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Dynamic changes in biomass and volume of the tree layer of
Pinus tabulaeformis and Pinus armandi forests
at different altitudes
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Abstract: [Objective] This study aimed to explore the development patterns of forest stand at Huodi-
tang forest region in the Qinling Mountains and to improve the establishment of forest management meas-
ures. [Method) Based on the dendrochronological method,dynamic changes in biomass, volume and produc-
tivity of the tree layer of Pinus tabulae formis and Pinus armandi forests at different altitudes from 1977 to
2011 were calculated using regression equations at Huoditang forest region in the Qinling Mountains. [Re-
sult] The amounts of biomass and volume of the tree layer in P. tabulae formis and P.armandi forests at

all altitudes increased dramatically in the past 35 years. And the increase in P. tabulae formis was faster
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than in P. armandi. At the altitudinal gradient from 1 550 m to 1 650 m,the amounts of biomass and vol-
ume in P. tabulae formis forests remained the highest,increased from 44. 40 t/hm* and 54. 98 m®/hm?® in
1977 to 214. 67 t/hm?® and 237. 50 m’/hm’ in 2011, respectively. The highest amounts of biomass and vol-
ume of P.armandi forests appeared at the height of 1 850 m to 2 000 m,increased from 16. 74 t/hm’ and
25.20 m*/hm?® in 1977 to 182. 75 t/hm* and 225. 14 m*/hm? in 2011, respectively. The productivity of two
forest types increased with stand age and both reached the highest levels around the year 2001. After that,
a downward trend was observed. [Conclusion) Environmental differences among altitudes and human dis-
turbances were the main factors leading to variations in stand biomass and volume. The differences in bio-
mass and volume variations between the two forest types were due to biological characteristics of tree spe-
cies and stand environment. Consistent dynamic changes were observed in the productivities of the same

tree species along different altitudinal gradients may partly reflect the responses of forest growth to annual

variations of climatic factors.

Key words: Huoditang forest region in the Qinling mountains; Pinus tabulae formis ; Pinus armand;i ; al-

titude; biomass;stand volume;productivity;tree ring
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Basic information of sample plots in Pinus tabulae formis and Pinus armandi forests at

Huoditang forest region in the Qinling Mountains

e £ 1 % . o s e T 7P A g - A% / k) & o B
ag PR e Oy ) EE W FEBRom Bl REE
Forest t Number Elevation Sl Aspect Accompanying Canopy Mean Stand Number
orest type of plots Aevano lope spec Tree Species density DBH age of cores
3 >1450~<C1550 m  27~33 211~261 AW P. armandi, 5 0.75~0.80 22.3~26.1 40~45
S : . ,
i . 3 =1 550~<C1 650 m 16~35 220~223 5 ¥ Quercus aliena var. 0.75~0.80 21.4~25.8 37~45 196
P. tabulae formis e
3 >1650~<1750m 30~36  211~225  dculeserrala 0.40~0.50  23.7~25.6  36~44
3 >1550~<1700 m 26~32  198~243 i} P. tabulaeformiss  0.65~0.80  21.6~24.4  36~40
(AR 21 ¥t Betula albo-sinen-
= ~ 5 ~ 3~185 . N - . L75~0. 22.1~23.5 ~
P. armandi 3 >1700~<<1850m  24~32 173~185 siss B B Q. aliena 0.75~0.80 1~23.5 38~40 210
3 >1850~<2000m  29~32  120~155  var. acuteserrata 0.60~0.75  20.6~23.2  38~4l

AR L G TR PR AS AR | D AR (il
FHL 0 20D 4T BE 40 . B % 32 10 OG W 38 AF 58 75 i v]
W, JF R BB %2 X AEYY . WinDEN-
DROTM 4R850 B & e F1 4 FE 0 OF 55 F 3 4l K11%
HEATHE FE N KE A F) 0. 01 mm,
2.2 EYME EFNMERENIHE

R 4 0] A 25 S, 73 BB b P 32 2 T R A A
2012 4F B AR e R AR K d o K AR ST R FG
S B AR AR T SR A R I A Y i A%

D, =Dy, — (W, + W+ 4+W, W, ),

KD, FoR n AR W, FoR n AEHK 2 R
O TEZ

R T3 45 1) B 1 25040 R FH R AR AR A5 3 R
SEOULI B Hhe ST B A R O R AR B, AR i
CL A 1 25 W et FObE RRU ] U SRS (3R 2) 3530 1 Al e R
A D3 A B A R A B K 5 At RO ik B8
TR AT UG B 5 SR AS A Hi 25 A2 GOROR 9 45 26 4
PR A 0 A5 20 R L TR KR 2 DT AR A ) R R E R
H R TR E A AR 2 AR e 2 25 el
FEHL TR AR 24 4R R T

R2 FRAMEARBLR ZURAFAMMZREEYVE HRIFSHEPER

Table 2 Regression equations for biomass,volume and tree height of Pinus tabulae formis and Pinus armandi forests

at Huoditang forest region in the Qinling Mountains

T A A BB A Bl Ay EEPEN
Tree Species Regression equation of biomass and tree height Reference
In Wg=1.040 86 In (D*H)—4. 631 43 In Wpy=0.773 96 In (D*H)—4.693 48
In Wy=2.577 33 In D—4. 080 26 In W, =2.574 95 In D—5.117 12
i o5
P. tabulae formis In Wr=2.286 92 In D—4. 141 98 In Vs=0.991 38 In (D*H)—10.202 11 N
In Vpa=0.799 47 In (D> H)—10. 632 77 1 _0.829 60+0. 076 92

H D033
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4k 2 Continued table 2

A A B R A B Ay EEPEN
Tree Species Regression equation of biomass and tree height Reference
In Ws=1.023 63 In (D>*H)—4.499 70 In Wga =0.884 17 In (D*H)—5. 384 72
In Wp=2.575 51 In D—4., 084 52 In W, =2.756 87 In D—5.758 91
1 \
ety In Wr=0.971 20 In (D2H)—5. 263 01 In Vs=0.956 97 In (D*H)—9. 957 83 [25]
P. armandi
In Vpy=0.787 72 In (D> H)—10. 483 52 LH: ]Dlg_f& §O7+O. 071 43
In Ws=0.992 53 In (D*H)—3.788 18 In Wpa =0.756 32 In (D*H) —3. 924 50
S5 A In Wp=3.499 34 In D—6.507 26 In W, =2.293 44 In D—4. 885 81
Quercus aliena var. In Wg=2.764 35 1n D—4. 208 17 In Vs=0.968 84 In (D*H)—10.073 52 [25-26]
acuteserrata
In Vpa=0.655 31 In (D*H)—9. 431 91 %:81);)171 ilJrO. 052 63
In Ws=0.910 35 In (D*H)—3.793 26 In Wga =0.810 21 In (D*H)—4. 277 50
o1 HiE In Wg=3.359 34 In D—5.935 11 In W, =2.390 07 In D—5.569 30
Betula In Wrg=2.688 79 In (D*H)—4.336 07 In Vs=0.958 52 In (D*H)—9. 996 33 [25]
albo-sinensis
In Vin =0.796 35 In (D'HD—10.432 85 —-= =220 124:0 060 61

D R Ho W s Ws, TR Wea . RAY R We. SUEW R W AP 5 We RAEW R Vs, THR Ve R
Note:D. DBH; H. Tree height; Ws. Trunk biomass; Wpa. Bark biomass; Wy, Branch biomass; W. Leal biomass; Wg. Root biomass;

Vs. Trunk volume;Vpa. Bark volume.
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Fig. 1 DBH variations of Pinus tabulae formis and Pinus
armandi forests from 1977 to 2011 at Huoditang

region in the Qinling Mountains
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Fig. 2 Dynamic changes in biomass, productivity and volume of Pinus tabulae formis forests from 1997 to 2011 at

different altitudes at Huoditang forest region in the Qinling Mountains
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Fig. 3 Dynamic changes in biomass, productivity and volume of Pinus armandi forests from 1997 to 2011 at
different altitudes at Huoditang forest region in the Qinling Mountains
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Table 3 Correlation between the biomass of Pinus tabula formis and Pinus armandi forests at different altitudes
at Huoditang forest region in the Qinling Mountains
. WHS P. tabulae formis . B WS P. armandi
4 /m =145 S : SIS W3 /m >155 = =185
Altitude =1 450~ =1 J\_)o’\’ =1 6\30'\4 Altitude =1 550~ =1 700~ =1 850~
<1 550 m <1 650 m <1750 m <1 700 m <1 850 m <2 000 m
=1 450~<C1 550 1 =1 550~<C1 700 1
=1 550~<C1 650 0.362" 1 =1 700~<C1 850 0.498" * 1
=1 650~<C1 750 0.508* * 0. 281 1 =1 850~<C2 000 0.335 0.760"* 1

1 (Note) : ¥ * P<C0.01; » P<C0.05,
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Fig.4 Dynamic changes in biomass and volume of tree layers of Pinus tabulae formis and Pinus armandi

forests from 1997 to 2011 at Huoditang forest region in the Qinling Mountains
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