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Yield losses caused by extreme high-temperature events and potential adaptive

measures for single rice in Hunan Province based on the CERES-Rice model

ZHANG Liangliang, ZHANG Zhao™ , ZHANG Jing, FENG Boyan
Key Laboratory of Environmental Change and Natural Disaster, Faculty of Geographical Science, Beijing Normal University, Betjing 100875, China

Abstract ; By applying CERES-Rice, we firstly assessed the yield losses of single rice from extreme high-temperature events
(EHTEs) , and then tried to find the potential adaptation measures at four agro-meteorological stations in Hunan Province
based on detailed information (including daily climatic observations, fine soil, field management and crop growing records
from 1990 to 2012). We found that CERES-Rice was a suitable tool for the study due to the low simulated errors (<10%) ,
with the exception of simulated flowering days at Sangzhi station (13.22% ). EHTEs were occurred frequently during single
rice growth seasons and a significant increased trend was observed during the 21™ century. Moreover, the yield losses caused
by EHTEs were ordered by Guzhang > Sangzhi > Huaihua > Jingzhou, with the corresponding values of 10.4% , 8.2%, 7
5%, and 4% , respectively. Finally, several potential adaptation measures were evaluated by the calibrated CERES-Rice,
and we found that (1) the yield could be enhanced by 29.8% through planting a cultivar with a higher temperature
tolerance coefficient. However, such a cultivar will show little effect on enhancing yield in the years with extremely high
temperatures. (2) Adjusting sowing dates would cause a yield variability ranging from =25 to 20%, with a positive effect

when planting 5 or 10 days in advance. (3) Increased irrigation would alleviate heat damage and increase yield by 1%—
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8% , with the best effect when irrigating approximately the depth of 6—8 cm. (4) Applying nitrogen fertilizer during EHTEs
would contribute significantly to the final increased yields of 2%—20%. On average, 80—100 kg/hm” nitrogen application

would produce an ideal effect.

Key Words: single rice; extreme high temperature events ( EHTEs); CERES-Rice; yield loss; adaptation measures;

Hunan Province
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Fig.1 Distribution of the single rice stations in Hunan Province
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Table 1 The general information of the single rice stations in Hunan Province
Ui 1 Stations i ik LB FHH
2% Longitude(°E) 109.7 110.0 109.9 110.2
Z5 % Latitude(°N) 26.6 27.6 28.6 29.4
MR R Altitude/m 320 258 302 322
+- 1A Soil type It it HUPHEL Uit
T A WS Y
TR 2 =
Avfj;%rfcfiitfﬁﬁi/:zle rice growing season 938.3 863.7 o15.1 9578
R 2 T 5 2
o ot o oo g e v s 21523 08 I
il Cultivar i 63 &t 77 Hit 22 N 6 5
FIHEEE 0} Planting year #HE Calibration 1993—1995,2005 2000 1998 2007,2009

B03IE Validation 19901992, 1996— 2001—2002 1999—2000 2010,2011

2000,2004,2010 ’
2 BRI

2.1 HdRIR

1990—2012 4F H RUEE (4 B0l K U5 T b B R 58 = 55 W (hitp . //ede.ema. gov.en/) , G145 B TR
H(mm) e R E (C) B AARTRE (°C) A1 H BB (h) , Hop AL T 2 H R PR S (M)/m® ) 2%
Almorox ' ZE iy )y A4S 2], B0 [ TSR L3RR E (hitp . //www. soil.esdb.en/ ) | f045 3R )
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NRMSE <20% , 548 §E J1 554 ;20% <NRMSE < 30% , #11 fiE 1 1 $% % ; NRMSE >30% , % W o35 76 4% ik E A5 41
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AR RGN RN, B Je R F ARS8 530 %60 W g vy U A8 A S B R e P R A TR
2.2.3 i e il BOUREIEAS
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- Yy
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Ly

AL B y Ak, y bR
2.2.4 A e T N A Y S AU
ARICHEET 1990—2012 4R 12 H LG, 45 A B (4wl Flist 1 S 80, 7 B0E L3R AF A RIS BL T, A
F CERES-Rice AL 1 A [F] R Xof 56 (8 /KRR 7k 3 3 9 88 ot o v VG 20 T 2R 80 ( G4) BB, | 482 i i A2 38 475 ol
S0 BT AN T 98 7 i S oA e A% IO Tt 0 s TR AR T O A T AU Sk 2 B
®2 FAREREEEHEMESR

Table 2 The simulation scenarios of different adaptive measures

TP 5 1 T3 2 T3 3 it 4 T4 5 56
Adaptive measures Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6
fnFf Cultivar (G4) 1.00 1.05 1.10 1.15 1.20 1.25
¥ B Sowing date 10 RO 5K SKRUER) 10 K(ERF) 15 KGEF) 20 K(HEF)
TERE Irrigation/ cm 4 6 8 10 12

Jiti I Nitrogen application/ ( kg/hm?) 40 60 80 100 120
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31 —ZERnFSH

AT 4 A-—ZERG kw0 ER S FILAE 63 400 77 H AL 22 FUNEAR 6 5 Wit fe SE T8 — %5,
FHIFAE H i (ADAT) ({3 H 35 ( MDAT) F180 77 (HWAM ) B A0 5 00 000 {1 22 1) B89 s o 1k 241 5 AR 3 2%
(NRMSE) PRI AT 5EME . B3 3 AT UL, —ZRA8 A6 30 | 23] AN 7= i A0 A 40L(E -5 S ) NRMSE 43+931)
4 7.35%—13.22% ,6.67%—9.52% Fl1 6.12%—8.05% , B ZHi vl ADAT iR 2 A 13.22% 40, A% BB iR
Z1<10% ., Z5RFEW], CERES-Rice —ZAHE , SLABHE BTN [R] KA BT KA i P fee Fn = ik, BLAR L b 5
ULk 4,

F3 BSEBIMFIEEHE (ADAT) Bz B I ( MDAT) #1782 ( HWAM ) KIFREH FIRIR 2
Table 3 NRMSE for the simulated anthesis day ( ADAT) , maturity day (MDAT) and yield (HWAM) for different stations

ok FAEE HLEH i
Stations Anthesis day( ADAT) Maturity day( MDAT) Yield( HWAM)
i 8.38% 9.52% 7.23%
Nta 7.35% 6.67% 8.05%
il 8.27% 8.82% 6.12%
Rl 13.22% 7.92% 7.75%

R4 BUHREIHRMNBRESH

Table 4 The genetic coefficients of main cultivars for each station

. HRAK Hh N K TAE ” . T2
Jhn o A i < MR PEREC oy
Pl P2R P5 P20 Gl G4
M it 63 299.4 173.7 450.6 10.59 50.6 0.023 0.83 1.05
N4 &AL 77 299.9 173.0 410.2 12.35 63.5 0.023 0.92 1.15
sk Hk 22 340.5 153.3 486.0 10.94 77.8 0.021 0.62 1.08
A4 JIE 6 5 307.9 77.47 498.0 11.04 74.6 0.03 0.56 1.21

P1.8 34 K Frfs IR, Time period during vegetative phase; P2R: Y&& 88U , Photosynthetic sensitive period ; P5 : £ 3% FF 75 JEL I, Time period
from beginning of grain filling to physiological maturity ; P20 : 8653, Critical photoperiod ; G1 : ¥ ZEFHAIEL , Potential spikelet number coefficient; G2 ;
PR R ,Single grain weight; G3 TBEREL , Tillering coefficient; G4 ; RERERZE , Temperature tolerance coefficient

3.2 IR — ZE R v R XU
3.2.1 g SRR e R AR Ak A

W 2 Fros , BRI G 19911997 4 PRkl 1993 4E41, HA 45 sl AR A 4G 21 1 W o i ¥R R/, HL G
A T I 00 1 TR T o A I o v T A R 609 LA b ST R o e i R B S e (22.4 K, Hik
M (13.7 K) FIFAM(18.2 K) WML (6.2 K)o LA g5 FEF I AR 5T X 453k i 34917 70 8 v 1 o Tl A 3
AU

LUK, T s A5 P A ot e T R A 2 S S B I A A, R R P Sl A ity 5 8 R BRI AR T e
B (k=0.68,p<0.01) . PRk =5 M 7R & 3G, GO = iR SUS A N 2816 (k= 0.55,p<0.01) , HAEWFSE
Ak B AR | rP U RN A U045 R R v A ML, 2 P PR i A A s s TR KBS, T e e v vy Sk e L B A 38 K
B— AL TR EE AN K B %, SRS E AR (E=0.33,p<0.05) , WL T 241
i 1o TR R A
3.2.2 M iR B R

— Z R i g R B R S L MR A KA I S ) — B (PR 2 AR 3) i e R R R R X A I £ 3
PH 3l P B A A [ 2010 F1 2011 4E43 3K 2] T 6.2% F1 7.1% , AR KA R <4% , ML 15
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Fig.2 Trends of extreme high temperature during single rice growing season in Hunan Province from 1990 to 2012
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Fig.7 The effect of nitrogen application on yield during extreme high temperature period
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