StE 7138k s] A, A58 A|43.(2013) (pISSN 1229-5671, eISSN 2288-1859) g
Korean Journal of Agricultural and Forest Meteorology, Vol. 15, No. 4, (2013), pp. 312~319 —

DOI: 10.5532/KJAFM.2013.15.4.312
© Author(s) 2013. CC Attribution 3.0 License.

Jl2, Yy

AUE™ - =xjsk - X!
Zdslgha A2 AT s, A R eh B R
(2013 122 17¢ A 20139 12€ 229 545 20139 129 264 78}

Grain Yield Response of CERES-Barley Adjusted for Domestic
Cultivars to the Simultaneous Changes in Temperature,
Precipitation, and CO, Concentration

Dae-jun Kim'*, Jae-hwan Roh? and Jin 1. Yun'
ICollege of Life Science, Kyung Hee University, Yongin 446-701, Korea
°Rice Research Division, National Institute of Crop Science, Iksan 570-080, Korea
(Received December 17, 2013; Revised December 22, 2013; Accepted December 26, 2013)

ABSTRACT

Our understanding of the sensitivities of crop responses to changes in carbon dioxide, temperature,
and water is limited, which makes it difficult to fully utilize crop models in assessing the impact of
climate change on future agricultural production. Genetic coefficients of CERES-Barley model for
major domestic cultivars in South Korea (Olbori at Suwon, Albori at Milyang, Saessalbori at Iksan,
and Samdobori at Jinju) were estimated from the observed data for daily weather and field trials for
more than 10 years by using GenCalc in DSSAT. Data from 1997-2002 annual crop status report
(Rural Development Administration, RDA) were used to validate the crop coefficients. The site-
calibrated CERES-Barley model was used to perform crop growth simulation with the 99 treatments
of step change combinations in temperature, precipitation and carbon dioxide concentration with respect to
the baseline climate (1981-2010) at four sites. The upper boundary corresponds to the 2071-2100
climate outlook from the RCP 8.5 scenario. The response surface of grain yield showed a distinct
pattern of model behavior under the combined change in environmental variables. The simulated
grain yield was most sensitive to CO, concentration, least sensitive to precipitation, and showing a
variable response to temperature depending on cultivar. The emulated impacts of response surfaces
are expected to facilitate assessment of projected climate impacts on a given cultivar in South Korea.

Key words: CERES, RCP 8.5, Response surface, Sensitivity, Winter Barley

LM 2 (Representative Concentration Pathway)ol] ©]27]7}

A SHjEA G| Qo] e 7)ol WY 2

715 Al wAE @Rl tigk A7 ofo] A wIAE BrEEAE Slgol s
Y9]S YEsly 53] A3Ea 9lom, SRES  JTkShim ef al, 2011; Kim er al., 2012; =H7]

(Special Report on Emission Scenario)i-E] RCP A4, 2011). o= FEEFHS] dwdo) 3L A

[

* Corresponding Author : Dae-jun Kim
By No (daejuy@khu.ac.kr)



Kim et al.: Grain Yield Response of CERES-Barley Adjusted for Domestic Cultivars to the Simultaneous...

S 2A FdM AERFS o83t AU 715
sto] A AAHS A5 Hxo AlHe
MACROSEHS o83t t7] 5 o]ikslgti 2v|
Z719] 713 H(GISS GCM) 5 e F A0l T
aff o] Arbdists 48 2otk (Yun, 1990).
A, oA Y 218l wE A7 = A F
2 Akl wjR= s A8k ©l ORYZA 2
SIMRIW(H]), CERES-maize(355%), SOYGROE) 5
o] o] 8FHAI(Yun et al., 1997a; 1997b), o] Bo]
SA] e BAM] sA7ISAI 7R (agroclimatic
zoning) ¥ DMZ QI I Al ¥ & F AMlE &
A7 ATES 9131 CERES-rice =¥}
CROPGRO-soybean . &o] o]&FHtH(Yun and
Lee, 2000; Kim et al., 2002; Kim et al, 2004).
ol AS 6 A2 o] RCPAIYEIL
ZZM 715 Bge =8 AARIelE Eg ¥,
Xy, T T 78 TE9 AYS DSSATAIE 2
8] o) =3 Aol 1FHslEdolN BE
e WA e} alee wele) FEE wee
CERES-barley =30l 23] 2o]sl Axpr} vt =ik
(Kim et al., 2012; Kim et al., 2013).
oI5 TN 9] glo] A=l AREE o] S
ARk ojd AERFHS ARRAS ) 72 715840 W
sl gt FESe] WA E, S Tz tisiA
= %‘Eﬂﬂ s OJIE} %%‘8& 7SRRI A=
d HFAH=2 2}017} LA
e ‘?_]7;}1-:_‘-"1] °1h A= °§§J’% HlEA], 32 2
REIA|= IZO]‘/} A8A s 2] aiM ¢ A
Tl WIFtEe] a2 gleA] T ol gt A
e ek Xﬂ/‘li A= ). wef o o)

)
]
}n
m (o]
>~
15
E
)
>.
N

313

=7} ov] LRl 71, TR
H3PH IHOH/\h x}°l7} b 7%‘71—?&
AR 215t A, Ml 29l ol
SHa12te] WIZEEr} HiedE|ojor & Fol}.
7153 AU e o] 7HA] 71584 digh v
RNALS s ot ol F AJ=Asy g &
do] glar, mlEfel] & WP} dldEe Q482 E ok

A e, 7, 283 A AEE dEA
o} & 7= RCP 8.5 AlYE]edd <3 e vl
2(2071-2100)°] 71, 735, okislekA s
9 dA(1981-2010) 71¥=7 1T 2olE AR 7}
715840 HEHESE AFsla, =] F8 Hel F
Lol I 24 AERFS gpFoe R 5o A
o PXe 7 71840 JES VT AFS Sl
s} stat st ATAT= %EMF/} A&
wa] Al mxle 715Rste] FErpIes A
o]——- Eﬂ %o = Zr: 9}\% AO]E}‘.

CE) O]ﬁ\l—ﬁ]. 1_—1—

F

r;‘L‘Azjg

(ot
¢

ol

OO

g

I 2 & dhH

2.1. ZEDE g E=pL My

B Aellx] AgH ] SRS S8l ARS A
23L& CERES (Crop Environment Resource Synthesis)
-BarleyZ 4] DSSAT (Decision Support System for
Agrotechnology Transfer) Version 4.5 7] *]ol] 3
$telo] AthJones ef al., 2003). FAEEL SHE],
dr], AR gl AeE o FERae
3lA mid Al e AR ARS
EUlZ DSSAT #j71X)¢] WA= 2 73891 GenCalcE
olgsled Fgsisinh. 448 AREANY AR 7he

Table 1. Genetic coefficients of the relevant crop models in DSSAT for adapting selected cultivars in barley (Kim et al.,

2012)

Barley PIV PID P5 Gl G2 G3 PHINT
OLBORI 19 13 567 24 44 13 75
ALBORI 17 15 468 27 54 13 75
SAESSALBORI 16 23 492 45 54 13 75
SAMDOBORI 14 34 528 56 20 13 75

P1V: Days at optimum vernalizing temperature required to complete vernalization.
P1D: Percentage reduction in development rate in a photoperiod 10 hour shorter than the threshold relative to

that at the threshold.

P5: Grain filling (excluding lag) phase duration (°C. d)

G1: Kernel number per unit canopy weight at anthesis (#/g)
G2: Standard kernel size under optimum conditions (mg)

G3: Standard, non-stressed dry weight (total, including grain) of a single tiller at maturity (g)
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Table 2. Treatments used in the climate sensitivity test

CT* PC** CO,*** CT PC CO,
1 0.7 -17 418 51 0.1 33 384
2 0.0 23 458 52 49 22 440
3 1.9 -22 524 53 3.6 30 724
4 7.5 10 766 54 3.8 -5 836
5 3.6 24 673 55 6.4 4 642
6 1.0 34 403 56 6.3 11 433
7 2.8 38 551 57 1.4 -29 871
8 48 8 576 58 -0.2 11 475
9 39 -42 700 59 7.0 -21 856
10 43 -33 333 60 7.3 -24 829
11 6.9 35 704 61 4.5 -45 847
12 25 -12 875 62 -0.3 -21 648
13 5.4 15 377 63 -0.5 5 629
14 0.2 27 777 64 0.6 47 861
15 2.1 3 714 65 -0.8 18 355
16 6.5 -32 768 66 5.1 20 638
17 24 -48 510 67 0.2 6 719
18 7.8 26 607 68 44 0 783
19 42 -46 346 69 6.1 37 482
20 7.3 -28 544 70 24 -6 399
21 7.1 -35 500 71 6.6 -34 798
22 6.8 15 825 72 1.7 24 887
23 1.1 41 604 73 1.8 1 563
24 5.8 21 807 74 59 -16 898
25 5.1 32 494 75 35 19 526
26 32 39 366 76 1.2 -40 394
27 3.1 -40 732 77 5.2 -50 554
28 7.9 -3 591 78 0.4 9 679
29 3.1 34 866 79 72 14 727
30 3.4 13 585 80 0.9 7 663
31 5.6 45 412 81 -04 40 514
32 2.5 44 660 82 -0.6 12 426
33 -0.1 -43 744 83 5.7 -1 406
34 5.5 -9 572 84 54 -44 754
35 4.0 -20 490 85 5.5 21 621
36 4.6 -38 839 86 7.6 -36 380
37 6.3 -37 883 87 6.0 =27 444
38 0.9 32 545 88 2.7 2 815
39 7.2 44 453 89 7.5 0 645
40 1.6 49 691 90 -1.0 29 670
41 52 -13 454 91 4.1 28 802
42 2.0 -16 504 92 22 48 655
43 0.5 -7 537 93 39 -35 689
44 4.7 -25 518 94 1.7 43 587
45 6.7 -11 486 95 0.3 -44 774
46 1.3 -26 340 96 49 -47 709
47 2.7 -11 424 97 6.2 17 852
48 59 -19 580 98 22 39 599
49 43 -9 793 99 1.1 6 737
50 -0.9 31 435

*CT: Change in Temperature (°C)
**PC: Precipitation Change (%)
***CO,: CO, Concentration (ppm)
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*ENVIRONMENT MODIFICATIONS

@E ODATE EDAY ERAD EMAX EMIN ERAIN ECO2 EDEW EWIND ENVNAME
180001A 0A O0AO0.7A0.7M0.83R418A O0OA O test1l

2 80001A 0A OA OA OML23R458 A O0A O test2

38001A 0A 0OA19A1.9M0.78R 524 A 0A O test 3

48001A 0A OA7.5A7.5ML.I0R766 A 0A O test 4

58001A 0OA OA3.6A3.6ML.24R673A 0A O test5

97 80001 A OA O0A6.2A6.2ML.17R82A 0A 0 test 97
98 80001 A OA O0A2.2A2.2ML.39R599A O0OA 0 test 98
99 80001A OA 0A1.1A11MLO6R737A O0OA O test 99

Fig. 1. Environment modifications file of DSSAT CERES-
Barley (File_X).
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Table 3. Climate factor combinations for the smallest and the largest grain production in winter barley cultivars

Olbori Albori Saessalbori Samdobori
Smallest Yield (kg/ha) 4,326 4,771 5,267 5,405
Change in Temperature (°C) -0.8 43 7.6 5.4
Precipitation change (%) 18 -33 -36 15
CO, Concentration (ppm) 355 333 380 377
Largest Yield (kg/ha) 9,132 8,455 8,985 9,635
Change in Temperature (°C) 2.5 0.6 1.7 0.6
Precipitation change (%) -12 47 24 47
CO, Concentration (ppm) 875 861 887 861
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Fig. 2. Grain yield responses to the step changes in temperature and CO, concentration in 4 winter barley cultivars, Olbori
(A), Albori (B), Saessalbori (C), and Samdobori (D), respectively.
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Fig. 3. Grain yield responses to the step changes in temperature and precipitation in 4 winter barley cultivars, Olbori (A),

Albori (B), Saessalbori (C), and Samdobori (D), respectively.
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Fig. 4. Grain yield responses to the step changes in precipitation and CO, concentration in 4 winter barley cultivars, Olbori
(A), Albori (B), Saessalbori (C), and Samdobori (D), respectively.
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