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Estimation of Nitrogen Uptake and Biomass of Rice (Oryza sativa L.)
Using Ground-based Remote Sensing Techniques

Hyo-Young Gong, Seong-Soo Kangl, and Soon-Dal Hong*

Department of Environmental & Biological Chemistry, Chungbuk National University, Cheongju, 361-763, Korea
'National Academy of Agricultural Science, RDA, Suwon, 441-707, Korea

This study was conducted to evaluate the usefulness of ground-based remote sensing for the estimation of rice
yield and application rate of N-fertilizer during growing season. Dongjin-1, Korean cultivar of rice was planted
on May 30, 2006 and harvested on October 9, 2006. Chlorophyll content and LAI (leaf area index) were
measured using Minolta SPAD-502 and AccuPAR model LP-80, respectively. Reflectance indices were
determined with passive sensors using sunlight and four types of active sensors using modulated light,
respectively. Reflectance indices and growth rate were measured three times from 29 days to 87 days afterrice
plating and at harvesting day. The result showed that values of growing characteristics and reflectance indices
were highly correlated. Growing characteristics to show significant correlation with reflectance indices were in
order of followings: fresh weight > N uptake > dry weight > height > No. of tiller > N content. Chlorophyll
contents measured by chlorophyll meter (SPAD 502) showed high correlation with nitrogen concentration
(r=0.743""), although the correlation coefficients between remote sensing data and nitrogen concentration
were higher. LAI was highly correlated with dry weight (r=0.931**), but relationship between LAI and nitrogen
concentration (r=0.505*) was relatively low. The data of CC-passive sensor were negatively correlated
with those of the near-infrared. NDVI correlation coefficients found more useful to identify the growth
characteristics rather than data from single wavelength. Both passive sensor and active sensor were highly
significantly correlated with growth characteristics. Consequently, quantifying the growth characteristics using
reflectance indices of ground-based remote sensing could be a useful tool to determine the application rate of

N fertilizer non-destructively and in real-time.

Key words: Biomass, Ground-based remote sensor, NDVI, Nitrogen uptake, Rice
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Table 1. Physico-chemical properties of experimental soil.

9] active AIAE ]85 A7H= Kim et al, (2006)°]
AN A} LA B} AlA 2] B A BE o] 83t
0] PATFE FA43FHIL, Jung et al, (2006)
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passive

xHHHHH:H TARES ¥ (Oryza sativa L)EF 52

152 3190, A Aae SHEE YU Waes 9%
g & = A BFATE o] 2006 5Y 30Uf
e 109 9¢9) FFgon AU EL 30 X15 cmE T

rh ARG A4E Bak|ER 0, 55, 82.5, 110,
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F7ksto] Gy sWHE O R HiR|Skqlet, AlH]REY] 50%=
WAZ02 20%= A7) 20%= GBS0, 10%=
T&710) AFLRE AHEIGT) QAL ZE]|, AR AJH]
2re 2okaAe] ols) ZH2 92 kg P:Os ha ', 83 kg Ke0
ha”', 60.5 kg SiO, ha ! AJH|EEO® BE Xl EUs}
Agstgict, AldxEge] B FER He, njit &
SRS 357, 24.4, 39.9%%C} (Table 1), $F8H2 EA
AEH ARIAY7|E (NIAST, 1999)2] v Zjufjo] A3lst &
sty 71Edt vlaste] & o oS mar glglon

o X
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Exch. Cation

soil texture pH EC OM Avail. P,Os Avail. SiO;
K Ca Mg Na
(1:5) dS m’ g kg'] ------------- mg kg cmol, kg'l -----------------------
loam
5.7 0.26 12.60 26 102 0.34 4.38 1.92 0.15
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Crop Circle™ (Holland Scientific, Lincoln, Nebraska)-
passive EFRRABIOR 23 IS o & v gt
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Crop Circle ACS-210 active sensor (Holland Scientific)
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Fig. 1. Relationship between application level of nitrogen ¢l Chlorophyll meter (SPAD 502)= /&= thZ /}‘J%
and yield of rice. S50 vlal] AFRALTE} =2 A (r=0.743 )
Table 2. Variation of growth characteristics on growth stage.
o Dry Weight N concentration in plant N-uptake
Statistic
38th 63rd 87th 38th 63rd 87th 38th 63rd 87th
------------- g plan‘[’1 e - g plant'1 e —-m--me-——- g plant’ ----meeeeeee-
Min. 3.2 10.9 23.3 1.66 0.96 0.68 55 114 168
Max. 10.1 23.2 58.7 2.45 1.71 1.13 249 369 663
Average 6.0 17.2 38.3 2.00 1.22 0.87 122 213 345
SD’ 1.9 3.9 9.6 0.21 0.16 0.13 50 70 132
cv? 31.2 22.6 25.1 10.75 13.15 14.60 41 33 38
'SD : Standard Deviation.
*CV : Coefficient of variation.
Table 3. Variation of growth characteristics on harvest stage.
Statistic Fresh weight Dry weight N concentration N-uptake Yield
g m” % mg plant” g m”
Min. 945 389 0.4 66 3514
Max. 2215 731 0.6 167 842.8
Average 1497 553 0.4 109 639.9
sD' 350 108 0.1 34 157.0
cv' 23 20 13.1 31 24.5
'SD : Standard Deviation.

*CV : Coefficient of variation.
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Table 4. Cormrelation coefficient between reflectance indices and growth characteristics at the 38th DAT (n=17).

Sensor Index Height No. of tiller FW DW N content N uptake

_ gNDVI 0.900" 0.801" 0.946" 0.903" 0.665" 0.907"

CC-passive - - - - - -
NDVI 0.902 0.811 0.946 0.906 0.677 0.911

GreenSeekerT ~ INDVI 0.875" 0.797" 0.947" 0.887" 0.712" 0.904"

M gNDVI 0.829" 0.793" 0.904" 0.847" 0.668" 0.864"

NDVI 0.861" 0.771" 0.924" 0.878" 0.633" 0.880"

CC'ACS-le ok ok ok ok sk ok
aNDVI 0.852 0.768 0.919 0.870 0.654 0.884

. . T™ .
CC-passive, Crop Circle ™ passive sensor.

CC-ACS-210, Crop Circle™ ACS-210 active sensor.

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

Table 5. Comnrelation coefficient between reflectance indices and growth characteristics at the 63rd DAT (n=17).

Sensor Index Height No. of tiller DW N content N uptake

Chlorophyll meter SPAD reading 0.620" 0.570" 0.598" 0.743" 0.670"

AccuPAR (LP-80) LAI 0.836" 0.793" 0.931" 0.505 0.879"

, gNDVI 0.851" 0.856 0.888" 0.724" 0.896"

CC-paSSlVe ok *ok *k ok *k
NDVI 0.836 0.839 0.866 0.743 0.882

NDVI 0.894" 0.885" 0.884" 0.780" 0.904"

GreenSeekerTM " . s « .
gNDVI 0.797 0.749 0.795 0.539 0.766

NDVI 0.885" 0.857" 0.898" 0.733" 0.907"

CC-ACS-210 - . . . -
aNDVI 0.905 0.885 0.918 0.735 0.923

LAI, Leaf area index.

CC-passive, Crop CircleTM passive sensor.

GS, GreenSeeker.

CC-ACS-210, Crop CircleTM ACS-210 active sensor.
* ** Significant at the 0.05 and 0.01 probability levels, respectively.

Table 6. Comnrelation coefficient between reflectance indices and growth characteristics at the 87th DAT (n=17).

Sensor Index Height No. of tiller FW DW N content N uptake
SPAD Reading 0.235 0.263 0.224 0.230 0.405 0.290

, gNDVI 0.862" 0.803" 0.0861" 0.861" 0.878" 0.886"

Cc'paSSIVe *ok *ok *ok *ok ok ok
NDVI 0.824 0.787 0.829 0.831 0.857 0.856

s NDVI 0.872" 0.765" 0.827" 0.836" 0.866" 0.862"

gNDVI 0.829" 0.876 0.892" 0.897" 0.813" 0.893"

NDVI 0.861" 0.795" 0.848" 0.849" 0.881" 0.877"

CC'ACS'210 *k *k *k *k ok ok
aNDVI 0.873 0.790 0.853 0.853 0.883 0.881

SPAD, Chlorophyll meter (Minolta, SPAD 502).
CC-passive, Crop Circle passive sensor.

GS, GreenSeeker.

CC-ACS-210, Crop Circle ACS-210 active sensor.
* ** Significant at the 0.05 and 0.01 probability levels, respectively.
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Fig. 2. Changes of correlation coefficient between
reflectance indices by remote sensor and dry weight of
rice at the harvesting.
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Fig. 3. Changes of correlation coefficient between
reflectance indices by remote sensor and N content of
rice plant at the harvesting.
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Fig. 6. Relationship between dry weight of rice at the
harvesting and aNDVI by Crop Circle ACS-210 at the
63rd day after planting.

0.65

0.60

y=-2E05¢ +0.0066x + 0.0273

0.40
R=0821
* P=6x10°°
035 x
030
40 60 80 100 120 140 160 180

Amount of N uptake (mg plant ')

Fig. 7. Relationship between amount of N uptake by rice
at the harvesting and aNDVI by Crop Circle ACS-210 at
the 63rd day after planting.
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Fig. 8. Relationship between yield of rice and aNDVI by
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