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Nittogen (N) and phosphorus (F') are two of the most limiting n u ~ m t s  for 
crop pmduction. Because ofthiq continued iatetest focuses on improving N- 
and P-use efficiency. Spechal radiance measurements were evaluated to 
identify optimum wavelengths for dual detection of N and P status in 
bermudagtass (Cynodon dacfylon L.). A factorial arrangement of treatments 
(0,112,224, and 336 kgN ha-' and 0,29, and 58 kg P ha-') was applied to an 
established bermudagms pasture for fiumer study using a tandomized 
complete block desiga A wide range of s p e d  radiance measurements (276- 
83 1 nm) was obtained kom each plot using a PSDIOOO Ocean Optics fiber 
optic specmmeter. The muking spectra were partitioned into 10-nm bands. 
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Added indices were generated to test for correlation of N and P content with 
speceal &ce. The435-nm band(43040 nm) was found to be independent 
ofN and P treatment, and as a covariate, significantly decreared residual error. 
Using 435 nm as a covariate, it was found that biomass, N uptake, P uptake, 
and N concentration could be predicted using 6951405. No index reliably 
predicted bermudagrass forage P concentration. Spectral radiance has the 
potential to be used for predicting N and P nutrient status, but further work is 
needed to document response in different environments. 

Recent work has documented micwariability in soil test N andP, thus enhancing 
the potential use of sensor-based-variable-rate-technology (s-VRT) for fertilizer 
application. Optimizing fertilizer application using s-VRT may reduce N and P 
fertilizer input costs as well as surface and ground water contamination h m  over 
fertilization. 

Light reflectance can be used to detect the nutrient element status of plants 
because plan& have smng absorption of light by chlorophyll and near inkwed 
reflectance (NIR) (Thomas and Oerther, 1972). In addition. organic wmpounds 
have unique absorption properties due to vibration of molecular bonds (Mom et . 
al., 1991). However, several factors affect the reflectance such as nonuniformily of 
incident solarradiation, plant structure, leafarea, background reflectivity (tillage), 
diseases, physiological smss @hipling, 1970) and leafthickness (Wooley, 197 1). 
Nutrient status affects crop performance andvisual symptoms, therefore, the effect 
of fertilizer on plant growth may be detected using spectral radiance. 

i 
L 

There are several existing indices that have been wed to predict nutrient status. 
In com, N status was estimated using spectral d i e  at 550 nm (Blackmer et al., 
1994) and NIWred (Walburg et al., 1982). In winter wheat, NDVl (normalized 
difference vegetation index = NIR-red INiR+red) was used to predictN uptake and 
biomass (Stone et al., 19%). Milton et al. (199 I) folmdthat P deficiencies resulted 
in higher reflectance in the green and yellow portions of the elechumagnetic 
spectrum. Little research has addressed the use of s p e d  radiance on detecting 
plant P deficiencies. The objective of this research was to identify indices for the 
dual detection of N and P status in bermudagms. 

MATERlALS AND METHODS 

One study wm conducted on an established bemudagrass (Cynodon dactyIon 
L) pasture near Bumeyville, Oklahoma, on a M i c o  h e  sandy loam (coarse-silly, 
mixed thennic Udic Haplustoll). Initial soil test hmc&&ics an reported in Table 
1. AnN rate x P rate factorial arrangement of trcamcm (0,112,224, and 336 kg N 
h r l  with 0.29, and 58 kg P hr l )  was evaluated inn randomized complete block 
experimental design with t h e  replications. Nitrogen and P f e r t i l i  were both 
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TABLE I. Initial mhce(0-15 cm) soil test characteristics, Bumeyville, OK, 1996. 

chamcmktics Extraetant Unit Value 

PH 1:1 60il:Hlo 5.68 
Organic Carbonm Dry Combustion g.kg-' 9.564 
Total Nihugenm Dry Combustion pkg-' 0.872 
W-N" 2 M K Q  m g , ~ '  13.1 
N@-N" 2 M KC1 mgkgT1 6.4 
P* Mehlich 3 mg.kg-' 23.8 
K* Mehlich 3 mg.kg.' 163.5 

- 

' ~ c h c ~ e n  et al. (1989). 

* ?.ashat Instruments (1989). 
Mehlich (1984). 

applied on April 18,1996, and August 9,1996. The plots were 3.1~9. I m with 6.1 m 
alleys. S p e d  readings and forage yields were collected on May 29, 1996 (the 
first harvest after the lint fertilization), June 27,1996 (the second harvest after the 
first fertilization), August 9,1996 (the third harvest after the first fertilization), and 
September 13,1996 (the first harvest after the second fertilization). 

S p e d  data were collected within each plot using a PSDlOOO portable dual 
spectmmeter man- by Ocean Optics, Inc., h m t w o  overlapping bandwidths 
of276-83 1 nm and 650- 1.100 nm. The fiber ootic mectrometer which has 200 urn 

I 
. . 

diameter and no slit has spectral resolution as low as 5 nm. The bifurcated fiber 
war lifted with an hemispherical lucitem lens which inaeased its angleof acceptance 
to 34'. The lens was held at 1.5 m and the area sensed was 0.8 m' plot'. 

i All spectral readings were partitioned into 10 nm bandwidths. In addition to 
these spectral bands collected bom each reading, the spectral indices NDVl 

I 
( N o m a l i d  Difference Vegetation Index) and 0th- combinations ofsingle indices 
were genaated. TotalN in forage was determined using aCarlo-Erba (Milan, Italy) 
NA 1500 Dry Combustion Analper (Schepas etal., 1989). Total P was determined 
usine a nitric-nerchloric acid NO.-HCIO.) dieest and concentration determined - " - 
as per a modified method devd~o~ed by h4urphy and Riley (1962). Nitrogen and P 

I uptake was calculated by multiplying N or P concentration by biomass. Individual 

1 wavelengths and combinations of wavelengths (or ratios) were used to predict 
aeronomic resnonses such as N and P concentration. N and P uptake, and biomass. -r - 

Statistical analyses included regression, analysis of variance, and covariance. All 
were performed using procedures defined in SAS (SAS Institute, 1988). Since the 
wavelcngtbs and indices were not consistent over time, analysis of covariance 
was performed for spectrometer readings. The selection criteria for covariates 
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FIGURE I.  Correlation between bemu-~Nconcentration and 6951405 on May 29, 
1996. 

FIGURE 2. Comlation bchween b a m u w N  mnmbation and6951405 on SeptUnk 
13, 1996. 

N AND P NUTRIENT STATUS lN BERMUDAGRASS 

FIGURE 3. Comlation behveen bermudagms N uplake and 6951405 on May 29,1996. 

included no significant effect of heatment and no correlation with dependent 
variables. Bandwidthswhich adhered to thesecriteria were 375,395,435,445,455, 
465,475,485,495,785,795, and 805 nm. The indices used to predict agronomic 
responses were chosen based on similarity in AOV. 

REXLT.5 AND DISCUSSION 

Agronomic Responses 

Analysis ofvariance models with factorial e&cts OM, P, and N x P are reported 
in Tables 2 and 3 for biomars, N, N uptake, P and P uptake for the three dates where 
comprehensive data were collected. Similarto the first fertilization, no significant 
interaction ofN and P was deteaed for the second fertilization (Tables 2 and 3) 
thus allowing dim3 interpretation of main effects ofN and P independently. Forty- 
one days following the fvst fertilization, a significant quadratic response to N 
fertilization was hund for dry biomass, N concentration, Nuptake, P c0ncenhati0~ 
and P uptake. This result suggests that N was limiting response since increases 



SEMBlRlNG ET AL. 

FIGURE 4. Correlation between bermudagms N uptake and 6951405 on September 13, 
19% 

+ 

i 
L 

withN rate were shown for biomass, N concentration and N uptake, P concentration 
and P uptake. It was interesting to find that N rate influenced P concentration in 
bermudagrass tissue. As N rate increased, P concentration increased (Tables 2 
and 3). Following 7 1 and 1 13 days ffom the iirst fertilimtion, a linear response to N 
rate was observed forN concentration, andN and P uptake. Tissue P concentration 1 
responded linearly to N applied 41 days following the iirst fertilization. A linear 
trend for increased N t6 increase biomass, N concentration, N uptake, P 
concentration and P uptake by the second fertilization was also observed (Table 
3). 

Spectrometer Readings I 
IfsignScant differences in measured biological variables  we^ found, we expected 

reflectance changes to be significant as well. However, no one index was 
consistently related to measured plant response over time. It was thought that the 
consistency of one index over multiple sampling dates could be increased using P 

N AND P NIJIILIENT STATUS IN BERMUDAGRASS 

0 - 
2 2.2 2 4  2 6  

6951405 

FIGURE 5. Correlation between bermudagrars biomass and 6951405 on May 29, 1996. 

covariance. The 435 nm band (430440 nm) was found to be independent ofN and 
hatment, and as a covariate, significantly decreased residual error (Tables 4 and 
5). This was consistent over several cuttings, but results did vary with time in 
terms of the percentage error accounted for by the 435 nm covariate. 

The indices which behaved sirnilarb to observed differences in N concentration 
overtime (means and significance of ~ O V )  were 6951405 and NDVI. The effect of 
N rate was highly significant forN concentration as well as 6951405 and NDVI. The -~ - 
relationship between 6951405 and forage N concentration for the May 29,1996 and 
September 13, 1996 dates is reported in Figures I and 2, respectively. Although 
both indices were not highly correlated with forage N, they were significant 
(Robability ofgreater F value ffom the model, P>F). 

Similar to results for N concentration, 6951405 was highly correlated with N 
uptake (Figum 3 and 4). It was important b find acollsistent, positive relationship 
with N uptake even when values changed significantly with time (100 kg N ha*' 
vmus 200 kgN ha' h m  May 29 to September 13,1996). 

No consistent index or 10 nm band was correlated with P concentration at any 
sampling date. However, similar to N uptake, the index that best predicted P uptake 
was 6951405. This index was obviously providing good prediction of biomass 
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Detection of Nitrogen and Phosphorus 
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Nitrogen (N) and phosphorus (P) are major limiting nutrient elements for crop 
pmdwtion and continued interest lies in improving their use efficiency. Spechal 
radiance measurements were evaluated to identify optimum wavelen@hs for 
dual detection of N and P status in winter wheat (Piticum aestivum L.). A 
factorial ueabnent anangement ofN and P (0,56,112, and 168 kg N ha'' and 0, 
14.5, and 29 kg P ha') w used to tinther study N and P uptake and associated 
s p e m l  properties at Perkins and Tipton, Oklahoma. A wide range of  spectral 
radiance measurements (345-1.145 nm) were obtained 6 o m  each plot using a 
PSDIOOO Ocean Optics fiber optic spectrometer. At each reading date, 78 
bands and 44 Combination indices were generated to test for correlation with 
forage biomass and N and P uptake. Additional spectral d i c e  readings 
were collected using an integrated sensor which has photodiode detectors 
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