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AEE R AR EMT KRR TR & BIVAZE, Hiie 54 K5% 830063)

WE: [ B8] % =4 Picea schrenkiana #7538 W R T2 Ay, THRESUZH LT A ES»RABES, 358
%‘H)}'\ FREEAEAF—EEL, [ FH] KAEBRBKES>N 0T UEH LT A EH0EL, #HAKZ D). W
B (H) 7R 5 (DZH D/H %= D'"H) AR A E F A ZH T A, Mret, WAk, M ERERENF Fi 2 KRR,
(&R ] ST, i, Kt BARAD T HERFRLF (P<0.01), EAHRAEHFH 12.04~201434 kg 4,
W LA T AME S A A 1016~ 147517 F= 1.88~539.18 kg-#k ™', T . M. MrtAMRAD T & ERED W
56.86%. 13.03%. 5.96% #= 24.15%, I H 0.08~0.55. HpkKkF L, A A THEEMSHEZTHEBZEAYTH
A, APARRAEYTORRAEDEERN A W=a(D’'H)’, ZHBEEMNEEAY A W=aD'H, Ha=4EWEN T RRE
WAL RN, L. BRELEFE, (&8 )] ATHERSE L R84 KRB TURIFRERNE %
AHEBEEHEOMSE, THEEYBABMBETHTAZEL. B4 %3430
KA AN, AYE; SEAAE; FRAERER, BE; THEH
FENHES: S758.5 NHRIRERS: A NERS: 2095-0756(2020)03-0416-08

Biomass allocation and allometric growth of Picea schrenkiana in
Tianshan Mountains

LAN Jie'?, XIAO Zhonggi’, LI Jimei', ZHANG Yutao'

(1. Institute of Forestry Ecology, Xinjiang Academy of Forestry Sciences, Urumgqi 830063, Xinjiang, China; 2. College
of Forestry, Beijing Forestry University, Beijing 100083, China; 3. Office of Natural Forest Protection Engineering and
Industrial Development, Xinjiang Forestry Department, Urumgi 830063, Xinjiang, China)

Abstract: [Objective] A proper understanding of the above-ground and underground biomass allocation and
carbon storage of Picea schrenkiana, an important tree species in Xinjiang mountainous areas of great
significance to the forest resources investigations in Xinjiang. To establish the allometric growth models of
trunk, branch, leaf, root, the above-ground part and the whole plant with DBH(D), tree height (H) and DBH-H
(D’H, D’/H and D’H). [Method] Analysis of the of above-ground and underground biomass distribution
pattern of 30 P. schrenkiana trees by whole plant harvesting method. [Result] There were significant
differences in the biomass of trunk, branch, leaf and root of P. schrenkiana (P<<0.01). The biomass of whole P.
schrenkiana trees ranged from 12.04—2 014.34 kg-plant™', and the biomass of the above-ground part and the
underground part were 10.16—1 475.17 and 1.88—539.18 kg plant™' respectively. The biomass of trunk, branch,
leaf and root accounted for 56.86%, 13.03%, 5.96% and 24.15% of the whole plant, and the range of root-shoot
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ratio was 0.08—0.55. At the plant level, the biomass model of each organ based on DBH(D) and tree height(H)
variables was established. The optimal biomass model of root biomass was W=a(D’H)’, and other organs was
W=aD"H". Slope position, slope, altitude and soil thickness are the main environmental factors affecting the
biomass of spruce. [Conclusion] The allometric growth model based on tree height-DBH can better fit the
biomass of each organ of P. schrenkiana, and can effectively estimate its biomass and carbon reserves. [Ch, 4
fig. 3 tab. 30 ref.]

Key words: forest mensuration; biomass; allocation pattern; allometric model; organ; Picea schrenkiana

MR AE S R G K, HAY s A4 ) AR A R R AR 86% 1 70%, K4 ERHk
ARG T B MERT ARV N AEY A Yt R E R D e R 2 —, R AR E A R
() FEA PRI, B4R R AR AR AR 8 19 0 BCRRAE A BT T A = e P-4 1) sh A AR b . e
FEA A Wy 1 B R A AR L EIIRREAR TR | AR BR R AR TR RN S A KRR AR I
REUA Yy 0 5 oG AR ER, (HURSRET . %01, EXN A S IRBERE IR ™ O Ay S AR KA
ALK TR . S RIS i SR RS G, AR S R G A Y g Az 7 7 B Al DB A T — i ik
AT EE A 3180 2014 4FE FR AR IR 2R A B R S rl A . RILE WA = K2 Picea schrenkiana
2y s L RS AR 59.0%, SRR L AR AR A BT B R R AR AR A SRR, X
L AR DRI R . K AR AR, DAROMRIX AR S RGE M B-F A 45 AT IE T . Aok, sk Jy 50
MAERS . ARy . RAMABEH RS BE, M7 T PEAA R = 42 Picea obovata #5217 %5 & A= W) Ho ) A8 AL #1
A FRR AR R BRI PR s A28 4 B AR e, e TAARE (T, B i AR
M b AR A ) B S A KRR SRS T RO B R ROR . ARSI R IGRIE TR A T 30 #R K
INFWS A2 E TR, TG, WeH PR AT WA ESFEA KRB, BEIEY
A S A KA RO L PR BRI AR, A /IS R A2 A W) B aiefid s AG AR A R o i .

1 #ES 7 &
1.1 HREXEER

R W A2 B0 A AE 9798 R 1L TR 1 .600~2 800 m B LA, JRIRm:RIEIE . 2T 541 i Ak
X, WX AR RN 0.7 C, 4EFEKE A 200~1 000 mm, ZHEFALE 6-8 H, 4E7% & = 980~
1 150 mm, AEIJHIXIEEE 65%. ASAFE £ M AL B 8 % Ll Bkl . PERE . ZREBAY 3 SARIXAE Ao
X, HA R (43°24'48.3"~43°26'17.9"N, 87°27'28.5"~87°28'47.7"E) i T & K¢ H, Hikb-KIl
Wk FR BEAb S, VAR 1 908~2 960 m; M HEHRKIG (42°47'10"~43°56'48"N, 91°22'43"~94°49'44"E) {ii T My 4%
i, MR K INk AR S s 954K (42°26'137~43°02'42"N, 80°17'15"~81°4221"E) i TH AL §% 5w F iR
BT EL, HuAb R L Bk vE B
1.2 EHEIKE

2013 4 7-8 H NEMIGTIE A2 105040 T IR 25040 F FREER 200 m 23 5 B A AR A RCRI R 4. B
AR AT IR, B ARG A E 5 B 20 m x 20 m I REHD B AR PN R L BRA . B
. MR WK FREE . FAREES 7T AR T RO . PR . CFI MR . AR . B
R RAE RS 6 MR R AR A A ML AR R 25 R B Y MR FE Y s, e
2 MREAHEIE TR BAAE AR, JEXT 30 BRARIEAFEMRIZ I

KA ZERENEM TAEY R, %2 m X3B, FRES X 3B a8 s B sk 3
2, BJRER3~5 ANFRUERL, SRR, MAYEERT R AR T IR SR TR e S K SR
SR HIE R CRAR >5 em, KA 2~5 em, /ME <2 om) B8R, FFMSFES Bk E. T FERR
wEERN, 85 CHtTZREREE, MHREREASSGE TRE (ke), ILEMERIE. M, THRAEY R, H
B =AY R AR AEY R B E =M A E R AE Y R



418 WroIL R R K A R 2020 4E 6 H 20 H

1.3 ®WRFZE

1.3.1 AR ME XA RKARRIXT PR A Y i LG AL TS BE 3 A AR R, g4z
Jeb g T A AR R A Y R AT R, R AMNAE PR B R, AR Y 3 BT M AR AR i R
¥, FIH Matlab H LS T HAEXT AR TS A28 B A = THE .

W = aDb; (1)
W = aH?; (2)
W = a(D*H)’; (3)
W =aD"H¢; (4)
W =aD?/H). (5)

A~ G H: WhHKRELEYE (kg), D ML (cm), H AFE (m), 4 NF (@), a. b, c A
FB MR PR E R AP IR 2E Enip(%) M BORE IR . AT

n A2
Zl()’i_)’i)
2 i=
Riy=1-% — (6)
Oi=yi)
i=1
B
100 i— Vi
Emp=—) —- (7)
=T

(O~ (7)1 yiy VI R E AR S E AU, v kA R R R R R

132 AMERFELHMES ENFAREE . BN A5/ N AR BT SR AR A, BFSY
HOE RS AR . MR RARDTSC L BRI R R R G — BRI 1A NEE L AR
FIHIMR GHEARY . BRI TR IR AR 2014 4EZRARGEIR 28R A it . DARIR CRAAM) RS54 (5
W =A2) M SAt, 3 I BRI 1162, 873 /4NF1 2 756 AN/NE; FRAFFETA 4 791 ~/NHERY L35
FE . Behn . e BEEE . Wik . TORIEEL . PAREEES 7SR o ORISR
7. BRPIE . BmE . BAWERES 6 NI T A _ER sk A Wi A A 2R H 0 254 b
SR E AR AR, TR N L BRAR TR W AT AR . R BN ML B E 13 BT
XPEERRAE Y AR M, IEHER . b By SO SR 3 AN e PEHR PR AR I E AR IR
SRIE A AR X KA AT ARG 1),

F1 EMIERENLIRE

Table 1 Qualitative indicator quantitative standard

TEM R TR R
s fbbRifE AR
0| et +HEEE /cm W et I3RS /em
Tok ) - - 9 N iy - 4
[ - - 8 R e <30(H#) 3
[} - - 7 At T 30~59(+) 2
i) b, - 6 it ity =60()8) 1
™M 7= - 5
VL. =7 FoRTOM O E PSR

2 HREHAAHM

2.1 HEYESEERHAR

AHIFFE I VERY 30 BRTF WA 2 A2 bk S E W Sy 12.04~2 014.34 kg- ¥k, Mo b AR W A R A4
RS 10.16~1 475.17 Fi1 1.88~539.18 kg ¥k ™', MR L 0.08~0.55. BlARIE N, THiId A28 bkA:
Prit, Wi bAEY R MR AEY RN IS, (AR AR (3R 2). M AR R SR A YR
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1) Person #HC R EH 0.918 2(P<<0.001), HIVPUHAAAEN W R IEAHOCOCR . MR 1 AL, 35 7 pR K
KR, WUEHTER y=0263 7x"7, XfH [ AEY R AP T L 10 SRR, I T IR
PSS HT BT REAS ¢ K006, 45R AR EL. [k bAoA S5 N AP B B0 A el B 5 257 (P<
0.01), AT Y=1.027 6x-0.579, ULHHT[IE A2 YR S N A Yie i B3 KR (P<<0.01).

F2 RUERZEEAZR[EEMERFIER
Table 2 Characteristic table of individual organ biomass of P. schrenkiana in Tianshan Mountains

& om kAR (kg BT Mo EAEY R (kg BT R A (kg BE) S
X 18] Py X 1] Ty X 1] Ty XIH P
6.5~20.0 12.04~183.49 70.29 10.16~169.45 55.90 1.88~36.14 14.39 0.08~0.51 0.31
21.0~38.0 124.43~541.62 338.03 99.78~400.49 254.29 24.65~141.12 83.74 0.21~0.54 0.33
41.0~60.0 552.61~1395.75 918.82 441.28~1 101.87 687.17 111.33~376.77 231.65 0.18~0.55 0.34
61.0~81.0 1 830.42~2 014.34 1922.38 1455.44~1475.17 1 465.31 374.98~539.18 457.08 0.26~0.37 0.31

MEERRKTRE (B 2): [T MR B85 5 09 24P a8 A 53 B 4 4 51k (58.86+
797 %. (24.15£6.37)%. (13.03+4.80)%. (5.96+2.65)%, H/EWRDEIHEM AT >HW>K >, (6%
B FIEEIZ& G E N EY e R EIE 2 7 (P<0.01), W3 ATH: [WREZT, £, i R
S B AL G AR ) B A 1R TR R e

600 80
o y=0.263 7x!0276 . <
£ o450 | R=09182 i 60 | A 8 R % 57
2 P<20.001 e 2 E (P<0.05)
i 300 - =40 f
=
g & :
¥ oso =20t ﬂ ¢
d
= H
- 0 L L L L ] 0 — D []
300 600 900 1200 1500 + 1R 53 -
AR/ (kg - B i
B1 SR LEE5RTAYSHEE B2 THRBRESREED T B
Figure 1 Relationship between aboveground and underground Figure 2 Relative allocation ratio of biomass in different organs of
biomass of P. schrenkiana P. schrenkiana
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Figure 3 Variation of individual organ biomass with diameter of P. schrenkiana in Tianshan Mountains
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22 EYERERERKER

MRINFIE RS E (T B HRAR) . b b A R A Yy gt AT ARk AE Al K
i e KAHE R B (RY) U S/ N PR 22 (Eyp) FIMTBERLIE 25 (3 3). Hirr, T AE W e B AL
W= 0.088 SD"*H", it A ¥y it B AL RE ALy W= 0.035 8D*PH'™, M AW & ALl w=
0.100 6(D*H)**", i | A= ¥y i f A6 #5 A 5 W= 0.104 8D P02, & ¥k A= W) 1= f Hh A Ol =
0.184 3D PR AL AL W A AL LA KB, Tolok R Keds/ N MR 2E A A, Bk PRk
R J RS br , RO AL A e L AE Wy s A8 w=0.004 9D H> 76,

®3 FBRUBERZLZZ[ELEVE 5 ML EEMELNRE

Table 3  Five nonlinear biomass estimation models of P. schrenkiana organs in Tianshan forest areas

W HE YR AR PEARX R Enpl%
W+ W=aD" W=0.476 6D"" 0.926 6 38.98
W=aH" W=0.050 615 0.9519 25.19

W=a(D*H)’ W=0.251 1(D*H)*** 0.947 5 30.69

W=aD"H" W=0.088 5D "% 0.963 1 23.53

W=a(D*/H)’ W=1.389 0(D*/H)"7 0.876 7 63.69

L5 W=aD" W=0.073 6D"*¥ 0.768 0 34.49
W=aH" w=0.003 8H*" 0.830 7 43.52

W=a(D*H) w=0.033 8(D*H)"""* 0.796 0 35.15

W=aD"H* W=0.004 9D 7 0.8325 42.78

W=a(D*/H)’ W=0.139 0(D*/H)"™® 0.709 9 36.41

i W=aD" W=0.167 2D'** 0.753 6 40.68
W=aH" W=0.030 5H*** 0.800 9 31.27

W=a(D*H) W=0.100 9(D*H)** 0.777 1 35.39

W=aD"H° W=0.035 8D [ 0.802 8 30.69

W=a(D*/H)" w=0.281 5(D*/H)"**! 0.687 9 47.56

AR W=aD" W=0.178 8D'** 0.904 4 37.43
W=aH" W=0.032 3H>™* 0.857 8 36.64

W=a(D*H)Y’ W=0.100 6(D*H)**’ 0.908 7 31.85

W=aD"H" W=0.101 9D"4* 1581 0.908 7 31.92

W=a(D*/H)’ W=0.422 71(D*/H)*™ 0.880 0 53.82

Hi A W=aD" W=0.635 8D" 7% 0.9157 29.52
W=aH" W=0.064 1H>%* 0.948 4 24.17

W=a(D*H)" W=0.332 3(D*H)"¥ 0.9383 22.83

W=aD"H" W=0.104 8D F>042 0.9573 19.09

W=a(D*/H)’ W=1.701 0(D*/H)""* 0.860 3 46.40

BAY R W=aD" #=0.813 0D'"™*° 0.938 8 27.08
W=aH" W=0.094 §H***! 0.9513 25.43

W=a(D*H)" W=0.432 7(D*H)"** 0.957 4 21.69

W=aD’H W=0.184 3D 78 f" 7% 0.968 1 18.53

W=a(D*/H)’ W=2.111 0(D*/H)""'¢ 0.894 3 42.66

23 EYEANTEEEUHAR

FIH SRR A Y A W=0.184 3D H' ™ THRH 3 MG ILIHEERT 4 791 S/ NHERGF- 4 8 kA=
Yk, AT 13 DRHEAR X FIE A2 AR, FHBELARME T i A8 A MR R E .
Bl 4 FTHT: 2T IE S AZ A ) A8 i SR HE AR YO ) . IOREERE L e . AR . iR . B
B RHRE . BABERE. FARGE. FAER . AR E . FRERE R R
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3 it 5t
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A o L RAR ) A A S A A R A5 SR 60 r
J— A LR IR B 1 #2 (ratio-driven process), F
BLZAPIN AR E (A B ERET) A&
PRSP, KT B . AR b AR ) o
DR AR 79% e AT KBRS R A 15 H
TSR AZHE EATHE T AE Y5 10.16~1 475.17
1.88~539.18 kg #k~", 4l i EVEW Y 64.5%~
92.4% F1 7.7%~35.5%. k253555 K& BB IR 4%
WVEAFRDE = A2+ . & mERTAR A o 5
R AW 48.1% . 20.0% . 11.7% F1 20.2%, :
A E—E LR, FEAMMES g B4 PRTeRUEhTOTTMAE R0

Figure 4 Relative importance of variables affecting P. schrenkiana
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