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ABSTRACT

This study aimed to confirm the importance ratio of climate and management variables on production of orchardgrass in Korea
(1982—2014). For the climate, the mean temperature in January (MTJ, C), lowest temperature in January (LTJ, T), growing days 0
to 5 (GD 1, day), growing days 5 to 25 (GD 2, day), Summer depression days (SSD, day), rainfall days (RD, day), accumulated
rainfall (AR, mm), and sunshine duration (SD, hr) were considered. For the management, the establishment period (EP, 0—6 years)
and number of cutting (NC, 2nd—5th) were measured. The importance ratio on production of orchardgrass was estimated using the
neural network model with the perceptron method. It was performed by SPSS 26.0 (IBM Corp., Chicago). As a result, EP was the
most important variable (100%), followed by RD (82.0%), AR (79.1%), NC (69.2%), LTJ (66.2%), GD 2 (63.3%), GD 1 (61.6%),
SD (58.1%), SSD (50.8%) and MTJ (41.8%). It implies that EP, RD, AR, and NC were more important than others. Since the annual
rainfall in Korea is exceed the required amount for the growth and development of orchardgrass, the damage caused by heavy rainfall
exceeding the appropriate level could be reduced through drainage management. It means that, when cultivating orchardgrass, factors
that can be controlled were relatively important. Although it is difficult to interpret the specific effect of climates on production due
to neural networking modeling, in the future, this study is expected to be useful in production prediction and damage estimation by
climate change by selecting major factors.

(Key words: Climate, Cultivation management, Importance ratio, Orchardgrass, Production)

I. M2 S0l Skl uIvskA waRict i) B4 wesel
2 ) QA= TIRIAL ShEat B2 Fo Hglol oA

S ygto|A A== (Dactylis glomerata L= 3|
FH(Festuca arundinacea Schreb.)2} 3| ZA|& ZAJol= £
ZZO0= 19704t HE 307F4] o9l FFo] /= Q= A
Ao|t(Ji et al., 2020; RDA, 2017; Rim et al., 2003). 2X}="1
et 2 Bole] iz Lol otel Hamnaway
al., 1998) 2xof| thst A-3-Ajo] =2 ZZo|c}(Baker and Jung,
1968; Henning and Risner, 1993; RDA, 2017). °]2{st E4] o
2o QA=TIRAE SR |URe] ARIZAIE 2T o EufRA|
o] F2FOo= o gl UTHRDA, 2017). THH ==t} &
vje} ROl QA= TelA] A 9 WH8o] $YHel %R
Qlog A=A LOm(Ji et al., 2016), 53] ojFHl= LA="1

2919} 97I04 %0 QkB3lo] Mol o] olgot 2%
ot

IPCC015)2 2fzle] 7}20] A7-edslo] ofs) 83 %
7ok o o] glgt ol T A el Bl 2719
Uolog KIS E3] 2005 o]F Hupd £90] vy g
A= ZT16k= Ado] FEHAHKim et al., 2019a). SHA|
ArEAREC] ek Agukd e ofYEiKim et al., 2021a;
2022), FARREC] tisll & 7He 9 7REmlol et wsw At
T3 tHKim and Sung, 2021a; 2022). L 7|15-2dslE 9l
SiA] o5 stardido] HIvisHA| A¥sta, o]= QIS @A="1
iAol o] AAE7] wizo] Adet #ejrlse] Baskt

*Corresponding author: Kyung Il Sung, Department of Animal Life Science, Kangwon National University, 24341 Chuncheon, Korea.
Tel: +82-33-250-8635, E-mail: kisung@kangwon.ac.kr



Importance Ratio of Climate and Cultivation Management on Production of Orchardgrass

(RDA, 2017). 53] oj-2e] sk & okl cilsl] 9
AP e S| 48 BRIsio] AiFtEelet ARkt H
SfFAIE Z8ehe Zolck Teine eAETekAe) 4 U
5ol TS A 2, AT gF Sl B dxet E2 7]
R0 24 9l o3} Z2 Az} aclof digt B7F A B
b Bast

oA B9 Fxof tigh A= tiFE 90d SHERE

oM, o, Uitk B WS 94 SRR 2SS 21
317] 9Jaf 4=BEIQITHJi et al., 2016). Oh et al. (2017)S S
ZAo] tish Fd 715eHgollN eSS ARt At st
0] 7l SR, WA U AFUES] $05E )
Sl B9 B2 S sh”l 4] S Uit IS H B
IR0 FREE ARG F5 BURE 23 HEATH A
AR, B5deo] $2%7F A WERTH(Kim et al,, 2021b).
Setelol ] AER: TSR] St BRel 9 TekAS
qhdos A oS ot 7g0] digt dte st A%
olt.

x| BIsf A % 5| AEEREe] Hitt Akl dd=
SR 71 @ Eoo] dhet ol W FRE 24 Ao
P =L Qe FANEZAES] BHEF D82 dEE
HIE PR 7S 719 =0 FR_%7F EA(Kim et al,
2016; 2020; 2021c), EFAGS SHCE Api=h= o=t
Slol Tepit 3 AY7]e) 2} Bastel U5 F AR BB
3] 7Fsshtte Zhe SRIsIAH(Kim et al, 2014). 53] o[&?]
oF efo] TeAl Wt = Aol WE Lm0k o] FAE
o= YERETHKim et al., 2019b; Kim and Sung, 2019). &
Sk ojgkeiet lo]1eAo] Akl vAl= 7152919 A9
P FYSIAH(Kim et al,, 2017). HHEZR] sHARKER] A=
& Soro] ARl Qe TAE Z15aS] SO A% 9
Heo] 87EE AEeES He 99 GDDY S8 %7 &
A 712K Peng et al., 2015). QU] QS 555
wTeks O] AR $44e Qe ulAE Aow
315190t Peng et al., 2020). E3] ojz] ¥ SSlel= EXAL
Holao] WFEE 79 ERLE U A2AI0] W
9 58} 7] AAo]| £33t Q91o|AtKKim et al., 2021d). 1
B} olo} e oze] Amgol diet Ak ol @ A3l
TS PR A oiFE SA Bdo] ofsh asiieth A
o HE2 Eabgo] EAEAR Elo] Fajol] tigh sfiAdo] o=
& TR QAIRE 71 Al S Bt AR Alkle] ZRssial it
o] 7[SAE &3l $8%=E 7heot=dl aolto et al,
2021). TFER 2 A wlo] et hRrhs A% 7Y
2 olgslo] ofd R3lo] Qo] ATfdos A UolshexE
Face wisie

JBHE B 9T B0 oAt kAol Al tigh 25,
3, 9%, sl ¥ AdF ¥ 71599 ¥ 24 9 o5 ¥
Auie] 8219] FR=E At 71573 Aktslo] W7t E vl
ot

. 2 o

1. X2 AF| 9l MM

= oo

QA= TEkA9] PRE(n = 743)= 1982EFE 2014E71A]
SRR ATE A (FHEASHY, n = 188), &2 W AR &
FTrUASE AEEIACEE, n = 100), SHRAFAIES](n
= 158), St==telsi(n = 297) 258 0S5, $2d, 24 A&
(establishment period; EP, 0—6 year), 95| S¥~(number of cutting;
NC, 2nd—5th), =52 dry matter yield; DMY, kg/ha)Z 47
Sgick QAETIoRA 20| AW FHE Fig. 17} ek, o
71M 2 4—6dRk= 399 AT TR T AR 3UE 71
A, 7V 2RE 712, A9 9 42 E X 4Y 7V
BEE oIk 7V Es QA= T1=kA0] Al A} AfHy
Aetg 7o wpAEIglc

/" (9
Baengnyeongdo fEEa —
< - \
. (n=27,BMY =
( . 8,430 kg/ha)
N M : Pyeorigchang
Inch eou) T (n=63,0MY = o
4 - Y= 10,356 kg/h
08, DMY i" =G DM: ~ Hoengseong kg[\a)
%f e/ha) 7,309 kg/] Valfw(,;r,\y, DMY
€Ny, -

K )

A A Dokdo
p lcheor™ ™ _g 430 Kgthaln N )

~__(n= 20,0MY = |

) )\ \
% Cheonant6385 ke/ha) A \

(n=17,0MY= |
12,267 kg/ha) [
) W ‘“;x {
AVASa W) CEm )
MoV (n =18, DMV = /)

3 ) {
AN 14,27 lilgha) Gyeongsan |
s e

<‘{ ) Yeongju
{
&

13 Tksan
{h =20, DMY =

fezeske/a) A 11,989 ke/ha)
;'Aﬂ\ l i <U§dnﬂ
( ) §
PN Uainfuon lll

Lean?
£, 3Busan

AL
- GWang;u (n=9,DMY =
& Giangiu 11411 kbhaLﬁ“iu -

v
) n=ts,0mv= fveaso
7 10936 ke/ha) [ ) 42,629
¢ B 3 629 ke!/

i ol
2l N

PN

,/ Jeju teiu’”

\{n=93,DMY =
14,137 kg/ha)

Fig. 1. The sample size and production of cultivation location
in the orchardgrass data (1982-2014). DMY: dry matter
yield.
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Data collection
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» Climate information

Database construction

« Step 1: Data inputting
* Climate variables
* Management variables
» Step 2: Error correction
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*» Miscalculated cases
* Overlapped cases
+ Step 3: Data integration
*» Key value - seeding year & location
 Step 4: Data preprocessing
* Missing value
* QOutliers

Modeling

¢ Neural network model
« Importance ratio

Fig. 2. The flowchart of data procedure to calculate the
importance ratio of climate and management variables
on production of orchardgrass by neural network
modeling.
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Table 1. The characteristics of production and climate variables in the mixture pasture data (1982-2014)

Variables (unit) Mean Standard deviation Minimum Maximum
Dry matter yield (kg/ha) 12,243.89 4,257.57 1,320.10 23,560.00
Mean temperature in January (C) -0.94 3.25 -9.95 7.70
Lowest temperature in January (T) -5.38 3.99 -15.37 5.26
Growing days 0 to 5 (days) 50.46 15.01 2.00 73.00
Growing days 5 to 25 (days) 234.81 30.46 193.00 313.00
Summer slump days (day) 37.45 15.85 0.00 73.00
Rainfall days (day) 89.75 15.27 57.00 141.00
Accumulated rainfall (mm) 1,276.35 311.01 665.50 2,301.30
Sunshine duration (hr) 327.02 78.07 102.60 453.20
) % oo
10 e 5000
Dry matter yield (ke/ha) ° -
(A) (B)

Fig. 3. The production of orchardgrass in Korea (1982-2014): (A) Histogram, (B) Box—plot to detect the outliers.
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Table 2. The production by management variables in the orchardgrass data (1982-2014)

Variables N Dry matter yield (kg/ha)
2 16 7,952.63" + 386.46
, 3 217 11,015.06° + 194.28
Number of cutting 4 279 14,369.59° = 235.12
5 19 15,263.47° + 1,159.19
0’ 17 8,320.82" + 599.84
1 207 12,898.91° + 320.12
2 180 12,168.56° + 313.76
Establishment period (year) 3 160 11,269.44° + 242.69
4(1) 64 11,614.05¢ + 448.22
5(2) 32 15,389.28° + 720.37
6(3) 27 16,474.41° + 40331

abedeDifferent letters within columns significant differences (p<0.05).
'N: sample size, 20: planting at spring,

-4 -
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on production of orchardgrass in the neural network

Hidden
Layers .

H(l) H(®2) H(B3) H@ H(G) HO6) H(7) H®) H@O) Bias
Bias 033 -0.55 057 -026 021 0.08 -0.05 0.10 -0.76
Mean temperature in January (C) -0.29 -048 -0.27 -0.33 1.19 031 -0.50 -0.86 -0.01
Lowest temperature in January (T) -0.05 -0.61 -043 -033 187 0.59 -0.07 -0.75 0.59
Growing days 0 to 5 (days) -094 -031 -124 057 0.01 084 0.67 -1.77 0.57
Input Growing days 5 to 25 (days) -0.24 -026 127 -092 0.65 -0.54 024 -020 -0.48
Summer slump days (day) -1.32 -047 -026 -1.44 -0.85 185 0.15 1.04 0.61
Rainfall days (day) -0.11 -0.19 049 -0.25 -0.34 0.12 -1.09 -0.66 -0.42
Accumulated rainfall (mm) 0.69 -036 128 0.00 -047 177 -0.89 0.54 1.70
Sunshine duration (hr) -098 0.19 0.05 -0.23 -124 038 049 035 -091

Output Dry matter yield (kg/ha) -1.04 -0.77 147 -1.19 -131 -1.77 136 -1.15 1.14 -0.31

Synapse weight >0
wes Synapse weight <0

Fig. 4. The diagram of neural network with node from climate and management variables to production of orchardgrass
through hidden layers (line: thicker, the higher the weight). MTJ: mean temperature in January, LTJ: lowest
temperature in January, GD 1: growing days 0 to 5, GD 2: growing days 5 to 25, SSD: summer slump days, RD:
rainfall days, AR: accumulated rainfall, SD: sunshine duration.
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Importance ratio (%)
40% 60% 80% 100%

Establishment period 100.0%

Rainfall days

Accumulated rainfall|

Number of cutting

Lowest temperature in January
Growing days S to 25
Growing days 0 to 5

Sunshine duration

Summer slump days

Mean temperature in January

Fig. 5. The importance ratio of climate and management variables on production of orchardgrass.
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Fig. 6. The scatter plot of production of orchardgrass between observation and prediction by neural network modeling

(R* = 0.84).
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TLY(SSD, day), ZF¢-URD, day), FHFPTHAR, mm), AZ
ARKSD, hry& Aolgitt. Aol ZAJARKEP, 0-6)7} o
(NG, 2-5d)E Sokaln TRIERE s AR AT
HES AMgsto] QA= TRA0] YAkl it SR =8 g5t
At 11 A3 EP7E 7Pg S83 H4(100%) 52 H, RD(82.0%),
AR(79.1%), NC(69.2%), LTJ(66.2%), GD 2(63.3%), GD 1 <=
o]t (61.6%), SD(58.1%), SSD(50.8%) H MTJ(41.8%). ©]
= EP, RD, AR, NC7} th2 A} Fa5fthe 212 ojuletth
FEdEe] Azt e deede] Sl Batt e 2ot
nE wiafEts B3 AEF o] meE |kt WIE 22
= Ut ol TedE A W FA 7Rs et aklo] Ao
= Fasite 2le ofnRith vig 2 A7k Ay 2l ©f
3 7197t Aol miAlke FAREQl G Sdeket] AVt
ST 528 891 8-S B3l FF 7 oS R 71FHEstel] 9
g 3l $4 Aol msol 2 20 V|dEr.

VI. ARAL

B =R veb R e ANt Ak ARATARE B
3 411917 2 10) A 9he] Ol o} o] HLITNRE-2023
R1C1C1004618).
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