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Simulating the effects of different management modes on the ecosystem services of

agroecosystems: a case study of the Taihu Lake Basin, China
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Abstract; Ecosystem services ( ES) of rice-wheat rotation agroecosystems play an important role in global ecosystem
services. Some ES are facing large-scale degradation owing to changes in land use and agriculture management modes in the
Taihu Lake Basin. This has resulted in an increasing awareness of sustainable agricultural development through optimizing
and advancing ES of the agroecosystems. This study simulated the trends and trade-offs of agroecosystem ES in the Taihu
Lake Basin from 1986 to 2015 using the APSIM model. The APSIM model was calibrated by PEST software, with
observations on grain supply (grain field) , climate regulations ( N,O emissions, carbon sequestration-soil organic carbon) ,

and water quality regulations ( N-losses). Recently, high utilization of chemical fertilizers and low-use efficiency of straw
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has led to many severe issues in the Taihu Lake Basin, such as agricultural non-point source pollution. Based on the
combinations of differential straw-returns ( non-straw returning, rice straw-returning and non-wheat straw-returning, wheat
straw-returning and non-rice straw-returning, all straw-returning) and different fertilizer use (0, =5%, —10%, —20%) ,
this study designed 16 scenarios to simulate and assess three key ES in the Taihu Lake Basin. The trade-offs were assessed
by using a self-organizing map (SOM) to derive effective management measures to improve overall agroecosystem ES. The
results show that; (1) grain yield, N,O emissions, N losses, and soil organic carbon are more significantly affected by
fertilizer use than are straw-returns, and the former are characterized by declines with reduced fertilizer utilization; (2)
Different management modes have a weak impact on carbon sequestration, but significant effects on N,O emissions and
water quality regulation. All straw-returning and 5%, 10%, or 20% reductions of fertilizer utilization are more effective in
suppressing N,O emissions, and the reduction of N losses is greater than 7%. (3) There exists a strong synergistic
relationship between grain supply and both carbon sequestration and N,O emissions, respectively. Grain supply and water
quality regulation, carbon sequestration and water quality regulation, and water quality regulation and N,O emissions
present significant trade-offs, respectively. Carbon sequestration and N,O emissions show a weak trade-off. (4) Assuming
water quality regulation (N losses) and climate regulations (N,O emissions) are lower than those of the basic scenario and the
reduction in grain yield is less than 5%, two scenarios-non-straw returning and 5% fertilizer reduction (SO_F1), and all straw-
returning and 5% fertilizer reduction (S3_F1)-can help to advance overall agroecosystem services in the Taihu Lake Basin. It is
necessary to improve calibration of the APSIM model because of the relatively low soil organic carbon. Additionally, the

comprehensive effects of different modes on agroecosystem ES in the Taihu Lake Basin need to be further explored.

Key Words: agroecosystem services; trade-off and synergy; APSIM model; Taihu Lake Basin
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Fig.1 The location of the Taihu Lake Basin
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Table 1 The evaluation of model calibration and verification

HERIRE SR Model calibration BAEZE S Model verification
0—10cm 10—20cm 0—10cm 10—20c¢m
INEEY R IKFEA= W e R B R INEREY R + 4 + 3
Wheat biomass Rice biomass 0—10cm soil 10—20cm soil Wheat biomass 0—10cm soil 10—20cm soil

temperature temperature temperature temperature
R? 0.996 0.994 0.945 0.944 0.973 0.868 0.875
D 0.999 0.998 0.985 0.984 0.978 0.902 0.918
NSE 0.995 0.993 0.734 0.780 0.971 0.859 0.858
NRMSE 0.023 0.029 0.067 0.069 0.031 0.024 0.022
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PR EREE K R AR g O R £, AE AR S R G0 IR S5 9 O 1 A 0 B, AR 9E & T MATLAB
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Table 2 Scenarios of model simulation

FEFFIE A FFAR I (S1)  ZFTid WAEAF AL (S2)

TeAEFFIE H (S0) Rice straw-returning Wheat straw-returning AT LW (S3)
Non-straw returning( SO) and non-wheat straw- and non-rice straw- All straw-returning( S3)
returning( S1) returning( S2)

ARBEEAL (FO) S0_FO S1_FO S2_F0 S3_F0
No fertilizer reduction( F0)
AR AL 5% (F1)

SO_F1 S1_F1 S2_F1 S3_F1
5% fertilizer reduction( F1) - - - -
WAL 10% (F2)

SO_F2 S1_F2 S2_F2 S3_F2
10% fertilizer reduction( F2) 0_ - - 3-
Il 20% (F
MEHEAR 20% (F3) SO_F3 S1_F3 S2_F3 S3_F3

20% fertilizer reduction( F3)
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L, A 15 P 5T AR i AR A R o 5 8, () — R AR BSR4 920 17 o
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3.3 BB RGRS AU 5 PR SE R
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Fig.2 Changes in ecosystem services under different straw-returning and fertilizer use modes in 1986—2015
FH a b e d P RERIRE = i LI MRk AL BB MU 2R 5 1,23 .4 S0 RRICRS AL B FAAT IE 2 AT IE 2 7T 14 H
FEFFANIE H A EFT 200 H

#£3 AEER 1986—2015 EAERRERSFHTUE

Table 3 Average changes of ecosystem services under different scenarios in 1986—2015

2010

2015

TR R T LK AL A HEK NS i
Scenarios Grain field Soil organic carbon N, O emissions N-losses
SO0_FO 0.00 0.00 0.00 0.00
SO0_F1 -2.54% -0.18% -9.26% =7.29%
SO_F2 -5.44% -0.34% -25.93% -14.06%
SO_F3 -11.81% -0.61% -33.33% -26.73%
S1_FO —-0.69% -0.34% 77.78% -3.75%
S1_F1 -3.32% -0.96% 70.37% -11.09%
S1_F2 -6.20% -1.10% 50.00% -18.18%
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i B AL P L B
Scenarios Grain field Soil organic carbon N, O emissions N-losses
S1_F3 -12.39% -1.35% 5.56% -30.78%
S2_FO -0.17% -0.17% 79.63% 4.34%
S2_F1 -2.44% -0.35% 31.48% -3.81%
S2_F2 -5.23% -0.51% -51.85% -11.48%
S2_F3 -11.49% -0.79% -64.81% -25.61%
S3_F0 -0.89% -0.69% 101.85% -0.25%
S3_F1 -3.43% -0.98% -37.04% -7.89%
S3_F2 -6.43% -1.13% -46.30% -15.25%
S3_F3 -12.08% -1.33% -64.81% -27.80%
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Fig.3 Trade-off and synergy of ecosystem services based on the SOM
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F 4 EBZRLGRFZEN Pearson 18X REL

Table 4 Pearson correlation coefficients between ecosystem services

WELts Gl KA AL T AR
Grain supply Carbon sequestration Water quality regulation N, O emissions
A HEZY Grain supply 0.117* -0.288 " 0.092
[E§% Carbon Sequestration -0.330** -0.064
JKEJH 1Y Water quality regulation -0.092*
AL EHERIN, O emissions 1.000

* * P<0.01, * P<0.05

4 itig
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SEBITRUAG HE AN M T30, PEST R i B vh SRS 22 R R, W e S B &, X APSIM A5 7Y ffk
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