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Studies on the Salt — tolerance of Lawn Grasses in Sand Culture

Chun-Cheon Educational College
J.U. Hong

SUMMARY

The object of this experiments was to know the salt tolerance of Fults and other lawn grasses. Fults,
Olympic (Tall fescue, Festuca arundinacea Schred), .Ceeping red fescue, Kentucky bluegrass and Zoysia
grass (Z. japonica S.) were grown in hydroponics with vermiculite at various concentrations of NaCl.

Hoagland’s solution was used as the basic solution (control), and the concentrations of C1 to it were
1000, 2000, 3000, 4000 ...... and 15000ppm, respectively. Each was cultivated under the circumstances
during 2 months. The results obtained are summarized as follows:

1. The growth of Fults, Olympic, Creeping red fescue and others were better at C1 1000ppm than control.
In the 5000ppm application, Fescues become worse and 23.9% of them were withered. In concentra-
tion of C1 above 9000ppm, it was impossible to live.

2. In the 10000~11000ppm application, Olympic and Kentucky bluegrass were become worse and most of
them died.

3. Fults were almost possible to live in the below of 9000ppm, but they began to die in the above of 10000
ppm.

4. With the increasing concentration of Cl, plants were dwarfed and the number of stems, leaves and roots
were reduced, but it was especially observed that the number of stolons of Creeping red fescue were
increased at 1000~4000ppm.

5. Fults grass was the most salt tolerant turfgrass, but was impossible to live at salt level of about 36
millimhos (Exchange NaCl conductivity-ppm). Among the grasses, according to salt tolerance, they
were arranged as follows.

Fults > Zoysia japonica S. > Ky belugrass > Olympic grass > Creeping red fescue
6. The number of leaves, stems, tillers, and dry weight of Olympic grass, Fults and others were increased

more at C1 1000ppm application than control, but in the above 4000ppm application, those of plants

were decreased.
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. The productivity of all grasses under the experiments was increased at 3.175millimhos (Exchange

NaCl conductivity ppm) in the concentration of Cl. The each dry-weight of Olympic, Creeping red

fescue, Kentucky bluegrass and Zoysia grass was decreased at 8.85millimhos, and the weight of Fults

grass was also decreased remarkably at 12.20millimhos.

. As the result of this experiments, most plants grow normally at low concentration of NaC1-1000ppm.

That seems to stimulate more the grasses to grow than non-salt.
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(Table 1 — 1).

2) Creaping red fescue(F.rubra L.var. genuina
H.)
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3) Fults grass(F.puccinelli distance)
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EEAA EHHKIT At (Table 1 — 3).

4) Kentucky bluegrass(Poa. paratensis L.)
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5) Zoysia grass(Zoysia japonica Steud.);Nugget
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AHRS BY3, 10000ppm EHE = [[H¥E
HiFERR7F B4 st MIARA 69.5 %, 11000ppm
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Cl — 1000ppm v HEE R 2HHS B
HRBEYED £Fo HEHESIG. 214
5000ppm LAEEAAD fikge] E4ddn
12000ppm LA EEAA WHRe £Fo) $ikd
fhEEd o 9000ppm [ALEANA MRS £F
o] thib =3 . 10000ppm bl L] Eelld MHAK
o & WA 4000ppm A HERE [
3 EE Y EEUF 2EEI

Cl — 1000ppm E& BEfR . EH. HE, &9
B frs] HiaEY o “"BHO}MM"% Bk SEHBE
of el met E, ER. £ XY EF B
39tk (Table 2. Table 3 — 1).

2) Creeping red fescue

B2E HMEES Cl— 3000ppm AR & HHELL
MERZ Y £ EME S HWEBERD
wystdd . 28d Cl— 1000ppm ~ Cl —
4000ppm 7+ A & HEBEAN A B + gl HE%K)
CligErlt g5 winste BE Wil v
2354= 8 IOOOOppm PlbEeld [T#nae E
g HEBIHKE Loy R 2% HiEsty
e m;Tfﬁ?‘l g o] AATHES AT . bt (1967)
%X Creeping red fescue © 5000ppm 7tA 2] Sto-

O

lon
(Table 2, Table 3 — 2).

3) Fults grass

Fﬂ"é?\ia fitE&E} Zo] Cl— 1000ppm E ol A

CEE EE, BRE BT EhEHen 4

Wﬁﬂt 4000ppm A4tolL 6000ppm LA ko) #
Bl M RS HIBE sl 3N | 3
v UE BAdt. 12000ppm LA oA M
FRol hibHAT . FES HARE b M W
Ehf% o] &3t 9000ppm 7HA &= HZERR7T AR
7k, 10000ppm BA BN £Fo] st M
ERES HEBRES 1/20¢d FT@stad . 255
oz T#dA T#, Mifd o1& &5 EREMN
B2 B AT (Table 2. Table 3 — 3).

4) Kentucky bluegrass

3000ppm 7HA & Efo] HRBEHRC HEEo]
gokxn, MTHY EPWES <o

H]

% Rhizome o} EMRAKE RESF w At .

3000ppm [E 9] HIEE S WA L3l £F T
EaA o KEHST mLATH &HE PE
e 6000ppm MisEolA o —MAySE
3000ppm EE 7o) FEEQAA Slo] MRS ERL
Ao SRS Bt giES Brbsad.
= fitfEmER 2ol 1000ppm &
T HBERY BR, wWE, 7R, ¥ I
winst R AT Eo@EEe] el o dx B
At (Table 2, 3 — 4).

5) Zoysia japonica S.

)= 1000ppm Eo M ER | XH . HEE
, ER, giHhE L8 HEBERO Einslaed
EEEQ 3000 ppm AR = [H19 £ RKEol HT
5]‘31 o v A FHIES BB whet Mistan

FRETE Eobd £ F H s 53 BE%
2 1000 ppm 7} 7174 B4l Bokou BEVT =
ofd¢ g AL B EY L 5000 ppm LA kel
A A gdol gl Ade ARBED Fults
S22 gl 583t 2™ 9000 ppm 7+
v MWk FHFolvint frEstn At
{ Table 3—-5)

EERAS FEEESHA .

# & :Olympic grass 9| 2 ¢ HBEA A ¥ 1
A M#f, M ol 42 BrAY HEE
o] sgimstd s Cl— 1000ppmolA Cl —
3000ppm 7t A= 22 fHHE ¥Ry Ci-—
4000ppm LA EAZA A sl M2 RERo)
KT, HWRE MAKAXY HEES
13.33 em , Cl — 1000ppm 7} 14.81 ecn2 HHE M
th #=%oy, Ci — 2000ppm Litold HIAER
o (KT SH . Creeping red feseue & HIAE 9
1577 emoll k3 Cl — 1000ppm E7} 1744 emZ
EREH 1102 2932, Cl— 2000ppm ol A
883 cmZ ET3A2m Cl—4000ppm A
484 cm2 ZH3 KFsle HES 290 . Fults
Control ¢ 11.13 cmol H:3) Cl -
1000ppm ©1 11.63cm, Cl — 2000ppm ©] 11.33
m 22 AEHIR Fetol fRREC) HBE s
EXey Cl— 3000ppm ol A 755 cm2 REI

Ky bluegrass &

grass CF
=

)

&~y

grass ©



el MmREiEEE HBES 67.8 2 ZMs] KT}
' BKRS BT

Kentucky bluegrass & #R& ksl Cl —
1000, 2000, 3000ppm [E 2% =%ow Zoysia
japonica = $HBE7} 4.49 em, Cl — 1000ppm &
7V 575 cm, Cl — 2000ppm &7} 4.38 em2 &
i RES Cl— 1000ppm E7F 7H3 wattth.
gREY 2% AREBAM HEBES Hs Cl-
1000ppm 7t 7+ HEES 2Y A& HEY
NaCl &F7F EmEF #EHd HRE F=
FRoz |89t (Table 3—-1,3—-2,3—-3,3
—4,3—05)

¥ - ER . HWEBE ksl Cl — 1000ppm E7F
¥T.EY BT BMmste @HEE Beln dey
Olympic grass & 72 % EE7F $EBE 245cm, Cl
— 1000ppm [E 27.3, 2000ppm 20.2 %8 Cl~
1000ppm E7} =20, Creeping red fescue &
36.3, 39.2, Fults grass 52.5, 59.0, Kentucky blue
grass 30.1 2 35.3, Zoysia japonica = HIBE T}
25.5, Cl — 1000ppm EE7F 30.2 & #ifEE ftal
Cl — 1000ppm Ei2l FEH7F wrh (Table 3 -1, 3
—2,3—3,3—4,3—5). FEIHe BERE B
W Olympic grass & 2-¢ Efi= AHE (227) Y
F 5fiel 5% HEKES F gtol 0.028 2 E
Fighflel = EEEe HEEV EEAR , B 2
SE 00292 FmEY AEZEZ BEAAT.
Creeping red fescue & % - #Hx= #& F §ol
0.008, 0.004 2 ZEEel FEZEZF EE=™ |, Fults
grass & ¥ - E#H7E &% 0.018, 0.006, Kentucky
bluegrass & 0.036, 0.011, Zoysia japonica =
0.025, 0.009 & HaAMME 3] X - M7 F 574
5% kit A B HEE} EES U (Table
4—1,4—2 4—3,4—4,4—5)

I ~ MRSl 2REBAIES @) B RES] &
{boll w2 FEgEbol BN S Olympic grass &
Y = 109.9272 — 11.8842X 2 YEY I,
ping red fescue Y = 156.2622 — 16.7372X, Ful-
ts grass Y = 219.1333 — 22.9313X Kentucky bl-
ue grass Y = 151.3782 — 16.4391X, Zoysia

A} = o
o X

=
for v

Cree-

7=

japonica = Y = 1055141 — 11.0021X & =¥
£ MRS Jelded | HEGREE 2% 1%
Kig A ErEES FEZES eI T (Table 8).
BEE R EMED Creeping red fescue © ¥
el A HWREN A BEA 49 BEE Cl—
1000ppm E A 1.0, Cl — 2000ppm oA 1.6,
Cl — 3000ppm 9l Al 1.6, Cl — 4000ppm &l
A 1.8 fH #B3AcE. & Creeping red fescue
7b Zre 4R n ekt (1967)0 o HEET £
A 2 Roln 1 FHS %o A 4|
ol A FeagElojof & Aolth. HtFRMEYHF WEL ]
e st e e Zoysia japonica ©1v ol HIA
Ee) A4SV 4.5, Cl — 1000ppm E 6.3, Cl —
2000ppm & 4.0, Cl — 3000ppm °] 1.0, CI —
4000ppm 7 1.0 343ttt Zoysia japonica
©] 7% Rhizome 9 B4EE HARSHE Aoy,

(4)

[

$EE o Hol ( Cl —1000 pppm [E9] BE4ERCOL ¥
& AL ER, Ef T AW £ERE HEE
o] el =ol) Cl—1000 ppm [E9) EAZES] 4t
5 ol o ke MY Sk HoRES] 8
fnel wek Rhizome o AR WA Ao,
Cl —5000 ppm bAoA A3 Fg4stA] ¥k
( Table 4—1, 4—2, 4—3, 4—4, 4—5).

g gL Cl—BER ER, BE, Y, &
mE, BE, RY 2 REpF 4 GEERHY X
P ES Table 5—1, 5—2, 5—3, 5—4, 5—5%
zon, FH#KE I~-MHEe E7RES £RkE
o] ¥3 EFA L Olympic grass Y =71.7031—
7.8641X o, 1% kil A mEEe] S &
A1, Creeping red fescue Y =72.971—72.9771
—7.8469 X, Fults grass Y =48.2222—5.0500 X
, Kentucky blue grass Y =46.5747—5.0150 X %
ov, Zoysia japonica & Y =21.8512—2.2722
X2 B% &9 e 71, BES) 8L B
feol] ER B TS ¢ & AU Ta-
ble 6.).

ZyE  HAY 2EE 3] HWIRE Hal Cl
— 1000ppm B ) EMEERC] 71 EhoH #
w S o wet mYES HENeR



Table 2, Plant height and growth as influenced by concentration of NaCl each growing period

(cm)
Date 4/1 4/20 5/10 5/30 Total
Lawn grasses Treat Plant Plant Height Plant Height Plant Plant Height
(ppm) height  height growth  height  growth Height  growth growth
Control 2.99 6.05 3.06 10.9 4.85 16.32 5.42 13.33
cl 1000 3.00 6.35 3.35 1140 5.05 17.81 6.41 14.81
Cl 2000 3.01 6.08 3.07  10.78 4.70 16.19 5.42 13.19
cl 3000 2,98 5.83 286  10.05 4,22 15.22 5.17 12.24
Cl 4000 2,99 4,94 1.95 8.63 3.75 11.47 2.78 8.48
Cl 5000 2.97 4.05 1.08 5.55 1.50 6.02 0.47 3.05
Cl 6000 3.01 4.08 1.07 5.60 1.52 6.01 0.41 3.00
Olympic cl 7000 3.00 3.25 0.25 4.01 0.76 4.24 0.23 1.24
grass Cl 8000 2.93 2.98 0.05 3.02 0.04 3.02 0 0.09
cl 9000 2.90 2.92 0.02 2.92 0 2.02 0 0.02
Cl 10000 2,97 3.00 0.03 3.00 0 - - -
Cl 11000 3.00 3.02 0.02 - - - - -
Cl 12000 3.01 3.01 0 — — - - —-
Cl 13000 3.10 3.10 0 - - - - -
Cl 14000 2.99 2.99 0 - - - - -
Cl 15000 2.97 2.97 0 - - - - -
Control 3.05 9.08 6.03 1420 5.12 18.82 4.62 15.77
Cl 1000 3.06 9.80 6.74  15.30 5.50 20.50 5.20 17.44
cl 2000 3.08 8.35 527  13.80 5.45 17.01 3.21 13.93
cl 3000 3.10 8.05 4.95  13.20 5.15 16.50 3.00 13.40
C! 4000 3.08 6.80 3.72 9.20 2.40 10.71 1.51 7.63
Cl 5000 3.09 5.20 2.11 6.80 1.60 7.80 1.00 4.71
Cl 6000 3.06 5.60 2.54 6.72 112 7.61 0.89 4.55
Creeping Cl 7000 3.07 5.15 2.08 5.80 0.65 6.23 0.43 3.15
red fescus cl 8000 3.05 4.90 1.85 5.28 0.38 5.40 0.12 2.35
Ccl 9000 3.08 4.55 1.47 4.83 0.28 4.83 0 1.75
Cl 10000 3.12 3.20 0.08 3.20 0 - - -
cl 11000 3.09 3.15 006 315 0 ~ - -
Cl 12000 3.13 3.13 0 - - - - -
Cl 13000 3.15 3.15 ) - - - - -
Cl 14000 3.10 3.10 0 - ~ - - -
Cl 15000 3.09 3.09 0 - - - - -




Date 4/1 5/10 5/30 Total
Lawn grasses  Treat, Plant Plant Height  Plant Height Plant Plant Height
(ppm) height  height growth  height  growth height  growth growth
Control 2.90 5.65 2,95 9.76 4.11 14.03 4.27 11.13
Cl 1000 2.88 5.70 2.82 9.82 4.12 14.51 4.69 11.63
Cl 2000 2.89 5.68 2.79 9.77 4.09 14.22 4.45 11.33
Cl 3000 2.85 4.27 1.42 8.05 3.78 10.40 2.35 7.56
Cl 4000 2.87 4.30 1.43 8.11 3.81 10.20 2.08 7.32
Cl 5000 2.88 4.02 1.14 7.56 3.54 9.20 1.62 6.30
Cl 6000 2.92 3.75 0.83 6.50 2.75 7.50 1.03 4.61
Fults Ct 7000 2.98 3.73 0.75 6.03 2.30 6.40 0.37 3.42
grass Ct 8000 2.95 3.65 0.70 5.74 2.09 6.20 0.45 3.24
Cl 9000 2.89 3.47 0.58 4.58 1.11 4.80 0.20 1.89
Cl 10000 2.90 3.45 0.55 4.01 0.56 4.21 0.20 1.31
Cl 11000 2.93 3.35 0.42 3.65 0.30 3.83 0.18 0.90
Cl 12000 2,97 3.20 0.23 3.30 0.10 3.30 0 0.33
Cl 13000 2.98 3.00 0.02 3.00 0 3.00 0 0.02
Cl 14000 2,95 2.95 0 - - - - -
Cl 15000 2.88 2.88 0 — - - - -
Control 1.96 4.85 2.89 7.43 2.58 9.01 1.58 7.09
Cl 1000 1.95 5.05 3.10 9.05 4.00 12.30 3.25 10.35
Cl 2000 2.02 4.93 291 8.28 3.35 10.73 2.45 8.71
Cl 3000 2.04 4,92 2.88 8.78 3.86 11.69 2,91 9.65
Cl 4000 1.93 3.90 1.97 5.65 1.75 7.22 1.57 5.29
Cl 5000 1.98 3.66 1.68 4.72 1.06 5.31 0.59 3.33
Kentucky Cl 6000 2,01 3.05 1.04 4.03 0.98 4.50 0.47 2.49
blue grass Cl 7000 2.08 2.93 0.85 3.63 0.70 4.01 0.38 1.93
Cl 8000 2.06 2.68 0.62 3.21 0.53 3.50 0.29 1.44
Cl 9000 2.03 2.40 0.37 2.62 0.22 2.62 0 0.59
Cl 10000 1.98 2.00 0.02 2.00 0 2.00 0 0.02
Cl 11000 2.02 2.02 0 - - - - -
Cl 12000 2.10 2.12 0.02 - - - - -
Cl 13000 2.11 2.11 0 - - - - -
Cl 14000 2.08 2.08 0 - - - - -
Cl 15000 2,05 2.05 0 - - — - -
Control 1.75 3.05 1.30 4.53 1.48 6.24 1.72 4.49
Cl 1000 1.78 3.55 1.77 5.45 1.90 7.53 2.08 5.75
Cl 2000 1.84 3.54 1.70 4.94 1.40 6.22 1.28 4.38
Cl 3000 1.77 3.52 1.75 4.88 1.36 6.21 1.33 4.44
Cl 4000 1.75 3.40 1.65 4.23 0.83 4.53 0.30 2.78
Cl 5000 1.75 2.35 1.60 4.10 0.75 4.52 0.42 2.77
Cl 6000 1.77 3.22 1.45 3.92 0.70 4.20 0.28 2.43
Zoysia Cl 7000 1.79 3.04 1.25 3.60 0.56 3.82 0.22 2.03
japonica Cl 8000 1.77 2.87 1.10 3.35 0.48 3.61 0.26 1.84
Cl 9000 1.78 2.75 0.97 3.05 0.30 3.22 0.17 1.44
Cl 10000 1.80 1.95 0.15 2.01 0.06 2.01 ] 0.21
Cl 11000 1.74 1.80 0.06 1.80 0 1.80 0 0.06
Cl 12000 1.73 1.78 0.05 1.78 0 - - -
Cl 13000 1.75 1.80 0.05 - - - - -
Cl 14000 1.77 1.77 0 - - - - -
Cl 15000 1.79 1.79 0 - - - - -
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Table 4-1. Analysis of variance for replication of plots on Olympicgrass

Stem Leaf Root
DF  SS MS F DF  SS MS F DF SS MS F
Total 29  263.295 29 2263.995 29 731.522
Treat 2 0.553 0276 00280 2 4.801 2.400 00292 2 0441 0220 0.008>
Error 27 262742 9,731 27 2249.194  83.303 27 731081 27.071

1) Pr(F > F. 05)=0.972

2) Pr(F >F.05)=0.9716

3) Pr(F >F. 05)=0.9919

Table 4-2. Analysis of variance for replication of plots on Creeping red fescue

Stem Leaf Root
DF  SS MS F DF  SS MS F DF  S§ MS F
Total 29  795.947 29 4531.128 29 1099.523
Treat 2 0.485 0242 o008 2 1.662 0.831 0.0042 2 0.518 0259 0.0063)
Etror 27  795.462 29.462 27 4529.466 167.758 27 1099.005 40,704

1) Pr(F > F. 05)=0.9918

2) Pr (F > F. 05)=0.9951

3) Pr (F > F.05) =0.9937

Table 4-3. Analysis of variance for replication of plots on Fults grass

Stem Leaf Root
DF  sS MS F DF  SS Ms F DF SS MS F
Total 41 2298.559 41 15039.925 41 3043.161
Treat 2 2.093 1047 00180 2 4.952  2.476 0.0062 2 0.620 0310 0.003%)

Error 39 2296.466 58.884

39 15034.973 385.512

39 3042.541 78.014

1) Pr (F > F. 05)=0.9824

2) Pr (F > F. 05)=0.9936
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3) Pr (F > F. 05)=0.99690



Table 44. Analysis of variance for replication of plots on Kentucky bluegrass

Stem Leaf Root

DF  SS Ms F DF SS MS F DF SS MS F
Total 31 679.316 31 4985.967 : 31 1158.519
Treat 2  1.642 0821 0.036Y) 2 3.776 1.888 001120 2 0201  0.100 0.002
Error 29 677.675 22.589 29 4982.191  166.073 29 1158318 38.611

1) Pr (F > F. 05)=0.9644 2) Pr (F > F. 05)=0.9887 3) Pr (F > F. 05)=0.9974
Table 4-5, Analysis of variance for replication of plots on Zoysia japonica

Stem Leaf Root

DF  SS MS F DF  SS MS F DF  SS MS F
Total 35 304.263 35 2559.670 35 1071.170
Treat 2 0.454 0227 00250 2 1.505 0753 0.0092) 2 0249 0.124 0.003%)
Error 33 303.809  9.206 33 2558.165  77.520 33 1070.921 32.452

1) Pr (F > F. 05)=0.9757 2) Pr (F > F. 05)=0.9903 3) Pr (F > F. 05)=0.9962
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Table 6. Regression between height after planting and concentration of NaCl

Item Regression equation R
Olympic Y =71.7031 — 7.8641X —0.9473**
C.R.F. Y =729771 — 7.8469X —0.9721**
Fults Y =48.2222 — 5.0500X —-0.9768**
Ky blue Y =46.5747 — 5.0150X —0.9468**
Zoysia Y=218512 -2.2722X —0.9622**

Y : Growth after Planting X : Concentration of NaCl ( > 1000 ppm)

** . Significant at 1% level

Table 7. Regression between dry weight and concentration of NaCl

Item Regression equation R
Olympic Y =4.2541 - 0.4772X —0.9812**
C.R.F, Y =2.7542 - 0.3082X -0.9481**
Fults Y =3.3349 - 0.3601X —0.9729**
Ky blue Y =1.6312 - 0.1732X —0.9569**
Zoysia Y=19121 -0.2072X -0.9832**
Y : Dry weight X : Concentration of NaCl (> 1000 ppm)

** . Significant at 1% level

Table 8. Regression between No. of leaves and concentration of NaCl

Item Regression equation R
Olympic Y =109.9272 — 11.8842X — 0.9952%%
C.R.F. Y =156.2622 — 16.7372X ~0.9950%*
Fults Y =219.1333 — 22.9313X — 0.9603**
Ky blue Y =151.3782 — 16.4391X — 0.9658**
Zoysia Y =105.5141 — 11.0021X — 0.9872%*
Y : No. of leaves X : Concentration of NaCl (> 1000 ppm)

** . Significant at 1% level



Bstdel . ESLEHIT Olympic grass 7F Cl
— 3000ppm, Creeping red grass 7} Cl —
4000ppm, Fults grass 7} Cl — 4000ppm, Kentu-
cky blue grass 7} Cl — 6000ppm, Zoysia japo -
nica 7} Cl — 5000ppm 2.2 Kentucky bluegr-
ass 7} BES B S K& b EIRcE S Bt HR
) $ich(Table 5—1,5—-2,5-3,5—4,5
— b).

HogEe #fbe] Wi mHpEe EEFEAS
Table7 3 Zom  Z2EfE #£3] HE HHE £
ag. F,

AN EPES EHREe BRI PEs
#icste olgt st

R/ Tt : gk E#+ Olympic grass, Creeping
red fescue, Fults grass, Zoysia japonica & T
ol teasl L) Eel #rey Kentucky
blue grass ¥+ K¥Z T fFEol BUTH
(Table 5 — 4).

.EMEREL B

EE D BiEE = Table 99 2o9 fIES
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3609 1315 17 19 21 2325 212931 a3 35 (25°C)

7 ¢ Growth limit <& Minioum wither concentration /

Fig. 1. Wither width of grasses at various
conductivity ppm (Exchange of NaCl)
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E7E 5o} AF o] {EEHA LY #Hik HEE o]
75 KBS WA E BRI, ol RAES A
e e T AREEANAM HTEE 17 milli-
mhos A EESI R oW, Fults grass £ 20 mil-
limhos A4 #4fE=lo] StEREFEF 713 MitEitk o]
EdH( Fig.1).

V. #§ =
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Olympic, Creeping red grass, Kentucky blue
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3t ok
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At EAEEER-S Hoagland BERS FHSI S
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10000~11000 ppm LA Bl o] ARuJhEstA
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