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ABSTRACT

The objective of this study was to access the effect of climate and soil factors on alfalfa dry matter yield (DMY) by the contribution
through constructing the yield prediction model in a general linear model considering climate and soil physical variables. The processes of
constructing the yield prediction model for alfalfa was performed in sequence of data collection of alfalfa yield, meteorological and soil,
preparation, statistical analysis, and model construction. The alfalfa yield prediction model used a multiple regression analysis to select the
climate variables which are quantitative data and a general linear model considering the selected climate variables and soil physical variables
which are qualitative data. As a result, the growth degree days(GDD) and growing days(GD), and the clay content(CC) were selected as the
climate and soil physical variables that affect alfalfa DMY, respectively. The contributions of climate and soil factors affecting alfalfa DMY
were 32% (GDD, 21%, GD 11%) and 63%, respectively. Therefore, this study indicates that the soil factor more contributes to alfalfa DMY
than climate factor. However, for examming the correct contribution, the factors such as other climate and soil factors, and the cultivation
technology factors which were not treated in this study should be considered as a factor in the model for future study.
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Fig. 1. Flowchart of yield prediction procedure in this study.
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Table 1. The definition of variables contains unit, abbreviation, and name in the alfalfa dataset

Contents Category Abbreviation Unit Variable name
Alfalfa Yield DMY kg/ha Dry Matter Yield
Temperature GD 0, 5 day Growing Days 0, 25
Accumulated ~ OPD 0, 0-25, 0-30, Growing Degree Days 0, 0~25, 030, 5, 5~25, 5-30,
5, 5~25, 5~30, 10, C
temperature 10~23. 10~30 10, 10~25, 10~30
Climate Precinitation NDP 0, 5 day Number of Days with Precipitation 0, 5
p AAP 0, 5 mm Accumulated Amount of Precipitation 0, 5
%iig‘ggﬁafg ADS 0, 0~25, 0~30, hr Accumulated Duration of Sunshine 0, 0~25, 0~30, 5,
: 5, 5~25, 5~30, 10 5~25, 5~30, 10,
sunshine
ST Nomial Soil Texture
DC Class Drainage Class
Soil Soil physical SI % Slope
properties ESD cm Effective Soil Depth
GC % Grave Contents
RRS % Red Rock on Surface

Days 5: GD 5, day)'= 0~25C] Q7122 7153+ %] ol
o} A2 0(Growing Degree Days 0: GDD 0, day) UH7]
20| 0CY w Ygu}t GDDY ol PBSEY 0-25(Growing
Degree Days 0~25: GDD 0~25, day)= YB7]20] 0~-25CY o
g} GDDOJ golr}. WHA] S} T #4(GDD 0~30,
5, 5~25, 5~30, 10, 10~25 2 10~30, )= o] E/ P 53t
%K}, 4719} Zlo] anlo] AT THF ol Snio] A
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Table 2. The characteristics of variables in the alfalfa dataset(n=197, 1983~2008)

Category Variables Mean Median " Quartile 3 Standard deviation
Yield DMY?V 13,656.7 14,030.0 8,638.5 18,430.0 6,592.6
Temperature GD? 0 275.3 277.0 263.0 290.0 14.9
GD 5 219.7 219.0 214.0 229.0 11.6
GDD” 0 4,386.8 4,536.2 4,346.1 4,718.1 539.8
GDD 0-~25 4,334.4 4,501.6 43243 4,660.1 509.0
GDD 0~30 4,386.5 4,536.2 4,346.1 4,718.1 539.4
GDD 5 3,006.0 3,162.0 2,966.3 3,250.6 448.5
‘?:;‘g;‘;htﬁfj GDD 5-25 2,953.5 3,104.0 2,944.0 3,181.5 4172
GDD 5~30 3,005.7 3,162.0 2,966.3 3,250.6 448.1
GDD 10 1,889.0 2,030.7 1,858.0 2,119.5 366.5
GDD 10~25 1,836.5 1,969.6 1,836.2 2,021.7 335.2
GDD 10~30 1,888.7 2,030.7 1,858.0 2,119.5 366.1
NDP? 0 102.5 100.0 94.0 106.0 15.7
Precipitation NDPS 5 475 47.0 45.0 50.0 9.6
AAPY 0 1,347.0 1,292.2 1,127.0 1,435.0 364.2
AAP 5 1,257.4 1,201.3 1,037.0 1,360.0 366.5
ADS® 0 1,746.5 1,748.9 1,580.3 1,883.6 208.7
ADS 0~25 1,586.2 1,643.6 1,459.1 1,726.4 167.6
Accumulated ADS 0~30 1,743.4 1,748.9 1,580.3 1,870.3 206.3
duration of ADS 5 1,451.0 1,477.2 1,275.3 1,615.4 192.8
sunshine ADS 5~25 1,290.7 1,334.7 1,160.0 1,414.6 150.9
ADS 5~30 1,448.0 1,465.7 1,275.3 1,551.0 191.3
ADS 10 1,178.1 1,256.0 1,045.0 1,287.4 184.7

UDry Matter Yield, ?Growing Days from 0 to 30, ?Growing Degree Days from 0 to 30, Number of Days with Precipitation from 0 to
30, YAccumulated Amount of Precipitation from 0 to 30, 9Accumulated Duration of Sunshine 0 to 30
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Table 3. Association between climatic variables for selection by using correlation coefficient in the alfalfa dataset

DMY" GD 0? NDP 5% AAP 0¥ GDD 0~25% ADS 109
DMY 1.00 0.58" -0.13 -0.02 0.70™ 0.53"
GD 0 0.58" 1.00 0.13 0.04 0.47" 0.39"
NDP 5 -0.13 0.13 1.00 0.87" -0.20" -0.59"
AAP 0 -0.02 0.04 0.87" 1.00 -0.18" -0.25"
GDD 0~25 0.70" 0.47" -0.20" -0.18" 1.00 0.81"
ADS 10 0.53" 0.39™ -0.59" -0.25" 0.81" 1.00

% p<0.05, **: p<0.01

"Dry Matter Yield, ?Growing Days 0, Number of Days with Precipitation 5, ?Accumulated Amount of Precipitation 5, *'Growing Degree

Days 0~25, ®Accumulated Duration of Sunshine 10

Table 4. Association between soil physical properties variables for selection by using correlation coefficient in the alfalfa dataset

DMY" cc? DC? SI¥
DMY 1.00 0.62" -0.15 -0.46"
cC 0.62" 1.00 -0.45" -0.87"
DC -0.15 -0.45" 1.00 0.76"
S1 -0.46" -0.87" 0.76" 1.00
**: p<0.01

'Dry Matter Yield, ?Clay contents, ¥Drainage class, ¥Slope

Table 5. Selection the effective climatic variables on dry matter yield of alfalfa by using multiple regression analysis

Variable Coefficient Beta p-Value VIF Adjusted R?
Constant -55,641.9 -9.6 <0.01

GDD 0~25" 7.1 0.56 10.1 <0.01 1.3 0.56
GD 0? 140.4 0.32 5.9 <0.01 1.3

DGrowing Degree Days 0~25, ?Growing Days 5
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Al GDD 0~25, GD 0 ¥ CC= ZH2F 021, 0.11 € 0.632=2 CC
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Table 6. Assessment on the contribution ratio of climatic and soil physical properties variables for alfalfa dry matter yield

by using general linear model (Adjusted R? = 0.93)

Variable Coefficient Standard Error t p-Value Partial eta squared
GD oV 113.4 23.3 49 <0.01 0.11

GDD 0~25? 55 0.8 7.2 <0.01 0.21

ccd= 10.0Y -43,759.1 5,866.1 7.5 <0.01 0.23

CC= 13.5% -44.305.0 5,967.9 7.4 <0.01 0.22

CcC= 17.0° -39,806.5 6,158.4 -6.5 <0.01 0.18

YGrowing Days 0, ?Growing Degree Days 0~25, *Clay contents, ¥Sandy loam, *Silty loam, “Loam
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Alfalfa®] A8 Base 27} 5C<1 Z(Sharratt et al., 1989.)3=
24 yeRdt o]A-2 Wolf and Blaser(1971)7} AJ7AOA]
SG7} 7] 5T ofsloflAk o] AR Harek dx|gt
t}. SHH NDP 59} AAP 0= ¥E1 DMY2R] dido] t&
7Vds Boh Wok=t| o= gt A 7L Qlof 1l
RL7|7F E9F 71=2of| A&4do] 733t Z(Park et al., 2005)S 1
2obd Z=o] iRehA] o2 WY 4= Qlrk duke At

b

o i,

|

1,000 mmope] <==kS Q79 (John, 1998) L&A Q=
o] = BEZd=rEol 1,349.7 mm (KMA, 2011)2 L2ttt
H 7357 GEuke] DMYO HjAl= P 2 2o 4
Z}Ech
Agnl= v wizdoltal A A Qloj(Park et al., 2005),
dgal DMYO] G F= HsE DC7F AdE Zoz Azt
SIAATE AR el W= CCHtt. 11 o]f+= CCo] =& &=
£ HujEy} B4l 329 Bupglo] UHE £/o] 9loj(Jung
and Ha, 2013), 23]8] TF+t /30 AIFS S0 dZut A
ol AHGARQ FFE F= HeE vigE 7ksAdo] Sltk
DMY©] u]xj= 3= GDD 0~257} GD 0Et}t 34 veht
A= Sl v © F8% ¥4dS FRlsilt
(Christian, 1977). AE=]A] Ok 7AW A, AAbt
s 9 FAARAES PRy ALY Hoh gun
DMY©| tjxx g3} &S 7o AWK Christian, 1977).
dZt DMYO] "= 714821 Y EFARIY] 7|k 2t
7k 329} 63%E EFARIo] o =t 7149 B¢ ddu=
-64C ol5le] ALRE 49T9] T27A| = &S 4= Qo] 2%
o thst H-SEo] YO Z(Kim et al., 1995) EQFHT} 7|4
ZsA] ke Ao g AzbEh ShH dguis Eofo] thsiA
Z3~nYz72) 9] EQRAFE(Kim et al., 1995), AAEL 2
olA= Azt RAgdelar wigrt ARl E(Lee et al,
2014) 5 WZSHA ¥R FTh o= YW} V|2HY EY
of WsHA Bk Ao ABZEH 2 oA B 7]
A7} 7149] 7ol w2 Adt dAskar itk
opdollN FlEREE B3t dEnt AESHO| IS
£ 71982 9 EFaRlog= 7k AL
Eglefolrt. dunl AETo
£ 718 RAFARRE, 21%2} BELDS, 11%)°] 32%, EFASI
FAETHO] 63%E Heht EFLQI0] 7| ¢8%1Hr} =2 710
2 grlelyict. oigl & AqtoflA ol8%h ggnt Alms EA, A
vl 9 £50] ARlEo] Qlo] o= olF 8%k =gt tef
gt 279 AEjAEE Sote] Hrh B2 AmSZo] 8.
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V. <

2 A7 71%8R07 EgaRIo] I} HESE] o= 4
FEF= FASAE 710 H7Ie HH0E, T[St E
FEYIHPE JEfcle] YRR G o R oS dS
Soloith ¢ g Rd S 9 VI 2 E
TR, 71, AN 9 BEE ok sgEsnd
< GEue} FAAER] 7S E A9s] SRt usIlHE
A AARES] EGEYAARSTE 1EsH] oA AR
F= ARESISITE 11 A3 DMYO| 2 vR= 7VdHa= 2
ARl S0l o, EYET/IHS = JETTO| A4
k. DMYC] FFE PRl HeE Toke JES
(63%), BARRE(21%) Y FSU5(11%)2> o]om Q2d 7]
o= 71T RA(FARRE, 21%2F AFSUS, 11%)°] 32%, ESF
LO(HEFEH0] 63%E YER} EFQ0lo] 7|SgolHch gt
1} Aol o 7]ojok= AoR Bty & ofA o]
|3 dET Ame BEA, ARleE 2 E50] AlgkEo] Qlof o
0= o 8%kE gt TRt 249 AT Boto] Hr
W2 Am52o] gk

VI. Ab AL
£ =52 218 T5ATAREY FAHS: PI01499604
of xgo] Js) oloiFIc,
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