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The variations in winter wheat potential yields in the middle and lower reaches of

the Yangtze River under the RCP scenarios
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Abstract: The purpose of this study was to evaluate the effects of climate change on the potential yield of winter wheat in
the middle-lower Yangtze area. Based on the BCC-CSM1-1 ( Beijing Climate Center Climate System Model versionl-1)
climate system model proposed by the United Nations Intergovernmental Panel on Climate Change ( IPCC) AR5, and
historical daily meteorological elements were obtained under different RCP scenarios ( baseline, RCP2.6, RCP4.5, and
RCP8.5). In our study, which used the DSSAT-GLUE module, the phenotype and yield of winter wheat for the historical
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period (2001-2009) was used to optimize parameters and test the model performance. The performance of the parameters
and model was evaluated by the normalized root mean squared error (NRMSE) and the consistency index (D). Then the
wheat yield over the next 30 years was predicted by DSSAT, and its change trends were analyzed using meteorological
elements recorded between 1961 and 1990 and future predictions (2021—2050) . After parameter optimization, the NRMSE
for flowering duration and maturity duration ranged from 0.83% to 2.98% , and the NRMSE for yield was below 7%. and
Climate change will have negative effects on future agricultural production and food security. The results showed that under
the RCP2.6 scenario, accumulative temperature (> 10°C) decreased significantly compared to the baseline climatic
condition, but increased in the other two scenarios. The precipitation fluctuation was relatively large with obvious regional
differences and an insignificant change rate. The total solar radiation in the three RCP scenarios was lower than the
baseline, whereas the rate decreased as the number of years increased. Simulated accumulative temperature (> 10°C),
precipitation , and solar total radiation during the growing period 2021-2050 compared to the baseline climatic condition had
different change tendencies. When only the climate factors were taken into account (without considering CO, concentration
effect, variety substitution, soil change, and management optimization) , the growth period and yield of winter wheat had
different change tendencies. In the RCP2.6 scenario, except for Kunshan, the flowering and maturing stages for winter
wheat were delayed ( RCP8.5>RCP4.5), and the days from flowering to maturity decreased. In general, there was a
significant difference in regional trends for potential yield: Kunshan and Yingshan declined more than Chuzhou and
Zhongxiang (3%—59% ) ; yield reduction in Kunshan was lowest under the RCP2.6 scenario; but Chuzhou, Yingshan,
and Zhongxiang were the opposite. These results indicated that winter wheat yield increased gradually with the increase in
accumulated temperature, which in turn decreased as a certain threshold was exceeded. Furthermore, the increase or
decrease in other climatic factors could not compensate for the negative effects of low accumulated temperatures. When the
temperature was too high, flowering and maturity were delayed, which subsequently prolonged vegetative growth and

blocked reproductive growth, which resulted in too many tillers and reduced the spike rates, thereby causing lower yields.

Key Words: Winter wheat; Potential yield; DSSAT; RCP ( Representative Concentration Pathway ) ; the middle and lower

reaches of the Yangtze River
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Fig.1 The typical website in the middle and lower Yangtze River Basin
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Table 1 Analysis comparison between observed and simulated values for variety parameters anthesis stage maturity stage and yield of winter

wheat in selected four stations
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PIV . Fofi B 41 @t AL B BT 75 K4, Thermal time from seedling emergence to the end of the juvenile phase during which the plant is not responsive to changes
in photoperiod ; P1D ; Y& A #IZ %, Extent to which development is delayed for each hour increase in photo period above the longest photoperiod at which development proceeds at
a maximum rate; PS; AFRIEHIAF , Thermal time from silking to physiological maturity; G1; F¥ 48 3 5007 ¥k 568 7 2 (19 47 4 %K, Potential spikelet number coefficient as
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Fig.2 Comparison of observed and simulated values duration of flowering and maturity stages and yields in winter wheat
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Fig.3 The variations of main meteorological elements under three RCP scenarios over the middle and lower Yangtze River during 2021—

2050 compared with baseline
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Table 2 The main meteorological elements and its variations rate in scenarios
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Scenario elements Growthperiod/  Variations ~ Growthperiod/  Variations ~ Growthperiod ~ Variations ~ Growthperiod ~ Variations

(x10%) rate/a”" (x10%) rate/(a”')  /(x10%) rate/a”! /(x10%) rate/a”!

Baseline  SR/(MJ/m?) 6.08 -8.9* 5.54 -11.8" 6.39 -7.6* 6.50 -9.5*
AT/(°C) 2.88 5.2 2.29 2.9 2.57 1.0 2.73 5.7

P/mm 1.13 2.1 0.48 0.9 0.81 -3.4 0.71 0.6

RCP2.6  SR/(MJ/m?) 3.85 13.6°* 3.28 12.7* 3.98 12.5" 3.9 13.7%
AT/(C) 1.82 8.7" 2.19 10.4** 2.68 12.0* 1.88 11.5*

P/mm 0.72 3.6 0.80 2.2 0.91 1.3 0.99 2.8

SR/ (MJ/m?) 2.85 17.1% 3.17 16.7* 2.98 16.8* 2.99 15.7*

RCP4.5 AT/C 3.17 8.6 2.81 7.1" 2.93 7.6* 3.06 11.1
P/mm 0.83 2.7 0.53 3.5 0.57 -3.6 0.54 0.7

SR/ (MJ/m?) 2.79 19.8%* 3.14 18.5* 2.96 19.7* 2.97 16.3*

RCP8.5 AT/C 3.17 31.6* 3.00 12.9* 3.29 22.4* 3.16 30.0*"
P/mm 0.86 -3.9 0.52 4.1 0.56 -1.6 0.52 2.5

SR X7 A BH A A i represents the total amount of solar radiation; AT =10°C RFE=10C IR, representsaccumulatedtemperatureabove 10°C ; P 1

FF% /K, represents precipitation ; * {83 P<0.05, ** f£# P<0.01
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10°C AR B B 1L il S A sS AR LN B 3, VAR 75 AR 4515 55 K PHLEVA S i A8 A % 5 S HE R B A /2, 3
B E B E S K s IR B &N EAE TN = 10°C BRUIRAZ LR R I RCP 8.5>
RCP 2.6>RCP 4.5 & i 2 sl bl i 2 i g it %
2.3 AR 30 AEA/ N DB R AR Ak

£ DSSAT-CERES-wheat #5811 2 /N 22 FF 48 W T8 02 P AN 0 S 2 09 W) e 101, AN TA] RCP I 56 R
2021—2050 4FA VT R i X 4 /NAZ O TR AE B H R A e MEAR AR AR 25 R (R 3 R 4) . H Rl 5
YRS B SRS 5 T AR AR H P AE 157—216 d F1 190—244 d Z [8], FFAE R S HR 2L RECh 28—36 d,
RCP 2.6 15~ BR R 1A/ N T AL A 2 H Ty 85 FE ME AR SR T AR FE A B e | I 46 100 381 sl 20 K 4%
WA kg n, RCP 8.5 Fl RCP 4.5 1§ 5 T B MEAE A Frd2 1, I8 A FF AL 2B 0 R B it =2 45 %5 . RCP
4.5 15T ,2021—2030 4FE4/NE T H P ARG H 3 3 38 EAR P2 1T 43 0 HER T 8—12 d F19—13 d, %
2030—2050 £/ 3—5 d,

K3 RRERBEEAMERTZNEAEBEFREEFEN

Table 3 Changes in winter wheat flowering duration ( days) under future climate scenarios compared with baseline

b BAS RCP2.6/d RCP4.5/d RCP8.5/d

Station 2030s 2040s 2050s 2030s 2040s 2050s 2030s 2040s 2050s
Bl 157 -6 -6 -4 -8 -9 -11 -6 -11 -13
e 187 5 0 4 -12 -11 -17 -7 -15 -17
Bl 198 20 23 22 -9 -11 -13 -5 -16 -16
B 216 21 19 19 -11 -12 -14 -4 -15 -15

BAS I 2 B Be FF AL H T , flowing period in baseline ; “ =" fR 32 A< e i BEFF AL W B B vE IR AT ; « +7 AR R AR i BEFF AL ) 5 L v 100 9.8

R4 RREBEEAESRTZNERRBEFREEFEN

Table 4 Changes in winter wheat maturity duration ( days)under future climate scenarios compared with baseline

o BAS RCP2.6/d RCP4.5/d RCP8.5/d

Station 2030s 2040s 2050s 2030s 2040s 2050s 2030s 2040s 2050s
Bl 190 -2 -3 -2 -9 -11 -13 -7 -12 -15
RN 223 8 4 7 -13 -12 -16 -8 -14 -18
pail 221 21 20 20 -10 -12 -13 -5 -16 -17
BIFE 244 19 16 17 -11 -13 -16 -5 -15 -16

BAS . J7 2 B Be FFAE W] H T , flowing period in baseline ; “ =" {32 A i Bt T AL B HEE HIHR AT ; « + 7 AR FEAR i B T A6 W1 B S vf: ) 48

2.4 KRS FEIRAR (RCP) T F&/NE b ta s

& 4 4 RCP §5 5 B RKITH FHbIX 4 4SS50 35 5 2021—2050 4R/ NET T~ R0k, TEA%E CO, Mk
JEEBGONE | it 2 S RS R TS 32 A A AR A R I DL T, A /N2 A P i ) S B TRt B T R I R B
4 RCP 2.6>RCP 8.5>RCP 4.5, A/NAZ " B EAF AR L X 3825 5 WA R 9 DXl A > LB ( B L 3l
Rl BE SRR M B FE R 39%—59% ., RCP 2.6 15 5: T, = 10°C FRIRASHEMEAE T IR 18 d5e ke, B LA S i 5 K
PH MR 3 S B PR 3 e/ AR 7™ i PR B R (BR B 1L ), 2 BH R BHL B 6 1 385 I I S e R kDB Y 2]
WD AR . RCP 8.5 P2 i FIRIREE KT RCP 4.5=10°C FRIRAH 2% £ 4°C—362°C 2 [8) , FF AL 1 it 2
WAL AT R B 2, U0 B — 2 Y P A& /N2 7 it AR IR ) 1 0 28 S 1A 8 3 — 7 (A W) sl b, AR
Bof RN R KA A L T, R B G i B AT R AT B0/ N | A/ INAZ By 77 e A A et A Bt =2 0/ ), R IR
i PR -1 I sl s/ A BETR AN AT AR ™ A i SR, BRTRK S — B AR T, 7 e A TG IR 2 il K o Ao S
S U/ R 118 T 28 TN

3 iTFig
KL R IE IR ER BE b X VR VLI I B RO A v, B /K T il R BH 6 ok S i A R 5/ | Ul B A R A
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AR Decades

“ 2030s 2040s 2050s 2030s 2040s 2050s
- -2 -
b 231 %
-32t —24} %
_33 L _25 r
Sl 26} &
g st E
& -36; 29|
5 ORCP2.6
S QRCP4.5 —30r
I 38 il ERCPS.5 Sie L
E’ = 30l -3l
g § 2030s 2040s 2050s 2030s 2040s 2050s
S aIN N\ \ N -
o \
=N BN Y
g
§ -35} § & & 7;
3 40} -
sl -11
-50[ -14 L
_55 L L T L _17 r
-60L Ell| 200 — Bk

4 k3 RCPs 158 TR NEBIEF BT (2021—2050)

Fig.4 Changes in potential yields of winter wheat under future climate scenarios compared with baseline

T3 Hb DX H47 TCEE > 5%, DX sk RA K A A R WG AL VR AE B IH N /K 43 53K . RCP 1 5 F Ak BE /K A8 1L
PIFAR R E KR/ B PR R /N = 10°C R R PR AR S 2 & /N 22 P i s Ak i 32 B S
7, AR SR R, A F I = 10°C BRI S BEZ 80, /INE TR TIRIRK H BAEY) , o i — 2 1
RIS A REFFARZE 52, BT AN S BB Bl B 5k i, 8 3R AR AN R T ) A B 2B A e ma I AR 25 55, sl
A AERT . R PH SRR S il s, B AT, B T Y AR B0 | e A BUNE FE AL RN B A iR |
IR, SRES 165E T A2 B2 B4 EIRLEE | BE/K I8N, 2050s /N2 W 5% 77 f FEAIR 11.4% F1 20.4% , KT
AR Ui X TR K A I N P TR R, AR S R ARG 0 A SR AR W TR R Y
RN AR AL /INAZ VR AE 7= W RE ], V0 7= 2 7 A i 88 ) 2 S PRSI A% F  t  RT A SR i ) AS [0 7 A 25 55
BEXF /N AL B 4R i AR R R AT e R R I | 3 T RO R A A A ke AR PR A A AR b SR AR I 5
Wi SRR R A N B A P BRI B AR YR A T

RASMEREH T, CERES RIEAIE A6 15 2 HFEMH])Z FRAE " | AR 30% f 3 X 3825 51 2
T R 1 , 3 FH DA AR R e ot o o3 7 3 7 5 1 DX ) o il A S, 25 SR B DSSAT B ARLAE K VTP R e IX.
FAREADLRCR I BN SR vl {5 B 2 o 5 AFUR B B 5 17 R oo A T L R 2R 30 O 1) S 85, %o Ut
PRI s R AR U E R R AR W B F I AN 5, AR SCR 25 CO, Ml NO, 1 Il 25 35 W X HE P A K 1 52
i), A SORF 26 /N2 P RERUAEAE A E M . BRIIE , ARk ™ 0 ) B A ik — 20 2 R 1 A AR
B W 9 AL SRS Ty e — 2SR ARG . 0 B AR S B = R A4S B 243 57 22 PR -4
PLIHT , 5 e T3S BAE R, 0 S 3047 BRI 2 75 b , U R Sk BLS T , AR A [a] A 17 5
M ZE R AR R I8 it VR Bl A8 A AR A5 28 3R 52 ) XA 0 7 i WS AE 5% W 2R A T A 40L 20 il
B A BT it >R X

4 ZHie

D) VRV L SRR E T BRI AL | B R e 55 ST 1 A 275 22 AR50 301 70 7E 0.83%—2.98%
ZIAIH 7% AN F5 6 BESHGE T 1, SR WIVEY st S BORR0 B2 i, IR A ] i (9 AT LR E , &5
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2)2021—2050 4F RCP &5 T, & /N2 T WM = 10°C B F6 K 5 FAR PH A0 50 S 3 L AR AR AL & S
B RCP 2.6 1554k, = 10°C BURBCIE AR S IZ WG, 34 ik % 3204 RCP 8.5>RCP 2.6>RCP 4.5; [ /K &
AR Bl LA R, DX 2 S U k| 728 Ak R ik 1) il 2 /KT 5 K PH S A S e B R v AR 1A BT RIS, ARG 1)
W J32 Bt o 07 RO 1028 Wi/ ) | 728 1 2 4 5 R B 5 B B I S AR B I a7

3) DSSAT-CERES-wheat A SRR IR |, bR B LA /INZE TFAG I | s I A B o A7 24 T B2 1
BB TFEACIA B 0 R EON e 2 4%, H. RCP 8.5>RCP 4.5,

4)VED 7= AR AR B 1 25 5 DR AR S L b A B e 10 N [ 7 A 25 57, R R 58 I R R R Y 52
M YT R 3 DX A& /N A P W ) 5 B4R 82 (RCP 2.6>RCP 8.5>RCP 4.5) , HIX 22 20, Bl 3%
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