Wi R AR K F F IR, 2025, 42(3): 444456 https://zlxb.zafu.edu.cn
Journal of Zhejiang A&F University DOI: 10.11833/j.issn.2095-0756.20240473

SRR uVE R, XUBEH, ZRMG, 55 MRS 25 A T 208K - b - 3% S I R B2 I R AT (0], VLR AR 224k, 2025,
42(3): 444-456. FAN Qinghua, LIU Xiaojun, LI Peng, et al. Characterization and attribution of water-soil-nutrient leaching from
red soil under vegetation restoration conditions[J]. Journal of Zhejiang A&F University, 2025, 42(3): 444—456.

B E F G TAEK-T-F o WBFIER TR S
e, ARE, £ OB, K OB, EER, KER, MER, i

(1. FER R¥ERBE, THE BN 7500215 2. 62T AR /K Sk 2E B/ R X K TR AR S PR 4 e 0 S0 86
=, PRV P4 710048; 3. TE R ARSI, TE )11 7500215 4. 7B B A 3G XK SR WA
S, TE I 7500025 5. P EL IR REOK HARRRRIS TR, TE VU 756200)

THE: [ B85 ] KVRALE KRB IR T 23R o A2 P ey TME, B LR Lo igiik
AR ZapH, [ ] A ®m b ALk E R D EA Pinus massoniana 44 (PM), B IAN P. elliottii 44k
(PE). ZBAN-ARFT Schima superba i3 (RMS). R 3uAn-AAT 3 (RES) 5 4 R Bl HLALK F ALK A B 238 A AT 505
%, BFR 60, 90, 120, 150 mm-h™' & 4 F#ki& AT, L3 FR. S, RIVBE TR o ERET R PR
KAE, [BR] OMEAEREREG M, ZRERZVFLEM, RIBPERESHEAERL AT BEFTNL, R
BT R E A2 (Dyy). #242>0.250 mm B2V BT E 94 (Ry,s) BE I8 (P<0.05). EMHEAZIET, KK THEE
B E AL RANEAR A RS AR, HAAUE 2 AR RATRAR IR A RS E S (P<<0.05). @4 150 mm-h' 49
WERET, FoMEEEFHT 60mm:h™ (P<0.05), 124290 #= 120 mm-h™' AERE T, FOMERLEARELER, RV
RIS AB R IR, QOfca R SHEREL, FRE, FE EE>0250mm RV BERE,>HZEME, 5
<0.053 mm RV FER BT Z I A ARE (P<0.05), DRM ARSI LA . IR EFo & R R A SR IER LN
TERE, THRESHKL 1633%. 2091%. [£# ] MAREREGIE M, FRERZDETLFRI, RIVBUEG LR
FaRe B AR AETN, BREBRERFARRY AR AIANEIZRNEZ, EPERAFTRALER ASERXP, RiETH
SEALAM I R A T HALF G L, ARERSSEMIFAREEAR, B74A24 4

KA 403, HAWRE; WE; Rk

hESAS: S714.7 YRR : A NERS: 2095-0756(2025)03-0444-13

Characterization and attribution of water-soil-nutrient leaching from
red soil under vegetation restoration conditions

FAN Qinghua', LIU Xiaojun', LIPeng?, ZHANG Yi’, REN Zhengyan*, ZHANG Huwei*,
TAO Qingrui*, XU Shibin’

( 1. College of Agriculture, Ningxia University, Yinchuan 750021, Ningxia, China; 2. College of Hydraulic and
Hydroelectric Engineering/State Key Laboratory of Water Engineering Ecology and Environment in Arid Area, Xi’an
University of Technology, Xi’an 710048, Shaanxi, China; 3. School of Ecology and Environment, Ningxia University,
Yinchuan 750021, Ningxia, China; 4. Soil and Water Conservation Monitoring Station of Ningxia Hui Autonomous
Region, Yinchuan 750002, Ningxia, China; 5. Soil and Water Conservation Experimental Workstation in the Lanni

River Basin of Xiji County, Xiji 756200, Ningxia, China)

Abstract: [Objective] This study aims to investigate the variations of soil nutrients during leaching processes

Wi H 9. 2024-08-02; f&[1 H 8. 2024-10-23

BGTH : 2023 FFE T HEFRHGTEAATERTH; THEARPAESRIIH (2023AAC03054); EK HA
PR GHERIF ISR E (42107365)

YEH A : JE3E 48 (ORCID: 0009-0008-3316-1878), M Fi 4=t it vy [ 4k Jil s B A7 L B ALl B 5% o E-mail:
1229521812@qq.com. X|HEFE (ORCID: 0000-0003-1813-611X), ElZ#Z, i+, MR 5500
RMFFE . E-mail: liuxiaojun.Ixj@163.com


mailto:1229521812@qq.com
mailto:liuxiaojun.lxj@163.com
https://www.hyyysci.com
https://doi.org/10.11833/j.issn.2095-0756.20240473
https://doi.org/10.11833/j.issn.2095-0756.20240473
https://doi.org/10.11833/j.issn.2095-0756.20240473

5 42 55 3 BIERT KR e /=R S R NFAR ¥ O o 17wl Seaw R (W S L B iy 445

under different vegetation restoration modes in degraded red soil regions and to enrich the understanding of
water-soil-nutrient loss patterns and their influencing mechanism. [Method] 4 different vegetation restoration
modes, named Pinus massoniana pure forest (PM), P. elliottii pure forest (PE), mixed P. massoniana and
Schima superba forest (RMS), and mixed P. elliottii and S. superba forest (RES), were taken as the objects of
the study. The characteristics of the soil runoff, sediment production, sediment particle changes and nutrient loss
during the process of leaching were investigated in four leaching intensities, namely, 60, 90, 120, and 150
mm-h™" in the red soil vegetation restoration area of Taihe County, Jiangxi Province. [Result] (1) With the
increase of leaching intensity, the flow rate and sediment yield of red soil also increased, and the composition
and stability characteristics of sediment particles changed significantly. Mean weight diameter (Dyyw) and
>0.250 mm sediment particles (R ,s) increased significantly (P<<0.05). PM with low understory vegetation
cover had low agglomerate stability under leaching erosion, and soil aggregates in RMS with high vegetation
cover had high stability. (2) At a leaching intensity of 150 mm-h™, the nutrient loss in red soil was significantly
higher than that in 60 mm-h™', but there was no significant difference in nutrient loss in 90 and 120 mm-h"'.
Sediment was the main medium for nutrient migration and loss in this study. (3) Nutrient loss in red soil was
positively correlated with leaching intensity, runoff yield rate, sediment yield, and R;,s, while negatively
correlated with sediment <0.053 mm particles. (4) Random forest analysis showed that leaching intensity and
runoff rate were the main factors affecting nutrient loss, with contribution rates of 16.33% and 20.91%,
respectively. [Conclusion] With the increase of leaching intensity, the runoff and sediment yield significantly
increase, and the composition and stability of sediment particles change. Moreover, leaching intensity and
runoff rate are the main factors affecting nutrient loss. In the ecological construction of the subtropical degraded
red soil zone in China, emphasis should be placed on enhancing the richness of understory vegetation in the
vegetation restoration area in order to improve the structure of the forest stand and consolidate the results of
management. [Ch, 7 fig. 2 tab. 44 ref.]
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Table I Basic physical and chemical properties of red soil under different vegetation restoration modes in the study area

TR A TIKE % Al/(g-em™) pH i f%/cm B iri/m
LR faibk 11.21£0.96 b 1.41£0.04 a 5.08£0.04 a 11.4040.75 b 7.39+0.26 a
T HbAA LR 13.10£1.88 b 1.44+0.08 a 5.06=0.05 a 17.3242.05 a 8.98+0.74 a
)= /NN CIRIZA 20.99+3.16 a 1.37£0.33 a 5.05+0.06 a 14.08+0.36 b 8.39+0.33 a
BT L /A N A 11.23£0.86 b 1.46£0.07 a 5.15£0.04 a 13.6440.47 b 8.33+0.63 a

IR S A MR AR 35 % PP (kg m ™) MO /(FR - hm ) 1o E1
H bk 51.00£13.00 b 0.84+0.08 b 165077 a 0.50+0.16 ¢
TR LE/NA VAN 38.00+5.00 ¢ 1.06+0.08 ab 825+159d 0.56+0.04 be
)= /NN CIRIZA 71.00+£7.00 a 1.01£0.06 ab 1312£169 b 0.73£0.08 a
T HBAR- AT TR S AR 68.00£6.00 a 1.16+0.86 a 1 068+146 ¢ 0.59+0.07 b

YL RIRVING PR A R A e S AR i) e A A i 2 57 1.3 (P<<0.05)
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Figure | Leaching experiment equipment diagram
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Figure 2 Runoff and sediment production processes of red soil under different leaching intensities
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Table 2 Characteristics of runoff and sediment yield rates under different vegetation restoration models on red soil
) o A [RI Ik R T A7 %/ (mL - min ™) AN [RIVR I R E T A7 V0 (g min ™)
TR A
60mm-h™"  90mm-h™ 120mm+h" 150 mm+h™"  60mm-h"  90mm-h" 120mm-h" 150 mm-h"'
L ARSI 1.25£0.10 Ad  1.89+0.15 Ac 2.66=0.23 Ab 3.35+0.18 Aa  1.53£0.19 Ad 2.17+0.31 Ac 2.71+0.35 Ab 3.78+0.45Aa
HHBRA SR 1.2740.10 Ad 1.82+0.16 Ac 2.60+0.23 Ab 3.46+0.20Aa  1.48+0.17 Ad 2.11+0.29 Ac 2.88+0.37 Ab 3.60+0.41Aa

HREMA-ARAHEIEM 1.2540.10 Ad 1.8640.16 Ac 2.53+0.23 Ab 3.33+0.14Aa  1.51£0.19 Ad 2.14+0.29 Ac 2.58+0.31 Ab 3.78+0.45Aa

TRHBAA- AR 1.2940.11 Ad 1.86+£0.17 Ac  2.63+0.23 Ab 3.46+0.16Aa 1.47+0.17 Ad 1.96£0.27 Ac 2.90+0.26 Ab 3.58+0.39Aa

Ve . RFVNG FREFIR ] — AR E AT, AR S B 7 00 Y RHE 25 5 W 2 (P<<0.05); ANRIRE F LR R Al — ks i
FER, RS G A R D RHIE 25 5 3 (P<<0.05),

1.85. 2.68 mL-min"'; {H= P& FH K 150 mm-h™" B2 & F 120 mm-h™", 435k 227, 1.63 grmin™'
(P<<0.05), XULBITEARIRIMRIASRIET , T3 VDRI 5 T Rl ASBEZE b &bk it B (MIRE )
TR E BN 169.4, 2574, 382.1, 430.5mL; BFEVhE0510 1109, 163.8, 206.7. 287.4 g,
2.2 R[EWR R E TR B 28 AU AE

VIRVES SR B AR AL SE A P VD A TR, A S v ORI ZH . RS OK, 2D LR BIRIKTE S
DL RIURLTE M S I T2 i B85, 25 R W SR B X 2 8 v PRz A2 > 2.000 mm A0 5 5 434501 34738 Jin
25.45% . Kift<0.053 mm PORL M EOE 80 31.79 %, TiRLAR N >0.250~2.000 mm F1>0.053~0.250
mm Y& V5 PFORL 23 BB A A B3 (8] 3), T R Al ORI AR >2.000 mm 8 Y5 URL 42 (11.24%) 15
150 mm- h™" A S8 B T HARRE Bl B2 A =X (P<<0.05)([&] 4A), 117 By 2 A Al bk G At s 8 0k 5 2 43 50
150 mm-h™' Wi 5 5040 3 R IR BT B 2 5, X UL AR SMOR A% >2.000 mm A RAKTE 5
968 IRV AR Tl A LA AR b B ) S e Ay b A AR R

PR SR BESE N, VEVDIURL Dyw . Roos Ty, BV VDRSS PR bk i o B A B i 4 v, (HAE B —
PR IR B, AN (R AE R S A Ul Vb UK AR E YRR AR AETE 22 7 (BT 4). B RN - AR far 1R AS ARAE 150
mm-h™ WA E T Dyw N 2.07 mm, Ry 75 60, 150 mm-h™ 435K 72.51% . 85.38%, W& m T H
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Figure 3  Changes in particle size distribution of sediment in red soil under different leaching intensities under 4 vegetation restoration modes
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Figure 4 Stability of sediment particles in 4 vegetation restoration modes under different leaching intensities
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Figure 5 Nutrient changes in runoff and sediment under different leaching intensities
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