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mitigate the negative impacts of climate change on rice production in Southwest China can provide a
theoretical basis for the sustainability of rice production in this region. The APSIM — ORYZA model was
used to simulate and analyze the impacts of different irrigation modes ( conventional flooding irrigation
(CK) and controlled irrigation (I1, 12, 13, with lower limits of 50% , 70% , and 90% of the soil
available moisture content and upper limits of the field capacity) ) and combined application of organic
and inorganic fertilizers (20% (F1), 40% (F2), 60% (F3) organic fertilizer substitution) on rice
yield, soil organic carbon, and total nitrogen in Southwest China under the future SSP2 —4. 5 and SSP5 —
8.5 climate scenarios. The results showed that different future climate change scenarios had negative
impacts on rice yield in Southwest China, but the yield reduction rate was decreased with the increase in
irrigation water volume. Compared with the historical baseline period, in the 2050s under the SSP2 —4.5
scenario, the rice yields of the 11, 12, I3, and CK treatments were decreased by 6.9% , 5.8% , 5. 7% ,
and 5. 3% , respectively; by the 2080s, the yield reduction rate of the CK treatment was increased to
8.7% , and those of the 11 ~ I3 treatments were increased to 10. 1% , 9. 1% , and 8. 9% , respectively.
In addition, the rice yields of the controlled irrigation treatments were generally decreased in the order of
13, 12,
on soil organic carbon. However, in the 2080s under the SSP5 — 8. 5 scenario, the rice yield of the 13

I1, all of which were lower than that of the CK, and different irrigation modes had little impact

treatment in Yunnan Province was equal to that of the flooding irrigation. With the increase in the organic
fertilizer substitution ratio, the rice yield was firstly increased and then decreased. Compared with the
conventional fertilization rate, under the SSP2 —4. 5 scenario, the rice yields of the F1 and F2 treatments
were increased by 91 kg/hm’ and 27 kg/hm” | respectively, while that of the F3 treatment was decreased
by 232 kg/hm”; under the SSP5 — 8.5 scenario, the rice yields of the F1 and F2 treatments were
increased by 97 kg/hm’ and 43 kg/hm*, respectively, while that of the F3 treatment was decreased by
155 kg/hm”.
could significantly increase the soil organic carbon and total nitrogen contents of rice in Southwest China.
Under the future SSP2 —4.5 (SSP5 —8.5) climate scenario, the soil organic carbon contents of the F1,
F2, and F3 treatments in the 2050s were 209 (213) kg/hm’, 347 (336) kg/hm”, 346 (355) kg/hm’
respectively , which were increased by 71 (80) kg/hm®, 209 (203) kg/hm’, 208 (222) kg/hm’,
respectively compared with that of CK; the soil organic carbon contents of the F1, F2, and F3 treatments
in the 2080s were 318 (323) kg/hm®, 554 (533) kg/hm’, 523 (541) kg/hm’, respectively, which
were increased by 159 (167) kg/hm’, 395 (376) kg/hm”, 364 (385) kg/hm’, respectively compared
with that of CK. Under the water-fertilizer coupling treatment, the FI1I3 treatment had the best yield-

Moreover, under different future climate change scenarios, organic fertilizer substitution

increasing effect. Compared with the conventional water and fertilizer management, this combination
increased the yield by 45 ~ 186 kg/hm” under the SSP2 —4. 5 scenario and by 38 ~ 185 kg/hm’ under the
SSP5 — 8.5

management can effectively increase rice yield and improve soil fertility in Southwest China under the

scenario. The reearch result showed that moderate coordinated water and fertilizer

background of future climate warming, promoting the sustainable development of agricultural production.

Key words: rice yield; soil organic carbon; future climate change; water-fertilizer coupling
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Tab.1 Genetic parameters of rice and their ranges in APSIM — ORYZA model (c-d) !
S TR IR TR R S
(FEAH -30% ) (FEAH +30% ) (FfH -50% ) (FEMH +50% )
HAEW & F H K (DVR]) 0.000 7 0.0013 0.000 5 0.0015 0.0010
St JE B AR & B R ( DVRI) 0. 000 525 0. 000 975 0. 000 375 0.001 125 0. 000 750
HABEWEEEE(DVRP) 0. 000 595 0.001 105 0. 000 425 0.001 275 0. 000 850
HE B B B & B H R (DVRR) 0.001 4 0.002 6 0.001 0.003 0. 002

2R | I S B ], 2 T RO G
R 7K R AR S8R e e e R kR R K A A%
S8, R A PR K R g A 2 B AT Bk . R R
Bk J f K A 38 A5 2 8045 5 APSIM — ORYZA f%!
BNV g 3 X 24 A TG L by ST I 40 R OR Of it

WK R A R R A R E R B(RY)
Y5 Mk 22 (RMSE) | 5 — fb ¥ 75 R i 2%
(RRMSE) X} APSIM — ORYZA £ 11 i 7 52 $8UK; 3
PEM L M ORTKF 0.5 B, BTG5 R AT A2
RMSE Hl RRMSE #4501 T 0 3% WIAY (R 5 52 0 {H
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Tab.2 Rice genetic parameters at 24 stations in Southwest China (c-d) !
[X 3} il 05 G uh B R DVRJ DVRI DVRP DVRR
56187 PR 0. 000 635 0. 007 990 0. 000 789 0. 001 790
56280 AN 0. 000 625 0. 000 825 0. 000 984 0.001 798
56288 DU AL 0. 000 720 0. 000 799 0. 000 889 0. 001 753
56389 7Y )1 48k Ay 0. 000 620 0. 000 780 0.001 088 0. 001 753
56474 DU B 0. 000 620 0. 000 780 0.001 088 0. 001 753
i 57318 =N 0. 000 743 0. 000 897 0. 001 030 0. 001 458
57328 eS| 0. 000 743 0. 000 897 0. 001 030 0. 001 458
57411 k=4 0. 000 625 0. 000 825 0. 000 984 0. 001 798
57503 DU AR 24 X 0. 000 625 0. 000 825 0. 000 984 0. 001 798
57508 PuIL B 0. 000 690 0. 000 890 0. 000 910 0. 002 103
57307 =& 0. 000 625 0. 000 825 0. 000 984 0.001 798
56977 P RAR 0. 000 650 0. 000 824 0. 000 823 0. 001 732
56994 =3 0. 000 620 0. 000 879 0. 000 920 0.001 718
59205 mMET 0. 000 620 0. 000 879 0. 000 920 0.001 718
7 56856 “H R R 0. 000 620 0. 000 879 0. 000 920 0.001 718
56946 PN 0.000 610 0. 000 883 0.001 093 0.001 410
56964 AEBF 0. 000 610 0. 000 883 0. 001 093 0. 001 410
56966 = MG 0. 000 690 0. 000 890 0. 000 910 0. 002 103
57729 NS R 0. 000 620 0. 000 879 0. 000 920 0.001 718
HM 57736 big) RAN 0. 000 610 0. 000 810 0. 000 867 0. 001 310
57829 BN )2 0. 000 634 0. 000 834 0. 000 931 0. 001 610
57517 EiPIRE 0. 000 620 0. 000 780 0.001 088 0. 001 753
&R 57633 P75 I 0. 000 620 0. 000 780 0.001 088 0. 001 753
57432 #PITM 0. 000 640 0. 000 869 0. 001 005 0. 001 480

APSIM — ORYZA #5271 % 7K #% A= & 1AL 1F Fl 5
WY R* 43 %12k 0.95 F1 0.96, RMSE 43 %I K 3.3,
2.8 d,RRMSE 43524 2. 4% F11 2. 0% , 7% W] APSIM —
ORYZA 55 R 7K A A= F 199 A5 400 {H 0 552 0 {1 e AR —

B, MBS KR AR IR DUORS B R . APSIM —
ORYZA RS 7K R 7= 2 A% 1E AN UE R 43 514 0. 85
F10. 86, RMSE 435124 622.5 711. 5 kg/hm* ,RRMSE
G308, 2% F 9. 3% , FARARAY N K A 7 it AR 4
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of rice growth date and rice yield
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Tab.3 Effects of different water-fertilizer coupling models on rice yield in Southwest China under future climate change

2050s —SSP2 —4.5
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T T Y
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