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Fig. 1 Sample plots layout of Quercus wutaishanica
forest stands in Liupan Mountains Area of Ningxia
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Table 1 The relations of single tree biomass of

Quercus wutaishanica secondary forest

WFh W& T T FERVR
Tree species Fitting equations  Equation source

JL A ¥k Quercus wutaishanica B=0.732 0(D) "

1.965 6

H# Betula platyphylla B=0.668 4(D) k2]
/L likiB Tilia paucicostata  B=0.291 6(D)*'*¢®
th#Populus tremula B=0.262 4(D) 22'° R3]

H: BAFRABEEAREYRE (kg ¥, DRNTFKREKITZE
(cm).
Note: B is the overall biomass of a single tree (kg-tree™"), and D
is the diameter at breath height (cm) of single tree.
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Table 2 The relations of single plant biomass of main shrub species in Quercus wutaishanica
TEARTE METTTE RTE RH TIREARIR
Shrub species Fitted equations R? Equation source
FERG L% (Spiraea blumei) B=0.498(D)" 32 0.925 8
LLif#% (Crataegus pinnatifida) B=0.104 6D*-0.045 1D + 0.030 9 0.9815
b B4 (Lonicera elisae) B=0.075 6(D)"*" 0.8320
JK#T (Cotoneaster multiflora) B=0.062 2(D)"®° 0.9828 VRTINS
¥ (Corylus heterophylla) B=0.045 2(D)""*® 0.907 7
MEM-3E3%  (Viburnum betulifolium) B=-0.000 6D? + 0.176 3D-0.116 1 0.908 7
H & #E K Other shrub species Bur=18907In 5-2.496 2 08021 HR[14]
Byz=0.896 6 InD-2.263 3 0.568 5

e BRNMEARRMRAEDE (kg #™D: DRNEEAMAZ (cm).

Note: B is the overall biomass of a single shrub (kg-plant™), and D is the ground diameter (cm) of single shrub plant.
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Table 3 Site and structure characteristics of the Quercus wutaishanica stand plots in different sub-regions
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A%l b Vas Al i

ltem South of Liupan Middle of L.iupan North of L!upan
Mountains Mountains Mountains
1k Altitude/m 1 960~2 280 1789~2 420 2 030~2 260
+ZEE Soil thickness/cm 78 £24 64 £ 20 58 +12
3 FE Slope gradient/ (°) 34+7 30+8 37+2
WS FE Tree density/(#-hm™) 1037 + 494 1055 + 337 1314 + 388
A1 Canopy density 0.71+0.12 0.68+0.15 0.57 £0.08
it Stand age/a 38+ 17 45+ 10 38+4
SEYM = Average tree height/m 12.3+3.8 82+27 6.6+0.8
‘T3 4% Average DBH/cm 17.3+4.9 13.3+3.8 11417
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Table 4 The biomass of different layers of Quercus wutaishanica forests in different sub-regions  t-hm™
Pljﬁtd@}%ers So/u\tr;ﬁclflﬁ Irj.‘_i]uﬁ;zan Mi(gc\ifc[ﬁc E:gan Ngr;r;ﬁou#ii_tuﬁan A%\jeigge
Mountains Mountains Mountains
J¥ A2 Overstory tree layer 209.28 + 92.21 124.50 £ 61.39 94.59 + 64.73 146.39 £ 79.67
M TFHMIZ Understory plant layer 2.75+1.35 4.15 + 3.00 3.65 +2.00 3.76 £ 2.67
WEAJZ Shrub layer 244 +1.36 3.11+2.32 3.28+1.95 2.98 +2.11
A Herb layer 0.31 £0.31 1.04 £2.22 0.37 £ 0.32 0.78 +1.84
K742 Humus layer 22.86 £ 6.45 16.70 £ 7.74 15.70 £ 3.52 18.27 £+ 7.67
AW & Total biomass 234.89 £ 94.16 145.35 + 64.05 113.94 + 68.06 168.42 + 82.79
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Fig. 2 Variation of overstory tree biomass of Quercus wutaishanica forests with stand structure
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Fig. 3 Variation of understory plant biomass of Quercus wutaishanica forests with stand structure
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Fig. 4 Variation of little layer biomass of Quercus wutaishanica forests with stand structure
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55 3 k&,

INBE XL AR S RS 25 A8 /2 A e FR 5 77

£ 0.75~0.79 WL, WL RARARAS 24 it
ISR R B K. IUTRARZ . MR AEIZ . A
EYZE YRR ML oy 292.3~314.1
8.29~9.08. 33.34~33.78 t-hm™, #B7rH oMy
2R e KAE Y 80% LA I, 43 %1 80%~ 86% .
81%~89%. 97%~98%, XMk B LYY -
HMNELER B Fy 334.72~356.17 thm™, ki K
TIE Y 84%~89%. Al BEdE— 38, B4R
SAHTRA)Z TG Y 2L Y Ak SR S 3 m, {HRR
YA YRR TR, AR 0.9 BFFEE] 1.98
thm™2, (O BAMUZiRAER 20%., FHiL, P
SE AR A B S AT Bl 0.75~0.79, X Al KBk
A2 A P S AR R K
3 it
31 O EHXHS E Y ER T

ARG L ARAFARE T A2 A5 ) i B AR 53435
FVREA BERG I Th i, HIRE)—E BIE S TH= a2
TR, R R A AR G T 48 B RIS P B e (i e
REARMAEZ HPDEIR L Koy TR aEsa i/, B
KRB FESEIAT R T IR Z A s, (U S(E
Ji XoF BB A A K ) T A RE MO ARG, AR
ARA A AT A: Wy i O A P AR A 0 15 IO %%
ERETAZERENIER, WA ZE Y 5%
T, X 5N MR AR 3.

DAFEAH SCRIF G 1 2 F1 F A eE AR P B S0 A 49 It
MR AR A s AR P B SRR
% L) U 2 A W R DI OG, A BRI
MO RE, ARSI YRR AR N A A=
KO ARG Y, RG34 RV AT AR T i (i e
X AR R A B R RV E R AR R A, 32 R AR
TR A AR (RGN Y ) SkadE AR T
W5 (JRHOBEIR) BB, IR AR A= 4 i
AERFARNIFRE s YT BRI, o AR 4% B A
IS PA BE AR SRR BRAIG , T i A ) A Rt 32 BR
il , AT AR AR A P e B IR, e 25 pR A
MR R E LR R 2w P,

AR, ILARMMAL R )2 Y R TR AR 2
A=y i VR DA B RS IR . 1 RV P AR
TR TIARZAETE T, B K FEWIAZ
AP MR S B IE Y AR RO AR
Y2 A BT A2 A 1 R ) T e el SR S A

Gz, 1/ N ARSI P AR TR T RIAR T
K, T EAGE YR A ) A AR TE W o) R R
M, HIEARZAEY IR K SR B m ), T
MR HEA A P A i 2R /NP L R AT A
AR T BRI R TR P o), AT A 75 4
FEAY RS, X5 HEEE R R
—3.
3.2 HFMAUBTESINZEEVENRE

B A FHZE M FIMGEZS TR bR, 5
AR MR 25 B i A C MR 5, HLAR AR nT 2
W, REHMEARE], BT EENESHERMAEE
XN AR BE R A ARG RR L K RE AR
F, ST EDEREE . WD . M%&)
Y A A LY, JETE ARG
VR RN 22 D B A B S AR A S5 A P8

— kU, AR R AR AR E
PERZDRerE s &, R R i S AR A, LAl
R AR . AT HE2 R 2 A e
PO ARG R, AN IX AT R RE SRR
2 2 Wy i A A B AR A BE Y L 0.75~0.79,
X252 AR P AR TR K o 3K AR P B R
R TR B LRI S BARATEE (0.7 ) B,
J PR AT fig 2 B e L AR R K & (611.8 mm) DL
TR (962.6~1783.5m) FIiE (8.6 C)
B S EEE R R AR A ] R FH K RTS8
X RAUBFFEEHAE — S E P RARI T 58
FRENESER et ] 7S L X AR bR A AT
W, Eider i AR BE 0.7 (X g FPi AR I bR 4325
J# 1 100~1 500 #k-hm™2), WJ 6] AR5 e 1 7
KRIZ . TP . WTEY)Z 382 s R34,
3.3 AMIRHNABRMARARESR

TEATRSE D, AU SRR BRI, 4R AR
2. N HEPZE . AR A R R A
B, R, WHATEZREYEARBER, 3t
e B 22 45 2 A i SR ) SR AT A B A S 3
B, XK Z RS B S IG A — SRR 2
Ko ARFER T — AR, AT T 4L
PERIMILLE, 1A Z BRI R REm, I B ARTE
S AR A B T AN [ AR 14 % 7 2% B i 2 5 A X
T AR S BE IS IR AT X BEm 5T, AT
RETH R 2 AN IR I 1 2 D REAE PR AR 2 1 . 1
M), AGHFEAER E R AT, TR A 5%



78 Mool B o OBF 5 %36 5
MR Z RS hRE (KM . AMA . Y2 29(9): 2996-3008.
BEHEGRG . EIR ) SebkorREbemp gy (1D RILT ROV AR
- N . R T : , .
RERFRARK, AR R EZRRG H L [12] BAHR, A, W BE, 55, 7 SR S 3Rk 28 B2 4 A1 4
FEHB A RN B A N AR T G5 F AR b 5 45 P IR 55 TELI). 4l T4, 2016, 32 (13); 109-117.
NREMETE R, RIETTEMES AER M55 (131 2 WG, ARAEEE AT AL, 55 SRVER R S AR LA A ) i AR sk
PR A R 1 Bl il 2 2 0 Rl P SR F WO, PHCHPES 201,20 (1): 19208
ik B EWE, T, 55, % E 2 BT B A :
TRBEM R, ST Ry e v AR
ﬁa%ﬁﬁo [15] Matsushita M, Takata K, Hitsuma G, et al. A novel growth mod-
. el evaluating age-size effect on long-term trends in tree
4 %}% growth[J]. Functional Ecology, 2015, 29(10): 1250-1259.
BI9E T T AL KT ARV A MR A 2 [16] Schmidt U, Thni H, Kaupenjohann M. Using. a boundar.y line
- N ) o . . approach to analyze N,O flux data from agricultural soils[J].
Y A MO SR RRIE A R e, A5 BT 4598 Nutrient Cycling in Agroecosystems, 2000, 57(2): 119-129.
(1) BEMOT B ERARAESG A, FoARZEYRIE  [17] 2, (UM, X0 T, 45 RS 126 A RS AR M 13852
Pk FFHE e T, M AYE A Y e A Yyt (I B A A ()], AR AFST, 2020, 16 (4): 229-236.
SR R, AT A e VU 2 0y 1 [18] Peek J M, Korol J J, Gay D, et al. Overs-tory—.understory bio-
- N _, - N mass changes over a 35-year period in southcentral
G, (2) %?ﬁ;ﬁﬁﬁﬂi%*ﬁ%@ﬁi%iXﬁﬁﬁ &il Oregon[J]. Forest Ecology & Management, 2001, 150(3):
FERIMAN , A RE(E A2 A Y A TR R K 267-277.
SERERAAER A ETEE S 0.75~0.79, (191 Z=RHPE, 2=, 30 . FE AR A BEIE 7y B B R E
RGN [J]. Mol R, 2014, 50 (2): 85-91.
%}%‘j{ﬁjf( [20] :iu G H, Hui C, Chen M, et all. Variatio.n i.n indivi.dual biorﬁass
ecreases faster than mean biomass with increasing density of
L1 P MR AR B 2 Dyl iS5 AL o B 2 D) e bl 22 bamboo stands[J]. Journal of Forestry Research, 2020, 31(3):
TEERERER [M]. Jbnt: P E Al T R, 2010. 081-987.
[2] e, RoKoR, EEWE. ZU1aesol &R M. dbat: Bl [21] FeH b, BT, T AekE, 2 A0 I A e R A R T R
fit, 2013. WA REPERIII D). UK LARFFRIZE, 2018, 16 (4): 106-114.
[3] Chen S, Shahi C, Chen H, et al. Trade-offs and synergies [22] fH & RKEL, ZE e B, 0 ) FRE R X 2L 22 VE I B MOPR T Rk
between economic gains and plant diversity across a range of ZREME K A R s [, R RO BB 2R 4], 2019,
management alternatives in boreal forests[J]. Ecological Eco- 39 (5): 95-100 + 118.
nomics, 2018, 151: 162-172. [23] Wang Y H, Xiong W, Gampe S, et al. A Water yield-oriented
[4] Carpentier S, Filotas E, Handa | T, et al. Trade-offs between practical approach for multifunctional forest management and
timber production, carbon stocking and habitat quality when its application in dryland regions of China[J]. Jawra Journal of
managing woodlots for multiple ecosystem services[J]. Envir- the American Water Resources Association, 2015, 51(3): 689-
onmental Conservation, 2016, 44(1): 1-10. 703.
(5] e, sRMmez, RS, T B8 00T AR AR T 0T 8 25 2 A [24] Helman D, Leu S, Mussery A. Contrasting effects of two Aca-
[V]. Bepimll BBz, 2003 (3): 13-15. cia species on understorey growth in a drylands environment:
L6 thFt. T RN M UL RBRMBEREREAE T [J]. T BB, Interplay of canopy shading and litter interference[J]. Journal
1997 (2): 17-20. of Vegetation Science, 2017, 28(6): 1140-1150.
(7] FEHED, T, TS, & T E SR KT R R 2 7 5 A [25] Mlambo D, Mwenje E. Influence of Colophospermum mopane
FMATERE 1. MolkBH#F5T, 2011, 24 (1): 97-102. canopy cover on litter decomposition and nutrient dynamics in
(81 X &, X, mi i, 55, 8+ X IL ARV A ARAE Wy s ) a semi-arid African savannah[J]. African Journal of Ecology,
il 22 B S Sty i 107 (] PG b b2 g 24 4z, 2018, 33 (5): 2010, 48(4): 1021-1029.
16-22. [26] 5 &, BUEA, D61, 55, BT 4R TMAE P
(9] sk, LRIV 3 b b X 2o A i S B SR e R AR SyTCHs JR [J]. Mol RLEBF9T, 2022, 35 (1): 182-189.
IRRHE[J]. AE25244H, 2005 (3): 527-537. [27] ZEkeT, kB2, ZR e, 45 A PH B ELIN A Jy ik i g S 0 [J].
[10] Ahmad B, Wang Y H, Hao J, et al. Optimizing stand structure HFE AT, 2008, 21 (1) 40-46.
for trade-offs between overstory timber production and under- (28] @hifgoR, 22Kk, 2 B BR N TMOBRIREERRAE AR 5% [J]. db sl
story plant diversity: A case-study of a larch plantation in north- Kegdk, 2000, 22 (4): 92-96.
west China[J]. Land Degradation & Development, 2018, [29] & &, JUHRI, 5865, 45, &I pRds 3R ARIAS TR AL A1 B AR


http://dx.doi.org/10.1016/j.ecolecon.2018.05.014
http://dx.doi.org/10.1016/j.ecolecon.2018.05.014
http://dx.doi.org/10.1016/j.ecolecon.2018.05.014
http://dx.doi.org/10.3969/j.issn.1001-2117.2003.03.004
http://dx.doi.org/10.3969/j.issn.1001-7461.2018.05.03
http://dx.doi.org/10.3321/j.issn:1000-0933.2005.03.021
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.13.016
http://dx.doi.org/10.3969/j.issn.1001-7461.2014.01.03
http://dx.doi.org/10.1111/1365-2435.12416
http://dx.doi.org/10.1023/A:1009854220769
http://dx.doi.org/10.1007/s11676-018-0796-1
http://dx.doi.org/10.1111/1752-1688.12314
http://dx.doi.org/10.1111/1752-1688.12314
http://dx.doi.org/10.1111/jvs.12576
http://dx.doi.org/10.1111/jvs.12576
http://dx.doi.org/10.1111/j.1365-2028.2010.01208.x
http://dx.doi.org/10.3321/j.issn:1000-1522.2000.04.016
http://dx.doi.org/10.3321/j.issn:1000-1522.2000.04.016

%5 3 ) sE, A N KALRERARI S A X A A2 A R R R 79

R A [J]. ARAUMOl R 22244k, 2016, 44 (9): 29-33 + 39. and N dynamics during litter decomposition in a temperate
[30] Nadkamni N M, Schaefer D, Matelson T J, et al. Biomass and forest [J]. The Science of the Total Environment, 2022, 820.
nutrient pools of canopy and terrestrial components in a [33] Ahmad B, Wang Y H, Hao J, et al. Variation of carbon density

primary and a secondary montane cloud forest, Costa Rica[J].
Forest Ecology and Management, 2004, 198(1-3): 223-236.
(31] TN, skl [, HACE, 5. SE7 R E R L AR RS B i

components with overstory structure of larch plantations in

northwest China and its implication for optimal forest manage-

I L], PibAR22 B2, 2018, 33 (3): 52-60. ment [J]. Forest Ecology and Management, 2021, 496.
[32] Wang Q W, Robson T M, Pieriste M, et al. Canopy structure (34] F/NTS. SENARILTE IR N TR Y i3 57 b 55 1 FIVAR 23 454
and phenology modulate the impacts of solar radiation on C e SR ID] . Jbat: dbstpalk K%, 2020.

The Effects of Stand Structure of Quercus wutaishanica
Forests on the Biomass of Different Plant Layers in the Liupan
Mountains of Northwest China

ZHANG Xue'?, LIU Bing-bing®, WANG Yan-hui?, YU Peng-tao’, DUAN Wen-biao', ZHANG Jun®

(1. School of Forestry, Northeast Forestry University, Harbin 150040, Heilongjiang, China; 2. Ecology and Nature
Conservation Institute, Chinese Academy of Forestry; Key Laboratory of Forest Ecology and Environment of
National Forestry and Grassland Administration, Beijing 100091, China; 3. Xixia Forest Farm of
Liupan Mountains Forestry Bureau, Guyuan 756400, Ningxia, China)

Abstract: [Objective] To quantify the effects of stand density and canopy density on the biomass of differ-
ent plant layers (overstory tree layer, understory plant layer, and litter layer) of Quercus wutaishanica sec-
ondary forests in the Liupan Mountains of Ningxia in northwest China, and to determine the optimal stand
structure that can maintain the biomass of each layer at a relatively high level for fully using the multiple
forest ecosystem services. [Method] Using sample plot data obtained from field survey, the response of
biomass in each layer of Quercus wutaishanica forests to stand density and canopy density were determ-
ined by upper boundary lines (UBL) analysis. Then these UBLs were superimposed to find an optimal can-
opy density range. [Result] With the increase of canopy density and stand density, the overstory tree lay-
er biomass increased rapidly at first, reaching 292.3 and 296.9 t-hm™ when the canopy density was 0.75
and the density was 1 050 trees-hm™, respectively (80% and 82% of the UBL predicted maximum), and
then the growth rate slowed down; the understory plant biomass decreased slowly first, and reached 9.08
and 9.17 thm™ when the canopy density was 0.75 and the density was 1 150 plants-hm™, which were
89% and 86% of the maximum value of UBL, respectively. Then it decreased rapidly; the litter layer bio-
mass increased rapidly at first, and reached 33.34 t-hm™ when the canopy density was 0.75, which was
97% of the maximum value of UBL. Therefore, the canopy density should be maintained at about 0.75-
0.79 in order to keep the biomass of each layer of the stand above 80% of the maximum value of UBL.
[Conclusion] In order to maintain the biomass at relatively high level for all different plant layers of Quer-
cus wutaishanica forests in Liupan Mountains, the canopy density should be maintained at about 0.75-
0.79, which will be helpful for guiding the multifunctional management of Quercus wutaishanica forests in
the study region and similar areas.

Keywords: secondary forests of Quercus wutaishanica; stand structure; biomass; plant layers;
multifunctional management; optimal canopy density range
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