DC-FP2: Improved Varieties and Hybrids

DC-FP2-1: Sorghum-WCA

FP2-1-14: Refine calibrations of NIRS of sorghum for stover and rgran tarits, and conduct scannng at large scale of breeding materials from IER and ICRISAT for stover and grain quality traits (BCNAM - Lata, BCNAM-Grinkan, BCNAM - Kenikeni populations, Dual purpose breeding populatins)
Grain and fodder qualities are key traits for sorghum breeding in West-Africa (WA). Phenotyping of these qualities are challenging and requires high throughput technologies to tackle the number of progenies that are handled in breeding programs. Near infrared reflectance spectroscopy (NIRS) has been extensively used as an indirect, fast, and non-destructive method to access many traits simultaneosly on stover and grain of sorghum, pearl millet and other crops. The NIRS technique is being applied on sorghum populations grains and stem for the BCNAM project and millet stovers from ICRISAT, Niamey. The main objective of this project was to provide operational support to the transfer and adaptation of NIRS calibrations for grain and stover quality at IER.
Activity 1. Acquisition of NIRS spectra from compatible NIRS analyzers in Mali and CIRAD for grains and stover sample analyzed as part of BCNAM project.
Different NIRS analysers used for spectral measurements includes MPA (Bruker Optics) located at IER, FOSS (NIRS systems) at ILRI and both FOSS and TANGO (Bruker Optics) at CIRAD. Two replicated spectra have been recorded for stem and stover samples while three replications were made for whole grain samples. Each spectrum was set to be an average of 64 replicated spectra. The OPUS software associated with the MPA was used for spectra acquisition. The spectral acquisition protocol in TANGO is similar to that of MPA. 
Among the 1029 sorghum stem samples, a total of 62 spectrally diverse samples representative of BCNAM (N=46) and hybrid trials (N=16) were selected based on principal component analysis of their MPA spectra. The selected samples were then scanned in both FOSS and TANGO at CIRAD. The TANGO spectra for the CIRAD-shared samples were available while those from Burkina Faso have been scanned only in MPA. There is a difference in the absorbance values, the spectral pattern appears similar across different NIRS analysers. As expected, the average spectrum from the same analyser type (FOSS) at different locations (CIRAD and ILRI) has similar absorbance values as noted for the case of pearl millet samples.  Three characteristic absorption peaks can be seen around 1470, 1930 and 2100 nm for both sorghum and pearl millet stem spectrum. 
Activity 2. To Perform wet-lab analyses of targeted stover quality parameter on WCA sorghum (and pearl millet?) samples for use in establishing prediction methods on the Bruker MPA.

Sixty two spectrally diverse sorghum stem samples from BCNAM and hybrid trials were subjected to reference analysis for dry matter (DM), mineral matter (MM), crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), acid detergent lignin (ADL), sugars, in-vitro digestibility of DM (IVD-DM) and in-vitro digestibility of organic matter (IVD-OM) at CIRAD). In addition, CIRAD has shared 27 sorghum stem samples for MPA calibration with reference values available for DM, ash content, CP, crude fiber (CF), NDF, ADF, ADL, IVD-DM and IVD-OM. These samples were from Mali and analyzed at CIRAD during their past collaboration with IER and ICRISAT. These two datasets together constitute the ‘Mali database’ for MPA calibration. The descriptive statistics of sorghum stem quality traits in Mali database are given in Table 1. It may be noted that most of the stem quality traits have reasonably high variability and range essential for establishing NIRS calibration. These analyses were decided during the meeting held at IER on 5-6 November, 2014, with the collaborators of the project from IER, ICRISAT and CIRAD. 

Table 1. Descriptive statistics of sorghum stem quality traits in Mali database

	Trait

(% DM)
	Dataset 1 (N=62)
	
	Dataset 2 (N=27)

	
	min
	max
	mean
	c.v.
	
	min
	max
	mean
	c.v.

	DM¶ 
	92.25
	97.17
	94.20
	1.19
	
	89.72
	95.84
	92.89
	1.53

	MM 
	2.23
	57.44
	14.01
	103.00
	
	-
	-
	-
	-

	Ash 
	-
	-
	-
	-
	
	1.43
	17.18
	6.08
	58.48

	CP 
	0.72
	4.11
	2.23
	34.94
	
	1.06
	12.21
	3.71
	65.81

	CF 
	-
	-
	-
	-
	
	20.62
	48.73
	37.79
	19.10

	NDF 
	37.42
	87.50
	67.20
	15.02
	
	42.01
	83.31
	69.82
	15.08

	ADF 
	17.70
	58.15
	39.98
	19.89
	
	21.42
	52.26
	41.08
	19.29

	ADL 
	1.87
	10.64
	6.32
	30.61
	
	2.60
	9.72
	5.83
	31.95

	Sugars† 
	0.10
	23.35
	5.43
	96.44
	
	-
	-
	-
	-

	IVD-DM 
	15.29
	55.07
	31.89
	27.87
	
	15.19
	66.39
	37.34
	34.89

	IVD-OM§ 
	17.07
	54.36
	33.17
	25.02
	
	17.71
	64.72
	35.48
	36.74

	N: number of samples, c.v.: coefficient of variation in percentage 

¶ DM is expressed as percentage of raw material

† Sugars values were available for 57 samples

§ IVD-OM is expressed as percentage of organic matter




Calibrations of MPA for sorghum stem quality traits

The traits namely, ash content and CF were not considered for calibration due to their small sample size. Three samples in the Dataset  appeared to have very high MM content (> 50%), which may be due to soil contamination while sample preparation or handling. These samples were subsequently excluded from calibration database. The average spectrum of all the samples was pre-processed using detrend followed by first derivative transformation. The accuracy of the model was evaluated in terms of coefficient of determination (R2), root mean squared error (RMSE) and residual prediction deviation (RPD). Figure 1 represents the observed versus predicted plots of sorghum stem quality traits together with the regression statistics of leave-one-out cross-validation.
[image: image1.emf]DM 89 91 93 95 97 89 91 93 95 97 MM 

0 10 20 30 40 50 60 0 10 20 30 40 50 60 CP 

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 NDF 

40 50 60 70 80 90

Predicted value 40

50

60

70 80 90 ADF 

20 30 40 50 60

20

30

40 50 60 ADL 2 4 6 8 10 12

2

4

6

8 10 12 Sugars



0 5 10 15 20 25 30

0

5

10

15

20

25

30

IVD-DM



Observed value

10 20 30 40 50 60 70

10

20

30

40

50

60

70

IVD-OM

10 20 30 40 50 60 70

10

20

30

40

50

60

70

N=86; LV=2 R2=0.62 RMSE=0.75 RPD=1.62 N=59; LV=2 R2=0.85 RMSE=4.32 RPD=2.58 N=86; LV=6 R2=0.86 RMSE=0.60 RPD=2.75 N=86; LV=6

R

2

=0.88

RMSE=3.20

RPD=2.85

N=86; LV=8

R

2

=0.92

RMSE=2.05

RPD=3.46

N=86; LV=6

R

2

=0.85

RMSE=0.70

RPD=2.60

N=57; LV=6

R

2

=0.97

RMSE=0.94

RPD=5.63

N=86; LV=6

R

2

=0.93

RMSE=2.77

RPD=3.75

N=86; LV=6

R

2

=0.93

RMSE=2.70

RPD=3.72


Fig. 1. Observed (reference values from CIRAD) versus predicted (using MPA) plots of sorghum stem quality traits. N: number of samples, LV: number of latent variables, R2: coefficient of determination, RMSE: root mean squared error, RPD: residual prediction deviation
Among the different sorghum stem quality traits examined, the sugars was found to be the most accurately predicted trait followed by in-vitro digestibility and fibre fractions as indicated by the regression statistics. Both CP and MM were reasonably well-predicted while DM appeared to have moderate accuracy in cross-validation. The overall result affirms the use of MPA for routine screening of stem quality traits of sorghum in WCA which ultimately helps to improve the efficiency of breeding programs.  
Activity 3. To develop spectra algorithms to transfer equations from FOSS to Bruker and vice versa based on wet-lab analyses and spectral analyses on both types of analyzers.

The objective was to transfer slave spectra to be compatible with the master calibration. Two cases were examined, 1) MPA as master and FOSS as slave instrument and 2) FOSS as master and MPA as slave. In either cases, both the instrument spectra were subjected to both detrend and first derivative transformation in sequence. A direct transfer of spectra was not possible between MPA and FOSS as they have difference in wavelength range, spectra representation (wavelength versus wavenumber) and number of data points. To facilitate spectra transfer, initially, the slave spectra was subjected to piecewise cubic Hermite interpolation (Alamar et al., 2007). Then, the data points or wavelengths correspond to the master spectra in 1100 - 2498 nm (9090.9 ​– 4003.2 cm-1) wavelength range were selected. This resulted in same number of data points for both the slave and master spectra. 
Standardization samples necessary to derive a transfer function in PDS were identified by implementing Kennard-Stone algorithm on both master and slave spectra. This approach enabled the inclusion of spectrally diverse (both sample variability and instrumental response) samples for instrument standardisation. To generate the spectra transfer function, a local PLSR model was built between each wavelength of the master spectra (response variable) and a corresponding window of wavelengths of the slave spectra (predictor variables). The window size of 10 data points was chosen and the number of latent variables used in each PLSR model was based on the leave-one-out cross-validation approach. Then, the generated spectra transfer function was used to transform all the slave spectra into the master instrument domain. Later, the transferred spectra were used to predict the targeted sorghum stem quality traits using the master calibration model (regression coefficients). 
Figure 2 compares the average of master and slave spectra before and after PDS for Case 1, shown as an example. The discrepancies in the master and slave spectrum (before PDS) across the entire spectral range have been diminished with the implementation of PDS approach. This resulted in a perfect visual match between the master and transferred slave spectrum (after PDS). The result remained the same for Case 2 as well. The sample wise root mean squared difference between master and transferred slave spectrum for both the cases are as shown in Figure 3. 
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Figure 2. Comparison of the average of slave and master spectra before and after PDS 
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 Figure 3. Root mean squared difference between master and transferred slave spectra
In addition to visual resemblance, a spectra transfer approach can be regarded as successful, if the transferred slave spectra resemble master spectra with regard to its regression performance. Table 2 lists the regression statistics of master calibration and the prediction of sorghum stem quality traits from transferred slave spectra using master calibration model.  In both cases 1 & 2, the transferred slave spectra yielded almost similar accuracy to that of master spectra for all the sorghum stem quality traits except CP. The low performance noted for CP in case of transferred slave spectra may be either linked to the over-fitting (more number of latent variables) of master calibration model or the inadequate number of standardization samples to describe the spectral variability of absorption features related to the trait. It may be noted that both the MPA and FOSS measurements involved in this study have been conducted in different environments and at a different time. However, the PDS approach implemented was found to be successful in diminishing the spectral variance across MPA and FOSS measurements. 
Table 2. Regression statistics of the prediction of sorghum stem quality traits from transferred slave spectra using master calibration model
	Trait
	Case 1 (n=12)
	Case 2 (n=11)

	
	Master-MPA
	Slave-FOSS
	Master-FOSS
	Slave-MPA

	
	LV
	R2
	RMSE
	RPD
	R2
	RMSE
	RPD
	LV
	R2
	RMSE
	RPD
	R2
	RMSE
	RPD

	DM 
	4
	0.84
	0.36
	2.54
	0.84
	0.36
	2.54
	3
	0.84
	0.36
	2.56
	0.82
	0.39
	2.38

	MM 
	2
	0.85
	4.32
	2.58
	0.88
	3.75
	2.97
	2
	0.90
	3.53
	3.16
	0.84
	4.46
	2.50

	CP
	10
	0.96
	0.15
	5.20
	0.80
	0.34
	2.25
	14
	0.98
	0.10
	7.66
	0.62
	0.47
	1.63

	NDF 
	5
	0.87
	3.06
	2.76
	0.85
	3.21
	2.63
	7
	0.90
	2.67
	3.16
	0.85
	3.23
	2.61

	ADF 
	6
	0.92
	1.89
	3.57
	0.90
	2.12
	3.19
	7
	0.92
	1.88
	3.60
	0.87
	2.45
	2.75

	ADL 
	7
	0.92
	0.49
	3.57
	0.88
	0.60
	2.94
	8
	0.92
	0.50
	3.53
	0.85
	0.67
	2.64

	Sugars 
	6
	0.97
	0.94
	5.63
	0.96
	1.07
	4.94
	6
	0.97
	0.94
	5.63
	0.95
	1.14
	4.63

	IVD-DM
	3
	0.90
	2.77
	3.13
	0.89
	2.79
	3.10
	3
	0.89
	2.79
	3.11
	0.87
	3.10
	2.80

	IVD-OM
	7
	0.95
	1.83
	4.58
	0.93
	2.13
	3.93
	7
	0.94
	1.97
	4.25
	0.91
	2.56
	3.28

	n: number of standardization samples

R2: coefficient of determination

RMSE: root mean squared error

RPD: residual prediction deviation


We also evaluated the utility of PDS approach for spectra transfer between MPA and TANGO instruments and the approach was found successful yielding similar results (not shown) to that of MPA-FOSS spectra transfer. Hence, the overall result of the study advocates the use of PDS as a reliable approach for spectra transfer between MPA, FOSS and TANGO instruments. 

Activity 4. To hold workshop and training on calibration transfer methodologies

A seminar on NIRS was given on March 01, 2016. The main focus was to give an overview of various NIRS aspects to the staff at IER, Sotuba. Specific applications of NIRS in animal nutrition and soil analysis were presented. The opening ceremony was led by the Directeur du Centre Regional de Recherche Agronomiqe (CRRA) de Sotuba. Sarathjith, M C (post-doc) and Hamidou Nantoumé animated the seminar. The participants (60) included scientists and support staff from Biotechnology Laboratory (13); Sorghum Program (7); Poultry Program (6); Soil, Water and Plant Laboratory (15); Fruits and Vegetables Program (3); Animal Nutrition Laboratory (7); Bovine Program (3) and Maize Program (6). The participants were curious in asking questions about the application of NIRS in their field of interest. The participants expressed their satisfaction with the animators' response for their queries. The principal investigator closed the ceremony with his vote of thanks. 
Training was given to one technician (permanent staff) at IER for spectral measurements in MPA and the associated data handling. Two permanent technicians at IER and one temporary technician were given training on the basic statistics essential for NIRS data analysis. 

Conclusion
· First set of NIRS calibrations for stem quality traits of sorghum in WCA was developed
· Spectral library generated for different crops and materials can be used for establishing NIRS calibrations in the future.
· Piecewise direct standardization-PDS approach was found to be successful for spectra transfer across MPA, FOSS and TANGO instruments
· Permanent staff of IER was trained for spectral measurements in MPA.
Perspectives

· Update NIRS calibrations for both sorghum and pearl millet stem quality traits with both genetic and spectrally diverse samples.
· Perform reference analyses for sorghum grain samples scanned in MPA and establish NIRS calibration for the traits of interest.

· Direct use of NIRS information based on specific trait in breeding program for food and feed 

· Intensive training for a limited number of staffs at ICRISAT and IER for NIRS measurements and calibration approaches. 
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