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ABSTRACT

This study was carried out to compare the DMY (dry matter yield) of IRG (Italian ryegrass) in the southern coastal regions of
Korea due to seasonal climate scenarios such as the Kaul-Changma (late monsoon) in autumn, extreme winter cold, and drought in
the next spring. The IRG data (n = 203) were collected from various Reports for Collaborative Research Program to Develop New
Cultivars of Summer Crops in Jeju, 203 Namwon, and Yeungam from the Rural Development Administration — (en DASH). In order
to define the seasonal climate scenarios, climate variables including temperature, humidity, wind, sunshine were used by collected
from the Korean Meteorological Administration. The discriminant analysis based on 5% significance level was performed to
distinguish normal and abnormal climate scenarios. Furthermore, the DMY comparison was simulated based on the information of
sample distribution of IRG. As a result, in the southern coastal regions, only the impact of next spring drought on DMY of IRG was
critical. Although the severe winter cold was clearly classified from the normal, there was no difference in DMY. Thus, the DMY
comparison was simulated only for the next spring drought. Under the yield comparison simulation, DMY (kg/ha) in the normal and
drought was 14,743.83 and 12,707.97 respectively. It implies that the expected damage caused by the spring drought was about 2,000
kg/ha. Furthermore, the predicted DMY of spring drought was wider and slower than that of normal, indicating on high variability.
This study is meaningful in confirming the predictive DMY damage and its possibility by spring drought for IRG via statistical
simulation considering seasonal climate scenarios.

(Key words: Abnormal climate, Dry matter yield, Italian ryegrass, Southern coastal region, Yield comparison simulation)
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Table 1. Characteristics of seasonal climatic variables in the southern coastal regions of Korea (Namwon, Jeju and Yeongam)

Seasons Month MT (C) HT (C) LT () RH (%) AP (mm) WS (m/s) SD (h)
9 23.1 259 20.6 74.1 209.7 3.0 164.3
Autumn 10 18.3 21.4 15.3 67.2 78.6 32 178.4
11 13.0 16.1 10.0 65.7 68.6 3.6 125.2
12 8.1 10.9 5.4 65.4 51.9 4.3 82.0
Winter 1 6.0 8.5 3.5 65.6 64.6 4.3 70.8
2 6.7 9.6 3.8 65.1 62.9 4.0 104.1
3 9.5 12.9 6.3 64.9 91.7 3.8 160.6
Spring 4 14.0 17.7 10.5 66.7 88.0 34 196.0
5 18.0 21.7 14.7 70.3 103.1 3.0 212.1

MT: mean temperature, HT: high temperature, LT: low temperature, RH:

SD: sunshine duration.
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Table 2. Seasonal climatic scenarios by discriminant analyzing for Italian ryegrass in the southern coastal regions of Korea

(Namwon, Jeju and Yeongam)

Autumn Winter Spring
Climates Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
(n = 162) (n = 41) (n = 184) (n = 19) (= 115) (n = 88)
MT 18.06 17.57 7.54 6.33 14.27 13.37
HT 19.52 18.91 8.64 7.83 14.95 14.93
LT 17.58 16.33 5.51 6.00 6.00 5.58
RH 70.71 64.10 68.13 62.13 61.79 71.11
AP 92.27 206.77 44.57 78.26 147.35 74.90
WS 3.64 3.10 4.01 4.84 3.64 3.10
SD 181.01 149.71 73.27 101.87 176.60 204.30
Wilks” A 0.66 0.41 0.29
(p-value) (»=0.06) (»<0.01) (p<0.01)

MT: mean temperature, HT: high temperature, LT: low temperature, RH: relative humidity, AP: accumulated precipitation, WS: wind speed,

SD: sunshine duration.

1Wilks> A closer to 1 means there is no difference between groups.
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Table 3. Yield comparison of ltalian ryegrass between normal climate scenario (NCS) and seasonal abnormal climate
scenarios in the southern coastal regions of Korea (Namwon, Jeju and Yeongam)

st Dry matter yield (kg/ha
Seasons Climatic N Y Y (ke/ha) t (p-value)
scenarios Mean SE
Autumn There was no abnormal scenario.
) NCS 184 13,243.70 1,697.91
Winter 0.69 (p=0.28)
SWC 19 12,144.56 438.82
) NCS 115 15,394.27 613.40
Spring 2.43 (p<0.05)
NSD 88 12,688.87 575.27

SE: standard error, SWC: severe winter cold, NSD: next spring drought.
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Fig. 1. Scatter plots of observed and expected dry matter yields of Italian ryegrass by yield modeling between normal
climate scenario (NCS) and next spring drought (NSD) in the southern coastal regions of Korea (Namwon, Jeju and
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Fig. 2. Distribution of climatic variables to simulate yield comparison between NCS and NSD for Italian ryegrass in the
southern coastal regions of Korea (Namwon, Jeju and Yeongam). MT: mean temperature, RH: relative humidity,
AP: accumulated precipitation, WS: wind speed, SD: sunshine duration, NCS: normal climate scenario, NSD: next

spring drought.
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Fig. 3. Cumulative distribution function of predicted dry matter yield of Italian ryegrass under the normal climate scenario
(A) and next spring drought (B) in the southern coastal regions of Korea (Namwon, Jeju and Yeongam).

Table 4. Difference in simulated dry matter yield of Italian ryegrass between normal climate scenario (NCS) and next spring
drought (NSD) by simulation in the southern coastal regions of Korea (Namwon, Jeju and Yeongam)

Dry matter yield (kg/ha)

Scenarios t DF p-value
Mean SE
NCS 14,743.83 8.15
65.07 57,241.51 <0.01
NSD 12,707.97 30.21

SE: standard error, DF: degree of freedom.

Hge ZA 08 AWEH DMYQ] ARSELS NCSOA NSD
Hr} 245 Ao Uehdt} NCSolA 243 ARgo| Youl=
7R tiEF 13,000~18,000 kg/ha®, B2 15,000 kg/haZ
UFERsiT]. o= NCS slollA] QFg&o]1l #4gt DMYS] &7}
7Rs3t A omgich 3HA NSDojlA ol DMY Q] B3 0~
28,000 kg/ha 77Ee 2 Y QHtslA UepPgAIYL g0 44
1A Z7Fels 7R ok 0~15,000 kg/ha L7104 Yebdth
T3 58 7RsAdo] 7P =2 BRI 13,000 kg/hao itk o]
= NSDoj|A] AlEloj4o] BHgH 7199 7|47t APORt 2
E9F B of2t APY] B3V} QEZ 0 Y|go|A Jrjdos
2R AP7} EaL F AP7} A Eo] WidH ZAata g7telod
ot 2222 NSDoA] 2ol W o5 DMY 71} it &
E A5 7Heol sl Al A 71s/9EE BE B8 A
429 DMY 5} 715/97HA] th2 8Rlof) oJ3t BiskE Z4A|
HloJl= Zog F=grh

AlgEo]AdS 7|90 2 NCS € NSD 7 DMYE H|wst 23t
(Table 4), DMY (kg/hay= 717} 14,743.83 2 12,707.972 Xjo]
L 2,035.860|120TKp<0.05). 97|14 A& DMY Aol HEO]
DMY Zjo|ut} 2| of&E|Gl=d], o= NSD2] AlEzolAd o
AplA & DMYQ] F17te] Wil ghgo] eielA S7Iek= &
/go] vt A7girt. E3F NSDof|A] 44=0] SRl Alo| A
OJgt gf=to] AEHlol A= e AR A6t Kim

and Sung (2021) A=-2]Q] & 71=of dist njsiE =319,
E3] 20059 o]F Z7l5k= NSDO|| el ‘Ai=-2 Al new
normal)& AFSIHH. & AFoIME FRIA| 2] NSDE
AR B o715e] AR EY £3l, AR HoA
0] FHSIIA|Ho] F71EFAN= NSD2] E/d% NSD
of Slgt DMY Djsii Hizsaigich. T2} 3 o] Ajgajold
o] o] WE HolE AT 2 o ER T FAE 29
S 72 ofeisi, Rt oS3 el NCSE U5 7 IRGE] 4]
A 8 o] Gejih S0t R 34 JNtoR Hojsle]

w2 Bl T 4 A= HE oVIFE ke o Sl
JRee & A7 U=t EHsiE 9 AR GeA IRGO

o ArE ol 37150l 2Rt 9% DMY Hsfiet 71sde S
A AlgdoldS B3l SIgt ol Sjeprt Sl off’t AlEH
ol Hrt Agjo|al PRI} A2 7|FAURI 2] ¢ &
T Aoz Vsl e FF SHUSAIY % ezt A9
< ez SHol7IF 9 7|FoHIE 52 12kt DMY H|
AREEelde w8 Aol

T o=

=1



Impact of Seasonal Climatic

V. A=
£ 7 Qeiuete] YRk olA IRGS] DMYO] 93
2 v R0 oHL AW J1SoMECISL, B3 %

& 7Rt 71 2t e vluske AREElelde 3SR

ot WA AEE 7| FoMIETL A7 1SRRE HEeh JRRE]
EAE eIt A3k, 7Rk BRER] ot ¥957] 2 ol
3 B Ag7Iole 55t 9 7Hgo] Z7F FEishA) Ueldch 18
U 3319] 4$- IRGE] DMY xjol7} S5t A4} 7hof] U]
oo} FsIRIA| o] Tk ke HlEi YL AT IRG A8

22 9sAL 4ol WslE e A ofd Ao A4S

At SH, B Ve A 7 DMY«] 2Jo|= 2,035 kg/ha® &
712 2Ago]| 9J5t IRGS] DMY T3ll= 2,000 kg/ha L wck

3Jgick. o714 WaAo] ofat IRGE 7]eol] Z/oKet Held], 41
A Ao 7He Mo T T RIS 7Sk £ o
T9] WA TR SRS /5ol ek

fO

OF
=

V.
najebodol 7hegul, SRt 9 B
71%@1%2 b o[ZERt o] 1=HA(IRG:
Italian ryegrass)A AESTHDMY: dry matter yield)y& H|w5}
7] 8l 351Gt FESIAH Y] IRG AF=R(n = 203)= 1993
%1 E1 2013374 580l Al HY B JHollA 3t
ES AQASAI BHEAMERE AT AEE 71E
Q5 ol fIsl TV =R E 2k, 55, v 5%
7IRE ARSIt A oA 1E AL e S L
a17] 9180 5% v«h—rfﬂlﬁ TEEHG Sslact. 4 IRG
SRl RO G Vo R BAY Aol 4
oﬂo} . 7 205, skl 3 7Kg el DMy Aol
oA vehgtt S9h Ao RRE FohA FHEESL
DMY Xjoji= Uehi] eiotek weh] DMY Hli & 7}
2ol st Bt Sasteck T Ak A % B v
& Slollk] DMY (kg/ha)2 242 14,743.83 L 12,707.972 & 7}
= WPo] ot dlbdmlaf oF 2,000 keha LEh). T B
7Fs 3lelA 9% DMY & /A= 0] vig) Wil =24 &
7fste] ME/de] & A ERIsIN: & A7he A 715 Al
W RE AT SAIA AlgdleldE 531 & el 2kt IRG
o] DMY H3j| 5l 7S ERIg Ao 2ot ek

Aw

o
2

x]u

(o]

Events on Italian Ryegrass Yield

VI. AAL
B =ge Heh e AREAT) Agsls TS 5
3 Ay m2aee] x|go] 46H O 2012 THNRF-
2020R1C1C1004618).

VI. REFERENCES

Chen, T.C., Wang, S.Y., Huang, W.R. and Yen, M.C. 2004. Variation
of the East Asian summer monsoon rainfall. Journal of Climate.
17(4):744-762.

Chung, C.H. 2007. Vegetation response to climate change on Jeju
Island, South Korea, during the last deglaciation based on pollen

record. Geosciences Journal. 11(2):147-155.

Hatfield, J.L., Boote, K.J., Kimball, B.A., Ziska, L.H., Izaurralde, R.C.,
Ort, D., Thomson, A.M. and Wolfe, D. 2011. Climate impacts on
agriculture: Implications for crop production. USDA Agricultural
Research Service. 103(2):351-370.

Hong, J.H., Kim, S.K., Kim, D.G., Hong, S.C., Lee, J.B., Moon, K.J.,
Cha, J.S., Hong, J.S., Ma, Y.I, Kim, S.Y., Jung, H.C. and Choi,
Y.E. 2014. Korean climate change assessment report 2014. Korean

National Institute of Environment Research. Incheon. pp. 1-45.

Iglesias, A., Erda, L. and Rosenzweig, C. 1996. Climate change in Asia:
A review of the vulnerability and adaptation of crop production.
Climate Change Vulnerability and Adaptation in Asia and the
Pacific, Manila. pp. 13-27.

Ishii, Y., Mukhtar, M., Idota, S. and Fukuyama, K. 2005. Rotational
grazing system for beef cows on dwarf napiergrass pasture
oversown with Italian ryegrass for 2 years after establishment.
Grassland Science. 51(3):223-234.

Jang, W.K., Lim, Y.C., Choi, K.J., Kim, K.Y, Ji, H.J. and Kim, J.K.
2011.
Italian ryegrass. Rural Development Administration [RDA], Sangloksa,
Cheonan. pp. 1-305.

Manual of new varieties and cultivation utilization for

Johnson, R.A. and Wichern, D.W. 2002. Applied multivariate statistical
analysis (Vol. 5, No. 8). Upper Saddle River, New Jersey, Prentice
Hall. pp. 575-670.

Jones, J.W., Hoogenboom, G., Porter, C.H., Boote, K.J., Batchelor,
W.D., Hunt, L.A., Wilkens, P.W., Singh, U., Gijsman, A.J. and
Ritchie, J.T. 2003. The DSSAT cropping system model. European
Journal of Agronomy. 18(3-4):235-265.

Kim, D.W., Byun, HR., Choi, K.S. and Oh, S.B. 2011. A spatiotemporal
analysis of historical droughts in Korea. Journal of Applied Meteorology
and Climatology. 50(9):1895-1912.



Impact of Seasonal Climatic Events on Italian Ryegrass Yield

Kim, H.S., Jeon, G.I., Lee, JJ., Lee, Y.S. and Kim, M.H. 2020.
Establishing a drought management system with the region and
the people. Water for Future. 53(12):8-15.

Kim, K.S., Lee, S.K., Choi, Y.S., Park, D.H,, Ji, HJ., Jung, J.S. and
Kim, W.H. 2015. Effect of seeding date and varieties of italian
ryegrass on forage yield and quality of early spring-seeded at
paddy field in southern region. Journal of the Korean Society of
Grassland and Forage Science. 35(1):50-56.

Kim, M. and Sung, K. 2019. Comparison of causality of temperature
and precipitation on Italian ryegrass (Lolium Multiflorum Lam.)
yield between cultivation fields via multi-group structural equation

model analysis in the Republic of Korea. Agriculture. 9(12):254.

Kim, M. and Sung, K. 2021. Impact of abnormal climate events on the
production of Italian ryegrass as a season in Korea. Journal of
Animal Science and Technology. 63(1):77-90.

Kim, M., Oh, SM,, Kim, J.Y., Lee, B.H., Peng, J., Kim, S.C,
Chemere, B., Nejad, J.G., Kim, K.D., Jo, M.H., Kim, B.W. and
Sung, K.I. 2017. Prediction of the Italian ryegrass (Lolium
multiflorum Lam.) yield via climate big data and geographic
information system in Republic of Korea. Journal of the Korean
Society of Grassland and Forage Science. 37(2):145-153.

Kim, M., Peng, J.L. and Sung, K. 2019. Causality between climatic
and soil factors on Italian ryegrass yield in paddy field via climate
and soil big data. Journal of Animal Science and Technology.
61(6):324-332.

Kim, M., Sung, K.I. and Kim, Y.J. 2014. Analysis of climate effects
on Italian ryegrass yield via structural equation model. The
Korean Journal of Applied Statistics. 27(7):1187-1196.

Ko, JW., Baek, HJ., Kwon, W.T. and Park, J.Y. 2006. The
characteristics of spatial distribution of temperature and
regionalization in Korea. Journal of Climate Research. 1:3-14.

Kobayashi, H., Takahashi, Y., Matsumoto, K. and Nishiguchi, Y. 2008.
Changes in nutritive value of italian ryegrass (Lolium multiflorum
Lam.) during overwintering period. Plant Production Science.
11(2):228-231.

Lee, B.Y., Kim, Y.Y., Kim, D.S. and Kim, K.S. 2020. Korea climate
change evaluation report 2020-Influence and adaptation to climate
change. Chapter 5. Agriculture. Ministry of Environment, Sejong.
pp. 149-181. ISBN: 978-89-93652-58-1

Lee, J.H., Seo, J.W. and Kim, C.J. 2012. Analysis on trends, periodicities

and frequencies of Korean drought using drought indices. Journal

of Korea Water Resources Association. 45:75-89.

Min, S.K., Son, S.W., Seo, K.H., Kug, J.S., An, S.I,, Choi, Y.S., Jeong,
JH., Kim, BM,, Kim, J.W., Kim, Y.H., Lee J.Y. and Lee, M.I.
2015. Changes in weather and climate extremes over Korea and
possible causes: A review. Asia-Pacific Journal of Atmospheric
Sciences. 51(2):103-121.

Mkhabela, M.S., Bullock, P., Raj, S., Wang, S. and Yang, Y. 2011.
Crop yield forecasting on the Canadian Prairies using MODIS
NDVI data. Agricultural and Forest Meteorology. 151(3):385-393.

Moot, D.J., Scott, W.R., Roy, AM. and Nicholls, A.C. 2000. Base
temperature and thermal time requirements for germination and
emergence of temperate pasture species. New Zealand Journal of
Agricultural Research. 43(1):15-25.

Morris, T.P., White, L.R. and Crowther, M.J. 2019. Using simulation
studies to evaluate statistical methods. Statistics in Medicine.
38(11):2074-2102.

Nielsen, D.C., Unger, P.W. and Miller, P.R. 2005. Efficient water use
in dryland cropping systems in the great plains. Agronomy Journal.
97(2):364-372.

Pachauri, R.K., Allen, M.R., Barros, V.R., Broome, J., Cramer, W.,
Christ, R., ... and Van Ypserle, J.P. 2014. Climate change 2014:
Synthesis report. Contribution of Working Groups I, II and III to
the Fifth Assessment Report of the Intergovernmental Panel on

Climate Change, Genova. pp. 151.

Park, H.S., Hwang, K.J., Park, N.G., Choi, G.J., Lee, JK., Cheon,
D.W. and Ko, M.S. 2008. Comparison of forage production and
feed value of winter forage crops in Jeju. Journal of the Korean
Society of Grassland and Forage Science. 28(3):215-220.

Peng, J., Kim, M., Kim, Y., Jo, M., Kim, B., Sung, K. and Lv, S.
2017. Constructing Italian ryegrass yield prediction model based
on climatic data by locations in South Korea. Grassland Science.
63(3):184-195.

Sung, HJ. and Kim, B.M. 2020. Regional characteristics of cold
surges over the South Korea. Atmosphere. 30(3):249-256.

Sung, K.I., Nejad, J.G., Song, Y.H., Kim, S.Y., Lee, B.H. and Kim,
W.H. 2012. A comparison of feeding whole crop barley mixed
with Italian ryegrass silage versus tall fescue hay for Holstein
growing cattle. XVI. 508.

(Received : January 21, 2022 | Revised : February 16, 2022 | Accepted
: February 17, 2022)



