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ABSTRACT

Italian ryegrass (IRG) is one of the fastest growing grasses available to farmers. It offers rapid establishment
and starts growing early in the following spring and has fast regrowth after defoliation. So, IRG can be utilized
as the dominant/single species of grass used in a farming system, or to play a role as a large producing pasture
and sacrificial paddock. The objective of this study was to develop the use of unmanned aerial vehicle (UAV)
for the evaluation of feed value of IRG. For this study, UAV imagery was taken on the Nonsan regions two
times during the IRG growing season. We analyzed the relationships between NDVIyay and feed value
parameters such as fresh matter yield, dry matter yield, acid detergent fiber (ADF), neutral detergent fiber
(NDF), total digestible nutrient (TDN) and crude protein at the season of harvest. Correlation analysis
between NDVIyay and feed value parameters of IRG revealed that NDVIyay correlated well with crude
protein (r = 0.745), and fresh matter yield (r = 0.655). According to the relationship, the variation of NDVIyay
was significant to interpret feed value parameters of IRG. Eight different regression models such as Linear,
Logarithmic, Inverse, Quadratic, Cubic, Power, S, and Exponential model were used to estimate IRG feed
value parameters. The S and exponential model provided more accurate results to predict fresh matter yield
and crude protein than other models based on coefficient of determination, p- and F-value. The spatial
distribution map of feed values in IRG plot was in strong agreement with the field measurements in terms of
geographical variation and relative numerical values when NDVIyay was applied to regression equation.
These lead to the result that the characteristics of variations in feed value of IRG according to NDVIyay were
well reflected in the model.
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Introduction
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2012). wEpA] 27 Aol tisto] Al&stal st S5 B7FE 4= S 712 i FAve] A 50l 2
[t Aol

3, ek 7|&o] WAt whah 29lH]384] (Unmanned Aerial Vehicle, UAV)S o]-83F 25 B E| o] gt
A7 ST Qlck UAVE EHE0] 9144973t vl sto] Ao 0 & 476kl 10 em QHR9] &2 sl m ot
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Materials and Methods

CHAXY Y AREE Y 2 dAoflX=Fig. 19 20] S8H T =4 F2H 2|9 IRG AEieA] W]
(N36°13713.32”, E127°5°45.817) 1,150 m*ZS g0 2 A 2L 24510, UAV 2 9 S ZALE 480619
o} A IRG AAS7 |7 T2 71FEH 0 & 7122 10.9°CE ﬁék‘ltﬂﬂl 1.1°C &9kom, 74252 326 mmZ
FUARETH6 mm (116%) B2 710 2 UERGTHKMA, 2017). Alg] 24 1= EoFo] EQFE.O A A= 0 2 oFE ol
ESFO] pH= 5.81, EF A4 3HF2 0.20%, 4718 2 27.34 g kg 1, Q1Ak2 76.64 mg kg, F71ASHg S
12.91 cmol kg 'S YERNRITH (Table 1). ESE A|FT] F7]+= 2122 m x 4 mo|H, ¥ x]= W 3620 2 519
om, 71E AufH-o 248 AR wkEEES 50 kg ha!, 71 9] A1FETE 22| W8-S Table 292} At
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Fig. 1. Split plot design for the experiments in Nonsan-si.

Table 1. The physicochemical properties of paddy field soil experiment.

Soil series Soil texture H Total-N OM Avail. P;0s CEC
P (%) (gke™h) (mg kg™ (cmol kg™)
SEOGCHEON Loam 5.81 0.20 27.34 76.64 12.91

UAV G4 &#9H 2 X2| UAV I YL IRG EA7] 48 209)2H 2571 (52 1Y) 28)0] AA 53519
T} (Fig. 2). UAV (eBee, Sensefly, Swiss)= 11742 © 2 20F TH=-29- 915t 7}A33HA (Red, Green, Blue) TH 712}
(IXUS/ELPH, Cannon, Japan)} A/82]4= AFE-S 918 424 (Red, Green, NIR) T 7}H[2} (S110, Cannon,
Japan)E o} gAfslo] ZFstlrt. S E 5 em] Eo AYH g2 HAAe 217 (Postflight
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Table 2 Treatments of plot.
Test Treatment
100:0
50:50

Split application rate of nitrogen fertilizer
(basal : additional)

100 : 0 + urea fertilizer 100 kg ha™
100 : 0 + silicate 200 kg ha™ + urea fertilizer 100 kg ha™
100 : 0 + lime 200 kg ha + urea fertilizer 100 kg ha™

Fertilization level
(N-P,05-K,0, kg ha™")

100-80-80

120-100-100

140-120-120

160-140-140

140-120-120 + Silicate 200 kg ha™!
140-120-120 + Lime 200 kg ha™

Seeding dates

24 Sep. (last year)
5 Feb.

16 Feb.

19 Feb.

26 Feb.

5 Mar.

(a) RGB image on 20 Apr.

(b) RGBimage on 11 May

(c) NDVI distribution on 20 Apr.

(d) NDVI distribution on 11 May

Fig. 2. RGB imagery and NDVI distribution of IRG plots using UAV.
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Terra3D, Pix4D, Swiss)= © -85} A4 DSM (Digital Surface Model) AlZRS- 9]¢+ 2 #2] (Initial Processing)
W& ot o, Aok G2 TS Ao 2 WSS $ Eq. 19 TAIAE o]-85te] 248 2]4= (Normalized
Difference Vegetation Index, NDVI) & AF=5St.

NIR— Red
= Eq. 1
ANDVI NIR+ Red (Ea- 1)

17141, NIRL-S110 7172k] 54 850 nm 29141 W], Redi= 314 625 nm] 7PA41 W=o] ek, NDVIE]
B9 <1091 107HKIo]m, F71ek o ghe AV Rl o] 3712 olmlatc

—

IRG £y I MZIIX| It RGO 534 71E flsto] 72| (5 5-210) AS2AL 5 32 2]
SHATE 8 50 em x 50 em HETEE SFo], 3HHE.O & ool Rk RARE S ALE7EA] A ofl ARSSHRIT
Al 70°C 8] 4270 AR A5 & a5 W A28 A1t 5 niafsto] 240 A8 Al
= 0] Zrhila B0 AQAC (1995) .0 2 SAAIAE-84-G (neutral detergent fiber, NDF) & A AA=-84
£ (acid detergent fiber, ADF) T2 Goering?} Van Soest (1970)2] FH 0 & B¢ 0 7140t EoF
(total digestible nutrient, TDN)-=> ADF ==y Eq. 20]| A-g-51] A=315Tt (Holland et al., 1990).

F

ot

>l

TDN (%) = 88.9 - (0.79 x % ADF) (Eq.2)

57| B4-2 SPSS (Statistical Package for the Social Sciences) .2 138 (Statistics Standard ver. 18, IBM Inc.)=
o]-gato] BAHEAS HAI5H. 9™, Duncan’s multiple range testol] 251 5% -F-ola=FollA A2 7-ke] FAA 1

Results and Discussion

AT X2|¥ NDVIuavet IRG AtE27}X| Hlm UAVE Z83HIRGE Al=71A] 371 719 7S $lsto]
UAV F/dollA @017 NDVISFIRG AHa7 2] B7F ATHE 8]l 2415H3t) WA H A A El&0] T2 NDVIyay
OF A= 72| H]al 7= Table 33+ 2t} E5°7] (5€ 1Y) NDVIyav 2] A5 AlH] B35S 7[H|IZ A5F Al8A|
(100 : 0) 7P & -2 UGl o H, F8] 9 @ 4-0] Z71 A1 8ol whet 22} A UesiTh BEgof| AJH] B
S 7|42 HFF A1 (100 : 0) P2 wo] AETTHS 6,444 kg ha! O 2 7]H] : 52H] (50 : 50) % AR 1©] 6,342 kg ha
i} 2ol 5 Hol 2= 243 E} Tt BEAMEE W 711 (100 : 0)2 21 3~497] (42 290l 242100 kg ha”
£ F7H A8 whie 11E0] 8,151 kgha! 07 26% F715 O™, 2~3%7] (449 129)9} 3~4997] (42 299)°
Z17F Q4 100 kg ha ' 8-S 571 A|-85HA 7124530] 9,405 kg ha! © & 46% L} H|2F4] © & Z7]51= 733kS el
Atk TDN g2k 2 2okl okF 9] 62.01%, 17.70%2 7P =& $215 Yeiqict
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Table 3. NDVIyay and feed values under different application rate of N fertilizer.

Split application rate of N fertilizer NDVIyav F.Y. D.Y. ADF NDF TDN C.P.
(basal : additional) 20 Apr. 11 May (kg ha') (kgha') (%) (%) (%) (%)
100: 0 0.509  0.660 35261° 6444 3477 5425  61.43 6.42¢
50:50 0472 0742 36,710 6342 3508  56.07  61.19 8.86%
100 : 0 + Urea 100 kg ha™ (Apr.12) 0470  0.755 54,233°  7291° 3427 5523 6183  10.11°
100 : 0 + Urea 100 kg ha™ (Apr.29) 0478  0.753 55,026 8,151° 3413 5441 6194 14.07°

100 : 0+ Urea 200 kg ha™ (Apr.12,29) 0497  0.769 57,521  9,405°  34.04 53.79 62.01 17.70°

F.Y.: Fresh matter yield, D.Y.: Dry matter yield, C.P.: Crude protein.
a,b,c: Means in the same column with different letter were significantly different (p < 0.05). ns: not significant.

H NDVIpaye EZAHEF (NIAS, 2015)%1 140-120-120 kg ha™ (N-P,05-K,0) oA 7P =2 &=
Tk AJREE 2fol= T L] 229Lo ™, AR O Z261elS 789 2512 NDVIpavZt
oz = E4-S BTt (Table 4). WebA] @A IRGE] AR At <29 Ao = ek DU A =
3H=140-120-120 kg ha™ + TFAFPAH|E 2,000 kg ha! A 2]of|4] 8,575 kg ha' & FZ=A|H|2F tjH] F
17.61% 25510k E3L, 140-120-120 kg ha™ + A3 H] & 2,000 kg ha' S 19 W2 o] AH|sPH IRG 2] 7=
FaFo] EAf ol Hlsl 13.96% FTHE] Lo AL=7ER] 0] 2 HE-2 §l3ITh TDN $Fd-2 160-140-140 kg ha ' ol A]
61.48%% 717 =30 ™, 100-80-80 kg ha! A2]of|4] 59.01%= 71 Weftt. kA glafe] 49 A5 vigs
F71eE A 2jollA] 10.24% = 7P R Urehd wido]| 114 Bl 25 7Rt A 2]o| A 13.82% = 7P =30tk A4
Tl AP BB A7 /0] 40% oVd ErE| o] Qlof AMIE SRS Tliedstal AEA| 9] 2715 EE5Hl of
o, 42 25slole] =5 oA 9 H55] AAS S7HAIZ1E Gt Q0 B2 (Tisdale et al., 1984), B3t 529
A8 W Az 7] of] 2 FS S£ral B 1153 Tk (Metson et al., 1979, Park et al., 1988, Kim et al., 2016).
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Table 4. NDVIyay and feed values under different levels of N-P,Os-K,O fertilizers.

Fertilization level NDVlyay FY. DY. ADF NDF TDN  CP.

(N-P205-K>0) 20 Apr. 11May (kgha') (kgha) (%) (%) (%) (%)

100-80-80 0518 0778 49370° 6348 3784 5754  59.01™ 1252
120-100-100 0471 0780  53431°  7,049° 36.60  56.60  59.99  13.42
140-120-120 0.503  0.790 54233° 7291° 3567 5523  60.72 1351
160-140-140 0449 0775 56204°  7490° 3471 5421 6148 1375
140-120-120 + Silicate 200 kg ha™ 0.523  0.766 58,616 8575 3567 5527  60.72  13.82
140-120-120 + Lime 200 kg ha' 0.522  0.755 57446 8309 3489 5639 6134 1024

F.Y.: Fresh matter yield, D.Y.: Dry matter yield, C.P.: Crude protein.
a,b,c: Means in the same column with different letter were significantly different (p < 0.05). ns: not significant.

S, IR 7] 0] T2 NDVIuav @ AHa7FA] Bl A= Table 52F 2Th NDVIyav= 7He T E T 0hgoflA]
Eo e HEMISL e o] mEA7]of g AstHA Zfol7h il o & It =, IRGO A7 = ESH
e Y ot Eo] U= ZoA e IFA a5 7o) wotol weh Ed X177 et
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olZolth AAl= 7 Al mg71 oA S717FA 9] 48717 A R, 29 5~26 Yol 5 gt kS
717t] 15~24 A Q% §1H, 20154 7F2 9 24972016 &5 39 5L ofl 15513, HH% 71201 ZgtiA

F=d717to] 11~12 Hof] 48 %] Qhtth. whebA] mhEA| 7] of| ThE NDVIyay Hek= 58712] 2ol 2 2l
710 Wshutd e Avtg siAH) 2016 & 1k A] tEEA7E HESERS 2 5%‘ 1} (7,301 kg ha™)
>29 16Y 5 (7,291 kg ha') > 2 19 o}E (6,962 kg ha') > 29 26 THE (6,917 kg ha') > 39 54 ok
(5,940 kg ha‘l) w07 mFo] 224E 2 S5, 7R T (8,745 kg ha!)oll HIgte] 29 5 g2
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Table 5. NDVlyay and feed values under different seeding dates.

Seeding dates Leaf ~ NDVluay F.Y.»l D.Y. 1 ADF NDF TDN C.P.

appearance 1] May  (kgha”)  (kgha™) (%0) (%) (%) (%)
24 Sep. (last year) 6 Oct. 0.734 53,146 8,745° 39.64 62.08 57.58 9.27°
5 Feb. 28 Feb. 0.768 49,025 7301 38.87 61.62 58.19 10.10°
16 Feb. 4 Feb. 0.742 54233 7,291° 38.67 59.23 5835 10.11°¢
19 Feb. 5 Feb. 0.761 52,814°  6,962° 37.91 58.11 58.95 13.45°
26 Feb. 12 Feb. 0.780 52,794 6917° 34.38 55.01 61.74 13.64°
5 Mar. 16 Feb. 0.789 54210 5,940 33.13 52.80 62.73 16.93"

F.Y.: Fresh matter yield, D.Y.: Dry matter yield, C.P.: Crude protein.
a,b,c: Means in the same column with different letter were significantly different (p < 0.05). ns: not significant.

NDVIyawE 0|88t IRG ALE7EX| "7t RGO ALR7H] H7 153t NDVIyay 2] #AR= thokst aro 3
Fohe SRS Fote] Aol 4= ek webA] SlAEA] A 7t IARES] T3S mletel] 9lolo] IRG AbR7HA]
7} A v O 2 NDVInay e 8553, 7154, ADF, NDF, TDN 2 Zrhildato] A43iA|S Bafatsict
(Table 6). L 27}, 571 (52 11€) NDVIuavi IRGE AHRZHA] B7F 871 & A2 (r = 0.655) B b
(r=0.745)1H o] =2 Ao 2 UEhst o, 1 9] 71545, ADF, NDF ' TDNZH= ot S HolA] &
S¥tt WA NDVIpav s SH2HER, Al &5 5 A2 2 2oz s S5 2 A TioRet 371y
ZPJ5lgiet. R o] o S2|9F AS5A|eke] QAFE ol A= 95t 57 o] tigh ¥ 7]Eo] W (Kim
and Shin, 2012), 27345~ R, 74 B73715, Bo-AlEE MSE (Mean square error) 5-& 2 ARSI 2 A9
A ol AE T R’ 2 MSEE J12fote] 214 0] w8 A5t (Table 7).

ru{o &3

.'_4
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Table 6. Correlation coefficients (r) between NDVIyay and feed values of IRG.

NDVIgay FY. DY. ADF NDF TDN C.P.
(kg ha™) (kg ha™) (%0) (%0) (%0) (%0)
20 Apr. 0.035 -0.155 -0.260 -0.312 0.260 0.108
11 May 0.655** 0.035 -0.074 -0.093 0.074 0.745%*

F.Y.: Fresh matter yield, D.Y.: Dry matter yield, C.P.: Crude protein.
**Significant at the 0.01 significance levels.
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Table 7. Results of regression analysis between NDVIyay and feed values of IRG.

Regression Fresh matter yield (kg ha'l) Crude protein (%)

model R F p MSE R F P MSE
Linear 0.430 11.304 0.004 22,988,090 0.557 18.832 0.001 3.62
Logarithmic 0.439 11.724 0.004 22,620,898 0.547 18.116 0.001 3.70
Inverse 0.447 12.111 0.003 22,292,341 0.537 17.363 0.001 3.78
Quadratic 0.483 6.529 0.010 20,808,813 0.594 10.227 0.002 3.33
Cubic 0.483 6.542 0.010 20,787,152 0.593 10.207 0.002 3.33
Power 0.471 13.335 0.002 23,756,785 0.672 30.695 0.000 3.45
S 0.479 13.789 0.002 23,303,438 0.664 29.634 0.000 3.50
Exponential 0.461 12.842 0.003 24,242,895 0.678 31.617 0.000 3.41

Table 8. Feed values of IRG estimation models using UAVNpy,.

Regression equation bo b R’ RMSE
Fresh matter yield (kg ha™) y =t bi/a) 13.126 -1.723 0.479 4.827
Crude protein (%) y="byx e 0.060 6.978 0.678 1.847

z
=
=
%
2
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—
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N Fresh Yield (kg ha-1)
- High : 70000
—
| -
Low : 30000

0 5 10 20 Meters

Fresh Yleld (kg ha- 1),

- High : 70000 s‘l

Crude Protein (%)

3 - High : 35
- Low: 0
]_Y_l_Y_y_Y_Y_I_\
2 4 Meters

(a) Fresh matter yield (kg ha™) (b) Crude protein (%)

Low 30000

2 4 Meters

Fig. 3. Spatial distribution of feed values in IRG plots.
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1 A7}, B Z52R2 22} (Quadratic) 2 32} (Cubic) RN 714 =2 AAAS (RP=0.483)2 HG.0H, S B3
(R’=0.479) > 1tY] (Power) =& (R’=0.471) > A5 (Exponential) =& (R’= 0.461) +=© & Lyt MSE= 32}
(Cubic) oA 7F 271 eRdth (MSE = 20,787,152). ZLe{uh ol S Bgo] o #A| Yebd e (p =
0.002), T5Hgof thet = R-0] JoFe] Tt S Byo] o w2 20 & (F=13.789) Uellth 2ehiao] ¢
o= Z]4= (Exponential) E A BAAL (R = 0.678) E -2 (p <0.001, F =31.617)0] 7 =7 LFERtom,
MSE= The R ado Hlof| 2] 0 2 W 55 Bt (MSE =3.41). 0|9t -2 A3E FR16l & W, NDVIyavE
o] 8RHRGO x4 F40l= S =, 2 4 oll= A4 (Exponential) 235 AR-oh= Zlo] BFg R A
o= g, dubH o g Mart Agog dAy = A9 RS ARERIt sHA|t A
o] opd BlARPY Afell= 15 Fote] A 3= 2Rttt 59, HlAE AR ES A=A
AA |2} ol 9 7], T Fat Al 9] A BAIR o)== AT (allometry) A Eooll A T2 o] 8E =1
Qo2 A5 AJAH Y Bt ofuel 2LF, o, S/AE 5 ThdRE A=l -85 o] gith (Ko et al., 2008). 42 ]|
A AEiE Rk vy SR o R et B2 AZ2aeko] 47.9% oF 2T 0] 67.8% Aol 7Fse AL
2 BRI NDVIuavE °89HRG AF=7 ] 187} 7 Fs/d& SRI5H3IT (Table 8). E7, 3] X @2 NDVIyay 974
of| 2-851o] IRGO] x4 R T Fa w5 At 2} IRG A= B 2ol 2l o] g7 arof| tfgh Ajz}

A 3ol 9 AT 17k 7RSO (Fig. 3), A8 AelE ARZ IS Bt F03 AR 4488 4 9L
S
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o
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Conclusions

B Ao A= UAVE 83 SHAY IRGE] A7 HA] 7T 719 7S 916k] UAV FAollA 23 A7
20} AH7}A W7} Qolmbe] PAALE Bk, o] S UAV G4l 2831] IRGO] ALR/1A] 871 g gk
I 2GS B2 0 2 5ot 11 A1 244712 NDVIpaye AlH] B55FE 7|82 5k A8-A] (100 : 0) 7FE W2

e HEHIgloH, S=H] W @ 40 ST} Algof whet ;A UEPedTh T3E IRG AlHI5<EE NDVIpav] Ao
+ I PR ot FEA MR T 2619S 749 2612 NDVIyay’F 2ol 58S B 0gA7

of| -2 NDVIyav= 8719 20| = QIgH &7 9] s HHd x|o] 71 i o 5 wgoll A =2 = LER
At AFE7EA] B2t QQ1ute] TAA] mES flet A dEA] ik, NDVIyave AZ57 (= 0.655) E 2
0.745)1}FH o] T A o= et om, 7t o] tigt AAI 2 Folo<2 1e’t 21} NDVIpavE ©]
SHRGO Az FAoll= S BE (R7=0.479)2, A A ofl= 2|4 (Exponential) =& (R’=0.678)= AL

Shi= Zlo] Bt Z 0 & UpElith ERL 317|235 NDVIyay F/d°l 2-8sto] ARG O] Bz 9 Z e
A BRE = AR Q1 SRR et A1 ZFA )1 W A4 vl wrt 7Fgote] IRGE] A7 tA] B7tel 28
o] 7Fsd kot UA Ve oJ3t 2710] ot F/d 32 5ol sdele &80l 7Fsd 2 0 & whetery.
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