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Abstract: [Objective] This paper aims to investigate the characteristics and relationships between soil bulk
density and biomass of unstable slopes in debris flows for different climate types, which is a prerequisite for
ecological restoration based on local conditions and is very important for the accurate assessment of the
stable development and changes of the ecosystem in this region. [Method] The temperate humid mountain
ridge region (Dadi shady slope, Xiaojianfeng sunny slope), subtropical and warm temperate subhumid
region (Duozhao Gully sunny slope), subtropical dry-hot valley region (Daaozi Gully shade slope, Chajing
Gully sunny slope) for the Jiangjiagou Basin were selected as a study area. Taking the stable area, the
unstable area and the accumulation area of the unstable slope of each climatic region as the sample plot, and
conducting vegetation community surveys, plant and stratified soil sample (0—5 cm, 5-10 cm, 10—
20 cm) collection, then soil bulk density, and the biomass of the aboveground and underground parts of the
plants were determined. [Result] (1) The biomass of arbor in subtropical and warm temperate subhumid
region was significantly higher than that in temperate humid mountain ridge region (P < 0.05). However, the
biomass of litter was significantly higher in temperate humid mountain ridge region than in subtropical and
warm temperate subhumid region (P < 0.05). In unstable slopes of subtropical dry-hot valley region without
trees, aboveground biomass, underground biomass and total biomass showed stable area > unstable area >
accumulation area (P < 0.05). (2) The relationship between aboveground biomass and underground biomass
of herbaceous plants with unstable slopes in different climatic regions was in accordance with the allometric
growth model of root and crown, showing a steady growth ratio. (3) In general, climatic factors and section
factors and their interactions had significant effects on biomass and stratified soil bulk density (P < 0.05),
however, in this study, the soil bulk density of unstable slopes in different climate regions had little spatial
variability, showing weak variability. (4) With the increase of soil bulk density of 0—5 cm, the underground
and aboveground biomass and total biomass all decreased, however, there was no significant change in the
root shoot ratio. [Conclusion] This study elucidates the spatial distribution pattern of soil bulk density,
underground biomass, aboveground biomass and root/canopy ratio along the environmental gradient in the
watershed with frequent debris flow. The systematic analysis of the relationship between them will be
conducive to the analysis of the regulation characteristics of environmental factors, and is of great
significance for further ecological restoration research on the effects of environmental factors.

Key words: climate type; debris flow; section; soil bulk density; biomass; root shoot ratio
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Fig. 1 Location of study area and sample plot distribution

J1EP ) i - 4325 FE (soil bulk density, SBD) . H{ -+
SR TIREI S B BRI R T G UZ AN, 4% 0 ~ 5 em.
5~10cm. 10 ~20 cm 43 )2, B2 1% E 3 N H
2, R T]CGE FE 5 em, 4RFR 100 cm®) PRI A
T4, (REFIR TN IR AZ IR, BRI TIAA
A ATRBCHARZ N, Wi 3T &5, ardk Bk
JIF B BRI AT N, ik S RER, BRI AL
MR R B IHE IR AR . FEECH IR T) S, R 1 A
TIVIFI8TI W 0 2 AR 1 -, 3R T) 9 () IR AR S
I WAEST AV EE N NS E= S i ot ol T
o ¥ 703 LA T, BONBEFE R AE (105 £2)C
T E R PR . TE I S A RS X
SeRatEI i _E AL RAE 135 IR TIRECS HebruEREH x
3IAXEE x 3AN)E x 3ANERD, RAE 5K E [FIE
I IR S, M it K IR R

123 AMAORAES AhEnE

MR 5 e i A AL B8 L ERURE B2 0, E A T
AT AT X BN #2120 m x 20 m. FEAR 2 A JL B
AR X B A% IR 5 m x 5 m FIRIESIR 2331, 5% X B
M A MG TS, S EESE FETEN
PRSI & o AR FEATE ) 43 A B K M -1V B 3
A VA BRI, & X BOE LR 9 Ik, #£ 9 1> 5 m
Sm PN AEE —EL TARE Imx 1m
I BARETT, A X B BB 9 M7 AT M 4
A SURE, A2 T AR 3 A1 5O AR 3 A1 1 22 FEVA BH 35
RHUBAIEFN/INIS RUBE 3, B2k A% K738 1 m x 1 m
WA, B 5 A DX BT BT A A I 2 B AL 1B 3
1 m x1 m [} FEAFE T FEAT R4 A S HURE, 5 AN FE
L TE 81 ANEARFETT o FE A0 A TR A X B P 5 Fif
HLRE 3 B 20 m x 20 m A EFETT, WA ICSKFEE T N



53

SRAE A A ANIR) UG DX R AR S TR A A g e P Bk R —— DA SR A BT AR X S A A 1 29

B FH 42 (DBHD 44 1 S bk T EAR BEAKEAY | 75 FiF
e BE s To v R 43 A B G E R 43 A 1 X BB L & B
3ESm xS m iR, A O REART,
FTEE o SR <SRRI 5 1 m x 1 m ARy
SE A BURE, BN A A AR R 1 B B8, Mg brid,
SKAF 5 [ I IR R S, i Ao i K LR R o KR
ST I % A S ERR R e 15 0, K IR
Ry VIR 4 AR AR AT A, W e S B R
BIFHEAERRNS FARZE S, BT
(105 £2)°C A7 10 min, 2RJ5 80 °C 4t T Z 16 i
(4 48 h), FE TR A E JE AR .

ZRERNH X AV ESIEITIX, AR ZAY
R BRI o] BE T X 804 S R Gk e e AR R
W), R P ] 2 0 YA VT DA R VEE A AR P 35 AR M A
19.76 t/hm*>, J8 75 1) |2 A= 4 & (9 00 2 SR F WSR2,
IR 1 m?.

TR R 1L 08 X5 I A AR I A VR T X T
RKEFBERZEN . FAREVEMERAEYER
oK 1%, AR T BT B TR AW T, FEXT Fr A
TRARTATREAKE R, W2 A RO ey, JEPEAE Rl 2
AR T () AR M 2 07 B A& . S T AP0
Wtk A RSN PRI E s ER Y, &
/I

B=aV+b
K B NEWE, VIS ER R, a.b REFRES
M EFHIIZHL, a=0.52, b=0.
124 HIEAFRL G5

iz H Excel 2016 17 # 4 % ¥, R J5is H R
(3.4.2 JRAO X B AT B R 3R 07 22 43 iy (R & [A) 22
S FE KN P <0.05 I, $E4T LSD #6596 A1 4E
SRR U6 CAREARTR IR0 A F1 5 2255 I, 1
2 77 4 | Shapiro-Wilk £ 56, 7 2= 5% 1 H Bartlett
K560 Pearson A 51 23 M7+ [B] U5 43 B 45 A 3 R B
gzl o I8 FR T B BT (9 R 2% K P AL N Mettler
Toledo 7 7] 4= 7% i) PL303, Sz Br 43 FEAE A 0.001 g,
Ko € 43 FEAE N 0.01 g, R AR K FE L Bl B 20 31
T HHs s ) — SO AT & 7 v S R R, e
HOHE 1A BB 9 /N B S S AL F ORI G
H1 Pearson AH AR U LA AT 401 10 26 U s O
IREVAY 8
2 ERG0H
2.1 ARASERERENEEEEDENSKE

VERRERE S (0 B B R AR 2 —, M EY &
REfE RAE X B TR (R 2. FAREYE
L2 1 V) BH 3 B i (4 973.01 g/m®), KB 3k 2

(2 508.95 g/m®), /N KA AR (1 896.72 g/m®) .
KM I3 NI XU RH 3 V& ) A 1 2 e T 2 R
BRI (P < 0.05) 0 X FAJZ AW & AT 70 i R,
T Y L 0 DX A A A B A A 3 DK A Y]
PEHERR X fe i, KB BA3 AR X B AR, Tt T 2B &=
AR b B 33 S e X e v, Kb B 48 A 5 X AR K5 IE #
AT R T A 2 T 0 [X b A= e R AR B AR
EYEBRIAFIGX > X > F20E X WA
TG A X A&, T AR E S
e ERINFE X > RfaX > #ERX, HERE
F(P<0.05; WHAH T HIT4 X oo EAEY) &, Hh R
Ay AR R A R E DX R G RR X B g B 2
KT B (P < 0.05), 1HAEHEFA X 9 BH I 235 K T [
P (P<0.05).

MR 7e e dg i N A E i E A& 2 L, AT
FLEE L, N APH 2R A2 X H 11 (1.95), A #14
PRI RS E X BRARC0.21); H7e U AEAR E X AN R AR X 1)
RN KB > /NI RUBH S > 22 BRI BH 3 > KM
T YIHE > 25 VR BH 3, AEFE MR X RIS /NI K
PR > 22 BV PR > 23V RHIE > KHBA 3 > KM
TV BRI 5 7] — S04 X 25 B AN ) X B (A AR 7 B,
TE B V8 B I AT X R 3K T R R XCRIERR X (P <
0.05) B /INAR JRUBH 33 2 e X i 35 g T AR X R HERA [X
(P<0.05, HR¥HTLEEER,

T b A T AR 0 06 R R AN JE IR
3553 IR P B AR R, ARBIF TR AN RS X KRR
PESHE I BT 81 /N BAKE 7 I A= A T
AW B R AT AR LR AR, 45 3 S AR AR
BNy =2.167x"%, P RECN 0.576(K 2). HE 2
AT LA, FEAS R A R AR I 264 T, B
M AR R AR A A R R R R SO A
KR, R e A K ], R AT LLE
IR B B A PR o T LA SR B A SR IR A%
(A1, DA3R AR A R

H R 3 W, AN [F) A X 2 A M 3 T R e 5 7K
EAT 0.30 ~ 0.73 Z 7] A RSB S KEER
SE DX R A X A A 22 B A i 18 v Ly i X R Ay
AR a7 -V X235 R T R TR 43 X (P <
0.05), (HIEMER X %A B3 2 57 Wl THIT A X
BH 38 A8 1 75 /K ZRAE R XA O AR X Ak o T B
AELTE i Y L 0 XA B 55 AN [) 008 X R A v 3
Tt E AR 7K R 38 v T B AL KR
22 AESERKBERETIEERE

F 4 KW, AFSE X RFPEILHE 0 ~ 20 om
B3 AT 1.30 ~ 1.76 g/lem® 22 18] 155 1@ IE 1L
Uy [X NI s - #i] 25 [X - 498 A AN R X B 534
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Tab.2 Vegetation biomass for unstable slope of different climate regions g/m’
= n KTV [ 3 BTV PR3 % MR A3 K Hb B 45 NG RUBH 3
Y X B . - . L
Biomass Section Daaozi Gully shady Chajing Gully sunny Duozhao Gully sunny Dadi shady slope  Xiaojianfeng sunny
slope (1,n=9) slope (II, n=9) slope (III, n=3) IV, n=3) slope (V, n=3)
= o
{Ftﬁ‘:q@ = fElx 4973.01 £212.12a 2 508.95+134.37b 1896.72 +130.14¢c
Tree biomass Stable area
HERAY = X
Shrub biomass Stable area 1976 1976 1976
VET% i=s A%',';' X
Elﬁ%i%i fElx 244.75 £ 55.61b 55420 +77.37a 521.40 £ 136.45a
Litter biomass Stable area
44476 £39.50 Aa  276.13 £48.91Ab 48.87 + 1.03Ac 21.20 £ 8.41Bc 38.55+ 8.72Ac
B AcHh AR Stable area
X
Herbaceous RIRK 259.184+31.82Ba  96.03+887Bb  110.60+25.16Ab  86.17+7.28ABb  39.97 + 6.65Ab
aboveground Unstable area
biomass HERX
. 38.11 £ 5.64Cc 53.29 + 6.49Cb 103.72 £ 24.64Aa 16547 £41.61Aa 46.57 £ 9.28Ab
Accumulation area
T X
161.11 £20.71Aa 55.82 + 10.16Ab 31.83 +1.53Bb 22.93 + 13.00Ab 29.29 + 7.16Ab
AR A Stable area
H X
crbaceous R 10236+ 12.22Ba 3479+ 643Bb  107.68+10.56Aa  106.17+2622Aa  79.03 + 16.63Aab
underground Unstable area
biomass HERX
. 10.94 +2.51Cc 23.68 +£4.58Cb 60.25 + 16.70ABa  55.53 £16.13Aa 34.97 +£9.01Aab
Accumulation area
Stable arca 605.87 £57.15Aa  331.95+ 57.36Ab 80.70 = 1.46Bb 44.13 +21.13Bb 67.84 + 15.67Ab
B R g
Herbaceous total S 361.53 +£35.77Ba 130.82 £ 13.41Bb  218.28 +35.67Aab 192.33 + 31.30ABb 119.00 +23.27Ab
R Unstable area
biomass A
HEFAX
A . 49.05 + 7.64Cc 76.97+10.26Cb  163.97 +22.08ABa 221.00 +57.39Aa 81.53 £ 11.59Ab
ccumulation area
0.36 £ 0.04Abc 0.21 £0.02Ac 0.65 +£0.04Aa 1.01 £0.29Aa 0.76 £ 0.05Aa
i _ Stable area
BRI L R
Herbaceous root " 0.46 + 0.09Ac 0.36 + 0.06Ac 1.03+0.13Ab 1.22+0.25Ab 1.95 +0.08Aa
. Unstable area
shoot ratio B %
9 0.28 £0.05Ab 0.42 £ 0.06Aab 0.74 +£0.37Aab 0.33 £ 0.03Bab 0.82 £0.23Aa

Accumulation area

T B + iR RSN ER S T BER IR [ — U X & R AN 7] [X Bt () 22 53 2.3 (P < 0.05); RIAT AN F)/ING T REROR AN R R 22 57 3%
(P <0.05). Tl Notes: data are mean + standard error; different capital letters in the same column indicate significant differences between different
sections of the same climate region (P < 0.05); different lowercase letters in the same row indicate significant differences between different sample plots

(P <0.05). Same as below.
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Fig. 2 Allometric growth model of root and crown
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I BH 35 v T BH 335 S 3y - FA 2 X 1 398 2% 5 3%
RN KX > HERX >FEX, HERREZEP<
0.05), 17 il 5 Vi Y 1Ly 0 [X - 398 %5 5 1) 3 I oy HE
X >fEX > kfaX, HEREZP<0.05), H1E
ST AR R R 2 0 v X - 498 % P R B A HE R X

EZETREX ALK (P<0.05), FE X kX
A REZ 55 (P> 0.05),
23 SEXBVMAB/UENRAREIN TIEZE AY
EMEH S KRN

x5 8oR, AR R EAEYE, BV E.
R 7 L A b b B 7K R R T B K R RS M A
(P <0.01), HXTHL N AEY)EF 0~ 20 cm IRF1Y
R TG R X B R RO e B AR R
AR BAEYE KR . R S KR Mk

FIKERAL 0 ~ 20 em ¥R T H) - 35 55 i (10 52 A 2

F(P<0.0D); SAEHEAX B H R EAEH, B
R N Bk Z A0, X H R IR I AFE R B 3 5
(P<0.01),
24 AESBEREAEEEELTEZESEYEN
XE&R

0~5cm FEIEEE S5H EAYE, BAYENR
BEAARGR 6), H5HUTF AR EE MG, S5
Bl 1R K 2 3 TR AR OG, (R S5 HGE b AR A |
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Tab.3 Vegetation water content for unstable slope of different climate regions

KAy S X B PNLIERLEET B E VAR Z IRV R K3k AN ER
Vegetation water Section Daaozi Gully shady  Chajing Gully sunny  Duozhao Gully sunny Dadi shady slope Xiaojianfeng sunny
content slope (1) slope (II) slope (I1I) (IV) slope (V)
0.39 +0.02Bd 0.48 +0.02Bc 0.66 £ 0.03Ab 0.80 = 0.02Aa 0.73 = 0.04Aab
Stable area
b |3 4 [X
i RIRX 0.33 +0.03Bb 0.60 = 0.03Aa 0.61 +0.02Aa 0.69 = 0.03Aa 0.61 +0.03Ba
Aboveground part  Unstable area
HERRIX
. 0.66 + 0.06Aa 0.64 £ 0.02Aa 0.71 £ 0.04Aa 0.72 £0.03Aa 0.64 £ 0.03ABa
Accumulation area
0.38 = 0.02ABb 0.36 £0.01Ab 0.62 £ 0.02Aa 0.69 = 0.02Aa 0.63+0.01Aa
Stable area
Hh R #R 4 F [X
BT R 0.30 + 0.02Bb 0.45 £ 0.04Ab 0.50 £ 0.02Aa 0.63 £0.03Aa 0.52£0.02Ba
Underground part ~ Unstable area
LA X
B 0.48 + 0.04Abc 0.45 £ 0.02Ac 0.62 = 0.05Aab 0.65+0.01Aa 0.54 + 0.02Babc

Accumulation area

R4 AESKEREBEREEHTIEZE

Tab. 4 Average soil bulk density for unstable slope of different climate regions g/em’
. DRIV B35k 5 4 B % ML FR 3 ENRNEE:
X B . - pe:N1EE 4 -
Section Daaozi Gully shady Chajing Gully sunny ~ Duozhao Gully sunny Dadi shady slope (IV) Xiaojianfeng sunny slope
slope (1) slope (II) slope (I1I) ¥ siop V)
1.45 +0.00Cc 1.55+0.02Cb 1.59 + 0.00Bab 1.46 +£0.01Bc 1.67 +0.03Ba
Stable area
1.62 £ 0.00Aa 1.64 £ 0.03Aa 1.58 £0.01Ba 1.30 £ 0.02Cb 1.60 + 0.09Ca
Unstable area
HERAIX
1.53 +0.00Bc 1.61 +0.02Bb 1.67 £ 0.02Aab 1.72 £ 0.03Aa 1.76 £0.01Aa

Accumulation area
W BRI B + FRAER; R FUAN RIS P RERIR ] U X A R AN 5] X B ) 3 18 22 5 16 25 (P < 0.05); [AAT AN VNG P BER R A [F 3
IR 7 7 3% (P < 0.05) . Notes: data are mean =+ standard error; different capital letters in the same column indicate significant differences in soil

bulk density between different sections of the same climate region (P < 0.05); different lowercase letters in the same row indicate significant differences
in soil bulk density between different sample plots (P < 0.05).

x5 SEEBMAREFEAXENTIEZTE, £EMENMERSKENZMEELZEER

Tab. 5 Effects of climate type and instability slope sections on soil bulk density, biomass and
vegetation water content and their interactions

4T S 4722 Climate type [X B Section SAREZEEY < [X B Climate type x section
Index df F df F df F

B 2 14.514%** 2 25.826%** 4 12.208%**
By 2 0.399 2 12.529%** 4 6.478%**
Bt 2 8.576%** 2 22.433%** 4 11.130%**
By 2 48.032%** 2 10.778%%** 4 7.533%**
Wi 2 19.174%** 2 11.749%** 4 3.976%*

Wy 2 49.013%** 2 5.840** 4 2.448

SBD 2 1.134 2 9.830%*** 4 12.453%**

W By, U BAEWE By, R AW By, BV Byjy. MR LE; W, BB BB KA wy, B R 57K SBD. 0 ~ 20 emiR-FH 138
*RINTEP < 0.05/K°F LR 3 **8 /R fEP < 0.01/KF LR B 3, **+ R IRIEP < 0.001/KF L m 2 2. FH. Notes: By, aboveground
biomass; By, underground biomass; By, total biomass; By, root shoot ratio; W, aboveground vegetation water content; Wy, underground vegetation
water content; SBD, 0—20 cm deep average soil bulk density. * means P < 0.05; ** means P < 0.01; *** means P < 0.001. Same as below.

S KT 2R 5 ~ 10 om TR HER (L . \
R A B S 10 ~ 20 om 7 Ly O 10T SR

5 E M R L RS . BN, M R AR A R AT X 38 AL s R
BT R MR SR TR T B BRI, 5 A% 0 T4 PR IR,
5 UM 25 L SR R 4 VA 5 162 6] 5 9



32 D O NI

42 %

Fo6 FARSEREARERETEZESEYEHBEXYE

Tab. 6 Correlation between soil bulk density and biomass for unstable slope of different climate regions

TiH Item  SBDy_s SBDs_,y  SBDyy_s B, By Br Byja Wi Wy
SBD, _ s 1
SBDs _ 10 0.547%% 1
SBD)- 20 0.476%* 0.538%* 1
B, —0.287%*  —0.122 -0.151 1
By ~0.260* ~0.251* ~0.194 0.764%* 1
Br —0204%  —0.164 ~0.170 0.984%* 0.867%* 1
By 0.048 ~0.054 -0.162 ~0.331%* 0.195 -0.202 1
Wi 0.191 0.005 -0.104 —0.656%*  —0523%*%  —0.652%* 0.236* 1
A 0.220% 0.020 ~0.180 —0.502%% - 0304%%  —0472% 0.337%* 0.807** 1

VE:* £E0.05 KGRI _E B2 HI D%, ** ££0.01/KFCUID L B2 5. SBDy 5. 0~ 5 cmiRF- 355 % ; SBDs _ 1. 5 ~ 10 cmiR 3% 5 ; SBDy g - 5.
10 ~ 20 cmi® 3% & . Notes: * means significantly correlated at the 0.05 level (two-tailed), ** means significantly correlated at the 0.01 level (two-
tailed). SBD, 5, 0 — 5 cm deep soil bulk density; SBDs _ 9, 5 — 10 cm deep soil bulk density; SBD (59, 10 — 20 cm deep soil bulk density.
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