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Quantified analysis and model structure of nitrogen and phosphorus in the slurry of large—scale dairy farms

based on near—infrared transmission—diffuse reflectance spectroscopy

ZHAO Run', MOU Mei-rui’, WANG Peng’, SUN Di', LIU Hai-xue’, ZHANG Ke—qiang'", YANG Ren—jie*

(1.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2.Laboratory of Agricultural
Analysis, Tianjin Agricultural University, Tianjin 300384, China; 3.College of Engineering and Technology, Tianjin Agricultural Universi-
ty, Tianjin 300384, China)

Abstract: In order to establish an on—spot rapid testing method for determining the nitrogen and phosphorus contents in the slurry pro-
duced from large—scale dairy farms, for accurate prediction meanwhile replacing the regular monitoring procedure, we selected 23 typical
large—scale dairy farms in the combination of growing and breeding for experimental analysis. Samples were collected throughout the entire

course of slurry treatment, at both the vertical and horizontal levels, and then subjected to chemical and statistical analyses, i.e. near—infra-
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red diffuse reflection spectrum (NIDRS), principal component analysis (PCA), and partial least squares (PLS) analysis. Under the condi-

tions of multiple dynamic composite impacting factors, we established a rapid testing qualified analysis model for the global and entire pro-
cess of slurry treatment. The results indicated that the organic components of slurry not only varied among the different stages of treatment
on individual dairy farms, but also differed among the different farms, which were given by the PCA. Furthermore, we found that factors as-
sociated with the different stages of the slurry treatment procedure, which influenced the models, were reflected by the PCA. The linear fit-
ting correlation coefficient (R) for the relationship between predicted and actual content of total nitrogen (TN) and total phosphorus (TP),
during the establishment of the quantified analysis model and through the entire course and links, were 0.96 and 0.91, respectively. The
root mean square errors of the predictions were 187.80 and 3.59, respectively. The R values for the relationship between the predicted and
actual contents of TN and TP, during the establishment of the quantified analysis model and through the entire course and links, were 0.96
and 0.91, respectively, whereas the root mean square errors of the prediction were 238.59 and 6.56, respectively. In this study, we therefore
demonstrated the feasibility of performing a quantitative analysis of the TN and TP content in slurry samples collected at the vertical and
horizontal levels of the entire slurry treatment process based on NIDRS and PLS. Better prediction result was provided by the entire process
model compared to the global model. Accordingly, TN and TP concentration over the entire course of the slurry treatment process on large—
scale dairy farms can be rapidly and efficiently traced and monitored in real time via the NIDRS technology.

Keywords: large—scale dairy farm; slurry; near—infrared diffuse reflection spectrum (NIDRS); principal component analysis (PCA ); partial

least squares(PLS); total nitrogen(TN); total phosphorus(TP); quantified analysis model
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Figure 1 Flow chart of slurry treatment route within sampling distribution in one dairy farm of Binhai District
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Figure 2 Flow chart of slurry treatment route within sampling distribution in 23 large—scale dairy farms
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large—scale dairy farms
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Table 2 Classification information of samples in calibration set

and prediction set
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Figure 4 Near infrared diffuse reflection spectrum of

slurry samples in dairy farms
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Table 3 PLS regression results of different pretreatment

ANTR] A HE i TN P
Different pretreatment methods TH Factor R RMSEC RMSEP K 74X Factor R RMSEC RMSEP

EN G 5 0.88 414.38 447.62 4 0.78 9.47 9.99
H—1k 5 0.90 373.18 405.70 5 0.81 8.98 10.04
ZICHETREIE (MSC) 4 0.87 438.59 470.73 6 0.79 9.36 10.12
FELLALIE 6 0.89 397.74 439.61 6 0.81 8.84 9.62
AR AREIL(SNY) 5 0.88 418.84 457.56 6 0.79 9.25 10.16
SG P +I1—1k 5 0.90 373.19 414.93 5 0.81 8.98 10.04
SG V- + A IE 5 0.88 414.53 449.49 6 0.82 9.73 9.38
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principal components
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Figure 7 Scores plot for 138 samples on first two

principal components
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