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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 siress were two
important factors influencing the VIs-K_, model. The correlation between Vls 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 ~0.9401 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 ~0.8487 p<0.05 n=40). Water stress had a significant effect on the correlation of VIsK,
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 0.0830) ; 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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2

Tab.2 Actual irrigation amount and rainfall in experimental area

mm
(DAP/d: 31 ~61) ( DAP/d: 62 ~92) ( DAP
1 185.2 2.8 188(100%) 93.2 38.8 132(100%) 79.2 2.8
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Fig.2 Irrigation method and irrigation depth measuring
method °
20 o
M600 5 kg 30 min,
( 3b)  RedEdge( MicaSense
USA) 5 ( 3)
5.5 mm 47.2° 1 280 X
960 o 3mx3m
( GroupVIII USA) ( 3c¢) ( 3d),
3 4
Fig.4 UAV aerial photography
’ 1.4
(1)
100 m  (40°25°55.53"N 109°36722. 69"E)
12 em o
30 min 0
(2) :
o A B
3 180 cm
3 o 30 cm
Fig.3 UAV multispectral images acquisition system 34 1
3 RedEdge 180 em
Tab.3 Multispectral camera parameters and reflectivity ’ A B
of gray plate to its center wavelength (3) ’
/ 1 2
/nm nm /% 1% ( LAI) A
1 475 20 2946 58.446 7d ° A B
2 560 20 2.945 57.958 10 LAI-2200C
3 668 10 2.993 57.339 ( LAI) : A
4 840 40 3.070 56. 682 B 10
5 717 10 3.010 57.128
11:00—13:00 1.5
4 1.5.1 FAO
3d 70 m FAOS56 "’ o
5 cm/pixel 80% 4 N

FAO-56



138 2018
(
45% 2 m o
2 m/s) 6 ( NDVI. SR.
K, . SAVI.EVI.VARI  GNDVI) 4,
; . Pix4 DMapper RedEdge
0.15.1.15.0. 15, N
. ( AL ).
FAO-56 7 ENVI A B
K. K. 6 .
K, .
K =— 1
: ch a ( ) ~ ~ o
Ke = K(' - Kchh a ( 2) 4
Tab.4 Vegetation indices
R ( K, adjust -K, min) 1 —exp ( -0. 7LA)
(3)
h 03 _ Ryie — Ry
Kob adjust = Kr:b tab + (? ) 0 04( U, — 2) - ( NDVI) NUW - RNu’ + RRerl 28
0.004( R, . —45 4 o Ryir = Ryea
( H min ) ( ) ( SAV[) 5/”;, =1.5 RM_ +RRH‘I +0.5 29
K('b adjust
Ey=2.5 Ryie = R 30
(EVI) = T Ry #6Rpeq =7 5R e +1
K('b tab RI\'ir
Sgp=%5— 31
U, 2m (SR) Ry
m/s _ Rereen = Riea
_ ( GNDVI) OO =R+ Ry 32
H min W ; i R(;m_“ _ RR”I .
¢ ( VARI) M Rreen + Ried = Rite i
Kch .
P Rpe~ Rireen > Riea~ Ry RedEdge
h— m
K('b d_ 2
2.1
K—
A B
K(' min— 0' 15 ~
' LAI 5 6 o
0.20
LAI
1.5.2
o NDVI
( AY AY
) SR 5 A B
SAVI Fig.5 Variation of maize height in sample fields A and B
EVI VARI 5 A B
GNDVI
02 K 273 em 268 cm. 6

A B LAI



139

6 A B LAI
Fig. 6 Variation of maize LAI in sample fields A and B
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10 A K (n=25)

e

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

Y x R? Rysk
NDVI( 0.3495 ~0.802 1) Y=0.411x +0. 805 0.7312 0.0530
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GNDVI( -0.078 2 ~0. 157 5) Y=1.073x +1. 041 0.899 2 0.0324
VARI( -0.1019 ~0.2190) Y =0.782x +1. 041 0.902 4 0.0319
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12 A K. (n =40)

Fig. 12 Relationship between vegetation indices and K, of maize in sample field A from middle

growing stage to later growing stage ( n =40)

13 B K, (n =40)

Fig. 13 Relationship between vegetation indices and K, of maize in sample field B from middle growing

stage to later growing stage ( n =40)
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