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Tab.1 Water and ash contents of cassava Germplasm Resources
9T sl K53 1% K53 1% EERs) sl K5 1% IKG31%
No. Name Ash/% Water/% No. Name Ash/% Water/%
1 F2000 2.78 £ 0.04 424 +0.25 28 SC201 1.98 +0.06 2.95+0.33
2 RE4RE 1.94 + 0.04 4.19 +0.37 29 F202 2.14 +0.05 3.60 +0.16
3 Q10 1.89 +0.00 4.86 +0.31 30 FO3P 2.34 +0.02 4.50 +0.35
4 JG1301 2.53 +0.03 3.65 +0.39 31 COL712 2.06 = 0.04 471 +1.39
5 89 2.14 +0.06 4.81+0.25 32 sC2 1.71 +0.01 4.14 +0.86
6  MF-Ji5]983 1.19 +0.02 334 +0.81 33 CH20 1.39 +0.01 487 +1.27
7 2B 175 +0.02 3.58+2.13 34 SC6 2.04 +0.06 5.13 + 1.44
8 EWRIR3 S 1.68 + 0.01 5.21 +0.07 35 COL71S 1.93 +0.05 4.95+0.65
9  CR3 224 +0.01 5.05+0.33 36 TI2 2.00 = 0.02 339 +0.57
10 MEI91 1.18 + 0.03 5.43+0.28 37 8229 2.07 +0.02 429 +0.78
1 3 1.29 +0.03 3.14 +2.52 38 ITBBOI 1.97 +0.03 3.90 +0.30
12 Z&H 1.15 +0.00 473 +0.08 39 KUS8 2.14 +0.05 4.02 +0.24
13 =mMEF 1.72 +£0.00 3.56 + 0.04 40  MEI190 2.26 +0.05 3.31+0.05
14 W25 1.03 +0.03 3.22+0.78 41 CM3992 1.97 +0.05 4.18 + 0.66
15  GRI1l 1.95 + 0.04 4.46 0.30 42 SC205 1.72 +0.00 431 +0.10
16 KU50 1.83 +0.03 3.90 + 0.47 43 (222 1.74 +0.00 5.92+3.29
17 SCI24 25k 1.84 +0.06 3.27+0.98 44 SCI10 1.64 +0.02 347+ 124
18 775 1.72 +£0.00 236+ 1.18 45 F297 2.06 = 0.02 4774 +0.17
19  Dec-46 1.16 +0.03 4.45+0.71 46 KEAE 1.72 +0.01 3.87 +0.61
20  SC16 2.03 +0.04 4.47 +0.52 47 SCl124 1.64 +0.01 3.20+0.11
21 FMELLIE 18R 2.10 = 0.05 2.43 +0.05 48  SClI2 2.16 +0.04 442 +2.23
22 SC4 1.41 +0.05 1.89 + 1.21 49  FEERIT 225 +0.04 1.57 +0.42
23 AR 1.73 + 0.01 5.46 +2.86 50  fERRE 1.93 + 0.04 421+0.28
24 %H80 1.23 +0.00 3.30 +0.45 51 ®H0 1.72 +0.01 7.07 +0.27
25 COL713 1.05 +0.02 3.54 +0.40 52 K95 1.96 +0.01 5.78 +0.01
26 SC5 1.12 +0.03 4.47 +0.26 53 E1340 1.52 +0.01 6.08 + 0.74
27 GR6 1.91 +0.04 4.16 + 1.00 54 MEI189 1.39 +0.01 478 +0.55
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431 Tab.l Continued
Iz sl A K53 1% K 1% ' sl K53 1% IKG31%
No. Name Ash/% Water/% No. Name Ash/% Water/%
55  NZI88 1.84 +0.06 5.76 +0.43 92 196 3.67+0.33 4.04 +0.11
56 Hbls 1.63 +0.04 471+0.21 93 571 424 +0.19 3.86 +0.16
57 ZREFR 1.57 +0.02 5.82 +0.00 94 417 3.05 +0.07 8.45+0.21
58  Hiiko48 1.65 + 0.01 4.22+1.94 95  ZM8229 4.12+0.16 4.38 +0.21
59 H660 1.54 + 0.05 5.3 +0.39 96 521 3.88 +0.00 4.17 +0.08
60  SC8HEHT 2.41+0.02 3.55+2.64 97  SC8013 3.06 + 0.08 3.33+0.15
61  NZ199 1.23 +0.03 401 +1.69 98 274 3.27 +0.07 4.52+0.07
62  MEL87 1.89 +0.02 6.27 +0.29 99 428 4.20 +0.04 3.51+0.05
63 276 1.78 +0.03 3.86 = 1.00 100 6068 3.00 = 0.05 6.42 +0.22
64 18R 2.09 +0.03 4.85+0.11 101 MB 3.69+0.14 3.61+0.14
65  COC173 2.11+0.06 3.49 +2.23 102 T3BI1 235 +0.06 6.1 +0.04
66 €9 1.39 +0.01 5.22+0.51 103 T2B 1.46 +0.03 6.24 + 0.00
67  M-SC124 1.77 +0.06 5.64 +0.01 104 TIA1L 2.63 +0.04 5.20+0.21
68  MF556 1.25 +0.01 3.1+234 105 T4Cl 242 +0.03 5.47+0.14
69  ERIR1T 1.16 +0.03 639+ 1.2 106 T2A1 1.43 +0.03 6.01 +0.05
70 MF8I 1.57 +0.04 491 +0.04 107 T3A1 1.98 +0.05 5.08 +0.07
71 F539 1.65 +0.01 4.95 +0.46 108 T4BI 1.32 +0.02 5.59 +0.07
72 M-GR911 1.65 + 0.04 335+ 1.16 109 TICI 1.92 +0.05 5.01+0.17
73 GR891 1.97 + 0.03 424 +0.13 110 T4Al 1.26 + 0.03 5.32+0.35
74 MF648 1.41 +0.02 4.19+0.75 111 T3C1 3.36 +0.04 535+0.14
75  MF671 1.29 +0.02 5.10 = 0.30 112 T2Cl1 2.66 + 0.05 476 +0.28
76 SC7 2.92 +0.04 4.98 +0.50 113 TIB 1.96 + 0.04 5.18 +0.04
77 MFEXK 1.49 + 0.04 4.55+0.52 114 1 EMmEie 2.36 +0.03 5.46 +0.21
78 €576 1.84 +0.03 434 +1.47 115 1HiERTAH3 3.08 + 0.02 4.33+0.07
79 €1030 1.56 + 0.05 7.70 = 0.90 116 1 HAEHE 7 2.67 +0.01 3.72+0.14
80  MF532 1.99 +0.03 429 +0.93 117 1 @MmEAES 273 +0.09 422+0.28
81  SC8 1.64 +0.03 450 +0.63 118 14¢EL6 229 +0.06 4.53 +0.32
82 MF359 1.19 +0.01 6.13 +1.75 119 1464EH1 3.26 +0.01 436 +0.24
83  M-FCI0 1.67 +0.01 3.50 + 0.69 120 1 X243 1.99 +0.05 2.41+0.08
84 MSC5 1.07 +0.02 3.94+0.93 121 1 EMmEt4 1.99 +0.02 3.61 +0.08
85  F407 1.77 +0.00 3.61 +0.96 122 1 HERA 3 1.85 +0.03 3.25+0.13
86  MF181 1.12 £ 0.02 4.02+1.17 123 1 EMREL6 1.20 +0.02 3.16 +0.11
87  M-SC4 1.41 +0.01 2.47 +0.01 124 13EEIE3 A1 2.72 +0.05 3.37+0.23
88 000 1.25 +0.01 3.96 + 0.42 125 1R MRS 1.78 + 0.03 4.24 +0.09
89  SCl11 1.79 + 0.00 5.68 + 0.02 126 1HGHHA4 2.59+0.08 3.59+0.35
90  F274 226 +0.02 410+ 1.68 127 14eEk4 248 +0.01 3.17+0.20
91 50 4.26 £ 0.07 4.07 +0.07 128 1XIEA 1 2.04 +0.06 3.61 £0.23
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431 Tab.l Continued

s s i K5¥1% K% | sn i K5¥1% KI31%
No. Name Ash/% Water/% No. Name Ash/% Water/%
129 1M R EH 2 261 £0.07  256+040 | 134 1 WEEAMERA 1 226+0.06  635+0.13
130 1HfEE 242 240+0.02 6442028 | 135 1kEAEEE1AE2 220+£0.02  7.63+0.10
131 1HAERLS 1.90+0.03  6.39 +0.08 136 14 8%f1& 1.06 £0.02  7.14+0.09
132 1 HEREIER 4 229+0.01  6.49+0.07 137 1XHEAS 1.07+0.01  8.15+0.11
133 14447 1.17£0.04  7.56 +0.57

T R i B EAERE AEAE 3L 2 AR SR E SCO WA R (K AN R R A A 2 o

Note: Macrotyloma uniflorum ‘Yazhou’ , stylosanthes, peanut and rape flower represent different plant species intercropping

with cassava SC9 variety respectively
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WM T T 137 AN FE R F 6. H R a6
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Fig.1 Near infrared spectrum of cassava Germplasm
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Tab.2 Sample information of correction set and

verification set

L5 R 5
‘ Correction set Validation set
R AR
Component A Yo At Ju
sample sample
. Range . Range
size s1ze
KI31%
Ash/% 117 1.030~4.260 20 1.150~4.200
N
A% 17 1570~8450 20 2470~7.140
Water/%
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12 000 10 000 8 000 6 000 4000
Wk/em™?

Wave number/cm™!

2 REHRAEBIRERTEDSNE

Fig. 2 Analysis of variance chart
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N T AT B 5 R AR AR T B B AT
ECAR, W 58 S ST B, 20 B 58 T Al i B
FE 7 BURFAE X 1] (5 800~4 300cm™ F14 000~
3600 em™) [ R (F3) . Kl MSCL 1S.2S.
SG SNV 5 Fh i Ab 2 77 ¥ 5% 7 g AR R , LA IE
B bR A 22 (RMSEC) TR 35 75 fi 5% 22 (RMSEP)

B,
W

A2 XIAIE IS 7 22 (RMSECV) ALK 5% R 30 (RO
BIVEM Fabm , &5 SRR, X Tk MR 4y, 4
MSC+2S+SG FilAb P Ji5 , 712 4% b I K [X 8] 73 73 g 5T
BRI, R{E 5K, RMSEC . RMSEP LA J RMSECV 4
T 0. X2 MSC+28+SG AL )5 , i £ b A
FAEARLIX 1) 75 2] R R U 425 SR o v A

®3 TRFAEAREIEXEHE RER

Tab.3 Investigation results of different pretreatment and modeling intervals

febr Tiisb X [a] LEPSE 244 RIEbR#EZ  TbRHEZ S b2
Index Pretreatment Section R RMSEC RMSEP RMSECV
a 0.742 8 0.4570 0.636 0 0.514 0
Constant(JF46)
b 0.759 8 0.444 0 0.5910 0.498 0
a 0.769 4 0.436 0 0.403 0 0.509 0
MSC
b 0.774 4 0.4320 0.6750 0.5750
a 0.770 8 0.4350 0.404 0 0.5180
SNV
b 0.729 4 0.467 0 0.6330 0.579 0
i/, a 0.826 39 0.384 0 0.636 0 0.5150
712]}3\ MSC+15+SG
s b 0.904 0 0.2920 0.5210 0.5350
a 0.828 8 0.3820 0.628 0 0.5130
SNV+15+SG
b 0.906 2 0.289 0 0.554 0 0.4950
a 0.8735 0.3320 0.8200 0.590 0
MSC+25+SG
b 0.944 9 0.2230 0.2100 0.398 0
a 0.876 0 0.329 0 0.8100 0.623 0
SNV+25+SG
b 0.9257 0.270 00 0.2470 0.4950
a 0.788 8 0.784 0 1.2800 1.4400
Constant(JEUE)
b 0.693 9 0.9190 1.3000 1.4400
a 0.778 0 0.8010 1.340 0 1.280 0
MSC
b 0.6855 0.929 0 1.280 0 1.4200
a 0.784 1 0.792 0 1.3800 1.4400
SNV
b 0.696 2 0.916 0 1.400 0 1.4700
K4y a 0.8414 0.689 0 1.4500 1.500 0
MSC+15+SG
Water b 0.820 7 0.729 0 1.2200 1.5300
a 0.844 8 0.683 0 1.4500 1.480 0
SNV+15+SG
b 0.884 7 0.5950 1.3700 1.640 0
a 0.863 5 0.643 0 1.7100 1.620 0
MSC+25+SG
b 0.926 4 0.4800 1.460 0 1.540 0
a 0.862 8 0.6450 1.7100 1.620 0
SNV+25+SG
b 0.8926 0.5750 1.3400 1.590 0

VE = X T] s 46 B X TR b« 6 i BERFAEIX 8] (5 800~4 300 cm™ 14 000~3 600 cm™)
Note: Interval a: full spectrum band; Interval b: spectral band characteristic interval (5 800~4 300 ¢cm™ and 4 000~3 600 cm™)
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Fig.3 Correlation diagram between predicted value and reference value of cassava sample
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Construction and optimization of prediction models for
cassava ash and water content by using near—infrared

spectroscopy

ZHANG Yijie', WANG Siqi’>, LU Xiaojing’, SONG Jiming®, WANG Rui’, CAO Min’,
ZHANG Rui’, WANG Honggang’, WU Jinshan'
(1. School of Forestry, Hainan University, Haikou, Hainan 570228, China; 2. School of Tropical Crops, Hainan University, Haikou,
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Sciences, Haikou, Hainan 571101, China; 4. Institute of Tropical and Subtropical Cash Crops, Yunnan Academy of Agricultural
Sciences, Baoshan, Yunnan 678000, China)

Abstract: Ash content and moisture content are important indexes for cassava quality evaluation. It is of great
significance to establish a method for rapid detection of ash and moisture contents in cassava by using near
infrared spectroscopy combined with multivariate mathematical analysis. Tubers of 137 accessions of cassava
were harvested at the cassava growing site and their ash and water contents were determined by using the
methods described in the standards GB5009.3—2016 and GB/T5009.4—2016 and at the same time the near-
infrared spectroscopy. The NIR spectral data collected were analyzed by using the software TQ Analyst 9.0. The
NIR calibration models for ash and water contents of cassava were constructed by using the partial least squares
(PLS) method. The results showed that correlation coefficients (R) of the ash and water content models were 0.94
and 0.93, respectively. Root mean square error of correction (RMSEC) was 0.22 and 0.48, respectively. Root mean
square error of prediction (RMSEP) was 0.21 and 1.46, respectively. Root mean square error of cross-validation
(RMSECV) was 0.40 and 1.54, respectively. Twenty accessions of cassava germplasm that were not involved in the
modelling were selected for external validation of the model. The results showed that there is no significant
difference between the predicted value and the actual value, with the p-values (P>0.05) being 0.464 and 0.459,
respectively, indicating that the model could be applied to the detection of cassava ash and water contents. The near-
infrared quantitative detection models of ash and moisture established can be used for rapid detection.

Keywords: cassava; ash; water; near-infrared spectroscopy ; prediction model ; rapid detection method
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