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Abstract Accurate, rapid and non- destructive estimation of apple canopy SPAD (soil and plant analyzer
development) values using hyperspectral remote sensing has important significance for monitoring the growth of
apple trees. Spectral reflectance and SPAD values of 196 apple canopies are measured in 62 orchards in two years.
The original spectra and the continuum-removed spectra are analyzed and correlated with SPAD values. The
continuum-removed spectral indices of DVI (difference vegetation index), RVI (ratio vegetation index) and NDVI
(normalized difference vegetation index) are calculated by the combination of arbitrary two bands in the range from
350 nm to 1300 nm. The stepwise regression and principal component analysis methods are used to extract the
principal components as the independent variables. A support vector machine regression model for estimation of
SPAD values is constructed and verified by the data collected in the second year. The vegetation indices of the biggest
correlation between SPAD and the three newly built vegetation indices are NDVI (406, 563), RVI (406,5665) and DVI
(646,695), and the correlation coefficient () reaches 0.677, 0.690 and 0.711, respectively. The support vector machine
regression model is verified. Relative error of prediction (REP) is 1.190%, PR® is 0.837 and relative percent deviation
of prediction (RPDP) is 2.213. The continuum-removed method and building vegetation indices can improve the

correlation between spectra and apple canopy SPAD values. The spectral index which has the highest correlation
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with SPAD is composed of the visible bands. The support vector machine regression model has excellent ability to

estimate the SPAD values of apple canopies which are growing rapidly.

Key words spectroscopy; relative chlorophyll content; continuum removed method; apple tree; support vector
machine
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Table 1 Statistics of sample SPAD

Samples Max Min Mean Std CV /%
All 56.4 33.8 44.5102 4.3137 9.6915
Calibration 51.4 33.8 42.871 2.9124 6.7934
Prediction 56.4 43.3 50.1073 2.8775 5.7427
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Table 2 Vegetation indices for SPAD evaluation

Vegetation indices Formula
NDVI (R, =R IR, +R,)
DVI R, -R,,
RVI R, /R,
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Table 3 Sensitive vegetation index and correlation coefficient with SPAD

Vegetation index Correlation Vegetation index Correlation
DVI (646, 695) -0.7105 DVI (538, 459) -0.6541
RVI (406, 541) 0.6858 NDVI (381, 555) -0.6641

NDVI (406, 547) -0.6643 DVI (636, 695) -0.6709
DVI (536, 422) -0.6504 DVI (640, 698) -0.6558
DVI (666, 690) -0.6629 DVI (381, 553) -0.6607
DVI (651, 695) -0.6582 DVI (541, 420) -0.6545
DVI (637, 696) -0.6612 DVI (536, 436) -0.6535

M 3T LA M i 2 A R0l 4 RO vh iT L D' 9 R PN ot i 200 A e Be 4L 5 TR, Hh T B
Z (B B ARG, A A5 A AR B I AF AR B P A 2 B LA NSk A s o O TR SR A B B 2 B
2 Sl SRR TR A I 3 R 2 A8 0 W O A X 3% 2 P I R AR BRI T B o Y R RO TR LR
T 22 TR KB 1 99% ., A o 5 20 5 A o A A 8 i ) BECJRRE i A R AT 1 R RS R (R B) R LUR
T4 AR e 74 e BT R 2 2 AN A R) L DV (666, 690) H1 DVI (637, 696) 73 5l 78 55 5 Rl 6 &=
T3 b b AR e R AT, BT 2 A Iy 3R BEARORE T i 206 B A B S A
4 BRI RS g

Table 4 Vegetation index collinearity test

RVI NDVI DVI DVI  DVI DVI DVI NDVI DVI DIV NDVI DVI DVI  DVI
(406,541) (406,547) (536,422) (666,690) (651,695) (637,696) (538,459) (381,555) (636,695) (640,698) (381,553) (541,420) (536,436) (646,695)

DVI(646,695) -0.7680 0.7636  0.8349  0.8911  0.9668  0.9312  0.8681  0.7602  0.8799  0.9538  0.7572  0.8191  0.8513  1.0000
DVI(536,436) -0.9123 0.9121  0.9759  0.7372  0.8523  0.8349  0.9722  0.8397 0.7633  0.8733  0.8385  0.9722  1.0000  0.8513
DVI(541,420) -0.9556 0.9557 ~ 0.9784  0.7134  0.8146  0.8117  0.9444  0.8896  0.7518  0.8410  0.8886  1.0000  0.9722  0.8191
NDVI(381,553) -0.9194 0.9223  0.8890  0.6862  0.7765  0.7336  0.8204  0.9993  0.6504  0.7753  1.0000  0.8886  0.8383  0.7572
DVI(640,698) -0.7795 0.7757  0.8502  0.8978  0.9594  0.9249  0.9005  0.7790  0.8336  1.0000  0.7753  0.8410  0.8733  0.9538
DVI(636,695) -0.7403 0.7375  0.7559 ~ 0.7734  0.8264  0.8986  0.7365 ~ 0.6531  1.0000  0.8336  0.6504  0.7518  0.7633  0.8799
NDVI(381.555) -0.9196 0.9230  0.8897  0.6900  0.7797  0.7370 ~ 0.8221 ~ 1.0000 ~ 0.6531 ~ 0.7790 ~ 0.9993  0.8896  0.8397  0.7602
DVI(538,459) -0.8659 0.8636  0.9462  0.7655  0.8812  0.8395  1.0000  0.8221  0.7365  0.9005  0.8204  0.9444 09722  0.8681
DVI(637,696) -0.7760 0.7702  0.8194  0.8758  0.9021  1.0000  0.8395  0.7370  0.8986  0.9249  0.7336  0.8117  0.8349  0.9312
DVI(651,695) -0.7588 0.7543  0.8331  0.9013  1.0000  0.9021  0.8812  0.7797  0.8264  0.9594  0.7765 0.8146  0.8523  0.9668
DVI(666,690) -0.6616 0.6585  0.7126 ~ 1.0000  0.9013  0.8758  0.7655 ~ 0.6900  0.7734  0.8978  0.6862  0.7134  0.7372  0.8911
DVI(536,422) -0.9483 0.9459  1.0000 0.7126  0.8331  0.8194  0.9462  0.8897 0.7659  0.8502  0.8890  0.9784  0.9759  0.8349
NDVI(406,547) -0.9958 1.0000  0.9459  0.6585  0.7543  0.7702  0.8636  0.9230  0.7375  0.7757  0.9223  0.9557  0.9121  0.7636
RVI(406,541)  1.000  -0.9958 -0.9483 -0.6616 -0.7588 -0.7760 -0.8659 -0.9196 -0.7403 -0.7795 -0.9194 -0.9556 -0.9123 -0.7680
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F b IR 1) Ak AR B

Table 5 Principal component feature vector matrix

Principal component

Vegetation index

Xi X X X, X X X7
DVI (646,695) 0.2697 0.2973 0.0333 0.0103 0.3306 -0.1743 -0.2291
RVI (406,541) -0.2694 0.3003 0.0779 0.2283 0.2020 0.1206 0.4559
NDVI (406,547) 0.2691 -0.3003 -0.0686 -0.2316 -0.2015 -0.1379 -0.3968
DVI (536,422) 0.2781 -0.1840 -0.2134 0.1249 0.0144 -0.0328 0.1167
DVI (666,690) 0.2451 0.3884 0.3781 0.1059 -0.7201 -0.2591 0.1874
DVI (651,695) 0.2691 0.2741 0.1633 0.1949 0.3461 -0.2828 -0.2026
DVI (637,696) 0.2653 0.2877 -0.0750 -0.2084 -0.1503 0.8145 -0.0957
DVI (538,459) 0.2746 -0.0291 -0.2389 0.4516 0.0657 0.1116 0.2132
NDVI (381,555) 0.2622 -0.2809 0.4763 -0.1004 0.1850 0.1156 0.2270
DVI (636,695) 0.2459 0.2944 -0.3124 -0.6631 0.1678 -0.2354 0.4029
DVI (640,698) 0.2720 0.2538 0.0637 0.1936 0.1364 0.1431 -0.3149
DVI (381,553) 0.2616 -0.2906 0.4766 -0.1016 0.1883 0.1127 0.2388
DVI (541,420) 0.2772 -0.2034 -0.2191 0.1005 -0.1552 -0.0551 0.1535
DVI (536,436) 0.2772 -0.1065 -0.3269 0.2698 -0.0448 -0.0255 0.2036

3.4 fHMER R E I RIIE

DL R 0 M i AR IR 7 A FE R A AR o, SPAD S RS He R S i L TR0 S 9k ST S R AR
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PRI R 1Y) S ) i LA 2T R A5 1 & —SVR 4% ) 55 pR A (RBF)7E LA T P i PR RE et . &0 2 W 25 K%
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