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Abstract. Hyperspectral remote sensing technology is a powerful tool in the analysis of soil compositions
as well as soil physical and chemical properties. Totally 385 natural soil samples were collected from
cotton fields in North Xinjiang Province, the selected soil samples according to the total nitrogen content
were processed by 2 mm, 1 mm, 0.5 mm and 0.15 mm sieves, and their spectral reflectance
characteristics were measured. After the transformation of spectral data with twelve forms, the spectral
inversion models of soil nitrogen content were established based on support vector machine ( SVM) ,
partial least squares regression ( PLSR) and stepwise multiple linear regression ( SMLR), and the
accuracy and universality of the model were tested. The results showed that there was no significant
correlation between the original spectral characteristics and soil nitrogen content, and which can be
improved by different data transformations. In the same data transformation, there was no obvious
difference in the band position corresponding to the maximum correlation coefficient in different particle
size processing. According to the fitting accuracy of different particle size treatments, the smaller the
particle size of the sieve was, the higher the precision of the total nitrogen content was, the optimal fitting

models of the three methods were all processed by 0. 15 mm sieve treatment, the SVM method used
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(1gR) " transformation, the model R’ was 0. 898 7, the RMSE, was 0. 018 1 and the RPD was 2.704 9,
the PLSR and the SMLR methods used R’ transformation, the R’ were 0. 8520 and 0. 819 6, the RMSE,
was 0.041 3 and 0. 043 6, and the RPD was 2. 554 9 and 2. 437 4, respectively. The optimal model was
checked with the samples which were not involved in building model and the R* of SVM, PLSR and
SMLR were 0. 8829, 0.771 5 and 0. 705 4, respectively. From the prediction error of the model, the

lower the soil total nitrogen content was, the greater the prediction error was, it was impossible to

accurately estimate the soil total nitrogen content by spectral reflectance characteristics.

Key words: soil; total nitrogen content; soil particle sizes; hyperspectral ; model
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Tab.1 Descriptive statistical analysis of soil total

nitrogen content

. M AR KL SRGR/ (gkg™") A5 R
TR EUME RO VM RREZE BU%

Tl 25 i IX 62 0.19 1.32 0.79 0.22  27.85
B X 76 0.16  0.95 0.71 0.18  25.35
FE X 50 0.08 1.01 0.52  0.19  36.54
AW F X 42 0. 06 0.93 0.41 0.20 48.78
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Fig.2  Correlation of soil total nitrogen content and

spectral characteristics in different soil particle sizes
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Tab.2 Correlation between different spectrum transformations and soil total nitrogen content

i 2 mm 1 mm 0.5 mm 0.15 mm

A WRORKMERE EBAE/om RRMERE BEEBAE/mm KRR BB E/nm RERMERE BEBALE/nm
R -0.24 1912 -0.31 2491 -0.35 2471 -0.34 2490
JR -0.49 606 -0.52 620 -0.54 664 -0.57 652
IgR 0.48 1442 0. 49 1396 0.53 1527 0.53 1501
1/R -0.50 520 -0.52 554 -0.53 563 -0.56 509
R’ 0. 60 1428 0.63 1509 0. 66 1334 0.68 1450
\/F 0.57 963 0. 60 978 0.58 936 0. 66 944
(1gR)’ 0. 60 1200 0.67 1106 0.68 1245 0.69 1120
(1/R)’ -0.56 1280 -0.55 1249 -0.63 1206 -0.64 1255
R" 0. 60 1426 0.59 1497 0. 64 1477 0.67 1358
VR" -0.54 550 -0.59 586 -0.56 521 -0.58 549
(1gR)" 0.54 1238 0.58 1204 0.59 1198 0.63 1255
(1/R)" 0.51 1360 0.52 1352 0.56 1386 0.61 1254
CR 0.56 1905 0.63 1954 0. 64 1965 0. 66 1948
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Tab.3 Models of hyperspectral inverse for soil total nitrogen content in different soil particle sizes
it i SVM PLSR SMLR
KAt/ Bln e g M b g g M g iz A G K oD
mm R?  RMSE, R,  RMSE, R:  RMSE_ R,  RMSE, R?  RMSE, R’  RMSE,
R 0.3828 0.1223 0.2926 0.1792 0.5475 0.2731 0.1231 0.2621 0.1450 0.4211 0.2377 0.1473 0.2290 0.1698 0.3378
JR 0.6428 0.0833 0.4272 0.1149 1.3122 0.5488 0.0689 0.3957 0.1392 1.1261 0.5140 0.1099 0.3620 0.1456 1.0755
IgR 0.6008 0.0991 0.4236 0.1274 1.2300 0.5207 0.0743 0.3930 0.1541 1.1104 0.4849 0.1270 0.3588 0.1620 1.0412
1/R 0.6435 0.0700 0.4634 0.1067 1.3194 0.5492 0.0680 0.4302 0.1324 1.1383 0.5190 0.0950 0.3961 0.1393 1.0984
R’ 0.7559 0.0436 0.5578 0.0684 1.5509 0.6535 0.0547 0.5401 0.0909 1.4973 0.6190 0.0669 0.5092 0.1027 1.4620
/1? 0.7422 0.0449 0.5354 0.0772 1.4294 0.5811 0.0678 0.4691 0.1322 1.1586 0.5502 0.0880 0.4364 0.1367 1.1157
2 (IgR)" 0.7764 0.0411 0.5701 0.0674 1.6647 0.6465 0.0563 0.5272 0.0975 1.3963 0.6152 0.0680 0.4942 0.1028 1.3214
(I/R)" 0.7209 0.0460 0.5243 0.0781 1.3884 0.6387 0.0598 0.5062 0.0997 1.3953 0.6079 0.0700 0.4756 0.1116 1.2922
R" 0.7534 0.0437 0.5402 0.0765 1.5062 0.5989 0.0601 0.4938 0.1067 1.2338 0.5685 0.0725 0.4599 0.1138 1.1586
R" 0.6826 0.0525 0.5090 0.0886 1.3428 0.5938 0.0643 0.4736 0.1182 1.1692 0.5590 0.0763 0.4373 0.1203 1.1362
(lgR)" 0.7028 0.0488 0.5197 0.0875 1.3478 0.5982 0.0607 0.4877 0.1130 1.2106 0.5664 0.0730 0.4557 0.1188 1.1483
(1I/R)" 0.6743 0.0616 0.5025 0.1059 1.3246 0.5977 0.0628 0.4831 0.1145 1.1884 0.5611 0.0754 0.4483 0.1200 1.1455
CR 0.7131 0.0466 0.5241 0.0847 1.387 0.6148 0.0599 0.5023 0.1022 1.3023 0.5825 0.0725 0.4721 0.1132 1.1997
R 0.3590 0.1288 0.2231 0.1350 0.8953 0.2794 0.1284 0.1919 0.1598 0.6957 0.2452 0.1542 0.1605 0.1689 0.6109
JR 0.6730 0.0776 0.4688 0.0937 1.2062 0.5408 0.0605 0.4386 0.1207 1.0599 0.5050 0.1029 0.4052 0.1297 1.0378
IgR 0.6421 0.0952 0.4606 0.0964 1.1975 0.5190 0.0693 0.4253 0.1233 1.0160 0.4879 0.1191 0.3948 0.1332 0.9739
1/R 0.6796 0.0610 0.4846 0.0863 1.2527 0.5583 0.0601 0.4513 0.1124 1.1003 0.5248 0.0858 0.4165 0.1181 1.0607
R’ 0.8221 0.0375 0.6207 0.0570 1.7879 0.7507 0.0494 0.5977 0.0831 1.7943 0.7195 0.0571 0.5659 0.0875 1.6746
YR 0.7736 0.0392 0.5963 0.0621 1.4340 0.5696 0.0601 0.4569 0.1107 1.1221 0.5338 0.0839 0.4259 0.1175 1.063 1
1 (IgR)"  0.8642 0.0317 0.6323 0.0567 2.0072 0.7109 0.0497 0.5888 0.0859 1.5799 0.6807 0.0640 0.5517 0.0900 1.5784
(1I/R)" 0.7608 0.0416 0.5516 0.0632 1.3777 0.6992 0.0517 0.5667 0.0862 1.3154 0.6687 0.0648 0.5299 0.0935 1.3103
R" 0.7920 0.0383 0.6029 0.0616 1.5208 0.5998 0.0551 0.5197 0.0904 1.2672 0.5685 0.0669 0.4832 0.0972 1.1894
R" 0.7271 0.0527 0.5010 0.0748 1.3207 0.5697 0.0597 0.4709 0.1046 1.1237 0.5386 0.0801 0.4351 0.1078 1.0665
(lgR)" 0.7382 0.0473 0.5318 0.0730 1.3263 0.5913 0.0578 0.5129 0.0907 1.1734 0.5558 0.0752 0.4817 0.0977 1.0987
(I/R)" 0.6900 0.0564 0.4927 0.0819 1.2641 0.5850 0.0592 0.5012 0.0971 1.1416 0.5522 0.0764 0.4681 0.1076 1.0673
CR 0.7448 0.0471 0.5433 0.0672 1.3309 0.6501 0.0522 0.5609 0.0904 1.3078 0.6131 0.0652 0.5268 0.0962 1.2051
R 0.3907 0.1084 0.3705 0.1297 0.7459 0.3390 0.1246 0.3346 0.1545 0.5794 0.3088 0.1330 0.3036 0.1648 0.4798
JR 0.6881 0.0741 0.4454 0.0998 1.1068 0.5245 0.0751 0.4121 0.1243 0.9294 0.4890 0.0985 0.3808 0.1345 0.8660
IgR 0.6609 0.0898 0.4448 0.1169 1.0470 0.5093 0.0756 0.4084 0.1467 0.9066 0.4751 0.1197 0.3772 0.1532 0.8502
1/R 0.7058 0.0584 0.4553 0.0969 1.2135 0.5283 0.0726 0.4189 0.1239 1.0339 0.4941 0.0839 0.3820 0.1279 0.9932
R’ 0.8586 0.0382 0.6736 0.0562 1.8557 0.7684 0.0443 0.6450 0.0726 2.0161 0.7363 0.0541 0.6133 0.0795 1.9846
VR™  0.8100 0.0389 0.6064 0.0606 1.7281 0.5815 0.0695 0.5214 0.1212 1.1174 0.5458 0.0838 0.4847 0.1264 1.0367
0.5 (lgR)" 0.8702 0.0277 0.6764 0.0471 2.1241 0.6927 0.0453 0.6372 0.0803 1.6532 0.6605 0.0639 0.6001 0.0862 1.5809
(1I/R)" 0.8094 0.0398 0.6059 0.0685 1.7093 0.6874 0.0497 0.5962 0.0846 1.6121 0.6512 0.0653 0.5620 0.0893 1.5664
R" 0.8100 0.0388 0.6266 0.0565 1.7434 0.6701 0.0537 0.5703 0.0925 1.5761 0.6393 0.0657 0.5368 0.1026 1.4996
R" 0.7318 0.0546 0.5643 0.0864 1.5698 0.605 0.0685 0.5273 0.1112 1.4236 0.5736 0.0837 0.4960 0.1168 1.3732
(lgR)" 0.7417 0.0419 0.5889 0.0723 1.6039 0.621 0.0561 0.5573 0.0957 1.4581 0.5848 0.0671 0.5261 0.1039 1.4013
(1I/R)" 0.7248 0.0581 0.5528 0.0953 1.2454 0.6095 0.0592 0.5521 0.0961 1.4415 0.5763 0.0682 0.5206 0.1050 1.3768
CR 0.7752 0.0407 0.5919 0.0688 1.6106 0.6734 0.0513 0.5761 0.0885 1.5965 0.6425 0.0656 0.5411 0.0918 1.5510
R 0.3853 0.1024 0.3493 0.1279 0.7255 0.4329 0.1316 0.3182 0.1569 0.5172 0.4016 0.1291 0.2870 0.1585 0.5038
JR 0.7115 0.0709 0.3858 0.1010 1.0272 0.4781 0.0649 0.3539 0.1267 0.8164 0.4459 0.0978 0.3197 0.1365 0.7598
1gR 0.6685 0.0749 0.3784 0.1033 0.8954 0.4397 0.0724 0.3452 0.1278 0.6756 0.4056 0.1019 0.3123 0.1386 0.6356
1/R 0.7321 0.0416 0.4362 0.1006 1.2078 0.4947 0.0598 0.4057 0.1244 1.0981 0.4598 0.0700 0.3744 0.1341 0.9895
R’ 0.8768 0.0213 0.7188 0.0350 2.2441 0.8520 0.0413 0.7137 0.0494 2.5549 0.8169 0.0436 0.6766 0.0505 2.4374
VR 0.8628 0.0323 0.6667 0.0517 1.9659 0.4957 0.0584 0.4057 0.1225 1.1066 0.4609 0.0666 0.3746 0.1322 1.0194
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R" 0.7870 0.0387 0.5232 0.0804 1.3879 0.5583 0.0560 0.4866 0.1071 1.1939 0.5274 0.0656 0.4541 0.1124 1.1383
(1gR)" 0.7876 0.0379 0.5351 0.0772 1.7430 0.6709 0.0531 0.5697 0.0880 1.6707 0.6404 0.0610 0.5349 0.0920 1.5733
(I/R)" 0.7412 0.0394 0.4373 0.0996 1.2260 0.6262 0.0541 0.4994 0.1033 1.5230 0.5957 0.0653 0.4626 0.1094 1.4569
CR 0.8303 0.0374 0.6021 0.0594 1.7997 0.6831 0.0484 0.6297 0.0777 1.8535 0.6482 0.0563 0.5977 0.0859 1.7631
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Fig.3  Model checking and error analysis of soil total nitrogen content
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