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ABSTRACT

The objective of this study was to select a model showing high-levels of interpretability which is high in R-squared value in terms
of predicting the yield in the mixed pasture using the factors of fertilization, seeding rate and years after pasture establishment in

steps, as well as the climate as a basic factor. The processes of constructing the yield prediction model for the mixed pasture

were

performed in the sequence of data collection (forage and climatic data), preparation, analysis, and model construction. Through this

process, six models were constructed after considering climatic variables, fertilization management, seeding rates, and periods

after

pasture establishment years in steps, thereafter the optimum model was selected through considering the coincidence of the models to
the forage production theories. As a result, Model VI (R squared = 53.8%) including climatic variables, fertilization amount, seeding
rates, and periods after pasture establishment was considered as the optimum yield prediction model for mixed pastures in South

Korea. The interpretability of independent variables in the model were decreased in the sequence of climatic variables(24.

5%),

fertilization amount(17.8%), seeding rates(10.7%), and periods after pasture establishment(0.8%). However, it is necessary to
investigate the reasons of positive correlation between dry matter yield and days of summer depression (DSD) by considering
cultivated locations and using other cumulative temperature related variables instead of DSD. Meanwhile the another research about
the optimum levels of fertilization amounts and seeding rates is required using the quadratic term due to the certain value-centered

distribution of these two variables.
(Key words : Mixed pasture, Yield prediction model, Application in stages)
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Yield prediction modeing

Fig. 1. Research flowchart of yield prediction modeling for mixed pasture
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Table 1. Composition of species in mixed pastures

Forage Common name(Scientific name)
Orchardgrass(Dactylis glomerate L.), Perennial ryegrass(Lolium perenne L.), Tall fescue(Fetuca
Grasses arundinacea  Schr.), Timothy(Phleum pratense L.), Kentucky bluegrass(Poa pratensis L.), Italian
ryegrass(Lolium  multiflorum Lam.)
Legumes Ladino clover(Trifolium repens L.), Alfalfa(Medicago sativa L.), Red clover(Trifolium pratense L.)

A
2. HaMH

Table 201 HH-5-¥4791 1 E<=2KDry Matter Yield: DMY,
kg/ha) ¥ ATgHAFR1 715, AlH|, gkF 9 AR} 918 W
TE HERSIHE 719 8R1eA s Hhd(1Y) 4%
w712 Hd HSEFH7]2(Mean Temperature  of
January: MTJ, °C), &3 LdFHA7]=22] Htl HsHHA
7](Lowest Temperature of January: LTIJ, °C), 0~25°C2] 3
W75 7158k A9 3l BS5US 0(Growing Days  0°C:
GD 0, day), 5~25°C2] Bet7]2& 7158 Ao <l 45
4= 5(Growing Days 5°C: GD 5, day), 25°C ©]4+2] H7]&
S 7153 Ao §l 3l YU4(Days of Summer Depression:
DSD, day), H+t7]¢] 0°C ©]’42l & ZF 0mm ©]/de] 7
FE 715 A9 §el 5L 0(Number of Days with
Precipitation Omm: NDP 0, day), 3377]2¢] 0°C ©]’4<?] &
% Smm oo AFEs VIS 4o A1 ArYT
5(Number of Days with Precipitation Smm: NDP 5, day), &+

Table 2. Variables used in yield

71

7

] 0°C o141 A F ommol 3] s 7153 A9
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2 % smmol o] S TS Al Bl Fel A

4 o
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mm)2] 97| It

AlH] Q1o A AJBIEFATE ha & AA4C] AH|RRI A4
AlH]EH Amount of Applied Fertilizer N: AAF N, kg/ha), ha &
QIAFS] AlH]=EQI 14k AJH]EH Amount of Applied Fertilizer P:
AAF P, kg/ha) ¥ ha G Z2]e] AlB|El Zg] AH|%
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FaRle WEFHWSTE ha T IEHY @ g5
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AR /AU TE AN F Aod A
2 7R ol sz 1dA), w9 deld et
dxtz st 737k A E A AXK(Periods after Pasture
Establishment: PPE, year)®] 17]%It}.

RS

prediction modeling for mixed pasture

Factor Variable name Unit
Yield Dry Matter Yield (DMY) kg/ha
Mean Temperature in January (MTJ) °C

Lowest Temperature in January (LTJ) °C

Growing Days 0 (GD 0) day

Growing Days 5 (GD 5) day

Climate Days of Summer Depression (DSD) day
Number of Days with Precipitation 0 (NDP 0) day

Number of Days with Precipitation 5 (NDP 5) day

Accumulated Amount of Precipitation 0 (AAP 0) mm

Accumulated Amount of Precipitation 5 (AAP 5) mm
Amount of Applied Fertilizer N (AAF N) kg/ha

Fertilization Amount of Applied Fertilizer P (AAF P) kg/ha
Amount of Applied Fertilizer K (AAF K) kg/ha

Seeding Seeding Rates (SR) kg/ha
Years Periods after Pasture Establishment (PPE) year
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Table 3. Variables used in the models constructed in each stage

Model Variables
I Climate
T Climate + Fertilization rate
I Climate + Fertilization rate + Seeding rates
v Climate + Fertilization rate + Seeding rates + Periods after Pasture Establishment (Quantitative variable)"
A% Climate + Fertilization rate + Seeding rates + Periods after Pasture Establishment (Qualitative variable)2)
VI Climate + Fertilization rate + Seeding rates + Periods after Pasture Establishment (Grouping)”

b Setting periods after pasture establishment as quantitative variable in the model
2 Setting periods after pasture establishment as qualitative variable in the model
3 Grouping periods after pasture establishment through Duncan analysis based on the similarity of dry matter yield
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Table 4. Correlation analysis among dry matter yield and all the climatic variables in the mixed pasture data set

Variable  DMY" MTF LTS GD0Y GDS5’ DSD? NDPO” NDP5Y AAP 07 AAP 5"
DMY 1 381%* 324 D08*kx 199k 207k A16%*  363%* 245%% D3k
**: p<0.01

) DMY: Dry Matter Yield, ? MTJ: Mean Temperature in January, ' LTJ: Lowest Temperature in January, Y GD 0: Growing Days 0, > GD
5: Growing Days 5, % DSD: Days of Summer Depression, 7 NDP 0: Number of Days with Precipitation 0, ¥ NDP 5: Number of Days with

Precipitation 5, ” AAP 0: Accumulated Amount of Precipitation 0,

19 AAP 5: Accumulated Amount of Precipitation 5
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Table 5. Descriptive statistics of dry matter yield, climatic variables, fertilization rate and seeding rate in the mixed
pasture data set

uartile Standard
Variable Mean Median " Q " andar
1° 3" Error
DMY" 7,744.0 11,691.0
9,644.8 9,842.0 ’ . ) 138.0
(kg/ha) (1,900.8) (2,046.2)
MTJ?Y 3.2 0.7
. 22 23 0.1
(°C) (1.0) (1.5)
GD 0” 267.0 292.0
279.9 282.0 0.8
(day) (12.9) (12.1)
DSD® 24.0 42.0
32.0 31.0 0.6
(day) (8.0) (10.0)
NDP 0" 92.0 111.0
103.4 102.0 0.6
(day) (11.4) (7.6)
A A 8)
PO 1,364.6 1,245.2 L1199 1,6332 16.3
(mm) (244.7) (268.6)
AAF N” 180.0 280.0
2223 280.0 4.0
(kg/ha) (42.3) (57.7)
AAF P 150.0 200.0
165.1 200.0 2.8
(kg/ha) (15.1) (34.9)
AAF k' 150.0 240.0
191.5 200.0 2.7
(kg/ha) (41.5) (48.5)
SR™? 30.0 40.0
354 35.0 0.2
(kg/ha) (5.4) (4.6)

: atter Yie ean - 17, - Mean, : Mean Temperature in January, : Growing Days 0, : Days o
) DMY: Matter Yield, ? M 1%, % 3 - Mean, ¥ MTJ: Mean T in J;  GD 0: Growing Days 0, © DSD: Days of
Summer Depression, 7’ NDP 0: Number of Days with Precipitation 0, ® AAP 0: Accumulated Amount of Precipitation 0, ” AAF N: Amount
of Applied Fertilizer N, '” AAF P: Amount of Applied Fertilizer P, ' AAF K: Amount of Applied Fertilizer K, "> SR: Seceding Rates

8
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Fig. 3. Histograms of climatic variables, fertilization rate and seeding rate in the mixed pasture data set

) DMY: Dry Matter Yield, 2 MTJ: Mean Temperature in January, > GD 0: Growing Days 0, ¥ DSD: Days of Summer Depression, > NDP
0: Number of Days with Precipitation 0, ® AAP 0: Accumulated Amount of Precipitation 0, ” AAF N: Amount of Applied Fertilizer N,
® AAF P: Amount of Applied Fertilizer P, ® AAF K: Amount of Applied Fertilizer K, '? SR: Seeding Rates
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Table 6. Descriptive statistics of dry matter yield by periods after pasture establishment in the mixed pasture data set

p— Sample size Mean Median Quartile(kg/ha) Standard Error
(n) (kg/ha) (kg/ha) ™ 31 (kg/ha)
: 8,617.0 12,522.0
™ 229 10,513.4 10,573.0 ; ’ 208.6
(1,896.4)” (2,008.6)”
nd 7,622.0 11,241.0
2 185 9,365.9 9,533.0 235.3
(1,743.9) (1,875.1)
d 8,461.0 12,218.0
3 96 9,766.5 9,730.5 322.7
(1,305.5) (2,451.5)
4,126.0 10,241.0
4" 36 7,691.9 8,881.5 ’ ’ 578.2
(3,565.9) (2,549.1)
6,143.5 10,380.5
50 16 8,224.3 8,541.0 ’ ’ 698.9
(2,080.8) (2,156.2)
1,999.0 8,748.0
6" 10 6,030.3 6,592.5 1,105.2
(4,031.3) 2,717.7)
h 2,551.0 9,341.0
7 10 6,663.0 7,395.0 1,102.8
(4,112.0) (2,678.0)
Y PPE: Period after Pasture Establishment, ? Mean - 1%,73™ - Mean

Zt
A,

3. Z SHUSZHOINM n2E He
U3 AR S (Model 1, 11, 10, IV 2 V)3 AukA e e s
(Model V) W22 3775 Table 73 2T} Model I
MTJ 2 NDP 07} 28t tHp<0.01). Model 11i= MTJ, GD
0, NDP 0, AAF N, AAF P % AAF K7} 23} th(p<0.01).
Model 11> GD 0, DSD, NDP 0, AAP 0, AAF N, AAF P,
AAF K 9 SR7} 23} th(p<0.01). Model 1V+= ¥<= PPE

7} F28kA] ¢koKp>0.05) Model 1T} ZE3ETE Model Vi
Model TVOIA SFARF(AEE A EA A3 PPES <
G2 Qg Eo] e e wHste] AXRMEEA ALEEIA
t}. 1 A3} Model V&= GD 0, DSD, NDP 0, AAP 0, AAF
N, AAF P, AAF K % SRO| 2]} thp<0.01). Model VI
DuncanitA]-& ©]-8-3to] ohAl 714 9] 515 (Class) &% ¥

SAtHTable 8). 91714 E3zx]9] 2AAAANE 5w 137 5 Ak
o7t 7V & AEFTHE AolE BYCEE Group (XA

Table 7. Regression coefficient of multiple regression analysis (Model I, II, Ill, IV and VI) and general linear model
(Model VI)
Model 1 Model 1I Model III Model IV Model V Model VI
) 2) Group 1 Group 2
RC VIF RC VIF RC VIF RC VIF RC RC VIF RC VIF
Constant  2,810.9 - 54234 - -4,679.3 - -4,679.3 - -4,085.8 -4,160.9 - -8,679.1 -
MTJ?  353.8%* 1101 263.5%* 1552  NS” - NS - NS NS - NS -
GD 0 NS - 20.0%% 1424 36.7%%F 1256 36.7FF 1256 39.8%%*  37.0%k* 1215 NS -
DSD? NS - NS - 27.9%%% 1366 27.9% 1366  36.1%F*  33.1%F* 1365 NS -
NDP 07 73.5%% 1101 63.2%%% 1319 85.8%k* 199] 85.8%k* 99| 793wk gD Akwk |33 [ 7wk 1
AAP 0¥ NS - NS - LIt 1687 -L1** 1687 -1.0%* -1.0%*  1.570 NS -
AAF N - 9.7%%% 2047  9.0%%* 2057  9.0%%* 2057 94wk g lwkk 1740 NS -
AAF P - 17.5%%% 1288  17.3%F% 1321 17.3%%x 1321 159%%x  |55kx 2] 24.7%%x 1
AAF KV - 9.6%%% 1911  -10.6%** 1985 -10.6%** 1985  -92%k  _|]2%kx | 75] NS -
SR"? - - 2200.6%**F 1,092 -200.6%**F 1,092 -202.4%%* 200.6*** 1.100 NS -
PPE" - - - NS - Location" - -

w5 p<0.001, **: p<0.01

Y RC: regression coefficient, % VIF:Variance Inflation Factor, ¥ MTJ: Mean Temperature in January, “ NS: Non Significant, > GD 0: Growing
Days 0, 9 DSD: Days of Summer Depression, 7 NDP 0: Number of Days with Precipitation 0, ® AAP 0: Accumulated Amount of
Precipitation 0, " AAF N: Amount of Applied Fertilizer N, "9 AAF P: Amount of Applied Fertilizer P, ' AAF K: Amount of Applied
Fertilizer K, 2 SR: Seeding Rates, 'Y PPE: Period after Pasture Establishment

" Location: 1= -856.7 ,2= -1380.5, 3=-1532.1, 4= -2602.8, 5= -674.6, 6= -885.2, 7=0
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Table 8. The results of Duncan analysis of dry matter yield by the periods after pasture establishment

PPE" Sample size Class(kg/ha)
(n) 1 2 3 4 5
6" 10 6,030.3
7" 10 6,663.0 6,663.0
4"t 36 7,691.9 7,691.9 7,691.9
5t 16 8,224.3 8,224.3 8,224.3
M 185 9,365.9 9,365.9 9,365.9
31 96 9,766.5 9,766.5
™ 229 10,513.4
P-Value 0.099 0.122 0.097 0.127 0.258

Y PPE : Periods after Pasture Establishment

2} 1~3'd) 2 Group 2(Z AR} 4~7A) = E-F3HATE Model
VI¢] Group 1= GD 0, DSD, NDP 0, AAP 0, AAF N, AAF
P, AAF K ¥ SRO] 218151 32(p<0.01), Group 2+ NDP 0 2
AAF Po] 2]313thp<0.01). ©1/dellA] Model 1~VI= |7
T7F B w24 R)(p<0.01) AFE o] 83813l om VIFE gl
Aol Wekee & 7 ATk o1l Model
o] & o] m(p<0.01) VIF7} 40]8FZA

= I e lke) I~
19SS & F U

i

Stol Aol df=ro] &

eI
2t} vt Model VI 9= Group 17} Group 28] o5
= 27 Ttsto] sl TI% % Group 70 Sl
(Pooled) Aol T3t a4 =& Alrtalsivk -1 A3} Model I,
% o] s e 22t 24.5%, 42.3% 9 53.0%% 291°]
F7Hg el whet A Eo] Folxlnk 2dAar a/le e
Model IV, V VI(Group 1 2 VI Group 2)9] 3143 2tz
53.0%, 54.9% 9 53.8%(48.5% ! 65.6%)% Model V2 4]
Hol| 7P = etk

01714 Model Vi= @141 2o] Model FollA 7H¢ = oLt

o} A=z AHE 5 2Eo g Fig. 49}
ak

=
NRES

J

7t AxpE AETFE] Fol7t e A& /P E o 2
Model I~VI9] S| 522 Table 90|H, R&8S H7lsl7] A9 50| 12974 F7Fstt7) 3~61d Atee] A e o]
Table 9. Equations of yield prediction models (Model | -VI) for mixed pasture constructed in stages
Model Group Equation R’
I DMY "=353.8xMTJ?+73.5xNDP 0”+2,810.9 0.245
I DMY = 263.5xMTJ +7 63.2xNDP 0 + 21.1xGD 0" +17.5xAAF P” +9.7xAAF N® 0423
-9.6xAAF K" -5,423.4
- DMY = 85.8xNDP (9) + 36.7xGD 0 + 27.9xDSD” +17.3xAAF P + 9.0xAAF N 053
- 200.6xSR” -10.6XAAF K - 1.1xAAP 0 -4,679.3
v DMY = 85.8xNDP 0 + 36.7xGD 0 + 27.9xDSD + 17.3xAAF P + 9.0xAAF N 053
- 200.6xSR - 10.6XAAF K - 1.IxAAP 0 - 4,679.3
v DMY = 79.3xNDP 0 + 39.8xGD 0 + 36.1xDSD + 15.9xAAF P + 9.4xAAF N 0.549
- 202.4xSR - 9.2xAAF K - 1.0xAAP 0 - 4,085.8 + PPElI)
. DMY = 82.4xNDP 0 + 37.0xGD 0 + 33.1xDSD + 15.5xAAF P + 9.1xAAF N 0.485
0 - 200.6xSR - 11.2xAAF K - 1.0xAAP 0 - 4,160.9
Vi 2 DMY = 128.7xNDP 0 + 24.7<AAF P - 8,679.1 0.656
Pooled 0.538

) DMY: Dry Matter Yield, 2

MTJ: Mean Temperature in January, * NDP 0: Number of Days with Precipitation 0,

Y GD 0: Growing Days

0, ¥ AAF P: Amount of Applied Fertilizer P, ® AAF N: Amount of Applied Fertilizer N, 7 AAF K: Amount of Applied Fertilizer K, 8
DSD: Days of Summer Depression, % SR: Seeding Rates, 19 AAP 0: Accumulated Amount of Precipitation 0, '" PPE: Periods after Pasture

Establishment.
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Fig. 4. Scatter plot between observed and predicted dry matter yield in the mixed pasture data

Erh= ZAE A4 o] 2(Kim, 1987)3 Fastttar & 5 Q)
t}. Wb Model VIO] Model VEU} &4 8& tha won)
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