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Use efficiency of variable rate of nitrogen prescribed
by optical sensor in cornt

Jardes Bragagnolo?, Telmo Jorge Carneiro Amado®, Rafael Pivotto Bortolotto®

10.1590/0034-737X201663010014

ABSTRACT

The eficiency of nitrogen fertilizer in corn is usually lpnegatively decting plant nutrition, the economic return,
and the environment. In this context, a variable rate of nitrogen, prescribed by crop sensors, has been proposed as an
alternative to the uniform rate of nitrogen traditionally used by farmers. This study tested the hypothesis that variable
rate of nitrogen, prescribed by optical sensuwereases the nitrogen usé@éncy and grain yield as compared to
uniform rate of nitrogen. The following treatments were evaluated: 0; 70; 140; and 21Blkglbauniform rate of
nitrogen, and 140 kg Rainder variable rate of nitrogen. The nitrogen source was urea applied on the soil surface using
a distributor equipped with the crop sensotthis studythe grain yield ranged from 10.2 to 15.5 Md haith linear
response to nitrogen rates. The variable rate of nitrogen increased by 11.8 and 32.6% the nitrogen uptake and nitrogen
use eficiency, respectivelycompared to the uniform rate of nitrogen. Howewmersignificant increase in grain yield
was observed, indicating that the major benefit of the variable rate of nitrogen was reducing the risk of environmental
impact of fertilizer

Key words: site-specific management, crop senpagcision agriculture, soil fertility

RESUMO

Eficiéncia de uso da dose variada de nitrogénio prescrita por sensor 6ptico em milho

A eficiéncia da fertilizag&o nitrogenada no milho geralmente € baixa, impactando negativamente a nutricdo de plan-
tas, o retorno econdmico e o meio ambietdose variada de nitrogénio, prescrita por sensores de planta, tem sido
proposta em substituicdo a dose uniforme de nitrogénio tradicionalmente utilizada pelos agricultores. Este estudo tes-
tou a hipotese de que a dose variavel de nitrogénio, baseada no sensor 6ptico, aumenta a eficiéncia de uso do nitrogé:
nio e a produtividade de grédos em relacdo a dose variavel de nitrogénio. Os seguintes tratamentos foram avaliados: 0,
70, 140 e 210 kg Hea dose uniforme de nitrogénio e 140 kg halose variavel de nitrogénfvfonte de N foi ureia
aplicada a lan¢co com um distribuidor de fertilizantes acoplado ao sensor 6ptico de plantas. Neste estudo, a produtivi-
dade de gréos variou de 10,2 a 15,5 My ham resposta linear as doses de nitrog@nitnse variavel de nitrogénio
proporcionou aumento de 11,8 e 32,6% na quantidade de nitrogénio absorvido e na eficiéncia de uso do nitrogénio,
respectivamente, em comparac¢éo a dose uniforme de nitrogénio. Porém, o incremento na produtividade néo foi signi-
ficativo, indicando que o principal efeito da dose variada de nitrogénio foi a reducédo do risco de impacto ambiental do
fertilizante.

Palavras-chave manejo sitio-especifico, sensor 6ptico de planta, agricultura de precisao, fertilidade do solo.
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104 Jardes Bragagnoki al.

INTRODUCTION to capture the corn nutritional status in different growth

. . . . stages; and b) to compare NUE and corn grain yield under
Corn ZeamaysL.) is the main cereal grown in Brazil, VRN and URN fertilization strategies.

with an area over 15 million ha. In the 2013/14 crop season,

the Brazilian corn productign rea(?hed 79.9 million to_”ﬁ/lATERIAL AND METHODS

(CONAB, 2014), representing an increase in production

of 3% per year in the last decade, while cropland had just The experimental area hesordinates 28 31'36" S and

a slight increase (0.4%) (Mirandgal., 2012). Therefore, 52 47°45"W, with 550 m altitude, in N&o-Meetjue county
the recent increase in Brazilian corn production was mainRS, Brazil. The climate is Cfa, humid subtropical, according
associated with yield gain, reflecting the improvement ifp Koppen (1948) classification, with frequent incidences

crop management, especially nitrogen (N) fertilizatio@®f short drought during the summehe average rainfall
management. is 1700 mm yt evenly distributed through the yewiith

Increasing the rate of N fertilization, may intensify thét @vérage annual temperature of 19.5 °C. _
environmental impact, since N fertilization efficiency  This study was conducted in a rainfed cropland in
worldwide is low and stood around 33% (Raun & Johnsog010/2011 that had favorable conditions of precipitation
1999). Currentlyin southern Brazil, N fertilization during com gro_wtr_l pgriod, ‘_’Vith a total volume of 1048
recommendation is based on the content of soil orgarffd™ and even distribution (Figure 1). _ _
matter (SOM), yield goal, and previous cash crop or cover _The soﬂ_of the experlmen'_[al area is a distrophic Red
crop in the field (Amadet al., 2002). Howevetthe spatial ©Xisol (Typic Hapludox) (Soil Survey t&ff, 2010) or
variability of soil properties that enhance the availabilitj-2{ossold/ermelho distréfico (Embrapa, 2006), with gentle
of N to plants, such as, SOM (Casal., 2011), soil nitrate slopes. Prior to the establishment of this experiment, the

(Hurtadoet al., 2009: Casat al., 2011), and soil water &€& was managed under a continuous no-till system for

storage (Sanétal., 2012), are not taken into consideration!! l€€N years. The particle size and chemical soil

Thus, the same field may have different optimum igharacteristics in the beginning of the experiment are
fertilization rates (Rauet al., 2002; Porttal., 2012) and, Shown inTable 1.

in such case, suggesting that uniform rate of N (URN) could €O was sown on $&ember 10, 2010, on oat straw
not properly fit for the whole area, resulting in under of€Sidue, with spacing 0.50 m. Pioneer hybrid 30F53 corn

overfertilized areas (Hurtad®al., 2009; Nogara Netet was used with an estimated plant population of 67,000 ha

al., 2011). Therefore, the spatial variability of soil and pIanlt The fertilization at planting consisted of 30 kg b&N,
and 69 kg héof K,O. The source of N

attributes in the field are challenges to obtain high N udd kg ha of PO, _ _
was urea (45% of N), for phosphorus (P), it was triple

efficiency (NUE) and crop yield. hosphate (21% ofG) d 1 (i K)
. . ... superphosphate o of@®), and for potassium
The variable rate of N (VRN) adjusts the fertilizer input otassium chloride (60% of ) was used.

according to the plant nutritional status. In this case, oﬁe The experiment was in a randomized block design with

most fr ntl fertilizer prescription is increasin g . . .
ost frequently used fe erprescription IS increasing, o replications, with treatments arranged in linear strips.

:Ee N. ratt:].mh plantsbwtllt-lr-\t IOV: nutrmonatl s,ttr?tqs, V\;h_T_L. he plots had dimensions of 36 x 300 m with a total expe-
ereisanigher proba ||y.o respon;e .o .e INput. H;mental area of 10,8003nThe treatments consisted of
strategy commonly results in NUE optimization (Ratn

ol 2005: Sinafet al. 2006. B et al. 2013b). | the following rates of N and fertilization strategies: 1) 0 kg
" >INg " , Bragagnole a., )-In hat (control); 2) 70 kg h&uniform rate (7OURN); 3) 140 kg

addition, the VRN can promote increases in plant N uptalﬁe(,:j[1 uniform rate (140URN); 4) 140 kg Baariable rate
and, consequentlyeduces the risk of N losses by leaching, . .. o, crop sensor (14OV,RN); and 5) 210 Kgihiform '
runoff, and volatilization (Fixeat al., 2905)' rate (210URN). Urea was applied by a distributor equipped
The crop sensors, based on optical spectrosemgy  with double disk centrifuge under conditions of high soil
the principle of reflectance in wavelengths of the visiblgypisture. The N rate selected to compare the fertilization
and near infrared spectrum on the leaf tissues of the plagfgtegies of URN and VRN (140 kghavas recommended

and can be used for the N fertilization prescription (Rauggionally (CQFS-RS/SC, 2004) for an expected yield
etal., 2005; Povletal., 2008; Grohstal., 2009; Jaspe&t  petween 8-9 Mg hj for soils with 2.6 to 5.0% levels of

al., 2009;Amaral & Molin, 2011; Portzet al., 2012; SOM with previous grasse cultivation.

Bragagnoletal., 2013a, b). The N fertilizer treatments with rates higher than 70 kg
In Brazil, the information about the use of crop sensotsa* were split into three applications as follows: 30 kg ha

in N fertilization is scarce. This study tested the hypothesist planting; 40 kg htapplied at V4 corn stage with four

that the use of the optical spectroscopy sensor increaselty expanded leaves, using the Zadoks Scale; 70 kg ha

the efficiency of corn N fertilization. The specific!(140URN and 140VRN) and 140 kgt{ 10URN) applied

objectives were: a) to evaluate the efficiency of the sensairV8 stage.

Rev CeresVigosa, v63, n.1, p. 10341, jan/fey 2016




Use efficiency of variable rate of nitrogen prescribed by optical sensorin corn 105

The plant attributes evaluated, in the phenological The optical sensor xenon transmitters comprised of
stages V4, V6, V8, V10, V12, and tasseling (VT), were: kultispectral waves (650 tdl@0 nm) of high intensity
content of aboveground biomass, total N uptake, dignd has two photodiode receptors used to determine the
matter (DM) yield, SRD index, and vegetation index (VI) VI, based on the ratio of the spectral reflectance in the
determined by the optical sensiBor the plant samples, awavelengths 730 and 760 nm calculated by equation (1)
transect with seven georeferenced points, with regul@taspeetal., 2009):
spacing of 40 m, was used. In order to determine the DM = (InR,,-InR_)x100 1)
production, plants were harvested within a 2 m radius 760 $
around the georeferenced point. The determination of plathere: VI is the vegetation index; Ris the reflectance
N content was made by micro Kjeldahl digestionat wavelength 760 nm; Ris the reflectance at wavelength
according to the methodology describedédescatal. 730 nm.

(1995). For SRD index was used five plants per Intreatment 140VRN, the fertilizer was applied dividing
georeferenced point, according to the methodologdyto two phases. The first was carried out to determine
described byArgentaet al. (2001). the average VI (64.7) of the plants in the area at V8 crop

In treatment 140VRN, based on VI determined with thetage, for which a reference N rate of 70 kg has
optical sensorthe rate of N fertilizer was established byassigned. Then, at the second phase, a new determination
means of a&’ARA algorithm (Mara InternationaRSA,  of VI and a real-time N prescription rate was transmitted
Duelmen, Germany). The ensemble fertilizer distributor ant@ the controller and in sequence to the centrifugal
crop sensor comprised of two optical sensors attacheddigtributor disks for fertilizer application. The fertilizer
the top of the tractor cabin (right and left side), adiistribution width was set to 21 m, with 3 m of overlap
approximately 3.8 m above the ground, making the readibg@tween the two passes of the equipment, totalizing 36 m
of an area with a width of 3.0 m on each side of the tract@f plot width.
allowing the device to read approximately 33% of the plants The data obtained from the optical sensor were
present in the experiment. The angle formed by light beatmansferred to a geographical information system
from the xenon transmitter and soil surface was betwe¢Bampeiro 7.0, Giotto, 20). Afterwards, the averagd

50 to 66°. readings and the prescribed N rate were determined in a
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=3 Daily rainfall, mm

100 - Cumulative rainfall, mm L 1000
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Figure 1: Daily and cumulative rainfall during the corn cycle in the 2010/2011 harvest. *V4= corn phenological stage with four fully
expanded leaves using the Zadoks Scale; V8= corn phenological stage with eight fully expanded leaves using the Zadoks Scale.

Table 1:Analysis of particle size and chemical characteristics of the soil in the experimental area of the 0-0.10 m layer

Clay* pH H,0? SOM? P K4 Al ca Mg® cTC
g kg? % mg dm3 cmol_dm?
550 5.8 3.8 12.3 0,64 0.0 7.0 2.2 14.0

Determined by densitometrydetermined by potentiometriésoil organic matter determined by th®alkley-Black method;determined
by Mehlich* solution;*determined by extraction with KCI (1 mot).

Rev CeresVigosa, v63, n.1, p. 10311, jan/fey 2016



106 Jardes Bragagnodki al.

radius of 10 m around each georeferenced point of the The control treatment, although without N fertilizer
transect. For the evaluation of the efficiency of theput, had high N uptake (117 kghand corn DM yield
prescribed N rates, the following classification was use0.1 Mg ha) (Table 2).This result is associated with
low (64.5 + 2.2 kg g, medium (70.4 + 0.3 kg i and continuous no-till with cover crops and crop rotation
high (78.1 £ 4.0 kg h§, with four replications per class. adopted in this cropland for the last 15 years, with the

Data for corn grain yield were obtained by manudiavorable climatic conditions for corn growth (Figure 1).
harvesting of two rows with two linear meters @ around Therefore, even the control treatment achieved a high grain
each georeferenced point of the transect. Each plot wgsld (10.2 Mg h&) (Table 2). Previous|yLazaroet al.
harvested separately with the MFP3bmbine equipped (2013), in southern Brazil, also reported that even without
with a yield sensgrand the total plot grain yield was N fertilizer input, under favorable climatic conditions and
weighted separatelyhe grain yield results were adjustedgood management practices, the grain yield achieved 10
to 13.0% moisture. Mg ha.

To determine the NUE, the formula for N recovery  The N content of the plant, at VT corn stage, regardless
efficiency (NRE) and N agronomic efficiency (NAE) wereof treatment, fell within or above the range considered
used according to the methodology described in equatigftical (1.0 to 1.3%) (Amadet al., 2002). Howevetthe
(2) and (3) according to Cassmanal. (2002) and hjighest grain yield was obtained with N content of plants
Dobermann (2005): ranging from 1.6 to 1.8%, therefore higher than those
NRE = (N,-N) /R, (zyonsidered critical @ble 2).

The SRAD Index presents a positive linear relationship
Where: N, is N uptake at flowering (kg Haunder the ity the N rates (@ble 2), agreeing with the report by
evaluated N rate; Ns N uptake at flowering (kg B jakelaitiset al. (2005). Only the control and 70URN
under the control treatment (without N); s the reaiments showed, T stage, the S¥D index the value
evaluated N rate (kg Ha 57.1 proposed as critical Bygentaet al. (2004). However
NAE = (Y, - Y /R, (3)he highest grain yield (15.6 Mg Havas achieved with
SPAD index (59.4) slightly higher than the critical value.

Where: Y, is corn grain y'elq (kQ hg of treatment with The N fertilization rate had an influence on the nitrogen
the tested rate; gis corn grain yield (kg hg of control . \tan¢ of the plant and on grain yield with linear effect
treatment (without N); Ris the evaluated N rate (kgha it gegree up to 210 kg haindicating that if higher N
The determination of gross income, for every 60 kgyes were investigated, it could still have an increase in
bag of com, was worth R$ 25.00 at the time of harvegti, yield (mble 2).The treatment with the highest N
(COTRIJAL, 2_011)' . __rate (210URN) showed an increase of 5.3 M§(Ba.0%)
The experimental results were submitted to descriptiyg grain yield compared to the controbffle 2) The high

analysis of variance. The averages were compared by e, 1se to N fertilization, can be partly attributed to the
Tukey test (P < 0.05), followed by polynomial regressiog,,ap|e climatic conditions for corn growth, expressed

using the statistical package SKFV4.0 (Ferreira, 2000). 1y, yhe satisfactory precipitation in critical growth stages
(Figure 1), abundant light, and cool nights, in addition to
RESULTS AND DISCUSSION soil quality (Table 1) and a hybrid corn with high yield

The plant attributes related to N nutritional status oqotentlal.

corn, assessed\dT, were directly related to the rate of N The efficiency of VRN fertilizer strategy depends,
fertilizer, providing the increased N content, N uptake, th@mong other factors, on the capacity of the crop sensor
SRAD Index, VI determined by the optical sensand {0 capture, in an early development stage, the different
corn grain yield, as expected. Howetae DM vyield did nutritional status of corn plants in the cropland.
not show correlation with corn grain yielda@le 2). In this study theVI readings obtained by the optical
This was an important prerequisite for evaluating theensor were closely related to the amount of N uptake
crop sensor andRN efficiency. Therefore, the treatment and corn DM yield (Figure 2a, b). PreviousWayfield &
with the highest N rate (210URN) increased by 56% thErengove (2009) reported a high correlation between the
plant N uptake and by 50% the plant N content, which Ml readings and the wheat N uptakéready, Portzet al.
important for cell division and expansion, besides bein@012) reported a correlation of the VI readings with the N
the main component for the chlorophyll moleculesiptake and sugarcane DM yield. In order to prescribe the
responsible for photosynthesis, driving the plan¥RN, the crop sensor was utilized in this study in V8 stage,
accumulation of carbohydrates and plant growtht which the sensor had a high sensitivity to the plant
(Malavolta, 1997; Lobell, 2007). attributes that drives the N demand.

Rev CeresVigosa, v63, n.1, p. 10341, jan/fey 2016




Use efficiency of variable rate of nitrogen prescribed by optical sensor in corn 107

In Figure 2a and b, it can be observed that VI increaséshturation déct). In this studythe saturation &ct was
exponentially as a function of both the amount of N uptakatensified when the amount of plant N uptake was higher
and the corn DM yield, and that at the advanced crdpan 70 kg h&dand the corn DM yield exceeded 2,500 kg
growth stages there was a sensibility loss in the sendw@?, corresponding either to V10 or to more advanced

Table 2:Plant attributes evaluated at the tasseling stage of corn for nitrogen fertilizer treatments

Treatments N content N uptake DM SPAD Grain vyield

% kg hat kg hat kg ha?
T 1.2d 1170c 10.11 ab 51.2d 10.231 c¢c
70 URN 13c 109.9¢c 8.76 ¢ 545c¢ 11.125¢
140 URN 16b 163.3 b 10.42 a 57.1b 13.743 b
140 VRN 1.7 ab 182.6 a 10.18 ab 57.5ab 14.887 ab
210 URN 18a 177.2 ab 9.56 ab 59.4a 15.564 a
Equation y =1.17 + 0.003x y = 108.99 + 0.366x ns y =51.52+ 0.039x y = 9.97 + 28.01x
R? 0.91 0.64 ns 0.98 0.91
P 0.0076 0.0496 ns 0.0006 0.0104

Averages followed by the same letter in the column do nferdify Tukey test at 5% probability; ns = not significafit= 0 kg ha N; URN

= Uniform rate of N;VRN = Variable rate of N; R Coeficient of determination; P= level of significance calculated by t test; DM= Dry
matter; SRD= SFAD index; N content (%)= N content in plant tissue; N uptake kg=h& in dry matter; SD =t8ndard Deviation; Grain
yield= corn grain yield manually collected from 2 m of rows.
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Figure 2:Vegetation index determined by the optical crop sensor corn wighedif amounts of nitrogen uptake (a) and dry matter
yield (b); prescribed rate of nitrogen as a function of vegetation index determined by the optical sensor on the V8 stage of corn to the
collection points of the vegetative attributes (c); and longitudinal distribution of varying rates in three applications (d).
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108 Jardes Bragagnodki al.

crop growth stages. PrevioudBortzet al. (2012) reported in relation to URN, although statistically was significant
the saturation effect of this optical sensor in sugarcanenly for the N uptake between the fertilization strategies.
when the amount of plant N uptake was higher than 40 kg MoreovertheVRN increased the NRE (equation 3) by
ha! and the sugarcane DM yield was higher than 4,000 legpproximately 14% compared to URN. The 140VRN, among
hat. The saturation effect has also been reported for othat treatments investigated, provided the highest N uptake
types of crop sensors based on the optical spectrometty2.6 kg ha&), howevey not statistically diiering from
(Grohsetal., 2009; Portet al., 2012). the 210URN treatment, which received an N rate 50%

Based on the VI readings of the optical sensor and thegher This result is relevant, since the primary goal of
sampling of plants made at V8 crop stage, at each pointfeftilization is to increase the plant N uptake. Thus, the
the transect (Figure 2c, d), the regression between theixfield redistribution of N fertilizer rates, based on the
readings and the prescribed N rate was established (Figpatial variability of the plant nutritional N status captured
re 2c¢). In this case, the VRN ranged from 62 to 84 Kg haby the optical senspcombined with a prescription of
according to the corn N nutritional status (Figure 2chigher N rates to the plants with lower VI, was an effective
while the N uptake by plants ranged from 36.7 to 52.5 kgjrategy to increase the corn N uptake and NRIBIET2).
ha' and the DM yield from 1,270 to 1,916 kg'ha In this studyVRN had a numerical increase in grain yield

Thus, plants that had lower VI were associated with Nf 1,144 kg ha (manual harvesting) in relation to URN,
deficiency and lower DM yield, consequentijth a higher although, without statistical difference.
probability of response to fertilizer input, justifying this  The histograms of the grain yield distribution, are
increase in N rate relative to the reference N rate (70°kg Ishown in Figure 3a and b. It was observed that the VRN
1) for that phenological crop stage. In contrast, planfromoted higher uniformity in corn grain yield, with
with higher VI, indicated plants well supplied with N andreductions of 27 and 30% in standard deviations (SD) and
with high DM vyield (Figure 2c, d), and, therefore, lesgoeficient of variation (CV), respectivelyompared to
likely to respond to N fertilization, justifying the reductionURN.
in the reference N rate. The frequency of grain yield < 12 Mg-heas higher

Previously Mayfield & Trengove (2009) reported thatin URN than in VRN (Figure 3a, b). This result suggests
for areference N rate of 33 kgha wheat, the prescribed that increasing N rates in plants with lower VI was an
N rates were in the range of 20 to 52 kd,hahile the efficient strategy for correcting the poor nutritional N
plant N uptake ranged from 69 to 118 kgthand DM  status of the corn diagnosed at V8 stage (Figure 2c).
yield from 1,510 to 3,050 kg Ra Moreover the occurrence of over fertilized plants under

In this studyonly 9.7% of the prescribed N rates byURN treatment resulted in a 22% increase in the frequency
the crop sensor coincided with the reference N rate, whibé grain yield > 15 Mg hdcompared to those under VRN.
36.9% of the prescribed N rates were lower than the On the other hand, the fertilizer strategy of VRN
reference and 53.4% were higher (Figure 2d). Repetitiorr&sulted in an asymmetric distribution frequency of the
had the lowest VI readings (Figure 2c, d) and, in that caggain yield classes with frequency concentration on the
had a higher frequency of prescribed N rates above thight side of the Figure, with an increase of 70% in the
reference N rate. On the other hand, in repetition 2, aftegequency of the yield classes in the range of 13-15 Mg
160 m, there was a higher frequency of N rates below tha! compared to URN. In summarghe main gect of
reference N rate indicating the plot variabili@enerally VRN on grain yield was to decrease the frequency of less
in this study the spatial variabilityup to half the length productive plants and, to some extent, of the highly
of the plots, was lower than the rest of the plot, indicatingroductive ones.
that besides capturing differences among the replications, In this studythe corn grain yield und&RN had a
the sensor captured differences within the same repetitisrumerical increase of 6.5% compared to URN (data

The spatial variability of the corn N nutritional statusobtained with the combine) (Figure 3a, b), without
captured by the optical sensor is attributed to the intrinsstatistical difference, similar to the results obtained with
characteristics of the soil, microclimate, slope, and siteaanual harvesting (8.3%)dMble 2). Part of this result may
specific management that affect crop developmeibve explained by the reduction of reference N rate (70 kg
(Mayfield & Trengove, 2009; Jorgensen & Jorgenseral) in VRN strategy in a study in which there was a
2007). linear relationship of grain yield and N ratalfle 2) Thus,

A comparison of the fertilization strategies, URN andt was expected that some penalization in corn grain yield
VRN, was based on the results shownTable 2.The due to redistribution of N in VRN could happen. This
treatment, with VRN, had the plant N content, N uptakeginforces the fact that to improve the efficiency of VRN,
and grain yield (manual harvesting at the transect point)e reference N rate should be close to the maximum
increased numerically by 6.31.B8, and 8.3%, respectively economic dfciency.

Rev CeresVigosa, v63, n.1, p. 10341, jan/fey 2016
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The corn grain yield, NAE and gross income by class In the class of high N rate prescribed, an increase of
of N rate prescriptions in VRN strategy is shown in Figur&1.6% in the N rate promoted an increase of 11.1% in grain
4. Thereby the class of low N rate prescribed showed gield compared to URN. Moreovét was verified under
grain yield 24.2% higher than URN, even with a 7.9%RN that NAE increased by 41.7% and gross income by
decrease in N rate. In addition, under VRN, there was 42.8% compared to URN. These results suggest a recovery
increase of 110.4% in NAE compared to URN. The higirom plant N deficiency diagnosed at V8 crop stage
yield zone is able, at least in the short term, to sustain highkpressed by low VI readings. Tubaéaal. (2008)
grain yield even with some reduction in N rate. Cassgnanreported similar results for corn, and Mayfield & Trengove
al. (2002); Dobermann (2005); Snyder & Bruulsema (2007]2009), for wheat.
and Farinelli & Lemos (2010) reported an increased NAE In this studythe NAE was 25.0 and 32.0 kgkfpr
with the reduction in the N fertilizer rate. URN and VRN, respectively (Figure 4). Thus, VRN

The VRN strategy promoted an increase of 26.2% istrategy increased NAE by 32.6% compared to URN. Raun
gross income compared to URN. Therefore, the reductiehal. (2005), Singtet al. (2006) and Mainet al. (2010)
in the N rate for plants with high VI at V8 crop stage waseported increases in NUE with VRN compared to URN.
an eficient strategy especially from an economic andThe NAE obtained under VRN strategy is slightly above

environmental point of view 30 kg kg* and, as suggested by Dobermata. (2005),
30 -
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Figure 3: Distribution frequency histogram of corn grain yield acquired from the combine for uniform rate of N (a) and variable rate
of N (b). SD = Standard Deviation; CV = Coefficient of variation; n = number of observations.
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Figure 4: Corn grain yield, nitrogen agronomic efficiency and gross income in different classes of N rate at variable and uniform rate.
NAE = Nitrogen agronomic &tiency; VRN = Variable rate of nitrogen; URN = Uniform rate of nitrogen.

is an indicator of a well N managed system. In additioimaral LR & Molin JP (2011) Sensor dptico no auxilio & reco-

. oA i . mendacgdo de adubacao nitrogenada em cana de .aBésguisa
the VRN promoted an increase of 8.3% in gross INCOME, ' ecudria Brasileira, 46:1633-1642.
compared to URN.

. - . Argenta G Silva PRF & Bortolini CG (2001) Clorofila na folha
ForVRN to be an déctive fertilizer strategywo main como indicador do nivel de nitrogénio em cereais. Ciéncia Ru-

conditions must be met: a) reduction in the N rate for plantsral, 31:715-722.
with high VI, which should result in grain yield decreasegrgenta G Silva PRF & Sangoi (2004) Leaf relative chlorophyll
that would not compromise the economic return; and b)content as an indicator parameter to predict nitrogen

increase in the N fertilizer rate for plants with low VI, which fertilization in maize. Ciéncia Rural, 34:1379-1387.
should result in increased crop grain yield over the risirfgjagagnolo JAmadoTJC, Nicoloso RS, Jasper J, Kunz Jéixeira

- . . . . TG (2013a) Optical crop sensor for variable-rate nitrogen
cost of fertilizer input. The results obtained in this study fertifization) mp corn: I.pPIant nutrition and dry mattgr

suggest that both conditions were met, resulting in theproduction. Revista Brasileira de Ciéncia do Solo, 37:1288-
increase of NAE and gross income compared to thosel298.

obtained under URN. Furthermore, VRN was an efficienBragagnolo JAmado TJC, Nicoloso RS, SanAL, Fiorin JE &
strategy from the environmental point of vicdvecause it Tabaldi F (2013b) Optical crop sensor for variable-rate nitrogen

. . . e fertilization in corn: Il. Indices of fertilizer efficiency and corn

reduced the risks associated with N over fertilization. yield. Revista Brasileira de Ciéncia do Solo, 37:1299-1309.
Casa R, Cavalierh & Locascio B (201) Nitrogen fertilization

CONCLUSION management in precision agriculture:preliminary application

. . . _example on maize. Italian Journal Agronomy 6:23-27.
The VI determined by the optical crop sensor used in P o ¥

. . . assman KGDobermanmA & Walters DT (2002) Nitrogen use
this Stu?y \(/jvas hlgh|ykl’e|atedddt0 the nutrlFlolgal status 09 efficiency, and nitrogen managememtmbio, 31:132-144,
comn valued at N uptake an ry matter yield. CONAB - Companhia Nacional débastecimento (2014Acom-

The grain yield with VRN and URN strategies were panhamento da safra brasileira de grdos 2013/2014. Décimo

similar, but increased plant N uptake and NUE, reducing Zegundo levantamento, Setembro/2014. Companhia Nacional

. . . e e Abastecimento. Brasilia. Disponivel em: < wwanab.gobr
the risk of environmental impact by N fertilization. > Acessado em: 12 de outubro de 2014.
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sensor according to the nutritional status of the culture. 6rande do Sul e Santa Catarina® 3. Comissdo de Quimica e
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