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Abstract 

The aim of this study was to measure the effects of stage of maturity and level of nitrogen (N) 
fertilisation of Panicum maximum cv. Gatton on intake, ruminal fermentation and the partial digestibility of 
organic matter (OM) in sheep grazing the grass.  More mature compared to younger pasture resulted in lower N, 
higher neutral detergent fiber (NDF) and acid detergent lignin (ADL) concentrations and lower OM digestibility.  
Nitrogen fertilisation increased the N concentration of the pasture, with no consistent effect on either NDF or 
ADL concentrations, but digestibility tended to decrease.  Dry matter intake decreased with both increasing 
maturity and N fertilisation levels.  Rumen pH levels increased with stage of maturity, with no effect from N 
fertilisation.  Grazing of more mature pasture resulted in lower rumen ammonia nitrogen (NH3-N) and volatile 
fatty acid (VFA) concentrations and higher acetic:propionic acid ratios.  Increased N fertilisation levels gave 
higher rumen NH3-N concentrations, with a tendency to increase VFA concentration and decrease 
acetic:propionic acid ratios.  As the pasture progressed from the young to the mature stage, OM disappearance in 
the rumen decreased.  Increasing levels of N fertilisation had the same effect during the full bloom stage.  It was 
concluded that P. maximum cv. Gatton pasture would be of a better quality at a young stage of maturity as well 
as at a relatively  low level of N fertilisation during autumn. 
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Introduction 

Both stage of maturity and level of nitrogen (N) fertilisation have an effect on forage quality and hence 
voluntary intake and diet selection by sheep.  It is well documented that a decrease in quality and intake will 
occur with advancing pasture maturity (Wan Hassan et al., 1990; Cilliers & Van der Merwe, 1993; Kabunga & 
Darko, 1993; Relling et al., 2001a).  It is also known that N fertilisation will increase the N concentration, but 
depress the carbohydrate concentration of a grass (Quinlan et al., 1981).  In the literature there is a paucity of 
information on factors affecting the nutritive value of Panicum maximum cv. Gatton grown under dryland 
conditions.  The aim of this study was to evaluate the effect of maturity and N fertilisation during autumn on the 
quality of material selected, dry matter (DM) intake, certain rumen parameters and organic matter (OM) 
disappearance in the rumen of sheep grazing P. maximum cv. Gatton under dryland conditions. 
 
Material and Methods 

The study was conducted at the Hatfield Experimental Farm of the University of Pretoria.  The site is 
situated at 28.11°E; 25.44°S at an altitude of 1372 m, and has an average annual rainfall of 674 mm with a dry 
autumn and winter.  The Panicum maximum cv. Gatton pasture was established under dryland conditions three 
years before the onset of this trial.  The pasture was mowed during February and 0, 75 and 150 kg N/ha in the 
form of limestone ammonium nitrate (28% N) plus 300 kg potassium chloride per hectare were applied to three 
different paddocks.  Each paddock was subdivided into three smaller camps which were manipulated to produce 
young (vegetative), early reproductive (early bloom) or mature stage (full bloom) pastures by mowing the three 
subsections in each paddock at different intervals.  The periods of pasture re-growth were 21, 42 and 84 d for the 
vegetative, early bloom and full bloom stages, respectively. 

Thirty six mature Döhne-Merino wethers equipped with ruminal and abomasal cannulae were randomly 
allocated to nine treatment groups.  An additional forty five wethers were allocated to the nine treatments and 
fitted with faecal collection bags to determine voluntary intake.  Twenty seven oesophageal fistulated sheep, 
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randomly allocated to the nine treatments were used to estimate the quality of plant material selected at each 
stage of maturity.  These animals were fistulated according to the method of Grovum (1984).  All animals were 
treated against internal parasites, vaccinated against pulpy kidney disease and injected with vitamin A two weeks 
prior to the start of the trial.  The animals had free access to a 50:50 dicalcium phosphate/salt lick and fresh 
water was available at all times.  The trial was conducted with the approval and under the supervision of the 
Ethical committee on animal experimentation of the University of Pretoria. 

The double marker technique, with continuous infusion and sampling at pre-determined times, as 
described by Faichney (1975), was used to determine the partial digestibility of the grass.  Markers were infused 
into the rumen using a battery-driven peristaltic pump fitted to the back of the rumen cannulated sheep (Corbett 
et al., 1976).  Chromium (Cr)-EDTA (220 mg Cr per day) (liquid phase marker) and Ytterbium (Yb)-acetate (90 
mg Yb per day) (solid phase marker) were infused continuously into the rumen for 24 h per day over a period of 
eight days.  Sheep were adapted for five days before infusion started.  A primary dose (double dose) of markers 
was infused on day 1 (Hunter & Siebert, 1986).  For the following four days markers were infused to establish 
steady-state conditions.  Sampling was done over the next four days.  The sampling times for the partial 
digestion trial are presented in Table 1. 
 
Table 1   Sampling times of ruminal and abomasal fluid during the partial digestion study  
 
 Day 1 Day 2 Day 3 Day 4 
Time 09:00 

21:00 
12:00 
24:00 

15:00 
03:00 

18:00 
06:00 

 
Ruminal and abomasal fluid were collected at each sampling.  The samples were frozen.  Rumen fluid 

samples were thawed and the pH was recorded after filtration.  The supernatant of the rumen samples was used 
for determination of rumen ammonia nitrogen (NH3-N) and volatile fatty acid (VFA) concentrations, after it was 
preserved with 4 ml 0.5 M sulphuric acid and 2 ml of a 10% sodium-hydroxide solution, respectively.  Faeces 
was collected twice daily at 08:00 and 18:00.  Total faecal excretion was measured and a 10% sub-sample was 
pooled and frozen until analysis.  Abomasum fluid samples were thawed and a portion of the sample was 
centrifuged to determine concentrations of NH3-N, Yb and Cr (Morgan et al., 1976).  A sub-sample was taken to 
determine dry matter (DM) content, and the rest of the sample was dried at 60°C for 24 hours and then ground.  
Pasture intake was estimated from the ratio faeces OM voided in the collection bags (Langlands, 1975) and the 
indigestibility of oesophageal samples by converting the in vitro digestibility to in vivo digestibility, according to 
Engels et al.(1981).  Liveweight as well as oesophageal samples were obtained at the beginning and end of the 
faecal collection periods after the sheep have been fasted overnight. 

Dry matter, ash and N concentrations were determined according to AOAC (1995) methods, neutral 
detergent fiber (NDF) concentration according to the method of Robertson & Van Soest (1981) and acid 
detergent lignin (ADL) according to Goering & Van Soest (1970) method.  In vitro digestible organic matter 
(IVDOM) was done according to the method 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 analyse data 
with the ANOVA model for different combinations of maturity and N effects.  Least square means and standard 
deviations (s.d.) were calculated.  The level of significance between least square means was tested with the 
Bonferroni test (Samuels, 1989). 

 
Results and Discussion 

The N concentration and IVDOM values of P. maximum cv. Gatton as selected by sheep, decreased (P < 
0.05) from the vegetative to the full bloom stage (Table 2).  According to O’Reagain & Owen-Smith (1996) this 
could be due to different selection behaviour of sheep, which utilise herbage of different levels of maturity 
differently, or, according to Aii & Stobbs (1980), due to the fact that plant composition may differ between 
levels of maturity.  The proportion of plant stems will increase with maturity and that may restrict access to the 
leafy parts, which will force animals to consume lower quality herbage (O’Reagain et al., 1996).  The presence 
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of senescent material in the more mature grass during autumn, as in this experiment, might also have had a 
negative influence on selection, due to the fact that greenness is positively correlated with the selection of a high 
quality diet (O’Reagain & Owen-Smith, 1996).  The higher concentration of NDF and ADL fractions together 
with the lower N and IVDOM values at the more mature stages in the present study confirm these reports.  This 
reduction in quality with stage of maturity were reported by various authors (Kephart & Buxton, 1993; Hatfield 
et al., 1994; Relling et al., 2001a).  Van Soest (1967) and Jung & Vogel (1992) also observed a negative 
curvilinear relationship between ADL and NDF concentrations and DM digestibility.  
 
Table 2   Mean (±s.d.) chemical composition (dry matter basis) and in vitro digestible organic matter (IVDOM) 
of oesophageal samples collected from sheep grazing Panicum maximum cv. Gatton during autumn 
 

Parameters kg N/ha Vegetative Early bloom Full bloom 
 0 2.43

a (± 0.2) 1.43
b (± 0.1) 1,62

b (± 0.1) 
N (g/kg ) 75 2.62

a (± 0.2) 1.92
b (± 0.1) 1.62

b (± 0.1) 
 150 2.91

a (± 0.2) 3.11
a (± 0.1) 2.41

b (± 0.1) 
     
 0 6371 b (± 22) 6851

a (± 22) 6721
a (± 11) 

NDF (g/kg) 75 6391
b (± 32) 6821

a (± 13) 6611
ab (± 32) 

 150 6451
b (± 18) 6931

a (± 26) 6871
a (± 23) 

     
 0 411

ab (± 6) 361
b (± 5) 471

a (± 6) 
ADL (g/kg) 75 431

a (± 7) 421
a (± 4) 501

a (± 8) 
 150 451

a (± 3) 441
a (± 3) 481

a (± 5) 
     
 0 72.11

a (± 1.6) 70.11
ab (± 1.9) 65.61

b (± 2.4) 
IVDOM (%) 75 75.21

a (± 2.2) 66.51
b (± 2.5) 61.81

b (± 2.8) 
 150 73.81

a (± 2.4) 66.31
b (± 2.7) 60.21

b (± 2.6) 
     
Row (a, b, c) and column means (1, 2, 3) with common scripts do not differ (P > 0.05) 
 
Table 3   Mean (± s.d.) pH of, and concentrations of metabolites in the rumen fluid of sheep grazing N fertilised 
Panicum maximum cv. Gatton pasture at different stages of maturity during autumn 
 

Parameters kg N/ha Vegetative Early bloom Full bloom 
 0 6.11

b (± 0.1) 6.31
a (± 0.1) 6.41

a (± 0.1) 
pH 75 6.11

b (± 0.2) 6.21
a (± 0.2) 6.31

a (± 0.1) 
 150 6.11

b (± 0.1) 6.11
b (± 0.1) 6.41

a (± 0.1) 
     
 0 15.13

a (± 4.7) 8.12
b (± 2.5) 8.91

b (± 1.4) 
NH3-N (mg/100 ml) 75 26.32

a (± 3.3) 14.21
b (± 3.1) 13.51

b (± 3.8) 
 150 38.11

a (± 6.2) 20.11
b (± 4.7) 14.31

b (± 2.1) 
     
 0 14.31

a (± 0.9) 13.51
a (± 1.3) 12.41

a (± 0.6) 
VFA (mmol/100 ml) 75 16.31

a (± 0.7) 13.81
b (± 1.8) 12.51

b (± 1.1) 
 150 16.71

a (± 0.7) 14.11
b (± 1.2) 12.31

c (± 1.3) 
     
 0 4.11

a (± 0.8) 4.41
a (± 0.4) 4.61

a (± 0.4) 
Acetic/Propionic 75 3.61

b (± 0.3) 3.91
b (± 0.2) 4.71

a (± 0.6) 
 150 3.61

a (± 0.3) 3.91
a (± 0.4) 4.02

a (± 0.4) 
Row (a, b, c) and column means (1, 2, 3) with common scripts do not differ (P > 0.05) 

 

The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html 



South African Journal of Animal Science 2002, 32 (3) 
© South African Society for Animal Science 

220

Increasing levels of N fertilisation increased (P < 0.05) the N concentration of the selected herbage 
(Table 2). Various authors reported the same trend (Saibro et al., 1978; Wiedenfeld et al., 1985; Van Soest, 
1994).  No significant changes in NDF concentration were observed in the vegetative stage of the grass due to 
level of N fertilisation.  However, Rouquette et al. (1972) reported a reduction of five percentage units in NDF 
concentration of grasses receiving additional N.  No significant changes took place in the ADL concentrations 
with increasing levels of N fertilisation levels, though a positive trend was observed. Vicente-Chandler et al. 
(1959), Rusoff et al. (1961) as quoted by Harkin (1973), and Van Soest (1994), also reported an increase in 
lignin concentration of herbage with increasing N fertilisation levels.  Although no significant changes were 
found in the IVDOM concentrations with increasing N fertilisation levels, a general tendency for IVDOM to 
decrease was observed. Saibro et al. (1978), Grunow & Rabie (1985) and Minson (1990) reported that a 
reduction in the proportion of leaf in N fertilised plants might have a negative effect on DM digestibility.  
However, Minson (1990) confirmed that most studies have shown only small differences in terms of 
digestibility, with no consistent pattern in the response to fertiliser N. 

Rumen-pH levels increased (P < 0.05) as pasture matured (Table 3). Cellulolytic organisms grow 
optimally at a pH of 6.7 and at a pH below 6.2, digestion rate will be inhibited (Grant & Mertens, 1992).  
Possible reasons for the increase in rumen-pH as the forage matured may be due to a general decrease in VFA 
production (Table 3) together with the high buffering capacity of saliva, most probably being produced at higher 
volumes when more matured herbage was ingested and ruminated (Bailey, 1958).  No significant changes 
occurred in rumen-pH values as N fertilisation levels increased.  This is in contrast to reports of Krysl (1986) and 
Krysl et al. (1987) who found an increase in rumen-pH as N fertilisation of herbage increased. 

Rumen NH3-N concentrations decreased as the pasture matured during autumn (Table 3).  Relling et al. 
(2001a) also noted a decrease in rumen NH3-N concentrations with advancing maturity of P. maximum cv. 
Gatton.  The higher N concentrations at both the vegetative and early bloom stages with increasing levels of N 
fertilisation were reflected in higher rumen NH3-N concentrations (Table 3).  Meissner et al. (1993) reported a 
positive correlation between level of N intake of sheep and their rumen NH3-N concentrations.  Satter & Roffler 
(1975) suggested reduced rumen microbial activity if the rumen NH3-N concentration drops below 5 mg/100 ml 
rumen fluid.  Wallace (1979) suggested that the optimal rumen NH3-N concentration should lie between 2 mg 
and 20 mg NH3-N/100 ml rumen fluid and Ørskov (1982) stated that, for maximum fermentation rate, the 
concentration should be between 20 - 24 mg NH3-N/100 ml rumen fluid.  Boniface et al. (1986) reported that 
maximum fermentation rate is more important for grazing herbivores to achieve high intakes than maximum 
microbial yield.  Of all the rumen NH3-N concentrations in this study it was only the vegetative and early bloom 
stages of the 150 kg N/ha and the vegetative stage of the 75 kg N/ha treatments that did comply to the latter. The 
rest of the concentrations complied with the increment set by Wallace (1979) for optimal rumen conditions.  It 
must be kept in mind that the very high rumen NH3-N concentration of the vegetative stage at a fertilisation level 
of 150 kg N/ha together with a possible imbalance between N and soluble carbohydrate could have a negative 
effect on animal production due to the fact that insufficient microbial protein may reach the small intestine 
because of extensive N losses occurring in the rumen via NH3-N (Aii & Stobbs, 1980).   

A general decrease in the VFA concentration in rumen fluid took place as P. maximum cv. Gatton 
matured (Table 3).  Playne & Kennedy (1976) reported the same trend in cattle grazing tropical pastures.  The 
lower VFA concentrations of the full bloom stage compared to the younger stages of growth confirm the 
findings of Walker et al. (1975), who noted that poor quality winter hay resulted in lower VFA concentrations if 
compared to good quality green feed.  No consistent pattern was found in this experiment in terms of VFA 
concentration at different N fertilisation levels. 

In the 75 kg N/ha treatment a significant increase in the acetic to propionic acid ratio occurred as the 
grass matured (Table 3).  Forage quality is correlated with the ratio of acetic to propionic acid ratio.  According 
to Van Soest (1994), higher propionate levels, which will be utilised in gluconeogenesis and result in a sparing 
effect on glucogenic amino acids (MacRae & Lobley, 1986), will enhance production, while a high acetic to 
propionic acid ratio could result in less efficient utilisation of NH3-N in the rumen (Playne & Kennedy, 1976).  
However, acetic acid can be used for tissue growth if sufficient propionic acid (Annison & Armstrong, 1970) 
and dietary N (MacRae & Lobley, 1982) are available.  The significant decrease in the ratio of acetic to 
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propionic acid as the P. maximum cv. Gatton matured for the 75 kg N/ha treatment in this experiment, indicated 
a lower quality pasture. 

Dry matter intake decreased significantly as the pasture matured (Table 4).  The decrease in the quality 
of plant material selected (Table 2) corresponds well with the decrease in intake.  Laredo & Minson (1973) and 
Weston (1985) reported a negative relationship between intake and the structural components of the cell wall. In 
addition Minson (1982) and Minson (1990) found a positive relationship between digestibility and intake.  These 
results were supported by the study of Jarrige et al. (1974) who observed a 75% decline in intake due to a lower 
digestibility.  The lower DM intakes during the full bloom stage could be due to the possibility that sheep, 
according to Barthram (1980), seldom penetrate into areas of plants containing dead or senescent material.  
Apart from this, an increase in the proportional stem material as the grass matured could also be responsible for 
lower intakes (Troelsen & Campbell, 1969; O’Reagain & Mentis, 1988). 

 
Table 4   Mean (± s.d.) for DM intake/kg W0.75, organic matter intake (OMI) and organic matter (OM) digestion 
in sheep grazing fertilised Panicum maximum cv. Gatton pasture at different stages of maturity during autumn 
 

Parameters kg N/ha Vegetative Early bloom Full bloom 
 0 46.01

a ±( 3) 40.41
ab (± 4) 37.71

b (± 4) 
DM intake (g/kg W0.75/d) 75 37.52

a (± 3) 29.22
b (± 5) 26.62

b (± 5) 
 150 38.92

a (± 6) 36.21
a (± 4) 25.52

b (± 3) 
     
 0 14701

a (± 123) 14401
a (± 112) 13631

a (± 43) 
OMI (g/d) 75 11052

a (± 185) 10302
a (± 203) 10412

a (± 201) 
 150 11922

a (± 99) 11802
a (± 208) 10422

a (± 109) 
     
 0 7831

a (± 128) 7361
a (± 163) 6861

a (± 169) 
OM disappearance –  75 5381

a (± 178) 4192
a (± 201) 4571

a (± 137) 
rumen (g/d) 150 7521

a  (± 89) 6741,2
ab (± 118) 4431

b (± 124) 
     
 0 531

a (± 5) 511
a (± 8) 501

a (± 6) 
OM disappearance – 75 491

a (± 13) 381
a (± 15) 441

a (± 15) 
rumen (% of OMI) 150 631

a (± 5) 571
ab (± 10) 421

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

In the present study increasing levels of N fertilisation had a negative effect on DM intake. This is 
contrary to Minson’s (1973) observation on tropical grasses that, when increasing levels of N application 
increased DM digestibility, intakes changed in the same direction.  In summarising the results of many studies 
on both temperate and tropical forages, Minson (1990) found no consistent effect of N fertilisation on intake. In 
this study N fertilisation had no consistent effect on IVDOM values (Table 2). The tendency that increasing 
levels of N fertilisation lowered the acetic to propionic acid ratios in the rumen fluid could possibly have resulted 
in lower intakes, as discussed earlier.  

When OM disappearance in the rumen was expressed as either per day or as a percentage of organic 
matter intake (OMI), a non-significant decline was found as the grass matured.  The only significant decline was 
at the 150 kg N/ha fertilisation level between the vegetative and full bloom stages.  All the values are in the same 
range as those reported for P. maximum cv. Gatton by Van Niekerk (1997) and Relling et al. (2001b).  Relling et 
al. (2001b) also reported a non-significant decline in the proportional OM disappearance in the rumen of sheep 
grazing P. maximum cv. Gatton during autumn as it matured.  However, Funk et al. (1987) and Hart & Leibholtz 
(1990) reported an increase in OM digested in the rumen as pastures increased in maturity, which coincided with 
lower intakes.  Merchen et al. (1986) confirmed these findings by reporting a decrease in OM digestion in the 
rumen as intakes increased.  According to Van Soest (1994) digestibility of forages is a function of the 
competition between digestion and passage rate.  The higher intakes of the younger pasture in this experiment 
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would most probably have resulted in higher passage rates.  Hogan et al. (1987), as cited by Minson (1990), 
reported a positive relationship between level of intake and rumen passage rate.  It is well known that a higher 
passage rate of forages in the rumen could result in a lower rumen OM digestibility (Sniffen et al., 1992).  The 
higher OM digestibility in the rumen of the younger pasture in this experiment was most probably due to a 
higher digestibility per se, where level of intake and passage rate played a secondary role in this context. 

It is well-known that the crude protein concentration in forage can be increased by applying fertiliser N, 
while soluble carbohydrate concentrates decrease due to an increased growth rate (Van Soest, 1994).  The major 
N product when protein is degraded in the rumen, is ammonia (Obara et al., 1991), and cellulolytic organisms in 
the rumen depend mostly on ammonia to satisfy their N needs.  The availability of soluble carbohydrates and 
ammonia levels must be synchronised in the rumen for optimal microbial efficiency (Van Soest, 1994).  The 
significant lower OMI, as been noted in this experiment, together with an overall trend of a lower OM 
disappearance in the rumen when N fertilisation levels increased, could probably be the result of an imbalance 
between ammonia production and available carbohydrates in the rumen. 
 
Conclusions 

As Panicum maximum cv. Gatton matured during autumn, an overall drop in its nutritional value 
occurred.  Nitrogen fertiliser did not exert any significant effect in this regard, except for an increase in N 
concentration as N fertilisation levels increased.  Rumen pH levels increased with advanced pasture maturity, but 
rumen NH3-N concentrations decreased. However, the lowest concentrations are well within the set limits for 
optimal ruminal fermentation, even with no N application.  Rumen VFA concentrations decreased as the pasture 
matured with proportionally more propionic acid in relation to acetic acid in the younger grass. The DM intake 
dropped in the older pastures, which coincided with lower IVDOM values. Nitrogen fertilisation resulted in 
lower DM intakes.  It is concluded that younger pastures at lower levels of N fertilisation (75 kg N/ha) resulted 
in the best quality P. maximum cv. Gatton for sheep during autumn. 
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