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Abstract 
An experiment was conducted to investigate the influence of stage of growth at harvest on 

fermentative characteristics of Panicum maximum silage. The treatments were three different growth stages 
(early vegetative, boot and full bloom stage) that were ensiled directly or wilted prior to ensiling. Directly 
ensiled and wilted forage material were mixed prior to ensiling with molasses at 12 and 8 kg/ton dry matter, 
respectively. Thereafter, each treatment was ensiled in 12 one litre glass jars (bottles). From each treatment, 
samples of the silage were taken from three bottles at 0, 7, 21 and 120 d post-ensiling for analysis of 
fermentative characteristics. Growth stage in directly cut silage had no effect on silage pH between days 0 
and 21. In contrast, within the wilted groups, a lower pH was observed at day 7 when the plants were 
harvested at the boot stage than at an early vegetative or full bloom stage. In both directly cut as well as prior 
wilted silage, a higher lactic acid concentration was recorded on day 7 in the boot stage silage compared to 
the full bloom stage silage, but on day 21 the boot stage had a lower lactic acid concentration than that of the 
full bloom stage silage. Growth stage had no effect on the acetic acid concentration on day 7. However, on 
days 21 and 120 the full bloom stage had a higher acetic acid concentration when the material was directly 
ensiled. In contrast, in prior wilted silage a higher acetic acid concentration was found in the early vegetative 
stage silage than in the full bloom stage silage at 120 days post-ensiling. Total nitrogen was lower in the full 
bloom stage silage than in the early vegetative and boot stage silages. A higher level of ammonia nitrogen 
was recorded at days 7 and 21 for the early vegetative stage silage as compared to the boot stage silage. A 
similar trend was revealed in the prior wilted groups between days 0 and 21. Harvesting at the boot growth 
stage consistently resulted in a good fermentation process with desirable fermentation end products (low pH 
and higher lactic acid concentration) up to a period of 21 days, but when compared at 120 days post-ensiling 
the differences between boot and bloom stages were not clearly observed in terms of fermentative attributes, 
probably due to the confounding effect of undesirable fermentation by entrobacteria or yeast.  
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Introduction 

Panicum maximum (Guinea grass) is indigenous to subtropical areas of southern Africa. It is tolerant 
of shade and fire and produces high yields of palatable fodder during the warm season, but the nutritive value 
declines rapidly with increasing stages of maturity (Aganga & Tshwenyane, 2004). The removal of surplus 
forage (for silage) will ensure a succession of high quality regrowth for grazing and can be used to prepare 
an area for the production of foggage (De Figueiredo, 2000). The silage could supply quality roughages 
during late winter and early spring periods when the pasture is low in nutritive value, but high in dry matter 
(DM) concentration (Rethman, 1983; Tainton, 2000). Silage has several advantages over hay for the 
conservation of fodder. It does, however, require a good microbial fermentation process to produce a good 
quality fodder. For tropical grass species, desirable anaerobic fermentation might not take place to ensure a 
high level of lactic acid production with a low pH as well as low acetic acid and ammonia nitrogen (NH3-N) 
concentrations (Catchpoole & Henzell, 1971; Sujatha et al., 1986; Imura et al., 2001). This is because 
tropical grass species generally have a higher buffering capacity (BC) and/or lower water soluble 
carbohydrate (WSC) levels to support growth and multiplication of lactic acid fermenting bacteria than ideal 
silage crops. The actual economic value of silage is, however, dependent on the type, extent and level of 
fermentation and the fermentation end products of the silage. All of these are influenced by the type and 
quality of the forage crop as well as harvesting and ensiling techniques, which subsequently determine the 
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preservation process, nutritive value and voluntary feed intake by the animal (Wilkins et al., 1971; 
Demarquilly, 1973). The end products of silage fermentation are often monitored to assess silage quality. 
This paper reports the influence of growth stages at harvest on the fermentation process of Panicum 
maximum silage ensiled either directly or wilted prior to the ensiling process.  
 
Materials and Methods 

The study was conducted at Potchefstroom Agricultural College, North West Province, South Africa 
(altitude 1338 m above sea level, 2642'13.07" S and 270.5'52.88" E). The area is an exclusive summer 
rainfall area with dry autumns and winters. The top soil had a pH (in water) of 6.7  0.26, a pH (in KCl) of 
5.7  0.19, and contained P at 60  27.5 mg/kg, K at 53  12.1 mg/kg, Ca at 494  34.1 mg/kg, Mg at 359  
45.1 mg/kg and Na at 14  2.8 mg/kg.  

Panicum maximum cv. Gatton was established in February on a 0.8 ha area under irrigation. During 
August at the end of the first winter, the pasture was harvested and materials removed. During the 
subsequent growing season, the pasture was top dressed with 100 kg nitrogen (N)/ha [350 kg of lime 
ammonium nitrate (LAN)/ha] in October and with 50 kg N/ha in January. The pasture received 25 mm water 
weekly (rainfall and/or irrigation) during the growing season. 

Before cutting the plants for ensiling purpose, 10 tufts were clipped at a height of 10 cm above the 
ground. The material from these tufts was pooled and a sample was oven dried at 100 °C for 24 h to 
determine the initial DM concentration of the herbage. This was essential to be able to estimate the amount 
of sugar that had to be added to each treatment during ensiling. Subsequently the third re-growth of the  
P. maximum pasture was mown at the early vegetative, boot and full bloom stages of growth that 
corresponded to 28, 37 and 53 days regrowth at harvesting, respectively. The harvested forage material was 
collected fresh and fed into the maize silage harvester in order to reduce the size to a length of 12 ± 1 mm. 
There-upon, depending on treatment, about 640 g of the chopped material was either directly ensiled in 1 L 
jars or wilted for 5 - 6 h to a DM concentration of ± 30% prior before ensiling. The directly ensiled 
treatments were mixed with 12 kg molasses additive/ton DM while the prior wilted material was mixed with 
8 kg molasses/ton DM. Each treatment was ensiled in 12 glass bottles (fruit jars), each with 1 L volume 
capacity. The bottles were filled and compacted in order to eliminate oxygen and sealed with a tight cover to 
obtain sustainable anaerobic conditions. The mini-silos were then stored at room temperature (22 °C) for 
periods of 0, 7, 21 and 120 days. The Day 0 sample was immediately stored in a deep freezer for later 
analysis. The DM, WSC concentration as well as the BC of the fresh as well as the wilted grass samples 
were determined before ensiling of the grass. Thereafter, three mini-silos each from both the directly cut and 
wilted silage treatments were opened on days 7, 21 and 120 post ensiling. One third of the ensiled forage 
material from each sample was oven dried at 60 °C and analysed in duplicate to determine their DM, organic 
matter (OM) and N concentrations according to the AOAC (2000) methods. The second portion of the silage 
sample was stored in a freezer at -13 °C until its pH was measured and the concentration of lactic acid, acetic 
acid and NH3-N determined. The remaining silage was discarded after sampling. About 40 g of a wet silage 
sample was placed in a 1000 mL container and 160 mL distilled water and saturated mercuric chloride were 
added, the latter as a preservative, and stored overnight at 7 °C. The extract was shaken for 6 h at 180 rpm 
and filtered through four layers of cheesecloth to remove plant matter. The supernatant was then transferred 
to 250 mL plastic bottles and stored in a freezer (-15 C) for later determination of pH, lactic acid, acetic acid 
and NH3-N concentrations. The pH was measured after allowing the samples to stand overnight at room 
temperature. Buffering capacity was determined following the procedure of Payne & McDonald (1966) and 
WSC concentration using the procedure of McDonald & Henderson (1964). The NH3-N concentration was 
determined using a Technicon Auto Analyser II following the procedure of Davie (1989). Volatile fatty acid 
and lactic acid were determined from 3 mL of the silage extract following the procedure of Payne & 
McDonald (1966) and Pryce (1969), respectively.   

The general linear model (GLM) procedure of SAS (2001) was used to test statistical differences 
between the different growth stages and between sampling periods. The influence of stage of maturity and 
sampling periods were analysed separately for the directly cut and wilted silage samples. Significance of 
difference between least squares means was determined by Bonferroni’s test (Samuels, 1989).  
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Results and Discussion 
In this study the concentrations of WSC and BC for directly cut as well as wilted silage harvested at 

the early vegetative stage were higher than at the boot and full bloom stages (Table 1). However, a higher 
BC for the early vegetative stage harvest means that more acid molecules would be needed to decrease the 
pH of the silage compared to the boot stage or full bloom stages (Sollenberger et al., 2004). In this study, the 
range of BC recorded for P. maximum (1183 - 1480 meq/kg DM) was generally higher than values reported 
by McDonald (1973) for forage maize (200 meq/kg DM), orchard grass (300 meq/kg DM), ryegrass (250 - 
400 meq/kg DM), lucerne (400 - 600 meq/kg DM) and clover (500 - 600 meq/kg DM). 

For all directly cut silages, the pH declined (P <0.05) rapidly (below 4) regardless of growth stage 
(Table 2) while, within the prior wilted treatments the decrease in pH was more gradual for the early 
vegetative and full bloom stages up to day 21 (Table 3). According to Meeske et al. (2000) and Schroeder 
(2004) the rate of pH decrease influences the quality of the silage and it appears that the BC and lower WSC 
concentration recorded at the early vegetative and the full bloom stages, respectively, might have contributed 
to the gradual decrease in pH recorded for wilted silage harvested at the vegetative and full bloom stages. 
Kung & Shaver (2001) suggested that good quality silage should have a pH value of less than 4.2, and this 
should be attained between days 7 and 21 post ensiling. The same authors reported that at a pH of ±4, the 
silage is well preserved and microbial growth will be completely inhibited. The pH needed for preservation 
also depends on the DM content. Critical pH values for fermentation are pH 4.2, pH 4.45, pH 4.75 and pH 5 
at DM levels of 20%, 30%, 40% and 50%, respectively (Weissbach, 1996). In contrast, the slower rate of 
decrease in pH will provide more time for the growth of clostridia, which grow well at pH values of 5 and 
higher (Jonsson, 1991; Meeske et al., 1999; Schroeder, 2004). The rate of decrease in pH is also determined 
by the epiphytic bacteria present in the crop prior to ensiling and the level of fermentable sugar (water-
soluble carbohydrates), which in turn depends on stage of maturity (Meeske et al., 2000; Schroeder, 2004). 
In this study maturity in particular had a tremendous impact on the moisture level of directly cut silage.  At 
day 0 a higher moisture level was recorded for the early vegetative stage than the boot or full bloom stage 
forage material/silage (Table 1), and this agrees with previous results reported for directly cut forage crops 
such as maize silage (Schroeder, 2004). In this study, the gradual increase in pH at 120 days post ensiling for 
directly cut silage harvested at the full bloom harvest stage is possibly an indication of undesirable 
fermentation from micro-organisms such as clostridia. According to Schroeder (2004), the Clostridia are 
more likely to occur in forage ensiled at moisture levels higher than 70% than below, which results in higher 
pH values (Anonymous, 1995; Meeske et al., 2000). Clostridia are anaerobic bacteria, which break down 
protein and produce butyric acid, which will lower the palatability and intake of silage (Meeske et al., 2000). 
Unfortunately the concentration of butyric acid was not recorded in this experiment. 

The lactic acid production was significantly affected by the stage of growth at harvesting (Table 2). 
Except for the directly cut silage on day 120 (Table 2), the boot and full bloom stages showed higher  
(P <0.05) lactic acid concentrations than the early vegetative stages on days 7 and 21. A higher concentration 
 

 
Table 1 Mean dry matter (DM, %), water-soluble carbohydrate concentration (WSC, g/kg DM) and 
buffering capacity (BC, meq/100g DM) of molasses treated Panicum maximum forage at the start of the 
experiment 
 

Growth stage Moisture 
status at 
ensiling 

Parameter 
Early vegetative Boot stage Full bloom stage 

s.e. 

      

Directly cut  DM (%) 19.0c 23.1 b  25.0 a  0.36 
 WSC (g/kg DM) 56.7 a 46.7 b 39.7 c 1.43 
 BC (meq/100g DM) 148.0 a 134.7 b 128.7 c 1.44 
      
Wilted DM (%) 29.6 b 28.6 b 31.3 a 0.36 
 WSC (g/kg DM) 50.7 a 41.3 b 37.7 b 1.43 
 BC (meq/ 100g DM) 137.0 a 127.7 b 118.3 c 1.44 
      

a, b, c, Values with different superscripts across a row differ significantly at P <0.05. 
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Table 2 Effect of growth stages at harvest on directly ensiled P. maximum silage fermentation characteristics 
 

Growth stage 
Fermentation parameter  Sampling day 

Early vegetative Boot stage Full bloom stage 
     

pH  0 5.021
a ± 0.03 4.981

a ± 0.05 4.812
b ± 0.03 

 7 3.971
b ± 0.01 3.941

b ± 0.03 3.951
c ± 0.02 

 21 3.941
b ± 0.03 3.891

b ± 0.02 3.951
c ± 0.04 

 120 3.932
b ± 0.02 3.833

b ± 0.04 5.041
a ± 0.05 

     
Lactic acid (g/kg DM)  0 3.11

c ± 1.27 3.51
c ± 0.09 2.41

d ± 0.84 
 7 29.72

b ± 1.82 40.51
b ± 7.36 37.81

b ± 4.36 
 21 30.03

b ± 0.20 48.52
a ± 4.21 56.61

a ± 1.42 
 120 37.82

a ± 3.20 49.01
a ± 1.23 20.73

c ± 0.20 
     
Acetic acid (g/kg DM)  0 2.792

b ± 1.77 5.981
a ± 0.15 3.711,2

b ± 0.20 
 7 4.711

b ± 0.71 7.711
a ± 1.57 6.171

b ± 1.64 
 21 9.902

a ± 0.12 9.532
a ± 1.61 13.131

a ± 0.78 
 120 10.152

a ± 0.12 7.872
a ± 0.42 14.691

a ± 0.37 
     
Total nitrogen (g/kg DM) 0 23.61

a ± 0.20 25.31
a ± 0.04 20.82

a ±0.07 
 7 21.41

ab ± 0.57 22.91
ab ± 0.98 18.72

ab ± 1.12 
 21 22.71

a ± 0.60 23.91
ab ± 0.59 17.92

b ± 0.32 
 120 19.71,2

b ± 1.53 21.51
b ± 0.52 19.22

ab ± 2.70 
     
Ammonia-nitrogen (g/kg N) 0 44.41

c ± 5.95 40.81
ab ± 1.01 45.41

b ± 1.86 
 7 52.31

c ± 1.27 29.12
b ± 6.90 34.62

b ± 2.10 
 21 70.81

b ± 12.67 54.42
a ± 1.26 32.83

b ± 0.80 
 120 98.71

a ± 28.30 47.52
a ± 1.16 91.81

a ± 50.13 
     

a, b, c, d, Values with different superscripts within a column differ significantly at P <0.05. 
1, 2 Values with different subscripts across a row differ significantly at P <0.05. 
 

 
of lactic acid (in a range of 60 - 100 g/kg DM) is desirable for good quality silage, as this retains more DM 
and energy and preserves the silage well for a long period of time (Schroeder, 2004; Bethard, 2006). At day 
21, the full bloom stage silage resulted in a higher (P <0.05) lactic acid concentration than the boot stage 
silage, but on day 120 the concentration of lactic acid for the full bloom stage decreased in the directly cut 
silage. The reduction in lactic acid could be partly the result of the degradation of lactic acid to butyric acid, 
CO2 and water by the action of Clostridium tyrobutyricum and/or yeasts (Oude Elferink et al., 2000). 

In wilted silages, however, lactic acid production increased (P <0.05) gradually up to day 120 for the 
early vegetative and full bloom stages (Table 3). This increase in lactic acid concentration with fermentation 
time is in accordance with other studies (Aguilera et al., 1997). For prior wilted treatments, however, the 
lactic acid concentration declined significantly for the boot stage at days 21 and 120 post ensiling. The 
decrease in lactic acid concentration was associated with a gradual increase in pH and NH3-N concentration 
for the same treatments (Table 3). This might be due to clostridial fermentation as the end products have 
relatively higher pH values, and will result in higher pH values (≈ 5) (Schroeder, 2004). Unfortunately the 
butyric acid concentration was not measured in our experiment to verify this. However, for directly cut 
silages, boot stage harvesting resulted in a higher (P <0.05) lactic acid concentration at 120 days compared to 
harvesting at early vegetative stage or full bloom stages. This means that the directly ensiled silage boot 
stage is the optimum stage of harvest, since it consistently resulted in a higher lactic acid concentration, a 
lower NH3-N concentration and lower pH values during the fermentation process. For prior wilted silage, the 
early vegetative stage seems to be better preserved as compared to the boot or full bloom stages when 
evaluated in terms of silage pH and lactic acid concentration. However, the recorded higher NH3-N as well 
as the higher acetic acid concentrations for the early vegetative stage suggests the presence of clostridia 
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Table 3 Effect of growth stages at harvesting on prior wilted P. maximum silage fermentation characteristics 
 

Growth stage 
Fermentation parameter Sampling day 

Early vegetative Boot stage Full bloom stage 
     

pH 0 5.221
a  ± 0.03 4.712

a ± 0.02 4.672
a ± 0.01 

 7 4.421
b ± 0.02 4.042

d ± 0.05 4.421
b ± 0.03 

 21 4.132
c ± 0.04 4.172

c ± 0.04 4.321
b ± 0.02 

 120 4.163
c ± 0.03 4.521

b ± 0.02 4.332
b ± 0.05 

     
Lactic acid (g/kg DM) 0 2.61

d ± 1.27 3.71
c ± 1.60 2.41

c ± 0.082 
 7 19.02

c ± 1.85 28.01
a ± 3.44 16.31

b ± 0.40 
 21 25.01

b ± 4.07 19.92
b ± 2.83 26.01

a ± 3.02 
 120 31.41

a ± 5.02 21.52
b ± 8.30 25.42

a ± 1.42 
     
Acetic acid (g/kg DM) 0 2.731

c ± 0.85 3.711
b ± 0.74 2.661

b ± 1.26 
 7 5.371

bc ± 0.06 5.001
b ± 0.58 5.571

ab ± 0.83 
 21 6.481

b ± 0.23 5.431
ab ± 0.58 7.841

a ± 0.97 
 120 12.251

a ± 2.55 9.181,2
a ± 0.23 8.042

a ± 0.99 
     
Total nitrogen (g/kg DM) 0 25.32

a ± 0.26 27.41
a ± 0.23 17.53

ab ± 1.36 
 7 24.32

a ± 0.73 27.21
a ± 1.45 18.43

ab ± 0.87 
 21 22.72

b ± 1.04 26.71
a ± 2.31 19.42

a ± 0.49 
 120 20.62

b ± 0.37 25.51
a ± 0.95 16.63

b ± 0.57 
     
Ammonia-nitrogen (g/kg N) 0 27.32

c ± 7.59 21.82
b ± 1.29 46.41

a ± 2.44 
 7 51.51

b ± 0.52 31.02
b ± 0.40 42.21

a ± 2.33 
 21 72.21

a ± 9.91 30.32
b ± 0.79 34.62

a ± 2.07 
 120 87.02

a ± 1.94 113.31
a ± 17.00 34.53

a ± 0.82 
     

a, b, c, d, Values with different superscripts within a column differ significantly at P <0.05. 
1, 2 Values with different subscripts across a row differ significantly at P <0.05. 

 
 
activity. At day 120 the full bloom stage has lower pH and NH3-N values compared to the boot stage.  By 
delaying harvest there is a trend of a reduction in WSC and BC as well as an increase in DM concentration. 
The relative reduction in WSC associated with maturity might have contributed partially for the poor 
preservation at the boot stage, while at the same time the observed reduction in BC and increase in DM 
concentration at the full bloom stage have played a positive role towards better preservation. This is because 
the lower the moisture content of the crop, the higher the pH at which anaerobic stability is reached. 
Moreover, forages with a high BC are undesirable in silage because more WSC must be used to produce the 
additional acid required for a reduction in pH which is necessary to inhibit clostridia activity and enhance 
lactic acid bacteria growth for good preservation. According to McDonald et al. (2002), a DM below 25% 
favours clostridial activity and DM losses as a results of effluent may also occur. On the other hand if the 
forage is wilted prior to ensiling, organic acids are lost in the wilting process and this reduces the BC of the 
plants which improves the ensiling process. In addition, a higher DM concentration (as for the wilted silage) 
may result in higher DM intake by animals. 

With regard to acetic acid concentrations, at day 7 harvesting stage had no significant effect on the 
level of acetic acid production (Table 2, 3) at these stages. However, the highest acetic acid concentration 
(14.6 g/kg DM) recorded in this study was lower than the upper limit (20 g acetic acid/kg silage DM) 
suggested for good quality silage by Ward (2000). Within the directly cut silage, acetic acid concentration 
was lower (P <0.05) in the early vegetative and boot stages compared to the full bloom stage. Although 
acetic acid production is somewhat desirable as it can be utilised by ruminants (Schroeder, 2004), it is an 
indicator of slower fermentation and its higher concentration in silage reduces dry matter intake (Erdman, 
1993). 
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In this study, on days 0 to 21 the N concentration of directly cut full bloom stage silage was the lowest 
(Table 2), and the same trend was recorded for the wilted silage. This is probably due to a decrease in the N 
concentration of the forage as the crop matures. Similar to silage pH and lactic acid concentration, NH3-N 
concentration can be used as an indicator of an undesirable type of fermentation process. Although up to 
50% of the total plant protein may be broken down to NH3-N and amines by aerobic bacterial action, the 
extent of proteolysis depends on the rate of pH decline in the silage (Schroeder, 2004). The acid environment 
eventually reduces the activity of proteolysis. A more rapid decline in pH would limit degradation and  
de-amination of forage proteins and reduce NH3-N production (Woolford, 1984; Jonsson, 1991; Meeske  
et al., 1999; Schroeder, 2004). In contrast, high NH3-N levels (>10% of the total N) may lead to reduced 
silage intake and this is normally associated with undesirable fermentation by enterobacteria and clostridia 
(Kung & Shaver, 2001). In this study, the NH3-N level was the lowest (P <0.05) at days 7 and 21 for silages 
harvested at the boot stage compared to that harvested at the early vegetative or full bloom stages. This 
pattern corresponded well with a lower silage pH and higher lactic acid concentrations (Tables 2 and 3). 
However, at day 120 the proportion of NH3-N for the boot stage that was ensiled after wilting was 
exceptionally high. The exact cause is not clear, but it could be related to clostridia activity. Infiltration of air 
in the silo might also be an alternative cause that encourages yeast fermentation, which could lead to a higher 
N breakdown (Meeske et al., 2000) and a higher acetic acid production (McDonald et al., 2002). Insufficient 
viable lactic acid bacteria on the grass at ensiling could also result in a delay in the drop of pH, higher 
nutrient losses and silage of a poorer palatability (Woolford, 1984) by favouring the undesirable bacteria 
species fermentation (McDonald et al., 2002). 
 
Conclusions 

In this study, directly cut silage harvesting at the boot stage of growth resulted in a desirable 
fermentation end product (lower pH and higher lactic acid and total N) up to a period of 120 days. This 
helped to maintain the nutritive value of the silage during the preservation period. At the same time the 
breakdown of protein by clostridia under anaerobic conditions was very low for the boot stage growth, which 
could minimize nutrient loss. Desirable fermentation end products will in turn ensure a higher DM (nutrient) 
concentration and an additional benefit in terms of improved animal performance.   
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