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ARTICLE INFO ABSTRACT

Article history: Background: For millet culture, are still incipient the infoation about the nitrogen
Received 26 July 2016 fertilization management and its effect on graieldiand yield and quality of dry
Accepted 21 September 2016 matter.Objective: The aim of this study was to evaluate the efféatiases and the
Published 30 September 2016 ideal period of nitrogen (N) application in orderiiprove grain yield and productivity

and the quality of dry matter. The experimentaligltesvas randomized blocks in a
factorial 4 x 4, with four replications for eacheatment, which consisted of a

Keywords: combination of four different nitrogen doses (BUN) 30, 60 and 90 kg Haand four
Mineral nutrition, grain vyield, yield managements applications of N: 100% sowing; 30%irspw 70% at 15 Days After
and quality of dry matter Emergence (DAE); 30% sowing + 70% at 30 DAE; 30%isg + 70% at 45 DAE.

Results: Based on the results it can be observed mainlyhlfermanagements tested
when the goal is yield and quality of dry mattéee managements M1 and M2 are the
most appropriate. Already when the purpose is toeyztivity of grain yield the M4
management is indicated. For the doses testednieraiethe best effects were observed
for the maximum dose tested in the variables evatu&onclusion: It was observed
that independent of the method of application, dieses of N applied to the crop
increased dry matter, accumulated protein, accuedilphosphorus, and the grain
yield. For the production of dry matter, as welleasumulation of protein, phosphorus,
and potassium, the application of N of 100% at sgwand 30% sowing + 70% at 15
DAE showed the highest increases when submitteelsdos60 to 90 kg haof N. The
highest grain yield independent of the applicatibistribution was observed for the
dose of 90 kg haN.

INTRODUCTION

The millet Panicum miliaceunt..) is an annual cycle crop, originally from Afsicone of the oldest and
most important cereals used by man, after wheabarnldy (Kalinova and Moudry, 2006). It was a stafolod
in semi-arid regions of East Asia (China, JaparssiRuand India) and across the Eurasian contirefotdrice
and wheat gained popularity.

In Brazil, this cereal is not often cultivated innsparison to other more traditional crops such heat;
oats, and sorghum. Millet has been cultivated imesgegions of Sdo Paulo, Mato Grosso do Sul, amd Ri
Grande do Sul, for the purpose of economic exploitaof grain for animal feed, primarily for capéibirds.
There are few studies that analyze the qualityrgfrdatter produced in the millet crop for both mertts that
can be cycled as cover crops in the system, anithdonutritional value as animal feed.

Nitrogen is one of the nutrients of greatest irgeia agriculture; it is responsible for the protiity of
most crops and usually demanded in large quanthieghese cultures (El-Shaarawt al, 2011). The
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importance of nitrogen is related to its effectstlom crop; it affects the metabolism of the plaragticipating in
the proteins production, amino acids, chlorophyfid aother important compounds in plant metabolism
(Barhoumiet al, 2010). In this context, to obtain a better depetent of millet crops, and positive results in
dry matter yield and/or grains, the use of techgig® that help monitoring and managing the nitrogen
fertilization are of great importance. The Greerk@egTrimble Navigation Ltd., Sunnyvale, CalifornidSA),
has been appointed as a monitoring tool to idettié/nitrogen demand in real time in cultures. Barsor has
the red and infrared (NIR) sensors which provide\thgetation index by normal differentiation (ND\hat is
influenced by the dry weight and leaf area indeadqé al, 2015) which correlates with the N concentraiion
the plant (Erdlest al, 2011).

Thus the purpose of this study was to evaluateeffect of nitrogen doses and the optimum period of
coverage application on grain productivity, yiedshd the quality of dry matter in the millet crop.

MATERIAL AND METHODS

This study was conducted in the experimental afeth® Federal University of Santa Maria campus
Frederico Westphalen, RS, whose coordinates ar23277.58 "S and 53 25'41.24" W, at an altitude &8 5
meters. The regional climate according to the Kagpglobal climatic classification is humid subticg (Cfa),
with an average annual temperature of 18.1 °C andad rainfall of the order of 1,900 mm.

The soil is classified as Oxisol (Santtsal, 2013a) with clay; The cultivated area was madagsder a
no-tillage system for more than 10 years with sayband corn crops during summer, and wheat and oats
during fall and winter. Soil sampling was perfornaca depth of 0.00 to 0.20 m for chemical charaagons
of the soil (CQFS-RS / SC, 2004) with the followiresults: pH in HO (1:1) 4.8, SMP index: 5,5, clay 650 g
kg', organic matter 29 g Kg P-mehlich 13,0 mg drh potassium 252 mg dfn calcium 3,1 cmetim?,
magnesium 1,7 cm@m?® H + Al 5,6 cmoldm®, Al 1,0 cmoldm®, CTC 11,3 cmetim?®, and CTC with base
and Al of 50,6 and 14,8%, respectively. Six momphisr to the experiment, there was applicationiofel to
raise the pH to 6.0 following the recommendatiorttaf chemistry and fertility committee (CQFS-RSQ, S
2004).

The experimental design was randomized blocksfaceorial 4 x 4, with four replications; the treans
consisted of a combination of four nitrogen do$ks30, 60 and 90 kg ha-1) and four application rganzents
of N, 100% at sowing (M1); 30% sowing + 70% at 18H>(days after emergence) (M2); 30% sowing + 70% at
30 DAE (M3) and 30% sowing + 70% at 45 DAE (M4).eThpplication of N was always performed by
throwing urea (45% N) to each plot that measured2Bn. The fertilization of phosphorus and potassiwas
performed by throwing five days before sowing giglperphosphate and potassium chloride, resplgctive

Along the experiment, a total of 491.6 mm of ralinfeas recorded, concentrated in the month of Qetob
(Figure 1); this facilitated the management ofagtn where urea was applied in the late afternowleiumoist
soil. Average temperatures were recorded for thethsoof September, October and November, showing
minimum of 14.6; 16.1 and 17.3 ° C and maximum@fl226.1 and 29.1 ° C respectively.
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Fig. 1: Precipitation § ), maximum temperatuse=( ) anhimum temperature-{- ), during the experiment
period in the field in 2012, and dates of sowiny {®wering (F) and harvest (H).

The experiment was conducted in soybean stubblestad in March, with seeds of AL Tibagi cultivar
manually sowed on 09/05/12 with a spacing of 0.1Fetwveen lines and 80 seeds per meter.

At the full flowering stage, an area of 0.25 was delineated for evaluation of dry matter artdogen
accumulation in the aerial part of the millet. Flois, samples were taken to an oven with air ciiooh and a
temperature of 65 °C in order to achieve a consisteight. After weighing and evaluating the drytteg
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samples were ground for laboratory analysis obgin, phosphorus and potassium following the metloggy
described by Tedescet al (1995). With the determination of nitrogen ire titvhole plant tissue, one can
estimate crude protein content through the methomgoproposed by Tedeseb al (1995), by multiplying the

N content in the tissue by the factor 6.25. Havthg production of dry matter, phosphorus percentage
potassium, and crude protein content, we calculgtedotal accumulation per hectare for each treatm

Grain productivity was obtained by hand-picking theentered lines, discarding 0.5m of each endgort
(2.7 nf) subsequently being performed the track of eaehtiment with the aid of trailed equipment and the
weight of each sample adjusted to 13% moisture.

The determinations of the NDVI (Vegetation Indexrialized Difference) were performed during the
flowering period of the crop with Greenseeker® eguént. To obtain readings, the device was placed at
height between 0,8 to 1,0 m above and paralldieéaground surface (Groles$ al, 2009), and the representative
index of each relevant treatment was representexthtayverage of five readings per plot.

The results were submitted to analysis of varighcest) and if the results were significant to theiables,
the averages were compared by Tukey test (p <OF&)doses of N, a regression analysis was prefbirme
adjusting for the significant degree of the equatieor these analyzes, we used the StatisticalyAisaBystem -
SAS 8.0 software (SAS Inc, Cary, USA).

RESULTS AND DISCUSSIONS

From the analysis of variance, the results shoWwatlthere was an interaction (p<0.05) betweenahwofs
dose and N application period to dry matter, anolsphorus and protein accumulated as well as fon giald.
For NDVI and for the accumulated potassium the amilgraction was related to the dose factor.

When analyzing the effects of N application perawdthe dry matter produced in the millet crop (Eab),
it is observed that with increasing doses of N,rttamagements M1 and M2 stood out in relation tadtiyemass
produced, with the highest yield obtained for th2 Management at a dose of 90 kg,feven though there was
no significant difference from M1, where the yiadl dry matter for the two periods weas 5643.50 kg a
5806.80 kg ha, respectively. Compared to crops that are sowthénsame period of millet, such as black oat,
white oat, and wheat which can reach yields inmatter of about 6000 to 12000 kg héSilva et al, 2009),
3000 to 5000 kg hh(Bortolini et al, 2005) and 500 to 2000 kg h#Santoset al, 2013b) respectively, the

millet crop has great potential for dry matter proiivity, being an alternative to hedge plants oitiflage
system and forage production for animal feed.

The effect of the doses within the management M1 & on the dry weight yield was linear (Table 1),
and managements for both tested doses providatterase of 59.48 and 90.45% respectively.

Table 1: Breakdown of significant interaction between rgen application doses and periods to dry mass,nadeted protein, and
accumulated phosphorus in the millet crop.

Nitrogen Nitrogen rates kg hla
Management Dry matter kg ha | Accumulated protein kg Ha | Accumulated phosphorus kgha
0 kgha
M1 3390.00 & 252.09 a 3.25a
M2 3253.10 a 252.47 a 3.29a
M3 3133.60 a 252.14 a 34la
M4 3377.60 a 261.89 a 3.39a
30 kgha
M1 4523.80 a 365.10 a 5.23 ab
M2 3495.10 b 279.10 b 3.90b
M3 4317.40 a 356.93 a 4.58 b
M4 4516.30 a 388.00 a 5.57 a
60 kgha
M1 4763.90 a 377.45 a 4.67b
M2 4890.80 a 429.02 a 5.61a
M3 4329.60 a 376.66 a 4.34b
M4 3901.40 b 365.82 a 420 b
90 kgha
M1 5643.50 a 459.14 a 6.16 a
M2 5806.80 a 393.89 a 3.89b
M3 4480.50 bc 387.09 a 3.38¢c
M4 4198.60 ¢ 341.18 b 4.63b
Regressiorequation
M1 y = 3530.21+23.33**x (R0.85) | y= 268.42 + 2.11*x (R.85) y = 3.60 + 0.027*x (R.67)
M2 y = 3002.93+30.18**x (FD.71) | y= 252.49 + 1.91**x .60) | y= 2.68 + 0.084*x — 0.00075%R°0.63)
M3 y = 4065.27 y = 279.52+1.41*x (R.73) | y=3.63 + 0.045*x — 0.00053*{R°0.73)
M4 y = 4248.47 y = 366.22 y=4.70
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™ Averages followed by the same letter in the colutonnot differ by Tukey test at 5% probability *caf* Significant at 5 and 1%
probability by the F test M1: 100% sowing; M2: 36%wing + 70% at 15 DAE; M3: 30% sowing + 70% atCB®E and M4: 30% sowing
+ 70% at 45 DAE.

For the managements M1 (Figure 2a) and M2 (Figie the dose of N had linear effect on the NDVI
readings; For the managements M3 and M4 NDVI regdimere not affected by the dosage of N. Thesdtsesu
show the importance of N management during theéalnitage of cultivation as addressed by Bassal
(2015). The increasing levels in management M1 lgli2din NDVI were 5.50 and 3.58% respectively. The
correlation between dry matter and NDVI was 0.6&yfe 2c), demonstrating that there is a significan
correlation between the NDVI and production of drgtter; it can be inferred that the plants whicbveéd the
highest values NDVI were the ones that had thetgseincrease in dry matter. Therefore, the analysihese
results demonstrated that the NDVI can be used ragriional quality indicator in millet culturesud to the
possibility of identifying a response to N dosestfos attribute in the yield of dry matter. Thésrelevant to the
management of M1 and M2, where NDVI refers to qgifiging the growth of vegetation and accumulated dry
matter (Aguilaret al, 2012, Schiaveet al, 2015). However, further studies should be danériprove the
estimative of N demand in millet cultivation withDVI at different growth stages and environmental
conditions.
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Fig. 2: NDVI in the millet crop related to the levels of Where A) M1; B) M2; andC) Pearson's correlation
between the NDVI 5% and production of dry matteant ** Significant at 5 and 1% probability level
for the F test.

The results of managements for the accumulatectipretas similar to accumulated dry matter with an
increase of N doses from 0 to 90 kg'{@able 1), the highest protein accumulation wase the dose 90 Kg
of N in the management M1, with an accumulation469.14 kg ha; however, there was no significant
difference from the managements M2 and M3. The gament M1, M2, and M3 linearly responded to the
doses of N, representing an increase of 70.75568nH 45.40% respectively. Regarding the cropoof end
sorghum, which are crops widely used for animatifeaving on average an accumulation of 1105 (Ohwved
al., 2011) and 129 (Rezene al, 2011) kg protein harespectively, millet excels in nutritional termsr f
animal feed; other studies can be made with tHisi@iin order to adapt the best form of animalmyp

The management of N doses for the accumulated pbosp showed different results as the levels oégos
increased (Table 1). For 30 kg hahe management M4 provided the best growth baitrdit differ from
management M1. At the dose of 60 kg'H4, the management of M2 saw the greatest accuimnlaor the
rate of 90 kg ha N, the highest phosphorus accumulation was imtaeagement M1, the largest accumulation
among managements in the tested doses (6.16 §gwhich agrees with Viana and Klehl (2010) wherevas



24 Dionei Schmidt Muraro et al, 2016
Australian Journal of Basic and Applied Sciences,d(14) September 2016, Pages: 20-26

observed that wheat which had the highest condéeiraf phosphorus in the aerial part correlatethwvthe
highest nitrogen dose (280 mg dm

For the N dose's effect on the accumulated phosghonly the M4 management was not influenced by N
dosages (Table 1). The effect was linear for Mhwih increase of 67.5%. For the managements M2vihd
the effect of the doses was quadratic, where theirman technical efficiency was 56 and 42.45%kef N,
respectively. Liet al (2014), points out that the best efficiency ofide¢ can be passed on in higher phosphorus
accumulation. Masoret al (2007) relates the greatest accumulation of phmgs to the soil in which clay
soils, such as the soil used in this study, hamdency to accumulate more phosphorus in dry matter

The effect of the doses in the management of Mdufei 3a) was linear and M2 (Figure 3b) square ¢o th
accumulated potassium, and for the managementsnd3vi they were not influenced by the N doseshin t
management of M1, the doses provided an increag&®52%, and for M2 the maximum technical efficign
was 81.87 kg Haof N. It should be noted that even the soil , baiith a high potassium content (252 mgm
which was identified in the chemical analysis & thitial characterization, it was possible to @ase the yields
of the plants. This result may be related to th flaat potassium is involved in the onset of meliamitrogen
processes in the cytoplasm, such as in the incatiporof mineral nitrogen and especially in nitre¢eluctase
(Ruanet al, 1999). Nitrate reductase acts in the reguladibtihe nitrogen metabolism in the plant, and may be
indirectly related to the increases in crop yields, plants with high activity of nitrate reductasay have
greater capacity to assimilate the available rtlahding to a greater ability to respond to niéodertilization
(Viana and Kiehl, 2010).
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Fig. 3: Potassium accumulated in the millet crop in furctdf the doses of N, where A) M1; B) M2. * and **
Significant at 5 and 1% probability level for thedst.

Regarding the productivity for the doses of 30 8Adkg h&', the best managements were M2 and M4 with
a productivity of 3169.48 and 3135.98 kg'haspectively (Table 2). The highest yields wereevbed for the
dose of 90 kg h8 where the management M4 provided the greatesiuptivity, but there was no significant
difference between the managements. Based orittbé) be asserted that the highest yields wetieeatlose of
90 kg h& N, independent of the management adopted.

Only M2 was influenced by the N among the managespevhich had a quadratic response, with the MET
of 64.05 kg ha. In studies with doses and an applications of Millet crops, Sorattet al (2007) observed
that regardless of the period of application of M (or 28 DAE), a positive response in grain yieldhw
application of N in coverage was obtained; howetar the doses of N applied at 14 DAE the respomase
linear, which differs from this study, where thesde applied at 15 DAE had a quadratic response.

Table 2: Breakdown of significant interactions between dased nitrogen application period for productivitymillet cultivation.

Nitrogen Nitrogen ratesha’
Management 0 30 60 90 Regression equation R
M1 2496.75 &) 2574.65b 2650.22 b 3005.24 a y= 2681.71 -
M2 2783.43 a 3169.48 a 3071.82a 3117.12a y =.Z81411.53**x — 0.09** X 0.64
M3 2280.07 a 2739.43b  277894ab  3077.79a y 9.9B1 -
M4 2760.36 a 3135.98 a 3020.16 a 3248.80 a y =.39269

@ Averages followed by the same letter in the coluonnot differ by Tukey test at 5% probability *caf* Significant at 5 and 1%
probability by the F test M1: 100% sowing;. M2: 3@%wing + 70% at 15 DAE; M3: 30% sowing + 70% atCB8®E and M4: 30% sowing
+ 70% at 45 DAE.

Conclusions:
Regardless the management adopted, the N dosd®deisuan increase in dry matter and the qualiati
variables related to accumulated protein, accuradlphosphorus, and grain yield.
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In the production of dry matter and its qualitativ@riables related to accumulated protein, accutadla
phosphorus, and accumulated potassium, the manatefel00% sowing and M2: 30% sowing + 70% at 15
DAE showed the greatest increases when exposessasdf 60 to 90 kg Ha\.

The N dose of 90 kg Hehad the highest productivity of grains, independaémanagement.

REFERENCES

Aguilar, C., J.C. Zinnert, M.J. Polo, D.R. Young)12. NDVI as an indicator for changes in water
availability to woody vegetation. Ecological Indices, 23: 290-300.

Barhoumi, Z., A. Abdallah, M. Rabhi, W. Djebali, @bdelly, A. Smaoui, 2010. Nitrogen and NacCl
salinity effects on the growth and nutrient acdiosi of the grasses Aeluropus littoralis, Catapodiigidum,
and Brachypodium distachyum. Journal of Plant Notriand Soil Science, 173(1): 149-157.

Basso, C.J., L. Somavilla, A.ISanti, F.P. Lamego, B.O. Caron, D.S. Muraro, EskemR.F. Silva, 2015.
Rates and application times of nitrogen in prosketnirop. Bioscience Journal, 31(4): 1030-1036.

Bortolini, P.C., A. Moraes, P.C.F. Carvalho, 20P50ducéo de Forragem e de Graos de Aveia Branca sob
Pastejo. Revista Brasileira Zootecnia, 34(6): 22929.

Cao, Q., Y. Miao, G. Feng, X. Gao, F. Li, B. Liu, Yue, S. Cheng, S.L. Ustin, R. Khosla, 2015. Astiv
canopy sensing of winter wheat nitrogen status: eMaluation of two sensor systems. Computers and
Electronics in Agriculture, 112: 54-67.

Comisséo de quimica e fertilidade do solo (CQFSSR$/2004. Manual de adubagédo e calagem para os
Estados do Rio Grande do Sul e de Santa Cataiintn Rlegre: SBCS - Nicleo Regional Sul/UFRGS, @04

El-Shaarawi, A.F.l., A.Z. Sabh, S.M. Abou-TalebEAGhoniem, 2011. Effect of inorganic nitrogen and
bradyrhizobium japonicum inoculation on growth ameld of soybean. Australian Journal of Basic armpked
Sciences, 5(10): 436-447.

Erdle, K., B. Mistele, U. Schmishalter, 2011. Comgan of active and passive spectral sensors in
discriminating biomassparameters and nitrogen statwheat cultivars. Field Crops Research, 12414)84.

Grohs, D.S., C. Bredemeier, C.M. Mundstock, N. RoJe2009. Modelo para estimativa do potencial
produtivo em trigo e cevada por meio do sensongeeker. Engenharia Agricola, 29(1): 101-112.

Kalinova, J. and J. Moudry, 2006. Content and gualf protein in proso milletRanicum miliaceunt..)
varieties. Plant Foods for Human Nutrition, 61@5:49.

Li, M., H. Zhang, X. Yang, M. Ge, Q. Ma, H. Wei, Qai, Z. Huo, K. Xu, K. Luo, 2014. Accumulation and
utilization of nitrogen, phosphorus and potassidrirr@gated rice cultivars with high productivitiesd high N
use efficiencies. Field Crops Research, 161: 55-63.

Masoni, A., L. Ercoli, M. Mariotti, I. Arduini, 20D. Post-anthesis accumulation and remobilizatiodrgf
matter, nitrogen and phosphorus in durum wheaffastad by soil type. European Journal Agronomy(326
179-186.

Oliveira, F.C.L., C.C. Jobim, M.S. Silva, M.C. Jani V.H.B. Junior, J. Roman, 2011. Produtividade e
valor nutricional da silagem de hibridos de milha diferentes alturas de colheitRevista Brasileira de
Zootecnia, 40(4): 720-727.

Rezende, P. M., H.P. Alcantara, A.M.A. Passos, ERtvalho, D.P. Baliza, G.T.M. Oliveira, 2011.
Rendimento forrageiro da rebrota do sorgo em sest@enproducéo consorciado com soja. Revista Birasde
Ciéncias Agrarias, 6(2): 362-368.

Ruan, J., X. Wu, R. Hardter, 1999. Effects of psia®m and magnesium nutrition on the quality
components of diffents types of tea. Journal ofS8bence of Food and Agriculture, 79(1): 47-52.

Santos, H. G., P. K.T. Jacomine, L.H.C. Anjos, VQ\iveira, J.F. Lumbreras, M.R. Coelho, J.A. Alneid
T.J.F. Cunha, J.B. Oliveira, 2013a. Sistema briasilte classificacao de solos. Brasilia: Embrap2t3.

Santos, P.R.R., P.S.R. Oliveira, D.T. Lima, 201Bfmducao de massa verde e massa seca em linhagens d
trigo com aptidao para duplo propésito. Acta Igya4@): 14-20.

Schiavo, B.N.V., M.S. Ruza, A.M.K. Hentz, A.B. Skbwski, A.P.D. Corte, C.R. Sanquetta, 2015.
Pluviometric influence in the indexes of NDVI andWI vegetation for the municipality of Guarapuava;P
south region of Brazil. Australian Journal of Baaitd Applied Sciences, 9(20): 358-363.

Silva, M.A., S.M.A. Porto, A.R. Mannigel, A.S. MumiJ.D.V. Mata, A.Y. Numoto, 2009. Manejo da
adubacéo nitrogenada e influéncia no crescimentwdi preta e na produtividade do milho em pladitieto.
Acta Scientiarum Agronomy, 31(2): 275-281.

Soratto, R.P., S.M. Cardoso, A.H. Silva, T.A.M. @o3d. Pereira, L.A. Carvalho, 2007. Doses e épdeas
aplicacdo de nitrogénio em cobertura na culturpaaoco (Panicum miliaceum L.). Ciéncia e Agroteog,
31(6): 1661-1667.

Tedesco, M.J., C. Gianello, C.A. Bissani, H. Bohn®n). Volkweiss, 1995. Andlises de solos, plastas
outros materiais. Porto Alegre: Universidade Fdd#reRio Grande do Sul, p: 174.

Viana, E.M., J.C. Kiehl, 2010. Doses de nitrogémipotassio no crescimento do trigo. Bragantia, 69(4
975-982.



26

Dionei Schmidt Muraro et al, 2016

Australian Journal of Basic and Applied Sciences,d(14) September 2016, Pages: 20-26



