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ABSTRACT

Presently normalized difference vegetative indexes (NDVI) based on
red (RNDVI) or green (GNDVI) reflectance are commonly used to
evaluate plant health, biomass, and nutrient content. This study was
conducted to determine which of these two indexes is more correlated
with biomass, forage nitrogen (N) uptake, and final grain yield of
winter wheat. Three experimental sites were established in Oklahoma
in the fall of 2001 at Stillwater. Spectral reflectance measurements
were taken at Feekes growth stage 4, 6, and 10.5 followed by winter
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wheat forage harvest. When evaluated at specific stages of growth,
RNDVI was consistently more highly correlated with biomass than
GNDVI. Green NDVI and RNDVI were more highly correlated
with forage N uptake than with dry biomass at each stage of growth,
but neither index appeared to have a comparative advantage over the
other. Both indexes were highly correlated with final grain yield and
grain N uptake across all locations. Neither index appeared to have a
sizeable advantage over the other, suggesting that either will perform
equally well when predicting forage N uptake, grain yield, and grain
N uptake in winter wheat. Red NDVI does appear to be a better
predictor of forage biomass, specifically at earlier stages of growth.
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INTRODUCTION

Soil nutrient availability has traditionally been determined by soil
sampling of crop fields. However, use of coarse resolutions encompassing
large areas of land cannot provide reliable information about the
inherent nutrient variability within the field. Wibawa et al.l! in his
evaluation of soil fertility variation using grid sampling for field maps
indicated that variation in soil nitrate-N (NO3-N) occurred over very
short distances within a 15m” grid. Solie et al.”! showed that the
optimum field element size could be less than 1 m?, and variable rates
should be adjusted to a resolution of 1 m? in order to optimize fertilizer
inputs. They further defined field element size as the area, which provides
the most precise measure of the available nutrients where the level of
that nutrient changes with distance.

The potential of chemical soil analysis to address spatial variability
at resolutions that have been identified as optimal is cost prohibitive.
Nondestructive, indirect measures of crop health have been identified as
possible alternatives to soil testing for making management decisions
about agricultural inputs. Much research has been focused on the use of
the normalized difference vegetative indices (NDVI) calculated using
crop reflectance at differing wavelengths as a measure of plant health.

Reflectance measurements for predicting of forage biomass and N
uptake is dependent on the growth stage, whether it is wheat (7riticum
durum Desf. Var produra),’! forage grasses,!”! and/or barley (Hordeum
yulgare L.).’) Research in barley showed that the relationship between
fresh biomass and IR/red changed with time, indicating the ratio was
dependent on growth stage.’) Gausman et al.[% reasoned that the impact
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of growth stage on reflectance reading of young plant tissue, had less air
spaces within the mesophyll than did older leaves, and thus, showed
decreased NIR spectral radiance. Sembiring et al.””) reported that the
amount of variability in total N uptake as explained by NDVI increased
with advancing growth stages, which can be further evidence that NDVI
is a reliable predictor of biomass and in-season N uptake. Taylor et al.[¥)
showed that red and green NDVI readings were significantly correlated
with forage yield and N uptake of bermudagrass.

Previous work has shown that final grain yield can be predicted
using an in-season estimate of yield (INSEY) which is calculated using
RNDVI and growing degree days greater than zero.”) It has been
documented that using GNDVI is more highly correlated to final grain
yield in corn than RNDVI at later stages of growth.'” The objectives
of this experiment were to determine the relationship between the
RNDVI, GNDVI, forage biomass, and forage N uptake at various stages
of growth, and to determine if GNDVI was a better predictor of forage
biomass and/or forage N uptake than RNDVI, when vegetative coverage
of the soil exceeds 50%.

MATERIALS AND METHODS

This experiment was conducted on four existing long-term fertility
trials (222-Stillwater, 301-Efaw, AA-Efaw, and AA-Hennessey). Data
were collected beginning in December extending through June 2002.
Winter wheat cultivar “Custer” was planted at a seeding rate of 78 kg/ha
at all sites. Planting dates ranged between October and November and
sown with a spacing of 19 cm at Stillwater and 15cm at Hennessey and
Efaw. Treatments were laid out in a randomized complete block design
with four replications at 222-Stillwater and three at 301-Efaw, AA-Efaw,
and AA-Hennessey sites.

Spectral reflectance was measured using an Oklahoma State
University designed sensor that included three upward directed photo-
diode sensors, and that received incident light through cosine correlated
Teflon® windows fitted with red (6714 6nm), near-infrared (NIR)
(780 £ 6nm), and green (550 + 12.5nm) interference filters. The instru-
ment also included three down-looking photodiode sensors that
received light through collimation and interference filters identical to
the up-looking sensors. The instrument used a 16bit A/D converter to
simultaneously capture and convert the signals from the four photodiode
sensors. Collimation was used to constrain the view of the down looking
sensors to a 0.80m” circular area at the plant surface. Stability of
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the sensor was maintained across time by dividing spectral readings by
day and time-specific spectral white plate (100% reflectance) readings
(barium sulfate coated aluminum plate). The reflectance of the barium
sulfate coating was assumed to be 1.0 for all three spectral bands
investigated. Reflectance values (the ratio of incident and reflected
values) were used in the calculation of NDVI to minimize the error
associated with cloud cover shadows and sun angle. Reflectance based
NDVI was calculated using the following equations:

NIRref B REDref NIRref n REDref
NIRinc REDinc NIRinc REDinc

NDVlIred = [

NDVIgreen = [NIRfef GREENref} / [NIRref GREENref}

NIRinc GREENinc NIRinc * GREENIinc

where, NIRref, REDref, and GREENref =magnitude of reflected light,
and NIRinc, REDinc, and GREENinc = magnitude of incident light.

The dates where readings were collected ranged between Feekes
growth stage 4 (leaf sheaths beginning to lengthen), 6 (first node of stem
visible), and 10 (flowering).!'!! For all experiments, individual 1 m? plots
were hand clipped (immediately following sensor readings) and weighed
prior to being dried in a forced-air oven at 60°C. Once dry, samples were
ground to pass a 0.125-mm (120-mesh) sieve and analyzed for total N
using a Carlo-Erba (Milan, Italy) NA-1500 dry combustion analyzer.!'”
Early-season plant N uptake was determined by multiplying dry matter
yield by the total N concentration determined from dry combustion.
Nitrogen uptake and forage biomass were correlated with GNDVI and
RNDVI values to determine their relationship at different wheat
growth stages. Statistical analysis was performed using SAS statistical
package.[')

RESULTS AND DISCUSSION
Forage Biomass

At the first sensing date (December 2001, Feekes growth stage 4),
both GNDVI (*=0.62) and RNDVI (+*=0.78) readings were highly
correlated with forage biomass of winter wheat (Figs. 1 and 2). At the
second sensing date (March, 2002, Feekes 6), both GNDVI (*=0.69)
and RNDVI (r?=0.55) were still highly correlated with biomass
(Table 1). For both of the Feekes 4 and Feekes 6 sampling dates, there
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Figure 1. Relationship between RNDVI and forage biomass at Feekes growth
stage 4 across all locations, 2001-2002. (View image in color online.)
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Figure 2. Relationship between GNDVI and forage biomass at Feekes growth
stage 4 across all locations, 2001-2002. (View image in color online.)
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Table 1. Coefficient of determination (%) values for NDVI and forage biomass
from Feekes 4 to Feekes 10.

RNDVI? GNDVI®
Feekes Feekes Feekes Feekes Feekes Feekes
Variable 4 6 10 4 6 10

Forage biomass 0.78° 0.69° 0.60° 0.62° 0.55° 0.54°

“Red NDVL.
°Green NDVI.
“Significant at p <0.01.

was a tendency for the RNDVI readings to have a broader and more
robust range (GNDVI), evidenced in the smaller slope components.
At the final sensing date (April, 2002), approximately Feekes 10, both
indexes showed decreased correlation with biomass (Table 1). The
correlation between forage biomass and RNDVI or GNDVI tended to
decrease with increasing stage of growth. The by cutting RNDVI
readings tended to show improved correlation with biomass when
compared to GNDVI.

Forage Nitrogen Uptake

At Feekes 4, RNDVI and GNDVI were highly correlated with forage
N uptake (+*=0.78 and 0.77, respectively). Similarly, at Feekes 6 RNDVI
and GNDVI were highly correlated with forage N uptake (r*=0.91 and
0.90, respectively) (Figs. 3 and 4). Red and green NDVI were still highly
correlated with forage N uptake at Feekes 10 (+*=0.86 and 0.88,
respectively). Red and green NDVI were more highly correlated with
forage N uptake than biomass, which is consistent with previous
studies.'"" There appeared to be only small differences between the
correlation between RNDVI and GNDVI and forage N uptake at the
various stages of growth evaluated here.

Grain Yield

Spectral measurements taken at Feekes 5 were used to determine
whether RNDVI or GNDVI was more highly correlated with final grain
yield. Both indexes had a strong correlation with final grain yield across
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Figure 3. Relationship between RNDVI and forage N uptake at Feekes growth
stage 6 across all locations, 2001-2002. (View image in color online.)
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Figure 4. Relationship between GNDVI and forage N uptake at Feekes growth
stage 6 across all locations, 2001-2002. (View image in color online.)
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Figure 5. Relationship between RNDVI readings taken at Feekes growth stage
5 and grain yield across all locations, 2001-2002. ( View image in color online.)
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Figure 6. Relationship between GNDVI readings taken at Feekes growth stage
5 and grain yield across all locations, 2001-2002. ( View image in color online.)
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Figure 7. Relationship between RNDVI readings taken at Feekes growth stage
5 and grain N uptake across all locations, 2001-2002.

all locations (red, r*=0.76 and green, r*=0.74) (Figs. 5 and 6). The
correlation between RNDVI and GNDVI and wheat grain yield was as
good as the correlation between INSEY and wheat grain yield (data not
shown).

Grain Nitrogen Uptake

As with grain yield, spectral measurements for correlation of grain
N uptake and RNDVI and GNDVI were taken at Feekes 5. Both indexes
were highly correlated with final grain N uptake across all locations
(RED, *=0.75 and GREEN, *=0.75) (Figs. 7 and 8). Thus the
correlations between grain N uptake and RNDVI and GNDVI were
similar to the correlations between RNDVI and GNDVI and grain yield.

CONCLUSIONS

In these studies there did not appear to be an advantage of either
index (RNDVI vs. GNDVI) over the other. Thus for the growth stages
where data was collected in this work, the use of either RNDVI or
GNDVI should be a reliable predictor of forage biomass, forage N
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Figure 8. Relationship between GNDVI readings taken at Feekes growth stage
5 and grain N uptake across all locations, 2001-2002.

uptake, grain yield, or grain N uptake in winter wheat. There was a
tendency for the RNDVI readings to be more robust (compared to
GNDVI) and that provided a wider range in values where differences
could be more easily partitioned.

REFERENCES

1. Wibawa, W.D.; Dludlu, D.L.; Swenson, L.J.; Hopkins, D.G.;
Dahnke, W.C. Variable fertilizer rate application based on yield
goal, soil fertility and soil map unit. J. prod. Agric. 1993, 6, 255-266.

2. Solie, J.B.; Raun, W.R.; Whitney, R.W.; Stone, M.L.; Ringer, J.D.
Optical sensor based field element size and sensing strategy for
nitrogen application. Trans. ASAE 1996, 39 (6), 1983-1992.

3. Jackson, R.D.; Slater, P.N.; Pinter, P.J., Jr. Discrimination of growth
and water stress in wheat by various vegetation indices through clear
and turbid atmospheres. Remote Sens. Environ. 1983, /3, 187-208.

4. Hagger, R.J.; Stent, C.J.; Rose, J. Measuring spectral differences
in vegetation canopy by a reflectance ratio meter. Weeds Res. 1984,
24, 59-65.

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRrcEL DEkkER, INc. ﬂ
270 Madison Avenue, New York, New York 10016 5



ORDER | _=*_[Il REPRINTS

Evaluation of Green, Red, and Near Infrared Bands 1441

5.

10.

11.
12.

13.

14.

Kleman, J.; Fagerland, E. Influence of different nitrogen and
irrigation treatments on the spectral reflectance of barley. Remote
Sens. Environ. 1987, 21, 1-14.

Gausman, H.W.; Allen, W.A.; Escobar, D.E.; Rodriguez, R.R.;
Cardenas, R. Age effects of cotton leaves on light reflectance,
transmittance and absorbance and on water content and thickness.
Agron. J. 1971, 63, 465-469.

Sembiring, H.; Lees, H.L.; Raun, W.R.; Johnson, G.V.; Solie, J.B.;
Stone, M.L.; DelLeon, M.J.; Lukina, E.V.; Cossey, D.A.; LaRuffa,
J.M.; Woolfolk, C.W.; Phillips, S.B.; Thomason, W.E. Effect of
growth stage and variety on spectral radiance in winter wheat.
J. Plant Nutr. 2000, 23, 141-149.

Taylor, S.L.; Raun, W.R.; Solie, J.B.; Johnson, G.V.; Stone, M.L.;
Whitney, R.W. Use of spectral radiance for collecting nitrogen
deficiencies and estimating soil variability in an established
Bermuda grass pasture. J. Plant Nutr. 1998, 27 (11), 2287-2302.
Raun, W.R.; Solie, J.B.; Johnson, G.V.; Stone, M.L.; Lukina, E.V_;
Thomason, W.E.; Schepers, J.S. In-season prediction of potential
grain yield in winter wheat using canopy reflectance. Agron. J. 2001,
93, 131-138.

Shanahan, J.F.; Schepers, J.S.; Francis, D.D.; Varvel, G.E;
Wilhelm, W.W.; Tringe, J.S.; Schlemmer, M.R.; Major, D.J. Use
of remote sensing imagery to estimate corn grain yield. Agron. J.
2001, 93, 583-589.

Large, E.C. Growth stage in cereals. Plant Pathol. 1954, 3, 128—129.
Schepers, J.S.; Francis, D.D.; Thompson, M.T. Simultaneous
determination of total C, total N, and 15N on soil and plant
materials. Commun. Soil Sci. Plant Anal. 1989, 20, 949-959.

SAS Institute, Inc. SAS/STAT User’s Guide, 6.03 Ed.; SAS
Institute, Inc.: Cary, NC, 1998.

Stone, M.L.; Solie, J.B.; Whitney, R.W.; Raun, W.R.; Taylor, S.L.;
Ringer, J.D. Use of spectral radiance for correcting in-season
fertilizer nitrogen deficiencies in winter wheat. Trans. ASAE 1996,
39 (5), 1623-1631.

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRrcEL DEkkER, INc. ﬂ
270 Madison Avenue, New York, New York 10016 5



Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request Permission/
Order Reprints' link below and follow the instructions. Visit the

U.S. Copyright Office for information on Fair Use limitations of U.S,
copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materiasis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, ater or enhance the Materials. Please refer to our Website

User Agreement for more details.

Request Permission/Order Reprints

Reprints of this article can also be ordered at
http://www.dekker.com/servlet/product/DOI/101081PL N200025858


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Keyword&publication=PLN&title=Evaluation+of+Green%2C+Red%2C+and+Near+Infrared+Bands+for+Predicting+Winter+Wheat+Biomass%2C+Nitrogen+Uptake%2C+and+Final+Grain+Yield&offerIDValue=18&volumeNum=27&startPage=1431&isn=0190-4167&chapterNum=&publicationDate=&endPage=1441&contentID=10.1081%2FPLN-200025858&issueNum=8&colorPagesNum=0&pdfStampDate=08%2F05%2F2004+19%3A33%3A18&publisherName=dekker&orderBeanReset=true&author=S.+M.+Moges%2C+W.+R.+Raun%2C+R.+W.+Mullen%2C+K.+W.+Freeman%2C+G.+V.+Johnson%2C+J.+B.+Solie&mac=E4Y6i6jyEbhkf2MW%Eyk%A--

