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Fig. 2 Schematic view of root exposure illustrating

the parameters used for the calculation of erosion rates
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Fig. 3 The eccentric growth and the eccentricity ratio of tree ring in varying exposure degrees
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Table I The correlations between the eccentricity ratio of tree ring in varying exposure degrees and the affecting factors
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degrees(Schematic diagram)

MR E R, A S A TR ARG W T 2
S, HEEHE 2N . 1997~1999 4 |- 2 5 i 3% ¥ ok
ZIN S R T A WA A TR S 2 kD S WA 2
Ko BIFLLE . 1998 4F, 17 2 Hb 4 8 43 Al i b %
843 S 3 TR 8 /N R sk (430l 2 12 679
pm’s 11 027 pm®) , IX 7] G 5 1% 4 1) B K & (il



496 i B

) = 324

Iz B Hh R Ay

&
1 b=
o9 K
6000} i /*( 2
‘e ®e0 R
3000} o i
__—‘——I-—-—l—-—_—l——l—l
1996 1998 2000 2002 2004 2006 2008

4 (4F)

P 5 Jm) 0 e MR AR S Dl A AR AL R A

Fig. 5 Anatomical features of root exposed partially

890.8 mm) A7 I, K R ) 3t 2 7 s inh g 5, AR
A b2 E N . 2000~2001 4E AT S
TGk 8200, FLk /N 7799 e <50%, £ > fh e
T, Horf 2001 45378 2 b 2 35 43 A Hh 2% 35 4
S E AL 30 12 159 pm?, 10 456 pm?) 5 %f
TERE D BN T 46.1%.41.3%. 2002 4E 4 55
TR S 5 gk /N 2 25 b 3 38 40 A b 3R 40 A
SEMAEIIEN 50% L L, 73514 56.5%+50.9%,
B E FEAR T2 15 I 55 . 2003 /K AL 496
mm, 75 % 4E FF 155 A2 K B 345 A 500~600
mm, A2 J R T RIA B f /M 3 964
pm’e 2004~2007 A1 b8 73 FLRA 3 T AR R
[E A E 7S5 by NPT TR0 e 7 e e 7 L 7 R N
REJT T~ 2006~2008 - /K AR & , X AR 1l ) T ik
BN, I BRI A A S T ROE R AR K, ZRK
BN TS E iAW\

R R 3 2 i sk R 2 TR R N 1)
AR BEA S e R RO, B o A . RN
WA 7 TR D3 /0  W6R b 238 184 K B ER AL 45 4 1R T
B B, AR R T 2 R N B e R
I, LR A T AR 46 98 (kN 4 B <<50%),
HAEHE I MR R LR BT )22 4k
I, LR 3 A T AR 2 2 e Gk B 43 B >50%0
R T8 15 A AR5 7K 4 18 B (1A 3o R
VA OC, 2 RE T AR BAK, (AP 6 R0,
ANGR, Hpprm EER 2, REfRiE K 5
B LA .

34 1TEEMEXRGENTER

AR A o S5 TR 1) S A o AR R O
2 I [, 1 B0 Sk /K DX T ok o e 0 5 R AR R (1)
IR b R, 45 R, WX B R N
1.47~4.47 mm/a, 1% X381 TP AR E N 141 g/
em’, BIP34 342 iR £ (3 692+1 710) t/(km'
) [ [FEE 2 073~6 303 t/(km?-a)], HoH 3 MHFFEIX
BT AL AR A A —, PSR B E 3 il Ay (3 776+
1082) t/(km?*-a) - (2 848+775) t/(km*-a) . (4 652+
165Dt/ (km’~a) , AR 342 1l oy 9 73 He b HESS) I
SR AR . [R)IN K SR A AR R R S R R
JE R AR U (] 3% B A5 S AT vt o B, AR
F W, AR BBLE R /N 5 SRR RO R B R
(p<<0.001,R*= 0.75) IEAHK K F

A2 FF I Cs BT 24 AR B R R el )
T HHR BT W, AR AR 950 ¢
(km*-a) , 2 F AR HOFI JEHE 31 4 000 t/(km?-a) , 7 #
e HiL S ZETR Ff1 AR MR b - AR A R A, 4R 1k
FEE A 8 000 t/(km?ea) P F o A SCHIFSY X 64
IK EARFFIE BEIX, 42 il £ 5 2 el b AR AT, I 5 PR
ARETE T 2R A% N TARIX 55 S Bl 43 A DX 35 1R A7 1
SRAFARAL, A FRAGAR DX R AT A B8, NN B0
T-HAIRTEL D, A2 i FE W /AN, Al 5 45 R 5 1 A 512 s
THOLIEA—2 . T H AT G B b 4
PERIBE Tt , 032 SRIOULIN B , Af 73455 S50KG 15 0 LA
AERR IR AIE . 7E AR MBIE R, BRAT TR I sik i X 42
(SIS DA N RSE Rtk X N SATTe L



434 EUNTDRE e i R Ay A el I B M e s {4 P S [ 497

EZ T A R BE
4 #t

D TR R BOUR RA R R R, 2
TR o0 A, AR R A DT T 5 o R 0 O 5 L2 125
R TRy A K, T R AR KB R . ANIF
T 8 FE AR R AE A 1) 3 A R AR AR AR — 8 1R 22 57
P, VAR R P I 5 /R FE DN s SRR R R R
T2 5 b 2 0 43 6 B AR MR AR /AN, T T 3R (R D
o> BRI s 564 R R AR PRI A 95 A Wl 2%

2) BRI IRIAR R R R R e R
AR AR (11 38 i 0 2243 3 4 0.461+0.133,0.218+
0.096+0.158+0.121, %% F& F2 5 /& 5% M R 28 00 2 (1)
FZRF, MR i b2 R S 0 AU OC.

3) FLbF G R (1) AR S B A A M
R ZR T UK 2 i N T) , (LR 5% 1 A BR ) B A7 A — 58
(035 I P s ELSZ TRAR ARG oy SRR ANTE T ), 2 4F
FEAE— 8 BR 22 o AR AR Tl 2R 0 A5 07 R 1 DX 35
(1)1 35 42 T ALK (3 692+1710)t/ (km?-a) , +
HEU K SIS Ny 1.47~4.47 (mm/a), M58 42 .
WG], DAREAR Ay = SRR R K LR AR, ARk
g AN ERAL, 2 b R B 43 WA TR RS S 0o T PR
B AR, R R RE BT ST AR SR, IR

SE 3k

[1] Mok, se w38 AR i 5 8 B M. B 5
Rl HARAL, 1988.

[2] 2Rl e, A0k 0, e bobt, 4. LT GIS AR5 VA /N R sk 33 42 ot
S A E) 4y A [T]. HhEERF2%,2009,29(1):105-110.

[3] ARAMUAARFLK M. B THE A BOR A GIS (3 i -3 = it
PRS0 [T]. HuBERL22,2010,30(3):441-445.

[4] £ K WA MR X R ) REE 78 BRI
FY[1]. M RLA,2008,11(4):565-570.

[5] SRAIAE A O SRIEHE. JE T VCs R ERVA T D/ R
FHHb L3 AT 5 0], HERL22,2009,29(2):273-277.

[6] AN ARG, LR I d A T IR SRR D). MR A
J#,1999,14(3):274~278.

[7]  Alestalo. Dendrochronological interpretation of geomorphic
process[J]. Fennia, 1971,105:1-140.

[8] Eardley A,Viavant W. Rate of denudation as measured by bris-
tlecone pines, Cedar Breaks, Utah[J]. Utah Geological and Min-
eralogical Survey, Special Studies,1967,21:1-13.

[91 Lamarche V. Rates of slope degradation as determined from bo-
tanical evidence[J]. Geological Survey Professional Paper,1968,
1341-1377.

[10] McAuliffe J R,Scuderi L A,McFadden L D. Tree-ring record of

hillslope erosion and valley floor dynamics: Landscape respons-
es to climate variation during the last 400yr in the Colorado Pla-
teau, northeastern Arizona[J]. Global and Planetary Change,
2006,50(3-4):184-201.

[11] Dunne T,Dietrich W E,Brunengo J. Recent and past erosion
rates in semiarid Kenya[J]. Zeitschrift fiir Geomorphologie NF
Supplement,1978,29:130-140.

[12] Krause C,Eckstein D. Dendrochronology of roots[J]. Dendro-
chronologia, 1994,11:9-23.

[13] Krause C,Morin H. Root growth and absent rings in mature
black spruce and balsam fir, Quebec, Canada[J]. Dendrochrono-
logia,1999,16(17):21-35.

[14] Marin PFilion L. Recent dynamics of subarctic dunes as deter-
mined by tree-ring analysis of white spruce, Hudson Bay,
Québec[J]. Quaternary Research,1992,38(3):316-330.

[15] Gértner H. The applicability of roots in Dendrogeomorphology
[J]. Tree Rings in Archaeology, Climatology and Ecology,2006,
1:120-124.

[16] Gértner H,Schweingruber F H,Dikau R. Determination of ero-
sion rates by analyzing structural changes in the growth pattern
of exposed roots[J]. Dendrochronologia,2001,19(1):81-91.

[17] Hitz O,Gértner H,Heinrich Let al. Reconstruction of erosion
rates in Swiss Mountain Torrents [J]. Tree Rings in Archaeolo-
gy, Climatology and Ecology,2006,4:196-202.

[18] Vandekerckhove L,Muys B,Poesen J, et al. A method for den-
drochronological assessment of medium-term gully erosion
rates[J]. Catena,2001,45(2):123-161.

[19] Malik I. Dating of small gully formation and establishing ero-
sion rates in old gullies under forest by means of anatomical
changes in exposed tree roots (southern Poland) [J]. Geomor-
phology,2008,93(3-4):421-436.

[20] Bodoque J M,Diez-Herrerob A,Martin-Duque J F, et al. Sheet
erosion rates determined by using dendrogeomorp -hological
analysis of exposed tree roots: Two examples from Central
Spain[J]. Catena,2005,64:81-102.

[21] Fantucci R. Dendrogeomorphological analysis of shore erosion
along Bolsena lake (Central Italy)[J]. Dendrochronologia,2007,
24(2-3):69-78.

[22] & 77, JE S ToiR s P At i 5l NS ML AG R RRE R
L, 1991:127~132.

[23] Grissino-Mayer H D. Evaluating crossdating accuracy: A manu-
al and tutorial for the computer program COFECHA[J].
Tree-Ring Research,2001a,57(2):5-21.

[24] Cook E R,Peters K. The smoothing spline: a new approach to
standardizing forest interior tree-ring width series for dendrocli-
matic studies[J]. Tree-ring rulletin,1981,41:45-53.

[25] Gértner H. Tree roots—Methodological review and new devel-
opment in dating and quantifying erosive processes[J]. Geomor-
phology,2007,86:243-251.

[26] Corona C,Lopez Saez J,Rovéra G, et al. High resolution, quanti-

tative reconstruction of erosion rates based on anatomical



498 i LI ) 2 324

changes in exposed roots at Draix, Alpes de Haute-Provence— control of results[J]. Geomorphology,2011,125(3):433-444.

critical review of existing approaches and independent quality

Evaluation of Soil Erosion Rate Based on Anatomical Structure of Treeroots
— A Case Study in the Dry-hot Valley of Jinsha River

SUN Li-ping"”? WANG Xiao-dan'

( 1. Key Laboratory of Mountain Environment Evolvement and Regulation , Institute of Mountain Hazards
and Environment, Chinese Academy of Sciences, Chengdu 610041, Sichuan, China; 2.Graduate University
of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on physiological responses of tree growth to environmental changes, the paper developed a
new method to extract information of soil erosion from tree-root anatomical structures and cell features. A case
study has been carried out in the Longchuanjiang Watershed, Dry-hot Valley of Jinsha River. The study results
showed: (D Soil erosion led to eccentric growth of Eucalyptus roots. The samples are divided into roots ex-
posed partially, roots buried shallowly, roots exposed absolutely, based on the erosion degrees. The eccentricity
ratio of tree ring is 0.461£0.133.,0.218+0.096.0.158+0.121 and the order is roots exposed partially >roots bur-
ied shallowly >roots exposed absolutely. There is significant correlation bewteen soil depth and the eccentrici-
ty of tree tring. (@) Vessel area was a sensitive indicator for reconstructing soil erosion process, and abrupt vari-
ations of earlywood vessels size was one of the important evidences to date the first year of exposure. The area
of vessel decreases in latewood, whereas there is no significant change in earlywood, fiber wall thickness in-
creases (decrease of fiber volume). 3 The soil loss thickness is 1.47~4.47 mm/a, and the average erosion mod-
ulus is about (3692+1710) t/(km*+a), in Longchuanjiang Watershed. It is serious erosion based on the standards

for classification and gradtion of soil erosion.

Key words: Dry-hot Valley; soil erosion; Eucalyptus camaldulensis; tree-root; anatomical structure



