉÎ

ʹΚÏ̤Ξʍͤͮ, _ĎͰΛϜςϤÏ̤Ɂ΄ΗΚÎ˭ȅǳʠΞȈĵͲ.  

ΐ͵, ƋΆāͩĮͩ΄ͦͬΚūͭcĘΆć̔Ξʲ

. M&ȅ΄·, ƋΆūͭcĘΆǿΚʕŐΆϜςϤ

ƋΞ(ʔͲ, āͩĮͩgΞǉÎͲɎƂ, 	ɧΆĄͣȊ

˺ΞʙWʹͮ΄ģhͲ (Ȯ 1 �). ΐ, ΕΝΘͧͣ

ƋͧͣƋΆƒ˾΄ͽͣͿϲ¤µƋΆņŊΕ¤µ

ΆȔ´ΞɦĢͲͿǱʹΞʥ˒ʹΚǳʳϜςϤΞƓȹͲ

. ǳʳ΄ΗΚʣȵɎƂÏ̤ɎƂΞƧˉͲͮΜ, 

ɷÀ�ɲͨʙΘΛ.  

̭ ̭ ƛ΄, 5�ǪĘ΄˺ʹΚȓȨͲͿ, T/R ƧΞÏ̃Ά

ƙŵ΄ː;ͬͿɂ 3 ΄ʦÎͲ, XèʟÿΆǿΚϜ

ςϤƋΞ(ʔͲ, įͲ5ͲgΞǉÎͲ (Ȯ 2 �). X

èʟÿͨ 60 ~ 75ÿŰ¼ΚɎƂͨčΘΛ. ΐ, Ï̤ɎƂΞʯşʹΚΓ, āͩĮͩÏ̤Ά̃΄Ƿͣ

ǳʳΞĕǷͲ, 5�ĶmΞʥ˒ʹΚǳʳϜςϤΞƓȹͲ. Ï̤ΆƧˉΞʍͼɎƂ, XèʟÿΆ,Å

ĘΞ�Γ, Î˭ȅ΄Δɷͣ�ɲΞȗʹͮͨşΘͧͼ (Ȯ 3�). 

̭ ̭ ͮΛΘΆɎƂ·, ƋɁΆgÇǪĘ΄˺ʹΚϛΨφηϚʠş΄Ö�ʹΚΆΑΘ͵, ǳʳϜςϤΞǷͣÎ

˭ȅ�ǉͨ�ɮ͢ΚͮΞȗ�ͲͿͣΚ.  
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ÐÁÈ �ùĆ,3~2ú��ôĆėĐ��d��ûtò��d}MÀ

ĝř��*1�ˊǞ¹Ė� 2)ˊĒ´tż 1�ˊȠǎ,Ǩ 1�ˊȀ�ƅ 1�ˊ 

´řö�Ǹ 3)ˊǆ�Yć 3)ˊĻǾƿG 4)ˊ�ĬŨĺ 5)ˊĮŅı� 6)ˊ¿Ǿ×Ç 1� 

1�kd±����ȋũ��ſƏƉ, 2�kd±����ȋŪqǪ�ſƏƉ, 3�=ÃźǪĘĸūåǉ

ƨhʤˉʦˋģĘĘħåǉʤˉʦˋ, 4�ƆŽ´;Ɛ��Ú��ǹ, 5�=ÃźƐ��ũ��Ȉ�ǹ, 

6��Ǻ����ȋǪ�ſƏƉ 

*ǱƠ6ˌby.39h.2432@s.thers.ac.jpˍ 

 

ƙŵΆɈƋ·, ¤µͧΘ̡ƪXΞΙͮΒĈfΞıͣ, Ǝƀ§�˦ǵġɁΆǝɅĐǴΞʨ-ʹΚ�˫

ʗʗɅ͢Κ. ΐ, ¼Ʃ
Ά�˪nǝɅǗÿ³i΄ΗͼͿ, ƋΆXòªͨǄͫΚͮͨ�ͰΛͿͣΚ. 

ͲͧͲ, ͮΛΐΆƎƀ§�˦ǵġɁΆʲƇ·kgΕĪʎΆ˾ǻͧΘ, ǄͰ 50 ϭȡÿΐΆ¤µʏåΞÛ

ʹͲͿͦΙ, 3&ƋɁΆǄ˦΄ǵɫʹΚɈƋΆĆġǪĘΕƼĘ΄ͽͣͿ·qX΄ǳʠͰΛͿͣͣ. �˪

nǝɅǗÿΆ�ŞΞ�ΓǴ²·m΄ΗΚƙŵƋΆXòΆ·nͨ, ƙŵ¤µΆ˹ΆǝɅĐǴ΄�ͥΚ

ć̔΄ͽͣͿȽÿ̦ͫʨ-ʹΚΓ΄·, ¤µǄ˦΄ͦͬΚɈƋΆĆġǪĘΕƼĘ΄ͽͣͿqX΄ǳʠʹ

ΚͮͨĔʗ͢Κ. ŸȓȨ·, ǿΚ¤µǴ²΄ǵɫʹΚζΫ3&΄ͦͬΚɈƋΆĆġǪĘϪ��˗ÿ

ͨ, ¤µǄͰ΄ ͣΆΗͤ΄·nͲͿͣͫΆͧΞ, ɈƋ˭ΆXòΕ¤µǪĘ�ͶͿʠſʹΚͮΞȈȅ

Ͳ.  

ŸȓȨ·, ȼ¤ʾƧˉȅȕͣ¤µΆüͨΚ��â¼ȣƞϐΡϫϤτζΫƀƧˉȅΕΝΘ̞ͧͣnɹ

ëéΐͰ¤ΆüͨΚLĀȋșĥñPÿçζΫƀΞÛʹͲ. ΥΠϫζΰοϒΞǷͣͿζΫģŵΆ3&ƋɁΞ

Ɠ˘ͨ1ΛǫġĹΙWͲ, ¤µǄÿ 5pX(0ϳ10 cm, 10ϳ50 cm, 50ϳ100 cm, 100ϳ150 cm, 150- cm), 

ŕʟ 4pX(NE, NW, SW, SE)Άʣ 20pX΄ͦͣͿ, 3ƛƋȡÿΐΆɈƋɁΞ 1pX΄ͽͩ 4ͽĺ�Ͳ. 

ɈƋɁ·, Ǳ§��˗ÿΞǉÎͲ, Ï̤Ð΄ͿƛŐX̝Ͳċ, Ƌ˵Ε�ǧ˫˭ΞǉÎͲ. ΐ, 

pX]΄JɈƋΆ�ǧ˫˭ΞǉÎͲ. ĹΙ�Ιċ, �ŕʟ¤µœ̑Άå#ȕÿΞǉÎͲ. ŸȂʏ

·, �ʲƇ§΄ͦͬΚpX˹ΆɈƋΆ��˗ÿΕĆġǪĘΞƧˉͲ, ¤µå#Ε¤µȕÿΆ˺/Ξʲ

ɎƂΞ�ʹΚ. 
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ÐÁÉÀĔĊğĎĊġķü4�ûėīĳķ�ć�óõÀ

Ċģû ÒÕØÝÕÞÀÐèéÛÙàÀÏáää ĥĳĈFPú¹�ôĆÀ

ž¹Û%*1),2�ˊōĸțǷ 1)ˊĺ®Żú 1)ˊƩýĄy 3)ˊ´đ[Ô 3)ˊ¿- 4)ˊ�Ǿ8� 1) 

1�Ɔ�źƐ��Ūţǡœ�ǹ, 2�ĖU����ȋŪqƉ�ſƏƉ, 3�·Ńǌ$ã, 

 4�Ɔ·��ȗǪ�Ȗ ˌ*ishikawa.aika.t4@dc.tohoku.ac.jpˍ 

 
ŒŪĤţɺġɸ ROL ˌRadial Oxygen Lossˍ ʳ˅ʐʍÊßɫɳġƑʁɴǯķƝƫʍǯɬɰǻƛ

ɹ'ơʍeƷɸɭʉɨɵɴ�őĸ��ɴŪƵɫɳɟʉ.Ȣ ʒʱʍlʃɟɦɲɣɹŒŪĤţɺőĸĕ� 

ˌStagnant ĕ�ˍ ɴǘ¬ŵɸʳ˅ʐʍÊßɭʉˏʳ˅ʐɹ�ßDɺʢʺ˅ˉɵƱɡʇʊɳɟʉ. ʳ˅ʐ

ÊßɸȉʌʉĤţʻˆˁˉɺ�Ăɴɞɱɰɤˎċǭˎʒʱɹ ROL ʳ˅ʐɹǘ¬ɸʐʸʠʡˉǻ

ˌABAˍ ɤ	ÒŵɷÎJʍęɰɭɨɵɤ�nɪʊɰ ˌShiono et al. New Phytol., 2022ˍ. ɫɣɫˎ

ABAɹ�ɹĤţʻˆˁˉɤʳ˅ʐÊßɸȉʌʉɣɶɠɣɺDɣɱɳɟɷɣɱɰ. 

Shiono et al. (2022) ɹ�nɴɺˎʞʒʬʖʒʯˉ ˌCKˍ ɹ�Ūæ�ɴʅʢʺ˅ˉŪhßǶ��ɹ

ųŦ�āɤƀǗɪʊɳɟɰ. ɯɨɴˎàɘɺəCK ɤʒʱɹ ROL ʳ˅ʐǘ¬ɸȉ�ɭʉɚɵ�ǙʍƐ

ɳɰˏ ɨɹ�ǙʍĥǓɭʉɰʄˎ(i) CKɸʆʉ ROLʳ˅ʐǘ¬Öʍ CKŪhß�Ų#ˎCKɹ�Ū

æ�ǕȝɸʆʈˎĥǓɫɰ. ɪʇɸˎ(ii) ʳ˅ʐǘ¬ąɸġɹ�ŶoǫƝƫɸɢɟɳ CK ɤǄƎɫɳ

ɟʉɣɶɠɣʍˎċüɹǣǿDėʒˀˋʡˉʚ ˌMSIˍ ɸʆʈƝƫŤŲŵɸ CKʍ¡ǿɫɰˏ ċÏɸ 

(iii) ʢʺ˅ˉŪhßǶ��ɹˇʼˋʦˋʐʨʤʒɸʆʈˎCKɸʆʉ�ŶŤŲŵɷǘ¬ʍǛɾɰ. 

¢ȝɸɺʒʱ ˌOryza sativaˍ ÿđĈrƋɵʒʱ CKŪhß�Ų# ˌlog-6ˍˎʢʺ˅ˉʽˋʖˋǶ
��ɹʹˈˁˋʦˋGUS ƙƢ ˌOsABCG5pro::GFP:GUSˍ ʍ&Ŭɫɰ. ĤţɺƋ�mĸɣʇ�ķ

ĕ�ɴĢ�Ïˎɯɹʁʁ�ķĕ�ʅɫɦɺ Stagnat ĕ�ɴĸƳĢ�ɫɰ. CK ɹ�ŪBŧɵɫɳĸƳ

ňɸ CK (trans-Zeatin) ʍ 0.1ˎ1.0 ʁɰɺ 10 μM ŌMɫˎ24 ąȈĢ�ʍƣƤɫɰ. ROL ʳ˅ʐÊ

ßɺ?Ɠ�ȐĨŀɵˀʧˇˉʸˆˋŀɸʆʈǔ(ɫɰ. �Ŷɹʢʺ˅ˉÊßɺ Fluorol Yellow 088ɸ

ʆʈěƻɫɰEšʍ<śŚˇˋʟˋȕÑȂ ˌLSM900, Carl Zeissˍ ɴǔ(ɫɰ. GUSěƻʍþɫɰ

ġɺʢʗ˂ʮɵ7�ȕÑȂ ˌAxio Imager.A2, Carl Zeissˍ ɴǑ¦ɫɰ. ġɹĪûEš�ɹ CKD¾

ɺ iMScope TRIO ˌ·Ńǌ$ãˍ ʍŬɟɰMSIɸʆʈǒėɫɰˏ 

ǾŪ�ɤ�ǹ2ɣʇɹǻƛŔCɤɿɵʎɶɷɟ ROL ʳ˅ʐ ˌROL: 1 nmol m-2s-1ˍ ʍÊßɫɰ

Stagnatĕ�ɴ log-6ɹ�ǹ2ɣʇɹǻƛŔʊɤ (143 nmol m-2s-1) ƀǗɪʊɰ. ɨɹąˎlog-6ɹ�
Ŷɸɢɧʉʢʺ˅ˉTɫɰ�ŶƜƶɹJhɺ �ɫɳɟɰˌP < 0.05ˍ. �ķĕ�ɴĢ�ɫɰʒʱɸ

¨ɭʉCKɹ�Ūæ�ɺˎROLʳ˅ʐɵ�Ŷʢʺ˅ˉTʍǘ¬ɫɰ. ƤɟɳˎROLʳ˅ʐÊß	ɹ�

ŶoǫƝƫɸɢɧʉ CK ɹǄƎǿʍ MSI ɸʆʈˎZ¡ǿŵɸǛɾɰɵɨʋˎ�ķĕ�ɣʇ Stagnant

ĕ�ɸ�ĉɫɳ 1 ąȈÏɸɺ CK ɹ°ãŵɷ�MɤƀǗɴɥɰ. ɪʇɸˎ�ķĕ�ɴĢ�ɫɰ

OsABCG5pro::GPF:GUSƙƢɴˎ�Ū CKBŧ 24ąȈÏɸɺ�ŶɸÉɟ GUSɹǄƎɤǎʇʊɰ

ɨɵɣʇˎCK ɤ�Ŷɴɹʢʺ˅ˉŪhßǶ��ɹųŦʍǘ¬ɭʉɨɵɤƂuɪʊɰ. ��ɹƟęɣ

ʇˎCKɤʢʺ˅ˉTʍ�ɫɰʒʱɹ ROLʳ˅ʐǘ¬ɸȉ�ɭʉɨɵɤDɣɱɰ. 
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ÐÁÊÀĴĹğĪĵěĕİĹĚİķĥĹpć�ëõj]�d�ûo±Mûw9ĻÀ

¶4_��÷wĆõāúÀ

�đłĽ*1)ˊż^ɻɣʈ 1)ˊ�^ŻĐ 2)ˊŢŭŸī 1)  

1�,º����ȋƨhXŧ»�ſƏƉ, 2�µ´��ǡœĤţƉ�ſƏã 

*ǱƠ6ˌt.masumoto21@gmail.comˍ 

 

ƙŵɈƋ (ȉĉ 2 mm ��ΆŷȬƋ) Ά�ƪƚɮΞʨ-ʹΚͮ·ϲƙŵΆǵǳƼmΆƝȖǳʠ΄ͽ

ͨΚΔ΄ϲ¤µϳƙŵ˹ΆȊ�(ǷɁΆǳʠΞǄnͰͶΚͮͧΘϲƎƀǵġɁ΄ͦͬΚƪĐǴΆƝȖ

ǳʠ΄ͦͣͿΔ˫ʗ͢ΚϴŸȂʏ·ϲˬ¹Ż��ƙŵɈƋΆƪ˔˝ĘΞʣǉʹΚĨƶ΄ͽͣͿɉ�

ʹΚϴƪ˔˝Ę·ϲɋɞ΄ͦͬΚƪΆƽΛΕʹͰΞȗͲϲƋɁJ&Ά�ƪ˗ÿΕʅΆʇŏ˗ÿ΄ć̔Ξ�ͥ

ΚͮͨȎΘΛͿͣΚϴͷΆǉÎʨ-·(ǩΕƙŵÏǵΆƋɁ·˛ΓΘΛͿͣΚͨϲˬ¹ƎƀΆģŵ΄

ͦͬΚɈƋΆǉÎ·Īʎȅ�ͧ̚ΘŶͺºͫͣϴɉ�ʹΚĨƶ·ϲϒϥοδϝϫξϝϨϋϫΞǷͣͿϲ

ƋΆŷȬ΄�íȅ΄�ÎΆ¥gΞiͥϲ�ÎŤ˹ͯ΄ƋΆYœ̑ͧΘWǃͲƪΆ˭Ξʨ-ʹΚͮϲ

ƪ˔˝ĘΞʣǉʹΚ (Ȯ 1 � a)ϴŸĨƶ·ϲWǃͲƪΞɕǲ΄�ȍͰͶÏ̤Ð΄ĴͻôΚͮϲ̌Ã

½ȝΞˬ¹΄ĴͻWͰ͵΄WǃͲƪΆ˭Άʨ-ͨ�ɮ͢Κϴΐϲˈ˭ϒϥοδϝϫξϝϨϋϫȪɅ

ΩζϖϨϓΞǷͣΚͮϲʣǉʒɠΞˬ¹΄ĴͻWʹͮͨͩ (Ȯ 1 � b)ϲͷΆ�Άʣǉ΄Ĕʗǩ�Ξ

�ΝͶͿΔΰϨόάσ΄ΐΓΚͮͨͩΚ (Ȯ 1 � c)ϴŸȂʏΞͩͼͧͬ΄ºͫΆŕͨƙŵɈƋΆƪ˔˝Ę

΄ɳ�ΞĴͻϲʣǉ΄�ΙɋΟͣͺͬΚùͣ͢Κϴ 

̭
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ÐÁËÀÌàÕÞéäÝäÀáÚÀ×áàåãáÞÀßÙ×ÜÕàÝäßäÀáàÀâãáßáåÙØÀÞÕåÙãÕÞÀãááåÀØÙçÙÞáâßÙàåÀÖéÀãÝ×ÙÀáæãÃÀ

ßæåÕåÝáàÀÚá×æäÝàÛÀáàÀÐäÓÐÔÃÂÀãÙÛæÞÕåÝáàÀ

Dong Yihao1)ˊCornelius M. Wainaina2,3)ˊYoshiaki Inukai*2) 

1� Grad. Sch. Bioagr., Nagoya U., 2� ICREA, Nagoya U., 3) Dept. Hort. Food Sec., JKUAT 

*ǱƠ6ˌinukaiy@agr.nagoya-u.ac.jpˍ 

 

�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). Despite the important root traits of 

our1 mutant on a stable grain yield under drought-prone environments (Hasegawa et al., J. Agro. Crop Sci., 

2022), the molecular mechanisms underlying the promotion of root development are still unknown. Here, we 

tried to reveal the mechanisms of promoted long and thick lateral root (L-type LR) development by our1 

mutation focusing on the L-type LR inducer, OsWOX10 gene.   

 

�Materials and Methods� qRT-PCR were performed using the total RNA extracted from the seminal root of 

WT and our1 mutant seedlings. A yeast one-hybrid assay (Y1H) was utilized to identify the transcriptional 

function of OUR1/OsbZIP1. To test the binding of OUR1/OsbZIP1 to the upstream sequence of the OsWOX10 

genes, we performed an electrophoresis mobility shift assay (EMSA) with recombinant OUR1/OsbZIP1 proteins 

and Cy5-labeled DNA probes. A DR5: NLS-3xVenus and pQHB: OsWOX10 constructs were transformed into our1 

mutant and the wild-type via Agrobacterium-mediated transformation. After getting these transgenic plants, the 

Venus fluorescence and lateral root development patterns between them were compared, respectively.  

 

�Results and Discussion� OsWOX10 is significantly and highly expressed in the our1 mutant. Moreover, the 

EMSA revealed that OsWOX10 is a potential target of OUR1/OsbZIP1. It is reported that the seminal root tip 

cutting effectively promotes the formation of L-type LRs by promoting auxin accumulation (Kawai et al. Front. 

Plant Sci., 2022). Different from this case of WT, auxin accumulation during L-type LRP development was not 

observed in the our1 mutant, indicating that two independent pathways, auxin signaling and release from 

suppression by OUR1/OsbZIP1, exist and cooperate to control the OsWOX10 expression for L-type LR formation.  

In addition, through the phenotypic analysis of OsWOX10 overexpressed plants in the our1 mutant background, it 

can be considered that high expression level of OsWOX10 can lead to an increase in LR diameter, but it alone 

cannot offer the branching ability. Subsequently, we would like to propose a regulation model that OUR1/OsbZIP1 

represses the expression of an unknown GeneX, which positively regulates branching ability of L-type LRs. 

Through further investigation, I sincerely hope that this key factor, GeneX, will be identified and contribute to 

improve root development for enhancing rice tolerance to drought-prone conditions.  
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ŭ
Ȣ Ư�Ǹ*1)ˊSŘȢ ŸĦ 2)ˊÏǆȢ x� 1)ˊƘŭȢ � 3)ˊ��Ȣ Ŗ� 3)  

1�ȟ9·����ȋǱhǪ�ſƏƉ, 2�ȟ9·����ȋǪĘĸū�ſƏƉ, 3�ȟ9·��Ǫ�

ǹ 

*ǱƠ6ˌk5697087@kadai.jpˍ,Ȣ ǱƠ6 ˌsakagami@agri.kagoshima-u.ac.jpˍ 

 

͠ɬŦͦΗΉȈḙ̏͡ ͮΛΐ,Kono Θ(Japan Journal of Crop Science,1988)Ε Matsuura Θ(Plant Production 

Science, 2021)Ά�΄ΗΙ,Ĥ͝·ψț(ǩΆ$˪ɅĕȲΆºƔĘ΄ȍȈͲ,Ϊώ(Panicum miliaceum),δΰ

άώΥ(Eleusine coracana),ύΥ(Echinochloa utilis),ϊσϚΫ(Coix lacryma-jobi) Ά$˪ɅĕȲ΄ͽͣͿȓȨͲ

Ϳͩ.a·ΪώδΰάώΥΆƋΆ$˪ɅĕȲ΄ͽͣͿƧˉͲ,Ƌͨ$˪Ʌ΄ŪͰΛδΰάώΥ�Ż

�ΆΪώΗΙΔƋΆ϶Ÿ͢ΙΆ˵ͰͨȏͫΚͮΞ�Ͳ.ΐ,řŸ(ǩÇ�Ȯ 255 �ʵǑ�΄Ϳ,�ʥΆ

4 ȢΆ§�˦΄$˪ɅǴ²ͨ�ͥΚć̔΄ͽͣͿ�Ͳ.$˪Ʌ�·ƋΆ˵Ͱ·ƋN˦ΆΩζĲŏƋ

ȬΆ˪ɅǗÿ΄ʺΆć̔Ξ�ͥΚ(Armstrong et al., New Phytologist 1982, 1983).ͷΆΓ,Ÿ�·$˪

ɅĕȲĘΆǿΚȢϪ�ȢɢϲƋΆ$˪ɅĕȲͨΆΗͤ΄·ǿͲͿͣΚͧΞşΘͧ΄ʹΚȈȅʠſΞ˛

ΓϲǪ΄ΪώΕδΰάώΥΑΓΘΛΗͤ,$˪Ʌ�ƋͨȏͫΚĕȲͨύΥϊσϚΫ΄ΔΑΓΘΛ

ͧͤͧ΄ͽͣͿƐʤͲ. 

͠ŹŒͦΗΉŕƶ̭͡ Ϊώ,δΰάώΥ,ύΥ,ϊσϚΫΆʅ̬ 4-5ΆƏǩ&Ξ,˖ƩÙ½ƪɩǃ΄ 6ř˹̢nͰͶ

ċ΄,ͷΆΐΐǵɫͰͶpϯ˖Ʃpϰ,ȪɅΩζ΄ΗͼͿɯƩͲƪɩǃǵɫͰͶpϯɯƩpϰΞʦͬ,ͮ

ΛΘΆp 16 ř˹ΆVǳΞɑɒͲ.βϨϒϣϨέͲƋ· 50ϮΥμωϫϤ΄ǁǓͲ,4℃1ÅͲ,�ƛƋŐ,

ɖƋ˵,ƋN˦Ά�ɋɞϯJ&,ʏȇ,ȇå,
ēƆ,˖ƩɋɞϰΆœ̑ȥΞʣǉͲ. WinRHIZO ΄ΗΚƋΆȉ

ĉΆX̝΄¬;ͩ,Ϊώ :ƋϽ0.5mm, δΰάώΥ :Ƌ<0.6mm, ύΥ :Ƌ<0.6mm, ϊσϚΫ :Ƌ<0.9mm

ͲͿ�Ƌ:ƋΞX̝ͲͿƋ˵Ƌʏ̑ȥΞʣǉͲ. 

͠ɎƂͦΗΉɦṶ́͡ ̭ ɖƋ˵·ΪώͦΗΉδΰάώΥ·ɯƩpŲğ΄ǇàͲ.ƋŐ·ΪώΞ˿ͫϸȢ·

ɯƩpŲğ΄³iͲ.�Ƌ˵/ƋŐ·ΆȢ΄ͦͣͿΔɯƩpŲğ΄ǇàͲ(Ȯ��).:Ƌ˵/�Ƌ˵

·Ϊώ·ɯƩpŲğ΄ǇàͲ�ŕύΥͦΗΉϊσϚΫ·Ųğ΄³iͲ.ͽΐΙ,ύΥΕϊσϚΫΆΗ

ͤɨǋĘΆ̦ͣȢ͢ͼͿΔ,$˪Ʌ

Ǵ²·�Ƌ�Ÿ͢ΙΆ˵Ͱ·ȏͫ

Κͨ,ͷΆ�ŕͮΛΘΆȢ·ɖƋ

˵·ǇàͲͣ.ͮΛ·ƋŐΕ,:Ƌ˵/

�Ƌ˵ΆŲğ³i΄ΗΙʓBͰΛͿ

ͣΚΔΆ͢ΚɦͥΘΛ,Ƌ£Ά˪Ʌ

ͨ˾ΘΛͿͣΚǫƵ,ɾͧΘƋȬΐ

Ά˪ɅΆˋ˓ˁ̉ΞȏɛͲ,ƋΆ��

ΞɓĴʹΚΓ΄Ų^ĕȲΆ

·ͣͧĽÚͲͿͣΚ. 

  

�
�� ����������/���  

V,T,V�T���������,����,�������	� . 



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

 

 33 

O-11 Soil texture influenced the effect of P-dipping on NERICA 4 rice root 
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Introduction  
Phosphorus (P) deficiency is a major abiotic factor limiting rice yields in the highly weathered and inherently low-
nutrient soils of Sub-Saharan Africa. Studies have shown that P-dipping improves P-use efficiency (Oo et al., 
2021), boosts root growth (He et al., 2003), enables rice to withstand salt stress (Sarangi et al., 2015), and improves 
rice seedling resilience to water and nutrient stresses (Odama et al., 2023). On the other hand, soil texture is known 
to have significant effects on P availability and use efficiency in rice (Alhaj Hamoud et al., 2019; Dou et al., 2016). 
In this study, we evaluated the combined effect of P-dipping and soil texture on rice root morphology, with a focus 
on its effect on shoot P uptake (Shoot Pup).  

Materials and Methods 
The experiment was conducted in a greenhouse using 11-cm high perforated plastic pots having 9.5-cm and 12.5-
cm bottom and top diameters, respectively. Three soil textures, i.e., sand (pH 8.8; Av. P, 24.5 mg kg⁻1), light clay 
(pH, 4.9; Av. P, 186.5 mg kg⁻1; clay, 43.4%), and heavy clay (pH, 5.8; Av. P, 18.3 mg kg⁻1; clay, 79.7%) were used. 
Pots were filled with 1.5 kg of experimental soil (1:1 w/w; bulk density: 1.2 g cm⁻3), placed in plastic containers 
(48 × 32 × 8 cm) lined with black plastic sheets, and water maintained at 3-4 cm in the containers throughout the 
experiment. To correct any deficiencies in N and K, the experimental soil, 0.43 g of (NH4)2SO4 and 0.12 g of KCl 
were added in each pot, respectively. NERICA 4 rice variety was grown in seedling trays until the 3-4 leaf stage. 
Prior to transplanting, roots of some of the seedlings were dipped into P-enriched slurry for 30 min. The P-enriched 
slurry was produced by mixing 45 g of air-dried soil, 14 mL of water and 1.31 g (Pdip) of SSP fertilizer, an estimate 
for 40 kg P ha⁻1 (Odama et al., 2023). The rest of the seedlings were transplanted without P-dipping, in pots applied 
with 0.3 g and 0.5 g of SSP fertilizers as estimates for 25 kg P ha⁻1 (P25) and 50 kg P ha⁻1 (P50), respectively. A 
control (Ctrl) without any P application but N and K fertilizers was set up; all treatments had three replicates. Root 
samples were collected at 25 DAP, scanned, and images analyzed using WinRhizo software. Data analyzed in SPSS 
Statistics at 5% α level. 

Results and Discussion 
A significant difference in the total root length (RL) existed between 
the heavy clay (79.5 m), and the sand (43.8 m) and light clay (41.5 
m) soil textures. There was also a significant difference in RL 
between P treatments, with the mean RL under Pdip (66.6 m) 
treatment showing the highest value compared to P50 (58.6 m), P25 
(53.9 m) and Ctrl (40.4 m) (Fig. 1A). The mean root surface area 
(RSA) differed significantly between heavy clay (869.5 cm2), light 
clay (602.3 cm2), and sand (557.9 cm2) textures; and between the P 
treatments, with the mean RSA under the Pdip treatment showing a 
17.8% and 41.7% increase relative to the combined applied P 
treatments (P25 and P50) and Control, respectively. In a striking 
contrast, whereas the mean RL under the heavy clay was significantly 
higher than that under light clay texture (Fig. 1A), the mean shoot Pup 
under light clay (16.4 g pot⁻1) was significantly higher than that under 
heavy clay (5.9 g pot⁻1) and sand (5.7 g pot⁻1) textures (Fig. 1B); and 
this was further supported by the strong positive correlation between 
shoot Pup and RL under light clay soil (r = 0.58*) than the weak 
correlation under heavy clay soil (r = -0.12*). The combination of 
higher root biomass with low plant tissue P concentration in the low-
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P heavy clay soils can be explained by the Piper-Steenbjerg effect (Wikstrom, 1994). In conclusion, the findings 
of our study suggest that soil texture influences the effect of P-dipping on NERICA 4 rice root morphology in early 
growth stages. 

À À
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