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1. Project background:
Forage maize has the potential to produce a very high yield of biomass, of high digestible energy content
and ensilability, in a single harvest. These yield and quality traits can be altered by the hybrid and N fertiliser
input used. Whereas well developed crops should not produce effluent during ensilage, whole-crop maize
silages do tend to be aerobically unstable during feedout, and the resultant aerobic deterioration can
diminish the quantity and quality of feed used.
The cob (high digestibility and starch content) and stover (high fibre and buffering capacity; relatively low
digestibility) components of whole-crop maize provide contrasting energy and ensilability characteristics, and
both of these components undergo considerable changes during the maturing phase of the crop in
September-October. Although forage maize is normally ensiled as a whole-crop and fed to ruminants, the
potential exists to ensile cob and stover separately. These components can be recombined in optimal
combinations prior to feeding, or they can be fed separately to different categories of livestock. In addition,
the separate ensilage of these two quite different substrates provides the opportunity to differentially
manipulate their fermentation during ensilage. This has potential to improve the efficiency of conservation or
improve the nutritive value of the conserved products. It also provides the opportunity to exploit non-
agricultural uses of maize cob, stover or whole-crop.

2. Questions addressed by the project:
 How do high biomass hybrids of forage maize compare to more conventional early-maturing hybrids

(those currently used to provide feed for ruminants in Ireland) in terms of the relative contributions of cob
and stover to the whole-crop during the maturing phase of the crop in September-October? What are the
subsequent effects of hybrid and harvest date on the conservation characteristics of whole-crop silage,
and how differentially do the cob and stover affect these conservation characteristics?

 How does a high biomass hybrid of forage maize compare to more conventional hybrids, when grown
with high permitted rates of organic or total N input, in terms of the relative contributions of cob and
stover to the whole-crop during the maturing phase of the crop in September-October? What are the
subsequent effects of N application rate, hybrid and harvest date on the conservation characteristics of
whole-crop silage, and how differentially do the cob and stover affect these conservation characteristics?

 What are the effects of three lactic acid bacteria, thought to differ in their effects on silage aerobic
stability, on the temporal profile of fermentation and subsequent aerobic stability of silages made from
the chemically contrasting cob and stover components of forage maize?

 Can either of two white-rot fungi (Pleurotus ostreatus or Trametes versicolor), known to be capable of
upgrading low digestibility lignocellulosic substrate, improve the digestibility of maize stover? Is the
response affected by the part of the stover digested or by its physiological state at harvest?

3. The experimental studies:
 Using a split-plot design with three replicate blocks, six hybrids of forage maize (four conventional [FAO

190-230] and two high biomass [FAO 260-280]) were harvested on three dates between mid-September
and late October. In each case, (a) the yield and chemical composition of the whole-crop, and of the cob
and stover components, was assessed, and (b) samples of each of these entities were ensiled in
laboratory silos, and silage chemical composition, yeast numbers and aerobic stability were quantified.

 Using a split-plot design with three replicate blocks, three hybrids of forage maize (two conventional and
one high biomass), grown under two nitrogen input regimes (33 vs. 168kg available N/ha), were
harvested on three dates between mid-September and late October. In each case, (a) the yield and
chemical composition of the whole-crop, and of the cob and stover components, was assessed, and (b)
samples of each of these entities were ensiled in laboratory silos, and silage chemical composition, lactic
acid bacteria and yeast numbers, and aerobic stability were quantified.

 Maize cobs and stover were ensiled in laboratory silos following treatment with no additive, Lactobacillus
plantarum MTD-1, Lactobacillus plantarum 30114 or Lactobacillus buchneri 11A44. Triplicate silos were
opened after 3, 10, 35 or 130 days ensilage, and silage chemical and microbiological (using both
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traditional and molecular biology techniques) composition, and aerobic stability characteristics, were
determined.

 Three components of maize stover (leaf, upper stem and lower stem) were harvested on each of three
dates (early September, early October and early November) and digested with each of two white-rot
fungi (Pleurotus ostreatus and Trametes versicolor) for one of four digestion durations (1-4 months). A
split-plot design was used, with three replicate blocks.

4. Main results:
 High biomass hybrids had a lower content of cobs, and these in turn were less mature, compared to

conventional hybrids. The higher whole-crop dry matter (DM) yield for the high biomass hybrids reflected
their higher yield of stover DM. Across all hybrids, whole-crop DM digestibility increased until 7 October
(due to the increasing starch content of the cobs and the increasing cob proportion in the whole-crop)
and declined thereafter (due to the increasing fibre content in the stover, and probably a simultaneous
decline in fibre digestibility). Whole-crop silages had more restricted and heterolactic fermentations at
later harvest dates, and this was more pronounced with conventional hybrids. Overall, the fermentation
characteristics of the whole-crop reflected the different contributions of the cob and stover components.

 Increasing the rate of applying N fertiliser had no effect on the DM yield, nutritive value, ensiling
characteristics or silage aerobic stability associated with the whole-crop under the prevailing conditions
(soil had relatively high organic N content; accumulated ambient heat units during crop growth were low).
Although the water-soluble carbohydrate (g/litre aqueous content) and buffering capacity results
indicated that whole-crop maize was readily ensilable, the ensilability characteristics of the stover were
more challenging than for the cobs.

 The nutritive value, aerobic stability and DM recovery of cob and stover silages were not improved by
inoculation with Lactobacillus plantarum MTD-1, Lactobacillus plantarum 30114 or Lactobacillus
buchneri 11A44. This was due to the highly heterolactic secondary fermentation that dominated the later
stages of the 130 day ensilage process. The latter was most likely promoted by an indigenous epiphytic
Lactobacillus buchneri.

 Both white-rot fungi reduced rather than increased herbage DM and neutral detergent fibre digestibility
after a four month digestion. This may reflect the rapid utilisation of readily digestible cell wall
carbohydrate by the fungi substantially reducing the opportunity for lignin degradation to improve
digestibility. While Pleurotus ostreatus showed the ability to degrade acid detergent lignin after more
than 1 month of digestion had elapsed (this effect was most evident with leaf and upper stem), leading to
a partial recovery in DM digestibility, the Trametes versicolor showed no such effect.

5. Opportunity/Benefit:
 Greater precision can now be exercised during the production and harvest of forage maize, or of cob and

stover, to produce ensiled feed of a particular quality.
 Costs can be reduced in some circumstances by using less N fertiliser, without any negative implications

for maize yield or quality traits.
 Limitations were identified to improving the aerobic stability of maize silage or to upgrade stover nutritive

value. These limitations remain to be solved. However, an indigenous lactic acid bacteria with potential
to improve aerobic stability was discovered.
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