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E 3%% él 1,2,3, ? /I %172,3, ]ﬁ WIJ“

(1. PURA MO BE w5 5 S0 T, PURE Ak 860000 2. TH A 4% e VG Ak 2 w1 I MR 28 R4 H
FUFHMRL 2 B e 0, VYA MR 8600005 3. PURMIA M BE 74 AR MR S A M E AL, 1Y
JPRZ 8600005 4. VYA A Be BEIRS PR B4 B, VI AR 860000)

WE: ATHRAZRGLARRREHA LG R, B3 E L KELAH Abies georgei var. smithii # £ 3 fe ik 4.,
BT TRAE, 2 THEREREG, HFRE. MRFFEZEREA BN FHRERYGHEO P w0, 0o
MTWHESARAE, HTFRARE, #TRAE. BHEE. ASXDEESHERZTHOMARE, 2R LW b TH
HEXRGUAR, ZRREABFTFFTRARE AT ERRKE. BFELE. ATEREEHFELZFE, LHZMRK
Sk rr R RkENEAARFEF,; NRATTEESHELEA 3.32~12.80 g, MikHh 3.72~14.68 g, A+
%ﬁg%%fmﬁ-ﬁ@&&&ﬁh3%ﬂmk%ﬁ§%%ﬁm%i%,mﬁ%mﬁ%ﬁ EW¥ LMk, #Far
MKE, ATFEBAKE. HTFRE. BTE ﬁ%%hﬁkﬁ#&%%m%iiﬁmFTVﬁi% ERE &
TR ARIRBFR 45 %ﬁk%i%% z%%>%%>%T KA . AT RKE, ATRE. ASEDE
BEHEREIAME, L5 FlﬁL%iﬁﬁ,mw %I%T EAA TERKEABRREH, AP SR 4
ABMERREHN R EZHAF, A24K6424
KEBR: ARERSE;, ERKRELY, HFHE; 28, RALH
hESES: S791.149 XHFRER: A XERHS: 2095-0756(2018)06-1038-07

Natural regeneration factors of Abies georgei var. smithii on

Sejila Mountain

WANG Ruihong'??, LI Jiangrong'?®, PAN Gang’

(1. Research Institute of Tibet Plateau Ecology, Tibet Agriculture & Animal Husbandry University, Linzhi 860000,
Tibet, China; 2. National Key Station of Field Scientific Observation & Experiment, Tibet Agriculture & Animal
Husbandry University, Linzhi 860000, Tibet, China; 3. Tibet Key Laboratory of Forest Ecology in Plateau Area,
Ministry of Education, Tibet Agriculture & Animal Husbandry University, Linzhi 860000, Tibet, China; 4. Resources &
Environment College, Tibet Agriculture & Animal Husbandry University, Linzhi 860000, Tibet, China)

Abstract: This study lays the foundation for improving the natural regeneration effect of Abies georgei var.
smithii. Using standard field observations, the main influencing factors on natural regeneration of Abies georgei
var. smithii including elevation, slope, seed weight, and forest gaps, were analyzed. A correlation analysis of
seedling numbers versus canopy density, length of seeds with wings, seed weight, thickness of the moss layer,
and thickness of litter was conducted. Results showed that because of differences in elevation and slope, the
length of seeds with wings, length of seeds without wings, width of seeds, and thickness of seeds were different,
especially length of seeds with wings in shady and sunny conditions. In shade, the 1000-grain weight was from

3.32 to 12.86 g; whereas, in sunshine, the 1000-grain weight was from 3.72 to 14.68 g. Seed quality in sun-

Wk H BT . 2017-11-20; & 01 H 1. 2018-04-04

FeATUH . VI AT X E SRR IR & R B BT A A 3 4 WE B3 B [ XZ2018ZRG-27(Z) |5 V4 K 2 AR L 2
BE 2014 AE 52 T1 25 5 52 0 /B H (PRS2 R

EF WA FaEvLL, SR, MNF &R (S L) AESREABT ., E-mail: 564042073@qq.com, BIEEH : K
Wi, 202, MW m R (Rl A S RGESHTE . E-mail: 445944953@qq.com
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shine was better than the shade. The 1000-grain weights in the shade and sunshine at 3 800 and 3 900 m were
very different. In the shade and sunshine as altitude increased, the length of seeds with wings, length of seeds
without wings, width of seeds, thickness of seeds, and 1000-grain weight all increased at first and then de-
creased; the number of seedlings was about same. The gap study showed gap >forest edge >forest. Canopy
density (r=0.773), length of seeds with wings(r=0.860), seed weight(r=0.643), and thickness of litter(r=0.833)
showed a significant positive correlation; thickness of moss layer (r=0.919) showed a highly significant positive
correlation. Thus, these factors could be beneficial to natural regeneration of Abies georgei var. smithii in
plateau mountain forests, and this study has important practical implications for promoting regeneration and re-
covery with thickness of the moss layer being the most important factor. [Ch, 2 fig. 6 tab. 24 ref. ]

Key words: forest ecology; Abies georgei var. smithii; seed characteristics; seedlings; natural regeneration

LRK A K2 Abies georgel var. smithii J& T B PER Y, FeRZAEL W], IR GORIFER 19 X I,
Pl T AR T e A DX R I AR 0 S vy L g e LU b B A M BRI SR B AR TR SRR,
E IR =42 Picea aspereta, 35N Larix gmelinii, 42 Tsuga chinensis, ¥AB Pinus S [# M # TE B &
BB FTR A PR, S AV A2 2 VU AR 1 A8 B 3 o L PR R AR AR P 1) R A R 2 —, TE SR
th, FEEAMALEEIK 3 300~4 300 m, ZpARym A iz HSE TR BER AR, Ao AR S IR
b, RIRTEH LB R ME, FoA R0 AR A/, P B W™, fESe i g b, PUsEl e Z= bl
ARKEREZYERT R, HEH RS ERR TR RS, SEHRAEHZCRAEME, H
A, EANXTFREZRATF AR AR K 2, REEPERNFERE I ARFRES
MRS P B R RO R b g AR XV R FE IR EE T 2 AR K AL S KSR R i R
R IBFTEIE LD, FEZ AR H AR TR A2 o AR SE R . B R RN L MRBRAE
T3 LRI = hr 1L 2 A VR A2 AR SR W R R iR B 5T, g ik — 25 DA 8 ZR A 1 D s 1 T I bR Y
FARTEH, R Il 2 Qe >R BBCHE it Ak a2 1 S B o ) S B S

1 B % KB

BIF 5 DX T Y B B 05 AR P A AR 2 0 DX 0 R L R 3R 2 100~5 300 m, K58 [ K 3
EVIbmI R, UG T S I i TR RO, RN R B R R I B AR . K
V4R B o AR B SRR O 1 AR L I R AR L LK L Wl A L R LR
o LT A Y DX e MR IV L TR A 2 R A, e S A VLA AR KR IE R
Fe i, AH TR =9y He A Wl o P JBOMR 2w LU AR AR A 258 A TR il B s - BROK 2 R TP TR A 4-
10 A, 4FFEKE N 875~1 350 mm, 4F-F-BRH-0.73 °C, 7 H B, 1 R RMK. % XEIRA
VIR B EF PR 2R KB N £, GV EVE 512 Picea likiangensis var. linzhiensis 177 B #
Sabina saltuaria; MRTFFEAR A KBS, A TR IEM Sorbus rehderiana, 4T 5:KR Rhodiola rosea, HRZELZ
2% Lonicera lanceolata, 2:%)F Rubus corchorifolius, W JE 3% 4% Omeiensis, 2 ¥ 8% Rhododendron tanasty-
lum var. lingzhiense %5 ; TR F A W H Gentiana scabra, Z=W 3% Potentilla chinensis, ViR H 4 Fragaria
moupinensis , MK Polygonatum cirrhifolium, BT 3 Syringa persica 55 ; W% 2 T B AL FEA A K )2
MEEE)Z, K s af 2 kol , JUHAEAY, JREGR 10 em DL L, 35225 90%,

2 BRFE

21 HiigE

R TR LS R ik BB R L, 7R BT PRSI AR 4K 3 700~4 200 m &b, £ETHiE 100 m B8 1 Bkt
b, FEUCEAEHL 12 e, AR AR 30 m x 30 mo SR JHARHAR TIEAEAE LR 238 9 4> 10 m x 10 m 1y
BT, SHEITRE S A2 m x 2 m B/NETTEATHEAR A, JFAE2 mx 2 m IORETHBEAE S M Imx 1 m
M/NEETT VA A | R . VR W) R A R o TEAE M T e T AR R | BRER | ARBAL i)k
B34 T mx 1 m B/METT, G0RB/IETT WA RO, IEEREDT A4 m A I o a2 S
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eI
22 MEFE
22,1 #HRARE  MIEH 3 700~4 200 m FEHL R R R IZ AR, SR ERAREAR, 5507
AR, BREr BIE PR TR R, BRARBETECR S AR, Friciielr e
222 MTHEAEMNE OABCRFFRIMM T, fMT BRK S, RIS R B A
50 KiRh T, RS R R R AR K . SR M TR R TIRIE, 100 ALk R TR
223 B, AFYMBEBRSGHETHNE  (EWEHK 3 700~4 200m LB EK S A1 m x 1 m /METT
RO, P 2 DR AR R VR IR, T AEARE L AR MRBRAL B /R TS g
SARA/NEETT A IR, TR AR D DU ] R R R Y R
23 HESH

B geit o i F SPSS 19.0, FIHT Excel 2010 i1 4

3 HEREAM

31 BERSHEEXMABRKELALRAEFNZM
311 REHEERLSHR A FHAEZF N IR SGEME R EZENRER T, HRE . B, Ot
Gl Z AR T A AR, X TN SR K AR AT MK R K S KRR
S, X RPN FFRERF R R ERIE, PR R AR MR R
FEWEHR 3 800 T 3 900 m Ab ik B ACME , ft KA 4Bk 16.87, 10.54, 3.85, 2.31 mm, I/IME 43K
8.03, 427, 1.69, 0.85 mm; 7EFHY:, FpFar@ K, Fr K@K E ., FrE. fFEEIRE7ERK
3 800 5% 3 900 m ik f ok, fORAEA B 17.44, 11.52, 4.18, 2.93 mm, f%/NMES 5% 8.79, 4.85,
1.81, 0.72 mm; PHIEADFHF @R | R 5K . M7 oa i . RN T . Hiak 1 L
e R, ARRKEREMFRBEKE., %E. BENRINERANEE, HEM P KE LN
N ES B FH(P<0.05, F=2.467); fEfY, Fri@KE . MroE. frEERINETERNDE
(P>0.05), Tfifh+i @RI N 2% 7 0% (P<0.05, F=2.527), @K 2 JLIMG . R FAHIES RN
ZRABE. T, AFERILZR KA F IR R E [ — 35 1) AS [R5 18 45 6 Fh 7 4R 52 w2
N T VR A [ 5 1) Xof o = T AR 5 AN 1] B
312 AFREMNRAELANAGH 0 FFRMEDAEE LR —ANEERT, XREMBFERLNAE. F
TR E— R AT LSRR A A R, )R e R R T R AR, XA PR &L K
. Bt I EE RYE AR AR, 2R KA A2 KRB . 2R KA 2R

1 AEBRMFHEESEST

Table 1  Difference analysis of seeds characteristic on different elevations

A /mm 2K JE/mm JELEE fmm B B fmm
Y BN P Y{E P Y{E P B P
[155B:3% 11.780 + 1.569 0.039* 6.950 + 1.668 0414 1.558 + 0.508 0.444 2484 + 0.614 0.844
[H 3% 11.965 + 1.943 0.047* 7.085 + 1.728 0.372 1.626 + 0.542 0.906 2.574 + 0.609 0.906

PLU: * FURTE 0.05 K P25 5%
R2 AEEEAMFHIEERESHT

Table 2 Difference analysis of seeds characteristic on different slopes
K EKE Ve JE J&
4 {E /mm P 47 {8 /mm P 4 {H /mm P {H /mm P
3700 12.254 + 2.187 0.702 7.132 = 1.930 0.814 2.564 + 0.552 0.651 1.587 + 0.582 0.784
3 800 12.204 + 2.662 0.796 7277 £ 2422 0.977 2.661 + 0.804 0.774 1.692 + 0.431 0.750
3 900 13.005 + 2.151 0.594 7.681 + 1.678 0.620 2.605 + 0.752 0.943 1.716 + 0.580 0.958
4 000 11.523 = 1.714 0.235 7.055 = 1.370 0.367 2484 + 0.484 0.581 1.661 + 0.587 0.883
4100 11.354 + 1.761 0.648 6.765 + 1.026 0.084 2.534 + 0.530 0.842 1.512 + 0.463 0.834
4 200 10.893 + 1.423 0.514 6.195 + 1.128 0.933 2.324 + 0482 0.588 1.383 + 0.465 0.345

¥
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RN, EEEE DY BOMEBIRS, PERE T iR, YRR R, TR SR KR R
M 2K A T, REAARE R R BANRF Y ERE 5, AR TR AR KSR TR, AU
DEYIE B, FR A SRR . R RRLL, B SRN T TR 4 A R 3.32~12.86 g,
4R 3 900 m b7 TORLH IR B SR ACE, “FXo0 10.46 g FHYR 5 TR HE 0 A JE Bl 3.72~14.68 ¢, 1E
WP 3 800 m Ab e f, VIR 12.37 g5 Bl T4 5 7 B I 5 PH Y% Bl 25 0 4 00 T e 2 OB T RS R R
e BRORE, PR T RE MG T, hk 3 %3 AEHEHTEDE SIS

LA s BAYE TR EE (P=0.008, F=3.500) F1BH3E T Table 3 Difference analysis of seeds weight on different slopes

KL E (P=0.003, F=4217)¥RM N2 B %E; hk4 T
ATLLAG L fE 4R 3 800 m(P=0.038, F=5.043) 7 el i P
3 900 m(P=0.044, F=4.671)4bFh1 T ki i £ N 22 7 B % 8.695 = 2.789 0.008*
B3, 3700, 4 000, 4 100, 4 200 m &b k2= PH 33 10.05 + 2.834 0.003*
PN ES P * FRTE 0.05 K P25 0%
x4 AREBEMFREERMESNT
Table 4 Difference analysis of seeds weight on different elevations
THIE THE THE

5 #m ¥y ffi/g P i i/ P 1 m ¥y ffilg P

3700 9.550 £ 2.937  0.218 3900 10.850 = 0.897  0.044* 4100 8.087 + 2.778 0.426

3 800 11.370 = 2,183 0.038* 4 000 9.001 2917  0.303 4200 7.374 + 2.965 0.342

UL * RoRTE 0.05 KV 225 0%

313 RRABKREHGRRLH A EHE HE 1T BHEBKNGTHE S RK AR 24 5o B
R LB NG 0 e, FEVEIR 3 900 m Kbk E e RAE, BAMEON 152 #k-m?, BHIEH 142 Ff-m™;
FEMEHR 4 000 m b, B TR AFEAL T —HlaME, KERA™E, HKEENEZ, Wik, tabgiigicd
SRR R B R A S BRI, R TSR R SRR A, A R R A e
W FURESRE, SR R ARME N koK 4y, HAR R M E K Z B0, B EoG R B G, %4
LRI, KABUR IR Z, By e AR B T R AT s L AR TV B L P B 3 A TR P 4 R
YT, EEEF O L . RER R . SRR, XIS R KB A
(R EARF
3.2 MBI RAEMAIE M

ARBR TS ARAREEE 1 Rk A MO 2 B AR SE TR B & BB SR S A S s ™ B R
FUNRHIEW = I AR KR M, T IR T BARBR 1 2 2207 X, T T IR R AU
i r B30, HIRRTE KB IG EZL4M 1. FE@ZEhill, 2R KR MR Z 40 fi Hm Bk,
DU JE A5 10 m, 2 AR BB 1R A A AR I AL 2 — o & 2 A3 R [RDEER A T A
B R PR AARB > AR > AT, P 7EMIR 3 900 m Ab R BB ot , AR . bR . BT it sk

16 o 4r oM
Fa =R ~ 12r B Ak
e 12} ‘= 10 - PRER
£ < o3
I E
H n H 4
S S
2
0 LB - N 0 Wi s
3700 3800 3900 4000 4100 4200 3700 3800 3900 4000 4100 420
i 1k/m R /m
Bl RAA@ARARRAERRRAROYGHE B2 HHK3IT00~4200m REZE S G H =

Figure 1  Number of seedlings in per unit area on different

elevations and slopes

Figure 2 Number of seedlings at different positions of 3 700~

4200 m
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BA I 127, 8.0, 7.5 kem?s FERREE . ARGk bR T 13 BN BB % VAR 0 T A JR KA A 4 B B
ISR U
3.3 BE. AENEMKAEFHEW

HHZ . WEYE T AMMEEZE S TR, RAMAES RS EEARIRSY, [F Aot
KRS E TR 22 3R S AT . HEERIEE . TSR TAE T AR, SR
B A AETS, 35 3.000 #k-m?; ARRIMERIE -4 B K 22 VR 3, BB | RO S
B, FEYIEE . TN RO B R, A LT . B e ST B A I, WA
TR, AR TARKEREMTH L. DMk K; HeE, HEwEEMIb, T LIR30 0 71 3
fr, HREWZN MRSy, AR KA MK B, S, HEYEAH
R IRKINGE, FRaleE TR0 £ 5 ZHEEE, BEVEE. RTHERK., RTHEBE

FAET, BEEE . TIEYZ MK T =B

LA ﬁﬁ{f ?I‘ 2{3\ é'/a\zj]ﬁi H ’fﬁ% Hﬂ' ?%ﬁ%"ﬁ Table 5  Difference analysis of thickness of moss layer, thickness of litter, length of

WY LA RE RS/ T, i & Fh 1 death seeding and number of death seeding

A2 A 5 i T AR ML E £, B i HEERE YRR B TR SR
A . ; L2 < e B/ (# e m2

BRREAOUHHNER, WA Bl 7 669cm4 529 6 953Lm2 826 8 7(1:% m5;68 4 265 LI11977 3%;)0:)HQ ;n 77>7

T 2 A 669 + 4. 953 + 2. 717 + 5. 267 + 1. 000 + 1.

7[/'3/& o fe s ?%ZD %Eﬁ jj " % Ly 3.067 2522 0.840 5.006

WA BRI BRI E TR, g0 0.005%* 0017 0.688 00007+

FET= . BT * FORAE 0.05 KT 25 W ** FoR e 0.01 KT-2 5 b i

34 XML

MR Hr Hhon] DURF I (3R 6) : gl i8R SRR . IS . TRLEE . R R 4 S B
WFEIEMRK, SHESEEREIMREFIEMRRS, XY EFIINSRRER AL, R KE, T
RIEE | HEEJEE . AR YRE AT REA A T AR AL R AR TN, 5L B ) L IR R BT A e e K o

®6 RRKERURAEFZMEFSHEHEZEHHEXRY
Table 6  Correlation coefficients among factors influencing natural regeneration between each influencing factor and the number of

seedlings of Abies georgei var. smithii

5 o i THE B W51 4 ik
M3 A i 1.000 0.865%* 0.808 0.904* 0.911%* 0.773%
iSRS 1.000 0.876* 0.979%* 0.909%* 0.860%*
T ki E 1.000 0.864* 0.878%* 0.643%*
feY Y 1.000 0.959%%* 0.919%%*
i ¥ ) )R JEE 1.000 0.833%*

T * RIRTE 0.05 KP- 2257 W 5 % FonAE 0.01 K 22 el 3%

4 it 545

M TR S A, SRREREM TR E ., MrERKE ., FriE . frEESFE
Zesetl, JCHOZBASS R 7 K S R B O B 22 S . AR SR KA A2 Bl T IR AR A X AR
R, TR S A AN [R) AR o IR B MR /D, [R)— PEEFRA [ 3 ff) Xt M TR ARSE AN o SR KRR A2
WM TEUN, P EEEE DT, AT SR KA A2 R B 2 i A KA ] o B3Rl TR 820 A7 3
7y 3.32~12.86 g, g 3 900 m AbFf 5 TR X Bl e UAE, P390 10.46 g5 FHSERR 5 TR0 5 0 A i [
3.72~14.68 g, fEiFdK 3 800 m Ahfwefl, V397 12.37 g5 B 0 H 75 [ 30 55 B3 Bl 35 v 4 00 7 v 4 22
BUETHEE TR S BAORE , MM T B 20 TR . SRR 2 T 1E# A 3 800, 3 900 m
Wb TR E R BN B E IR S ARSI B, b TORE RN B . AR 3 700~4 200 m,
RRAEAZ KR4 B RO R BB > PR > MR o Qs BOR SR AR | PR . Tk
H ., JvEYREY R R E RN, GERE RN EIENKS, HESEZREE., WEYEEHRTIE
IR, EHES SRR AER AL E K BHABE SR TR T, W ILH R . HEWEXER
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XAERF LI BR R 2RI RE TEA AR . SR KA SRR IR HRT A9 M [ Rk A
Fein S Re 7 . B SRR IR AR S A EE A T E AR . BB
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