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Abstract:  Objective  The “source” and “sink” landscape pattern reflects the land use allocation and spatial element
distribution. It equally controls the energy flow and water sediment process of the watershed, which is an important factor
affecting nutrient loss in small watersheds. The purpose of this research was to investigate the effect of landscape patterns on the
transport of dissolved nutrients in agricultural small watersheds under different rainfall types. =~ Method  The traditional
agricultural catchments and agroforestry catchments in the Shipanqiu watershed of the Three Gorges Reservoir Area were
selected as the research objects. The concentrations of dissolved nitrogen and phosphorus in the runoff at the outlet section of the
catchments were monitored during different intensities of erosive rainfall events. Also, aerial survey data combined with the
minimum cumulative resistance model were used to identify the “source” and “sink” landscape spatial pattern. The
location-weighted landscape index(LWLI)was used to analyze the impact of the “source” and “sink” landscape pattern on
dissolved nutrient transport in the small watershed. On this basis, the response mechanism of dissolved nutrient transport in the
small watershed to the “source” and “sink” landscape pattern was further clarified. ~Result  The results showed that: In the
traditional agricultural catchment area, the landscape area ratio of “source” and “sink” was 1.8: 1, which was dominated by
“source” landscape, and the vertical differentiation of landscape was obvious. In the agroforestry composite catchments, the
landscape ratio of “source” and “sink” was about 1: 1, which was evenly distributed, but the high and steep slope area accounted
for a high proportion and the average slope was large. In the two catchments, the loss load of dissolved nitrogen and
phosphorus was rainstorm > moderate rain > heavy rain. In different rainfall events, the nutrient output load and its coefficient of
variation in the traditional agricultural catchments were higher than those in agroforestry catchments. The nutrient transport had
strong volatility and was more vulnerable to the change in rainfall intensity. Agricultural land was the main source of nutrient
loss in both catchments, but due to the limitation of a slope, other woodlands may be important nutrient migration areas in the
agroforestry composite catchments. The LWLI of the traditional agricultural catchment was as high as 0.75, which indicated the
risk of high nitrogen and phosphorus loss in this catchment. Also, the LWLI of the agroforestry catchment area was 0.28 and with
a low nutrient output. This was attributed to the joint action of reasonable landscape spatial patterns and the agroforestry
management model. Conclusion The “source” and “sink™ landscape patterns had a significant impact on nutrient loss in small
watersheds. The risk of nutrient loss in small watersheds can be judged by the “source” and “sink™ location-weighted landscape
contrast index. Accordingly, it can provide a basis for the optimization of “source” and “sink” landscape pattern and the
prevention and control of non-point source pollution in small watersheds.

Key words: Three Gorges Reservoir area; Agricultural watershed; “Source/sink” landscape pattern; Dissolved nutrients;
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Table 3 Comparison index of "source/sink" landscape spatial load in the Shipanqiu watershed
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Table 4 Characteristics of erosive rainfall and runoff
B R ]
T R E-AAR
Al TG IK X
) AKX
[CTEE7R/ . 2 W g % T FEE Runoff
KAEH M [EEEiA] [ 7K Runoff
Rainfall Rainfall Rainfall coefficient-
Sampling date ~ Rainfall type Rainfall/mm coefficient-
frequency duration/h intensity/(mm-h ") Traditional
Agroforestry
agricultural
catchment
catchment
1 08-10 a5} 20.20 29.00 0.70 0.02 0.01
2 08-08 KT 33.20 36.00 0.92 0.11 1
3 08-23 TR 83.00 12.00 6.92 0.80 0.70

REFR v, BEASEKIX BT £ TDN 04, 55N
H, gl R AR K X 6 B I S B SRR AR AT, T
AR A5 TR A K DX U] B0 TRk R A A U

3 YRR, gl BUAE K X AT P B Y
W E M BE 4> N 0.68 mg-L™', 0.82 mg-L™" 1 0.50
mg L', MK A A K DX AT Yl A 0 i v I
4354 0.60 mg- L', 0.84 mg' L' f 0.33 mgL', &
TEAWEAEAME A RV IK X - Bk BE AT
fegeda BRI K X, &G R BEK X I VR B 5
W B ARME Y 22 BE SR, IR MR & IR K X
SRR, POy IR T, B R i
B ARE . 1 geAlh RIEE K X B v 3 UG (AN AE K
M IR (A 2 T, ARSI AR R
WEME 25, AR G A K DX v B W (A SRR
HE R A S E] 2D, 2R T R A T 0 2 T

FRE /NG 3 378 W =5 1 v 45 U B W AR 3T
PIu B 0O, AP A B AR K X AT i 1 L R T
VA ST 1) S 20 B R VR A3 0 AR B AR R B K X
1) 62.5%F1 85.7%, AR ALK XA AT i35 14
AP HEH 52.06%H 47.31%, SRR EER
A, IEBERRER7E P4 /K X B ATV PR rp 20 301 o
b 24.49%F1 28.57%., Z5HBF2W], 8 /A
W, WMEREARESREENRBIES, E
R R PR T R A AL R 4y, R S R4
KA A . B AR T YV B YR TR Al
HIEIKIX

AR RE (CV) #F— MR PIE KX R

TR A B B R B R . SRR
[l — KX, Al R AR R R B R R
NI >R > ZR T, AT R S Y A S A RO T
B 22 S, Ul I Ay 2 /DN DR AR AT P A A RO
WEE I 56 J3E A o O B RS s Rl — BRI R LR, R4
Ay FYFE IR IX I IR 7378 5 R R R T A 451
oKX, Ul WAL G Al R AR K XY 3% 20 3L 2% B A
FAE

3 GREmEE, AGEA R K X A AT
SRR T e B OC R R B R R > R > 2 7
AR 5 B K DR BN rh R > >22 7, Bl
TSN B T AR A TR WA SR TR R
AN EATRERE TR, IR0 Z 2R
W ERE, A IR W R R RE; R, KN
E AR GRS LN C QT S N = 9 LA AU D TS I
B, ARG R K DX AN 5 P S5 0 2 (1) A
SRR TSR B, RIS E R AIE AR IR
WEHRThm S, HAERMARE G RGKIX
SRS R B DICAL (0 P 3 R v ) - SR A K
2, AN, RIS R, SRS
2SR A I IR AE G, B9 T AR AR AR KA G U AR
KIXHIMEE G RS ESTERGNEY . Y
SEX IR AR SR, AT T A Y
JE | e R F5 o B A B o T A A
L ERTIR, AERW . P FOE, FR— TR B
MR BRSEEIRY R RAE R, R TR
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Fig. 4 Variation of nitrogen concentration and runoff with time
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Fig. 5 Variation of phosphorus concentration and runoff with time
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Table 5 Variation coefficients of dissolved total nitrogen and total phosphorus in three rainfall-runoff processes in a small watershed

g All BIAEK IX 78 S R A PRI A BRI K X B S R A
o T s A Variation coefficient of traditional agricultural Variation coefficient of agroforestry
Rainfall type catchment/% catchment/%
TDN TDP TDN TDP
" Moderate rain 63 26 45 21
A Heavy rain 56 27 36 21
Z: W Rainstorm 23 25 29 21
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Table 6 Average concentration of various forms of nitrogen and phosphorus in three rainfall-runoff processes in a small watershed

T AR SN K | 1y
Nutrient Moderate rain Heavy rain Rainstorm Average value
index/ el ® RMES ookl RMES okl RMES okl femksd
(mgL™") FKIXY ORHOKIK®  RIGUKIXY RAUKIK®  RGUKIKY O RAOKIXT O RHOKIXY  ARAEKIX®
TDN 2.83 2.43 3.37 1.32 1.80 1.26 2.67 1.67
NN 1.41 0.91 1.91 0.57 0.85 0.78 1.39 0.75
AN 0.09 0.11 0.18 0.10 0.13 0.08 0.13 0.10
TDP 0.44 0.46 0.62 0.58 0.41 0.23 0.49 0.42
DIP 0.10 0.11 0.15 0.16 0.11 0.09 0.12 0.12

D  Traditional agricultural catchment, @ Agroforestry composite catchment

x7T PMRE3HERERIEPILESR. BNLH A
Table 7 Output load of various forms of nitrogen and phosphorus in three rainfall runoff processes in a small watershed
} i K 3 Ty
Fr T dE bR
Moderate rain Heavy rain Rainstorm Average value
Nutrient
fegfl B RWEEE feofol B MR GEIE Lol il RS GRIGE Lol il KRGS RIE
index/g : ., . . . : ,
7J<B:\l) $7J( ]ZLZ,‘ $7J( ]ZLL‘ 7J<B:\Zf 7J(B: D 7J<B:\Zf 7J<B:\l) 7J( ]ZLZ,‘
TDN 23.10 16.23 6.32 2.03 230.71 132.13 86.71 50.13
NN 11.51 6.08 3.58 0.88 108.95 81.80 41.35 29.59
AN 0.73 0.73 0.34 0.15 16.66 8.39 591 3.09
TDP 3.59 3.07 1.16 0.89 52.55 24.12 19.10 9.36
DIP 0.82 0.73 0.28 0.25 14.10 9.44 5.07 3.47

(D  Traditional agricultural catchment, @ Agroforestry composite catchment

*8 AEBEMBEETEESE. LA ERAK

Table 8 Variation coefficients of output load of various forms of nitrogen and phosphorus under different rainfall intensities

TDN NN AN TDP DIP
gl IR K X 1.02 1.00 1.11 1.07 1.09
Traditional agricultural
catchment
PRME G AR IX 1.01 1.08 1.05 0.97 1.05

Agroforestry composite

catchment

FRFR o AT A S RO IR TGOl A SRB LSS RE, AR THK X MR
7J<IA‘, PG I BOR X IR s A 5% SR E IR AL S, XA —E R B3k
PIRE TSR L AR, MR S RAK X EAE BRI SRR K XA R T &, KX
T IR R, A, R GRIGOKIKH  AESIHREE R,
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