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ABSTRACT

Soil and plant analyses are the main techniques for the estimation of N and P nutrients. These tests are costly, time
consuming and do not represent the whole field because of the variability of N and P levels in soil and other factors like
moisture, climatic and plant conditions. Because of the large soil variability, traditional testing either becomes
unrepresentative or costly because of many samples that need to be collected across fields. With increase in the use of
variable rate technology and precision agriculture, multi-spectral/hyperspectral remote sensing has the capability to
identify and estimate remotely the nutritional status of plants. The need for early detection and identification of stress
and its causes can never be over emphasized. Irrigation and fertilizers are vital and costly inputs in agricultural
production and are used to increase the productivity of the crop. This necessitates understanding the specific
requirement of the crop and strategies for their better management. Monitoring and assessing crop growth, identifying
the stress conditions are extremely important to develop strategies. Remote sensing technique can be used on large scale
to monitor the crop under different stress condition. Spectral reflectance forms the basis for remote sensing.
Measurements with high spectral resolution open up new opportunities to find characteristic spectral features related to
the crop status. The nitrogen (N) and phosphorus (P) are major plant nutrient elements that are required to be supplied
for vegetation production. Determining these nutrients are usually done through soil and plant testing. For precision
management of nutrients these techniques are either expensive or inaccurate. Under-supply of these nutrients leads to
loss of plant production whereas an oversupply leads to runoff from the paddock causing nitrification or downstream
eutrophication. Remote sensing technique can play an important role in analyzing plant nutrients in a timely fashion.
The hyperspectral reflectance study revealed different combination of wavelengths in different growth stages of a crop.
The hyperspectral remotely sensed estimate provides accurate, timely and fast spatial and temporal measurements of
plant N and P.
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INTRODUCTION

India attained not only self-sufficiency in food but surplus food production, an important step towards
achieving food security. However, Rao (1982) observed that potential yield of food crops in India, even
when growing improved varieties, still remain at about 20% because of stresses such as nutrient, water
and disease. Irrigation and fertilizers are vital and costly inputs in agricultural production and are used to
increase the productivity of the crop. This necessitates understanding the specific requirement of the
crop and strategies for their better management. Considerable improvements may be expected from the
extension of spectral resolution down to bandwidths of a few nanometers (Gilabert et al, 1996).
Vegetation indices evaluated from these resolutions in the visible and infrared region, show good
correlation with chlorophyll concentration, the factor most affected during crop stress.

Plant stress, which reduces chlorophyll production in leaves, will cause leaves to absorb less in the
chlorophyll absorption bands; such leaf will appear yellowish or chlorotic and will have a higher
reflectance, particularly in the red region. Other pigments contributing to spectral reflectance
characteristics of a plant leaf are carotenes, xanthophylls (yellow pigments) and anthocyanins (red
pigments). Chlorophyll masks the colour of these other pigment except during senescence when the leaf
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chlorophyll content is at the minimum. At the NIR, leaves typically reflect 40-50% and absorb less than
5% of the incident energy (Srivastava et al., 1998). The high reflectance, as well as transmittance in the
NIR “plateau” between 700 and 1300 nm are explained by multiple reflections in the internal mesophyll
structure, caused by differences in the reflective indices of the cell wall and intracellular cavity. Since
internal structure of leaves often differ considerably among species, reflectance differences are frequently
greater in the NIR than in the visible wavelengths. Because of multiple transmittance and reflectance,
there is an increase in NIR reflectance through layers of leaves with the maximum of 70-80% reflectance
at about eight leaves layer (Allen and Richardson, 1986).

To reduce the stresses in crop, fertilizer acts as the major factor. Indian soils are devoid mainly of
nitrogen and potash, which are incorporated physically in the field at required levels and required growth
stage. Simple Ratio (SR), Normalized Difference Vegetation Index (NDVI) and Photochemical Reflectance
Index (PRI) all these indices and grain yield were found greater under irrigated wheat than under rainfed
conditions (Aparicio et al., 2000). LAI was most closely correlated with the spectral reflectance indices,
with SR and PRI being the best and the worst indices, respectively, for the assessment of crop growth and
yield. In rainfed conditions, the spectral reflectance indices measured at any crop stage were positively
correlated (P<0.05) with LAI and yield. Under irrigated conditions, correlations were only significant
during the second half of the grain filling. He suggested that for durum wheat, the usefulness of the SR and
NDVI for calculating green area and grain yield is limited to LAI value <3.

Spectral Reflectance and Crop Biometrics

Measurements with high spectral resolution open up new opportunities to find characteristic spectral
features related to the crop status. Considerable improvements may be expected from the extension of
spectral resolution down to bandwidths of a few nanometers (Gilabert et al., 1996). Vegetation indices
evaluated from these resolutions in the visible and infrared region, show good correlation with
chlorophyll concentration, the factor most affected during crop stress.

Plant stress, which reduces chlorophyll production in leaves, will cause leaves to absorb less in the
chlorophyll absorption bands; such leaf will appear yellowish or chlorotic and will have a higher
reflectance, particularly in the red region. Other pigments contributing to spectral reflectance
characteristics of a plant leaf are carotenes, xanthophylls (yellow pigments) and anthocyanins (red
pigments). Chlorophyll masks the colour of these other pigment except during senescence when the leaf
chlorophyll content is at the minimum. At the NIR, leaves typically reflect 40-50% and absorb less than
5% of the incident energy (Srivastava et al., 1998). The high reflectance, as well as transmittance in the
NIR “plateau” between 700 and 1300 nm are explained by multiple reflections in the internal mesophyll
structure, caused by differences in the reflective indices of the cell wall and intracellular cavity. Since
internal structure of leaves often differ considerably among species, reflectance differences are frequently
greater in the NIR than in the visible wavelengths. Because of multiple transmittance and reflectance,
there is an increase in NIR reflectance through layers of leaves with the maximum of 70-80% reflectance
at about eight leaves layer (Allen and Richardson, 1986).

Crop N status and shoot growth rate of rice were found directly related to the formation of crop
components. However, N uptake rate per second was not a reliable variable to relate to production. Until
flowering, the N use efficiency for leaf biomass and specific leaf weight were constant. The sum of LAI of
rice crop at the panicle differentiation stage, heading stage and 20 days after heading is positively
correlated with the Nitrogen rates (Lin et al, 1990).

Chlorophyll contents, yield and seed quality of rice are affected by nitrogen fertilizer. Nitrogen application
results in an increment in chlorophyll content (Gopal et al, 1999; Jago et al., 1995; Jain et al, 1999).
However, Sader et al (1990) concluded that leaf chlorophyll content measured after 30 days growth was
unaffected by N rate.

Plant stress, which reduces chlorophyll production in leaves, will cause leaves to absorb less in the
chlorophyll absorption bands; such leaf will appear yellowish or chlorotic and will have a higher
reflectance, particularly in the red region. Other pigments contributing to spectral reflectance
characteristics of a plant leaf are carotenes, xanthophylls (yellow pigments) and anthocyanins (red
pigments). Chlorophyll masks the colour of these other pigment except during senescence when the leaf
chlorophyll content is at the minimum. At the NIR, leaves typically reflect 40-50% and absorb less than
5% of the incident energy (Srivastava et al., 1998). The high reflectance, as well as transmittance in the
NIR “plateau” between 700 and 1300 nm are explained by multiple reflections in the internal mesophyll
structure, caused by differences in the reflective indices of the cell wall and intracellular cavity. Since
internal structure of leaves often differ considerably among species, reflectance differences are frequently
greater in the NIR than in the visible wavelengths. Because of multiple transmittance and reflectance,
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there is an increase in NIR reflectance through layers of leaves with the maximum of 70-80% reflectance
at about eight leaves layer (Allen and Richardson, 1986).

Determination of wavelengths for calculating N and P vegetation indices

The remote sensing collects reflectance data from the leaf surface of plant or crop canopy in the different
wavelength range especially in visible and NIR. These spectral studies provide an estimate of the sensitive
wavelengths responsible for the determination of N and P in crops or plants. From these wavelengths,
sensitive vegetation indices could be derive for a better estimation of deficiency of plant N (Raper et al.,
2013) and P in advance of actual deficiency visibly shown by crops or plants. N and P stresses have been
monitored and estimated through specific electro-magnetic wavelengths (Curran et al., 2001; Fonteneli et
al, 2004; Osborne et al.,, 2004; Petisco et al, 2005). It is found that these stresses have been detected in
plants using the visible and NIR spectrums ie, in blue, green, red and infra red regions (Sembiring et al,
1998; Osborne et al., 2002; Zhao et al.,, 2003; Osborne et al., 2004; Ayala-Silva and Beyl, 2005; Bogrekci
and Lee, 2005). It is important that the estimation of nutrients is better using the plants than soil, because
plants are seen easily than soil (Schepers et al., 1996; Sembiring et al.,, 1998; Asner et al., 1999).

N and P Reflectance

The visible and NIR regions of electromagnetic spectra are useful to characterize the N stress of plants
(Thomas and Oerther, 1972; Blackmer et al, 1994; Tarpley et al, 2000; Graeff and Claupein, 2003;
Fridgen and Varco, 2004) in different crops. To better estimate nutrients from reflectance studies,
vegetation indices (VIs) have been derived (Ma et al, 1996; Sembiring et al, 2000; Hansen and
Schjoerring, 2003; Zhao et al., 2005; Ansari et al 2006; Zhu et al, 2007; Li et al, 2008; Zhu et al., 2008).
However, the estimation of N in wheat flag leaf is also possible by using whole spectra in the region of
visible and NIR (Bonfil et al, 2005). The spectral reflectance is changed depending on the growth stage or
phenologies of plants. For example, N has been predicted at the silking stage in corn (Schepers et al,
1996) and at the flowering stage in cotton (Fridgen and Varco, 2004). Studies show that the spectral
signature of N deficient plants changed with the plant growth stages (Osborne et al, 2002; Ayala-Silva
and Beyl, 2005; Ansari et al, 2008). The application of N in the also changed the position of wavelength
from longer to shorter or vice versa in the visible and NIR ranges (Fridgen and Varco, 2004; Li et al., 2006;
Mutanga and Skidmore, 2007), which shows that the different concentrations of the plant N exhibit
differently for detecting N (Mistele et al., 2010). NIR reflectance spectroscopy analysis of phosphorus is
carried out in sugarcane leaves (Chen et al, 2002) and other crop including wheat (Sembiring et al., 1998;
Ayala-Silva and Beyl, 2005 and Jorgensen et al, 2006).

Wavelength for N and P Stress

Researchers found that N deficiency is detected in the green, red edge and NIR region of spectra at
different growth stages (Blackmer et al, 1994, Zhao et al, 2003 and Osborne et al, 2002). Blackmer et
al, 1994 studied the reflectance of ear leaves in the visible range and found the green (550 nm) region
was best to detect N deficiency in corn. While Zhao et al, 2003 found stress N plants could be
distinguished at the green (552 nm) and red edge (710 nm) in corn. Osborne et al, (2002) studied the
canopy hyper spectral reflectance between 350-1000 nm in corn and identified. The separable
wavelength ranges for P stress are also dependent on the growth stages. The phosphorus concentration
of pine needle (Pinus elliottii) leaves was found to correlate with the five wavelengths at 584, 612, 1040,
1448 and 1894 nm selected by step wise regression for all three sets of methodology data used i.e., first
derivative spectra, band-normalized to centre and band-normalized to area, respectively (Curran et al,
2001). At two leaf stage, P stressed plants are found significantly separable at UV to blue (245.5-504 nm)
and green to NIR (549-1100 nm). At initiation of tillering growth stage, separable wavelength of P stress
are found at UV (245.5-250.5 nm and 362.5-371 nm), blue (435-489 nm), green to red (513-637.5 nm),
red edge (692-731 nm), NIR (763-917 nm,1082-1094 nm), Like wise at all growth stages there are
specific wavelength range. The results also show that plant deficiencies in N & P can be detected in the
early growth stages (Z12 and Z20) prior to visible deficiency symptoms being detected by the human eye
(Ansari et al, 2008, Christensen et al, 2004, Osborne et al.2002, Graeff et al, 2001). The reflectance
wavelengths are used to predict P concentration in the NIR (730 and 930 nm) and blue (440 and 445 nm)
region of the spectrum in a corn canopy in the early growth stages at V6 and V8 (Osborne et al.2002).
Thus, above finding also suggests that hyper spectral wavelength range in UV, green, red, red edge, NIR
could be possible to establish P stress for a specific growth stage and specially at early stages. The
identification of nutrient deficiencies in early growth stages will allow remedial treatment without yield
penalties especially for P. Milton et al (1991) found that there was horizontal shift of red edge position
with the growth stage and it was toward longer wavelength. These results are also confirmed by Ayala-
Silva and Beyl (2005), Fridgen and Varco, 2004; Li et al., 2006; Mutanga and Skidmore, 2007.
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EPILOGUE

Spectral resolution open up new opportunities to find characteristic spectral features related to the crop
status. Considerable improvements may be expected from the extension of spectral resolution down to
bandwidths of a few nanometers. Vegetation indices evaluated from these resolutions in the visible and
infrared region, show good correlation with chlorophyll concentration, the factor most affected during
crop stress. Remote sensing technique is used on large scale to monitor the crop under different stress
condition. Spectral reflectance forms the basis for remote sensing.
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