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Physiology of Salt Injury in Crops
(IX) Salt Tolerance of Barley, Wheat, and Asparagus

Noboru SHIMOSE

Barley, wheat, and asparagus were grown in a constantly renewed sand culture
using the solutions containing 20, 40, and 60 meq/1 each of Na.SO, or NaCl respec-
tively, and results obtained were as follows:

1) Barley and asparagus were very tolerable to salinity, but growth reduction of
wheat was almost linear with increasing of salt concentrations in the nutrient solutions
and the crop was more sensitive in the NaCl series than in the Na.SO. series.

2) The author could not find differences of total carbohydrate contents in the leaves
and stems of barley and asparagus caused by the salt treatments, but in the ears of
wheat, total carbohydrate contents decreased with increasing of NaCl concentrations,
~and so was in the Na,SO.,~60 plot.

3) Absorption of potassium, calcium, magnesium, and manganese in the leaves and
stems of barley and wheat decreased with increasing of salt concentrations. It was
observed that the decrease of absorption of these elements in them was higher in the
Na,S0, series than in the NaCl series. But in the leaves and stems of asparagus, as
absorption of sodium was very low, the decrease of absorption of potassium and others
was not found in every treatment.

4) Contents of total cation or anion in the leaves and stems of barley and wheat
increased with increasing of salt concentrations, and the ratio of total cation per anion
increased with increasing of salt concentrations, especially in the Na;SO, series. As
to asparagus, any difference among all the salt treatments was not found.

5) The author assumed that asparagus was more tolerant to salinity than barley or
wheat.
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Table 1. Salt Concentrations of Basal Nutrient Solutions

Elements ‘ Concentration Salts
N | 60 ppm NH.NOs and Ca(NOs)»+4H,0
(NH+N : 20, NO;-N : 40)
P 30 KH,PO,
K 50 K>S0, or KCl
Ca 28.6 from Ca(NQy).-4H,0 as N source
Mg 30 MgS0,-TH,0 or MgCl:-6H-O
Fe 2 Fe-citrate
Mn 2 MnSO;-4H,0 or MnCl:-4H:0
B 2 HsBOs
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Table 2. Dry Weight of Barley and Wheat grown in 1967 in Various Salt
Concentrations (¢ /one plant)

w Barley Wheat
EXpt11°'10t Rir_t__ ﬁgvgiems Ears Sum ir?gvgiems Ears Sum
S-cont ) 8.0 9.0 17.0 7.8 7.4 15.2
20 6.4 7.1 13.5 9.1 9.3 18.4
40 4.9 7.0 11.9 7.3 6.0 13.3
60 1.9 2.2 4.1 31 4.1 7.2
Cl-cont 6.3 7.7 14.0 7.7 7.7 15.4
20 6.5 8.4 14.9 6.0 6.8 12.8
40 2.9 4.5 7.4 3.5 4.2 7.7
60 2.5 3.6 6.1 2.3 3.6 5.9

BEEOMWEMNE A3 LHe 2% BRUVERZEL. COARSVL TR BIKRETS
B, CNOFBENED-7DE, BEZLLAEBHMBEL P> cHEEL, BREONKE
EZEHIDOT, FE2EEOERSMLEL .

E2EIBEOEREDET : Table 3 IKEYPEA/R L. Table 2 N2 E—BHEDE LT
BEULTHAED, KETRMBEXORENS-40 X CTRYUEXEELT, S-60 XTHE

Table 3. Dry Weight of Barley and Wheat grown in 1971, and Asparagus grown
in 1967 in Various Salt Concentrations (¢ /one plant)

= Crop

1 Barley Wheat Asparagus
Bt Pt | LS | s | sum LS mas | sam L

S-cont 10.2 9.1 19.3 7.4 8.1 15.5 8.5

20 10.1 8.9 19.0 7.2 8.4 15.6 8.3

40 10.7 10.2 20.9 6.7 7.2 13.9 10.8

60 6.2 57 11.9 6.7 7.6 14.3 7.5

Cl-cont 10.8 9.2 20.0 10.5 89 19.4 10.0

20 7.3 9.1 16.4 9.8 9.8 19.6 8.5

40 7.5 9.2 16.7 5.4 4.6 10.0 8.5

60 4.6 7.6 12.2 4.9 4.8 9.7 5.5

ETHPEDONL 300, F1HEEOEBRILSEETRI Lo/, LrdE1INEOEREI
213D, 5 AhEETRERLBEICIZEHIZDONT, PANBEKE-TP- &, Ld
SHMICTEORENLED, BIUEO BEHASBS Eb. COBERINEDCEESSEIERL
T, DIFNLLROWEMEORN T EBRED LAY, O ERITIEEDREILERAIN
O DML, TBRENKANE BEMRORES BEBINE &I ZOMBERXI
Lo, TOEINEL, DTENOEOEBHRONIHE TR M-, BEIELIHED
EE T WHBKXT 36.3~39.8m (FEE 4.5~5.1em) Th-T, DRV EP>720WICHL, 2
2 [E1BiCid49. 3~55. 5 (F8E6.0~6.5m) T, BREERKEB LD LEbNS.
NEREFEBEEORENCE, T, MEERESKEHERIRTT2ERAZAL, & KEL
YK T Cl40 KL EOBRERTABETHAE LS, SREKKES SHEMYIKLEFEFDORN
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Table 4. Total Carbohydrate Contents in Barley, Wheat, and Asparagus

(as glucose %)

w Barley Wheat Asparagus
1
Exptl. Leaves Leaves Leaves
Plot ™ Part and Stems Ears and Stems Ears and Stems
S-cont 15.39 34.09 15.80 25. 65 11.75
20 15.69 33.08 15.26 27.38 12.89
40 15.53 32.06 15.80 23.63 12.69
60 15.53 34.53 15.39 18.23 12.62
Cl~cont 16.07 34.53 16.07 25.65 13.16
20 15.69 31.05 14.85 25.65 11.06
40 15.85 32.12 14.85 24. 33 12.56
60 15.85 31.05 14. 45 22.95 11.27
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REZETOLBEBRES ST 1971 FEITTE - 72 DT> T Table 5 R L. BIX
RREROCEIEAEOEBRL D 2RV BOEER LM, TOEARREZRAETS 7. 5
Brr)oa, B M) ARELZONTNEDT, EEBEOERICH-TF MY T Ls

Table 5. Contents of Mineral Elements in the Leaves and Stems of Barley
grown in 1971 (dry matter basis)

Qement Na| s | a N | P | K| cCa | Mg | Pe | Mn| Zn

Exptl. Plot \ | %) | &) | & | @ | @& | @ | @& | & | (opm)| (ppm)| Gopm)

S-cont 0.26] 0.27| 0.61| 2.41| 0.58| 7.46| 0.54| 0.21 1,110 55 31
20 4.97] 0.57| 0.51| 2.46| 0.58 | 3.38| 0.15| 0.05 790 63 32
40 6.63| 0.93| 0.53| 2.32| 0.59| 2.42| 0.16| 0.05 810 50 34
60 8.60| 1.06| 0.52 2.13| 0.55| 1.02] 0.10| 0.03 720 34 24

Cl-cont 0.3¢| 0.20| 2.25| 2.46| 0.63| 840 | 0.50| 0.22 1,020 | 118 32
20 4.39| 0.18| 4.22| 1.96| 0.55| 5.00| 0.26 | 0.10 780 | 105 32
40 8.10| 0.14| 6.01 | 1.71| 0.48} 2.95| 0.16| 0.06 780 | 105 37
60 9.65{ 0.15| 6.37| 1.88| 0.33| 2.42| 0.14| 0.06 810 50 30

BPBEZFCHENL T3, S ENMMIRTZOEANE L. BAIRICEY 2ER
ORBEMERET 3 &, HBERCET 244 Y ORI ENESENL TR, i
BEOIEE2MMOT =4 VIREEDE EEZ B, & ICHEBRIEABMICRR IS &
WHNTHNBE® DT, ZiEEYS BbhizdDs Bbhz., Z0kHF ) v A0BRIKS
ZORDN, BMHYRICBI 3E2ENEL B -7-bDTHA5. COBRIBEET TICHRAL
REEAETNTOEPIEBOTRRETH - 72

FrY Y ABESBICRRINHER, BREICAY IA, AVYIL TTFXVTA TV
HYBOTNEBRN WEAEE ST TED, ChoORERS R BERBER TR RZKKE
T, H¥EF MY Y AERIC X ABEREER, ChOOEXEORZEN 2REICERINTO S
bDEBZONDG. BBERLEMIRTEET2E, CNOERORREERERIVTNS
MBEXTHRIEONL. Y VEIOWTRE, BEUERERICET 35E800EL, #b
ESBRER TSLORBENET T AEARRED SN, TOBRER/NSD -7z, EiRldE
BUEICI3ZBIR -5 Lidh -k, 2ZRIEHBFOBRICE - TEESETL, £
DEAZIELHK T Ebi:
INEEEROEBRRSSE © 19714171 » HERO/NEZETOERESSEICOV TR
Table 6 IT/R L7z, BERALDICAZIELEBINERINTOIZNDE, KELE LA UHE
HHBED 5N,
FANSHRAZEDOEEBAISE : 7T A7 FREEROEEZTable 7R L. D
TEMRBEEOR N SOOH TR ELDTEL » #BSBRIMEAZHE 2 D EEIONR. &
EPREREA L WEEMMO >, RIWEREORP DB A2 )TV 747722
T, THIIZIE BT 2DONESEOAE, ROTHIVVED BETH- 208, SENICE
DEBOBRELLABET AT A LEASOWEEEZET560EB0N5. 12)T7V 7
4752, KE, PNERBREINEF MY U LEEESMERTILLEBTREBEOT MY U LER
WL, ZOREHY T A, ANV Y LR EOBERFPFLEMNEONLN, HARNSEETERD
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Table 6. Contents of Mineral Elements in the Leaves and Stems of Wheat
grown in 1971 (day matter basis)

\ Element Na S Cl N P K Ca Mg Fe Mn Zn

Exptl. Plot %) | G | @) | (%) | (%) | % | (% | (%) | (ppm)| (ppm)| (ppm)
S-cont 0.09] 0.33| 0.16 | 1.90 0.44| 5.87| 0.22| 0.11] 580 117 37
20 2.99! 0.8 0.16| 1.99| 0.45| 3.79| 0.10| 0.06 | 555 96 38
40 3.57, 1.06| 0.16 | 1.96| 0.43| 3.21| 0.06| 0.04 | 490 84 4
60 50 1.07| 0.16| 1.68| 0.51| 2.08| 0.06| 0.03| 430 94 39
Cl-cont 0.09, 0.20| 0.65| 2.04| 0.56| 5.62| 0.23| 0.13| 530 144 38
20 2.32| 0.21] 2.22| 1.8 | 0.53| 5.51| 0.09| 0.05| 520 150 32
40 4.40| 0.18 3.51| 1.43| 0.47| 2.98| 0.06 | 0.05! 580 137 54

60 5.28| 0.20| 3.82| 1.40| 0.47| 3.31| 0.06| 0.03 545 127 | 69

Table 7. Contents of Mineral Elements in the Leaves and Stems of Asparagus
grown in 1967 (dry matter basis)

@‘ement Na s c N P K Ca | Me | Fe | Mn
Exptl Plot\| (%) | %) | & | & | @& | & | @& | @ | @ew | pmd
S-cont 0.08 | 0.3 | 098 | 2204 | 0.30 | 26¢ | 034 | 0.30 80| 193
20 0.28 | 0.34 | 1.98 | 2094 | 0.34 | 264 | 0.32 | 0.27 | 1,130| 1%

40 052 | 037 | 1.18 | 2294 | 0.32 | 2.53 | 0.31 | 0.30 | 1,040 | 182

60 0.80 | 0.33 | 1.25 | 3.01 | 0.33 | 2017 | 0.28 | 0.26 | 1,220| 175
Clcont | 0.12 | 0.20 | 1.81 | 2.65 | 0.31 | 269 | 0.27 | 0.29 | 1,180 | 208
20 0.25 | 0.18 | 1.98 | 2.98 | 0.31 | 253 | 0.27 | 0.22 | 1,260 220

40 0.48 | 0.18 | 2.24 | 2.87 | 0.31 | 247 | 0.28 | 0.21 | 1.060| 210

60 0.50 | 0.19 | 1.99 | 307 | 0.30 | 2.42 | 0.23 | 0.18 960 | 220

WEETE RBbhElr-7. 7ROLEINODEHE WS MY vakldnoad BEED
B, AT LBEDORZEHBETTHABAEHYENI T EBTE .

—F, TANGHRII Table 70 dMoie kS, BHEEBESEALTH FFY LD
BRENE LD TLUED 7. TRBEXRSEMIRTEELTS, MR TA4L o EEXD
BRICHEDARESBERHADONE -7, TNRERVOFy VVEIRRBICET 3. #o
THY I L, AVYI LA, 73V YLEEOREE S HERNERT, Cl-60 KOETNP
DED S DR AN T L, =T 5T AQORBEESMORICHENTOPED - el &E
ZONBY, U VE, 8 vy VREKREBEASEHEEDONEP . K LAER
O&HE, EEMMIRTCBNTERREOEBRICE ST, K-> TENT2HEANEDLN
7z, THROBT AT HARAEROF PV U LBEXHOORITHERTESH0DT, AE
RELRDPRVBB - LBSTEEEREDSOEELLNS.

LRAFFVELTFVONSUR BAEETTIUHRA LMY TEIWEROE» - 700D
BAZYVT Y IATTAD TH-7cd, TOHBE GREERXTH M Y40 BESEL
&L, BN DL, Ay T LREORREENEC 20, REEOCEMPEFE TR
ENEWABCENTE, EFEFOBACH->Ta&MFA Y, &7 =4 0 BNESERD
L, LobZDhESHAMICEINT S ETh- 2
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Table 8. The Total Amounts of Basic and Acidic Constituents in the Leaves
and Stems in Barley, Wheat, and Asparagus (meg/100¢ in day matter)

I CEOP\ Barley Wheat Asparagus
Cation 7
EXP‘:_,LI.,;IOt or Anion Cation(C)Anion’\a)C/a><IOO}Cation(C)Anion(a)lc/aX1OO‘Cation(C)Anion(a)c/a><100
S-cont 309 209 148 224 169 133 190 218 87
20 378 227 167 288 201 143 198 227 87
40 422 242 174 293 212 138 207 227 a1
60 463 238 195 318 208 153 206 234 83
Cl-cont 339 249 136 222 192 115 182 220 83
20 392 308 127 209 244 123 188 239 79
40 487 384 127 314 278 113 190 241 79
60 543 416 131 357 335 107 190 243 78

Table 8 WEHET ARG HFRADLIFF Y, &T=F VERELFOHERER L. &9
REEAZIVT V747 7R EHUCHEBZRL, BHEHEEOERE & D RIZZREESED
L, MBERTRZOLBLHFAMICERL TS, OB THRESREFOEBRELY
CeAFAY, €T =4 VOUERSBRTIDOEEMERNERNEZEIONE0T, Bk
XTLOHEBELHZHEHHHDOLNITNDIE, BT 2HESPRHE LD EEZD
N3. RETIE Table 55O EIC, F MY VAOBERBUCE-THY T A, &
WYL, TRV L, v A REOREEENE CEDLI, COENRERBERXTEL
Mots. TNRGHHOT, HBERXTORGERE, 720, 2A4F4 Y, £T7=2 ]
HERSEFHBEOB AL EDICHFANICER LT L, DOPINEHRBER THEN A 74
VREEORNC L&, BMMERERICEBT LD D&ELEBOETHBRECEb 72T
FiciERT A DEEZLNS. L L Table5 K0AT, v AR EORBEEREED
KHELDP- DT, BEBESCNDEEBS LEAARS O N7 v RZEHRICEN, B
BEFREZETIBERUELZEIOATHNEEDEELLNS.

NEIXODTHARELEUDOERMRED DN, KREEHET 2 E4BNICEEN D
BN E, @hF4Y, T =FVOEEBHEDENT &, BIUEIYRX TREEEED
BRI TOLAZORESETTAEADSH AT ERELD, MEEOBRNETEICIIES
B, KEFEBIETNCENED I,

TANGHARBERE T DO TER > LWEREATH 2 BB S/, Table 71
Rl BEBESEALTHF NI Y AORNERIIVENET, LrbBRERR
EHHDTHLIL, HaoTHY TL, ANV DL, =2V TLREORIEEEE I DR
BThHote. TODBEEBEOERCH-TL2IF4 Yy, 2T=F VYERRVITNLEDRE
BHLTO3H, ZOBMEERDIEL, LhdaeTadrvBesdrriddbsel, 404
Fv, 2723 VvOEEIIIVEHNEDONE L. 1 LEMYR TRTBER LD
LT DENPPELS P o, O EFIEBMYIC T DML PPH T EERL, &L
Cl-60 RTHEMN BN - e DIF AN T L, T2V LADORBEESZ LR bz, &
DOHBEPEL L -7 LB D EMEEINS. TOLIBIERIE, ChETICHRRE LE
PRTRAYVYEW SR A TRSET L ENTES.

BHY 0L, £AFFY, £T=F VORREOHEEEL LT, ZR0OHES, &
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BEBEOERERTL > TORVEREICETOMEAYNEET . EX0EEE LTE, &R
CHEETBREXZDES, 5427 NH-N & NO-N ORET (ZOES1:2) REEHF
AV, BEET=AVELTHELDDTHEM, EERNTERESNE V27 ETHD,
NH:-N ® NO:-N OETEETIBRHLIPLTH > T, EELRIPBOLTEATNS. L
» L TrouGc® REMERRNICERATIEEERS LBERSE, REECEY 2EEZMEL
TRET, BOFWIIEGBEIERTH - 72720, BEEWEL NO-N, §RbbT=FrEEL
T3, HREERBRSOZVEDIE, YRT =4 v & LTERREE, REESRIEING &
EZATHEYE, ZRECBNT, ULrbAEBRRETERBESCRBESERINE LEIELD
nNY, T=AvELTRBZLAMERE, B8, BRBRETEOETRRIENIEDESBLL
N5, EERTEAFA YOFBEZERBE L0, TOERE, —2RBEBROEROHE
BICHEREZCE, Sz VF-REOBREVAEBEEFRBOBLEACHERS S &
ZZON3. LPLAWMETHEKRANTO BEE(ILD S, Troue? DEZFICHE-T, &
SORBGEEICER L, BRINTH S OEAREZ—CRBIEETHIIL, COFEICE-T
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