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Studies on the Characteristics of Spore Germination and Protonema
Development of Bartramia pomiformis
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Abstract: In order to understand the spore germination and protonema development of Bartramia pomiformis, the
development process of haploid gametophyte cultured in laboratory was observed under microscope. The results
showed that the spores began to germinate from the wall after 5 days, the protonema system was mainly
composed of chloronema, and the axonema was differentiated from chloronema. The gametophyte was
differentiated from the cells of axonema cultured after 22 days. According to Nishida’s standard, the spore
germination of B. pomiformis was Bryum-type. Therefore, these would provide the basic data of development for
the artificial propagation of B. pomiformis.
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AL ¥k A% (Bartramia pomiformis)siJ& T ERaERl
(Bartramiaceae) Bk #F )&, %R EERAEY) T B A {E
P R AT 1 L, R SR g AR AR e 0, AL
HEREE O MR A, AR LINZ, Xk
EEL 20 A P L 0 8 R 4 B S A — s 4
FABOM, HH, X EREERHE R AT 7L 2
TE5r2824 510, 1977 4F, Hirohama 34 H 850
SR BREER 8 J8 35 FUEMIH IR,
BT EREE R Y 1 B LR AED2); 1993 4, Boros
SWIRIE T 6 MEREERHE BT IRSLW, &
FEEREE R AL ERAE, 2006 4F, FAMRIEEIAL T 7 R
i EZREERHED T IEAS, AHEEREEE o B
(B. halleriana) Fl E.IH-Ek&¥ (B. ithyphylla)tl; &1
SEXT DTN BREERHE DT T o0 K5I, fhid T2k
B R AL IR EEST 4 FhEE R RIEASHFER . 2011
M, TR DAL PR 0 B BE RO S AR IT R 1
SEGALRE FARBAT I, TRkl T A5k ek
AL S Ak R 10,

HAr, EA MRS TR Hiskes BT . R
LR R BRI TR R AR B A ARGE . ARBFAR %
WA LEFRM T, WAL BRAE 11 35 R B B
JR 22 A% 8 B BURIC 7 PR R A B B TE ASHREAE, T
RN TGRSR A0 o, IR R A 1A
5 PR AR TR A B AR A, TSR E ORI
BN T B HER B 5Ll TR

1 MR

1.1 w8t

RIGA R H 243 2k 4% (Bartramia pomiformis)
P A A 9 I AL, SR UEAR A28 - R NO053,
F 2017 4F 8 A 6 HRHA WAL F 1L E AT KHLE R
(38°43'18.91” N, 113948'53.10” E), ¥4k 400 m, #k
AR, AETCTRA RIS AR AR TE(HBNU) o

1.2 J5i

KSR Knop EFRKIS ) [E AR 7745, pH
7.0. IR Knop EFFKALTT 4 1 g/L Ca(NOs)2 4H:0+
250 mg/L KNO3+250 mg/L KH2PO4+250 mg/L

MgSOs 7H20 +3 mg/L ZnSOs 7H,0 +12.5 mg/L FeSO4 -

7THO+ 1 B NaNOs, FIZEME/KAME 1L, fEXR
Knop E TR 2%, In#JEtE/EEI 60 mm
5 S I ] e ] A T

FEL AL 305 B A 10035 S5 IR N TH% I AS 1A 20 s,
PTG B Z8 MK B 5 s AR e, FBLT AR
W 71 HUH FEBON TE 8 280K, R A B
AB GBI AT B Rt b, 5
FRILIN 36 /5 B T 6 IR 5% 77 58 (KRG-250A) 11 85 9%,
BEJENQ2322)C, XTI E KT 80%, i 5
24 umol/(m? s), YGIEIT ] 12 hid. £ERE 24 h 7215
BT MR EE T R B L, EMICRE K EIR
B, FERAHAIZ: 0T,

2 4k

VR NS, BEREEA T ORI
f, FEEG, BN 15~26 um, HMME. £=%
WA THFRFAE T, ZOHERER 10 A5 T K J B
By A7 RO R IR a2 i B AR T AR
A AR 3 AN B

2.1 TR

TEE N TER 24 h, BLBEREEAMTIRAIT 46
GHARNIN, T EEAE, RAe MR AR
SRARIAL . M 4 d i, B R IL T EAR
IEE] 20~25 um, (EARE R 10 1). KiFE5 d
I ] WD B T TR BB R A, BEAT S — IR AR
(Bl 1: 2), T pesk 22 44 7 4640 g (chloronema primitive
cell), FEAWHHKAEK(E 1: 3). K53% 6 d WL T
H RN 19.8%, LLRRREE A £ (A 1: 4, 5). A3
BR 6% 90 1 Wi R A 1R A 7 AR ) A RO (primary
rhizoid) 14T AE #2244 (primary caulonema) .

22 Rtk RE

FiI% 8 d iy, AUHiBRER T ERE A, WK
A 1~2 1), ZRee AR A K FEAR P, KB 500 pm,
LRLLARTFIGE 1~5 > — RO (K 1: 6, TA) 1557
12 d B, ZRezfiRgkal A, g Miss Hm ik
Bn, B3 WK, LR RGAAR e A
2RV . 8597 19 d B, SRRk AR K,
FRAE TR BRI 2 e Ak 32 Al 2 SOIR S5 44 (] 1t 7B,
8A), X SGASIG AT HARSFRH ¥ (Funaria hygro-
metrica) (/& 1: 9)F14: 7K #¥ (Pylaisiella polyantha) (P
1: 10) ¥ J5L 2 (A B ) A0 A3 A0 22 e o B BR B 2
AR R RS — B B R R BT —
RANBAN R 2 AR AT . 97 20 d I, 3B
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1 ZUBERE M TR IR 2R E . 1 T, 20 7RO H, 30 SR RFIGAIML; 4~5: ARSI, 6: SREk—Sor B TA: 2 ik
ML 7B, 8A: GRLE RS EG; 8B: WAL L2 44, O #FTBEJR 224K 0y kG, 100 S RBEIR 22480y b 110 O TR JRAGAA; 12A: 4r 40 fA]; 12B: &
e 13A. /R T-4k; 13B: #ALAIER. #7R: 1~5,11=50 um; 6~7, 12=100 um; 8~10, 13=200 um

Fig. 1 Spore germination and protonema development of Bartramia pomiformis. 1: Spore; 2: The first division of spore; 3: Initial cell of chloronema;

4-5: Unipolar differentiated spore; 6: Primary branches of chloronema; 7A: Bipolar differentiated spore; 7B, 8A: Dichotomy of chloronema; 8B: Browning

caulonema; 9: Branches of Funaria muhlenbergii protonema; 10: Branches of Pylaisiella polyantha protonema; 11: Initial cell of gametophyte;

12A: Meristematic cell mass; 12B: Rhizoid; 13A: Young gametophyte; 13B. Browning rhizoid. Bars: 1-5, 11=50 zm; 67, 12=100 um; 8 -10, 13=200 um

i 2 22 AR B S A i v 0 46 o A 7= A LR R RE 41
JHo F) it 22445 (caulonema) . 22 ARTE K B 5 AR A48
b 1: 8B). 1537 21 d I, Shee kA K&k BN
P, TR RUAR 544 o

2.3 MTHERE

Fi g% 22 d Iy, AL BREF )l 22 AR A K 3 2
100 um B, FFURI b7 A2 B T4 S5 45 41 i (gameto-
phyte initial cell) (B 1: 11). 557% 24 d I, B 745
GR AN NI A O S EDIR ARG o &5 b, DAASXS

K77 24 (asymmertric division) 5 = 7 AR 4 A2 4
it [ (meristem) (&1 1: 12A), S FOIRFEAYH i 45 H 5
TR AT A AN B SR AR I 22 R B (rhizoid) (B 1
12B), AR IEMHE, HAKHEIRL. £57F 25d
I, BRI 2, RSk ek
MR 22 Ak b A KRR R AR A, IR 4y
RS ERTF R M 250 . 3597 28 d B, RERH)
I3 FE A B TT IR AT BUR 1~4 v #i i 4l /NBS
TR 1:13A). 1597 30d B, Bk AR T4
HELEIL (K 1: 13B).
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3.1 faFEH KA

BUBHERGE A TREAL 1~3 i &, AR K AR
LR IR 224k, 15 IR 224 R B By BL Sk 22 ik o 4 77
A SR 22 A, T T A G 40 B A Bl 22 Ak 1 A Ak
7= . 2 B Nishida X 8% A9 Kk & 8B 53 b
1, BT AL BR A1 T R 28BN AR AU (Bryum-
type)28171, Nishida tAAy, £ 2244 PRI AT
b, BA KRG 220K 5 224k R 4502 SR 2244
KRB RSB S BRI, i RRAN
LA R B SRAA HA AR s e A A -2,

3.2 fF i KA 5T ASRHMERIAE R

B S 1) 10 1 T B i I ) DS] 4 o A [R) T A
E 22 S PR g e S5 6 il 12 # 7 % (Funaria muhlen-
bergii) fll 22 L& (Pohlia elongate) 9 Fhf A M 1)
WHR, —ik 3~4 d flaFEPFFAaEE RO, B ek
S5 50F 21 3 LB RN T B S 10 B AR W (A
TR, 2 50%EES A8 KIS TI4E 5 d B
W, ASHIE T8 20 A GERE/NTL & (Barbula indlica)
55 18 FEESSAEMIRIRIT SR, T HAS TN 23 um,
T R 2 1E 2~4 dU8l, FEEERREWIA T 5 A
W E BRI T IEAS, iR T ALk
TR, TYERL 249 umlol, FERRILLE (KT
TR, BREE R B A 17 T3 AL 26 um,
T HMEEJR RSP E Ik 2.6 um,  ELHAEESSAE T
MEARK, HIEEFEXTE RS, ARG i AL ek a1
TAEHFR 5 d NIFAGWI Kk, 59% 8 d IS A &I K
17 IR K A I [R5, 31X 5 H A B )5
BB RN, X MR AT R0 5 A RE S 2 A R
SERIIARAL, TR R ) B R AR A Y TR R 2
— . TAHT A T 38 RE WL EE B T IO B B
T SRR R ARIO T, 3K T AL B Al BE AL
JZ, $EIN T SR AR S A5 20 AR A FE) M FEE AT 18] o

3.3 Rethk BRIt S AESM

TEIR 2R R BB, ZLEREE SR LK B L
FER 24K T3 5 ORI E K, IR 2244 90% L LY
RS EDSCRD L X ST R IR R
NREEER, HBA RIKLIRIF LR R G 6
ERBEEBERAEY A BN T . 1) BN B K B4
BESAEM I ek L2 R A A ) — BB R AR

Fhikez R R E, AN RIS — RN A )k
F/ T QO RTIB200, i RUSEREE J AR 22 AR LA
— MBI — LI f 3 LA /NT 9043 X 7 2]
AT WERSAIIAEE, B2 S 18 itL,
A H BTRITEIRRAE, — = 1 &S e
KPR TEIR; ROy T IR BRI AR
BHE, PERKER. ZOPREE IR 220k — o0k
TR SCIR G Re 44, REDRIEY KR 2248 R S i) i
D IR AR B IR AR A B .
R A _E— B fRrr e A A, R
IR AR N EEE, R AR F B
ARSI . ZOHEREET iR sERAE Y,
HAAFIAER I S5 B, 7 A s vp e
TR B SRR 3, R K
R, DL, ASHEFON B EREE I 22 AR o
PEDRRFALL 55 et B SRAE Y0 R 2 FL A KA SR 224473
BoRk B AMSARLL, ERPRRECEY TKACR LR AL

3.4 T RAEBBRERE

i W TR PR A A P AR B R B
RefE, PRIC K HC TR PUE S AR AR, IR RIK
RAAER . BERAEIIC TR £ T B BN
TR R RE BN TR R g, W] L
WAMEARE LS TR, P AERAL, Bhm e A
Fo v . AHETCEE T i AOX SRR, fEE A
22 d fIFTA], 35 TR HHALER BRI T8, AT RFFEK
FLH R 7720, [FIREF 20 d e A FRD e T et 2 g4 2k
BRGNS G T AR AR, WL, X 2 FpOr R
PR TR R AR — 2. Rk, e ERATT
JERFIR LG, WREA G Figie.

SUFIERBEA TONEESN I, WIRINTRD S d, ZREZPA
i Sy RN P s R e o A L NV R AN
SEAE R 224k B, JRIN 22d, T REACNE
B, BN NIRRT 1 A BN
BREEAE L R A B R B R R TR A
Havrl, =R ALY R0 TR Edh
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