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Salt Tolerance of Higher Plants and Uptake of Inorganic Nutrients

Noboru SHIMOSE and Jiro SEKIvA®
(Department of Biological Function and Genetic Resources Science)

Salt tolerance of 39 plants, and uptake and accumulation of inorganic nutrients by the
plants were examined, when the plants were exposed to 0~60 meq/ £ of NaCl or Na,
SO,. Based on the growth of the plants represented by dry weight, plants examined were
classified into 3 groups ; strongly tolerant to salt (14 species involving glasswort, cotton,
Italian ryegrass, radish, rush and spinach), moderately tolerant (14 species involving
celery, turnip, okra and asparagus), and sensitive (11 species involving cucumber, rape,
tobacco and perilla). Contents of Na in the stem and leaves varied 0.8 to more than 8%.
Treatment of the plants with the salts inhibited uptake and accumulation of K, Ca and
Mg. However, there were no correlations between salt tolerance and Na contents in
plants or inhibition of K, Ca and Mg.
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(Salicornia herbacea L.) 'V, ~%"4 + 7 (Amaranthus tricolor L.) ¥, %32 (Nicotiana
fabacum L.) ¥, =2+ (Lycopersicon esuculentum L.) ¥V, F+ 2 (Solanum melongena
L) 9, 3xX (Artemisia princepts Pamp.) ¥, v—-=> (Capsicum annuwm L.) ),
3V (Perilla frutescens Britton var. hrispa Decne) W&, AEEFHIcE ) BT, 7%
(Gossyptum hivsutum L.) & %27 (Chrysanthemum wmosifolium Ramat) TH 5, F32
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Table 1 Salt concentrations of basal nutrient solutions

Elements Concentration (ppm) Salt
N 60 NH,NO,; and Ca(NO,), * 4H,0
(NH,-N, 20: NOy-N, 40)
or
(NH4-N, 40 : NO3-N, 20)

P 30 KH,PO,

K 50 KCl1

Ca 28.6 from Ca(NO,), - 4H,0 as N source
Mg 30 MgSO, » TH,0

Fe 2 Fe-citrate
Mn 1 MnSO, - 4H,0

B 1 H.BO,

Table 2 Date of salt treatment of plants

Plant Beginning of salt treatment Harvest
Glasswort 26, March/1983 23, August/1983
Amaranthus 19, June/1986 8, August/1986
Cotton 4, July/1988 7, September/1988
Tobacco 23, May/1988 25, June/1988
Tomato 15, May/1984 20, July/1984
Eggplant 1, June/1985 26, June/1985
Mugwort 8, May/1986 18, June/1986
Sweet pepper 6, June/1983 11, August/1983
Chrysanthemum 28, August/1985 10, November/1985

Perilla 8, May/1985 18, June/1985
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Fig. 1 Effects of NaCl and Na,S0, on the growth of the top parts of the plants.
Growth was represented as dry weight. Numbers of 20, 40, and 60 on the
ordinate mean concentrations of NaCl and Na,SO, in the culture media.
Open bar indicates NaCl and dotted one Na,SO,.
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Fig. 2 Effects of NaCl and Na,SO, on the growth of the top part of glasswort.
Growth was represented as dry weight. Numbers of 20, 40, and 60 on the
ordinate mean concentrations of NaCl and Na,SO, in the culture media.
Open bar indicates NaCl and dotted one Na,SO,.

Table 3 Contents of mineral elements of glasswort

Content (% on dry matter basis)

Treatment
Na Cl S K Ca Mg

Cont 1.40 (100) 3.31 (100) 1.46(100) 3.30(100) 1.25(100) 0.88(100)
Cl -40 16.71 27.77 0.73 1.69 0.79 0.41

80 20.80 31.90 0.37 1.23 0.49 0.23

120 20.26(1447) 32.32 (976) 0.27 (19} 1.13 (34) 0.40 (32) 0.17 (19)
S -40 12.34 2.24 7.22 1.38 0.35 0.26

80 14.60 2.44 8.25 1.11 0.26 0.16

120 16.77(1198) 2.32 (70) 9.37(640) 0.92 (28) 0.25 (20) 0.16 (18)
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PRRTWB LS, TV Y7o Na, ClORIERZ%2MT &I BEE LC—
HLTCWE, 722N 5NEEIZS KTiZ Cl RIEERE N2 72 Na,SO, BEORKIz 4
W, 2 NETLRZD, S XnS ok, Cont #1004 55 & S-120Tid640& 70 1),
INETRRERL OB LD L E2 o7, Fhuctfv, K, Ca, Mg OIREEE»E L

Table 4 Contents of mineral elements of amaranthus

Content (% on dry matter basis)

Treatment
Na Cl S K Ca Mg

Cont 0.51 (100) 1.00 (100) 0.51(100) 3.09(100) 0.40(100) 0.67 (100)
Cl -20 2.45 4.20 0.45 2.78 0.38 0.62

40 3.49 4.30 0.45 2.71 0.32 0.55

60 4.29 (841) 5.19 {519) 0.44 (86) 2.60 (84) 0.31 (78) 0.48 (72)
S -20 2.51 0.73 0.82 2.86 0.34 0.53

40 2.55 0.75 0.98 2.58 0.21 0.45

60 3.66 (718) 0.66 (66) 1.09(204) 2.23 (72) 0.18 (45) 0.35 (52)

Table 5 Contents of mineral elements of cotton

Content (% on dry matter basis)

Treatment
Na Cl S K Ca Mg

Cont 0.26 (100) 1.02 (100) 0.77(100) 2.35(100) 2.43(100) 0.44(100)
Cl -20 1.89 3.82 0.61 1.70 2.23 0.32

40 3.50 5.14 0.57 1.40 1.95 0.26

60 4.49(1727) 5.93 (581) 0.58 (75) 0.95 (40) 1.10 (45) 0.18 (41)
S -20 1.95 0.61 1.75 2.00 1.92 0.31

40 4.05 0.69 2.01 1.51 1.10 0.15

60 4.39(1689) 0.45 (44) 2.04(265) 1.39 (59) 0.95 (39) 0.12 (27)

Table 6 Contents of mineral elements of tobacco

Content (% on dry matter basis)

Treatment
Na Cl S K Ca Mg

Cont 0.61 (100) 0.51 (100 0.34(100) 2.90(100) 1.26(100) 0.51(100)
Cl -20 1.32 5.54 0.30 2.72 1.21 0.51

40 2.43 6.33 0.31 2.54 0.82 0.43

60 2.67 (438) 7.02(1377) 0.37(109) 2.36 (81) 0.51 (40) 0.36 (71)
S -20 1.11 0.58 0.94 2.32 1.23 0.51

40 1.90 0.57 1.09 2.33 0.77 0.37

60 2.38 (390} 0.57 (112) 1.18(347) 2.20 (76) 0.43 (34) 0.25 (49)




26 T# 7 BEKRE

<, ZNH N, P ORNEREEEICT TBLATWRY, N, Pt TRNEEFBLAT
Wz DIE, RAIITH> R TIET Y 75V TDHRTH - 72,

44 v 77 (Table 4) &7 % (Table 5) ONaZEH=E|I60meq/ LR &5 & KE4%
PEoBEZRLE, ~7 A P 7IIEERES LA T 2ic2o1 T, K, Ca, Mg 7750k
IRBBEEZZT, TOREIZ SEOFF CIR L) RovekRkEr-2M, U2 IIEHEED
Hreyic K OREENB Z - 7225, Cl RoFsHEERRLHm{, Ca, Mg i3S KTl
BB EY Y -7z, T IDREIIEFMANRETT S0 RERHEEIISH E D EIT) TIEY
btz Na R, BEITA R EICGEL, V2@ T v5e vy, ~ A bk IicmitiE
DR ASEMTH -7, Table 6, 7, 8i2F,Na, += 9 F X WDEEEHT DS
RERLZZ, RERE»LLAS L Fig. 1IZRLzE 91z, 33, F2H, P<oMid@T

Table 7 Contents of mineral elements of tomato

Content (% on dry matter basis)

Treatment
Na Cl S K Ca Mg

Cont 0.37 (100) 1.39 (100) 0.38(100) 2.03(100) 0.84(100) 0.61(100)
Cl -20 1.42 3.56 0.26 1.91 0.65 0.46

40 1.97 4.76 0.28 2.59 0.59 0.39

60 2.14 (578) 4.65 (335) 0.29 (76) 2.29(113) 0.58 (69) 0.34 (56)
S -20 1.45 1.13 0.75 1.77 0.54 0.36

40 1.89 0.95 0.92 1.93 0.41 0.29

60 2.25 (608) 0.88 (63) 1.03(271) 1.91 (94) 0.28 (33) 0.23 (38)

Table 8 Contents of mineral elements of eggplant

Content (% on dry matter basis)

Treatment

Na Cl S K Ca Mg

Cont 0.21 (100) 1.69 (100) 0.58(100) 2.41(100) 0.89(100) 0.52(100)
Cl -20 1.71 4.37 0.22 1.71 0.51 0.27

40 2.46 4.73 0.23 1.20 0.46 0.21

60 2.53(1205) 6.24 (369) 0.22 (38) 1.29 (54) 0.38 (43) 0.24 (46)
S -20 1.76 0.89 0.65 1.81 0.42 0.21

40 2.29 0.84 0.67 1.50 0.35 0.18

60 2.56(1219) 0.78 (46) 0.69(119) 1.06 (44) 0.30 (34) 0.15 (29)

Table 9 Contents of mineral elements of mugwort

Content (% on dry matter basis)

Treatment
. Na Cl S K Ca Mg

Cont 0.05 (100) 0.61 (100) 0.21(100) 3.05(100) 0.32(100) 0.38(100)
Cl -20 0.38 1.04 0.17 2.85 0.29 0.33

40 0.57 1.12 - 0.17 2.67 0.28 0.30

60 1.01(2020) 1.58 (259) 0.20 (95) 2.46 (81) 0.27 (84) 0.29 (76)
S -20 0.30 0.53 0.34 2.77 0.25 0.29

40 1.39 0.45 0.71 1.90 0.25 0.30

60 1.00(2000) 0.40 (66) 0.55(262) 2.13 (70) 0.22 (69) 0.25 (66)
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Table 10 Contents of mineral elements of sweet pepper

Content (% on dry matter basis)

Treatment
Na Cl S K Ca Mg
Cont 0.09 (100) 1.23 (100) 0.47(100) 4.01(100) 1.03(100) 0.61(100)
Cl -20 1.00 4.17 0.49 4.11 0.99 0.60
40 1.22 5.17 0.54 5.15 0.91 0.56
60 1.49(1656) 5.30 (431) 0.48(102) 4.63(115) 0.79 (77) 0.46 (75)
S -20 0.89 0.99 0.62 4.27 0.72 0.40
40 1.24 0.80 0.77 4.40 0.56 0.30
60 1.25(1389) 0.51 {44) 0.72(153) 3.83 (96) 0.46 (45) 0.21 (34)
Table 11 Contents of mineral elements of chrysanthemum
Content (% on dry matter basis)
Treatment
Na Cl S K Ca Mg
Cont 0.29 (100) 0.81 (100) 0.28(100) 3.06 (100) 0.30(100) 0.49(100)
Cl -20 0.79 1.94 0.27 2.75 0.23 0.40
40 1.25 2.38 0.28 2.65 0.20 0.32
60 1.51 (521) 2.96 (365) 0.26 (93) 2.45 (80) 0.19 (63) 0.29 (59)
S -20 0.77 0.78 0.39 2.83 0.20 0.32
40 1.10 0.76 0.44 2.77 0.19 0.31
60 1.34 (462) 0.78 (96) 0.51(182) 2.18 (71) 0.17 (67 0.29 (59)
Table 12 Contents of mineral elements of perilla
Content (% on dry matter basis)
Treatment
Na Cl S K Ca Mg
Cont 0.17 (100) 0.30 (100} 0.23(100) 3.16(100) 0.76(100) 0.54(100)
Cl -20 0.53 1.96 0.20 2.57 0.72 0.37
40 0.83 2.57 0.21 1.99 0.71 0.33
60 0.98 (597) 2.98 (993) 0.23 (100} 1.86 (59) 0.65 (86) 0.31 (57)
S -20 0.51 0.30 0.27 2.46 0.64 0.37
40 0.87 0.28 0.30 1.93 0.63 0.32
60 1.06 (624) 0.23 (77 0.38(165) 1.52 (48) 0.60 (79) 0.30 (56)
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Table 18 Summary of NaCl* tolerance and Na contents in the stem and leaves of the

plants
Na content NaCl tolerance**
(% on dry matter basis) Strong Moderate Week

>3% Glasswort!? Celery? Cucumber®
Cotton Barley® Wheat?
Onion® Parsley'? Chinese cabbage!®
Italian ryegrass® Turnip® Rape®
Radish'® Carrot?®
Lettuce?® Garland chrysanthemum?®
Amaranthus!? Cauliflower'®

2~3% Tomato® Eggplant Tobacco

1~2% Chrysanthemum Rice” Kidney bean®
Spinach® Cabbage'? Lucerne®
Corn® Okra¥ Goldenrod*®
Mugwort* Sweet pepper?

<1% Common reed™ Asparagus® Perilla'®
Rush!? Welsh onion'?

*NaCl concentration ; 60 meq/ £. ,
**Strong, more than 75% of growth to the control treatment on dry weight basis , moderate, 51~75% .
week, less than 509%.
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