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Abstract; Although many scientists have primarily concentrated on vegetation restoration in the dry valley of Minjiang
River, few species have been demonstrated to be suitable for the restoration now. We investigated seedling emergence,
survival, and growth of five endemic species, Bauhinia faberi var. microphylla, Sophora davidii ( Franch.) Skeels,
Indigofera lenticallata Craib, Oryzopsis munroi Stapf and Miscamthus szechuanesis Keng in order to assess the species’ ability
of drought tolerance and the spatial difference in seedling establishment. Seeds of the five species were collected in October
2005 from the dry valleys in Maoxian County, Sichuan Province, China. The seeds were treated with 2. 5% of sodium
hypochlorite (NaOCl) for 1h and healthy seeds were sowed from May 19 to 23, 2006, for a field experiment. The
experiment was arranged using a Completely Randomized Block Design with four factors: two contrasting field sites ( wet
Zuojishan and dry Lianghekou sites) , five species, two microhabitats ( vegetated and bareland patches) , and three seeding

treatments ( direct seeding, potted seeding with humus, and potted seeding with soil in dry valley). Seedling survival,
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height and leaf number were recorded three times; June 25, July 23 and August 23, 2006. All observed species exhibited
the flash of seedling emergence after 1 month since sowing. B. faberi var. microphylla, O. munroi and I. lenticallata
presented greater seedling emergence and survival than M. szechuanesis and S. davidii. However, dieback of all the
seedlings was observed in both study sites after 2 months since seeding, although seedling lived longer in the wet site than
in the dry site. The seedling emergence, survival and leaf number of the five species were not significantly affected by
microhabitat type and seeding treatments. Nevertheless, seedlings of the five species were more likely to establish under the
potted seeding conditions than the direct seeding treatment. These results show that low seedling establishment resulting
from environmental stress is a vital factor limiting population regeneration of those native species and vegetation restoration

success in the dry valleys of Minjiang River.

Key Words: dry valley; endemic species; microhabitat; seedling establishment; vegetation restoration

FhF S 40 R SRR AR I BT AR R B SR BREER T o AT A I AR R T RN R
J1 R E A T ERLR G W TR, R RERRE M RE R EZRR, IR
7] KRR AR R 22 52, WRD T HH T RE D 2 122 St R o St AR A A 0 5 o e 58 A e
3, B BB A RS B U, B AR SR A B PREEE B RE A 4 A BB A K R B O AR AR AR
FERAEBREMRE E@ES RS, M T HRLERASNMBREF MRS o MAeESAFED LR E
RNBRTL MR R W) , A T3 R Rk v B AR AL ) 55 ek A8 R Wi 7t 4
R AKNEERER

TREFEHHX , T ERAE LR B I £ SRR EE AN 7, K S0 2302 X 3505 05
P A E SRR E R T RI7ET 53 XA 3R = b 1 i SR A4 A7 T R R A R R 72
H R SCEAEIR' o FERCT T , HEANARAKR DR KRB B A R AR B P R B L XS R R B T R
ol %o o T R TV O BELAR, P S SR A A RIS R A, 38 et A e R B T L A T
REFTEMFRS  WAEHR LIROBOK GBS N " AR TRT HE 5S4 E)E.

WY 3 T A ICRAR PR P B R , R R A S B TR M E RO . RO, Af1—
BAEZIMX HTE LB H A SR BARNESTIR " Y M ARERS , HRAXT RN S tHEYE
BARAAF T 85 4 5 R ) Bk Z A B BT ST, AR 2k & i RO A A FE R R R A )
HEMERAER B TR, on T KPR AR . R, IRADTR & LW 771 R AE R ROET 2
AR FIMAES AT B2, JF 2T A7 A 20T, 1R B R URAM T b7 ¥ BB Figh i
AT BE D A AR BE T T I A5 3t XA R R A B R

TR A SR T MR 1 LR T R A BT A BEARRAE ™, 228 2 BEUIR AR 1959 40 A /Nl
R XFERARZMT RAERSIOK LA, ESHBHRMAE . FWHEN, %k L, T RS
X ZARAE Y1 A R B, S SR TR AR o ER, ST L X LI e IR s R R, T R A AR S
WERTEA B MRS, SR T HE SIS RENEA R KIS E BA BEZR X TR Yk
T, T A0 BB 2 b B HL i 3R A, TISE T o v R 3 BB D 7R 3 =22 [ WA 78
Z5, — g MR T A KA TR BESR .

T BT, AR5 LURIE B T R4 5 S LA EAEY A% &, BRI &K 5
IR BE AR B AR 22 55 A Ik o 5 B IRUESCBR P AN i 2 L (R 330) e B R & AT 0 (AL3g0) 24T
FLBTSE , il B AME RIS S I, B BZE T HR0T AR RIR - (1) B B AR S 40 1R ML) 1 e 8, A 77
ERRAERSEAMEZS? F—hBARMESZ R AR RNAE RSBREFEEZRT (2) T
BAIAR 2R A T AR L A  BRSE FiE BY RE S BGR 7 (3) T RIMALh#SE RS KR E A7

http ://www. ecologica. cn



5 2 FIRLTRREA S F 2 LAY E FFEEK 2221

1 IG5 A0 ik 36 49 7
1.1 ik

AP R RRUR LT B2 BB - BB LR RG] O, AT O3S R 7 1)1 48 BT St o8 B A N B B
F AL TURYL b — SR AT WA O i RSB 1L b B, BT & TIURYL B IER AR TS . XM
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HE LT A ARl 103°54" E,31°44" N, 4K 1650 ~ 1700 m, 3% 17 AR IR AR 27°, BT T30,
J&T B4R B, 25 SOM 388 BEAR X ALK, AR 543 10. 64 CAE[#/K & 574 mm, HREHZ U BRITE
(Sophora davidi (Franch. ) Skeels) %8 % (Jasminum humile L. ) .JEKR .35 (Ajania fruticulosa ( Ledeb. )
Poljak) >y £ MIVE NECEE A5 2 BEAHXT B K, —IRAE 30% ~45% FHBR BHIF . Wil HilEe S A T
103° 54" E,31° 50" N, ¥4k 1800 ~ 1912 m, Jtfi P4 54 B, B TAEFIRICIEFA A, B FIRIL T2 ALK,
St T, LIRS K ERAR, SR 13. 33 C, FHEKE 369 mm, B RMEB 32 Jy/N B # B H
(Bauhinia faberi var. microphylla) JEAR V.35 55 20 BUIVE A EKTE N LB 2 BE A, — R AE 8% ~20%

1.2 Ky

AR EFET 2 FPAREABI A : )1 ( Miscamthus szechuanesis Keng) F17% 12 EL ( Oryzopsis munroi
Stapf) Fl 3 FF G RHEAK RS AT (Indigofera lenticallata Craib) ./NEhEZEBEH (B. faberi var. microphylla) Fi
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MIRZFFFRIER 1, ERITEFMRA A R 1 7E G R R 8 o 18 PR U 5 A 3 DA S B B S B2 X 2R I TR 249

F1 IRITFEAAS WS TEWATFHE CFHHE £ RN =5)
Table 1 Seed characteristics (means +S. E, N=5) of five endemic species in the dry valley of Minjiang River

By Specie THI(s) — FFAKE(R) R (um) RIFH(%)
1000-seeds weight Seed water content Seedcoat thickness Germination percentages

JI|F= Miscamthus szechuanesis Keng 0.4 +0.1 11.3 £0.1 2.4x1.1 76

V&L Oryzopsis munroi Stapf 2.0+0.1 11.2 0.1 30.0 2.5 92

E#I7E Sophora davidi (Franch. ) Skeels 21.9+£0.3 8.3+0.1 95.0£5.0 41

IR A W5 11 Indigofera lenticallata Craib 5.4+0.9 10.0 0.1 62.5+5.0 64

INTL 5 LB H Bauhinia faberi var. microphylla 53.2+0.2 8.0+0.3 97.5+7.5 98

2 HEHRAE
2.1 KBt

TEPI AT A, 0 5 BEDL e AR 438 o BREAR 5 AR BEER B A I A B S BT R A il . 1Lk T
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150 4~,5 53588 Rk 30 4~ Hox 200 ASHT A& 8EF0 5 AR 513 F 40 4o

PR 0 34% 700 /MG s RESR , 350 MR BESR , HAg Mk e A B S B ILAR . 5550, ZEWT Dk
Ho % 350 AT EARRE LIS o
2.2 M

2006 455 A 19 HZE 23 H#E TR $BFREE R AR AR N2 B R 1 w7 Nk AT
2.2.1 ANRMAES T AR Tk
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PRAVE R 30 W, AR EAR PR BB 60 4 AP HEASHRENA 30 ) BRIBBER 30 1~ BAPEHR T B
PR SO KL —Flfh 7, #EFFh 733t 450 hio #EFPES, Bl T35 Mo HARTERE A S HE N T J7 A2 AR 20 em
x20 em KYEREIN, ERBE D LR 1 ~2em, fEFFIHCTEN SRR, (EAMEESR SR (R 2),

F2 IRLEHTFEAASFEMIE RN ESHIHESE
Table 2 Microhabitat patch parameters of the two study sites in the dry valley of Minjiang River

B LSRR Kk FHHE (em) SR (cm®)

Study site The type of microhabitat Number Average height Crown diameter

HRE 1 Zuojishan HEW R 35 Vegetated patch 700 45.2 +8.8 5465.4 +361.4
#L b, Bareland patch 350 0 0

Wi I Lianghekou HEW R 35 Vegetated patch 700 52.3+9.3 9537.4 +415.6
#L b, Bareland patch 700 0 0

AT OB (EFETEN S EN) B m AT E A 540 3 MR IR R TR F B . X
TR0 HbVE N5 2 AR B 0 R /N T B S I AR WG . RV RN 575 Hh - 3% AP 5 ik SR LA
[, fE3EH b, Fp 74 TRUBARER R AR . BA0Fh 20 3 B A 6 22 BEER 60 A~ (JEAFIEVE A 30
AN) BRHEBEER 30 A, BT EAGEAREE L 30 NMEF S, B TR AR, A S S R R AR
2.2.2  fRKGN SRR B PRk B A& R

e LR BAS AT HE b DA R B TS B SR B SR M B, SR A — IR ROK AR (H42 7.5 em,
FE 9 em) FATELSER . AANETET T HIRECT AT 2 FibE vk

(1) FoKFIALIE  DIAIERKFINE A B, #e g 10 Rifh £ 0. 1g f-7K 5 (Ciba Alcosorb 3 E5 g4
KRB RRAE]) BG5S HOKFNRE R EBATUCEA £ K ER AN, FBERREZFH T X/
B2 %, FERBEEERKA1~1.5 cm,

(2) B LAE  UTREWA EX IR EG N E RS M R I BB AR FE IR

BRI 4 M B R, 5RO TREUA L, AAH ;@ JEEt, AinEkH ;@ FREA
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A (ENGHHENE 40 ) B HbIESR 40 1,

2.3 HEisE

IG5 2006 46 H 25 H.7 H 23 H %8 A 23 HIREEFAE 3 K, BRIEEEY B B . HERGE
B AAEHESELT A BESESH. 8 ARBRH E 2Bt WA FAEMN.

2.4 BRBM S5

N5 DS i AR P R E AR A ST . B2 T, B AR KGRI X R 1 4 B AT SR
AR B A K SHCER R BE 0, B R 2RK 505 A8 GROK I AL 3 04T 008 & 9F . RIS IR R 7 24017
(One-way ANOVA) &4~ H I EC 4 i FAE 0 = BEFIM i BOEEAS [ AR B 28 Y, DL B A [m) 49 b 28 07 =X
ZIEHZER ot — SRR P AR Z RN SERBERNZES . RAZEZR G2 (Multivariate
ANOVA) 4r#rifath WyfFh FEFh AL 7 X RS 4 R R 7 X R F i SO S i R TE B S BAE A, P8
B B2 E R LSD i, 0.01 <P <0.05 hEFEE,P <0.01 FiKBE, iELKitaird B4
SPSS #F RS T #47 o
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Fig. 1 Average emergence percentage of the five species after one
month of sowing

Ms: )I| ¥ Miscamthus szechuanesis Keng; Om: 3% T= % Oryzopsis
munroi Stapf;Il; IR A TE Indigofera lenticallata Craib; Bf; /)N I
LB Bauhinia faberi var. microphylla; Sd: FHIE Sophora davidi

( Franch. ) Skeels

®3 BHIANARS HEDHTHERE (FIYME £ frER)

Table 3 Seedling number (means +S. E) of five species after one month of sowing

B A PAEBE hb3 N AR HRIE IR A ANCT &St A
Study sites Microhabitats ~ Treatments Ms Om Sd I Bf
Eira:dll] biEEd #5-JE5E T P-H 0.09 £0.05a 8.84+0.80a  0.09+0.05abc  2.00+0.32a  19.59 +0.84a
Zuojishan Vegetation -4+ P-S 0.06 +0.04ab  11.22+0.98b  0.06 £0.04abc  2.05+0.29a  11.84 +1.39b
H4% D-S 0.00b 0.00c 0. 00ac 0.33+0.11bd  0.00c
B #5-JE5E T P-H 0.00ab 4,44 +1.08b  0.15£0.11b 1.00 £0.24c¢ 7.36 £1.44d
Baraland -4+ P-S 0. 00ab 2.61+0.75¢  0.10+0.07abc  0.69 £0.19bc  5.60 +1.20d
H4% D-S 0.00b 0.06 +0.03¢c  0.00c 0.23 +0.08d 0.00¢
Wi 0 Uik #-JB 54 R P-H 0.03 +0.03a 6.75+0.59a  0.00a 0.38+0.09a  13.13 +0.93a
Lianghekou Vegetation -4+ P-S 0.05 +0.03a 4.63+0.78b  0.03 £0.03a 0.15+0.09ab  7.69 +1.09b
H4% D-S 0.02 +0.02a 1.39 £0.54c  0.00a 0.00b 0.38 +0.29¢
B #5-JE5E T P-H 0.03 £0.03a 5.70 £0.71ab  0.10 +0.05b 0.98£0.17¢c  15.28 +0.74a
Baraland #H-MA+ P-S 0.03 + 0.03a 1.68 £0.41cd  0.05 £0.03ab 0.58 £0.17a  13.29 +0.98a
H4% D-S 0.00a 0.00e 0. 00b 0.00b 2.13 +0.64d

P-H potted with humus; P-S potted with soil; D-S direct seeding; Ms: JI|3% Miscamthus szechuanesis Keng; Om: $%§1=%% Oryzopsis munroi Stapf; IL:

IRAB AW Indigofera lenticallata Craib; Bf:/NTh#k > ! Bauhinia faberi var. microphylla; Sd: [ HI1E Sophora davidii (Franch. ) Skeels, F[f] the

same below

[l — 1R i B R S SR ) R4 n A TR Ak B2 [] 22 5+ B8 (P <0.05)

significant differences among the treatments (P <0.05)

Different letters within a column for each study site indicate the

JETE R B Ay 2525 4% At N =40; H#E N=60 N =40 for potted seeding with humus and with soil in dry valley; N =60 for direct seeding

3.3

T T R 7 B R e PR RO e A K A R
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Table 4 The number (means +S. E) of five species seedlings surviving one month after sowing
R A A ab 3 NIES I ElE URA AR AT =
Study sites Microhabitats ~ Treatments Ms Om Sd I Bf
Eizaall] B -5 5 P-H 1.00 +£0.00a 9.43 +0.74a 1.00 +£0.00a 2.13+0.33a  20.19 +0.58a
Zuojishan Vegetation H-Wa 1 P-S 1.00 +0.00a 11.90 +0. 89a 1.00 +£0.00a 2.00 +0.30a 12.66 +1.36b
Hik D-S - - - 1.82 +0.38a -
PR, A-FE 5 i P-H - 9.94 £1.56a 1.00 £0.00a 2.25+0.35a 16.56 +0.81a
Baraland HA-MH+ P-S - 7.15 £1.34a 1.00 +£0.00a 1.77 £0.32a 12.25+1.32a
H#% D-S - 1.25 +0.25b - 1.80 +£0.33a -
[pay ] Uik A-JE5E i P-H 1.00 +0.00a 6.90 +0.58a - 1.15 +0.10a 13.03 +0.92a
Lianghekou Vegetation #H-M4a+ P-S 1.00 £0.00a 5.47 £0.79a 1.00 £0.00a 2.00 £0.58a 7.91 £1.16a
Hi% D-S 1.00 +0.00a 6.64 +1.93a - - 0.60 +0.40b
PR, A-FE 5 i P-H 1.00 +£0.00a 5.70 £0.77a 1.00 £0.00a 1.63 +£0.19a 13.15 +0.79a
Baraland HA-MH+ P-S 1.00 +0.00a 3.50 +0. 68a 1.00 +0.00a 1.83 +0.37a 7.66 +0.90a
H#% D-S - - - - 4.17 +0.95ab

Rl —RE i RS S B ] F B R A R B2 [ 2 R B 8 (P <0.05)

significant differences among the treatments (P <0.05)“ - ” /R TCE
JEFH R KAy 25253 Fh N =40; H#E N=60 N =40 for potted seeding with humus and with soil in dry valley; N =60 for direct seeding

“

- ” indicate no data

Different letters within a column for each study site indicate the

RS BMLIANARS MYBEOKRET (FHE £ FRER)
Table 5 Seedling height (means +S. E) of the five species after one month of sowing

B kS 43 JIES R H I IR A AN & i

Study sites Microhabitats ~ Treatments Ms Om Sd I Bf
HREI T - i P-H 1.43 +0.19a 4.57 +0.22a 0.75 +0.20a 2.09 +0.13a 4.06 +0.09a
Zuojishan Vegetation -4+ P-S 1.10 £0.10a 4.28 +0.19a 1.40 £0.10a 2.92 +0.20a 2.70 £0.27a

Hik D-S - - - 2.01 +0.21a -
i -5 i P-H - 3.79 £0.35a 0.88 +0.38a 2.19 +0. 16a 3.71 £0.12a
Baraland HA-MH+ P-S - 3.66 +0.19a 1.65 +0.85a 1.98 +0.23a 2.96 +0.17a

H% D-S - 2.50 £0.20a - 2.11 +0.18a -
[pay ] Uik A-JE5E i P-H 0.50 +0.01a 4.05 +0.27a - 1.52 +0.13a 2.58 +0.12a
Lianghekou Vegetation #H-M4a+ P-S 0.50 £0.00a 4.14 £0.29a 1.20 £0.09a 1.50 £0.29a 1.99 £0.13a
H% D-S 3.00 £0.13b 3.00 £0.24a - - 1.50 +0.27a
i -5 i P-H 0.20 +0.00a 3.98 +0.26a 1.00 +0.01a 1.60 +0.12a 2.73 £0.07a
Baraland -4+ P-S 0.50 £0.01a 4.84 +0.43a 2.40 0. 16a 1.53 +0.24a 1.95 +0.08a
H% D-S - - - - 1.87 +0.53a

[F]—iR 5 b I R B S BRI R R A WAL B Z [ 2 5 B . (P <0.05)
-7 ¥k No data

significant differences among the treatments (P <0.05);

Different letters within a column for each study site indicate the

JEFH R KAy 25253 Fh N =40; H#E N=60 N =40 for potted seeding with humus and with soil in dry valley; N =60 for direct seeding

3.4 by BRI SRR 18] B 3h 2B A AR R

M H B S 4R A A ShBZ Ak B2 AT LA 5 M m0Rh 7 th i i a) EZ &P T e 1 A
W (6 Afy). FHH 6 AT ML ED FHERREZHT 0% (K3,K4). 7EFM2MAE (M7 H
) , e RO 5 4 B GRS S T W, 4 i S T RO R 38, O ELX S BLR AR BT O R DA BE D R

(R 7). 8 A KLAGHEIBAN, BT d 4hi eifse T, a4 i B
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Table 6 Leaf number (means +S. E) of five species after one month of sowing
B kS 43 JIES R H I IR A AN & i
Study sites Microhabitats ~ Treatments Ms Om Sd I Bf
A FEB A-FE 5 i P-H 2.33+£0.67a 1.19 £0.06a 1.33 £0.33a 3.53 0. 16a 3.01 £0.13a
Zuojishan Vegetation #E-TA 1 P-S 1.50 £0.50a 1.45 £0.11a 1.00 3.35 +0.54a 2.43 £0.20a
H#% D-S - - - 2.82 +0.12a -
PR, A-FE 5 i P-H - 1.43 £0.13a 1.25 £0.25a 3.27 £0.60a 2.30 £0.08a
Baraland f-T4y + P-S - 1.61 £0.18a 1.50 £1.50a 4.02+0.47a  1.81 £0.14a
H#% D-S - 2.63 £0.38a - 2.72 £0.19a -
[CRa s FEB A-FE 5 i P-H 3.00 +1.03ab 1.27 £0.09a - 3.19 £0.25a 2.26 0. 14a
Lianghekou Vegetation #H-M4a+ P-S 1.50 £0.50a 1.20 £0.07a 2.00 £0.01a 3.00 £0.58a 1.48 £0.13ab
H#% D-S 4.00 +1.56b 1.85 £0. 16a - - 0.43 +0.28b
PR, A-FE 5 i P-H 2.00 +0.18a 2.05 £0.22a 2.00 £0.00a 3.12 £0.20a 2.44 +0.12ab
Baraland #E-TA 1 P-S 2.00 +0.10a 1.29 £0. 10a 3.00 £0.10a 3.08 £0.35a 1.58 +0.09ab
Hik D-S - - - - 2.25 +0.81a

[l — 1R i B R S SR ) R4 n A TR Ak B2 [] 22 5+ B8 (P <0.05)

significant differences among the treatments (P <0.05); “ =" . BH#E No data
JETE R B Ay 2525 4% At N =40; H#E N=60 N =40 for potted seeding with humus and with soil in dry valley; N =60 for direct seeding

3.5

AR AR KGN 5 B 5 AL BEAE X At A A A R R

Different letters within a column for each study site indicate the

MEE EF, 57 BHEBOE T ML, BB B 215 THEEE SRR SIE BT 5 fiEY
MR TSR (R3) JFEE—ERE BN T A mAERE (R4,R7) [ BRgEks ST RETE
EVER o AR ISR R A0 168 B8 B AL B 7 H W B S AP T B R A i A R R B (3R 5,

£6),
x7T BU2ANARS MYBHMEERE (FHHE £ rER)
Table 7 The number (means +S. E) of five species seedlings surviving two months after sowing
BRI A WA U2 N o E HARIE URA AR AN B SE P
Study sites Microhabitats Treatments Ms Om Sd Il Bf
bl biiE) - JHE P-H 0.06 +0.04a 4.09 +0.62a 0.22 +0.09ad 0.66 +0.22a  10.69 +1.35a
Zuojishan Vegetation -4+ P-S 0.06 +0.06a 6.00 +0.94b 0.26 +0.12a 1.55 £0.31b 6.25 +1.09b
H4% D-S 0.00a 0.02 +0. 02¢ 0.00b 0.00c 0.00¢
B, - JHE P-H 0.00a 2.00 +0.59d 0.75 +0.23¢ 0.35+0.09¢cd  4.58 +1.16b
Baraland -4+ P-S 0.00a 1.39 +0.49d 0.15+0.08abd  0.90 +0.34a 2.54 £0.71bc
H4% D-S 0.00a 0.00c 0.00bd 0.00c 0.00¢
[ipap| biiE) - JHE P-H 0.03 +0.03a 2.58 +0.43a 0.00a 0.03 +0.02a 1.18 £0.46a
Lianghekou Vegetation #E-TA 1 P-S 0.03 +0.03a 0.53 +0.16ab  0.00a 0.00a 0.00b
H4% D-S 0.03 +0.03a 0.00b 0.00a 0.00a 0.00b
B, - JHE P-H 0.00a 1.65+0.34ab  0.00a 0.08 +0.03a 0.58 +0. 16¢
Baraland -4+ P-S 0.00a 0.60 +0.13ab  0.00a 0.08 £0.05a 0.02 £0.02bc
H4% D-S 0.00a 0.00b 0.00a 0.00a 0.17 +0.07be

[Fl—iX B i R SIS EOR R T B4 - A [ Ak B 2 i) 22 5+ B 2. (P <0.05)

significant differences among the treatments (P <0.05)

Different letters within a column for each study site indicate the

JEFH R KAy 25253 Fh N =40; H#E N=60 N =40 for potted seeding with humus and with soil in dry valley; N =60 for direct seeding

3.6 A PR RS SRR AL 4 AN RR RHASE AR 6 A 4y B RS A T R R

ZILTT MR R (R 8) KBS XY Fh AL B TR AR ENZ B EAR X 6 Affr
HEBOIRA BELMR (P <0.05) ; Ml A5 A 5T x AL B J5 ¥ 22 18] 952 B/ TR H 20 6 9 B AR
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(£ 8) o WK A R I BT 1 R HACH AR XS 6 A i BA-E B0R ™ A B Z ) (P <0.05) ,{HHAR
P70 BRI A B (P >0.05),

#8 R WM. BHAX HEENEN I NAGHENESYBFEHENSARHEINER
Table 8 Results from multivariate analysis of variance (MANOVA) for effect of testing study site, species, seeding treatment and microhabitat

on seedling number and the number of seedlings surviving one month after sowing

H i % & Seedling Number IS SR Survival number of the seedlings

[+ Factor

daf F P daf F P
B H Study site (St) 1 27.33 0.00 1 8.39 0.00
YyFh Species (Sp) 4 406.98 0.00 4 78. 66 0.00
8435 Microhabitat ( Mi) 1 0.00 1.00 4 0.05 0.82
AL P Treatment (Tr) 1 411.20 0.00 1 12.24 0.00
R HL x Pifp St x 4 4.29 0.00 3 5.83 0.00
R H x f A3 St x Mi 1 6.28 0.01 1 0.20 0.66
YRh x 35435 Sp x Mi 4 8.80 0.00 3 0.91 0.44
I x PFh x f84k 4% St x Sp x Mi 3 9.07 0.00 3 0.19 0.90
I x BB St x tr 1 53.79 0.00 - - -
YFh x 4B Sp x tr 4 334.12 0.00 1 15.05 0.00
I x PFh x AEBE St x Sp x Tr 4 11.52 0.00 - - -
H B x AP Mi x Tr 1 0.21 0.64 1 1.21 0.27
RIOHL x fhAE 5% x AbPH St x Mi x Tr 1 5.9 0.07 - - -
FEAD x B35 x 4B Sp x Mi x Tr 4 1.59 0.17 - - -
I H x PRk x ffA 35 x 4B St x Sp x Mi x Tr 3 1.47 0.22 - - -
Error 2053 637
Total 2092 660
R2 0.702 0.65

“ =783  No data

4 it545iE
4.1 TEMAANRE S T RES 577G RE T 1 B ATER,

ARGV R R FEIRTL_ BT R ARG TS R 5 RS AR /N R 1 A B R
5 % & AR T B R RE D 5 A S BE AR, RIVBETE v W R R R A EN 30% o TEARFN 2
TRIGEATERES BE& TR, 8 AMAAIS 4 BN 0,3 BT R4 m = A

PR R Z A R BT R RN, MR R E RN NERR , KM T AL N R
MEAFIRR A RYF R ZF R NAFE R BRZEE , B IRIRREE , b B R IR A , sk 122 , A R SC B
ZEB TR H R BARM R ZFRE ST o

PRI REERDEIRE R T X7 &2 5 AR BFER N, Meyer SEEBFAMRAF T X R E 5
FUBIXERIIFEAR (Coleogyne ramosissima) T % ZFHFAE K IR H R M BT FE R I, PRERFH T 19739 %
ZFR3.8% o fEERIKIRIIFP FIEEANEAF P ARG RFEE FEZHHRESRENE N, ELF5F
YHRIR AT Coleogyne ramosissima ¥ ZF FRIRT 50% , 2 2F R R MENG , % 2F R HATERE A 1 A LR
HEREERE SRERMN, Fh 7R ERTRED 0% , RIFHBEBME, & FRHENERME 1 AR &
BT A B 45 J2 AP BE S TAL B L R T AR S BEx 2 ZF A BELRS: , DRI 7 T 5T 48 b X AR v 5 F) 2
FEHHEHRFEZINIRERR MM 156 Hfy, TRWAMX HERLN 22.5C (8 3) E@E T T
&, WAy B R E =R D THEME 1 AN HEHTTRASMXEKD, ZER, ELXE
EH LIRS ~4 45, BHOUKBEIR, R RTT T+ 8K B 5510 3. 8% M1 9. 1%, Al
¥ RS M EEZIZMX T E T 2R H 2. EHNAFR KSR T R 2681 Bk 5 45 Rtk
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(E2),7K%y 0 MPa B, JI| 3 ¥ 5 5 (R A AHE /N T 8 25 B 7 R P9 R0 78 B F 1 2 28 R0, P 39 (E =2
76. 1% .89.3% \100% \97.3 5 52.7% , K& T 538 55 BE 3G 0 7 A 71 42 2 30 B 5 25 R B AR B (2 RRAI: s 767K
BRRER] - 1.20 MPa B, 5 R YR T & ZE R4 B FEAKE] 16. 1% 3.3% ,29.3% 48.2% F1 14.7% , Fi#7E
WY b9 T 54 X AR e B, 2 i) PR AR SE BBOR AR TR . AT AR, TRIAX & 148
VI B RFEHTEE IS AT R E R IHA T U AT - H—, T2 E TR 2, B RAES P KRBT
AREWT A, B B A5 A RETE BUAN Y s HL— A LuFh 1 BN BB i, (EL7E S B B4l vl LR S , X LA BT ™
BEE9 T8 , A A BRI E FE o X T RER 2 4R R IR TR M A X PR R R EERZ —

B 2P P18 RE D S AN IS BE N AE T R A T AR, (B A e SR AP ] 22 572, X &
BHETARY M R FRIIMEZERE EAM T RFLBERERA,S MEWEFIUXMFET (25 C,35
mol-m s ™) FF R IFRMA/NRIFRICRE  /NDEERE > FA05 > 112 > IRB AT > ARITE (£ 1),
AR EFSNEAFT 5 R BB 0 5 3 8 A 2R SR I AR AL MU B A — B, /N B I R RV S R L
TIRBAE K BRERABSRA AR o RS Rt — e, FE BSR4 T BB T H R 5 H AL
KT FRFREREEMIRIR (R = 0.766) . XSGR FEFRY, A RIRBA R A B K 2 R 10 2%
SFRHAET RIS i e A7 7E B P 2253 ) B2 RN, AR T R 2 RER R E T R4
b IXH BB T T o

—o— Sophora davidi —— Indigofera lenticallata —6— Oryzopsis munroi
—&— Bauhinia faberi var. microphylla —»— Miscamthus szechuanesis
100 50

80

IS
S
I

60 -

W
(=}
I

40 |-

% #3 Germination percentage (%)
KA HF Germination rate (%)
[y)
(=]
T

20 -

(=}
I

0 L L L L L f ! ! ! ! ! !
0 -0.2 -04 -066 -08 -12 0 -0.2 -04 -066 -086 -12
7K 3% Water potential (MPa) 7K 3 Water potential (MPa)

(=}

B2 REKGFEMT S WA T AR () MAFEE (f)

Fig.2 Seed germination percentage (left) and germination rate (right) of five species under different water conditions

4.2 A[RXEAT B A K 2= Rk LR A

TE = LA Y -5 RGP ZE RSB AE L R T , T2 A KA R 2%, A 3R 55 1 25 8] 7 R
PEAR S B3, T [R) X I G B 7t -5 4 W A T R i ROBR S e R B R A B 22 5% . A SO
AFAR AR A 1A SR RO S A R AT R LU R I, (Rl — R R L B R S AR AR
BAK TP A ) P 5 IR AR TE /0 5 8 5 B PR 5 00 8 76 3 7 i 26 1 50 o 1 0 20 1 R T 1 G
1.3.1.8.2.0 4.3 fFF1 1. 1 o X—ZRATREIC R BB B 1L 5P O Mk - SIRESFIHRE R T EA AR K
Z5tE. IEAATTH TR, RE LR TIRVL TR A KD g X, BN R 52 IR AR B, TR KRS
REFPIR BB GT , X I A3l B B BRIE A A A T 0 7 Hh B R 4l i 7, TR 1Ll 5 AP #R R B T A1
XK H B BE ST NSl A SAIE BE T o TR 1 AR A SR i 0%, X R Y 5 4l B A T O BR B A
JRHE . BRI, 9 S A B R RO 5 A ROR G AE B 2 LU AT 1 3t 22 8] 9 0 S 2 22 57, A HOH
0,3 AT B T S 45 3 X I T 3R b, JUH R 2006 £EAR o T B 5 =B R LB 2 MASE S
[ YA
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4e it - LUG Wiz 5 R B R R F B UM, 4)
i B EZINA IR KA 5IRESFE F R EER M,
T F 4 XA B K AR F 1 Sh BRSOk E
ZHLX TR ZET 0B, REREVFRIER 7.8 A2 T
EAXATZE (B B E] Y
MR E , 12 2 R 3 T 8, A S5 T 2 2 B L1
o PR T T2 SERIRSE (B 3), oM 57 M e
FAEKSERE . B AHCHF R WIE T B4 T F -+
% 4 R TR 5 R K B AR 26 , 11 Hanssen 3R A% E3 2006 4% 6 A 10 A 5256 I W 1 A ¥ (& 4%) 5K
W ESFEDHBTIEN Ty FERBFRE 1A AL M fg(.&?:fbj\verage temperature (bars) and precipitation (line) in the
HH SRR BRIEM KR 2, Valkonen % study site from June to October, 2006
XRE =12 (Picea abies (L. ) Karst) ¥ Hi i 68 J1 B
REI, AFRED EARETHENENZCEFEMH FHERERAEYEFERER, T2 WE R & T 255
T, B T R AT R, SR i

MAEYIAS B R A4 R, S X A 038 B 232 B8 0 5 A K AR IR 6, BEE 1 3 n 4 i b8
RESTIER S ZERN T 1 ~3 AN A A, SRR MESS , X ER 5l A BE S AR, R4 B B SE T
B, A, X — B B E ST T B R ek, R ECE A TR S A M. EARIG
T, 7.8 A5 AR TARKEE BRI B, HOAR BALRRBE LU, SRoK BB 73822 , XE LASE L™ 7™ i 1
TREE5RBEAERE, BRKEMHEIET . WHETERAX 7.8 AHMT25®IBIFSEME 4% € E
I R 2 —, R S A T KA R R B, S B S G P e R B, AR R 4
FRFE BEFRLXTE 4 A0 RE, UFEYHES RS T2 RIGE BB —EMARRAER 5K HE R E
SRS B HCERE ST . G RIERN S B, 40 AR KRR, UM A BB 1AL 55 , 76 T A5 a8 4 ¥ FE TR Ry
JEE,
4.3  ANFEESE T 2881 5 35 AL BRRE Xt F 7 H 1 5 4 i AE T PR

FIRILE R R, T RIA L XN ARG AR IR M A1 1 BB 0 KA AT BB 0 B e i, 5 B
BEAHLL NS IEMAHE BE RS TAETRRARMT 5 fEYMFHEEEE (K3) ,HEE—ERE Lk
R AEIERE S (R4,K 7). WER S Valkonen 5T G5B A —3, BN P RABMHE T XE
FIFHM (Quercus robur L. ) FiFHE K& 1 ~5 ahfiEK,

AT MK RS 5B FF IR M A KA BERW, B LB S ROK R K 2=
i e ST R AR AT R R B o BT IR 2K IR0 AR B SR R B B4 7 vE T RERE S E — B R
BE AR piX — R, K& W AE SR SRR B, it i & R KGRI AR B8 Je 4 Rk M 5B ) B4R &, X F R
LR T RINEE A Y, X SR R RS AR  T HAh TH RE S R T A R R AR
Hanssen 1A}y, R F IR 95 Y0 8 S AR R 2FA 7 A 1 56 T ol R BB B4R 1R b 7 R 28 S v BB T, SR A0 b i 0y 1 458
BRI DR IR RN 2. 4% AR Z TP IR I G BB RS2 T 11.9% , [R5 s & B
JER PR R Bt BE RS T EE SR AR BR AR T RIS HREM AL, R AR
K315 8 5 R A B b R R S AR IR BE Y, X AT BB T T R A EE A e T RK R S
JEFE RS EE R BAE AR BB R RUR 8, T2 X 0 v 5 40 8 173 1 £ T 2 ) ] B oK T 2R I R RCR
H H 2% FARKR 5 BB T R4 & AR B i 4 i 2 FE o T FE R 78 ik — 2B i ae .

Capo-arteaga 25\ St R IR BE 414 T 9 5 Fl Punus 41 7735 5 28 KR B0 B BT 53 26 B, 76 48 1l 7 =5
(KREURAKEY)) D15 AN R K EZ 8] THH . T Valkonen ZE[BST R B, I EMBBEE 5/ FHER
ZBIEA B AHRNE (R B S MR A Y78 52 R0 S b H B S 4 v A K AR A A TROA 5, T 2 T

(o
(=}
1
|
W
(=}

[ & Precipitation (mm)
— [y) W

c o 3 &
L —

W
(=)
T
|
]

N
(=)
1
(3%
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K3 Temperature (C)
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Pt AN E S, R 7 R G B R B A Y S B B (B B R MR SRR, 5
AR HEBRA BEACHE o M2, Hanssen R IR T H IR GRAFAZEZ H 2B ERHLLR. (L2
AIRE 7T RWAFMT , BAEPE SRR SRR 2 R AR B A B 25, HRETRH
THEER/NEREMN, HEEHRE S WA RREESRMAES Z AR RA L BEKZER. Jiménez-
Lobato %' (B 5558 th T 54 AR BIGER , it SHBE S 2 MM FH R R B A KR EER, £
ZRH TARREMMAS R ZRIEBUN, REER BT H 8 KA E AR B, AR 4RI
FFX— W o X LeiE SR FTEE R A —Z0AT REAE T 106 i A AE P28 T B HOAR [R] SR U A 358 Hh S M b 7 1
RAEERNERRRGFEREES . BRAT RS X KBS TR 1, EAEGR G, &8 5 s W7
8% ~40% ,AEFFARMRAZE T RAPRET P08 f i SRR AR5 22 57 7T AN 2 S 30Rh 7
H SR R B .
4.4 FRSXHEFIKENEFEX

LRE T AR AT LT S5 Ko T R A SR E LB R 7 -

(1) FETRMATRFMET I 5 IR AW /N8B A B RIAE 5 & A YR FIE 59
B RERARRTISC TR AR o PR TPt A 04l B T R PR AR A A AR R e B, H AT 2/ 4R
A ST B DUR I B

(2) FEAREREF T, AR A BB EE BRI Z SR ML S, /D S EERF IR AT 5%
TERLRRT W5 A AT X T R A DX R 8 1) 22 32 BB T8, DR G AT B R AR A B SR
TR A AR R S T RIAES 227 B AR AR T i o0 IR, ZEAR gk SR A rp T %5 R A
HoAth 75 A

(3) 5 Wb i e MR TE R A G L A N (HRZEREFY | A5 4 s RAF SR T IR T I 3% A 2 4
HIG BRI AAE R0 8 0, X FER i T T RWAHIX 7.8 A KA T 555 RIS bbE T3
M KRBT . N T ZEAE YK S BB b it (B L AE 4 H A e, SRS 1E 7.8 A iy TR ORI TE A
JRALEEH , KFMBRRE , SIS 18 Y BE 1858 o

(4) TERIG A 28] 75 2R — Y AT B S 4 s e N FEAR R KRR B T
HlEER . RELBKER 2= BN E , F 7 H g B A S RS Fr s AR K . fH
R[] — KA RSBV B 2 807t B RE ) W Aris BE ) A KR FF A BE 2R XIEWI T £ 1
YIRS AR AR IR O B T T A A [ DX 3 A A AR AR P 42 1, B 35 AR R B R A X LR e AN
Uik

(5) St /INES At AE A6 16 2830 A A0 M4 = b 1t 580, (HR R BB U 3R R 4 i e A (77T B T I
HE R AR i /N AR AR I A BEAR DR A I T 52 38 b IX A 4l 5 e R XE () L, 53 4, 7 3 IX ™ B
5 ME T SR PR 7K -5 PR L R o e L e A BB SR R b T B BB I S 4 IS RE D . iR =
L HIAS By BT RE 0 T RE B A R T R I AR 5T P I B Ao
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