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Abstract

This study was conducted to establish an in vitro propagation system for sea-milkwort (Glaux
maritima L.), which is an endangered coastal plant species with high horticultural value. Two
phenotypes, ‘Red type (RT)’ and ‘Pistachio type (PT)’ based on the colors of stem and flower,
were obtained from a personal horticulturist in 2009 and used for this study as plant materials.
The stock plants showed typical morphologies in flower, capsule, and seed appearances as
previously reported. Low temperature treatment at 4°C for four or more weeks after in vitro
sowing maximized seed germination percentage, indicating that imbibition of seed and subsequent
low temperature treatment are crucial for its germination. The in vitro seedlings had phenotypic
variation, falling into ‘RT’ and ‘PT’ classes like the stock plants. Although slight differences
depending on genotype and medium were recognized, the fourth or fifth nodes detached from
the in vitro seedlings revealed the best multiplication efficacy when estimated on the basis of
total number of nodes of newly developed axillary shoots. In addition, the nodes from ‘RT’
and ‘PT’ regenerated the most shoots on medium supplemented with 0.5 mg-L" BA alone and
0.5 mg-L"' BA plus 0.5 mg-L" TAA, respectively. The node culture-derived plantlets were well
acclimatized in a culture room ex vitro and completed the pseudo-annual life cycle coincident
with that in the natural salt march habitat with the current cultivation method of applying
fresh water-irrigation under an inland environment. This work represents the first report of in
vitro propagation of sea-milkwort. Thus, our study will contribute to exo-habitat conservation
and natural habitat restoration of this endangered species in addition to development of a
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horticultural product.

Additional key words: coastal plant, Myrsinoideae, Primulaceae, propagation, seed germination
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T AR A ARES A5 2l FAE Aol ke 2] Alth o] ofFetal & 4 It} ZAaSto|(Glaux maritima L=
=] BE97] oPEE- A AARIEA oA Flel Aok FeHVU: vulnerable)E 0 & 5|3l O, BEL]7] oP3AYE 115
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S7]1 = SARIEA ZH(pseudo—annual herbaceous plant)o|th, RAIEA|E SHA| AJS7]of X|5ke] FHob
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iz Rl fefuetell A 0] Zggto] 28 A= SijErE A Aol /st §lo] et FEE FAISkL Q= 311H], Khan and
Gul2006)> F=7} =222 GAYAE (halophyte) ] 7 2124 2|7 HEAPIOLE FJAI7 = 7d 3ol irtal Harghat
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AR T FoEA] S (N36°06 24" /E129°5749"of| A S27]510] ARFES The. 5l ELo] l o] 2paghd 2ol A ]
AlH] glo] Eeotm A=A Qe Bk |(Glaux maritima L) AF2A1E 2009 EoF }2012L477}11 B Ao Ad
G2 ARSI Hof iR Shiol=E7] H9jet o] It H-2MS Th= iAot &7 1= gt = 0] 11 22 SPHS m=
AP 24 Eo] Q=T 2 Atellsl= AARE Red type’ RT). 2 FAFE: Pistachio type’ (PT) 02 ‘1‘”*3} Z} A o] 4

Hajol AHgalATtFig. 1.

Fig. 1. Phenotypic characteristics of G. maritima L. plants used in the study. (A) Morphology of collected plants, (B) and (C)
Flower and stem of ‘Red type’ (RT) plant, (D) and (E) Flower and stem of ‘Pistachio type’ (PT).
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Wi & g 53] Aldsto] FA1e] S Attt EHATE S R B ool 715 AAAR &
sucrose(Duchefa Biochemie, Netherlands) 30g - L, Plant agar(Duchefa Biochemie) 8g - L™'7} 47 }=| a1 pH7 582 XA
MS |2 (MS: Murashige and Skoog, 1962) (Duchefa Biochemie)7 } 2551 8jofof| 534 2]AH1 7)) WEE) ST mh=] v
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SAE BRo] S Fol AEAIE A5t o710 ASAR w2t A 25 & ERtAE RS eS| A7t - 3t
o RS EE -2 @ EN36°22'46"/E128°08 51") 2 54 AFARH oA S AT T80 & yhEsio]
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tﬂ
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o} 2} Aol 4 A2l MRS Taksto] A 21 Hof 213 AT}k

e Z2tef o™

DA Aol AR T Aol 240 & ©JofHe T op] Alhcapsule) 30 S7WEHA] 949 o] At 217
= ZJojo} Zo] 217} 3 0mmet 2 $mmla Atwbe EAE 9.77HAFHFig, 2 and Table 1), o]2}g 2]%-2 Strandiryp and
Rannikki(2009)7} SARsE 205 Qx]5he Zolek, Afvke $431 A7t AsmA s7Ho] Hud Ane tet 7oHd
(septicidal dehiscence; Fig, 2C)5}GH=d] olaigh mHo] S7RhALe A UATEll A ko] Shibe B A 5 s oo
9ICKDay, 2000), BEE 4] 4 2.0 7140 2 Z1o]= | dmm, E-& 08mmO0] U 253mg 02 AF2l u}A]
£740] 548 UrhITkFig. 2D and Table 1), FARIAFANI A o} 88to] hzajol A9 50] S48 thor 11
O APAIS] ZAFS Morozowska et al.2011)2] BT Z85ko] FAHE Zto] A9l TR T2 moyol] Zo]op Eo]

221 2mm8}0 9mm, 57 0. 5mm, 7121 A hilum)'= Fe vrl vt 9k

Fig. 2. Appearances of capsule and seed of Glaux maritima L. (A) Fruit (arrow) set on axil, (B) Mature capsule before dehiscence,
(C) Capsule bearing seeds just after dehiscence, (D) Collected seeds.

Table 1. Major trait of mature capsules and seeds harvested from Glaux maritima L.

Capsule Seed
Width No. of seeds Length Width Weight of 1,000
(mm) per capsule (mm) (mm) seeds (mg)
28 £02 9.7 +£20 14 +0.1 08 +0.1 253 £ 11
n=>5 n =66 n=3 n=3 n=3

Data are represented as mean + standard deviation (S.D.) obtained from statistical analysis with three or more replicates ().

A222|7t St Zofof| 0|2|= T

Ao AR 2 Gl wet Qlof Ato) E2po] wolo] nlx) A Aelo] wikE Shelskaa A
2] 7RHS Delolo] HohgS 21T, B F4°Co] OF4ZHU A Bkl FAS 7| nlgslo] 2u} 25°C WA
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IS I T Gl ol B RO % YAt e ol e
HE| ek A2 717kl whet okao] Zfol & et =T, o1 § #2427 |7 ] 2791 7392 20.0%, 45 o gollAl
L A2)717E7bol o7} glo] 91 4-94.5%2] A7 oS At Table 2), A dlo] 2 Oﬂ*””%fn T Aol Hisf
Aol w2t o]Ao] -2 4 AA|THRozema, 1975; Khan and Gul, 2005; Flowers and Colmer, 2008), $1535HAS Ayf= 702
olo] FAME thE thelRt AAAES] 9ot frAlSHA 'Hotbs sl E B4l o& R-a St o] TR 717 A1
27} = Qolch= A YE = Aot e 4= QtHRozema, 1975; Khan and Gul, 2005). $HH, 15 5.5 6 + 1.5%(mean +
SD, n=4) 8] F7io] 0] @915 7102 Uefton] 4 Wobs & BATE 1 Clorox™ 0] Wolo] 7] e
] 2] 2] @2 721 © & LR K(Table 2) 2 Aol 4] AAJRHEA1C] it it o] A-8-4] Sl 28 713t 2 o = ey,

Table 2. Effect of low temperature treatment on in vitro seed germination in Glaux maritima L.

Low temperature treatment period after in vitro sowing (week) Germination percentage” (%)

0 00+£00c
n=>5

2 200+ 14.1b
n=>5

4 914+107a
n=7

6 945+93a
n=11

8 944+92a
n=18

10 91.7+103a

=12

“Data are represented as mean + S.D. from five or more replicates (7). Values in a column followed by the same letter are not significantly different at the 5% level
(Duncan’s multiple range test)..

Aol BHY Folot 27| 45

Wo}3% 5 ARG Ao nhel S AANER ZA(RT)T s A(PT).0 2 37 M) AL 7K A1) glol F3iahA)
FEHICKFig. 3B-3F), 2 Q701 4310 24 71 e AR Gee A SRS th o s AR Rejul of
7

82:18(RT'TPT)= 2 A1 ARG EARIRhe. RT 7§ H0k: 210 2 Wt 4 9lek. et olefeh 2k 4437 74
T L Ee] P4 B4 0 2 ek A1, EEo] SANHES] fHap o] ofufeiAle] Bajs & o AUE 47
R Aom Ak 7l 1Esi] 32 48710 FHE $E02 OIS T oFsUH FEY] U

e EAAIZAL ot 55 Foll=nhH7E3-471, 270 oF 1L.Sem?l frH = s gitkFig. 3).

Aol DfCio] 91|l 2 24 B8 2

FA IS 5 AL A SRS AL o5 51o] Mol S HIeHE 757 AT S T H9)2 Aldetel &
9] W AJof 242 HleFeE0 249 mh o] SIA|oh AR 7 B4 8ol mA GRS ALk AR S B g o) 4
5 AVIAZAT, B i opposite) g Sl 2] TR 270] 122 AR AIZICE AR 912 Aleloha, EAG v
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o] 0] SV A3 47871 5191 0l 045 A AV 7] A1 o] o] B mheIn B A1 2ol E
7ok A2 eRIQIENTable 3), oo} vEH N120) % ije) 5 7).0 2 HEHH ZA|E.80] S AT ASES Mod.
1/2MSHIAIS] HioslShe T RT'6HPT FAEH A12.9] % whe] A 2 3ol LehilA] 91Ol : LSD = 16, p<
0.05; A58 not significant), Full MSH[JZ]|o]] HH ¥ W= F=EAs 2o (M4 8 LSD = 1.7, p<0.001; A|54: LSD =13, p
< 001)}E UrEfjo] PT O] 412 Aol RT o H]sl] 951 3IrKTable 3). THH, PT" B 9] 73-9-Mod. 1/2MSH2]of| H]sH
Full MSH|Z|ofl 4] 21 20] - mie] 4} ot o] RE7FEHAsHA| 9061 31=T © = Mod. 1/2MSH|Z|ofli= MS @ o2}
50mM2] NaClo] 7} 47 1= 21 a1 Fri84d JA A1 E(leaf succulent halophyte) 2] 73-$- 70mM 2] NaCloj| 4] o} 50| A=
Ch= 1 119} Rasl] &2 71 © 7 Al HTtHRozema, 1975; Khan and Gul, 2005).

¢

Fig. 3. Growth and developmental phases of in vitro-sown Glaux maritima L. (A) Seeds just before in vitro sowing, (B) to (F)
Seedlings observed each week from the first to the fifth week after in vitro sowing. Note segregation in node color (arrow and
arrowheads) expression
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Table 3. In vitro multiplication efficiency depending on medium, node position, and genotype in Glaux maritima L.

Medium Explant position Total number of nodes of shoots” Average shoot length” (cm)
‘Red type’ ‘Pistachio type’ ‘Red type’ ‘Pistachio type’
Mod. Apical 75+14 66+13 30+07 14+04
12MS n=10 n=18 n=10 n=18
2"node 76+26b 79+16b 1.7+08b 1.0+£02b
n=7 n=16 n=7 n=16
3" node 83+2.1b 95+18a 18+ 0.6b 13+02a
n=7 n=17 n=17 n=17
4" node 114+05a 95+20a 27+04a 12+£02a
n="7 n=19 n=17 n=19
5" node 117+ 13a 108+ 1.7a 26£06a 13+02a
n="7 n=13 n=17 n=13
Full Apical 56+£12 88+ 1.6 1.5+£05 22405
MS n=23 n=20 n=23 n=20
2" node 96+15b 134+17c¢c 14+03b 1.5+03b
n=11 n=24 n=11 n=24
3" node 107+ 1.4ab 150+32ab 19+04a 18+05b
n=15 n=22 n=15 n=122
4™ node 114+14a 158+3.0a 1.8+03a 22+08a
n=15 n=22 n=15 n=22
5" node 119+ 1.6a 138+ 2.1bc 19+03a 1.9+0.7ab
=14 n=20 n=14 n=20

“Data are represented as mean + S.D. from seven to twenty four replicates (). Values followed by the same letter in a column within each medium except both apical
explants are not significantly different at the 5% level (Duncan’s multiple range test).

DFC| 26 CHIZ SA0] 0|31 BAR}HAAS| Y3
NBAPZAA 7N oo AR ANE Eef AU ET AS L Aeist 7} e e oo 1%
H17] SI9 BASHAAZFEHG = 56 71t Full MSHIZ|o] 7 SE@60] 212 wopstolrt, RT'O) 49 1AA T8
= BASIS] E G IAA S/} 57145 Al0] 281 571 2ot 9 SALR A 2uS st o] 9155
735 BT Table 4 and Fig, 4A) Y1, PT'] 249 1AA B8 7 IR|o] 1AAS) 5127} S50 wfiwsw RES
251571 27 Nel ] oleiat Al 28t 4-0] Z7He BAS B9 ) U] FISHACk Tuble 4 and Fig, 4A), 54221 2
5 olo] 0 A RIS DT/} 15 22 ol 54l 1510l 9538l BP9, ) A4 ol

rlr =T

rlo

l

FARUI SR PRI AL S8 RS ol ol B2 Al Ml Bk
2 Q7 23S Hol2 4 Gl B Ao £ B olgollE thible] 11g ol Al o2 Bl kol 7ieirt

2 QAIBH0| 7|9| £5lot MBS 2

e o 2 E Qloj2| 3 ARSI G| B FESH RT'9HPT Hd Z5o] $4124 clump(V, Al
2011 8401 719 28X\ 7ick A7 FEI7] SHe] ol Afsted njob Al £ el A8 A17] 5 HAGO] GAIRA W AE
S0 (Fig. 4B) 719] ol ehdleliz skt o bt 2|4sstop et A 2o] thohge] nfeh Ao wels} i
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Afstal o154 ARt offshootol] YR FHOHhibernacle) 7t AESITE. o] 5l 5ol A|oHi-e] FHoK= mofsio] A=
& 27|V, A= A7gshaA] s19] Gollo]l 28 el A, 48] ZHetetin Hrelai-2 Foll AdAl o= AhE
B3O (Fig. 4D), ‘B 8 Holli= Z[GHioflA] o]n] 275t offshoote} 2t FHOFE THeret 4= QUSIH. o=zt 71W) 541 4
=5to] o] Agketo] vt PHFA k= Jerling(1988a)0] ZYZ|of| A et Ziiggto] o] Agkehrt A= Zlo|H, sliekt &
27} obd Wizl A gk E FollA e AlEAl o] A st At eHdo] s stk 2 Uekdle Zolth g4
(halophyte)2] 7] A o]o]| tfj gt 2 G 4-8-- 5] Flowers and Colmer(2008) 2! Flowers et al.(1986)-2 %]4 200mM 2] NaC
Ao ek VIS 4= Sl 212 QAR Aozt uE 917 Khan and Gul(2005)-2 Rozema(1975)2] Bl %k
St 153 G ER defr] 23S0l o] FAE 90mM 2] NaClof|A] o7t Ajslid 4= Slrtarl A efshairt. 2 ¢4
1 ZEgto] o) 71U S A 7 k= =, et Aol A Bizo] ZAEtol} o dAlE (glycophyte) v} Hh=2
Al WEA] oA ErkpE -SoliA e 32 Q1 Aghet o] 7hsRtoll e Etotal A sol o Y| 7} Siehr} B
Z]of QP ARt ZEsk=R]ofl et A - e A b d ettt Ao g Alm

>

|

RN Moo

il

]

r A2
g

r
2
o> &5 .

o2

BA (mg-L"
00
'RT' 'PT' RT'

0.5

Fig. 4. Responses of nodes depending on plant growth regulator combination and genotype, and a life cycle of in vitro-multiplied
Glaux maritima L. plants. (A) Phenotypes of plantlets regenerated from single nodes in media with various concentrations of
BA and IAA. Note growth and developmental states of aerial and rhizospheric parts in each plantlet. (B) Acclimatized ‘PT plants
at V, generation in a greenhouse (photo taken on August 14", 2011). (C) Flowering of ramet at V/, generation in ‘PT genotype
(April 20", 2012). (D) Natural senescence and vegetative propagation of mother plant (August 27", 2012). Inset shows the
fruits set on the position that arrow in the main frame indicates. Arrowheads also indicate newly developed hibernacles on
offshoot.
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Table 4. Effect of plant growth regulators on shoot regeneration from node and further growth in Glaux maritima L.

Genotype BA(mgL") IAA (mgL") No. of regenerated shoots” Average shoot length” (mm)
RT” 0.0 0.0 20+00cd 182+40a
n=18 n=18
0.5 22+04c¢ 165+45a
n=19 n=19
1.0 23+05¢ 134+42b
n=18 n=18
3.0 22+04c¢ 122+4.0bc
=19 n=19
‘RT” 0.5 0.0 49+08a 74+3.0de
n=19 n=19
0.5 29+0.7b 10.1 +4.5¢c¢d
n=18 n=18
1.0 1.9+0.7cd 83+39d
n=18 n=18
3.0 1.7£0.7d 55+18e
n=18 n=18
PT 0.0 0.0 20+00d 213+54bc
n=20 n=20
0.5 23+05d 266+56a
n=20 n=20
1.0 39+12¢ 244 +59ab
n=20 n=20
3.0 40+10c¢ 233+65ab
n=19 n=19
0.5 0.0 54+13b 13.0+42e
n=18 n=18
0.5 67+14a 16.1 £5.6de
n=18 n=18
1.0 52+14b 164 +£8.6de
n=20 n=20
3.0 53+£15b 178 £6.6 cd
n=20 n=20

“Data are represented as mean + S.D. from eighteen to twenty replicates (n). Values in a column followed by the same letter within each genotype are not significantly
different at the 5% level (Duncan’s multiple range test).

B
Jju

1 Q7 QoA 71752 B SR 25| Glaux maritimaL )] 7| A AAS SHsh] Slste] 44
REk2009Y ] A2 Al 0ot 19101 8150 Ry RT P
type (PT) 0.2 T4 51 17.9] 12 A2 Aol ik Lep e BABANE o 97 ol sjel Ax|she 2 Af
5749 S HebIBIch 7o) - 4°Co] A1 47 o1 Aol 1 4ok o] 2] e, o} 51
B ololA] A@AI=]7} gte] Wolel Bzlolehe A& ekl ZHolet. 71} Age BARASHEAsH RT'S} PT
ERFOR elshe 2ol YAk ABA LY oot ol A0 vhe] 4 L IO R WU 34 BRE BT
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2] €] Froll wheh oha 21ol7} Q7= AR 71U A Adell A A F R Al A5 E S e W 7P E8IT BlEe], RT
S}PT @R 0| vlt]S BA 0.5mg - L' -2 vl 2|2} BA 05mg L' +1AA 0.5 mg - L™ & vl z]of|A] 212 ufjoks= Zo]
Az B3-S 7P 3ok niejeiel G AR Al siekAelA FEohA 719] <ok HIE WS 2ol e e
E b= AHiE ARS AR A APEA 25 Lo FAFD A ARk ePstgITt E A Esto o] 71U ¥4
of TRF g 2291 210 & wheE] 2 $I10] Aih= o] 5] F] A1) 9] BE, 27 B 9 Qo 8-0 & 0] 7ol 3-8
S &8E 5 Qe A 08 AR Ert,

27H320]: QPR A oltk 23t A, B4 o}
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