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Materials and Methods

Results

 Selected key spectral bands

 Background

 Precision application of manure requires real-time 

determination of nutrients composition during field 

application of manure.

 Near infrared spectroscopy (NIRS) is a rapid, non-

destructive method of composition analyses. 

Previous studies have shown potential of NIRS for 

manure nutrients determination. However, specific 

band(s) for predicting individual nutrients (nitrogen, 

phosphorus, etc.) have not been identified.

 Research is needed to determine specific NIRS 

band(s) necessary for developing low-cost (farmer 

affordable) nutrient-sensing module for real-time 

variable-rate manure applications.

 Objective

To determine potential spectral band(s) in the NIR 

region for determining specific manure nutrients.

 NIR spectra (700-2500 nm) and wet chemistry 

analysis data (TAN, OP, TN and TK)  was used.

 Spectral data were normalized, binned (25nm), and 

stepwise multiple linear regression was performed to 

extract pertinent spectral band(s).

 The dimensionality of dataset was further reduced 

by principal component analysis.

 Selected key spectral bands were evaluated using 

three models: partial least square regression 

(PLSR), support vector machine regression (SVMR), 

and artificial neural network regression (ANNR) 

models (Matlab® R2016a).

 The best model among PLSR, SVMR and ANNR 

was chosen based on R2 and RMSE value.

 Manure samples characteristics

Conclusions

 This study demonstrates the potential use of NIRS 

technology for rapid detection of dairy manure nutrients.

 Ten potential spectral bands identified for N and P 

determination in dairy manure were 713.0, 740.6, 768.6, 

964.7, 1022.9, 1144.7, 1175.1, 1295.5, 1532.7, and 1849.5 

nm.

 Of the three models, the ANNR model was the most robust 

in predicting all the four dairy manure nutrients tested. The 

ANNR model maintained almost same performance when it 

was tested with a set of selected key bands excluding > 

1200 nm.

 The results from this study evidently shows the potential for 

developing a low-cost NIR-based sensing module for 

variable rate manure applications.
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 Spectral bands selection and model 

development

 Setup  and experimental design 

 Manure samples spectra

TS: Total solids; TAN: Total ammonia nitrogen; OP: Ortho phosphorus; TN: Total nitrogen; 

TP: Total phosphorus

Manure samples TS

(%)

TAN (mg/L) OP (mg/L) TN (mg/L) TP (mg/L)

Fresh manure (FM)1 0.25–13.70 5–274 8–451 27–1483 15–810

Solid separated flushed 

fresh manure (SSFFM)2

0.25–4.20 36–604 13–221 70–1173 22–363

Lagoon manure (LM) 0.25–0.94 115–432 14–54 156–587 23–86

Dataset Spectra Manure sample Sample storage

I 50 FM Polyethylene bag

II 50 FM Plastic bottle

III 100 FM Combined Dataset I & II

IV 50 SSFFM & LM Plastic bottle

FM: Fresh manure; SSFFM: Solid separated flushed fresh manure; LM: Lagoon manure

Average spectra (n=5) of dairy manure samples with 

different total solids (TS) percentage (a) Dataset I, (b) 

Dataset II.

Set of spectral bands Wavelength (nm) Description

SMLR

SB-3 713.0, 740.6, 768.6, 936.9, 964.7, 1022.9,1144.7, 1175.1, 

1295.5, 1414.8, 1532.7, 1849.5, 1935.7, 2106.7, 2480.4

Combining SB-1 and SB-2 (SB1 selected from Dataset I and 

SB2 from Dataset II)

PCA using SB-3

SB-4 713.0, 740.6, 768.6, 964.7, 1022.9,1144.7, 1175.1, 1295.5, 

1532.7, 1849.5

Including 5 highly ranked features for PC1, PC2, PC3 and PC4

based on loadings value (>0.20)

SB-5 713, 740.6, 768.6, 964.7, 1022.9, 1144.7, 1175.1 Excluding features with wavelength greater than 1200 nm from SB-4

Measured (Target) and predicted (Output) manure nutrients 

concentration (mg/L) for spectral bands (SB-4) Dataset III using 

artificial neural network regression (ANNR) (a) TAN, (b) OP, (c) TN, 

and (d) TP. R represents correlation coefficient.

 Selected spectral bands evaluation using different models

• ANNR model showed high R2 and low RMSE value than other two models 

for all the tested manure nutrients (TAN, OP, TN and TK). 

Nutrients

ANNR SVMR PLSR

R2 RMSE, mg/L R2 RMSE, mg/L R2 RMSE, mg/L

TAN 0.987-0.997 4.6-17.8 0.935-0.953 17.6-45.3 0.915-0.957 21.0-38.6

OP 0.995-0.999 2.4-9.1 0.852-0.953 12.8-32.9 0.729-0.976 13.9-33.3

TN 0.954-0.995 29.9-49.0 0.937-0.957 54.8-109.7 0.831-0.978 63.6-124.0

TP 0.992-0.998 5.8-13.4 0.936-0.972 17.9-52.3 0.936-0.972 18.6-55.9

1. Near infrared spectroscope

2. Optical fiber probe

3. Manure sample for spectra 

acquisition

4. Manure sample in plastic bottle

5. Manure sample in polyethylene bag


