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Abstract

Ttalian Ryegrass (IRG), which is known as high yielding and the highest quality winter annual forage crop,
is grown in mid-south area in Korea. This study aims to analyze the cause-and-effect relationship between
IRG yield and climate variables such as temperature and precipitation by using IRG data and climate data
of Korea Weather Bureau. From path analysis of structural equation model under multivariate normality,
we found that there was a weather effect on IRG yield that the winter grass IRG yield was directly affected
by spring temperature and indirectly affected by spring rainfall. These results showed that IRG can be sown
in early spring in the area where it is hard to prepare for winter due to low temperature. This paper can
contribute to increase IRG yield by showing the cause-and-effect relationship and this study can be extended
to various structural equation models for other crops.
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3 EWAE 7Meg ¥Ee o] (Yuan 5, 2000)3AY BEA3to] ¢l W (Browne, 1984) 18
A ol FEe AlA(Mullen 5, 1995; Gao 5, 2008)3h= Wi 5ol Ak & AFoA= o 3HE AlA
sto] thi s AA7FES UEA7IE W SRS FAth A 7HEE WEA7A kg A o1 9f
FH A ek Al thgt A5 98] Mullen § (1995)-2 LISRELS ©]-8-3to] nidtebmu]x Ao
s B2E 78I AAIH S o] 83te] Fe ol HE AAT F 8.9 AAFF et 6714
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wollA] o 4ge] A7) mhe AH)
2944 2Ye shel YN 4=
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N2 S Fote] dojubsA] AASH AABAE st 71583 e e} IRG 22 4
o v &l thet 25 stebshet E&ol HaA gt

B R 240 2RIAE WS AR D FEPARFe thstel BRIk 3ol WA A=
A0} 4L AR 4Fe AT WA 2L G AT thate] AFsHech

,2014). FFEE 39 vwolAY FLA Y 2 FLARS] FEAS, 28I FHFA 2
BE AASI] AE 2RO Z 331/AS ARSI

IRGS] Abgg 7] 13 vt 7IAEAR 2R 997, dH 17, A7, 445
2, AZAE Bol 7LFEAnh BAGELS ALSd AR Ul Fo3EE ALL VFoR AT
< Uro] ARSI &, BEYRRE F@7|20] 0T 7t HE 97N 712 (0H)3 B
0C7} 5 GHE 34719 7170153 B)o® etk BwesE AV il 487259
BEHOE, AALEE 712 Y R TLE9) HALE Tl FAEY A&IAA 10CE

To] FAQ V(L% + IHVL5)/2 — 10) 27 ATt RAZFE 7|7F Y mje

2 9
ARYS FEeln, BBe Qe B4ue 8, 4rArE 35LY Goltk o7 FrArE 3
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Table 2.1. Variable characteristics of data

Standard
Variable Description Unit Min Max Mean Deviation
DMY IRGE 3% & Zg|1 243 AETH kg/ha 2264 20080 9688.06 3045.79
FY IRGE 48 & U A g1 =43 Agz—fkak kg/ha11535 91400 57529.48 17765.10
AGD SEARRY FF7|20] 0C7F HE= G7HA Y 7|17+ day 38 122 7424  17.62
aGDD  IEd=EE FF7|0 0Tt He v}xu Aares T 270.501520.50 837.85 252.35
SGS oS3 HHr)Lo]l 0Coldo] H IRE £33 U7X 7|7t day 44 129 92.83  17.85
spGDD  ©| 53] 19197 E £33 d7lA] A &%E(E, 0°C 14 € 530.301728.10 1132.30 323.69
MeTJa AP (19)9 FFL= T -6.93 550 -0.65 2.21
PeD150 1¥€1¥¢9®E 25 Z sty 150C7 &= G71A Y 717 day 28 92  69.03 12.80
degh o3 5C7 H& \;}%'—Ei 3 7R 9] AZAITF hr 442.801099.40 731.48 168.46
spRF 19198 43 A7A] & 24 mm 87.50 471.20 303.30 85.24
spRD 1919 +¥E —? A 7A L4 day 31 71 52.68 9.17
o 0.1mm 7lzoi 717373 ?=l7l°ﬂ 7159 Ago lE} Olﬁ‘ﬂl 71%53 HEEL2 7 A5 7]1ZHAGD),

o7} qaw 150C 7} 2 :qmz]q 7]Zl—(PeD150) B 257 5T He GREHY ?—__1 Al@(deg@,
7% g}
ki ojgk

=
= =
}2F(spRF), 18]3 B Z44d4(spRD) eItk IRGY AAES UJehjs W42 IRGE 43t &
23 243 AESFHDMY)T Belx ga 34T A2SFH(FY)S ARSI Assol g 4
3} ™S Table 2.10] 293141t}

TN R RARAD AREACR oRoj RYoR BE psd WeE Y RS B
T, 2972l ARE AAste] ABBAS Tleke AHoln. FRUAA RS ol eI B F
St 2.9 Aol9] B3t ARE A ofE 278 2EAS R 4 Yrks Rolth

TRYA AL Bz 7Hgo uzst 2ol 53] o]l A xR} 2o BF IS wu
i A7 S SEAIZIA] ot i =tE M-S oF7] gt (Yuan 5, 2000). ©]& $isiA] ni&et
8] Azl (Mahallanobis distance) S )23t p1 I} pa] EFES o] &3lo] oAz AHAS A7)
7] 918t oA AlA WS TelE % Qrh(Arbuckle, 2005).

p1 = P(d® for any case > Mahallanobis d>of one),
p2 = P(the largest d> > Mahallanobis d*) = 1 — P(all d°values <= Mahallanobis d*).

o714 pr& Qo9 Aol uheehel 2 Ae)7k ST Aol s nhdehel 2 Aelnct 2 SEoth
TR ol AELT AY AL} oAGHE HHALE po & HTh A shRehnls AR
2 Fgolth po7t 424F BE T2 dlolne] A2/t 8T A urt 42 FEo] Acke AL ou)s
Be ggoz o4 4 At
of £ROIA ASH AR WHEe] B A%Holnz olgue AT Wl £ANE vhgehens
A2, £A38 pih ps o ol TAD pi3t pool AT A1ES Aohe 2] A4 Atk B Aol
g AA WHOE T A PES ASHATE AL vhehens ALE ol §3te] A pi3}
pooll THSH AAIYE ol88 Fee) oA AASE whHelth 3, min(p} + pd)e olES A
Ashe wpgolth. T AL thig 74 BEY WA p e 71F0R AAge AASE Y

E.
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o]t}(Arbuckle, 2005). ©]Z-2 AMOS User GuidebookollA] &7jH Wi o2 AF74718E WEA7]
7 S8 Aeaks g B A Polth £ 1 ATke vpgebeus A2 ek Mullen 5
(1995) <} 71'11]- 232 A3 (goodness of fit) X|T2 B o] AA A5E duh} & AHF=XE
ERl= A& 9 GFI(goodness-of-fit index)$} 53} £31% 91 NFI(normed fit index), 94 7+ H
Z}ol & L]—E]—H] RMR(root mean square residual), gt] & 9l H& 2|45 YelY+= CFI(comparative
five index)E ARSIt RO X (parsimony) A2 FAAG] 223 A3t HAig =
3= A& Uel= PGFI(parsimony goodness of fit) 2} A= 2 AAHE X491 PNFI(parsimony
normed fit index)& ©] &3l |3 AFE EE Wol|A L34 oz shte] FAFSR 3
7Vebe 212 S84 9th(Bollen, 1989). S 7t A &E9 7|&2 A 32 oblil RMRL2
S5, YA AREL 45 £ (Hooper 5, 2008). ulx|=ro @  AIC(Akaike information crite-
I“IOH) = A2FE ¢ £2 A2 Yudt(Hu 5, 1995). =3t b=k FAd 7Pl s 7|2 o
2 M= (multivariate kurtosis) 2] 7]ZH8] (critical ratio; CR) gko] £2 oJujo]t}.
AFst e g o] dHS AA :} T A2 ARE olgot] AEFFel e T2 RPS
gt B 28 o7 SPSS 21.09F AMOS 21.08 ARRsHE T o)A A7E Y&l R 3.1.0
531

3. dAXEE2Y

2 4
° ox

Z2PARAZ o] 83 FA &
69)2 Al Aste] =27] 2629 A=
A2ge] o Al= et olof ths) &
5, 2014).

22 Azjsh A4 A4l tE Aelg stk WA AE(n =
2Lk, EARNSE Fol F)eol t e} B el e
ZO)AA EADL ol g5to] ThE B0 $.2-2 SHel5ATHSung

L
A}

%74 W4l DMYS} FY$} 3454949 spRF} spRDE A9 % 77}
A W 7] 21744 BAE 44T F 944 LARAL NS AFE FTB SEow ehd

(GFI=0.885, NFI=0.898, CFI=0.904) §-°]3}#] 9t BAS AAFo =R 7|3 A" 24
oo thaf AR = Uk 72 FEo] 9l AGDE} aGDDE] #A 7} 0.80 22| 1L o] 56 23}
#FAYE SGS spGDD2] BA 7} 0.860.2 7 FEeA A Vehgda 7183} o] 58 2o W4 Alo]

ol AAH NS & 5 Ath AN s of sk A27F VT E%}EEE s Al o] 7hsst

o EAE U= B ER HOW AL FF37] Slste] R AFFE ALtskadth
AR g A o5 A F4E 22 EH‘J *é 82 571 SleliA BEHSE FE38lth(Table
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Table 3.1. Component matrix for climate variables

Variable Component 1 Component 2 Component 3
AGD .061 .310 .880
aGDD -.152 .159 .901
SGS .907 -.012 .104
spGDD .965 .024 -.055
MeTJa .206 .886 222
PeD150 .020 -.899 -.232
degh .815 .235 -.192
1A 2.697 2.404 .896
FAAANE 38.535 72.876 85.677

Table 3.2. Assessment of multivariate normality of samples

Full Sample(n=262) Reduced Sample 1(n=251) Reduced Sample 2(n=258)

Variable CR of CR of CR of CR of CR of CR of
skewness Kurtosis skewness Kurtosis skewness Kurtosis
FY -3.791 -.794 -4.189 -.781 -4.208 -.746
DMY 787 2.082 -1.528 312 -1.491 .253
spRF -1.710 -1.559 -1.901 -1.476 -1.938 -1.453
spRD -2.748 -1.291 -2.878 -1.206 -2.902 -1.173
MeTJa -.596 .952 -1.353 1.079 -1.307 1.070
PeD150 -3.208 599 -2.484 -.157 -2.489 -.196
degb 3.049 -1.608 2.928 -1.696 2.955 -1.731
SGS -3.178 -1.674 -2.851 -1.788 -2.894 -1.765
spGDD 1.264 -3.768 1.551 -3.670 1.510 -3.713
AGD 3.440 .929 3.359 .940 3.317 .926
aGDD 3.123 1.973 2.919 1.804 2.950 1.852
Multivariate 4.717 1.125 1.558

3.2. Ol&H Xel 2

AS A A AA A5 A4 7S AFEE, /E Ao tisiA v gFAE LR ddehs VEL
2 959 CR7} £25 Wojub: W7t 67, =] CRo| £28 Hlojv= W47t 2 742 v o
W 59 CRE 47172 Yeht 7/ v bz A44 78S BE5A1712 £33tk (Table 3.2).
T 7 o g oA AEE o A pid pe s BF AR A AR ] A o) el 11 7
VRS, pr ¥ ARESE S WA L o)) 47 BT oS AAT & 77 251709
258709 AR Fo thAT A= CR7F 4.717 oA ZH2F 1.1259) 1.558 2 Fo] thi &k H147H S
WA 7| A g Q] CRe|] £28 "ot A7 73] dolle] /1 wgEe] A4 782 2

Al B A 2T A eI

olgsto] thaek A4 AL BEATE FFow o) H
T AREYPL 5% T sFodA ARE A9F 2 Z

ol1ekre] WG Hake s AR we Adaigch. 12T 715 B W

slo] Ad 40 FAF 22 st odF ALRHR Astel LRI REL 27 4ol

>
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Table 3.3. Unstandardized parameter estimation and standard errors(SE) for each path

Path Full Sample(n=262) Reduced Sample 1(n=251) Reduced Sample 2(n=258)
Estimate SE p-value Estimate SE p-value Estimate SE p-value
Fl+ F2 87.189 10.892  <.001 63.837  9.557 <.001 57.848  8.161 .002
Fl« F3 -.381 b7 <.001 -0.233 0.069 <.001 -0.213 0.068  <.001
F5+ F1 8.033 1.061 <.001 6.120 0.485 <.001 6.195 0.488 <.001
F5+ F3 3.667 581 <.001 1.998 0.844 .018 2.343 0.834 015
F5+ F4 -3.862 2.384 .105 15.074  4.571 <.001 13.905  4.686 .001
spGDD+ F1 1 1 1
SGS«+ F1 .042 .001 <.001 0.059 0.002 <.001 0.059 0.002 <.001
spRD+ F2 1 1 1
spRF+«+ F2 14.562 1.918 <.001 11.836 1.513 <.001 11.774 1.446 <.001
aGDD+ F3 1 1 1
AGD+ F3 .047 .005 <.001 0.082 0.005  <.001 0.081 0.005 <.001
degh+ F4 1 1 1
MeTJa+ F4 .001 .001 512 0.041 0.008 <.001 0.044 0.010 <.001
PeD150«+ F4 .012 .006 .006 -0.190 0.040 <.001 -0.207 0.046  <.001
DMY+ F5 1 1 1
FY+ F5 4.359 .248 <.001 5.578 0.264 <.001 5.571 0.272  <.001

ol A SYL 71 EA] PF=cth(Arbuckle, 2005). wWelA 7120 HAre
o} AF7IHE o]F3l Bo A=t ALl thaiA] A7) e THgstel Z2ke] @ xR Atel

o Aol whe 7 ol tislA T A A ade] A F4A %} 2F2 A7) Ta-
ble 3.3 o 2o glek. thl#k Aafdo] FRHA X3 AA ARE o83 35 HALRA(F4)°] 4
S QU(F5)ol mAE ARE BARCE Fo5HA] Adrhp = .105). £3, HIFLS(F4)o] HTH
4 BF2E(MeTJa)oll v]A= F2= Fo3kA] gttt 12l o33 S A2 4% F 4=2& 25
TSl Uehgon, 1 9 BE A2e2 SAHLE oS et o] o] 729} 2
Zof| &3k a4 BFol] A% #AIE oF7Iste A& vehdtH(Arbuckle, 2005). thiEe] A2 gt
ol tislA Fe] AAE veho] tlREe] 89159 Sk A Skl viElske 9% v
AL o 2 gty T, 7k 7] 2291(F3)o] oS3 B 7|28 (Fl)oze] A=AST AAAE
Al A% —.381, o] 3HE AR AZoIM= 42 —.2333 —2130% Yyt oA 7k 71284
< o8l & 71&8.9el wehe S35 Uehdnh =3 Xk 8.9 (F4) o] koA %Q%E 150C
7HA18] =27]7H(PeD150) 229 ARAF7E AAARR] - 0.10290 01 o] 3d& A2 3¢ =
A7t A2k —.1907 — 2072 9] & vEho] Table 3.19] A3} ARttt 2 Ap5f EHT& T

2 ARG PR Aolx A Ygtov], AIC g ALY PUOE AU A% A A
L}ERTH(Table 3.4).

VR AN BY 3 ik oS BT 48T A 94 PYOL ANT 5LARS 8P JxEge
Figure 3.13} Zt}. AR <l F59] A2 = Fl1, F3, F4o 2 HE ZH7) 6.12, 2.00, 15.07 2 25 o] &
AR Vehdth %, 458 AT /e Srhe Ak Sk olojgith. £ A Az
e A4S 9Istel A A} AT Ao RSkt
IRG AAFFLQ1(F5)o thal 2032 ohle} ol 53] 2
A= th(Table 3.5). AHET FAAE ol53 & 72

(

71229 (F1)& MiAHder A& sk
29(F1)9 &3} 670 28|12 HEI=
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Table 3.4. Goodness of fit and parsimony index
Index  Full Sample(n=262) Reduced Samplel(n=251) Reduced Sample2(n=258)

RMR 175 170 171

, GFI 721 709 707
Fitness

NFI 701 721 7
CFI 709 728 724

AIC 881.258 806.163 813.285
. PGFI 382 376 375
ArSIONY pNFET 451 459 456

Table 3.5. Standardized(unstandardized) direct and indirect effects of each path

Effect F2 F4 F3 F1

Total .991(63.837) .000(.000) -.164(-.233) .000(.000)

F1 Direct .991(63.837) .000(.000) -.164(-.233) .000(.000)
Indirect .000(.000) .000(.000) .000(.000) .000(.000)

Total .664(390.695) 282(15.074) .044(.570) .670(6.120)

F5 Direct .000(.000) 1282(15.074) .153(1.998) .670(6.120)
Indirect .664(390.695) .000(.000) -.110(-1.428) .000(.000)

o) B 44290(F2)9 EF7) 631 2 714 2 UEhir) o] AL 712 (.282)7 239 (.044)9] 7]
R o] 58] 2] 4(.664)9F 71 2(.670)0] Aol 1A= Fako] 2 AL < ulFiT}.

IRG Zateke] 71%8lo] it d@A7¢ Sung 5 (2014)°] 22 HF7RYS] sy <F
70% & FRYAAL] AL} vlatA vEbkth ek, dAMEY

aGDD, SGS, spGDD, MeTJa, degh, spRF, spRDZ Y€el} o] &35 1)

7 58S ulEdtt. o] AT FRYAAY QAR EAT ¥ 25T A =R gtk
gz, ARG FAAAST oot FRYFAY FR2AS BRI oh2 A el AAl A9 Aol g
2otk FFAEGME AGD, degb, spRFS] 3| FAAF7F 25 S42 et MeTJa2 FFAASE
FFE vEbse, ol A4 dAdy] oo el Rl £ A k2 ATk a2
A9 BEADASS Tale] W4ke] ABEFAE A Ze] o et wEA, gEIAR
Fol EnP o g vf APaA T 3| A AT RIS s4517] o#| Y AA| A&l Algke] AT

4. 22 9 D

B epe gEAQ SAGE ool vol Tekne] el e FRYAAE ol §F ATE 7]
F29 o BRE FYsT J29 THE stetste FHS Tk 53 A7) A8E BB A
O 2597 Be) Ava R Sl PR ARER B8] tEA ] S S5k,

B Rt o 48 ARt el chis BFAS Hust o nhehenls Aeg

Sk uPES Aokl RAARE Aotk TN BHETE IRGY Ak
of I WAL AFadTe] T ADEAE 23 ASL BAAT) o] 5] Akl
AW AZE FFL VALAE JREAL o §e] Yolugith FALEI IRCE HAY(1Y)S
NROR 71@o] R SOR A§HAT, F3) o5 #e| 71280l Mg FLW FFL AL
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Figure 3.1. Path analysis result with the reduced sample 1

A7\ ARLETL F S UEETh ol AL Aol A4LEe) B 28 S A7 vl
2% 22 oul@th(Shin 5, 2012). E& HBAL F FALEI0CHA ek 7Igke] Fes
= Aabeo] ZriEle BE SAseT. Eo AUE 720) 48720 A4LE L] o
K71 AaeEe] GRS Fu ALENE 2t ARIAE FARAT £ Yagel FeAw
WEAolE oket IRGY) AFEASE Axude] a7he 2A%oRH HAsterh. FALE 150Co
Aele el HBR Lo FRASIE —.1900]th o] FHLE 150C At sI%be] 2
AAE QAT HojAt AL oJudch kst HAALAT PAFL A 2 oG] BAo]
7 welth. &, FALEI0C7HA At 71zke] oW HRA Ll 742 BANAT o AL o
A Asbe] B718 BANT. oS AFEGE Belol e WeEM tEel oF IRGAL
o 4] 92 ML 291 VEhATkShin 5, 2012). T3 7k 7] 29) EvH 08501 o E3

B 7)o ARASE 6002 At 5o A7|RE A4ese Qo] Arks A UEhich
ol shEstel 43 Ao AT olEd B ol o 0% LFehith(Seo, 2009; Shin
2012). AT} o[58 Be] A4 (F2)o ZHE HH A LZ vA s o] 2A Uehitit] oA
IRGo] W40l Zste] Azd EolAE Ayl $& 540 247 ARA R Akl Jae v
AA ke 4 9k Ao® ARATh TP o5 o IRGE 553 v Z5Rrks 7120 £
of 5 Ve AT FEAFTHoNN LR o[ Le)ek thol TeAE o) Hol HEL HE H5

£ CuEE AW 45 S Acw IV o) AFEL ARE DA
Hglot ARAY ave] Ao} A7 GBS Ao FHE WA oW A7 o]
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