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Estimation of Rice Grain Protein Contents Using Ground Optical Remote Sensors

Yi-Hyun Kim and Suk-Young Hong !

National Academy of Agricultural Science, Rural Development Administration

Abstract : It is well known that the protein content of rice grain is an indicator of taste of cooked
rice in the countries where people as the staple food. Ground-based optical sensing over the crop
canopy would provide information not only on the mass of plant body which reflects the light, but also
on the crop nitrogen content which is closely related to the greenness of plant leaves. The vegetation
index has been related to crop variables such as biomass, leaf nitrogen, plant cover, and chlorophyll in
cereals. The objective of this study was to investigate the correlation between GNDVI and NDVI
values, and grain protein content at different dates and to estimate the grain protein content using
G(NDVI) values. We measured Green normalized difference vegetation index (GNDVI=(p0.80um-
P£0.55um)/(p0.801m+p0.55um)} and (NDVI=(p0.80um-p0.681m)/(p0.801m+p0.684m)) by using
two different active sensors. The study was conducted during the rice growing season for three years
from 2005 through 2007 at the experimental plots of National Institute of Agricultural Science and
Technology. The experiments were carried out by randomized complete block design with the
application of four levels of nitrogen fertilizers(0, 70, 100, 130kg N/ha) and the same amount of
phosphorous and potassium content of the fertilizers. After heading stage, relationships between
GNDVI of rice canopy and grain protein content showed the highly positive correlation at different
dates for three years. GNDVI values showed higher correlation coefficients than that of NDVI during
growing season in 2005-07. The correlation between GNDVI values at different dates and grain protein
contents was highly correlated at early July. We attempted to estimate the grain protein content at
harvesting stage using GNDVI values from early July for three years. The determination coefficients of
the linear model by GNDVI values were 0.91 and the measured and estimated grain protein content at
harvesting stage using GNDVI values highly correlated(R?=0.96**%), Results from this study show that
GNDVI appeared very effective to estimate leaf nitrogen and grain protein content of rice canopy.

Key Words : Vegetation index, GNDVI, NDVI, Correlation coefficients, Grain protein, Heading
stage.
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NDVI=(NIR go0nm-REDggonm)/ (NIRSOOnm+RED68()nm)
GNDVI=(NIRgo0nm-GR5500m)/ (NIR g00nm+GR5505m)

Table 1. Soil chemical properties of the experimentat plot for fertilizer recommendation

Available Exchangeable cations | Available
- j(ear pH OM NH,-N bo, K | G Ve CEC | !
1:5 gkg! mg kgt mgkg! | e cmol kg! ——er- - mg kg'!
2005 6.1 2 103 34 03 61 | 23 16.1 149
"~ 2006 60 | 18 i T T s 7.1 15 165 135
2007 59 20 9 | 38 050 6.6 19 18.1 143

OM : Organic Matter, C.E.C : Cation Exchange Capacity.
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Fig. 1. Greenseeker Optical Geometry(produced by Oklahoma State University Precision Sensing Team).
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Table 3. Correlation coefficients between NDVI of rice canopy
and grain protein contents at different dates for three

for three years years
Date(days after transplanting)| 2005 2006 2007 Date(days after transplanting)] 2005 2006 2007
94(Aug. 22) =0.88%+* 94(Aug. 22) r=0.85%*
101(Aug. 29) r=0.90%** | r=0.88%*%* | r=0.86%** 101(Aug. 29) r=0.77*%* | =0.87%*%* | r=0.86%**
107(Sep. 5) r=0.90*** 107(Sep. 5) r=0.88***
114(Sep. 12) r=0.91#%* | r=0.89%** 114(Sep. 12) r=0.81** | r=0.82%*
121(Sep. 19) r=0.93%** | 1=0.90%** 121(Sep. 19) r=0.84*%* | r=0.83%*
128(Sep. 26) r=0.90%%* | r=0.90*** 128(Sep. 26) r=0.85%* | r=0.83**
136(Oct. 4) r=0.91%%% | =0.92%%* 136(Oct. 4) r=0.82%* | r=0.83%*
144(Oct. 12) r=0.94%%* | =093%F% | r=()94** 144(Oct. 12) r=0.84** | r=0.81%* | r=0.86%**

** : Jevel of significance p<0.01
*#*% : Jevel of significance p<0.001

** : level of significance p<0.01
*k - Jevel of significance p<0.001
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