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Ground-based remote sensing can be used as one of the non-destructive, fast, and real-time diagnostic tools for
predicting yield, biomass, and nitrogen stress during growing season. The objectives of this study were: 1) to
assess biomass and nitrogen (N) status of tobacco (Nicotiana tabacum 1.) plants under N stress using
ground-based remote sensors; and 2) to evaluate the feasibility of spectral reflectance indices for estimating an
application rate of N and predicting yield of tobacco. Dry weight (DW), N content, and N uptake at the 40th
and 50th day after transplanting (DAT) were positively correlated with chlorophyll content and normalized
difference vegetation indexes (NDVIs) from all sensors (P<0.01). Especially, Green NDVI (GNDVI) by

spectroradiometer and Crop Circle-passive sensors were highly correlated with DW, N content and N uptake.

The yield of tobacco was positively correlated with canopy reflectance indices measured at each growth stage

(P<0.01). The regression of GNDVI by spectroradiometer on yield showed positively quadratic curve and

explained about 90% for the variability of measured yield. The sufficiency index (SI) calculated from
data/maximum value of GNDVI at the 40" DAT ranged from 0.72 to 1.0 and showed the same positively

quadratic regression with N application rate explaining 84 % for the variability of N rate. These results suggest
that use of reflectance indices measured with ground-based remote sensors may assist in determining

application rate of fertilizer N at the critical season and estimating yield in mid-season.

Key words: Canopy reflectance, Ground-based remote sensing, NDVI, N stress, Sufficiency index, Tobacco
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Materials and Methods
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Table 1. Chemical properties of the experimental soil used for tobacco cultivation.

Soil Soil

Exch. cations

: pH EC OM TN CEC
series texture -N -N P,0s K Ca Mg

(USDA)  (I1:5)  dSm' - g kg e e mg kg' cmol, kg -eeeeeee
Yesan SL 6.7 0.32 131 063 118 1.7 360 086 451 077 866
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Results and Discussion
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Table 2. Statistical summary of dry weight, yield, N uptake and content of tobacco plants grown under various N conditions.

. DW . N uptake N content

Statistic Yield

40th 50th 40th 50th 40th 50th

---------- [ )11 — kg 10a™ Bl 11124 plant'1 %

Maximum 42.1 76.1 215.8 1695 2984 43 4.1

Minimum 18.3 23.0 21.0 357 400 1.8 1.4

Mean 30.3 57.3 164.4 1154 2030 37 34

Median 323 62.5 181.5 1260 2256 39 37

St. Dev. 7.4 14.7 56.5 378 742 0.7 0.8

CV (%) 24.4 25.6 343 32.7 36.6 18.7 225
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Table 3. Correlation coefficients between actual measurement characteristic and reflectance index from sensors at 40th DAT.

Sensor Reflectance index DW N uptake N content
Arnon's method Chl. content 0.680** 0.737%* 0.632%%*
SPADS502 Chl. meter reading 0.006 0.076 0.263
Spectroradiometer RNDVI 0.768** 0.818%* 0.687**
GNDVI 0.785%* 0.838** 0.705**

ANDVI 0.778** 0.827** 0.693**

Crop Circle-passive RNDVI 0.699** 0.767** 0.669**
GNDVI 0.759** 0.831** 0.717**

ANDVI 0.718** 0.796** 0.706**

GreenSeeker-red RNDVI 0.719** 0.810** 0.752%%*

*, ** Significant at the 0.05 and 0.01 probability levels, respectively.
n=21

Table 4. Correlation coefficients between actual measurement characteristic and reflectance index at 50th DAT.

Sensor Reflectance index DW N uptake N content

Crop Circle-passive RNDVI 0.839%* 0.844** 0.825%*
GNDVI 0.904** 0.917%* 0.915%*

ANDVI 0.884%* 0.895%* 0.907**

GreenSeeker-red RNDVI 0.894%** 0.879%* 0.878%*

*, ** Significant at the 0.05 and 0.01 probability levels, respectively.
n=21

Table S. Correlation coefficient between dry weight of aboveground part or yield of tobacco and reflectance indices at different
growth stages.

Date Sensor Reflectance index DW Yield
35th Crop Circle-passive RNDVI 0.694** 0.747**
GNDVI 0.753%%* 0.756%**

ANDVI 0.697** 0.734**

GreenSeeker-red RNDVI 0.659%* 0.733%*

40th Arnon's method Chl. Content 0.815%* 0.720**
SPADS502 Chl. meter reading 0.201 0.324

Spectroradiometer RNDVI 0.943%%* 0.916**

GNDVI 0.936** 0.923%*

ANDVI 0.942%** 0.918**

Crop Circle-passive RNDVI 0.839%* 0.818%**

GNDVI 0.887** 0.870%**

ANDVI 0.868** 0.854**

GreenSeeker-red RNDVI 0.907** 0.902%*

50th Crop Circle-passive RNDVI 0.838%* 0.821%*
GNDVI 0.902** 0.917**

ANDVI 0.877** 0.895%*

GreenSeeker-red RNDVI 0.890** 0.912%*

70th Crop Circle-passive RNDVI 0.837%* 0.831%*
GNDVI 0.932%* 0.916**

ANDVI 0.927** 0.897**

GreenSeeker-red RNDVI 0.795%* 0.771**

*, ** Significant at the 0.05 and 0.01 probability levels, respectively.
n=21
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Fig. 1. Relationship between (A) tobacco yield and GNDVI by spectroradiometer at 40th day after transplanting
and (B) measured yield at harvesting and predicted yield at 40 DAT.
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