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Estimation of Soybean Growth Using Polarimetric Discrimination Ratio
by Radar Scatterometer

Yihyun Kim and Sukyoung Hong*

Department of Agricultural Envrionment, National Academy of Agricultural Science, Rural Development Administration

The soybean is one of the oldest cultivated crops in the wordd. Microwave remote sensing is an important tool
because it can penetrate into cloud independent of weather and it can acquire day or night time data. Especially
a ground-based polarimetric scatterometer has advantages of monitoring crop conditions continuously with full
polarization and different frequencies. In this study, soybean growth parameters and soil moisture were estimated
using polarimetric discrimination ratio (PDR) by radar scatterometer. A ground-based polarimetric scatterometer
operating at multiple frequencies was used to continuously monitor the soybean growth condition and soil
moisture change. It was set up to obtain data automatically every 10 minutes. The temporal trend of the PDR
for all bands agreed with the soybean growth data such as fresh weight, Leaf Area Index, Vegetation Water
Content, plant height; i.e., increased until about DOY 271 and decreased afterward. Soil moisture lowly
related with PDR in all bands during whole growth stage. In contrast, PDR is relative correlated with soil
moisture during below LAI 2. We also analyzed the relationship between the PDR of each band and growth
data. It was found that L-band PDR is the most correlated with fresh weight (1=0.96), LAI (r=0.91), vegetation
water content (1=0.94) and soil moisture (1=0.86). In addition, the relationship between C-, X-band PDR and
growth data were moderately correlated (>0.83) with the exception of the soil moisture. Based on the analysis
of the relation between the PDR at L, C, X-band and soybean growth parameters, we predicted the growth
parameters and soil moisture using L-band PDR. Overall good agreement has been observed between
retrieved growth data and observed growth data. Results from this study show that PDR appear effective to

estimate soybean growth parameters and soil moisture.
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Table 1. Soil chemical properties of the experimental plot for fertilizer recommendation.

Exch. Cation
pH OM NH;-N Avail. P,Os CEC Bulk density Soil texture
Ca Mg
(1:5) g kg'] mg kg'] mg kg'] ----------- cmol, kg'l ----------- Mg m’
Loam
5.9 18.3 9 173 0.3 53 2.0 12.7 143
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Table 2. Soybean growth stages.
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Vegetative stages

Reproductive stages

VE-emergence(DOY 166)
VC-cotyledon(DOY 173)

V1-first trifoliolate(DOY 179)

V2-second trifoliolate(DOY 183)

Vn-nth trifoliolate (DOY 183 ~ DOY 213)

Rl1-beginning bloom(DOY 214)
R2-full bloom(DOY 224)
R3-beginning pod(DOY 228)
R4-full pod(DOY 242)
R5-beginning seed(DOY 249)
Ré-full seed(DOY 277)
R7-beginning maturity(DOY 280)
R8-full maturity(DOY 287)

Table 3. Specification of the L, C and X-band automatic scatterometer system.

Parameters L-Band C-Band X-band
Frequency (GHz) 1.27 + 0.06 53 +£03 9.65 = 0.5
i E-Plane (Deg.) 11.15-15.72 35.11-41.73 35.11-41.73
Beam Width
H-Plane (Deg.) 14.62-19.36 40.88-49.22 40.88-49.22
Antenna Gain (dB) 12.4 20.1 22.4
Antenna Type Dual polarimetric square horn
Number of Frequency points 201 801 1601
band Width (MHz) 120 600 1000
Wavelength (m) 0.23 0.056 0.031
Slant range resolution (m) 1.23 0.25 0.15
Polarization HH, VV, HV, VH
Incident angle (°) 40
Platform height (m) 4.16

Measurement time

1 per 10minutes
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Fig. 1. Comparison between L-band PDR and soybean growth data during whole growth stage.



882

o
o

o

ool
i
o

Table 4. Comrelation coefficients between polarimetric discrimination ratio in each band and soybean growth parameters

during growth periods.

L-band PDR C-band PDR X-band PDR
Total fresh weight' 0.96"" 091" 0.85"
Leaf area index’ 0917 0.86" 0.83"
Vegetation water content’ 0.94™ 0.90™" 0.87"
Soil moisture! 0.47 0.34 0.32
Soil moisture’ 0.86" 077" 0.72°

*dun’ng whole growth stage, iduling whole growth stage, §during whole growth stage, 'during whole growth stage, ! during until

R2 stage (full bloom).
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Fig. 2. Comparison between C-band PDR and soybean growth data during whole growth stage.
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Fig. 3. Comparison between X-band PDR and soybean growth data during whole growth stage.
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Fig. 4. (a) Relationship between PDR (L-band) and fresh weight. (b) Comparison between observed and retrieved fresh weight.
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