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Quantitative Inversion of Water Content of Plant Components
in Winter Wheat Based on Wavelet Technology
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Abstract: In order to study the ability of spectrum to estimate the water content of winter wheat plant
components and analyze the separation rule of spectral information by wavelet technology, the canopy
spectral information of winter wheat and the corresponding measured values of water content of leaves,
stems and ears of winter wheat were used as data sources. Then, the partial least squares ( PLS)
algorithm was used to construct the estimation model of winter wheat plant component water content,
which was verified and evaluated. The results showed that after wavelet technology decomposition, the
absorption characteristics of winter wheat canopy spectrum were separated into high frequency information
by decomposition level, and the absorption characteristics represented by each decomposition level were
distributed in the HI ~ H10 decomposition level of high-frequency information. The accuracy and stability
of the estimation model of winter wheat ear water content was strong, that of the stem was the second, and
the leaf stability was the worst. This showed that the current situation of water supply of winter wheat after
poplar flowering stage was no longer suitable to use only leaf water content for evaluation, and the
detection index should be added or replaced.
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Fig.1 Geographical location diagram of study area
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Tab.1 Statistics results of water content of each

component of winter wheat

FEMBY KM/ BoME/ T, %/

Siit ik o o o o "
L ) 2 64 82.18  66.41 78.15 2.93
T KE 64 79.27  44.17  61.53 9.68
ZEFFEKE 64 89. 95 57.27  74.75 7. 69
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Tab.2 Estimation model of leaf water content of winter wheat based on wavelet technology

8 i ) feizid e

B vt /mm o R* RMSE/% R* RMSE/% RPD
H1 691 946 .1 093 Y=76.751 +310. 194X, +21. 049Xy, + 161. 184X, 0.689 1.478 0.230 2.118 0.860
H2 522 12561334 Y =76.676 +161. 174X,,, +149. 684X ,5 — 117. 838X 53, 0.698 1.632 0.162 2.361 0.781
H3 739 .1 128 .1 423 Y =74.937 +127.995X 55 +26. 513X, +10. 989X, ), 0.720  1.408 0.290 2.059  0.991
H4 845,942 1195 Y =75.743 +202. 584 X5 —29.450X,,, +242. 162X 45 0.722 1.401 0.328 1.976 1.025
H5 404 815 1244 Y =72.569 —226. 368X, +66. 424Xy, —42. 518X ,,, 0.650 1.562 0.424 1.828 1.094
H6 1232.1420.1454 Y =73.865 —22. 946X 3, +39. 425X, +96. 265X 5, 0.527 1.808 0.077 84.105 0.505
H7 1057 11371321 Y =75.055 —1.830X,5, — 5. 825X, 5, —2. 846X 4, 0.521 1.823  0.473 1.750 1.196
H8 350,617 998 Y =75.698 +5.704X,5, +4. 335X, — 14. 953 Xy05 0.437 1. 965 0. 609 1.549 1.304
H9 570.935 .1 153 Y =73.659 +1. 128X, +0.294X,;5 —2. 651X, 53 0. 148 2.412  0.457 1.888 0.996
H10 1497 Y =72.810 -4.530X,,y, 0. 143 2.423 0.349 1.975 0. 960
L1 1057.1110.1389 Y =74.047 +2.351Xp5, =2.326X,,;, = 0. 107X 3 0. 636 1.590 0.288 2.171 0. 985
12 1054 .1110.1392 Y =74.256 +2.359X )5, —2.320X,,,, - 0. 156X, 0.615 1.634  0.292 2.228 0.975
13 105711091395 Y =74.871 +2.516X 45, — 2. 499X ;5 — 0. 213X 505 0.524 1.810 0.305 2.186 0.994
14 989 .1 106 .1 395 Y =72.385 +1. 675X g5y — 1. 191X, 6 —0.435X s 0.516 1.828 0.289 3.605 0.688
L5 1051.1102.1417 Y =76.032 +2.950X o5, —2.804X,,, —0.743X,,,, 0.440 2.076 0.297 2.469  0.930
L6 10781129 .1261 Y =72.304 +2.986X ;5 —6. 141X, ,,5 +3. 136X ,4, 0.370 2.080 0.241 2.156  0.956
L7 806 .1 024 1126 Y=71.399 +1. 172 X495 —2. 514X 5, +1.649X, ¢ 0.216 2.347 0. 180 2.176 0. 858
L8 489 898 .1 000 Y =75.134 — 1. 254X 59 +0. 972X 90 — 0. 837X 000 0.152  2.408 0.457 1.884 1.010
L9 702 906 .1 110 Y =73.618 —3. 046X, +6.559X, —4.000X,,,, 0.104 2.475 0.209 2.194 0.812
L10 538 Y=71.191 +0. 309X 55 0.089 2.492 0.207 2.193 0.814
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Tab.3 Estimation model of ear water content of winter wheat based on wavelet technology

75 4 S - A BE

i R* RMSE/% R* RMSE/% RPD
H1 688 .758 .1 154 Y =56.520 - 1026. 30X —433. 520X,55 —683. 590X, 5, 0.799  4.245 0. 805 5.048 1.691
H2 722 755 .1 006 Y =57.548 —426.942X,,, +330. 526X ,55 — 133. 538X,y 0. 807 4.171 0.768 3.925 2.239
H3 685 .724 .1 001 Y =55.734 +535.468 X (g5 —270. 705X,,, —14. 042X, 0.872 3.407 0.840  3.095 2.955
H4 660 .831.1 166 Y =62.530 —277. 644X ) —267. 483X, — 145. 332X, 46 0.905 2.956 0.795 3.348  2.820
H5 566 .645 678 Y =52.712 - 440. 847 X5 —296. 702Xgy5 —91. 890X ;¢ 0.848 3.717 0.609 5.255 2.032
H6 711.770 .1 221 Y =56.553 -8.746X,,, +9.029X,,, —62.442X,,,, 0.910 2.927 0.947 2. 121 4. 345
H7 565,701 .1 223 Y =55.877 =31.673X5c5 +2.341X,5, +16.395X,,,; 0. 852 3. 660 0. 864 2.854 3.306
H8 370 .600 875 Y =55.751 +45.485X5,, +15.465X 5, —2. 923 X4,5 0. 846 3.749  0.915 2.349 3.942
HY 578 840 .1 000 Y= -52.883 —108. 348X, —40. 462Xy, —5. 633X 9 0.847 3.740 0.874 3.064 2.918
H10 854 .1 054 1254 Y =45.613 - 113.993 X5, +132.796X (5, —130.010X .5, 0. 646 5.628 0.764  5.646 1.495
L1 599 640 .770 Y =56. 840 —20. 895X 59y +16.402X,, +0. 728X, 0. 809 4. 150 0. 866 3.990 2.325
12 597 640 768 Y =56.791 —20. 728Xy, +16. 196X, +0. 742X, 0.814 4.102 0.865 3.972 2.348
L3 596 .645 771 Y =56.947 —18. 124Xy, +13.975X,5 +0. 717X, 0.819 4.051 0.872 3.885 2. 400
14 595 646 774 Y =56. 656 — 18. 542X 555 + 14. 414X, +0. 724X, 0.817 4.063 0.878 3.880 2.389
L5 560,606,683 Y =55.687 —33. 254X ¢, —68. 982X +35. 739 X453 0.896 3.109 0.878 3.621 2.644
L6 575 .786 .1 068 Y =54.976 —3.283X5;5 +1.965X 55 — 1. 561X s 0. 830 3.942  0.906 2.727 3.277
L7 629 874 974 Y =50.226 -2. 011X,y +3.617Xg,, —3.776Xy,, 0.792 4.346 0.879 3.210 2.705
L8 350,499 808 Y =46.572 +25.638X,5, —21. 182X,49 + 1. 890X 0.796 4.296 0.832 4.792 1. 844
19 856 .1 056 .1 256 Y =43.473 =2. 311 X5 +13. 972X 456 — 13. 289X 156 0.631 0.751 0.702 6.149 1.362
L10 427 727 927 Y =41.606 —2.889X,,, +41.134X,,;, —35.697X,,, 0. 648 5.623 0. 699 4.330 1.958

BT NBH R L /N ZERT SO RAG MBI SS AR BT oK S HT R R 0 23 fifg K SF- HT ~
Rln 4 fFros, W4 0 FEE S B KO HI0 P JR B BE RL, 56 GE K B 9 RY R 0730,
HI ~H10 PA, B0 05 0 st MG JEE 4 (R S R IR %, RMSE Oy 4.738% ,RPD Oy 1. 600, MR YA B % B
SR B0 SR B ) B S T R AR A R, B 1T R MR B 22l o T AT O (T 21 A DX SR A A
WAk B f i o MWEIRORS BE 5 0 TENS BE R AT 28 G i e Betb Rl M g, HRRAE P B 32 443 F 500 ~ 1 300 nm
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Fig.7 Scatter plots of measured and predicted values
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Tab.4 Estimation model of stem water content of winter wheat based on wavelet technology

75 4 . ) A $E
WK /nm (B

Ji = R* RMSE/% R* RMSE/% RPD
H1 688 .752 .1 094 Y =75.090 — 883. 845Xy +997. 534X,5, —417.749X o, 0.716 3.766  0.427 7.270 1. 047
H2 7551260 .1299 Y =69.974 +368. 843X ,55 —209. 701X ,59 —339. 177X 599 0.612  4.400 0.349 7.007 0.982
H3 685.739 .1 142 Y =67.706 +234. 765X s45 +234. 584X, +57.557X,,,, 0.661 4.112 0.650 5.457 1.383
H4 734 1023 .1158 Y=72.017 +111. 754X, +47. 208X 055 +78. 916X 5, 0.658 4.130 0.719 5.218  1.406
H5 697 .1 065 .1 170 Y =71.490 —26. 392X, — 16. 485X 465 + 122. 167X, 5, 0.671 4.054 0.667 5.170  1.498
H6 576 771 .1 043 Y =76. 483 +170. 834X, —34. 973X,,, —9. 406X 443 0.649 4.184 0.724 4.811  1.566
H7 564 649 1 148 Y =73.304 —44. 511X, —8. 211X, 9. 320X, 44 0.671  4.050 0.730 4.738  1.600
H8 555 .877 .1 009 Y =70.987 —17. 504 X555 — 1. 507 3Xg7, = 5. 607X 49 0. 608 4.423 0.735 4.906 1.492
HY 509,613,932 Y =66.259 — 8. 286X5y, —54. 921X 5 — 13. 806X,3, 0.570 4.634 0.694 5.354  1.307
H10 854 .1 000 .1 472 Y =61.701 —39. 357Xy, +8. 201X, —27. 273X 45, 0.460  5.190  0.476 1094383 0.506
L1 1 000.1100.1217 Y =64.153 +4.974X 559 —2. 505X 99 —2.435X,,,; 0.585 4.551 0. 659 5.795 1. 191
1.2 1000.1100.1219 Y =64.768 +5.767X 500 —3.075X,,59 —2. 654X ,,,9 0.594  4.501 0.678 5.678 1.222
L3 772 .1 050 .1 100 Y=67.710 - 1.051X,,, +16. 782X 5, —15. 811X, 0.654 4.152  0.607 5.533 1.343
14 778 .1 050 .1 100 Y =68.643 —1.100X,,5 +17.431X 5, —16. 296X, 0.657 4.136  0.606 5.541 1.345
L5 1047 .1 100 .1 238 Y =65. 196 +10. 847X 5, —9. 816X,,0p — 0. 950X 124 0.628 4.308 0.614 5.542 1.322
L6 682 .1 000 .1 100 Y =68.726 -2. 116X, +5.079X 50 —4. 170X, 4 0. 600 4. 469 0.742 5.185 1.369
L7 629 .835 .1 000 Y =63.088 —0.967 X,y +1.366Xg5 —1.274X,,, 0.512 4.934 0.705 5.583 1.223
L8 373 476 877 Y =60. 963 +24.330X5,, —19. 971X, + 1. 234X, 0.538 4.801 0.624 5.702 1.224
19 693 858 .1 100 Y =59.019 —17. 250X 5 +30. 303 X5, — 14. 365X, 0.431 5.330 0.528 6.432 1.043
L10 389 525 Y =49.495 +9. 822X, - 5. 863X, 0.363  5.639 0.372 7.226  0.909

FEARA AR B4 i 7K 7 L1 ~ L10 P, A5 7Y 1) e MRS
5506 UEKG B2 B A 43 fif KT B 1S I 2 S S B
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