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Abstract

In spatially variable nitrogen i b P ipplic growing
season. This can be h th the plm's
combined wi i ofnitrogen

potenial o detcct th spatsl variation of biomass,nitrogen content and ntrogen ptake in winte
wheat was investigated in 2001 and 2002 with a tractor based multi-spectral scanner measuring
crop reflectance. The results indicated that biomass and nitrogen ptake can be reliably detected
with a tractor-based non-contacting sensor. Further, the spatial yield variation can be predicted
based on spectral measurements at milk ripeness.

Keywords: biomass detection, nitrogen status, on-the-go sensor, spectral reflectance, yield
‘monitoring

Introduction

Optimising nitrogen inputs is an essential requirement for high yields and decreasing nitrogen
Tosses to the environment. Heterogeneous fields require a targeted, site-specific application of
piaogen, Oneth-go snsorsallow detetion of thespatial vaition i the iogen siatus of crops
and, combined with a
can be site-specifically targeted t0 the needs of the plants. Thus nitrogen eition o be
optimised to achieve high yields and product quality, combined with strategies to minimize
nitrogen losses to the environment (Eberiseder et a., 2003).

The princpl to detectdiffrencs in the nitogen siatus and biomass of crops by provimal and
etal,, 1994; Ma etal., 1996). In this
work, the potential of a tractor sed crop scanner, similar to the sensor described by Lammel et
al. (2001) but used in a spectral detection mode, was tested to detect differences in biomass,
nitrogen content and nitrogen uptake of winter wheat in two field experiments in 2001 and 2002,
Calibration trials so far have been conducted on small field plots mainly with hand-held

with the destructively sampled areas for biomass and crop nitrogen status determinations.
Therefore, especially in the second year, the experiments were conducted with the goal to spatially

d bi ith d
by the sensor. To our knowledge, no such measurements have been reported. The previously
outlined potential to predict spatial differences in final yield based on spectral measurements at
milk ripeness (Schmidhalter et al., 2001) with the proximal sensor was further evaluated.

Materials and methods

Spectral with a crop scanner were in field
wheat Triticu aestivim L.). The measurements were conducted on two fields at Scheyern Farm,
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001, and i station Diirnast, Freising in 2002, in Bavaria,
Germany, respectively, with the cultivars Biskay and Ludwig. Nitrogen applications were varied
durin i in bi itrogen uptake.
Randomised treatments were used with seeding rate (250, 450 and 650 grains/m?) and nitrogen
dose (100, 135, 170 and 205 kg N ha'1) as variables in 2001 and nitrogen dose (90, 130, 170 and
210 kg N ha!) as variable in 2002. Culfivation strips for nitrogen dressings were 15 m in width
and 50 m in length. All reatments were five times replicated.

Multispectral measurements were conducted at BBCH 37, 55 and 73-75 (BBCH monograph,
1997). Measurements during milk ripeness were conducted to predict the final yield. Spectral
measurements were made simultancously at 5 wavelengths (550, 670, 700, 740 and 780 nm + 5
‘im) and the following spectral reflectance indices were calculated:

Red edge inflection point:
Soil adjusted vegetation index:

REIP = [700+40(Rg79*+Ry50/2-R700) (Ryg-Rr0))
(15 Ry R/ Ry R 0.5)):

Normalised difference vegetation index: RosoRer0) (Rogo* R
Green - red ratio: GIR = [Ryg/Rezoh
Infrared - green ration: IR/G = [Rygo/Rysgls

Infrared - red ratio: IR/R = [Rygg/Rzo)

‘The sensor used has four optical inputs with 90° azimuth angle between them and an average view
zenith angle of 64° each. Light is collected from four inputs and optically averaged through a four-
split light fibre. This arrangement allows average measurements from four ellipsoids located
practically solar azimuth directi 1.

of: 8 1l the second.
one to measure the irradiance to normalize the reflectance signal

In the first year, the scanner was mounted 3 m to the side on the rear of the tractor at a height of
1 m above the plant canopy which allowed reduction of the scanned area to 2 ‘m? (Schmidhalter et
al,, 2001), and in the second year, the scanner was mounted midway in front of the tractor, 2.2 m
above the crop stand and the area scanned was between 10 to 18 m”.

Measurements were usually conducted at around noon which helped to avoid any influence of
shadowing by the tractor in the first year. No such precautions had to be taken in the second year
due to the alternative positioning of the sensor. In the first year, destructive measurements by
manually cutting biomass were done on an area of 2 m? equivalent in size to the area of two
ellipsoids, but positioned between two of the four sensed ellipsoids, whereas in the second year

Figure 1. Diagram of the fields of view of the sensor system on the ground.
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destructive determinations of biomass were made exactly on the sensed area on both sides of the
tractor with a green forage chopper with 1.5 m cutting width equipped with a weighing unit to
represent 10 to 18 m? in area. Spectral . Fresh and
dry weight of i

sub-samples. Nitrogen uptake per area was calculated as biomass X nitrogen content.

Results and discussion

Close relationships between different spectral indices and biomass, nitrogen content and uptake
were determined in 2002 (Table 1) and a reasonable agreement with biomass and yield was
abserved in 2001. In 2001, goodness of linear fits (R’-values) between IR/R measurernents and

biomass was 0.51, d to REIP BBCH 37 and 55 with
0.62and 0.42,respectively. Crop stand in the in2002
and th ere located on exactly th ‘This was not the case

for the 2001 measurements

In general, the closest relationship was found between the investigated crop parameters and the
spectral indices REIP, IR/R and IR/G, followed by NDVI and SAVL All relationships reported were
highly significant.

BBCH 37 than at BBCH 55. The relationship between biomass, nitrogen content and nitrogen
uptake and spectral measurements at BBCH 37 and 55 obtained with the REIP index is shown in

Figure 2.

Aclose p b spectral ducted at growth stage BBCH 73-75 and
final grain it as ith the index REIP but
also with other indices (Figure

3).
The results from these field studies agree w"!\ dmse from other studies obtained under well-
lled 1997; Liebler etal.,

2001), biained under ige of nitrogen 90-
210 kg N ha, than e, in the work done by Licbler t l. (2001), where nittogen fertilization
ranged from 0-220 kg N ha'". In general, at higher nitrogen fertlization levels or higher N uptake,

achieved with the indices REIP, IR/G and IR/R which proved to be better than NDVI and SAVL.

Table 1. Relationship of six spectral indices to destructively measured parameters biomass,
nitrogen content and nitrogen uptake in field experiments with winter wheat at BECH 37.The
goodness of linear and quadratic fits (R2-values) is indicated (n=25).

linear quadratic
Biomass  Ncontent N-upmke  Biomass  N-content  N-uptake
R? R?
RR 070 065 073 085 076 088
RG 075 082 086 085 091 092
REP 077 078 084 084 090 094
GR 0.12 001 005 059 009 044
NOVI 059 042 053 091 060 084
SAVI 049 046 048 078 063 078

Precision Agriculture 617



BBCH 37 OBiomass

[ e )
——
| — N content
eacH 5o (TP AR T

—— N uptake

0 02 04 06 08 1

Coefficient of determination (R)
Figure 2.Relationship between the spectral index, REIP,and destructively measured parameters
of biom: it Pt i (n=25).

In general, with the best indices, the closest relationships were found for N content and N uptake

followed by biomass.
Other studies have shown that such relationships are cultivar dependent (Lammel et al, 2001;
Licbler et al., 2001) By means of easily

eference values built into the calibration, such differences can be compensated for. In all of our
studies so far, a close relationship between the destructively determined parameters biomass and
N content was found.

Conclusions

‘The results indicated that biomass, nitrogen content and nitrogen uptake can be reliably detected
vith  wractorbased non-<ontating sensor. The resuls sugest that caming out destrctive

plant for the spectral
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Figure 3. Relationshiy BBCH 73-
75 and final grain yield.
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by proximal sensing was corroborated in agreement with previous studies. Future research work
should concentrate on other crops and the further development of fertilising algorithms.
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