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Characteristics of Growth and Germination of Salicornia herbacea L..
for the Soil salinity and Manure Condition

Yeong Cheol Jo, Kyeong SiK Lee’, Song Mi Chon and Do Seung Byun

Jeollanamdo Fisheries Research Institute, Shinan 535-800, Korea

ABSTRACT : This experiment was carried out to investigate the cultivation condition of soil salinity,

manure and to find out the cultivation capability of Salicornia herbacea. The optimal growth condition of
soil salinity was between 1% and 4%. The growth of groups for fertilization was significantly better than

control group. Salicornia herbacea grew very up from 7 kg/10a to 9 kg/10a for N, 12 kg/10a for P and the K-

fertilizer group was better than control group but there was not significantly different among the

conditions of K-concentration. The germination was good from 0% to 5% for salinity, from 20 to 30C for

temperature. On the experiment cultivation, the production by hill seeding was 5.40~5.90 kg/m’ and was
significantly higher than the yield by broadcast sowing which was 4.01~4.20 kg/m*. The production by hill
seeding was 2.7 times than natural production and the production by broadcast sowing 1.9 times.
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(Waisel, 1972: William and James, 1993: & 1998).

GANE F E5uE 93 2 aigizb] 8 X0 2}
2= AEZ golFad &3y, o RE Salicornia
herbaceze|th. &7l o)y, A2 10~40cm &

Fola, Afole R& %‘—H"Wr, 7ROl E HA Heke
ghajjako] Fo|rh(o], 1985: o], 1985). &A, FEr

= 714 AE e 9@ A 27 =% olf ¥
2 olgelst A FuEm = FHelt, oA
FUelHE Ak ololX T YA T A o
Zhn ok DY ATRE FT QALY AHA 7
2 2 AgA B4 #E JF(Kim, 1991 3, 1980:
A3} 4. 1986; Min et al., 1989: Kim and Ryu,
1985: Hong et al., 1970: Kim et al., 1982: Kim
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and Min, 1983: Z %, 1975: Ihm et al., 1995: 9%
o], 1986: W, 1998) X ZFAX] Eto|Ae] PFA o]
e ax ZAE, FHE, JAE 5o A aEaF
7t F2 =95 gth(Jeong et al., 1984; Ho and
Kim, 1991: Choi and Park, 1991: Kim et al., 1993:
Lee, 1991: Chung, 1991). ©]&igF 7rHAA Aul=
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2. EUAUEST0 M2 M3 HE

EYEE o ue Adzaddgel Aed 550
e xS gde] gHod Agshs e 15 ecm 3
7] W99 A& Bt AR E=F AAFste] o83t
Atk 7H2 67 cm, AlZ 40 cm, *=°] 25 cm 27)9)
Aol AlFAAANA AHT EYS 60 keZ AH
golon, 7t B ARS8 1%, 2%, 4%, 6%, 8%,
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3. AHIEO 2 A% w8
ARAA, A9 z2A, AET D)e FRIEAL
B3 s, AW 12F0eE v 2 )

Ao AL 157 Aoz FHst] IHEJT T
e Axs FE A3l X*EOFE 10 cm W&l 5%
utE et S W AeE fHste] z AT
ONAE ottt BlE %:Eizi% Ak, A, ZFE
o] k& Z}7H 10 a B 9 kg, 10 kg, 12 keS FFA]
Fog o] zpzhe) AlMjEg ASGH. AM] 202
10a 7, 7,—:_131:"‘1" 7kg 9 kg, 11 kg, Q> 8 kg,
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4 WE BT AU 30w A9e da
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20019 E 2Fo01y AAuoA Hrg Kokg A
Bk} RS AWE AMEETh AR Re 30008
o2 g AuiRie] F5vid] vlsAdRAEE v
o2 A QA ZEAAEY Hise HuE UAGeE

AlREt AT, Hule 1082 AHEiger, Axgdee
L&, AMMEL S48, AEAEL dsbtelg AL

B33tk B € H)E AP & o] g Zlo] An
EEE AL stdern, do sigdAed diste], &
S0cme] FE 4 nFe At FEAYE AN
o AR AFE PR Yok o) T 1m 2
o] 1 m¢] wi+ZE A FFA e 48 49~
ool WEEe ek Al T A WES Ae
stdct. Abmbe 30086l dhete] AAlslgen), umR|
Ao diste] A-E At Hule 20 ecm 7+
o2 20~3084 HIIch FTxpgor L sHEA BQ
g B2 vigtes Hgste] Fgslgeny, Aurin &
Aol AsiEE e Ao AAG 0¥
47 &3t BEviCE FEsigien, Aksker A
e Felslgch Atuke] 49 0.5 m X
WHETE YR T3] BETule] S50t
A 58 whEdle) zalsigity FHube] A$ 5
X 5 m WIHFE B2 4AE] YEFUY B
AAES golsldal, 53] wkERALE AAEY
T Awd FE Addle] FEEHACh

6. BAX
AYZAAE= SPSS professional ststistics Ver. 7.
5(SPSS Inc, 1997)& AREste] AL (ANOVA)

LS A L

student’s tiest® FHI M 7t HFAY §o4

=1
~

A

Table 1. Climatological data at Mokpo{2000~2001)

& Duncans multiple range test2 p(0.05 FTolA]
S 1=

Zap § o
1. 718 H B

2000 geiEet €HH 1S 1.1~26.6 ¢,
2 1,153.7 mm, A5 1,176.7 mmoIATH
S 7171 A7 oAF - HA A
983.8 mm7} gtk o]
FFEG g4 Uepgen
[T, 200189 A=
Z9eRe 1,141.9 mm, A5Ee
3] Aot dF7iziel 3~599] AS ASFEFL 79.2 wmm
B, U 357.3 mme /4 FELE AT 7
ol 693 789 EME Frpt AIREC ITH
$7F Wi o(Table 1).

S50k 2R} FARE EGS AAY HHA B
ko g old] thaE W AFrt olFofx stk Ab
A Eoke] ofsisty EAE AWEY iz, FF,
ABA BEoke] duby BEAL 2 Aolrh Qo B3
=of vl Yol AFLH(CEC), F7]E THE 95
A Yol KT} Ca* Mg™e €53 =4t
pHy =E%e] HJx|o vla) 23t dolejdez,
Hl3] oEo] ERH(Table 2). BEAL A UE(Clayey
Loam)eld, dF5ExE 0.70~3.15%2 4% AA %
B Wi 15 B 4R 3A W de
2 Jepgth, 53] ddast FEQARE EYY 204
el o3 o] AnEoe] BEI Aejoln, RERIAE]
A5 A ZA RAIUAT. N B BAIFdE
Chung et al.(1991), Ho and Kim(1991), Kim(1991)o]
A AP 2] pxEGe] EAA HARskTH

%
5%
84%<

[o]
i

i,

Month
Year Total
1 2 3 4 5 6 7 8 9 10 11 12

Mean air 2000 1.9 1.1 67 119 168 217 258 266 207 164 9.0 4.3

temperature{C) 2001 1.0 24 61 126 180 212 257 260 226 175 95 36
Evaporation 2000 444 494 833 1245 1344 1235 1412 1547 835 916 666 516 11537
(rm) 2001 323 487 971 1275 1327 1018 1369 1482 1338 839 612 378 11637
Pracipitation 2000  31.0 78 212 6.4 402 2224 2040 3222 2352 298 501 6.4 1,767
{mm) 2001 475 798 187 320 285 2703 3715 1028 552 790 158 448 11767
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Table 2. Chemical properties of the topsoil
. Exchangeable Av. .
soil oH OM T-N (cmolkg) p.0, EC Salinity CEC
. o, 0, 0y
site ( A’) ( A’) K* Ca2+ Mgz+ (mg/kg) (dS/m) ( /°) (Cmol/kg)
Haenam o0 5119 0180 318 1186 750 157 503 315 2254
sea beach
3
Jido
809 0.168 195 1173 579 169 2870 184 19.47
sea beach
(Spring) N
\do 824 0107 0058 164 731 578 155 10.9 0.70 1473
test area
Jido
g 882 0164 - 177 666 607 32 1835 117 1450
sea beach
(Summer) Jido 872 0.112 164 626 633 34 2230 143 1423
test area :
Reclaimed 0 ¢ - 13 115 22 705 20 1.8 7.5
tidal soil
Ho and Kim
Paddy field 57 23 - 03 38 14 88.0 ; - 115
2. EQE=0(| (S MA g2 12.5~095.8+7.2%, 8~10% TFZrAA 45.8+19.1~
AAAANNE Z5ol 3] ERT T/UFE FF 50.04331%2 & EFGRRANN AR 2EDS
BAT e ARBES} o} ALY BES AV of 93] 4Eg0] B F¢ @S Mn, A2z

5 A% 279 1289 8
I &tk 55eidE &
F A E AR 5
Min, 1983), B¢ 4% W3ld o2

2 ZAHER Gt ESQREE A5l
Y 2% 4FE AY £ 23, EYgR)
met FUhete AR et A¥ 4, EYER
1~4%, 6%, 8~10%= 37NA 273 HF Fos
2H0)1E BHPYHFig. 1). EYFE 1~4% FAE,
=2ui 23 AL 4.16£1.90~4.96+£2.07 cm=
AYZ 93 e Yehlon, 6% ESGE 2144
= 2.75£1.68 cm AR H, EYHE 8~9%lA
9] 2% AL 1.06%+1.20~1.09+0.60 cme & 73
Az Fo3 e BATh (Fig. 1). 9k Zo] 1828
2 A2 FeuHY ARe] pide AL 52
TE AN FFAAFY A4 Wi
(Inm et al., 1995). Fig. 2& Ad7|7+s¢t 559}
¥ T AEES UER Ao
S50t AEE zlolo] FoAe] 3l
o AA3) AHEE 9EFE 1~6%
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N AEgo] B 4T Folg nAT Ie A%
S5y} EEe) EYAREANN AET ¢ U=

Ae Ao AT TAES @R F¥ FFE §ol3t
A e A&eEE 7HAn g7 HEeR AgEn
(Ihm et al., 1995).
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Fig. 1. The height growth of Salicornia herbacea
according to the change of soil salinity.
t Values(mean+S.E, n=3) not sharing a
common pattern are significantly different
(p 0.05).
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Fig. 2. The survival rate of Salicornia herbacea
according to the change of soil salinity.
T Values(mean+S.E, n=3) not sharing a
common pattern are significantly different
(p €0.05).

3. AHIZA M2 Ma Hi=g

Kim and Min(1983)el 2j3hd zpd/deolr FF=Hd
AEA o] TG FrI9d: TN, P, K9 &3
ASx71 Ba AZke] Hpgtel uwhel 7hAslon,
T3k T BHEET A ERUe T71°ﬂ°&*4 oy

HEFL O wE A7) (7~89)o Vel 55vid
£ Aol 3o, ESFe TR FU ESF
o] BB i AR, ASzId Fe] #H
83kR2 HH PE HIMe FSLEHY AL vgz
TEHE 990 dt 12F B 999FN, P, K) A
7l & W BEvitle] 24 RS ARE 43 v
g9 A7 B8t AR f94 e M 2RE
7HRIE Ao JERdY, JUdH vz vt

E

A4 ZAo] 1.13+0.15 cm AF3IE e, | A7t

g 274 vls] AF AHEZE F-9% A HEel RY A
2el B9, 7~9 kg/l0a ADZAIAE 3.46%0.46~

4.2440.74 cm, 11 kg/102014= 2.2940.48 cm® %
F AFY g3 Aolg HAHFg. 3). Fold w3t
AMSS Ardd e E &8 o3t Aie] HFo] AF
Yeht=t) Fig. 309419} o] dAe] $57F o= ZJE
FAE Hod AFo] E3EE We BT gtk

AAEe] B¢ 8~10 kg/10a Azl FAA 3. 11+0
50~3.48+0.59 cm, 12 kg/10a A& ZAA 4.59+
0.30 cm= (Fig. 4), & g8 At Hrp)go] &
SFE Ao 2 F94 e 2HE YERIITE 9]
T &= AddA e dike] BAH3) FFhe} (Kim and
Min, 1983), &A% 2 A& nls] Fa A3t
822 2gets Ao AZEd(Deevey, 1970). ZF

olZ4| - &gl -
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Fig. 3. The height growth of Salicornia herbacea

according to the change of N concentration.

t Values(mean+S.E, n=8) not sharing a
common pattern are significantly different
(p € 0.05).
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Fig. 4. The height growth of Salicornia herbacea
according to the change of P concentration.
t Values(mean=+S.E, n=3) not sharing a
common pattern are significantly. different
(p ¢ 0.05).
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Fig. 5. The height growth rate of Salicornia herbacea
according to the change of K concentration.

t Vvalues(mean+S.E, n=3) not sharing a

common pattern are significantly different

(p (0.05).



27 AP vlmre] ws) A7k AT 27
d7o] 3.45+0.58~3.62£0.43 cm&E F3 2o)E
B, AeEAlE Rl Y AolE wolA
25t

4 ABRSTO 2 70 [ME 2ol B
AEFALe] HolapAel] FS v Qo=
FE, 2%, A 52 & F 9Jdod, 73¥x 2 o
HEo] Tolo] FR3I FIFS
1991: Kim et al., 1993). S%wit] wlolo] #3F A

o]

20~30 T FIHAAME
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/;‘_—]

ESel g
2 L) AT 2 To
QuAnE AAE Asing,

A fold Aol2

oAl Pz

e
[5)

S 3 ns}
=] “Jr— o l-g- (B
le 3, 49 2t}

eI E 0~25%7
B3ou, 30% olelME 2 Aol
Wolx) ggror], FEENE 7 2k ¥R
o3k zlolg Bk AE A2 240 0~5%. 10 T
e Welg2 2240.0~100+0.0%,

33%1.5~14.0%1.0% ot AF- L2229 0~5%,
100% ‘Fol&d 90.7+4.6~

oAl 11

= A(1980)l <3l o] FoiRed| o] AF =R 100£0.0%9) wolxlz Fapdole] Zeo] e Ao=w
T WA AT mEsidon, AHdtol-uEASA Uehdth g8 15%014 2A0ME mepzie) Aty
52 T3 o7 A2z wjs] Fapdopdeizt Fou, Wols
Table 3. Germination ratio in response to NaCl concentration and temperature
Temperature (T)
Nacl 10 15 20 25 30
concentration(%)
0 100.0+0.0™ 100.0+0.0% 100.0+0.0* 100.0+0.0* 100.0+0.0%
5 220+00" 82.0+2.0% 100.0+0.0® 100.0+0.0% 100.0+0.0®
10 147+15'" 51.3+6.1° 59.7415% 73.3+4.2% 62.7+25%
15 60+1.0" 93+1.2% 23.0+3.0* 33.7+0.6" 31.0+1.0%
20 6.0+1.0" 6.3+2.1% 13.7+£0.6 19.3+£6.0% 153+1.2%
25 0.7+£06" 0.0£0.0* 33+15¥ 4.0+0.0" 43+06"
30 0.0+0.0° 0.0+0.0° 1.0£0.0° 2.0+0.0° 20+1.0°
35 0.0+0.0° 0.0+0.0° 1.0£0.0° 20+0.0° 13+1.2°
40 0.0+0.0° 0.0+00° 0.0£0.0° 0.0£0.0° 0.0£0.0°
t Values(mean+S.D., n=3) not sharing a common superscript are significantly different(p { 0.05)
Table 4. Germination speed in response to Nacl concentration and temperature
Temperature () .
Nacl 10 15 20 25 30
concentration(%)
0 14.0+1.0™ 420+0.0% 94.7+06% 100.0+£0.0% 100.0+£0.0*
5 11.3£15" 327+23% 90.7+4.6% 97.3+2.3% 94.3+25®
10 2.3+06' 9.3+1.22° 28.3+2.1% 43.3+42% 34.0+1.7%
15 2.7+2.14" 2.7+1.22° 12.7+£3.1% 22.0+1.7% 21.7+2.1%
20 1.0+0.0" 27+1.22° 7.0+£1.0% 14.7+15% 10.7+1.2%
25 0.0+£0.0" 0.0+0.02' 13406 40+0.0" 23+12%
30 0.0£0.0° 0.0£0.0° 0.0£0.0° 0.0+0.0° 0.0+0.0°
35 0.0£0.0° 0.0+0.0° 0.0£0.0° 0.0+0.0° 0.0+0.0°
40 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0£0.0°

T Values(mean=+S.D., n=3) not sharing a common superscript are significantly different(p { 0.05)
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0~33.7+0.6%, olx] 0~22.0%1.7%=2 HFFt 100 - : ' M T
wls) wolyElyt BEslanh AdxAT woldee] A | g e . L’ )
#AE ARy, @ﬁﬁz Agos g4e wopde)r} o e
¥z o AHuAE BEdvhFyg 6). 2eAME 80 |- ZJ‘““ 7. .
27| wol(Germination speed)”t T2 7PAX 25 T A L o et s
74 wotgol Z7kalt} 30 CANE okt EsEle ¢ D O 2 )
o ARBAS JehiditiFg 7). 223 9Ew ex T | |
o 4344 TAS T AL, AdxA 0~5% ¥ 8
IR 20~30 T oA Holdelrt Fgtom, £ ol e * .- J
2 15%014 2 ALz 10CcAME mowa}y} 2o £ o |
stm BAYe AoE uehdth od A% Ax we © o - -
oM EA7t 2 ¥t ohyet Lolrt Hrfeke Ago] o b " - AT 1
r £ SHKim et al., 1993). : R S .
/';:;:,:;’/ — o
10 s ‘ . —— . . 8 - - - —0 T " 7.7
* ¢ 10 15 20 25 30
. Temperature (T )
* O o Fig. 7. The Variation of gemmination speed in response
T : * T et oo | to NaCl concentration and temperature.
~ . ]
fv\i T SSOIC| AIRIKHHH
AN | REo)AS F3 13 S50k AlgAe B 14
5 . 2ah oA REL AREIYLH REANFHA EEu
£ e 1 eyt gol Aakon), oA AL $71Fos @5
74 i of Jg wol A HFEUEFTH] Aol YA
=24L woty] wEoltk(lhm et al., 1995). 3, 4z
ar i oldg FEritie Ao AEIReH, Ao Ash=
S50t 1o "R Adae] Fsith 8~9¢el ol I
, ‘ 1 ‘ | . 3108 FeolA 11836l Astel H3ew, d=d
0 10 20 30 i 40 S50 28 AFse Az #esith 53] FF
NaCl concentration(%.) olt] REo] g 83} o]Fo= Aupy|7hEet g
Fig. 6. The Variation of the germination rate and ZAg A AT, dE AARE Adstne HETEES
speed in response to NaCl concentration. wE Aoz ZAESITHPhoto. 1).

(@) (o) ()

Photo. 1. The experiment of Salicornia herbacea cultivation in 2000 (a)transplantation of Salicornia herbacea
(b) after 30 days (c) after 90 days.
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200149% ERE o]43t tivky] Aule] A Z7)0)
HEE FEu) FA7L 4R 34 Ages w

of Zei7t FA gtk olell tig diFoz AuiA|o|

HlSHE-S HWEte] AuiA] Bl FES FFEATH
e w3 T AR 28 A Ge Adstn ey
FTAE Bolshe ZtE B 4 T 2001 Aol
= AR =3l vz 2oz, Arbizbset 2
of o Auix] FrE e & UAATH 79 HEH)
HoE THF QARETH QAL FL 720 2

g3k 7% o] FAHTA, FErE
RHoln AAsigth 88S Az 9¥d,
o) Aol =2l o (Photo. 2).

=

SErlte 4

Photo. 2. The maximum growth of Salicomia herbacea
in September 2001.

Aufe] g FEviC] LGS AWEE Auie] A
T+ AATFE Bouk & sjAle] FEH 100 g nwel]
om  F JNAIZEY) FEHEaE A JEbgT ey
sl 73 Abmlel vls)] AAleE AAT & AAY F
F2 o 600~1,000 g AtelZ TR AA Jet
WA gdsktt Ayl 9ol 93k St gejuAg A
AFEEE 5.40~5.90 kgollom, Atml ulEd) 9)F g
HAG AR 4.01~4.20 kol B3 ABAteko] W &
o)t z}e]E BT} (Table 5). Kim and Min(1983)9]
ofabd AR eA 98F FERY AR AERTHe
2 216+72 gdw/molQt}. TERY FRIEHEE 87~
90%ClBR(ZE &, 200D, % 900%E 748 7% A
AR Q] AFS 216 kpo 2 FARC Asiel kg w)
Fhdol gk sk AAPAe] AAbE vlm 2%
A, ABA AR v]s)] Hujol] g FEuld] At
F2 2740, Atddoll ofF AgatEE 19w ¥ EdE
B
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Table 5. The comparison of Salicomia herbacea
yield by broad sowing and hill seeding.

Yield(kg/m*)
Treatment
range mean=+S.E
Broadcast sowing 401~420 4421007
Hill seeding 5.40~5.90 560+0.21*

* Significantly different from the yield of broadcast sowing (p  0.05).

(@]

S L

E2nit) QAR g4, H9AGRR]) B EA A
EAS 2gkzmloln, pHE g7tAoldlt. AAxe) Q)
AL gER] o3| ZWE Aejolul, XA Folql
K, Mg, Cag ERath dF5=+ 0.70~3.15%°]

A

AR Trd g FEud 2% AR AuE dve
A% 1~4%9) EFFezadA 2% 435 AEE0
Fokom, mPe Bl Aol 3L, AEE
o] & oz vt Apmjzze] g vy A
A AgedAle dae S 7~9 kg/l0ac]A, 949

A H7PEo] Y BE 12 kg/l0a 2HAM FF

o) 2 Ao FoF RRE v@oew BES A
M wH g Fol vlEl] Fos AolE BIARE A
FANE 2 A Fodg xpolE HolA F8irt
TR g doMdRe] Ag, A3 X314
&0 ARHAE Boen 2x9k= %
¢ Yehidch 283 4y 229 43
28 gaE mEg 49 A9 0~5% 2 12x2
20~30 T oA PolduErt Fodoh

S50 as] AnjolA, Mool o3t wjHAT A
AL 5.40~5.90 kgolem, Abmk mEe] o3 ¢
AXG AR 4 .01~4.20 kg2 Al o3t Adakek
o] Alule] Mg} & Fo3t AolE BT, Al s
Akt 2P R o] AAFFS vl BAgE Azt
APAPA Aakkol] wlsl Hujel] o3k Aakake] 2,74, Akt
o] o3k AYiteFo] 1.9v] e Ho=Z ERYTE
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