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Cd and Pb storage of non-woody debris in alpine forest streams™

e . g ok
LIANG Ziyi, YANG Wanqin, ZHANG Huiling & WU Fuzhong
Collaborative Innovation Center of Ecological Security in Upper Yangtze River, Key Laboratory of Ecological Forestry Engineering, Institute of
Ecology & Forestry, Sichuan Agricultural University, Chengdu 611130, China

JADstract] Non-woody debris is one of the primary components in forest headwater stream ecosystem. Released Cd and Pb
from the non-woody debris is not only an important element output from forest ecosystems, but also an influencing factor for
downstream water environment and watersheds safety. This study chose a representative alpine forest in the upper reaches
of Minjiang River to investigate Cd and Pb storage of non-woody debris in the headwater streams in the rainy season of
August, 2013. We studied the Cd and Pb storages and their changes along with the stream characteristics. The results showed
Cd storages of non-woody debris as 0.863 mg/hm” and 0.249 mg/m’ per unit area for catchment and streams respectively in
the headwater streams of the upper reaches of Minjiang River; Pb storages of non-woody debris were 9.19 mg/hm* and 2.65
mg/m’ per unit area of catchment and streams, respectively. The Cd and Pb total storage of non-woody debris was found not
significantly related to the stream area, length or water flow flux. However, the stream area, length and water flux could affect
the storage and proportion of Cd and Pb in leaf, bark and other non-woody debris component. The results suggested that the
non-woody debris in the headwater streams stores great amount of Cd and Pb, therefore is an important component of heavy
metal output in the alpine forests. The study here can provide a new idea and data in understanding heavy metal resource/sink
patterns and the ecological linkage among forest-riparian-stream.

[K@mﬁb water conservation land; forest stream; plant debris; heavy metals
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[FIRHE AR AR B KK &R/ NEETHWI S, 2
T P 2 BRMOE . DF O X B AR M B = Lk
BY ( Rhododendron lapponicum) . FEEMI (Salix paraplesia) .
PUINLL A2 ( Larix mastersiana) . )57 ¥i#1 (Sabina saltuaria) .
IRVT.Y8 K2 (Abies faxoniana) . ZIHE ( Betula albo-sinensis) | 41.
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B EZ [E SR M EDE TR, AT B AR RN 645
T IEAR B AR (R CAFPLIY . 2 iRt & : Y, = 0.056X, -
5.163X, + 0.755 (R*=0.208); ¥, = 0.112X, - 15.633X, + 0.262 (R’
=0.459); ¥, = 0.11.X, - 22.358X, - 0.01.X; + 0.403 (R* = 0.909); Y,
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Fig. 1 Map of study area. A-L are sampled streams and M-R not sampled.
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9.33%169.76%. £ LA 1A FRAE /K X [ CAE” £ 24 0.863 mg/
hm?, B [ R I CAIE 1 470,249 mg/m®, JCrAss | f gz
A HE A BT 5% K 2H 43 i CdIt 5 24 0.051 mg/m®, 0.083 mg/
m’10.115 mg/m*, 439l i B A920.5% . 33.3%F146.2%; Hifi
TR AR A 7K IX [ PLJY & 479.19 mg/hm®, FA{3; T FRIZ i 1Y POt &
h2.65 mg/m®, HorpArs | B Rz R Al Sl AR I 5 A4 4143 9 P
Ik 435 270.705 mg/m?, 0.551 mg/m*H11.39 mg/m?, 43 515 &
H26.6% . 20.8%H152.6% ($22) . ix o4k 5L 35 4> 2 B 5 1L £
MRIR T A A 5% 1A CA R PO 4% 4 J o0 26 A 1 2t B 2.
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Table 1 Basic information of streams

M AR HE AR, AT BE S 5 e B A I K PR B 5 ) 5
AR AFE & CdIY B B AW 22 5. 185%
BULLEAR/NT 1 emib/ M S HABAEA TR A &, A7
WP EAR/NT 1 emfy/VEAE HA AR AR B3R Cdl it ik 50% L
b, BRI I B CAIY i AH X /N (1812a) 5 1828 R T A9
AW POIE i A T E AR/ N T emfY/MAF AR AR A B 5k
PRIERN50%LA -, BB B PO d e 45 4% 18 Uit Hh i o BE A7) 45
/N (JE2b) .
2.2 AREZMERIEARBITLAECIIEHHE

G T b 90 g 1 LR P 18 2% 15 Wt AR A5 5 R 4% 4143 CdIY
N3, AR ALY 12281 i P A 3R B TR SR AR B K
B, T RE HR AN [ B Al B ol s b b AR e AN (], T2 R
iy NI 22 S0 IR AR A i A3 A BE B, ELS B TR Y
R TR R BN, AR, By B K RS ™, (0 TR A0
S B R AR B B A S, AR AR v T R 8
K. GGt o & B LR PROBR I A I B2 L U B AT AR S Cd
IR0 B EARSCNE (3R4) . SRR S BT T AR YT T Ui /)N 1
AKX AR CA A P L, MR YT P K U 5 Sk A A g L
RRAIR AR AT IR A CAI i B K 075 e it .
2.3 AREZMEZERIEARFTLAPOINEHHIE

5CAI A LE , B Hz SR AR Y PO 1 T o5 L 451 B S A /),
WIS R B PO BT o LA X (RS5) , R I ak ik
X POy A G X, T G AE K e 43 e AR Sy
Hr R B o L AR PR U A R B2 | O o TR AR X PO B O (.
FERLR , E XA SR B PO AT B R (R6) .
o] 2R 320 S5 WS A RR S AR IR 3 T AR rh PO & 4 AR L, RYT 1
Ui v LU AR AR IR AR A BT AR MR (Y P & 185/, 3X % 5 Hh Ak
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V& Stream K & Length (/m) T fH Area (4/m”) i Flow (v/m® s™) 45 )% Latitude 2 ¥ Longitude ¥4 Altitude (h/m)
A 27.60 11.49 0.00082 31°14'N 102°52'E 3607
B 11.28 6.32 0.00212 31°14'N 102°52'E 3607
C 36.00 24.00 0.06631 31°14'N 102°52'E 3607
D 18.00 19.62 0.04744 31°14'N 102°52'E 3620
E 255.60 221.48 0.13480 31°14'N 102°52'E 3634
F 108.00 92.52 0.00066 31°14'N 102°52'E 3634
G 186.00 123.00 0.07065 31°14'N 102°52'E 3621
H 92.40 83.46 0.01776 31°13'N 102°52'E 3620
I 13.20 5.15 0.00069 31°13'N 102°52'E 3625
J 66.00 33.90 0.20288 31°14'N 102°52'E 3658
K 68.40 40.56 0.03476 31°13'N 102°51'E 3667
L 16.80 5.21 0.00056 31°13'N 102°52'E 3667
M 146.40 71.37 0.04361 31°14'N 102°52'E 3613
N 15.36 6.14 0.00102 31°13'N 102°52'E 3679
(0] 84.00 37.80 0.15902 31°13'N 102°52'E 3692
P 174.00 191.40 0.15978 31°13'N 102°52'E 3685
Q 333.60 358.62 0.42527 31°13'N 102°52'E 3677
R 288.00 162.72 0.15716 31°13'N 102°52'E 3663

F2 BURMERIEARZAECIMPLATE

Table 2 Total Cd and Pb storage of non-woody debris in alpine forest streams

207 [ BRI R (m/mg m™)

PRI BUAE K X P (m/mg hm™)

Hefﬁ mﬁz tal Storage per unit area of stream Storage per unit area of catchment
y B Leaf #f iz Bark HAth Other 41t Total B Leaf #H Bark HAth Other 411 Total
Cd 0.051 0.083 0.115 0.249 0.177 0.288 0.398 0.863
Pb 0.705 0.551 1.39 2.65 2.45 1.91 4.83 9.19
RN SH B 49244t Chin J Appl Environ Biol http://www.cibj.com/
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Fig. 2 Proportion of Cd (a) and Pb (b) storage in each component of non-woody debris in alpine forest streams.

R3 BURWERIEARRZECAE R H S B
Table 3 Cd storage of non-woody debris and its distribution pattern in
alpine forest streams

5 BILFMZBERIERRZ AP R H 5B HHE
Table 5 Pb storage of non-woody debris and its distribution pattern in
alpine forest streams

B CdIF" it Cd storage (m/mg m?) ] PbJt 1k Pb storage (m/mg m”)

Stream it Leaf Kz Bark HAh Other &1t Total B, Stream Wil Leaf  #fz Bark  Hifh Other 411 Total
A 0.327 0.311 0.404 1.042 A 1.55 0.289 1.02 2.86
B 0.014 0.011 0.088 0.113 B 0.080 0.037 0.253 0.370
C 0.021 0.031 0.125 0.177 C 0.155 0.100 1.28 1.54
D 0.207 - 0.214 0.421 D 1.37 = 0.142 1.51
E 0.007 0.003 0.104 0.114 E 0.352 0.064 1.12 1.536
F 0.001 0.004 0.070 0.075 F 1.22 0.246 3.99 5.46
G 0.043 0.063 0.157 0.263 G 1.23 0.372 1.85 3.45
H 0.012 0.067 0.151 0.230 H 0.042 0.106 0.856 1.00
1 0.00 - 0.088 0.088 1 345 o 1.89 5.34
J 0.018 0.029 0.033 0.080 J 0.934 0.786 0.906 2.63
K 0.016 0.026 0.201 0.243 K 0.059 0.210 1.46 1.73
L 0.118 - 0.106 0.224 L 0.59 o 0.479 1.07
M 0.122 0.224 0.208 0.554 M 2.03 1.34 2.66 6.03
N 0.262 0.321 0.327 0.910 N 2.28 1.20 4.77 8.25
(0] 0.123 0.190 0.151 0.464 (0] 227 1.45 0.878 4.60
P 0.051 0.090 0.073 0.214 P 0.157 0.604 0.925 1.69
Q 0.048 0.086 0.067 0.201 Q 0.201 0.628 0.727 1.56
R 0.099 0.185 0.166 0.450 R 1.59 1.18 2.01 478

S Mean 0.083 0.091 0.152 0.326 S Mean 1.087 0.478 1.512 3.077

4 SUHFREREAREZEZSESCAESZ
liEES E3 2

Table 4 Correlation of Cd storage in each component of non-woody

RRKE. BRMTER

debris in alpine forest streams with the length, area and flow of stream

x6 BURKEREARKGSEHSPOIESZRKE. BRMTEMN
LEES =280

Table 6 Correlation of Pb storage in each component of non-woody
debris in alpine forest streams with the length, area and flow of stream

H % CdJt 4 Cd storage B PbJt” kit Pb storage
Factor M Leaf  Bifz Bark  HAh Other &1 Total Factor Wit Leaf  MJZ Bark  HAfh Other £t Total
|- Length -0.065 0.237 -0.241 -0.050 ¥ Length -0.147 0.462 0.191 0.129
EFH Area -0.184 0.154 -0.340 -0.177 1 X Area -0.316 0.375 0.102 -0.003
it Flow 0.081 0.275 -0.306 -0.069 it it Flow -0.140 0.493" -0.199 -0.073
http://www.cibj.com/ Chin J Appl Environ Biol N 5 EE44)2F4%
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