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Climate Change and Its Impact on Agricultural Ecosystem

Yun, Seong Ho
Agricultural Ecology Division, National Institute of Agricultural Science and

Technology, Suwon, Korea

ABSTRACT : If the atmospheric concentrations of greenhouse gases double, the
annual temperature increase in mean surface temperature relative to 1990 will be
about 2.0 to 25C and the annual precipitation increase about 15% by 2100 in Koerea.
When the temperature rises 27T, the annual temperature will be 13C, 15C, and 16T
in Western Central, Yeongnam Basin, and Southern Coastal respectively.
Consequently the crop period could be prolonged 10~29 days. In the case of gradual
global warming, annual crops could be adapted to the changed environment by
breeding, and the perennial crops should be shifted to ether area. If global warming
happens suddenly over the threshold of atmespheric greenhouse gases concentration,
then we shall have disturbance of ecosystem. When 2°C higher than present, the
optimum flowering date of rice plant delayed about 10 days, so it may not possible
to adopt the date with present japonica rices, therefore, the recommended
characteristics of rice varieties are longer basic vegetative period, more late maturing
and higher ripening temperature. Barley and wheat crops could be shifted to northern
coastal areas and apple production areas should be shifted to those areas under 13.5
C in annual mean temperature at global warming. Ideotypes of crops under climate
changes should have such ecological characteristics that are indispensable to
accomplish the sustainable agriculture under increased CO: and temperature condition
as the diversification of genetic resources from yield-oriented to biomass-oriented

characteristics with the higher potentials of CO. absorption and Primary production.
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In addition, a heat-tolerance, a pest resistance, an environmental adaptability and a
production stability should be also incorporated collectively into our integrated

agroe.osystem.

Key words : Global warming, Agroclimate change, Agroecosystem, Crop ideotype
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e T FobFHAM ANER HEHFE EXE AN HEH; greenhouse effect).
ol HEotex € dUAZ AEY stFUrIY 2xE AT

e F8 24tEdE £357), o]FFBA(CO), 2F(Oy), WE(CHy), otAtatd 4

(N20), E3HE3eHA(CFCs) mH7F Aok ol E 7hed d8dEgais wie 2% A

Az AA dir]e 1%7F A ¢ HeE i

EAFE 24TAE ‘A 432N AFE 30T oldez

A gk, whebA] ghekol] ol 247AZE QA Td AT 2EE dARG

o

2

E.

g MaE BF Q7@Fel 44 Aol ok ofg 24ts

o drlF FET AN oA UuKE 1> O FAARY Ao wEHE o
A2 (CO), @ THF7159 BAHA 28AAD Fdeideie BE, 247 dfdAqA4
MEHe WE(CH), @ 242 FSH8E ANEF v4XN 229 ez desHe

o

5
A 2N0), DAFA vi71 2 e E 28(03), ® Y& Ev ¥i7]79 Wz 2
ol FSEFHTA(CFCs) WY ti7lF = F7ke ti7lel EdlyA] Fool & s
g 7HAZ. oA @ maAIAle Frkel mEA £37)e dE TR ol @A
Ade “2AENY o ¥RHAE AF2UE o), ATF2HEI F2 AUl H

P

<3 1> Summary of key greenhouse gases influence by human activities

Pre-industrial Current Current rate of Atmospheric
Greenhouse (1750-1800) (1994) annual osp
: . . lifetime
gases atmospheric atmospheric atmospheric:
X N . (years)
concentration concentration accumulation
COq 280 ppmv 358 ppmv 15 ppmv (0.4%) 20-200
CHs4 700 ppbv 1,720 ppbv 13 ppbv (0.8%) 12-17
N2O 275 ppbv 312 ppbv 0.75 ppbv (0.25%6)] . . 120
CFC-12 0 503 pptv 18~20 pptv (4%) 102

2. 71 ¥ 3}
. 71FWsle &
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Aol SFATHIPCC, 1995). o7 A sj&d 247t & 715887}t dolyn
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o] ot7] WFo HE 247t27t Z2EAY O o] Foux gedun sHE 7%
Hats Aol AAA debd Feld. ¢y 71ERste Fa% dFgoz Uehve
qrw Adse 0 AE T3 FEkA JEbd Ao tHUNFFCC, 1995).
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19049 56 1990742 -8 yete] A#Hdr| 2 o 1T 2eztoey, €& 15
B2, FEL SEEE W] Urh(zsw, 1992). oleid dAL X Teus
TAsle Mg PR FASA FEE £ AT 729 5L B
2 drolg oo} gt}

UoZ oitgteivt wiE FoUd 3 Yy dHAL 20~25C 282 Roj
o, 1095t 0.15~045C4 €82 AoZ o2& vl YkH7IA, 1995).
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2 olgfr| ¥ HEY. @A AP F7IL0) 11-156T ¥HQY 22 2T/ L8 3§
E oqHE] 271 Fo)A e AF} MAXE M F& 29 Havi=0] 61T ©jide] H
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<® 2> Annual mean surface temperature changes based on global warming
scenario at CO2 doubling stage in Korea

Present CO2 doubling(+2TC)
Annual mean air{ Climatic |Annual mean air Climatic Place
temperature (C) zone' temperature (C) zone”
79 Boreal 99 Boreal Taegallyong
10.1-11.0 Boreal 12.1-13.0 Boreal Cunchon, Wonju
11.1-12.0 Temperate 13.1-14.0 Temperate | Sokcho, Seoul, Inchon,
’ Ullungdo, Suwon, Sosan,
Chongju, Chupungnyong
12.1-13.0 Temperate 14.1-15.0 Temperate | Kangnung, Ulchin,
Taejon, Kunsan, Chonju,
Chinju
13.1-14.0 Temperate 15.1-16.0 Temperate | Pohang, Taegu, Ulsan,
Kwangju, Mokpo, Yosu,
Wando
14.1-15.0 Temperate 16.1-17.0 Temperate | Pusan, Chungmu
15.1-16.0 Temperate 17.1-18.0 Subtropical | Cheju, Sogwipo

"Képpen's classification of climate
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<3 3> Summer crop period” changes based on global warming scenario at CO

doubling stage

Present crop period Crop p © riod %t €0 Igecrri?)?isea(i g(())s
Place doubling(+27TC) .
(d) doubling stage
@ (@)
Chunchon 201 ( 8 Apr-25 Oct) 212 ( 4 Apr- 9 Nov) 11
Chongju 204 ( 7 Apr-27 Oct) 221 ( 3 Apr- 9 Nov) 17
Suwon 205 ( 9 Apr-30 Oct) 220 ( 4 Apr- 9 Nov) 15
Taejon 209 ( 6 Apr-31 Oct) 222 ( 3 Apr-10 Nov) 13
Chonju 218 ( 5 Apr- 8 Nov) 232 (28 Mar-14 Nov) 14
Kwangiju 219 ( 4 Apr- 9 Nov) 234 (28 Mar-16 Nov) 15
Taegu 224 (30 Mar- 9 Nov) 234 (27 Mar-15 Nov) 10
Chinju 225 (30 Mar- 9 Nov) 241 (21 Mar-16 Nov) 16
Cheiju 245 (28 Mar-27 Nov) 275 (13 Mar-12 Dec) 29

*
Summer crop

ol AdE ¥

Ak wHgel A%

period :

consecutive days above 10T of daily mean air temperature.
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<¥ 4> Optimum flowering dates of rice changes based on ripening temperature”
above 21C of global warming scenario at CO: doubling stage.

Place Present At CO2 doubling(+27TC) Delaying days(d)
Suwon 20 Aug 29 Aug 9
Kwangju 27 Aug 5 Sep 9
Miryang 24 Aug 3 Sep 10
Taegu 26 Aug 5 Sep 10
Chongju 20 Aug 30 Aug 10

"daily mean air temperature for duration 40 days after flowering
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Bazzaz(1990)& ©]4tste A B 27F F7Hge wakx] 2Ei A s 5o Aigs oA
72 aoksiged, FEALT BER o BYE ojAdgdRA T} Frletd FHEo P
T FAAGEC Ve FUIAY Frlde ol BE F£FY SRolMe 7
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stgdel % F7H9 olgE 2xe SEUHAY, JhRAE Wkl glm YA
A 22t 2ot gloy olidstds Frte AFEH % Fdd driy 74 AQ
Aol i £AZ e 28 2 715 ALgH AEL o FAXEE doiA
H 4E5E ARV A FUEERE 9] 2xd g a8 E Fa3ich

Winsniewski® Sampson(1993)= S A EAlA @A A7 &4 v)EF L 1.4 Pglpeta
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2017 2 wj= wiEo] 42 Pgolx F4 1A 1.3 Pgo] Ho| wi&Eo] 69%yY o wol
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<3 5> Crop varietal characteristics of ideotype for sustainable agriculture and

climate change in the future.

Characteristics

Present ideotype

Future ideotype

Remark

1. Prduction

Material cycle system of

® Biomass Small Large agricultural  byproducts as
e Harvest index High Rather low a organic fertilizer in the
e LAI 3-4 Higher than 4 agroecosystem.
e Fertilizer level High Low
e Plant type ErecF Erect
e Plant height Semi-dwarf or Rather tall
dwarf
s Intermediate High

[ ]

Tillering Intermediate High

® Branching
¢ Productivity

Economic yield per
area and time

Biomass per area
and time

2. Adaptability
e CO; efficiency High High Increasing CO:
® Heat tolerance High High Global warming
e Cold tolerance High High Extreme climate
e Site Wide Specific Topography & soil
s Climate Wide Specific Agroclimate zone
e Unusual weather Wide Wide Extreme climate
® Seasonal variation | Wide Wide
e Pests Resistance Broad-horizon field
resistance

e Agroenvironment | Specific Specific . .

Socioeconomic
e Competitiveness (major production)

-With other crops Intermediate Good adaptation for

Sustained crop

intercropping f
~With other cultivar Little interested Strong stability .
-With weeds garon(g ) Strong Crop stability
e Growth duration ortlearly Long(late) Prolon
. ; : ged crop
® Maturity type Determinate Ir(lgzrrg:duiu}a) ) cultivation period by
ybean,ube Crops global warming
3. Root system
® Root activity Strong More strong Oxidation of methane
in paddy soil (?)
@ Tolerance to organic| Strong More strong

acids(rice)

o N fixation

® Soil microbes
association

o Distributuion

Legume only
Inefficient

Shallow or medium

Other crops
Efficient

Deep (direct sowing
rice)

Mycrryzae, bacteria

Lodging tolerance

4, Seed

® Size Large Rather small or long| Substantiality

o Grain/panicle Intermediate High Ripening in warm
® Ripening High High temperature

5. Genetic structure Stability to crop risk
& Inbreeder Pure line Multiline

® Qutcrosser Hybrids Synthetic cultivar

*Adapted and modified from Janssens et. al.(1990).
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