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Abstract

We investigated a suitable method for in vitro germination of spores, propagation of prothalli,
and the formation of sporophytes in the fern Dryopteris nipponensis Koidz. Spore germination
rate was relatively high regardless of culture medium. Prothallus development was faster in
Knop medium than in Murashige and Skoog (MS) media. Prothalli used in all experiments
were obtained from germinated spores, and were cultivated in different concentrations of media
components. The active formation of sexual organs such as antheridium made 1MS medium
suitable for prothallus propagation, although there was a lower propagation ratio compared to
Knop medium. Growth and morphogenesis of prothalli were most effective on IMS medium
containing 2% sucrose, and 60 mM of total nitrogen source with 20:40 mM ratio of NH, :NOj;".
To select a suitable soil composition for sporophyte formation, ground prothalli were cultivated
on single and mixed soils using bed soil, peat moss, perlite, and decomposed granite for 14
weeks. Bed soil promoted sporophyte formation and growth regardless of single or mixed use.
In particular, a mixture of bed soil and decomposed granite in a 2:1 ratio (v:v) led to accelerated
sporophyte formation (0.83/cm’).

Additional key words: antheridium, bed soil, decomposed granite, peat moss, perlite
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M

FA A2 AAAA © = 10,0000 F o) A5, %14]01]_350_:@] Histo] A8 okg Wl IR o] 85| 1 Qlrk
(Korea National Arboretum, 2008 ; Kang and Jung, 2012), thE-E.0] oF2|A1E-2 U}-8-A o] 7}617] wf o] AU 9] ZA A &=
e AEShe WA o 8HW, ZokF 9 2|0 AE7t ‘3501 SHEAIA O] AR o] 85|11 IrHShim et al, 2011).

HotTHDryopteridaceae) I525(Dryopteris) 2] FAUIAFR(D, nipponensis Koidz) =54 0 & 4] 0] £=of] AA¥5}aL
o] F/doh o] FElo] U= B4 7IAIAL Qlo, 27 4= o] 771X 7} ETHKBIS, 2016). TERH AU AR €] 5
%E_ oWQ} 2 ohdy 43S H oItk K (Kim et al, 2012; Chi et al,, 2015)7} 21345 v} 9lo], 7154 ABEAA 2% 7

durzo=s J 1222 A A7 sk ol XS de 7HAAL oM, At o] 785 gt At
(sporophyll) ] A} (sporangium)of| A G/ ZAPFFEE| 11 29kt ehg 2ol Af ot of A (prothallium)
2 Jgei) o]% A4xE] A Aol A AL 7|3l A7 | (archegonium) 2} 778 7| (antheridium)7 | FAI =] 27, AJAIA| QT A=;
PP} 44 & ek 2 dreslEA] o]l ZAAY | FAETh AR (sporophyte)= A<t A1E A 2 WSl EA ThA]
212 FAJ5te] HHE R ABSRRRS 71211 Qo] EAAIERY g AEAIE A7)71R] B A7to] @ ETHLee, 2000;
Moran, 2004; Korea Fern Society, 2005). whehA] QR A& Al s 7 tollA =Bt 710l 78-S E5ol= iR o)l o] &sto], &

e dehio] ofehe Aol

4101] TRk Fo| A 22k U SAIRIH-E0] AALE|o] £E9. 1, Dryopteris crassirhizoma, D, varia, D. fiagrans,
Athyrium niponicum, Asplenium vidalii ¥ Osmunda japonica Sol|< A GA| Z4] 2 I2pA] APARS: Q151 HIE-S A4l 1AL
QItHFernandez et al., 1997; Oh and Lee, 2002; Jeong and Lee, 2006; Shin and Lee, 2011; Cho et al,, 2015; Jang et al,, 2015).
A 2 Ae AR 87t a5 S Ao 7|diE = A AR o] 71 sERpEol, A A S4B AR |/ dof Aletet
7] SR 5 AsTAE SRS St AR E NS g Al

A

A3 22

20131 19 24900] ehete St A2 ool A AR ABA1E et HaA19] #7he u]dehgso) 4
A5t The Aax7)01 6Y ZEeof| TG-S 85lIT) EAFRL 72U Eoixlof ol 2745 & 100um 2] sieve(Chunggye
Co., Korea)2 TAHFEZ]SHTRS 4 + 1°C 2] 2223 o] HSHHA] HiolAl o] ARE5ISIT o] & HloPAl ol A 315354
AAIE MSHIA] (Murashige and Skoog, 1962)°]] 8= 7H4 0 2 A|cjulieFsta A A AA| 541 9 T2k F/4J o] A== AL
Bai9ick

E2fo| grot

EA}O] A W HZHPH O Jeong and Lee(2006)2} Shin(2007)2] -8 M5 Slo] 485190 ct AA1E Z2} 50mg2
15mL FYZH FHO| o] 12} 572 24417 Ao, 019 387 ¢4l 2] (HA-12, Hanil Sci. Ind. Korea)s}od A7 oH
< 150mm THAE|2 1] 3ll(Hilgenberg, Germany) © 2 A7t t}-2- 1.4% sodium hypochlorite S 7}51] 1327t A-=51%ct
RIS WSl0] 2500 AP Ch SRl B 38 AAoio ], SomL 212 FHE §7 HEs
40mLE F7}5 1S 514 5 ARR 5T aﬂx] 5 Knop(1865) HiA|} 5 5-1/8,1/4,1/2, 182 SIS MSHIRE 22}
30mLA H|EZ]HA](90 X 15mm, 10090, SPL Life Sciences Co, Ltd,, Korea)o]| 2551910 ™, LA} S}l WiE 717

L2 W0l HESI1E, BAIoe] AR 2] 291 2170 2 329159 X8I, el Eelipee E6O,

—
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Nikon, Japan)& ©]-&5}] 7|10 EE5%] ZALE 7|E0 2 Al=619] oH, groka (%) 2 4=2]3} 51t

ZAA S5 AFAIE A o w2 ARGotaLat 85 7HA 0 = MSHR|of| Ajuifaha M A FAIE S-Ast3ict. 22

H AGAE w2 AGA A2 QISR E Adkelarat 1/8,1/4,1/2, 1, 282 283 MSE} KnopHi A& A= 2 5130
o, Ak vl R 9] £R2E 7)1 0 2 sucrose S 21210, 1,2, 3, 4% A71510] sucrose”| AGA| 2] &4 W e o] n]x]=
TS FobH A B9, TR HiR|e] TAEA 5 AATO] 5 5re} i8S Srefsto] Aol Aigo] ulH] o
S g1t MSHIA] 9] stock solution £/ 5 A0 2 7Fel=NH,NO,2FKNO, 9] stock -§4-& Zsto] A
o] = lC’;—E(NH "NO, =1 2)5 242130, 60, 120mM 2 24519 0 W, A ‘__4 H]-8-2 NH ClQ]'KNO3§ Alg5to] Zkzt

0:60,20:40, 40:20, 60:0mM = 22|t B 2] S ZA5FSITT Sucrose 2] 5 A2 A 25t & vl )%= sucrose 3%E A7}
Stol AFESIEE, BE ATE 200mL vleEo] 2 A} SomLA B 0hg S 300me v ThAA Bl
O it ImLE 7 sleleh Bl 85 F 7Aujo] M AA2] e de Wkt A 57 Fe 2415150

Eapo| HA

71 Al AgAl= w212 A7 sk o7 Fll(Hymexazol 30%, Dongbu Agrotech, Korea) 1,000H] 3]4JcRo]| 1A]7F
Zol HA|alo] At ohS 53] MBI 4o AAA) 1.0gT} 254 25mLE ZakAEl H]7]o] Y e Bl (V-
8000, Boowon, Korea) & 1027+ E4f513ict.

HJOFE = o]l & AYE (Hanareum no. 2, Shinsung Mineral Co, Ltd,, Korea), T E = *~(Sunshine, Sun Gro Hort,, Canada), H
2}o| E(Newpershine no. 2, GFC. Co, Ltd,, Korea), TPAHE 2mm, Samgye Masato, Korea) 0] H-8-2 2|9t 8EF O H|UFEE
ARESILE HIFES 75 X75X83mm AFZFSHE(Cosmo Corporation, USA)o] Bt 503 X335X195mm Z&tAEAkR}
(SPC532, SH Plastic, Korea)ol| B{I5HIck, o5 240 AAANE: EpEwio] F2sh] 4Ea19.00, AR Ao
&Rl fRlEhe Hol B (72 £2%) 5 AAISISIT T3t ER A A FA| 2] /o] ARE]H A S 82 st

71 9151e] 190 18] 4122 A

OB, ZANIY U S73f2)

PO} 9 M A A1 0] iR A -2 25 +1°C, 3F2F30+ 1 0pumol m s, 357] 16/8A17E0 2 24 =] o v o}
S AFGA ] drgaA] gl e G AL AAHn|7H(SZ51, Olympus, Japan) o] &5} 519t
TR G40 il AL L1 25+ 1°C, 32F 43 +2 Opumol m s, 527 16/8(light/dark)A]7H0 2 ZAE|Q) o1 145
2 ZeieSIc) o] ¢ e EY 3’%#47} A 07 AT TAA | SE Aol om, F AR A 107141 E A
Slod, A1 AR, 24, 22, 94, 9=, 94 9 SPAD(SPAD-502, Minolta, Japan)©] Z+& ZATSHAT
REAASANE O & aslglon 374- FEZ QA 1= L5121 SAS version 9.3 (SAS institute Inc.,, USA)2] Duncan’s
Sto] p<0.05 S0l A F-21d-S HAgst St

:

multiple range testE ©]-85

23t Y Dt
R2L0| oL 7

| AR ZAR= E HiR] 204 80% oA} HolrF JdlE] o] vl 2] o] ZHot - of] TA|glo] WolE o] L5}t
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(Fig. 1A), oA = B iAol 4= ZAFE 901, 1/2MS 9 KnopHl| 2] o] 27 ol T2 Hj]of s whE 4
SAIS JERIL) Wolke TAk= AdA| &2 Wdsh=d], Ramirez-Trejo et al.(2013)2] K 0] 42} o] ma}e] Hlop= 7}
o] EE A AAtste] 2712 A22] Q1 YA (protonema) 2 TS, o] % LARA O] HliEs 2|42 0 2 F4 2 HstH 4
moye] B ER A EA= TEstoitt 3 BeIEY AAA= F=AIE S0 7114 Qlom, A EAe] Aol
A GAE Lo st W Hreo = ddslgirt

A A o] ot 2t 5 E 1 EA] 0] P e Tt 2t Knopafi Al X = d A= o o] 7 wh=A 7
F|glon], DelE, v e o] FHx 2] 9 th4-0] 712o] T = IckFig. 2A). B MSAIE2] v 2] ol A= M A 2.0 &
B /o] tha A= =], 551 1/2MSHIR o= 712 o] Aol AL, 27 |2 A ARIEAI] HeES Ao o=
2] 597Kt 5<T KnopHli2lef| v 4 A = o] o] m|istirkFig. 2B).

KnopHi| 2= B THfAE A etohH, MSH]of H]el g0l Y sz 2495t George etal, 1987). 2 ¢
ol mh=2H, 59 531 D. crassirhizoma Nakai®} D. fragrans (L.) Schott®] ZAMS KnopHl|A]of] mbg5} 5l wff ol 2! 7]
A A 0] Hido] 94-619Irk= B 11(Cho et al, 2015; Jang et al,, 2015)7} 910 B & AW VA= IAptol 5 A4 2.9
e gl 27 2 skl IR EE 8ol S Ao AZE I b A AR 9] A= KnopHliA]

1007 & a s a B
a
80 8
&
£ 607 1
©
8 = \/S
'§ 40 - == 1/2MS
i= == 1/4MS
S 201 1 == 1/8MS
Knop
0 T T T T DX T T T T T T T y
MS 1/2MS 1/4MS 1/8MS Knop 0 4 8 12 16 20 24 28 32

culture medium Days after sowing

Fig. 1. Effect of culture medium on spore germination of Dryopteris nipponensis Koidz. Bars represent standard error (n=4).
*Mean separation within columns by Duncan's multiple range test (p <0.05). Final germination percent (A) and germination
rate by days after sowing (B). Abbreviations: MS, Murashige and Skoog medium.

k . " S il i 250um

Fig. 2. Responses to different culture media and formation of sexual organs from prothallus of Dryopteris njpponensis Koidz.
Knop medium (A) and % Murashige and Skoog (MS) medium (B). Abbreviations: mz, meristematic zone; p, plate; pr,
protonema; rh, rhizoid.Scale bar = 250 pm.
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o e 0] BApole] a7l 7Rh Dol Yol o] 948 WS BET A0 AT

A SA2 9/ iRl 57
;ﬂ%‘ “ﬂ _Z_Moﬂ ’c_‘ijfi BHZ]E k]ﬁo]-_]_]]—i%t;_l ==l HH ]oﬂ 6;1-7%_;1]_ KnOpHHX]Oﬂk] ,qqi_“z ] 5 8g_9_§5;<_
7] AZFin] 19 3871 27151 HFig. 3). HHA MS A/ G o] vl ]of = 2MS Ko Af|50] 0.5g. 0 2 714 Zlglom 1,
1/2,1/4 2 1/8 MSHi]ol|Al= AA4550] 12-3.0 23‘7%—3— Z=Z0]o1c}. 31 1/8MS HA1= Knop HiZ|2} nld7 1A 2 14
EHO It A 2AAEUAT AT ST FER AJHE A BT, ol HIRE Aok B E 0 Sl WhE At

o
fu
oX
E
59,
g

A1) el B 7] dhge PRt Auf s AEjollA] o JH|O] EE XA 0 & WS oH, 1/4,1/2, IMS Y
KnopHl|Z|ofil= 7h20] E55%= SRIE rhFig. 4). B ez 2 EH A= IMSE A9fjt B A7t 430 FHE
ZH om IMSE AP 0] A ezt =Tk EREMS AlG 2] viz| s FEH ] Fr b 739 At
s = 79e]glom, 53] 1/8MSHIX|of A °“j7}4/‘h o= Hrh g IMSHiR] o A= A FA o] A7 131 7]
S} stalslo] 447 e o] UAERo B, 55 Ae] ilo] S7E 4 Sle vl 2 AZFEIsIct

= 2:9] D, varia (L) Kuntze2} D, uniformis f. coreana H lto'=MSH || 4] A GA| 2] ZAlo] 25191 0 ™ Osmunda
regalis®] A G =F7 124 9] 57 A2 KnopHl R] of| 4] A-50] FAd51 A tHFernandez et al., 1997; Fernandez and Revilla,
2003; Jeong et al,, 2006; Shin, 2007), wEtA] QJFE2A0] QL= Znltt tha 2o |7} Q= 71 © 2 AZFE|Q)ct B of o] 2
I A AR A G 0 FA ol ARt i Rl= A A7) o] 'HATs o] 3R] g/l va@ 205 W75 = IMSH|Z| =
e

HGH| ZSAE 93t sucrose?| =
A5 Ao A A IMS B12]9) sucrose©] 52 SHalgl the AAHE 300meX AEato] 82271 Hjoksleict Gio]

A 1%242% A2l BAEo] 21216.0,6 280 & TX%ElOﬂ H5l @A15] =k0H, 3%2F4% A2}l A= A =t

Fomlgtatol7t $lrkFig. 5).
A2 A1) FEFA-L 0-3% 2] oA 7Hte] B2 o = Bdr]glon, A (1, 3%)7 A0, 2%) 2]

Fresh weight (g)

2MS MS 1/2MS 1/4MS 1/8MS Knop

cutture medium

Fig. 3. Effect of culture medium on prothallus growth of Dryopteris nipponensis Koidz. cultured for 8 weeks. Vertical bars
represent standard error (n = 4). “Mean separation within columns by Duncan's multiple range test (o <0 05). Abbreviations:
MS, Murashige and Skoog medium.
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| Tmm 0.5mm
I w 1
§9 T ’
br
Tmm Tmm e 0.5mm
k r 05mm Ny v { d

Fig. 4. Responses to different culture media and formation of sexual organs from prothallus of Dryopteris njpponensis Koidz.
Abbreviations: an, antheridium; br, browning; hg, heart-shaped gametophyte; rh, rhizoid; sg, spatulate gametophyte;
ut,unicellular trichome. Scale bar=0.5 mm.

a
a
b

41 b

b?
2-l .
0 T T T T

0 1 2 3 4

sucrose concentration (%)

Fresh weight (g)

Fig. 5. Effect of sucrose concentration on prothallus fresh weight of Dryopteris nipponensis Koidz. cultured for 8 weeks. Vertical
bars represent standard error (n = 4). “Mean separation within columns by Duncan's multiple range test (o < 0.05).

A eIk TEH 1,2 9 3% A2} Fol s AR 7710] §4d0] SIEIITKS. 1), 53] 2% sucrose 2T
o= Te0] 4717} P Elo] A o] Wido] §ajet A0 2 AZFEIIck S 4% A2} 7oA Tha] branch 15
7} 8ilEl0 ¥, ] HAATE R o] TREIRI) o} = 5T o] sucroser} A1) AlEe] el Ul ke oA}l

O HBdo| A% A|LE0] 7] branch FE| 2 3471 7 © & AZr=EIcHFernandez et al,, 1997),

o
olt
<k
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Fresh weight (g)
w

60 120
Concentration of total nitrogen (mM)

Fig. 6. Effect of total nitrogen concentration on prothallus fresh weight of Dryopteris nipponensis Koidz. after 8 weeks in culture.
Vertical bars represent standard error (n = 4). *“Mean separation within columns by Duncan's multiple range test (o < 0.05).

Sucroses=-37 % Tk A=) P g frestal, YAIA e Ao a2 F Froz ol gro] gt
Ow, Preris tripartita Sw.2] A GA= sucrose 2] 57 ST 12 AJ80] ZX15] ?dﬂ-ﬂ =] v} QIcHDewir et al., 2015;
Ravi etal,, 2015; Dewir et al,, 2016). ¥1H Asplenium vidalii®] 2 A= sucrose 1-2%E %715t ulj R of| 4] A-2-0] Z21%|
THOh and Lee, 2002). 2 Lol A] ZA | 1A e] AGA = 2] Yol sucroseS A 7}5}7\] O} T 2 HTfeFelS w) A
St ofuje A7 o] QA7) S{AlERe A 2 2 Ik HebA WA Ul sucrose B 208 2200 20] 2]
AR A 0] A Bl 71 ol ket A o g e gich

4 2loto] MGAIE 57 22, 30,60 X 120mM A 2|Lof| A Aol =
2117.0,15.7 2 14.34] *7}0} O}, e 7HO] o] ARl Aol Ik Fig. 6). TR HE A efoll A A
ot o A7 (60, 120mM) 4 B0mM) 2] 7 FA| = = 31 O L, 302 60mM ] 2] Lol A gt A3 4]
7Ykl 44717} TREEISIEKS. 2), E35] 60mM Al 7ol 30mM Hel o] Hlsl chie] 44715 5118 4 glolo iz
A N 1) B3 0 S 23 3] & S5 s 2

Melan and Whittier (1990)2] 4-ol|X| %= Botrychium dissectum®] 21 GA| viefol] A3 (NaNO,, NH,CI)S *|2]o
] ]2l vl HFA|] sl SR O 2 o= Aso] A HE Qlo], & AtollA ZlH 11/\]_}914
e el

Aol F FEE 60mM= 1149 tha NH, "2} NO, 7] 5k Hla3 geloto] AFAIE vt 24 dages
20:40 % 40:20mM = 5 B}l ] TS A0 217447, 4 6.0 2 79 LU, 1181 ol GoEhFie. ),

4710160 21 60:0mM 2 € 712] 2253 AR IO S8 o] ] siAle) 40l 010 2 ol =il
PR A1 U I 5, 2 A 2 f] A Sien] 0, 9004, 0,
60:0mM) 2] A = A= e}, T AAg 92 20:40mM = 289k ﬂﬂ:ﬁc’ﬂ/ﬂ“ 73716 o] FRIEIQITKS. 3). gtz
THPolypodiaceae) ] Gymnogramme calomelanos A QA = HAFUANH, & T5.0 2 Aot kS off v 444 0 2 Wdsie]
o, D, erythrosora A BAI=NH, 9 NO, & E-85191& 0] 44 0 2 HidstoithMiller, 1968).

= o] 2, A AR A EAe] AdAD T B ASS feliMe 2agee] &80 avpHelH, dagd §

Lo
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Fresh weight (g)
L - 1 N 1 w 1 b 1 V! 1

NH," : NO; ratio (mM)

Fig. 7. Effect of NH," and NO; ratio on prothallus of Dryopteris njpponensis Koidz. after 8 weeks in culture. Vertical bars represent
standard error (n = 4). "Mean separation within columns by Duncan's multiple range test (p <0.05).

NH, o] B3] NO, 0] u}0] 58wl 44417 |k0] uetol 249 g v A 710 2 AZheiglek Webs daaelol 5%
o5 GOmME A 15 v 2040mME ke Aol A AgAlS) 15 3 A te] ekl

PGS et Y=L B/

HjFE 2] FF-5 Fefolo] AAIE et Al Yol ES T8 Ta= 87T Aitollx A o] /97 o] 9<=6t
.00, 55| Lo EHALE 2:1(viv) 9] &8 Aol €] /0] 0837 em? F)= 7P Eolth th20= ol

i‘ﬂﬂlOl_z:l(v:v) 9 e ol AFE S Thast Z=0 & 7171062, 0,547 (cm? B) HHAYE} o, I Ae] 7o)l GOl A A}
o= YK Table 1). 53] BAFES &3 Aef o= HAFEMREEES 2:1(viv)2 287t Zle] H]sl] 242} 2[5}

O] AT B AAlFo] fojR o g fpsalon, 24, 2%, A4, 9, 945 W SPADS] S F 2 pAIE 7S
ST Table 2).
2 AN PAVTEES 71t Aefe] A WY 9 A35:0] 312 Eok o] Tt ek /o] dRS mixl A
AR, 1% Lo hHES B84 Aol EAMe] WAlo] 71 $pataier, ol oo sjab
MUV}E Qrfo] ] v o] A MY B ARl Sreleh /RS AR A0 2 AZElgic oA
elo|E 5 upap= o SARGHIAHS AR 210 2 HOIEHKim and Kim, 2011), JeRHEL Hjofal §7] 2 2718 AS &
e A0 el ujakel, EC, pH, NH,-N,NO,-N 2 $-6914H5-2 ol glov], ojs} 22 sfalz] S4e Aj2

oZ

-Sof 219k oA S A A Sl A 4] QtHGabriels et al., 1986; Lee et al., 2006).
Kim and Kim(2011)2] @470 mEm A 0] §efo] 5842 A2480] G5t 35S §AFIcn 5w vh glot,
2 Aoz B U ERAO] Hlgo] 2575 AGA @4 9 2| o] o] fxfs] A= QITHTable 1), 0]9F 22
Hohe 2 AT HAEE Ad HERAZ dlsjo] EoF o] g0l BlakiA hEo] 2haslel WAl 24
O] Ago]| B 0] oJRS m|#S 7] © 2 AZHE] 9tk Gruda and Schnizler(2004)= /S}% AGof Zglet EoFx A O 2 EQF
o] 44 BB VB 0] S 217} 85% 2 20-30%, 20-30%0H, F71} 842 0] At Fo] o Eink 1
st

wheb B A o] A ol Lozl umﬁ—z 1) 2 E8FH R Aateln, 25 31 A] el
EO] HIES EIThA A0 a2 F0 4= Q2 L 0= AZE|QITh TRt Afu o] Mol dS arefsto] = Aol xler 2
o] AATPE AT 3¢ W ERAE S80I o= Zo] S5 2 0 =2 wE|gir),
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i

Table 1. Effect of soil types on sporophyte formation and biomass of Dryopteris nipponensis Koidz.

. Fresh weight (mg/sporophyte) Dry weight (mg/sporophyte)

Media” No. of sporophytes / pot” - -
Aerial part Underground part Aerial part Underground part

BI 305+2.8b" 122.1+143a 202+33a 115+15a 19+03a
Ptl 00+0.0d - - - -
B2-Prl 347+87b 439+6.6b 73+1.6b 45+0.7b 0.6+0.1b
B2-D1 465+23a 279+32b 60+1.1b 33+04b 06+02b
P2-Pr1 00+0.0d - - - -
P2-D1 20+10¢ 35+07¢ 27+16b 06+02¢ 03+02b
B1-Pt1-Prl 0.0+£0.0d - - - -
B1-Ptl-D1 00+0.0d - - - -

“B, bed soil; Pt, peat moss; Pr, perlite; D, decomposed granite.
*Pot (7.5 x 7.5 x 8.5 cm) containing 0.4 L culture medium was used for this experiment.
*Mean = S.E. (n=10) separation within columns by Duncan's multiple range test (p < 0.05).

Table 2. Effect of soil type on sporophyte growth of Dryopteris nipponensis Koidz.

Medid? No. of leaves / Leaf . Shoot . SPAD value
sporophyte length (mm) width (mm) length (mm) width (mm)

BI 37+02a 588+2.8a 280+2.1a 549+3.1a 353+32a 162+20a
Ptl 0.0+0.0d - - - - -
B2-Prl 28+03b 31.5+23b 157+12b 274+2.1b 228+1.5b 112+13bc
B2-DI 27+£02b 309+23b 172+15b 250+2.5b 250+24b 13.6+1.0ab
Pt2-Prl 00+£0.0d - - - - -
Pt2-D1 1.0£0.0¢ 127+£20¢ 86+1.1c 117+14c¢ 8.6+0.7¢ 93+15¢
B1-Pt1-Prl 0.0+£0.0d - - - - -
BI-Ptl-D1 0.0+0.0d - - - - -

“B, bed soil; Pt, peat moss; Pr, perlite; D, decomposed granite; SPAD, chlorophyll meter.
*Mean + S.E. (n=10) separation within columns by Duncan's multiple range test (p < 0.05).
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