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ABSTRACT

Crop simulation models are valuable tools for estimating crop yield, environmental factors and management
practices. The objective of this study was to evaluate the effect of soil types on barley productivity using
CERES (Crop Environment REsource Synthesis)-barley, cropping system model. So the behavior of the
model under various soil types and climatic conditions was evaluated. The results of the sensitivity analysis in
temperature, CO,, and precipitation showed that soil types had a direct impact on the simulated yield of
CERES-barley model. We found that barley yield in clay soils would be more sensitive to precipitation and
CO, in comparison with temperature. And the model showed limited accuracy in simulating water and
nitrogen stress index for soil types. In general, the barley grown on clay soils were less sensitive to water stress
than those grown on sandy soils. Especially it was found that the CERES model underestimated the effect of
water stress in high precipitation which led to overprediction of crop yield in clay soils. In order to solve these
problems and successfully forecast grain yield, further studies on the modification of the water stress response
of crops should be considered prior to use of the CERES-barley model for yield forecasting.
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Changes of grain yield and heading date depending on climatic conditions and soil types in
Jeonju.

Rate of change (%)
Soil types Temperature Precipitation CO,
Present 2051~2060 2091~2100 12 8°C +12% 580 ppm

Clay 0 49 47 -3 21 24

) Clay loam 0 21 28 -6 9 18

Potential g, iy loam 0 19 13 A 4 14
yield

Sand 0 2 -9 -12 2 13

Average 0 23 20 -5 9 17

Clay 0 -24 -53 -24 0 0

) Clay loam 0 -24 -53 -24 0 0

Heading v loam 0 24 53 24 0 0
date

Sand 0 -24 -53 -24 0 0

Average 0 -24 -53 -24 0 0
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Introduction
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1B Ik & AP ST THFEL Selol BFRL SEUTHN Y Bt 1
X150 A2 DSSAT $171719] A2 1509) Gen Glue ohefel 3ok, 2o A zv& Az Lpr

o] W2 EAE A P-part (P1, P1D, P1V)E F785t0] A7t o, A7t EFWL T YRS
Q= G-part (G1, G2, G3 5)2 Z5H= Shim et al. (2011)2] HHE-S wisch & Q7o) H’Lo}iia] ARt
Table 13} 2t

Table 1. Cultivar parameters of Ol-barley for simulation using the CERES-barley model.

Parameters Definitions Values
PIV Days at optimum vernalizing temperature required to complete vernalization 19
PID Percentage reduction in development rate in a photoperiod 10 hour shorter than the 13
threshold relative to that at the threshold

P5 Grain filling (excluding lag) phase duration (°C.d) 463

Gl Kernel number per unit canopy weight at anthesis (#/g) 20

QG2 Standard kernel size under optimum conditions (mg) 40

G3 Standard, non-stressed dry weight (total, including grain) of a single tiller at maturity (g) 1.3

PHINT Interval between successive leaf tip appearances (°C.d) 75
DE TES 5 YUXIE MN Y IH MY B ATE I EG YR TS ABele &
ETO] FUEYT (hitp:/soil.rda.go.kr) AH2E AFESII=T] HA ZF ESFEol thet A1 Eajetehy 542
223 7 DSSAT] S12L2 I79] S-BuildS o] §3le] ABRT 50| Hget THo 2 wHste] Agsliict
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- —
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L | o
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A F2]71~&4 £A)7] (End vegetative stage-End ear growth), & 547 |~5< A127] (End ear Growth-Beginning
grain fill), 555 A&7 |~5% FA]7] (Beginning grain fill-End grain fill) ] 57}A] A-8A ]| ol Z+H2He] -8 A4
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Table 2. Changes of grain yield and heading date according to climatic conditions on different soil types in Jeonju.

Rate of change (%)

Temperature  Precipitation CO,
2051~2060  2091~2100 12.8°C 2% 580 ppm

Present

Soil types

24

21

47

49

Clay
Clay loam

18
14
13

28

6
1
-12

13
-9

21
19
2

Potential

Sandy loam
Sand

yield

17

20

23

Average

24 -53 24

Clay
Clay loam

24
24

-53
-53

24
24

Heading

Sandy loam

date

24 -53 24

Sand
Average

24

-53
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Fig. 1. Comparison of observed and simulated yields of Ol-barley between cultivated upland and paddy fields.
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Table 3. Cultivation area by soil series of eight upland and paddy fields in South Korea.

No. Paddy field Upland field
Soil series Area (ha) Soil series Area (ha)
1 JISAN 122,851 ANRYONG 44,900
2 SACHON 52,181 SANGJU 38,121
3 MANGYEONG 50,931 JIGOG 32,848
4 YONGIJI 42,276 SONGJEONG 28,744
5 JEONBUG 41,650 SEOGTO 24,318
6 CHILGOG 29,847 UGOG 20,635
7 PYEONGTAEG 26,686 YESAN 17,431
8 MAEGOG 23,301 SUAM 16,993
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Fig. 2. Relation of simulated yields of Ol-barley to soil water loss amount (drainage + runoff) in 2001~2010.
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Fig. 3. Estimation of optimum precipitation by CERES-barley model at growth stages of barley in different soil series in
Iksan from 2000 to 2007 (1, Germinate-Max primordia; 2, Max primordia-End vegetative stage; 3, End vegetative
stage-End ear growth; 4, End ear Growth-Beginning grain fill; 5, Beginning grain fill-End grain fill).
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Fig. 4. Annual fluctuation of water stress index and optimum precipitation estimated for barley in different soil series.
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Fig. 5. Comparison of simulated- and observed- yields of barley according to soil series in a year with high precipitation.
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Fig. 6. Relation of soil moisture content and water stress index in CERES-barley model (WSI: Water Stress Index).
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Fig. 7. Estimation of water stress index by CERES-barley model at growth stages of barley in different soil series in lksan
from 2000 to 2007 (I, Germinate-Max primordia; Il, Max primordia-End vegetative stage; lll, End vegetative stage-End
ear growth; IV, End ear Growth-Beginning grain fill; V, Beginning grain fill-End grain fill).
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Fig. 8. Estimation of nitrogen stress index by CERES-barley model at growth stages of barley in different soil series in
Iksan from 2000 to 2007 (I, Germinate-Max primordia; Il, Max primordia-End vegetative stage; Ill, End vegetative
stage-End ear growth; IV, End ear Growth-Beginning grain fill; V, Beginning grain fill-End grain fill).
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Conclusions
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