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JADStractIe fertility quality is a significant factor affecting sustainable land use and ecological restoration in debris flow waste-
shoal land. This research aimed to study the soil fertility quality of the debris flow waste-shoal land deposited in different periods.
The recent (0—10 a), mid (10-20 a) and early (> 20 a) debris flow waste-shoal land were selected as the treatment plots according
to the nested design method, with the recent debris flow deposits land as the control plot at the same time. Integrated soil fertility
quality evaluation method was used to study the soil fertility quality under different land use types (woodland, farmland,
meadowland, and uncultivated land) in different deposit periods by measuring soil properties and soil enzyme activities (16
indexes). The results showed difference in soil properties and soil enzyme activities of debris flow waste-shoal land under different
deposit periods and land use types, with the integrated soil fertility quality value as: early deposit land (0.54) > mid deposit land
(0.53) > recent deposit land (0.31). The soil fertility quality value of farmlands and woodlands were the greatest, followed by the
grasses, with uncultivated lands being the least under different land use types in early, mid and recent deposit land. The woodland
soil fertility quality showed a trend to degenerate. This study showed that the soil fertility quality in debris flow waste-shoal land
improves with the deposit time, first quickly then slowed down. But soil fertility quality may degenerate with improper planting
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and cultivation in debris flow waste-shoal land. Therefore, it is necessary to optimize land use types and implement nutrient return
for sustainable waste-shoal use and ecological restoration in the debris flow waste-shoal land.

debris flow waste-shoal land; deposit period; land use type; soil fertility quality
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Fig. 1 Plot locations (Photo from Google Maps). RDS: Recent deposit shoal; MDS: Middle deposit shoal; EDS: Early deposit shoal; DFOS: Debris flow

observation station.

R1 FEHAFE
Table 1 Plot characteristics
e £ S hEA VR (h/m) Rl A
Plot Longitude and latitude Land type  Elevation Description
A TARREAEA, BEFZ95 000 m?, F-HH1£6.26 cm, “FHIREEI8.13 m, MFHIBLLIN A |
BN, S 5 24160%
WL 1328.0 Pure artificial Eucalyptus camaldulensis forest; total area about 5 000 m*; average diameter at
breast height 6.26 cm; average tree height 8.13 m; floor vegetation mainly Eulaliopsis binate and
Heteropogon contortus; vegetation coverage about 60%
RDS o o1s0 EEON AT R B, DLEOK fEAE L RO
(CK) OB Loy 21T 1AL 1375.7 Farmlands cultivated in recent 3 years; crops mainly Zea mays, Arachis hypogaea and Ipomoea batatas
ML asa0  DMUEF. HIEEDE, BN EL030%
. Plants mainly E. binata and H. contortus; vegetation coverage about 30%
TR MRFIMG, MY AL S%, AL
UL 1336.7 Sporadic E. binata and Setaria viridis; vegetation coverage lower than 5%; more gravels than
other deposit shoal
N T ARSI, ERZY1 000 m?, P H129.59 cm, SFEIFR10.45 m, A FAEHELAD G
B, M 5 2430%
WL 1238.7 Pure artificial Eucalyptus camaldulensis forest; total area about 1 000 m?* average diameter
at breast height 9.59 cm; average tree height 10.45 m; floor vegetation mainly E. binata and H.
contortus; vegetation coverage about 30%
B TR 106, LK 464 FEHE
MDS 103°7"E, 26°15'N L 1231 Average cultivation age about 10 a; crops mainly Z. mays, A. hypogaea and 1. batatas.
VIG5 M AR S5 200 8, A0 25 240%
ML 1231.8 Plants mainly E. binata, Cynodon dactylon and Chenopodium bryoniifolium Bunge; vegetation
coverage about 40%
UL 12380  TEIMEIIMI, B AR 5%
’ Sporadic E. binata, vegetation coverage lower than 5%
N TAAEAAK, BIERBLZ2 000 m?, SFHJ1£7.47 cm, FEIRFG9.13 m, AR R A T2 M4
S3AT, AE R 3 AN 5%, JE B R AR T
WL 1105.2 Pure artificial Eucalyptus camaldulensis forest; total area about 2 000 m’; average diameter
at breast height 7.47 cm; average tree height 9.13 m; floor vegetation of sporadic E. binata;
vegetation coverage lower than 5%; no Fllumus layer
EDS  103°'E, 26°15'N SERIHFVEAEBR 29154, LAFE R FIAEA N F
FL 1108.6 How ; .
Average cultivation age about 15 a; crops mainly Z. mays and 4. hypogaea
ML 1097.9 IS0 M AR ThRo L, A B 2 B 2165%
’ Plants mainly E. binata, C. dactylon and Coriaria nepalensis; vegetation coverage about 65%
UL 10373 TR R BRIV AR Th 3200, AR 55 B2 2410%

Sporadic S. viridis and C. nepalensis; vegetation coverage about 10%

RDS: JTiAHERURE M ; MDS: I HERNE M ; EDS: R MERUE M. WL: biith; FL. HfHh; ML: ROHi; UL: Sicih.
RDS: Recent deposit shoal; MDS: Middle deposit shoal; EDS: Early deposit shoal. WL: Woodland; FL: Farmland; ML: Meadowland; UL: Uncultivated land.

LFPYERE, S AIAL kg e DA AT AR (g ke 0L JHEMI R IR B (mL g min™) R G

mg kg b)) RORFEMRG ARV RARH-REAR 123 HIESH RASPSS 19.0f1Excel 20105 {4:5F i 47 + 4
BREE I IR, AT kg R AT DR BUANH-NAY RO (mg BTy SR IA 7 & B b AT 80 oo i, SR ik 570 Hrik (Nested
kg b)) R MR A M s SRR AR AN G I E BB ANOVA) J3HT 3B J7 5 2k A1 -7 e i AU 00+ b 1) Oy
R, LA kg 131 AR i R Bt (mg kg ) SRR IR aE) 22 5 oKOF, JOF R /N 3% 22 5 1k (LSD: ) #4172 &
P 5 SR il B0 I S A R, AT E i R R, 22 KR 0.05.
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Table 2 Plot soil physical properties

K ER S

£ 7K 2R Water content 2 H Bulk density LB EE Bulk porosity

Plot Land type (W/%) it (w/g cm) (W/%)
FiH Woodland 2.91% + 1.21%Aa 7.96 £0.28Aa 1.46 £0.13Aa 0.45 +0.06Aa
RDS #h Farmland 3.09% =+ 1.64%Aa 7.86 £ 0.39Aa 1.45 £ 0.24Aa 0.46 + 0.14Aa
(CK) EiH#lh Meadowland 2.55% + 0.46%Aa 8.06 + 0.10Aa 1.62 £ 0.14Aa 0.39 £ 0.08Aa
Fit #l Uncultivated land 1.94% + 1.39%Aa 8.09 + 0.29Aa 1.67 £0.19Aa 0.37 £ 0.09Aa
FHs Woodland 12.16% + 4.52%Bbc 7.83 £0.25Aa 143 £0.28Aa 0.46 + 0.12Aa
MDS b Farmland 11.36% + 5.89%Bbc 7.85+0.48Aa 1.34 £ 0.26Aa 0.50 £ 0.07Aa
I Meadowland 6.48% =+ 3.65%Bab 7.93+0.21Aa 1.52 £ 0.18Aa 0.43 +£0.08Aa
Fic #li Uncultivated land 4.26% +2.18Ba 7.96 + 0.37Aa 1.64 + 0.21Aa 0.38 + 0.08Aa
M Woodland 10.64% + 3.34%Bbc 791 +0.34Aa 1.23 £ 0.27Aa 0.54 £ 0.12Aa
EDS # b Farmland 16.27% + 4.09%Bc¢ 7.95+0.32Aa 1.13 £ 0.09Aa 0.57+0.11Aa
Hi i Meadowland 7.73% + 4.86%Bab 798 +£0.46Aa 1.49 £ 0.30Aa 0.44 £0.07Aa
Fic #i Uncultivated land 2.41% + 1.69%Ba 8.01 £0.13Aa 1.52 £0.19Aa 0.43 + 0.10Aa

[63) 51) s AN [ R 55 7 B 3 75 AN [ HE AR I3 1] — i b R Oy 20 22 5 .2 (P < 0.05) , [ 5 AR A )/ Tk 3% 7 ] — AR R b R S [ 3t ) O =X
()22 57 % (P<0.05), N=5. RDS: JT#IMERREN; MDS: I 3EFME L ; EDS: 5301 HE FHURE .

Uppercase letters in one column indicate significant difference between different deposit periods in the same land use type at P < 0.05; lowercase letters in one
column indicate significant difference between different land use types in the same deposit shoal at P < 0.05, N = 5. RDS: Recent deposit shoal; MDS: Middle
deposit shoal; EDS: Early deposit shoal.

RI HMTEFRSSE

Table 3 Plot soil nutrient content

B e TOC TN TP AP (w/me ke TK AK AN

Plot  Land type wigkg") wigkg") wigkg") ety (w/g kg") (w/mg kg™) (w/mg kg™)
WL 9.05+3.71Aa 1.15 £ 0.47Aa 0.84 +0.43Aa 8.82 +4.31Aa 14.87 £ 5.97Aa 13.14 £ 7.09Aa 96.37 +£26.94Aa

RDS FL 9.41 + 2.89Aa 1.18 £ 0.61Aa 0.82 £ 0.39Aa 7.93 £2.68Aa 14.35 + 4.61Aa 9.65 +2.98Aa 91.87 + 31.28Aa

(CK) ML 6.94 £ 0.97Aa 0.98 £ 0.53Aa 0.49 + 0.26Aa 5.10£4.01Aa 16.47 £ 5.01Aa 13.32 £ 4.62Aa 52.51 £28.69Aa
UL 5.63 £ 0.99Aa 0.54 £ 0.29Aa 0.28 £0.15Aa 3.22+2.47Aa 16.80 £ 3.97Aa 6.65 +4.37Aa 39.38 + 16.89Aa
WL 16.10 + 4.74Bbc 1.65 + 0.64Aa 0.85+0.27Aa  11.43 +3.89Ab 12.61 +3.79Aa 18.58 + 5.61Bb 157.36 + 39.82Bc¢

S FL 19.90 + 3.45Bc 1.52 £ 0.49Aa 0.84 £0.40Aa  8.47+398Aab  10.16+3.71Aa 18.30 + 7.87Bab 162.54 + 40.28Bc
ML 10.44 + 4.01Bab 1.09 + 0.65Aa 0.51 £0.28Aa 597+3.78Aab  14.21 £ 6.87Aa 19.07 + 6.26Bb 76.60 + 30.12Bb
UL 6.29 £ 5.62Ba 0.63 £ 0.47Aa 0.19 £ 0.10Aa 2.25+2.19Aa 14.40 + 3.46Aa 7.06 + 5.97Ba 17.49 £+ 10.29Ba
WL 8.96 + 1.02Aa 1.56 + 0.61Aa 0.84 £0.47Aa  13.54 +4.86Ab  10.81 £2.96Aa 22.29 + 5.94Bb 78.87 +29.16Ba

EDS FL 9.77+4.21Aa 1.54 £ 0.83Aa 0.81 £0.39Aa  13.74+542Ab  10.36+5.03Aa 21.51 + 6.74Bb 180.48 + 21.79Bb
ML 8.34 £3.27Aa 1.05 + 0.40Aa 0.60 £ 0.21Aa 5.66 +3.42Aa 11.29 + 3.49Aa 22.07 + 5.04Bb 65.59 +£30.01Ba
UL 6.09 £4.27Aa 0.65+0.51Aa 0.25£0.13Aa 2.30 £ 1.97Aa 10.92 £ 6.81Aa 5.74 + 3.87Ba 39.39 +20.07Ba

[F B 5 A [ K 5 08 25 7 7 [ AR k39 ) — b = 1) 7 3] 22 S .38 (P < 0.05) , [ B AR A R /INE bk 26 R [R]—HE AR M T 7 [3] - 3t A1) 7 5K
[B) 22 57 . % (P <0.05), N=5. RDS: ST 3R MEM; MDS: rPHIEARME s ; EDS: R RNMERL. WL: #Rith; FL: #iil; ML: Kijth; UL: Sigsh. TOC:
FHHL#; TN: 2% ; TP: &8f; AP: A% ; TK: &40, AK: AL ; AN: Bff A

Uppercase letters in one column indicate significant difference between different deposit periods in the same land use type at P < 0.05; lowercase letters in one
column indicate significant difference between different land use types in the same deposit shoal at P < 0. 05, N = 5. RDS: Recent deposit shoal; MDS: Middle
deposit shoal; EDS: Early deposit shoal. WL: Woodland; FL: Farmland; ML: Meadowland; UL: Uncultivated land. TOC: Total organic carbon; TN: Total
nitrogen; TP: Total phosphorus; AP: Available phosphorus; TK: Total potassium; AK: Available potassium; AN: Available nitrogen.
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Table 4 Plot soil enzyme activities

HASAE(E 4> 50011579, 1.559., 1.129, TTikR 518 72.372%.

9.743% ., 7.053%, B3 FTHkEZi%89.168%, £WE . = =%
A T R e e AR AE . ] JT] SPSSAS- 3] & PR T 2 o (B A A
M (5), R LM, FR 1T h A HES KR, FLE
FE.APLRR ., R W, AR B KIE R TR

AR DRI . BEREE . L RIS, A2 Bl A
&M, R EE Yl pHIA (£5) . IEA&HTRE
FEMH (F6), FIHAR (D) I EMSS L R RRES
FEBAE Sy (E2) . Xof [] — M AR st 20 o b A ] 4 b ) P 7 =i
3N ) T P BUR ARSI & B, R3S R
EDS (0.54) >MDS (0.53) >RDS (0.31) [4#4iF, F2H7E AL
FE R AR ZI6BER, Ve Hi e AU 1 39 10 g 45 3
—E R, X2 R B B A AR, N2 - i
Kb BEAETE ShIE0R, HARRAS T 5 Seth b SR B o5
7S Tl N [ ok i1 b s S e = L AT
T HEAE S B K. BE A HE AT R A IS K, A R B K
HERH G REEEEER Y, X5RG BN LR

o Ml + i 2 A TE M il It}}/el_‘ltase 214k K il C_?lh_xllase K it Urt_elas_e1 Tl ke 1 P it Alkali_rlle _};)hosphatase ﬁ%}ﬂ:‘%}ﬁ% ngte_lllase
Plot Land type (w/gkg h7) (w/mgkg h") (w/mgkg h) (w/mgkg h) (w/mL g~ min™)
Fr i Woodland 0.57 £ 0.37Aa 16.56 £ 5.97Aa 1.95+0.81Aa 63.15 + 16.38Ac 89.13 + 5.49Ab
RDS #Hb Farmland 0.66 £ 0.29Aa 13.31 £ 5.87Aa 1.47 £ 0.46Aa 43.1 +£16.28Abc 91.13 + 14.27Ab
(CK) % Meadowland 0.17 £ 0.13Aa 14.97 + 6.06Aa 1.54+0.30Aa 26.26+ 6.21Aab 92.88 + 10.42Ab
it Uncultivated land 0.15+ 0.09Aa 6.77 +4.71Aa 1.31 £ 0.41Aa 13.6 + 8.67Aa 43.15+ 12.79Aa
FRHi Woodland 2.67+0.27Cc 16.54 + 4.61Ab 4.82 + 1.05Bb 84.47 + 20.19Bc 91.04 + 4.98Ab
MDS i Farmland 2.48 £0.56Cc 18.62 + 6.37Ab 4.90 + 0.67Bb 68.3 £ 11.97Bbc 88.27 + 13.27Ab
i Meadowland 1.09 + 0.51Cb 6.29 +4.13Aa 1.55+0.67Ba 45.33 + 11.07Bb 86.95 + 12.37Ab
Fit #l Uncultivated land 0.18 £ 0.07Ca 6.08 £5.01Aa 0.84 + 0.37Ba 17.96 + 10.39Ba 46.76 £ 20.14Aa
Fiih Woodland 1.33 £0.62Bbc 17.00 + 3.61 Abc 5.50+0.97Bb 69.94 + 9.67Bb 77.32 + 11.87Ab
EDS #r i Farmland 1.70 £ 0.51Bc¢ 19.97 £4.61Ac 4.99 + 1.01Bb 77.49 + 7.81Bb 73.23 + 18.67Aab
Ei i Meadowland 0.77 £ 0.37Bab 9.28 + 4.67Aab 2.30+0.71Ba 54.45 £ 9.86Bb 73.51 + 13.57Aab
Fic # Uncultivated land 0.16 = 0.11Ba 5.76 = 3.89Aa 1.30 = 0.29Ba 18.09 + 9.76Ba 49.81 + 16.87Aa

[l SUAR AN [A] R 5 5 1 3 7 AN [ S AR I [] — o = b A 07 ol 2 5 W 3, TRT 8 A AS [l /NG 8 3 [] — S AR NE b R A ) - 3t ) P Oy 5] 2 53 2%
(P<0.05), N=>5. RDS: JTU AU ; MDS: s 1 HEBUREHl ; EDS: 531 UM .

Uppercase letters in one column indicate significant difference between different deposit periods under the same land use type at P < 0.05; lowercase letters

in one column indicate significant difference between different land use types in the same deposit shoal at P < 0.05, N = 5. RDS: Recent deposit shoal; MDS:

Middle deposit shoal; EDS: Early deposit shoal.

x5 TEERHFEERFHEE
Table 5 Factor loading values for soil fertility quality

it F FE 1 F o2 FE 3 ¥ B fifE PR A

Item Principal component 1~ Principal component2  Principal component 3  Factor loading value ~ Factor weight
£ 7K 3R Water content 0.882 -0.282 -0.070 0.929 0.062
pH -0.743 -0.262 0.412 0.889 0.059
%5 # Bulk density -0.896 0.368 -0.125 0.977 0.065
LB EE Bulk porosity 0.900 -0.342 0.113 0.969 0.064
A HLig Total organic carbon 0.703 0.421 -0.518 0.969 0.064
4% Total nitrogen 0.983 0.122 0.066 0.993 0.066
%W} Total phosphorus 0.893 0.275 0.238 0.964 0.064
A % Available phosphorus 0.889 -0.157 0.315 0.956 0.063
44 Total potassium -0.639 0.538 0.430 0.940 0.062
A Available potassium 0.803 0.020 0.212 0.831 0.055
JKf# % Available nitrogen 0.902 0.094 -0.119 0.915 0.061
MEFERS Invertase 0.901 0.168 -0.314 0.969 0.064
24 K ifi Cellulase 0.849 0.091 0.300 0.905 0.060
W Urease 0.920 -0.241 -0.019 0.951 0.063
It s 2 i Alkaline phosphatase 0.977 -0.024 0.070 0.980 0.065
W E AN Catalase 0.623 0.687 0.241 0.958 0.063
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Table 6 Soil fertility quality factor membership values

218 K HA%

767

R 2

WE SREE R UL o

Plot Land type L R P AP TK —AK AN Invertase Cellulase Urease ——— Catalase
phosphatase
WL 0.07 050 041 043 024 054 098 046 029 045 048 0.36 0.76 0.24 0.51 0.92
RDS FL 0.08 0.87 042 046 026 058 095 040 037 024 046 0.20 0.53 0.14 0.46 0.96
(CK) ML 0.04 012 010 0.11 009 039 045 020 0.05 046 0.21 0.01 0.65 0.15 0.20 1.00
UL 0.00 0.00 0.00 0.00 0.00 0.00 0.14 007 0.00 0.05 0.13 0.00 0.00 0.10 0.00 0.00
WL 071 1.00 046 049 073 100 100 064 063 078 0.86 1.00 0.76 0.85 0.80 0.96
FL 0.66 094 0.63 0.67 1.00 088 098 044 1.00 0.76 0.89 0.92 0.91 0.87 0.86 0.91
MDS ML 032 062 028 030 062 050 048 026 039 0.81 0.36 0.37 0.04 0.15 0.50 0.88
UL 0.16 0.50 0.06 0.06 0.05 0.08 0.00 0.00 0.51 0.08 0.00 0.01 0.02 0.00 0.07 0.07
WL 0.61 069 0.84 089 023 092 098 1.00 090 1.00 0.38 0.47 0.79 1.00 0.85 0.69
FL 1.00 054 100 1.00 029 090 094 080 097 095 1.00 0.62 1.00 0.89 1.00 0.60
EDS ML 040 042 034 036 0.19 046 0.62 024 024 099 0.30 0.25 0.25 0.31 0.64 0.61
UL 0.03 0.31 0.28 0.30 0.03 0.10 0.09 0.00 0.89 0.00 0.13 0.01 0.00 0.10 0.07 0.13

RDS: JEAHERREH ; MDS: T3 B ; EDS: SUBERME#. WL: bkt ; FL: BkHh; ML: idh; UL: Ji#th. SMC: +3% &K% BD: % #; BP: L
BB ; TOC: £ HLAKk; TN: 4 %(; TP: &8F; AP: A%k ; TK: 2 4; AK: A ; AN: G A

RDS: Recent deposit shoal; MDS: Middle deposit shoal; EDS: Early deposit shoal. WL: Woodland; FL: Farmland; ML: Meadowland; UL: Uncultivated
land. SMC: Soil water content; BD: Bulk density; BP: Bulk porosity; TOC: Total organic carbon; TN: Total nitrogen; TP: Total phosphorus; AP: Available
phosphorus; TK: Total potassium; AK: Available potassium; AN: Available nitrogen.
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o> O .4
D= ]
=% 03 0.26
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£ o1l 0.10
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FEHLIX A Plot locations

B2 TEBARELEEIEL.
Fig. 2 Integrated soil fertility quality indexes.
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