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Abstract: To improve the estimation accuracy of ryegrass ( Lolium Multiflorum TLamk.) yield, a ryegrass monocul-
ture test and a mixed sowing test with hairy vetch under different nitrogen fertilizer types and application rates were conduc-
ted in this study. By obtaining hyperspectral data at jointing stage and grass yield at heading stage, the yield of ryegrass un-
der monoculture and mixed sowing modes was estimated by traditional spectral indices, a band-optimized normalized differ-

ence vegetation index and spectral data based on continuous wavelet analysis (CWA). The results showed that the model

constructed based on CWA spectral data could effectively
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TEEEA 0K 55(1995-) 51 NSE R0 A, i1, BYFRATSE 5L, malized difference vegetation index, which were prone to

overcome the limitations of models constructed based on

traditional vegetation indices and the band-optimized nor-

BN A OGS R ORI R R Y saturation under high biomass conditions, and improve the
(E-mail) 17851602710@ 163.com,, estimation accuracy of ryegrass yield. The determination

BIRIEE A E , (E-mail) yangzhiq88@ 126.com coefficient (R*) of the grass yield estimation model based
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on the wavelet coefficient WF g . was as high as 0.84. For the validation set, the bias value (Bias) , root mean square er-

ror (RMSE) , relative root mean square error (RRMSE) and mean absolute percentage error ( MAPE) between the esti-

mated and measured ryegrass yields were 1 958.54 kg/hm*, 3 269.29 kg/hm”,

18.45% and 17.71%, respectively. Al-

though there was a certain systematic underestimation of the grass yield under the mixed sowing mode, the estimated value

was still significantly correlated with the measured value. It showed that the model also had good predictive capability for

mixed pasture yield. The results of this study provide technical support for regional productivity assessment and cultivation

practice optimization of ryegrass, and also provide a basis for remote sensing estimation of yield and quality of other gramin-

eous forages.
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Table 1 Experimental design of nitrogen fertilizer treatments

e B RUEZE T R &
(kg/bm®) g (o) AW (1/hm?)
ANJit XS B (CK) 0 0 0
NI 157.5 342.3 0
N2 157.5 171.2 562 499
N3 157.5 0 1 124 998
N4 236.2 0 1 687 497
NS 315.0 0 2 249 996
N6 395.8 0 2 812 495
N7 4725 0 3 374 994
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RS, BAAEHE 3 RE A I 24 /MK,
BEHLHES , BEAS/NXTE ALK 20 m® (4 mx5 m) .
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Table 2 Definitions and calculation methods of traditional vegetation indices and spectral parameters

JeiE SRR AL oS e A o SCHRSR TR
H— 2 EAE R Normalized Difference Vegetation Index( NDVI) (Ryig ~Rpea ) (Ryig HRied) [19]
LB AL Ratio Vegetation Index(RVI) R/ Ry

ZAEA R Difference Vegetation Index(DVI) Ryg —Riea [20]
BT TR R Enhanced Vegetation Index( EVI) 2.50%(Ryig =Rpeq )/ ( Ry #6.00Rpq =7.56R . +1) [21]
AR RS Chlorophyll ndex Red-Edge( €1, oy, ) (Rt R e ) 1 [22]
[ R = FEARVIE 7 Normalized Difference Red Edge Index( NDRE) (Rt Roca cage ) (Ryin R cage ) [23]
LT EEAEIEE.  Green Normalized Difference Vegetation Index( GNDVI) (Rir “Rereen )/ (Ryig Rreen ) [24]
AT R A Soil-Adjusted Vegetation Index(SAVI) [ Ry =Rped )/ (Rygp R +0.5) 1%(1.0+0.5) [25]
I E2AARTHEEL Renormalized Difference Vegetation Index( RDVI) /NDVIXDVI [26]
680 nm YR Rego [13]

Ryig Rpea Riiye Riea edge \R(;nmnﬁ%l]j‘:’ 800 nm 680 nm 440 nm 720 nm 550 nm L")[ﬁljatfiﬁf%o
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Fig.1 Canopy reflectance spectra of ryegrass in monoculture at jointing stage under different nitrogen treatments
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Table 3 Linear regression models and their determination coefficients between traditional vegetation indices and ryegrass yield under mono-

culture
BT EL MYE[EiTFAS:N PE RH(R) ERi T [MEEE SiIFAS:N e (R
NDVI (630,800 Y=64 870.0x-40 440.0 0.56 NDRE (700 500 Y=45 824.0x-17 379.0 0.56
RVI (550.692) Y=-37 060.0x+51 390.0 0.57 GNDVI 550,500 Y=60 418.0x-28 826.0 0.59
DVI (630,500 Y=42 187.0x-4 460.1 0.64 SAVI 630 850 Y=44 056.0x-14 060.0 0.65
EVI (440, 680.800) Y=29 891.0x-7 814.1 0.63 RDVI xpyi,pviy Y=46 725.0x-14 261.0 0.65
ClLed cdge Y=8 015.1x+2 828.9 0.51 Rggo Y=-418 292.0x+29 209.0 0.43
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Fig.2 Regression relationships between ryegrass yield and NDVI g s00) and RVI sy ¢95) under monoculture
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Fig.3 Coefficients of determination for linear correlations between the normalized difference vegetation index ( NDVI) derived from differ-

ent band combinations and ryegrass yield under monoculture (a), and the regression relationship between NDVI ¢, and

ryegrass yield (b)
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Fig.4 Distribution of wavelet features related to ryegrass yield
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Fig.6 Estimation results of ryegrass yield under monoculture based on wavelet coefficients
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