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Abstract : Agricultural non-point source pollution is one of the key challenges facing the sustainable development of
agriculture in China. A rational cropping system can effectively improve the agricultural ecological environment and
enhance the resource utilization efficiency of farmland. To explore a sustainable agricultural model suitable for the
red soil area of Hunan Province, this study selected a variety of cropping systems based on the customary fertilization
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practices of local farmers, using data from 10 national long-term cropland monitoring sites in Hunan Province. The
selected cropping systems include four double-cropping rice models: rice-rice-Chinese milk vetch (RRC), rice-rice-
barley (RRB), rice-rice-winter fallow (RRW), and rice-rice-rapeseed (RRO); three single-season rice models: rice-
tobacco (RT), rice-winter fallow (RW), and rice-rapeseed (RO); and three upland farming models: cotton-rapeseed
(CR), soybean-sweet potato (SS), and corn-radish (MR). Using a comprehensive evaluation method of eco-economic
benefits, the ecological and economic benefits of the different cropping systems were assessed. The aim was to provide
a theoretical basis for the rational layout of cropping systems, improving agricultural productivity, and reducing
agricultural non-point source pollution in Hunan Province. The results showed that among the 10 models, the RRC
model had the highest composite score of 0.734, followed by the SS model (0.675). The RO and CR models also
had relatively high scores of 0.666 and 0.670, respectively. The lowest score was obtained by the RW model (0.392).
Therefore, the RRC model is considered the optimal cropping system for balancing both economic and environmental
benefits in the red soil area and is recommended for promotion. In contrast, the RW model demonstrated the poorest
eco-economic benefits and is not recommended for adoption by farmers.

Keywords : ecological and economic benefits; long-term positioning monitoring test; environmentally friendly;
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Table 1 Basic information and initial soil physicochemical properties of different long-term experimental sites

AHLT/ 2R/ 2xfk /

Tl il iz i HhS AR E] BB pH (gkg) (gkg) (o)

IKHE - KFE - £ =9E (RRC)  LFH 1986 E IR 5.65 30.60 2.01 0.42

R IKFE - KFE - K& (RRB) TS 1986 SN R ALY 6.85 29.39 2.01 0.59
IKFE - KRG - W (RRW)  sRIXITT 1986 5 5 5L KAL) 7.79 44.50 2.8 0.72
JKFE - KFG - W3k (RRO) M 1986 TGRS 8.05 54.30 2.60 0.81
JEMA - KRG (RT) HEFHE 2000 AP U 7.09 44.50 2.49 0.58

—&Ff KA - & W (RW) TEYTE 1998 TR 7.90 57.40 3.17 0.36
JKF - Wiz (RO) 85 2000 T AR 5.36 39.21 232 -
ML - =% (CR) HBAT 1998 bR RiRULEE 5.70 19.30 1.36 0.60

(G KE—41% (SS) biER=Y 1998 IR 5.90 16.60 1.14
EA-# M (MR) AR 2001 Vay &3 K] 470 18.70 0.94

F2 BB ENEELESFHEIEE

Table 2 The average annual fertilizer application of conventional fertilization treatment at each experimental site

ARAE i I / (kg/hm®)

AU/ (kg/hm®)

ek it 4/ (kg/hm®)

Qb PR

N P,0; K,0 N P,0; KO N P,0; K,0
RRC 287.30 86.10 135.00 48.30 11.70 33.75 335.60 97.80 168.75
RRB 509.53 121.00 181.50 0.00 0.00 0.00 509.53 121.00 181.50
RRW 183.83 10.20 67.60 145.00 76.72 67.6 328.83 86.92 135.20
RRO 594.10 229.83 255.00 18.00 0.00 25.50 612.10 229.83 280.50
RT 263.28 171.10 408.00 35.25 28.20 90.75 298.53 199.90 498.75
RW 183.83 71.23 47.70 0.00 0.00 0.00 183.83 71.23 47.70
RO 343.28 162.48 157.50 39.15 6.48 87.30 382.43 168.96 244.80
CR 388.50 142.00 75.00 63.00 15.00 6.00 451.50 157.00 81.00
SS 166.65 64.22 33.75 10.55 29.00 37.20 177.20 93.22 70.95
MR 249.50 184.50 148.20 131.50 41.99 0.00 381.00 231.64 148.20
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Fig. 1 The distribution map of each long-term experimental sites
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Table 3 Factor system and weights for evaluating ecological and economic benefits of red paddy under different cropping systems

. HEZ Eisg A .
= e 24 W TR W AR
i 0.833 0.333
Bz 4
PR T 0.400 SECA 0.167 0.067
e Ry 0.200 0.120
R R C/N 0.200 0.120
e AR R 0.133 0.080
LR s T 0.600 AR AR I 0.133 0.080
B A i 0.133 0.080
AT 0.100 0.060
Wl = 0.100 0.060
F4 FBFRNMERHEEEEL
Table 4 Subordinate functions of each evaluation factor
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EMEFETRKBRBIFESTH (2012—2022)

Table 5 Changes of nitrogen and phosphorus nutrients in farmland under different cropping systems (2012-2022)

FHE R (ghe)

WA/ (mg/kg)

2/ (glkg) MR/ (g/kg)

PME ZME MR WMH 2 ARAReR W KME LR WM &ME IR
RRC 2.010  2.240 0.007 153.000 221.000 1.943 0.420  0.770 0.010 6.800 2.810 -0.114
RRB 2.010  2.450 0.012 144.100  156.000 0.425 0.590  0.400 -0.005 12.870  21.500 0.240
RRW 2.800 1.450 -0.038 230.000  236.000 0.400 0.720  0.730 0.001 8.000 17.780 0.652
RRO 2.600  2.480 -0.003 220.000  189.000 -1.069 0.810 1.100 0.008 28.600  23.540 -0.141
RT 2.490  2.520 0.002 161.000  198.000 5.286 0.580 1.460 0.059 32.000  69.700 4.713
RW 3.170  2.650 -0.033 167.000  221.000 9.000 0.360  0.460 0.007 4.600 8.320 0.620
RO 1.450 1.690 0.017 142.500  145.000 0.625 0.670  0.770 0.010 15.400  17.900 0.500
CR 1.360 1.450 0.006 184.000 197.000 1.300 0.600  0.870 0.011 15.000  18.200 0.457
SS 1.140 1.320 0.008 73.000 76.000 1.500 0.630  0.650 0.002 10.400  16.890 0.499
MR 1.090 1.330 0.024 77.000  109.000 6.400 0.630  0.780 0.015 9.800  15.500 1.140

7£:RRC, RRB. RRW, RRO, RT, RW, RO, CR,
IKAE - SR KRG - Bl L KR - AC0R L KA - TSR

SS Hl MR J3lCFAKAE - KA - SR, JKFE - KR - K22 . KA - KR - &R KA -
- RRAE - SR KR - LMK - B b R

xo6 AREMEHETRAEHRETE (2012—2022) (kg/hm®)
Table 6 Average annual N budget under different cropping systems ( 2012-2022 ) (kg/hm”)

LA 32 HEHeH A MR A TR EY/]EERS P A AA ERINAE  AE TR
RRC 335.60 20.70 3321 80.67 4.99 504.56 318.90 156.27
RRB 509.53 27.36 36.58 35.00 4.99 627.82 32630 287.16
RRW 328.83 21.60 41.61 22.00 4.54 446.05 242.49 176.09
RRO 612.10 27.36 34.01 24.50 4.57 729.97 333.99 368.55
RT 298.53 20.70 37.15 30.00 4.08 415.90 217.11 173.35
RW 183.83 18.72 35.24 15.00 2.27 299.39 176.87 78.19
RO 382.43 2531 3428 24.20 3.93 499.65 294.29 175.86
CR 451.50 18.32 35.24 28.00 3.99 568.79 312.97 224.08
sS 177.20 17.84 39.66 35.00 4.43 345.60 185.57 88.56
MR 381.00 18.24 34.34 26.00 3.44 497.74 298.68 164.34

T AR ACIIDEA A . TEBERA . THRUTRE . AR Rl AR 5 Rt 5 o m i AR A
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Y S A et AR R,
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RERY IR SR, PR AL R,
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FEASC I E B AT it L, 2554 AbFEY
L TIEERALL . AR RS, R

4 PRIEM AR SR B R, TR SRR
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H—A~10x9 [AERE, o 10 1720 AR R R
T AP S bR 0 T AN IR AR (E, 9 AR
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#REEL (R1), AERMAETEEL (R2) AIAERSLULE
BRERIEE (R ). VNS EIR, RS R i
IKFE - ML IR (R1 K 1.000 ), FU K 7KAR - /KA -
TERALEE (R1 24 0.938), 1550 FAIR I 2K F - 4 IR
Ab3E (R1 AN 0.533 ), FEAERALEE IR, 19501
AR KRG - KRS - S5 b P (R2 4 0.643 ), ik
(R KRS - KRS - JHSRAR B (R2 4 0.153), Hkh
IKFE - KRG - 200 (R2 M 0.191), LAl 4
CrRIAERA LS, KRS - KFE - SR m i LR B 4
R HEE (4 0.734), TMAKRE - & RAEER) R (E
AL (R 0.392 ), ARPEAALERRY R {E AT LARIAEHIWT,



F1 R AT « BT A P U T 1) £1 398 DX AR FH BT A de R AR ) E 3 1 161
R AEFEHETREFBERTE (2012—2022) (kg/hm®)
Table 7 Average annual P budget under different cropping systems ( 2012-2022) (kg/hm’)

T o B2 HEAH A WA DR Tl A B TEMIR BR Bk Wi 7
RRC 42.70 0.51 0.32 1.45 44.87 45.99 -1.01
RRB 52.83 0.65 0.37 1.46 55.31 34.66 20.65
RRW 37.95 0.54 0.43 1.15 39.82 31.80 8.27
RRO 100.35 0.61 0.34 1.21 102.28 66.27 36.24
RT 87.28 0.47 0.38 1.07 89.07 50.89 38.31
RW 31.10 0.50 0.35 0.58 32.39 28.43 4.10
RO 73.77 0.60 0.34 0.64 75.13 71.28 4.07
CR 68.55 0.32 0.35 1.02 70.29 3523 35.01
SS 40.70 0.40 0.41 1.14 19.63 17.55 25.10
MR 101.14 0.34 0.34 1.10 102.96 50.98 51.94

T R ACIADRMA . FEBERA . RIS . Rl ARSI 5 Bk T O Wi A DR EA IR
x8 ARMEFIETAERBEFESVELSTENREEE

% 8 Membership value of comprehensive evaluation of economic and ecological benefits of red soil farmland under different
cropping systems

bRl 4li i)V B RN C/N A TR T AT WP
RRC 0.888 0.792 0.514 0.490 1.000 1.000 -0.186 1.000 1.000
RRB 0.925 0.743 0.679 0.558 -0.343 0.219 0.479 0.608 0.202
RRW 0.764 0.696 -0.765 0.539 0.028 0.206 0.767 0.893 0.131
RRO 0.960 0.830 -0.250 0.496 0.806 -0.176 -0.219 0.457 0.029
RT 1.000 1.000 0.187 0.463 0.170 0.946 0.106 0.783 0.018
RW 0.544 0.476 -0.765 0.475 0.714 0.556 0.806 0.689 0.104
RO 0.796 0.602 0.583 0.462 1.000 0.322 1.000 0.592 0.222
CR 0.787 0.716 0.643 0.453 0.889 0.669 0914 0.481 0.032
SS 0.772 0.637 0.750 0.458 0.200 0.772 0.998 0.762 0.456
MR 0.890 0.798 0.417 0.471 0.400 0.481 0.159 0.629 0.013
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Fig. 2 Statistical value of ecological and economic benefits
index of red paddy under different treatments
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