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Germination of Pinus tabulaeformis seeds with PEG 6000 osmotic treatments
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Abstract: The effects of polyethylene glycol ( PEG) 6000 osmotic treatments on germination of Pinus
tabulaeformis seeds were studied through an orthogonal design (L,3*, L,;4”). Seeds harvested in 2002 had
differing water content, and seeds harvested in 2004 were artificially aged (40 C, 100% RH) to different
time periods. These seeds were then subjected to different pretreatment combinations of PEG solution level,
treatment duration, and temperature. Next, seeds were germinated on a cotton bed, and the germination rate,
germination index (G, = Y G, (germination rate in certain days)/D, ( number of germination days) ), and
vigor index (V; = G,/fresh weight of seedling) were statistically analyzed. Seeds harvested in 2002 had a water
content of either 9. 84% or 6.03% , were treated with a 200 g -kg ™' PEG solution, and had a treatment time
of 1 d; seeds harvested in 2004 were artificially aged O d, were treated with a 200 g -kg ™' PEG solution, had
a treatment temperature of 25 “C, and a treatment duration of 2 d. The seed germination rate was higher
(P <0.05) after treatment and seeds sprouted synchronously. The range of water content for seed germination
was wide with seed germination being inhibited at lower seed water content. Seed vigor decreases due to
natural aging that were simulated with artificial aging were restored with PEG treatment of the artificially aged
seeds. The different content, treatment duration, and temperature of the PEG solution had a definite influence
on the seeds with the PEG treatments, overall, helpful for Chinese pine seed germination. [ Ch, 4 tab.
14 ref. ]
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1.1 ##

THFARD T H1 B PU 2 MROR RO BT 2 32 42E 435012 2002 4EF1 2004 4EFk 2= 1F H s FP 7, Fh TR
J&, HMEZRME(GB/T 7908 — 1999 MR BTt /390 ) AT i 09k, 4IR30 1 9, 2 a RULHIFH
T3 BT g T R MOl K 2B el 4 CukA T, Rl kaB R, b B & 2RI T
2005 4E9 A, NA), ZERG AR R ZEF T UL SR,

PEG 6000 ( 73F-1t°4 6 000) BB /K R, A E B2 (4R B fhesial R A w4,

1.2 EXRBI&IT

PEG 6000 ¥ AL BRI AN B 12K FH IE IR 11, 2002 AEFh AR A T 28 oKL 1, 2004 4F

Pl Ab A R 2R KoK LR 2,

®1 2002 £MF 1,3 EXIKIEH x2 2004 EMF L4 EZIRE
EZEAER FIERKFR
Table 1  Factors and levels of the Ly3* orthogonal experiment Table 2 Factors and levels of the L,44° orthogonal experiment
for seeds from 2002 for seeds from 2004
PEG 6000/ \ FFEfe PEG6000/  AbEERFE]  AMREREE
K FhT kR % AR/ 2 S -1
(g-kg™") BE/d (g-kg™!) /d /C
1 9.84 100 1 1 1 0 100 1 15 1
2 2 150 2 20 2
2 6.03 200 2 2
3 4 200 3 25 3
3 3.97 300 3 3 4 6 250 4 30 4

1.3 iREAHZE

1.3.1 #FEKREREE KGR FRCT URERCE TR TS, SRR, PR 5K
BHIN9.84% , 6.03% F13.97% . Fh T &K B E K IEMRA T PRI AL

1.3.2 #Fmik i SBHKEKCAIEE, LL40 C, 100% HRHEEEFRE s s 124k, b3
gida, HRTFEGRT, &H.

1.3.3 PEG B4 ZAT  PUSMLBEN 400 FiFpFHUE T 250 mL H4RH, 0 PEG 6000 ¥, fif
oo PR, BB IR FRMCE T ARSI T, FRBES R s, 280K 585 h e fh
T, rhvkseEe ) WKAUR ERD TR K

1.3.4 #FEFRE  RKBHAF PRI TR EZEAE, 4 x100 B, KZERE R 25 C,
JERE12 h, Pk 2R R AT IE B WK, R RICEM TR, B RE, e oA
g

1.4 MEFIR

141 RFF RZFIR = TEDE R R N E R A2 BR800 & 250008 Fh 128

1.4.2 RFHK(,) 1,=X6/D,, Hh. CIEEANFRBEEEZRE, DIEARMNEZERE L.

1.4.3 B&mE KFESRGE, R EZFN PRIVIER 10 B2, #H 1/1 000 XFFriE,
DAY 3R i o i



5505 HE 3 RS PEG 6000 75 3% A0 BEXHRAARE T & ZE 5 1 291

1.4.4 Fh483 T = REFFEE < BREE &
1.5 ¥z
RIS EAE AL RS By Excel F1 SAS 6. 125k F5E 1L,

£3 MFRFHEN
2 HERGpAT -

Table 3 Results of variance analysis of seed germination

2.1 2002 EAEEKEMFLEFRELER REEGR  ERE RER RFER EOEK
M5 220 A2 (3R 3) AT, IEAC I MEakE  5.25°  417° 0.6
T3 WK ER A, Fhr Sk a R & 2R R SR 2002 PEG UHUAMEC 3.46% 344 2.88°
BRI E R PEG Y 00 i 43 800 & 2F PEG JRHRIA] 13537 19.40° " 6.85°"
R IFIRECNTE I8 B A B, PEG FTZ AL 953.17° % 827.43° " 382.33% "
ALBRR RIXT & 28 % R ZEHR BRI 18 BUEAE oy PECTEAE 237300 170770 12430
W, 2 EXT e R (K 4) v, L PEG RbBRIA  14.54° 4,667  5.86°"
2 AN 5 R BR AT BV BT 15 F5 o PEG MBI 29.72° % 20.11°°  7T.64"
WHE R FKE 6.03% Ff 08 H i /0 51 VU RO TR EFEEIT L LR
3200 g +kg "'PEG #WIRALFE 1 d; LR ZEFEEK Table 4 Duncan test result of seed germination
VB A e bR A T EDW A3 B P A e AR RS 1A Kb . VK OPHE P
e K 9. 84% Fh Y- HI BT i 3 4 200 g - - R/ % FIRBC RN
kg ™' PEG RWRALER 1 d; LATE J148 50AE b iy Wpakm b BA6TIA
RS PREAT BT R AR R . Fh Tl /% 603 LA 6.64A
JHITRESYEL 100 ¢ kg™ 9 PEG Y RALEE 1 d, SO
RIS EE A ULE . VAR R 2F 038 H AR R FEG 6000, 00 76B - 6.25B 0.907 B
[%liij:, {B/E\7J(§Z<mj(ﬁ€, ﬁtg@ﬁjﬁﬁﬂf\‘, 2002 (g-kg") 200 82 A 6.74 A 0.929 BA
ﬁﬂi%r‘%i 3.979% Hd‘{%é;ﬂ‘ﬁ%ﬁﬁfﬁﬁzﬁ 100 79 BA 6.58 BA 0.988 A
WHEIER ., 58 RAh, mmFhr& 1 84A 7.21A 1.016A
T80k 200 g.kgflgg PEG AW ALEE 1 d, Ab 3 a]/d 2 73B 6.25B 0.903 B

W

80A 6.11B 0.904 B

AR T 01 & BB A BB ST

2.2 2004 EELYFHFEFRIGER 0 87A 85A 1.294A
HIJ7 22 A0 W46 S (32 3) AL T XF LL 45 ehntia o o0 TRELIEE
(FHTTA, AT Z ALY 2004 4E AL Ff $ 80 3320 0.506¢C
T2 PEG VIR B BAL PG, 4 A 20 & 4 6 4D 02D 009D
F . RIEFSHONTE JIF5 L3 TS bR 0520 1 K 100 47C 409C 0.595B
mﬁgmyo uﬁ%ﬁ?ﬁjﬂ@f%?ﬁ‘ﬁ%ﬁﬁ?ﬁyﬂ PEG 6000/ 150 56 B 4.84 B 0.773 A
OB BRI AL A . AT 2460 d (30 (g-kg”) 200 6LA 5254 0.83A
*’ﬁﬁ%ﬁzs OCﬂ:fﬁEpéé}ﬁﬁﬁﬁjﬂZOOg o0 250 58 BA 5.23 A 0.806 A
kg ™' PEG JWAbTE 1 d; Lh% ZEHSRLME o i I 60A 4944 0.841A
RS ARIEAT BT S AR AL A . A pana 2 A 134 0712BA
T AL O d BIIFARNF1E 25 °C FREE h 4 JFi i 3 BB 4468 0727 BC
SYEL200 g kg9 PEG VRHRALTR 2 d; LU Pooowh amanere
SR o 5 RS AR AT VAT AR LR 25 60A S2A 08054
AN, NTEIO0 d IR T 15 CHF pEpwc 2 00 OB S13A 07914
%'#2%5&%%@200 g 'kgflE/J PEG /ﬁ{f&iﬂ‘fi 15 57 B 509 A 0.784 A
30 46 C 3.97 B 0.626 B

2 d, [ Z\Ex g Rl . AL a7 &
TR R IEFRBURITE TR EE bR ] T R PR
s AR, BPEAk 0 d>2 d>4 d>6 d, it

Ui BN a=0.05, HHEFEEFRRAHLR 2258 83
2 HWFER T 200 & T IC L EXF L,
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ISEE R . N T E AR 708 J128 4k 5 A SR B4R AR, RIEE AR TS S Bsm g Fh 706 It & F
R, BT BALFh 7% 1 R B e 2 AR AR 2 d JE P i g, 254 3 Widsebnnl i, PEG A
J i . A P A A P IS ] 3 OSSR, (HJL L PEG IR T /050 200 ¢ +keg ™', AREEIR
B 25 °C AL BRR ] 2 d FefE,

3 itib gt

TEAIRS 1, PEG AbFRRCR F R R MRS 5 K R TR, X 5 RZ IR =5 kg1
SAERAE T O KD IR B IR IE PEG AL B AT LR E/NE Triticum aestivum 2T AR K, B AE
ARG I R, EEH IR, PEG AbFRRCR (MR AS (AR BLAE 0 o Fh -8 & J7 1T, X4 i A K A A2
HEVEFH WA (R R Fh i A& 1 5L hih S

Pl R TF 2K, (RSORS00 R Fa4n i, B35 01 F R, PEG A REAK
POVER, PR IROKE ARG, MR LA KR 2185 shif &, IRGRER, At
FAEAI RS B, A AR R R BT, S K R R A WA e, G R
T o KRR RS G I R —.

NN 1578 28 e e 7 e S P R N B N - SRR & N N - S o A 1 B o N s R € 2B s L 1
J1AR AT AT AR T 2 AR iR+ AR B At /8 . Fh 35 J1 78 2 Fhoe fhad A8 v R 3 s R4
AR, RIS & DR 2 A B RS, MiIRTs AL BRI Fh 3% 1 T AT A, (H
i PEG BB HEn] LU F 5 SR8 — @ ik E ", B AR E A A TR FHi &, AREREIES
S IS 8 AT AR AA Tl 8 R AR K, X 58X R A S HELLAS Pinus koraiensis Bl T ALK 5
JIARAS LS AR, AH N T8 A R[] 54 D)2 o ) b 7 1 %

PEG AR A3 B TR 7o | R R 06 H 2, 2R B4R 1 PEG BB AL T B 5B
W BIEIREFNSEN ], BN MR ARSI, BB IS RN AR R
Pl “3GE” HROKAT <747 MUK, DURBISAET I RRCER,
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