No-till corn performance in response to P and fertilization modes
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ABSTRACT

No-tillage systems provide soil changes that affect nutrient dynamics, hence, changing rates and forms of fertilizer
application. This study aimed to evaluate the effect of phosphorus (P) and modes of nitrogen (N) and P application in
corn under long-term no-tillage in a clayey Oxidolo experiments were carried out in the same experimental area and
in the same yeain a randomized blocks design with four replications. In experiment |, the treatments consisted of five
doses of phosphorus (0, 40, 80, 120 and 160 Kgoh®,0,) applied in the sowing furrawn experiment I, the
treatments consisted of the N and P application modes (topdressing, in the sowing furrow and control - without N and
P). Experiment | evaluated the root length, P uptake and grain yield and, the Experiment Il, the firing height and yield.
The Prates provided linear increases in root length in the 0-10 cm Ryptake and grain productiofihe different
modes of application provided differences in the firing height and corn yield. The control treatment{oiky had
P) provided the highest firing height, superior than those of topdressing and application in thexhicbwvere not
significantly different. The topdress application of N and P provided an increase in corn yield that exceeded 16 and
42% of the application in the furrow and the control, respectiVélys, the results confirmed that increasing rates of
P,O,, in soil with high initial P content, influence positively corn production factors, but with little significant responses,
and the topdress application of N and P on soil with high P content, without water restriction, provided increased grain
yield in relation to the application in the furrow
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RESUMO

Desempenho da cultura do milho no plantio direto em resposta ao P e ao modo de fertilizacéo

O sistema plantio direto proporciona, ao solo, alterages que atuam profundamente na dindmica de nutrientes,
alterando as doses necessarias e as formas de aplicacdo de fertilizantes. Esse estudo teve por objetivo avaliar o efeito
de doses de fésforo (P) e de modos de aplicacao de nitrogénio, (IN) eulRura do milho sob plantio direto de longa
duragdo, em um Latossolermelho agiloso. Dois experimentos foram desenvolvidos, na mesma area experimental e
no mesmo ano, sendo utilizado o delineamento de blocos ao acaso, com quatro repeticdes. Em um experimento, 0s
tratamentos foram constituidos por cinco doses do fosforo (0, 40, 80, 120 e 16@kd)x) aplicadas no sulco de
semeadura. Em outro experimento, os tratamentos foram constituidos pelos modos de aplicacdo de N e P (a lanco,
localizado no sulco e controle — sem aplicacdo de N e P). No primeiro experimento, foram avaliados o comprimento
radicular a absorcao dedPa produtividade de gréos. No segundo, avaliaram-se a altura de requeima e a produtividade.

As doses de promoveram aumentos lineares no comprimento radjcidaamada de 0-10 cm, na absorcaoaed
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producao de graos da cultura. Os modos de aplicacéo proporcionaram diferencas na altura de requeima e na produti-
vidade do milho. O tratamento testemunha (0 KgdeeN e P) proporcionou a maior altura de requeima, sendo superior

a dos tratamentos aplicagdo a lan¢o e no sulco, que néo diferiram énaplsiacdo a lanco de N gpPoporcionou
incremento na produtividade de milho, superior a 16 e 42%, com relacéo ao da aplicacdo no sulco e da testemunha,
respectivamente. Com isso, corrobora-se que doses cresceni@s, @enFsolo com teor inicial alto de dfetam de

forma positiva fatores de produ¢éo do milho, porém com respostas pouco expressivas, e a aplicacdo de N e P a lanco,
em solo com alto teor de P e sem restricéo hidrica, proporciona maior produtividade do milho, em relacéo a do tratamen-
to aplicacao dos nutrientes, localizada no sulco.

Palavras-chaveZea maysadubacao fosfatada, localizagéo, lanco, sulco.

INTRODUCTION and high levels of P (51 mg dhof P extracted by ion
exchange resin) found no difference in the yield of

Adoption of no-till management practices ha.ssoybean, corn and beans, when fertilization was done in

increased during the last decade. No-till is effective i
e furrow or topdress.

reducing soil loss and water erosion (Amaral et al., 2008), Considering the importance of a deeper understanding

increasing soil aggregation (Barreto et al. 2009) ar}éjn fertilizer management in a long-term no-till system, the

increasing concentration of nutrients and soil Or9aNGm of this study was to evaluate the corn yield in response
matter (SOM) in the superficial layers (Muzilli, 1983; Sa

&to increasing rates of phosphorus and different application

Lal, 2009), mainly because of the maintenance of fodes of N and P in long-term NTS, with high initial soil P
permanent vegetable cover

In this system, crop residues retained on the field favcl)ervel'
the cycling .of Ein the soil Sl.Jrfa'ce I:?\yereducing .Ic.)sses MATERIAL AND METHODS
and promoting its accumulation in this layer (Muzilli, 1983;
Séa & Lal, 2009). In addition, the increased aggregation in an The study was conducted in Pirai do Sul - PR (49°57'W
untilled soil reduces contact between colloids and thnd 24°32'S, 974 m altitude). The region has a Cfb humid
phosphate ion, reducing the adsorption reactions (Sa, 19g8)btropical, mesothermal climate (Koeppen), with average
Likewise, the increase of the soil organic matter (SOM) ifgmperature of the warmest month of 24 °C and the coldest
no-till systems (NT) contributes to the saturation of theonth of 15 °C. The soil of the experimental area was
adsorption sites (Andrade et al., 2003), lowering the bindirdassified agypic Oxisol, characterized as eutrophic in
energy of the phosphate with the colloids in the soil ariie A horizon (epi-eutrophic), due to the management,
increasing P in more labile forms. clayey texture, depth, good structure and good drainage.
The increase in P availability in NT can reduce théhe chemical and textural analyzes of the 0-10 cm layer
application rates of P fertilizers. In eleven-year trialgrovided the following results: pH (Caf5.1; 0.0 cmal
conducted by Howard et al. (2002), the increase #m®Al*% 6.5 cmo| dm?® Ca? 3 cmo| dm® Mg*%; 0.57
production of corn in conventional tillage system (CT§mol dm®K*; potential acidity (H+Al) of 6.69 cmotin?
was up to the rate of 39 kg P'h@.6 Mg ha), while in  and 32 mg drof P (Mehlich-1); 38 g drhof total organic-
NTS, the increase was only up to the rate of 20 kg’®P h& and 620, 251 and 129 gkgof clay, silt and sand,
(8.1 Mg ha), demonstrating the reduced need fofespectively
phosphorus fertilization in this system. Before being used for cropping, the land was under
In long-term NT besides the Pates, the mode of hatural native grasslands, known in Brazil as “Campos
application of fertilizers is still a matter of controversyNativos”. The conversion of these fields in areas of
among researchers. In Aifisol in Rio Grande do Sul, cultivation began in the 80s. The experimental area has
with 42 g kg* of SOM and low P availability (4.3 mg dim been 18 years under NWith crop rotation: black oat
of P extracted by Mehlich, Pottker (1999) found that the (Avena strigos&chreb.) and soybeaBlf/cine maMerr)
shoot dry matter production of corn and wheat grairi§ the winter and summer of the first year; whesticum
were significantly higher when the nutrient was applie@€stivumL.) and soybean in the second year; and black
sidedress. In contrast, Pauletti et al. (2010), in an Oxisol@&t and cornfea may4..) in the third yeaiThe previous
Parané, under NT for over 10 years, with 51 ¢ di8OM  crop before corn was black oat, to form a vegetable cover
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Two experiments were carried out in the same year aRESULTS AND DISCUSSION
in the same experimental area, with a randomized block . .
! Xper w 'z The analysis of the root length showed differences

design with four replications. In Experiment I, the . ,
. . . . etween the Pates only in the 0-10 cm layewith the
treatments consisted of sidedress applications of five rates

of phosphorus: 0, 40, 80, 120 and 160 kg 6&P,0.. In greatest concentration of roots, nearly 50% of the whole
Experiment I| .the,: tre,atm,ents consisted of thé chJ.IIowinSOiI profile. In this layerthe Prates afected significantly

modes of application of nitrogen and phosphate fertilizers:e corn root length with linear positive response to

. . . Ancreasing nutrient rates (Figure 1). Howetee rates 80
a) in the furrow - at 5 cm beside and below the seed,; 5 .
@ (a d 120 kg h&aP accounted respectively for 84 and 92%

topdress application - manually spread fertilizer on the . . )
. . . ..__.. _of the production of the maximum rate, showing that even
soil surface after planting; (c) control - with no fertilization. . -
. . in the topsoil, there is little response of corn to rates above
The amount of N applied at sowing was 45 kg dwad the those
total amount of P was 75 kg'haef P,O,. The fertilization h its sh dth his directly related
of the two experiments also included the application of e results showed that root growth Is directly relate

150 kg ha of potassium chloride at planting, topdresse hthe ivaﬂg?;hty T’f Pin tlhe Zoﬂ#n:}t W'th little respo-nse
on the entire experimental area. when the soil levels are already high, as in our experiment

Corn sowing of both experiments was performed iﬁ?’z mg dnr). Accordingly Klepker &Anghinoni (1995)

October 2004, using a triple early maturing hybrid. Thgarried out a greenhouse study with P application in one
plots consisted of seven rows of 8 m length spacedfé?Ction of the soil, with dferent initial levels of soil P

0.80 m. with a total area of44.8 n¢. The n{trogen and demonstrated that the root growth of corn was
fertilization was performed on the V6 stage of the Cro‘;r)creased with increasing dose of P in the central portion

at the rate of 99 kg HaN, applied as urea broadcasteoOf the pot. Howevetthis more intense growth decreased
between rows with increasing level of P in the side portions of the pot,

confirming that the increase in density of roots in soil

In the experiment with P levels, at the full flowering lied with P hen the initial ability in th
stage, the root system was evaluated and leaves wahrgPiie with P occurs when the initial availability in the

collected - ten leaves per plot - removing the leai®! 'S 10w o
immediately below and opposite the spike (flag leaf) for NO influence of P application on root length of corn

chemical analysis of P level, as described by Malavolta &S found in the layers 10-20, 20-30, 30-40 and 40-50 cm
al. (1997). Quantification of root length in the soil profile(':Igure 1). The lack of response to P levels in the deeper

by means of digital images was performed with thiayers demonstrates the low mobility of phosphate ions
software SIARCS 3.0, developed by Embraggcultural in the soil profile, because of its strong adsorption to clay
Instrumentation and reported by Crestana et al. (1994fticles (Guimardes etal., 2008). o

Digital images were obtained according to Sa et al. (2010). The analysis of the flag leaf indicated a linear increase
For this purpose, trenches were dug perpendicular to tidhe absorption of P with increasing rates of the P fertilizer
centerline of each experimental unit. The face of the tren€figure 2a), with accumulation_ of 1.6 mg P in_the Ieayes
used to evaluate the roots was manually scarified (+ 1 R8T kg of RO, added to the soil. Despite the increasing
2 cm) to expose the root systefmwooden frame (0.80 m absorption with higher P rates, the P content in the leaves
wide and 0.5 m deep) divided into 10 x 10 cm squares by*h the rate 0 kg haof PO, was 88% of the content
nylon thread, was fixed to the scarified face of the trenc’?’Fh'evefj W'th the highest rate (160 kg tize BO,). _

and each square was photographed with a digital camera, The little difference between the lowest and the highest
atthe 0-10, 10-20, 20-30, 30-40 and 40-50 cm depths. In fRéates indicates that in soils with high levels pa®in
experiment with N and P application modes at the fulhis experiment, the response in the absorption of the
flowering stage, the height of fired leaves - N deficiencutrient may not be as significant. On the other hand, in
symptoms — was evaluated using five sampled plants Fﬁ;gils with low initial P content, the absorption efficiency
plot. Grain production was obtained by harvesting, i greaterBarreto & Fernandez (2002), in a study with
March 2005, from both experiments, 5 m of the two centr§Pnventional tillage in soil with low initial P (1 mg din

rows of each plot, making a plot useful areagofi. reported an absorption efficiency of 8 mg per kg @,P
The results for the P levels were subjected tadded to the soil, well above the valuebtained in this

regression analysis and the significance level was fougéHdy

using the software JMP IN version 3.2.1. The results for The corn yield was also affected by the treatments,
application modes were submitted to analysis of variané@sponding linearly with increasing rates of applied P (Fi-
and means were compared by the Tukey test at 59dre 2b). Despite these results, the treatment with the rate
probability level (p <0.05) using the software SIR/- 0 kg ha' of P,O, showed 91% of the production achieved
version 5.1. with the highest rate 160 kg'hR,0, (9398 kg ha).
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Figure 1. Root length of corn plants in different soil layers in response to phosphorus application to an Oxisol under long-term no-
till system.MNon significant; * Significant at 5% probability

This result demonstrates that in soils whose initial Rilated to the localized supply of P in the soil: in application
content is high, especially in long-term N¥herein the in the furrow only a fraction of the corn roots came into
phosphorus adsorption is lower (Sa, 1993) and maintenangstact with the fertilizemwhich may have resulted in the
of the humidity is higher (Martorano et al., 2009) compartmentalization of P in the aerial parts of the plant
increasing the efficiency of nutrient absorption, thgStryker et al., 1974). This compartmentalization is
application of P cannot be justified, both from a technicalttributed to the vascular organization of roots and shoots
and economic standpoint. In such cases, only th# corn and can lead to nutritional imbalances in certain
replenishment of nutrient exported by grains should be
performed, or even, in a few years, waived, depending 22 T A
the ratio of marginal product to input price.

The application modes, topdressing and in the furroy
were not significantly different for firing height, both with = 2.0
less than 2.0 cm of N deficiency symptonalfle 1).
However the two treatments déred from the control, 4 o s i

. .. . y=185+0,0016x
which showed a firing height of 38.0 cm. The severs |g - R2=0 80*
symptoms observed on the control plants showed tla
deficiency of the nutrient for the normal development c
the crop. In corn, the evaluation of the firing height is 16 . . . .
simple way to determine N deficiengjnce its evolution 0 10 80 120 160
indicates the transfer of N from the older leaves to grait
and newer leaves, because of the high mobility of tt
nutrient in the plantccording to Ferreira et al. (2009), B
the magnitude of this variable is closely and inversel 9500 7
related to the N content in the leaf and also with the co
yield.

The influence of the N and P application modes we
confirmed on the corn yield &ble 1).The topdress = 000
application was the most responsive, providing a yield (f B 4 y=8550+5,3x
10,717 kg hdin comparison with 9240 kg Habtained 2 RZ=(.93%*
by the application in the furraWhe control treatment
gave the lowest yield (7542 kgHaThus, the topdress
application of P and N provided an increase 0of 42% (3,1° -,

tent (kg

P,O;s rates (kg ha'l)

-1

L

=

=
1

kg ha') in relation to the control yield, and a yield increas: 0 40 30 120 160
of 16% (1,478 kg ha-1) in relation to the application in th P,Os rates (kg ha'!)
furrow. i

. . L igure 2.P contentin leaves (a) and yield (b) of corn in response
The higher corn yield under topdress application of o P rates applied to an Oxisol under long-term no-till system. *

in comparison with the application in the furrow is possiblyng ** Significant at 5 and 1% probabiliespectively
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plant parts, whether by excess or deficiency of elation  Additionally, the no-till system used in the experiment
to other nutrients such as N, K, Ca and Mtpng the may also have provided smaller losses through
same line, in a study with corn, in which one portion ofolatilization of NH, since the soil moisture remains high
roots was supplied with, Rnd the other one was not,because of the C accumulation and the maintenance of
Alves et al. (1999) showed that the portion supplied witkoil cover (Da Ros et al . 2005).

P was unable to provide adequately the portion that was

not in contact with the nutrient, leading to a lower EONCLUSIONS

accumulation in the shoots. This demonstrates that for Increasing rates of P affected positively and linearly

corn, P must be in contact with the largest possible Vo"t'ﬁe root length in the 0-10 cm layéie Puptake and the

me of roots, so that the crop is not undermined b)yield of corn, but with little expressive responses,

Ilmllt?’atlggs |n.|r'1tT'Lne|1I c%/cllnhg of Pin the plant.. Id achi demonstrating that the effect of P on the corn crop is
esides, itis likely that the greatest com yield achieved o in soil with high initial P content.

with the topdress application of P is related to the fact

that the study area has been urdeg term NT In no- The N and P topdress application provided higher corn
till systems, the untilled soil and high soil aggregatioiield in relation to the application in the furrpim soil
reduce the contact between the phosphate ion and thiler long-term no-till, high levels of P and without water
soil colloids, unfavoring adsorption (S&, 1993). In additiodestriction.

the high amount of organic carbon (OC) in long-term NT

(38 g dm-3) blocks the action of adsorption sites (Andrad%EFERENCES

etal.,, 2003), hindering the access of P and decreasingaises vMC, Magalhdes JWasconcellos CA, Novais RBahia
adsorption. Similarlydecomposition of plant residues in Filho AFC, Franca GE, Oliveira C& Franca CCM (1999)
the system leads to the release of organic anions, Whicﬁcﬂmulo de nitrogénio e de fésforo em plantas de milho afeta-

. . = das pelo suprimento parcial de fésforo nas raizes. Revista Bra-
bind cations such as Fe aAtl(Franchini et al., 1999),  gjeira de Ciéncia do Solo, 23:299-305.

reducmg. P fixation. Therefore, the Increase n Solflmaral AJ, Bertol I, Cogo NR& Barbosa FT(2008) Reduc¢éo da
aggregation, levels of SOM and crop residues are cruciakrosao hidrica em trés sistemas de manejo do solo em um

to provide a better utilization of P by plants in no-till Cambissolo Himico da regido do Planalto Sul-Catarinense. Re-
vista Brasileira de Ciéncia do Solo, 32:2145-2155.
systems.

It is noteworthy however that in areas where the pAndrade FV Mendonca ESAlvarez VH & Novais RF (2003)
Adicéo de &cidos organicos e himicos em Latossolos e adsorgao

levels are below the critical level, or in initial no-till de fosfato. Revista Brasileira de Ciéncia do Solo, 27:1003-1011.

adqptlon.’ itis reco.mmended to a.pply.the phosphaé%rretoAC & Fernandes MF (2002) Produtividade e absorcao de
fertilizer in the planting furrowespecially in years with  fosforo por plantas de milho em funcéo de doses e modos de
drought conditions, or otherwise incur in loss of yield aplicagdo de adubo fosfatado em solo de tabuleiro
with topdress applications (Rheinheimer etal 2008) costeiro. Revista Brasileira de Ciéncia do Solo, 26:151-156.
There were no episodes of water deficit at the time §freto RC, Madari BE, Maddock JEL, Machado PLOMyres

N topd . th t fter it licati E, Franchini J & CostaAR (2009) The impact of soil
opdressing, on the contragoon arter 1Ls application management on aggregation, carbon stabilization and carbon

there were occurrences of rainfaltcording to Cantarella  loss as CQin the surface layer of a Rhodic Ferralsol in Southern

etal. (1988), when ureais applied to the soil surface withBrazil. Agriculture, Ecosystems and Environment, 132:243-
X L 251.

occurrence of rainfall shortly after the application, no

difference in corn yield is observed when compared with2"tarela H, Gallo PB & Camgo AP (1988) Modos de aplica-
cdo de fertilizantes nitrogenados em milho. In: Reunido Brasi-

the results of the application in the furrobecause the  |gira de Fertilidade do Solo, Campinas. Resumos, Sociedade Bra-
rain plays an important role in the incorporation of the sileira de Ciéncia do Solo. p.37-38.

fertilizer, avoiding losses by volatilization of NH crestana S, Guimaraes MFoge LAC, Ralisch RTozzi CL, Torre
A & Vaz CMP(1994)Avaliagdo da distribuicdo de raizes no solo

L . L . auxiliada por processamento de imagens digitais. Revista Brasi-
Table 1.Firing height and grain yield in corn as a function of N 52 de ciencia do Solo, 18:365-371.

and P application modes in long-term no-till system ] ] o - .
Da Ros COAita C & Giacomini SJ (2005Yolatilizagdo de amo-

Corn characteristic nia com aplicacdo de ureia na superficie do solo, no sistema
Application mode Firing height Yield plantio direto. Ciéncia Rural, 35:799-805.

cm kg hat FerreiraAO, Sa JCM, Briedis C & FigueireddG (2009) Desempe-

nho de genétipos de milho cultivados com diferentes quantida-
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