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GRASSLAND AND FORAGE CONSERVATION 
 
Yield and weed suppression of grass / legume mixtures compared with monocultures in 
the first year after sowing 
Grass/legume pastures are potentially beneficial to enhance the performance of ruminant 
livestock and reduce reliance on inorganic nitrogen (N) fertiliser.  However, instability of 
simple grass / legume mixtures with only one grass and one legume species can contribute to 
an inconsistent output of animal output and supply of organic N.  Alternatively, multiple grass 
and legume species, with different growth, persistence and nutritional characteristics, may be 
included in a pasture seed mixture to improve the stability of the sward.  The key requirements 
of formulating a productive grass / legume seed mixture with two or more sown species are, 
overall seeding rate, type and number of species, and the relative proportions of each species in 
the seed mix. An objective of this study was to examine the initial productivity of 4-species 
grass/legume mixtures compared with monocultures in terms of total dry matter (DM) yield 
and suppression of weeds in the first year after sowing. 
 
A novel experimental approach was applied which aimed to differentiate yield responses 
resulting from varying the number of species from those obtained by modifying their 
proportion in multi-species seed mixtures.  Specifically, swards of two grasses (G1 and G2) 
and two legumes (L1 and L2) were established at Athenry, Moorepark and Johnstown Castle.  
Species used were perennial ryegrass (G1), timothy (G2), white clover (L1) and Caucasian 
clover (L2) at Athenry and Moorepark, and perennial ryegrass (G1), cocksfoot (G2), red clover 
(L1) and white clover (L2) at Johnstown Castle.  Using a simplex design, 15 swards were 
examined with different proportions of a fixed overall seeding rate of each species.  There were 
four monocultures, four mixtures dominated in turn by each species, six mixtures dominated in 
turn by pairs of species and one mixture with each species equally represented.  These were 
repeated at two overall seeding rates, giving 30 plots of 8-10 m2.  At Athenry and Moorepark, 
the monocultures and five selected mixtures were repeated at two levels of N fertiliser (N1 and 
N2). Swards were randomly assigned to plots and managed by cutting. 
 
Preliminary analysis of the results indicates there was no effect of overall seeding rate on total 
yield at all three sites.  However, the mean total yield of the mixtures was greater than the 
mean total yield of the monocultures by 2-3 t DM/ha/year, which was consistent across the 
three sites and two levels of N (Figure 2).  Although the species-specific effects on the total 
yields of the monocultures were different across the sites and N treatments, the magnitude of 
the difference in total yield was the same.  Conversely, the mean yield of weeds from the 
monocultures was consistently greater than that from the mixtures.  Therefore, there were 
advantages of the 4-species grass / legume mixtures over the monocultures in terms of both 
total yield and suppression of weeds in the first year after sowing. 
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Figure 2. Total annual dry matter (DM) yield averaged over seeding rates for 11 mixtures 
( ) and four monocultures of G1 ( ), G2 ( ), L1 ( ) and L2 ( ). 
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Growth and development of seedlings of perennial clover species compared with 
perennial ryegrass 
Improving animal performance through increasing the legume content of pastures is a recurring 
theme in grassland research.  Traditionally, white clover and perennial ryegrass have been the 
species used.  However, red clover and Caucasian clover may be included in a seed mixture to 
increase the total legume content of the sward.  In particular, red clover cultivars developed to 
persist in grazed conditions exist but there is little information about the establishment of these 
cultivars relative to other pasture species.  For most pasture species, establishment success can 
be attributed to the ability of seedlings to intercept light for photosynthesis at an early stage 
after sowing.  Light interception is driven mainly by canopy or leaf area expansion which is the 
product of growth (leaf size) and development (leaf appearance rate and branching) 
components of the plant.  Plant development rate is linearly related to temperature up to an 
optimum and each development stage can be quantified in thermal time (Tt). The objective of 
this study was to examine the early growth and development of seedlings of contrasting pasture 
species after an autumn sowing. 
 
The experiment was conducted at Grange, Beef Research Centre, with four replicates and 4 m 
× 5 m plots.  There were six cultivars of red clover, either more suited to cutting (Britta, Maro 
and Merviot) or grazing (Grasslands Broadway, Grasslands Colenso and Grasslands 
Sensation), and two cultivars each of Caucasian clover (Endura and KTA202), white clover 
(Aran and Avoca) and perennial ryegrass (Cashel and Spelga).  Seeds were sown on 8 
September 2006. The growth (shoot weight and leaf area) and development (leaf appearance 
and axillary shoot [e.g. tiller] development) of three median plants in each plot were measured 
for 54 days after sowing.  Leaf area was measured by taking digital images of detached 
emerged leaves and analysing the images using image-analysis software. 
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Table 27: Seedling growth and development of 12 cultivars of white clover (WC),  
                 Caucasian clover (CC), red clover (RC), or perennial ryegrass (PRG) up  
                 to 54 days after sowing 
     Shoot 

dry 
weight 
plant

  
   
 
 
Species

 
 
Cultivar

First leaf 
appearance 

 Axillary 
leaf 
initiation 

Leaf 
area 
plant

 
 Number 

of leaves -1 -1Phyllochron   
(°Cd) (°Cd) (°Cd) (mg) (mm2) plant-1

WC Avoca 236cd 105abc 551b 25e 420d 8.9b

 Aran 234cd 104abc 552bc 34cde 560cd 7.3bc

CC Endura 248d 154f >670f 28de 430d 3.7e

 KTA202 233cd 148f >670f 36bcde 570cd 3.8e

RC Broadway 229cd 118bcde 584bcd 41bcd 750bc 7.0bcd

 Britta 219bc 130cdef 623de 43bcd 730bc 5.4d

 Colenso 229cd 109abcd 605cde 45bc 880bc 6.2cd

 Merviot 229cd 139ef 657e 48bc 940b 5.5d

 Sensation 206b 131def 634de 51bc 980b 5.3d

 Maro 223bc 134def 632de 57b 960b 5.7cd

PRG Spelga 143a 89a 326a 130a 1880a 19.6a

 Cashel 143a 97ab 344a 161a 2120a 20.1a

SED  7.3 8.0 16.7 1.1 115 1.08 
P value  0.001 0.001 0.001 0.001 0.001 0.001 
Means within columns with different superscripts are significantly different (α = 0.05). 
 
The results demonstrated differences in seedling growth and development between pasture 
cultivars as early as 54 days after sowing (Table 27). The perennial ryegrass cultivars required 
less Tt for development and had greater leaf areas and shoot weights than the clovers, whereas, 
Caucasian clover required the most Tt for development and had the lowest leaf areas and shoot 
weights. These results suggest that the growth and development of individual pasture species 
need to be considered when making decisions on time of sowing and composition of pasture 
seed mixtures.  For example, all the red clover cultivars had high rates of leaf area expansion 
and could, therefore, be sown in autumn with perennial ryegrass.  In contrast, spring sowing of 
Caucasian clover in seed mixtures that do not include perennial ryegrass or red clover should 
be recommended, to minimise the interval in days to axillary leaf development and to reduce 
competition for light from other pastures species. 
 
Black, A.D.                                    RMIS No. 5391 
 
 
Growth and intake of weanling heifers managed on pasture or indoors on grass silage 
during winter 
The profitability of pasture-based beef systems is related to the amount of pasture utilised and 
the efficiency with which this pasture is then transformed into beef.  In Ireland the majority of 
spring-born calves are housed for their first winter, then in spring put back onto pasture and, in 
late autumn, housed for their second winter for finishing.  This may not always be cost 
effective due to the high costs involved in spending two winters inside, even though feed costs 
have been kept low.  A system in which young cattle graze pasture through their first winter or 
not spend a winter inside would eliminate bedding, feeding and possibly some housing costs.  
In addition, an ability to maintain a proportion of the herd exclusively on pasture may 
contribute to the development of a high value grass-fed beef brand. One of the objectives was 
to examine the liveweight gain (LWG) and dry matter (DM) intake of weanling rotationally 
stocked on pasture or fed indoors on grass silage during their first winter. 
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Twenty-five spring-born Charolais or Limousin weanling heifers grazed exclusively on pasture 
at Grange from 28 November 2006 to 22 March 2007 (115 days).  Another 25 heifers of 
similar age and breed were fed grass silage ad libitum indoors on slatted floors during the same 
period.  Mean (sd) live weight on 28 November 2006 was similar for both groups at 276 (26) 
kg.  The grazing heifers were divided into three replicate groups balanced for initial live 
weight.  Each replicate group was rotationally stocked separately on perennial ryegrass/white 
clover pasture.  The pasture was rationed daily throughout the winter using temporary electric 
fences to achieve a target herbage intake of 2 kg of DM / 100 kg of live weight, and a target 
post-grazing herbage mass of 800-900 kg DM/ha measured to ground level.  The heifers fed 
silage were divided into five pens with five animals per pen and were given a daily allowance 
of grass silage which was greater than their daily intake.  Live weight was measured every 3-4 
weeks to estimate the mean heifer LWG of each group.  Daily DM intake (kg/heifer) of pasture 
and silage was estimated for each group on each day as the difference between available and 
residual DM divided by the number of heifers per group.  A summary of the preliminary 
results are presented in Tables 28 and 29. 
 
Table 28: Daily liveweight gain (LWG) and dry matter (DM) intake of weanling heifers  
                  either grazing pasture or feed grass silage indoors during winter from 28 
                  November 2006 to 22 March 2007 (115 days) 

n sdVariable Treatment Mean
Final live weight (kg/heifer) Pasture 339 3 8.9 
 Grass silage 326 5 26.6 
Daily LWG (g/heifer) Pasture 566 3 78.1 
 Grass silage 438 5 16.3 
Daily intake (kg DM/heifer) Pasture 6.2 319 1.33 
 Grass silage 5.1 505 0.88 
g LWG/kg DM intake Pasture 91 3 11.8 
 Grass silage 85 5 6.5 
n: number of observations; sd = standard deviation. 
 
Table 29: Mean grazing allowance, herbage mass and botanical composition of pasture  
                 for 25 heifers rotationally stocked in three replicate groups (8 or 9  
                 heifers/group) from 28 November 2006 to 22 March 2007 (115 days) 

n sdVariable Mean
Total area grazed (ha) 19.1 - - 
Daily area allowance (m2/group) 514 357 164.8 
Pre-grazing herbage mass (kg DM/ha) 1807 356 439.0 
Post-grazing herbage mass (kg DM/ha) 701 348 171.8 
Daily herbage allowance (kg DM/heifer) 10.3 335 2.26 
Botanical composition of pasture    
- Proportion of grass leaf 0.822 56 0.0671 
- Proportion of white clover 0.011 56 0.0217 
- Proportion of dicotyledonous weeds 0.005 56 0.0121 
- Proportion of dead material 0.162 56 0.0564 
n: number of observations; sd = standard deviation. 
 
Black, A.D. and Moloney, A.P.        RMIS No. 5644 
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Growth of steers grazing perennial ryegrass cultivars bred for normal or elevated 
concentrations of water soluble carbohydrates 
An elevated concentration of water soluble carbohydrates (WSC) in perennial ryegrass (Lolium 
perenne L.) could enhance the growth of and reduce nitrogen excretion by grazing cattle. 
‘AberDart’(Ab) perennial ryegrass was bred for an elevated concentration of WSC, whereas, 
no such selection occurred with ‘Fennema’(Fe) perennial ryegrass. The objective of this study 
was to compare the growth of steers grazing these two cultivars, together with the associated 
herbage yield and composition.  Swards of ‘AberDart’ and ‘Fennema’ perennial ryegrass were 
established in September 2001 at Grange Beef Research Centre. Sixty-two Charolais or 
Limousin crossbred steers were selected with a mean (s.d.) age of 24 (0.6) months and live 
weight of 487 (36.6) kg. A randomised block design was applied with animals blocked on 
breed and live weight. One animal from each block was assigned at random to each cultivar, 
giving 31 animals per group. 
 
The two groups of cattle were rotationally grazed on swards of each cultivar from 28 April to 
28 September 2004. They were moved to new pasture every 3-5 days once swards had been 
grazed to a mean height of 6 cm. 
 
Cattle were weighed every 3-4 weeks and carcass weight was measured post-slaughter. Swards 
were sampled immediately before grazing by cutting four strips (each 1.5 m × 5.0 m) to 4 cm 
using a Haldrup harvester. The freshly cut herbage was weighed and sub-sampled. One sub-
sample, of 100 g, was dried at 98°C to constant weight to determine dry matter (DM) content, 
herbage mass and herbage allowance. A second sub-sample, of 200 g, was dried at 40°C to 
constant weight and ground through a 1-mm sieve. Fortnightly composites of milled samples 
were analysed for WSC, crude protein, ash and organic matter digestibility. Compressed sward 
height and herbage mass immediately after grazing was estimated using a rising plate meter 
calibrated for perennial ryegrass. Apparent intake was estimated as the difference between 
herbage mass before and after grazing. Data were analysed by the PROC GLM procedure of 
SAS using a model that accounted for treatment and blocking. 
 
There were no differences (P>0.05) in mean liveweight gain and carcass weight between steers 
grazing ‘AberDart’ and ‘Fennema’ perennial ryegrass (Table 30, Figure 3). There was a non-
significant (P>0.05) increase in WSC (mean 12 g/kg DM) measured in ‘AberDart’ compared 
with ‘Fennema’ across the season (Table 30, Figure 4). Similar values were also found 
between the two cultivars for herbage mass, herbage allowance, apparent intake, crude protein, 
digestibility (Table 30) and sward height after grazing. 
 
Table 30: Liveweight gain (LWG), carcass weight (CW), pre- and post-grazing herbage 
mass (PreHM, PostHM), herbage allowance (HA), apparent intake (AI), water soluble 
carbohydrate (WSC), crude protein (CP), ash and organic matter digestibility (OMD) for 
‘AberDart’ (Ab) and ‘Fennema’ (Fe) perennial ryegrass 
Variable Ab Fe s.e.d. Sign. 
LWG (kg/d) 1.01 0.98 0.038 NS 
CW (kg) 337 336 6.2 NS 
PreHM (kg DM/ha) 2570 2760 64 P<0.05 
PostHM (kg DM/ha) 1110 1130 23 NS 
HA (kg DM/an./d) 15 14 0.7 NS 
AI (kg DM/an./d) 9 8 0.5 NS 
WSC (g/kg DM) 151 139 14.3 NS 
CP (g/kg DM) 189 187 7.3 NS 
Ash (g/kg DM) 99 96 3.0 NS 
OMD (g/kg) 767 758 11.1 NS 
NS, not significant. 
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Figure 3. Live weight (s.d.) of steers grazing ‘AberDart’ and ‘Fennema’ perennial    
                 ryegrass. 
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Figure 4. Water soluble carbohydrate (WSC) (s.d.) in ‘AberDart’ and ‘Fennema’        
                 perennial ryegrass. 
 
It is concluded that there was no advantage by steers grazing ‘AberDart’ compared with 
‘Fennema’ perennial ryegrasses, which was associated with similar levels of herbage mass and 
nutritive value between the two cultivars. 
 
Acknowledgements: EU Framework V (QLK5-CT-2001-0498) for funding. 
 
 
Black, A.D., O’Kiely, P. and Moloney, A.P.                             RMIS No. 5002 
 
 
Intake, digestibility, N metabolism and growth in growing steers offered zero-grazed 
grass supplemented with sucrose 
Ruminal availability of carbohydrate and nitrogenous compounds can be asynchronous in 
grazing cattle at some stages of the year.  This asynchrony may restrict animal production and 
lead to elevated excretion of urinary N which would have negative economic and 
environmental implications. Increasing the concentration of water soluble carbohydrates 
(WSC) in grass might better align the kinetics of carbohydrate and N metabolism in the rumen, 
leading to potentially improved growth rates and reduced excretion of urinary N by beef cattle. 
This experiment simulated such an increase, quantifying the effects on the intake, digestion, N 
metabolism and growth of growing beef cattle.  
 
The sugar concentration of zero-grazed grass was incrementally increased by adding 
supplementary sucrose. Grass was zero-grazed because it facilitated accurate measurement of 
grass intakes and of faecal and urinary outputs, permitted accurate and temporal 
supplementation with a series of rates of added sucrose and eliminated potentially confounding 
effects of sward supply, composition and structure. Grass (Lolium perenne L.; intermediate 
heading) was harvested daily for 83 days from 16 July 2003, and 15 continental crossbred 
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steers (324 (s.d. 33.7) kg mean starting liveweight) per treatment were individually offered 
grass ad libitum with 0, 30, 60, 90 or 120 g sucrose added per kg grass dry matter (DM). The 
steers were blocked by mean starting liveweight. On four 10-day occasions during the 
experiment, total urinary and faecal outputs were individually collected from two steers (2 
blocks of cattle) per treatment. Measurements were made to permit determination of the 
digestibility coefficients of dietary constituents, N balance and microbial protein production 
(based on the excretion of the purine derivates uric acid and allantoin). Data were subjected to 
analysis of variance appropriate for a randomised complete block design, with orthogonal 
polynomial contrasts being used to detect linear, quadratic and cubic effects. Responses to 
sucrose addition were quantified by regression analysis. 
 
 
 
 
 
 
 
 
 
 
 
   

Table 31: Digestibility, N retention and microbial protein production in steers 

Mean (s.d.) grass composition was DM 203 (30.9) g/kg, in vitro organic matter digestibility 
709 (45.9) g/kg, ash 148 (36.1) g/kgDM, crude protein 160 (27.4) g/kgDM, neutral detergent 
fibre 495 (19.1) g/kgDM, acid detergent fibre 259 (17.3) g/kgDM and WSC 148 (24.8) 
g/kgDM. The DM intakes for the 0, 30, 60, 90 and 120 g sucrose/kg grass DM treatments were 
6.63, 7.08, 6.91, 7.36 and 7.33 (s.e.d. 0.207; P<0.01) kg/day, respectively, with corresponding 
liveweight gains of 0.77, 0.94, 0.84, 0.95 and 0.95 (s.e.d. 0.073; ns) kg/day. The response 
pattern was linear for intake (P<0.001) and liveweight gain (P<0.05) and the quadratic and 
cubic terms were non-significant (P>0.05). Digestibility, N retention and microbial protein 
production data are summarised in Table 31. Treatment effects on the in vivo digestibility of 
organic matter, fibre or protein were not significant (P>0.05). Regression analyses indicated 
the following relationships with added sucrose (X g/kg grass DM): 
 
Grass intake (g DM/kg liveweight/day; includes added sugar) = 0.014 (s.e. 0.0044)X + 18.7 
(s.e. 0.32); r = 0.33 and P = 0.002. 
N excreted in faeces (g/kg N intake) = 0.45 (s.e. 0.199)X + 422 (s.e. 14.6); r = 0.32 and P = 
0.03. 
N excreted in urine (g/kg N intake) = -1.11 (s.e. 0.210)X + 453 (s.e. 15.4); r = -0.64 and 
P<0.001. 
Faecal N/Urinary N = 0.0046 (s.e. 0.00072)X + 0.927 (s.e. 0.0532);  r = 0.70 and P<0.001. 
N retained (g/kg N intake) = 0.65 (s.e. 0.324)X + 125 (s.e. 23.8); r = 0.26 and P = 0.054) 
 
The data support the hypothesis that increasing the sucrose content of ingested grass improves 
synchrony between carbohydrate and N compounds in the rumen, as evidenced by increased 
microbial protein production. The mean difference in intake between the unfortified and 
sucrose-fortified grass was equal to the mean intake of added sucrose, indicating that the mean 
intake of grass DM per se was unchanged. The mean numerical response in growth rate was 
higher than predicted solely from the incremental intake of energy from added sucrose, 
suggesting that increasing the sugar content of grass can improve the growth of grazing beef 
cattle if the increase is sufficiently large to adequately ameliorate asynchrony in the rumen. 
Also, increasing grass sugar content partitions N excretion from urine to faeces, which is an 
environmentally beneficial change. 
 

 Level of sucrose added1      
 0 30 60 90 120 s.e.d. Sig. Linear Quad. Cubic 
In vivo OMD2 (g/kg) 720 723 744 729 732 13.1 ns ns ns ns 
Faecal N loss (g/kg N intake) 427 447 427 453 491 26.8 ns 0.03 ns ns 
Urinary N loss (g/kg N intake) 460 417 380 347 330 29.1 *** <0.001 ns ns 
Retained N (g/kg N intake) 113 137 193 201 179 44.1 ns 0.054 ns ns 
Faecal N/Urinary N 0.94 1.09 1.15 1.34 1.51 0.100 *** <0.001 ns ns 
Microbial N – g3 139 162 152 153 160 16.7 ns ns ns ns 
                     - g/kg DOMI4 31.4 26.2 32.3 39.2 42.0 3.03 *** <0.001 0.044 0.031 
1 2g/kg grass DM; Organic matter digestibility; 3Per day; 4Digestible organic matter intake. 
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Intake, digestibility and growth in steers offered grass silage supplemented with sucrose 
The impacts of fortifying unwilted grass silage with sucrose prior to offering ad libitum to 
cattle were determined. Continental crossbred steers (n = 96; mean (s.d.) starting liveweight 
376 (25.4) kg) were individually offered silage (176 (12.3) g dry matter (DM)/kg, pH 4.0 
(0.05), in vitro DM digestibility 630 (22.2) g/kg) with 0, 30, 60 or 90 g added sucrose 
(immediately prior to feeding) per kg DM for 109 days. Supplementary concentrates were 
offered at 0 or 3 kg per head daily. Twelve Continental-crossbred steers (mean (s.d.) 
liveweight 343 (23.7) kg) was used on two occasions to determine the digestibility of silage 
fortified with 0, 45 or 90 g sucrose/kg silage DM, alone or with supplementary concentrates. 
Supplementation with concentrates increased (P<0.001) total DM intake, liveweight gain and 
the liveweight gain per kg total DM intake, and decreased (P<0.001) silage DM intake. In 
contrast, fortifying silage with sucrose did not alter (P>0.05) these variables. In vivo dietary 
DM digestibility was increased (P<0.01) by supplementation with concentrates but was not 
altered (P>0.05) by fortifying silage with sucrose. No interaction was evident (P>0.05) 
between supplementation with concentrates and fortification with sucrose. It is concluded that 
fortifying unwilted grass silage offered to growing steers with sucrose did not alter any of the 
intake, digestion, growth or feed efficiency variables examined, nor did it interact with 
concentrate supplementation. 
 
Acknowledgements: EU Framework V (QLK5-CT-2001-0498) for funding 
 
O’Kiely, P. and Moloney, A.P.                                                                               RMIS No. 5002 
 
 
Chemical composition of six Lolium perenne L. cultivars, two of which were bred for 
elevated water-soluble carbohydrate concentration 
Potential benefits could accrue to forage conservation, ruminant nutrition, environmental 
sustainability and farm system economics if the water-soluble carbohydrate (WSC) 
concentrations in grass were increased. This experiment compared the chemical composition of 
two cultivars of Lolium perenne L. bred for elevated WSC concentration (Aberdart and 
Ba11353) with four other cultivars, when each was managed under a simulated four cut silage 
production regime in their third season after sowing. 
 
Within a randomised complete block (n = 6) design, Aberdart, Ba11353,  Fennema, Aberelan, 
Spelga (all diploid) and Greengold (tetraploid) intermediate perennial ryegrasses (Lolium 
perenne L.) were each sown in 20 m2 plots. The 36 plots were sown on 11 September, 2000 at 
a rate of 4 g seed/m2 and received similar management each season. In their third season, plots 
were successively harvested to a 5 cm stubble height on 27 May (H1), 8 July (H2), 25 August 
(H3) and 15 October (H4), 2003. Compound fertiliser (240g N, 25g P and 100g K/kg) was 
applied to each plot at 471 kg/ha in mid-March and at 392, 313 and 313 kg/ha after H1, H2 and 
H3, respectively. Persistency (proportion of L. perenne), growth stage (scale of 1 to 7), disease 
(proportion of herbage surface) and lodging (proportion of plot area) were assessed visually. 
Data from each harvest were separately analysed using a general linear model that accounted 
for cultivar and block. 

 50



  Research Report 2006 

 51

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Neither Ba11353 nor Aberdart had a higher WSC concentration than other cultivars in H1 or 
H2 (P>0.05), while in H3 Ba11353 had the highest value, with Aberdart having a higher value 
than Spelga, and Greengold having a higher (P<0.05) value than Fennema or Spelga (Table 
32). For H4, Greengold had a higher (P<0.05) WSC concentration than all the diploids except 
Ba11353, while Ba11353 in turn had a higher (P<0.05) value than all the remainder except 
Aberdart. Buffering capacity values in H2 were lower (P<0.05) for Ba11353 than any other 
cultivar except Greengold, while Greengold had a lower (P<0.05) value than Aberelan or 
Spelga. Ba11353 had a lower (P<0.05) crude protein concentration than Fennema or Aberelan 
in H3. For H1, concentrations of neutral detergent fibre in Ba11353 were lower (P<0.05) than 
in Aberelan or Spelga, while in H3 Ba11353 had lower (P<0.05) values than Fennema or 
Spelga, and Aberdart and Greengold had lower (P<0.05) values than Spelga. In H1, Greengold 
had a higher (P<0.05) organic matter digestibility (OMD) than any of the diploids except 
Ba11353, while Ba11353 had higher (P<0.05) values than Aberelan or Spelga. In H4, 
Greengold had a higher (P<0.05) OMD than any of the diploids except Aberdart, and Aberdart 
had a higher (P<0.05) value than Aberelan or Spelga. A cultivar effect on herbage DM 
concentration occurred only in H3, with Greengold having a lower (P<0.05) DM than any of 
the diploids except Aberdart. Similarly, a cultivar effect on ash concentration occurred only in 
H4, with Greengold having a lower (P<0.01) value than the diploids. Visual differences in the 
persistency, growth stage, disease or lodging were relatively small or absent at each harvest. It 
is concluded that the mean annual relative WSC concentrations were Aberdart 100, Ba11353 
105, Fennema 93, Aberelan 95, Spelga 93 and Greengold 102. Cultivar effects on other 
variables were smaller. 
 
Acknowledgement: This project was part funded by the EU Framework V programme – 
QLK5-CT-2001-0498. 
 

Table 32: Herbage chemical composition of Lolium perenne cultivars at harvests H1 to H4  
  Aberdart Ba11353 Fennema Aberelan Spelga Greengold s.e.m P value 

H1 
Water-sol. carbohydrate1 231 231 211 201 207 227 10.9 0.232 

 Buffering capacity2 491 478 467 515 518 519 27.8 0.653 
 Crude protein1 115 121 119 128 116 120 4.6 0.463 
 Neutral detergent fibre1 515 497 513 525 544 501 9.2 0.010 
 In vitro OMD3 709 733 706 698 692 743 10.7 0.015 
          

H2 
Water-sol. carbohydrate1 168 176 153 167 165 163 6.1 0.225 

 Buffering capacity2 386 366 380 390 394 372 4.7 0.002 
 Crude protein1 209 204 220 212 206 218 5.7 0.265 
 Neutral detergent fibre1 463 471 479 461 478 467 4.8 0.063 
 In vitro OMD3 801 785 784 784 771 784 8.6 0.332 
          

H3 
Water-sol. carbohydrate1 192 207 182 187 180 195 3.7 <0.001 

 Buffering capacity2 344 348 342 337 341 331 7.1 0.673 
 Crude protein1 169 155 174 189 167 165 5.8 0.009 
 Neutral detergent fibre1 487 484 496 493 503 491 3.8 0.017 
 In vitro OMD3 753 740 741 733 732 757 4.7 0.003 
          

H4 
Water-sol. carbohydrate1 160 175 149 155 146 183 5.7 0.001 

 Buffering capacity2 361 373 385 352 371 353 6.4 0.009 
 Crude protein1 251 249 264 255 251 245 4.7 0.137 
 Neutral detergent fibre1 479 471 483 477 486 469 4.6 0.092 
 In vitro OMD3 803 799 803 803 801 814 4.9 0.354 

1g/kg dry matter (DM), 2mEq/kgDM, 3Organic matter digestibility (g/kg). 
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O’Kiely, P. and Halling, M.A.1                   RMIS No.5002 
1Swedish University of Agricultural Sciences, P.O. Box 7043, SE-050 07, Uppsala, Sweden 
 
Aerobic stability and deterioration of grass silages differing in glucose content  
Elevated concentrations of water-soluble carbohydrate (WSC) in silage can confer ruminant 
nutrition and environmental benefits. However, when silage is exposed to air the potential for 
aerobic losses is immediate. Yeast generally initiate the respiration of WSC or fermentation 
acids, producing CO2, water and heat, and are succeeded in this process by mould.   Aerobic 
losses may thus increase with elevated WSC content. This experiment quantified the effects of 
incrementally increasing silage glucose content on aerobic stability and deterioration, and 
sought to separate the simultaneous effects of increasing soluble substrate and decreasing water 
activity (aw). 
 
A 250 kg sample was obtained from each of two (A and B) precision-chop grass silages. Each 
was thoroughly mixed and thirty 6 kg samples were individually placed in polythene-lined 
polystyrene boxes. Glucose (G) or NaCl (Na) were mixed with the silages at 0, 8.3, 16.7, 25.0 
and 33.3 g/kg in a 2 x 5 factorial arrangement of treatments that were replicated in triplicate. 
Aerobic stability and deterioration were assessed at 200C for 192 h. The data were subjected to 
three-way analysis of variance using a model that separated the effects of silage, added 
compound, rate of application and all of their interactions. 
 
Silage B fermented more extensively than Silage A but otherwise they had a relatively similar 
composition (Table 33).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 33: Chemical composition of the two silages when first exposed to air 
 Silage A  Silage B 

5 5 Mean s.d.  Mean s.d. 
1,aDM 238 6.4  220 5.2 

DMD2,a  707 6.4  725 27.6 
Crude proteinb 139 0.6  161 4.7 
WSC3,b  18 3.6  10 0.1 
pH 4.0 0.38  4.0 0.25 
Lactic acidb  77 16  102 2 

 
The mean count of yeast and mould colony forming units was 0 and 5 per g Silage A, 
respectively, and 132 and 5 per g Silage B, respectively, when first exposed to air.  
 
Silage A was aerobically stable and underwent negligible aerobic deterioration, reflecting the 
low initial yeast and mould counts.  Silage B was aerobically less (P<0.001) stable (124 vs. 192 
h until temperature rose by > 20C) and underwent more (P<0.001) deterioration (accumulated 
temperature rise of 43.5 and 2.3 0C after 192 h) than Silage A (Table 34). This reflected the 
higher yeast count in Silage B. Treatment effects were thus larger within Silage B. 

Lactic/FP4,a  589 165.0  598 56.9 
Ethanolb  21 10  31 7 

bAcetic acid   29 24  36 20 
bPropionic acid   3.4 1.27  2.2 1.38 

Butyric acidb  2.7 1.43  0.9 0.42 
4,b  134 13.0  172 14.9 FP

NH -Nc  105 26.7  83 27.9 3
1Dry matter; 2DM digestibility; 3Water-soluble carbohydrates; 4Fermentation products; 
5n = 3 ag/kg; bg/kgDM; cg/kgN. 
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Table 34: Silage aerobic stability and deterioration 

 
Overall, NaCl extended (P<0.001) aerobic stability and restricted (P<0.001) deterioration more 
than glucose. There was a trend with Silage B for these effects to be most evident with 16.7 – 
33.3 g NaCl/kg. Glucose did not (P>0.05) alter the maximum 0C rise whereas 16.7 – 33.3 g 
NaCl per kg elicited a reduction (P<0.01).  
 
It is concluded that increasing the glucose content of grass silage by up to 33.3 g/kg had little 
effect on aerobic stability. The responses to incremental levels of glucose or NaCl suggest that 
whereas additional glucose might promote more extensive aerobic deterioration (i.e. more 
substrate available to respire), the corresponding reduction in aw (due to the higher 
concentration of solute) likely restricted fungal activity and thus prevented such an increase 
from occurring. 
 
O’Kiely, P. and O’Brien, M.1                                                                                 RMIS No. 5137 
1Walsh Fellow, UCD School of Agriculture, Food Science and Veterinary Medicine, Belfield, Dublin  
 
 
 
 

Silage   (S)   Add.  A)1  Rate  (R)2 3  Dur. Max. TR4 ATR5 120 h ATR5 192 h 
6A G 0 192 0.8 2 2 

A G 8.3 192 1.0 2 3 
A G 16.7 192 1.1 2 3 
A G 25.0 188 1.7 2 3 
A G 33.3 192 0.6 1 2 
A Na7 0 192 0.5 1 1 
A Na 8.3 192 0.6 1 2 
A Na 16.7 192 0.7 2 2 
A Na 25.0 192 1.0 3 3 
A Na 33.3 192 0.9 2 3 
B G 0 103 22.8 8 61 
B G 8.3 97 26.9 14 73 
B G 16.7 102 23.5 9 65 
B G 25.0 118 24.4 6 53 
B G 33.3 122 22.6 5 47 
B Na 0 109 22.4 5 55 
B Na 8.3 101 23.1 11 47 
B Na 16.7 168 8.8 0 10 
B Na 25.0 163 6.9 1 12 
B Na 33.3 157 6.8 1 13 

8s.e.m. 9.4 1.87 3.2 6.7 
Significance (P =)     

S <0.001 <0.001 0.005 <0.001 
A <0.001 <0.001 0.096 <0.001 
R 0.006 <0.001 0.242 0.005 

SxA <0.001 <0.001 0.093 <0.001 
SxR 0.003 <0.001 0.173 0.003 
AxR 0.102 0.005 0.961 0.139 

SxAxR 0.128 0.005 0.963 0.138 
1Added material; 2Rate applied (g/kg silage); 3Duration (h) until > 20C rise; 4 0C rise;  
5Accumulated 0C rise; 6 7Glucose; NaCl; 8SxAxR. 
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Aerobic stability and deterioration of grass silages after mixing with concentrates at 
feedout  
Silages are inherently unstable once exposed to air, but the extent of aerobic deterioration 
varies among silages. Mixing concentrates with silage at feedout increases exposure to air and 
may increase the supply of fungal inoculum and/or respirable substrate. Thus, it was 
hypothesised that such mixing would shorten the duration of aerobic stability and increase the 
extent of aerobic deterioration. This experiment determined the aerobic stability of grass 
silages and quantified the impacts of mixing with concentrates at feedout. 
 
A 50 kg sample was obtained from each of ten precision-chop grass silages. Three sub-samples 
(each 6 kg) per silage were not mixed with concentrates and three others (also 6 kg silage) 
were mixed with concentrates (498 g barley, 120 g soyabean meal, 100 g palm kernel expeller, 
125 g citrus pulp, 80 g maize gluten, 50 g molasses, 25 g mineral+vitamin premix and 2g oil 
blend per kg) at an inclusion rate of 75 g per kg silage. Aerobic stability was assessed at 200C. 
Aerobic stability and deterioration data were subjected to two-way analysis of variance using a 
model that included the effects of silage, concentrates and their interaction. 
 
The mean composition of the concentrates was: dry matter (DM) 852 g/kg, in vitro DM 
digestibility (DMD) 858 g/kg, neutral detergent fibre 222 g/kgDM, ash 72 g/kgDM and crude 
protein 171 g/kg DM. The silages differed in DM, DMD and fermentation (Table 35) and 
ranged from being aerobically stable with minimal aerobic deterioration (Silage I) to unstable 
with extensive deterioration (Silage C) (Table 36). Across a wide range of silage aerobic 
stabilities, inclusion of concentrates did not alter (P>0.05) aerobic stability (indicated by 
Durations 1 & 2; see footnote to Table 36). It did not influence the scale of aerobic 
deterioration (indicated by Accumulated OC rise) until between 144 and 168 h exposure to air 
(P<0.05). Only in the case of Silage A did mixing with concentrates affect stability, increasing 
(P<0.05) Duration 2 and thereby improving stability. Whereas the correlation between 
Duration 1 and the accumulated OC rise to 72, 120 and 168 h for silage alone was r = –0.78, -
0.87 and –0.93 (all P<0.01), respectively, the corresponding values between Duration 2 and the 
accumulated OC rises were r = 0.03, 0.23 and 0.43 (all P>0.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 35: Silage chemical composition 
1 

 

Silage DM g/kg DMD2 g/kg pH Lactic g/kgFP3 NH3-N g/kgN
A 202 729 3.7 759 97 
B 197 721 3.7 729 94 
C 226 722 3.8 767 78 
D 224 736 3.9 752 93 
E 256 704 3.6 782 58 
F 209 664 3.9 689 109 
G 183 684 3.9 754 87 
H 173 527 4.4 125 157 
I 278 650 4.0 557 76 
J 250 707 4.0 684 96 

1Dry matter (corrected for loss of volatiles); 2in vitro DM digestibility; 3Fermentation 
products. 
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Table 36: Silage aerobic stability and deterioration 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thus, using Duration 1 as an index of aerobic stability, the longer it took for silage temperature 
to rise by >2 OC the less the extent of subsequent aerobic deterioration (as indicated by the 
accumulated temperature rises), particularly when the latter were measured over longer 
durations. In contrast, the relationship between Duration 2 and the extent of aerobic 
deterioration was relatively weak.  
 
Correlations between silage chemical composition variables (n = 15) and aerobic stability 
(Duration 1) were between -0.25 and 0.25 (all P>0.2), except for DM (r = 0.50; P = 0.07), 
ethanol (r = -0.37; P = 0.14) and crude protein (r = -0.34; P = 0.17). Comparable correlations 
with aerobic deterioration (to 120 h) were between -0.25 and 0.25, except for water-soluble 
carbohydrates (r = -0.46; P = 0.09) and DM (r = -0.40; P = 0.13). Aerobic stability and 
deterioration were thus not well related to chemical composition. 
 
It is concluded that mixing dry concentrates with silage at feedout did not make silage 
aerobically less stable. However, once aerobic deterioration commenced, having mixed silage 
with dry concentrates increased the overall extent of deterioration (i.e. with more respirable 
substrate in silage + concentrates, total aerobic losses increased). 
 
 
O'Kiely, P.                      RMIS No. 5137 
 
 
Fungal contamination of eight precision-chop grass silages on Irish farms 
This small-scale experiment followed a comprehensive assessment of the mycology of baled 
grass silage on Irish farms, and aimed to describe the fungal contamination on a sample of 
eight precision-chop grass silages. Horizontal bunker or clamp silos were selected on six farms 
during February and March 2005. Separate representative samples were obtained from pre-
designated sections of each silage (top of feed-face, side/corner of feed-face, centre of feed-
face and core from 1 m behind feed-face). Every sample was enumerated for yeast, mould and 

 Dur. 11   Dur. 22 ATR3 72h ATR3 120h ATR3 168h
Silage (S)     

A 83 66 1 19 62 
B 85 42 1 18 54 
C 14 27 51 97 144 
D 58 24 6 38 62 
E 34 24 28 55 90 
F 107 53 0 5 35 
G 25 71 38 99 14 
H 14 31 46 88 124 
I 192 - 1 1 2 
J 52 34.7 16 42 73 

Concentrates 
(C) 

   

  None 65 34 18 44 73 
  + C 68 40 19 49 84 
      
sem4  7.5 8.2 3.6 7.2 11.0 
P=   S <0.001 <0.001 <0.001 <0.001 <0.001 

C 0.478 0.127 0.394 0.102 0.029 
SxC 0.928 0.048 0.346 0.133 0.130 

1Duration (h) until >2o 2 o 3C rise; Duration from >2 C to max. rise; Accumulated oC rise;  
4SxC. 
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Penicillium roqueforti, and with the latter subjected to macro- and micro-morphology 
description. Across the eight silages, mean yeast, mould and P. roqueforti counts ranged from 
2.9 to 5.2, 0.9 to 5.5, and 0 to 4.0 log10 colony forming units/g silage, but with no significant 
(P>0.05) effect of location within the silo on the counts recorded. Thus, yeast and mould were 
located within each section of every silage, and P. roqueforti was found in 7/8 silages and 
predominantly towards the corners of the top surface of the silage. 
  
 
O’Kiely, P., Hassett, J.1 and O’Brien, M.2                                                               RMIS No. 5137 
1School of Food Science and Environmental Health, Institute of Technology, Dublin 
2Walsh Fellow, UCD School of Agriculture, Food Science and Veterinary Medicine, Belfield, Dublin  
 
 
Stover development in forage maize: interaction of harvest date, plastic mulch and 
cultivar  
Although the content and stage of development of grain in forage maize has a major impact on 
the nutritive value of the harvested whole crop, stover yield and quality also make an important 
contribution. Stover chemical composition at sequential harvest times could be influenced by 
factors modulating the physiological stage of crop development. This experiment evaluated the 
effects of cultivar, plastic mulch and harvest date on stover composition and contribution to 
crop yield. 
 
Two forage maize cultivars of different maturity (Tassilo: FAO 210 (early) and Benicia: FAO 
270 (late)) were sown at Knockbeg, Co. Carlow in 2003 either uncovered (NP – no plastic) or 
under complete cover clear polythene mulch (CCCP; 6 micron; I.P. Europe Ltd). Each plot 
consisted of 4 rows (70 cm spacing) of 10 m length. Plots were sown in triplicate on 23 April 
using a Samco precision seed drill at 100,000 seeds/ha. Standard weed control (4.5 l 
atrazine/ha) and fertiliser (150 kg N, 50 kg P, 200 kg K/ha) were applied pre sowing to all 
plots. Samples of 1 m length per plot were taken at ten day intervals from 10 Sept. to 9 Nov. 
The cobs (kernels + rachis) were removed and the contribution from the remaining stover was 
calculated. Samples were assayed for dry matter (DM; 980C for 16 h), in vitro DM digestibility 
(DMD; Tilley and Terry, 1963), neutral detergent fibre (NDF; Ankom fibre analyser) and ash 
(complete combustion at 550OC).  Data were analysed by repeated measures analysis of 
variance using a model that accounted for cultivar, plastic mulch, harvest date and their 
interactions. 
 
In general, delaying harvest date from early September to November reduced the proportion of 
stover in the crop (P<0.001) and its DMD (P<0.05) but increased (P<0.001) DM and NDF 
contents (Table 37). Stover DM content increased sharply in early November after air frost 
damage increased senescence. Tassilo, the earlier cultivar, contained a lower proportion of 
stover than Benicia at each harvest, but over time this variable declined more (P<0.05) with 
Benicia. Plastic mulch consistently reduced (P<0.001) the contribution of stover to the whole 
crop, although the decline over time was greater (P<0.001) without mulch. Tassilo had a higher 
(P<0.05) DM concentration than Benicia at the three middle harvest dates.  Whereas mulch 
generally increased (P<0.001) stover DM concentration, the scale of this effect was larger 
(P<0.05) with Tassilo than Benicia, and was more evident (P<0.01) at the final four compared 
to the first three harvest dates. Plastic mulch generally increased (P<0.001) NDF concentration, 
although the effect (P<0.05) was reversed with Tassilo harvested on 20 Oct. 
 
Delaying harvest date reduced the proportion of stover in crop DM yield. The corresponding 
decline in DMD was considerably less than reported by Little et al. (2005), with the difference 
being mediated by the growing degree day (>100C; 1 May to 31 Oct.) values of 448 and 592 in 
the Little et al. (2005) and current experiments, respectively. The plastic mulch advanced the 
physiological development of the maize stover, particularly at earlier harvests, but without 
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reducing its DMD. Similarly, the earlier cultivar (Tassilo) reached various stages of stover 
development sooner than the later cultivar, but with no cultivar effect on DMD. 

Table 37: Proportion and composition of maize stover 
Harvest date Cultivar Plastic mulch Stover1  DM2 DMD2 NDF3 Ash3

(H) (C) (M)      
10-Sep Tassilo NP 540 171 577 686 74 

 Tassilo CCCP 431 198 591 699 70 
 Benicia NP 775 189 578 680 65 
 Benicia CCCP 544 184 596 713 72 

20-Sep Tassilo NP 459 197 569 678 73 
 Tassilo CCCP 339 219 564 751 71 
 Benicia NP 695 212 534 722 56 
 Benicia CCCP 466 202 577 723 75 

30-Sep Tassilo NP 404 183 589 714 79 
 Tassilo CCCP 355 209 566 772 80 
 Benicia NP 557 185 570 724 79 
 Benicia CCCP 413 186 621 735 82 

10-Oct Tassilo NP 389 245 570 717 75 
 Tassilo CCCP 341 291 593 743 72 
 Benicia NP 585 226 582 693 60 
 Benicia CCCP 391 243 572 729 76 

20-Oct Tassilo NP 397 260 558 755 78 
 Tassilo CCCP 358 334 562 703 70 
 Benicia NP 505 224 573 745 68 
 Benicia CCCP 426 277 573 760 74 

30-Oct Tassilo NP 377 245 547 732 76 
 Tassilo CCCP 330 313 565 745 63 
 Benicia NP 509 236 574 721 64 
 Benicia CCCP 428 284 546 752 73 

  9-Nov Tassilo NP 326 300 579 745 61 
 Tassilo CCCP 306 384 560 788 58 
 Benicia NP 477 344 512 788 52 
 Benicia CCCP 390 341 559 777 65 

Signif. H  *** *** * *** *** 
 C  *** * ns ns ns 
 M  *** *** ns ** ns 
 HxC  * * ns ns ns 
 HxM  *** ** ns ns ns 
 CxM  ** * ns ns * 
 HxCxM  ns ns ns * ns 

s.e.m. HxCxM  20.8 10.8 15.1 13.2 4.8 
 1g stover DM/kg crop DM; 2g/kg; 3g/kgDM. 
 
 
O’Kiely, P., Little, E.M.1,2, Crowley, J.C.1 and Keane, G.P.3                                RMIS No. 5137 
1Teagasc, Crops Research Centre, Oak Park, Carlow 
2Walsh Fellow, UCD School of Agriculture, Food Science and Veterinary Medicine, Lyons Farm, Newcastle, Dublin 
3Superviser, UCD School of Agriculture, Food Science and Veterinary Medicine, Lyons Farm, Newcastle, Dublin 
 
 
Cob development in forage maize: interaction of harvest date, plastic mulch and cultivar  
Forage maize grown for silage has both reproductive and vegetative components, with the 
former being a main driver of crop feeding value for ruminants. The aim is to produce a high-
yielding crop with a large content of well developed cobs, reflected in high dry matter (DM) 
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and starch values. This experiment evaluated the impacts of cultivar, plastic mulch and harvest 
date on cob (i.e. rachis + kernels) development. 
 
Two forage maize cultivars of different maturity (Tassilo: FAO 210 (early) and Benicia: FAO 
270 (late)) were sown at Knockbeg, Co. Carlow in 2003 either uncovered (NP – no plastic) or 
under complete cover clear polythene mulch (CCCP; 6 micron; I.P. Europe Ltd). Each plot 
consisted of 4 rows (70 cm spacing) of 10 m length. Plots were sown in triplicate on 23 April 
using a Samco precision seed drill at 100,000 seeds/ha. Standard weed control (4.5 l 
atrazine/ha) and fertiliser (150 kg N, 50 kg P, 200 kg K/ha) were applied pre sowing to all 
plots. Samples of 1 m length per plot were taken at ten day intervals from 10 Sept. to 9 Nov. 
Whole crop and cob weights were measured and chemical composition determined.  Data were 
analysed by repeated measures analysis of variance using a model that accounted for cultivar, 
plastic mulch, harvest date and their interactions. 
 
In general, delaying harvesting from early September to November increased (P<0.001) the 
proportion of cob in the crop and cob DM and starch contents but reduced (P<0.001) NDF 
(neutral detergent fibre), ADF (acid detergent fibre – not shown), ash and crude protein 
contents (Table 38). Tassilo, the earlier cultivar, contained a higher proportion of cob than 
Benicia at each harvest, but over time this variable increased more with Benicia. Tassilo also 
had a higher DM content that increased less over time than for Benicia. The increase in starch 
and decline in NDF, ADF and ash with later harvesting was significantly less with Tassilo than 
Benicia. Plastic mulch increased (P<0.001) the proportion of cob in the crop and cob DM and 
starch contents, and reduced (P<0.001) NDF, ADF, ash and crude protein contents, with the 
effects becoming significantly smaller as harvest date was delayed. The increase in the 
proportion of cob in the crop and of cob DM and starch contents in response to mulching was 
significantly smaller with Tassilo than Benicia, while the significant decline in ash content 
with Benicia due to plastic mulch was absent with Tassilo. In vitro DM digestibility (DMD) 
was higher (P<0.001) at the three later harvests compared to the first three harvests. However, 
the temporal changes in DMD, although significant (P<0.001), were not steadily incremental. 
Tassilo cobs had a lower (P<0.001) mean DMD than those of Benicia (797 vs. 844 g/kg) while 
mulching did not (P>0.05) affect DMD. 
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Table 38:   Proportions and composition of maize cobs   
Harvest date Cultivar Plastic mulch Cob1  DM2 Starch3 NDF3 CP3

(H) (C) (M)      
10-Sep Tassilo NP 460 349 343 435 96 

 Tassilo CCCP 569 491 459 291 78 
 Benicia NP 225 185 187 430 111 
 Benicia CCCP 456 372 451 290 75 

20-Sep Tassilo NP 541 426 402 358 87 
 Tassilo CCCP 661 557 457 254 72 
 Benicia NP 305 257 338 416 110 
 Benicia CCCP 534 449 513 288 66 

30-Sep Tassilo NP 596 522 468 303 80 
 Tassilo CCCP 645 571 545 257 68 
 Benicia NP 443 393 453 317 85 
 Benicia CCCP 587 516 566 221 64 

10-Oct Tassilo NP 611 556 474 288 82 
 Tassilo CCCP 659 617 515 243 73 
 Benicia NP 415 408 474 283 82 
 Benicia CCCP 609 558 550 206 63 

20-Oct Tassilo NP 603 570 496 270 84 
 Tassilo CCCP 642 650 535 253 71 
 Benicia NP 495 478 510 255 81 
 Benicia CCCP 574 590 577 203 65 

30-Oct Tassilo NP 623 578 511 268 82 
 Tassilo CCCP 670 653 526 251 70 
 Benicia NP 491 480 538 217 68 
 Benicia CCCP 572 597 573 217 70 

  9-Nov Tassilo NP 674 590 511 256 79 
 Tassilo CCCP 694 697 520 239 71 
 Benicia NP 523 494 523 228 80 
 Benicia CCCP 610 631 589 192 68 

Signif. H  *** *** *** *** ** 
 C  *** *** ns * ns 
 M  *** *** *** *** *** 
 HxC  * ** * * ns 
 HxM  *** ** *** *** * 
 CxM  ** * *** ns ns 
 HxCxM  ns ns ns ns ns 

s.e.m. HxCxM  20.8 12.9 19.1 14.9 4.7 
 1g cob DM/kg crop DM; 2g/kg; 3g/kgDM; DMD = in vitro DM digestibility; NDF = neutral 
detergent fibre; CP = crude protein. 
 
In general, forage maize cobs continued to mature from early September through to early 
November, with the rate of change declining as time progressed. By early September both the 
earlier cultivar and the use of plastic mulch had additively progressed crop maturity. However, 
between early September and November both the late cultivar and maize grown with no plastic 
mulch underwent the most extensive physiological development. Nevertheless, the earlier 
cultivar and the use of plastic mulch still resulted in cobs of more advanced maturity in early 
November.  
 
O’Kiely, P., Little, E.M.1,2, Crowley, J.C.1 and Keane, G.P.3                                                  RMIS No. 5137 
1Teagasc, Crops Research Centre, Oak Park, Co Carlow 
 2Walsh Fellow, UCD School of Agriculture, Food Science. and Veterinary Medicine, Lyons Farm, Newcastle, Dublin 
3Superviser, UCD School of Agriculture, Food Science. and Veterinary Medicine, Lyons Farm, Newcastle, Dublin 
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Mycotoxins and other secondary metabolites produced by Penicillium spp. isolated from 
baled grass silage in Ireland 
In a survey to establish the incidence of fungal growth on baled grass silage in Ireland, 
proportionally 0.9 of bales examined had visible fungal growth present.  Penicillium roqueforti 
and Penicillium paneum, two fungi known from the literature to be mycotoxin producers, 
represented 0.52 and 0.45, respectively, of all fungal isolates detected.  This study aimed to (i) 
characterise the secondary metabolite profiles of P. roqueforti and P. paneum isolated from 
baled grass silage in Ireland and (ii) screen baled grass silage for secondary fungal 
metabolites/mycotoxins. 
 
Seventy-nine P. roqueforti and 78 P. paneum isolates collected from visible fungal colonies on 
102 bales on 77 farms throughout the country were screened for their secondary metabolites.  
Isolates were inoculated onto Czapek yeast autolysate agar (CYA), yeast extract sucrose (YES) 
agar and P. paneum was also inoculated onto potato dextrose agar (PDA).  All plates were 
incubated for 7 d at 25 °C.  For secondary metabolite extraction, five agar plugs were removed 
from colonies on each media and collectively transferred to a 4 ml glass vial (10 – 15 agar 
plugs per vial for each isolate).  To each vial 1.8 ml of solvent (ethyl 
acetate:dichloromethane:methanol, 3:2:1, v/v/v, + 10 g/l formic acid) was added and left 
overnight.  The liquid fraction was decanted into 4 ml glass vials and evaporated in vacuo in a 
vacuum centrifuge at 1 mbar for ca. 35 min.  The samples were then re-dissolved in 500 μl 
methanol and filtered through a 0.45 µm Teflon syringe filter.  Culture extracts were analysed 
by LC-UV and LC-MS. 
 
Silage samples from three bales sourced from different farms (one bale per farm) were 
collected.  A visually mouldy and a visually non-mouldy sample were collected from two of 
the bales (i.e. two samples per bale) and a fifth sample was taken from a third bale that was 
visually free of mould growth on its surface.  One gram of each sample was transferred to a 16 
ml extraction vial and extracted using 10 ml ethyl acetate and subsequently filtered through a 
Whatman PS1 phase separation filter. The ethyl acetate was then evaporated in vacuo, 
reconstituted in 3 x 1.0 ml water containing 5 g/l formic acid, and loaded onto a 60 mg Strata-
X module.  After sample loading, the cartridge was washed with 2 ml water containing 5 g/l 
formic acid, and eluted with 800 g/l acetonitrile-water containing 2 g/l formic acid, and the 
eluate evaporated in vacuo. The sample was redissolved in 2 x 100 μl methanol and filtered 
through a 0.45 µm PFTE syringe filter into a 2 ml vial.  Samples were analysed by LC-MS. 
 
Proportionally ca. 0.9 P. roqueforti isolates were consistent producers of roquefortine C and 
andrastin A, but varied greatly in their ability to produce roquefortine A, citreoisocoumarin, 
andrastin C, PR toxin and eremofortin C (Table 39).  The majority of P. paneum isolates were 
consistent producers of andrastin A, citreoisocumarin, marfortines and roquefortine C but did 
not consistently produce roquefortine A, andrastin C, gentisic acid or patulin.  Visually mouldy 
silage samples contained up to 20 mg/kg (74 mg/kg DM) each of roquefortine C, 
mycophenolic acid and andrastin A along with minor quantities (0.1 to 5 mg/kg) of the 
roquefortines A, B and D, festuclavine, marcfortine A and agroclavine (Table 40).  Visually 
non-mouldy silage samples contained low amounts (<0.1 to 5 mg/kg) of mycophenolic acid 
and andrastin A. 
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Table 39: Secondary metabolites in Penicillium cultures 
 No. of isolates  (proportion of total isolates) Secondary 

metabolites  
P. roqueforti (n = 79) P. paneum (n = 78)   

 Mycophenolic acid   67 (0.84) ND 
 Roquefortine A 55 (0.69) 42 (0.54) 
 Roquefortine C 76 (0.96) 76 (0.97) 
 Marcfortines ND 
 

76 (0.97) 
Citreoisocoumarin 33 (0.42) 78 (1.0) 

 Andrastin A 72 (0.91) 78 (1.0) 
 Andrastin C 30 (0.38) 17 (0.22) 
 Metabolites T 45 (0.57) ND 
 PR toxin 61 (0.77) ND 
 Eremofortin C 63 (0.80) ND 
 Patulin ND 
 

39 (0.50) 

 
Table 40: Secondary metabolites detected in silage 

Bale FC AC RA RB RC RD MA MPA AA
1 a ++ ++ +++ ++ ++++ ++ ++ ++++ ++++ 
2 a ++ ++ +++ ++ ++++ ++ ++ ++++ ++++ 
1 b ND ND ND ND ND ND ND Trace ++ 
2 b ND ND ND ND ND ND + +++ ++ 
3 c ND ND ND ND ND ND ND Trace ++ 

aVisually mouldy silage; bVisually non-mouldy silage adjacent to mould colonies; cVisually non-mouldy 
silage from a clean bale.  ++++, 5 to 20 mg/kg range; +++, 1 to 5 mg/kg range; ++, 0.1 to 1 mg/kg range; 
+, < 0.1 mg/kg; ND, not detected.  A trace amount of citreoisocuomarin was detected in the visually 
mouldy silage samples. Abbreviations: FC, festuclavine; AC, agroclavine; RA, roquefortine A, RB, 
roquefortine B; RC, roquefortine C; RD, roquefortine D; MA, marcfortine A; MPA, mycophenolic acid; 
AA, andrastin A. 

 
 
It is concluded that Penicillium spp. commonly found in baled silage produce a variety of toxic 
compounds that may pose a risk to livestock and human health. 
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Factors controlling the conservation characteristics of baled silage, and their interactions 
Recent experiments using laboratory silos indicated that the main factors likely to influence the 
preservation of forage in baled silage are anaerobiosis, followed by forage DM concentration, 
compaction, and chopping. Thus, wrapping bales properly with adequate effective plastic 
stretch-film is vital, with the penalty for imperfect sealing likely to be greater for forage of 
higher DM concentration. The effects of this interaction are likely to increase as the duration of 
storage of wrapped bales increases. One surprising outcome from a previous experiment was 
that the fermentation of long and chopped forage was not as different as hypothesised – the 
reasons for this are not evident. Thus, this experiment sought to quantify the relative effects of 
forage DM concentration, anaerobiosis (number of layers of plastic stretch-film wrapping 
bales), the duration of bale storage, and interactions between these factors, on the components 
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of conservation efficiency of forage ensiled in bales. It also sought to relate these 
characteristics to precision-chop silage. 
Thus herbage was harvested in mid-July at mean (s.d.) DM concentrations of 142 (6.9), 291 
(28.6) and 533 (54.7) g/kg (i.e. after 0, 1 or 2 days field wilting). Six clamps of precision-chop 
grass were ensiled at each of these DM concentrations. Simultaneously, bales were wrapped in 
2 (7 months storage only), 4, 6 or 8 layers of plastic stretch-film and opened after 7 or 18 
months storage, with six bales per treatment combination. For the bales made from herbage 
that had received 0, 1 or 2 days wilting, the corresponding bale fresh weights were 852 (54.3), 
795 (84.6) and 581 (102.1) kg and the bale DM weights were 121 (8.1), 231 (25.3) and 305 
(41.3) kg. All silages were stored outdoors. The analyses of the samples from this experiment 
are ongoing. 
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	Table 37: Proportion and composition of maize stover

