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Abstract: Osmunda mildea is a recently formed natural hybrid species with a narrow distribution area. The number of
the population is very small, and its sexual reproduction is extremely low. Using spores as explants, we investigated the
effects of basic media (MS, 3/4 MS, 1/2 MS and 1/4 MS) and different plant growth regulators (PGRs) on spores
germination, prothallium proliferation and sporophyte formation. The results were as follows: Extremely few fertile spores
of 0. mildea could germinate and develop into prothallus in effect of plant growth regulators; The optimal PGRs
combinations of prothallus growth and proliferation were 1/2MS +1.0 mg + L 6-BA+0.05 mg + L' NAA and 1/2MS +
1.0 mg « L' 6-BA+0.5 mg + L' IBA; In the 1/4MS with no PGR medium, prothallus were well developed with the
proliferation, and the young sporophyte seedling formatted, the formation of scale was 83.49% ; The best rooting PGR

concentration for young sporophyte was MS+0.5 mg + L IBA; In loess : river sand : humus=1: 1 : 3 cultivation matrix
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was the best, the survival rate was more than 98%, and the seedlings thrived. This study is great significance to the

artificial breeding and conservation of O. mildea, and also provides reference to the artificial conservation of other

endangered fern species.
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A ATEIT R B R, C. JRAREYSESE; D. 1/4MS T4 TR ;
A. Germination of fertile spores; B. Prothallus; C. Proliferation of prothallus; D. Development of young spores in 1/4MS medium; E.

E. B4 1 A7k, F. B T4,

Sporophyte after transplantation for one month; F. Mature sporophyte of Osmunda mildei.

K1 SRR A

Fig. 1 In vitro regeneration process of Osmunda mildet
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Table 1  Effects of 6-BA and NAA on the prothallus proliferation of Osmunda mildei
6-BA NAA G S
(mg- L") (mg- L") Response of the explant
0.5 0.05 TR IS 2 AR A P AR B 31 ) B A
Prothallus proliferates in dense clusters, and is difficult to distinguish individual prothallae for the naked eye
1.0 0.05 SRR A SR U PR AR AR, 3 B AT L P B
Prothallus proliferates in soft groups, and single prothallus can be clearly seen
1.5 0.05 JE P PR KO T A 2R A ST Tem BRS04 4 50
Prothallus are elongated along the direction of the midvein and becamed a strip nearly 1 cm wide, with
few proliferation
2.0 0.05 JE A r R R | e PR SRR K A B
Midveins are thickened, the prothallus are brittle, rod-shaped and difficult to proliferate
0.5 0.50 HEFH (0 S4B T DL bR s A R A D A A A
Prothallus proliferates in soft groups, schistose prothallus can be clearly seen
1.0 0.50 SRR A D PR TR 3 LA
Area of new prothallus is larger, and the rate of appreciation is slower
1.5 0.50 JE- PR R B R I B A e B R A
Prothallus are enlarged, thickened, brittle and easy to vitrify in dark green color
2.0 0.50 SRR B B A A
Prothallus is thickened, stiffer, and grows very slowly
F2 MSEFEDLHHIEZITREMHFEENM
Table 2 Effects of inorganic salts in MS on the prothallus proliferation of Osmunda mildet
N OB FE $h s 2 i
e UL Wi ks
. Weight of proliferation Rate of proliferation
Medium Features of prothallus
(g) (%)
1/4MS 52.12+18.41b 104.28+15.06h BRI Bt > DT R TE 25
There are the largest volume, least number, and the heart shape prothallus
1/2M8 50.30+13.77b 87.35+20.52b B OB I 183 3 A T 4y S
Prothallus have the second large volume, and new young ones are proliferation in
the edge of the heart-shaped prothallus
3/4MS 63.87x4.13b 110.28+10.99b PRBLLL MS WER TR | 280 E 50T 7 K Rk
Prothallus are slightly larger than in MS medium ones, rarely heart-shaped, and
most upper wide and lower narrow oblate
MS 103.85+18.70a 173.15+44.02a RN B RE 20 2 mm 56 R 1 em KA ZR

Prothallus are the smallest volume and the largest number, most of them are 2
mm wide, and less than 1 e¢m long strip

T RPEHEA s FFIPARRNE FRFOREFBE (P<0.05),

Note; Data in the table are x+s; Different lowercase letters in the same column mean significant differences (P<0.05).

— & J5 B4 aE AU E] 20 d LS AT L 5E 4 25 4
BRMRR , 7E 3 Pk Bk L BT B &) 1 Y AT DA
RIS R I TE 98% LA I, 2 WL, Ak K5 56 5 (2) ]
W W BRI =1 1 3 A KRR
(K 1:E),

3 W& ®

BT BRI B ARSI EZ O

75 2 (BRI W) 9 46 7 & B ) 45 AN AR, A —
LU TR ISAE ) 1) 6 0 B A R 1, A Bl — 2 Ah IR
Az AR T U0 AT Sk AT BRI 5 S 0 R A
(TKFEWZ 2019) . 6-BA Fl NAA &4 ¥y 41 41 85
Ferpw A AE KT NAA J& TR AR K &,
6-BA JBE TAIMI» 2 &, & @ W m i, #Fot
FH,6-BA Fl NAA AN[R)HR (1 4 7T LA s A
HERL B R B A T R R, ERR ISR A
ERETERES, NAA dfe S0 S 1 2 4= 21
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Table 3  Effects of inorganic salts in MS on the young sporophyte seedling of Osmunda mildei
35d 45 d 55d 65 d
5% 7 SN/ e RPR Lo SRER 5% 7 S LY/ S
Wk HET Rate I Yy R K YT PR I YT Rate %
Medium % of Leaf % Rate of Leaf 1% Rate of Leaf % of Leaf
Number Number  develop- Number  develop- Number
develop- number number number develop-  number
of young of young ment of young ment of young
byt ment byt (%) of byt (%) of byt ment of
SPOIOPIYIE () individual SPOTOPYIC ?/individual SPOTOPIYIE ?/ individual SPOTOPRY oy individual
1/4MS 98.00+ 19.35+ 2.36+ 155.40+ 48.42+ 2.78+ 198.20+  77.39% 4.89+ 212.20+  83.49x 5.36+
12.90aA 1.2a 0.05a 17.33bA 3.40a 0.34a 21.87¢B 2.43a 0.34a 23.79bB 1.51a 0.29a
1/2MS  104.40+ 14.71% 2.25+ 17440 39.51% 2,49+  220.20+ 72.69+  4.14x  238.20x 78.08% 4.80+
7.23aC 1.16b 0.03b 14.47bB 2.46b 0.24b 28.66cA 1.75 0.36b  28.50bA 1.71b 0.47b
3/4MS 24.40+ 1.64+ 2.02+ 231.20+ 11.03x 221+ 436.40x 30.38% 2.65+ 530.00+ 34.01=x 3.57+
2.88bD 0.42¢ 0.01c 30.83aC  0.49¢B 0.10be  24.93bB 0.34c¢ 0.06¢ 26.71bA 2.51c 0.16¢
MS 18.20+ 0.72+ 2.01+ 249.20+  6.86% 2.09+ 507.00+ 26.47+ 2.51+ 618.80+ 29.66x 3.47+
1.30bD 0.42¢ 0.0lc  35.00aC  0.46dB 0.02¢c  51.48aB  0.36d 0.07c  26.80aA  0.84d 0.08¢

T [N NG PR OR 2251 135 (P<0.05) | [T AN ARG F R ROR 2253 3% (P<0.05) .

Note: Different lowercase letters in the same column mean significant differences (P<0.05), different uppercase letters in the same row

mean significant differences (P<0.05).

R4 AE NAAIBA RENEZELHAFEERM

1=PA
2

i)

Table 4  Effects of different concentration NAA and IBA on the rooting of young Osmunda mildei sporophyte rooting

FARRAREL

BRI AR AL

A A R R 7 #J¥ Concentration R . BRI AL
Plant growth regulator (mg - L") oot number of Lateral root number Leaf number of individual
individual of individual

IBA 0.1 5.55+0.12h 11.93+1.19¢ 6.61+0.70cd
0.2 5.89+0.22¢ 13.04+1.19de 6.76+0.85bced
0.3 6.87+0.09¢ 20.66+2.32h 7.54+0.31ab
0.4 7.21+0.09d 22.87+1.18a 7.62+0.50a
0.5 9.63+0.11a 22.38+1.41a 7.64+0.16a

NAA 0.1 5.09+0.09i 5.19+0.50g 5.62+0.82¢
0.2 5.80+0.13g 8.64+0.42f 6.04+0.37de
0.3 6.50+0.17f 12.09+0.64e 6.69+0.63cd
0.4 7.56+0.05¢ 14.14+0.46d 6.98+0.71abe
0.5 8.560.23h 18.63+2.04c 6.86+0.88abcd

T BN xs; RFIHAR/NG FRRR 2R R (P<0.05),

Note; Data are x+s; Different lowercase letters in the same column mean significant differences (P<0.05).

2k E WAE, IF H 6w A M F A
( Kosakivska et al., 2016) , 8 i fy A4 Bic 5 44% 1) i
e [RIAARFE AR (Somer et al., 2010) ;6-BA M| J& RIS
FEP AT 2H 255 3% (0 W SR 53 B RE U8 TH R B 7%
M2 (ABA ) 7 ok 1t T AR 1T, AR v B2 o B 502 40 i
A A A AN o R B e Y R B RE 8
PR R o A A 8L By AR AR K IR G 1B K
( Kosakivska et al., 2016) , AW 5% 18 i i FAS [A]

W 6-BA 5 NAA AYRC Lk 6 & B, 8 S 34 (5
BT AR A R R S A A R R AT LB R
F R, 6-BA MRIEMNT 1.5 mg - L'HF, #8463
6L A B R I (R 4 0, B R e R R TR R AR
HETH R SR B, SR R RE S R 22 1 5, (R ETE WL
ARG 7E 6-BA(1.5 F12.0) mg - L5 NAA
0.05 mg - LAYV AL G 0, B & R A B 3 %=
5.6-BA YR EE T 2.0 mg - LI, 467 85 & i fa)
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HEIR W AR R, FR LA A R 5 R X Bk
FAEY) B A B A S g Al B A E B A [
MY GENAERIRERE—EER,

BRAERIEATRISN, MS B 5 3 p R n R 1 ik
JFETE Bk 25 AH W) 961 4K 09 08 B A Y 5 )
( Mikuta et al., 2015) , 7EXI Osmunda regalis #1 ¥
PRI B B 3 56 v IR 52, 1/8MS 2 H: dwe 44 1Y) 8% 37
( Makowski et al., 2016) , ABF5E W &I, 1/2MS |
1/4MS A F| T ik 8 £ I i A AR KA H, [F i)
B TR B2 RS T2 1 4 9 5 7R il 3 5 15 78.08% Al
83.49% , 7 3/4MS Fl4x & MS 1 1 Ji i 1A 76 85 7%
WA TR EE RN AT AT E, i &
ARMEI o3 32 AF VR M AR gy, B 28304
TR B b, 3/74MS Fl MS K5 5 36 72 A4 1 7 7
NN R DA i R S 7 57 A N <13 o L 2 - 8
BB T A A TSR (o] 555, 2006) | i
TolC A 58 77 AR RS B FESS 3 iR AR
MEIE W IE & i, LS K I A T A R AR 55 1
Jr AR A, BARHLEE A a2 o, 1/74MS
F1/2MS 3535 e il iy B2 3 4 90 114, A7 B
FIME 5 Yatabe et al. (2011) 76 N L5 A4F FWE5E
Osmunda X intermedia J5 A58 S0, R 16 H F, A
FLERIR G 1) 25 SR A [A], HHL 2008 mTRE >k A e il 41
FSLNESE PSR BVES S S7 S AL

SE .
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