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Effects of crop—mulberry system on phosphorus loss in sloping cropland with purple soil

YANG Hongbin'?, WANG Sheng'*, YIN Rong'?, LEI Ping"?, CHEN Fangxin'?, NI Jiupai'?, XIE Deti"*"

(1. College of Resources and Environment, Southwest University, Chongqing 400716, China; 2. National Base of International S&T
Collaboration on Water Environmental Monitoring and Simulation in TGR Region, Chongqing 400716, China)

Abstract: To clarify the impact of mulberry hedgerow configurations on aboveground and underground runoff and phosphorus losses from
the sloping farmland—mulberry compound system (crop—mulberry system) with purple soil in the Three Gorges Reservoir area, optimize the
crop—mulberry system configuration, and reduce phosphorus losses, a set of 15°=runoff plots (9 mx3 m) were established in the opening
field. Four treatments were set up: one—belt mulberry (T;), two—belt mulberry (T:), three—belt mulberry (Ts), and non-mulberry hedges
(CK). The yield of surface runoff, interflow, and phosphorus loss forms and magnitudes in the runoff plot and field meteorological
conditions were continuously monitored. The results demonstrated that: the total yield of surface runoff and interflow in the Ts, T2, and T,

treatments were significantly reduced by 62%, 33%, and 21%, respectively, compared with CK (286.6 mm). Accordingly, the yield of
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interflow was significantly reduced by 69%, 37%, and 26%, respectively, compared with CK(226.3 mm). The interflow yield proportions of

the four treatments to the total runoff yield ranged from 63%~79%. The surface runoff yields of Ts and T> were significantly reduced by 33%
and 18%, respectively, but there was no significant difference between T, and CK. The total amount of phosphorus loss through the
interflow and surface runoff in Ts was significantly reduced by 61% compared with CK(0.9 kg+hm™), but there was no significant difference
among T, T», and CK. The amount of phosphorus loss through the interflow in T5 and T, was significantly reduced by 78% and 34%,
respectively, compared with CK (0.5 kg+-hm™). The amount of phosphorus loss through the interflow of the four treatments accounted for
44%~69% of the total amount of phosphorus loss, and the amount of phosphorus loss through surface runoff in Ts was significantly reduced
by 40% compared with CK (0.4 kg+hm™), but the amount of phosphorus loss in T; and T, increased by 21% and 25%, respectively. Soluble
phosphorus accounted for 40%~53% of the total amount of phosphorus loss, and particulate phosphorus only accounted for 47%~60%. The
difference between soluble phosphorus and particulate phosphorus among the four treatments was not significant at P<0.05. The mulberry
hedge treatments had no significant effect on the economic yield of mustard tuber, but T, and Ts had a significant reduction in the economic
yield of spring maize by 10% and 13%, respectively. The interflow was the main flow pattern on the slope farmland in purple soil, but the
soil phosphorus was primarily lost by particulate phosphorus form through surface runoff. Three—belt mulberry had an attractive effect in

preventing phosphorus loss and did not significantly affect the economic yield of mustard tuber, but it slightly reduced the economic yield of

maize.

Keywords: Three Gorges Reservoir area; purple soil; agricultural non—point source pollution; mulberry; runoff; phosphorus
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(kg-hm™)

AR LI R A o SO B ] G B X 3 A& AR B TR 120 YEWy Crop NI F ¥ Date of fertilization N P.0s KO
W, BT E N1 2182 mm, B (&K B2 %) A3 Tuber mustard 2020-11-17 383.0 191.0 214.0
(GBIT 28592—2012) .24 h [ F-GH7E 10 mm BT 24/ K Maize 2021-04-08 109.5 405 495

2021-05-11 2205 79.5 100.5

N, 10.0~24.9 mm N ,25.0~49.9 mm A KT ,50.0~

®1 R EEAEAMR

Table 1 Basic physical and chemical characteristics of experimental soil

iy A AR X AR Exi P AL TR
Soil 1 K/ pH Total N/ Available N/ Total P/ Available P/ Total K/ Available K/ Organic matter/ Bulk density/
Soil layer/cm
Y (g-kg™) (mg-kg™) (g-kg™) (mg-kg™) (g-kg™) (mg-kg™) (g-kg™) (g-cm™)
0~20 6.29 1.14 103.66 0.72 57.71 21.65 88.43 14.96 1.45
20~40 7.34 1.11 93.08 0.74 45.94 21.86 87.71 14.91 1.48
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PR ) S AR 9.6% 1 13.3% ., F W it . 2
o AR AR AR K ERET R

3 iTtig

28 T 2 5 | Pl - SRR Ik R SR 203 K ) T
UKl Iy, R R A G AR B A I AR (EL7E () 2 o
FEREFN 2R T, SREEAYE 10 0 RE 2 R 58 0
SPORF AR AL 70 e B 3 R, AT AN [7] A 5 P e
O HFRAR T AN 20 R A BEIUBOR ™ AR B 22
WEFER I, PR S A0 =5 SR AL P 25 AR T At K
TR RAR G, — Al AL TR M RAR A B
R (] 2) o 33X F2 B PR O A 7 38 A =y S Ak 3

®3 BABLRREFESHERK L (%)

Table 3 Different forms of phosphorus loss ratio in different treatments (% )

b3 SR A Total loss Herh i Interflow Mo AR Surface runoff
Treatment DP/TP PO{-P/TP  PP/TP DP/TP POI-P/TP PP/TP DP/TP POI-P/TP PP/TP
CK 42.0+3.4 30.9¢1.9  58.0:2.0  55.3+03 41.5+0.3 44.7£0.1  264:33c  18.5:17¢c  73.6x1.9a
T, 48.4x11.3 37.4+73  51.6+65  61.4x14.6  49.5x10.0  38.6x8.4  359:6.6b  25.8:39b  64.13.8b
T 40.1x2.2 30.1:03  59.9+1.2  64.7=1.4 48.6=0.6 35.3:0.8  23.8+24c  17.9:09¢  76.2:l.4a
T 52.6+4.7 35.6+1.0 47427  66.3+2.4 36.8+0.6 337+1.4  462+3.6a  352+l.0a  53.8+2.1c

VE A AN FRER R A R R 22 57 .35 (P<0.05) o R 1o

Note: Different lowercase letters in a column indicate significant differences among treatments (P<0.05). The same below.
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r(a) AR
yex=0.08x+0.06, R*=0.82, P<0.01
r yn=0.06x+0.12,R*=0.75,P<0.01
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y12=0.05x-0.06,, R>=0.81, P<0.01
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Figure 4 Correlation between rainfall amount and runoff yield in different treatments

R4 BRREKESKWENRZREEXXE

Table 4 Correlation of phosphorus loss with rainfall and runoff

FEFR Index [ M Rainfall 233 Runoff TP DP PO PP
AR R R 1 — 0.553%% 0.7517%% 0.765%* 0.468%*
Surface runoff P 1 0.678%* 0.793%* 0.725%* 0.608%*
TP 1 0.826%* 0.6517%* 0.9897
DP 1 0.926% 0.7313%%
POT-P 1 0.540%%

PP 1
Hehi [ BT o 1 — 0.6947 0.6837 0.641%% 0.588%
Interflow (et 1 0.8047 0.775%% 0.739% 0.704%5
TP 1 0.950%* 0.9213% 0.897%%
DP 1 0.9577% 0.714%%
POI-P 1 0.708%

PP 1

T 2 FORAEA R 2 K (P<0.01)

Note: ** represents ertremely significant correlation (P<0.01).

Xof S T ASE WL P S S A R 0 HBO P P 8 7 AR AR T R AL T AR/ X R R O, X AR A
(32 B2 I 8] A0 A B 1, TR D T AR = BN S HEEE A, S SR A B3 . MR
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x5 XRBARRLEREDENTE(FTRE kg-hm™)
Table 5 Crop biomass(dry weight) of different treatments during the test period (kg-hm™)

e 3% Mustard tuber F K Maize
R R ST AR R D Al i
Total biomass Economic yield By-products biomass Total biomass Economic yield By-products biomass
CK 3917+225a 1943+23 1 974+202a 15 799+352a 6 963+87a 8 837+439a
T, 3 775+5ab 1903+25 1 871+20ab 14 714+476b 6 654+274ab 8 060+202h
T, 3 724+116ab 1867+71 1 857+46ab 13 517+516¢ 6 295+419bc 7 222+98¢
T; 3596+102b 1 857+43 1 740+59h 12 322+409d 6 037+152¢ 6 284+258d

AP  HbFRAR I TP R K i 5 SR AR U e R
A A 2 IR AR O (R 4) ML [R] B % B i e 4%
T AN R A b AR T R AR — K . ik
ISP, 45 A HH b AR IR T B SR B B 14
FEAG, (H—H7 SRS SEAL P R AR R T S TR S R
TR NI R TIOR3, A =y SRA I R
I T b R AR U ORI R R . ORI R
o Ko TR M AR IR A, - ST P R e 7 2
AR g e Y S R B TR Y O S | R
FEHH M) it BB A M R A B T AR
o TR 95 B ], 5 A TR AR T A8 3 ) 398 (R 42 ok o
il TR EH A 25 A2 2= R 0 85 1 T AR R BB 0 12
g e FE AR R BT R (EAE A R
SN T QR AE K ORI A P45 Ak 3 o
TEAFAEZE S o W& B, M oK B2 (RIS R ) 1) 7
VAN SCIPN C R N NP A BT i ey L E AN
E R T T U 1P v LN BB B REER S
HE % | AT REDRS 32 5, R R AR i S R A R
TR LT — o R AR, = R AL AR
by T 2% AR A A/ b TR AR B A 8l T SR ol
MR 2 | S I, A R b D2 T A X 39 T
) e R - S A R, AT BRI T Tl 25 e b 2 1Y

AR H VR A L F AL A
A L2 R 2 K NP SRR RE IR SERE AL,
54 2 R K A B S FA R EE N,
DR 12 5% €8, - 303 B Tl 8 b i A Oy 3 a0, A5
G IR 0 B S R g0 i A R
HF L BRI 63.0%~79.0%, HIEF 5 L%
SR A B A RN o T A SRR R I,
F LT A AR A B, SR8 (1% - 35 FL B EE 340 53.06% ,
AR BT A URp A 58, (W] & 2R 1)
FLBR G 0 T B0 K B BT A R L R A Y B
T B AR A TR DR R A AR T b R AR R R 2

T T R AWETRAE AR, SR 3 R 2
A7 S A T e AR R R R A A B - B AR A
B (] 2)  (H R R i B X B TR A B
IR AT T2 TSR AR TR, 5 S8R0 P 7 3 Ab J39E v i ot
ZRARE A¥BEST R, WA RKEER
PR, ZE I RE K IR B, Bk b S0 2 T A B+ K
JE 5 B K IR 5 AL R B A R
B 0, S ZE 1 FE AT S BR i A S& R 48 - K
PERHFENS 2, BEoR AN B Sewb st B3R, iRk fz
RN A A A X R o R I SRS PR I R K
A SR AL PR R A AR A A SR AL
BRHZ —. BRSO FEE PR PR FIE S BRI
2 1 B S b B B0 3 ek (R A A TR
FREART SIS R R &, W AL A 3 AT
TP AR R

T REAE 2 e 13 R)Z  H 5 - 3 B
TR IRMERS 3, 2B R R B R
TR TR L ) T b ) AT BB /N, M R AR T A -
1R h S H % ) 3 R AR AR I R VD IR Ok i
AR A EE R ARIE A, AT 4 R L,
5 ALk I b 2 A TR X R I R S P R R B MR B 1
3.1~4.445% BRIV 10 oA 1 v g 2 55 0 - AR b 2
B gy 2 (R BR T SR AL B (44.5%) S, Ho At 4k
PR R AT DL M 2R AR O R 2 R AR (52.3%~
69.2%) o X A B AN [R) R A5 8 R U 2k el (£ 3) DA
T M A2 it RN HR gL v RS B | E B IR SR A T
PEREI R 2 5 U R S A OC R E (R 1), R I HL
FARW B R AR LUBURL S 3, T b i R
TR AR PR B R (Hoph it b b R B 2R
M5, B =7 SR A P (47.4%) 4b , o4y & b BwE 0%
G ATS LA UKL 25 W N T (51.6%~59.9%) . 2583153 ¥t
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