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T E 5B 42 (Cathaya argyrophylla) AR EFFA LR G AR T, HAE B AT M, B NER | HEARPHED . B THRE
FhF B AR R AR, X AT RSB A A SREHTHR BE 0%, MBS T TRE . SKREYIRRERA
[RIORAE J7 B X b AR BEVE MR R EAT T B 5T , B AP TR F TR R A 35 HOR ZF SR I AR AL i 3 LA A [R) - 588 7 %ok b
TFHRRURIEAREREE R W, 45RR0 AT H7K 70 SR R R IEAE 16 J7 B R 58 , 07K R B3R 8 S BURAZ
FHUEALERE AR LRIZ , KB R B8 (AR ARAEAE 90 d) 1 BLFPF RE SR THAE ™ 2, HU R ALEEVE 1 T RERIZY, S BUR FFRIMK
(2.50% ) ; BB EARRICBA) r EXF 718 DR M/, B F R FRER, BRI EINRE. AARMELES,
REXFhF B9 KA —E B, o DL TAA RV GF, 48 1 /2 100 mg/L ¥k BE 1 TAA BEER R B 7 & 2F %8 30. 30% , R B
B, (EFEE A B W E , B TR M T B B8 i Rl , MR BRI BRI IF R B3

KR AR MR A A BE I R b B

Seed germination of endangered Cathaya argyrophylla Chun & Kuang

CAO Jiwu, LIU Chunlin* ,ZHANG Bin, WU Yi,ZHU Ling, LIU Guo, LI Shuangchun
Central South University of Forestry &Technology, Changsha, Hunan 410004, China

Abstract: Cathaya argyrophylla Chun & Kuang, a monotypic genus of the pine family, is endemic to China. Chinese
government lists it as a Class-I protected plant because of its limited individuals in the wild. Natural regeneration is rare and
it is imperative to better understand its eco-physiological characteristics of seed germination. Cones of Cathaya argyrophlla
were collected from selected healthy and 60 —100 years old individuals and there are 490 to 520 cones per kilogram. Every
100 cones produced 4.36 seeds and every 1 000 seeds weight 15. 8 grams. TTC test concluded that the seed viability is
50.50% . Storage method and duration significantly affected seed germination. The highest germination rate, 33.00% , was
produced under moisture moss at 4 °C after storing for 30 days. Both moisture newspaper and sand did not greatly reduce
germination rate at 30 days. However, average seed germination was significantly lower from 31.0% to 18.0% to 7.0% as
the storage durations went from 30 to 60 to 90 days. After storing for 90 days, seed germination were 13.0% and 2.7% for
storing in moisture moss and newspaper, respectively. For the long-term storage, moisture moss is recommended. Seed
POD, SOD activities and MAD levels during storages changed dramatically. The highest POD and SOD activities, 5. 58
mmol/g and 300 U/(g min), occurred under moisture newspaper at 30 days, which significantly higher than other two
storage methods. As storage days went up, no significantly difference occurred among three storage methods. The average
POD and SOD were 0.48 and 100 at 60 days, 0.71 and 96.8 at 90 days. MAD content kept high at 2. 71 mmol/g under
the moisture newspaper stored for 30 days, then from 0. 08 to 0. 51 for other storage methods and duration. After storing for
60 and 90 days, POD, SOD activities and MAD level were relatively lower and no significant difference was found among
the storage methods. Hormones GA, NAA, and IAA could significantly influenced germination rates. Under the moisture
newspaper storage, seeds soaked for 24 hours in 100 mg/L of NAA and IAA after storing for 30 days yielded 55.00% and
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55.01% germination rates, which were 83.31% higher than that of the control at 30.0% . After 60 days, only NAA at 150
mg/L soak produced the significantly higher germination rate of 24. 2% than that of the control at 16. 0% . All other
treatments reduced the germination rate significantly. After 90 days, NAA at 150 mg/L soak yielded 11.08% germination
rate, which is significantly higher than that of the control at 4. 62% . GA soaks under all three storage durations resulted
significantly lower germination rates than that of the controls and should be avoided. For seeds stored at moisture sand and
moss, GA had the similar effects as NAA and IAA. Regardless of storage durations and hormone concentrations, all three
hormones had less significant impact on germination rates comparing with seeds stored in the moisture sand. NAA at 100
mg/L soaked for 24 hours is recommended for Cathaya argyrophylla seed germination. Lower or higher concentrations of
NAA and TAA might promote seed germination, but not as well as 100 mg/L in general. As storage time went longer, NAA
had better effect than that of IAA.

Key Words: Cathaya argyrophylla; seed germination; enzyme activities; hormone

12 (Cathaya argyrophylla Cheng et Kuang) 3 EFA WM 2 SRBRHEY), CIINER [ FARTH
R SREZEUAME TS TR I BN 4 4 (1K) 10 B 30 40 A s L, RRRE S 2 78 BE TR I
W51k, ELFRBERUAEEL /N, 2003 A st b 2k SR iR ™ OB TE SR ™R . [, 1 S AR AZ BOM A SR
REHEHE 5 F AW R AV KA SE (R LR TS BT R R H TR R LW e bk B
VR B A S ERT A K DR A R TAES S E Y BIFR TRE NPT, MHERREZBEIH K
TR E BAERER L BEEVCARTREEZNRAREERERT EY ¥ E—SERFI LR, BIiE
HATEFTFRATRERREHERT , AET RE WA ER IR R T RENRRE,

WM TSR o 72 B R WAL — M X, (E3E 2 B ATE—FTAT A SRR . Fi
TEIH AR BAE T A7 BB IEH A ZFANAET , BT, F 7B AL A B RAR S R ME RS 22—, TR
TR IRABIR N TREMEHRP SME RHOTRA L EEAAERE L. A RELH
FAHBAES YT E NP IGER D, MR PR R Y SHE MBI L, SRS 35 BRI Al RAK
P PR, Fh 20RO , A 0 1 IR LR , 3 B0 1 I SRR T R b o
WEZE S KA F U IBA (5| T B2 Indole butyric acid) B 2EFF ALY BRIEFL 75 % BT LA R BE 482 5 Fh 8 &
RO R TR ER B RS MR RIDNR YA R TR RAFRER TR A
&5,

SR, A EBFFEBREEGHRAZ A T A U A EE e S S R . B TR
IR AR FRRE RS, AR A ERRE K PRES AL EEE; MARNEHE —ERALRLE
SRYERY B o BTG PR P4 o AL YE LB (SOD) A4l AT P IR OB A BB , REHS it B 77 78 HY
B AUA B 1 vk AL L B MR/ B H, 0,5 13 SR ALY B8 (POD) 2 R H, O, 19 X B B ; TN B (MDA,
malonaldethyde ) J2 i JF i A A FIRYZ 71, MDA & B3R 7R i i S8 A58 B2 AR 28 G40 7 R B, gt 35 A 1
) FEHEHR ' SOD \POD I CAT RARHi AL RGN FER . HIHHER R KA LA B4 SURST B BT A
i E FPTESE M E BE 1 BP0 BRI, BT 738 72 T R PG AR A9 AR /K P AT LA R R 13 S B3R5
FIHHLRES

APFEHI E B : (1) TR T R REARHE (BRR I AR TRESE) 5 (2) BHFER R 7 30 Fh
T R AR LA AT A A 7K 922 A0 B A7 25 52 5 (3) BIFFEAS [RIR A B XS SRAZ P 7 0 R B B2
Mo FEXTLA L 3 ANRIERAYBT IS SRR L, 38 KRIRAFSRAZ P T OB 207 16 N RAZ 3Rk T B T 4R A6 G
AR
1 #R57EE
1.1 SEmbhe

BAZBRR T 2008 4F 10 AR AR A BT T B S FE 1L, R Ko, Wit 60—100 a 40 B 8R4
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20 Bk, BHRRAL TR H ZSMBAIERR 0. 50—0. 75 ke, Fi5 NBRCR BB 4% 3 Fh 7 L b7 58 - IR AR 22
FIRER (AT B ERE IR (R IR) MEE#aE 4 CHR(EE#R#) -
1.2 FhFREEA R PRI 2

PP RO A AR TRLE LR B S 7K 3 KR B 1A 15 S5 E S (R & B SR bk
W TS SR T,
1.3 AEFEMIER (PUAEE R SE) M E

WAy B =, SR BK PR EE T, B ER 4 R, BIRERE S HIHRBUREZM T 0.2 ¢, TAE
AUKE BRI & 0. 05 mol/L pH7. 8 BEERZE Ml B2 0 3hb , WHIE BUA K, 51 B A 10 mL F) L
Brp, ABERE M BEZRS] 7 mL,7E 8 500 r/min Z5/4 T B0 20 min, B IR EZF] 10 mL, B EEHLIR I,
FATI AT BEE T

(1) POD ¥EYEMIRE  SRAMAIAB ™ BEE vEME ; PR R AE 2.9 mL 0.05 mol/L BEERZE Ml ;
1.0 mL 2% H,0,;1.0 mL 0.05 mol/L FRIARM 0. 1 mL FEE, FIINFEDE S min BIEGBCHXS IR, SOBARFR
ABRBJE , SLRIT 34 CoKBHARIR 3 min, SR/ AR 1 45,470 nm BT HA, B 1 min 385 1 REOE
B, IER S K RE AN Ao 2246 0.01 25 1 AMEEEMERAL(U) o BETEHERL U/ (g - min) KR,

(2) SOD J&EPEME 28 Stewert il Bewley' ™ #1fi] NBT Yefbif JR A o B AMAT 3 mL, Horp 4y
A 0.05 mol/L BEERZE R 1.5 mL, 130 mmol/L H R4 ER 0.3 mL,75 pumol/L % 2% PUmk 0.3 mL,100 wmol/L
EDTA-Na2 # 0.3 mL,20 umol/L Z# X 0.3 mL,Z&#H7K 0. 25 mL FIEHRK 0.05 mL,7E 4 000 Ix HYET i 20
i, A2 W AEREAE AR, 75 560 nm B4 T Ho . B SOD 3 22 PG5  50% B SV
1 ANERE S840

(3) MDA FEMME FRAMICE L ZBR(TBA) leapk! . BER%—REUER 2 mL, /it 0. 67% TBA
2 mL,IRAJS7E 100 ‘C/KWE 17 30 min, BHFHEL 1 K. 43 31I%E _EIEWAE 450,532 nm Fl 600 nm 4t
HIR B, 22K C/pmol/L =6.45(Asy, —Ag) —0. 564,55 1 MDA YRJE , F55 it B (i fif B 2 4 1) MDA
8 (pmol/g) .
1.4 M TFHEELELE

¥ 3 MR EIC AR T P, 25 30,6090 d 5 #4351 R BE 50,100,150 ,200 mg/L (#7585 3K (GA) |
R (NAA) 5T R (TAA) VR R 24 h, B 71T R ZFIE . SETndkit 12 b3, AL H & ¥ 4
HE, BNEE 100 hiff ¥,
1.5 SEitoatnk

U T AR E A SH W K F (Germination Rate) = (WHAMFH/SHMTEH) x 100% . FHE F5
HE2= J EIFRAL P SAS 9.0 Excel 2003 S8, A I K G5 R LA B K B 70 3 + dRifE2E” 3R , A (] Zb 28 (7] 1
Z ST R FH R 7 7 2237 (One Way ANOVA)
2 ZR5H5m
2.1 REMFHER

SIRAHAFE BB EAR KA TREHEELS 2B o BRI, SR T RIBR R 5 b R TR
H LR E SRR KR MBS RERARH T TIE, 8RR 1,

F1 REMTFH—RESHE
Table 1 Physical characteristics of Cathaya argyrophylla seeds

THHE/ g PR/ % FKE % WK/ % HEpNE A FhFLET J1/ %
Weight/1000 seeds Seed quality Moisture content Absorption rate Seeds/100 cones Seed viability
15.80 +1.40 70.50 +8.80 11.83 +0.37 37.45 £3.07 4.36 +3.05 50. 50

ZME, 1 kg IZBRE 490—520 4, FHK 2.89 om, B 1.42 em, BRBEFMFE2.5% ,F FILR E
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70.50% , 7K 3 11.83% . WAZEEBRRE H A B 225 B3, P RO 13 Kb 1% , P05 4. 36 ki, & 5%
FEREIBT0% o H—HHIME IR, AL R ARBRR M EEA AR 2R WM T TREN
15.80 g; TTC Byl & RAZFh T B 4235 J1 32, A A 35 1 0 b1 5 8 50. 50% , To A% 715 43.75% , =5
¥ 5.75% .
2.2 ARG E AR IEN RAZF T RFREEE a0
T B ORAE I (B FOORAE I B X R FF RPN ¢ 35¢
— BT AR BB T — N ZERE AR, O T HRHE &
WA TR B 5 ¥ o BEAT T S IR R A7 IS [
RAFIT X R AL T A 2 R i, 45 R L 1
HIE 1A UE SRS R TR 30 d PR
2F4 ) 31% ,60 d B FRES] 18% ,F) 90 d Bl 7% ,
L B A BN ] BT K R TR SRR B T - m
WS ; BEE DRAF I 8] B RS, A [R] B R A T EE 2 2 B SRR Time/d
REFRBEEARA A FES . R A LE B R 55
ﬁﬁ{fjﬁeﬁ*ﬁﬂ‘?ﬂiﬁ gﬂ/ﬂ?ﬁ ﬂﬁz:lﬁl ’ ﬁ;*%ﬁﬂ‘]ﬁﬂ( Fig.1 Influence of various storage methods and duration on seed
RN 12.28% JBIPHIEIKEN 11.91% ,IRAKHIF7KZE  germination of Cathaya argyrophylla seeds
K 11.39% ,FEfEAF 30 d B, ARG AF 7 vt & 2E R %
M 255 AN 83,60 d 190 d AOALBE, B RS EIA K K 2 R E B 2 | TR U BOE PR AR . I, S5
KK ESHOQEE TR (4 C) RIF TR THEERF L.
2.3 ARGRAFITENS R T I A R G HIR N
2.3.1 ARRFFITEEXT MDA £ &1 POD {& LR
Bl 2 KRBT 30d B, SRAUETEAR M T AR AZAT 7 () MDA 585 2. 67 mmol/g B3 i T & SEI JURINE ¥
JEj8EI% 89 0. 17 mmol/g,0. 47 mmol/g;60 d 190 d X 2 M Bt ,3 Ry 1 i) MDA #RAL TR UM
AR T, b BRAS 1 AR AR 3R 2N, B U VOB A A T 136 1 RS AR 1 4
WAERS . BERBAREIDIC R T, F 7 MDA S B ARR I JeTt 5 MR A e, U AR It ] (30 d) F
TSR AT b T B SR AL R, (EL B B[R] B9 AE R (90 d) , A7 F- 3 MDA & BigA T [, RIB A FE 2
SRR S HZ A BA BB BETEKF
ARGAF T EEX S EACYI AR (POD) FE PEF RN LI 20 (/77 30 d LAJG , & % JRURIIR U0 I J8kk ot 1

WA W OERE 0B
a

% #H % Germination rate/%

Bl R R RN T R RS0

WA W OERE 0B

;:02:5— %05:

§/2.0 §'4_

;1.5— 23-

|\ 50N

g:;1.0— ﬁz_ b X

%0.5— b2 b X %1— bb 3 B

= & @ SalE § @ &’\
tﬁﬂ;f; Time/d " mtma*?ﬁ(]) Time/d "

2 FREMREFFHEXRIZHF MDA & EF POD & EAI#M0
Fig.2 Influence of various seed storage methods on MDA content and POD activity of Cathaya argyrophylla seeds
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POD TN 22 5 AN K, TR AR5k 9 POD TE PR B 32 8 T HE WA 7 k. (HBEE IRAF I E] i RE 4,3

P38 75 ¥ B R 7 POD & PEBAR , A ELIA) 22 S ¥ B IR B B 7KK

2.3.2 RRMRFETTEEXS SOD & PN 350 - mipaued m SEAE 0P
ALY ALEE(SOD) A 7E T A, L 300 L ot

N

T RFA MY LR PR BB B RS, £

SO AR LAY kN (| 3), S |

WHOT R AR T ) SOD BE A BRI, B 2 [

30 d B HRARICHAM T, P FRZBMBEAOMA, =K g 50|

BHY 0, X FHSOD BHEHEMKIRNE . 5300 U/ (e & 0] N2 2 s g
min) , SO 2 7 AR LA B BB K BB S

IRV B AE K B B SOD T3 FRILTIER SOD 3~ | §_‘ §“ §L‘
P BEER, o NS m m
2.4 RESZE IR TR RIS WA Time/d

HYIHMENMFHAEEREZENRETEMR. Bk E3 REREHEHEHT SOD Eia B
TR RV TR B #ER IR 3 P B IR SR A2 Fig. 3 Influence of various seed storage methods on SOD
T, 7 30.60.90 d J5 -2 S B E 50,100,150,  activity of Cathaya argyrophylla seeds
200 mg/L HJ 755 &R (GA) 5% LR (NAA) (15| Bk T /R
(TAA) ViR 24 b ME TAFWKERHFRER (GA), ZXZER(NAA) FIM|WE Z R (TAA) XHRIZFhF &R 2%
HIF , 5 R ILE 4,

ME 4 AT VR RIZ R FEARFIVREE R GA b3 , H & ZF 3R W AL T % FRAL A, B GA IFEAEAF]
FRIEFFHEE K. NAA FITAA SHREZFF I & B —& WARIER , BXHRIEZ R 795 & M2 #E1E F 3 2
RIVAEAEAERIRTHT, B 30 d 53X /N3 ; NAA i TAA (¥R BEXHRAZ PP+ & 1E T #5320, 50 mg/L Fl1 100
mg/Lif) NAA il TAA Jb3RFERAZ A ¥ 1) R ZF R B W& = T X R4, Horh DL 100 me/L Y #k BE £ , 100 mg/LL
NAA Sb3R FERAZ AT I R ZF R A BRI T 27% 5100 mg/L TAA 1)k ZFR XS B ) 30.30% . FEEEFF
B E] RS, SRAZ A 1 R ZF B, AN R R R TR BEXT R ZER M E R A B2
3 Fit5iie

(1) 4RAZFD A 3 A A RAE R B NFP - B4 8 A e A R IR B e L] 2 —

AIAFR R, R FTRER 19.7 g, RRB A TRER 15. 8 g, minfl T HMIT AR R #5713
TRLE 327.9 o, £ B IHEAF TR TRE(69. 1 g) #RAK, AFFFTEE R 5 HELL, F 7 R E M IF IR 2R
TR K firiz R OCSR F , XS Rl B4R R AR MR 11 e 25 SR B, [l —HRERAZ 45 SE MR R A AR ], BRER 19
KB EEWAER R RMERZ B SRR ERB R, SR REEZ R, &R EM T B RE
A T EEH 7 KR RFERFIZS R, X SR 2 RARMERS 22, B 2 8 1 U TR B S 2 A5, X Fh
G AT RERBRIE LRI A B A BB o ARIMR S AN AR TR E, B 2 T AMHEE
BB K. BENEILESEH R E IR T RIUE ' o APFIIERBEZF 76 7 R %
Jry BRAE — 78 AR IS8T [ P, 176 7 B 5 B 1] SEE 4 T A ) e, A A T o P o [ 5, i e B 45 T B B4
MFEBEELR 0 dJ5, RFRBRIK30 d K FHES0% UL L BERBEEMTFEERERE, F—ERIRY, %
R R IR AR, T ELR et b K, AN P& F la G4 &2 . ARBEHEFERMH T
IR AR Vb A B — BEIHE] 5 7 RERE AN . TR T R FRIRSE K, A T AL, B R 7K 40 H iR
DhERBAR , X ARAZ AR I R M S 3R, L R B EE R 2 — 2,

REE R, IRACEEARREA B RIHRAZR 7 K0 45 512 B FENE RIRIRE AR E , & BUR
KA T A BRSPS T MR R, HAh 7 A0 K P, AR 35 7 T Mels . 1R 3t a9 45 7 g AN 78, AR 5T
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10
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0 P b 0 .t ) . .
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16 @ wwo0d a ¥ 4L B Hormones
14 F =
& (Y
Rl
B | Omg/L B0 50mg/L
. = 100mg/L  0O150mg/L
8 200mg/L
CK GA NAA IAA
W 4b P Hormones

B4 FEHELEHREMFRIFZNZM
Fig. 4 Influence of hormones on seed germination of Cathaya argyrophylla seeds

RIEEES B IREE 4 C, BEES/KERN 12.28% ) BREREB L BORF I T Bk, SCREREARFH TR ARBHE T , 2E
KT #Aar. Hik, (R &E SRR RN T REERT T,

(2) TAA GEEEAT LR 2 5 i S o ) e AP SRAZ P 7 B R 2R 3R

PR B T REAS FIRR BE MO 4R R ARAZ P 1 0T 0, 3 I A 25 3R . ABFGEaR I, TAA \NAA AEBRAE4R =
WA T B ZFREZI, HA 2L 100 mg/L ) TAA HUR BT [HFEE R [B] K IE K, F7 B 86 k™
H, WA AR WBCRIF AR, REUTRY, & SWER IAA 258 B) TR 7 IRIR, 22t 507
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B,

(3) R RRAFTT EEXHRAZ A 7T AR & B RIS K P 28

WAARAT BV RAZ AP T HYTEACRHE P & MDA & B LRIZN, 32 W A b B8 75 ¥k S (AR AZ A1 AR AE 95 1
KRB AR o AR 30 d AbBRIELL T AL Fh T~ 20 B B o BUAR w5 A2 SR AL AR BE , 4L F) T B 3 PR
MRS HEE WM RBERE. AWM, HALBARENZETEZEE KT A [ATP, if 52 H 5
(TINADPH) ]!, B 88 A /INFIE 5 e [ 5 P A R 3o 3 /N B L THAE T RIS W A AR BEAR O™ o BRI, 3R
Zf#AT 60 d LURHLA AR R GG ERRIZUT M AT BB RERTHAEFE R AR . MRARAETF 60 d J5 MDA & B i
BURIZUT PR I MR AT BB 2R T B B 1Y A AR BT RE , S BCHLA MMt A B0 T 140 A T S BUAE 06 7 R 24
T, BRI B

SR, B E AR RE TR M THOUREEE S 2SS DAX 2 M7 LR 90 d 5
IR AZFH T, MDA \SOD Al POD RIVARE VA5t , R IATE M~ L R BRI B PR, Rl XA sh St R AR A2
P AT LUK A7 9 BR BB B T S8 i IR RO FF S0 K, X 0 TR AR AZ WA T 2 4 B I e (L R B AR B A
HIE

B AR R AR T A B A SRR R FATE B RS A2 Bl 7 21 4 i oh R B, X 2
HPfa A SRR Z — R TRIFAER R 2 2P REEOR T BLERE , BES BBERE B R Fl
T 7Kg, LR T BB E R, E R AT A . UL, BERERE 4 CAREIF RIS — IR I RAF J7 ik
TR T RGBT . NAA T TAA BVR BEXTSRAZRI T B A o0, Horh L 100 mg/L ¥R B2 Fef, 100

mg/L NAA L3R A SRAZAP T 1) A 2R 3R LUXS IR IR 5 T 27. 0% 5100 mg/L TAA f % 27 3 LU i g 1 30. 3% , 4k
AR MRt

SR , T2 4l 8 B RRA A R BRAZ AR T JRT I ) — N T 23R, NGl R LA TP A 45 L - 3
BIRA — RV AT SRR T R RN R B YA 2R EmEE. oh, MR T
HETEWERERE , ERA RIS HHE R 7 REMRS R RE 7 2R SRR R T
5 BIR AR AR AN RE AL LB o PRI, AR REUR B AR T AT 1, R 2L A AR Ik, 2
KA i g A Al o
B - 5C 40 PR SA TR A MM A SCE A T B, o BB Be Y ot 78 B 88 K B8 W5 B I g oLl B oK
RARE B/ NRBIRA TR B
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