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Why to assess leys...

* Importance of clover in grazing systems
* Forage quality and quantity

* Nitrogen management

* Forage botanical composition

* Multivariate analysis - spectral techniques



Methodology

* 6 locations
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Methodology

e Spectra collected via Hand-held
YaraNSensor equipment

* (vis-NIR 400-1000 nm) — average
of 4 measurements (2017 — 2019)
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Multivariate analy
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sis to estimate clover content (indirect)

Results




Exploring the data

* Clover content distribution
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Variation in botanical composition
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Variation in botanical composition

Nitrogen rates (kg ha™')
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Match the spectra with
reference method

Difference spectra measurements /
lab analysis ~ 3 days
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Match the spectra with
reference method

Difference spectra measurements /
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Spectra check

Spectra characteristics of clover content

—— Max (92.8%)
—— Min (0.0%)
—— Mean (12.7%)

lab analysis ~ 3 days

Spectra issues 2017 - Place 3
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Match the spectra with
reference method

¥

Spectra check
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Match the spectra with
reference method
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Spectra check

Pretreatment \
I
I

Lowest RMSECV
Highest R?
Bias

[

!

; 27 pretreatment PLSR (LOOCV)
|

|

Select the best
pretreament

e 27 combinations (SNV, 1st derivative, 2nd derivative, MSC, mean
center)

* PLS regression (standard multivariate method)



Pretreatment R2 RhASECY Bias
sqri_SMNV_rmean_center 044 12.m =131
ShY_rmean_center 055 10.30 [
=qrt_zecondderivative_firstderivative 0BG 9.26 -1.14
sgrt_firstderivative_secondderivative 0BG 926 -114
ShY_secondderivative_firstderivative [.EE .82 0.0z2
ShiY_firstderivative_secondderivative QEE 882 0.0z
=qrt_SMY_Ffirstderivative_secondderivative 0BG 9.00 -1
sgrt_SMY_secondderivative_firstderivative 0BG .00 -1
=qrt_hiearn_center_secondderivative 0E7 3.09 -108
sqri_secondderivative 0E7 3.09 -1.08
=qrt_zecondderivative_rnean_center &7 9.09 -1.08
=qrt_rnean_center QEa .85 -1.06
=zqrt_no_treatment 0.68 885 -1.06
secondderivative_MSC 0E3 845 om
sqrt_secondderivative_SC nvo 847 -7
secondderivative ShiV IR 8.3 nm
firstderivative_secondderivative 0o 827 0.03
secondderivative_firstderivative 070 827 0.03
sqri_secondderivative_ShV 0.7 837 -120
=qrt_firstderivative_MSC 0.A 836 -1.19
firstderivative PMSC 0.A 818 nm
sgrt_tdean_center_firstderivative 0.7 a.ha0 -103
aqri_firstdenvative_mear_center 0.7 880 -103
sqrt_hirstdenvative 0.71 8.50 -1.03
zecondderivative_firstderivative S 0.A 816 nm
firstderivative_secondderivative S 0.A 816 nm
sort_firstderivative_ShY 0.7 824 -118
firstderivative_ShV nvz 2.09 om
no_treatment 072 8.03 0.04
rean_center nvz .09 0.04
Mean_center_secondderivative nvz 8.03 0.03
secondderivative_mean_center 072 a.08 0.03
secondderivative 072 .08 n0.03
FSC_secondderivative nvz .00 nm
ShiY_secondderivative nvz .00 nm
sgrt_firstderivative_secondderivative_ShY 072 812 -114
=qrt_secondderivative_firstderivative_Shiv 0vz 812 -114
FASC_mearn_center nvz 7.93 om
rASC 072 7.98 om
Shiv 072 796 om
rean_center_ShiY 072 796 om
asqri_SNV_secondderivative nv3 8.0v -113
sqrt_MSC_secondderivative 073 8.08 -113
FASC_Firstderivative 073 7.ea nm
sqrt_tASC 073 7a7 -112
sqrt_MSC_rnean_center 073 7a7 -112
aqr_kearn_center_SHY nv3 7.99 -112
=art_ Sk 073 799 -112
SNY_Ffirstderivative 0.73 7.82 0.0
kean_center_firstderivative 074 776 0.03
firstderivative_mean_center 074 T.7E 0.03
firstdenivative 074 7.76 0.03
sqrt_MSC_firstderivative 074 7.a7 -112
sqrt SHNY _ Firstderivative 0.75 7.70 -1.09
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Pretreatment R2 RhASECY Bias
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Match the spectra with
reference method
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Spectra check

Pretreatment
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Highest R?
Bias

Select the best
pretreament

PLSR
Partial least squares
regression

LOOCV Prediction (1/3)
100 Loops




Match the spectra with
reference method

\ 4

Spectra check

Pretreatment

[
!
; 27 pretreatment PLSR (LOOCV)
|
|

Lowest RMSECV
Highest R?
Bias

Select the best
pretreament

PLSR MBL
Partial least squares Memory based
regression learning

All samples | Calibration (2/3) Calibration (2/3)
LOOCV Prediction (1/3) Prediction (1/3)
100 Loops 100 Loops




Match the spectra with
reference method

\ 4

Spectra check

Pretreatment
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; 27 pretreatment PLSR (LOOCV)
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Lowest RMSECV
Highest R?
Bias

Select the best
pretreament

PLSR MBL SVM
Partial least squares Memory based Support vector
regression learning machine

Calibration (2/3)
Prediction (1/3)
100 Loops

All samples | Calibration (2/3) Calibration (2/3)
LOOCV Prediction (1/3) Prediction (1/3)
100 Loops 100 Loops

All samples
LOOCV




Match the spectra with
reference method

\ 4

Spectra check

Pretreatment
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Lowest RMSECV
Highest R?
Bias

Select the best
pretreament

PLSR MBL SVM
Partial least squares Memory based Support vector
regression learning machine

Calibration (2/3)
Prediction (1/3)
100 Loops

All samples | Calibration (2/3) Calibration (2/3)
LOOCV Prediction (1/3) Prediction (1/3)
100 Loops 100 Loops

All samples
LOOCV




Performance of multivariate models assessed

Method samples pretreatment CV RMSECV Rsq RMSEP Rsq_pred
PLS all no_pretreatment LOO 8.10 0.71
no_pretreatment_sqgrt LOO 8.90 0.68
1st derivative LOO 7.76 0.74
1st derivative_sqrt LOO 8.50 0.71
SNV _1st derivative LOO 7.81 0.73
SNV _1st derivative_sqrt  LOO 7.70 0.75
PLS cal_val random no_pretreatment LOO 8.30 0.70 8.33 0.70
no_pretreatment_sqgrt LOO 9.11 0.67 9.31 0.66
1st derivative LOO 7.93 0.72 8.00 0.73
1st derivative_sqrt LOO 8.76 0.70 8.70 0.70
SNV _1st derivative LOO 8.00 0.72 8.10 0.72
SNV _1st derivative_sqrt  LOO 7.95 0.73 7.97 0.73
MBL cal_val random no_pretreatment LNNO 7.44 0.73 7.46 0.75
1st derivative LNNO 7.43 0.73 7.22 0.77
SNV _1st derivative LNMNO 7.45 0.73 7.08 0.78
SVM all no_pretreatment LOO 9.66 0.62
no_pretreatment_sqgrt LOO 9.10 0.65
1st derivative LOO 7.83 0.74
1st derivative_sqrt LOO 8.30 0.71
SNV _1st derivative LOO 8.18 0.71
SNV _1st derivative_sqrt  LOO 7.68 0.75
SVM cal_val random no_pretreatment LOO 10.07 0.59 9.78 0.6e0
no_pretreatment_sqgrt LOO 0.38 0.63 9.32 0.64
1st derivative LOO 8.17 0.71 7.97 0.72
1st derivative_sgrt LOO 8.50 0.70 8.38 0.71
SNV _1st derivative LOO 8.26 0.70 8.32 0.71

SNV _1st derivative_sqrt  LOO 7.90 0.73 7.93 0.73




Performance of multivariate models assessed
Method samples pretreatment CV RMSECV Rsq RMSEP Rsq_pred
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i, SNV_lstderivative sqrit 10O 7.70 075 :
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Performance of multivariate models assessed

Method samples pretreatment CV RMSECV Rsq RMSEP Rsq_pred
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Performance of multivariate models assessed

Method samples pretreatment CV RMSECV Rsq RMSEP Rsq_pred
PLS all no_pretreatment LOO 8.10 0.71
no_pretreatment_sqgrt LOO 8.90 0.68
1st derivative LOO 7.76 0.74
1st derivative_sqrt LOO 8.50 0.71
SNV _1st derivative LOO 7.81 0.73
SNV _1st derivative_sqrt  LOO 7.70 0.75
PLS cal_val random no_pretreatment LOO 8.30 0.70 8.33 0.70
no_pretreatment_sqgrt LOO 9.11 0.67 9.31 0.66
1st derivative LOO 7.93 0.72 8.00 0.73
1st derivative_sqrt LOO 8.76 0.70 8.70 0.70
SNV _1st derivative LOO 8.00 0.72 8.10 0.72
SNV _1st derivative_sqrt  LOO 7.95 0.73 7.97 0.73
MBL cal_val random no_pretreatment LNNO 7.44 0.73 7.46 0.75
1st derivative LNNO 7.43 0.73 7.22 0.77
SNV _1st derivative LNMNO 7.45 0.73 7.08 0.78
@ all no_pretreatment LOO ‘EIEE' 0.62
no_pretreatment_sqgrt LOO 9.10 0.65
1st derivative LOO i 7.83: 0.74
1st derivative_sqrt 0O : 830 0.71
SNV_1st derivative LOO 8.18 0.71
SNV _1st derivative_sqrt  LOO 7.68 : 0.75
SVM cal_val random no_pretreatment LOO 1[].[]?? 0.59 9.78 0.6e0
no_pretreatment_sqgrt LOO : 9.38 0.63 9.32 0.64
1st derivative LOO 817 : 0.71 7.97 0.72
1st derivative_sgrt LOO : 8.50 0.70 8.38 0.71
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Est - Obs (% clover content)

PLSR (SNV and Ist derivative)
LOOCYV (574 samples)

Observed (% clover content)
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Conclusions and remarks

* The YaraNSensor combined with multivariate analysis can be used
with reasonable confidence to predict clover content

* Decrease the time consumption for botanical composition estimation
* Field measurements are “tricky’ due to variation in the equipment

* Further investigation would be useful in order to improve the
variability, having other datasets in different locations, for better
prediction



