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Abstract: Forests form the main body of terrestrial ecosystems and play an important role in mitigating global climate

change through carbon dioxide sequestration in forest biomass. Biomass and productivity are essential characteristics of forest
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ecosystem structure and function, and knowledge of both are essential for the study of carbon sink function and carbon
sequestration. Cunninghamia lanceolata, Pinus massoniana, and Eucalyptus urophylla X Eucalyptus grandis are the primary
plantation trees used in southern China, accounting for 90% of the plantation area in ten southern provinces. However, few
studies have analyzed the dynamics of forest biomass and productivity of these forest types. Forty-five 20 m X 50 m research
plots were established and analyzed using three dominant plantation species ( C lanceolata, P. massoniana, E. urophylla X
E. grandis) in southern China with the goal of improving our understanding the vertical structure of each community, the
distribution of biomass to the various organs, and gaining a better understanding of forest biomass and productivity of
differently aged stands. Each plantation type was studied using five age classes: young, middle-aged, near-mature, mature,
and over-mature forest, with three replicates of each. Regression models relating tree biomass to diameter at breast height
(DBH 1.3 m) were developed to estimate tree biomass. Other biomass components were sampled in quadrats within the
same forty-five research plots: shrubs (three 4 m” quadrats), herbs (three 1 m’® quadrats), and litterfall ( three 1 m’
quadrats ) . This method was used for estimating biomass, productivity, and biomass allocation rates to various organs in the
three main plantations types; we also analyzed the relationships between stand age and biomass productivity to determine the
biomass allocation rates to various organs. Results showed that a significant relationship exists between stand biomass and
stand productivity of the three main plantation types as they relate to stand age, with a high degree of fitting in growth
models. The total biomass of C. lanceolata, P. massoniana, and E. urophylla X E.grandis plantations increased with stand
age and the biomass of mature forest was 192.30, 191.53, 105.77 Mg/ha, respectively. Living biomass made up 95.76%—
98.39% , 75.01%—99.14% , 85.60%—97.61% of these three plantation types, respectively. Most of the biomass of the
three main plantation types was concentrated in the tree layer and biomass increased with stand age for all three types. The
biomass of other layers accounted for only a small percentage of total biomass, and generally litterfall > herb > shrub
biomass. The trunk biomass occupied the greatest proportion of the tree layer; for C. lanceolata, P. massoniana, and E.
urophylla X E. grandis truck biomass made up 54.89%—75.97% , 49.93%—83.10% , and 51.07%—98.48% of total
biomass, respectively, and trunk biomass increased with stand age. Root biomass made up the second largest percent of tree
biomass and the percentages of both branch and leaf biomass were lower than root biomass and decreased with stand age.
Shrub branches made up the majority of shrub biomass; both the above- and belowground biomass allocation of herbs did not
exhibit an obvious trend or pattern of change. Compared with other forest types, the total biomass of C. lanceolata
plantations and P. massoniana plantations were both greater than most and the total biomass of E. urophylla X E. grandis
was lower than most, but the level of productivity of all three plantation types was high, or 12.37, 8.98, 21.10 Mg hm™’
a”', respectively. All three are fast growing forest tree species with higher photosynthetic efficiency and potential carbon

sequestration than other forest plantation species in South China.

Key Words: biomass; productivity; stand ages; plantation; Southern China
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Table 1 Division of stand age for three plantations

M Stand age/a

AR
Forest type LR A) IR (B) AR (C) A (D) AR CE)
Young forest Middle-aged forest ~ Near mature forest Mature forest Over mature forest
2K Cunninghamia lanceolata <10 11—20 21—25 26—35 =36
L EHA Pinus massoniana <10 11—20 21—30 31—50 =51
B 1 2 3 4—5 =6

Eucalyptus urophyllaxE. grandis
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Fig.1 Map of plots in study area
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Table 2 Sample plots distribution and general situation of three plantations at different stand ages

How it B s T T
Forest type Stand age Sample point Longitude Latitude Area Volume MAT MAR
A <10 A Kk 107°3' 25°11" 43880.4 3008792 20.0 1370
11—20 B [aER) 107°29' 24°59’ 59003.8 3395302 16.9 1498
21—25 C Rk 109°17’ 25°5" 170708.2 13583859 19.4 1824
26—35 D fk 109°4 25°13' 170708.2 13583859 19.4 1824
=36 | ek 110°3’ 25°54" 37957.3 3597775 18.1 1544
HEM <10 A 3Ll 110°27’ 25°21" 28188.8 2340150 18.0 1915
11—20 B N 111°17' 23°26' 54982.2 3903713 19.9 1535
21—25 C L 111°18’ 23°27' 7632.2 345861 21.0 1503
26—35 D TH 107°7' 2201 103286.7 7607349 22.1 1200
=36 E TH 107°8’ 2202' 103286.7 7607349 22.1 1200
3] <10 A hReg 107°55’ 22°025" 26403.2 873522 21.7 1200
11—20 B v 108°10’ 22052/ 58461.3 2535523 21.8 1350
21—25 C it 109°17’ 21°58’ 37213 1504788 21.9 1671
26—35 D A 109°3’ 21°47' 61225.8 3327748 23.5 1867
=36 E Rt 107°52 220 21" 26403.2 873522 21.7 1200
AR B TR C bR D A B i bk
1.3 AWkt TEPEA RIS FI AR A2 AR 15 Bk Sh R 21 #k 4%
131 FFARZE RE 18 BRAE M HEA, #EAT AW i I g, I HL

TERR A RN b S0 5 AR A, G 42 AR W R RUE IR T 4% 2 m 23 B ol WK i, 7E A
TR R 2 | PR SOICR A B RN FERE BN R B | e B T 3 3 o B — A [ 2 R
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Table 3 Regression models for three plantations

#E Organ A LN i)

M Leaf W, = 1.119+0.019x+0.014¢*> (R*=0.857**)  W,=0.332D%3% (R*=0.732*") W, =1.182e"9302( R2=0.762** )
#% Branch Wg= 0.025D*'"  (R*=0.877"*) Wy=0.07D"  (R*=0.953**) W, =0.042D"8%  (R*=0.894%")
+ Stem W,= 0.026D>™" (R*>=0.989**) Ws=0.172D**"  (R*=0.989**) W, =0.028D>"% (R*=0.978**)
R Root Wp= 0.01D*%° (R?*=0.904*") W,=0.023D>*" (R?=0.984"*) W,=0.06D""" (R?>=0.851"")

4ok Total single-tree W, = 0.096D**°  (R*=0.993** )

W,=0.428D>"  (R*=0.991*")

W,=0.138D>%% (R*=0.977**)

#* % P<0.01
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Table 10 Growth models of different organs in tree layer, shrub, herb, litter and stand biomass and productivity for three plantations

S AE

Forest type  Organs

HE YR AR
Models

Sy
Models

IZN TR Tree leaves y=1.823+1.3184x—0.059x>+0.001x°  (R*>=0.566) y=1.044+1.393x—0.403x>+0.032>  (R*=0.38)
FRAHE Tree branch y=exp(3.379-7.329/x)  (R?*=0.8768" ) y=2.103-0.594x+0.055x>  (R*=0.87)
AT Tree stem y=exp(5.263-11.266/x)  (R*=0.896"") y=3.828+2.568x—1.024x2+0.092¢°  (R?=0.793)
TEAAR Tree root y=exp(3.460-9.518/x) (R*=0.87"") y=1.072+0.233x-0.142:*+0.014%>  (R*=0.844)
F+K Tree y=exp(5.524-9.108/x)  (R*=0.861"") y=7.635+4.054x—1.642+0.147°  (R*=0.705" )
AR Shrub y=6.765-0.868x+0.035x>~0.000393x>  (R*=0.915*") y=0.749-0.629x+0.161x°-0.012x>  (R*=1.00")
7R Herb y==5.212+1.6824x—0.073x*+0.001x>  (R*=0.914) y=-0.833-0.629x—0.28x*+0.017x*  (R*=0.392)
JAEY) Litter y=exp(5.721-9.119/x)  (R*=0.921") y=—1.044+2.343x—0.646x7 +0.049x>  (R*=0.748)
MG Stand y=exp(5.551-8485/x)  (R*=0.898"") y=6475+7.0626-2.414x>+0.023x>  (R*=0.777")

RN FEAKN: Tree leaves y=exp(1.8-12.031/x) (R*=0.778"") y=exp(0.757-2.516/x)  (R*=0.720)
Te AR Tree branch y=exp(4.128-26.278/x)  (R*=0.97"") y=exp(0.614-2.953/x)  (R*=0.713)
AT Tree stem y=exp(6.089-30.137/x)  (R*=0.977"") y=exp(2.646-3.798/x)  (R*=0.811")
TrARAMR Tree root y=exp(4.224-30.643/x)  (R*=0.978"") y=exp(0.767-3.819/x)  (R*=0.815")
TEAK Tree y=exp(6.261-27.517/x)  (R*=0.977"") y=exp(2.987-3.463/x) (R*=0.795")
AR Shrub y=6.349-0.574x+0.021x>-0.000207x>  (R>=0.562) y=exp(-2.266+1.252/x) (R*=0.851")
A Herb y=-0.880+1.239x—0.046x>-0.000437°  (R*=0.242) y=1.683-0.504x+0.151x>-0.013x*  (R*=0.994)
JAYEY) Litter y=6.739-0.648x—0.035x>-0.00042+>  (R*>=0.199) y=-0.096+1.318x-0.298x>+0.018>  (R>=0.999)
5> Stand y=exp(5913-16.121/x)  (R*=0.96"") y=exp(2.73-1402/x)  (R*=0.727%)

FEA T AN Tree leaves y=exp(7.998-0.713/x)  (R*=0921") y=exp(0.398-0.714/x)  (R*=0923")
TR AR Tree branch y=913.349+3.14613Inx  (R*=0.99*") y=-0.3+1.557x-0.388x>-0.027x°  (R*=0.742)
TeART Tree stem y=—1.938E4+2.408E4x—686.345x>  (R*>=0.995"") y=exp(3219-1.802/x)  (R*=0.879)
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Forest type  Organs Models Models
FAMR Tree root y=1201E3+3.626E3Inx ~ (R?=0.988** ) y=-0.277+1.83x-0.461x>-0.032> (R>=0.741)
TR Tree y=exp(12.139-3281/x)  (R?>=0.991"%) y=exp(3.340-1.393/x) (R*=0.841")
AR Shrub y=672.039-202.574x— 1628642~ 15.807>  (R*=0.541) y=0.07-0.024x—0.017x*-0.002%>  (R? =0.560)
FIA Herb y=6.129E3-4.783E34x— 1.418E34x% -110.622x>  (R*=0.581)  y=1.535-1.201x+0.356x>-0.028x> (R>=0.581)
JAEY) Litter y=-560.992+3.238E3x—346.602>  (R*=0.93) y=-0142+0.812x-0.087x> (R*=0.93)
A Stand y=-1.693F4+3.337F4x—1.761x>  (R>=0.996"") y=exp(3.408-1.284/x) (R*=0.848")
F11 3WMAIHREYESHETMEENLLE
Table 11 Comparison of biomass between three plantations and the other forest communities
ARPRIEAL b i/ a MY (Mg/hm?) Z:7% 3k
Forest types Location Stand ages Total biomass References cited
AN THK Phoebe bourmei plantation )il 32 174.33 [26]
Z
i st s o 26 (27
= AN A YEL 2R
ifsﬁr;;lzfujzi szkunnmghamia lanceolata mixed forest L 3135 104.93 (28]
55 .
o g sl o s 13
PR AK Tropical rain forest B _ 37 [23]
Z= {5 Fi Ak Tropical seasonal rain forest VU AR 2 — 424 [11]
FeBE N TR Eucalyptus urophylla plantation ] 10 144.85 [30]

Brigt: BB PRI A 16 DOMOl B B B 4R A Y
RRPRTT R 28 B SO R A B 25 T RO Bl s B
PR R 1 rp R B B O AR 2SS T A )
AR L PR e B Lol AR Ll
SFRIMAA LN RS SCRF, FE—IF R0,
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