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Study on the relationship between Larix chinensis population’s structure and

environment factors

ZHANG Wen-Hui', WANG Yan-Ping®, KANG Yong-Xiang?,LIU Xiang-Jun' (1. Tianjin Normal University Tianjin
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Abstract: Larix chinensis is a typical endemic species in Qinling mountain and also an endangered species listed in Chinese Plant
Red Data Book. It is the only tree that forms the pure forest which has special functions to maintain the ecological balance at
the timberline area, an altitude 2900m~3500m. The L. chinensis forest includes 5 associations which can indicate the different
populations respectively (L. chinessis-Abies fargesii-Betula utilis-Rhododendron clementinaeas as population A; L. chinesis-
Abies fargesii-Lonicera sp. -Hvylocomium sp. as population B; L. chinesis- Rhododendron clementinae-Lonicera sp. -
Hylocomium sp. as population C; L. chinesis-Rhododendron capitatum-Sabina wilsonii-Carex sp. as population Dy L. chinesis-
Rhododendron purdomi i-Rhododendron capitatum as population E). (U Twenty-nine field investigation plots provided
coparative data for a systematic study on the age and performance structures of height, DBH (breast diameter and biomass) of
5 L.chinensis populations at Mt. Taibai. (2) Different environment conditions showed significant differences in growth status of
different populations. However, from the point of view of succession, the different populations in this region could be
considered to he the same time genesis after statistics such as the regression between pupolation mean individual age and DBH
as well as the one-way ANOVA (P<C0. 05). The mean individual height and DBH of different populations were significantly
different (P<Z0.01). The height and DBH growth of the populations that lived in the middle altitude were larger than that of
the populations in lower or higher altitude. The performance of biomass structure was also varied among the different
populations. From lower to higher altitude, the ratio of root biomass showed “high—~low—high” tendency, and the ratio of

stem, branch and leaf biomass showed the status of “low-—+high-—+low”. @ The most important componets to affect formation
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and development of of the L. chinensis populations were the coverage of tree layer, thickness of soil. pH of soil . water content
of soil and annual mean precipitation. and the CD (component devotion) was up to 47. 87%. The second important component
was human disturbance, and the CD was 22. 68%. The lope site, air temperature and organism content in the soil are the third
important component. CD was 16.88%. @ In allusion to the biological characteristics of different L. chinesis populations, in
situ conservation should be taken as the most important management countermeasure for the forest in the future. Intermediate
selective cutting of the othe subordinate species in the tree layer should be done at lower altitude. The original environment
should be conserved and the shrub species in the stand shoud be thinned at the middle or higher altitudes so as to ereate a good
condition for L. chinesis populations to regenerate and develop.

Key words: Larix chinensis population;height and DEH structures;biomass structuresmain component analysis
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HYMBERNEHRBN AL EZEDRNEEY A RFEEATHBEAERY  EMBEEAFIRFENMBLHARMKIS
MR RX ARSI FERE BT REEMER R, IRAAARAG THEMYMHBRRASH T B AR
BVHEZRIBPHRENAE FRRAYSHEZEANESE . THHADRBESHIERER HERPIRAEFTEEE L.

KBE¥ (Larix chinensis Beissn) R H MO CHI A RAROH . MEEX _SFEPHAYY . B0 TREEB B
MK 2900~3500m BRI B I A . RZH X AR X ME — o] AW AR K EER . BAREL . £9%
HERFREERIEEMER. MSOERFH . FEMARXBLEN X 5 BELORERESTERRT TAD
MRILESLARPRANARYRT 25  EFEXARREASHERRXRVTARRRRE . FGET N KELEREF
RE.RENEDROEBENEESHAMERNXCRIUR, B NHAEE LK RESHE R KR 8 Rt
AREN VL. & B RPMAH X ER AR KE.

1 WRXMR

KEOABENSHFEERANNES L, LR E LR SRS 33°49' ~34°08'E,107°41 ~107°52' N, ¥R 2900~ 3500m . & 1K
HREXBEPFAHLUEXANHR . KNELIETR 500~956mm;EHR 5. 9~7.5C; AR T T HaFigiN, FHREW
WA BEARE 30cm,. MERSUAESHRTHRAHAR L ER X 80cm A4 . BHAFFEE .pH AN 6~6. 8. MIBEKEAER S AHTR
BRFAEAHREIHEE HAFEERXLILERYIR S T BAB—-THARE TR . XL (BUBE-FEE- &
A K B BN (FRBY A) (L. chinessis- Abies fargesii-Betula ufilis-Rhododendron clementinaeas as population A), K HL £ (B i%
B -BA-BREEN(EE BY(L. chinesis-Abies fargesii-Lonicera sp. -Hylocomium sp. as population B) . KHAE-&HH -2
A-LRERE M (BB C) (L. chinesis-Rhododendron clementinae-Lonicera sp. -Hylocomium sp. as population C). KB -k {EH
B MR- BB (P BE D) (L. chinesis-Rhododendron capitatum-Sabina wilsonii-Carex sp. as population D), KA £2- K A%t
B 3L 6 A B BE N (RR ¥ E) (L. chinesis-Rhododendron purdomii-Rhododendron capitatum as population E) . K QLI H £ Gh ¥
B A FY(L. chinesis family as total population F), REFEMEBEBEHILE 1,

2 WRAE

AENBERE BEXAAE S BEANAR BRERE XS AREAAH AR ISmX ISmUREM-BEMLERE DY
e 20 B R BMMABBARL T8, HEHE OB . ARBE, ARG TR, LW, & Bm, B0, O E¥HE. HREX.
EHFEAEE  KAAEHIMMEEE NE2S.OFRME SHRER 3~ 5 HRITER . SEXOOEHRIT RN FR5M
BOREEYLEBRE RES MENER. OBFEZEMZEYS .U Im F—NHER,3cm Z— PR . HHNETEEBARH
BRMZEROEER BREARXBENEBSH L5RER- T EREEMNER-MEERSHE . OEYRNE . KRABIEN
g pe0] SR, E 2 A REEE I~ 2R EIEREAR S B RE. AHERE RS ET B A T RE NG
10%~20% MAEG BT L& 100A- 1 ARG ORTEEE. SHHAIKENEDR. BTHEIUET HP LK
1.5m A X2 E, HEP XL EREESTRY . HEBRC2em) PR (1~2em P B VAR (<Iem) S B, Z ] 15 %K H
SRFHANGOUTFERE,HEIKEAG FHRIEDR, CH LB T RS EH RBEREYR . KR .18
BREYRETNS BIAEKREYRI B wr=0132(DPH)** ,R=097L T TEPR T B :w=0.036 (D'H)"™ . R=
0.974; B 4% w=0.012(DH*% R=0.853; &R FE w=0 48(DFH)* "  R=0.80; REL YR T H . w=
0. 044(D)*** , R=0. 951 (w; £ .D. W2 . H . WH R TBHEXRY. A TEHRALDRITSREMHE A X HI. 9
KRR EFENE MG YR ABEREREAF P HEAFRARRENFEDREBERT S AL
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MAREEFTHRXBOLCHBANMEERSFIAGTHNCFES . . BHHBFHER(E 2. JUEFS xR KOO
MEMFOVFAERRE 100a fBENMEBEXERAEIL 1000, B/MERBEFE 0, XHER - HERBRTARTR.B—F
MEHTHHAEERMANERMUEENEFIL. A THEREKAFNRKHLALCHBE FHERRK. KAH 107a; i FHRK
WIRMR B FHERE /], N 88a T ERME 19a, W T EXRHEHKBERLL 200 H— TR, Y EERHEENDTF—
MR RZ AHRBAS, BEEN. KALBEHERAAECMBNARANEE. B4 . EIVERVRERARFESHA
LSD ZRKKUEA . FRAKHLAEMBPHFEREFHUAVR(E D, XACEREEARER® FW LR . MEd TAERFE
FUHNER BELASL KEEAXHNAXALEREMRANE LS ESHBNRAR ERBAK N THEARREBHFH KA
AEMHTEERRERERS HEONHPBRERANTEERPER, LENBEFE XL NSRRI HRBRY

R HES .
21 FRMMFERETRRTLIT

Table 1 The statistics of environmental factors in areas of different populations

¥ B 25 X Population type
¥ H ¥ Environment factors FhBE A MAEB HERC RREED MEEE
Population A Population B Population C  Population D Population E
1 M4k Altitude(m) 2950 3050 3222 3227 3400
2 ¥ n] Slope face i N-E £ N ik N-W AE *E
3 ¥ 1€ Slope degree(®) 37 25 25 31 35
4 ¥ fiI Slope site 4 Middle F Upper o F Mid. Upp. E Upper I Upper
5 FF K 2 3% B Coverage of tree layer 0. 4 0,7 0, 6 0.5 0.5
6 + MM E Thickness of soil(cm) 77 55 45 37 Z8
7 1 3% pH {H pH value of soil 6.7 6. 5 6. 2 6.5 6,2
8 +HHVLH & B/ Organism content of soil (% ,0~10cm) 5.5 5. 7 6.7 7.8 4.1
9 + WA 2 & B Water content of soit(% ,0~10cm} 46 47 50 44 42
10 £ B FHS B Mean temperature in July( C) 12. 8 15 12. 2 13.2 11,8
11 + H ¥ 8 ¥ Annuval mean humidity in July (%8 62. 2 65.5 67.5 52. 1 51.5
12 F T | Annual mean precipitation (mm/y) 585 600 660 625 640
13 KHL K &8 ¥ 5% ¥ Larix chinensis population 4 00 4. 38 5. 75 1.5 93, 3

mean density (BE Ind. /100m?}
14 A% FILEAE Intensity of human disturbance 0. 3 0. 4 0. 2 0.3 0.5

¥ 1~0,13 FHEEENEHE P, 7~ R2001E7F 10 6d TEHEARHESL - XATREBEHE(LER 0~10cm) ;10,11 % 2000
~2001 4 7 BN H{H(E 5d W1 X,7:00,10:00,13:00,15:00,18: 00 B O ; 12 WE KW T(PAENR; 141 HBA R . EAE
AEBFBE AEEERAKBAERIAITREERK - BAE L KBXA B THRE . AEA TR/ . KEO

Data of Row 1~9 and 13 were means of plot investigations, in which, rows of 7~9 the, soil samples (0~10cm) in all plots were raken on

July 10,2001, without rainfall for 6 days; Data of row 10 and 11 were observation means in July frem 2000 to 2001, once every 5 days, at 7:00,
10:00,13:00,15:00,18:00. Data of row 12 was from Shaanxt Foresr. Data of row 14, the values were given 1 when the human disturbance is

severe. such as the stand were stamped by human, shrub and grass were damaged and the travel rubbish were littered; the value were given 0

when the human disturbance imprint was not find in the stand

3.2 KHAE&MBRESNNREEH
3321 KAMERRRESEH XA4ESGERBRBR . EKBPEE BRASARELERMEBEERK. SZHM,

BHEMARERERERME T HAGRROUIAREGERNER. BIAEEARABEASLAERE-RERASAE. AEF
UL AAKBLEMHRAERSHHEERK. BB B MEOHRIHR, MEED L 10m BER LD . W B M HERE
EohBEERA. M I~13m M 1~14m, HOMHERERSHHREHENRE. MEA M EREREP T 6~12m. kL 10m &

BREMBE S BE/ 100 FPBEC UL 8m BB RGHBE . AH 2.38 k/100m°, B E MMREESTHHABESF T 1~
dm. AL 2m BEEENES , FEIX 953 %/100m’, HBEREZXIAHNERERTHEFFUAR Ao uFHHER. £
oo NCEE: IRES . BHARMBFESIRENXPIETE R BB EQ 33m)<fF B(7. 03m)<f i C

(8 06m)<FHEF A9. 23m)<<FPRED(5.26m)(F ), AN FHEET UM I FARN T TR, B BFIRE
BREFESHALSD ZELE FBAMD FNEERA EERARE H SR ENRFEERE X (P<0.05) (R 1)  FBE
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ARGTEERAR . LEEE M THRAEHERAESNRBGERRE . FHRETE 9. 23m: FHE DU TFAHX TR,
I ERER KD FHREEXS—FE AARANBEERANRRTIMAG THERERKIBTESZHE
TN R AR B U R RE D B TG BT IR T S 00 B LR8N T F: B AR B K F Sy BN, g S FTOS 9. 26m I R A9 AR
HHBR RANMKEROEFHAHE. MR EMEEALBX AR BEMS AR ERE EMEERKETRAR
o R THEEEERFEMME. LR ESRERN KOOEERB AN T EFKEWE O HITREN KA

IANESS - ohad -
AAEHAEHENESBERUIRTFHEFERENUED
ARAMBEAOAERNFIHBEEEKER (m/a) KWF N . #
BEE0.022) <M B B(0.080) < fp B¢ C(0.088) < H#E D
(0. 089)<<FpBE ACO. 105), WHETFUEH KA &#lt
FHAKERSRERTFEER —B. 00 THRAZKBF X
HAEMBEREEKBERTHPREBHMKX,
322 KAAUHBEREEN E2AE RS MHRBAK
ZRYHE. TUEH . SAKALEHBEY LRI EST
S RERIMEBREZ . AREREEERENES. FARE AR
AA-EBERMDBRIMEHHTERFE R BRTA
BT IREF A -BREESOLE. Hit. 358
TRHRBZESHER. O TRAEBEBROBRIME FEER
BERERAYR. S AR KB IR M2 A 0
B HESFASELR(EIZBOITURE . ARAMEFY
BRI/ R FBE E(7. 89%cm)<F B A(14. 25cm)<fh

X2 ARABAOERBIESENGETR
Fable 2 The statistics table of mean age of different L. chinensis

populations
WHAENY ¥ R B/ ER B K SE
Population tvpe Mean age Minimum age Maximum age
A 88. 57*=4 1 9. 504 53.29 188. 79
B 87. 66+ 11. 379 6. 99 244. 17
C 81. 15™9+ 5. 933 15.59 210, 28
D 104. 3954 + 14, 444 3.56 241. 92
E 106. 84° 1 2. 699 41, 59 288, 74
F 100, 43+ 2. 674 3. 56 288. 74
*ALSD AT EERE . ErAFRRTFHBRELRERWP
<0.05);A.B.C.D.E.F B X {F &1

Different letters on the left upper corner stand for significant
difference after LSD multi-comparison (FP<C0, 05).and the meaning

of letter A.B.C.D.E.F is the same with table 1

B B(17. 57cm)<fh & C(20. 25cm)<Fp ¥ D(20. 98cm) . A B AD.EFHE B EEF (P<0.05), 3 SR TFRHOE
RENFORKER. PERAGHAESBBE HHEEEFFNEREREAT BEERW. X 54 K0T B3R
B, Bk TN INAOE 5 2R A B4 8 0T U8t R A B K A ¥ HBAE K EH (em/a) . ##F E0. 072)
< FBE ACO. 200)<<FEE D(0. 201) <P C(0. 222)<<Fh A B(0. 226) . A.B.C.D B FHMBAERKRERN KT E #B. ILHAR

HFPRERENKOQOLPRERERAF THRREZBENRBATHE.
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Fig.1 The individual number (ind. /100m? )-height distribution of
different L. chinensts populations
A . B.C.D.E.F ¥4 #& %[5 % 1 The meaning of letter A.B.C.D.E.
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Fig. 2 The individual number (ind. /100m?)-DBH distribution of
different L. chinensis populations
A.B.C.D.E.F ¥ # ¥ F]# | The meaning of letter A.B.C.D.E,

F is the same as table 1

neke) B THREFSEHEBNERTR . D=ALHP . DAMREE P HER.A M
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BREKRBSIIARREHAILR,. FHEABNMRAACNRESEHNERENREYEREMHAA FHEESEARRE THE
MR,
¢ XA ERENLENREN

EYRBREHEARRAGHAN—TERETE., HTMEYRNHERESB P ENHF AR AR E RS
Rl AR ABEL LN ARG YR S WERBER A HEHTHRRPEREFNR. B3 RAR
TAFRMEEHGEY RS AEFAIDERERKSALEAREREIR . ETF K HHEYRIEEH. MBAMER
HEMRBRULARK .25 5 2KEDRK 51.27% M 43. 8% BREARRE . #F A FLERNTERE.EHNTREMEKM
PR FMEBEOTHOCHKRSEHE ™R BB ERREE REHAMAH . MEERR B EEMBETSHHAD ., BN
TEHNER WA TRENRE, LOARN AT R R, HFBED A A YRIEHLABKR ATRERE p X8R
AR EZ EENR”. BERRE HEMBFHRSRIRABRNIR . BRXFSEDRUEAZA R K-8 ET
M ERXHK-B-K"HAY. ZRAKBIEHFIENARKNERFFERE T MEFERE LHITT KEEMN A%,
55— v 0 i B B S R F R OK BT 4042 B B A R A S A A A R SR Y

X3 APRXAAEHNLEHYEEMNEXRITR
Table 3 The statistics table of mean height and DBH of different £.. chinensis populations

FRREAENY Y-8 Mean B /pH Minimum & Kl Maximum
Population types M2 (cm) DBH M ¥ (m) Height MiE(cm) DBH # % (m) Height MWiE(cm) DBH B (m) Height
A 14.25*+1.512 9.23" 4 0. 415 6. 80 5. 60 28, 60 12, 00
B 17. 57*44 1, 461 7.03%+0. 415 4. 70 1. 60 33. 00 12. 30
C 20, 259+ 0. 850 8. 064 0. 185 5. 00 4. 00 32, 90 12,00
D 20. 9891+ 1. 898 9.26+0. 678 2. 00 0. 80 35. 00 14. 00
E 7.89°4+ 0. 455 2. 33°+ 0. 098 0. 90 0. 30 36, 00 7. 30
F 12, 65+ 0. 504 4. 84+ 0. 157 0. 90 0. 30 36. 60 14. 00

HitHEBRFEHEYFE#R 2 The statistics method and the meaning of the letters are same with table 2

R4 FRPAXQUERNBENREFTRSTR
Table 4 The ANOVA table of mean helght and DBH of different L. chinensis populations

R M F A M Sum of Squares A e ¥ ¥ 75 Mean Square BAELF
Source of variation Hi® DBH B & Height df fi1® DBH B Height H#% DBH ¥ ¥ Height
X% E] Between populations 9403. 4 2545. 4 4 2350. 8 636. 3 53.45* * 218.86" "
4~ ik i} Between individuals 12798. 84 846. ] 293 43. 9 2.9
B it Total 2220%. 2 3391.5 295

x » BEREEXFTFEDH.ZTRERBR X (P<0.01) Stands for extremely significant difference after One-way ANOVA (P<0. 01)

s FMEFHARERENDHEM

FHEEXM SR ENEHNEEEYR. THREAET
MEMEE. A CAEME 1 PRET 10 % 57 5 FR 3B K
AT ERS M LR A4 T RALE), BBES W
SR HBTHINTERANOREAMEDEET T 87T. 4% . K
AEMELRRCAETETSER UMMM 3P ERTH
ERFHEEMN. AEFTR, E— TR TREN 48.87%,
SETNEE tRoH. tMEAR . PFHREFR: K. 1%
pH A R A(—0.960), REMANAEHBRALEHR B3 FRXRUHRELEYRSELH
+TENETF, j:i!HlE-.:i:i!ﬁﬂ(i,%ﬁiﬂﬁFﬁﬁﬂﬁﬁﬁi!E Fig. 3 | The biomass allocation structure of different I.. chinensis
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BN ERAEREERK BB ESESHERK DT ARG, LR R 5 KB W ik 0 X8I o e
SN RTRREEINEHAK ANLRE D ERRAKEHREREERREBFHFERE AENKBLZHE
B RN EE AR ARXAKHAEKANEAFHUBXHEEFEEXER MAMHERE . MEFENESRER
SRR ERAEEME.

He $ 7 [ b B G FE S5 MO A2 R 45 49 . 08 S50 0 Ok TR IR B8 [ 7 X b ¥ 50 £ PRI 35 BE R Rl B X 20 B A0 0 R A AR ] K | 1 42 P BF
ARENKA L ESBE AKTFIHERNAALUNBLAREEKNERERYBER TRHESH T R FARL M
BRSO I KRR AREENESSKALENER, X5 MY E HEE KSR R4 T RES 5 7 tH A XK.
BK IREE . CHASEFT BROBREHSEEE—FO2, —MBREYHFNFRENZHEERY . AEH
AMEREGTHREARY HEEARASN TESLHAREF ™ ARKELL s THRYRALSBRKELS . ERKEE
WBREER KEPLRILRMSY EAKERTERIELBUANERELALE.RUP AT KABOCHFREX#E A
KM FPREBETRAETIIED 75% . REFRN ZOHESRAMRRARRET R RMEX - XREE.

x5 WA RATFHARERNESIRNA

Table 5 The main components and devotion value of 10 environmental (actors

I F Environmental factors + 4 Component 1 ¥4+ Component 2 F 5+ & Component 3

1 #{r Slope site 0. 542 0. 502 0. 672
2 #BEA IF Coverage of tree layer 0. 729 — 0. 363 0. 376
3 NP E Thickness of soil 0. 806 0. 232 0. 264
4 7 A ¥ B F Mean air temperature in July 0. 583 — 0. 207 — 0. 740
57 B¥1HEE Mean air humidity of in July 4. 370 J, 874 — 3. 158
6 + % pH pH value of soil 0. 960 —0. 180 0. 029
7 1 1% /4 & Mean moisture of so0ill (0~10cm) — 0. 9506 0. 148 0. 397
8 1+ 1% HLJE & & Organism content of soil (0~ 10cm) 0. 185 0. 517 —0.536
9 4E ¥ Hi1¢ i B Annual mean precipitation — 0. 905 0.410 -~ 0. 065
10 A% F IR Intensity of human disturbance — 0. 257 —0. 917 0. 064

¥ {E R Eigenvector A 4. 787 2.268 1. 689

# #t 3 Component devotion (%) 47. 870 22. 677 16. 893

N B ML ¥ Accumulative devotion( %) 47. 87 70. 547 87. 440

ARAMBETS I ERGEYRUARAFR— HEMEE S G RGRARKENIE REATSEDRILAZR T K
SRR ETREH R E-B KR Mad. SRAKALEMHAIBHNAREREAHA AR TEFNNR. REEMER
SUE T FRREE MM E T A A REM, LSRR SR RAKEAT R GESEIMRARA RS ETRRERA
ERNESECRAMEAY. EORAEAGT AYHEE L AR TR LAB AN ETFRTSE, MAREREKH
RS, BREBE XA EFM KRS MR LRI ERKEAR . EFNMETH BEXRLEMELLT
EYEA, ST ERMED, XEME— BRF ERERE GRS RRERBXEENESHE.

PREMERTETEENEWR, EIN KAEEE KNBREHEREBRRERN 10 MBFROERTFHFRAFA
EEREE . EEE . L pH. A AR PHRER AN TRSH ROAEMRNEARAURAERYNE. RELYE
HREWEE . P BRAREFEEEGASW RALEMBEKMRFRNARM, EARRRT R P LR R E
QA L Nolih Iokidid 9 Rib R Rl T

KA YEGRES, UAHEANE HELTFHERER R, BERERETS R ERFTRANFRET L EX
B, MM AREMX MR ELERBSRNE, RRAMG KT ERRNE, URERP I E REANER. RGHBR A%
NENMAARAEEENRM RO HEES  hRBERBR G YR FAERAE EYREEAR ARBLAPRFHEN

& B S Qi B AR AT
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