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TG DX A TV V5 48 R T v R 2 e 41 498 A 25 s 58
3 (116°55'16"~116°56'18"E, 28°12'01"~28°12'37"N) ,
B AR FERAE, FVFHRE 176 T, HKEIX
1795 mm, >10 ‘CHIFIRIL 7500 C, TN 236 d'7,
I XML g LR E ML ke, YN
15°, #4K 30~47 m. TIBBEF LA S A, WAFEIR
&, LJER A-C 28, BkiE &4 30.3%~40.8%, Ji
AR E . SR, B s R R B S R R
BT RRVR A RS SRR S, BT SR DUOR AR ARBR A%
THOT R, SEURAMEEE ™ EMIN . M X LM
PN TIREEMR, AR (8] /NT 302, AREEDIFNE E

¥A (Pinus massoniana) « T-F (Dicranopteris dicho-toma) -

H3F (Umperata cylindrica) U718,
1.2 RB& /X3

AR R X E N 8o Fat g 8 MKxT
AP N 10 mx2.6 m AR /NX (B 1) U8,
B4 4 X R OB Wl B AR IE . TR S SR
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B 21 i,
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hi AMGERIKIR, GBI RT &, g5 Cy NEHTN
P ER, gm’s Cu NI EKE, %: r NRFALR
AR, me d N EEEE, gm’.
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Table 1 Vegetation structure parameters and soil properties of experimental plots
Mt iz HHUF HURIZH AR Grain composition

Bon B e T Dameter

FERE |m .
Tree HEEE EpE pHE  Soil

o e e
Total Total Total

B E %
Available Available >

Vegetation Vegetation Tree | .- atbreast LAI Coverage Canopy pH organic . . .~ (Cmol
o height . ! nitrogen phosphorus potassium phosphorus potassium *, i 2~ 0.05~
t t / height 1% 1 tty 5 5 5 5 . I
YPes ComposTion RS fclrgn ' tth]r(nnf:SS/ o /Ezflkgc'f) lgkgh) Agke') Agke') Agkgh) Ngke') ) 0.05 mm 0.002 mm <0.002 mm

it D. I 1050 010 229 0.94 050  4.62 21.49
WX OP.D.I 4 160 300 246 0.93 0.80  4.63 19.50
WE P.D.1 4 200 550 178 085 0.90 4.68 19.55
i P 5 250 620 285 082 100 4.66 16.97
(i P 5 310 680 194 071 130 473 15.59
e P 5 440 10.89 3.90 0.58 140 471 14.87
EioN P 14 780 2080 291 0.73 370 443 18.09
EioN P 14 820 2320 348 078 320 447 1852

1.13 0.31 9.71 2.07 60.83 1494 22.68  38.55 38.77
1.07 0.33 9.64 5.30 5333 1578 22.65 37.84 39.51
1.08 0.36 9.58 6.08 55.83  15.67 23.00 37.28 39.72
0.92 0.37 9.71 6.27 57.50 15.18 22.08  37.20 40.72
0.90 0.38 9.73 6.07 60.83 14.11 20.80  36.56 42.64
0.88 0.28 9.71 1.02 60.83 13.79 20.55 37.96 41.49
0.97 0.26 9.75 1.55 63.33 1537 22.09 37.12 40.79
0.97 0.25 9.80 1.53 62.50 15.09 2195 36.83 41.23

E: PR R DT TARN.

Note: P, D, I represent Pinus massoniana, Dicranopteris dicho-toma, Imperata cylindrical, respectively.
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1.4 RO

KRR ZTT 22 0 Bkt e AN R B R A X A 2 1
KA NRFRE,. LRI EZ R ZER, Yi%{E P<0.05
B EAGH R G TUR T RDA (redundancy analysis)
FH DA$8 7~ M A 155 o RO 7K 3 SR R 52

2 HZRES

2.1 FEMEXPERFITHFIE

WEFEIX 2016 —2018 il H| 93 KAz N S 1F,
FERN AT 4 226.5 mm, (5 FFTN & 83.7%. HLE HLIK %
G /NX AP BN T 015 kg ATERBE, WINEAE 52
WKBER 242 T R 32l AR PR R R 55.9%.
SOM R HraR i, WSS bR E MR 2%, &
B 4 BB H A (B D o Bk, FRXEEF
1E 4 PRk B, 250 4FE Ris Rys Ry AT Ry (R 2) .

R 7 X R BRI (31.2%) , {HERIEEF
ARG (13.8%) , FHARF 2N R AR /N JIif K.
WEAEF, ZRAEE 9 HERFE 4 H. Ry BRSE 4—
10 A¥AE KA, FrrhmERZ . T, B, %
BN A (14.0%), 12 7 TiE A H IR 11 (76.9%) o

Ry AR moefE. WEETHEN, FERER
5—9 H, RAEMKEIRANEEENENR (43.0%) , 7~
A AR MR (75.0%) « Ry NEFE. K.
KUBFEMIELLRPERN, EPRAME 6—7 H, RARE
ik (11.8%) , HEF®R KRR (72.7%) . 4
bR LA Ry Ry MW ERFEE, 20 SN
SN 31.5%. 27.0%, Ry Ry AN &4 71 5 20.9%.
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Fig.1. Variation of within groups sum of squared error with number
of clusters
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Table 2 Eigenvalue statistical features of the four rainfall patterns

p—— K 60min B o 4 — RREENTIR] PRI AR TR P
[ AR . W Maximum 30 min jFi/J.m ‘?& Av; T8¢ Rainfall Rainfall FIIRE IR RS B AT
. Rainfall amount = . . K rain intensit; . L . Total amount of
Rainfall patterns rainfall intensity R duration  concentration index Runoffevents  Erosion events .
D,/mm A Lnean/(mm-h™) rainfall/mm

4 Inax/(mm-h™) D/h CI
5 /IME 13.50 1.80 0.34 7.00 0.05
R AE 59.60 15.40 4.77 45.00 0.48

R, 8K 29 4 882.0
I 30.41 5.36 1.56 21.90 0.19
bRk 2 12.11 3.05 0.97 8.62 0.11
i /ME 51.60 3.27 1.99 16.00 0.05
SPNEN 83.00 17.60 5.16 40.00 027

Ry Rk 13 10 873.2
SEHME 67.17 10.57 2.99 26.77 0.16
PRt 2 10.16 4.50 0.88 7.20 0.07
5 /IME 12.10 4.80 1.23 2.00 0.19
R AE 60.10 31.90 7.88 18.00 0.92

R X 40 30 1329.4
I 33.23 14.50 4.56 7.60 0.47
bRk 2 13.95 6.47 1.57 3.61 0.18
i /ME 70.76 12.56 1.54 13.00 0.11
SPNEN 195.30 53.10 9.77 30.00 0.40

Riv Rk 11 8 1141.9
SEHME 103.81 22.58 5.43 17.82 0.22
PRt 2 35.14 12.62 1.94 498 0.10

e ReOBUIEREAGREE N, K. WEAEY: RoMAIRWERL . il I Ru#EURRE N KRsE. WEES: Ry BARZHE, KW

K. R,

Note: Ry pattern refers to rainfall events with low intensity, long duration, minor amount of rainfall and low rainfall concentration; Ry pattern refers to the rainfall events
with medium amount of rainfall, moderate rainfall intensity and long duration; Ry pattern refers to the rainfall events with characteristics of short duration, strong
rainfall intensity and high rainfall concentration; Ry pattern refers to great amount of rainfall, strong rainfall intensity and long duration. The same as follows.
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FRHH o A 0 A R AL R 22 S LR R e
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TG WSS (AR AE 2 WA RSB, SRR 4 Rl %
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FRERTTE SRR, AREY SR T FEH7T
MES TEEMEAE—EER (P<0.05) (E2) . HS.
F/NX ) 32 ph &y, 73008 G GS. LS /DX 2.1~
3.2 f%; HS/DXMFES S, & 155.6 mm, &&E&H
T. LS. GS. G /MX 0.6, 0.6, 1.2, 0.8 {5 (P<0.05) .
5 R EE R AL R P A K IR R B MK BN N
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AR T R R, SRR AR R -
R ER B HFANFED, MRREENESDNX R
A8
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[N AP
Vegetation structure types
b. A8
b. Runoff

F G GS HS LS F
MBS S
Vegetation structure types
a. TR
a. Soil loss
i MRS F. G GS. LS. HS ZpJlfeFk. 4iss, R, (M. k.
RNFENG FREFORA R 22 R R . R,
Note: Vegetation structure F, G, GS, LS, HS refers to trees, pure grass,
shrubbery and grasses, low shrubbery, high shrubbery, respectively. Different
lowercase letters indicate significant differences between treatments. The same
as below.

B2 RRMEREMER FTHHYZAZTLIEBRIRE
Fig.2 Average annual surface runoff and soil loss in different
vegetation structure types
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R E TR R, HIRA Ry B, 7351 412 s &1
48.2%~56.7%L % 25.2%~35.6%; R, Ml Ry Bzl 4+
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& B R AR R P IR B R 7 AR A AR AR
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Fig.3 Total of surface runoff and soil loss in different rainfall
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Fig.4 Average surface runoff and soil loss in different rainfall
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Fig.5 Difference of water and soil erosion with vegetation
structure type under different rainfall pattern
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Fig.6 Effects of rainfall and vegetation on soil erosion and runoff
under different rainfall patterns
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Effects of vegetation structure types and rainfall patterns on soil and
water loss of understory vegetation in red soil areas of South China

3% Ma Lixia!, Lu Xiaosong'?, Wang Xin'"

Chen Yang'?, Zhang Haidong?, Yu Dongsheng
(1. State Key Laboratory of Soil and Agricultural Sustainable Development, Nanjing Soil Research Institute, Chinese Academy of Sciences,
Nanjing 210008, China; 2. Suzhou Academy of Agricultural Sciences (Taihu Region Research Institute of Agricultural Science), Suzhou

215155, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Vegetation and rainfall are the key factors that affect the soil and soil erosion. Exploring the surface runoff and soil
loss process associated with different rainfall patterns and vegetation structure types is of great significance to the development
of soil and water conservation. In this study, we carried out a series of experiments on surface runoffs and sediments
monitoring at different runoff plots with five structures types of vegetation (i.e., shrub-grass mixed forest, grassland, low shrub,
arbor forest, high shrub). There are 8 runoff test plots with length x width (10 mx2.6 m) on the gentle slope of 8°in Red soil
Ecological Experimental Station, Yingtan city. The experiment lasted three years from 2016 to 2018. During the study period,
93 individual natural erosive rainfall events, surface runoffs and sediments data were collected, as well as the vegetation
structure parameters were obtained. The self-organizing mapping (SOM) method was applied to classify rainfall patterns
according to rainfall characteristic indicators such as rainfall amounts, rainfall durations, 60min maximum rainfall intensity,
average rainfall intensity and rainfall amount concentration index. Then the characteristics of soil and water loss under
different rainfall patterns and vegetation structure types were studied, and the effect of rainfall and vegetation on soil and water
loss were quantitative analysis by redundancy analysis (RDA). The results showed that SOM method could identify the four
typical erosion rainfall patterns in red soil region, the rainfall patterns were as follows: R; (low intensity, long duration, minor
amount of rainfall and low rainfall concentration index), Ry, (medium amount of rainfall, moderate intensity and long duration),
Ry (short duration, strong rainfall intensity and high rainfall concentration index), Ry (a great amount of rainfall, strong
rainfall intensity and long duration). Among all of the erosion rainfall events, the least rainfall was pattern Ry, which was the
most erosive and destructive, so it was easy to cause serious soil erosion. Ry was the main pattern that made the highest
cumulative contribution rate to soil and water loss. The erosion ability of pattern R;; was moderate, but it was also easy to
cause soil and water loss due to its moderate intensity and long duration. The pattern R; could hardly cause soil erosion.
Vegetation structure types significantly affected the soil erosion and runoff generation, and the soil and water conservation
function of different vegetation in turn was as followed the order of shrub-grass mixed forest, grassland, low shrub, arbor
forest, and high shrub. RDA results shown that comprehensive interaction effects on soil erosion exist between rainfall patterns
and vegetation structure types. The ability of soil and water conservation of vegetation decreased gradually and the effects of
rainfall became greater in the later stage of erosion process, when rainfall patterns changed from weak to strong
(Ri>R—>Ry—Ryy), meanwhile the dominant factors of soil and water loss changed from vegetation to the interaction of
vegetation and precipitation, and then to rainfalls. The influences of canopy structure on soil and water loss reduced, while the
ones of rainfall increased when vegetation structure types changed from near surface vegetation to shrub and tree.

Keywords: erosion; runoff; soils; vegetation structure; rainfall pattern; red soil region in South China



