Grain yield of dual-purpose wheat cultivars as
affected by nitrogen and cuttings
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Abstract

The aim of this work was to evaluate the effect of nitrogen fertilization and aerial part cuts on yield components, grain yield
and quality of the grains for dual-purpose wheat cultivars. The experiment was carried out between May and November 2007
and the experimental design was randomized complete blocks with three replications. The main causes of variation were
dual-purpose wheat cultivars (BRS Figueira, BRS Umbu, BRS Guatambu and BRS Taruma), nitrogen doses (0, 45, 90, 135
and 180 kg ha™') and cut systems. Each plot was subdivided by cut management (without cut, one cut and two cuts). Spike
mass, number of spikelets per spike, number of grains per spikelet, grain yield and hectoliter weight were evaluated. Nitrogen
fertilization did not affect the performance of wheat genotypes, but there was interaction between the management systems
and the cultivars. The shorter-cycle cultivars (Figueira and Umbu) presented greater grain yield than the others when they
were not cut. As quality and yield fell when Figueira and Umbu were cut, the later cultivars (Taruma and Guatambu) are more
adapted to cut (grazing). The lack of an effect from nitrogen dose and application strategy on the variables studied was

influenced by the ecological conditions prevailing during the experimental period.
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Trigo duplo propdsito submetido a regimes de corte: producao de graos

Resumo

O objetivo deste trabalho foi avaliar o efeito de adubagdo nitrogenada e cortes da parte aérea sobre os componentes do
rendimento, rendimento de graos e qualidade dos graos de cultivares de trigo duplo propdsito. O experimento foi realizado na
Universidade Tecnoldgica Federal do Parand, campus Dois Vizinhos, entre maio e novembro de 2007. O delineamento experi-
mental foi o de blocos ao acaso com trés repeticdes. Os tratamentos foram distribuidos em fatorial, cujos fatores principais
eram as cultivares de trigo duplo propésito (BRS Figueira, BRS Umbu, BRS Guatambu e BRS Taruma), as doses (e manejo
da aplicacdo) de nitrogénio (0, 45, 90, 135 e 180 kg ha™') e os regimes de corte. As parcelas foram subdivididas conforme
0s manejos (sem corte, um corte e dois cortes). As varidveis avaliadas foram: massa da espiga, nimero de espiguetas por
espiga, nimero de graos por espigueta, rendimento de graos e peso do hectolitro. A adubacdo nitrogenada ndo alterou o
desempenho dos gendtipos de trigo, porém houve interacdo entre os manejos e as cultivares. As cultivares de ciclo mais curto
(Figueira e Umbu) porporcionam maior rendimento de graos que as demais quando ndo submetidas ao corte, porém tém sua
qualidade e o rendimento reduzidos quando foram cortadas, demonstrando que as cultivares tardias (Taruma e Guatambu)
sdo mais adaptadas ao corte (pastejo). A falta de efeito da dose e do manejo de aplicacdo do nitrogénio nas variaveis ava-

liadas foi influenciada pelas condi¢des edafoclimaticas reinantes durante o desenvolvimento da pesquisa.
Palavras-chave: Triticum aestivum, cereais de inverno, integracao lavoura-pecuaria.
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1. INTRODUCTION

The production of dual-purpose wheat requires long ve-
getative periods, forage yield capacity and short repro-
ductive periods to maintain production stability in rela-
tion to industrial output and quality of grains after the
grazing cycle (WENDT et al., 20006). In this way, the use
of dual-purpose wheat demands different nutrient levels
when compared to grain yield alone. In the dual-purpose
system, the plant should initially feature extensive gre-
en mass production to be allocated for feeding animals;
afterwards, it should produce new leaf area to guarantee
the required photoassimilate production for grain yield.
Accordingly, grain yield will be strongly affected by
plants’ capacity to regenerate its aerial part, since under
excessive defoliation conditions, carbohydrate reserves
will initially be used for rapid formation of the leaf area
(VANTINI et al., 2005).

Nitrogen uptake by wheat plants varies throughout
its growth cycle. In general, the absorbed amount in-
creases progressively during the vegetative growth pe-
riod and reaches its peak during the reproductive stage,
before falling in the grain-filling phase (CrREGAN and
BerkuM, 1984). On average, between 30 and 60 kg ha'!
of nitrogen is used exclusively for grain wheat crops,
with the smallest doses recommended for taller cultivars
and/or high-fertility soils. However, some crops may
require up to 120 kg ha' of N (Frerras et al., 1994).
Wheat grain yield can be changed by nitrogen fertiliza-
tion, as function of fertilization rate and period, what
can change the production components, like number of
grains per spike, number of spikes per area and grain
mass (BREDEMEIER and MUNDsTOCK, 2001).

According to SCHEFFER-Basso et al. (2001), cutting
plant’s aerial parts tends to reduce grain yield in win-
ter cereals, as function of leaf area limitations and tiller
senescence during reproduction phase. However, DeL
Duca et al. (1999) indicate that the cuts do not cause
any greater harm to the chemical composition of winter
cereal grains.

Cuts and fertilization may also affect the yield com-
ponents, such as spike weight, number of spikelets per
spike and number of grains per spike, thereby affecting
grain yield (BorroLINT et al., 2004). These components
are closely linked to cereal yield and quality, and when
adversely affected they can hinder production by redu-
cing desirable qualitative characteristics of the product.
In wheat for dual purposes, cuts and fertilization can
reduce hectoliter weight of grains (KoLcHINsk1 and
ScuucH, 2004), making them unfeasible for use in flour
production.

In this context, the aim of this work was to assess
the effects of cutting aerial parts and nitrogen fertiliza-
tion in grain yield and its components of dual-purpose
wheat crops.

2. MATERIAL AND METHODS

The experiment was carried out between May and
November 2007. The experimental area is located in a
physiographic region called Terceiro Planalto Paranaense
(25°447S; 53°04”W, with an average altitude of 520 m).
The climate is humid subtropical mesothermic (Cfa) accor-
ding to Képpen’s classification (Maack, 1968) and the soil
classified as “Nitossolo Vermelho Distroférrico” (BHERING
and SanTos, 2008) and Oxisol (USDA, 2003). The results
of chemical analysis of soil at a depth of 0 to 20 cm indi-
cate that the soil has 40.2 g dm? of organic matter, 52.1
mg dm? of phosphorus, 216.1 mg dm? of potassium,
11.4 mg dm? of copper, 55.6 mg dm™ of iron, 11.5 mg
dm? of zinc and 213.3 mg dm? of manganese. Hydrogen
potential (pH) was 5.6, SMP index of 6.3, Al** null,
H+Al of 3.97 cmol dm?, 6.1 cmol dm?® of calcium,
3.6 cmol dm™ of magnesium, Cations saturation (V) of
71.4% and the Al saturation of 0.0%.

A randomized block design was used for the experi-
ment, with seeding in rows and three replications. Plots
of 3.4 m? were used, featuring 17 rows of 9 m length,
spaced 0.20 m apart. Each subplot was 3 m long, with the
same width. Treatments formed a 4° factorial, in which
cultivars and nitrogen doses were the main factors. The
wheat cultivars used were produced by EMBRAPA for
dual purpose, as follows: BRS Figueira, BRS Guatambu,
BRS Taruma and BRS Umbu. The nitrogen (N) doses ap-
plied were 0, 45, 90, 135 and 180 kg ha' (the nitrogen
application coverage was divided by the number of cuts,
applying to the same quantities after each cut, or the total
amount at tillage). The main plots (cultivars x N doses)
were subdivided into three different systems: no-cut (SC),
one-cut (1C) and two-cuts (2C), comprising 180 expe-
rimental units. Wheat was grown under no-tillage, with
row fertilization, using 100 kg ha' of NPK 7-30-20, and
cover fertilization by spraying potassium chloride (KCI)
with a dosage of 45 kg ha! of K 40 days after emergence
(before rain).

Seeding density was 400 viable seeds per square me-
ter. Nitrogen fertilization was distributed according to the
cutting regime. In the subplot where there was no cut, the
full dose was applied in a single application, at the start of
tillering after 17 days of emergence. In the one-cut sub-
plots, the dose was split in two times, during tillering and
immediately after cutting. For the two-cut subplot, there
were three applications: at tillering and after each of the
two cuts. Chemical control of the crop was carried out in
a single preventive application of insecticide (0.04 L ha'!
of lambda-cialotrina + tiametoxam) and triazol-based
fungicide (0.75 L ha'), using a volume of 200 liters of
spray mix per hectare.

Cuts were carried out when the crop reached an ave-
rage height of 0.3 m, both in the first and second cuts,
occurring at 60 and 85 days after emergence (DAE)
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respectively. Cut height was performed at 0.08 m, pre-
serving the structure responsible for plant growth. Cuts
were performed with a lawn-mower, adapted to the desi-
red cutting height.

The crop was managed until the end of the repro-
ductive cycle, when grains reached harvest maturity, ac-
cording to cultivars and management cuts, when 15 spi-
kes per subplot were randomly collected for analysis of
yield components. The spikes were cut and, weighed on a
precision scale, in order to obtain an average spike mass.
Following this, the spikelets were manually detached one
by one from all 15 spikes to obtain the average number
of spikelets per spike. Finally, the grains were removed
from the spikelets to calculate average numbers of grains
per spikelet.

After spike sampling, each of the subplots was manu-
ally harvested with the aid of a sickle, cutting all plants of
the useful area, what represented an effective area of 4 m?
(2 m x 2 m). Plants were conditioned in plastic bags and
later threshed in a cereal blender, then the total plot grain
yield was weighed. Sample humidity was then measured
using a universal humidity determiner, with values con-
verted to 13%. The hectoliter weight (PH) was verified
using the methodology described in the Seed Analysis
Rules of the Ministry of Agriculture (Brasit, 1992).

The data were submitted to the F test and the avera-
ges were compared using the Duncan test at 5% probabi-
lity level. The data were analyzed with Soc-NTTA software
(EMBRAPA, 1997).

3. RESULTS AND DISCUSSION

In this study, the crop developed without the interference of
pests, diseases or weeds. The cycle of cultivars ranged from

168 to 196 days (Table 1) and the rainfall and temperature
were low at times of nitrogen application (Figure 1). After
some cuts and nitrogen application occurred a period of
water deficit, compromising the crop answer to nitrogen
rates. Thus, different rates led to no significant changes in
performance of the cultivars (Figure 1).

‘The variance analysis of the data obtained for assessed
yield components such as spike mass, number of spike-
lets per spike and number of grains per spikelet showed
that for all variables there was a significant relationship
between cultivars and cut management. However, no sig-
nificant effect was caused by the different nitrogen doses
applied and the management of N application.

Yield components are agronomic plant parameters that
are used to identify grain yield-related mechanisms affected
by external factors during plant development, such as the
cuts and fertilizations carried out in this study. In this case,
these parameters were not altered by nitrogen fertilization,
being a probable consequence of the combination of two
factors: a) the soil had high levels of organic matter in its
upper layers; and b) the water deficit during the crop cycle
was more limiting than possible nutritional deficiencies.

For the spike mass (ME), no significant difference be-
tween cultivars was observed for the no-cut (SC) and one-

Table 1. Cycle of wheat crop in days for four dual-purpose wheat
cultivars subjected to different cutting managements. Dois Vizinhos

(PR), 2008

CULTIVAR Management system

SC 1C 2C
BRS Figueira 168 175 196
BRS Guatambu 189 189 196
BRS Taruma 196 196 196
BRS Umbu 175 175 196

SC: no-cut; 1C: one-cut; 2C: two-cuts

200 24
180 +
+ 22
160 +
>
140 + 4 20 é
O
= aq
E 120 -+ \ 11s %
= 100 + 3
o S
- [}
E ol %35
= £
60 + 14 2
40 4 o
12
20 +
0 {E 1 L o T II l4 f 10
01-15 16-31 01-15 16-30 01-15 16-31 01-15 16-31 01-15 16-30 01-15 16-31
May  May Jun Jun Jul Jul Aug  Aug Sep  Sep Oct Oct

Figure 1. Meteorological data for the experimental period: rainfall (mm) columns, and mean temperature (°C), the lines for the fortnights
of the months from May to October 2007. The arrows represent the dates of nitrogen application: 06/05, 07/20 and 08/15/2007.
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cut (1C) management regimes (Table 2). However, BRS
Guatambu presented higher ME than the other cultivars
in the two-cut regime (2C), with similar results for BRS
Taruma. For all cultivars, cuts resulted in low spike mass,
although this reduction was sharper in the BRS Umbu
cultivars (78% and 62% reduction, respectively, for 1C
and 2C in relation to SC) than in the BRS Guatambu cul-
tivars (5% and 28% reduction, respectively, for 1C and
2C in relation to no-cut management). When the apical
meristem is cut off, the appearance of secondary tillers is
induced (HENDRICKSON et al., 2005) and plants produce
smaller spikes with fewer grains. As a consequence, spike
mass and yield are negatively affected (McRaE, 2003), as
verified in this experiment and similarly observed in a stu-
dy by Borrorint et al. (2004).

With regard to the number of spikelets per spike (NE)
in the SC and 1C regimes, BRS Guatambu exhibited greater
NE than the other cultivars, which did not differ among the-
mselves. BRS Umbu showed a greater NE decrease, with a
value smaller than that observed in BRS Taruma, but similar
to BRS Figueira. BRS Figueira and BRS Umbu showed a
sharper decline in NE, mainly when comparing plots sub-
mitted to 2C management to no-cut plots.

As for the number of grains per spikelet (NG) in SC
management, semi-late cultivars (BRS Umbu and BRS
Figueira) showed the higher values of NG than BRS Taruma
and BRS Guatambu, indicating more fertile spikelets. In
both cut regimes, BRS Guatambu presented smaller NG
than the others, which shows that although this cultivar has
more spikelets, they have fewer grains. In terms of the effects
of cuts on the cultivars, BRS Guatambu did not show sig-
nificant alterations; BRS Taruma had a significant fall when
submitted to 2C; and BRS Figueira and BRS Umbu presen-
ted a significant decrease in both cut regimes.

In general, cultivars were adversely affected by cuts of
the aerial part in at least one of their yield components: BRS
Guatambu had reduction in spike mass; BRS Tarumai sho-
wed a reduction in ME and NG; and BRS Umbu and BRS
Figueira presented significant reduction in the three compo-
nents assessed. This differential response can be explained by
the phenology and morphological traits of the cultivars. BRS
Guatambu and BRS Taruma are regarded as late-catly, as they
feature a long vegetative phase and a short reproductive pe-
riod, which results in a longer cycle. BRS Figueira and BRS
Umbu, which are considered semi-late cultivars, behave simi-
larly to conventional cultivars, featuring a shorter cycle than
the other ones, despite being adapted for dual purpose. The
first two (Guatambu and BRS Taruma) are also shorter in
height (less susceptible to lodging), having greater capacity for
tiller production (WeENDT et al., 2006; FoNTANELL, 2007).

In this study, it was observed that the crop cycle ranged
from 168 (semi-late cultivars under SC regime) to 196 days
(under 2C regime), depending on the cultivars and type of
regime used. However, these differences in plant cycle did
not exist in plots featuring two cuts. Wheat displays a high

Table 2. Grain yield (13% of humidity), yield components and
quality components resulting from different cut regimes and dual-
purpose wheat cultivars, in 2008

) No cut One cut Two cuts

Cultivar 5
Spike mass (g)
BRS Figueira 0.804 aA* 0.596 aB 0.377 bC
BRS Umbu 0.981 aA 0216 aB 0.377 bC
BRS Guatambu 0911 aA 0.863 aA 0.652 aB
BRS Taruma 0.760 aA 0.709 aAB 0.536 abB
Average 0.864 0.596 0.4855
CV (%) 19.59
Number of spikelets per spike (units)
BRS Figueira 12.41 bA 11.42 bAB 9.93 beB
BRS Umbu 13.34 bA 11.55 bA 9.01 cB
BRS Guatambu 15.44 aA 14.55 aA 13.24 aA
BRS Taruma 12.54 bA 11.89 bA 11.00 bA
Average 13.43 12.35 10.79
CV (%) 10.99
Number of grains per spikelet
BRS Figueira 2.011 abA 1.794 aA 1.366 aB
BRS Umbu 2.057 aA 1.800 aB 1.362 aC
BRS Guatambu 1.245 bA 1.237 aA 1.087 aA
BRS Taruma 1.775 abA 1.704 aAB 1.405 aB
Average 1.772 1.634 1.305
CV (%) 20.38
Grain yield (kg ha™)
BRS Figueira 2067.20aA  1429.80abB  400.74 bC
BRS Umbu 2075.80 aA  1552.49 aB 293.65 bC
BRS Guatambu 1096.76 bA  1040.00 cB 188.58 bC
BRS Taruma 1362.15bA  1175.25 bcB 891.44 aC
Average 1650.48 1299.38 443.60
CV (%) 30.43
Hectoliter weight (kg hL™)

BRS Figueira 74.27 bA 7213 B 68.79 cC
BRS Umbu 77.53aB 79.43 aA 71.38 bC
BRS Guatambu 73.33bB 76.47 bA 75.17 aA
BRS Taruma 74.53 bA 75.07 bA 73.93 aA
Average 74.92 75.77 72.32
CV (%) 2.31

* Means followed by the same letter, lower case (the column) and capital (in line) do
not differ by Duncan test at 5% probability of error.

capacity to compensate for the lack or excess of a yield com-
ponent by modifying or adjusting other components (FREEZE
and Bacon, 1990). Compensating effects of grain yield com-
ponents caused by stress sources, such as cuts or grazing, de-
pend on the cultivar, environment and interaction between
them (ArcHLEY and ZHU, 1997). In general, late-early cul-
tivars BRS Guatambu and BRS Taruma, which have greater
tillering capacity than the others, have more spikelets per spi-
ke, as this yield component is closely related to tiller produc-
tion, development and survival (DAvIDSON AND CHEVALIER,
1990). However, cultivars with low tillering capacity display
greater spikelet fertility (Motzo et al., 2004), resulting in
more grains per spikelet, as observed in this experiment.
Yield components presented significant alterations
in grain yield and quality, as confirmed by the variance
analysis of the data related to grain yield and hectoliter
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weight. Grain yield and hectoliter weight were not affec-
ted by nitrogen fertilization, but they varied significantly
in terms of cultivar and cut regime.

The behavior of the cultivars was influenced by the
number of cuts, with a significant interaction between these
factors. Accordingly, the four dual-purpose wheat cultivars
presented significant reductions in grain yield when sub-
mitted to one or two cuts, compared to the no-cut regime
(Table 2). The BRS Figueira and BRS Umbu cultivars pre-
sented higher production in SC and 1C, and a drastically
reduction in 2C. According to Wendt et al. (2006), this
response is due to the fact that these cultivars have shorter
cycles than the others. The same order of yield decline was
observed in BRS Guatambu, although it also had a lower
yield in the other two regimes. For the BRS Taruma cul-
tivar, despite the significant yield reduction found in the
three regimes, the decline was smaller. BRS Taruma subjec-
ted to 2C management presented the highest yield, being
a consequence of its cycle, i.e. late-early with a longer cycle
than the others. As the cuts took place during the same
period, the 2C management did not have such a strong
effect on BRS Taruma, which had more time for vegetative
re-growth with the reproductive growth occurring after the
cuts. This is confirmed by the fact that the harvest dura-
tion was the same for all cultivars in the two-cut regime.
ScHEFFER-Basso et al. (2001) concluded that cuts nor-
mally reduce grain yield in winter cereals, as observed in
this study, due to the plant’s limited ability to produce new
leaf area quickly after cutting and to avoid tiller senescence
during the reproductive period. However, DEL Duca et al.
(2000), working with the dual-purpose cultivar BRS 176,
observed yields of 3,451 kg ha!, 3,483 kg ha'and 2,104 kg
ha' in the no-cut, one-cut and two-cut regimes, respec-
tively. For some wheat cultivars, reductions in grain yield
may occur after consecutive cuts, as well as decreases in the
hectoliter weight (PH) and in the weight of 1,000 seeds.
In fact, a considerable quantity of forage can be removed
without seriously affecting grain yield in the one-cut re-
gime. On the other hand, this behavior does not reoccur
when the two-cut regime is used (BORTOLINI et al., 2004).
According to MARTIN et al. (2010), the grain yield achieved
by applying nitrogen at rates of 60 kg ha' at sowing and
60 kg ha! in coverage resulted in yields ranging from 1,211
(Taruma) to 2,434 kg ha'' (Figueira), in the case of blunt
cuts in Dois Vizinhos, Parand.

As shown in table 2, cut regimes did not adversely
affect PH in BRS Taruma and BRS Guatambu, probably
because of plant cycle that is longer in these cultivars. There
was enough time, even after the second cut, for ample grain
development. Because BRS Figueira and BRS Umbu have
a shorter cycle, the second cut led to lower grain quality
when compared to PH parameter.

Comparing cultivars within the same crop regime,
BRS Umbu presented higher quality in SC and 1C. In 2C
treatment BRS Guatambu and BRS Taruma, which have a

longer cycle, featured higher quality confirming that cuts
do not influence grain quality in these cultivars, despite lo-
wering production.

According to PH, wheat grains may be classified into
three categories (BrasiL, 2001): Type 1, with a minimum
PH of 78 kg hL'!; Type 2, with a minimum PH of 75 kg hL';
and Type 3, with a minimum PH of 70 kg hL". As the ave-
rage PH in this study was 74.3, wheat grains did not attain
Type 2 classification. Nevertheless, the variation among the
cultivars and crop regimes was pronounced. For example,
BRS Umbu presented a Type 1 PH in the 1C regime, and
BRS Figueira did not obtain the minimum PH for Type 3
in 2C regime.

In general, nitrogen fertilization in wheat crops con-
tributes to increasing yield, as reported by ZAGONEL et al.
(2002). However, there was no response to nitrogen fertili-
zation when evaluating yield components, which is corro-
borated by Loewy (1990). As an alternative explanation,
we may argue that the crop development period was very
dry, mainly at the times when cover nitrogen fertilizer was
applied. It is known that the soil water deficit has a negative
effect on hecroliter weight and grain yield in wheat crops
(GuaRrieNnTI et al., 2005). In addition to the low water avai-
lability, soil fertility may have contributed to the lack of res-
ponse to nitrogen fertilization. The experimental area’s soil
has a mean content of organic matter in the 0-0.2 m layer
0f 40.2 g dm?. Considering that the soil had been used for
no-till farming for more than eight years, it is probable that
in the upper layers the amounts of organic matter would
be greater than this average value (Marowo et al., 1999;
ANDREOLA et al., 2000). An additional factor is the fact
that the crop grown in this area before wheat was soybean;
this leguminous plant contributes to fixing nitrogen in the
soil, raising the organic matter decomposition rate, leading
to a low C:N ratio and thereby providing N to succession
plants.

4. CONCLUSION

The short-cycle or semi-late crops BRS Figueira and BRS
Umbu presented a higher grain yield under no-cut or even
one-cut regimes. The long-cycle or late-early crops BRS
Guatambu and BRS Tarumai did not present reductions
in grain quality measured by hectoliter weight, proving to
be more adapted to cut regimes. The lack of response to
nitrogen dose and application strategies was influenced
by the environmental conditions, considering both soil
and climate.
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