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ANIMAL SCIENCE (ZOOTECNIA)

ABSTRACT: The adjustment of nitrogen fertilization is essential to promoting dry matter production together with a high 
concentration of crude protein in Jiggs Bermuda grass under a continuous cuts. The aim of this study was to quantify dry matter 
and crude protein production in Jiggs Bermuda grass, a cultivar of the genus Cynodon, associated with nitrogen fertilisation. 
The experimental design was randomised blocks with four replications, where treatments consisted in five doses of nitrogen (0, 
50, 100, 150 and 200 kg ha-1 cut-1) as urea, first applied during seedlings settlement, and second between 5 to 15 days after 
each harvest. For three years, in the flowering stage of the plants, 0.50 m2 area per plot was collected, totaling 18 collections 
for the determination of the dry mass, after oven drying at 65 °C until constant weight, and after grinding, the concentration and 
the crude protein content were quantified. Data were analyzed by variance, adjusting the regressions in function of the levels 
of nitrogen applied. There was a significant response to the nitrogen dosesin dry matter production and crude protein content. 
The maximum potential for crude protein content was 158.5 kg nitrogen ha-1 (477.7 kg ha-1 of crude protein content), applied per 
harvest during the autumn/winter period, and 171.2 kg ha-1 (753.1 kg ha-1 of crude protein content) in the spring/summer, with 
respective increases of 49.7 and 78.9% regarding to the treatment without nitrogen fertilisation.
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Potencial produtivo de massa seca e proteína bruta
da forrageira jiggs associada à adubação nitrogenada

RESUMO: O ajuste da adubação nitrogenada é essencial para promover a produção de matéria seca, juntamente com uma 
alta concentração de proteína bruta da forrageira jiggs, sob contínuos cortes. Objetivo do estudo foi quantificar a produção de 
massa seca e de proteína bruta da forrageira jiggs, cultivar do gênero Cynodon, associado ao uso de adubação nitrogenada. O 
delineamento experimental foi em blocos ao acaso e quatro repetições, onde os tratamentos foram cinco doses de nitrogênio 
(0, 50, 100, 150 e 200 kg ha-1 corte-1), aplicadas na forma de ureia, no plantio das mudas e entre 5 a 15 dias após cada corte. 
Durante três anos, na fase de florescimento das plantas, foram coletadas 0,50 m2 por parcela, totalizando 18 coletas, para a 
determinação da biomassa seca, após secagem em estufa a 65 ºC até massa constante e, depois de moída, a concentração e 
o conteúdo de proteína bruta foram quantificados. Os dados foram submetidos à análise de variância, ajustando-se regressões 
em função das doses de nitrogênio aplicadas. Houve resposta significativa às doses de nitrogênio na produção de massa seca 
e de proteína bruta acumulada. O potencial máximo de produção de proteína bruta foi com a dose de 158,5 kg ha-1 de nitrogênio 
(477,7 kg ha-1 de proteína bruta acumulada), aplicada por corte, no período de outono/inverno e de 171,2 kg ha-1 (753,10 kg ha-1 
de proteína bruta acumulada) na primavera/verão, com respectivos incrementos de 49,7 e 78,9% em comparação ao tratamento 
sem uso de adubação nitrogenada. 

Palavras-chave: Cynodon; forragem; produtividade
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Introduction
Among the species of forage grass, the genus Cynodon is 

one of the more known and widely used in the world used 
in perennial pastures, the most important being genotypes 
of the group of bermuda grasses, due to their great capacity 
for dry matter production and forage quality (Hanna & 
Sollenberger, 2007).

Bermuda grasses are the most important hot-season 
forage species for livestock production in the southeast 
of the United States, with the Jiggs cultivar recently being 
adopted in several regions of the country (Vendramini, 
2008; Mislevy et al., 2008; Vendramini et al., 2010). In Brazil, 
noteworthy among the bermuda grasses, Jiggs is mainly 
used for integrated systems due to the great production of 
forage in areas with adequate fertilisation (Silva et al., 2015), 
and also in dairy activities, where it is adapted to intensive 
grazing ( Hill et al., 2001).

In the last 20 years, grasses of the Bermuda group have 
become the most important pasture for milk production in 
the south of Brazil region (Fernandes, 2012; Picoli et al., 
2015). However, conditions afforded by the subtropical 
climate found in southern Brazil make it difficult to increase 
dry matter production, as well as grazing time and the 
production of hay from this grass; this is mainly due to low 
water availability during dry periods in the spring/summer, 
and low temperatures in the autumn/winter (Vendramini et 
al., 2016). In such cases, the management adopted in these 
areas, especially fertilisation, must be adequate to promote 
production, besides increasing fertiliser use efficiency and 
the N uptake efficiency. As for N uptake efficiency, which is a 
plant capacity to absorb the N available in the soil, for most 
grasses it is less than 60% (Duan et al., 2014; Todeschini et 
al., 2016).

Nitrogen fertilisation greatly increases forage production, 
especially in grasses, which are highly dependent on 
nutrients (Waramit et al., 2012; Valkama et al., 2016; 
Marques et al., 2017), as well as being responsible for crude 
protein accumulation in the dry matter of the forage grass 
(Ravier et al., 2016; Zhang et al., 2016).

Adjusting nitrogen fertilisation for high efficiency 
nutrient use capable of promoting dry matter production 
together with a high concentration of crude protein in 
Jiggs Bermuda grass under a continuous system of cuts, is 
one of the challenges faced in the south of Brazil. Climatic 
conditions related to water availability and temperature 
during different seasons of the year directly affect forage 
production, and nitrogen fertilisation is a preponderant 
factor to increase forage yield. To this effect, the aim of this 
study was to evaluate the potential for dry matter and crude 
protein production in Jiggs Bermuda grass under increasing 
doses of nitrogen in a continuous system of cuts. 

Material and Methods
Description of the area and characterisation of the soil 

The study was carried out over three years in Frederico 
Westphalen Campus, in the State of Rio Grande do Sul, located 
at 27o23’23.75” S and 53o25’41.18” W, 484 m altitude. The 
climate in the region is type Cfa, subtropical humid with hot 
summers, with maximum temperatures equal to or greater 
than 22°C, minimum temperatures from -3 to 18 °C, and an 
average annual precipitation between 1,900 and 2,200 mm 
(Alvares et al., 2013). Figure 1 shows the precipitation and 
mean maximum and minimum temperatures for the period 
of the experiment (November 2013 to November 2016).

The area of the experiment had been managed under 
a no-tillage system over five years, with soybean [Glycine 
max (L.) Merr.] and maize (Zea mays L.) during the summer, 
and black oats (Avena strigosa Schreb) as cover crop during 
winter. The soil of the experimental area was characterised as 
an Oxisol (Typic Hapludox). Before setting up the experiment, 
the following attributes were determined in the 0-20 cm 
layer: 626.6 g kg-1 clay, 9.3 mg dm-3 P and 244.5 mg dm-3 K, 
extracted with Mehlich-1 solution; 4.5 cmolc dm-3 Ca and 
2.5 cmolc dm-3 Mg, extracted with 1.0 mol L-1 KCl solution; 
6.0 mg dm-3 S, extracted with calcium phosphate solution; 
12.0 mg dm-3 Cu and 3.3 mg dm-3 Zn, extracted with 0.1 mol 
L-1 HCl; 11.8 cmolc dm-3 potential cation exchange capacity 
(CEC); 64.6% base saturation; 1.9% Al saturation; 27.5 g dm-3 
organic matter, and 5.5 pH in water. 

Figure 1. Rainfall, and maximum and minimum monthly temperature for the period of the experiment with Jiggs Bermuda grass.
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Experimental design and description of the treatment
The experimental area was ploughed once and harrowed 

twice before planting the Jiggs (Cynodon dactylon) seedlings. 
The seedlings were planted on 23 November 2013, at a 
spacing of 0.5 m x 0.5 m, using seedlings produced from 
cuttings. When planting the seedlings and at the end of 
the winter of 2014 and 2015, corresponding to the end of 
the fourth (29 July 2014) and tenth cuts (13 August 2015), 
annual doses of phosphorus and potassium were applied 
in all treatments, equivalent to 120 kg ha-1 P2O5 and 90 kg 
ha-1 K2O, in the form of triple superphosphate and potassium 
chloride respectively, based on the CQFS-RS/SC (2016) 
fertilisation recommendation for hot-season forage grasses.

The study was carried out in plots with an area of 2.5 x 
3.5 m (8.75 m2), in an experimental design of randomised 
blocks, with four replicates. Tthe treatments consisted of 
five doses of nitrogen (N): 0, 50, 100, 150 and 200 kg ha-1 

cut-1. The nitrogen source was urea, applied by broadcasting 
15 days after planting and up to the 10th day following each 
cut; this depended on the humidity conditions being suitable 
for fertilisation.

Agronomical and chemical analysis
Dry matter production was quantified in 0.50 m2 per plot 

(two subsamples per plot) until 22 November 2016 (three 
years after planting), at intervals of approximately 60 days 
(flowering), for a total of 18 sample collections, of which 
nine were during the autumn/winter season and nine in the 
spring/summer. Separating the sample collections into two 
periods took into account the growth phase of the forage 
grass and not the specific date of collection, as shown in 
Table 1. 

Dry matter was determined with an analytical balance 
after oven drying at 65 °C until constant weight was 

achieved and then ground in a Willey-type mill with a 1.0 
mm mesh screen to determine the N concentration, which 
was extracted by sulphuric acid digestion (semi-micro 
Kjeldahl) and acid titration, multiplied by a factor of 6.25 and 
expressed as crude protein concentration (PC). 

The amount of protein accumulated in the shoots of the 
forage grass was calculated based on dry matter production 
and crude protein concentration. Nitrogen use efficiency 
(NUE), of the N applied as fertiliser in the form of urea, 
was calculated with the following equation: NUE = (DMdn 
- DMd0)/NDA, where: DMdn = dry matter produced at a 
nitrogen dose of N (kg ha-1); DMd0 = dry matter produced 
at a nitrogen dose of 0 (zero) (kg ha-1) and NDA = N dose 
applied (kg ha-1).

Statistical analysis
Data were submitted to analysis of variance for each cut, 

and when significant, the mean values of the treatments 
were adjusted by polynomial regression analysis at 5% 
probability (p ≤ 0.05), using the GLM procedure of the SAS 
software (Statistical Analysis System version 9.3). Based on 
the regression equations, the maximum increase, compared 
to the dose of zero N and the dose of maximum technical 
efficiency (MTE), was calculated for each variable under 
analysis using the formula: x+ = -Δ1/2Δ2, where Δ1 and Δ2 are 
the values estimated by the polynomial regression equation.

Results and Discussion
Dry matter production in the Jiggs Bermuda grass 

responded to the N doses in all the evaluations carried 
out during the three years of the study (18 cuts), with 3 
linear regression equations and 15 quadratic equations 
(Table 2). From the quadratic equations, it was possible to 
estimate the MTE doses within the applied range of nitrogen 
fertilisation (0 to 200 kg ha-1 N), with values of between 
110.2 and 173.1 kg ha-1 N. Studies show that forage grasses 
of the genus Cynodon show a high demand for N (Waramit 
et al., 2012; Vendramini et al., 2016; Marques et al., 2017), 
demonstrating the need for nitrogen fertilisation to enable 
the production of biomass.

The values for dry matter produced with the MTE doses 
of N after each cut ranged from 668.1 to 8,347.7 kg ha-1 
(Table 2). This represents a mean variation factor of 12.4, 
which is probably related to the variations in temperature 
and the rainfall in each growth period of the forage grass 
(Figure 1). It can be seen that low temperatures during the 
autumn/winter season restricted the growth of the forage 
grass, with lower dry matter production, especially in 2014 
and 2015, when the minimum temperatures were lower 
compared to 2016 (Figure 1). The low dry-matter production 
seen in the evaluation carried out in the summer of 2015 
(seventh evaluation) is probably related to the period of 
dry weather that occurred during part of the growth cycle 
(December 2014). 

 (1) Season defined based on the growth period of the forage grass and not the specific 
cutting date.

Table 1. Cutting times and intervals in Jiggs Bermuda grass 
according seasons.
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Considering that variations in biomass production in 
the forage grass are associated with the climatic conditions 
during the period under test, separate evaluations were 
made of the growth that occurred during the autumn/winter 
period (nine cuts) and the spring/summer period (nine cuts). 
Regression analysis of the mean dry matter yield for these 
two periods indicates MTE doses of 150.0 and 155.2 kg ha-1 
respectively (Figure 2A). It can be seen that, although the 
MTE doses of N showed little variation between the two 
periods under analysis, dry matter yield was 1.8 times higher 
in the spring/summer. The average dry matter yield per cut 
at the MTE dose was 3,116.5 and 5,598.0 kg ha-1 during the 
fall/winter and spring/summer periods respectively.

Growth in forage grass is affected by climatic conditions, 
as seen by Carvalho et al. (2012) in a study to analyse the 
growth of Jiggs Bermuda grass under a cutting frequency of 
42 days, in a subtropical climate with dry-winters in the State 
of São Paulo in the Centre-South region of Brazil. The authors 
found that the growth rate was 8.3 times greater during the 
spring/summer period compared to the autumn/winter 
period, which is probably related to the low rainfall during 
the autumn/winter, unlike the conditions of subtropical 
climate in the south of Brazil, where the low temperatures 
during this period are responsible for a lower production of 
forage grass dry matter, similar to that which occurred in the 
present study.

Table 2. Regression equations for dry matter (Mg ha-1) in Jiggs Bermuda grass for doses of nitrogen applied at each cut during 
different periods of the year (total of 18 cuts).

(1)Doses of N: 0, 50, 100, 150 and 200 kg ha-1 cut-1 N. (2)MTE (maximum technical efficiency): dose for maximum yield (xdose) and maximum value for dry matter estimated by the 
regression equation (ŷmax). In the linear equations, ŷmax was calculated for the maximum applied dose of N. (3)Increase in dry matter at the MTE dose or at the maximum applied 
dose (linear regression) compared to the dose of zero N, expressed in kg ha-1 and as a percentage. ** and * Significant at 1% and 5% of probability by the F test, respectively.

** and * Significant at 1% and 5% of probability by the F test, respectively.

Figure 2. Average dry matter (DM) production (A) and N use 
efficiency (NUE) (B) during the autumn/winter period (average 
of nine cuts) and during the spring/summer period (average of 
nine cuts) for doses of N applied at each cut in Jiggs Bermuda 
grass. Vertical bars indicate the standard deviation.

A.

B.
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In a study with Jiggs Bermuda grass during the spring/
summer period, with four consecutive cuts at intervals 
of between 35 and 47 days, defined based on 95% light 
interception, carried out in a humid mesothermal subtropical 
climate in the State of Paraná, Poczynek et al. (2016) found 
a dry matter production of between 4,606 and 5,749 kg 
ha-1 with the application of 75 kg ha-1 N per cut. These data 
show that productivity was similar to the present study, and 
demonstrate the high biomass production of Jiggs Bermuda 
grass under favourable climatic conditions, similar or 
superior to that of the Tifton 65 and Tifton 85 cultivars, and 
with the nutritional characteristics of Jiggs Bermuda grass, 
more desirable for animal nutrition.

Regarding the effect of N dose on dry matter production 
during the autumn/winter and spring/summer periods, 
average increases of 963.3 and 2,337.6 kg ha-1 were seen at 
the MTE dose compared to the dose of zero N, representing 
an increase in dry matter of 42.8 and 71.7% respectively 
for the same periods (Figure 2A). These data show a high 
response to N application in the dry matter of the Jiggs 
Bermuda grass, especially under suitable conditions of 
temperature and water availability.

Production in forage grasses depends on the amount 
of fertilisation and the soil and climatic conditions at each 
site. The amount of mineralisable N during the growth cycle 
(Obasa et al., 2013) and the input from fertilisation (Waramit 
et al., 2012), together with rainfall and temperature (Miller 
et al., 2016) are conditioning factors for enabling nitrogen 
use efficiency and the response to nitrogen fertilisation.

Data for dry matter production in Jiggs Bermuda grass 
made a negative quadratic adjustment possible, with a 
reduction in N use efficiency for an increase in the dose 
of fertiliser during both the autumn/winter and spring/
summer periods (Figure 2B). From the mean value during 
the autumn/winter period, N use efficiency decreased from 
14.0 to 4.5 kg ha-1 for each megagram of dry matter produced 
with the use of 50 and 200 kg ha-1 N, while during the spring/
summer, the decrease was from 32.2 to 11.0 respectively 
at the same levels of N. A reduction in N use efficiency is 
common with increasing doses of fertiliser when growing 
forage grasses (Sainju et al., 2017). The challenge is to find a 
balance between high biomass production and fertiliser use 
efficiency. 

From the mean data for dry matter production at the MTE 
dose during the autumn/winter (150.0 kg ha-1) and spring/
summer (155.2 kg ha-1), 6.5 and 13.2 kg ha-1 dry matter were 
produced respectively for each unit (kg) of N applied at each 
cut. The low value for N use efficiency of the forage grass 
during the autumn/winter shows that the N dose should 
be re-adjusted using fertilisation investment cost criteria 
to define N doses based on maximum economic efficiency, 
which can be studied in future work with this forage grass.

The quality of the Jiggs Bermuda grass, evaluated by 
crude protein concentrations in the dry matter, indicated 
a response to the N dose in 50% of the evaluations carried 
out during the three years of the study, increasing up to the 

maximum dose of fertiliser applied at each cut (Table 3). The 
greatest increase in crude protein with the use of nitrogen 
fertilisation was at the first cut, with 3.4 units more than in 
the treatment with no N. The lowest value for crude protein 
was found in the eighth evaluation (11.5%), and the highest 
value in the fourth evaluation (17.1%). 

The mean crude protein concentration as a function 
of the N dose obtained in the nine evaluations during the 
autumn/winter period, and in the nine evaluations during 
the spring/summer period, showed a similarity between 
the two periods (Figure 3). With the increasing doses of N, 
the crude protein concentration rose from 13.0 to 13.9%, 
showing an increase of 0.9 units (6.6%) at the maximum 
dose of N in comparison to the absence of fertiliser. 

The response to N dose in the protein concentration 
of forage grasses usually occurs up to the maximum dose 
of N applied (Snell et al., 2017), suggesting that nitrogen 
fertilisation is important for increasing forage quality, 
however the increase in crude protein concentration 
obtained by those authors was greater than found in the 
present study. In this case the N dose must be adjusted 
based on the potential for crude protein production of the 
forage grass without detriment to quality. A suitable value 

(1)Doses of N: 0, 50, 100, 150 and 200 kg ha-1 cut-1 N. (2) INC: increase in crude protein 
concentration at the maximum applied dose compared to the dose of zero N, expressed 
in percentage points. ** and * Significant at 1% and 5% of probability by the F test, 
respectively. nsnon-significant regressions (linear or quadratic).

Table 3. Regression equations for percentage crude protein 
(%) in Jiggs Bermuda grass for doses of nitrogen applied at 
each cut during different periods of the year (total of 18 
cuts).
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for crude protein in forage for good performance in lactating 
cows should be approximately 15% (Imaizumi et al., 2010). 

Cutting time is another factor that influences crude 
protein concentration. Forage management with a shorter 
cutting interval shows a greater concentration of crude 
protein compared to longer intervals (Oliveira et al., 2014). 
In a study with Jiggs Bermuda grass at an average cutting 
interval of 16 days, Oliveira et al. (2014) found crude protein 

mean values for three cuts of 19.69% with the application of 
50 kg ha-1 N in the form of urea. 

The use of 60-day average cutting intervals in the present 
study had the aim of enabling the biomass production 
and crude protein concentration associated with the use 
of nitrogen fertilisation. The first premise was achieved, 
however the increase in crude protein concentration with 
the increased N doses did not reach similar levels to those in 
studies with a lower cutting frequency.

The ideal in forage management would be to include high 
dry matter production with high crude protein concentration, 
without detriment to the other parameters of forage 
quality. In this case, reducing the cutting interval may be an 
alternative for contributing to higher protein concentration 
without significantly harming forage production. In addition, 
adjusting the cutting frequency for the different seasons 
may also include dry matter production with forage quality 
(Poczynek et al., 2016).

The crude protein content in the dry matter showed a 
response to the N dose for all evaluation periods, with 5 
linear regression equations and 13 quadratic equations 
(Table 4). The MTE doses adjusted with the quadratic 
equations showed a variation of between 105.4 and 188.5 
kg ha-1 N. It can be seen that the MTE doses estimated in 
each evaluation period for accumulated crude protein 
in the forage grass were close to those obtained for dry 
matter, demonstrating a similar trend in response to the N 

** Significant at 1% of probability by the F test.

Figure 3. Average crude protein concentration in the dry 
matter of Jiggs Bermuda grass during the autumn/winter 
period (average of nine cuts) and during the spring/summer 
period (average of nine cuts) for doses of N applied at each 
cut. Vertical bars indicate the standard deviation.

(1)Doses of N: 0, 50, 100, 150 and 200 kg ha-1 cut-1 N. (2)MTE (maximum technical efficiency): dose for maximum yield (xdose) and maximum value for crude protein estimated by the 
regression equation (ŷmax). In the linear equations, ŷmax was calculated for the maximum applied dose of N. (3)Increase in crude protein at the MTE dose or at the maximum applied 
dose (linear regression) compared to the dose of zero N, expressed in kg ha-1 and as a percentage. ** and * Significant at 1% and 5% of probability by the F test, respectively.

Table 4. Regression equations for crude protein content (Mg ha-1) in Jiggs Bermuda grass for doses of nitrogen applied at 
each cut during different periods of the year (total of 18 cuts).
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doses for the two variables (Tables 2 and 4). However, the 
relative increase in accumulated crude protein was greater 
compared to that of the dry matter, together with a linear 
increase in crude protein concentration for the increasing 
doses of N applied at each cut. 

The maximum accumulated amount of crude protein 
at each cut ranged from 88.1 to 1,237.4 kg ha-1 in the 18 
evaluations, mainly due to the variation of dry matter 
production in the forage grass (Table 4). As the variation in 
crude protein production is associated with the season, the 
autumn/winter and spring/summer evaluations were made 
separately, similar to the dry matter. Regression analysis of 
the mean value for these two periods shows MTE doses of 
158.5 and 171.2 kg ha-1 respectively (Figure 4). It can be seen 
that the MTE doses for this parameter were higher than those 
estimated for dry matter, which is probably related to the 
linear increase in crude protein concentration. This shows 
that to enable crude protein production, it is necessary to 
apply a greater amount of nitrogen fertiliser. 

The amount of crude protein accumulated in the 
absence of nitrogen fertilisation and at the MTE dose, varied 
respectively on average from 329.5 to 477.7 kg ha-1 during 
the autumn/winter period, and from 442.4 to 753.1 kg ha-1 
during the spring/summer period (Figure 4). From the sum 
of each period (average of three years), mean production 
was 988.5 and 1,433.1 kg ha-1 crude protein during the 
autumn/winter period (six months) and 1,327.2 and 2,259.3 
in the spring/summer period (six months) respectively for 
the same doses of N. This variation demonstrates the need 
to adapt forage production for each period, and shows the 
importance of nitrogen fertilisation in increasing forage 
production, irrespective of the season.

The maximum technical efficiency of nitrogen fertilisation 
to increase crude protein production in Jiggs bermuda 
grass occurs at higher doses of N compared to dry matter 
production.

The increase in crude protein accumulation in Jiggs 
Bermuda grass is 49.7% during the autumn/winter period and 
78.9% during the spring/summer period, with a respective 
dose of maximum technical efficiency of 158.5 and 171.2 
kg ha-1 N per cut in different cut intervals according to the 
growth stage and annual season.
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