
éùÕĀxOäj¯vN�CH
z�È×ÙæOĠČLØ��

żtȨŗxȘǪ¼CCCCCCCCCCCC�������	��

ǞœǔɊ�
NÍĔ¹ý¹ýŀƷýơƾǚO� ��

�	  ƷÓxǆǟƓǷxñƅ�

	  ǆǟƓǷƷÓxǖȣIñƅtÖĤŹƛ�

�	  ǆǟɨƱɝżxĉĢtÖĤ�

�	  ǖȣżɛxŋǘċȣĸxĉĢtÖĤ�

�	  ǆǟ�ǖȣĿÆw�orŃż`ǝɭf�mCCC
ƷÓxĉĢ�

�
�	  ìÙxƜĢ�

��

5-äxOéùÕĀO�Ð�

ŪƄĕw^c�ǆǟƓǷƷÓxŅƢ
żɛùĖ���
�
NVOƓǷgmɯÎtżɛxźǂ�
NWOżɛȣËȫíxźǂ�

�

ÀÏ�N>CVéùÕĀäxO«ÚËĨ���

•  ŪƄŜàxĞɱÓsyDĝȅ_�WMY13xÓƢ�sǆǟ`
ȯƪE÷țğƠHțğĀÎvuxƷÃğġřďx~t�u`ƙ
Ȏf�mE�

•  ������/*xğÊ�ąðtgmƷÓNøƷÓx��SO`ƓŰ�
ĘcmE�

•  ƓǷƷÓ�Ư�ÓƢD�13® �°Zm�XÓđxɯÎùĖ�
•  ɨƱĴL��+3L�+3DVɯÎwpaW�Č�ùĖE�
•  ���ɯÎ�ùĖgD����xǸŝwǤāgmŮŗ�ĻmE�
•  ŪƄĕŮƣơƾĀæDÓĺȗǣ�·�KDǅǑÆĎČDÈĮ

ðD��DÍĔ¹ýxôǎw�orD���º�É¾ȐwÄomE�

��



152äxLËĨOéùÕĀÉè�

NåĺÂO�NåĺÂO�

NɪöÂO�NȮŉâO�

ɗğtɥɷ� Ƨȏ§��xøȎ�

żɛȬƥtÓǻɂê�żȧxɨƱ�

ƬňIÒƑėNÍĔ¹ýO�
��

ɪöÂ�
•  ����
•  V3ě¿DW¸ÛɈğE�
•  ȣŰw�or���y

ɡŽE�
�

ǜȠâ�
•  �°�²�
•  V3ě¿DW¸ÛɈ

ğE�
•  �°�²yȣŰw

�ori}rɡŽE�

ƧȏŃĴxƓŰ�

ƬňIǞœǔɊ���

��

•  ÁÏDƓŰ`Ŵ[�\wÏ
]�E�

•  ĝȅȧ`��+3xǋfsɨƱE�

ÕĀËĨO�ÐIȧxɨƱ�

ƬňIÒƑėNÍĔ¹ýO�

ɪöÂIĝȅŁbxƷÓ�

��

ĩË�

ŚȟâIĔ¿ĂŁbxğÊ�
ɺ��+3xǋ[ɝżźɨƱĴ�

N���º�É��¸O�

ɝżxɨƱ�

ƬňIå½ɉǶNÍĔ¹ýO���



éùÕĀäxNĭáEHËĖO¡lĊĚ��

ǆǟɨƱżȧxĩÅȍȫítűö×žI�
•  ɨƱgmɝxǋft�£¬�ȫí_���t�żɛȤȄxƽŲċyƋ[E�
•  ɨƱżȧy�ɝżHȧ¾wĩÅȍ�Ťw�£¬��`Ư���ȣË`Òb�ɧó

Ĵw��ȭċɧȭȣżɛtv�ųŐċ`Z�et_��țǖi�et`ŕƳE��
•  țǖgmżȧxűöyƷ÷Ówyġ÷gv[E�
•  ȲǯvùĖyåƮĕƷŮw��ĨƎ�ĘcmE�

ȆÑH¿åHƲŖHìãHõãƭHĒHǞœHȞãN���OÍ¸
½¹ȔǷw��ǆǟɨƱĴxóýÝċƒNŪƄĕŜàODŪƄƷƧ
ơģōD��I������

ĒHõãƭHÅɶHõãƭHȢàHŻȊHȆÑHƲ
ŖHìãH¿åHǞœHȞãN��OÍ¸½¹ȔǷ
w��ǆǟɨƱĴxóýÝċƒNŪƄĕĔàODŪ
ƄƔĂƷŮģōD��I������

��

ĩË�

Ė�

�āË�

ǜȠâIĝȅŁbxƷÓ�

ƬňIÒƑėNÍĔ¹ýO�

•  ªËOf|q@ěÜDW*êǸż`
ȱ[İŠ_�ÀĐE�

Ńżxɗƥ�

�
�

�� � �� �� �� ��� ��

���

�!�

��

���

ªËOĔĚ��& 
���!�

162éùÕĀËĨOĔq�
ŃżxȣǠIğɒċx#*`ĭbDŋǘċ�*`ĬũȒĜ�

���g�o��e0��eNû�EHéùÕĀäxOËĨ�
NŪƄĕǆǟƓǷƷÓŅƢżɛùĖ�KD���DÍĔ¹ýHȞãt��t�O�

ȴƕƅ� ğɒċ�

IŪƄĕxûþÝğÊżɛxĞǰƶN�������O�

���	�
N4����O�

���

6-éùÕĀäxOòĔ�
/�ÐLz�È×�

NVOǖȣĿÆ�
NWOÈǉǗȝw��ǖȣ�

���



152òĔâÂNzGVĉêĞĳOâ±�

ŸƨHɈHĠœN��O�
ǆǟƓǷƷÓw^c�ȳɴ�ġ÷gmȝw��ɗȦğǖȣGżɛxĴöċD��I�����

��33�

��1.�
�
�	�ă�
�
���1.�

ŪƄĕĵāâDĸǻƉūɯÎ�
���º�

ȋǇȳɴy
ǖȣƳů�
Ò�m�

��

��

��

�

��

��

��

��

�
�� �
��� �
��� �
��� �
�� �
�� ��
����
��

ª
Ë
O
��

��
��
��
��
��
&

��
�

Ńżx��`Ƌ[ɯÎ�
Ńżx��`Ò[ɯÎ�

ÀÏ�Į�xÚOéùÕĀİsOªË��&O����
•  ��xƶ`üÖÝwƋ[ɯÎNǯɞɕǧƋÓżɯÎDǯɞĊ�±�ż�ɯÎxī�ɯÎOtÒ[ɯÎNǯɞɕǧƋÓżD
ǯɞĊ�±�żDɝȼżx�ɯÎOwŘËEɺ��`�	�tÒ[ɯÎs�D�	�wŷƺwƋêgmE�

•  ¾ɠɞɕǧƋÓżDɕǧƋÓżêǸŕĀƒ�xī�ɯÎw^c�ŃżN�+3OtɝżɨƱĴNǋf�	�M�	�+3DĞ
ǰ�����,'�3��Ox��ɺþǸxɝżɨƱĴx��yÒbNĞǰs�	��,'�3��ODlxêxŃżx��y�	�_��	��,'�
3��|tD�j_wg_Ƌêgv_omE�

�
NǞœHìæHȩŖHìãN���OżȨȸD��D�������	O�

��

��

���

���

��

��

���

��

��

�

��

��

��

��

�
�� �
��� �
��� �
��� �
�� �
�� ��
�� ��
��

ĩ
Ë
ĭ
á
¦
O
��

��
��
��
��
��
&

��
��

ª
Ë
O
��

��
��
��
��

�&
��
�

Ńż�
ɝżɨƱĴ�

ǆǟɨƱĴ`Æ<ğÊɯÎ� ǆǟɨƱĴ`²VğÊɯÎ�

ƱśȝƤ�
��33�

ǖȣĸŢ�
�	��,'�3���

162nëóďNTVòĔ/ǆǟɨƱĴxƩǁ��

ƱśȝƤ�
��33�

���

éùĭá¦@;VİsOz�È×�
ɺǆǟɨƱĴxªËą�yDǖȣƳů�Ò���

0

1

2

3

4

5

6

7

8

9/1 10/1 10/31 11/30 12/30 1/29 2/28 3/29 4/28


�
�
�
�
(d
S/m

11
)

�����

����

2011� 2012�
�6 �����������������
��	

ÙœHȆȰN���O�
ŭĒĕüƼâǆǟƓǷÓxłƷŎïxm�xŹƛÝÖĤGżȨȸD��D�������

�ĤíkKĲĄDWHs��
����	����
&�

ĲĄDWM<s��
����	����
&�

•  ȣËȫíxÒ[ǆǟżȧNú��+3OyÈǉǗȝw��ȣËȫíƋê�ȂɐwgmE�
•  ɝż�ŃżwȀęi�etw�orDǖȣ`Ȍēf�mE�

���

162nëóďNTVòĔ/ɯÎțğċxƩǁ��

��������� 	�

D������::: ���

�	��

����

����

�

���

���

��� ��
 ��� ��
 ��� ��
 	��

�%

8"3%�	��� 9

�
�

�
�

�����	��� �	�

D�����: ���

�	��

����

����

�

���

���

��� ��
 ��� ��
 ��� ��
 	��

�%

8"3%��
�� 9

 $2)8ABC9
�
%
�
@
?
�
#
-
8�
�
��
<
=
9

�� ��
�������	����
86�7/(�!.�&/0�!.9

:::��> �����;::��> ����;:��> ���
;���> ����
'+51*4,���������*

ƍœɫN���OǜÌĕxŴŃşcğÊw^c����ĪǙtgmȣǠxɒȓwÖi��
żɛĴöċxƩǁGżȨȸD��D��������

•  ÖƐÓIǜÌĕǴÚÒÊâDå
ÊÂ�

•  �
�M��
�NùĖØO�sxƱ
śȝƤI���33�

•  ªË*RHPıAęāOĢ
�@w<İsPĕ��@Ñ
B*òĔDWNB<+�

•  ËĨĢ�Pİsč��Oē
þ¢õNMU=V+�

•  ƴƲĕNŖĂN���OżȨȸD
����������Os�DżɛɄ
í`ȣËɒȓwæƃi�et`
ë�_wf�mE�

���



òĔ{Ofģć*�Ćª�pN>CVËĨ��OîÖ�����g��
ŚȟâɢÊÓŘx�±�żƓǷğÊE�?AòĔ�

ȢàHĞN���O�
ŪƄĕxǆǟƓǷ~ÎxǖȣÙx�¦�my���ɣɜGżȨȸD��D�������

0

50

100

150

200

250

3000.0

0.5

1.0

1.5

2.0

2.5

3.0

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1

z�È×�
ɺêǸwȣË`ſǊi�ɯÎsyDğȆŃ`ŕƳ�

fģª·C� �Ćª·C�

ǖȣ�

ȣËıĠ�
ȣǠǕŰÐÑ�

����+3�

����+3�

����+3�

ǖȣ�

•  û_aǖȣsyDȣËǖǈyŃżwƁÜf��E�
•  êǸżwȣË`ſǊi�~ÎsyD¹ɇŃsyǱĄwȣË`Ńżw¿Ǯgrb�E�
•  ğȆŃşc�Ä\etw�orDêǸż_�xȣË¿Ǯ�Ǿćsa�E�

����+3�

����+3�

����+3�

���

'� $�

$�

$�

$� CɧȭC
ɹȭċ�

�-�
'�

'�
¨�±�¢�

$� ȭó�

��

��
'� ɧóğǳC

ɹưɑ��

Ț�
ĺ�

ĩË�

7-éùĭáĩËO��Lz��

NVOĭƤxȣËtųƵƅȑË
NWOɧóĴ�

���Depth of Mud (White <0.5, Green 0.5−5, Yellow 5−10, Red >10 cm)

141˚

141˚

38˚ 38˚

Depth of Mud (White <0.5, Green 0.5−5, Yellow 5−10, Red >10 cm)

141˚

141˚

38˚ 38˚

Depth of Mud (White <0.5, Green 0.5−5, Yellow 5−10, Red >10 cm)

141˚

141˚

38˚ 38˚

éùNTVĩËĭá¦OqĈ�
�
•  ĩËyDøùĖÓ���Óđ

xÞ�ÓđwɨƱ�

•  ă¹s��+3�
•  Ğǰs�+3�

PŪƄĕŜàQ�

Ȯŉâ�

ĵāâ�

ǜȠâ�

ɪöÂ�

åĺÂ�

UɨƱĴxǋfx©µ ¢yDǆǟƓǷƷÓŅƢż
ɛùĖ�KN���DÍĔ¹ýHȞãǰǬt��
t�Ox¡K��ȞãǰǬ`ŃǍE�
�
UǆǟɗğƢNɕǧàËOyDNŏO¨��ńƫx
ǌÜǆǟɗğȥǽ¡K�wĸq[rŃǍENÀ
ȷIȞãǰǬDÍĔ¹ýD��O�

ƻ��+3�

Ę�����&�

Ɇ�����+3��

ǀ���+3ě¿�

ɝż�

���

�� ��� �� ��� ��� ��� ���

���

�!�

��

���

ĩËĭáāOĔĚ��& 
���!�

152¤ÛOĔqLÅãÐċq�

���º�É��¸M��¸wǤāgmǆǟƓǷƷÓxżɛ�
NŪƄĕǆǟƓǷƷÓŅƢżɛùĖ�KD���DÍĔ¹ýHȞãt��t�O�

ȴƕƅ� ğɒċ�

N4��O�

ųƵƅȑË�

�
�



��

��

���

���

���

����

�� �� ��� ��� ���

ğ
Ȇ
x
ɩ
Ě
N
½
L
«
 
¢
O
�

ƚǼÙ¸ĚN¸O�

ǖȣɝżH
Ȁę�

Ŵűö�

ɝżHȀę�

ĭáĩËOÅãÐċq/īÿÞã°�

ǞœǔɊN���OǆǟƓǷğÊw^c�ǖȣÙxŃĴÑĈ¿xĉĢtÖĤGª£µ��¢D��F
��@��	�

ɝżxɤǳƫ
ƵŐyDÒ[E�

ŚȟâxɯÎwɨƱ
gmǆǟɨƱɝż
N���������	�O
�	�+3�éƇxǡ
ƱğÊxŃż�	��
+3wȀÇgrD�
¦�ȾÄřȨsɣɜE�

ȣǠǕŰw
��Ñƞ`
Ǿć�

ɺɨƱɝżyDĩÅȍ�ųȭóċ���xƯƤwĉĢ`vc�zDC�
CƷÃġ÷`ųŐNgm×`ƀ[OE�

���

éùĭáĩËą�NTVËĨĜ��z��
/¶ħÔ�üOµ��

ÙœHȆȰN���O�
ŭĒĕüƼâǆǟƓǷÓxłƷŎïxm�xŹƛÝÖĤGżȨȸD��D�������

0""

50""

100""

150""

200""

250""

300""

350""

400""

450""

500""

3.0""

3.5""

4.0""

4.5""

5.0""

5.5""

6.0""

6.5""

10�7�� 11�2�� 12�10�� 4�3�� 5�19�� 7�19�� 9�24"

�
�
�
�
	
�
�
�
(m

g/
10

0g
)�

pH
(H

2O
)�

�	����

pH"

�	��

���º� ��º�

Áġ]b\�
�0���(
"��

�	��

ǆǟɨƱɝżwyDųȭóċ���N¨�±�¢ǭO�ĭƤwƯ�ÎÇ`Z�Dl��żɛw
iaĶ�nÎÇyɧȭÑč��żɛxȭċó`Ñh�ElxÖĤtgrŬȿ�±�xř÷`ŕ
ƳsZ�et`ĐÓɯÎsñŌf�mE�

���

��

���

��

���

���

���

�� � �� �� �� ��� �� ��� ���

Ë
ā
O
ç
D
1
�&

2
��

ô�Ĕ§�
1�&'%��$!����

����

".�� ��

�	�� �	�� �	��

�������&�����

�������

ªËK*�
•  ��P¹qÑ�1�	���


&���2EH@�

•  ô����P£¿�
•  ô�����@Ìì�
)))))4�
CCŋǘċ#*ů`Ò[�

òĔg�İsªËOô�Ĕ§L���
�ŪƄĕŚȟâDğÊ���

��

8-òĔËĨOô�Ĕ§O��Lz��

ǞœǔɊN���OǆǟƓǷƷÓxǖȣÖĤG�GŪƄĕxǆǟƓǷƷÓxǖȣÙxŋǘċȣĸx
źǂGżȨȸ����������������G�

ŋǘċ#*`ĭ[żɛxĉĢNVO�
ɺɎżxËȉw��D�±�¢ÐÑ�ÀɓǕŰ�

ņɶHǐÌH¹ȶN���O�
ŪƄĕxǆǟƓǷɅÓãɌȇw^c��±�¢ÐÑtÖĤGżȨȸD��D�������	�

�±�¢ÖĤI�
ȪȨř÷w��żɛɞßxķÇǾćDÿǓȈ�ɨȨxþŊƓɋw��
żɛɘɦǾć�

���



wô�_^cZaÂO��162��

'	� 	��:69*�*4,�'	� 	�'/*73*���������
�770.*9054�'+0-4+-�������������

��Y[dÃ�
ǼĴwȴšf�mţȻv#*`�
���*D xȴš�Ǿć
� 047*0,-F������
�
��Y[dÃOuv¾¨�
ŋǘċ¤¢²�ů��
R�SI�&&�����
Rú��S�I�:69*�*4,�'/*73*�
�

���
)	�'	��402��%	� 708/4*3:79/=��'	� :7:;022*�� 	�':+/*709/*���	�(/53*8�*4,�"	� 	�"*9/-<�
��������%/=80525.0*�%2*49*7:3���������?���	�

  �¦NŞǃJ%511*20Oxɟ�
��3"�#*�2xɒȵs¸ÛÑƞ
fkmEexɜÓɒȵwD
�A����B"x�*��ȺĠE�

�
  ɜÓx�*�ȫíx¿ǮwȖor�
ɸÓ¿àx#*�ȫíyĬũ�
ɸÑǊů`ıĠ�
�
U�*xȺĠHȴšyD#*xÓ¿à|

xƚƆ�ǾćgD#*ţȻŰ�ĲǛ
i�E�

Shoot compartments

Intracellular compartment

Within the shoot, Na+ can be distributed among many
compartments. We have estimated intracellular Na+ in
the tissue of salt-stressed plants in terms of the water
extractable Na+ remaining after draining the apoplast.
Intracellular Na+ increases with increasing NaCl in the
medium above 50 mM (inset to Fig. 2A). Control
unstressed values for both the cultivars are close to
1 mg/g DW (Fig. 2A). At 200 mM NaCl, intracellular
levels are insensitive to Ca2+ up to about 0.5 mM and

then drop on increasing Ca2+ further (Fig. 2A).
Surprisingly, intracellular levels of soluble Na+ are sig-
nificantly higher in Pokkali than in Jaya under all stress
conditions (Fig. 2A).

Apoplast Na+

The fluid in contact with cells and consequently critical
to cytosolic composition is apoplast. Cutting shoot
transversely renders the apoplast accessible to the sus-
pending medium. The Na+ present in the fluid extracted
in this manner for 1 h comprises our estimate of apo-
plastic Na+ content. Both the varieties maintained
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Fig. 1. Salt sensitivity and uptake of Na+/K+ in rice plants: Hydroponically grown rice plants were subjected to salt stress, following which rates of

survival were determined as described in Materials and methods. Plants exposed to salt stress were washed, dried and acid digested to estimate Na+

and K+ levels by flame photometry. Jaya (triangle), Pokkali (circle). (A) Percentage survival as a function of increasing NaCl stress at 0.04 mM Ca2+

(open symbols) or 4 mM Ca2+ (filled symbols). Insets in A, difference in survival between Pokkali and Jaya when stressed at 0.04 mM (&) or at 4 mM

(&) Ca2+; (B) Percentage survival as a function of increasing media Ca2+ (0–4 mM). NaCl was maintained at 200 mM; (C) Shoot Na+ plotted as a

function of increasing NaCl stress (0–250 mM) at 0.04 mM Ca2+ (open symbols) or 4 mM Ca2+ (filled symbols). Inset to C, total K+ in the same shoot

samples as C; (D) Na+ levels in root (open symbols) and shoot (filled symbols) as a function of increasing Ca2+. NaCl maintained at 200 mM. Bars, Na+

levels in shoot of unstressed Jaya (JC) and Pokkali (PC). Arrow indicates points considered for the student’s t-test; Lines through the data points are

meant to guide the eye. Data represent the mean and SE of six independent experiments.
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