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Effect of Soil Aggregate on Preferential Path in Gully Systemof Dry-hot Valley
LI Zhuyu', LI Zhicheng', XU Guiqgian', DUAN Xu'?, ZHANG Guanghe', ZHAO Yangyi'*?

(1.College of Ecology and Environment s Southwest Forestry University s Kunming 650224, China
2. National Forestry Observation and Research Station of Yuxi Forest Ecosystem .
National Forestry and Prairie Bureau, Kunming 650224, China)
Abstract: [Objective] To investigate the impact of soil aggregate structure on the formation of preferential
pathways in the gully system of the dry-hot valley of the Jinsha River to enhance our understanding of soil
moisture and solute transport in the gully system. [ Methods ] We selected different sections (i.e., catchment
area, gully head, gully bed, and gully bottom) of both active and stable gullies in the dry-hot valley of the
Jinsha River as our research subjects. We used staining tracers and morphometric image analysis techniques
to extract the preferential pathways from the soil level profile. RDA (Redundancy Analysis), gray
correlation, and coupled coordination were used to explore the relationship between soil aggregate structure
and preferential pathways. [ Results] (1) The stability of soil aggregates in stable gullies were higher than
those in active gullies. Except for specific soil layers, the contents of mechanically stable aggregates (=>0.25
mm., DR ;3 ), water—stable aggregates (>=>0.25 mm, WR ,,;) and average mass diameter (MWD) in active
gully were significantly lower than those in the stable gully (p <{0.05). The aggregate destruction rate
(PAD) and unstable aggregate index (E ;1) showed the opposite trend. As the gully system extends from the
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catchment towards the gully bottom, the fraction of large soil and the stability of aggregates all decreased.
(2) The number and connectivity of preferential pathways in active gullies were higher than those in stable
gullies. However, the connectivity of the preferential pathways in the gully system deteriorated as it extended
from the catchment to the bottom of the gully. The preferential pathways with a diameter=>10 mm served as
primary channel. The Simpson index of active gullies exhibited an increase by 3.12% compared to stable
gullies, indicating a higher richness of preferential pathways across different diameter classes. (3) The
formation and distribution of preferential pathways were affected by the stability of soil aggregates, and
MWD and WR,,; were strongly correlated with the number of preferential pathways and had the most
significant influence (p <{0.01). (4) As the gully system extended from the catchment to the bottom of the
gully, the coupling coordination between the soil aggregate structure and the preferential pathways decreased.
Overall, the order of performance was as follows: gully head > catchment area™>gully bottom > gully bed.
[Conclusion ] Soil aggregate structure is an of the important driving factors for the formation of preferential

paths, and the distribution of preferential paths has significant impact on the development of gully systems in

dry-hot valleys.
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Table 1 Basic overview of sample plots in the study area
R WRBREE/m Y/ O 4R/ m F LY R % 5 B/ V%
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Table 2 Soil physical and chemical properties of gully system at different development stages

. . A/ LB/ HHLT/ + LR L AL/ %6
WA EBAL pH - - »
(gecem™?) % (g kg ") FhokL bR A g
W—A 1.6340.05a 34.3643.48a 5.561+2.86a 8.16+0.17a 9.6740.75a 52.56+3.08a 35.19£1.58¢c
W—B 1.61£0.06a 37.7244.22a 3.18+1.65a 7.80+£0.23b  7.964+0.19b 54.3144.60a 46.5441.46b
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H—D 1.5040.07b 20.21+4.12b 2.89+1.64b 7.084+0.18b 5.4240.92¢  36.96+3.06c 63.71£7.31a
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Fig. 1

Content of DR ,,; and WR ,,s in gully system at different development stages
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Table 3 Stability characteristics of soil aggregates in gully system at different development stages

o MWD/mm PAD/ % Eir/%
0—20 cm 20—40 cm 40—50 cm 0—20 cm 20—40 cm 40—50 cm 0—20 cm 20—40 cm 40—50 cm
W—A  2.9740.14Ba  2.83£0.15Bb  2.6940.06Bc  9.504+4.56Ch 13.6043.67Ch 19.564+2.67Ca  15.76£3.66Cc 21.54+2.48Ch 27.61+3.03Ba
W—B  3.30£0.12Aa  3.13%0.1Ab  2.6740.04Ac  7.62£3.51Ch  9.99+4.85Da 15.40%0.82Ca  10.13%2.20Dc 15.4243.37Db 21.6241.04Ca
w—C 1.41£0.17Db  1.8340.39Ca  1.35£0.11Cc  19.924+4.54Aa 24.9743.94Aa 24.99+1.17Aa  31.354+3.85Ac 37.90£1.93Ah 42.1340.69Aa
W-D  1.85+0.26Cb 1.9340.31Ca 1.51£0.05Cc  16.7742,98Bb 21.03+2.20Ba 20.69+4.51Ba  22.81+1.45Bc 32.04=1.62Bb 41.5242.45Aa
H—A  2.86+0.17Aa 2.2340.34Ab 2.1840.36Ab 24.57£1.30Ch 32.284-3.83Ba 32.8542.02Ca  26.87+1.54Dc 36.524-2.91Db 40.642-0,96Da
H-B 2.13£0.33Ba  1.99£0.18Bb  1.8940.12Bc  26.9743.70Ch 35.08+3.86Ba 38.52+1.14Ba  35.324+2.28Cc 43.03£2.34Ch 46.1941.40Ca
H—C 1.18£0.21Db  1.28£0.21Da  1.0440,08Cc  34.31£2.10Ab 40.6045.70Aa 42.82+2.70Aa  52.95+1.32Ac 58.3043.45Aa 58.182.29Ab
H-D 1.3140.33Ch  1.4740.26Ca 1.1540.21Cc ~ 29.914,35Bb 35.884.05Ba 34.5943.95Ca  48.562-0.70Bc 54.09%-2,26Ba 50.9641.53Bb
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Fig. 2 Quantitative characteristics of preferential paths of gully system in different development stages
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http: // stbexb.alljournal.com.cn



el ZRBRT A T B4 o) 2R e e M A R AR T S B A £ 5 ) 311

08T B v [
® 06 L %‘. @:;' . q‘ 3 )
g - o %
g
2 .
g L
= 0.4

0.2 1 1 1 ]

A B C D

TE - H AR BR I 0h i s W RS 1 vh s A A ERK X B Ak C
VE IR s D S 165 5 A X 1B B9 R A8 CT 3 20 3om 45 — D4 231
B, MIBAE A 2500 40 T RO LAR A6 B9 0 L i ) R
AN = U S LK BB o 75 00 AL T B LR s R Y R
AR F R PO
B4 FRELZEHPHTERERENSHEY
Fig. 4  Diversity of preferential paths in gully soil at different
developmental stages
33 TEARBHESHERENXR
3.3.1 ARWEZHMEM®ALEZET AN XAFRE
SR I S I AR RS i B 728 ) R 898 AT 2R IR R AIE 4 A
(ffp B AL ) JE4T RDA 23 B, RDA HEJF B PR 414 34
T e B A R A SR AR AR 5 AR 2 ) B E AR
ZE IR (18 5) R T, 2 A HE e il 3R AR R AT SR IR S5 4 5
LAt AR K R B9 54.54 0% . W R FR & 48 45
WR 5 Fl MWD X4 5 1 42 14 52 i 32K 1) 1 2 3% 7K -F
(p=C0.01), X 21 73748 S5 14 fiff 4 0 3] O 23.00 04
15.30% . A [l 72 9% (9 48 56 B 42 B 5 MWD,
DR WRoos S IEM R IE R 5 PADVE 2 A C
©

S

RDA(3.74%)

PAD

-0.5 RDA(50.80%) 1.0
H:DRo.2s 4 >>0.25 mm HLA R & M A R AR ; WRo.05 S >0.25
mm K E B R AR s MWD S P it A2 E e A AR E
HRLAE B0 PAD BRI 45 M iR %5 <1.1~2.5,2.5~5,
5~10,>>10 mm 5 P 3E M 248 ; Total Ry J6 B 42 5K,
B 5 HREZEHRSLEREZN RDA S
Fig. 5 RDA analysis of aggregate structure and preferential path

3.3.2 HARKEMERARZREXKELSH KA
[F 22 45 1) A0 Sl i AR i AR D B P 81, 5 S TR TR 45 44

-0.7
u

FRIEAE Ry F % 50 3R 47 K € 5G| 43 B (3R 4) L 45 3
7N o S AT IR AR S5 AR 55 R [R) A3 901 U 2 B AR DG B B2 R
0.552~0.884, ¥J{l g 0.748, J& 85 XI5 , 35 WA 56
AR B 5 AT R AR 8 g AR 1) 7 7 A i 1) S AR T
AN TR A3 1 P00 5 6 A% B30 5 1A 3R AR 245 4 AR 41T 46 A (1]
KB KBNS 2.5~5 mm(0.756 0),1~2.5
mm(0. 755 8), << 1 mm (0.751 4),5~ 10 mm
(0.742 0),>>10 mm(0.728 0), H,2.5~5 mm 1k
S B AR 55 P A 25 A R AE T8 B DG B B I v, R A VR
ik, =10 mm RSEEK AR 5 A B 1R 45 #4 ReAF 48 B 56
WX BE A%, RORAE 555 . 78 5 A AR5 44 RR A 45
B, MWD Fl WR, 5 5 000 56 A2 250 i 4 38 1 ik DG Tk
HE Wi N W # ., E o M PAD 510056 #42 50& g
AESCIE L UL MWD FIl WR, s J2 52 W A 5 B A8 T B AY
KHEH T,
*4 BARGEMSREBREREXHEE

Table 4  Grey correlation degree between aggregate structure
and preferential path
géﬁl)iiﬁﬁé MWD WR()AZS DR()AZS ELT PAD

<1 0.882 0.877 0.848  0.598 0.552
1~2.5 0.870 0.871 0.859  0.615 0.564
2.5~5 0.884 0.882 0.863  0.597 0.554
5~10 0.864 0.858 0.840  0.596 0.552
>10 0.873 0.854 0.810  0.571 0.532
SR 0.882 0.883 0.858 0.599 0.553

3.3.3 ABRKLEMERARZBEW AL N
Wk — 248 7R 4 VDT F0 47 o i R G 4 HE A R A4
P50 e % 42 R A D R R 0 e il R e -
P 2R A 45 46 R AR 4 A 55 00 Sl I8 A2 25 st 1] 1 4 5 P
FESEAT IR (2 5) . W BRRTRRE ol v B K X R4 Sk #
GPMAEE (D () 0.73~0.61, Fi & P A2 22 1k 3 b
IR I R AN AR & PR BE (D {8 R 0.49~0.32,
JERARGL A . 150 TR BR RN AS R pia R K DX RN i Sk 4
VSRR G510 5 00 5 % A28 B R 5 IR R MR 3 4, fR AR K IX.
T3] V) JFG B {1t 1 48 A SR (R 45 g 5 000 5 B A8 (0 8 6 Tl o
BEAG, B AR 1 R R 1 3k > 42 K X > I >0 K
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Coupling coordination degree of aggregate structure

Table §
and preferential path

e AR MetiEE e YA

iz (C 1) (T 1) (D ) i

D) "+ )52
W-A 0.82 0.56 0.68 LRES AT
W-B 0.85 0.64 0.73 rh 2 B
W-C 0.70 0.26 0.39 KA
W-D 0.81 0.33 0.49 1K %% i
H-A 0.71 0.53 0.61 rh 5 B
H-B 0.93 0.51 0.69 LRE 7Y
H-C 0.65 0.19 0.32 ALK
H-D 0.73 0.33 0.48 g A
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