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ABSTRACT - The objective of this study was to evaluate some crop management strategies to improve silage 
production by family farmers in the micro-region of Pelotas, southern State of Rio Grande do Sul (RS), Brazil. The 
seasonal analysis tool of de CSM-CERES-Maize model was used to assess aboveground dry biomass production 
under rainfed conditions. The simulations comprised scenarios involving four cultivars (Amarelão, AL 30, AG 5011 
and AG 122), six nitrogen (N) fertilization strategies, 52 sowing dates, and 21 years of daily weather data. Silage 
productivity and quality were assessed, and a sowing window was established for each one of the cultivars based on 
this information. Regardless of the N rate and cultivar, sowings performed between June 26 and December 19 were not 
at risk of exceeding the deadline for silage harvesting in the region. For sowing occurred on December 19, regardless of 
the N rate, the average productivity of silage and the average amount of energy per unit area were lower for the creole 
variety Amarelão. For the same sowing date the average values of energy per unit of biomass weight indicated good 
silage quality, for all cultivars regardless of the N rate.
Keywords: family farming, DSSAT, aboveground biomass, Zea mays L.

ABORDAGEM DE MODELAGEM PARA ESTABELECER ESTRATÉGIAS 
DE PRODUÇÃO DE SILAGEM NA MICRORREGIÃO DE PELOTAS, BRASIL

RESUMO - O objetivo deste estudo foi avaliar estratégias de manejo para melhorar a produção de silagem pelos 
agricultores familiares na microrregião de Pelotas, sul do Rio Grande do Sul (RS), Brasil. A ferramenta de análise 
sazonal do modelo CSM-CERES-Maize foi usada para avaliar a produção de fitomassa seca em condições de 
sequeiro. Foi considerado nas simulações um cenário com quatro cultivares (Amarelão, AL 30, AG 5011 e AG 122); 
seis estratégias de adubação nitrogenada; 52 épocas de semeadura; e 21 anos de dados meteorológicos diários. A 
produtividade e a qualidade da silagem foram avaliadas e, com base nessas informações, uma janela de semeadura 
foi estabelecida para cada uma das cultivares. Independentemente da dose de nitrogênio e cultivar, as semeaduras 
realizadas entre 26 de junho e 19 de dezembro não correm risco de exceder o prazo para a colheita de silagem na região. 
Para semeadura realizada em 19 de dezembro, independentemente da taxa de N, a produtividade média de silagem e a 
quantidade média de energia por unidade de área foram menores para a variedade crioula Amarelão. Para esta mesma 
época de semeadura, os valores médios de energia por unidade de peso de fitomassa seca indicaram boa qualidade de 
silagem, para todas as cultivares, independentemente da dose de N.
Palavras-chave: agricultura familiar, DSSAT, fitomassa seca da parte aérea, Zea mays L.
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Maize is one of the most widely used crops 
for silage production because of its easiness of 
cultivation, high mass production, easiness of 
fermentation in the silo, good energy value and high 
animal consumption. It can provide bulky feed for the 
herds during the seasonality of the pasture (Fancelli 
& Dourado Neto, 2000; Cruz et al., 2001). 

The occurrence of low temperatures and frosts 
affects the quantity and quality of pastures. In order 
to meet animals’ feed needs during these shortages, 
maize silage has been widely used (Mittelmann et al., 
2005). Usually, farmers from southern State of Rio 
Grande do Sul (RS), Brazil, cultivate maize aiming at 
silage production. However, there are doubts among 
producers about the best cultivar, nitrogen rates and 
sowing dates to be used.

The agronomic characterization of the genetic 
material available is important to guide the choice of 
cultivars that provide high biomass yield and high 
nutritional value (Santos et al., 2010). According 
to Almeida Filho et al. (1999), the identification of 
cultivars adapted to the conditions in which they will 
be grown contributes to higher maize yields. It is 
also important to note that, in addition to genetics, 
yield is influenced by seed quality, sowing date, 
plant population, soil cultivation, correction and 
fertilization and weeds, pests and diseases control, 
among others.

The maize response, in terms of biomass 
production and grain yield, depends on a number 
of factors that interact one to another. Some are 
dynamic factors, such as the climatic conditions. 
Modeling can be a useful tool in this case, since 
in addition to enabling the simulation of various 
management scenarios, it allows the understanding of 
the dynamics of the processes involved in the system 
and the isolation of the effect of some of these factors 

in the crop yield. The crop growth model, DSSAT 
(Decision Support System for Agrotechnology 
Transfer) (Jones et al., 2003), outstands because it 
enables the analysis of water and nutrient dynamics 
and their effect on crop yields and the profitability 
of farms. Several studies at national and international 
levels have shown the efficiency of the DSSAT model 
in helping to make management decisions. Amaral et 
al. (2009) used results of simulations with the CSM-
CERES-Maize model to develop a methodology to 
assist in decision making regarding the maize sowing 
period for the conditions of Sete Lagoas, in the State 
of Minas Gerais (MG), Brazil. Liu et al. (2011) used 
the same model to simulate maize yield and nitrogen 
and water dynamics in the soil over 50 years of maize 
production, with and without fertilizer application. 
The model was evaluated by comparing simulated 
and observed maize yield and soil N for conditions 
in Woodslee, Ontario, Canada. In Florida, He et al. 
(2012) used the CERES-Maize model to simulate 
sweet corn yield and accumulated nitrogen leaching 
in order to determine an alternative nitrogen and 
irrigation management strategy. Andrade et al. (2012) 
used the model to evaluate yield and profitability of 
a rainfed maize production system for small farmers, 
using cattle manure as a source of N. In Sete Lagoas 
(MG), Brazil, Silva et al. (2013) used the CSM-
CERES-Maize model to assess the sustainability of 
long-term use of swine manure in a rainfed maize 
crop. The effect of different nitrogen management 
strategies, including swine manure, on nitrate leaching 
was evaluated. Paixão et al. (2013) used simulated 
yield obtained with the CSM-CERES-Maize model 
to establish sowing windows for rainfed maize 
production in counties of the State of Minas Gerais, 
Brazil. The results agreed well with those from the 
Ministry of Agriculture of Brazil, with the advantage 
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of providing a yield estimate. However, few studies 
report the use of the model in silage production 
studies. A successful example was described by Braga 
et al. (2008), in which the CERES-Maize model was 
employed in order to implement accurate and quantified 
lines of decision support for tactical optimization 
of maize silage production in the agricultural 
system of Entre Douro and Minho, in Portugal.

Thus, the main objective of this study was 
to use the CSM-CERES-Maize model to derive 
management strategies to improve maize silage 
production in southern Rio Grande do Sul, Brazil. 
The specific objectives were: a) evaluate the response 
of four maize cultivars sown in different dates and 
receiving different nitrogen rates; b) propose a 
management strategy to obtain high yield associated 
with better silage quality.

Materials and Methods

The study was carried out in conditions 
representing a family farm, located at the Canguçu 
County, micro-region of Pelotas, southern Rio Grande 
do Sul (RS), Brazil (31o 23’ 57,6’ South 52o 36’ 23,3 
West, elevation 314 m). A farmer representing the 
family farming system of the region was chosen. He 
has been growing maize for silage production in his 
property for several years.

Four cultivars were selected for this work: the 
triple-cross hybrid AG 5011; the double-cross hybrid 
AG 122; the open pollinated variety (OPV) AL 30; 
and the creole OPV Amarelão, which is widely used 
by family farmers in southern Rio Grande do Sul. All 
cultivars can be used for both grain and whole-plant 
silage (Cruz et al., 2011).

Soil characterization

The representative soil of the region is an 
Argisol (Santos et al., 2013). Soil samples collected 
at 0-0.05; 0.05-0.10; 0.10-0.30; 0.30-0.50; 0.50-
0.70 m were taken to the laboratory for physical and 
chemical analysis (Table 1). A detailed description 
of the soil profile can be found in Amaral (2015). 
Later on, the data was formatted as a DSSAT soil 
file.

Weather data

Daily data on rainfall, maximum and minimum 
air temperature and hours of sunlight for a period of 
21 years (1992-2013) were obtained from a weather 
station located at the experimental farm of Embrapa 
Clima Temperado, Pelotas, Brazil (31° 42 ‘South, 
52° 24’ W, altitude 57 m) (Figure 1A, 1B and 1C), 
which is approximately 50 km far from the family 

Table 1. Soil profile attributes of the family farm, Pelotas micro-region, Brazil. Pelotas-RS, 2017. 
 

Depth 

Lower 
Limit of 

Available 
Water 

Upper Limit 
of Available 

Water 
Saturation DSSAT Root 

Growth Factor 

Bulk 
Density 

Organic 
Carbon Clay Silt Total 

Nitrogen pH in 
Water 

(m) (m3 m-3) (m3 m-3) (m3 m-3) (kg m-3) (%) (%) (%) (%) 
0.05 0.260 0.300 0.380 1.00 1.5 1.2 16 16.3 0.13 5.5 
0.10 0.216 0.242 0.318 1.00 1.7 1.3 22 15.1 0.11 5.2 
0.30 0.185 0.213 0.373 1.00 1.6 1.0 22 18.2 0.10 5.0 
0.50 0.150 0.196 0.326 0.45 1.7 1.0 25 13.9 0.09 4.8 
0.70 0.335 0.344 0.404 0.30 1.6 1.4 25 22.2 0.13 4.8 

Table 1. Soil profile attributes of the family farm, Pelotas micro-region, Brazil. Pelotas-RS, 2017.
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farm in Canguçu-RS, Brazil. According to the 
Köppen classification, the climate of the study site 
is humid subtropical (Cfa). The daily solar radiation 
was estimated from sunlight-hour data using the 
Angström-Prescott equation (Angström, 1924; 
Prescott, 1940). The maximum average temperature 
ranges from 28.6 °C in January to 17.6 °C in July; 
the minimum average temperature ranges from 18.9 
°C in February to 8.8 °C in July, and the average 
daily temperature ranges from 23.7 °C in January to 
13.2 °C in July (Figure 1A). Rainfall occurs in every 
month of the year. February is the wettest month, 
with an average rainfall of 150 mm, and November 
is the driest month, with an average rainfall of 
108 mm. The average annual rainfall is 1,487 mm 
(Figure 1B). Maximum average values of solar 
radiation varying from 23.5 to 20.3 MJ m-2day-1 
were observed from November to February; lower 
average radiation values of 8.3 and 9.03 MJ m-2 
day-1, were observed in June and July, respectively 
(Figure 1C).

Parameterization and evaluation 
of the CSM-CERES-Maize

The CSM-CERES-Maize, version 4.5.1.023 
(Hoogenboom et al., 2013) was used in the study. 
Field trials were carried out at Embrapa  Clima 
Temperado experimental farm, in Pelotas, Brazil, 
to collect data for model parameterization (Table 
2) of the four cultivars (Amarelão, AL 30, AG 
5011 and AG 122). Crop management was such 
to avoid water and nutrient stresses.  Additional 
data was collected at the family farm in Canguçu, 
State of Rio Grande do Sul, Brazil to evaluate the 
model. Details of the model parameterization and 
evaluation can be found at Amaral (2015).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Average monthly air temperature (A), 
precipitation (B) and solar radiation (C) from 1992 
to 2013, micro-region of Pelotas-RS, Brazil. 
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Figure 1. Average monthly air temperature (A), 
precipitation (B) and solar radiation (C) from 1992 to 
2013, micro-region of Pelotas-RS, Brazil.
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Simulated scenarios 

The seasonal analysis tool of DSSAT (Thornton 
& Hoogenboom, 1994) was used to evaluate the 
effect of inter-annual and seasonal variability of 
climate elements in the growth and development of 
maize for silage (dry mass of shoots) under rainfed 
conditions. Sowing was scheduled to occur weekly, 
beginning on August 1 and extending for 52 weeks to 
July 24. A row spacing of 0.8 m for all cultivars and 
sowing dates was assumed in the simulations. Plant 
population was five plants m-2, for OPV Amarelão 
and AL 30, and six plants m-2, for the two hybrids, 
AG 5011 and AG 122.

For all cultivars, six different nitrogen fertilizer 
management strategies were simulated: T1 - treatment 
without fertilization; T2 - 200 kg ha-1 of 8-28-16 
(NPK), applied at sowing; T3 - 200 kg ha-1 of 8-28-16 
(NPK), at sowing, plus 50 kg ha-1 of nitrogen (N) as 
urea, side-dressed at 30 days after sowing (DAS); T4 
- 200 kg ha-1 of 8-28-16 (NPK) at sowing, plus 100 
kg ha-1 of N as urea side-dressed at 30 DAS; T5 - 200 
kg ha-1 of 8-28-16 (NPK) at sowing, plus 150 kg ha-1 
of N as urea, side-dressed at 30 DAS; T6 - 200 kg ha-1 
of 8-28-16 (NPK) at sowing, plus 200 kg ha-1 of N as 
urea, side-dressed at 30 DAS.

The model output data was statistically 
analyzed considering a factorial design with four 
cultivars, six mineral nitrogen rates, 52 sowing 
dates and 21 years of daily weather data, resulting in 
26,208 (4x6x52x21) simulated values of silage, grain 
and cob yields.

Defining the sowing period 

In order to determine the maize sowing 
window for silage production, the facts that winter 
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is a limiting factor for pastures development in the 
State of Rio Grande do Sul and that silage is required 
to supplement animal feed during this period were 
taken into consideration. Therefore, a deadline was 
adopted for harvesting silage: June 21, the beginning 
of winter season in Brazil. Sowing dates that could 
provide the silage harvest after this deadline were 
considered unfit.

Establishing maize harvest point 
for silage production

According to Braga et al. (2008), the CSM-
CERES-Maize model simulates seven phenological 
stages of maize, which are germination, emergence, 
end of the juvenile stage, floral initiation, 75% 
flowering, beginning grain filling and physiological 
maturity. However, the model does not simulate 
the date for maize silage harvest. The maize silage 
harvest point is usually determined by evaluating 
the plant moisture content or the milk line position 
in the grain (Wiersma et al., 1993; Havilah et al., 
1995). According to these authors, the general 
relationship between the milk line and the moisture 
of the maize plant  for silage is as follows: plants with 
66% humidity, when the  milk line is located at 50% 
of the distance between the crown and the base of 
grain; plants with 63% moisture when the milk line 
is located at ¾ of the distance between the crown and 
the base of the grain; and plants with 60% moisture 
when the milk line is at the base of the grain and is 
not visible. This is the final stage regarded as the 
minimum moisture content for which good quality 
silage can be produced. In this work, it was assumed 
that the milk line is at ½ of the distance between the 
crown and the base grain, corresponding to 13 days 
before the physiological maturity. Therefore, this was 

considered as the maize point of harvest for silage 
(Wiersma et al., 1993; Braga et al., 2008).

Silage quality

In addition to the aboveground dry mass 
productivity simulated by the model, the quality 
of the silage was also assessed, according to the 
methodology described in Braga et al. (2008). The 
maize aboveground dry mass yield was converted into 
MFU (Milk Forage Units). One MFU corresponds 
to the amount of energy that can be supplied by one 
kilogram of barley fed to a lactating cow above its 
maintenance energy requirements (Vermorel, 1988). 
Therefore, it was possible to calculate the energy 
values per unit weight of biomass (EPUWHB) 
(Eq. 1) and the energy per unit area (EPUA) (Eq. 2):

EPUWHB = ETBR * EPUWE + (1-ETBR) * EPUWSL  Equation 1

EPUA = CWAH * EPUWHB                                       Equation 2

In which: 

EPUWHB - Energy per unit weight of biomass (MFU kg-1)

ETBR - The ratio between maize ear and total biomass weights

EPUWE - Energy per unit weight of maize ear (MFU kg-1)

EPUWSL - Energy per unit weight of stalks and leaves (MFU kg-1)

EPUA - Energy per unit area (MFU ha-1)

CWAH - Aboveground biomass (kg ha-1)

The conversion of simulated dry aboveground 
biomass yield into energy was based on the 
relationship between the quality of the silage and the 
proportion of grain in the total aboveground biomass 
(harvest index) (Cox et al., 1994). The experiment 
used 0.61 MFU kg-1 for energy concentrations of 
stem + leaves (EPUWSL) and 1.08 MFU kg-1 for ears 
(EPUWE) (Eq. 1). The amount of energy in MFU kg-1 
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(EPUWHB) was multiplied by the total aboveground 
biomass to determine the energy yield (EPUA) (Eq. 2).

Statistical analysis

Statistical evaluations were performed for 
sowing on December 19, which is the latest sowing 
date after which harvesting is likely to exceed June 
21, which is considered the deadline for silage harvest 
in the region. Thus, an ANOVA was performed to the 
dry mass of shoots, energy per unit weight of biomass 
(EPUWHB) and energy per unit area (EPUA). Means 
were compared by the Scott and Knott test (Scott & 
Knott, 1974) at 5% probability.

Results and Discussion

Sowing dates

Considering the deadline of 21 June for 
harvesting the maize for silage in that region, it was 
observed that for all cultivars, and regardless of the 
nitrogen (N) dose, the sowing dates from June 26 
to December 19 were not at risk of exceeding that 
deadline. For sowings performed between December 
26 and June 19 the chance of exceeding the deadline, 
for the four cultivars and all N rates, ranged from 
4.76% to 100% (Figures 2A, 2B, 2C and 2D). The 
four cultivars showed a similar performance pattern 
indicating that the latest sowing date throughout the 
growing season, without the risk of breaking the 
silage harvesting deadline, is December 19.

As expected, the simulated N rates (T1, T2, T3, 
T4, T5 and T6) did not influence the risk of breaking 
the harvesting deadline, since the crop anthesis and 
physiological maturity are controlled in the model 
by weather conditions such as photoperiod, air 

temperature (Costa, 1994), and is not influenced by 
the N rate. This information is important to farmers 
since they may have a forecast of the yield and quality 
of the silage throughout the year, thus allowing some 
planning. According to Cruz et al. (2014), the best 
time for sowing maize for silage should be the same 
recommended for grain production. The Brazilian 
Agricultural Zoning of the Ministry of Agriculture 
(Brasil, 2017) recommends that for the cultivars AL 
30, AG 5011 and AG 122 in the Canguçu County, 
the sowing dates should take place from October 
1 to January 20. However, our results indicated a 
sowing window for maize silage production more 
restrictive as compared to that recommended for grain 
production. Other factors should also be considered, 
such as rain at harvest time, which can affect the silage 
quality and may compact the soil. In the State of Rio 
Grande do Sul, Brazil, the risk of frost should also be 
considered, because it can directly affect silage yield 
and quality.

Average yield and quality of silage

For all cultivars and sowing dates, variation 
was observed on the average silage yield. The average 
aboveground dry biomass for the open pollinated 
variety (OPV) Amarelão ranged from 4,779 to 7,710 
kg ha-1, while for the OPV AL 30 it ranged from 4,995 
to 8,976 kg ha-1. For the hybrids AG 5011 and AG 
122 the aboveground dry biomass varied from 5,654 
to 9,522 kg ha-1 and from 5,879 to 10,428 kg ha-1, 
respectively (Figures 3A, 4A, 5A and 6A).

Nitrogen rates (treatments T1, T2, T3, T4, T5 
and T6) did not significantly affect the silage yield 
of the creole OPV Amarelão for any sowing dates. 
For this cultivar, the silage yield rise for the treatment 
with the highest N rate (T6), as compared to the 
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Figure 2. Percent chance of overcoming the deadline (June 21) for silage harvest for the cultivars 
Amarelão (A), AL 30 (B), AG 5011 (C) and AG 122 (D), for different nitrogen (N) rates and 
sowing dates. T1 - 0 N; T2 - 200 kg ha-1 of 8-28-16 (N-P-K) at sowing; T3 - 200 kg ha-1 of 8-28-16 
at sowing + 50 kg ha-1 of N side-dressed at 30 days after sowing (DAS); T4 - 200 kg ha-1 of 8-28-16 
at sowing + 100 kg ha-1 of N side-dressed at 30 DAS; T5 -200 kg ha-1 of 8-28-16 at sowing + 150 
kg ha-1 of N side-dressed at 30 DAS; T6 - 200 kg ha-1 of 8-28-16 at sowing + 200 kg ha-1 of N side-
dressed at 30 DAS. 
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Figure 2. Percent chance of overcoming the deadline (June 21) for silage harvest for the cultivars Amarelão 
(A), AL 30 (B), AG 5011 (C) and AG 122 (D), for different nitrogen (N) rates and sowing dates. T1 - 0 N; 
T2 - 200 kg ha-1 of 8-28-16 (N-P-K) at sowing; T3 - 200 kg ha-1 of 8-28-16 at sowing + 50 kg ha-1 of N side-
dressed at 30 days after sowing (DAS); T4 - 200 kg ha-1 of 8-28-16 at sowing + 100 kg ha-1 of N side-dressed 
at 30 DAS; T5 -200 kg ha-1 of 8-28-16 at sowing + 150 kg ha-1 of N side-dressed at 30 DAS; T6 - 200 kg ha-1 
of 8-28-16 at sowing + 200 kg ha-1 of N side-dressed at 30 DAS.

treatment without N (T1), ranged from 0.12% to 
10.1%, considering all sowing dates (Figure 3A). On 
the other hand, AL 30, AG 5011 and AG 122 cultivars, 
which present a higher genetic potential for biomass 
and grain production, responded to the different 
N rates. Aboveground dry biomass productivity 
increased from 0.6% to 23.7% for AL 30; from 0.06 
to 21% for AG 5011 and from 0.7 to 23.7% for AG 
122, respectively (Figures 4A, 5A and 6A). Sowing 

on December 19, the deadline for maize silage sowing 
in the region did not produce significant variations in 
the silage yield considering all cultivars and N rates 
(Figures 3A, 4A, 5A and 6A). For the  creole OPV 
Amarelão, the response to the use of N was very 
weak; when N was not used (T1) the average silage 
productivity was 6,005 kg ha-1 and with the maximum 
N rate (T6), the dry biomass productivity was 6,079 
kg ha-1, a rise of only 1.68% (Figure 3A). For the same 
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Figure 3. Average simulated aboveground dry 
mass (A), energy per unit weight of 
aboveground dry mass - EPUWHB (B) and 
energy per unit area - EPUA (C), for different 
nitrogen rates (T1, T2, T3, T4, T5 and T6) and 
different sowing dates of the creole OPV 
Amarelão. 

Figure 4. Average simulated aboveground dry 
mass (A), energy per unit weight of 
aboveground dry mass - EPUWHB (B) and 
energy per unit area - EPUA (C), for different 
nitrogen rates (T1, T2, T3, T4, T5 and T6) and 
different sowing dates of the OPV AL 30. 
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Figure 3. Average simulated aboveground dry mass 
(A), energy per unit weight of aboveground dry mass 
- EPUWHB (B) and energy per unit area - EPUA (C), 
for different nitrogen rates (T1, T2, T3, T4, T5 and 
T6) and different sowing dates of the creole OPV 
Amarelão.

Figure 4. Average simulated aboveground dry mass 
(A), energy per unit weight of aboveground dry 
mass - EPUWHB (B) and energy per unit area - 
EPUA (C), for different nitrogen rates (T1, T2, T3, 
T4, T5 and T6) and different sowing dates of the 
OPV AL 30.
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Figure 5. Average simulated aboveground dry mass 
(A), energy per unit weight of aboveground dry mass 
- EPUWHB (B) and energy per unit area - EPUA (C), 
for different nitrogen rates (T1, T2, T3, T4, T5 and 
T6) and different sowing dates of the hybrid AG 5011.
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mass (A), energy per unit weight of 
aboveground dry mass - EPUWHB (B) and 
energy per unit area - EPUA (C), for different 
nitrogen rates (T1, T2, T3, T4, T5 and T6) and 
different sowing dates of the hybrid AG 5011. 

Figure 6. Average simulated aboveground dry 
mass (A), energy per unit weight of 
aboveground dry mass - EPUWHB (B) and 
energy per unit area - EPUA (C), for different 
nitrogen rates (T1, T2, T3, T4, T5 and T6) and 
different sowing dates of the hybrid AG 122.  
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Figure 6. Average simulated aboveground dry mass 
(A), energy per unit weight of aboveground dry mass 
- EPUWHB (B) and energy per unit area - EPUA (C), 
for different nitrogen rates (T1, T2, T3, T4, T5 and 
T6) and different sowing dates of the hybrid AG 122. 



Revista Brasileira de Milho e Sorgo, v.16, n.3, p. 536-555, 2017 
 Versão impressa ISSN 1676-689X / Versão on line ISSN 1980-6477  -  http://www.abms.org.br

Amaral et al.546

sowing date, the OPV AL 30 presented the highest 
yield response to N. When comparing the treatments 
T1 and T6, silage productivity increased 6.7%, 
from 7,752 to 8,271 kg ha-1, respectively (Figure 
6A). To sum up, regarding sowing on December 
19, the response of the cultivars to N rates was 
limited. According to França et al. (1994), the maize 
response to nitrogen fertilization is associated with 
the history of the field, soil fertility and management, 
cultural practices, rainfall intensity and distribution 
and solar radiation incidence.

The major differences in the silage quality 
were due to the sowing date and not the N rate 
(Figures 3B, 4B, 5B and 6B). There was a rise 
in the energy quality of the silage for sowings 
performed on the dates recommended by the 
Brazilian Agricultural Zoning (Brasil, 2017), 
which goes from October 1 to January 20, 
as compared to sowings undertaken outside 
this window. EPUWHB values in this period 
varied from 0.84 to 0.91; 0.80 to 0.90; 0.83 
to 0.9; and from 0.82 to 0.91 MFU kg-1 for the 
cultivars Amarelão, AL 30, AG 5011 and AG 
122, respectively (Figures 3B, 4B, 5B and 6B). 
Regardless of the N rate used, for the sowing held 
on December 19, the EPUWHB was around 0.91 
MFU kg-1 for the cultivars Amarelão, AG 5011 
and AG 122. On the same date, the variety AL 30 
provided an EPUWHB of 0.89 MFU kg-1.

Similarly, when evaluating the energy per unit 
area (EPUA), the major differences were due to the 
sowing date and not due to the N rate. From mid-
October, the EPUA tended to increase until January 
23, regardless of the N rate and cultivar (Figures 
3C, 4C, 5C and 6C). For sowing on December 19 
and without N application (T1), the highest average 
EPUA, of 6,933, 6,851 and 6,955 MFU kg-1, were 

recorded for the cultivars AL 30, AG 5011 and AG 
122, respectively. For the highest N rate (T6) the 
EPUA were 7,404; 7,126; 7,364 MFU kg-1 (Figures 
4C, 5C and 6C). Lower values were observed for 
the OPV Amarelão with EPUA of 5,455 and 5,519 
MFU kg-1 for T1 and T6, respectively (Figure 3C). 
Sowing of any of the cultivars in January showed a 
great chance of breaking the deadline for harvesting 
silage (June 21) (Figures 2A, B, C and D). However, 
sowing in January showed the highest average values 
of both dry aboveground biomass and EPUA. Thus, 
a sowing strategy can be developed, in which part of 
the area would be planted until December 19, aiming 
at having silage in early winter, and another part sown 
when weather conditions favored greater quantity and 
quality of silage.

Evaluation 
of sowing dates

Analyzing the results for December 19 
sowing date, it was observed that, regardless of 
the N rate, the silage productivity and the amount 
of energy per unit area (EPUA) were statistically 
lower for the variety Amarelão, when compared 
to the other cultivars (Tables 3 and 4). For these 
variables, no statistical differences were observed 
among the cultivars AL 30, AG 5011 and AG 122. 
When we analyzed the energy per unit weight 
of aboveground dry matter (EPUWHB), there 
was no significant difference among cultivars 
and N rates (Table 5). Regardless of cultivar and 
N rate, the silage presented good quality with 
EPUWHB values equal or higher than 0.91 MFU 
kg-1. According to Braga et al. (2008), EPUWHB 
above 0.75 MFU kg-1 is an indicative of good 
quality silage.
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Table 3. Simulated aboveground dry biomass for the different nitrogen rates and cultivars sown on December 
19. Pelotas-RS, 2017.

1Means followed by the same letter in the column did not differ from each other statistically by the Scott-Knott test at a probability 
level < 0.05.
2T1 - treatment without fertilization; T2 - 200 kg ha-1 of 8-28-16 (NPK), applied at sowing; T3 - 200 kg ha-1 of 8-28-16 (NPK), at 
sowing, plus 50 kg ha-1 of nitrogen (N) as urea, side-dressed at 30 days after sowing (DAS); T4 - 200 kg ha-1 of 8-28-16 (NPK) at 
sowing, plus 100 kg ha-1 of N as urea side-dressed at 30 DAS; T5 - 200 kg ha-1 of 8-28-16 (NPK) at sowing, plus 150 kg ha-1 of N as 
urea, side-dressed at 30 DAS; T6 - 200 kg ha-1 of 8-28-16 (NPK) at sowing, plus 200 kg ha-1 of N as urea, side-dressed at 30 DAS.

 

Aboveground dry biomass (kg ha-1)(1) 

Cultivar 
Nitrogen rate 

T1(2) T2 T3 T4 T5 T6 
Amarelão 7012 a  7033 a  7106 a  7112 a  7113 a  7120 a  

AL 30 8851 b  8970 b  9375 b  9492 b  9530 b  9550 b  
AG 5011 8765 b  8873 b  9046 b  9129 b  9158 b  9169 b  
AG 122 8956 b  9099 b  9352 b  9486 b  9522 b  9542 b  

 

EPUWHB (UFL kg-1)(1)  

Cultivar 
Nitrogen rate 

T1(2) T2 T3 T4 T5 T6 
Amarelão 0.92 a  0.92 a  0.92 a  0.92 a  0.92 a  0.92 a  

AL 30 0.91 a  0.91 a  0.91 a  0.91 a  0.91 a  0.91 a  
AG 5011 0.93 a  0.93 a  0.93 a  0.93 a  0.93 a  0.93 a  
AG 122 0.93 a  0.93 a  0.93 a  0.93 a  0.93 a  0.93 a  

Table 4. Simulated energy per unit weight of aboveground dry biomass (EPUWHB) for different nitrogen rates 
and cultivars sowed on December 19. Pelotas-RS, 2017.

1Means followed by the same letter in the column did not differ from each other statistically by the Scott-Knott test at a probability 
level < 0.05.
2T1 - treatment without fertilization; T2 - 200 kg ha-1 of 8-28-16 (NPK), applied at sowing; T3 - 200 kg ha-1 of 8-28-16 (NPK), at 
sowing, plus 50 kg ha-1 of nitrogen (N) as urea, side-dressed at 30 days after sowing (DAS); T4 - 200 kg ha-1 of 8-28-16 (NPK) at 
sowing, plus 100 kg ha-1 of N as urea side-dressed at 30 DAS; T5 - 200 kg ha-1 of 8-28-16 (NPK) at sowing, plus 150 kg ha-1 of N as 
urea, side-dressed at 30 DAS; T6 - 200 kg ha-1 of 8-28-16 (NPK) at sowing, plus 200 kg ha-1 of N as urea, side-dressed at 30 DAS. 

Silage yield and quality related 
to seasonal weather conditions

When assessing the silage yield, for different 
sowing dates and nitrogen fertilizer rates, there was 
a large inter-annual variation in the simulated values, 
for all cultivars (Figures 7A, B, C, D, E and F; 8A, B, 

C, D, E and F; 9 A, B, C, D, E and F; 10A, B, C, D, E 
and F). For sowings held on December 19, in 25% of 
the years, due to unfavorable weather conditions, the 
silage yield of the creole cultivar Amarelão, grown 
without N fertilization (T1), varied from 551 to 4,687 
kg ha-1. On the other hand, in 25% of the years due to 
favorable weather conditions, the silage yield varied 
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Table 5. Simulated energy per unit area (EPUA) for different nitrogen rates and cultivars sown on December 
19. Pelotas-RS, 2017.

1Means followed by the same letter in the column did not differ from each other statistically by the Scott-Knott test at a probability 
level < 0.05.
2T1 - treatment without fertilization; T2 - 200 kg ha-1 of 8-28-16 (NPK), applied at sowing; T3 - 200 kg ha-1 of 8-28-16 (NPK), at 
sowing, plus 50 kg ha-1 of nitrogen (N) as urea, side-dressed at 30 days after sowing (DAS); T4 - 200 kg ha-1 of 8-28-16 (NPK) at 
sowing, plus 100 kg ha-1 of N as urea side-dressed at 30 DAS; T5 - 200 kg ha-1 of 8-28-16 (NPK) at sowing, plus 150 kg ha-1 of N as 
urea, side-dressed at 30 DAS; T6 - 200 kg ha-1 of 8-28-16 (NPK) at sowing, plus 200 kg ha-1 of N as urea, side-dressed at 30 DAS.

 

EPUA (UFL kg-1)(1) 

Cultivar 
Nitrogen rate  

T1(2) T2 T3 T4 T5 T6 
Amarelão 6367 a(1)  6389 a  6456 a  6457 a  6453 a  6460 a  

AL 30 8004 b  8115 b  8495 b  8596 b  8624 b  8639 b  
AG 5011 8013 b  8129 b  8335 b  8402 b  8426 b  8436 b  
AG 122 8154 b  8305 b  8613 b  8728 b  8752 b  8766 b  

from 7,426 to 9,928 kg ha-1. In 50% of the years, the 
silage yield varied from 4,687 to 7,426 kg ha-1 (Figure 
7A). There was no significant increase in the silage 
yield in response to higher N rates. The frequency 
distribution of yields for the highest N rate treatment 
(T6) was quite similar to that from T1 (Figure 7F). 

The single-cross hybrid AG 122 presented 
the best response to N fertilization for sowing on 
December 19, with yields ranging from 718 to 12,403; 
724 to 12,616; 721 to 13,286; 721 to 13,726; 721 to 
13,847 and 721 to 13,861, for treatments T1, T2, T3, 
T4, T5 and T6, respectively (Figures 10A, B, C, D, E 
and F). It was observed that, given its greater genetic 
potential, the cultivar response to increasing N rates, 
in terms of silage yield, occurred in 25% of years with 
more favorable weather conditions. The cultivars 
AG 5011 and AL 30 presented a similar inter-annual 
variation pattern and a similar response to N rates, 
providing simulated silage yields between Amarelão 
and AG 122 (Figures 8A, B, C, D, E and F; 9A, B, C, 
D, E and F).   

It may be noted that for the sowing in December 
19, higher N rates did not result in significant increase 
silage yield for all cultivars. However, sowings performed 
in January presented higher silage yield, due to more 
favorable weather conditions for maize crop growth and 
development, but at the risk of not having silage ready 
for the wintertime. Weather conditions can seriously 
affect the nitrogen fertilization strategies. A combination 
of low rainfall indices or dry spells in stages considered 
critical for the maize crop, with low solar radiation 
and high temperatures during the day and night, is 
unfavorable to the growth and development of the crop, 
leading to low N absorption and hence low biomass 
productivity. On the other hand, a combination of 
appropriate rainfall, sunny days and mild temperatures 
is favorable to the growth and development of maize, 
and tends to provide higher yield, especially when 
the N is not a limiting factor (Amaral et al., 2014). 
In all cases, variability in simulated silage yield was 
observed because of interactions between cultivars, 
the nitrogen rates and climate conditions.
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  Figure 7. Frequency distribution of the aboveground dry biomass for different nitrogen (N) rates 
and sowing dates of the creole OPV Amarelão. T1 - 0 N (A); T2 - 200 kg ha-1 of 8-28-16 (N-P-K) 
at sowing (B); T3 - 200 kg ha-1 of 8-28-16 at sowing + 50 kg ha-1 of N side-dressed at 30 days 
after sowing (DAS) (C); T4 - 200 kg ha-1 of 8-28-16 at sowing + 100 kg ha-1 of N side-dressed at 
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T6 - 200 kg ha-1 of 8-28-16 at sowing + 200 kg ha-1 of N side-dressed at 30 DAS (F). The lower 
part of the box indicates the 25th percentile, the line within the box indicates the median and the 
upper part of the box indicates the 75th percentile.  
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Figure 7. Frequency distribution of the aboveground dry biomass for different nitrogen (N) rates and sowing 
dates of the creole OPV Amarelão. T1 - 0 N (A); T2 - 200 kg ha-1 of 8-28-16 (N-P-K) at sowing (B); T3 - 200 
kg ha-1 of 8-28-16 at sowing + 50 kg ha-1 of N side-dressed at 30 days after sowing (DAS) (C); T4 - 200 kg 
ha-1 of 8-28-16 at sowing + 100 kg ha-1 of N side-dressed at 30 DAS (D); T5 -200 kg ha-1 of 8-28-16 at sowing 
+ 150 kg ha-1 of N side-dressed at 30 DAS (E); T6 - 200 kg ha-1 of 8-28-16 at sowing + 200 kg ha-1 of N side-
dressed at 30 DAS (F). The lower part of the box indicates the 25th percentile, the line within the box indicates 
the median and the upper part of the box indicates the 75th percentile. 
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Figure 8. Frequency distribution of the aboveground dry biomass for different nitrogen (N) rates and sowing 
dates of the OPV AL 30. T1 - 0 N (A); T2 - 200 kg ha-1 of 8-28-16 (N-P-K) at sowing (B); T3 - 200 kg ha-1 of 
8-28-16 at sowing + 50 kg ha-1 of N side-dressed at 30 days after sowing (DAS) (C); T4 - 200 kg ha-1 of 8-28-16 
at sowing + 100 kg ha-1 of N side-dressed at 30 DAS (D); T5 -200 kg ha-1 of 8-28-16 at sowing + 150 kg ha-1 
of N side-dressed at 30 DAS (E); T6 - 200 kg ha-1 of 8-28-16 at sowing + 200 kg ha-1 of N side-dressed at 30 
DAS (F). The lower part of the box indicates the 25th percentile, the line within the box indicates the median 
and the upper part of the box indicates the 75th percentile. 
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Figure 9. Frequency distribution of the aboveground dry biomass for different nitrogen (N) rates 
and sowing dates of the single-cross hybrid AG 5011. T1 - 0 N (A); T2 - 200 kg ha-1 of 8-28-16 (N-
P-K) at sowing (B); T3 - 200 kg ha-1 of 8-28-16 at sowing + 50 kg ha-1 of N side-dressed at 30 days 
after sowing (DAS) (C); T4 - 200 kg ha-1 of 8-28-16 at sowing + 100 kg ha-1 of N side-dressed at 30 
DAS (D); T5 -200 kg ha-1 of 8-28-16 at sowing + 150 kg ha-1 of N side-dressed at 30 DAS (E); T6 - 
200 kg ha-1 of 8-28-16 at sowing + 200 kg ha-1 of N side-dressed at 30 DAS (F). The lower part of 
the box indicates the 25th percentile, the line within the box indicates the median and the upper part 
of the box indicates the 75th percentile.  
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Figure 9. Frequency distribution of the aboveground dry biomass for different nitrogen (N) rates and sowing 
dates of the single-cross hybrid AG 5011. T1 - 0 N (A); T2 - 200 kg ha-1 of 8-28-16 (N-P-K) at sowing (B); 
T3 - 200 kg ha-1 of 8-28-16 at sowing + 50 kg ha-1 of N side-dressed at 30 days after sowing (DAS) (C); T4 - 
200 kg ha-1 of 8-28-16 at sowing + 100 kg ha-1 of N side-dressed at 30 DAS (D); T5 -200 kg ha-1 of 8-28-16 at 
sowing + 150 kg ha-1 of N side-dressed at 30 DAS (E); T6 - 200 kg ha-1 of 8-28-16 at sowing + 200 kg ha-1 of 
N side-dressed at 30 DAS (F). The lower part of the box indicates the 25th percentile, the line within the box 
indicates the median and the upper part of the box indicates the 75th percentile. 
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Figure 10. Frequency distribution of the aboveground dry biomass for different nitrogen (N) rates and sowing 
dates of the triple-cross hybrid AG 122. T1 - 0 N (A); T2 - 200 kg ha-1 of 8-28-16 (N-P-K) at sowing (B); T3 - 
200 kg ha-1 of 8-28-16 at sowing + 50 kg ha-1 of N side-dressed at 30 days after sowing (DAS) (C); T4 - 200 kg 
ha-1 of 8-28-16 at sowing + 100 kg ha-1 of N side-dressed at 30 DAS (D); T5 -200 kg ha-1 of 8-28-16 at sowing 
+ 150 kg ha-1 of N side-dressed at 30 DAS (E); T6 - 200 kg ha-1 of 8-28-16 at sowing + 200 kg ha-1 of N side-
dressed at 30 DAS (F). The lower part of the box indicates the 25th percentile, the line within the box indicates 
the median and the upper part of the box indicates the 75th percentile.
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Conclusions

The maize sowing period for silage production 
in the micro-region of Pelotas, Brazil, runs from June 
26 to December 19, for all cultivars and nitrogen 
fertilizer rates; sowings outside this window have 
over 10% chance of resulting in harvests after June 
21, which is considered the deadline for silage harvest 
in the region.

For sowings on December 19 the creole variety 
Amarelão had the lowest average values of silage 
yield and silage energy per unit area.

For the sowing window from June 26 to 
December 19, high nitrogen rates are not recommended 
due to the high risk of not getting response in terms of 
silage yield and silage quality.
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