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Abstract: [Objective ]The aim is to understand the difficulty of seedling breeding and to solve the natrual
regeneration problem in declined stands of Pinus sylvestris var. mongolica sandy-fixation plantation, response

characteristics of the seed germination and seedling growth as well as resistance to drought stress were
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mined. [ Method JAn indoor control method was used for drought stress, with PEG 6000 (polyethylene glycol)
solution concentrations (in MPa) and treatments being 0 (ck), -0.054 (T,), -0.177 (T,), -0.393 (T;), and
—-0.735 (T,). Seeds of P. sylvestris var. mongolica for different stand ages from the south margin of Horqin
Sandy Land were selected as study materials, with characteristics of seed germination and seedling growth were
measured. Drought resistance of P. sylvestris var. mongolica were analyzed by using principal component analy-
sis and membership function method. [Result]Seed germination percentages and seed germination rates de-
clined with an increase in time before germination in drought stress. Seed germination duration shortened sig-
nificantly for T, (P<<0.05). Differences existed between stand ages and responses of seed germination charac-
teristics to drought stress. With strong drought stress, seed duration was extended for younger forests, but seeds
of older forests finished germination rapidly. The threshold value of response to drought stress for seed germi-
nation percentage of 28 year-old P. sylvestris var. mongolica was maximal. Seedling growth relative value de-
clined with drought stress and increased firstly then decreased as drought stress increased. Embryo length and
hypocotyl diameter decreased overall as drought stress increased, and radicle length increased with drought
stress. The membership function method showed that drought tolerance for different forest ages for P. sylvesiris
var. mongolica was in the order of 16 a>28 a>35 a>54 a. Responses to drought stress during the germina-
tion stage included reduction in germination percentage, delayed germination, extended duration of germination
time, slowed seed germination rate and increased radicle growth. [ Conclusion ]Drought tolerance of P. sylvesiris
var. mongolica during seed germination stage decreased as stand age increased, making it suitable to select
seeds during the early production stage to promote natural regeneration of P. sylvestris var. mongolica sandy-
fixation plantation. [Ch, 4 fig. 5 tab. 31 ref. ]
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Table 1  Overview of the seed and its collection sites

it /a B /mg RS BE (R - hm™) B i /m Wi /em R b A 25 71
16 8359 + 9.4 690 5.42 + 0.16 13.12 £ 037 B+ J8 4+ Pk R RE VS
28 694.8 + 7.4 530 8.09 + 0.22 17.71 + 043 Th 40 0 2+l B2 B 0%
35 856.6 + 13.4 550 8.61 = 0.34 18.82 + 0.44 b+ MRS +Hl 2 B VR
54 747.0 £ 7.1 310 10.93 = 1.10 2344 = 0.60 T+ JE T SR
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15%(Ts) . 20% (T,) 5 5 A Whaa a6 B, SR 386 B 53508 0, -0.054, -0.177, -0.393 Fi1-0.735 MPa'™!,
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Table 2 Two-way ANOVA analysis for the effects of forest age and drought stress on seed germination for P. sylwestris var. mongolica

il A & IS i & i it ¢ I
Jis: | B = -
P F P F P F P F P
+ 5 g 4 44,787 <<0.001 2.961 0.031 12.372 <<0.001 4.338 0.005 10.736 <<0.001
M 3 5.416 0.003 1913 0.143 4.064 0.013 0.981 0411 2.059 0.121

A T~ 5+ 38 12 2.868 0.006 1.286 0.265 1.013 0.455 1.667 0.112 2.334 0.022
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Figure 1  Seed germination percentages of B2 FRELETHTHLERS

different treatments Figure 2 Seed germination patterns under different treatments
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Figure 3 Seed germination rate of different treatments
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Table 3 Two-way ANOVA analysis for the effects of forest age and drought stress on seedling growth for P. sylwestris var. mongolica

e o g 4y i ff oA 2R AR JV i AR
P F P F P F P
M 3 5.583 0.002 5.708 0.001 1.587 0.200 2.388 0.076
T 5 A 4 24.260 <0.001 48.129 <0.001 8.437 <0.001 16.565 <0.001
M x T 50 8 1.125 0.357 2.880 0.008 2.342 0.027 3.450 0.002
3 b

IR SEAR YR TB ARG AR | A B S REBR M D] 17 - R R A A R i —, X
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JOLPE XS TAE ) R G E O K SR PEG 6000 #5240 5 38 BIF 5 O AR 04 5 e K B SRk
POESER AT EE G100 ARBFTE R B 4 ARG AN R T AR | AR A RZF R S A R
W 530 B4 R TR R, R R A L B DI | gso. teo. WRARC SR AN AR ) B AH R
e, W, IR AR T R A T R T B A IS, B TR AR, R R s A
SER BRI R I, BRARRD Tl R A, 3 DU HAB R 5 B 4518 — B0 HAHISE 28 4F A A
TR A RS 5 A0 o RO AR AR A, 3K AN A AR o R TR A0 A e R —EC R
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Table 4 Seedling growth characteristics of different treatments

4k M ZF K fem AR K fem JA Al A% fmm
Bt} 16 28 35 54 16 28 35 54 16 28 35 54 a
o 2.30 £ 2.16 = 225 + 1.98 + 3.88 + 438 378 4.05 = 0.78 + 0.70 = 0.83 + 0.80 +

0.08 a 0.14 a 0.14 a 0.12 a 0.37 b 032ab 024c¢ 0.53 a 0.04 a 0.02 a 0.04 a 0.03 a
T, 1.63 + 1.43 + 2.18 + 1.70 = 411+ 3.88 + 5.80 = 443 + 0.75 = 0.73 + 0.81 = 0.68 +

0.04 b 0.06 b 0.05 a 0.08 a 033ab 0.3 b 044 a 0.37 a 0.03ab 0.02a 0.03 a 0.03 b

1.71 = 1.53 = 1.58 + 1.73 = 6.08 + 5.11 + 5.06 + 4.70 = 0.73 0.66 + 0.66 + 0.73

T

P o12b 0.07 b 0.14 b 0.16 a 0.24 a 0.58 a 0.55ab 041 a 0.02ab  0.02a 0.03 b 0.02 ab
T 121 = 0.76 + 1.20 = 513 + 3.20 = 4.07 = 0.68 + 0.66 + 0.62 =

*0.06 ¢ 0.08 ¢ 0.13 b 025 a 0.14 b 0.26 be 0.03 b 0.02 a 0.03 b

YL ARG SR 50 A BER 2l A AR A 25 7 2 2 (P<<0.05)
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Table 5  Subordinate function values and comprehensive evaluation of seed germination and seedling growth for P. sylwestris var.

mongolica under different treatments

i /a [iFES WA Al B 2 AR e ARG RE HERF
16 0.56 0.39 0.76 0.71 0.53 0.64 0.638 1
28 0.60 0.33 0.65 0.69 0.50 0.54 0.592 2
35 0.48 0.38 0.54 0.60 0.58 0.60 0.518 3
54 0.53 0.23 0.69 0.56 0.53 0.53 0.513 4
EET 0.235 0.203 0.210 0.336 -0.171 0.187
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fI%, ATULEI RS i g A Hbt—@ TRba I ae )1, X 58T 52XV kA Pinus densiflora
FEF IR ¥ = 42 Picea crassifolia AT 45 5% —2L
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W I3, A7 26 5, PRI A X 5 /0N A R~ A T 11 2 23 i 1y 1 55 3 1) B (B R, AN [r) B 2 A6~ A8 o 1817 &
RIPUR B A FHR AT, HETT R AN [R] AR I A A8 N AR 25 9K S0 A bR 20 25 4 I 455 15 S 4 P4
MRS . WEITAEPIRESE R BT AR W R RO, AT R R o T HEWT SRR AL
ot ¥~ W A TE TR AE I B BB P . ABESE SIS R EOE 5 BT 4 R WAIE S — 4518 . ARIRE/INMY
Tl 51007 4 I S AR 1 S D BP9 T SR T W R SRS I R, R R SR ) T 5
JE I P A AEAR IS 22 5, R T [ AR SR AR T A o 1 T SR BN A N SR AN TR, R A
XoF R 3 o 1 A A W R RS L BE T SR A0 G R AR T A 2 (R R A A S A
TR T AR AR R 0 KON R BT R AE ) R R AR ARSI A SR sRAOR LR S T A R SR
W . 28 AF AR AN TE A 07 A B Br BT R e, A A A KR AR TE T A A TR B A AR
W/, ATRE S A BT R AN OGS4 AEAERETIAE T, B N AT R AR, S AE KRR TE A
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