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. Introduction

The growth rate of rice under saline conditions is negatively correlated with top-Na
content'?, therefore, to maintain growth, it is important that sodium uptake and trans-
port to the top is reduced. It is reported? that with root anoxia, the exclusion mecha-
nism in corn broke down so that much greater amounts of Na reached the shoots. It is
considered that this exclusion mechanism is an active ion transport. Using metabolic
inhibitors, Tanaka and Tadano® showed that iron exclusion by rice roots was dependent
on the metabolic activity of the roots, and Yamanouchi'? showed that Na content of the
shoots increased upon the pre-treatment with a metabolic inhibitor. We express exclu-
sion in rice as the transpiration stream concentration factor (TSCF) which is the ratio
of ion concentration in transpiration stream to that of root medium. In our previous
report®, our results showed that TSCF decreased with an increase in the transpiration
rate which implied that sodium-exclusion efficiency changed with the transpiration rate.
Moreover, we showed that the amount of Na translocated to the top decreased with an
increase in the transpiration rate. This result indicates that an increase in the tranpira-
tion rate contributes to a decrease in the amount of Na translocated to the top through
the lowering of TSCF of Na*. On the other hand, root respiration did not affect top-Na
content. Therefore, it was suggested that sodium exclusion in rice roots was a non-
metabolic process and not directly related to the metabolism of root respiration.

In this study, we investigated the exclusion rate of some ion species to discover the
characteristics of the salt exclusion in rice roots.

Table 1 Components of treatment solution and radius of a hydrated ion

Radius of a

g S Constein
K+ 3.31 KCl 99.54
KNO, 0.28
KH,PO, 0.18
Na+ 3.58 NaCl 100.00
Li+ 3.82 LiCl 100.00
Ca?*r 412 CaCl, 99.63
Ca(NQ;), 0.37
Mg 428 MgCl, 99.45
‘ MgSO, 0.55

a) From the data in the reference 6).
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Materials and Methods

Salt tolerant rice variety : Kala-Rata 1-24 (KR1) and salt sensitive rice variety : IR28
were used. In May 12, 1992, germinated seeds were placed on a mesh in a plastic vessel
filled with water. At the 2nd leaf stage, half strength of Kimura B nutrient solution was
used, and at the 3 rd leaf stage, seedlings were transplanted into styrofoam at 4 cm
intervals and the plastic vessel (50/) was filled with standard concentration of Kimura B
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Fig. 1 Relationship between transpiration rate and transpiration stream concentra-
tion factor (TSCF) of K*.
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Fig. 2 Relationship between transpiration rate and transpiration stream concentra-
tion factor (TSCF) of Na*.
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Fig. 4 Relationship between transpiration rate and transpiration stream concentra-
tion factor (TSCF) of Ca®*.
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nutrient solution. Culture solution was changed every 4 days, and the pH of culture
solution was maintained at 5.5 everyday. At the 7 or 8th leaf stage, seedlings were
transplanted into plastic bottles (250 m/), the stem base was supported with cotton, and
treated with K+, Na*, Li*, Ca®* or Mg?* respectively for 12 hours under 40, 60 and 80 %
relative humidity. Transpiration was measured by the decrease of bottle weight during
the treatment. Each treatment solution was made by adding chloride to Kimura B
nutrient solution to make a 100 mM concentration of each cation (Table 1). Transpira-
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Fig. 5 Relationship between transpiration rate and transpiration stream concentra-
tion factor (TSCF) of Mg?*.
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Fig. 6 Relationship between transpiration rate and transpiration stream concentra-
tion factor (TSCF) of each cation.
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tion stream concentration factor indicates the ratio of ion concentration in transpiration
stream to that of the root medium, and was calculated as follows.
TSCF =ion concentration in transpiration stream/ion concentration in root medium
= [(ion content of shoot after treatment—ion content before treatment)/amount
of transpiration}/ion concentration of treatment solution.
K7, Li* and Mg?* were extracted by hydrochloric acid, and Ca?* was extracted by wet
ashing. After extraction, K, Li, Mg and Ca content was measured by atomic
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spectrometer (Hitachi 180-30). Na* was extracted in boiling water and content was
measured by ion chromatography (Shimadzu HIC-6A).

Results and Discussion

It was reported® that TSCF of Na* was negatively correlated with transpiration.
TSCF of each cation was also negatively correlated with transpiration as in the case of
Na* (Fig. 1~5). These results indicate that ion exclusion rates change with transpiration.
In another report®, TSCF of Cl~ was highly correlated with TSCF of Na* under 100 mM
NaCl condition, and the ratio of exclusion of Na* to that of Cl~ was almost constant.
Therefore, it was considered that the exclusion mechanism also works on anions. At the
same transpiration rate, TSCF of IR28 was lower than that of KR1 and indicated that
exclusion efficiency was essentially higher in IR28 than in KRI1. It was considered that
the varietal difference in exclusion efficiency at the same transpiration rate was related
with differences in the root structure and chemical compositions such as cellulose and
silica content!®. The differences in TSCF of K*, Ca?* and Mg?* between both varieties
were relatively smaller than those of Na* and Li* (Fig. 6). This result indicates that the
difference of exclusion rate between varieties was affected by ion species. In rice plants,
Tanaka?” investigated the relationship between transpiration and ion absorption from the
nutrient solution, and showed that K* was absorbed actively,whereas Na*, Mg?*" and
Ca?" were excluded. In spite of the difference in the ion concentration of the root
medium, the result that K* was relatively well absorbed, while, Na*t, Mg?*" and Ca®* (in
this order) were hardly absorbed, corresponds with our result. In the case of coexistence
of monovalent and divalent cations, rice root with lower cation exchange capacity (CEC)
absorbs monovalent cation more readily than divalent cation like as Ca?* and Mg?** 4.
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It was suggested that the difference in exclusion rate between ion species might be
affected by the electrical characteristics of roots. TSCF at the same transpiration rate
seemed to be larger with the decrease in radius of hydrated ion® (Fig. 7). This implied
that ion exclusion rate was affected by the radius of hydrated ion.

Summary

We investigated the exclusion rate of some ion species in order to discover the features
of salt exclusion in rice roots. TSCF of each cation was negatively correlated with the
transpiration rate as in the case of Na*. These results indicated that ion exclusion rates
change with the transpiration rate. At the same transpiration rate, TSCF of IR28 was

. lower than that of KR1, which indicated that exclusion efficiency was essentially higher
in IR28. The differences in TSCF of K*, Ca?* and Mg?®* between both varieties were
relatively small compared with those of Na* and Li*. These results indicated that the
difference in exclusion rate between varieties was affected by ion species. TSCF at the
same transpiration rate seemed to be larger with the decrease in radius of hydrated ion.
From these results, it was suggested that the exclusion system of Na* in rice under saline
conditions also works for K*, Li*, Ca?* and Mg?*, and is driven by transpiration. It was
also noted that exclusion may be affected by the radius of hydrated ion.
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