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Abstract 
The aim of this study was to evaluate the effect of level of nitrogen (N) fertilisation and stage of maturity on 
certain qualitative parameters and dry matter (DM) production of Panicum maximum cv. Gatton during 
autumn.  Treatments included seven levels of N fertilisation (0, 25, 50, 75, 100, 125 and 150 kg N/ha) and 
harvesting at three stages of maturity, namely the vegetative, early and full bloom stages. Nitrogen was 
applied in late summer.  Dry matter yields were determined at each stage of harvesting. Dry matter yield, N, 
nitrate-nitrogen (NO3-N) and acid detergent lignin (ADL) concentrations increased, while total non-structural 
carbohydrates (TNC) and neutral detergent fibre (NDF) concentrations decreased with increasing levels of N 
application.  There was no significant change in in vitro organic matter digestibility (IVOMD).  As the 
pasture matured from the vegetative to the full bloom stage, N, NO3-N and IVDOM concentrations 
decreased, while DM yield, TNC, NDF and ADL concentrations increased. 
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Introduction 

With the increase in human population in South Africa, less land is available for animal production.  
On these areas, there is a growing interest in the nitrogen (N) usage in intensive grassland production 
(Salette, 1970).  According to Wiedenfeld et al. (1985) numerous management techniques can be employed 
to enhance the yield and quality of grass pastures.  Nitrogen fertilisation is one such strategy.  It can be used 
to stimulate early spring or late autumn grass growth (Cook & Mulder, 1984), increase total pasture 
production and grass dry matter (DM) yields (Quinlan et al., 1981) and alter the quality of a grass.  It is 
known that N fertilisation will increase the N concentration in a grass, decrease soluble carbohydrate 
concentrations (Minson, 1990) and increase nitrate nitrogen (NO3-N) concentrations (Van Soest, 1994).  
These changes might be expected to have a major effect on the DM digestibility of the plant, though most 
studies have shown only small differences in this respect. 

Panicum maximum is a perennial tufted grass and can reach heights of one to two meters.  In 
experiments reported by Rodel & Boultwood (1971) it was found that P. maximum was one of the highest 
yielding tufted grasses.  However, little research has been reported on both qualitative and quantitative 
characteristics of P. maximum cv. Gatton.  The aim of this study was to evaluate the influence of a range of 
N fertilisation applications and stages of maturity on DM yield, N concentration, total non-structural 
carbohydrate (TNC), NO3-N, neutral detergent fibre (NDF) and acid detergent lignin (ADL) concentrations, 
and in vitro organic matter digestibility (IVOMD) of P. maximum cv. Gatton during autumn, under dryland 
conditions. 
 
Materials and Methods 

A small-plot experiment was conducted during autumn on a three-year-old stand of P. maximum cv. 
Gatton, which was established on the Hatfield Experimental Farm of the University of Pretoria.  The site, 
situated at 28.11oE, 25.44oS and 1372 m above sea level, has an annual rainfall of 674 mm, with dry autumns 
and winters. The soil was classified as sandy-loam, with a pH of 4.2 and mineral concentrations (/kg DM) of 
29 mg phosphorus, 73 mg potassium, 158 mg calcium, 38 mg magnesium and 11 mg sodium.   

The site was divided into plots of 2 m x 5 m or 0.001 ha. The trial was conducted as a simple factorial 
design with seven levels of N application, three stages of maturity and three replications, laid out in a 
randomised block design. The N application levels were 0, 25, 50, 75, 100, 125 and 150 kg N/ha. Nitrogen in 
the form of limestone ammonium nitrate (LAN) (28% N) was applied in mid-February.  All the plots were 
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also fertilised with 300 kg potassium chloride /ha in a single spring application.  Each N level was harvested 
at three stages of maturity, namely:  
    Vegetative stage  20 - 30 cm high 
    Early bloom   30 - 40 cm high 
    Full bloom   60 - 90 cm high 

    An area of 1 m x 5 m in the middle of each plot was harvested to determine DM yields.  Hand 
clipped samples were taken at each maturity stage.  These samples were collected weekly at 08:00 and 
frozen immediately.  At the end of the sampling period of 10 weeks, replicates of each treatment were 
pooled, freeze-dried, weighed, ground and stored in glass bottles for further analysis.  The following analyses 
were conducted.  Dry matter and N (macro Kjeldahl) concentrations were determined according to AOAC 
(1995) methods.  Total non-structural carbohydrates were analysed as reducing sugars after quantitative 
hydrolysis to monosaccharides by means of carefully controlled acid hydrolysis procedures (Marais, 1979).  
The reducing sugars formed during hydrolysis were determined quantitatively by the modified Nelson-
Somogyi method (Morrison & Boyd, 1966).  This procedure is not suitable for samples containing starch, but 
can be used for analysing temperate (C3) grasses storing fructose and sub-tropical grasses (C4) storing 
glucose.  For the determination of NO3-N the analysis was based on the procedures described by Cataldo et 
al. (1975) which are based on the nitration of salicylic acid under highly acidic conditions and the 
calorimetric determination of the resulting coloured complex which absorbs maximally at 410 nm in basic 
(pH > 12) solutions.  Acid detergent lignin was determined using the procedure described by Goering & Van 
Soest (1970) while NDF was determined using the procedure described by Robertson & Van Soest (1981).  
The IVOMD of the samples was determined by making use of the technique of Tilley & Terry (1963), as 
modified by Engels & Van der Merwe (1967). 

An analysis of variance for balanced data with the GLM model (SAS, 1994) was used to determine 
differences between treatments.  Least square means and standard deviations (s.d.) were calculated.  All main 
effects (treatment, replication and period) as well as all possible first-order interactions were included in the 
initial model.  Interactions that did not make a significant (P > 0.05) contribution to the variance were 
omitted in subsequent analyses.  Models were tested for the dependent parameters, namely DM yield, N, 
NDF, NO3-N, TNC, ADL and IVDOM.  Significance of differences between least squares means was 
determined by Bonferroni’s test (Samuels, 1989).  
  
Results and Discussion 

The DM yield as affected by N fertilisation levels, is presented in Figure 1.  
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Figure 1 Dry matter (DM) yield of Panicum maximum cv. Gatton, as affected by level of nitrogen 
fertilisation and stage of maturity, during autumn 
 

Dry matter yield increased linearly (Figure 2) with increasing levels of fertilisation. However, this 
response did not exhibit the characteristic yield response curve of grasses to N fertilisation.  This was  
probably because of the relative small range of N levels used in this experiment or because of the restricted 
growth period (production was only assessed for 10 weeks in the latter part of the growing season).  
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Morrison & Russell (1980) summarised the response curve as follows: “Response is linear at low N 
applications, reaching a maximum yield and subsequently declining at high rates of application”.  In this 
experiment only a linear response was observed.  Nitrogen application levels were probably not high enough 
for DM yields to reach a maximum and start declining.  Reid (1967) found that with a pure grass sward, DM 
yield started to decline at N levels of above 150 kg/ha.  Dry matter yield also increased with advancing 
maturity (Figure 1).  Forwood et al. (1988) reported a similar linear increase in DM yield as Caucasian 
Bluestem grass matured. 
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Figure 2 The relationship between dry matter (DM) yield and nitrogen (N) level of Panicum maximum 
cv. Gatton (Y = 0.016x + 0.94, r2 = 0.71) 
 

Nitrogen fertilisation had a marked influence on the N concentration in plants.  Figure 3 illustrates the 
influence of the seven levels of N fertilisation on the N concentration of plants during three stages of 
maturity. The N concentration of plants increased (P ≤ 0.05) with increasing levels of N fertilisation, but 
decreased with advancing maturity.  These findings correspond with results reported by Blaser (1964), 
Gomide et al. (1969), Van Niekerk et al. (1993) and Relling et al. (2001b).  The highest N concentration in 
plants was observed shortly after the application of N at 150 kg N/ha in the vegetative stage, and declined 
significantly with maturity.  According to Jones & Wilson (1987) N concentration is strongly influenced by 
the stage of growth.  Young vegetative growth is high in N. The concentration falls rapidly as the proportion 
of leaf material declines (Jones & Wilson, 1987; Singh et al., 1995) and that of flowers and stems increases 
(Fleischer et al., 1983).  Stems and flowers are generally lower in N than green leaves, which could explains 
the lower N concentration with advancing maturity (Fleischer et al., 1983). 

Figure 4 illustrates the influence of N fertilisation at three stages of maturity on the TNC 
concentrations in P. maximum cv. Gatton.  Increased levels of N fertilisation had only a slight, though non-
significant (P ≥ 0.05) depressing effect on the TNC concentration in the plants (Figure 4).  It is well-noted in 
the literature that a decrease in TNC concentration in plants will occur due to the accelerated growth of 
herbage when promoted by N fertilisation (Jones et al., 1965; Waite, 1970; Jones & Wilson, 1987). This 
appears to be the result of a change in the proportion of fructosans relative to the soluble sugars, glucose, 
fructose and sucrose (Nowakowski, 1962).  Accelerated growth reduces fructosan concentration, since it is 
utilised for the vigorous growth of leaves due to the application of N fertilisation.  The utilisation of sugars 
evidently takes place at the expense of carbohydrate reserves in the form of fructosans (Nowakowski, 1962).  
As the plants became older, their TNC concentration increased significantly (P ≤ 0.05) (Figure 4).  This may 
be explained by slower growth rates of the plants, but also by changes in the ratio of stem to leaf tissues.  
With advancing maturity more stems developed, which are the storage areas for fructosans. Relling et al. 
(2001a) reported a significant decline in the leaf to stem ratios as P. maximum cv. Gatton matures.  
Therefore, with an increase in proportion of stems the TNC concentration will increase (Smith, 1973). 
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Figure 3 Nitrogen concentration of Panicum maximum cv. Gatton during three stages of maturity, as 
influenced by level of nitrogen fertilisation 
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Figure 4 Total non-structural carbohydrates (TNC) concentration in Panicum maximum cv. Gatton 
during three stages of maturity, as influenced by level of nitrogen fertilisation 

 
Figure 5 shows that N fertilisation had a significant (P ≤ 0.05) influence on the NO3-N concentration 

in P. maximum cv. Gatton.  During the vegetative stage, the NO3-N concentration of plants receiving 150 kg 
N/ha was more than double that of the control plants, which received no N (Figure 5).  As the plants matured 
the NO3-N concentrations were lower (P ≤ 0.05), especially at the higher levels of N fertilisation.  By the 
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time the plants reached full bloom, there was little difference in NO3-N concentration of plants receiving 0 
kg N/ha and those receiving 150 kg N/ha.  These results confirm the findings of Madison & Kenneth (1963), 
who reported that most of the chemically combined N absorbed by plants is in the form of NO3-N.  The 
accumulation of NO3-N, therefore, implies that the rate of assimilation has not kept pace with the rate of 
uptake.  Such concentrations are often only temporary, diminishing as the plant ages, until at maturity little 
or no NO3-N can be detected (Madison & Kenneth, 1963).  The importance of age itself is unknown, but 
alternative explanations have been given for the decline in NO3-N uptake.  The changing proportion of stem, 
leaf and fruit with maturation might have had an effect.  Fruits and seed usually contain very little NO3-N.   
With age they form a larger proportion of the DM, the effect of high NO3-N concentrations in other parts will 
be diluted.  Apart from this, the formation of fruit or seed places a heavy demand on NO3-N (Madison & 
Kenneth, 1963).  This will further reduce the NO3-N concentration in mature plants. 
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Figure 5 The nitrate-nitrogen concentration of Panicum maximum cv. Gatton at three stages of maturity, 
as influenced by level of nitrogen fertilisation  

 
When high levels of N are applied, NO3-N concentrations are correspondingly high, as seen in this 

experiment, while the TNC concentrations are low (Jones et al., 1962).  When the level of N fertilisation is 
low, it has less influence on NO3-N concentration as compared to its reducing effect on TNC concentration 
(Jones et al., 1962). Therefore, there seems to be a negative relationship between TNC concentration and 
NO3-N accumulation, as observed by Jones et al. (1962) in studies on perennial ryegrass.  The presence of a 
large supply of nutrient N stimulates the plant to draw upon available carbohydrate reserves to be utilised as 
reductive energy and for carbon skeletons (Jones et al., 1962).  Eventually, the carbohydrate reserves may be 
insufficient to accommodate the demand created with higher NO3-N uptakes.  In experiments with corn 
seedlings grown in nutrient solutions, Burt (1963), as quoted by Madison & Kenneth (1963), found that as 
the total carbohydrate concentration of the DM decreased from 22% to 14%, the NO3-N concentration rose 
from 0,02% to 0,80%.  Therefore, it is evident that a plant high in NO3-N is likely to be low in readily 
available carbohydrates. 

The IVOMD of the forage was generally not affected by N fertilisation (Table 1), though the values 
seem to increase slightly (P > 0.05) with higher N levels.  According to Spedding & Diekmahns (1972) there 
is no evidence that the application of N fertilisation significantly affects digestibility.  This is supported by 
Saibro et al. (1978), and Van Niekerk et al. (1993). However, Prins & Van Burg (1979) pointed out that N 
fertilisation allows more frequent harvesting and hence indirectly increases herbage digestibility. 
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Table 1 Mean (± s.d.) in vitro organic matter digestibility (%) of Panicum maximum cv. Gatton, as  
influenced by level of nitrogen fertilisation and stage of maturity, during autumn 
 

In vitro organic matter digestibility (%)  
 

kg N/ha Vegetative stage Early bloom Full bloom 

0 73.9a  
1 (± 1.3) 70.9a  

1 (± 1.7) 65.0ab  
2 (± 1.0) 

25 74.8a  
1 (± 1.1) 71.9a  

1 (± 1.1) 64.8ab  
2 (± 1.1) 

50 75.4a  
1 (± 0.9) 71.2 a 

 2 (± 0.4) 64.3ab  
3 (± 0.9) 

75 74.8a 
 1 (± 1.6) 71.6a 

 1 (± 1.2) 65.1ab  
2 (± 0.6) 

100 75.6a 
 1 (± 1.4) 72.3a 

1 (± 1.3) 64.9ab  
2 (± 1.1) 

125 74.8a  
1 (± 0.4) 71.3a  

1 (± 1.1) 63.6b  
2 (± 1.6) 

150 74.7a 
 1 (± 1.3) 71.7a  

1 (± 1.3) 67.1a 
 2 (± 1.2) 

Row (1, 2, 3) and column (a, b, c) means with common scripts do not differ (P > 0.05) 
 

As the plants mature, IVOMD declines.  Similar declines were observed in Caucasian Bluestem by 
Forwood et al. (1988), and in P. maximum cv. Gatton by Relling et al. (2001b).  In very young plants the 
stems are often more digestible than the leaves (Forwood et al., 1988).  As plants mature the digestibility of 
the leaf fraction decreases slowly and that of the stem fraction rapidly (Forwood et al., 1988).  Leaf material 
has the highest quality in a sward and diet quality is consequently positively correlated with the proportion of 
leaf material in the plant (O’Reagain & Mentis, 1988).  In mature plants, stems comprise a much larger 
proportion of the whole plant than leaves.  In vitro organic matter digestibilities in mature plants will, 
therefore, decrease because of the larger proportion of less digestible stems (McDonald et al., 2001).   
 
Table 2  Mean (± s.d.) acid detergent lignin (g/kg) of Panicum maximum cv. Gatton, as affected by level 
of  nitrogen fertilisation and stage of maturity during autumn 
 

Acid detergent lignin (g/kg)  
 

kg N/ha Vegetative stage Early bloom Full bloom 

0 40a 
1 (± 1) 43a 1 (± 2) 42b 1 (± 1) 

25 39ab 
2 (± 3) 39a 2 (± 2) 44ab 

1 (± 2) 
50 40a 

2 (± 2) 42a 2 (± 1) 45ab 1 (± 2) 
75 38ab 

2 (± 1) 39a 
1, 2 (± 3) 42b 1 (± 1) 

100 38ab 
2 (± 3) 39a 2 (± 1) 46a 1 (± 3) 

125 36b 
3 (± 1) 40a 2 (± 2) 44ab 1 (± 2) 

150 41a 
1 (± 1) 40a 

1 (± 1) 42b 1 (± 1) 
Row (1, 2, 3) and column (a, b, c) means with common scripts do not differ (P > 0.05) 
 

Acid detergent lignin concentration of herbage increased (P ≤ 0.05) with advancing maturity (Table 
2).  This is in accordance with the results of several authors who have shown that NDF, ADF and ADL 
concentrations increased with stage of maturity (Jung & Vogel, 1992; Hatfield et al., 1992; Relling et al., 
2001b).  This is probably due to an increase in cell wall concentration with maturity (Biblack & Buxton, 
1992).  Vicente-Chandler et al. (1959) reported a positive correlation between N fertilisation and the lignin 
concentration of plants.  This is in contrast with the results of the present experiment, since no significant 
changes in lignin concentration took place with increasing N application levels.  Kaltofen (1988) supported 
this and suggested that high levels of N application promote growth of new leaves and shoots which are 
lower in lignin, and thus may compensate for an increase in the lignin concentration of other tissues. 

As N fertilisation levels increased there was a decrease (P ≤ 0.05) in NDF concentration in the plants 
(Table 3).  This decrease was, however, only evident during the early stages of growth.  Van Niekerk et al. 
(1993) also observed that the NDF concentration in P. maximum cv. Gatton decreased with increasing levels 
of N fertilisation.  Kaltofen (1988) reported that higher levels of N fertilisation promote the growth rate of 
new leaves and shoots which are lower in plant structural components, supporting thus the decrease in NDF 
concentration with increasing levels of N application rates, as found in this experiment during the early 
stages of growth. With advancing maturity there was an increase (P ≤ 0.05) in NDF concentration in the 
plants.  These findings correspond well with those reported by Rouquette et al. (1972), Garzelle & Poppe 
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(1989), Kephart & Buxton (1993), and Relling et al. (2001b).  The decreased digestibility as plants matured,. 
presented in Table 1, is in agreement with reports showing that an increase in NDF and ADL concentration is 
associated with a decrease in digestibility (Ford et al., 1979). 
 
Table 3 Neutral detergent fibre  concentration (g/kg) of Panicum maximum cv. Gatton as influenced by  
level of nitrogen fertilisation and stage of maturity during autumn 
 

Neutral detergent fibre  (g/kg)  
 

kg N/ha Vegetative stage Early bloom Full bloom 

0 593a 
3 (± 6) 627a 2 (± 4) 659a  1 (± 5) 

25 583ab 3 (± 15) 625a 
2 (± 7) 655a  1 (± 3) 

50 568bc 3 (± 6) 635a 2 (± 12) 658a  1 (± 11) 
75 568c 3 (± 7) 627a 2 (± 11) 659a  1 (± 9) 

100 567c 3 (± 3) 630a 2 (± 7) 654a  1 (± 5) 
125 566c 3 (± 12) 633a 2 (± 11) 658a  1 (± 6) 
150 563c

 3 (± 6) 603b 2 (± 6) 653a  1 (± 5) 
Row (1, 2, 3) and column (a, b, c) means with common scripts do not differ (P > 0.05) 

 
Conclusions 

Nitrogen fertilisation had many different effects on the yield and quality of P. maximum cv. Gatton.  
During autumn, N fertilisation increased the DM yield, as well as the N concentration in plants, but tended to 
decrease the TNC and NDF concentrations.  A disadvantage of high application levels of N is that it 
increased the NO3-N concentration of plants, which was especially evident shortly after N application during 
the vegetative stage.  Stage of maturity also affected the quality and quantity of P. maximum cv. Gatton.  
With advancing maturity DM yield increased, but quality declined.  The NO3-N and N concentration 
decreased as P. maximum cv. Gatton matured, while the TNC concentration increased.  These changes in the 
qualitative parameters of P. maximum cv. Gatton as affected by stage of maturity and different levels of N 
fertilisation emphasise the importance of correct management practices to optimise animal production.  It can 
be concluded that an N application rate between 75 and 100 kg N/ha during autumn will result in the 
optimum qualitative and quantitative characteristics of P. maximum cv. Gatton. 
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