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Effects of forest and grass cover types on runoff, sediment yield, and
nitrogen and phosphorus losses on slopes in red soil hilly regions
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Water Science and Engineering, Nanchang 330029, China; 2.Jiangxi Province Poyang Lake
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Abstract: [Objective] This study clarifies the regulatory effects of different forest and grass cover types on slope
runoff, sediment yield, and nitrogen and phosphorus losses under different rainfall conditions in red soil hilly
regions, explores the mechanisms by which rainfall characteristics and forest and grass cover types influence
runoff, sediment, and nutrient losses on slopes, and provides a theoretical basis for soil and water conservation

and ecological restoration in red soil hilly regions. [ Methods] Five standard runoff plots with a slope of 15° in the
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Jiaoxi small watershed, Xingguo County, Ganzhou City, Jiangxi Province, were selected as the study sites. From
March 23, 2023 to July 26, 2024, runoff, sediment yield, and nitrogen and phosphorus losses under individual
natural rainfall events were monitored. Rainfall was classified into three types using the K-means clustering
method, and the characteristics of runoff, sediment yield, and nitrogen and phosphorus losses under each rainfall
type across different forest and grass cover types were compared. [ Results] (1) Rainfall type [ (high frequency,
low rainfall amount, short duration, and high rainfall intensity) was the dominant type triggering soil erosion.
During the observation period, its occurrence frequency reached 60.94% , contributing 50.76% of the runoff
volume and 51.40% of the sediment loss. The cumulative runoff volume and sediment loss for runoff plots under
different forest and grass cover types generally followed the order: grass plot (T,) < conifer-broadleaf mixed
forest plot ('T,) <C economic fruit forest plot ('T;) < coniferous forest plot (T3) <C bare plot (T,). (2) Different
forest and grass cover measures all demonstrated obvious benefits in reducing runoff and sediment. During the
experimental period, the comprehensive runoff reduction benefits of T,, Ts;, T,, and T reached 94.28%,
80.96%, 99.16%, and 85.59% , respectively, and the comprehensive sediment reduction benefits were 99.35%,
96.45%, 99.90%, and 96.36% , respectively, with the sediment reduction effect being greater than the runoff
reduction effect. Except for the T, treatment, the runoff depth and erosion amount of the other treatments were
significantly positively correlated with rainfall amount, maximum 30-min rainfall intensity, and rainfall erosivity
(p << 0.01). (3) Nitrogen and phosphorus losses were highly significantly correlated with runoff and sediment
(correlation coefficients ranging from 0.799 to 0.987). Sediment-borne transport was the main pathway for
nitrogen and phosphorus losses. The nitrogen and phosphorus reduction rates in sediment for each treatment
mostly exceeded 91% . Compared with T,, the nitrogen and phosphorus losses in runoff and sediment for T,—T;
were significantly reduced, with T, showing the best performance. The proportion of total nitrogen and total
phosphorus lost via sediment was much higher than that lost via runoff. [ Conclusion ] Rainfall characteristics and
forest and grass cover types significantly affect runoff, sediment yield, and nitrogen and phosphorus losses on
slopes. Rainfall type I exacerbates soil erosion, while grassland and conifer-broadleaf mixed forests exhibit
outstanding soil and water conservation effects.

Keywords: red soil hilly regions; rainfall characteristics; forest and grass cover types; slope runoff and sediment

yield; nitrogen and phosphorus losses
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Table 3 Characteristic parameters of different rainfall types in study area
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Fig.1 Cumulative runoff volume and sediment loss on slopes under different vegetation cover types
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Fig.2 Proportion of surface runoff and sediment loss under different configuration modes
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Fig.3 Runoff and sediment reduction benefits for different treatments under different rainfall types
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sediment yield and rainfall characteristics

HebE M PR ;g I, ;ijj ﬁg
T, 0.797" 0.287" 0.690™ 0.813" 0.178
T, 0.729" 0.178 0.515" 0.697" 0.135
TWHE T, 0.872™ 0.182 0.541" 0.757" 0.331"
T, —0.048 —0.337 0.328 0.317 —0.198
T 0.721" 0.185 0.356" 0.534™ 0.19
T, 0.807" 0.328" 0.758™ 0.790" 0.163
T, 0.460™ 0.016 0.417" 0.558" —0.019
R T, 0.631" 0.310° 0.515" 0.721" 0.065
T, —0.083 —0.368 0.273 0.242 —0.145
T, 0.541™ 0.240 0.329" 0.469" 0.041

TE " FRIRAE 0.05 7K COUID b S 35 415G ;3R 7R 78 0.01 7K COUiD
MK,



A BRAKE

S =N WA LN ®

& S @ b
B S < u‘od‘%/\K
‘fIf,Ef;‘E/mm 1> g :\\ﬁ'(_
Xﬁt
8 ) ’ ]
|
TE |‘
on L. |
\M/ |
#
'H<4
ES |
B
&

S ) (g
Y S © \
= %
)5,

Fe Ak 8 A5 - 21398 I DCOPR R 5 1 288 2R 060 390 TR 7 A 7 b B R AL K B R 7
02— |
~  |BUEEERKE o1 |
‘g 012 |
B 010
2 0.08

< 0.06
mﬂ : 0.04
é 3.02 |
|
ﬁ |
I%‘_’ |

0.020 - o

D ArE B R E
0.015 |-

0.010 T

0.014
0.012
0.010
0.008
0.006
0.004 |
0.002 |

(=]
(=3
S
w
T

A B R B/ (kg + hm)

S
<

e )
RS . =

B4 375 b T R B K X 12 7R #0 1 50 5k 2 1Y i A i T [
Fig. 4 Response surface plots of nitrogen and phosphorus losses in individual rainfall
events in response to runoff depth and soil loss amount

it — 2 W e R oy A S M R AR
DA K A B4R i A 4 B 22 18] O 3R 6] 4% Ak B IR B
AU I R 5 AR T U8 VD i i AT Pearson AH G 4 B
(n=213) , 45 R W EK 5. WHET B A TR .
BB T PERE R R R SR RV i R

AR B 3 R 56 26 R (p<0.01) , 26 W Ui it 1 = 32
ERUN SRS RSS2 RSP P
2 R W AR i Y VD BT i R SR o TR 32 1R
ol - 8 AORE 2 ), ELAS [] b 38 % 0 3t R ol R A AR —
RE Y RIS

x5 ABMRAESEREVHHMBEXXR
Table 5 Correlation of nitrogen and phosphorus losses with runoff and sediment output
Ei=E 7y AR M R ISE RNy AV A R A SRR R VA VR R R A

(/TR 1 0.799" 0.273" 0.189 0.298" 0.181
e g ik 1 0.263" 0.252" 0.266™ 0.286"
SRR 1 0.984" 0.987" 0.970”
AT R % 1 0.954" 0.972"
SRR G 1 0.962"

LR ER TS i 1

TE: "RRAE 0.05 7K ORI [ S35 A0 06, R AE 0.01 7K CRUIND 1= i AR G

M S 5 6 BT S B B 25 5 R R, A R AR
BRI T AR (B R R PR BRI 5 I YR
KB RBLM W 22 5, BAE UK AR 5 4 ] 2k

R Z S AR Z AL . FEAR AR50k T
T, DAT Ak B A S % BR, AR O A 60 2R & Oy 1.38
kg/hm®, I ¥ 1 &0 2% 1 R 0.95 kg/hm*; 48 It 6 8 it



8 P S S0

33 %

Je 4tk 0.13 kg/hm”, Al M8 U 2% & 0.08 kg/hm”,
HZ A, T,, Ty, Ty, ToIX 4 Ff kb FEAE A2 3 b A9 5 A
ATV PR AL LR B DA S AT O P B O O A A e ]
REAR R R e BRI S, B ATH R AL T 72.47 %~
98.95% By X [A] , A ¥ M A W N 66.16 0~
99.83% ; B IH I R N 77.56 % ~99.43% , Al I M
TR AT 74.50% ~99.87 % TG . Horp, T, 4b ¥
E Wl /0 R/ 3R R 3R A8 Ui U R T T LA B R
TH IR 250 T A b 3

TEVE VD F5 53 Ui 2% 7 T, 45 Ak BB Jfe 0 Ui 2k 1 SR
2SO W JEE N 0.04~28.16 kg/hm?, i 2% &
KN FE R K T, >>T>T,>T,>> T, B T i 2 7Y
Sl 1 22 R [ RE B L 9 R 0.02~15.52 kg/hm”®, i

KB RANBFEE N T >T>T,>T,>T,. 5T, H
L, HoAx A A B V0 B T DR AL 91.16 %0, e v
ST DB R T 95.36 %00 X 1 B, St K R Bk
5 i it 0 K e D 2 SRR AN B DR VD Y IR Ok, AN TR Ak
FG R VD 3% 43 it R 1 2 o RO A AR TR] AR R
REA A PR AR e it o 38 b X Bb 3% 0 B A28 O 5 VR 1 i
JI o5 LA Ol kB, R R R U VD I O A o Ly
4k F 73.03%~95.31%,96.51 % ~99.19 % & X fa] ,
VE TR WA AR . X SR B AR Y X I
PR VT R R SR AT TR I R BR R . X rT B
H1 0I5 XS 10 s | A 8 5 b L % A R 45 P 2 [
ER, S HIERME ™ E, R AR E T
e Vb kL2 T L B e Vb B 42 T IR

1.4 . . 7 105 & 30 7 110
'S B S ARKE A A ' 3
212 [ BEERE Ea BEWK R
B —n— MR R E 95 % 28 H —o— BEMIRE | 958
&ul.o ~d & ”7 NS
) e H Sy
=08 5 = B\/ B
] 85 & & 26 ] 190 &
e K g 4 B
= 0.4 75 B 2.4 H 1 on B
K 1.8 H 80
%0.2 2 121
X 65 S| 0 | L 1 I 70

T, Tz T3 T, T, T. Tz I, T, T5
ENGIEOE: AN R Ak
Es5 #ZREVHERZRRREEREHRE
Fig. 5 Cumulative nitrogen loss amount and reduction rate in runoff and sediment
00.14 r - Wiﬂiﬁ%i e Ly 1 105 4;16.0 B 7 110
; 7 % . i |
200.10 L 195 s éng.O ,\'/t\. 100 <
< 0.08 [ A 190 & w e I B o0 3
# 0.06 | 185 § K] RS §
b B o1st o HIWE
o 0.04 | 480 & # | | "
® o 10 80
12 0.02 H 175 2 05
\Q-l E’% 1 1 1 1
70 > 0 70
T T, T, T, T, ¢ T, T, T, T,
AR Ak 2 A7) &b
Ee6 R EDVHBERAMEEREHHE
Fig. 6 Cumulative phosphorus loss amount and reduction rate in runoff and sediment
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