Sugarcane response to nitrogen rates, measured
by a canopy reflectance sensor
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Abstract — The objective of this work was to evaluate whether a canopy sensor is capable of estimating
sugarcane response to N, as well as to propose strategies for handling the data generated by this device during
the decision-making process for crop N fertilization. Four N rate-response experiments were carried out, with
N rates varying from 0 to 240 kg ha''. Two evaluations with the canopy sensor were performed when the
plants reached average stalk height of 0.3 and 0.5 m. Only two experiments showed stalk yield response to N
rates. The canopy sensor was able to identify the crop response to different N rates and the relationship of the
nutrient with sugarcane yield. The response index values obtained from the canopy sensor readings were useful
in assessing sugarcane response to the applied N rate. Canopy reflectance sensors can help to identify areas
responsive to N fertilization and, therefore, improve sugarcane fertilizer management.

Index terms: NDVI, nitrogen fertilization, optical sensor, precision agriculture, proximal sensing.

Resposta da cana-de-agucar a doses de nitrogénio estimada
por sensor de refletancia do dossel

Resumo — O objetivo deste trabalho foi avaliar se um sensor de dossel é capaz de estimar a resposta da
cana-de-agucar ao N, bem como propor estratégias para tratar os dados gerados pelo equipamento durante o
processo de tomada de decisdo para a adubagao nitrogenada da cultura. Foram conduzidos quatro experimentos
de dose-resposta ao N, com doses de N que variaram de 0 a 240 kg ha'. Duas avaliagdes foram realizadas
com o sensor de dossel quando as plantas alcangaram altura média de colmos de 0,3 ¢ 0,5 m. Apenas dois
experimentos mostraram resposta ao N aplicado em termos de produtividade de colmos. O sensor foi capaz de
identificar a resposta da cultura a diferentes doses de N e a relagdo do nutriente com a produtividade da cana.
Os indices de resposta obtidos pelas leituras do sensor foram tteis em avaliar a resposta da cana-de-aglicar
ao N aplicado. Sensores de dossel podem auxiliar na identificagdo de areas responsivas a aplicagdo de N e,
consequentemente, melhorar o manejo da fertilizagdo nitrogenada da cana-de-agucar.

Termos para indexagdo: NDVI, adubacdo nitrogenada, sensor optico, agricultura de precisao, sensoriamento

proximal.
Introduction the low N response measured in individual experiments,
sugarcane shows important response to N fertilization
The complexity of nitrogen environmental — when group of experiments are jointly analyzed.

dynamics makes N fertilization management one of
the most difficult tasks in agriculture (Van Raij, 2011).
A broad variation in N response and utilization (Gava
etal., 2003; Prado & Pancelli, 2008) has been reported
particularly in sugarcane (Saccharum officinarum L.)
crops, although the general acceptance is that N use
is usually low, with values around 10 to 15% of the
total N absorbed by the plant (Franco et al., 2011).
However, Cantarella et al. (2007) argued that despite
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Nitrogen deficiency has negative consequences
on sugarcane plant development and on crop yield
(Cantarella et al., 2007), but its excess can also be
detrimental to the crop, causing a decrease in sugar
levels and late ripening (Thorburn et al., 2005).
Therefore, considering the complex N dynamics in
sugarcane production systems and the absence of a
reliable soil test to predict N response (Cantarella,
2007), a device capable of modelling plant response
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to management practices and to climate conditions is
crucial to improve N use efficiency.

Crop canopy reflectance sensors (canopy sensors)
are tools used in precision agriculture for this purpose.
The initial motivation of the first studies with this
equipment was mainly sustainable land management.
Currently, the potential of canopy sensors in
rationalizing costs has also been acknowledged, since
they allow adjusting N fertilization by identifying N
uptake capacity, N demand, and the crop response to
the nutrient (Olfs et al., 2005; Mullen et al., 2010).

Despite the potential usage of canopy sensors in
sugarcane, this subject remains relatively unexplored.
In a pioneer study in Brazil, Molin et al. (2010) found
that a canopy sensor was able to differentiate N rates
applied to sugarcane, whereas in the USA, Lofton et al.
(2012a) showed that the response of stalk yield to N
fertilization could be estimated by the same canopy
sensor. In a more recent study, Amaral & Molin (2014)
concluded that the canopy sensor was a useful device
in identifying N variability within production areas,
which made it possible to apply the nutrient at variable
rates.

However, few studies evaluate and propose new
usage techniques for canopy sensors in sugarcane,
which can be a difficult task due to the complexity of
N soil dynamics and to the variation in crop response
to applied N. Therefore, a detailed evaluation of the
commercially-available solutions is important.

The objective of this work was to evaluate whether
a canopy sensor is capable of estimating sugarcane
response to N, as well as to propose strategies for
handling the information generated by this device in
the decision-making process for crop N fertilization.

Materials and Methods

Four plot experiments were conducted during
the 2011/2012 agricultural year to assess sugarcane
response to different N rates, in fields under rainfed
conditions and covered with straw from the unburned
previous harvest (Table 1).

The first two experiments were conducted at the
experimental stations of Instituto Agrondmico in the
municipalities of Piracicaba and Jau, respectively, in
the state of Sdo Paulo, Brazil. Both crops were second
ratoons that had been receiving the same treatments
since the plant cane cycle. The experimental design

was a randomized complete block in split-plots, with
four replicates. The plots contained three different
varieties of sugarcane (Table 1) and were formed by
five 40-m long rows. The split-plots were formed by
five 10-m long rows, and the treatment consisted of
three N rates (50, 100, and 150 kg ha!) plus a control
without N application. The N fertilizer was manually
applied near the ratoon plants on top of the straw cover,
using ammonium sulphate as N source.

The third and fourth experiments were conducted
in the municipality of Pradopolis, in the state of Sao
Paulo, Brazil, in commercial sugarcane fields. The
experimental design was a randomized complete block
with four replicates. In this case, each plot was formed
by six 15-m long rows. The N treatment was applied
only during the experimental year and consisted of four
N rates (60, 120, 180, and 240 kg ha') plus a control
without N application. Ammonium nitrate was manually
applied near the ratoon plants on top of the straw cover.
Phosphorus and potassium fertilization, as well as weed
control, were common to all plots and followed the
recommendations for sugarcane in the region.

The canopy sensor used was the GreenSeeker
RT200 (Trimble Navigation Limited, Sunnyvale, CA,
USA). This sensor emits modulated light centered in
two wavelengths: visible red light (660+15 nm) and
near-infrared (770+15 nm), with an emission frequency
around 40,000 Hz. The target reflectance is received by
a single photodetector with interference filters in the
red and near-infrared regions, independently of the
ambient light conditions. The normalized difference
vegetation index (NDVI) was calculated from the
two reflectance measures separately, as: NDVI =
[(pNIR - pRed)/(pNIR + pRed)], in which pNIR is the
reflectance at the near-infrared region; and pRed is the
reflectance at the red region.

The first assessment using the canopy sensor
was performed when sugarcane plants reached an
average stalk height of 0.3 m, followed by a second
measurement at 0.5-m stalk height (Table 1). The plant
stalk height was adopted as the main parameter because
the number of days after cutting is rather susceptible
to climate variations and the sugarcane phenological
stages are not well defined (Amaral & Molin, 2011).

In the first and second experiments, the assessment
with the canopy sensor was carried out manually
at a distance of 1.0 m from the crop canopy and the
data was recorded at 1 Hz. In the third and fourth
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experiments, a set of two canopy sensors was Several other indices similar to the RI have
mounted on a high-clearance vehicle, model Uniport  been developed in order to assess crop response to
3000 NPK (Maquinas Agricolas Jacto, Pompéia, SP,  intermediate N rates. Lofton et al. (2012a) proposed a
Brazil), keeping the same distance from the canopy.  modification to the RI: instead of one single reference
In both experiments, at least 20 NDVI values per plot  rate (Rl,.q) being adopted, a RI value is calculated
were obtained, and the average value represented the  for each treatment. The Rl,,.4 values were calculated
respective plot. Regardless of how the assessments  separately for each experimental N rate plot using
with the sensor were carried out, the travel speed was  the following equation and were later subjected to
about 3.0 m s”, excluding speed during sensing as a  regression analysis: Rlyeq = Varlie/Varey, in which
source of variation. Var,,, corresponds to stalk yield or to the NDVI values

In the first, second, and third experiments, stalk individually obtained for each N treatment (N rates);

yield was obtained separately for each plot by means  and Var,, corresponds to the values obtained for the
of manual harvest of raw sugarcane, weighed using a  control treatment.

loadef equipped with load cells, Whergas, in the fourth Essentially, the main methodological difference
experlment, sugarcane was r‘necham.cally harvested  petween the RI,,0q and the standard RI is the possibility
and weighed using a truck equipped with load cells. of estimating the increment in yield by the application

analysis of variance (Anova) using the SAS software response patterns that may have a maximum plateau,
(SAS Institute Inc., Cary, NC, USA). When the results  which may or may not be followed by a decrease in
were significant by Anova, at 5% probability, regression  yie]d with higher N rates. Therefore, this index may be
analyses were performed using the SigmaPlot software  particularly useful in sugarcane in which the highest N
(SPSS Inc., Chicago, IL, USA). rate does not necessarily relate to the highest yield, as

In order to quantify the crop response to N ciacced by Lofton et al. (2012a).
fertilization, the response index (RI) initially proposed

by Johnson & Raun (2003) was used. These authors
verified the effectiveness of the RI in estimating crop
response to applied treatments. The RI can be calculated
for crop yield as well as for any other variable that
is a function of the treatments. In the present study,
the adopted variables were stalk yield and NDVI for
each experimental unit. The RI was calculated as:
RI = Var,¢/Var., in which Var, corresponds to stalk

Independently of the index calculated, values higher
than 1.0 indicate crop response to N application. Each
one tenth of one unit above 1.0 indicates a proportional
increase, i.e., a RI of 1.1 means that a 10% increase
in yield was obtained through N application at the
assessed rate.

Results and Discussion

yield or to the NDVI values obtained for the highest In the first and second experiments, there was no
N rate treatment; and Var,,, corresponds to the values  interaction between sugarcane variety and N rate
obtained for the control treatment. (p>0.05); however, a linear response to applied N was

Table 1. Experimental conditions, nitrogen fertilization dates (NF) and time intervals (days) between fertilization (F), canopy
sensor measurements (A), and harvest (H).

Expe- Varieties Ratoon™ Soil® EPP® Clay content ~ NF® Time intervals (days)

riment (g kg)® Ftol"A Fto29A 1%AtoH 2"AtoH
1 SP81 3250, IAC87 3396, CTC14 2 Haplustalf B 500 10/10/2011 29 67 237 199

2 SP81 3250, IAC95-5000, RB 855536 2 Hapludox B 200 10/15/2011 30 63 303 270

3 CTC2 4 Haplustox C 490 11/30/2011 25 55 186 156

4 RB 867515 4 Hapludox B 620 10/17/2011 35 83 195 147

(MCumulative number of harvests performed in the field for the experimental year. @According to the Brazilian soil classification system (Santos et al., 2006),
the soils are classified as: Argissolo Vermelho eutréfico (Haplustalfs) in the first experiment, Latossolo Vermelho eutréfico (Hapludox) in the second and
fourth experiments, and Latossolo Vermelho-Amarelo distrofico (Haplustox) in the third experiment. ®EPP, environmental production potential according
to Prado (2005). “Soil sampled at 0—0.2-m depth. ©The period between the previous harvest and N fertilization was less than 15 days.
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only observed in these two experiments (Table 2).
No significant yield response to N was found in the
third and fourth experiments carried out in Pradopolis,
although higher N rates were used than in the first and
second ones. Two factors might have contributed to
this result in the third and fourth experiments: age of
the sugarcane crop (fourth ratoon), considering that
consecutive harvests usually result in damage to plants
and due to the possible presence of limiting factors to
crop development, such as soil compaction and other
nutritional deficiencies, which can lead to low yield as
observed in the fourth experiment, with average yield
around 60 Mg ha™', regardless of N application; and the
fact that these areas are commercial sugarcane fields
that have been cultivated with sugarcane for several
years, which could have allowed N provision from
other sources.

The lack of response of sugarcane to N fertilizer in
particular years is not unusual, and similar behavior has
been reported in other studies (Thorburn et al., 2003;
Ishikawa et al., 2009; Lofton et al., 2012a; Amaral &
Molin, 2014). This can be attributed to the following
factors: alternative N sources other than N fertilizers
(Thorburn et al., 2003), such as mineralization of soil
organic matter (Gava et al., 2005) and N fixation by
diazotroph bacteria (Boddey et al., 2003; Schultz et al.,
2012); age of sugarcane represented by the number of
cuttings; water stress in specific stages (Lofton et al.,
2012a); low N use efficiency of different N sources
(Franco et al., 2011); and presence of other limiting
factors to the crop development (Zillmann et al., 2006).
However, in the present study, the data set of the four
replicated field experiments, with varying responses to
N, were adequate to test the canopy sensor.

For each site, the results obtained from both
readings at the stalk heights of 0.3 and 0.5 m showed
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similar N response trends, except in the second
experiment (Table 3). In this experiment, the second
sensor measurement indicated significant differences
among N treatments, whereas the first reading did
not. This could be explained by the reduced biomass
accumulated at the 0.3-m assessment period, which
was evidenced by a higher coefficient of variation, as
discussed by Amaral & Molin (2011). Readings at an
early stage may not be sensitive to show N response
in sugarcane. Indeed, Amaral & Molin (2014) used
a similar canopy reflectance sensor in sugarcane and
found that the ideal moment to take readings using
this device is when the average stalk height is between
0.4 and 0.6 m. Therefore, taking into account only the
second measurement, as already shown for stalk yield,
only the first and second experiments were identified
as being responsive to N application using the canopy
Sensor.

Another important point associated to canopy sensor
measurements is that the NDVI was not affected by the
different varieties in any of the experiments conducted
as split-plots (Table 3). This result contrasts with the
necessity of specific calibrations, as suggested by
Frasson et al. (2007), as a function of the morphological
differences among the different varieties and their
consequences in spectral behavior. Therefore, the
factors that seem to influence canopy sensor readings
the most are crop vigor and canopy volume, usually
dependent on edaphic and climate conditions, rather
than on factors associated with the cultivated variety,
such as leaf color or plant architecture.

The regression analyses between N rates and
NDVI were not significant in the third and fourth
experiments, but showed linear response in the first
experiment and quadratic response in the second one,
in which maximum response was obtained at the N rate

Table 2. Stalk yield (fresh weight) as a function of N rate (0, 50, 60, 100, 120, 150, 180, and 240 kg ha') and parameters of

statistical analysis.

Experiment Stalk yield (Mg ha™') Anova Ccv Linear regression

0 50 60 100 120 150 180 240 p value (%) p value R
1 65 69 @ 74 - 78 - 0.007 10.0 0.002 0.78
2 112 114 - 120 - 130 - - 0.001 7.1 <0.001 091
3 84 - 78 - 84 87 89 0.149 7.1 ns(3) ns
4 67 - 64 - 62 59 60 0.128 7.4 s ns

(WCoefficient of determination. N rate nonexistent in the experiment. ©Analysis was not performed because of the lack of response indicated by analysis

of variance (Anova). *Nonsignificant.
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of 110 kg ha'! (Table 3). However, stalk yield increased
linearly with N rates (Table 2). The difference obtained
using the canopy sensor and stalk yield may be due to
a late response to high N rates, after the assessment
using the sensor. Another possible explanation is that
the canopy sensor signal underwent saturation at the
treatment with high N rates. Signal saturation occurs
in situations with high leaf area, in which, despite
increased biomass, NDVI remains unaltered since it has
already reached its maximum value. However, Amaral
& Molin (2014) observed that this effect tends to occur
only at stalk heights above 0.6 m, which suggests that
the difference between NDVI and stalk yield could be
a result of sugarcane late response to high N rates.
Since the canopy sensor is capable of identifying
the effect of N supply at an early sugarcane growth
stage (Molin et al., 2010; Amaral & Molin, 2011),
which tends to be related to stalk production, it is also
possible to use this device to determine the ideal N rate
to be applied during crop growth, focusing on both
maximum production and optimal economic return
(Kitchen et al., 2010). In order to achieve this, it would
be necessary to measure the crop response to N during
the growing season. For that, it might be necessary to
establish calibration experiments within each sugarcane
field, as proposed by Raun et al. (2008) and Kitchen
et al. (2010), who carried out mini-experiments for
maize (Zea mays L.) and wheat (Triticum aestivum L.)
crops, in which a few N rates could be applied just
after sugarcane harvest. According to Amaral & Molin
(2014), at the ideal moment for assessing the plants
with the canopy sensor, when stalk height is between
0.4 and 0.6 m, regression analysis of the NDVI data
would be able to identify the N rate that could provide
the highest response. The identified N rate would then
be applied to the remaining area (unfertilized crop). In
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this sense, the canopy sensor would only be used to
estimate the crop response to N fertilization in a given
field — as done by Hurtado et al. (2011) with a portable
chlorophyll meter on a maize crop under Brazilian
conditions —, instead of to direct the variable-rate N
application, which is the main objective of this type of
device.

The second assessment using the canopy sensor at
the 0.5-m stalk height showed the best results regarding
N rate differentiation (Table 3), which is in alignment
with Amaral & Molin (2014). Therefore, only the
data from this assessment were used to evaluate the
sugarcane yield predicted by the canopy sensor.

The canopy sensor measurements were efficient in
predicting yield (p<0.1), although the individual fittings
for each experiment (R?) could only be considered
reasonable (Table 4). However, the lowest fitting in
the first and second experiments could be a reflection
of the presence of varieties with different production
potentials that could have responded in different
ways to climate, soil, and management conditions
throughout the crop cycle, resulting in different crop
vigor and canopy volume in the same field. According
to Frasson et al. (2007), the abovementioned statement
on specific calibration sounds reasonable.

No relationship between NDVI and yield was
observed when the data from the four evaluated areas
were combined in a single analysis (Table 4). This
absence was probably due to large differences in yield
and crop development status as a function of sugarcane
variety and soil and weather conditions of each field.
This result shows the necessity of data normalization
in order to develop a generalized prediction model for
grain crops and sugarcane, respectively, as suggested
by Raun et al. (2005) and Lofton et al. (2012b).

Table 3. Analysis of variance (p value) and regression analysis of the normalized difference vegetation index (NDVTI) obtained
by the canopy sensor in two assessments at average stalk height of 0.3 and 0.5 m®,

Variation source Experiment 1

Experiment 2

Experiment 3 Experiment 4

0.3 m 0.5m 0.3 m 0.5m 0.3 m 0.5m 0.3 m 0.5m
Treatment (T) <0.01 <0.01 0.99 0.04 0.83 0.47 0.86 0.55
Variety (V) 0.06 0.40 0.85 0.59 -@ - - -
TxV 0.38 0.67 0.18 0.36 - - - -
Regression® L** L** Q** ns ns ns ns ns
CV (%) 6.3 44 6.5 4.6 9.9 9.2 8.5 8.1

(MIn the first and second experiments, the analysis was conducted as split-plots. @Parameter not assessed. L and Q indicate significant linear and quadratic

responses, respectively. **Significant at 1% probability. “Nonsignificant.
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One way to normalize the data is through the RI and
using only the treatment that received the highest N
rate, adopted as the reference rate, besides the control
treatment. However, the crop response to N could be
mistakenly estimated in cases in which the highest N
rate does not result in the highest response of the plants
to the fertilizer, as reported by Lofton et al. (2012a).
This fact was not observed in the present study, so
both forms of estimating crop response (RI and R1,,)
resulted in the same estimation of sugarcane response
to the applied N (Table 5).

However, when the data from the canopy sensor for
each experiment were transformed into Rl within
each replicate (block), a higher significance of the
correlation between yield and sensor readings was
achieved (Table 6), in comparison to the absolute NDVI
values (Table 4). This is because the normalization
through Rl cancels out the discrepancy that
might exist among the replicates. Moreover, Lofton
et al. (2012a) claim that the Rl allows comparing
nonhomogeneous experiments and improving the
capacity of modeling yield when there is an absence
of or a low response to N fertilization. Therefore, the
better performance of the Rl could be understood
in terms of the relations that contribute to build up
the regression models, that is, in the R4, the values
from the control treatment (NDVI or yield) are taken
into account in the calculation of all RI values, which
corrects the results of lack of response obtained in
some experiments.

The main advantage of the Rl is that it enables
the estimation of yield by canopy sensor readings from
generalized prediction models, since specific models
for each situation generated after crop harvest would

Table 4. Regression equations, coefficient of determination
(R?), and regression significance (p value) obtained between
the normalized difference vegetation index (NDVI) and
sugarcane stalk yield (Mg ha') for each experiment
separately and also for the combined analysis of the four
evaluated areas.

not be useful to growers. Amaral & Molin (2014)
obtained good correlations between these variables by
analyzing an index similar to the RI,,.4, the sufficiency
index (SI) proposed by Varvel et al. (1997) and adopted
by Varvel et al. (2007) and Hurtado et al. (2011) in
maize.

Due to the satisfactory results obtained by the
normalized data, sugarcane response to a specific N
rate could be estimated using the canopy sensor at a
given crop management, estimated from generalized
models. These generalized models could be developed
from experimenting with N rates and using the Rl
calculation. Once these models have been established,
the growers could obtain RI values for each field using
the canopy sensor reading during the growing season
and then estimate the gain in yield that would result
from N application.

In order to determine this estimate, it would
be necessary not to apply N fertilizer on a small
representative plot of the crop. At the ideal moment
(Amaral & Molin, 2014), canopy sensor readings
would be taken at the nonfertilized plot and in a nearby

Table 5. Response index (RI) and modified response index
(RI0q) obtained with stalk yield as a function of N rate (50,
60, 100, 120, 150, 180, and 240 kg ha') for each experiment.

Experiment RI

Modified response index (Rlyoq)
50 60 100 120 150 180 240

1 1.20 1.06 - 1.14 - 1.20@ - -
2 1.16 1.02 - 1.07 - 1.16® - -
3 1.06 - 0.93 - 1.00 - 1.03  1.06®
4 0.89 - 0.95 - 0.92 - 0.88 0.89

(N rate nonexistent in the experiment. ®Values correspond to the N rates
that provided the highest responses (RI >1.0).

Table 6. Regression equations, coefficient of determination
(R?), and regression significance (p value) obtained between
the Rl from the canopy sensor readings (RI,.NDVI)
and from sugarcane stalk yield (RI,.Harvest) for each

Experiment Equation R®  p-value experiment separately.

1 Yield =-46.506 + (168.579 NDVI) 0.466  <0.001 Experiment Equation R?* pvalue
2 Yield = 31.628 + (120.227 NDVI) 0234 0.005 1 Rl,Harvest = -1.386 + (2.457 RI,,,,NDVI) 0.707 0.005

3 Yield = 60.437 + (123.299 NDVI) 0.666  0.092 2 Rl,ogHarvest = -2.105 + (3.188 RI,. ,NDVI) 0.744 0.027

4 Yield = 45.263 + (24.045 NDVI) 0.662  0.094 3 Rl,Harvest = -0.387 + (1.312 R, ,NDVI) 0.941 0.030

Combined  Yield =-58.030 + (533.504 NDVI) 0.006  0.755 4 RI,o;Harvest = 0.739 + (0.204 RI,,,NDVI) 0.894 0.049
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plot that had been fertilized with N just after harvest.
The next step would be to calculate the mean NDVI
for each of these two plots and, from these data, the RI
for the whole field. The RI yield would be estimated
by means of the calculated RI (obtained from the
sensor readings) in a predictive equation established
using the Rl values (Figure 1) and by knowing the
expected average yield for a given sugarcane field,
which would allow the estimation of gain in yield with
N application. However, this approach is difficult to
implement in areas in which N is highly variable, since
the response to N could vary within the field (Welsh
et al., 2003; Zillmann et al., 2006).

Another limitation to this approach is that it does
not indicate the ideal N rate to be applied; however, it
is possible to infer whether the N application is being
advantageous for a specific situation. Therefore, aiming
for higher yield, the growers could decide whether to
increase or decrease the top-dressing N fertilization
rates according to the crop response to N, using, for
instance, regional fertilizer recommendations such
as those given by Van Raij et al. (1997). However, in
order to ensure the reliability of this approach, it is
necessary to obtain better fitting models than the one
used in the present study (Figure 1), since, according
to Malley et al. (2004), models with fitting below 0.5
(R2<0.5) should be considered unreliable.

1.2-

114
2 107
z
= 094 RI,/yield=0.661+ 10.345 RI, NDVI

P=001 R'=026
081 0
0.7 -
0.8 0.9 1.0 11 12 13 1.4

RI,,, NDVI

| @Experiment 1 OExperiment 2 A Experiment 3 A Experiment 4|

Figure 1. Relationship between the modified response index
(RI0q) estimated by means of sugarcane yield (Rl,.qYield)
and canopy sensor measurements (Rl NDVI). NDVI,
normalized difference vegetation index.
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Conclusions

1. The canopy reflectance sensor could be an
auxiliary tool to estimate sugarcane (Saccharum
officinarum) response to N application, since it can
be helpful in defining the N rate necessary to achieve
sugarcane maximum production, using field calibration
experiments.

2. Sugarcane responds differently to the N
treatments in each of the four experiments, suggesting
that the highest N rate does not always result in higher
stalk yield, and, therefore, that the calculation of the
response index that considers only the highest N rate
might be problematic in quantifying the crop response
to N.

3. Although the modified response index can be
used to develop a model capable of predicting yield
gains due to N fertilization, even when the canopy
sensor measures are collected up to 300 days before
the harvest, prediction models with a better fit are
necessary.
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