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ƣ˲Ƣ 
 

ƽȀ 
 

ɠ ɠ �ŷʌɅ{ɐƛʌ 7˭ʊÂɿʝ 9.3 5˕ʰʿˬ˦ɮ�ɗɋƛʌÃɑʡaɲʅɬʜ

ˮMunns 2002˯ɥ�ƙʌƚũʌ_ȵʡ�µʊ�œɶɻʝ[uʇʉʂʅɩʝɦɶʛʊǉ"{ɐ

ƛʌ 6˭ʊÂɿʝ 7700�˕ʰʿˬ˦ʌx�ɮ�ʊʚʝÃɑʡaɲʅɩʝˮMunns 2002˯ɦɴ

ʌʚɪʉ�ɗɋƛx�ʍɥĦũʊʦʫ˪ʺ˅˧ʺʙŌȚyʺ˅˧ʺʡ�ɫʝɦ�ɗʌ
ʆʘŪ

ʊɝŠºʌ NaCl ʍɥļCʙəCʌj_ɀ�ɥʔɿˇ˅˥ʧ˜ˮNa+˯ʙ�ƯˮCl–˯ʊʚʝƄî

�ʡʘɿʛɹɴʇʉʈɭʛɥ�ɰʌ
ŲĦũʊɬɩʅŲǌɀ�u�ʇʉʂʅɩʝɦɽʌɿʗɥ

Ħũɮ�ʺ˅˧ʺʊʚʝˀ˝ˬʹʡđ¦ɁʊÝɫʝɿʗʌǈ�ÒįīʌǰĈʊȽɹʝƊƞ

ɮɴʞʔʆʊ�ɰʉɶʞʅɬʜɥŌȚyǿƩɥNa+ʌìɃɥɉɌɥìBɥ²ȲɬʚʏưǍǑ

Na+/H+¢gȑȘʡGŴɷɿɝʬ˥ʧ˜ˮK+)ɥ� Na+j_ȩàÒʉʈɮéɳʛʞʝˮShi et al. 

2002ɥOttow et al. 2005˯ɦ�Ăʆɥʺʤʩˀʶ˦ʶˮSuaeda salsa L.˯ʙʶ˥ʴ˦ˈʤ

ˮSalicornia bigelovii Torr.˯�˒ˀ˪ʾʧˮBeta vulgaris var. cicla˯ʇɩʂɿɩɰʃɭʌĦũƙ

ʍɝ NaCl Šº�ʆđȧʉŲǌʡƐɷɥfĊʊ�ȵʌ Na+ʡưǍ;ʊǡƛɶɻʝʇɩɪ�

�Òʡ2ɫʅɩʝˮWang et al. 2001ɥMori et al. 2006ɥOhori and Fujiyama 2011ɥYamada 

et al. in press˯ɦɶʛʊɥŋņŮǥʊɬɩʅɥNa+ɮƍȱˮNO3
–˯ʌ:ȑȘ ʇɷʅGŴɶʞʅ

ɩʝɴʇɥʔɿ C4Ħũʌˌʳʦ˅ʧˮAmaranthus tricolor˯ʆʍɥ7eÙʊɬɩʅ CO2ʡw�

ɹʝ˗ʺ˗ʩˋˬ˦ˑ˦ː˪ȱʌ�Ȉʇʉʝˑ˦ː˪ȱʌȑȘɮ Na+ʊʚʂʅ)ȟɶʞʝʇ

ɩɪ�lɮɨʝˮMurata et al. 1992ɥBoyd and Gradmann 1999˯ɦɴʞʛʍɥNa+ɮɩɰʃɭʌ

ĦũƙʌŲǌʊɬɩʅȳǭʉÄKʡĝɿɷʅɩʝɴʇʡ�Ƿɷʅɩʝɦ 

ɠ ɠ ơƯˮN˯ʍÎɔ6Ưʌ�ʃʆɨʜɥɝƥĦũʙ�ƥĦũʌŲǌʊɬɩʅɥʤ˛ˋȱʙʿ

˪ˎʰȈɥưǍǑǏȈʌeÙʉʈʌȳǭʉÄKʡĝɿɹˮLam et al. 1996˯ɦĦũʍ NO3
–

ɭʤ˪˞ˈʧ˜ˮNH4
+˯ʡ�ɫɿĊʌŲǌʌǗhɭʛɥ�ƍȱÒĦũʇ�ʤ˪˞ˈʧ˜Òʌ

ĦũʊCɗʆɯɥ�ɰʌȔ"ũʆ�ƍȱÒʡƐɹˮBritto and Kronzucker 2013˯ɦɷɭɷʉ

ɮʛɥɝŠºʌ NaCl ~{ʆʍfɸ�'ʌɄʦʫ˪ʆɨʝ Cl–ɮ NO3
–ʌj_ʡæÞŽʊɀ

�ɷɥĦũʍ Nİ
ʡkɹʝɦDebouba et al. ˮ2006˯ʍɥɴʌ NO3
–j_ɀ�ɮ NO3

–fT

ƴȍʊɬɲʝȰƯʌňÒʇȽʠʂʅɩʝʇ�lɷʅɩʝɦƍȱfTƴȍʌƣ�ĵɇʆɨʝ

ƍȱȬ6ȰƯˮNR˯ňÒʍưǍ;ʌ NO3
–ʊʚʂʅǻ¥ɶʞʝȰƯʆɨʝˮAbd-El Baki et 
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al. 2000˯ ɦɽʌɿʗɥNaCl ~{ʊɬɲʝĦũʌ NR ňÒʍɥɝŠºʌ Cl–ʊʚʝ NO3
–ʌ

j_ɀ�ʡaɲʅ��ɷɥĬɧʉơƯTeũʌeÙɮÝHɶʞɥʙɮʅĦũʌŲǌʍ�

�ɹʝˮFlores et al. 2004˯ɦɴʌʚɪʉ NaClőNʊʚʝ NO3
–j_ʙ NRňÒʌ��ʍɥʦ

˪ʳ˪ˮGouia et al. 1994˯ɥ˅ʧ˞˨ʴʸˮAbd-El Baki et al. 2000˯ɥ˅˚˅ˮDebouba et al. 

2006˯ʆʘ�lɶʞʅɩʝɦ�Ăɥ~{ʌ NaClŠºʌ�ćʊ�ɪŲǌ)ȟɥɬʚʏ9 Ni

ēŭʌ�ćɮ��ÒʡƐɹ˒ˀ˪ʾʧʇʶ˥ʴ˦ˈʤʊɬɩʅǺʗʛʞʅɩʝˮYamada et al. 

Unpublished data˯ɦɷɭɷʉɮʛɥɴʌ9 Niēŭʌ�ćɮɥŲǌʌ)ȟʊȉuɹʝʘʌʉ

ʌɭɥɽʞʇʘ NaőNʊʚʝƄîŽʉÃɑʉʌɭʍĈʛɭʇʉʂʅɩʉɩɦ 

ɠ ɠ �ǖŽʊɝƥĦũʊɬɲʝ NO3
–ʌ~{ɭʛģʐʌ`ʜȕʕʍɥưǍǑ�ʊ�zɹʝ

NO3
–/H+:ȑȘ ʡ�ɷʅǦʠʞʝˮMistrik and Ullrich 1996˯ɦɽɷʅģʊ`ʜȕʔʞɿ

NO3
–ʍɥ¥ƨʊƛȐɶʞʅ{�ȭʐʇȢʎʞʝɦIvashikina and Feyziev ˮ1998˯ʍɥɴʌ¥

ƨʌ NO3
–ȑȘʊɬɩʅɥK+ɮ NO3

–ʌɈ�Ɇʦʫ˪ʇɷʅɍǜʌˍˤ˪ʺʡ*ʃÄKʡã

ʂʅɩʝʇ�lɷʅɩʝɦɽʞʇȽȝɷʅɥK+ʌ%ƶȵɮœ§ɹʝɴʇʊʚʂʅɥNO3
–ʌj_

ɮÝHɶʞʝʉʈɥĦũʌưǍ;ʊɬɲʝ K+ʇ NO3
–ʌŠºɮ�îʊȽ(ɷʅɩʝɴʇʡƐ

ɹƊƞƵĝʘ�ý�lɶʞʅɩʝˮPilbeam and Kirkby 1990ɥWang et al. 2001˯ɦ 

ɠ ɠ ˒ˀ˪ʾʧʍȴǝɗʆɥ�ŷ
ʆɘoʇɷʅŴɩʛʞʅɩʝɦʔɿɥļǉĤ~�ɛʊɬɩ

ʅɥ˒ˀ˪ʾʧʡ NaCl 80 mmol L-1ʡiʖśŎʊčɹʇɥɽʌŲǌʍ NaClʡiʔʉɩ¢ť

Uʌ 146˭ʘ)ȟɷɿˮYamada et al. Unpublished data˯ɦʔɿɥxǉĤ~ʊɬɩʅʘ˒ˀ˪

ʾʧʍ NaClőNUˮNaCl 21.2 mmol L-1 pot-1˯ʆ¢ťUʚʜʘɝɩŲǌʡƐɹɴʇɮ�lɶ

ʞʅɩʝˮTakahashi et al. 1997˯ɦɷɭɷʉɮʛɥ˒ˀ˪ʾʧʌʚɪʉ C3Ħũʌȴǝɗʊɬɲ

ʝɥNa+ʊʚʝŲǌ)ȟɥɬʚʏ Nj_)ȟ˝ʬˈʻ˜ʍĖʀĈʛɭʇʉʂʅɩʉɩɦ 

ɠ ɠ ɽɴʆƣ 2 Ƣʆʍɥ˒ˀ˪ʾʧʌǞʐʌ NO3
–ȑȘʊɬɲʝ Na+ʇ K+ʌÃɑʡɽʞɾʞ

ĈʛɭʊɹʝɴʇʡƃŽʇɷɿɦŲǌ)ȟʊʚʝ N j_˫ȑȘ)ȟʌcǎÒʡìɃɹʝɿʗɥ

7 ĆȼʌAŰĕȼʡǶɲɥNa+ʇ K+ʡɽʞɾʞőNɷɿĊʌ NO3
–ʌj_˫ȑȘʊ�ɫʝÃ

ɑʡǿĠɷɿɦɶʛʊɥǞɥģɥ¥ƨŎʊɬɲʝ NO3
–ŠºɭʛɥNa+ʘɷɰʍ K+ɮģɭʛǞʐ

ʌ NO3
–ȑȘʌʈʌĵɇʆȽʠʂʅɩʝʌɭʡħǴɷɿɦ  

ɠ ɠ ƣ 3Ƣʆʍɥj_˫ȑȘɶʞɿ NO3
–ɮ NTeũeÙʌɿʗʊĳ´ʊ�ȁɶʞʅɩʝʌ

ɭʡǿʑʝɿʗɥNa+ɮ NR ňÒʊ]ʓɹÃɑʡĈʛɭʊɹʝɴʇʇɷɿɦɶʛʊɥNa+ɮ

NO3
–ʌj_˫ȑȘɬʚʏ NRňÒʊ�ɫʝÃɑɮɥ��ÒĦũʇǈ�ÒĦũʆźʉʝʌɭ
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ʡĈʛɭʊɹʝɿʗɥǈ�ÒÁʇɶʞʝʫʫ˜ʯˮHordeum vulgare L.˯ʡĹȏĦũʇɷʅŴ

ɩ�ɛʡǦʂɿɦ 

ɠ ɠ ��ÒĦũ Salicornia europaeaʡ NaClśŎʊčɷɿʇɴʟɥNaCl 200 mMʌĊʊ7

eÙȜºɮđʘɝɩ/ʡƐɷɿˮĥ« 2009˯ɦʔɿɥSalicornia europaeaʊɬɩʅ�AŰ�

ʆŪźŽʊŻůɹʝȪ��ʡǿʑɿʇɴʟɥŪʊ�ɰʌ7eÙȽȝȪ��ɮƏǺɶʞɿ

ˮĥ« 2009˯ɦɴʞʛʌɴʇɭʛɥSalicornia europaeaʌ NaClʊʚʝŲǌ)ȟʍ7eÙȜº

ʌ�ćʊʚʂʅʘɿʛɶʞʅɩʝcǎÒɮɨʜɥ��ÒĦũ˒ˀ˪ʾʧʆʘfĬʌ˝ʬˈʻ˜

ɮ4ɩʅɩʝʌʆʍʉɩɭʇǆɫɿɦʦˊʌǞʊCȮɶʞʝ Nʌ 75%ɮǞƼ ʊ¨zɷʅ

ɩʝɦɶʛʊɽʌǞƼ 
ʊɬɩʅɥNTeũʌ 27%ɮ7eÙʌ CO2w�^ÐʡǱ�ɹ

ʝ RubisucoʊʕʛʞʝˮMakino et al. 2003˯ɦɴʌɴʇɭʛɥ˒ˀ˪ʾʧʆʍ Na+őNʊʚʂʅ

j_˫ȑȘɮ)ȟɶʞɿ NO3
–ʍ7eÙɥŪʊ RubiscoeÙʊƛĩŽʊGŴɶʞʅɩʝʌ

ʆʍʉɩɭʇǆɫɿɦɽɴʆƣɠ 4ƢʆʍɥNO3
–ʌj_˫ȑȘ)ȟʊʚʝ7eÙȜºʌ�ć

ɮɥ��ÒĦũ˒ˀ˪ʾʧʌŲǌ)ȟǭuʆɨʝʌɭʡħǷɹʝɴʇʇɷɥNa+ɮ˒ˀ˪ʾʧ

ʌ NO3
–j_˫ȑȘɥ7eÙɥʰ˨˨˒ʥ˦ʌŲeÙɥɬʚʏŲǌʊ]ʓɹÃɑʡǿĠɷɿɦ  



! 4 

ƣ 2Ƣ 
 

˒ˀ˪ʾʧʌƍȱj_ʊɬɲʝˇ˅˥ʧ˜ʇʬ˥ʧ˜ʌRĝ 
 
 

ɠ ɠ ȣ\ʌƊƞƵĝʊɬɩʅɥ˒ˀ˪ʾʧˮBeta vulgaris var. cicla L.˯ʍ~{ʌ NaClŠº

ʌ�ćʊʇʘʉʂʅŲǌɬʚʏ9 N iēŭʡ�ćɶɻɥ ǛǞʌ K/Na iēŭĹʇ N iē

ŭʇʌȼʊēÕʉĳʌƅȽȽ(ʡƐɹɴʇɮCɭʂʅɩʝˮYamada et al. unpublished data˯ɦ

ɽʌɿʗƤǇʛʍɥ˒ˀ˪ʾʧʊɬɲʝ Nj_ʍ Na+ʊ&�ɷʅǦʠʞʅɩʝʇƵȀ�ɲʅ

ɩʝɦɷɭɷɥNaCl őNʊʚʝ N j_ʌ)ȟɮɥŲǌ)ȟʊȉuɹʝʘʌʉʌɭɥɽʞʇʘ

Na+ʊʚʝƄîŽʉÃɑʆɨʝʌɭʍCɭʂʅɩʉɩɦɽɴʆɥ~{ʌ�TɮŲǌʊ�Tʡ

ʘɿʛɹ�Iʌ Na+ʊʚʝÃɑʡǿĠɹʝɿʗɥ˳ĆȼʌAŰĕȼʡǶɲɿɦʔɿ�ɰʌĦ

ũƙʊɬɩʅɥưǍ;ʌ K+Šºʇ NO3
−ŠºʇʌȼʊĳʌƅȽʡƐɹˮWang et al. 2001˯

ʇɩɪ�lɮɨʝɴʇɭʛɥ˒ˀ˪ʾʧʊɬɩʅ K+ʇ Na+ʌʈʁʛɮʚʜ NO3
−ʌj_˫ȑȘ)

ȟʊ��ɹʝʌɭʡĹȏħǴɷɿɦɶʛʊɥK+ʇ Na+ʌőNɮ NO3
−j_˫ȑȘȣƘʌʈʌ

ĵɇʊÃɑʡ]ʓɷʅɩʝʌɭʡĈʛɭʊɹʝɿʗɥǞɥģɥ¥ƨŎ
ʌ NO3
−iēŭʡŕ

� ɷɿɦ  
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ƣ 1Ʃɠ ĘĀʇĂł 

1.ɠ Ĥ~Ăł 

ɠ ɠ ˒ˀ˪ʾʧʡˍˬ˛ʮˠˤʦ˅ʊöƙɷɥǠŸļʡŝļɷɿɦöƙɭʛ 10 ĆÆɥ1 ˙˂˅Â

ɿʜ 5, ʇʉʝʚɪʊ 4 L ʌ˔ˤʺˁ˂ʰ˙˂˅ʊƗĦɷɥ�ė~əŎˮǩ 1˯ʆļǉĤ~ʡ

ǦʂɿɦĤ~˙˂˅ʍ´ʊțĻɷɥ1 Ȟȼʊ 1 º~əŎʡďāɷɿɦNa ʌŐ8ȵʡđ¦Ɂ

ʊɹʝɿʗɥļǉŎʍǠŸļʆ "ǫɷɿɦ 

ɠ ɠ ļǉĤ~ʡȻ�ɷʅ 30 ĆÆɥK+ʇ Na+ʌŠºɮɽʞɾʞ�Šºˮ5 mM˯ʇɝŠºˮ50 

mM˯ʇʉʝʚɪǿǫɷɿAŰUˮǩ 2˯ʡǶɲɿɦdAŰ 4 ^Ëʇɷɥ7 ĆȼAŰʡǦʂɿɦ

Na+ʡiʖAŰŎʊʍɥN ġəʇɷʅ KNO3ʌ�ʠʜʊ NaNO3ʡőNɷɿɦAŰŎʌÌȵ

6Ưʍ�ė~əŎʇfɸƳÙʇɷɿɦĤ~ʍɥɟ`��Ȕ�ȭʌʭˤʺ�;ʊʅɥ2013 ·

ʌ 4Ēɭʛ 6ĒʊɭɲʅǦʂɿɦ 

ɠ ɠ AŰȻ�ɭʛ 7 ĆÆʊɥ1 ˙˂˅Âɿʜ 2 , ʡǞʇģʊCɲʅí`ɷɿɦ āɞȳʡŕ

�ɷɥ70ɣʆ 48 Ċȼ�ŧɶɻɿÆɥ�ũȳʡŕ�ɷɥļCiēŭʡƧBɷɿɦʔɿɥ1 ˙˂

˅
ʌĴʜʌ 2, ʍɥǞʇģʊCɲʅí`ÆȜʙɭʊŎ ơƯʆ@Ƶɶɻɥ-70�ʌ>@

»ʊ*�ɷɿɦ@ƵǸĀʍţį6Ưɥ˔˨˥˪ɥɬʚʏʤ˛ˋȱʌCěʊ#Ŵɷɿɦ 

 

ǩ 1ɠ �ė~əŎʌƳÙʇ#Ŵ� 

        �ȵ6Ư (mol m-3)  Ìȵ6Ư (g m-3) 
N 4.0 KNO3  Fe 2.0 FeSO4·7H2O 
  Ca(NO3)2·4H2O  Mn 0.5 MnSO4·5H2O 

  NH4H2PO4  B 0.2 H3BO3 

P 0.4 NH4H2PO4  Zn 0.1 ZnSO4·7H2O 

K 2.0 KNO3  Cu 0.01 CuSO4·5H2O 
Ca 1.0 Ca(NO3)2·4H2O  Mo 0.005 (NH4)6Mo7O24·4H2O 

 

 

  CaCl2·2H2O     

Mg 2.0 MgSO4·7H2O     
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ǩ 2ɠ AŰŎʌƳÙʇ#Ŵ� 

6Ư AŰ (mmol L-1) 
    K5 Na5  K50 Na50 
Na      0      5        0      50 
K      5      0       50       0 
Ca      1      1        1       1 
Mg      2      2        2       2 
N      4      4        4       4 
P      0.4      0.4        0.4       0.4 
S      2      2        2       2 
Cl      3.4      3.4       48.4      48.4 

 
 

2.ɠ ¥ƨŎʌí`Ăł 

ɠ ɠ ļǉĤ~Ȼ�ɭʛ 30 ĆÆɥ˒ˀ˪ʾʧ 9 , ʡfĬʊǩ 1 ʆƐɷɿAŰŎʊčɷɿɦ

AŰȻ�ɭʛ 0ɥ2ɥ4ɥ6 ĊȼÆʊǛ�ȭʡDɃɷɿɦDʜbɭʛŚBɷɿ¥ƨŎʡɥĺư

ƨůȃʡGŴɷʅ˚ʦʰ˨ˁˠˬ˓ʊǹʗɿƺʆǢʡɷɥí`ɷɿˮ=Ɔ 1˯ɦ¥ƨŎʍDɃ

Æ 1 Ċȼɭɲʅ�, ɺʃí`ɷɿɦ¥ƨŎʡjļɷɿƺʡɥń¤ȶʆ¹ʊƝʡƟɲɿ˚

ʦʰ˨ˁˠˬ˓ʊǹʗɥɶʛʊFʌ˚ʦʰ˨ˁˠˬ˓ʊʍʗɿū×ʆɥ10,000 rpmʆ 10Cȼ

ȦÍCɌʡǦʂɿɦt_ɶʞɿ¥ƨŎʌ Na+ɥK+ɥCl−ɥNO3
−Šº ʡŕ�ɷɿɦ 

 

 

 

 

 

 

 

 

 

 

 

=Ɔ 1ɠ ¥ƨŎí`ʌĬ� 
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3.ɠ ţį6ƯŠºʇŌȚyʌŕ� 

ɠ ɠ Ƭ 0.4 g ʌ@ƵɶɻɿǞʇģʡɽʞɾʞń¤ȶʆ¹ʊƝʡƟɲɿ 0.5 mL �˚ʦʰ˨ˁ

ˠˬ˓ʊǹʗɿɦɶʛʊɴʌ˚ʦʰ˨ˁˠˬ˓ʡ 1.5 mL �ʌ˚ʦʰ˨ˁˠˬ˓ʊ8ʞɥ

10,000 rpmʆ 10CȼȦÍCɌʡǦʂɿɦɽʌÆɥ˚ʦʰ˨ˁˠˬ˓ʊt_ɶʞɿâBŎʡ

Ŵɩɥţį6ƯŠºɬʚʏŌȚyʌŕ�ʡǦʂɿɦNa+ʇ K+ʍ[�j7łˮZ-6100 }0

7ʽˬ˚˪[�j77ºǳ HITACHI˯ʆɥʔɿ Cl−ʇ NO3
−ʍʦʫ˪ʰ˨˚˅ʱˤ˒ʥˬ

ˮHIC-10Asuper, Shimadzu, Kyoto, Japan˯ʆ�ȵʡǦʂɿɦ 

ɠ ɠ âBŎʌŌȚyʍǠĻyłŌȚyǳˮVAPRO Osmometer 5520, Wescor Inc., UT, 

USA˯ʆŕ�ɷɿɦŌȚyˮΨS˯ʌƧBʊʍ��ʊƐɹ van’t Hoffʌ¼ʡŴɩɿɦ 

ΨS = –cRT 
 


��	�ΨS�EZ3[Pa]ɥc �GXH7[mol L-1]ɥR �B+4ý 8.314[J K-1 mol-1]]

ʏ TʍƸ¢Ŕº 298[K]ʇɷɿɦ 

 

4.ɠ ˔˨˥˪ʇʤ˛ˋȱʌ�ȵ 

ɠ ɠ @ƵǸĀ 0.2 gʊ 2 mLʌ 3%ʺ˦˗ʶ˥ˁ˦ȱśŎʡNɫʅõƋɷɿɦ15,000 rpmʆ

15 CȼØşŎʌȦÍCɌʡǦʂɿÆɥ�ŒʡâBŎʇɷɥ˔˨˥˪ʇʤ˛ˋȱʌ�ȵʡǦʂ

ɿɦ 

 

4-1.ɠ ˔˨˥˪ʌ�ȵ 

ɠ ɠ ˔˨˥˪ʌ�ȵʍMagnéˮ1992˯ʛʊÈʂʅǦʂɿɦ1.25 gʌˈ˪ˏˆ˥˪ʡ 30 mLʌȯȱ

ʇ 20 mL ʌǠŸļʌŐeŎʊNɫɥˈ˪ˏˆ˥˪śŎʇɷɿɦˈ˪ˏˆ˥˪śŎ 2 mL ʇ 0.5 

mL ʌâBŎʡǸɛƨ;ʆŐeɷɥŁɜŖŊ
ʊ8ʞʅ^ÐʡȻ�ɷɿɦ1 ĊȼÆɥǸɛ

ƨʡ>ļʊŌɲʅ^Ðʡ1Ĳɶɻɥ5 mL ʌ˅˦ʩ˪ʡNɫɿɦ15 ƕȼŞɷɰŐeɶɻɿÆɥ

śŎɮ�ªʇ�ªʊ�9ʊFʞɿʛɥ�ªȭCʌśŎʡ 520 nm ʌj7ºʡŕ�ɷɿˮV-

630BIO, JASCO, Tokyo, Japan˯ɦ 

 

4-2.ɠ ʤ˛ˋȱʌ�ȵ 

ɠ ɠ 0.2 M ʌʰʩ˪ȱˇ˅˥ʧ˜ʇʰʩ˪ȱʡŐeɷʉɮʛ pH 4.6 ʊʉʝʚɪʊǿǫɷɥʰʩ˪

ȱƿǧŎʇɷɿɦ1%ʌˈ˪ˏˆ˥˪ʇ 0.03%ʌʤʺʴ˦ː˪ȱʡŐeɷʅˈ˪ˏˆ˥˪śŎʇɷ
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ɿɦɽʌÆɥǸɛƨʊâBŎ 0.1 mL ʇʰʩ˪ȱƿǧŎ 3 mLɥˈ˪ˏˆ˥˪śŎ 2 mLʡNɫ

ʅŐeɷɥǸɛƨʡŁɜɷɿɬŖʊ8ʞ^ÐʡȻ�ɷɿɦ15 CÆɥǸɛƨʡĽʌ8ʂɿʧ

ʪˬʿˬˍʺʆ>ʙɷʅ^Ðʡ1Ĳɶɻɥ3 mL ʌ 60%ʩʿˋˬ˦ʡNɫʅȧ�²Ȳɷɿɦ

10CÆ 570 nmʌj7ºʡŕ�ɷɿɦ 

 

5.ɠ ƷǳAŰ 

ɠ ɠ GraphPad Prism 5.04ˮGraphPad Software, Inc., La Jolla, CA, USA˯ʡŴɩʅƷǳǰěʡ

Ǧʂɿɦ1 6ȮǄʌ¶|ʌCüˮANOVA˯ʍɥTukey ʌ�ȳĹȏCěʊʚʂʅǰěʡǦʂ

ɿɦ9ʅʌʩˤˬˍˬʍĭŘǼ¯ˮSE˯ʡƐɹɦ 

 

 

 

ƣ 2Ʃɠ Ƶĝ 

1.ɠ NaAŰʇ KAŰɮŲǌʊ]ʓɹÃɑ 

� a<[���L>�-J>[���KR���C.0=I����-J[�=8

�6������
�^U 3_�����
�5]��O@�,�KR�Y1���

������ 

 

ǩ 3ɠ 7Ćȼʌ KAŰʇ NaAŰɮǞʇģʌ�ũȳˮDW˯ɬʚʏļCiēŭˮWC˯ʊ]ʓɹÃɑɦ

AŰȼʊɬɩʅf�ʤ˦˒ʣ˖˂˅ȼʊʍ 5%ļŘʆēÕ¯ɮʉɩ 

 

 

 

 

 
 

 

 

 

 

 DW (g plant-1)  WC (g g-1 DW) 
 Ǟ A  Ǟ ģ 
K 5 0.56 a 0.13 a  10.6 a 15.6 a 
Na 5 0.52 a 0.12 a  12.6 a 15.4 a 
K 50 0.53 a 0.14 a  12.3 a 14.6 a 
Na 50 0.48 a 0.12 a  12.0 a 15.4 a 

AŰɠ
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2.� S�A�9DF) !'H7 

� ǞʇģʈʁʛʊɬɩʅʘɥNa AŰUʆɨʞʎ Na+ɮɥK AŰUʆɨʞʎ K+ɮƠBɷʅ

ɝɩŠºʡƐɷɿˮv 1aɥ b˯ɦʔɿAŰŠºʊĹ$ɷʅ Na+ɬʚʏ K+Šºɮɝɰʉʝ3g

ʡƐɷɿɦ 

ɠ ɠ Ǟɬʚʏģʌ Cl−Šºʍɥ�ŠºUʇɝŠºUʌʈʁʛʊɬɩʅʘ K AŰUʆ Na A

ŰUʚʜʘēÕʊɝɩ/ʡƐɷɿˮv 1c˯ɦǞʌ Cl−Šºʍ�ŠºUʇɝŠºUʇʘʊɥKU

ʍ Na UʌƬ 2 -ʘʌ/ʡƐɷɿɦfĬʊɥģʌ Cl−Šºʍ K5 Uʆʍ Na5 Uʌ 1.7 -ɥ

K50Uʆʍ Na50Uʌ 1.5-ʌ/ʡƐɷɿɦ 

ɠ ɠ �Ă Cl−ʇʍźʉʜɥǞʌ NO3
−Šºʍ Na5 Uʆʍ K5 Uʌ 2 -ɥNa50 Uʆʍ K50 U

ʌ 4 -ʆɨʜɥNa Uʊɬɩʅɖǟʊɝɩ/ʡƐɷɿˮv 1d˯ɦ^¢ʊģʌ NO3
−ŠºʍɥK

Uʆ NaUʚʜʘɝɩ/ʡƐɷɥK5Uʆʍ Na5Uʌ 1.8-ɥK50Uʆʍ Na50Uʌ 1.7-

ʆɨʂɿɦ 

v 1ɠ KAŰʇ NaAŰ�ʊɬɲʝǞʇģʌóĿ
ʌ Na+ˮa˯ɥK+ˮb˯ɥCl−ˮc˯ɥNO3
−ˮd˯ŠºɦAŰ

ȼʊɬɩʅźʉʝʤ˦˒ʣ˖˂˅ʌȼʊʍ 5%ļŘʆēÕ¯ɮɨʝˮP˶0.05; Tukey˯ 
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3.ɠ ǞʇģʌóĿ
ʊɬɲʝ Cl−ʇ NO3
−ʌȽ( 

ɠ ɠ óĿʌ NO3
−ŠºʊɬɲʝǞ/ģĹʍɥNa Uʆ K UʚʜʘɝɰɥŪʊ Na5 Uʊɬɲʝ

NO3
−ŠºʍǞʆģʚʜʘ 1.6-ɝɭʂɿˮǩ 4˯ɦ�ĂɥCl−ŠºʌǞ/ģĹʍɥKUʆ NaU

ʚʜʘɝɩ3gʡƐɷɿʘʌʌɥēÕ¯ʍʕʇʗʛʞʉɭʂɿɦ 

ɠ ɠ Ǟʊɬɲʝ NO3
−/Cl−ĹʍɥNaUʆ KUʚʜʘēÕʊɝɭʂɿɦ�Ăģʌ NO3

−/Cl−Ĺʊ

ɬɩʅʍɥAŰȼʊēÕʉ¯ʍʕʇʗʛʞʉɭʂɿɦ 

 

ǩ 4ɠ KAŰʇ NaAŰ�ʊɬɲʝ Cl−ʇ NO3
−ŠºʌǞ/ģĹɥɬʚʏǞʇģʊɬɲʝ NO3

−/Cl−Ĺʌ

�TɦAŰȼʊɬɩʅźʉʝʤ˦˒ʣ˖˂˅ʌȼʊʍ 5%ļŘʆēÕ¯ɮɨʝˮP˶0.05; Tukey˯ 

 

ɠ ɠ  

 

 
 
 

 

 

 

4.ɠ ¥ƨŎ
ʌʦʫ˪Šº 

ɠ ɠ ¥ƨŎʌ Na+ʇ K+ŠºʍóĿʊɬɲʝƵĝʇfĬʌ3gɮʕʛʞɥʔɿŠºʍƴĊʇ

ʇʘʊ�ćɷɿˮv 2aɥb˯ɦNa+ɬʚʏ K+ʡɽʞɾʞiʔʉɩUʆʍAŰĕȼʡțɸʅʒʓ

��ʌ Na+ɥK+ŠºʆïƗɷɿɦ 

ɠ ɠ ¥ƨŎ
ʌ Cl−ŠºʍɥēÕʊ K Uʆ Na Uʚʜʘɝɩ/ʡƐɷɥAŰȻ�ɭʛ 6 Ċȼ

Æʆʍɥ�ŠºUʇɝŠºUʇʘʊ KUʍ NaUʚʜʘƬ 2-ʘɝɭʂɿˮv 2c˯ɦ 

ɠ ɠ ¥ƨŎ
ʌ NO3
−Šºʍɥ�ŠºUʊɬɩʅʍ K Uʇ Na UʌȼʊēÕʉ¯ʍʕʛʞ

ʉɭʂɿˮv 2d˯ɦɷɭɷʉɮʛɥNa50 UʆʍAŰĕȼʡțɷʅ�ʌAŰUʚʜʘɖǟʊɝ

ɩ NO3
−ŠºʡƐɷɿɦɶʛʊɥAŰȻ�ɭʛ 6ĊȼÆʌ¥ƨŎ
ʌ NO3

−ŠºʍɥNa50U

ʆ K50Uʚʜʘ 1.4-ʇɖǟʊɝɩ/ʡƐɷɿɦ 

 

 

 K5 Na5 K50 Na50 
Ǟ/ģ Ĺ     

Cl–     1.03 ab      0.83 b      1.59 a     1.25 ab 
NO3

–     0.46 c      1.59 a      0.24 d     1.02 b 
     NO3

−/Cl− Ĺ      
        Ǟ     1.15 b      4.35 a      0.31 c     1.45 b 
ɠ ɠ ɠ ģ     2.54 a      2.29 a      2.73 a     2.24 a 
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v 2ɠ AŰȻ�ɭʛ 0ɥ2ɥ4ɥ6ĊȼÆʊí`ɷɿ¥ƨŎ
ʌ Na+ˮa˯ɥK+ˮb˯ɥCl−ˮc˯ɥNO3
−ˮd˯Š

ºʌ�TɦʩˤˬˍˬʍĭŘǼ¯ˮSE˯ʡƐɹ 

 

5.ɠ ¥ƨŎ
ʌ Na+ɬʚʏ K+ʇ NO3
−ʇʌȽ( 

ɠ ɠ ¥ƨŎ
ʌ Na+ʇ NO3
−ʌȼʊʍɝɩĳʌƅȽȽ(ɮʕʇʗʛʞɿʌʊ¢ɷɥK+ʇ NO3

−

ʌȼʊʍēÕʉƅȽȽ(ɮʕʛʞʉɭʂɿˮv 3aɥb˯ɦ 

 

 

 

 

 

 

 

 
 

v 3ɠ AŰȻ�ɭʛ 0ɥ2ɥ4ɥ6ĊȼÆʊí`ɷɿ¥ƨŎ
ʌ Na+ˮa˯ɬʚʏ K+ˮb˯ʇ NO3
−ŠºʌȽ

(ɦˑʤʾ˪ʌƅȽ(ýʡŴɩʅǰěʡǦʂɿˮr; ns, not significant, *P < 0.05˯ 

 

r = 0.683* r = –0.053ns 
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6.ɠ Ǟʇģʊɬɲʝ˔˨˥˪ʇʤ˛ˋȱŠº 

ɠ ɠ Ǟʌ˔˨˥˪Šºʍ K ʇ Na UʇʘʊɝŠºUʊɬɩʅɥ�ŠºUʇĹȏɷʅɖǟʊɝ

ɩ/ʡƐɷɿˮv 4a˯ɦɷɭɷɥǞʌ˔˨˥˪ŠºʊɬɩʅɝŠºUʇ�ŠºUʇʘʊɥK U

ʇ NaU ʌȼʊēÕʉƅȥʍʕʇʗʛʞʉɭʂɿɦģʌ˔˨˥˪iēŭʍ Na50Uʆđʘɝ

ɰɥK5Uʆđʘ�ɩ/ʡƐɷɿɦ 

ɠ ɠ Ǟʌʤ˛ˋȱŠºʍɥK50Uʆɖǟʊ�ɩ/ʡƐɷɿɮɥ�ʌAŰUȼʊɬɩʅēÕʉ

¯ʍʕʛʞʉɭʂɿˮv 4b˯ɦ�Ăģʌʤ˛ˋȱŠºʍɥNa50Uʆ�ʌAŰUʇĹȏɷʅɖ

ǟʊɝɩ/ʡƐɷɿɦ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

v 4ɠ K AŰʇ Na AŰ�ʊɬɲʝǞʇģʌ˔˨˥˪Šºˮa˯ʇʤ˛ˋȱŠºˮb˯ɦAŰȼʊɬɩʅź

ʉʝʤ˦˒ʣ˖˂˅ʌȼʊʍ 5%ļŘʆēÕ¯ɮɨʝˮP˶0.05; Tukey˯ 
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7.ɠ  Na+ɥK+ɥCl–ɥNO3
–ɥʤ˛ˋȱɥ˔˨˥˪ɮǞʇģʌŌȚ˙˃˪ʸ˟˦ˮΨS˯ʊɬɲʝï�

��ŭ 

ɠ ɠ Ǟʇģʌ ΨSʊɬɲʝï���ŭʍɥKUʆɨʞʎ K+ɮɥNaUʆɨʞʎ Na+ɮɥ�ʌ

6Ưʚʜʘđʘɝɩ/ʡƐɷɿˮv 5˯ɦŪʊ K+ʌ��ŭʍ K5 ʇ K50Uʇʘʊ9ŌȚ˙˃

˪ʸ˟˦ʌ 50%ʡYʗʅɩɿɦ 

ɠ ɠ Ǟʇģʌ ΨSʊʘɿʛɹ Cl–ʌ��ŭˮCCl˯ʍɥK5 ʇ K50 Uʊɬɩʅ Na Uʚʜʘɝɩ/

ʡƐɷɿˮv 5˯ɦʔɿɥǞʌ CCl ʊɬɩʅɥK Uʇ Na Uʇʘʊ�ŠºAŰʇɝŠºAŰʌ

ȼʊēÕʉ¯ʍʉɭʂɿɦ 

ɠ ɠ Ǟʌ ΨSʊʘɿʛɹ NO3
–ʌ��ŭˮCNO3˯ʍɥNa5 Uʆʍ K5 Uʌ 2 -ɥNa50 Uʆʍ

K50 Uʌ 3.6 -ʆɨʂɿˮǩ 5˯ɦɷɭɷ K50 Uʇ Na50 UʌǞʌ CNO3ʍʇʘʊɥK5 Uʇ

Na5 UʌVCʆɨʂɿɦģʌ CNO3ʍ K Uʆ Na Uʚʜʘɝɩ/ʡƐɷɿɦɶʛʊģʌ CNO3

ʍɥK Uʇ Na Uʇʘʊ�ŠºAŰʇɝŠºAŰʌȼʊēÕʉ¯ʍʉɰ��ʌ��ŭʡ*

ʂʅɩɿɦ 

ɠ ɠ Ǟʇģʌ ΨSʊʘɿʛɹ˔˨˥˪ʌ��ŭˮCPro˯ʍ9ʅʌAŰUʆɖǟʊ�ɭʂɿɮɥɝ

ŠºAŰUʊɬɲʝ CProʍ�ŠºAŰUʌ CProʚʜʘ 10 -ʌ��ŭʡƐɷɿˮǩ 5˯ɦ˔

˨˥˪ʇfĬʊɥǞʇģʌ ΨSʊʘɿʛɹʤ˛ˋȱʌ��ŭˮCAA˯ʘɏ´ʊ�ɭʂɿɦ 

 

 

ǩ 5ɠ KAŰʇ NaAŰʌǞʇģʌŌȚ˙˃˪ʸ˟˦ˮΨS˯ʊɬɲʝ Na+ˮCNa˯ɥK+ˮCK˯ɥCl–ˮCCl˯ɥ

NO3
–ˮCNO3˯ɥ˔˨˥˪ˮCPro˯ɥʤ˛ˋȱˮCAA˯ʌï���ŭɦAŰȼʊɬɩʅźʉʝʤ˦˒ʣ˖˂˅ʌ

ȼʊʍ 5%ļŘʆēÕ¯ɮɨʝˮP˶0.05; Tukey˯ 

 

 Ψs (MPa)   CNa(%)  CK(%) CCl(%) CNO3(%) Cpro(%) CAA(%) 
Ǟ        
  K 5 -0.99 a   4.8 c 53.4 a   10.0 ab     11.5 b   0.01 b 2.1 a 
  Na 5 -1.03 a 44.7 b 22.1 b   5.3 c     23.4 a   0.01 b   1.7 ab 
  K 50 -1.19 b   4.0 c 56.3 a    13.1 a     3.4 c   0.12 a 1.4 b 
  Na 50 -1.33 c 49.3 a 17.2 c      6.6 bc   12.5 b 0.12 a 1.9 ab 
ģ        
  K 5 -0.73 a   3.7 c 46.1 a   14.2 a  36.0 a 0.02 c    1.6 b 
  Na 5 -0.68 a 32.9 b 13.6 b     8.5 c    22.8 bc   0.02 bc    2.0 ab 
  K 50 -0.92 b   2.8 c 48.9 a   11.1 b   29.0 ab 0.02 b    1.8 b 
  Na 50 -0.86 b 34.5 a 11.6 b     7.8 c 19.4 c 0.03 a    2.6 a 
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ƣ 3Ʃɠ ǆ¡ 

ɠ ɠ ɝƥĦũʊɬɩʅɥNO3
–ʍ˔˨˅˪ʇʌ:ȑȘʆģʊ`ʜȕʔʞʝˮMeharg and Blatt 

1995˯ɦɶʛʊģɭʛ{�ȭʐʇ NO3
–ʡȑȘɹʝɊʌ¥ƨʡțʝȺȌɌȑȘʆʍ�ʊ K+

ɮɈ�Ɇʦʫ˪ʇɷʅ NO3
–ʌȑȘʡ)ȟɹʝɴʇɮ�lɶʞʅɩʝˮCasadesus et al. 1995˯ɦ

j_ɶʞɿ NO3
–ʍģʙǞʌƍȱfTƴȍʡƴʅʤ˛ˋȱʙʿ˪ˎʰȈʐʇeÙɶʞʝɦ

NO3
–fTƴȍʊɬɩʅ NO3

–ɮ NO2
–ʐɥNO2

–ɮ NH4
+ʐʇȬ6ɶʞʝȣƘʆɥNH4

+ʌȣJ

ʉǡƛʡȫɲʝɿʗʊɥNO3
–ʌj_˫ȑȘÝHɥŎǍʐʌǡƛʉʈʡǦɪɴʇʆ NO3

–ʡ`ʜ

ȕʖȵɮǿþɶʞʝɦŎǍʊǡƛɶʞɿ NO3
–ʍȧ�ưǍȈʐʇȘʛʞʅfTɶʞʝ�ʊɥ

ŌȚyǿƩũȈʇɷʅʌÄKʘĝɿɹˮBlom-Zandstra and Lampe 1983ɥSong et al. 2006ɥ

Yuan et al. 2010˯ɦɴʞʔʆʌƊƞʆɥ˒ˀ˪ʾʧɮ NaCl ʡőNɹʝɴʇʆŲǌɬʚʏ9 N

iēŭʡ�ćɶɻʝɴʇɮʠɭʂʅɩʝˮYamada et al. in press˯ɦɷɭɷɥNiēŭʌ�ć

ɮŲǌ)ȟʊʚʂʅ½ɯȉɴɶʞɿʌɭɥɽʞʇʘ NaCl őNʊʚʝƄîŽʉÃɑʉʌɭʍ

Cɭʂʅɩʉɩɦ ɽɴʆɥNa+ʌőNʊʚʝ NO3
–j_˫ȑȘ)ȟʌ[uʡĈʛɭʊɹʝɿʗɥ

K+ʇ Na+ʌRĝʡĹȏɷħǴɹʝɴʇʇɷɿɦ 

ɠ ɠ Ǟʌ NO3
–Šºʍ�ŠºUʇɝŠºUʇʘʊɥK AŰUʚʜʘ Na AŰUʆēÕʊɝɩ

/ʡƐɷɿˮv 1d˯ɦʔɿɥ¥ƨŎ
ʌ NO3
–ŠºʘAŰÆ 2 Ċȼʆąʊ Na Uʆ K Uʚʜ

ʘēÕʊɝɩ/ʡƐɷʅɩɿˮv 2b˯ɦɷɭɷʉɮʛɥģʌ NO3
–Šºʍ K Uʆ Na Uʚʜʘ

ēÕʊɝɩ/ʡƐɷʅɩɿˮv 1d˯ɦɽɷʅɴʞʛʌƵĝʍɥŲǌʙļCiēŭʊɬɩʅA

Űȼʊ¯ɮʕʛʞʉɭʂɿɴʇɭʛŲǌū×ʊȉuɷʅȉɴʂɿɴʇʆʍʉɩˮǩ 3˯ɦ

NRT1.5 ʍ NO3
–ʌ¥ƨȑȘʊɬɩʅɥNO3

–ʡ¥ƨʐʇ ƛȐɹʝÄKʡãɪ˅ˤ˪ʺ˙ˬʿ

ˬʆɨʝˮv 5˯ɦʸ˨ʦˉˇʻˇˮArabidopsis thaliana L.˯ʊɬɩʅɥɴʌ NRT1.5ɮ�AŰ

�ʆʍ�ĂHÊɶʞɥģʊ NO3
–ʡ�ɰǡƛɹʝɴʇʆǈ�ÒʡÁTɹʝɴʇɮ�lɶʞʅ

ɩʝˮChen et al. 2012˯ɦʔɿ NRT1.8 ʍ�ʊģʌğưǍʊ�zɷɥ¥ƨɭʛ NO3
–ʡìɃɹ

ʝ˅ˤ˪ʺ˙ˬʿˬʆɨʝɮɥʸ˨ʦˉˇʻˇʌ NRT1.8 ʍ�ʺ˅˧ʺʊʚʂʅ�ĂHÊɶʞɥ

ģʊ NO3
–ʡǡƛɹʝɴʇʆǈ�Òʊ��ɷʅɩʝˮLi et al. 2010ɥ Chen et al. 2012˯ɦɴʌʚ

ɪʊɥģʐʌ NO3
–ʌǡƛʇǈ�ÒʇʌȽ(ɮ�lɶʞʅɩʝ�ĂʆɥėƊƞʊɬɩʅʍɴ

ʌ�lʇʍƆșʌɥNaAŰ�ʊɬɲʝ NO3
–ʌģʆʌǡƛȵʍ KAŰUʌɽʞʚʜʘēÕ

ʊ�ɰɥNa AŰʊʚʂʅ NO3
–ʌǞʐʌȑȘɮ)ȟɷʅɩɿˮǩ 4˯ɦėƊƞƵĝɭʛʍ
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NRT1.5ɮʈʌʚɪʊ4ɩʅɩʝɭʔʆʍCɭʛʉɩɮɥ¥ƨʊɬɲʝ NO3
–Šºɮ NaAŰ

UʆđʘɝɭʂɿɴʇɭʛɥNa+ʍ NO3
–ʌģɭʛǞʐʌȑȘʡ)ȟɶɻʝɴʇɮǆɫʛʞɿɦ 

ɠ ɠ ʔɿɥ¥ƨȑȘʌɊʌ NO3
–ʌɈ�Ɇʦʫ˪ʇɷʅɥ�ʊ K+ɮɽʌÄKʡãʂʅɩʝɴʇ

ɮ�lɶʞʅɩʝˮCasadesus et al. 1995˯ɦɽʌɿʗɥưǍ;ʌ K+ʇ NO3
–Šºʍ�îʊȽ

ʠʂʅɬʜɥʈʁʛɭɮ�ȋɹʝʇɥʘɪ�Ăʌj_ʘÝHɶʞʝˮWang et al. 2001˯ɦɷɭɷɥ

ėƊƞʆʍǞʌóĿ
ˮr = –0.312, P > 0.05˯ɬʚʏ¥ƨŎ
ˮr = –0.053, P > 0.05˯ʌ K+ʇ

NO3
–ŠºʌȼʊʍƅȽȽ(ɮǺʗʛʞɺɥʖɷʟ Na+ʇʌȼʊóĿˮr = 0.749, P > 0.05˯

ɬʚʏ¥ƨŎˮr = 0.6832, P > 0.05˯ʇʘɝɩƅȽȽ(ʡƐɷɿˮv 1ɥ3˯ɦɴʞʛʌɴʇɭʛɥ

˒ˀ˪ʾʧʊʇʂʅ K+ʚʜʘ Na+ɮʚʜ NO3
–ʌǞʐʌȑȘ)ȟʊ��ɷʅɩʝɴʇɮƐqɶ

ʞɿɦ 

     Cl–ʇ NO3
–ʍ:ʊ�'ʌɄʦʫ˪ʆɨʜɥɴʞʔʆʊʘɝŠºʌ Cl–ʊʚʝ NO3

–ʌj_ɀ

�ʍ�ɰʌƊƞʆ�lɶʞʅɩʝˮDebouba 2006˯ɦėƊƞƵĝʆʍɥNa+ʇ K+ʆʍ Cl–ʌ

j_3gʍ�ɯɰźʉʜɥK AŰʊɬɩʅʚʜ�ɰʌ Cl–ʡǞʇģʊǡƛɷʅɩɿˮv 1c˯ɦ

Cl–ʌj_˝ʬˈʻ˜ʍ�ʊɄʦʫ˪ˁ˟ˊ˦ɥNO3
–˅ˤ˪ʺ˙ˬʿˬʉʈɮéɳʛʞ

ˮTeakle and Tyerman 2010˯ɥɴʞʛʍ Cl–ʚʜʘ NO3
–ʊ¢ɹʝȚȣÒɮɝɩˮRoberts 2006˯ɦ

ˏ˅ʊʍɥÓ´Òƹçʊ�cİʉɆʦʫ˪ˮNa+/K+˯/Cl–:ȑȘ˅ˤ˪ʺ˙ˬʿˬˮCCC˯ɮɨ

ʝˮHaas 1994˯ɦɽɷʅ CCC ʇfĬʌȪ��ʆɥģɭʛǞʐʌ Cl–ʌȺȌɌȑȘʊȽʠʝ

ȑȘ ɮʸ˨ʦˉˇʻˇʆǮʃɭʂʅɩʝˮColmenero-Flores et al. 2007˯ɦɶʛʊɥʦˊ

ˮOryza sative L.˯ʆʍ K˰/Cl−:ȑȘ ɮʦʫ˪ʌÓ´ÒƹçʇŲǌʊ�ɯɰȽʠʂʅɩʝ

ɴʇɮ�lɶʞʅɩʝˮKong et al. 2011˯ɦʦˊʆʍ KClAŰʆ NaCl AŰʚʜʘ�ɰʌ Cl–i

ēŭɮƐɶʞʅɬʜɥėƊƞʌƵĝʇʘ�ǔɹʝɦɴʌɴʇɭʛɥ˒ˀ˪ʾʧʘ K+ʊʚʂʅ Cl–

ɮŪźŽʊj_ɶʞʝ˝ʬˈʻ˜ʡēɷʅɩʝcǎÒɮɨʝɦɽʌɿʗɥɴʌ K+ʊʚʝ Cl–ʌ

j_)ȟɮfĊʊɥK AŰUʊɬɲʝ NO3
–ʌj_˫ȑȘʡʚʜÝHɷʅɩʝɴʇʘǆɫʛʞ

ʝɦ 

ɠ ɠ ŌȚyǿƩʍ�ʺ˅˧ʺʙ�ŧʺ˅˧ʺ�ʌĦũʊʇʂʅǒyʙiļŭʡƹçɹʝɿʗ

ʌ�ǭʉǈÒÐƦʌ�ʃʆɨʝˮGreenway and Munns 1980˯ɦ�ŲĦũʌ�ɰʍ Na+ʇ Cl–

ʡ�ʉŌȚyǿƩũȈʇɷʅŎǍʊřʗȕʖˮHasegawa et al. 2000˯ɦ�ĂɥNaClAŰ�

ʌ Suaeda physophoraʊɬɩʅɥNO3ăǋȵɮ�NɹʝʇưǍ;ʌ NO3
–ɮ�ćɷɥCl– ɮ

ƥɷɩKeʆ��ɹʝɴʇɮCɭʂʅɩʝɦɴʌɴʇɭʛɥSong et al.ˮ2006˯ʍɥNO3
–ʍ NT
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eũʌ�ȈʇʉʝʀɲʆʉɰɥŎǍʊřʗȕʖɴʇʆ Cl–ʊ�ʠʝŌȚyǿƩũȈʇɷʅʌ

ÄKʘĝɿɹʇƵȀʄɲʅɩʝ ɦėƊƞʆʘɥǞʌ ΨSʊɬɲʝ NO3
–ʌ��ŭˮCNO3˯ʍ

Na AŰ�ʆ K AŰ�ʚʜʘ�ćɷɥCl–ʌŌȚy��ŭˮCCl˯ʍ Na AŰ�ʆ K AŰ�ʚ

ʜʘ��ɷʅɩɿɦɷɭɷʉɮʛɥǞʌ Cl–Šºʌœ§ŭʇ NO3
–Šºʌ�ćŭɮȷʜeʂʅ

ɩʉɭʂɿɦɶʛʊɥNa5 ʇ Na50ɥɬʚʏ K5 ʇ K50Uʊɬɲʝ CClʍAŰŠºɮ�ćɷʅ

ʘ��ʉʌʊ¢ɷɥCNO3ʍAŰŠºʌ�ćʇʇʘʊēÕʊ��ɷɿˮǩ 5˯ɦɴʌɴʇɭʛɥ˒

ˀ˪ʾʧʊɬɩʅʍ Cl–ʊ�ʠʝ NO3
–ʌŌȚyǿƩũȈʇɷʅʌÄKʍ�ɩɴʇɮǆɫʛ

ʞʝɦɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ  

ɠ ɠ ˔˨˥˪ʍ�ʙ�ŧʺ˅˧ʺʊÐƦɷʅeÙɶʞĬɧʉȰƯʡ*ȂɹʝɿʗʌÄKʇɥŎ

Ǎ;�ʌŌȚ˙˃˪ʸ˟˦ʡƹçɹʝɿʗʌŌȚyǿƩũȈʇɷʅʌÄKʡĝɿɹˮDi 

Martino et al. 2003˯ɦėƊƞʆʍɥ˔˨˥˪ŠºʍǞʆʍ K50Uʇ Na50Uʆđ�ʇʉʂɿ

ˮv 4a˯ɦɴʌɴʇɭʛɥ˒ˀ˪ʾʧʆʍ�ʌƙɗʊȽ(ʉɰɥŠºʊʚʂʅʚʜ�ɰ˔˨˥˪ʡ

ǡƛɹʝ3gɮɨʝɴʇɮCɭʜɥɝ�Šºʌ�eɥɝŌȚyʌÃɑʍ K AŰUʘ Na A

ŰUʘfĬʊaɲʅɩʝɴʇɮƐqɶʞɿɦ 

ɠ ɠ ʤ˛ˋȱʍʿ˪ˎʰȈeÙʌ�Ȉʇʉʝ�ɥʾˬʺɭʛʸ˪ʰʐʌơƯȑȘʙơƯfTʊ

ʘ�ɯɰȽʠʂʅɩʝˮGilbert et al. 1998˯ɦėƊƞƵĝɭʛȡɌʤ˛ˋȱʌŠºʍ K5ɥNa5ɥ

Na50 Uʆɥģʆʍ Na50 Uʆđ�ʇʉʂɿɮɥNO3
–j_ʇʌȽ(ÒʔʆʍǮʛʞʉɭʂɿ

ˮv 4b˯ɦʔɿ˔˨˥˪fĬɥȡɌʤ˛ˋȱʊʃɩʅʘ�ŧʙ�ʺ˅˧ʺʊʚʂʅɽʌŠºɮ�

ćɹʝɴʇɮ�ɰʌƊƞʆʘ�lɶʞʅɩʝɮɥėƊƞʆʍʤ˛ˋȱɮŌȚyǿƩʊ]ʓɹ

��ŭʍ 1.4�2.6%ʇɏ´ʊ�ɭʂɿˮǩ 5˯ɦ 

ɠ ɠ Ǟʆʌ NO3
–Šºɮ K AŰUʚʜʘ Na AŰUʆɝɭʂɿʌʊNɫʅɥģʌ NO3

–ʌǡ

ƛȵʍ NaUʚʜʘ KUʆɝɰɥʔɿ¥ƨŎ
ʌ NO3
–Šºɮ Na50Uʆđʘɝɭʂɿɦɴʌ

ɴʇɭʛ˒ˀ˪ʾʧʌǞʐʌ NO3
–ȑȘ)ȟʍ K+ʆʍʉɰ Na+ʊʚʂʅ½ɯȉɴɶʞɥNa+ʌ

ÄKʍ�ʊ¥ƨȑȘʇȽʠʂʅɩʝɴʇɮƐqɶʞɿɦɶʛʊɥāɿʊCɭʂɿɴʇʇɷʅ K+ 

ʊʚʂʅ Cl–ʌj_ɮ)ȟɶʞʝɴʇɮéɳʛʞɥɴʌɴʇʘ NaCl �ʊɬɲʝ˒ˀ˪ʾʧʌ

NO3
–j_˫ȑȘ)ȟʊÃɑʡ]ʓɷʅɩʝʇǆɫʛʞɿɦ 
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v 5ɠ ƍȱ˅ˤ˪ʺ˙ˬʿˬʌĮ¼v 

 

 

 

ƣ 4Ʃɠ ǭƬ 

ɠ ɠ ˏˡƔʌ˒ˀ˪ʾʧˮBeta vulgaris var. cicla L.˯ʆʍɥ~{ NaClŠºʌ�ćʊɷɿɮʂ

ʅŲǌɮ)ȟɷɥfĊʊ9 N iēŭʘ�ćɹʝɦɷɭɷʉɮʛɥN j_ʌ�NɮŲǌ)ȟ

ʊʚʝƵĝʉʌɭɥɽʞʇʘ NaClőNʊʚʝƄîŽʉÃɑʉʌɭʍĈʛɭʇʉʂʅɩʉɩɦ

ɽɴʆėƊƞʆʍɥ�Šºˮ5 mM˯ʇɝŠºˮ50 mM˯ʌɽʞɾʞ KAŰʇ NaAŰʡNɫ

ɿĊʌǞʇģʌ NO3
–Šº]ʏ¥ƨŎ
ʌ NO3

–Šºʡŕ�ɷɥNa+ʊʚʝ NO3
–ʌj_)

ȟɮ Na+ʊʚʝƄîŽʉRĝʆɨʝʌɭʡĈʛɭʊɹʝɴʇʡƃŽʇɷɿɦ 

ɠ ɠ �ė~əŎʡŴɩɥ3 ȞȼǌǙʡǦʂɿɦɽʌÆɥK5ˮK5ɥNa0˯ɥK50ˮK50ɥNa0˯ɥ

Na5ˮK0ɥNa5˯ɥNa50ˮK0ɥNa50˯ʌ 4 AŰʡNɫʅ 7 ĆȼĤ~ɷɥǞɬʚʏģʌóĿ


ʌ Na+ɥK+ɥCl–ɥɬʚʏ NO3
–Šºʡŕ�ɷɿɦʔɿɥAŰȻ�ɭʛɽʞɾʞ 0ɥ2ɥ4ɥ6 Ċ

ȼÆʌ¥ƨŎʡí`ɷɥNO3
–j_ʌƴĊŽ�TʡǿĠɷɿɦ 

ɠ ɠ Ǟʊɬɲʝ NO3
–ŠºʍAŰŠºʊȽ(ʉɰ NaAŰUʊɬɩʅ KAŰUʚʜʘēÕʊ

ɝɩ/ʡƐɷɿɦ�ĂɥǞʌ Cl–ŠºʍAŰŠºʊȽ(ʉɰ K AŰUʊɬɩʅ Na AŰU

ʚʜʘēÕʊɝɭʂɿɦNO3
–ʌǞ/ģĹʍ K50Uʆ 0.24ɥNa50Uʆ 1.02ʆɨʂɿɴʇɭʛɥ

K AŰ�ʆʍ NO3
–ʡģʊǡƛɷɥNaAŰ�ʆʍ NO3

–ʡǞʐʇƛĩŽʊȑȘɷʅɩʝɴʇ

ɮƐqɶʞɿɦʔɿɥ¥ƨŎ
ʌ NO3
– ŠºʍAŰȻ� 6 ĊȼÆʊʍąʊɥNa50 Uʆē

Õʊ�ʌAŰUʚʜʘɝɩ/ʡƐɷʅɬʜɥɴʌɴʇɭʛʘɥNa+ʊʚʂʅǞʐʌ NO3
–ȑȘɮ

NO3
– 

NO3
– 

NO3
– 

NO3
– 

NO3
– 

NO3
– NO3

– 

NO3
– 

NRT1.8 

NRT1.5 

NRT1.1 

NRT1.2 

NRT2.1 

NAXT1 

培地 表皮 皮層 内皮 内鞘 柔組織 導管 

葉へ 
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)ȟɷʅɩʝʇǲɫɿɦʸ˨ʦˉˇʻˇʆʍ NO3
–ʡ¥ƨʐʇƛȐɹʝ NRT1.5ɮ NaClAŰ

ʊʚʂʅ�ĂHÊɶʞɥģʊ NO3
–ʡǡƛɶɻʝɴʇʆǈ�ÒʡÁTɹʝɴʇɮƈʛʞʅɩʝ

ɮɥ˒ˀ˪ʾʧʍǞʊ�ɰ NO3
–ʡȑȘɷʅɬʜɥɏ´ʊǕmŏɩƵĝɮÉʛʞɿɦ��ʌƵ

ĝɭʛɥ˒ˀ˪ʾʧʌ NO3
–j_˫ȑȘ)ȟʍ Na+ʊʚʝƄîŽʉRĝʆɨʜɥNO3

–ʌ¥ƨȑ

Șʊ Na+ɮȽ�ɷʅɩʝcǎÒɮƐqɶʞɿɦʔɿ Cl–ʌj_ɮ K+ʊʚʂʅ)ȟɶʞɥNa+

ʊʚʂʅ��ɹʝɴʇʘ�AŰ�ʊɬɲʝ˒ˀ˪ʾʧʌ NO3
–j_˫ȑȘʊÃɑʡ]ʓɷʅɩ

ʝʇǆɫʛʞɿɦ  
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ƣ 3Ƣ 
 

~{ʌˇ˅˥ʧ˜Šºʌ�ćɮɥ˒ˀ˪ʾʧʌƍȱj_ɬʚʏ 
ƍȱȬ6ȰƯňÒʊ]ʓɹÃɑ 

 
 

ɠ ɠ Ħũʊʇʂʅ N ʍđʘȳǭʉÎɔ6Ưʆɨʜɥɽʌj_ɮŲǌʊ�ɯɰÃɑɹʝɦj_

ɷɿ NO3
−ʡʿ˪ˎʰȈʐʇeÙɹʝɿʗʌ NO3

−fTƴȍʌƣ�ĵɇɮ NO3
−ʡ NO2

−ʐʇ

Ȭ6ɹʝƍȱȬ6ȰƯˮNR˯ʆɨʝɦʦ˪ʳ˪ˮPhaseolus vulgaris L.˯ɥ˅ʧ˞˨ʴʸˮZea 

mays L.˯ɥ˅˚˅ˮSolanum lycopersicum L.˯ʌ NRňÒʍɥ~{ʊ NaClʡőNɹʝɴʇʆǟ

ɷɰ��ɹʝˮGouia et al. 1994ɥAbd-El Baki et al. 2000ɥDebouba et al. 2006˯ɦNRʍ NO3
−

ʊʚʂʅǻ¥ɶʞʝɴʇɭʛɥFlores et al. ˮ2004˯ʍ NaClʊʚʝ NRňÒʌ��ɮɥɝŠº

ʌ Cl–ʊʚʝ NO3
−j_ɀ�ʊɨʝʇɷʅɩʝɦ 

ɠ ɠ �Ăƣ 2Ƣʊɬɩʅɥ˒ˀ˪ʾʧˮBeta vulgaris var. cicla L.˯ʊɬɲʝ NO3
−ʌǞʐʌȑ

Șʊ Na+ɮ K+ʚʜʘ��ɷʅɩʝɴʇʡĈʛɭʊɷɿɦʔɿ¥ƨŎʌ NO3
−ŠºɭʛɥNa+ő

NʊʚʂʅƉĊȼʆ�ɰʌ NO3
−ʡj_ɷɥǞʐʇȑȘɷʅɩʝɴʇɮCɭʂɿɦ 

ɠ ɠ ɽɴʆƣ 3 Ƣʆʍɥ~{ʌ NaCl Šºʌ�ćɮ˒ˀ˪ʾʧʌ NR ňÒʊ]ʓɹÃɑʡ

Ĉʛɭʊɹʝɦɶʛʊɥǈ�ÒʌÁɩĦũʇɥ��ÒĦũʊɬɲʝ NO3
−j_˫ȑȘʇ NRň

Òʊ]ʓɹÃɑʌȥɩʡĹȏħǴɹʝɿʗɥǈ�ÒɮÁʇɶʞʝʫʫ˜ʯˮHordeum 

vulgare L.˯ʡ%Ǹɷɥǈ�Òʇ��ÒʌȥɩʡʚʜĈƏʊɷʚɪʇɷɿɦ  
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ƣ 1Ʃɠ ĘĀʇĂł 

1.ɠ Ĥ~Ăł 

ɠ ɠ ʫʫ˜ʯˮHordeum vulgare L. cv. ˒ʣʦˍˬʺˋʧ˯ʇ˒ˀ˪ʾʧˮBeta vulgaris var. cicla 

L. cv. ǬņżǛ˯ʌƙ�ʡˍˬ˛ʮˠˤʦ˅ʊöƙɷɥȧ�ŝļʡǦʂɿɦöƙɭʛ 3ȞȼÆɥ

20 L�ʴ˪˃ˇʊĦũƙɵʇʊ 1 ʴ˪˃ˇÂɿʜ 150, ʇʉʝʚɪʊƗĦɷɥ�ė~əŎ

ˮǩ 6˯ʆļǉĤ~ʡǦʂɿɦļǉŎʌ pH ʍ 5.0 ʊǿþɷɿɦʴ˪˃ˇʊʍ´ʊțĻɷɥ1

Ȟȼʊ 1º~əŎʡďāɷɿɦļǉŎʍƬ 4 mmol L-1ʌ NaClɮiʔʞɿļȤļʆ"ǫ

ɷɿɦ 

ɠ ɠ ļǉĤ~Ȼ�ɭʛ 1 ȞȼÆɥdĦũƙʡɽʞɾʞ NaCl Šºɮ 0ɥ40ɥ60ɥ80ɥ100 

mmol L-1ʇʉʝʚɪʊǿǫɷɿ 4 L �˔ˤʺˁ˂ʰ˙˂˅ʊ 1 ˙˂˅Âɿʜ 5 , ʇʉʝʚɪʊ

ƗĦɷɥAŰʡȻ�ɷɿɦdAŰ 4 ^Ëʇɷɥ7 ĆȼĤ~ʡǦʂɿɦĤ~ʍɥɟ`��Ȕ�

ȭʌʭˤʺ�;ʊʅɥ4Ēɭʛ 6ĒʊɭɲʅǦʂɿɦ 

ɠ ɠ AŰȻ�ɭʛ 7ĆÆʊɥ1˙˂˅Âɿʜ 2, ʌǞʡí`ɷɿɦ āɞȳʡŕ�ɷɥ70�ʆ

48Ċȼ�ŧɶɻɿÆɥ�ũȳʡŕ�ɷɥļCiēŭʡƧBɷɿɦʔɿɥ1˙˂˅
ʌĴʜʌ 2

, ʍɥǞʇģʊCɲʅí`ÆȜʙɭʊŎ ơƯʆ@Ƶɶɻɥ-70�ʌ>@»ʊ*�ɷɿɦ

@ƵǸĀʍţį6Ưʇ NRňÒʌŕ�ʊ#Ŵɷɿɦ 

ɠ ɠ  

ǩ 6ɠ �ė~əŎʌƳÙʇ#Ŵ� 

�ȵ6Ư (mol m-3)   Ìȵ6Ư (g m-3) 
N 4.0 KNO3  Fe 2.0 FeSO4·7H2O 
  Ca(NO3)2·4H2O  Mn 0.5 MnSO4·5H2O 

  Mg(NO3)2·6H2O  B 0.2 H3BO3 

P 0.4 KH2PO4  Zn 0.1 ZnSO4·7H2O 
K 2.0 KNO3  Cu 0.01 CuSO4·5H2O 

  KH2PO4  Mo 0.005 (NH4)6Mo7O24·4H2

O 

 

 

Ca 1.0 Ca(NO3)2·4H2O     

  CaCl2·2H2O     
Mg 2.0 Mg(NO3)2·6H2O 

 

    

  MgSO4·7H2O 
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2.ɠ ţį6ƯŠºʌŕ� 

ɠ ɠ CěĂłʍƣ 2ƢʇfĬʆɨʝɦ 

 

3.ɠ 9 Niēŭʌŕ� 

ɠ ɠ ǸĀʌCǰʍɥʭˈ˪ʱ�łʊʚʂʅǦʂɿɦƪƋɷɿ�ŧǸĀʡ 0.05 g ƘºƖ`ʜɥ

CǰŴǸɛƨʊ8ʞɿɦʶ˥ˁ˦ȱ 10 gʡŠƎȱ 300 mLʊśǰɷɿʶ˥ˁ˦ȱ−Ǝȱ 1 

mL ʡǸɛƨʊNɫʅʚɰøäɷɿɦǸɛƨʊˁʫƎȱˇ˅˥ʧ˜Ƭ 50 mg ʡNɫʅŻƌɹ

ʝɴʇʡƏǺɷɿÆɥʤ˦˛ˈʧ˜ǫ˓˨˂ʰˏˬʿˬʊǸɛƨʡʼ˂˅ɷɥŔºʡ�Ŕɭʛ

100�ʔʆ�ɳɿɦɽʌÆɥ100�ʆ 1 Ċȼɥ150�ʆ 30 CɥđÆʊ 200�ʔʆŔºʡ�ć

ɶɻɥżŤʡŻɹʝʚɪʊʉʂɿʛ˓˨˂ʰˏˬʿˬɭʛǸɛƨʡ`ʜBɷɿɦǸɛƨɮ�Ŕ

ʔʆÛʂɿʛɥ0.3 mL ʌȣȱTļƯʡNɫɥ<º 200�ʌ˓˨˂ʰˏˬʿˬʊÛɷʅ 30 C

ȼNŦɷɿɦǸĀŎɮȚĈʊʉʝʔʆȣȱTļƯļʡNɫʉɮʛNŦɹʝ"Ĩʡǂʜȗɷ

ɿɦ 

ɠ ɠ ȚĈʊʉʂɿǸĀŎʡȧ�²Ȳɷɥʦ˪ˆ˒ʨˋˬ˦łʡŴɩʅ9 Nʌ�ȵʡǦʂɿɦ 

 

4.ɠ NRňÒʌŕ� 

ɠ ɠ @ƵǸĀ 0.5 gʊ 2 mLʌ 7.5 mMʸʺ˃ʦ˪ʇ 1 mM EDTAʡiʖ 100 mM ˥˪ȱʬ˥

ʧ˜ˍ˂˒ʣˬˮpH 7.5˯ ʡNɫɥ1%ʌ PVPP ʇʇʘʊõƋɷɿɦØşŎʡ 15,000 rpmʆ 15

Cȼɥ4ɣʆȦÍCɌʡǦʂɿÆɥ�ŒʡƫȰƯŎʇɷɿɦ 

ɠ ɠ ƫȰƯŎ 0.2 mLʊɥ20 mM KNO3iē 100 mM ˥˪ȱʬ˥ʧ˜ˍ˂˒ʣˬˮpH 7.5˯0.7 

mL ʇɥ2 mM NADH Ŏ 0.05 mL ʡNɫʅʚɰøäɷɿɦɽʌÆɥʦ˪ʮˠ˖ˬʿˬʊʅ

30ɣʆ 15Cȼ^ÐɶɻɿɦâBɭʛʌ�ȝʌù"ʍ 4ɣ��ʆǦʂɿɦ 

ɠ ɠ 15 CÆɥǸĀʊ 0.05 mL ʌ 0.5 M ȯȱ�ȸʡNɫʅ^Ðʡ1ĲɶɻɿɦɽʌÆ 5.8 

mM ʺ˦˒ʣˈ˦ʤ˛ˆiē 1.5 M HClśŎ 1 mL ʇɥ0.8 mMˇ˒ˁ˦ʩˁ˧˪ʹʤ˛˪�

�ȱ� 1 mL ʡNɫʅŻǘɶɻɿɦ20 CÆʊ 540 nm ʌj7ºʆŕ�ɷɿˮV-630BIO, 

JASCO, Tokyo, Japan˯ɦ 

ɠ ɠ NRňÒʍɥāɞȳ 0.5 gɮ 1Ċȼʆ�ƍȱʊȬ6ɶʞɿȵˮµmol˯ʆƐɷɿɦ 
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5.ɠ ƷǳAŰ 

ɠ ɠ GraphPad Prism 5.04ˮGraphPad Software, Inc., La Jolla, CA, USA˯ʡŴɩʅƷǳǰěʡ

Ǧʂɿɦ1 6ȮǄʌ¶|ʌCüˮANOVA˯ʍɥTukey ʌ�ȳĹȏCěʊʚʂʅǰěʡǦʂ

ɿɦʔɿ�ʃʌ�ýʌƅȽȽ(ʡħ�ɹʝɿʗɥˑʤʾ˪ʌƅȽ(ýʡŴɩɿɦ9ʅʌʩˤ

ˬˍˬʍĭŘ0¯ˮSD˯ʡƐɹɦ 

 

 

ƣ 2Ʃɠ Ƶĝ 

1.ɠ āɞȳˮFW˯ɥ�ũȳˮDW˯ɥɬʚʏļCiēŭˮWC˯ 

ɠ ɠ ʫʫ˜ʯʌ FW ʇ DWʍ AŰȼʆēÕʉ¯ʍʕʛʞʉɭʂɿˮǩ 7˯ɦ˒ˀ˪ʾʧʊɬɩ

ʅʍɥēÕ¯ʍʉɭʂɿʘʌʌɥ~{ʌ NaClŠºɮ�ćɹʝʊɷɿɮʂʅ FW ʘ�Nɹʝ

3gɮǮʛʞɥ80 mM Uʆđ�ʇʉʂɿɦɷɭɷ�ʌAŰUʇĹȏɷʅ 100 mM Uʌ FW

ʍēÕʊœ§ɷɿɦ�Ă FW ʇʍźʉʜɥ˒ˀ˪ʾʧʌǞʌ DW ʍ NaCl ʊʚʝÃɑʡaɲ

ʅɬʛɺɥAŰȼʊēÕ¯ʍʕʛʞʉɭʂɿɦ 

ɠ ɠ ʫʫ˜ʯʌǞʌļCiēŭˮWC˯ʍɥ�Šºʌ�ćʇʇʘʊ��ɹʝ3gʍʕʛʞɿɮɥ

NaCl 80 mMUʌʕ�ʌAŰUʚʜʘēÕʊ�ɭʂɿɦ�Ă˒ˀ˪ʾʧʌWC ʍɥAŰȼʊ

ēÕʉ¯ʍʉɭʂɿɦ 

 

ǩ 7ɠ źʉʝ NaCl Šº�ʊɬɲʝʫʫ˜ʯʇ˒ˀ˪ʾʧʌǞʌāɞȳˮFW˯ɥ�ũȳˮDW˯ɥļC

iēŭˮWC˯ɥɬʚʏóĿ
ʌ Na+ɥK+ɥCl–ɥNO3
–ŠºɦAŰȼʊɬɩʅźʉʝʤ˦˒ʣ˖˂˅ʌȼ

ʊʍ 5%ļŘʆēÕ¯ɮɨʝˮP˶0.05; Tukey˯ 

2.ɠ ǞʌóĿ
ʌţį6ƯŠº 

 NaCl FW DW WC Na+ K+     Cl–   NO3
– 

 (mmol L-1) (g plant-1) (g plant-1) (g g-1 DW) (mmol L-1) 
ʫʫ˜ʯ     0     0.69 a  0.094 a     6.32 ab    17 d 337 a 111 c 606 a 
   40     0.64 a  0.087 a     6.41 a   190 c 252 a 195 b 513 b 
   60     0.67 a  0.094 a     6.15 ab  231 b   233 bc 233 a 491 b 
   80     0.59 a  0.087 a     5.78 c   249 ab 228 c 249 a 441 c 
 100     0.61 a  0.089 a     5.88 b 260 a 217 c 251 a 452 c 
         
˒ˀ˪ʾʧ     0     14.8 ab    1.06 a 13.0 a   53 d 122 a 31.2 b 40.6 c 
   40     17.4 ab    1.01 a 16.5 a 129 c 109 a 68.3 a 72.8 b 
   60     18.2 a    1.11 a 15.4 a 155 b 115 a 63.8 a 71.2 b 
   80     18.3 a    1.21 a 14.2 a 166 b 104 a 68.9 a 95.1 a 
 100     12.9 b    0.87 a 13.9 a 184 a 114 a 65.2 a 99.5 a 
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ɠ ɠ ʫʫ˜ʯʌǞʌóĿ
ʌ K+Šºʍɥ~{ʌ NaCl Šºʌ�ćʇʇʘʊēÕʊ��ɷɿ

ˮǩ 7˯ɦʫʫ˜ʯʇʍźʉʜɥ˒ˀ˪ʾʧʌǞʌóĿ
ʌ K+Šºʍ~{ʌ NaCl Šºɮ�

ćɷʅʘAŰȼʊēÕʉ�Tʍʉɭʂɿɦ 

ɠ ɠ ʫʫ˜ʯʆʍɥ~{ʌ NaCl Šºʌ�ćʇʇʘʊɥǞʌ Cl–Šºʍ�ćɷɥNO3
–Šºʍ

ēÕʊ��ɷɿɦ�Ă˒ˀ˪ʾʧʆʍɥǞʌ Cl–Šºʍ 0 mMUʚʜ NaClAŰUʆēÕʊ

ɝɩ/ʡƐɷɿʘʌʌɥ~{ʌ NaCl Šºɮ�ćɷʅʘ Cl–ŠºʊÃɑʍʉɭʂɿɦɶʛʊɥ

˒ˀ˪ʾʧʌǞʌ NO3
–Šºʍɥ~{ʌ NaClŠºʌ�ćʇʇʘʊ�ćɷɿɦ 

 

3.ɠ ǞóĿʌ Na+ɥK+ɥWC ʇ NO3
–ŠºʌȽ( 

ɠ ɠ ʫʫ˜ʯʆʍɥǞʌ Na+Šºʇ NO3
–ŠºʇʌȼʊʍēÕʉȄʌƅȽȽ(ɮɨʜˮv 6A˯ɥ

K+Šºʇ NO3
–ŠºʇʌȼʊʍēÕʌĳʌƅȽȽ(ɮɨʂɿˮv 6B˯ɦɷɭɷɥʫʫ˜ʯʌ

Ǟʌ WC ʇ NO3
–ŠºʇʌȼʊƅȽȽ(ʍǮʛʞʉɭʂɿˮv 6C˯ɦ�Ă˒ˀ˪ʾʧʌǞʆ

ʍɥNa+Šºʇ NO3
–ŠºʇʌȼʊēÕʉĳʌƅȽȽ(ɮʕʛʞɿˮv 6D˯ɦɷɭɷɥ˒ˀ˪

ʾʧʌǞʌ K+Šºʇ NO3
–ŠºʇʌȼʊʍēÕʉȄʌƅȽȽ(ɮɨʜˮv 6E˯ɥʔɿļCi

ēŭʇ NO3
–ŠºʇʌȼʊʍƅȽȽ(ʍʕʛʞʉɭʂɿˮv 6F˯ɦ 
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v 6ɠ ˮA-C˯ʫʫ˜ʯʇˮD-F˯˒ˀ˪ʾʧʌǞóĿʌˮA,D˯Na+ŠºɥˮB,E˯K+ŠºɥˮC,F˯ļCiē

ŭˮWC˯ʇɥNO3
–ŠºʇʌȽ(ɦȖ�ĎƾʍˮA˯y = –0.639x + 621.57 (R2 = 0.94)ɥˮB˯y = 1.312x + 

168.23 (R2 = 0.93)ɥˮD˯y = 0.435x + 15.992 (R2 = 0.90)ɥˮE˯y = –2.344x + 340.22ˮR2 = 0.50˯ɦˑʤʾ

˪ʌƅȽ(ýʡŴɩʅǰěʡǦʂɿˮr; ns, not significant, *P < 0.05, **P < 0.01˯ 

 

 

4.ɠ 9 Niēŭ 

ɠ ɠ ʫʫ˜ʯʌǞʌ9 N iēŭʍɥ~{ʌ NaCl Šºʌ�ćʇʇʘʊēÕʊ��ɷɥ100 

mM Uʆɖǟʊ�ɭʂɿˮv 7A˯ɦ�Ă˒ˀ˪ʾʧʌǞʌ9 N iēŭʍɥAŰȼʊēÕʉ

¯ʍʕʇʗʛʞʉɭʂɿˮv 7B˯ɦ 
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v 7ɠ ~{ʌźʉʝ NaCl ŠºɮˮA˯ʫʫ˜ʯʇˮB˯˒ˀ˪ʾʧʌ9ơƯˮN˯iēŭʊ]ʓɹÃɑɦ

AŰȼʊɬɩʅźʉʝʤ˦˒ʣ˖˂˅ʌȼʊʍ 5%ļŘʆēÕ¯ɮɨʝˮP˶0.05; Tukey˯ 

 

 

5.ɠ NRňÒ 

ɠ ɠ ʫʫ˜ʯʌǞʌ NRňÒʍɥ~{ʌ NaClŠºʌ�ćʊ�ʂʅēÕʊ��ɷɿˮv 8A˯ɦ

˒ˀ˪ʾʧʌǞʌ NR ňÒʍɥ~{ʌ NaCl Šºʌ�ćʊʇʘʉʂʅÇɧʊ�ćɹʝ3g

ɮʕʛʞɿɮɥ80 mM Uʆʌʕ 0 mM UʚʜʘēÕʊɝɭʂɿˮv 8B˯ɦɶʛʊɥ100 mM

Uʌ NRňÒʌʕ�ʌAŰUʇĹȏɷʅēÕʊ�ɩ/ʡƐɷɿɦ  
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ɠ ɠ  

ɠ ɠ  

 

 

 

 

 

 

 

 

 

 

 
 

 

v 8ɠ ~{ʌźʉʝ NaClŠºɮˮA˯ʫʫ˜ʯˮB˯˒ˀ˪ʾʧʌƍȱȬ6ȰƯˮNR˯ňÒʊ]ʓɹÃ

ɑɦAŰȼʊɬɩʅźʉʝʤ˦˒ʣ˖˂˅ʌȼʊʍ 5%ļŘʆēÕ¯ɮɨʝˮP˶0.05; Tukey˯ 

 

 

 

ƣ 3Ʃɠ ǆ¡ 

1.ɠ NaClɮŲǌʊ]ʓɹÃɑɠ  

ɠ ɠ ưǍ�Ⱥʌ[SMʍɥưǍ�ŎʇưǍ;Ŏʌļ˙˃˪ʸ˟˦¯ʊ�ʄɰjļʊʚʂʅ

ŲɸɿǒyʆɨʝˮSerpe and Matthews 2000˯ɦNaCl~{ʊɬɩʅɥ�ɰʌ�ŲĦũʆʍɥ

ŎǍǑʊ�zɹʝ H+-ATPaseʌňÒʡ�ćɶɻʝɴʇʆŎǍʊ Na+ʡǡƛɷǒyɮƹçɶ

ʞʅɩʝˮTaiz 1992ɥApse et al. 1999ɥAhmed et al. 2013˯ɦɽʌɿʗɥ��ÒĦũʊʕʛʞ

ʝ Na+ʊʚʝŲǌ)ȟRĝʍɥŎǍʊ�ɰʌ Na+ʡǡƛɹʝɴʇɮʆɯʝɿʗʆɨʝʇɶʞʅ

ɩʝˮAyala and O’Leary 1995ɥLv et al. 2012˯ɦ ėƊƞʊɬɩʅɥʫʫ˜ʯʌ DW ʇWC

ʍʇʘʊ NaCl ʊʚʝÃɑʡaɲʅɬʛɺAŰȼʊēÕ¯ʍʉɰˮǩ 7˯ɥɴʌƵĝʍɥʫʫ

˜ʯɮ NaClɠ 100 mM ʔʆʉʛ 7 ĆʌAŰĕȼʆʘŲǌʡƹçɹʝɴʇʌʆɯʝǈ�ÒÁ
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ʌĦũʆɨʝɴʇʡƐɷʅɩʝɦ˒ˀ˪ʾʧʘɥDW ʊɬɩʅēÕʉAŰȼ¯ʍʕʛʞʉɭʂ

ɿʘʌʌɥNaCl 60�80 mMʆŲǌɮđ�ʇʉʝ3gɮʕʛʞɿɦɷɭɷʉɮʛɥ˒ˀ˪ʾʧ

ʊɬɩʅ DW ʇWCʌȼʊʍēÕʉƅȽȽ(ɮʕʛʞʉɭʂɿˮr < 0.03, p > 0.05˯ɦɽʌ

ɿʗɥǒyƹçʊʚʝưǍʌ�ȺɮÎɺɷʘ��ÒĦũʌŲǌ)ȟʊ��ɹʝr�ʌ[

uʆʍʉɩʇǆɫʛʞɿɦ 

 

2.ɠ NaClɮưǍ; Na+ʇ K+Šºʊ]ʓɹÃɑ 

ɠ ɠ Na+ʇ K+ʍfɸ�'ʌɆʦʫ˪ʆɨʜɥ�ɩʊæÞȽ(ʊɨʝɿʗɥɝŠºʌ Na+ʍĦ

ũʌ K+İ
ʡ½ɯȉɴɹˮBenlloch et al.1994ɥKhan et al 2000˯ɦĦũưǍʌưǍȈʊɬ

ɩʅ Na+ɮɝŠºʊʉʝʇɥț´ʍ K+ʡƵeɷʅįǎʡçʃȰƯʊɥNa+ɮƵeɹʝɴʇʊ

ʚʜɥĬɧʉȰƯʌňÒɮ��ɹʝɦɶʛʊɥʿ˪ˎʰȈeÙʌȣƘʊɬɩʅɥtRNA ʡ˥˘

ʾˬ˜ʊƵeɶɻʝɊʊɝŠºʌ K+ʡÎǭʇɹʝɮɥNa+ɮɝŠºʊʉʝɴʇʊʚʂʅɴʌ

ȣƘɮɀ�ɶʞʝɴʇɮƈʛʞʅɬʜɥĦũʌŲǌʍǟɷɰ��ɹʝˮTester and Davenport 

2003ɥShabala et al. 2010˯ɦ 

ɠ ɠ ʫʫ˜ʯʊɬɩʅɥNaCl ʊʚʝŲǌʐʌÃɑʍʉɭʂɿʘʌʌɥóĿ
ʌ Na+Šºʌ

�ćʊ�ʂʅ K+ŠºʍēÕʊ��ɷɿˮǩ 7˯ɦʫʫ˜ʯʍǈ�ÒʌÁɩĦũʆɨʜɥ

NaCl AŰʊʚʂʅŎǍʌ ƛɮÑŞʊ�NɹʝɴʇɮĈʛɭʊʉʂʅɩʝˮMimura et al 

2003˯ɦʔɿɥʫʫ˜ʯʍǛǞʊɬɩʅǞǊưǍʆʍʉɰɥǩſưǍʊ�ɰʌ Na+ʡɉɌɹ

ʝˮFricke et al. 1996˯ɦɴʞʛʌ˝ʬˈʻ˜ʡēɷʅɩʝɿʗɥʫʫ˜ʯʍŲŰňÒʌƁʢʉ

ǞǊưǍʐʌ Na+ʌǡƛʡȿɱɴʇʆ Na+�ʡȎœɷɥŲǌʡƹçɷʅɩʝʘʌʇǆɫʝɦ

�Ă˒ˀ˪ʾʧʍɥǞʌ Na+Šºɮ�ćɷɿʊʘȽʠʛɺɥK+Šºʍʒʓ��ʌ/ʡ*ʂ

ʅɩɿˮǩ˳˯ɦɴʌƵĝʍ��ÒĦũʌ Suaeda physophora ʊǮʛʞɿƵĝʇ�ǔɹʝ

ˮYuan et al. 2010˯ɦȰĶʊɬɩʅɥ~{ʌ�ʊÐƦɷɿʬ˦ʸˈˠˬ˥˪ɮ K+˅ˤ˪ʺ˙ˬ

ʿˬʡɝǯnÒʊDʜĐɫʝɴʇʆ Na+ʌŉ8ʡÝHɷɥK+ʌ`ʜȕʕʡHÊɷʅɩʝ

ˮMendoza et al. 1994˯ɦ�ĂėƊƞʆʍɥ˒ˀ˪ʾʧʌǞʌ K+Šºʍ��ʌ/ʡƹçɷʅ

ɩɿɮɥNa+Šºʍ�ćɷʅɬʜɥj_ʍÝHɶʞʅɩʉɭʂɿɦ˒ˀ˪ʾʧɮ Na AŰ�ʆ

ʘ��ɷɿ K+j_ʡƹçɹʝɴʇɮʆɯʝʌʍʉɼɭɥ�Æ˝ʬˈʻ˜ʡǰĈɷʅɩɰÎǭ

ɮɨʝɦ 
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3.ɠ  NO3
−j_ʍ Na+ʊʚʂʅ)ȟɶʞʝ 

ɠ ɠ ģɭʛ{�ȭʐʇȢʎʞɿ NO3
−ʍɥǞʆʤ˛ˋȱʙʿ˪ˎʰȈʐʇ�Tɹʝɦɴʌģɭʛ

{�ȭʊɭɲʅʌ NO3
−ʌ¥ƨȑȘʍɥ�ʊ K+ʡɈ�Ɇʦʫ˪ʇɷʅʦʫ˪ˍˤ˪ʺɮƹç

ɶʞʅɩʝˮLin et al. 2008ɥWang et al. 2012˯ɦɽʌɿʗɥưǍ;ʌ K+Šºʍ NO3
−ȑȘʇ

�îʊȽ(ɷʅɬʜɥK+Šºʌ��ʊ�ɪ NO3
−Šºʌ��ɮ�ɰ�lɶʞʅɩʝ 

ˮPilbeam and Kirkby 1990ɥWang et al. 2001˯ɦ 

ɠ ɠ ʫʫ˜ʯʌ NO3
−Šºʍ Cl–Šºʌ�ćʊ�ʂʅ��ɷɿˮǩ 7˯ɦɴʌɴʇʍɥK+ʇ NO3

ŠºʌȼʊĳʌƅȽȽ(ɮʕʛʞɿɴʇɭʛɥʫʫ˜ʯʌ NO3
−Šº��ʍ Na+ʊʚʝ K+

ʌj_ɀ�ʊʚʂʅ½ɯȉɴɶʞɿʘʌʇǆɫʛʞʝˮv 6B˯ɦʔɿɥCl–ʊʚʂʅ NO3
−ʌj

_ɮæÞŽʊɀ�ɶʞɿɴʇʘ�uʆɨʝʇǆɫʛʞʝɦ�Ăɥ˒ˀ˪ʾʧʆʍɥ~{ʌ

NaCl Šºʌ�ćʊ�ɪ Cl–Šºʌ�ćʍǮʛʞʉɭʂɿɮɥNO3
−ŠºʍAŰŠºʌ�ć

ʇʇʘʊ�ćɷɿˮǩ 7˯ɦ�ǖŽʊɥNO3 ʌj_ʍ K+ʌj_ȵʊȽ(ɷʅɩʝʇɩʠʞʅ

ɩʝɦėƊƞƵĝɭʛɥ˒ˀ˪ʾʧʌǞʌ NO3
−Šºʍ Na+ŠºʇʌȼʊʌʕɝɩĳʌƅȽ

Ƚ(ʡƐɷɥK+ʇʍȄʌƅȽȽ(ʡƐɷɿˮv 6DɥE˯ɦɴʞʛʌƵĝʍƣ 2 ƢʆƐɷɿƵ

ĝʇ�ǔɷɥ˒ˀ˪ʾʧʌ NO3
−j_ʍưǍ; Na+ŠºʇʌȼʊÁɰȽ(ɷʅɩʝʇǲɫʝɦ

Subbarao et al.ˮ2003˯ʛʍưǍ;ʌ K+Šºɮİ
ū×ʊɨʝ�eɥNa+ʡ¥ƨʊɬɲʝ

NO3
−ȑȘʌɈ�Ɇʦʫ˪ʇɷʅGŴɹʝʇ�lɷʅɩʝɦɷɭɷʉɮʛėƊƞʆʍɥǞʌ K+

Šºʍ NaCl AŰʌÃɑʡaɲɺ��ʌ/ʡ*ʂʅɩɿɦŋņŮǥˮMarine diatom˯ʆʍ

Na+/NO3
−:ȑȘ ɮˮBoyd and Gradmann 1999˯ɥʤ˚˞ˮZostera matina˯ʆʘ Na&�Ž

ʊ NO3
−ʡj_ɹʝʸʺ˃˜ɮ�lɶʞʅɩʝˮRubio et al. 2005˯ɦɷɭɷɴʌʚɪʉ NO3

−j

_ʸʺ˃˜ʍɝƥĦũʆʍǮʃɭʂʅɩʉɩɦ 

ɠ ɠ ʫʫ˜ʯʇ˒ˀ˪ʾʧʍʇʘʊɝŠºʌ Na+ʡ ;ʊǡƛɹʝɴʇɮʆɯʝɦɷɭɷɥėƊ

ƞƵĝɭʛɥNaCl ~{ʊɬɲʝɴʞʛ 2 Ħũƙʌ NO3
−j_ʸʺ˃˜ʍ9ɰźʉʂʅɩɿɦ

ɽʌɿʗɥNO3
−j_˫ȑȘʸʺ˃˜ʌȥɩɮɥ��ÒĦũʇǈ�ÒÁʌĦũʌ NaCl �ʊ

ɬɲʝŲǌʡŀ�ɹʝ[uʊʉʝʌʆʍʉɩɭʇǆɫʛʞɿɦ 

 

4.ɠ NaClɮ9 Niēŭʊ]ʓɹÃɑ 

ɠ ɠ  ;ʆđʘ�ɩ N iēũȈʍʿ˪ˎʰȈʆɨʜɥʿ˪ˎʰȈʌ 80˷90%ɮ N ʆɨʝ 

ˮNovoa and Loomis 1981˯ɦʿ˪ˎʰȈʍưǍʌ�ÙCʇɷʅĦũ ʌƹçɥÙȺʊ�c

İʆɨʝɦɽʌɿʗĦũʌŲǌʇưǍ; Niēŭʍɏ´ʊ�îʊȽ(ɷʅɬʜɥɝŠºʌ
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NaCl�ʆʍ Cl–ʊʚʝj_ɀ�ʡaɲʅĦũʌ Nj_ʍŲǌʌ��ʇʇʘʊ��ɹʝɦė

Ɗƞʊɬɩʅɥʫʫ˜ʯʌ9 N iēŭʍ NaCl AŰŠºʌ�ćʊ�ʂʅēÕʊ��ɷ 

(v 7A)ɥ˒ˀ˪ʾʧʌǞʌ9 N iēŭʍAŰȼʊēÕʉ¯ɮʕʛʞʉɭʂɿˮv 7B)ɦ

Gastal and Lemaire ˮ2002˯ʍɥNġəʍƄîŽʉưǍʌ�ȺʚʜʘɥưǍ�ʌīÙǭƯʊ

�ɫʝÃɑɮʚʜ�ɯɩʇɷʅɩʝɦɴʌɴʇɭʛɥ�ȞȼʌAŰʆʍ ;ʌ N iēŭʌ�

Tɮ DW ʊʍ^ĉɶʞɺɥɶʛʊȺĕȼʌAŰʡăɷɿ�eʊʫʫ˜ʯʌŲǌʍ��ɷɥ

˒ˀ˪ʾʧʆʍ�ćɹʝɴʇɮƐqɶʞɿɦ  

 

5.ɠ NaClɮ NRňÒʊ]ʓɹÃɑ 

ɠ ɠ ʫʫ˜ʯʌ NRňÒʍ~{ʌ NaClŠºʌ�ćʊ�ʂʅ��ɷɿˮv 8A˯ɦNO3
−ʍ NR

ʌŻůʙňÒʡHÊɹʝɿʗʌȳǭʉǭƯʆɨʝˮAbd-Elbaki et al.2000ɥFlores et al. 

2004˯ɦɽʌɿʗɥNaCl�ʊɬɲʝ NRňÒʌ��ʍ NaClʊʚʂʅƄîŽʊ½ɯȉɴɶʞ

ʝʘʌʆʍʉɩˮMunns 1993˯ɦNaCl AŰʊʚʝ NR ňÒʌ��ʍɥCl–ʊʚʝȼîŽʉÃ

ɑɥʃʔʜ Cl–ʊʚʝ NO3
−ʌæÞŽʉj_ɀ�ʊʚʂʅ½ɯȉɴɶʞʝɴʇɮɥɩɰʃɭʌĦ

ũʆƐɶʞʅɩʝˮFlores et al. 2000ɥDebouba et al. 2006˯ɦɽʌɿʗɥʫʫ˜ʯʌ NRňÒ

ʌ��ʍɥCl–ʊʚʝ NO3
−j_ɀ�ʊʚʝʘʌʆɨʝʇǆɫʛʞʝɦ 

ɠ ɠ �Ă˒ˀ˪ʾʧʌǞʌ NR ňÒʍɥʠɺɭʆʍɨʝɮ~{ʌ NaCl Šºʌ�ćʇʇʘʊ

�ćɹʝ3gɮʕʛʞɥ80 mMUʆʍēÕʊđʘɝɩňÒʡƐɷɥ100 mMUʆʍēÕʊ

��ɷɿˮv 8B˯ɦɴʌ˒ˀ˪ʾʧʌ NaCl AŰʊʚʝ NR ňÒʌ�ćʍɥNO3
−ʌj_˫ȑ

Ș)ȟʊȉuɹʝʘʌʆɨʝʇǆɫʛʞʝɦɷɭɷʉɮʛɥ100 mM Uʌ NO3
−Šºʍđʘɝ

ɩ/ʡƐɷʉɮʛɥNRňÒʍđʘ�ɭʂɿɦ˒ˀ˪ʾʧʌ FWʍ 100 mMUʆ�ʌAŰU

ʚʜʘēÕʊ¦ɶɭʂɿɴʇɭʛɥưǍ;ʌ NO3
−ŠºʊȽ(ʉɰɥNaCl 100 mMɮ˒ˀ˪ʾ

ʧʊʇʂʅ NRňÒʡ��ɶɻʝʒʈȣJʆɨʂɿʇǆɫʛʞʝɦ 

ɠ ɠ ėƊƞƵĝɭʛɥʫʫ˜ʯʆʍ NaCl ʊʚʂʅ NO3
−j_˫ȑȘɬʚʏ NR ňÒɮēÕ

ʊ��ɷɿɦ�Ăɥ˒ˀ˪ʾʧʆʍ NaCl ʊʚʂʅ NO3
−ʌj_˫ȑȘɮ)ȟɶʞɥʔɿɽʞ

ʊ�ɩ NR ňÒʘ�ćɷɥ��ÒĦũʇǈ�ÒÁʌĦũʆʍźʉʝ NO3
−j_ʸʺ˃˜ʡ

ēɷʅɩʝɴʇɮĈʛɭʇʉʂɿɦʔɿɥƣ 2 Ƣɭʛāɿʊɥ~{ Na+Šºʌ�ćʊ�ʂʅ

NO3
−ʌj_˫ȑȘɮ)ȟɶʞʝɴʇɮĈʛɭʇʉʂɿɦ  



! 30 

ƣ 4Ʃɠ ǭƬ 

    ɝŠºʌ~{ NaCl ʍɥĦũʌjļɀ�ʙ Na+ʊʚʝʦʫ˪ˍˤ˪ʺʌ�|Ǩʡ½ɯȉ

ɴɷɥ"ũʌŲųÒʡ��ɶɻʝɦʔɿɥ�ȵʌ Cl−ʍ NO3
−ʌj_ʡæÞŽʊɀ�ɹʝɿ

ʗɥĦũʍ N İ
ʡkɹʝɦ�Ăʆ�ŲĦũʊʇʂʅ Na+ʍǗ�ʉŲǌʡƹçɹʝɿʗʌ

ȳǭʉǭƯʇʉʂʅɩʝɦʔɿÚɧʌɴʞʔʆʌƊƞʊɬɩʅɥˏˡƔʌ˒ˀ˪ʾʧˮBeta 

vulgaris var. cicla L.˯ʆʍ KAŰ�ʚʜʘ NaAŰ�ʆ NO3
−ʌ~{ɭʛʌj_ɮ)ȟɶʞ

ʝɴʇɮCɭʂɿˮKitagawa and Fujiyama 2014ɥKaburagi et al. 2015˯ɦɽɴʆƣ 3Ƣʆʍɥ

~{ʌ NaCl Šºʡ�ćɶɻɿĊʌɥ��ÒĦũ˒ˀ˪ʾʧʇǈ�ÒÁʌʫʫ˜ʯ

ˮHordeum vulgare L.˯ʌɥNO3
−j_˫ȑȘɬʚʏƍȱȬ6ȰƯˮNR˯ňÒʊ�ɫʝÃɑʡ

ĹȏǿĠɷɿɦ 

ɠ ɠ �ė~əŎʡŴɩɥ3 ȞȼǌǙʡǦʂɿɦɽʌÆ 5 ĵɇʌ NaCl AŰˮ0ɥ40ɥ60ɥ80ɥ

100 mmol L-1˯ʡ 7ĆȼǦɩɥǞʡí`ɷɿɦǞóĿ
ʌ Na+ɥK+ɥCl−ɥNO3
−ŠºɥǞʌ9

Niēŭɥɬʚʏ NRňÒʡŕ�ɷɿɦ 

ɠ ɠ 	Ħũƙʇʘɥ�ũȳʊAŰȼ¯ʍʉɭʂɿɦʫʫ˜ʯʌǞóĿ
ʌ NO3
−Šºʍ K+

ŠºʇĳʌƅȽȽ(ʡƐɷɥNa+ŠºʇʍȄʌƅȽȽ(ʡƐɷɿɦ�Ăɥ˒ˀ˪ʾʧʌǞó

Ŀ
ʌ NO3
−ŠºʍɥNa+ʇɝɩĳʌƅȽȽ(ɮɨʂɿɦʔɿɥʫʫ˜ʯʌ NRňÒʍ NaCl

Šºʌ�ćʇʇʘʊēÕʊ��ɷɿɮɥ˒ˀ˪ʾʧʌ NRňÒʍ NaCl 80 mMUʆđ�ʇʉ

ʂɿɦ 

ɠ ɠ NO3
−ʍ NR ʌ�ȈʇʉʝɴʇɮCɭʂʅɩʝɦɽʌɿʗɥ˒ˀ˪ʾʧʊɬɲʝ NR ňÒʌ

�ćʍɥNaClőNʊʚʝ NO3
−j_˫ȑȘ)ȟʊȉuɹʝʘʌʀʇǆɫʛʞɿɦėƊƞʊɬ

ɩʅɥ��Òʌ˒ˀ˪ʾʧʇǈ�ÒÁʌʫʫ˜ʯʇʆʍ9ɰźʉʝ NO3
−j_˫ȑȘʸʺ˃˜

ʡēɷʅɩʝɴʇɮƐqɶʞɿɦʔɿɥ˒ˀ˪ʾʧʊɬɩʅɥ~{ʌ NaCl Šºʌ�ćʊ�ʂ

ʅ NO3
−j_˫ȑȘʡ)ȟɶɻʝɴʇɮāɿʊĈʛɭʇʉʂɿɦ   
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ƣ 4Ƣ 
 

ˇ˅˥ʧ˜ʊʚʝƍȱʌj_)ȟɮɥ 
˒ˀ˪ʾʧʌŲǌɬʚʏ7eÙʊ]ʓɹÃɑ 

 
 

ɠ ɠ Ħũʊj_ɶʞɿ NO3
–ʍʿ˪ˎʰȈʙʤ˛ˋȱʌeÙʊŴɩʛʞʝɦƣ 2Ƣɬʚʏƣ 3

ƢʆɥNa+ɮ˒ˀ˪ʾʧʌ NO3
–j_˫ȑȘʡ)ȟɶɻʝɴʇɮCɭʂɿɦɶʛʊưǍ;ʌ Na+

Šºʌ�ćʇưǍ; NO3
–ŠºʇʌȼʊĳʌƅȽɮʕʇʗʛʞɥɴʌƵĝʍǈ�ÒÁʌʫ

ʫ˜ʯʇʍ9ɰźʉʂʅɩɿɦɽʌɿʗƣ 2 Ƣʇƣ 3 ƢɭʛɥNa+ʊʚʝ NO3
–ʌj_˫ȑȘ

)ȟɮɥ˒ˀ˪ʾʧʌŲǌ)ȟʌ�uʆɨʝʇǆɫʛʞʝɦɽɴʆƣ 4 ƢʆʍɥNa+őNʊʚ

ʝ˒ˀ˪ʾʧʌ NO3
–j_˫ȑȘ)ȟʇŲǌ)ȟʇʌȽ(ʡʚʜĈʛɭʊɹʝɴʇʇɷɿɦ 

ɠ ɠ C3 ĦũʌʦˊʆʍǞʊCȮɶʞʝ N ʌ 75%ɮǞƼ ʊ�zɷʅɩʝɦɶʛʊɥǞƼ 


ʌ NTeũʌ 27%ɮW�ʿ˪ˎʰȈʆɨʝ RubisucoʊiʔʞʝˮMakino et al. 2003˯ɦ

ʔɿɥ˒ˀ˪ʾʧʇfɸ��ÒĦũʌ Salicornia europaea ʍɥNaCl AŰʊʚʂʅ Rubisco

ʡiʖ7eÙʇȽ(ʌɨʝȪ��ʡŪźŽʊŻůɶɻʝˮĥ« 2011˯ɦɽʌɿʗɥNa+ɮ7

eÙȜºɥɬʚʏ Rubisco ʌeÙʊ]ʓɹÃɑʡĈʛɭʊɷɥɽʞʛɮŲǌ)ȟʇʈʌʚɪ

ʊȽʠʂʅɩʝʌɭʡĈʛɭʊɷɿɦ  
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ƣ 1Ʃɠ ĘĀʇĂł 

1.ɠ Ĥ~Ăł 

ɠ ɠ ˍˬ˛ʮˠˤʦ˅ʊöƙɷɥȧ�ŝļʡǦʂɿɦöƙɭʛ 1 ȞȼÆɥ20 L �ʴ˪˃ˇʊĦ

ũƙķʊ 1 ʴ˪˃ˇÂɿʜ 150, ʇʉʝʚɪʊƗĦɷɥƣ 2ƢʇfĬʌ�ė~əŎˮǩ 1˯

ʆļǉĤ~ʡǦʂɿɦļǉŎʌ pH ʍ 5.0 ʊǿþɷɿɦĤ~˙˂˅ʍ´ʊțĻɷɥ5 Ćʊ 1

º~əŎʡďāɷɿɦļǉŎʍɥNa+ʌÃɑʡđ¦ɁʊɹʝɿʗɥǠŸļʆ"ǫɷɿɦ  

ɠ ɠ ļǉĤ~Ȼ�ɭʛ 2ȞȼÆɥdĦũƙʡ�ė~əŎʊNɫʅ KCl ʇ NaClʌŠºɮɽ

ʞɾʞ 2 mMɥ10 mMɥ80 mM ʇʉʝʚɪǿǫɷɿAŰŎˮǩ 8˯ʊčɷɿɦ4 L�˔ˤʺˁ˂

ʰ˙˂˅ 1 ˙˂˅Âɿʜ 6, ʇʉʝʚɪʊƗĦɷɥAŰʡȻ�ɷɿɦdAŰ 4^Ëʇɷɥ20Ć

ȼĤ~ʡǦʂɿɦĤ~ʍɥɟ`��Ȕ�ȭʌʭˤʺ�;ʆǦʂɿɦ 

 

ǩ 8ɠ AŰʌĪǭ 

ɠ  

ɠ  

 

 

 

 

 

 

2.ɠ í`Ăł 

ɠ ɠ AŰȻ�ɭʛ 20 ĆƃʊĦũ ʌí`ʡǦʂɿɦ˥ˬ˒ˎ˪ˁʡŴɩɥđ�©ȻǞɭʛ

ƄÅ 1 cm ʌ˥ˬ˒˄ʥʺʰ 3 Ĝʡí`ɷɥƄʁʊŎ ơƯʆ@Ƶɶɻɿɦ˥ˬ˒˄ʥʺʰʍ

ʰ˨˨˒ʥ˦iēŭŕ�ɥɬʚʏ Rubisco ʿ˪ˎʰȈʌŻůƏǺʊ#Ŵɷɿɦ˥ˬ˒˄ʥʺʰ

ʡßɩɿǞʌāɞȳʡŕ�ɷɥƄʁʊŎ ơƯʆ@ƵɶɻɿÆɥţį6ƯʌCěʊ#Ŵɷ

ɿɦɶʛʊ 2, ʌǛǞʌāɞȳʡŕ�ɷɥ70�ʆ 48Ċȼ�ŧɶɻɿÆɥ�ũȳʡŕ�ɷɥ

ļCiēŭʡƧBɷɿɦ 

 

 

 

AŰ ƳÙ 
      K 2           �ė~əŎ     +       2 mM KCl 
      K 10           �ė~əŎ     +     10 mM KCl 
      K 80           �ė~əŎ     +     80 mM KCl 
        Na 2           �ė~əŎ     +       2 mM NaCl 
      Na 10           �ė~əŎ     +     10 mM NaCl 
      Na 80           �ė~əŎ     +     80 mM NaCl 
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3.ɠ 7eÙȜºʌŕ� 

ɠ ɠ 7eÙȜºɮđ�ʇʉʝʇɶʞʝĔ 8 Ċɒʊɥò³}7eÙŕ�ǪǄˮLCpro, ADC 

Bioscientific LTD. UK˯ʡŴɩʅ_ƜĆʌ7eÙȜºʡŕ�ɷɿɦCO2 ŉȵʍ 300 µmolɠ

s-1ɥť¤ȵʍ 1200 µmol m-2 s-1ʊǶ�ɷɿɦ 

 

4.ɠ ʰ˨˨˒ʥ˦ʌ�ȵ 

ɠ ɠ Wellburn ˮ1994˯ʊÈɩɥDMFłʡŴɩʅʰ˨˨˒ʥ˦ʌ�ȵʡǦʂɿɦǸɛƨʊɥN,N-

ʹ˝ˁ˦˗˦˜ʤ˛ˆˮDMF˯4 mL ʡńɩʀɦɴʌĊɥDMF ɮĻTɷʙɹɩɴʇɭʛɥʫˬ˅

ːˠ˧˂˅ʡ#Ŵɷɿɦí`ɷɿ˥ˬ˒˄ʥʺʰ˲ĜʡǸɛƨʊ8ʞɥƄʁʊˎˤ˒ʥ˦˜ʆ£

ʡɷɿɦɽʌÆɥǸɛƨʡʤ˦˛˗ʦ˦ʆȨ7ɷɥ2 Ćȼ>ǣ»ʆɎǄɷɿɦâBɶʞɿʰ˨

˨˒ʥ˦Šºʡ�ǵʌ¼ʊʚʜƧBɷɿɦʔɿɥʰ˨˨˒ʥ˦ʌj_ʌʉɩŃȺʇɷʅ 750 nm

ʌj7ºʡŕ�ɷɿɦ 

 

ɠ ɠ ɠ ɠ ɠ ɠ ɠ Chl_a ˮµg mL-1˯ = 12 * A663.8 – 3.11 * A646.8 

ɠ ɠ ɠ ɠ ɠ ɠ ɠ Chl_b ˮµg mL-1˯ = 20.78 * A646.8 – 4.88 * A663.8 

ɠ ɠ ɠ ɠ ɠ ɠ ɠ Chl_a+b ˮµg mL-1˯ = 17.67 * A646.8 + 7.12 * A663.8 

ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ  

A663.8ɥA646.8ɥA480.0ʍɽʞɾʞ 663.8 nmɥ646.8 nmʆŕ�ɶʞɿj7ºɭʛ 750 nmʆŕ

�ɶʞɿj7ºʡ½ɩɿ/ʡƐɹɦ 

ɠ ɠ �ǵʌ¼ɭʛƧBɷɿ Chl_aɥChl_bɥChl_a+b ʡɥ�ǵʊƐɷɿ¼ʊʚʂʅǞɐƛɨɿ

ʜʌȵʊ�ðɷɿɦ 

 

$ɠ Chl_aˮµg cm-2˯ = Chl_aˮµg mL-1˯ × [ś�ʌȵˮmL˯] / [Ǟɐƛˮcm2˯] 

 

5.ɠ ţį6ƯŠºɬʚʏ9 Niēŭʌŕ� 

ɠ ɠ CěĂłʍƣ 2Ƣɥƣ 3ƢʇfĬʆɨʝɦ 

 

6.ɠ RuBPCaseˮRubisco˯ʌŻů 

ɠ ɠ �ǵʌâB˫ŅSĂłʍɥMakino et al.ˮ1986˯ɥHikosakaˮ1996˯ʛʌĂłʊÈɩɥSDS-

ʤʰ˥˦ʤ˛ˆɍĻŅSˮSDS-PAGE˯ʡǦʂɿɦ 
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6-1.ɠ ʿ˪ˎʰȈʌâB 

ɠ ɠ @ƵɶɻɿƄÅ 1cm ʌ˥ˬ˒˄ʥʺʰ 2 ĜʡŎ ơƯ
ʆõƋɷɥɶʛʊ 100 mM ˥˪

ȱˍ˂˒ʣˬˮpH7.5˯2 mLʡNɫʅõƋɷɿɦ˥˪ȱˍ˂˒ʣˬʍɥʾ˦ː˅ˬ˦ˮ0.4 M˯ɥʤ

ʺʴ˦ː˪ȱˮ10 mM˯ɥMgCl2ˮ2 mM˯ɥNaClˮ10 mM˯ɥˣˬˆȯȱˮ5 mM˯ɥPMSFˮ˒˂T

˒ʨˈ˦˝ˁ˦ʺ˦˗ˈ˦˯ˮ1 mM˯ʡŐeɷɥå¾;ʌŠºɮƲŠºʇʉʝʚɪʊǿǫɷɿɦ

õƋŎʡ 15,000 rpmʆ 4ɣɥ30CȼȦÍCɌɷ�Œʡt_ɷɿɦt_ɷɿ�Œ 500 µL ʇ

âBŎ 500 µL ʡ˚ʦʰ˨ˁˠˬ˓ʊ8ʞʅŐeɷɿɦâBŎʍɥ˝˦ʬ˔˅ʩʿˋˬ˦ 0.3 

mLɥ20˭ LDS 3 mLɥļ 3 mLɥ0.1˭ ˑ˨ˈ˪ Y 0.7 mLɥʾ˦ː˅ˬ˦ 0.638 gʡŐeɷʅ

ǿǫɷɿɦʶ˪˔˦ʡ*�ɹʝ�eʍɥâBŎʡŐɼɿū×ʆ−70℃ʌ˄ʥˬ˔˒˥ˬʷˬ

ʊ*�ɷɿɦ�ȝʌù"ʍ 4℃��ʆǦʂɿɦ 

 

6-2.ɠ ɍĻŅSÜɓ 

ɠ ɠ SDS-PAGE ʊʍɥATTO ƒǫ AE-6530M/P }ˤˑˀʺ˫˛ˈʺˤ˓ɍĻŅSɥɬʚʏ 

ATTAƒǫʌ AE-8450ˎ˩ˬʺ˃ˬʸˢ˪ 1000VCʡŴɩʅŅSʡǦʂɿɦ 

ɠ ɠ ʭˤʺĚɥʴˬ˜ɥʵ˜ˍ˪ˆʡ 100˭ʩʿˋˬ˦ʆōĸɷʅɭʛʼ˂˅ɷɿɦCɌʳ˦ˮǩ

9˯ʡʭˤʺĚʌ�ɭʛ 2 cm ʔʆɎɭʊŉɷ8ʞɥɶʛʊ 100˭ʩʿˋˬ˦ 500 µLʡŉɷ8

ʞɥ30 Cȼ�ŔʆɎǄɷwʗɿɦCɌʳ˦ɮwʔʂɿʛȊƭļʆʩʿˋˬ˦ʡŇɩŉɷɥ

ʟƮʆļCʡ`ʜɃɩɿɦwʔʂɿCɌʳ˦ʌ�Ĵʜ 2 cm ʊŠǀʳ˦ˮǩ 9˯ʡŉɷȕʕɥ

ʴˬ˜ʡ¯ɷȕʢʆʳ˦ɮwʔʝʔʆ 30 CȼɎǄɷɿɦɴʌȼʊɥʭˤʺĚʡ°ȅʌ SDS-

PAGE bufferʆŗɿɷɿįsʊʼ˂˅ɷɿɦ1 ʴˬ˜ɨɿʜ 30 µLʌǸĀʡŉɷȕʢʀɦEʗ

ʊɍy 160 Vɥɍŉ 40 mAʆŉɷɥǸĀɮŠǀʳ˦ʡ�9ʊțȣɷɿÆɥɍy 100 Vɥɍ

ŉ 20 mAʆ Ƭ 150CȼŅSɶɻɿɦɍĻŅSǪǄʌĮ¼vʡ��ʊǵɷɿˮv 9˯ɦ 

ɠ ɠ ŅSÆɥʳ˦ʡ CBB R-250 0.25˭ɥ˝ʿˋˬ˦ 45˭ɥȯȱ 10˭ʡiʢʀ CBB ĞǘŎ

ʊŌɷɥĞǘɹʝʔʆêƂɷɿˮ�ŔʆƬ 30�60 Cȼ˯ɦʳ˦ʡĞǘŎɭʛɃɯɥ˝ʿˋˬ

˦ 20˭ʇȯȱ 7˭ʡŐeɷɿǐǘŎʊ�ċŌɷɿɦʳ˦ʡʭˤʺŨʌļŜʌ�ʊǄɯɥ÷

Ãɷɿɦ�ŹŠɩˍ˪ˆɮ RuBPCaseʌ�ʶ˓ˡˈ˂˅ˮ55 kDa˯ɥ�ŹƃʊŠɩˍ˪ˆɮ¦

ʶ˓ˡˈ˂˅ˮ10 kDa˯ʆɨʝɦ  

 

 

ǩ 9ɠ CɌʳ˦ɬʚʏŠǀʳ˦ʌīÙ 
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ɠ ɠ  

 

 

 

ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ ɠ  

 

v 9ɠ ɍĻŅSǪǄʌĮ¼v 

 

 

7.ɠ ƷǳAŰ 

ɠ ɠ GraphPad Prism 5.04ˮGraphPad Software, Inc., La Jolla, CA, USA˯ʡŴɩʅƷǳǰěʡ

Ǧʂɿɦ1 6ȮǄʌ¶|ʌCüˮANOVA˯ʍɥTukey ʌ�ȳĹȏCěʊʚʂʅǰěʡǦʂ

ɿɦʔɿɥ�ʃʌ�ýʌƅȽȽ(ʡħ�ɹʝɿʗɥˑʤʾ˪ʌƅȽ(ýʡŴɩɿɦ9ʅʌʩ

ˤˬˍˬʍĭŘǼ¯ˮSE˯ʡƐɹɦ 

 

 

 

 

 

 

ƣ 2Ʃɠ Ƶĝ 

CɌʳ˦ˮ12˭˯ Šǀʳ˦ˮ5˭˯ 
Milli-Q 6.8 mL Milli-Q 6.93 mL 
1 M Tris-HCl (pH 6.8) 5 mL 1.5 M Tris-HCl (pH 8.8) 1.26 mL 
10% SDS 200 µL 10% SDS 100 µL 
30% ʤʰ˥˦ʤ˛ˆ 8 mL 30% ʤʰ˥˦ʤ˛ˆ 1.67 mL 
˲0% APS 170 µL ˲0% APS 76 µL 
TEMED 26 µL TEMED 20 µL 

!
!

!

!
!

!

!

!! ! !! ! !! !

SDS$PAGE!$#%�(!

SDS$PAGE!$#%�(!

HQ"&^pH!8.8_!

.\"&^pH!6.8_!
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1˱KAŰʇ NaAŰɮŲǌʇļCiēŭʊ]ʓɹÃɑ 

ɠ ɠ FWɥDW ʇʘʊ K AŰUʚʜʘ Na AŰUʆɝɩ/ʡƐɷɿ^2 10aɥb_�C.0=

I^WC_� K -J/�Na AŰUʇʘʊAŰŠºʌ�ćʊʇʘʉʂʅ�ćɹʝ3gɮʕ

ʛʞɥNa80Uʆđʘɝɭʂɿˮv 10c˯ɦ 

 

 
v 10ɠ K AŰʇ Na AŰ 20 Ćƃʌ˒ˀ˪ʾʧʌˮa˯ǛǞāɞȳˮFW˯ɥˮb˯ǛǞ�ũȳˮDW˯ɥˮc˯

ǛǞļCiēŭˮWC˯ʊ]ʓɹÃɑɦ
ßɯʍ K AŰɥšǘʍ Na AŰʡƐɹɦAŰȼʊɬɩʅ

źʉʝʤ˦˒ʣ˖˂˅ʌȼʊʍ 5%ļŘʆēÕ¯ɮɨʝˮP˶0.05; Tukey˯ 

 

 

2.ɠ ǞʌóĿ
 Na+ɥK+ɥCl–ɥNO3
–Šº 

ɠ ɠ ǞʌóĿʊɬɩʅɥNa AŰUʆɨʞʎ Na+ɮɥK AŰUʆɨʞʎ K+ɮɖǟʊɝɩŠ

ºʡƐɷɿˮv 11aɥ b˯ɦNa80Uʌ K+Šºʍɥ�ʌAŰUʊĹʑʅǟɷɰ�ɭʂɿɦCl–Š

ºʍ K AŰUɥNa AŰUʇʘʊAŰŠºʌ�ćʊ�ʂʅ�ćɷɿˮv 11c˯ɦʔɿɥƣ 2

ƢʇfĬʊɥNa AŰUʚʜʘ K AŰUʆʚʜ�ɰʌ Cl–ʡǡƛɹʝ3gɮʕʛʞɥCl–Šº

ʊɬɩʅ K2Uʍ Na2Uʌ 1.4-ɥK10Uʍ Na10Uʌ 1.7-ɥK80Uʍ Na80Uʌ 1.2

-ʆɨʂɿɦNO3
–ŠºʍɥCl–ŠºʌƵĝʇźʉʜɥK AŰUʇ Na AŰUʇʘʊɥAŰŠº

ʌ�ćʊʇʘʉʂʅ��ɷɿˮv 11d)ɦKAŰUɥNaAŰUʇʘʊ 2 mMUʆ NO3
–Šºɮ

đʘɝɭʂɿɦʔɿɥƣ 2 ƢʇfĬʊɥK AŰUʚʜʘ Na AŰUʆʚʜ�ɰʌ NO3
–ʡǡƛ

ɹʝ3gɮʕʛʞɿɦ 

ɠ ɠ ǞóĿʌ NO3
–/Cl–Ĺʍ Na2 UʆɖǟʊɝɰɥCl–ʚʜʘ NO3

–ʡ�ɰǞʊǡƛɷɿɦ�Ăɥ

�ʌUʆʍ NO3
–ʚʜʘ Cl–ʡ�ɰǞʊǡƛɷɿˮv 12˯ɦ 
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v 11ɠ  K AŰʇ Na AŰ�ʊɬɲʝǞʌóĿ
ʌ Na+ˮa˯ɥK+ˮb˯ɥCl−ˮc˯ɥNO3
−ˮd˯Šºɦ
ßɯ

ʍ K AŰɥšǘʍ Na AŰʡƐɹɦAŰȼʊɬɩʅźʉʝʤ˦˒ʣ˖˂˅ʌȼʊʍ 5%ļŘʆēÕ

¯ɮɨʝˮP˶0.05; Tukey˯ 

 

 

 
v 12ɠ KAŰʇ NaAŰ�ʊɬɲʝǞʌ NO3

−/Cl−Ĺɦ
ßɯʍ KAŰɥšǘʍ NaAŰʡƐɹɦ

AŰȼʊɬɩʅźʉʝʤ˦˒ʣ˖˂˅ʌȼʊʍ 5%ļŘʆēÕ¯ɮɨʝˮP˶0.05; Tukey˯ 
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3˱ǞóĿʌ Na+ɥK+ɥCl–ʇ NO3
–ŠºʇʌȽ( 

ɠ ɠ ǞóĿʌ Na+Šºʇ K+Šºʇʘʊ NO3
–ŠºʇʌȼʊēÕʉƅȽȽ(ʍʕʛʞʉɭʂɿ

ˮv 13aɥb˯ɦ�ĂɥCl–Šºʇ NO3
–ŠºʌȼʊʍēÕʉȄʌƅȽȽ(ɮʕʇʗʛʞɿˮv

13c˯ɦ 

 
v 13ɠ AŰ 20ĆƃʌǞóĿʌ Na+ŠºɥK+ŠºɥCl–Šºʇ NO3

–ŠºʇʌȽ(ɦˑʤʾ˪ʌƅȽ

(ýʡŴɩʅǰěʡǦʂɿˮr; ns, not significant, *P < 0.05˯ 

 

 

4˱Ǟʌ9 Niēŭ 

ɠ ɠ Ǟʌ9 Niēŭʍ NaAŰUʆʚʜɝɩ/ʡƐɷɿˮv 14˯ɦʔɿǞóĿʊɬɲʝ NO3
−

ŠºʌƵĝʇfĬɥ9 N iēŭʍ K Uʚʜʘ Na UʆɝɰɥʈʌAŰŠºʊɬɩʅʘ Na

Uʍ KUʌ 1.1-ʆɨʂɿɦ 

 

 
v 14ɠ K AŰʇ Na AŰ�ʊɬɲʝǞʌ9ơƯˮN˯iēŭɦ
ßɯʍ K AŰɥšǘʍ Na AŰʡ

ƐɹɦAŰȼʊɬɩʅźʉʝʤ˦˒ʣ˖˂˅ʌȼʊʍ 5%ļŘʆēÕ¯ɮɨʝˮP˶0.05; Tukey˯ 
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5˱Ǟʌʰ˨˨˒ʥ˦iēŭ 

ɠ ɠ AŰ 20Ćƃʊɬɲʝđ�©ȻǞʌʰ˨˨˒ʥ˦iēŭʡ SPADɬʚʏ DMFłʡŴɩ

ʅŕ�ɷɿɦ 

ɠ ɠ SPADɥDMFłʇʘʊʰ˨˨˒ʥ˦iēŭʍ NaAŰUʆɝɩ/ʡƐɷɿˮv 15aɥb˯ɦ 

ɠ ɠ ǞóĿʌ NO3
−Šºʇʰ˨˨˒ʥ˦iēŭʇʌȼʊēÕʉĳʌƅȽȽ(ɮʕʛʞɿˮv

16a˯ɦɶʛʊʰ˨˨˒ʥ˦iēŭʇ DWʊʘēÕʉĳʌƅȽȽ(ɮʕʛʞɿˮv 16b˯ɦ 

 

 
v 15ɠ K AŰʇ Na AŰ�ʆʌˮa˯SPAD ʇˮb˯DMF łʡŴɩʅŕ�ɷɿʰ˨˨˒ʥ˦iēŭɦ
ß

ɯʍ K AŰɥšǘʍ Na AŰʡƐɹɦAŰȼʊɬɩʅźʉʝʤ˦˒ʣ˖˂˅ʌȼʊʍ 5%ļŘʆē

Õ¯ɮɨʝˮP˶0.05; Tukey˯ 

 

 

 
v 16ɠ ǞóĿʌˮa˯NO3

−Šºʇʰ˨˨˒ʥ˦iēŭɥˮb˯ʰ˨˨˒ʥ˦iēŭʇ�ũȳˮDW˯ʇʌȽ(ɦ

ˑʤʾ˪ʌƅȽ(ýʡŴɩʅǰěʡǦʂɿˮr; *P < 0.05˯ 
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6˱đ�©ȻǞʌ7eÙȜº 

ɠ ɠ 7eÙȜºʍ KAŰUʚʜʘ NaAŰUʆɝɩ/ʡƐɷɥNa2Uʍ�ʌUʚʜʘɖǟʊ

ɝɭʂɿˮv 17˯ɦʔɿɥNa2 Uʌ7eÙȜºʍ K2Uʌ 4-ʆɨʂɿɦ 

ɠ ɠ ǞóĿʌ NO3
−Šºʇ7eÙȜºʇʌȼʊēÕʉƅȽȽ(ʍʕʇʗʛʞʉɭʂɿˮv

18a˯ɦ�Ăɥ7eÙȜºʇ DWʌȼʊʍēÕʉĳʌƅȽȽ(ɮʕʛʞɿˮv 18b˯ɦ 

 

 
v 17ɠ K AŰʇ Na AŰ�ʊɬɲʝđ�©ȻǞʌ7eÙȜºɦ
ßɯʍ K AŰɥšǘʍ Na AŰ

ʡƐɹɦAŰȼʊɬɩʅźʉʝʤ˦˒ʣ˖˂˅ʌȼʊʍ 5%ļŘʆēÕ¯ɮɨʝˮP˶0.05; Tukey˯ 

 

 

 
v 18ɠ AŰ 20 ĆƃʌǞʌˮa˯NO3

−Šºʇ7eÙȜºɥˮb˯7eÙȜºʇ�ũȳˮDW˯ʇʌȽ(ɦ

ˑʤʾ˪ʌƅȽ(ýʡŴɩʅǰěʡǦʂɿˮr; ns, not significant, **P < 0.01˯ 
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7˱Rubisco ʿ˪ˎʰȈʌŻů 

ɠ ɠ KAŰUɥNaAŰUʇʘʊ 55 kDa�ȖʊŠɩˍ˪ˆɮƏǺʆɯɿɴʇɭʛɥRubiscoʌ

�ʶ˓ˡˈ˂˅ʿ˪ˎʰȈɮŻůɷʅɩɿˮ=Ɔ 2˯ɦɷɭɷ K AŰʇ Na AŰʊɬɲʝ

Rubisco ʌŻůʊĈʛɭʉȥɩʍʕʇʗʛʞʉɭʂɿɦʔɿɥ¦ʶ˓ˡˈ˂˅ˮ10 kDa �Ȗ˯

ʊʃɩʅʍɥʍʂɯʜʇɷɿŻůʍʕʇʗʛʞʉɭʂɿɦ 

 
=Ɔ 2ɠ đ�©ȻǞʊɬɲʝ RubiscoʌŻů 

 

 

8˱ǞóĿʌ NO3
−ŠºʇŲǌʇʌȽ( 

ɠ ɠ ǞóĿʌ NO3
−Šºʇ DWʌȼʊēÕʉĳʌƅȽȽ(ɮʕʇʗʛʞɿˮv 19˯ɦ 

 

 
v 19ɠ AŰ 20ĆƃʊɬɲʝǞʌ NO3

−Šºʇ�ũȳˮDW˯ʇʌȽ(ɦˑʤʾ˪ʌƅȽ(ýʡŴɩʅ

ǰěʡǦʂɿˮr; *P < 0.05˯ 
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ƣ 3Ʃɠ ǆ¡ 

ɠ ɠ ƣ 2 Ƣɥƣ 3 ƢʆʍƉĕˮ7 Ćȼ˯ʌAŰĕȼʡǶɲɥŲǌʊAŰȼ¯ɮʉɩĊʌ

Na+ʇ NO3
–j_ʇʌȽ(ʡĈʛɭʊɷɿɦƣ 4 Ƣʆʍ 20 ĆʌAŰĕȼʡǶɲɥ˒ˀ˪ʾʧ

ʌ Na+ʊʚʝ NO3
–j_)ȟʇŲǌʇʌȽ(ʡǿʑɿɦ 

 

1˱KAŰʇ NaAŰɮŲǌʊ]ʓɹÃɑ 

ɠ ɠ Yamada et al. ˮ2014˯ʍ˒ˀ˪ʾʧʡ 7 Ćȼʌźʉʝ NaCl ŠºAŰʊčɷɿʇɴʟɥ

NaCl 80 mMʌĊʊŲǌɮđ�ʇʉʂɿʇ�lɷʅɩʝɦėƊƞʆʍ KAŰʚʜʘ NaAŰ

ʆŲǌɮǗ�ʇʉʝ3gɮʕʛʞɿˮv 10aɥb˯ɦ�ĂɥWC ʍ Na80 Uʆđ�/ʡƐɷɥ

Na2UʆʍēÕʊ�ɰɥʖɷʟļCū×ɮÔɭʂɿˮv 10c˯ɦOhoriˮ2011˯ʍɥ��ÒĦũ

ʶ˥ʴ˦ˈʤʌɥ� NaCl Šº�ʊɬɲʝŲǌ��ʌ[uʍļCʺ˅˧ʺʊʚʝʘʌʀʇɷʅ

ɩʝɦɽʌɿʗɥėƊƞʌ Na2 UʊɬɩʅʘfĬʌɴʇɮǆɫʛʞɿɦɷɭɷɥɴʌɴʇʊʃ

ɩʅʍɥ�Æɶʛʊ�ɛʡȳʋʅĈʛɭʊɷʅɩɰÎǭɮɨʝɦ 

ɠ ɠ ˒ˀ˪ʾʧʇfɸˏˡƔʌ˗ʧ˧˪ʾʧʍɥɝ NaCl~{ˮ200 mM˯ʊɬɩʅ�ȵʌ Na+ʇ

Cl–ʡŎǍʊǡƛɹʝɴʇʆŌȚyǿƩʡǦʂʅɩʝˮSchröppel-Meier and Kaiser 1988˯ɦʔ

ɿɥ��Òɮ�ɰǮʛʞʝ�ŲĦũʌưǍ�Àʌ[SMʍɥjļʊʚʂʅŲɸɿǒyʆɨ

ʝʇɩɪ�lɮɨʝˮSerpe and Matthews 2000˯ɦɽʌɿʗėƊƞʌ Na80UʊɬɩʅɝŠ

ºʌ NaCl ~{ʊ 20 Ćȼčɶʞɿ˒ˀ˪ʾʧʍɥ�ȵʌ Na+ʇ Cl–ʡŎǍʊǡƛɷǒyʡ

ƹçɹʝɴʇʆɝɩ WC ʡ*çɷɥưǍʡ�Àɶɻɿʘʌʇǆɫʛʞʝɦɴʌʚɪʊɥɴʞʔ

ʆ�ǽʇɷʅǆɫʅɯɿ NO3
–j_)ȟʊʚʝŲǌ)ȟʌ�ʊɥɝɩ WC ʡƹçɹʝɴʇɮɥ

Na80 Uʌʚɪʉɝ�Šº�ʊɬɲʝ˒ˀ˪ʾʧʌŲǌ)ȟʊ��ɷɿcǎÒɮǆɫʛʞɥ

ɶʛʊȺĕʌAŰĕȼʇɝɩ NaClAŰUʡǶɲʅƏǺɹʝÎǭɮɨʝɦ 

 

2˱KAŰʇ NaAŰɮǞʌ Na+ɥK+ɥCl–ɥNO3
–Šºʊ]ʓɹÃɑ 

ɠ ɠ Na+Šºɬʚʏ K+Šºʊʃɩʅʍƣ 2ƢʇfĬʌƵĝɮÉʛʞɿˮv 11aɥb˯ɦɷɭɷɥ

K+ʇ Na+ɮ 2 mM ʇfȵőNɶʞɿ Na2 Uʌ Na+/K+Ĺɮ 1.67 ʆɨʂɿɴʇɭʛɥ˒ˀ˪ʾ

ʧʍ K+ʚʜʘ Na+ʌj_ȩàÒɮɝɩɴʇɮʠɭʂɿɦƣ 3Ƣʆʍ~{ NaClɮ 100 mM ʇ

ɩɪɝŠºʆɨʂʅʘǞʌ K+ŠºʍēÕʊ��ɷʉɭʂɿɮˮǩ 7˯ɥėƊƞʆʍ Na80 U

ʌ K+Šºʍ�ʌAŰUʚʜʘēÕʊ��ɷɿɦƣ 3ƢʌAŰĕȼʍ 7ĆʆɥNaCl 80 mM
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Uʌ K+/Na+Ĺʍ 0.6 ʆɨʂɿʌʊ¢ɷɥėƊƞʌAŰĕȼʍ 20 ĆʆɥNa80 Uʌ K+/Na+

Ĺʍ 0.1 ʆɨʂɿɦɴʌɴʇɭʛɥAŰÆ 7 Ćʆʍɴʞʔʆʊj_ɷɿ K+ʊʚʂʅʦʫ˪Ó

´ÒʡƹçʆɯɿɮɥAŰÆ 20 ĆʆʍAŰȻ�Iʊj_ɷɿ K+ɮ�ȁɶʞɥNa+ʊʚʝ

K+ʌæÞŽj_ɀ�ɮǞ K+ŠºʊʚʜɖǟʊůʞɿʇǆɫʛʞʝɦɷɭɷʉɮʛɥK+ɮɖ

ǟʊ�ɩ Na80 Uʆʘ Na2 Uʇ�ʠʛʉɩŲǌʡƐɷɿɦɴʞʔʆʊĬɧʉĦũƙʆɥNa+

ʊʚʝ K+�ĐįǎɮĈʛɭʊʉʂʅɬʜˮSubbarao et al. 2003˯ɥˏˡƔʌ˧˂ˆːˬ˅ʍ~

{ K+Šºɮİ
ɷʅɩʝ�eɥNa+ʡőNɹʝɴʇʆŲǌʌ��ʡÝHɹʝˮSubbarao et 

al. 2000˯ɦɴʌɴʇɭʛɥ˒ˀ˪ʾʧʊɬɩʅʘɝ NaCl~{ʆʍ Na+ʊʚʂʅ!ʛɭʌ K+�

Đįǎɮ4ɩʅɩʝcǎÒɮɨʝɦ 

ɠ ɠ NO3
–ʍ Na AŰUʆ K AŰUʚʜʘ�ɰǡƛɶʞʝ3gɮǮʛʞɥɴʞʔʆʌƵĝʇf

Ĭɥ˒ˀ˪ʾʧʌ NO3
–j_˫ȑȘʊʍ K+ʚʜʘ Na+ɮēŴʆɨʝɴʇɮƐɶʞɿɦ 

ɠ ɠ Ǟʌ NO3
–/Cl–ĹɭʛɥNa AŰUʌĂʆ Cl–ʚʜʘ NO3

–ʡ�ɰǞʊǡƛɷʅɩɿˮv 12˯ɦ

ǞʐʇƗǦɶʞɿ NO3
–ʍ NO3

–fTƴȍʡ�ɷʅŲǌʊİɭɻʉɩĬɧʉ N Teũʊe

ÙɶʞʝɿʗɥǞʊɬɲʝ NO3
–ʌƏ*ʍȳǭʆɨʝˮLam et al. 1996˯ɦėƊƞʆʍ NO3

–

Šºʇ DW ʌȼʊēÕʉĳʌƅȽȽ(ɮƐɶʞɿˮv 19˯ɦɶʛʊɥǞʌ9 N iēŭʘ K

AŰUʚʜʘ Na AŰUʆʚʜɝɩ/ʡƐɷɿɴʇɭʛˮv 19˯ɥǞʊɬɲʝɝɩ NO3
–Šºɥ

ɬʚʏ Niēŭʡƹçɷɿɴʇɮ NaAŰ�ʆʌŲǌ)ȟʊʃʉɮʂɿʇǆɫʛʞɿɦ 

ɠ ɠ ɷɭɷʉɮʛƣ 3 ƢʊɬɩʅǞʌ NO3
–Šºʍ~{ NaCl Šºʌ�ćʇʇʘʊēÕʊ�

ćɷɿɮˮǩ 7˯ɥėƊƞʆʍǟɷɰ��ɷɿˮv 11d˯ɦɴʌɴʇʍɥ~{ʌ NO3
–Šºʇ Cl–

ŠºʌĹɮȽ(ɷʅɩʝʇǆɫʛʞʝɦNa2 Uʆʍ~{ʊ NO3
–ɮ Cl–ʚʜʘ�ɭʂɿɿʗɥ

NO3
–ʍ Cl–ʊʚʝj_ɀ�ʡaɲʉɭʂɿɦɷɭɷɥNa10ʙ Na80Uʆʍɥ~{ʊ NO3

–ʚʜ

ʘ Cl–ɮy.Žʊ�ɭʂɿɿʗɥCl–ʊʚʂʅ NO3
–ʌj_ɮɀ�ɶʞɥɶʛʊAŰĕȼɮ 20

ĆʀʂɿɴʇʆǞʌ NO3
–Šºɮǟɷɰ��ɷɿʇǆɫʛʞɥ�Ɋʊ Cl–Šºʇ NO3

–Šºʇʌ

ȼʊʍēÕʉȄʌƅȽȽ(ɮƐɶʞʅɩɿˮv 13c˯ɦɷɭɷɥ9 N iēŭʍɥAŰŠºʌ

�ćʊ�ɪ Niēŭʌ��ʍɽʞʒʈ�ɯɩʘʌʆʍʉɩɴʇɭʛɥNa10Uʙ Na˴0Uʆ

ʘŲǌʊÎǭʉȵʌ NO3
–ɮj_ʆɯʅɩʝʘʌʇǆɫʛʞʝˮv 14˯ɦ 

 

3˱KAŰʇ NaAŰɮʰ˨˨˒ʥ˦iēŭɥɬʚʏ7eÙʊ]ʓɹÃɑ 

ɠ ɠ ʰ˨˨˒ʥ˦ʌœ§µɮʫʫ˜ʯʌoƙȼʊɬɲʝǈ�Òʌèĭʇɶʞʅɩʝ

ˮBelkhodja et al. 1994˯ɦ�Ă Salicornia europaea ʆʍɥʰ˨˨˒ʥ˦iēŭʍ 100 mM 
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NaCl AŰUʆţAŰUʚʜʘēÕʊɝɭʂɿˮĥ« 2009˯ɦʔɿɥ�ŲĦũʊɬɩʅʍÌ

ȵʌ Na+ɮʰ˨˨˒ʥ˦ʌeÙʊÎǭʆɨʝʇɩɪ�lʘɨʜˮɝŵ 1974˯ɥ�AŰɮʰ˨˨˒

ʥ˦iēŭʊ]ʓɹÃɑʊʍƙȼ¯ɮɨʝʇǆɫʛʞʝɦėƊƞʆʍɥK AŰɥNa AŰʊ

Ƚʠʛɺ�ŠºUˮ2 mM˯ʊɬɩʅđʘɝɩ/ʡƐɷɿˮv 15˯ɦ ʔɿɥǞʌ NO3
–Šºʇʰ

˨˨˒ʥ˦iēŭɥɽɷʅʰ˨˨˒ʥ˦iēŭʇ DW ʇʌȼʊĳʌƅȽȽ(ɮɨʂɿˮv 16aɥ

b˯ɦɴʌɴʇɭʛɥNa+ɮƄîŽʊʰ˨˨˒ʥ˦ʌeÙʊȽʠʂʅɩʝʌʆʍʉɰɥNa+ʊʚʂ

ʅj_ɮ)ȟɶʞɿ NO3
–ɮ˒ˀ˪ʾʧʌʰ˨˨˒ʥ˦eÙȵŀ�ǭuʆɨʜɥɶʛʊʍ˒ˀ

˪ʾʧʌŲǌʊÃɑʡ]ʓɷʅɩʝʇƐqɶʞɿ ɦɷɭɷɥNa2 UʇfĬʊ K2 Uʊɬɩʅ

ʘɝɩʰ˨˨˒ʥ˦iēŭɮƐɶʞɿɮɥɽʌɴʇɮ DWʊ^ĉɶʞʅɩʉɩɴʇɭʛɥʰ˨˨

˒ʥ˦ʌeÙʌʕɮŲǌ)ȟʊ�ɯɰ��ɷʅɩʝʠɲʆʍʉɩʇǆɫʛʞʝɦ 

ɠ ɠ �AŰ�ʆʌ7eÙȜºʍť¤ȵɥCO2 Šºʌ�ɥĻ�ȻºʙǞǊƳǁ;ʌ7eÙ

ňÒʊʚʂʅŀ�ɶʞʝˮDownton et al. 1985ɥĥ« 2009˯ɦʔɿɥɝ NaClŠºʊʚʜ~{

ʌ NŠºɮHɁɶʞʝʇɥ7eÙʊȽʠʝĬɧʉįǎɮÝHɶʞʝˮSeemann  and Sharkey 

1986˯ɦėƊƞʆɥ7eÙȜºʍ KAŰUʚʜʘ NaAŰUʆɝɩ/ʡƐɷɿˮv 17˯ɦɶʛ

ʊɥ7eÙȜºʇ DW ʇʌȼʊʍēÕʉĳʌƅȽȽ(ɮʕʇʗʛʞɿˮv 18b˯ɦʔɿɥ3Ć

ȼʌ NaCl AŰ�ʇţAŰ�ʊɬɲʝ˒ˀ˪ʾʧʌĻ�ȻºʍɥNaCl AŰʡɷɿǞʆ�ć

ɹʝʇɩɪ�lɮɨʝˮĥ® 2015˯ɦɴʞʛʌɴʇɭʛɥNa+ʊʚʂʅ NO3
–ɮǞʊ�ɰ%ƶɶʞɥ

ɶʛʊĻ�Ȼºɮ�ćɷɿɴʇʆ7eÙȜºɮ�ćɷɥNa AŰUʆʌŲǌ)ȟʊʃʉɮ

ʂɿʇǆɫʛʞʝɦ 

ɠ ɠ ɠ Seemann and Sharkeyˮ1986˯ʛʍɥ�ʺ˅˧ʺʊʚʂʅĦũʌ7eÙȜºɮ��ɹʝ[

uʍ RubiscoʌŻůʡHÊɹʝ Nȵɮœ§ɹʝɴʇʊɨʝʇɷʅɩʝɦėƊƞʆʍ Rubisco

ʌŻůǓ ʊĈʛɭʉAŰȼ¯ʡƏǺɹʝɴʇʍʆɯʉɭʂɿˮ=Ɔ 2˯ɦɷɭɷ7eÙȜ

ºʍ�ćɷʅɩɿɴʇɭʛɥʿ˪ˎʰȈǓ ʊ�TʍʉɩɮňÒɮÃɑʡaɲʅɩʝcǎ

ÒɮǆɫʛʞʝɦʔɿɥʚʜɞĈʉŻůˎʿˬ˪ʡƏǺɹʝɿʗʊʘʿ˪ˎʰȈȵÂɿʜʌ

RubiscoʌŻůȵʡǿĠɷʅɩɰɴʇɮ�ÆʌǾɕʆɨʝɦ 

 

4˱ʔʇʗ 

ɠ ɠ  ėƊƞʆʍ NaAŰUʆđʘǗ�ʉŲǌʡƐɷɿɦNa+ʌőNʊʚʂʅǞʊǡƛɶʞɿ

NO3
–ʍɥʰ˨˨˒ʥ˦iēŭʙ7eÙȜºʡ�ćɶɻɥDW ʇʘɝɩĳʌƅȽȽ(ʡƐɷɿɦ

ɴʌɴʇɭʛ˒ˀ˪ʾʧʆʍ Na+ʊʚʂʅ NO3
–ʌj_˫ȑȘɮ)ȟɷɥɽʌɴʇɮǭuʇʉʂ
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ʅʰ˨˨˒ʥ˦iēŭʙ7eÙȜºɮ�ćɷɥNa AŰUʊɬɲʝŲǌ)ȟʊʃʉɮʂɿʇ

ǆɫʛʞɿɦ�Ă Na10ʙ Na80Uʆʍɥ�ȵʌ NaCl ʡŎǍʊǡƛɷʅǒyʡƹçɹʝɴ

ʇʆưǍ�ÀʡǦɩɥǗ�ʉŲǌʡƹçɷʅɩʝcǎÒɮǆɫʛʞɿɦ��ɭʛɥėƊƞ

ʊʚʂʅ˒ˀ˪ʾʧʌ NO3
–j_ɥɬʚʏŲǌ)ȟʊɬɲʝ Na+ʌēŴÒɮĈʛɭʇʉʜɥǞ

ʆʌ NO3
–ʌǡƛʊʚʝ7eÙňÒʌ�ćʇɥNa+ʌǡƛʊʚʝưǍ�Àʇɩɪ�ʃʌ˔˨

ʼʺɮ˒ˀ˪ʾʧʌŲǌ)ȟʊȽʠʂʅɩʝɴʇɮƐqɶʞɿɦ 

 

 

ƣ 4Ʃɠ ǭƬ 

ɠ ɠ ɴʞʔʆʌƊƞɭʛɥ˒ˀ˪ʾʧʆʍ Na+ʡőNɹʝɴʇʊʚʂʅ{�ȭʐʌ NO3
–ʌƗ

Ǧɮ)ȟɶʞʝɴʇɮĈʛɭʇʉʂɿˮƣ 2Ƣɥƣ 3Ƣ˯ɦʔɿɥ7ĆȼʌAŰʆʍ~{ NaCl

Šºɮ 80 mMʌĊʊŲǌɮđ�ʇʉʝʇɩɪ�lʘɨʝˮYamada et al. 2014˯ɦĥ«ˮ2009˯

ʍɥ˒ˀ˪ʾʧʇfɸˏˡƔʆ��ÒĦũʌ Salicornia europaea ɮɥNaCl AŰ�ʊɬɩʅ

7eÙʊȽʠʝĬɧʉȪ��ʡŪźŽʊŻůɶɻʝɴʇʡƏǺɷʅɩʝɦɽɴʆėƊƞʆ

ʍ˒ˀ˪ʾʧʌ Na+ʊʚʝ NO3
–j_˫ȑȘ)ȟʇŲǌ)ȟʇʌȽ(ʡĈʛɭʊɹʝɴʇʇɷɥ

Ūʊ NO3
–ɮʰ˨˨˒ʥ˦eÙɥ7eÙɥɬʚʏ RubiscoʌŻůʊ]ʓɹÃɑʡǿĠɷɿɦ 

ɠ ɠ �ė~əŎʡŴɩɥ3 ȞȼǌǙʡǦʂɿɦɽʌÆ�ė~əŎʊ��ʌʚɪʊ K+ɬʚʏ

Na+ʡőNɷɿ 6ʃʌAŰUʡǶ�ɷɿ˵K2ˮKCl 2 mMɥNaCl 0 mM˯ɥK10ˮKCl 10 mMɥ

NaCl 0 mM˯ɥK80ˮKCl 80 mMɥNaCl 0 mM˯ɥNa2ˮKCl 0 mMɥNaCl 2 mM˯ɥNa10ˮKCl 

0 mMɥNaCl 10 mM˯ɥNa80ˮKCl 0 mMɥNaCl 80 mM˯ɦAŰȻ�ɭʛ 20ĆÆʊ_Ɯɷɥ

Na+ɮǞʌóĿ
6Ưiēŭɥʰ˨˨˒ʥ˦iēŭɥ7eÙȜºɥRubisco ʌŻůʊ]ʓɹ

ÃɑʡǿĠɷɿɦ 

ɠ ɠ DW ʍ K AŰUʚʜʘ Na AŰUʆɝɩ/ʡƐɹ3gɮʕʛʞɿɦ�ĂɥWC ʍ Na10

Uʙ 80 UʆđʘɝɰɥNa2 UʆʍʖɷʟļCū×ɮÔɭʂɿɦ˒ˀ˪ʾʧʇfɸˏˡƔʌ˗

ʧ˧˪ʾʧʍɝ�Šº�ʊɬɩʅ NaCl ʡŎǍʊǡƛɷɥǒyʡƹçɹʝɦɽʌɿʗɥ˒ˀ

˪ʾʧʊɬɩʅʘɝ NaCl Šº�ʆʍfĬʌ˝ʬˈʻ˜ɮ4ɯɥjļʌ�NʊʚʂʅưǍ�

ÀɮȉɴʜɥŲǌ)ȟʊʃʉɮʂɿʇǆɫʛʞʝɦ 

ɠ ɠ Ǟʌ NO3
–Šºʍ NaAŰUʌĂʆɝɩ/ʡƐɷɿɦɷɭɷƣ 3ƢʇʍźʉʜɥAŰŠº

ʌ�ćʊ�ʂʅ NO3
–Šºʍ��ɷɥCl–Šºʇ NO3

–ŠºʇʌȼʊʍēÕʉȄʌƅȽȽ(
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ɮʕʛʞɿɦɴʌɴʇʍɥ~{ʌ NO3
–Šºʇ Cl–ŠºʌĹɮȽ(ɷʅɬʜɥ�ŠºUʆʍ~

{ʊɬɩʅ NO3
–ɮ Cl–ʚʜʘ�ɭʂɿɿʗɥNO3

–j_ʍɀ�ɶʞʉɭʂɿɮɥɝŠºUʆ

ʍ~{ʌ Cl–Šºɮ NO3
–Šºʚʜʘy.ŽʊɝɰɥNO3

–ʌj_ɮɀ�ɶʞɿɿʗʆɨʝʇ

ǆɫʛʞɿɦɶʛʊɥAŰĕȼɮ 20 ĆʆɨʂɿɿʗɥCl–ʊʚʝ NO3
–ʌj_ɀ�ɮʚʜɖǟ

ʊůʞɿʇǆɫʛʞʝɦ 

ɠ ɠ ʰ˨˨˒ʥ˦iēŭʇ7eÙȜºʍʇʘʊɥǞʌ NO3
–ŠºʇfĬʊ Na AŰUʆʚʜɝ

ɩ/ʡƐɷɿɦʔɿɥʰ˨˨˒ʥ˦iēŭʇ7eÙȜºʇʘʊɥDW ʇʌȼʊēÕʉĳʌƅȽ

Ƚ(ɮɨʂɿɴʇɭʛɥɴʞʛɮ Na AŰUʊɬɲʝŲǌ)ȟǭuʆɨʝʇǆɫʛʞɿɦ

RubiscoʌŻůʊAŰȼ¯ʍʕʛʞʉɭʂɿɮɥNȵɮ RubiscoʌeÙɬʚʏňÒʡHÊ

ɷʅɩʝʇɩɪ�lɮɨʝɴʇɭʛɥ�Æ Rubisco ňÒʊʃɩʅʘĈʛɭʊɷʅɩɰÎǭɮɨ

ʝɦ  

ɠ ɠ ėƊƞʊʚʂʅɥ˒ˀ˪ʾʧʆʍɥNa+őNʊʚʂʅj_˫ȑȘɮ)ȟɶʞɿ NO3
–ʡGŴ

ɹʝɴʇʆɥʰ˨˨˒ʥ˦iēŭʙ7eÙȜºɮ�ćɷɥ˒ˀ˪ʾʧʌŲǌɮ)ȟɹʝɴʇɥ

ʔɿɥɝ NaCl Šº~{ʆʍ NaCl ʡŌȚyǿƩʊGŴɷʅưǍ�ÀʡǦʂʅɩʝɴʇɥʇ

ɩɪ�ʃʌ˔˨ʼʺɮ˒ˀ˪ʾʧʌŲǌ)ȟʊȽʠʂʅɩʝɴʇɮƐqɶʞɿɦ  
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ƣ 5Ƣ 
 

ƻeǆ¡ 
 
ɠ ~{ʊ NaCl ɮɝŠºʊ�zɹʝʇɥǈ�Òʌ¿ɩĦũʍŲǌɀ�ʡaɲʝɦ�Ăɩɰ

ʃɭʌĦũƙʆʍɥ~{ʊ Na ɮɨʝɴʇʆ��ÒʡƐɷɥŲǌɮ)ȟɹʝɴʇɮCɭʂʅ

ɩʝɦ$ɫʎɥ��ÒĦũʌ Salicornia bigerovii Torr.ʆʍ NaCl 200 mmol L-1őNUʆ¢

ťUˮNaCl 0 mMU˯ʌ 245%ɥ˒ˀ˪ʾʧˮBeta vulgaris var. cical L.˯ʆʍ NaCl 80 mmol 

L-1őNUʆ¢ťUʌ 146%ɥŲǌɮ)ȟɷɿˮYamada et al. in press˯ɦɷɭɷɥɴʞʛʌĦ

ũƙʊǮʛʞʝ Na ʊʚʝŲǌ)ȟ˝ʬˈʻ˜ʍĖʀ�ĈʉŢɮ�ɩɦYamada et al. 

(unpublished) ʍɥ˒ˀ˪ʾʧʊɬɩʅ Na+Šºʌ�ćʊ�ʂʅ9 N iēŭɮ�ćɹʝɴʇ

ʡ�lɷʅɩʝɦɽɴʆɥėƊƞʆʍ NaCl őNʇ N ġəʇʌȽ(ʊƇƃɷɥɽʞʛɮŲǌ

ʇʈʌʚɪʊȽʠʂʅɩʝʌɭʡĈʛɭʊɷɿɦ 

ɠ ɠ ưǍ;ʌ K+ʇ NO3
–ŠºʇʌȼʊʍĳʌƅȽȽ(ɮʕʇʗʛʞʅɬʜɥK+ʌ%ƶȵɮ

œ§ɹʝʇ NO3
–ʌj_ȵʘ��ɹʝɴʇɮ�ɰʌĦũʆ�lɶʞʅɩʝˮWang et al. 2001˯ɦ

ʔɿɥɽʞʍ¥ƨ
ʌ NO3
–ȑȘʊɬɲʝɍĻŽ
ÒɮɆʦʫ˪ʆʍ�ʊ K+ʊʚʂʅ*ɿ

ʞʅɩʝɿʗʇɶʞʝˮLin et al. 2008ɥWang et al. 2012˯ɦɷɭɷʉɮʛėƊƞʊɬɩʅɥ˒

ˀ˪ʾʧʌǞʌóĿ
ʊɬɲʝ NO3
–Šºʍ K+ʚʜʘ Na+ʡőNɹʝɴʇʊʚʂʅ�ćɹʝɴ

ʇɮCɭʂɿɦɽʌɿʗɥ�ǖŽʉĦũƙʇʍźʉʜ NaClʊʚʂʅŲǌɮ)ȟɹʝ˒ˀ˪ʾ

ʧʍɥ¥ƨʆʌ NO3
–ȑȘʊɬɲʝɈ�Ɇʦʫ˪ʇɷʅɥK+ʆʍʉɰ Na+ʡȩàŽʊGŴɷ

ʅɩʝɴʇɮƐqɶʞɿɦɽɴʆɥɠ Na+ɬʚʏ K+őNÆʌ¥ƨŎ
ʌ NO3
–ȑȘʡʚʜĈƏ

ʊɹʝɿʗɥAŰȻ�ɭʛ 2 Ċȼķʊ¥ƨŎʡí`ɷɿɦɹʝʇɥ¥ƨŎ
ʌ NO3
–Šºʍ

ʙʍʜ Na AŰUʆēÕʊɝɩ/ʡƐɷɥNO3
–ʌģɭʛǞʐʌȑȘʊ Na+ɮȽʠʂʅɩʝ

ɴʇɮĈʛɭʇʉʂɿˮƣ 2 Ƣ˯ɦ¥ƨʊɬɲʝ NO3
–ʌƛȐʊʍ NRT1.5 ɮɥìBʊʍ

NRT1.8 ɮȽʠʂʅɩʝɦʸ˨ʦˉˇʻˇʆʍɥNaClAŰʊʚʂʅ NRT1.5 ʍ�ĂHÊɶʞɥ

NRT1.8 ʍ�ĂHÊɶʞʝɴʇʆģʊ NO3
–ʡǡƛɷɥǈ�ÒʊȽʠʝȪ��ʌŻůʡ�N

ɶɻʝɴʇɮCɭʂʅɩʝˮLi et al. 2010ɥChen et al. 2012˯ɦʃʔʜɥ{�ȭʐʌ NO3
–ʌȑ

ȘʡÝHɹʝɴʇʇǈ�Òʇʌȼʊ!ʛɭʌȽʠʜɮɨʝʇɷʅɩʝɦɷɭɷėƊƞʊɬɩʅɥ

˒ˀ˪ʾʧʆʍ NaCl ʊʚʂʅ NO3
–ɮ¥ƨʡ�ɷʅƛĩŽʊ{�ȭʐʇȑȘɶʞʝɴʇɮĈ
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ʛɭʇʉʂɿɦɽʌɿʗɥ�Æ NRT1.5 ʙ NRT1.8 ʌŻůˎʿˬ˪ʡǿĠɹʝɴʇʊʚʂʅɥ

ɝ NaCl ~{ʊɬɩʅĦũɮǗ�ʉ NO3
–j_ʡƹçɹʝɿʗʌÜɮɭʜʡÉʝɴʇɮʆɯ

ʝɭʘɷʞʉɩɦʔɿɥ˒ˀ˪ʾʧʊɬɩʅ Na+ʌ NO3
–j_˫ȑȘ)ȟRĝʌ�ʊɥưǍ;

ʌ K+ʇ Cl–ʌȼʊĳʌƅȽȽ(ɮʕʇʗʛʞɿˮƣ 2 Ƣ˯ɦɝ NaCl ~{ʊɬɲʝĦũʌ

NO3
–j_��ʍɝŠºʌ Cl–ʊʚʂʅʘɿʛɶʞʝˮDebouba et al. 2006˯ɦɽʌɿʗɥCl–ʌ

j_ʡHÊɹʝɴʇʍ NaCl ~{ʊɬɲʝ NO3
–ʌj_ʡƹçɹʝɪɫʆȳǭʆɨʝɦėƊ

ƞƵĝɭʛ˒ˀ˪ʾʧʆʍ Cl–ɮ K AŰUʌĂʆʚʜ�ɰǡƛɶʞɿɿʗɥɴʌɴʇʘ Na A

ŰUʊɬɲʝ NO3
–j_˫ȑȘ)ȟʊȽʠʜɮɨʝɭʘɷʞʉɩɦ 

ɠ ɠ NO3
–ʍđƲŽʊʿ˪ˎʰȈʐʇeÙɶʞʝɴʇʆĦũʊɬɲʝĬɧʉŲŰ"Ŵʡƹç

ɹʝÄKʡãʂʅɩʝɦɽʌɿʗɥj_ɶʞɿ NO3
–ɮ Na+�z�ʊɬɩʅʘĳ´ʊ�ȁɶ

ʞʅɩʝʌɭʡĈʛɭʊɹʝÎǭɮɨʝɦǞʐʇȑȘɶʞɿ NO3
–ʍʔɺ NO3

–fTƴȍʌ

ƣ�ĵɇʆɨʝ NR ʊʚʂʅ NO2
–ʐʇȬ6ɶʞʝɦ�ɰʌĦũʆɴʌ NR ňÒɮ NaCl ʡ

őNɹʝɴʇʊʚʂʅ��ɹʝɴʇɮ�lɶʞʅɩʝˮGouia et al. 1994ɥAbd-El Baki et al. 

2000ɥDebouba et al. 2006˯ɦ�ĂėƊƞʊɬɩʅɥ~{ NaClŠºʌ�ćʍ˒ˀ˪ʾʧʌ

Ǟʌ NO3
–Šºɬʚʏ NR ňÒʡ�ćɶɻɿɦMunns ˮ1993˯ʍ Na+ʇ NR ňÒʇʌȼʊƄ

îŽʉȽ(ÒʍʉɩʇɷʅɬʜɥNR ʍưǍȈʌ NO3
–ŠºʊÐɸʅǻ¥ɶʞʝɿʗɥ˒ˀ˪

ʾʧʆʍ Na+őNʊʚʂʅ NO3
–ʌj_˫ȑȘɮ)ȟɷɥNR ňÒʘ�ćɷɿʘʌʇǆɫʛʞ

ʝɦɷʎɷʎɥ˒ˀ˪ʾʧʌʚɪʉ��ÒĦũɮ NaCl ʊʚʂʅŲǌʡ)ȟɶɻʝůȃʍɥɝ

ɩǈ�ÒʡƐɷʅɩʝƵĝʆɨʝʇɷʅƱ�ɶʞʝˮLiu et al. 2013˯ɦɽɴʆɥǈ�ÒÁʌʫ

ʫ˜ʯʇ˒ˀ˪ʾʧʡĹȏɷɿʇɴʟɥʫʫ˜ʯʆʍ~{ʌ NaCl Šºʌ�ćʊ�ʂʅǞʌ

NO3
–Šºɬʚʏ NR ňÒɮēÕʊ��ɷɿɦɴʞʛʌƵĝɭʛɥNaCl �ʊɬɲʝǈ�Ò

Áʌʫʫ˜ʯʇ��ÒĦũ˒ˀ˪ʾʧʌ NO3
–j_˫ȑȘʸʺ˃˜ʇɽʌ�ȁȣƘʍ�ɯɰź

ʉʂʅɩʝɴʇɮĈʛɭʇʉʂɿˮƣ 3Ƣ˯ɦ 

ɠ ɠ ��ÒĦũ Salicornia europaeaʡ NaCl 100 mMʌ~{ʊčɷɿʇɴʟɥ7eÙʊȽʠ

ʝĬɧʉȪ��ɮŪźŽʊŻůɷɿˮĥ« 2009˯ɦɶʛʊǞʊCȮɶʞʝ Nʌ�ɰɮɥW�

ʿ˪ˎʰȈʆɨʝ Rubisco ʊ�zɷʅɬʜɥĦũʌ7eÙʍj_ɶʞɿ N ȵʇ�îʊȽʠ

ʂʅɩʝˮDownton et al. 1985˯ɦɽʌɿʗɥɝ NaClŠºʊʚʜ~{ʌ NŠºɮHɁɶʞʝ

ʇɥ7eÙʊȽʠʝĬɧʉįǎɮÝHɶʞʝɴʇɮCɭʂʅɩʝˮSeemann and Sharkey 

1986˯ɦ˒ˀ˪ʾʧʡźʉʝŠºʌ KCl ɬʚʏ NaCl AŰʊ 20 ĆȼčɷɿʇɴʟɥNa AŰ
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Uʆ K AŰUʚʜʘ�ɯɩ DW ʡƐɷɿɦWC ʘ Na AŰUʆɝɰɥŪʊ Na10 Uʇ Na80

UʆđʘɝɭʂɿɮɥNa2UʆʍʖɷʟļCū×ʍÔɭʂɿɦ��ÒĦũʤ˂ʲʸʾʧʍ�

�ŠºɭʆļCʺ˅˧ʺʡaɲʝɴʇɮ�lɶʞʅɩʝɴʇɭʛɥNa2 UʆʘfĬʌɴʇɮǆ

ɫʛʞɥŲȺʊʃʞʅǒyʡƹçʆɯʉɰʉʜɥ�ÆŲǌɮ��ɹʝcǎÒɮɨʝɦ�Ăɥ

�ŲĦũʌ�ɰʍ Na+ʇ Cl–ʡ�ʉŌȚyǿƩũȈʇɷʅŎǍʊřʗȕʕɥɝɩ WC ʡ*

ʃɴʇʆǒyʡƹçɷɥưǍʡ�ÀɶɻʝˮHasegawa et al. 2000˯ɦɽʌɿʗɥ˒ˀ˪ʾʧʊ

ɬɩʅʘɝ�Šº�ʆʍfĬʌŲǌ)ȟ˝ʬˈʻ˜ʊʚʂʅŲǌɮ)ȟɹʝɴʇɮǆɫʛ

ʞɿɦNO3
–ʍ Na AŰUʆʚʜ�ɰǞʊǡƛɷɿɦʔɿɥʰ˨˨˒ʥ˦iēŭɥɬʚʏ7eÙ

Ȝºʊʃɩʅʘ KAŰUʚʜʘ NaAŰUʆɝɰɥʇʘʊ DW ʇʌȼʊĳʌƅȽȽ(ɮɨʂ

ɿɦɴʞʛʌɴʇɭʛɥNa+ʊʚʂʅ NO3
–ʌj_˫ȑȘɮ)ȟɶʞɿɿʗɥʰ˨˨˒ʥ˦ʌeÙ

ʙ7eÙňÒɮ)ȟɶʞŲǌ)ȟʊʃʉɮʂɿʇǆɫʛʞɿɦ  

ɠ ɠ ėƊƞɭʛɥ˒ˀ˪ʾʧʊɬɲʝ Na+ʌģɭʛǞʊɬɲʝ NO3
–ʌj_˫ȑȘ)ȟRĝɮ

ĈʛɭʇʉʂɿɦɽɷʅɥNa+őNʊʚʂʅƛĩŽʊǞʊȑȘɶʞɿ NO3
–ɮ NRňÒʡ�ć

ɶɻɥɶʛʊʰ˨˨˒ʥ˦ʌeÙʙ7eÙʡňÒTɶɻʝɴʇʊʚʂʅ˒ˀ˪ʾʧʌŲǌɮ)

ȟɹʝɴʇɮCɭʂɿɦɶʛʊɥɝ NaCl Šº~{ʆʍ NaCl ʡŌȚyǿƩʊGŴɷʅưǍ

�ÀʡǦʂʅɩʝɴʇɮƐqɶʞɿɦ��ɭʛɥ˒ˀ˪ʾʧʌ NO3
–j_ɥɬʚʏŲǌ)ȟʊ

ɬɲʝ Na+ʌēŴÒɮĈʛɭʇʉʜɥɴʞʛʍ K+ʆʍʉɰɥNa+ŪēʌRĝʆɨʝʇǲɫɿɦ  
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N 6M 
 

:V 
 
� ˒ˀ˪ʾʧˮBeta vulgaris var. cicla L˯ʍ~{ʊ Na+ɮɨʝɴʇʊʚʂʅŲǌɮ)ȟɹʝ

��ÒĦũʆɨʝɦ�ǖŽʉĦũʆʍɥɝ NaCl ~{ʊɬɩʅɝŠºʌ�Tũʦʫ˪ˮCl–˯

ɮƍȱʦʫ˪ˮNO3
–˯j_ʡæÞŽʊɀ�ɹʝɿʗɥĦũʍơƯİ
ʡkɷɥŲǌɮ��

ɹʝɦɷɭɷ˒ˀ˪ʾʧʆʍɥɝ NaCl ~{ʆʘơƯˮN˯İ
ʡkɹʝɴʇʉɰŲǌɮ)ȟɹ

ʝɦɽɴʆėƊƞʆʍɥɝ NaCl Šºę��ʆ˒ˀ˪ʾʧʌŲǌɮ)ȟɶʞʝ[uʡĈʛɭ

ʊɹʝɴʇʡƃŽʇɷɥNaCl ʌőNɮ NO3
–ʌj_˫ƗǦʊ]ʓɹÃɑɥɬʚʏŲǌ)ȟʇ

NO3
–j_˫ȑȘʇʌȽ(ʡǿĠɷɿɦ 

ɠ ɠ �ɰʌĦũƙʆ NO3
–ʌj_˫ȑȘʇưǍ;ʌ K+ŠºʇʌȼʊʍĳʌƅȽȽ(ɮʕʇ

ʗʛʞʅɬʜɥŪʊ¥ƨʡ�ɷɿ NO3
–ȑȘʊɬɲʝɍĻŽ
Òɮ�ʊ K+ʊʚʂʅƹçɶ

ʞʅɩʝʇɩɪ�lɮɨʝɦɽɴʆɥK+ʇ Na+ɮɽʞɾʞ˒ˀ˪ʾʧʌǞʐʌ NO3
–ȑȘʊ]

ʓɹÃɑʡĹȏǿĠɷɿɦǞʊɬɲʝ NO3
–Šºʍ Na Uʆɝɩ/ʡƐɷɿɮɥģʌ NO3

–

Šºʍ K Uʆɝɩ/ʡƐɷɿɦNO3
–ʌǞ/ģĹʌƵĝɭʛɥNa Uʊɬɩʅ NO3

–ʍǞʌĂ

ʊɥK UʆʍģʌĂʊʚʜ�ɰǡƛɶʞɿɦ¥ƨŎ
ʌ NO3
−Šºʍ Na UʌĂʆɝɰɥ¥

ƨŎ
ʌ Na+Šºʇ NO3
−ŠºʇʌȼʊʍēÕʉĳʌƅȽȽ(ɮʕʛʞɿɦɷɭɷɥ¥ƨŎ


ʌ K+Šºʇ NO3
−ŠºʇʌȼʊȽ(ʍʉɭʂɿɦɴʌɴʇɭʛɥ��ÒĦũ˒ˀ˪ʾʧʌ

¥ƨʡ�ɹʝǞʐʌ NO3
−ȑȘʍ K+ʆʍʉɰ Na+ʊʚʂʅ)ȟɶʞʝɴʇɮĈʛɭʇʉʂɿɦ  

ɠ ɠ ıʊɥ~{ʌ NaCl Šºʌ�ćɮ˒ˀ˪ʾʧʌ NR ňÒʊ]ʓɹÃɑʡǿĠɷɥNa+ʊ

ʚʂʅj_˫ȑȘɮ)ȟɶʞɿ NO3
–ɮĳ´ʊ�ȁɶʞʅɩʝʌɭʡĈʛɭʊɷʚɪʇɷɿɦɶ

ʛʊɥǈ�ÒʌÁɩĦũʇɥ�ʡŲǌ)ȟʊGŴɹʝ��ÒĦũʊɬɲʝ NO3
−j_˫ȑ

Șʇ NR ňÒʊ]ʓɹÃɑʡɥǈ�ÒɮÁʇɶʞʝʫʫ˜ʯˮHordeum vulgare L.˯ʇĹȏ

ħǴɷɿɦ˒ˀ˪ʾʧʌǞʌóĿ
ʊɬɲʝ NO3
−ŠºʍɥNa+ʇɝɩĳʌƅȽȽ(ɮɨʜɥ

NRňÒʍ NaCl 80 mMUʆđ�ʇʉʂɿɦNRʍưǍȈʌ NO3
–ŠºʊÐɸʅǻ¥ɶʞʝ

ɿʗɥ˒ˀ˪ʾʧʆʍ Na+őNʊʚʂʅ NO3
–ʌj_˫ȑȘɮ)ȟɶʞɥNR ňÒʘ�ćɷɿ

ʇǆɫʛʞʝɦNaCl ʊʚʂʅɥ˒ˀ˪ʾʧʌʚɪʉ��ÒĦũʌŲǌɮ)ȟɹʝůȃʍɥɨɰ

ʔʆʘĦũʌɝɩǈ�Òʊʚʝʘʌʀʇɶʞʝɮɥʫʫ˜ʯʍ˒ˀ˪ʾʧʇʍźʉʜɥ~{ʌ
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NaCl Šºʌ�ćʊ�ʂʅ NO3
–ʌj_˫ȑȘɬʚʏ NR ňÒʡēÕʊ��ɶɻɿɦɴʞʛ

ʌƵĝɭʛɥNaCl �ʊɬɲʝ��ÒĦũ˒ˀ˪ʾʧʇǈ�ÒÁʌʫʫ˜ʯʌ NO3
–j_˫ȑ

Șʸʺ˃˜ʇɽʌ�ȁȣƘʍ�ɯɰźʉʂʅɩʝɴʇɮĈʛɭʇʉʂɿɦ 

ɠ ɠ 7eÙɮǦʠʞʝǞƼ ʊCȮɶʞɿ N ʌ 27%ɮW�ʿ˪ˎʰȈʆɨʝ Rubisuco ʊ

ʕʛʞʝɦɶʛʊɥ��ÒĦũʌ Salicornia europaeaʆʍɥ7eÙʊȽʠʝȪ��ɮ NaCl

AŰʊʚʂʅŪźŽʊŻůɹʝɴʇɮCɭʂʅɩʝɦɴʌɴʇɭʛɥNO3
–ʌj_˫ȑȘ)ȟ

ʊʚʝ7eÙʌ�ćɮ˒ˀ˪ʾʧʌŲǌʡ)ȟɶɻʝ�uʆɨʝʇǆɫɥNa+ɮ7eÙʊ]

ʓɹÃɑʡĈʛɭʊɷɿɦDWɥǞʌ NO3
–Šºɥʰ˨˨˒ʥ˦iēŭɥɬʚʏ7eÙȜºʍ

K AŰUʚʜʘ Na AŰUʆɝɩ/ʡƐɷɿɦɶʛʊɥǞʌ NO3
–Šºʍʰ˨˨˒ʥ˦iēŭɥ

ɬʚʏ DW ʇʌȼʊēÕʉĳʌƅȽȽ(ʡƐɷɿɦɴʞʛʌɴʇɭʛɥ˒ˀ˪ʾʧʊɬɩʅɥ

Na+ʊʚʂʅǞʊ�ɰǡƛɶʞɿ NO3
–ɮʰ˨˨˒ʥ˦ʌeÙʙ7eÙȜºʡ�ćɶɻɿɴʇ

ɮɥŲǌ)ȟǭuʆɨʝʇǆɫʛʞɿɦʔɿɥɝ Na+ŠºAŰ�ʆʍɥɝɩ WC ʡƐɷǗ�

ʉļCū×ʡƹçɷɿɦ�ŲĦũʌ�ɰʍɥNaCl ʡŎǍʊǡƛɷʅŌȚyǿƩʡǦɩɥɝ

ɩ WC ʡ*ʃɴʇʆǒyʡƹçɷưǍ�ÀʡǦɪɦɽʌɿʗɥɝ�Šº�ʆʍ˒ˀ˪ʾʧʊ

ɬɩʅʘfĬʌŲǌ)ȟ˝ʬˈʻ˜ɮ4ɩʅɩʝcǎÒɮɨʝɦ�ĂɥɝɩŲǌʡƐɷɿ

� Na ŠºAŰ�ʆʍ˒ˀ˪ʾʧʌ DW ʍ�ɰɥļCū×ʍÔɭʂɿɦɽʌɿʗɥŲȺʊ

ʃʞʅǒyɮƹçʆɯʉɰʉʜɥ�ÆŲǌɮ��ɹʝcǎÒɮǆɫʛʞɿɦ 

ɠ ɠ ėƊƞʊɬɩʅɥ~{ʌ Na+ʊʚʂʅ˒ˀ˪ʾʧʌģɭʛǞʐʌ NO3
–ȑȘɮ)ȟɶʞʝ

ɴʇɮĈʛɭʇʜɥǞʊǡƛɶʞɿ NO3
–ɮ NR ňÒɥʰ˨˨˒ʥ˦ʌeÙɥ7eÙȜºʡ�

ćɶɻɥɽʞʛɮ[uʇʉʂʅ˒ˀ˪ʾʧʌŲǌɮ)ȟɹʝɴʇɮCɭʂɿɦʔɿɥ~{ʌ�

ŠºɮɝɩʒʈɥǗ�ʉļCū×ʡƹçɷʅɬʜɥɴʌɴʇɭʛɥŎǍʊ�ȵʌ NaCl ʡǡ

ƛɹʝɴʇʆjļȵɮ�NɷɥɽʌƵĝȉɴʝǒyʌ�ćʊʚʂʅưǍ�Àʡɷʅɩʝɴʇ

ɮǆɫʛʞɿɦ��ɭʛɥ˒ˀ˪ʾʧʌ NO3
–j_˫ȑȘɥɬʚʏŲǌ)ȟʊʍɥK+ʚʜʘ Na+

ɮʚʜēŴʆɨʝɴʇɮƐqɶʞɿɦ   
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Summary 
 

Swiss chard (Beta vulgaris var. cicla L.) is a halophilic plant, whose growth is increased by 

moderate salinity. At high levels of NaCl, nitrate (NO3
–) uptake in many plant species is 

decreased due to the antagonistic effect of chloride (Cl–) and their growth in inhibited by 

nitrogen (N) deficiency. However, Swiss chard doesn’t present the N deficient symptoms 

when it is exposed to high levels of NaCl. Therefore in this study, I investigated the effect of 

NaCl on the relation between growth enhancement and NO3
– uptake in order to elucidate the 

mechanisms of growth stimulation by NaCl in Swiss chard. 

       Many studies reported that the cellular potassium (K+) and NO3
– concentrations are 

closely related and the NO3
– xylem transport is stimulated by K+ due to maintain the electric 

charge balance. Here, we investigated whether NO3
– uptake by Swiss chard was affected 

more by sodium (Na+) than by K+. The leaf NO3
– concentration was significantly enhanced in 

the Na treatments compared with the K treatments. NO3
– was accumulated more in leaves 

under Na treatments whereas it was more accumulated in roots under K treatments. The NO3
– 

concentration in the xylem sap was significantly higher in Na treatments and there were a 

significant correlation between xylem sap Na+ and NO3
– concentrations while there was no 

significant correlation between xylem sap K+ and NO3
– concentrations. These results suggest 

that Na+ but not K+ enhances NO3
– uptake and transport to the leaves in Swiss chard and that 

its function may relate to xylem translocation of NO3
–.  

       NO3
– is the crucial in controlling the nitrate reductase (NR) activity to produce N 

compounds. Therefore in study 2, I investigated whether NO3
– which is translocated to leaves 

was reduced properly under NaCl condition. In this study, I compared the effects of NaCl on 

NO3
– uptake and NR activity in halophilic Swiss chard with those in salinity-tolerant barley 
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(Hordeum vulgare L.). In extracted leaf sap of Swiss chard, the Na+ and NO3
– concentrations 

were strongly and positively correlated and the NR activity was enhanced in 80 mM NaCl 

treatment. Enhancement of NO3
– uptake by Na+ may contribute to the increased NR activity 

in Swiss chard. On the other hand in barley, both NO3
– uptake and NR activity were 

significantly decreased with increasing NaCl concentration. Both barley and Swiss chard are 

known to accumulate high levels of Na+ and both species are often classified as salinity-

tolerant plants. However, in this study, I found that these two plant species were completely 

differ on NO3
– uptake systems and on its metabolic process. 

       In the previous studies, I assumed that the enhancement of NO3
– uptake was one of the 

factors to stimulate the growth of Swiss chard under NaCl condition. In C3 rice, 75 % of total 

N is allocated in leaf chloroplast and 27% of N in chloroplast is synthesized to Ribulose-1,5-

bisphosphate carboxylase/oxygenase (Rubisco). Furthermore, specific genes, which are 

involved in photosynthesis, were expressed in Salicornia eurpaea when plant was exposed to 

the NaCl treatment. Therefore, I investigated the effects of Na+ on photosynthesis in order to 

elucidate whether these factors relate to the growth stimulation of Swiss chard. DW, leaf 

NO3
–concentration, chlorophyll concentration, and photosynthetic rate were higher in Na 

treatments than in K treatments. I also found that the leaf NO3
– concentration was positively 

and significantly correlated with both chlorophyll concentration and DW. It is known that the 

various photosynthetic functions are inhibited when media N nutrition is limited. In this 

study, leaf NO3
– concentration was higher in Na treatments and the photosynthetic rate was 

also higher in Na treatments. These results indicate that Na+ may stimulate growth in Swiss 

chard through enhancing chlorophyll synthesis and photosynthesis by accumulating more  

NO3
– in leaves. High WC was also found in high Na treatment, which means its water status 

is a decent. Halophyte plants are known to expand their cells to maintain turgor pressure high 

by accumulating Na+ in vacuoles. Therefore, a similar cell expansion system (known as 
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growth stimulation) may exist in Swiss chard under high salinity conditions. On the other 

hand in low Na treatment, although DW was high, WC was lower, which means the water 

status was damaged. Therefore, it may be possible that the growth in lower Na treatment will 

decrease when the plant is not be able to maintain its turgor pressure by lack of Na in further 

growth stage.             

       In this study, I elucidated that Na+, but not K+, enhances root to leaf NO3
– translocation in 

Swiss chard. In addition, we also found that those accumulated NO3
– in leaves by Na+ 

enhances NR activity, chlorophyll synthesis, and the photosynthetic rate and it may cause the 

growth stimulation of Swiss chard. Furthermore, maintaining high turgor pressure by 

accumulating Na in vacuoles may also cause cell expansion in Swiss chard when it is exposed 

to high salinity conditions. From these facts, I suggest that the Na+ but not K+ is beneficial for 

the NO3
– translocation to leaves and the growth stimulation of Swiss chard.   
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