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Multifractal and Multi-scale Correlation Characteristics of Crop

Information of Corn Field in Black Soil Region
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Abstract; Quantitative expression of spatial and temporal variability of crop information is an important
step to realize distributed control of water and soil resources in precise agriculture. In order to reveal
spatial and temporal variability of crop information in corn field in black soil region, multifractal
characteristics of crop information, multi-scale correlations between crop information of different sampling
dates and the ones between different crop information were studied with multifractal and joint multifractal
methods based on the results of experiments in 48m X 48m field in Xiangfang Experimental Base of
Northeast Agricultural University. The results showed that multifractal characteristic of corn chlorophyll
content was not obvious, and stem diameter and plant height had obvious multifractal characteristics. As
sampling date changed, the local information that caused spatial variability of chlorophyll content and
stem diameter were different, the ones that caused spatial variability of plant height were the same,
spatial variability intensity of chlorophyll content and stem diameter was firstly decreased and then

increased, and that of plant height was reduced gradually. At the single scale and multi-scale, when
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sampling date was different, correlation degrees between chlorophyll contents were different, there was

difference in correlation degrees between stem diameters, and correlation degrees between plant heights

were different; there was difference in sorting of correlation degree of chlorophyll content, stem diameter

and plant height. As sampling date changed, correlation degrees between different crop information at the

single scale and multi-scale were different, which were decreased gradually. Compared with research

results at the single scale, the correlation degrees between chlorophyll contents were increased, the ones

between stem diameters were enhanced, the ones between different crop information were augmented, and

correlation degrees between plant heights were sometimes increased or decreased at multi-scale.

Key words: black soil region; crop information; multifraction; joint multifraction; spatial and temporal

variability ; multi-scale
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Fig.1 Spatial distribution of sampling sites
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Tab.1 Values of D(g) of chlorophyll content, stem diameter and plant height

(7 Loy RAE H 9 D(0) D(1) D(2) D(3) D(4) D(5) D(6) D(0) -D(6)
2013 -07—-11  2.0000 1.999 2 1.998 5 1.997 8 1.9970 1.996 3 1.9956 0.004 4
Wb A i 2013 -07-31 2.0000 1.9995 1.9989 1.998 4 1.997 8 1.9973 1.996 8 0.003 2
2013 -08—-14  2.0000 1.9995 1.9989 1.998 4 1.9979 1.997 4 1.996 9 0.003 1
2013 -08—-24  2.0000 1.999 1 1.998 1 1.9972 1.996 4 1.9955 1.9947 0.0053
2013 -06—-14  2.0000 1.9909 1.9826 1.9752 1.968 4 1.962 1 1.9563 0.0437
s 2013 -07—-11  2.0000 1.996 1 1.9922 1.9883 1.984 4 1.9807 1.9770 0.0230
2013 -07-31  2.0000 1.9975 1.9949 1.9922 1.9895 1.9867 1.9839 0.016 1
2013 -08-24  2.0000 1.997 6 1.9952 1.9929 1.990 8 1.988 8 1.986 8 0.0132
2013 -06—-14  2.0000 1.989 8 1.9816 1.974 8 1.969 1 1.964 3 1.960 1 0.0399
/=1 2013 -07-11  2.0000 1.996 7 1.9937 1.990 8 1.9883 1.9858 1.9836 0.016 4
2013 -07-31  2.0000 1.9992 1.998 4 1.997 6 1.996 9 1.996 2 1.995 4 0.004 6
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Fig.3  Multifractal spectrums of chlorophyll content, stem diameter and plant height
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Tab.2 Multifractal parameters of chlorophyll content, stem diameter and plant height

URZEELA Rt H 1Y i P Cax ™ A Jetyin St Jotas =St
2013 -07 —11 1.9922 2.0105 0.0183 1.9749 1.970 4 -0.004 5
N2 A 2013 -07 - 31 1.994 0 2.0069 0.0129 1.980 4 1.9812 0.000 8
2013 -08 —14 1.994 4 2.007 1 0.0127 1.9818 1.9800 -0.0018
2013 -08 —24 1.9905 2.0139 0.023 4 1.969 6 1.9598 -0.009 8
2013 - 06 — 1.928 6 2.1803 0.2517 1.7899 1.4512 -0.3387
o 2013 -07 - 11 1.9589 2.0477 0.088 8 1.868 1 1.8732 0.005 1
2013 -07 - 31 1.969 6 2.0279 0.0583 1.8979 1.927 8 0.0299
2013 -08 —24 1.9772 2.0406 0.063 4 1.929 1 1.8775 -0.0516
2013 -06 —14 1.940 6 2.3130 0.372 4 1.8432 0.9805 -0.8627
KR 2013 -07 —11 1.9727 2.064 3 0.091 6 1.918 1 1.7997 -0.1184
2013 -07 -31 1.9919 2.0122 0.0203 1.974 3 1.964 5 -0.009 8
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Tab.3 Correlation between chlorophyll content of

different sampling dates at single scale

o 2013 — 2013 - 2013 — 2013 —
SRAE H 1Y
07 -11 07 -31 08 —14 08 —24
2013 -07 - 11 1
2013 -07 -31 0.377" " 1
2013 -08 — 14 0.279 " 0.362"" 1
2013 -08 —24 0.117 0.213 0.416 " " 1
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Tab.4 Correlation between stem diameter of different

sampling dates at single scale

. 2013 — 2013 - 2013 — 2013 —
KHEH
06 — 14 07-11 07 -31 08 —24
2013 -06 - 14 1
2013 -07—-11 0.449"* 1
2013-07-31  0.504" " 0.736" " 1
2013 -08—-24 0.432"" 0.625"" 0.728" " 1

x5 AREMEMEH®RSZENE—REHEXE
Tab.5 Correlation between plant height of different

sampling dates at single scale

KRR H 2013 -06—-14 2013-07-11 2013 -07 —31
2013 - 06 — 14 1
2013 -07 - 11 0.610* " 1
2013 - 07 - 31 0.213 0.475"* 1
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Tab.6 Correlation between crop information at single scale
B 2013 — 2013 — 2013 — 2013 —
LG E=E
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g s o Vil 0.409°* 0.389"*  0.127
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Fig.4 Grayscale images of joint multifractal spectrums between chlorophyll content of different sampling dates
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Fig.6 Grayscale images of joint multifractal spectrums between plant height of different sampling dates
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Tab.7 Correlation between chlorophyll content of

different sampling dates at multi-scale

®9 FEBERE#RSZENSREBXNHE
Tab.9 Correlation between plant height of different

sampling dates at multi-scale

o 2013 — 2013 - 2013 - 2013 —
SRAE I [H]
07 -11 07 -31 08 -14 08 —24
2013 -07 - 11 1
2013 -07—-31 0.645" " 1
2013 -08—-14 0.425** 0.677"" 1
2013 -08-24 0.185" 0.415"* 0.713" " 1

*®8 AFBHHENEZEEZEANS REHEXE
Tab.8 Correlation between stem diameter of different

sampling dates at multi-scale

o 2013 — 2013 - 2013 — 2013 —
PR ai|

06— 14 07 -11 07 - 31 08 —24
2013 - 06 — 14 1
20130711 0.717"" 1
2013-07-31 0.767** 0.931** 1
2013-08-24 0.604"* 0.890** 0.965"* 1
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Fig.7 Grayscale images of joint multifractal spectrums between chlorophyll content and stem diameter
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Fig.8 Grayscale images of joint multifractal spectrums between chlorophyll content and plant height
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Fig.9 Grayscale images of joint multifractal spectra between stem diameter and plant height
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Tab.10 Correlations between joint singularity exponents

of crop information at multi-scale
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