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ABSTRACT

Despite its relevance, nitrogen is poorly utilized by the plants when improperly applied. Thus, the objective of this
study was to evaluate the yield and nitrogen use efficiency (NUE) in corn in response to doses and split application of
nitrogen fertilization. The experimental design was a randomized block design, with three replications. Doses of nitrogen
of 0, 30, 60 and 180 kg havere applied at sowing in order to create different nutritional status of corn plants and to
obtain diferent values of Normalized D#renceVegetation Index (NDVI) measured with “Greense®keptical sensor
The subplots with nitrogen doses in topdressing of 0, 30, 60 and 90 k) Vi& and a dose of 60 kghat V12 were
placed in experimental plots with doses of 0, 30, 60 and 180%af hdrogen at sowing. MoreoveMUE was calculated
in the experiment using agronomic indexes determined by applications of nitrogen in late topdressing (V8 and V12) and
contrasted to the possible combinations at doses of 60, 90 and 120digdtal N applied. The results showed the
occurrence of a linear relationship between nitrogen fertilizer dose and NDVI at V8 as well as at V12 stages. Late
topdressing fertilizations (V12) did not cause a decrease in grain yield when combined with nitrogen fertilization at
sowing, moreover resulted in higher NUE. Split the nitrogen dose showed better NUE than the combinations where
nitrogen was not applied at sowing or in topdressing. The delay of nitrogen topdressing can be an alternative for the
planning of the moment of the N fertilization according to the climate forecast in each region.
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RESUMO

Produtividade e eficiéncia nutricional do milho em resposta a doses e parcelamentos da
adubacdo nitrogenada

Apesar de sua relevancia, o nitrogénio apresenta reduzido aproveitamento pela planta quando aplicado de forma
inadequadaAssim, objetivou-se avaliar a produtividade e a eficiéncia do uso de nitrogénio (EUN) no milho em resposta
a doses e parcelamentos da adubacao nitrogenada. O delineamento experimental utilizado foi de blocos ao acaso, con
trés repeticées. Foram aplicadas doses de 0, 30, 60 e 180 dkg hisrogénio em semeadura visando criar diferentes
condigbes nutricionais das plantas de milho e assim obter diferentes niveis de indégetdedo por Diferenca
Normalizada (NDVI) medidos com sensor 6ptico “GreenSétkks subparcelas com doses de nitrogénio em cobertura
de 0, 30, 60 e 90 kg ham V8 e uma dose de 60 kg'tean V12 foram alocadas experimentalmente nas parcelas com doses
de 0, 30, 60 e 180 kg fde nitrogénio em semeaduidém disso, foi calculado no experimento a EUN através de indices
agronémicos determinados a partir das aplicacdes de N em cobertura tardia (V8 e V12) e contrastado as possiveis
combinacdes nas doses de 60, 90 e 120-kddnaitrogénio total aplicado. Os resultados mostraram que houve relacéo
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linear entre dose de adubo nitrogenado e o NDVI, tanto no eg@&diomo enV12.As adubac¢fes em cobertura tardia

(V12) ndo provocaram decréscimo na produtividade de graos quando combinadas com as doses de nitrogénio na
semeadura, inclusive apresentaram uma maior EUN. O parcelamento das doses de nitrogénio demonstrou melhores EUN
que as combinac¢@es onde o nitrogénio ndo foi aplicado em semeadura ou cobertura. O atraso das coberturas nitrogenadas
pode ser uma alternativa para o planejamento do momento da fertilizacdo com N de acordo com a previsao climatica em
cadaregiao.

Palavras-chave GreenSeek&r nitrogénio; sensor opticdea maysL.

INTRODUCTION of varying doses of N in topdressing on grasses, resulting

Th ¢ evident . q . ti? improvements in NUE.
€ most evident economic and environmental g, o, ey et al. (1996) and Rauret al. (2005)

benefits related to nitrogen fertilization are linked to thta ; . N
. ) emonstrated a good relationship between N nutrition in
application of average doses ranging from 40 to 60 kg ha

crop growth and the Normalized fgifence/egetation Inde
(Amadoet al., 2006; Groset al., 2006; Gomestal., 2007). - P9 2 getat X

NDVI) obtained by the optical sensdealet al. (2006
The split and season of application of the nitrogen fertilizér ) I y - ( )

. : . ointed out a good prediction of grain yield with NDVI
are alternatives to increase the efficiency of the corn cr : ; .
. " . . . .~ Téadings for adjustment of late N doses. Magtat. (2007)
yield and to mitigate losses of this nutrient. This is attained_ ... . . .
. . .. verified high correlations between the accumulated biomass
by better nitrogen (N) utilization due to the synchronization L . . .
S . and the vegetation index in chronologically superior
between the applications and the period of greater demand

. _ egetative development stages (V8 and V12).
of the nutrient by the plan$ifva et al., 2005b; Bragagnolo vegetative cevelopm g ( o .)
etal,, 2013) The factors considered in the optimization of the use

, ) of N such as the correct dose and the correct application
U_ndgrstandmg the _effects imposed _by the Iatﬁme should be evaluated and investigated at a regional

app_l!cat!on of N'in corn IS fundam(_ental t(_) improve th“?evel in order to reduce losses and to obtain better practices

fertilization recommendations of this nutrient, since th?orthe use of fertilizers (Fixen, 2010). The objective of this

effectiveness of this application strategy in corn is stronglé{udy was to evaluate the productivity and the NUE in

dependent on the degr'ee of fi.eflc.lency' of the elementc%[m crops in response to doses and splits of the nitrogen
the moment of topdressing fertilization (Binéeal. 2000).

. o fertilization.
In this context, it is important to evaluate the agronomic

indices that measure the N use efficiency (NUE) in ea
region, searching for better N management practices a TERIAL AND METHODS
with that, to meet the grain demand through the balance The study was conducted in southern Paraguay in one
between inputs and outputs of the applied nutrients the countrys most important agricultural regiofite
(Dobermann, 200%Bnider &Bruselma, 200ortzetal., climate is classified as Cfa, according to Koppen, with hot
2012. Scharkt al. (2002) reported that late N fertilization summers and occasional frost in the wirifére average
(V11 to V16) did not result in yield losses for corn, but theginnual rainfall ranges from 1300 to 1900 mm, with rainfall
found additions in the NUE and consequently somevenly distributed over the yedihe average temperature
savings in fertilization associated with lower environmentalaries from 17 to 2C for the months of July and January
damages. respectively

In Brazil, it was found recovery rates of N varying The experiment was composed of seasons and varying
among values by 30% (Lara-Caberasi., 2000), and doses of N applied to the corn crop during the 2010/2011
between 44 and 55% of applied N (Si&tal., 2005a). In  crop year in the municipality éflto Vera, Department of
relation to the topdressing application of N, the fertilizatioftapla in Paraguain the commercial area of a producer of
split may or may not result in gains in productiyvittich  cooperative Coldnias Unidas. During the corn crop cycle,
is mainly related to the water availability after fertilizationan accumulate precipitation of 852.5 mm was recorded in
which allows a high recovery of applied N (Sangoi &he experiment (Figure 1).
Almeida, 1994). Hence, the use of optical sensors is a new The soil in the experimental area is classified as Red
technology targging at a better NUE in split fertilizationsLatosol with loam-clay textureTable 1 shows the
Raunet al. (2002) demonstrated that canopy evaluatiorgranulometric and chemical characteristics of the soil,
using GreenSeek®&ractive optical sensor (NNEh determined at the experimentimplementation according to
Industries, Ukiah, CA) could be done to evaluate the effeptocedures described Bgdesceet al. (1995).
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The experimental design was a randomized block Table 2 describes the general characteristics of the
design, with three replicationt the sowing, the following accomplished evaluations. The fertilizations gbkand
treatments were applied: 0, 30, 60 and 180 kgdidN P,0O_ were carried out at the same doses for all plots.
applied by broadcasting in the form of urea. The dimensions Vegetation index was measured using Greensgeker
of the experimental plots were 10x5 m. On the main plotactive optical senspwhich provides two measurements
the sub-plots with dimensions of 2x5 m with 0.5 m of borddrom the reflectance of two wavelengths related to the
were delimited. They received five different doses of N imegetation cover dynamics, resulting in NDVI, as
topdressing at V8 phenological stage and only one dosspresented in equation (1), proposed By Raaisd.
at V12 phenological stage. Soybean was sown with 12.0 (2973):

! seeds (inoculated witradyr hizobiumjaponicum) with _ : .

0.50 m of spacing between rows. In these subplots, fOll\JIIDVI = (pnir-pr)/ (pnir +p1) @
doses of N (0, 30, 60 and 90 kg*hm the form of urea) Where: pnir and pr are the reflectance in the near and
were applied at the V8 stage when the eighth leaf of thésible infrared, respectively for quantifying vegetation
main stem was emitted, and the fifth treatment consistggowth and it numerically ranges from -1 to +1.

of application by broadcasting of 60 kg*hef N in the  NDVI readings were performed on linear displacement over
form of urea in topdressing at stage V12 (80% of vegetatiyge experimental unit with the useful width captured by
development). the 0.7 m sensgFhe data were collected dynamically at a

The different doses of N at sowing and the insertion afistance of 0.60 m between the sensor and the target. The
subplots with doses of N in topdressing were applied Equipment was adjusted to a per second reading, totaling
order to simulate several conditions of N supply conditiorspproximately 30 measured points in each of the formed
for corn plants, resulting in different levels of NDVI, subplots and, subsequentilie average was determined
accumulated biomass in the aerial part, absorbed N &fad only one value of NDVI in each of the subplot of the
grain yield to determine the efficiency of use of N appliedxperiment. NDVI readings were performed in each subplot

in late topdressing (V8 and V12) in the experiment. at two different times, at V8 and V12 stages to generate
120 7 r 1200
110 1 + 1100
100 - + 1000

90 A r 900

80 4 V8 V12 - 800

= Flowering

¥

L 700
60 4 - 600

50 - - 500

Daily precipitation (mm)

40 L 400

Accumulated precipitation (mm)

- 300

- 200
- 100

1 11 21 31 41 51 61 71 81 91 101 111
Days after beginning of the experiment

Figure 1: Daily and accumulated precipitations that occurred in the experiments during the corn crop cycle in the 2010/11 harvest.

Table 1:Early fertility characterization of two soil depths in the experiment, 2010/201

Depth Clay? SOM?  pH (H,0) ps K3 Ca* Mg* Al4 CTCS®
m gkg? mg dn1® m mol_dm*

0-0.10 441.0 33.0 5.7 6.1 1,2 45,4 13,2 0,0 99,0
0-0.20 449.0 32.0 53 55 11 43,6 12,6 0,2 112,0

Clay determined by densimetSoil oiganic matter determined Bivalkley-Black's method Phosphorus and potassium determined after
Mehlich-1 extraction;/Calcium, magnesium and aluminum determined after KCI extraction (1 MpPCation exchange capacity
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response curves, and so check corn response to N ratesThe results were submitted to analysis of variance by
applied at sowing and previously application of N at latthe SISVAR 5.3 software (Ferreira, 2010) using the Scott
topdressing. Knott's test at 5% of probabilityo obtain the response
Corn grain yield was evaluated by manually collectingurves, a regression analysis using the JNfPVersion
the four central rows of each plot, discarding the rows &t2.1 software was used (Setlal., 2005), using the F test
the ends, making a total area of 4 after which the grain at 5% of significance level.
mass was corrected to 14% moisture.
With the data on productivifjpiomass and absorbedRESULTS AND DISCUSSION

N |0b|ta;,ned f<f)rtheach subpl.ot.o;.the experlmgnz the When attributes of plants at V8 and V12 stages were
calculations ot Ihe agronomic Indices were carre Oué\/aluated, significant relationships were verified with li-

gdapnlng tggor%nethggolbogy prop;cg)z%d bg’ jlr\llyder %ear adjustments between treatments 0, 30, 60 and 180 kg
ruuselma ( ) and Dobermann ( porbed N was ha' of N at sowing, with biomass accumulated in the aerial

calculated from the concentration of N in the plant tissuﬁart N absorption and NDVI obtained with the optical
and the produced dry mas&cording to the applied dose senéor (Figure 2)

of Ej (Isowmg " t(l)pdlreszlng), thg foIIﬁovymg |n(:|cgs of each At V8 stage (Figure 2), the biomass accumulated in the
subplotwere calculatefgronomic eficiency of nitrogen aerial part reached a minimum value of 2281 kydral a

use (NAE - kg increase in crop yield/kg of applied nutrien'q;naximum value of 3732 kg hiaCorn absorbed between 62

apparent recovery efficienc;_/ of N ('_\IRE - kg inc_reasg ide 107 kg hdof N and the NDVI values obtained by the
absorbed nutrient/kg of applied nutrient); N IOhySIOIOg'catgptical sensor varied from 0.72 to 0.79, following the

efficiency (NPE - kg increase of crop yield/kg increase qyariation of N absorption by the plant. Howevier the
absorbed nutrient); partial factor productivity (PFP - kg of

in vield/ka of o _ " ot bal Ar12 stage (Figure 2), the ratios increased, with biomass
grain yieldikg 0_ nutrient input); partia nutrlent a_anceranging from 7198 to 9371 kg harhe absorbed N varied
(PNB - kg nutrient removed / kg of applied nutnent)if

di ) 2 (3). (4). (5)and (6 _“between 117 and 230 kghavhile NDVI, still for the V12
presented in equations (2), (3), (4). (5) and (6), respective, age, presented a range between 0.82 and 0.89.

NAE = (Y, - Y) / X, (2) The high ratios between NDVI and absorbed N and
NRE = (AX - AX )/ X, (3Piomqss p.roduction at V8 anq V12 stages ind.icate that
NDVIl is a viable tool for generating recommendations of N

NPE = (¥, - Yo /AX - AX, (#)at the variable rate in topdressing (Freeretzal., 2007)
PFB =Y, - X, (3yhen there is a calibration between the doses of N and the
PNB =G,/ X 6éalue of NDVI. Rauret al. (2005) explains that as the

N egetative development becomes more intense and the
Where: Y = productivity at the N dose; ¥ productivity between rows are covered by leaves, NDVI values increase
with no N; X, = amount of applied X =amountof N py the reduction of the exposed soil and by the increase of
absorbed by corn at floweringgX, = amount of N the amount of green mass.
absorbed, in the control without N application, € The value of the NPE index at the dose 0 kg &ia
amount of N extracted by grain harvest. sowing combined with the topdressing dose of 60 Kg ha

Table 2: Characteristics, management and evaluations carried out at 20bdvEst

Characteristics

Coordinates S 26°42'43.20"; W 55°44'45.6"
Altitude 310 m

No-tillage planting system 12 years

Corn hybrid DKB 390 (Dekalb)
Previous crop Wheat

Sowing date November 6, 2010
NDVI Reading and N in topdressing (V8) 42 DAS

NDVI Reading and N in topdressing (V12) 57 DAS

Date of harvest March 29, 2011
Phosphorus (triple super phosphate) 90 kg ha
Potassium (potassium chloride) 60 kg ha

Spacing 0.70m

Plant population 59000 plants h&a

DAS = Days after sowing. NDVI = normalized difference vegetation index
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(V12) was the highest value found in the experiment (75 kg In relation to the 30 kg Hadose of N at sowing, the
kg?'), which was significantly superior to the otherhighestyield (12406 kg Hawas obtained with the dose of
treatments with N applied at V8. The other combinatior80 kg ha in topdressing, significantly differing from the
of sowing and topdressing fertilizations presented similgields achieved with the doses of 0.0; 30 and 60 Kgha
NPE without significant dferences between meanskle N (V8) (Figure 3)At the dose of 60 kg Haf N at sowing,

3). Studies have shown that contemporary corn hybritlse N rates applied in topdressing showed statistically
display higher N absorption peaks during silking and graimgher yields than the control plot, although no difference
filling (Rajcan & Tollenaar 1999; Silvaet al., 2005b), was found between them, where the highest yield was
absorbing more than 50% of the required N over the cycdehieved at the dose 30 kg'hd2242 kg hd). For the
only in this phase, which shows changes in the absorptidose of 180 kg heof N at sowing, none of the topdressing
and assimilation curve of N in corn in relation to theloses showed a significantfdifence in corn productivity

genotypes launched in previous decades. with a higher yield for the dose 0 kg*hat N in topdressing
(13157 kg hd) (Figure 3).

A substitutive effect was observed between N rates at
= 12000 4 a © V8 — y=2281+8.06x R*=0.81** sowing and N rates in topdressing, that is, as doses at
_i 10000 0 V12--- y=7198 + 12.07x R®=0.98** sowing increased, the respon;es gt topdressing doses
< 1T - decreased. Costa (2000), working with three N doses at
é 8000 o e cenrameanane sowing and t_opd_ressing (30, 60 and 90 kgMp showed
kS that the application of 30 kg hiat sowing and 90 kg Ra
;: 6000 1 at topdressing provided the highest productjwtyd this
‘;g 4000 - is the strategy of split N fertilizatiorccording to Bull
= 2000 _r/'é,,_f/é (1993), studies conducted in Brazil show that the best
E results are obtained with the application of 30 kg of Netta

0 . : : . . . sowing and 60 to 120 kg of N‘hhetween 30 and 45 days
300 1 b oV8 — y=616+025x Ri=0g3**  after germlinationh . | ]
_ - - By analyzing the agronomic indices, NAE values varie
o 250 4 oVi2---y = H7.1+063x R'= 091 L between 11 and 97 kg kand PFP values ranged between
= 360 and 42 kg kf showing a significance in the treatments
; 200 + l with a inversely proportional response to the increase of
2 the amounts of applied N (Figure 3). The highest values of
E 130 —; both indices were obtained when 0 kg b&iN was applied
2 - - 8 I s  atsowing and 30 kg Heof N in topdressing. Snider &
/// Bruselma (2007) reported that for the United States, NAE
50 & ° generally varies between 20 and 30 kg &gd PFP values
between 40 and 80 kg kdFigure 3). So, values above
; : . : : ) these points of NAE and PFP indicate well managed
09 7, systems that have the capacity to supply N to corn.
PR = In relation to the recovery of N applied in the treatments
B d - and determined by the NRE index, statistical difference in
= 08 B l this index was found only for the treatment O kg biaN at
% l ps sowing, in which the combination with 60 kg'h@/12)
presented lower value of NRE (0.59 kg*kgrhe highest
07 | NRE value was 1.80 kg Kdor the subplot that received
0 V8 — y=0.72+0.0004x R*=0.76* the 30 kg hd dose in topdressing, which was similar to
OVI2--- y=082+00004x R®=0.91%* treatments with 30 and 60 kg'h@&8) (Figure 3). Significant
0.6 ' ' difference in NRE was observed when doses of N applied

0 30 60 90 120 150 180 atsowing (30,60 and 180 kghavere combined with 0, 30
and 60 kg ha doses of N at th¥8 stageAccording to
Dobermann (2007), values ranging from 0.5 to 0.8 kg kg

Figure 2:Accumulated biomass in the aerial part (a), absorbegye considered points of high N recovefficagncy. Those

nitrogen (N) (b) and normalized difference vegetation inde\>§alues were verified in sowing and topdressin
(NDVI) (c) at V8 and V12 stages of corn as a function of the 9 P 9

applied N doses (2010/11 harvest). * Significant at sofertilizations that added between 90 and 150 kgdidN to
probability; ** Significant at 1% probability the system.

Applied N doses (kg ha!)
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The PNB index showed interactions and significargxperiment, it was concluded that the application of half of
differences in all accomplished comparisons. The highaste N at sowing and the other half at the stage of 4 to 6
balances were found at the combined doses of 30 (0 + Bfaves, or half of the N at sowing and the other half at the
30+ 0)and 60 (60 + 0; 30 + 30; 0 + 60) kg b&N (Figure stage of 8 to 10 leaves, generated the best yields.

3) originated by the low addition of N and high export by When the mean effect of nitrogen fertilization in
corn grains. topdressing at V8 and V12 were compared, a significantly

The reduced values of NUE were verified at the highebtgher response was found in late fertilization 30-60 (V12)
applied dose of N and with combined additions above 21Mth a productivity of 12265 kg hain relation to 30-60
(180 + 30; 180 + 60; 180 + 90) kghaf N. Values ranging fertilization (V8) in which a productivity of 10976 kgha
from 0.55 and 0.76 kg Kgvere found in the system, pointingwas reached (Figure 3). In the conditions where the
to a higher input than the output of N. Similar data fromapplied N rates were lower than the N exports in the grains
responses at these high doses were verified by Snydef{@&, 90 and 120 kg Haof N), it was observed that the
Bruselma (2007) in the USA and were also found by Rillo &ertilization closest to the highest N demand of corn (V8
Richmond (2006) iArgentina in treatments that exceedeédnd V12) was an efficient strategy (Figure 3a).
220 kg ha of N applied at sowing. Physiological changes in modern corn hybrids suggest

The results found in the experiment showed that coohanges in N uptake dynamics, increasing the @ant’
production potential is expressed as N doses ranging frahility to absorb it during grain filling. This may justify
90 kg hatto 180 kg ha N. However at doses between 60the use of late nitrogen topdressing, whenever climatic
and 120 kg h&of N, the maximum economic efficiency of constraints do not prevent the adequate supply of N to
N fertilization in corn is found (Silvet al., 2005a; Grosat  corn (Silvaet al., 2005b).
al., 2006; Gomeat al., 2007). The combination of 0-60 at V12 presented the lowest

So, in an attempt to better evaluate the experiment avalue of absorbed N (169 kg Hawhich was the only
estimate the efficiency of combined fertilization betweecombination being statistically smaller than the others (Fi-
sowing and topdressing (V8 and V12), the likelygure 3a). The highest values were observed at the
combination obtained in the experiment with totatombinations 60-60 (V8), 30-60 (V8) and 60-60 (V12) with
fertilization was analyzed with total fertilization (topdressingalues of 269, 236 and 214 kg-haf N absorbed,

+ sowing) of 60, 90 and 120 kgtaf applied N (Figure 3). respectively

The highest grain yields were verified in the combined Adequate precipitation in the experiment during
treatments, with part of N at sowing and part of N iwvegetative stages contributed to a stable and similar N
topdressing (Figure 3a). The highest productivity waabsorptions in the combinations until the flowering stage,
obtained with the 30 + 90 kg hdose of N (12406 kg Ha  whereas N absorption in grain filling probably
followed by similarities in the combinations 30 + 60 (V12)differentiated corn productivity in the accomplished
60 + 30, 60 + 60 (V8) and 60 + 60 (V 12) kgt la&N. combinations (Figure 3a@.modern hybrid that can develop

Meiraetal. (2009), with five combinations of N applied its vegetative potential, without water restrictions, and that
at sowing and at the V8 stage (0 + 120, 30 + 90, 60 + 60, 80able to maintain the photosynthetic apparatus of the
+ 30 and 120 + 0 kg Raf N), verified the maximum yield of plant physiologically active for longer and with an optimal
corn grains with the combination 30 + 90 kgtlb&N. Ina root growth is able to reach a higher N absorption in the
study by Silveet al. (2005a), the authors stated that th@eriod of grain filling and higher productivity per area at
split and the time of application of nitrogenous inputs are end of the crop cyclB§jcan &Tollenaay 1999;Sangoi,
alternatives for increasing productivitin this same 2001).

Table 3:Nitrogen physiological &étiency (NPE) obtained from comiesponse according to the nitrogen doses (N) in topdressing
and to N levels at sowing (2010/11 harvest)

N doses in topdressing (kg h§

N Sowing
(kg ha—l) NPE! (kg kg'l)

0 30V8 60 V8 90 V8 60V12
0 - 42Ba 32Ba 16Ba 75Aa
30 26Aa 20Aa 25Aa 51Aa 53Aa
60 24Aa 60Aa 27Aa 28Aa 46Aa
180 52Aa 27Aa 42Aa 46Aa 40Aa

Lowercase letters do not differ from each other in the same columns; upper case letters do not differ from each other in the lines by the
Scott-Knott test at 5% of significance.
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The values of PFP and NAE with 60 kg'taf total combinations. Howevethe achieved results agree with
applied N did not significantly differ between theirGarcia (2009), where the low N values applied in South
combinations, with the findings of higher values in thémerica, between 40 and 120 kg'ra N generate PFP
treatment 0 + 60 kg Haf N with PFP value equal to 184 kgvalues around 30% higher than the ideal values proposed
kg!and NAE of 43 kg kg, followed by the dose 30 + 30 kg by the researchers. Rillo & Richmond (2006)\igentina,
ha' of N which obtained PFP of 177 kgkgnd NAE of 36  with doses between 50 and 220 kg of N at sowing, found
kg kg*. For the combinations with total N applied of 90 kdhigh values of PFP and NAE similar to those found in this
ha?, the highest values of PFP (136 kg'kgnd NAE (63 work carried out in Paraguay
kg kg*) were found in the treatment of 30 + 60 (V12) kg ha Dobermann (2007) reported that for NAE, values from
L of N, which differed significantly only from treatment 0 +10 to 30 kg kg are found in most experiments, although
90 with PFP values equal to 110 kg'lasmd NAE equal to values over 30 kg Kgndicate well-managed and balanced
24 kg kg. These results indicate that the early N deficiencgystems. In this study conducted in Paragtmydoses
was not compensated by late application (Figure 3b). of 60, 90 and 120 kg hHaf total applied N, an NAE in the

According to Dobermann (2007) and Snider & Bruselmeange of 30 to 40 kg Kgof N was observed for most of the
(2007), ideal conditions of production with maximumcombined treatments.
efficiency of N use are between 40 and 80 k§digPFPIn In relation to indices that involve N recovery in the
this situation, no good results were found with the analyzegystem, Figure 3¢ shows balanced PNB values found in

O Grain yield m  Absorbed N
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Figure 3: a) Grain yield and absorbed nitrogen (N) as a function of combinations of N doses at sowing and topdressing, b) partial
factor productivity (PFP) and N agronomic efficiency (NAE) as a function of combinations of N doses at sowing and topdressing,
c) partial N balance (PNB) and N recovery efficiency (NRE) as a function of combinations of N rates at sowing and topdressing under
three levels of applied N (60, 90 and 120 kg)ha011.
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