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SUMMARY

High wheat yields require good N fertilization management.  The objective of
this study was to evaluate the effects of different N applications at sowing using
Entec (N source with nitrification inhibitor) and urea (traditional N source) at
covering, on four wheat cultivars.  The experiment was conducted in a randomized
block design in a factorial scheme, with four replications, at the Experimental
Station of the Faculdade de Engenharia de Ilha Solteira - UNESP, on a dystrophic,
epi-eutrophic alic Red Latosol with loamy texture, formerly under savannah
vegetation.  Four N rates (0, 60, 120, and 180 kg ha-1) were tested, applied at sowing
in the case of Entec and top-dressed 40 days after plant emergence in the case of
urea, and the four wheat cultivars E 21, E 22, E 42, and IAC 370.  The yield of the
wheat cultivars E 21 and E 42 was highest.  Plant height and lodging index of cultivar
E 22 were greatest, with consequently lowest grain yield.  There was no significant
difference between Entec (applied at sowing) and urea (top-dressed) in terms of
grain yield and yield components.  Nevertheless, urea resulted in a higher N leaf
content, and Entec in a larger number of undeveloped spikelets.  High nitrogen
rates influenced the hectoliter mass negatively, affecting wheat grain quality.  Grain
yield increased under N rates of up to 82 kg ha-1 N, through Entec applied at sowing
or top-dressed urea.

Index terms: Triticum aestivum L., savannah soil, Entec, urea, grain yield, yield
components.
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RESUMO:   RESPOSTA DE CULTIVARES DE TRIGO IRRIGADO A
DIFERENTES DOSES E FONTES DE NITROGÊNIO

Altas produtividades de trigo requerem um bom manejo da adubação nitrogenada.  O
objetivo deste trabalho foi avaliar os efeitos de diferentes doses de nitrogênio na semeadura
usando o Entec (fonte de N com inibidor de nitrificação), ou em cobertura, utilizando a ureia,
em quatro cultivares de trigo.  O experimento foi desenvolvido em área experimental pertencente
à Faculdade de Engenharia de Ilha Solteira - UNESP, em um Latossolo Vermelho distrófico
epieutrófico álico textura argilosa, o qual foi nativamente ocupado por vegetação de Cerrado.
O delineamento estatístico foi o de blocos ao acaso, com quatro doses de N (0, 60, 120 e
180 kg ha-1) na semeadura, usando o Entec, ou em cobertura aos 40 dias (início do alongamento),
empregando a ureia e os cultivares E 21, E 22, E 42 e IAC 370, em quatro repetições.  Os
cultivares de trigo mais produtivos foram o E 21 e o E 42.  O cultivar E 22 apresentou maior
altura de plantas e altas notas de acamamento, com consequente menor produtividade de
grãos.  Não houve diferença significativa entre o Entec (aplicado na semeadura) e a ureia
(aplicada em cobertura) para produtividade de grãos e para nenhuma das outras avaliações,
porém a ureia proporcionou maior teor de N foliar, e o Entec, maior número de espiguetas não
desenvolvidas.  O incremento das doses de N influenciou negativamente a massa hectolítrica,
alterando assim a qualidade dos grãos de trigo.  O N aumentou a produtividade de grãos de
trigo até a dose de 82 kg ha-1 de N, usando Entec aplicado na semeadura ou ureia aplicada em
cobertura.

Termos de indexação: Triticum aestivum L., Cerrado, Entec, ureia, produtividade de grãos,
componentes da produção.

INTRODUCTION

Nitrogen fertilization for wheat crops is essential
to obtain high yields; however, it requires careful use,
with regard to the application time and application
rates.  Low rates restrict yields and high rates can
lead to lodging, making harvest work difficult and
reducing yields.  High rates are also harmful to the
environment, due to nitrate leaching into the ground
water, and higher costs for the growers.  The study of
different N sources is also fundamental, since the
different N fertilizers applied to the soil perform
differently, in terms of losses.

Urea is the most used N fertilizer in Brazil due to
its advantages in costs, easy production and final cost
for the producer.  From the agricultural point of view,
urea is a serious limiting factor when applied to the
soil surface, due to the loss chances through NH3
volatization (Koerlliker & Kissel, 1988).  In many soil
types the losses of applied N exceed 50 % (Cantarella
et al., 1999).

Ammonium sulphonitrate (Entec), which contains
26 % total N and 12 % S, mostly in the form of
ammonia (18.5 % ammonium and 7.5 % nitric form),
has recently been released to enhance the efficiency
of N fertilizers.  It contains DMPP (3,4 dimethyl
pyrazolphosphate) which participates in the
nitrification process.  DMPP is derived from the pyrazol
group (Los Fertilizantes…, 2006).  The nitrification
inhibition process is interesting, because it maintains
N in the form of NH4

+, which is more easily

assimilated by plants, available for a longer time and
N losses by leaching are lower, so even fertilizer N
can be better exploited.

However, there are few studies on wheat response
to N fertilization and it must be studied under specific
conditions, especially in the savannah area where the
use of irrigation is necessary in no season crop period.
For this reason, the objective of this study was to
evaluate the effect of different N rates at sowing or as
top dressing (0, 60, 120, and 180 kg ha-1) using Entec
(N source with nitrification inhibitor) or urea, for four
irrigated wheat cultivars, in the savannah area.

MATERIAL AND METHODS

The experiment was carried out in an experimental
area of the Universidade Estadual Paulista (UNESP),
in Selvíria, Mato Grosso do Sul (long.  51 ° 22 ’ W,
lat.  20 ° 22 ’ S, 335 m asl).  The soil was classified as
an epi-eutrophic alic dystrophic Red Latosol loamy
texture, according to the designation by the new
Brazilian Soil Classification System (Embrapa, 2006),
formerly under savannah vegetation and then growing
annual crops for over 25 years.  In the annual mean,
the temperature is 23.5 °C, rainfall 1,370 mm and
relative humidity between 70 and 80 % (Figure 1).

The soil chemical properties were evaluated prior
to the experiment, according to the method of Raij &
Quaggio (1983), as follows: 27 mg dm-3 P (resin);



RESPONSE OF IRRIGATED WHEAT CULTIVARS TO DIFFERENT NITROGEN RATES...               1305

R. Bras. Ci. Solo, 33:1303-1310, 2009

31 g dm-3 organic matter; pH 5.9 (CaCl2); K, Ca2+,
Mg2+, H + Al = 3.0; 49.0; 21.0; and 20.0 mmolc dm-3,
respectively, and 78 % base saturation.

The soil was tilled in the first week of June 2005,
by plowing and harrowing, to sow the wheat cultivars
E 21, E 22, E 42, and IAC 370 on July 14, 2005, with
a drill.  After sowing, the area was irrigated by a
center-pivot sprinkler system with a water application
depth of approximately 14 mm for seed germination.
Emergence occurred six days after sowing.

As basic fertilization, 250 kg ha-1 of the compound
fertilizer 04–30–10 was used.  Before sowing, the seeds
were treated with carboxin + thiram (60 + 60 g a.i.
100 kg-1 seeds).  Water was supplied by a center-pivot
sprinkler irrigation system, and weeds were controlled
by the application of the post-emergence herbicide
metsulfuron methyl (3.0 g ha-1 a.i.).

A randomized block experimental design was used
in a factorial scheme (4 x 2 x 4), with four N rates (0,
60, 120, and 180 kg ha-1).  Nitrogen was applied as
Entec – a fertilizer with nitrification inhibitor, at
sowing or as urea, as top dressing, on the 40th day
after emergence, to the four wheat cultivars.  The
plots were 5 m long, contaning 5 rows spaced 0.17 m
apart with 80 seeds per meter.  After emergence, N
top dressing was applied between rows after 40, the
flag leaves were sampled after 68 and the plants
harvested manually after 105 days.

The following variables were evaluated: (a) N
content in the flag leaf, collected at the beginning of
flowering (Cantarella et al., 1997); (b) plant height at
maturation, defined as the distance (cm) from ground
level to the tip of the ears, excluding the awns, of 10
plants per plot); (c) count of number of ears per meter;
(d) 10 wheat spikelets were harvested per
experimental plot, to evaluate ears and grains,
concerning the ear length (defined as the distance (cm)
from the raquis basis to the tip of the ear, excluding

the awns), the number of undeveloped spikelets,
number of spikelets per ear, total number of grains
per ear, total number of grains per ear and number of
grains per spikelet; (e) lodging level, determined by
visual evaluations during maturation, based on the
following ranking: 1: 0 to 5 %; 2: 6 to 25 %; 3: 26 to
50 %; 4: 51 to 75 % and 5: over 75 % lodged plants; (f)
hectoliter mass, corresponding to the grain mass in a
volume of 100 L, determined in a scale of 0.25 L with
correction of the grain moisture level to 13 % (wet
basis); (g) mass of 100 grains, determined on 0.01 g
precision scales, with grain moisture corrected to 13 %
(wet basis); (h) grain yield, determined by collecting
plants from the three central rows of each plot.  After
mechanical threshing, grains were quantified and the
data translated into kg ha-1 at 13 % moisture (wet
basis).

Analysis of variance was used and the means were
compared by the Tukey test at 5 % for the effect of N
sources and cultivars, and adjusted to regression
equations for the effect of N rates.

RESULTS AND DISCUSSION

No significant effect of N rates was verified in the
experiment for any of the evaluations concerning the
ear traits (ear length, number of undeveloped spikelets,
number of spikelets per ear, number of grains per ear
and number of grains per spikelet), indicating that
these evaluations depended on the genetic potential of
the crop, which was limited by N (Freitas et al., 1995).
Pettinelli Neto et al. (2002) did not observe an effect
of N on the number of grains per ear either.
Nevertheless, Bredemer & Mundstock (2001) verified
an increase in the number of spikelets and number of
grains per ear, when N was applied at the third leaf
stage.  Teixeira Filho et al. (2007) also studied the

Figure 1. Pluvial precipitation, average temperature and air relative humiditiy, during the experiment.
Selvíria – MS, 2005.
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response of irrigated wheat cultivars in the savannah
region to differents topdressed N rates (0, 30, 60, 90,
and 120 kg ha-1) and showed that the N rates
significantly influenced the number of grains per ear
and the reponse fitted to a quadratic function.  These
differences were due to the different cultivars used,
soil and climate conditions, N application time and
crop management.  Regarding the N sources, only
the number of undeveloped spikelets was significantly
influenced (Table 1).  Regarding the cultivars, the
effect was significant for all variables related to the
ear characteristics (Table 1).  This indicated genetic
variability in the studied cultivars.

Plant height was significantly influenced by the
N sources and cultivars, unlike the N rates (Table 1).
However, Zagonel et al. (2002) investigated topdressed
N rates (0, 45, 90, and 135 kg ha-1) and different plant

densities with and without growth regulator for wheat
and observed an increase in plant height in response
to increased N rates.

Of the cultivars, E 21 performed best, since the
results for ear length, number of spikelets per ear,
number of grains per ear, number of grains per spikelet
and number of undeveloped spikelets were better than
for the other cultivars; results were worst for cultivar
E 22 (Table 2).

During maturation, plant height was influenced
by N rates in a quadratic form; maximum height was
reached with an estimated N application of 98 kg ha-1

(Table 2).  Of the cultivars, results for plant height
were best in E 22, exceeding the other cultivars by a
mean of 14.37 cm (Table 2).  This explains why the
lodging index of E 22 was highest (Table 3), and the

Table 1. Mean squares, significances, overall means and coefficient of variation regarding the ear length (L.
EARS), number of undeveloped spikelets (N.D. SPIK.), number of spikelets per ear (SPIK./EAR), number
of grains per ear (G/EAR), number of grains per spikelet (G/SPIK.) and plant height (P.H.)

**: significant p < 0.01; *: significant 0.01 < p < 0.05; ns: not significant.

Table 2. Means, Tukey test and regression equations regarding ear length (L. EARS), number of undeveloped
spikelets (N.D. SPIK.), number of spikelets per ear (SPIK./EAR), number of grains per ear (G/EAR),
number of grains per spikelet (G/SPIK.) and plant height (P.H.)

 (1)  = 94.4078 – 0.0541 x + 0.0003** x2 (R2 = 0.96 and maximum P.H. = 98 kg ha-1 of N). Means followed by the same letters, in
the column, do not differ according to the Tukey test, at 5 %. **: significant p < 0.01.



RESPONSE OF IRRIGATED WHEAT CULTIVARS TO DIFFERENT NITROGEN RATES...               1307

R. Bras. Ci. Solo, 33:1303-1310, 2009

grain yield consequently low (Table 5).  According to
Cruz et al. (2000), when environmental factors are
optimized by fertilization and irrigation, lodging
becomes one of the main difficulties for the genotypes
to reach maximum yields.

No lodging was observed for the cultivars E 21 and
IAC 370, even at the highest N rates.  This was due
to the lack of effect of the N on plant height of these
cultivars.  Nevertheless, lodging of the cultivars E 22
and E 42, and that the lodging indexes were higher
in the Entec than the urea treatments, at the same
N rates (Table 3).  This was probably due to the initial
N supply via Entec, since urea was applied as top
dressing.

The N leaf content at flowering was significantly
influenced by the N sources, but there was no
significant effect for N rates and cultivars (Table 4).
However, in table 5, the higher results than the
appropriate N rates, described by Cantarella et al.
(1997), can be observed (20 to 34 g of N kg-1 of dry
matter) (Table 5).

The urea source resulted in higher N leaf contents
at flowering than Entec in the wheat plants,
regardless of the cultivar (Table 5).  This was probably
due to the fact that urea was applied as top dressing
on the 40th day after emergence (beginning of
elongation), while Entec was applied at sowing;
therefore, the urea top dressing resulted in a better N
availability to plants at flowering.  However, the total
Entec application at sowing resulted in a high N level
in the plant, probably due to lower N losses (leaching
and denitrification), resulting in a longer N
permanence in the soil and greater N availability to
the plants.  According to Los Fertilizantes… (2006),
this fertilizer has DMPP molecules that participate
in nitrification inhibition.

Table 4 shows a significant effect of the cultivars
on the number of ears per meter, hectoliter mass,
mass of 100 grains and grain yield.  Nevertheless,
the N sources did not influence these evaluations.  This
lack of response to the N sources was probably due to

the fact that low rainfall was registered in the crop
period (Figure 1), at the time the experiment was
conducted.  And that, soon after application, the plots
were irrigated, thereby decreasing volatilization losses,
especially of urea.  According to Cantarella et al. (1999),
the urea NH3 volatilization losses from different soil
types can exceed 50 % of the applied N.

Regarding the N rates, there were no significant
effects for number of ears per meter and mass of 100
grains (Table 4).  Zagonel et al. (2002) and Soares
Sobrinho (1999) observed no N effect on the mass of
1000 grains either.  On the other hand, Teixeira Filho
et al. (2007) and Zagonel et al. (2002) observed
increases in the number of ears per meter, with
topdressed N application using urea.

The N rates did not significantly influence hectoliter
mass and grain yield (Table 4).  Bredemier &
Mundstock (2001), Vieira et al. (1995), Freitas et al.
(1994, 1995), Silva & Goto (1991), Coqueiro et al. (1972),
and Zagonel et al. (2002) observed no N effect on crop
yield either.  However, Pettinelli Neto et al. (2002)
and Silva (1991) observed no N effect on crop yield
due to the residual N from soybean, which had been
grown in the area for many years.  The same result
was observed by Pottker et al. (1984), but due to
adverse climate conditions, they did not observe the
effect of N application on crop yield.

Regarding the number of ears per meter, the
cultivars E 21 and the E 22 performed better than
the others (Table 5).  Concerning hectoliter mass, the
indexes of cultivar E 21 were lowest.  The mass of
100 grains was highest for cultivar E 22.  The
cultivars with best yields were E 21 and E 42, which
differed statistically from E 22 and from IAC 370
(Table 5).  Regarding the N sources, there was no
significant difference between Entec (applied at
sowing) and urea (topdressed) for grain yield and yield
components (Table 5).  This result of anticipating N
fertilization with Entec to sowing was not only positive
because this fertilizer inibits nitrification, but also
due to the low rainfall registered in the growth period

Table 3. Means and ranking regarding cultivar lodging at the maturation through visual observations

(1) Ranking for lodging: 1: 0 to 5 %; 2: 6 to 25 %; 3: 26 to 50 %; 4: 51 to 75 % and 5: more than 75 % lodged plants.
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(Figure 1) and because the soil of the experimental
area is very loamy and fertile, well-drained and has a
high organic matter content.  Different N fertilizer
sources have been compared by many authors
(Cantarella & Raij, 1986, Cantarella et al., 1988, Faria
& Pereira, 1992), who rarely verified differences in
the efficiency of these sources under field conditions,
for example, regarding wheat grain yield, given
satisfactory soil moisture conditions.  (Bartz et al.,
1976).  Similarly, studies on slow-release N sources
(top-dressed urea) compared with most soluble sources
(urea and ammonium sulfate), did not lead to differences
in rice grain yields (Magalhães & Machado, 1973).

The hectoliter mass followed a decreasing linear
function model for N rates.  It was however observed
that the wheat yield was good, since the hectoliter
mass obtained in the experiment ranged from 80 to
84 kg 100 L-1, in this case, the commercialization of

wheat grains is pratically guaranteed, and the return
obtained by the producer will be higher, since in
practice, the producer obtains a lower return when
the hectoliter mass is under 78 kg 100 L-1.  The grain
yield followed a quadratic function model, with
maximum yield when N application was 82 kg ha-1

(Table 5).

CONCLUSIONS

1. The yield of the wheat cultivars E 21 and E 42
was highest. The ear length of E 21 was longest, the
number of spikelets per ear, grains per ear and grains
per spikelet greatest and the number of undeveloped
spikelets lowest.

Table 4. Mean squares, significances, overall means and coefficient of variance (%) regarding the N leaf
content (N LEAF), number of ears per meter (EARS/M), hectoliter mass (H. M.), mass of 100 grains (M.
100 G) and grain yield (G. Y.)

**: significant p < 0.01; *: significant 0.01 < p < 0.05; ns: not significant.

Table 5. Means, Tukey test and regression equations for the N leaf content (N LEAF), number of ears per
meter (EARS/M), hectoliter mass (H. M.), mass of 100 grains (M. 100 G) and grain yield (G.Y.)

(1)  = 208.2690 – 0.0370** x (R2 = 0.78). (2)  = 3531.4554 + 5.1196 x – 0.0311** x2 (R2 = 0.91 and maximum G.Y. = 82 kg ha-1 of
N).  (3) Means followed by the same letter, in the column, do not differ in the Tukey test, at 5 %. ** significant p < 0.01.
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2. The plants of cultivar E 22 were tallest and the
lodging index highest; consequently, the yields were
lowest.

3. There was no significant difference between
Entec (applied at sowing) and urea (topdressed) for
grain yield and yield components. Nevertheless, urea
resulted in higher N leaf contents, and Entec induced
a larger number of undeveloped spikelets.

4. Higher N rates decreased the hectoliter mass,
greatly affecting the wheat grain quality.

5. N increased grain yields up to a rate of 82 kg ha-1 of
N, using Entec applied at sowing or topdressed urea.
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