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Abstract
The objectives of this work were to evaluate the management of N and S (as ammonium sulphate) fertilization under no-
tillage system on the components of maize productivity and on N and S accumulation in the crop, as well as to evaluate the
minimum value of the Nitrogen Sufficiency Index (NSI 0.95) as an indicator for side dressing requirements. The experiment
had a completely randomized block design with six treatments and four replications carried out in Red Latosol dystrophic
soil (Hapludox), in Campo Mourdo, Parana State, where the following treatments in summer growth maize were applied:
T1- 120 kg ha' N in seeding; T2- 120 kg ha™ N in side dressing; T3- 40 kg ha N in seeding and 80 kg ha™' N in side dress-
ing; T4- 30 kg ha' N in seeding and 90 kg ha™" N in side dressing, monitored by a chlorophyll meter using the Nitrogen Suf-
ficiency Index (NSI); T5- 120 kg ha' N anticipated in wheat seeding; T6- without nitrogen fertilization. NSI was determined
by the relationship between the leaf chlorophyll index (ICF) average of T4 plants and that one in the plot fertilized with
120 kg ha' N at the maize seed sowing (T1). During two years, ammonium sulphate was applied to the maize crop after
wheat under no tillage system. In the first year, with adequate rainfall, the maize yield was similar to the one in which the
complete ammonium sulphate dose application was done in maize seeding and side dressing. The anticipated fertilization
to wheat seed sowing resulted in maize yield without difference from the parceled form. In the second year, with irregular
rainfall, all treatments with N were similar and they increased maize yield compared to that without N fertilization. NSI of
0.95 was not efficient to evaluate maize N requirements in side dressing, and resulted in lower maize yield. N was accumu-
lated mainly in the grains unlike S that accumulated in the plant shoots; both were highly correlated to maize productivity.

Key words: Zea mays, Triticum aestivum, fertilizer management, nitrogen, sulfur.

Resposta a aplicacdo do sulfato de aménio na cultura do milho cultivado sob plantio direto

Resumo

Os objetivos do trabalho foram avaliar o manejo de adubacdo com N e S (como sulfato de aménio) nos componentes de pro-
ducdo do milho e no N e S acumulados pela cultura, assim como avaliar o valor minimo de Indice de Suficiéncia em Nitrogénio
(ISN=0,95), como um indicativo da necessidade da adubacao em cobertura, em plantio direto. O delineamento experimental
foi blocos casualizados com seis tratamentos e quatro repetices em Latossolo Vermelho distréfico (Hapludox), em Campo
Mourdo (PR), utilizando os tratamentos no milho: T1- N 120 kg ha'' na semeadura; T2- 120 kg ha de N em cobertura; T3- 40
kg ha' de N na semeadura 80 kg ha' de N em cobertura; T4- 30 kg ha' de N na semeadura e 90 kg ha™' N em cobertura,
cuja necessidade foi monitorada pelo clorofildmetro, em funcéo do Indice de Suficiéncia em Clorofila (ISC); T5- 120 kg N ha!
antecipado na semeadura do trigo; T6- controle, sem aplicacdo de N. A necessidade da adubacdo nitrogenada em cobertura,
no tratamento monitorado, foi avaliada pelo Indice de Suficiéncia em Nitrogénio (ISN), sendo determinado pela relacdo entre
a leitura média do Indice Relativo de Clorofila Foliar (IRC) nas folhas da parcela estudada e a média da leitura do IRC na par-
cela de referéncia, a qual recebeu dose total de N e S na semeadura do milho. No primeiro ano, com chuvas mais regulares,
o milho produziu melhor nos tratamentos onde o fertilizante foi aplicado em dose completa na semeadura ou em cobertura.
A aplicacdo da dose completa do sulfato de amdnio, antecipado na semeadura do trigo, proporcionou produtividade do milho
sem diferenca da adubacdo parcelada. J& no segundo ano, com chuvas irregulares e menor eficiéncia do fertilizante, nao
houve diferenca entre as formas de manejo do sulfato de aménio na produtividade do milho na semeadura do trigo. O ISN
de 0,95 ndo foi eficiente para avaliar o N requerido pelo milho na época da cobertura e a omissao do fertilizante resultou em
menor produtividade do milho. O N acumulou-se mais nos graos, enquanto o S acumulou-se mais na palha; porém ambos
foram altamente correlacionados a produtividade do milho.

Palavras-chave: Zea mays, Triticum aestivum, manejo da adubacdo, nitrogénio, enxofre.
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Nitrogen, sulphur and maize under no tillage

1. INTRODUCTION

In maize, the management of N fertilization still requires
further investigation because this nutrient has an inher-
ent behavior in no-tillage cultivated soils. Conventionally,
one third of the N dose is applied into the plots at seed
sowing and the remaining two thirds are side dressed be-
tween the V, and V stages (30 and 40 days), when the
plants require high N levels (BoLL, 1993).

The application of the entire dose in side dressing has
been more beneficial to maize crops than the fertilization at
seed sowing. However, Da ros et al. (2003) and DUETE et al.
(2008) found out that parceled N fertilization at seed sow-
ing and in side dressing increased the availability of N at the
higher demand stages, and, consequently, the crop produc-
tivity. S1zva et al. (2005) reported high productivities when
50% of N dose was applied onto the soil at seed sowing and
the remaining dosage at fourth to sixth leaf stages or eighth
to tenth leaf stage of plant development, or when the N was
entirely applied on plants at the fourth to sixth leaf stages.

Furthermore, seed sowing of maize after leguminous-
plant cropping has better responded after grasses due to
the continuous availability of N at the initial stages of
the development (Sitva et al., 2006; 2008). According to
these authors, the N mineralization and immobilization is
affected by the quality of organic wastes and their use by
the next crops in rotational systems. Thus, the quantity of
N in pearl millet is lower than in crotalaria which allows
higher N contents and dry mass production. However,
many reports have showed similar or even better respons-
es with the grass-maize sequence (CERETTA et al., 2002;
Sirva et al., 2006; 2009a). Thus, Sancor et al. (2007) and
Sirva et al. (2009b) verified higher productivity of maize
after oats when N was parceled into dosages for side dress-
ing application.

Immobilization and volatilization are the great causes
of N losses (LARA CaBEzAS et al., 2000; 2007) and there
have been significant differences in N fertilization re-
sponse. Therefore, one maize cropping management strat-
egy could be the anticipation of fertilizer application from
the initial maize growth stage to winter wheat seed sowing
to compensate the negative effects of N immobilization
by the microbiological biomass (CERETTA et al., 2002).

The objectives of this study were to evaluate: a) the effects
of the N and § fertilization management under no-tillage on

maize productivity components; b) the Nitrogen Sufficiency
Index (NSI<0.95) to determine N side dressing require-
ments; and ¢) the relationships and efficiency of accumulated
Nand S use and the maize productivity.

2. MATERIAL AND METHODS

The experiment was conducted in Campo Mourio, Paran4,
Brazil, on a Hapludox (Red Latosol dystrophic soil, EMBRAPA,
1999), with 600 g clay kg (Table 1). The soil analyses were
carried out according to EMBRAPA (1997). For some years, all
this area has been cultivated under no-tillage with lopsided
oats, wheat and lupine in the winter, and soybean and maize
in the summer. In April 2003 and 2004, wheat seeds of the
cultivar CD 104 were sowed and the soil fertilized with 08-
30-20 at 300 kg ha'. The wheat plots consisted of 30 4.0-m
long rows spaced 0.17 m apart, with 40 to 50 plants per
meter (400.000 plants ha'). In October 2003, maize hybrid
seeds Pioneer 30P70 were sowed and the soil was fertilized
with 300 kg ha' P and K (00-20-10). In November 2003,
side dressing fertilization with ammonium sulphate was ap-
plied at the 34" day. In November 2004, maize hybrid seeds
Syngenta were then sowed. In December 2004, side dress-
ing fertilization with ammonium sulphate was applied to the
maize plants at the 32™ day. The 40 m? plot area (4x10m)
had five maize lines, 0.80m apart from each other (40.000
to 50.000 plants ha). The two central rows with 20 plants
were used to evaluate crop productivity. The useful evalua-
tion area of the production components, as ear mass without
straw (grains + corncob), the ear length, and the number
of ears per hectare, was evaluated in the four 32-m?* central
rows. The grains contained 13% of humidity.

The experimental had a completely randomized block
design with six treatments and four replications. The results
were submitted to variance analysis and evaluated by media
test (F test) at 5% probability. The correlation coefficient
magnitude was determined between yield and absorbed nu-
trients for maize, using correlation test among the data. The
analyses were carried out using Sisvar (FERREIRA, 2000).

The maize plots received a complete dose of 120 kg
ha' N and 144 kg ha' S which was applied as ammoni-
um sulphate at seed sowing, in side dressing or both. The
maize was fertilized with ammonium sulphate because N
and S contents were applied together.

Table 1. Soil chemical analysis before ammonium sulphate fertilization of Hapludox (Red Latosol dystrophic)

Depths pH pH AP+
cm Cacl, H,0

0-10 5.1 5.7 0.0
10-20 4.9 5.5 0.1
Depths Vv C P
cm % g dm

0-10 59.8 2. 18
10-20 56.3 20.5 11

H*+AP* Ca**+Mg* Ca* K*
cmol_dm-3
4.3 6.0 4.4 0.3
4.6 5.7 4.1 0.3
Fe2+ Zn20 cu2+ Mn2+
mg dm?3
66.0 22.6 8.4 53.7
79.4 16.3 9.3 535
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The N treatments for maize were T1: 0-120-0; T2:
0-0-120; T3: 0-40-80; T4: 0-30-90; T'5: 120-0-0 and T6:
0-0-0 (control). The S treatments were: T1: 0-144-0; T2:
0-0-144; T3: 0-48-96; T4: 0-36-108; T'5: 144-0-0 and T6:
0-0-0 (control). The first numeric code is the early fertil-
izer application at the wheat seed sowing (WS); the second
code is the application to the plots at the maize seed sowing
(MS) and the third is the N application to maize plants in
side dressing (SD). The side dressing fertilization was ap-
plied at the V, stage. In all treatments, wheat received 08-
30-20 doses of N 300 kg ha™ at seed sowing. Thus, the total
N that wheat received at seed sowing was 120 kg ha' added
with 24 kg ha' of formula, totalizing 144 kg ha' of N.

The need of N fertilizer in side dressing in the moni-
tored treatment (T4) was calculated by means of chloro-
phyll meter readings (SPAD) and Nitrogen Supply Index
(NSI), which was determined by the quotient of the leaf
chlorophyll index (ICF) obtained from the parceled plot
(T4) and the control one(T1). The whole nitrogen fertil-
ization (120 kg N ha™') is done during sowing, as follows:

NSI = ICF sp / ICF ¢p
ICEF sp = average of readings from the device in the studied plog
ICF cp = average of readings from the device in the control plot.

Newly-mature leaves from the fourth node up to
the top were evaluated (SaiNnz Rozas and ECHEVERRIA,
1998). The side dressing fertilization was necessary when
NSI was smaller than 0.95 (PETERsON et al., 1993).

The nutritional status was evaluated in the shoots of
10 plants (stem, leaves, straws and corncobs) and grains
at the harvesting time to determine dry mass and nutrient
content. Leaves of 10 plants were collected at the flowering
stage. The plant chemical analyses followed the methods by
Maravorra et al. (1997) and the N and S concentration
was related with nutrients accumulated by maize.

The N and S utilization efficiency by maize shoots and
grains was determined by the relation between the dry mass
production and nutrients accumulated in the shoots or grains.

3. RESULTS AND DISCUSSION

Maize productivity and grain production
components

Using variance analysis, the differences within 2 years
were found (Table 2). In the first year, the complete
doses of N (120 kg ha') and sulfur (144 kg ha')

Table 2. Grain productivity, ear length, number of ears per hectare and ear mass (grains + corncob) of maize after ammonium sulphate

fertilization at seed sowing (MS), in side dressing (SD) and wheat seed sowing under no tillage system
Growing season 2003/2004

Fertilization (kg ha™)

Components of grain production

N S Productivity Ear lengths Number of ears Ear mass
MS SD MS SD (ton ha) (%) (cm) (units ha™') (g)
120 0 144 0 8.03 a 154.0 16.90 a 86979.0 a 14210 a
0 120 0 144 8.18 a 157.0 1720 a 76041.8 b 134.70 a
40 80 48 96 7.54b 144.5 16.40 a 777085b 125.70 a
30 90" 36 108" 7.49 b 143.7 16.50 a 78541.5b 130.40 a
0® 0 0 0 724b 138.8 16.40 a 69375.0 c 127.70 a
0 0 0 0 521c 100.0 15.00 b 59270.8 d 102.20 b
F test 34.420** - 6.246** 30.877* 14.542**
Means 7.28 = 16.40 74652.8 131.50
CV(%) 5.02 - 3.76 4.54 5.58

Growing season 2004/2005

Fertilization (kg ha™) Components of grain production

N S Productivity Ear lengths Number of ears Ear mass
MS SD MS SD (ton ha) (%) (cm) (units ha™) (g)
120 0 144 0 442 a 164.2 16.30 46875.0 a 11420 a
0 120 0 144 432 a 160.6 16.40 50000.0 a 118.70 a
40 80 48 96 434 a 161.4 17.10 53125.0a 120.90 a
30 (0.0 36 0@ 381 a 141.3 15.10 531250 a 101.10b
0% 0 0 0 389a 144.3 15.30 56250.0 a 107.10 b
0 0 0 0 2.69b 100.0 15.40 37500.0 b 100.40 b
F test 5.662* - 1.749™ 4.326* 2.553*
Means 3.91 e 15.93 49479.2 110.38
CV (%) 13.97 - 7.22 12.98 10.03

Means with different small letters in the columns are statistically different at (**) 1% and (*) 5% of probability by Scott-Knott’s test.
(") N and S fertilization in maize side dressing; () Fertilization without N and S in maize side dressing according to the SPAD chlorophyll meter responses, Minolta. (°) N (120 kg ha-1)

and S (144 kg ha-1) fertilization at wheat seed sowing.
MS: fertilization at maize seed sowing. SD: side dressing fertilization at the V8 stage.
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applied at seed sowing and at side dressing improved
grain yield, length and mass of maize ears (grains +
corncob) and the number of ears per hectare when
the treatments were higher than the control and other
treatments with ammonium sulphate. The productiv-
ity was 54% higher than the control when the fertil-
izer was completely applied at maize sowing, and 57%
when the complete dose of N and S was used in side
dressed to maize plants in agreement with VoN PINHO
et al. (2008) who compared nitrogen sources (120 kg
ha'), including ammonium sulphate, to management
forms at seed sowing and/or side-dressing, and found
high maize yield in treatments that received higher
level of N in side-dressing (90 and 120 kg N ha'). The
results can be explained by the increase of N and S
utilization efficiency by plants in that year, when there
was adequate rainfall distribution (Figure 1). However,
in Brazil, the highest productivity of completely fertil-
ized maize in side dressing can be related to soil tex-
ture as well as to soil organic matter, which was the
initial nutrient source. These results were similar to
the reports by CEReTTA et al. (2002) and Sitva et al.
(2005) who also evaluated N management in maize
crops. SANGAKKARA et al. (2008); SANGAKKARA and
Stamp (2009) reported the beneficial impact of organic
matter with low carbon C:N ratios in N nutrition en-
hancement and seed yields of maize, the most popular
upland cereal in the Asian tropics.

Lara CaBezas et al. (2008) reported increases
in maize productivity when N and S, as ammonium
sulphate, were applied to plants in the side dressing,
because N volatilization reduction improves maize
productivity. There were also increases in S contents
in the soil.

NSI determined by the chlorophyll meter reading,
confirmed N requirements in side dressing application (90
kg N ha') and, likewise, maize productivity was similar to
one with conventional applications at the maize seed sow-
ing and side dressing (Table 2). According to BurLock
and ANDERsON (1998), the reading corresponding to

400 -

22003
3501 2004
3001 m2005

2501
2004
150+
100

501

Rainfall (mm)

O.
Mar Apr Mai Jun Jul Aug Sep Oct Nov Dec Jan Feb
Month of year

Figure 1. Rainfall during the experimental period on the COAMO
Research Farm, Campo Mourio, PR (2003 - 2005).

chlorophyll content is an accurate indicator of nitrogen
level in maize development stages.

The maize yield was similar when the fertilization was
applied at wheat sowing or when it was parceled (Table 2),
which may be explained by the availability of both nutri-
ents during the maize development. These results agree
with RODRIGUES et al. (2000) who reported that 70%
of N accumulated in wheat plants was translocated from
the vegetative plant parts to the grains and that 30% was
maintained in the wheat shoots and then released into the
soil during decomposition.

Furthermore, HERRERA and LIEDGENSs (2009) and
SHotrry et al. (2010) studied the importance of N to
wheat crops. According to SHoLLY et al. (2010), N fertil-
izer tend to increase wheat growth and total vegetative
tissue of N mass by 23% when compared to control.

In the first year, maize yield after complete N fertiliza-
tion at the seed sowing was similar to the results by Santos
et al. (2007) who reported 7.043 and 6.865 kg ha'! when
N was totally applied at the seed sowing. However, maize
yield decreased when the fertilization was parceled, differ-
ently from the high productivity levels reported by Duete
et al. (2008; 2009) who applied 135 kg ha'! N on a Red
Latosol (Hapludox) at the 20, 40 and 60" day during the
growth period.

In second year, the productivities from the treatments
with fertilizer management were higher than the control,
but they were similar among themselves (Table 2). These
responses can be attributed to nutrient leaching for N
and S and resulted into lower absorption and efficiency
of these nutrients. In October, there was irregular rain-
fall distribution (Figure 1) and it can be related to nutri-
ent movement in the profile. Therefore, the productivity
was lower in that year. These data were corroborated by
reports of EscosteGHY et al. (1997) and Da Ros et al.
(2003), who did not find any difference between applica-
tion times. ARF et al. (2007) reported higher productiv-
ity when N fertilizer was completely applied at the seed
sowing or then parceled. According to these authors, in
the first and second year, the average of N fertilized treat-
ments was 7.523 kg ha' and 6.698 kg ha’!, respectively.
According to these authors, N had influence on the grain
yield, which increased 29.4% and 47.4% in two years,
respectively, when compared to the control, but without
significant differences for application time.

High levels of production were obtained by Gomes
et al. (2007), who divided N fertilization at maize seed
sowing and side dressing. According to them, the average
grain weight of 182 g per ear was obtained when N fertiliza-
tion was applied only in side dressing, 30™ days after shoot
emergence. However, the average grain weight of 172 g
per ear was obtained when N fertilization was parceled at
maize seed sowing and maize side dressing, at the 30" day
after emergence. Otherwise, the average grain weight of
175 g per ear occurred when the fertilizer was divided at
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maize seed sowing and maize side dressing at the 30 and
45™ after emergence. According to GoMes et al. (2007),
maize productivity was 6.684 and 7.012 kg ha' for N at
100 and 150 kg ha!. According to the authors, the second
dose resulted in increase of grain productivity, N contents
in leaves, grain weight and plant height.

In the second year, in treatment whose fertilization
in side dressing was monitored by chlorophyll meter
(treatment 4) and evaluated by the minimum Nitrogen
Sufficiency Index (NSI) of 0.95, the crops was not fertil-
ized in side dressing. The fertilization was only done at
sowing with 30 kg ha' N and 36 kg ha' S (Table 2). In
this treatment, the crop produced about 87% of the treat-
ment fertilized with 120 kg N ha’! N and 144 kg ha' S
applied into the soil at the maize seed sowing or maize
side dressing (Table 2). N and S levels may have been suf-
ficient for plant growth because of the soil organic matter
(EscosTEGHY et al., 1997).

The minimum NSI of 0.95 was not efficient to
evaluate the foliar N content and predict side dressing
requirements because there were yield losses when com-
pared to other treatments (Table 2). Therefore, a more
rigorous index could accurately predict N demand for

side dressing application. In maize crops, for example,
the relative chlorophyll or the leaf green color monitor-
ing can help N availability evaluation for corn during
the studied season that aimed to assess the use of the
intensity of leaf green color (IGI), measured by a chloro-
phyll meter, as an indicator of nitrogen fertilizing man-
agement in side dress of corn crop, after B. decumbens
Stapf pasture. (Gopoy et al. 2007).

Usually, the relationship between leaf N content and
chlorophyll content is big, since an amount, between 50 to
70% of total N, is part of enzymes associated to the chlo-
roplasts (BLackMmER and ScHEPERs, 1995; CosTa et al.,
2001; ZEBARTH et al., 2002).

Nitrogen and sulphur accumulation in
maize leaves and grains

N and S accumulation in maize leaves and grains collect-
ed at harvesting stages were higher in all treatments with
ammonium sulphate fertilization (Table 3). ZHANG et al.
(1994) reported the favorable effect of nitrogen fertilizer
in the synthesis and storage of cereal chemical compound

Table 3. Means of N and S accumulation in shoots (leaves, corncobs, straws and stems) and grains at the harvesting of maize and efficiency

of nutrient utilization

Growing season 2003/2004

Efficiency of utilization

Fertilization (kg ha™)

At harvesting (kg ha™')

(kg material kg nutrient)

N S N S N S N S N S
MS SD MS SD shoot grains shoot grains
120 0 144 0 785a 288a 1125a 125b 191.8 515.0a 69.0a 5425a
0 120 0 144 740 a 245a 1208a 15.0a 204.3 681.0 a 680a 5380a
40 80 48 96 585b 238a 1055b 115b 2125 621.5a 715a 6243b
30 90 36 108 753 a 205b 1033 b 13.0b 237.5 822.0b 725 a 580.5b
0% 0 0 0 60.0 b 183b 96.0 b 135b 225.0 730.5b 755a 547.8b
0 0 0 0 44.7 b 13.0c 61.3c 9.0c 237.5 838.0b 85.8b  700.0c
Mean 65.2 179 99.9 12.50 218.1 701.3 73.8 583.8
F test (F<0.05) 4.96** 824*  34.04*  19.22* ns 3.98** 7.58**  17.40**
CV (%) 17.7 20.9 7.2 7.6 129 17.6 6.3 52
Growing season 2004/2005
Fartilization (kg ha) At harvesting (kg ha™!) Ecegeyjoiutlizason
(kg material kg nutrient)
N S N S N S N S N S
MS SD MS SD shoot grains shoot grains
120 0 144 0 196.3 a 7.0a 728a 30a 743a 1966.3 a 61.0a 13515a
0 120 0 144 168.8 a 55b 68.3 a 33a 81.0a 19123a 640a 13348a
40 80 48 96 95.3b 45b 62.3 a 33a 121.5b 2589.8a 720a 14190a
30 02 36 0 97.3b 43b 470b 28a 163.3c 3646.0b 82.8a 13793a
0% 0 0 0 76.5b 18¢c 55.5a 30a 163.3¢c 5606.0 c 70.5b 1500.0b
0 0 0 0 410c 13c¢ 278 ¢ 15b 2125d 6913.5d 970b 1814.0b
Mean 1125 3.9 55.6 2.8 136.0 3711.3 74.5 1433.1
F test (F<0.05) 33.89**  20.00** 13.62** 8.36** 23.65**  27.24* 6.65** 9.61**
CV (%) 17.9 253 16.0 16.3 16.2 21.0 13.8 8.6

Means with different small letters in the columns are statistically different at (**) 1% and (*) 5% of probability or no significant (ns) by Scott-Knott’s test.
(") Fertilization according to the SPAD chlorophyll meter responses, Minolta with N at maize side dressing; (*) Without N at maize side dressing. (°) Fertilization at the wheat

seed sowing (WS) with N (120 kg ha'') and S (144 kg ha'').

MS: fertilization at maize seed sowing. SD: side dressing fertilization at the V8 stage.
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grains as protein, lipids and carbohydrate concentrations
during the course of maize.

In the first year, there was higher N than S accumu-
lation in the grain, as well as N utilization efficiency for
grains. The means of both nutrients were higher than re-
ported by Stiva et al. (2009b), who applied ammonium
sulphate to maize under no tillage in similar treatments
after oats crops in Red Latosol dystrophic (Hapludox) un-
der no tillage system.

N and S accumulated in maize vegetative parts and
grain was different from the utilization efficiency by the
crop (Table 3). Therefore, the accumulation was higher
when fertilization was completely applied at maize sow-
ing or side dressing. In both treatments, consequently, the
nutrients had less utilization efficiency. However, there
was less N and S accumulation in shoots and grains for
parceled fertilization, regardless the chlorophyll monitor-
ing. Reduced percolation in the soil profile and the best
use of the N fertilization could explain it. DUETE et al.
(2009) reported that N fertilization at the V, stage caused
high nutrient accumulation in grains. The N content es-
timates were 121.2 kg ha’ and 117.4 kg ha for nutrient
sources as urea and ammonium nitrate.

In second year the N and S accumulated more in
shoots in comparison at grain, as well as the utilization
efliciency was higher for shoots, probably due to the lower
productivity in that year (Table 3).

The control presented high N and S utilization efficien-
cy (Table 3) which was related to a smaller quantity of these
nutrients in the maize plant and grains, compared with the
fertilizer doses, as previously reported (Muniz et al., 1985;
HERINGER and MooJEN, 2002; MAGALHAES et al., 2007).
The quadratic response between the N utilization efficiency
and dry matter production of Signal grass was reported by
MaGALHAEs et al. (2007). The grass production was reduced
when the N doses were increased. The maximum of 18.84 kg
of dry mass kg’ of N was achieved for 245.3 kg ha' N.
Negative and linear responses were reported by HERINGER
and Moojen (2002) who studied N utilization efficiency in
pearl millet for doses up to 600 kg ha''.

Nitrogen and sulphur in leaves and grain
and correlation with maize yield

In both years, the correlation coefficients between maize
productivity and N and S accumulated in grains or accumu-
lated in shoots (leaves, corncobs, straws and stems) was high
(Table 4) because of the numerous functions of nutrients in
the plants (MARSCHNER, 1995; BARBER and P1LBEAM, 2006).

The N accumulation in plants and grains were in
agreement with the reports by ZoTarerir et al. (2003)
who evaluated the concentration in the maize grains and
straw after lupine and oats crops under no-tillage system
on clay soil in Parand State, Brazil.

The average of N accumulation in leaves collected at
flowering stage and in shoots and grains collected at harvest-
ing were 69.3, 69.7 and 78.8 kg ha'!, respectively. The aver-
ages of S accumulation were 5.9, 13.0 and 7.9 kg ha'', respec-
tively. Under different fertilization managements, DUETE
et al. (2008) found N accumulation in the maize shoots
after the harvesting of 33.2 to 58.2 kg ha™! relative to lev-
els of 180 kg ha™ N. According to the authors, in the V
stage, the application of 135 kg ha'' N increased produc-
tivity and nutrient efficiency. According to RHEINHEIMER
etal. (2005), the S export by the grains ranged from 11.5
to 17.5 kg ha'!, when maize was cultivated after wheat in

Red Argisol (Hapludalf).

4. CONCLUSION

Ammonium sulphate application improved maize yield,
regardless of fertilizer management, that is, when it was
done at seeding, side dressing or both management forms.

The Nitrogen Sufficiency Index (NSI) of 0.95 was not
efficient to evaluate maize N requirements at side dressing
and its non-application resulted in lower yield.

Higher maize yield increase N accumulated in grains
although this nutrient was more efficient in the aerial part.
Accumulated S, as well as the nutrient utilization efficiency,
was higher in the aerial part when compared to S in grains.

Table 4. Correlation coefficients between productivity and N and S concentration and accumulation, accumulation in maize during,

during two growing seasons

Variable N® sm N® S® N ® S®
Productivity 0.8055** 0.6799** 0.5396* 0.7317** 0.7033** 0.1228
Productivity 0.5562** 0.5892** 0.6051** 0.6231** 0.7284** 0.6869*
Variable N @ S@ N ® S@® N © S®
Productivity 0.7083** 0.4243* 0.6676** 0.7601** 0.9615** 0.5351**
Productivity 0.8172** 0.6223** 0.5667** 0.6888** 0.9017** 0.8951**
Significant and non significant (ns) at 5.0% (*) and 1.0% (**), according to statistical test SAS.

(") nutrients concentration at flowering stages during two growing seasons; (*) leaf accumulation at flowering stages during two growing seasons; (°) nutrient concentration in aerial

parts (stems, leaves, straws and corncobs); () accumulation in aerial parts; (°) nutrient concentration in grains at harvesting time; (°) accumulation in grains at harvesting time.
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