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Assessment of Yield-Rainfall Matching Degree of the Alfalfa-maize Rotation
System in Central and Northern Shanxi Based on the APSIM Model

LIU Peng"?, JIA Xiao-yi"*, HE Shi-jia"*, XU Hong-yu"*, YANG Xuan"*
(1. College of Grassland Science, Shanxi Agricultural University, Jinzhong, Shanxi Province 030801, China;
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Abstract: This study aimed to assess the sustainability of alfalfa-grain maize rotations in central-northern
Shanxi Province, China, and to screeen the optimal management strategies. The Agricultural Production
System Simulator (APSIM) model was calibrated using multi-site experimental data and employed to simulate
long-term historical (1985—2014) and future climate scenarios (2021—2050; 2051—2080). Three rotation
systems were compared: 6A (6-year continuous alfalfa) , SA1C (5-year alfalfa+1-year grain maize) , and
4A2C (4-year alfalfa+2-year grain maize). The results indicated that the model performed well in simulating
yield and biomass (Normalized Root Mean Squared Error, NRMSE<C20% ). Under future climate scenarios,
the equivalent yield of 6A was significantly higher than that of 5A1C and 4A2C (P<C0.05) , which were
increased by 9.45% and 23.02% compared to 5A1C in the 2020s and 2050s, respectively and increased by
23.02% and 28.49% compared to 4A2C. Furthermore, 6A achieved the highest single-cycle equivalent yield
(59. 98 t/hm?) under the historical scenarios. Regarding precipitation matching, values exceeded 0. 6 for maize
and were —>0. 8 for alfalfa during May - August. However, the matching degree was lower in April, Septem-
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ber, and October, indicating substantial irrigation requirements. The precipitation matching were significantly
improved by future scenarios (P<0.05), though the values of 6A remained lower than 4A2C during April and
May. In conclusion, 6A maximized land productivity under future climates with enhanced irrigation in spring
conversely. 4A2C offers a more balanced combination of productivity and water use efficiency. Our results
could support the strategies of optimized forage and adaptive rotation strategy in Shanxi.

Key words: Alfalfa; Maize ; Crop rotation ; Climate change ; APSIM

LA E 15 (Medicago sativa) H-A 518 1 1] FH
E AU B, S22 R 2 ol 0y SR BHEY)
EACMOEZ ETRSEE . AT, P4 & POl e A
T R T W B, T 37 0 R BT R b T SR AR
i) B ) e SR RS 1 R, RN O B B, iR TR
FPAE AL . SR, S 25 & 1) — RV E
BEXF AL HAE AR Y RS PR TR T
B4 5 DR, e — Bl 1 T2 H B A ) M (e
R 58 46 B A AR R AT T A IS

H T, 175 48 58 18 5 A 00 Flops A5 =X DU ) A
J L AFAE T 2 0 RS CRIER 2 - 58K 45 i B
THFE) AR TR RS IR R IR
& 54 R W AEY AT & BASE LA A T4 A
M A TR AR TR R R B K (Zea mays LOE R
LU PG 48 Fh A RS e KM AR, 5 AL B e 1R
T AE RE AT A% 4 = 3K M IR R BE ) o IR S E W 2R
KARME R KA FE SR AR AL 5 R L BEIK A% SR
Y 27 % AE R ORI AR K K B R W R O
F O WISy, A AR S B K B
I 28 53 A1 HE 2 AR A, B4 S i VR W A A R
(7K o3 B -7 A E S S EORAR R AT
3525 Ko R HRHIE 22 S 30 K™, 5247 R 1wl fiff
[ 2 )7 o7 1 D B | A L S SV G e o 7/ 9
F18) 2 [6] 3 A R FH R0, 0 HIOR e AR = fige 722 A ok
F10 o A DRI, 388 5 ARl B e R A AR Ak Y 3 I fE
TR R AR R G AE K 43 R 5 T ELAMME A, K
N X A O AR A 7 A 1Y S B RO 1 A A B[R] R
JE AT AL VRN VR P A B R AR 5 R R A AR Ak
XS FEAE RGN A T T H . RlA TR G
5 480 % (Agricultural Production System Simulator)
SEME S ZMMEYWB ARSI TREH
P R M AW R 1 B A A4S PR i, A 4D A A
ER CEAHETE NE AL EEY) A 7 X5 A 6 3 5
ZeAE B R R APSTM B AL Bi]F 5T 4 fiE 1%
A RCIAE P AEAS [8) PR 58 B 30 R 1 7= A8 A, 3
R AR 20 10 2 2 PR R A

T, A SCHL LA LV B K58 AE T AE A S R oK
FAE R G NEFER R, 45 G A T R4

1) 0000 5 A, ) T APSTM B R 48 5% o > Ak 2%
BB AR B R TORBR AR A K DL E JE T 4% A 1
Wi 7R 26 T B9 22 A 5 VR 77 ek B TR A X AN [
ob R AE A A 19 5 A i L o A9F 5 5 R mT A L Y
M DAY A DD S AT AT 3 N A 7 T ) 5 4B A - S
BEP'S Y (2 SRR S I b I

1 RS

1.1 HRXHFR

AT LA PG A8 8 i R A X L X
MM A £ B & 8o F LA R X, YR Tl
KBl 2 KA, U B BRI E T, 4 F ¢
VTR TR RI, B A A BE AN . KA X A
BRI T B 22 AR ST BE K B 43 5 458,419 il
428 mm, H =A™ b o 9B 1 I 22 ¥ 3 K R 38R
I35 R 9. 5°C~10.5C ., 2.9C~6. 1°C F1 4. 8°C~
7.9C. K& A E A BT B4R ¥ H Rk
2500~2700 ho SR 7 K A8 DA Hl 38067 B R
iE RO SN N S S 1 DG e R o S A L Sl B |

FEVS .

1.2 HERKEET

K — o 548 B A5 Fh g, T 2021—
2023 4 1l PG Al R A R A B b 5 R M T
JE Gk 3 AN WL RSN HE A,
i WL168HQ . WL343HQ & WL440HQ (W 3£ F b
5UIE T A SRR B wD A3 AN E AR 45k
CHRUEL 25 BEAR T R R (T N Rl R
BHHEARTATARD . w3 6 M F R A
FEASAEPRSE 9N E A, AW AP B /N X TE AR R 9 m®, Bl
LA o 45 S Fh Y F 2021 4F 6 H P A 8% Fl, 3% Al
JE 3 em, ATHE A 50 em , 7 7 % B2 30 kg-hm ™ *,

KR E = ARS8 F 2020—2023
AR TP A B e D M A A AR e I K E A WL
D BIF 5 3 T Je 3 3 DXOAR 91 4 b A A% oA T
BBCE T AN EORAEY AR K -1 ] e
(Avena sativa L.)¥AE (K -FK & T (Glycine max



55 6 30 XA e T APSIM BRI A L 94 b b 8™ A - R e 1A ™ ik 5 e K A DG B 2175

(L.) Merr.) & . £ Kk - & 8 # (Solanum
tuberosum LOKAE J EAKENE . 24 B AR
THREERE b3 24 AN [R] B9 46 AR I 8] 270 6 1 45§
EBEA . K- 22 #6 4R , R T 2020 4 43 3l
B o ) FH e 22 R FOK AR AR A, AR AR AR A X LA
W HE o ) 5 3 A3 /N X R ST S (5 A FRAE
B X2 A B ] ¥ 91+ 14 3% AR R+ 1A R A b
B X3P EE = 36 1/NX, BEPLIX H it

1.3 HIERIE
15 B AL T APSIM7. 10 FF @, F 2 i i =

S A AR R R B, H (R
B SRR A R R R IR T E R N
ﬂ%’%‘ﬂﬁ %Hﬁz’%ﬂ(http% //data cma. cn/) 45

% H e AR CO) B H AR R OO % H K &
(mm) % H EI Hﬁﬁfrlﬁmhﬁna_aitm%%i(MJ-m D)
S, o g H R PH A S0 R e B O B R
B R L IEAE WKk EER
B KT Z B ) KK R R PH AR ol 5
B E B AT o VR BRECE T AL EE R R R
FE AR BE R Rh S (R AT R W RO S B ok
H TR S,

®1 FHATERBATERSH

Table 1 Basic soil parameters of site "%

L EE /S

(R IREw/NTH LR

Sofdii%:?}i/gmm Bulk dens“ity/ Bar lower{ Field Capacitly/ Field saruratilon/ Airdry Coefficilent/ islﬂli
(grem ™) (mm+mm ) (mm+mm ) (mm+mm ) (mm+mm )
0~10 1.256 0.140 0.235 0.483 0.011 HE
10~20 1.324 0.148 0.259 0.477 0.012 HE
20~40 1.313 0.160 0.254 0.457 0.014 HE
40~60 1.327 0.172 0.264 0.436 0.018 HE
60~80 1.354 0.231 0.275 0.428 0.016 HE
80~100 1.368 0.173 0.285 0.447 0.017 HE
100~120 1.418 0.174 0.311 0.334 0.017 HiE
0~10 1.370 0.110 0.320 0.420 0.040 i
10~20 1.370 0.110 0.330 0.430 0.040 o
20~40 1.320 0.140 0.360 0.450 0.040 i
40~60 1.310 0.150 0.370 0.450 0.040 i
60~80 1.280 0.170 0.390 0.460 0.050 1
80~100 1.260 0.180 0.400 0.470 0.050 i
100~120 1.280 0.190 0.390 0.460 0.040 H
0~10 1.276 0.137 0.226 0.466 0.012 LB
10~20 1.345 0.144 0.257 0.498 0.014 1 B
20~40 1.323 0.152 0.254 0.531 0.015 11 B
40~60 1.364 0.166 0.264 0.521 0.017 LB
60~80 1.374 0.223 0.268 0.478 0.017 LB
80~100 1.369 0.189 0.254 0.423 0.018 11 EA
100~120 1.422 0.197 0.345 0.364 0.018 11 B
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A 58 F) ] Microsoft Excel 2019 X % #2 # 17
i N5 PR DU [A) A 7R J5 20 b B8, DLRT A 4E 4y
NG SR S BB AR P EAE N A LU R Y
T A 5 o A3 DL A S A O 2 A SR
A K (B K B I K DT RE B R D EE L Al SPSS
26 B R B E AT 22 5 o b (RN
B Origin 2021 254 .

2 HERESGH

2.1 APSIM &R EIEE 5 R

Y5 UE 45 R B, 2022 4 KA R 1 52 AN
B {E 9 RMSE 1651, 93 kg-hm %, NRMSE k4
16.81% ; A= ¥ & ¢ W 8 F0 B 480 fH 9 RMSE
952.92 kg-hm ?, NRMSE & 9.19%, d f N
0.8001~0. 9728( % 2) ., 2023 4 #f ki = & iy RMSE
} 2325. 66 kg-hm *,NRMSE # 19. 08 % ; 4= ¥ & [
RMSE # 3071. 50 kg-hm *, NRMSE 4 19.89% ,d
54 0.6752~0.9206(F 2) .

R2 20222023 F ERFFHTELMEM APSIM REEBEM LR
Table 2 Comparison of biomass and yield of maize in 2022—2023 with the simulated values of the APSIM model

i $8 b5 Validation index

M ZE T H Measured item FAy Year RMSE,kg-bm 5 NRMSE) % ]
Fo R AT A= Maize yield 2022 1651.93 16.81 0.8001
2023 2325.66 19.08 0.6752
Tk A Wy Maize biomass 2022 952.92 9.19 0.9728
2023 3071.50 19.89 0.9206

2.2 AEBETEXBRBETHHERE

XF T K 52 F KK 3, 20205 [ 1980s, 2E A 1%
KAF 18 R 94. 04 mm, PR S 5.79°Co
SR K B R B 1 B R K (69, 49%6) , A7 K R/
(14.85%) , % v K 46.92% . 2050s #f Lt 2020s, 4
B R KO 2408 0 16. 22 mm, B 1 2D g EE 2

4.87% JRIEEHEE 1. 77°C(F 3, M T HRER,
2020s t 1980s, 2 B W AKF- 4 5 230. 87 mm, -
PR AR R 4. 95°Co il SRR K 3R TR EE b 3 b
K (65.89%) , fi £ &/ (25.85%) , b B H
37.51% . Ho 7 BRI T EI5 6. 45°C, 4%
R (£ 3D,

£33 ZENERNEFTHANFHBEAMFHERE

Table 3 Average precipitation and temperature during the growing season across three decades

AE A K ZE %K Average precipitation/mm

IR E Average temperature/°C

1E¥) Crop Uk 5 Site
1980s 2020s 2050s 1980s 2020s 2050s
EEP/S 11 kA 193.31 327.66 313.60 18.46 23.75 25.65
Maize fiE 304.48 349.68 322.71 17.09 25.01 27.07
o 218.65 321.23 313.60 20.22 24.39 25.75
EE 1B 510.09 701.41 748.09 9.45 11.84 13.27
Alfalfa 1 E 553.86 697.02 754.07 5.80 12.25 13.49
Hrh 543.51 901.63 931.55 9.04 15.06 16.38

2.3 AESBEEENLUEFTENTIT

g R AR R T (20208 F120508) , KAAHH
BF I, 45 2 i e 18, 15%0~43.83%, 11
FIAHES T4 B f e i m i 17. 52 % ~31. 84 %
(B D A0 25 WA Y d ™t e o AERA
AR 5Lt 6 A () 2 B R T SATC FI4A2C
(P<<0.05), 7£ 2020s F1 2050s I 1 , 527t 6A AH AL T
5A1C F14A2C, 20208 347 9. 45% 1 23. 02% , 20505
By 12.12% F128.49% . 7E D7 S 550 6A AH AL
TS5A1CHIAA2CHE™ 7. 17% F113. 58 %

it o B R, X T PSR ok 1 5t (2020s A
2050s) , A~ [a] 4k B 8] #4245 5 ) A7 A8 B % 25 5 (P<<
0. 01>, s sfi 5 °F 1t Bt X A7 7 .25 22 5 (P<<0. 05)
(E 1A,

2.4 AEBETLREENMEKTEE

5—8 J oy Bt /K FEA AT LA 2 B 45 AR K s M
TE0. 8 LA 159 H A1 10 H MELI /2 50. 52547 I 75 B4
HMFEIKHERE ;4 A LF AR IE0. 5N, A%
FNLBATE 9,10 H Ay K DL L BE AR (&I 2A B.C).
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Fig.1 Equivalent alfalfa yield per rotation cycle across three decades
T 4A2C A SFE AR — 20 FF 5L FORAAE  SALC  SAF T — LAFHFSE R FEAE s 6A 6 FF E & . A,1980s;5B,2020s;C, 2050s

Note:4A2C, 4 years of alfalfa-2 years of maize rotation; 5A1C, 5 years of alfalfa-1
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Fig.2 Precipitation matching degree for maize and alfalfa

TE:AL4A2C H 5B, SAIC H 55 C,6A H 153D, 4A2C £ E,5AIC K
Note: A, alfalfain 4A2C; B, alfalfa in 5A1C; C, alfalfa in 6A; D, maize in

4A2C; E, maize in 5A1C
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2.5 ARABETHEERMNMEKTEE

B2 iy OfE S b JE 45 SR M . FORAEK
Z5 N IR B K A T DA AR KOs  BIE A 0. 6 LA

b EAEGY ATIAEN 0. 8 LA L 56 H AYRE /K VT B JE Bt %
N [B] (4 HF A% AT B AR A 8 35, 1T 8 1 1 DU A 4 vy ) i 34
(E12-D,E). XFA[E AL B3, KA HiIX 5A1C 4b 3]
() T K B K DE B BE e 4A2C 75 1 6 % 51 L B A B 4
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41RO A E AE 1 RE R K A B R YA T
ik 42 mm; £ XY f g A EAE 20208 19 4 7 A
9H (E 3. 51980s # tb ,2020s 7 & Fk 2= (4.5.9.,
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Fig.3 Irrigation amount during the alfalfa growing season
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