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Evaluation of Biomass and Nitrogen Status in Paddy Rice Using
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Ground-based remote sensing can be used as one of the non-destructive, fast, and real-time diagnostic tools
for quantifying yield, biomass, and nitrogen (N) stress during growing season. This study was conducted
to assess biomass and nitrogen (N) status of paddy rice (Oryza sativa L.) plants under N stress using passive
and active ground-based remote sensors. Nitrogen application rates were 0, 70, 100, and 130 kg N ha'. At
each growth stage, reflectance indices measured with active sensor showed higher correlation with DW, N
uptake and N concentration than those with the passive sensor. NIR/Red and NIR/Amber indices measured
with Crop Circle active sensors generally had a better correlation with dry weight (DW), N uptake and N
content than vegetation indices from Crop Circle passive sensor and NDVIs from active sensors. Especially
NIR/Red and NIR/amber ratios at the panicle initiation stage were most closely comrelated with DW, N
content, and N uptake. Rice grain yield, DW, N content and N uptake at harvest were highly positively
correlated with canopy reflectance indices measured with active sensors at all sampling dates. N application
rate explains about 91~92% of the variability in the SI calculated from NIR/Red or NIR/Amber indices
measured with Crop Circle active sensors on 12 July. Therefore, the in-season sufficiency index (SI) by
NIR/Red or NIR/Amber index from Crop Circle active sensors can be used for determination of N

application rate.
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Table 1. Physico-chemical properties of experimental field.
Soil - oM NH; Av. Av. Ex. cations CEC
oil texture .
P N P05 SiOs K Ca Mg
(1:5) g kg'l -------------- mg kg e e cmol, kg'l -------------------
Clay loam 6.0 18 7 31 135 0.52 7.1 1.50 8.7
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Table 2. Statistical summary of dry weight and amount of N uptake as affected by nitrogen application levels.

o 12 Jul. 10 Aug. 20 Sep. 11 Oct.
Statistic
DW N-uptake DW N-uptake DW N-uptake DW N-uptake
g plant'] mg plant'] g plant'] mg plant'l g plant'l mg plant'] g plant'] mg plant']
Minimum 16.2 156 44.6 268 34.5 83 34.1 42
Maximum 32.0 449 64.7 583 51.1 192 48.7 134
Median 25.7 310 55.8 434 435 140 413 96
Average 24.8 303 55.1 426 429 142 41.3 91
St. Dev. 6.1 113 7.0 111 57 40 52 32
CV (%) 25 37 13 26 13 28 13 35
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Table 3. Conrelation coefficient between dry weight of rice plant and reflectance indices by ground-based remote sensors.

Reflectance 12-Jul 19-Jul 29-Aug Harvesting
Sensors index DW LAI DW LAI DW LAI DW DW-grain
CC-passive GNDVI 077" 0.84" 0.87" 0.85" 0.69" 0.71" 0.50 0.55
ANDVI 0.76" 0.85" 0.84" 0.82" 0.69" 071" 0.52 0.58
NDVI 075" 0.85" 0.80" 077" 0.48 0.46 0.50 0.58
GS-red NDVI 0.61" 0.73" 0.87" 0.84" 0.72" 0.74" 0.80" 0.73"
GS-green GNDVI 0.86 0.85" 0.87" 0.80" 0.83" 0.72" 0.92" 0.87"
CC-red NDVI 0.88" 0.93" 091" 0.88" 0.83" 0.83" 077" 0.76"
NIR/Red 0.94" 0.95" 095" 0.94" 0.87" 0.85" 0.77" 0.75"
CC-amber ANDVI 0.86" 0.93" 0.92" 0.89" 0.82" 0.83" 0.75" 0.78"
NIR/Amber 0.92" 0.95" 0.96" 0.94" 0.86" 0.86" 0.76" 0.78"

L Significant at the 0.05 and 0.01 probability levels, respectively.

n=12.

Table 4. Conrelation coefficient between N content in rice plant and reflectance indices by ground-based remote sensors.

Reflectance N content N uptake
Sensors index 12-Jul 19-Jul 29-Aug  Harvesting  12-Jul 19-Jul 29-Aug  Harvesting
CC-passive GNDVI 0.67" 0.82" 0.53 0.57 0.73" 0.84" 0.57 0.54
ANDVI 0.67" 0.79" 0.53 0.60" 0.72" 0.81" 0.57 0.57
NDVI 0.66" 0.74" 0.23 0.58" 071" 077" 0.17 0.55
GS-red NDVI 0.67" 0.79" 0.83" 0.81" 0.64" 0.85" 0.82" 0.82"
GS-green GNDVI 0.80" 0.74" 0.79" 0.93" 0.82" 0.82" 0.82" 0.93"
CC-red NDVI 0.85" 0.84" 0.90" 0.82" 0.87" 0.88" 0.92" 0.79"
NIR/Red 0.92" 091" 091" 0.81" 0.94" 0.93" 0.93" 0.79"
CC-amber ANDVI 0.83" 0.84" 0.89" 0.83" 0.85" 0.89" 091" 0.80"
NIR/Amber 0.90" 0.90" 0.90" 0.83" 0.92" 0.93" 0.93" 0.80"
", ™ Significant at the 0.05 and 0.01 probability levels, respectively.
n=12.
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Fig. 1. Change of comelation coefficient between yield
characteristics of rice at the harvesting and NIR/Red
ratio by Crop Circle-red sensor at different growth stages
of rice.
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Fig. 2. Change of conrelation coefficient between yield
characteristics of rice at the harvesting and NIR/Amber
ratio by Crop Circle-amber sensor at different growth
stages of rice.
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Fig. 3. Relationship between dry weight of grain of rice
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Fig. 7. Amount of N uptake by rice leaves at the
harvesting applied with different rate of N fertilizer.
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