>tudies on the Saline Injury to Crops (V)

o0dium and chloride accumulation and moisture in leaves

associated with leaf-burn symptoms in rice
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The responses of a growing plant to the excessive accumulation of sodium chloride
in the rhizosphere have been discussed by ‘many research workers (1) (2) (3) (6) (8) (9)
(10). It can be concluded that the effects of salt on plant growth are concerned with
the following three factors :

1) Water deficit induced by osmotic inhibiton.

2) Specific ionic effects involved in direct toxicity and nutritional unbalance.

3) Combination of the above two.

The author has tried to demonstrate the effects of these factors on plant growth,
but, since the causal relationship of ion accumulation to saline injury is still in the
stage of mere presumption, special attention was, in this paper, focused on various
levels of the ion accumulation with reference to leaf-burn symptoms. As a result of
this research he has come to consider that the ion accumulation is a more predom-
inant factor for the development of saline injury than water deficit. ’

MATERIALS AND METHODS |

With the object of throwing more light on the correlation between the observed
symptoms and the accumulation of ions (sodium and chloride), experimental rice
seeds (var. Norin No. 44) were selected and sown on May 6, ’58, in such a manner
that the most uniform crops possible would be obtained. All cultures were grown in
pots (1/2000 ares) with sand in them, some of which were supplied with the special
solution (sodium chloride was added so that the solution might hold the concentr-
ation of 0.4% or 0.8% NaCl during the course of experiments). Saline treatments
of cultures were not initiated until June 3, ’58. The base nutrient solution had the
composition described in the previous report (10).

The saline treatments resulted not only in the reduced growth but also in the leaf
injury. The first effect observed after the treatments was a slight burniug at the tip
of the leaf-blade, showing a “tip burn” pattern. The severity of the symptoms incr-

eased with time and salinity, as follows :
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Degree . Index
Normal S - 0
Tip burn (slight) 1/4

7 (moderate-A) . 2/4
7 C » -B) 3/4
7 (severe) 4/4

The chemical analyses were made onrthe affected leaves clipped 25 days after the
saline treatments (tillering stage) and again just before heading (boot stage).
Chloride content was determined by a modification of the method of Clark et al
(11), and the flame photometer was used to determine sodium content.

RESULTS AND DISCUSSION
The effect of salinity on the leaf-moisture content of rice plant associated with

leaf-burn symptoms is shown
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was the same in the leaf- Fig 1 Leaf-moisture content associated with leaf-burn symptoms.

blades that were treated with salinity at different stages of growth or with different
concentrations of salinity. Even in a leaf where the burn symptom began to develop,
the moisture content in the green portion (the basal portion obviously uninjured)
was the same with that of an unburned leaf, and the moisture content of the injured
portion bore a resemblance to that of another wholly Burned leaf showing the cor-
responding severity. Accordingly, it seems that the decrease of all moisture content
of a leaf induced by salinization follows, and not precedes, the severity of the tip burn
as a result of the decrease of moisture in the burned portion itself. It is not difficult,
of course, to suppose that the moisture content is gradually reducing at the border
part between the injured and the uninjured portion of a leaf.

If water deficit in a plant were induced by salinity in root medium, the moisture
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.content in the uninjured portion of a burned leaf would be less than in an unburned

leaf.
Table 1. Sodium and chloride accumulation in leaves associated
‘with leaf-burn symptoms (meq. /100 g)
Injurious 0 1/4 2/4 3/4 4/4
Leaf- degree
order Cl Na Cl Na Cl Na Cl Na ClI Na
9 27 7
8 39 16 49 23
7 49 12 53 19 103 37
6 57 83 123 92 170 177
5 97 133 110 177 170
4 ' 177 125
3 177

Sodium and chloride accumulation in affected leaves classified according to the

' leaf-order is shown in Table 1.

It was found that the levels of sodium and chloridé

accumulation required to develop visible symptoms varied With the leaf-order, and

that the minimum levels of the accumulation to exhibit the same degree of injury

were higher in the lower (older) leaves. Unlike the case of the moisture described

above, the relation between the chloride or sodium accumulation and the severity of

the tip burn was not linear, though it was clear that chloride and sodium content in

leaves increased with the development of the saline injury (Fig. 2).

These results may play an important role in studying the saline injury to crops,‘

and yet it seems that these
problems were not too well
determined and were still in
the stage of mere presumption
for all reports of many rese-
arch workers.

It was also found that ch-
loride accumulation in the
green portion (the basal por-
tion of a burned leaf) was
lower than in the burned leaf
or the injured portion of a
burned leaf and was higher
than in the unburned leaf,
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Fig 2 Na or Cl accumulation in leaves associated with
leaf-burn symptoms
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and moreover, that the chloride content in the burned portion was lower than in
another wholly burned leaf showing the corresponding severity ; especially that the
differences of the accumulation between the \injured and the uninjured portion: decr-
eased with the salinity increase. Therefore, it seems that the severity of symptom
follows the chloride or sodium accumulation and that the accumulation plays a
great role in the development of the saline injury, for chloride is found to be éccu-
mulated especially in the uninjured portion.

As far as this experiment went, chloride and sodium accumulated in leaves were
equivalent in quantity, so it seems that chloride and sodium added to the base nu-
trient solution are carried in mass flow process (5) (7) (Fig. 3).

The author already found (8) (9) that with
the same saline treatment, the dry-air condi- 001
tion more promoted the development of in-
jury than the humid-air condition and produ- 150k
ced the marked increase of water uptake,

while under both conditions no difference
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was seen in the rates of water uptake decre-

asing with the progress of salinity. Tagawa ,
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found that water absorption in an intact plant 50 09

was remarkably higher than in a dettoped

plant. Therefore, it follows that the dry-air
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condition is a factor predominating over the %0 w'oome?/ 150 200
salinity in root medium. This factor seems to Fig. 3 Relation between sodium and
increase chloride and sodium accumulation in , chloride accumulation in leaves
leaves and consequently develop the injury. If so, it can be said that the uptaken
moisture in leaves of an intact plant is replenished well and there hardly occurs a
phenomenon of “water deficit resulting from the salinization in the rhizosphere”.
Recently, as the conception of “Outer Space in plant”—which is practically a me-
aningful one—was introduced into the relationship of roots to the external medium,
the above results may raise additional question in the developmental mechanism of
the saline injury. '
Accordingly, although the mechanism of chloride or sodium toxicity remains un-
known, it is considered that the presence of abnormally high amount of chloride or
sodium in leaves may be a more predominant factor in the developmental mechanism
of the saline injury than the inhibition of water-availability in the whole plant.
Moreover, the idea that a conceivable water-availability in a leaf may stem chloride
and sodium accumulation resulting from mass flow process perhaps provides a new

approach to the problem of the saline injury.
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SUMMARY

Determinations of sodium, chloride and leaf-moisture content were nﬁade on leaves
of rice plant grown on a series of artificially salinized plots. The decrease of moi-
sture content in leaves affected was circumstanced proportionally with the progress
of leaf-burn symptoms and even in a leaf where the burn symptom began to develop,
the moisture content in the green portion was the same with that of an uninjured
leaf (a normal leaf). And the severity of the tip burn was closely associated with
the levels of sodium and chloride accumulation, but unlike the case of the moisture
described above, the relationship between the accumulation and the sevérity was not -
linear and the uninjured portion of a burned leaf had higher chloride accumulation
than an uninjured leaf and also it was found that the accumulation was higher on
the older leaves for similar severity. Moreover, the equivalent relation between sod-
ium and chloride accumulation in a leaf would indicate that sodium and chloride
added. to.the base nutrient solution were carried in mass flow process.

Accordingly, it seems that the saline effect on the plant is attributed to the
presence of abnormally high amount of sodium or chloride in leaves rather than the

inhibition of water-availability in the whole plant.

LITERATURE CITED

1. AYERS, A. D. ; Calif. Avocado Soc. Yearbooks, 1950, 139—48 (1950)

2. » ALDRICH, D. G., and Coony, J. J. : Ibid, 1951, 174— 78(1951)

3. BERNSTEIN, L., and HAYWARD, H. E. : Ann. Rev. Flant Physiol., 9, 25—44 (1958)

4. BROWN, J. W., WADLEIGH, C. H., and HAYWARD, H. E. : Proc. Am. Soc. Hort. Sci., 41, 49—55
o , : (1953)

5. EpsTEIN, E. : Ann. Rev. Plant Physiol, 7, 1—24 (1956)

6. HAYWARD, H. E. : The Report of the |4th International Horticultural Congress, 385—9%9 (1955)

7. KRAMER, P. J. : Science, 125, 633—35 (1957) . ’

8. 0GB, T. : Lecture at the 118th Meeting of the Jap. Crop Sci. Soc. (1958)

9. — : (Unpublished data)

10. SHIMOYAMA, T., and Ogo, T. : Special Bull. Okayama Agr. Exp Sta., 54, 21—28 (1956)

. . (in Japanese)
11. U.S. SALINITY LABORATORY STAFF : U. S. Dept. Agr. Handbook No. 40 (1954)
12. WooLey, J. T., BROYER, T. C., and JoHNSON, G. V. : Plant Physiol., 23, 1—7 (1958)

] =z 203, KOMEICASNICX 5 SERNEERTIZIZN,
HKBHEEDO KD SR EMDED - TROT 2 N—HOETHNTY, MFERIREHLY 5 (HEK
B3, BLCHEHD O RTE LD T AIET § HIRIERD S, BEEL$I, RICEEERDITVELIEL
BEHATIIRTOBDDIA 5NN, —HRFEROAK  EEL T, BCAUERERLTVS DTS, %
BERIHFREORTERIGELL, HIoh LHTEHD
IKGDHDWMUETZ L D IEHERB B/ NI, CLIZEICHE2ERL, dIcr b5 A501c Na,Cl 5
Na 7 0¢ Cl OFH  FBICH - T3 C EE3BPTH mass flow LT3 &5 Tdh- 1,

AT k- THEEEMRD, BIIES - 12, X Na &



— 6 — BIEERAEMARE HE/5 A (%)

Na i Cl OEHEDOEERIZAEBROBHEA TIIZER AT THHE EADCEDN YD L5 ICEDbN
i TEINDT, OEOBEEISRICESELTS, & %o BHUERITE- TIN5 ErhOKDFRIBHEOZEL
| EOHF L TR 3 BKOFIRIC L - TOAES OV TRECERS VRIS 5780,
ENIEZFLDE, TEAFCDOZRBICEEINSC



