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Total Phosphorus Content Estimation Models of Summer Maize
Leaves Based on Hyperspectral Remote Sensing

Liu Bingfeng Li Jun He Jia
(College of Agronomy, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: An on-site field experiment of four phosphorus fertilizer rates treatments and two cultivars of
summer maize was conducted at Northwest A&F University in 2012—2014. Crop canopy normalized
spectra and total phosphorus content of maize leaves were measured at jointing, huge bellbottom, silking,
filling and milk stages. Nine normalized spectra wavelengths and combinations of canopy hyperspectral
remote sensing of the first and second year data were chosen to establish linear, log, quadratic and
exponential function regression relationships between leaf total phosphorus content and spectra parameters
for each cultivar. Four models with high determination coefficients and F values of each cultivar at each
growth stage were chosen to verify the models with the third year data of normalized spectra and total
phosphorus content of two cultivars separately. The models with the smallest root mean square error and
relative error were taken as the best models. The results showed that the spectra parameter for the best
fitting regression relationship with leaf total phosphorus content were the normalized spectra of (830 +
880) nm, (830 +940) nm and (880 +1 100) nm at the jointing, bellbottom and filling stages of maize
respectively.
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Tab.1 Leaf phosphorus content under different nitrogen and phosphorus treatments at different maize growth stages

mg/g
SR BT ‘ LR ‘ K 35 ‘ 223 : T

H L 958 BE22 H 958 BE22 #5958 BE22 HEA 958 BE22

PO 1.31¢ 1.26° 0.92¢ 0.96° 0.67¢ 0.75¢ 0. 63¢ 0. 62"

P1 1.41° 1. 45" 1. 05¢ 1. 03¢ 0.83¢ 0.85¢ 0. 69¢ 0.61°

No P2 1. 44" 1.48° 1.24% 1.25% 0.95" 1.08" 0. 83" 0.94*
P3 1.73% 1.76° 1.34® 1.38® 1.23® 1.12° 0.93* 0.97*

PO 1.63¢ 1.59¢ 1. 15" 111t 0.97¢ 0.97" 0.70" 0.72%

P1 1.73" 1. 69" 1.18° 1.17° 0. 96° 0.95" 0.73" 0.78"

N P2 1.71° 1.72° 1.33® 1.33® 1.12b 1.07* 0.78" 0. 84
P3 1. 85° 1.83® 1.35° 1.33® 1.20° 1.07° 1.01° 0.95°

PO 1.72¢ 1.72¢ 1. 19¢ 1.15¢ 1. 09¢ 0.93¢ 0. 744 0.67¢

Pl 1.73" 1.73¢ 1.20° 1.20° 1.00° 1.02¢ 0. 89¢ 0.75¢

N2 P2 1.93" 1.90" 1. 46" 1.48> 1.25° 1.20° 1.02" 0.99*
P3 2.13° 2.13° 1. 64° 1. 60° 1.39° 1.41° 1.30° 1128

PO 1.77¢ 1.77¢ 1. 42> 1. 44 1. 14> 1.29° 0.91° 1.01°

Pl 1.99" 2.03" 1.50" 1. 46" 1.23° 1.30° 1. 00" 1.09¢

N3 P2 2.41° 2.42° 1.50" 1.45% 1.38® 1.33% 1.03" 1. 16"
P3 2.45° 2. 46" 1.73® 1.74° 1. 44° 1.53® 1.42° 1.36°

PO 1.92b 1.92° 1.52¢ 1.51¢ 1.32¢ 1.38" L.17° 1.27%

Pl 2.07" 2.08" 1.61% 1.58¢ 1.47° 1.36" 1.18" 1.30%

M P2 2.43% 2. 44" 1.63" 1. 66" 1. 46" 1.36" 1.38* 1.26"
P3 2.45° 2. 46" 1.82° 1. 80° 1. 60° 1.54% 1.42° 1.35°
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Tab.2 Leaf area index (LAI) under different nitrogen and phosphorus treatments at different maize growth stages

SR B ‘ L ‘ NN ‘ 223 ‘ TR
#2958 BE22 HHL 958 BE22 HHL 958 BE2 Hs24 958 BE 22
PO 0.63" 0.38°¢ 1.23% 1. 08¢ 1. 46° 1.30¢ 3.57° 3. 40°
Pl 0.67" 0. 50" 1. 46" 1.33% 1.88" 1.80" 3.87° 3.71°
NO
P2 0.67" 0. 55° 1.50° 1.33" 2.00" 1.78" 3.93b 3.81°
P3 0. 70 0. 59¢ 1.53° 1.42° 2.55° 2.43° 4.40° 4.24*
PO 0. 66° 0.52" 1. 65" 1. 50" 1.98¢ 1. 80° 3.80° 3.62¢
P1 0.77" 0. 58" 1. 66" 1.47° 2.11° 1.79¢ 4.15" 4.03"
N P2 0. 87¢ 0.72% 1.77° 1.67° 2.54b 2.39% 4. 14° 4.01°
P3 0. 89° 0.73% 1.75° 1.71° 2.71° 2.61° 4.62° 4.49*
PO 0.70" 0.58" 1.77° 1. 59" 2.344 2.15¢ 4.20° 4.05¢
P1 0.85% 0.74* 1.75° 1.58" 2.70° 2.52b 4.56" 4.39"
N P2 0.91° 0.77° 2.29° 2.15° 2.97° 2.87° 4.74* 4.56%
P3 0.92° 0.77% 2.35° 2.22° 3.11° 2.98° 4.83" 4. 66"
PO 0.95° 0.79° 1. 94¢ 1.76° 2.47° 2.28¢ 4.09" 3.98b
Pl 0. 95" 0. 83° 1.97¢ 1. 86° 2.79% 2.59" 4. 64° 4. 45°
N P2 1. 00 0. 83% 2.30" 2.15" 3.09° 2.97° 4. 68° 4. 49*
P3 1.03¢ 0. 86° 2.43° 2. 46" 3.23° 3.04° 4.72° 4.52°
PO 0.99" 0. 86" 2.07¢ 1.88" 2.71" 2.57" 4.55¢ 4.40°
P1 1. 06" 0.93% 2.28" 2.09" 3.25° 3.00° 4.95" 4.81°
M P2 1.14* 0.98° 2. 69° 2.50° 3.25° 3.05° 5.28° 5.10°
P3 1. 142 1. 00® 2.73° 2. 60° 3.27° 3.08° 5.32¢ 5.14°
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Fig. 1  Correlation coefficient between leaf total phosphorus
content and normalized spectra of summer maize cultivar

ZD958 and YY22 at different growth stages
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Tab.3 Sensitive bands and correlation coefficient between
leaf phosphorus content and normalized spectra at

different maize growth stages

Rk RSP
= i P EY
e BB/ nm " H REL
H55958  0.718 ~0.781  0.769
740 ~1 320
#E22 0.586~0.811 0.757
FBEA 958 0. 666 ~0. 890 0. 859
#E22 0.630 ~0.845 0. 821
FBE958  0.583 ~0. 869 0.748

750 ~2 500
#%E22 0.497~0.850  0.681
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Tab.4 Correlation coefficients between leaf total phosphorus content and typical spectra parameters of summer

maize at different growth stages

LB X B NN 22 3] R
HH A /nm HEER 958 BE22 AR ER 958 BE22 HEER 958 BE22 HEER 958 BE22
830 0.771° 0.809 * 0.881" 0.817" 0. 065 0. 068 0.857 " 0.838"
880 0.767 " 0.802" 0.874 " 0.819" 0. 071 0.053 0.863 " 0.841"
940 0.770 " 0.796 " 0.864 " 0.829" 0.075 0. 045 0. 867~ 0.843"
1100 0.759 " 0.785" 0. 849 * 0.818" 0.078 0.013 0. 866 * 0.847"
1430 0.243 0.228 0.351 0.387 0.291 0.343 0.671° 0.535
1580 0.309 0.221 0.518 0. 600 * 0.252 0.227 0.735" 0.702 "
1 650 0.407 0.272 0.638 " 0.674" 0.204 0. 190 0.768 * 0.755"
1740 0.349 0.256 0.593 " 0.635" 0. 189 0.212 0.730" 0.721"
2200 0.221 0. 198 0.375 0.423 0.304 0.316 0. 606 * 0.533
830 +880 0.769 * 0. 806 * 0.878 " 0.818" 0. 068 0. 060 0. 860 * 0.840 "
830 +940 0.771° 0.803 " 0.873" 0.824" 0.070 0. 056 0.862 " 0.841"
830 +1 100 0.766 * 0.799 " 0.867 " 0.820" 0.072 0.041 0.862 " 0.843"
880 +940 0.775 " 0.799 " 0.870" 0.819" 0.073 0. 049 0.861 " 0.842"
880 +1 100 0.764 " 0.795" 0.863 " 0.820" 0.075 0.033 0.865" 0.844 "
940 +1 100 0.765 " 0.791" 0.858 " 0.825" 0.077 0.029 0. 866 * 0.845"
1430 +1 580 0.280 0.226 0. 439 0.502 0.279 0.289 0.714" 0.631"
1430 +1 650 0.332 0.253 0.499 0. 540 0.256 0.277 0.734" 0. 666 *
1430 +1 740 0.302 0.245 0.475 0.517 0.247 0.286 0.711" 0.641"
1430 +2 200 0.233 0.213 0. 365 0. 406 0.299 0.330 0.649 " 0.537
1580 +1 650 0.358 0. 246 0.579 " 0.637" 0.228 0.210 0.752* 0.730"
1580 +1 740 0.329 0.238 0. 556 0.618" 0.222 0.220 0.732*° 0.712"
1580 +2 200 0. 268 0.211 0.448 0.519 0. 281 0.273 0.684 " 0.635"
1650 +1 740 0.378 0.264 0.616 " 0.655" 0.197 0. 201 0.750 " 0.739"
1650 +2 200 0.320 0.237 0. 509 0. 558 0.257 0.259 0.707 * 0.673"
1740 +2 200 0.289 0.229 0.485 0.535 0.248 0.268 0.680 " 0.646 "
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Tab.5 Regression models and verification between leaf total phosphorus content and spectral parameters of
summer maize at different growth stages
\ AL I B B A i RS B & XA g
RN fi e 2H4/nm i F RMSE RE RMSE RE
Y =4.943 +3.337Inx 830 0. 598 26.762  0.231 9.69 0.242 10.29
) Y= —14.342 +71. 340x — 76. 5597 940 0. 640 15.104  0.226 9.56 0. 267 13.35
A 958 Y= -1.378 +4.093x 830 +940 0. 592 26.113  0.232 9.77 0. 240 10.52
. Y= —14.136 +35. 047x — 18. 710x* 880 +940 0. 639 15.055  0.240 10. 63 0.216 11.19
L Y =0. 0675 %% 830 0. 663 35.425 0.214 8.79 0.226 9.33
Y =7.168 +5.958Inx 880 0. 652 33.324  0.216 8.95 0.235 9.31
BE2 Y =0. 068¢* 1% 830 +880 0. 664 35.078 0. 205 7.71 0.217 8. 44
Y =3.084 +6. 047Inx 830 +940 0. 661 33.410  0.206 7.80 0.235 9. 80
Y= —10. 065 +49. 005x —53. 360x> 830 0.795 32.892  0.098 7.88 0.120 10. 65
) Y =3.324 +2. 540Inx 880 0.789 61. 691 0. 102 8.73 0.114 9.37
ALHL958 Y= -0.996 6 +24.292x - 13.215x> 830 +880 0.791 32.256  0.107 9.24 0.131 10.77
Y =1.579 +2.5611nx 830 +940 0.783 59.053  0.097 7.74 0. 100 7.90
KOS Y = —4.303 +21. 984x — 20. 078x” 880 0.675 17.616  0.100 8.51 0.126 10. 80
Y =3.367 +2.265Inx 940 0. 682 38. 551 0.110 9.15 0.115 10. 45
BE2 Y =1.797 +2.2911nx 830 +940 0. 690 38.213  0.105 8.87 0. 106 9.88
Y =1.799 +2.269Inx 940 +1100  0.699 39.716  0.099 8.05 0.120 10. 55
Y =5. 820 +4. 9991nx 940 0.799 63.717  0.108 8. 88 0. 124 10. 14
) Y =5.890 +5.081Inx 1100 0.796 68.382  0.110 8. 86 0. 140 12. 14
F 058 Y= -3.784 +6.251«x 880 +1100  0.812 69. 341 0.128 9.25 0.123 10. 26
—_ Y =2.356 +5. 0231Inx 940 +1100  0.770 60.304  0.114 8.92 0. 141 12.05
i Y =0.012¢! 120 940 0.784 65.390 0.111 9.19 0. 122 10. 26
Y =0.011e!377* 1100 0. 789 67.155 0. 108 9.04 0.132 11.24
BE2 Y=1.215 -5. 835x +6. 968x° 880 +1100  0.784 44.580  0.107 8.72 0. 109 9.02
Y =1.580 —6. 818x +7. 646> 940 +1100  0.798 68.536  0.117 10.46  0.125 10. 38
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