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Abstract

The estimation of organic carbon (OC) mineralization is desirable for both agronomic and environmental reasons. To estimate the rate of
mineralization, the NIR and MIR spectroscopy has been used in past, which link the rate of mineralization with the composition of biobased
fertilizers. The current study evaluate the potential of NIR and MIR spectroscopy in combination with machine learning techniques to estimate
the mineralizable form of OC to CO,. Carbon mineralization from 85 different potential soil organic amendments (composts, manures, plant
residues and biosolids) was quantified under controlled environmental conditions over a 547-day incubation period. Cumulative mineralization
of organic carbon from the amendments was fitted to a two-pool exponential model. A wavelength selection method followed by partial least
squares regression was adapted to estimate the fast-decomposing pool (Cr) and slow decomposing pool (Cs). The Cf and Cs values has been

estimated with coefficient of determination value (R2=0.94) and root mean square error (RMSE=19.17). The obtained result suggests that NIR
and MIR spectroscopy has the potential estimate and quantify the plant available for form of diverse set of biobased fertilizers.

Objectives Sensor Technologies
* To Quantify the mineralization form of OC to CO, using NIR and MIR spectroscopy * Visible Near Infrared (Vis-NIR)
* Application advanced machine learning techniques to improve the estimation  Mid Infrared (MIR)

Material and Method

(&) (D) .
SO0 O MMeasured © ermissiom 1000 006 ’ 175
— bodalled total & amission

— Modellad fast companant C amission
Modalled slow companant & amissi

150 1

004 -
L

|00

002 1 100 A

bodelled otal O emission
— Modellad fast componant C amission
A0 oo ledellad slow compoanant © amission

S00

Absorption
Absorption

0.75 A

0.00 -

PEL LI R
0.50 -

-0.02 -

= 0D00514 Cy = 258
s= 0000780 O = T41
FMSE = 12.24

100y 025 -

-0.04 A

=]

0.00 1

Cumulative CO2-C emission
(mg COz-C g™ amendment C added)

Projected cumulative CO»-C emission
(mg COzC g~" amendment C added)

1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000
600 () - Ad) Wavelengths (nm) Wavelengths (nm)
oo | ERETRTT &S :
’ o lﬁﬂi‘lﬂaﬁﬂn :::l{:lﬂraﬁﬂ'-'df‘;}ayﬂ} 7 o ’ - DET:HGH ?5:;5} o o 1200 1400 1600 1800 2000 2200 2400 2600 2800 30 3200 3400 3600 3800 4000
Fig 1. .Measured and mod.el.le.d curnulatwe CO, -C emission from | Fig 2. NIR spectral data Fig 3. MIR spectral data
organic amendments exhibiting high (a) and low (c) CO, -C emission Aot T W anciesih sdioiion s
a=1 = =
over the duration of the incubation. Projected cumulative WG X s R el e AT ol dass 2ol ptimie
. . . . . . . W(:ya)=w(:,a)/norm(W(:,a)); | 1e number latent variables & - _
mineralisation beyond the incubation duration derived for the same e P e Lt SR ST
. «. . T(:,a)=X*W(:,2a); 3: Arrange B in descending order
hlgh (b) and IOW (d) COZ 'C emlttlng amEHdmentS. 4: Selectk)\i Corresponcling&to first entry of B i.e D;
P(:,a)=X"*T(:,a)/(T(:,a)"*T(:,a)); 5: Fit PLS and find RMSE -> choose this as a reference
6: procedure WAVELENGTH SELECTION(A)
len (t) — Cf(l —_ e_ft) _I_ CS(l — e_St) (1) Q(a,l)=Y"*T(:,a)/(T(:,a) "'*T(:,a)); - " =Fi2t PLS on bi(k) corresponding wavelength where
. T (: . a)*P(:.5)" 8: if RMSE(k) <= RMSE(k — 1) the
When t=0, C,,,;;,(0) = 0, and when t=0c0 equation 1 become: e TRl A 5 Sk weiegh .
—Y-T(:,a)*0(a P 10: k=k+1
len(OO) — Cf(l - O) + CS(l — O): Cf'l' CS (2) e ratand) 11: Repeat step 7
ot (T T\ A LT 12: else
Hence summation of Cr and C; gives total mineralized OC vt E g~ S
_ B=W*Q; s S 200
Where CS - 1 Il Cf Y=XB+E :6: P:‘illlt all the selected wavelengths
Fitted two-pool first order exponential decay model Algorithm for wavelength selection and PLS
~ Results Conclusion
NIR Spectra MIR Spectra The potential of near infrared and mid-infrared spectroscopy for the

estimation of the rate of OC mineralization to CO, from biowaste has

been evaluated in the current study. Based on our obtained results, the

R2 094 042 094 015 092 037 091 0.11 following conclusions are made.

RMSE ~ 19.17 0.018 19.17 0.000142 23.56  0.026 2356  0.00024 1) NIR and MIR Spectroscopy have the potential to predict rate of

- = mineralization.

250 { RMSE: 1917 il 2) NIR and MIR in combination with machine learning can be a useful
tool to predict the mineralizable form of OC.

3) In future more experiment will be performed to quantify the amount
of nitrogen which will be eventually transformed to plant available
form.

The results obtained in this study are beneficial for evaluating both the

agronomical as well environmental effects of bio-based fertilizers.
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