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Estimating Method of Crop Coefficient of Maize Based on
UAYV Multispectral Remote Sensing
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Abstract; Rapid acquisition of crop coefficient K, is the key to estimation of field evapotranspiration
(ET), in order to study the feasibility and applicability of unmanned aerial vehicle (UAV) multispectral
remote sensing in estimation of maize crop coefficient, based on the data of field maize in experimental
station, soil and meteorology in Zhaojun Town, Dalate Qi, Inner Mongolia in 2017, by using
meteorological factors and crop canopy cover to correct dual crop coefficient method at different growth
stages and different water stresses. The multi-spectral ( blue, green, red, red edge, near IR, 475 ~

840 nm) images from UAV were used to calculate vegetation indices ( normalized difference vegetation
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index (NDVI) , soil adjusted vegetation index (SAVI) , enhanced vegetation index (EVI) , simple ratio
(SR) and green normalized difference vegetation index ( GNDVI) , visible atmospherically resistant index
(VARI) ) of maize in different growth stages ( rapid growth stage, mid-growth stage and late growth
stage). Thus the model relation of VIs and crop coefficient K, could be established, and the effect of
water stress on it was studied. Results demonstrated that maize growth period and water stress were two
important factors influencing the VIs — K, model. The correlation between VIs and K, in different growth
stages was different; under full irrigation condition, the correlation of VIs — K  model in the rapid growth
stage (R*was 0.7312~0.940 1, p <0.05, n=25) was different with the correlation of VIs — K_ model
from mid to late growth stage ( R® was 0.276 5 ~0.373 2,p <0.05,n =40); under water stress
condition, the correlation of VIs — K_ model in the rapid growth stage (R* was 0.0002 ~0.083 0, p <
0.05, n =25) was different with the correlation of VIs — K_ model from mid to late growth stage (R* was
0.3362 ~0.848 7,p <0.05,n =40). Water stress had a significant effect on the correlation of VIs — K
model ; in the rapid growth stage, the correlation of VIs — K, model for full irrigation maize (the maximum
value of R* was 0. 940 1) was better than the correlation for water stress maize ( the maximum value of R’
was 0. 083 0) ; from mid to late growth stage, the correlation of VIs — K, model for full irrigation maize
(the maximum value of R® was 0.373 2) was worse than the correlation for water stress maize ( the
maximum value of R* was 0. 848 7). The correlation of part of VIs and crop coefficient K, was good; the
descending order of correlation of VIs —K_ model for full irrigated maize in the rapid growth stage was SR,
EVI, VARI, GNDVI and SAVI; the descending order of correlation of the VIs — K_ model for water stress
maize from mid to late growth stage was SR, GNDVI, VARI, NDVI, SAVI and EVI; the correlation of
SR and crop coefficient K, was the best. Estimation of K, based on UAV multispectral technology was

feasible.

Key words: maize; UAV remote sensing; crop coefficient; vegetation indices; evapotranspiration
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Tab.1 Maize growth stage division in 2017
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Fig.2 Irrigation method and irrigation depth measuring

method
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Tab.2 Actual irrigation amount and rainfall in experimental area mm
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Fig.3 UAV multispectral images acquisition system
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Tab.3 Multispectral camera parameters and reflectivity

of gray plate to its center wavelength
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Fig. 6  Variation of maize LAl in sample fields A and B
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Fig.7 Curves of vegetation indices in sample field A
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Fig.8 Curves of vegetation indices in sample field B

HE 7 FE 8 nl A A A FIFEHD B 76 P A=
F AR B4 B2 W 3 K, A K T RN S 0 A B 4R
¥ NDVI EVI SAVI . GNDVI VARI & 2 18 F& A%
e RE YL B SR AT B KA 98/ B A A P I RN
Je B, K 3 i3 (15 A oo B i D R 48 BN TR
Hu AR TS B0 SR X AR W)Y B G R R AR T B
B, R G FE Hb B A w46 B SROEL AR s A 980/ IR
FEKS

0.8

i 0.6 i
0.4 — tHbA
02 RS
ob——o oL . Y YN
40 50 60 70 80 90 100 40 50 60 70 80 90 100
HEFH W ALFHI
(a) (b)
12 12
10 . 10
08 9, 08
0.6 " 0.6
04 —pesmA N O4r —pema  ANA
02F ---tHHB ROSN 02} ---FEB i
0735750 60 70 80 90 100 0720750 60 70 80 90 100
=g LI =g LIC
(e) (d)

FO e A K = A K E IR R 808 H 8tk it £
Fig.9 Curves of daily crop coefficient from rapid growth

stage to late growth stage
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Fig. 10 Relationship between vegetation indices and K, of maize in sample field A in rapid growing stage (n =25)

127 . i . 12- .
1‘0‘4“ 2 = 1.0 gy ase °* ° = 1_0_..' —onte ® L] s
0.8 . : 0.8 . * 0.8F . °
" 061 y=0.1872+0.882 <" 06r y=-0.014x+0.975 " 0.67 y=-0.019x+0.977
0.4F R*=0.0830 04t R*=0.0002 04} R*=0.0004
0.2} 02} 0.2F
U L 1 1 L 0 L 1 L 1 O 1 1 1
04 05 06 07 035 040 045 050 0.3 0.4 0.5
NDVI SAVI EVI
1.2r . 13- . ik .
e _onnee ® hd oaasd * e - eaned ° i
10} g snnse - 1.0} oy - 1.0 og -
0.8F . 0.8F . 0.8F .
< 0.61 y=0.0012+0.966 & 0.6F y=0.075x+0.971 & 0.6F y=0.108x+0.970
0.4f R=—0.0647 0.4F R=—-0.0875 04} R*=—-0.0869
02} 0.2 02}
O 1 1 1 1 1 1 0 L 1 1 0 1 L L
3 4 5 6 7 8 0.1 0 0.1 -0.1 0 0.1
SR GNDVI VARI

IT PR AR KRR B AEBE RS R R R KK R (0 =25)

Fig. 11 Relationship between vegetation indices and K, of maize in sample field B in rapid growing stage (n =25)
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Tab.5 Relationship between vegetation indices and K_ of maize in sample field A in rapid growing stage
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Fig. 12 Relationship between vegetation indices and K_ of maize in sample field A from middle
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Tab.6 Relationship between vegetation indices and crop coefficient K of maize in sample field B

from middle growing stage to later growing stage
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