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Abstract 

 

Failure to meet the year-round nutritional requirements of genetically improved dairy 

cows has led to a need to evaluate complementary forage such as whole crop cereal in 

enhancing home-grown forage yield, utilization and production response from dairy 

cows. 

 

This thesis demonstrated that cereal crop triticale and wheat can be an alternative feed 

resource in pasture based production systems. The thesis identified that most cereal 

crops can offer as early grazing option, is robust in DM yield and flexible in utilization 

beside clear trade-off benefits from pasture in terms of harvestable nutrients. This was 

evident from the DM yield and nutrient composition of crops in first study at booting 

(GS34) where triticale (cv. Crackerjack) had potential of 4.29 metric tons DM and 

while wheat (cv. Wedgetail) had 3.66 metric tons DM. CP concentration was 206 g per 

kg DM and 245 g per kg DM with 10.5 MJ ME per kg DM and 10.7 MJ ME per kg DM 

for triticale and wheat at GS34 respectively. Delaying harvest for silage (GS84) yielded 

15.81 metric tons DM by triticale and 13.18 metric tons DM by wheat. Meanwhile 

WSC concentration at GS84 for triticale crop had reached to 208 ± 25 g per kg DM and 

wheat was 175 ± 32 g per kg DM. Triticale had potential to harvest 129 GJ ME per 

hectare and wheat had 109 GJ ME per hectare at GS84. Whole crop cereals produced 

quality silage in storage with pH 3.09 to 4.40 with moderate energy values of 8.92 ± 

0.07 MJ ME per kg DM for triticale silage and 9.40 ± 0.01 MJ ME per kg DM for wheat 

silage. 

 

Fermentation process of whole crop triticale and wheat with silage additives produced 

good quality silage while ensiling method by direct-cut technique was most appropriate 

for whole crop. Application of homo-fermentative SilAll additive was most efficient to 

produce LA (70.7 to 113.8 g/kg DM) while hetero-fermentative LaSil additives were 

effective to yield maximum AA (28.2 to 40.8 g/kg DM). The ME value of direct-cut 

silage of triticale and wheat was still better with 10.7 MJ per kg DM and 10.4 MJ per kg 

DM compared to 9.4 MJ per kg DM and 10 MJ per kg DM from wilted silage 
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respectively. However, direct-cut silage had higher proteolysis effect with 9.3 to 12.3 g 

per kg total N compared to 7.3 to 9.6 g per kg total N from wilted silage.  

 

Whole crop triticale and wheat were comparable in degradability quality offering 

options in dry-land farming. The extent of triticale silage degradability at GS34 was 135 

to 323 ml per g DM for direct-cut method silage while wheat silage was 204 to 257 ml 

per g DM. The extent of wilted triticale silage got reduced to 86.5 to 116.6 ml per gram 

DM while it was 105 to 116 ml per g DM for wilted wheat silage. However the rate of 

degradation of direct-cut silage was longer with 14 to 18 hours in both forage crops. On 

contrary, maximum time taken for wilted silage degradation was within 6 to 9 hours for 

both forage crops. The total fermentation acid production from silage digestion was 11.8 

to 14.46 mmol per L from both crop species ensiled by either method.  

 

Feeding WCS along with other forages demonstrated to support mid to late lactation 

cows without limitation to intake and production response. WCS intake of 3.71 to 4.02 

kg DM was significant (p<0.001) with canola hay compared to 3.26 to 3.86 kg DM to 

pasture hay. WCS wastage accounted 9 to 23 percent on pasture hay while on canola 

hay wasted 6 to 12 percent only. WCS intake rate (g/minute) was higher (37.74 

g/minute) to canola hay while it was only 34.96 g per minute on pasture hay. Yet the 

bite size of WCS was within 1.1 g per bite for both. The total VFI were similar with 

18.95 to 20.62 kg DM for pasture and 19.39 to 20.61 kg DM for canola hay.  

 

Mean milk yield of 16.1 ± 2.85 kg per day from canola hay group cows was significant 

(p<0.01) from 13.9 ± 2.58 kg produced by pasture hay group cows. However the total 

milk solids produced from pasture group (1265 g/day) was not significant to canola 

group cows (1345 g/day). The ME and MP supply from the total VFI far exceeded 

nutrient requirement indicating good complementarity of ration with WCS. Mean LW 

gain was 1.16 to 1.54 kg per day for pasture while canola hay gained only 670 g per day 

with full allowance of wheat grain. BCS in pasture hay gained 0.08 to 0.48 points while 

it was 0.06 to 0.28 points gain for canola hay. 
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Chapter 1. Introduction 

 

1.1. Problem statement 
 

The main feed base on rain-fed dairy farms in Victoria, perennial ryegrass (Lolium perenne 

L.) pasture, fails to meet the nutritional requirements of dairy cows both in summer and 

winter due to low growth rates. Droughts are also becoming more common with high 

temperatures limiting pasture growth and daily evapo-transpiration normally exceeding the 

daily rainfall for a period of 6 to 8 months per year leading to substantial feed deficits. 

Various complementary forages through crop rotation can be grown on-farm to help fill 

these feed gaps.  One such forage is whole-crop silage (WCS) made from cereal crops such 

as wheat or triticale, which are capable of accumulating large amounts of biomass during 

winter-spring. 

 

Despite their yield potential and robust characteristics if fitting into wide range of seasons, 

crop rotation with whole crop cereal is not widely used because the potential of the 

technology for increasing total feed supply and cow feeding efficiency is not well 

understood. This has lead under exploitation of genetically improved dairy breeds for milk 

production due to low feed intake. 

 

In general, integration of crop rotation such as cereal crop as diet of high producing dairy 

cow in pasture-based system is unknown in Australia. This is because the pasture had been 

used as the predominant low cost feed sources. Consequently there is a paucity of 

information on crop rotation practices of whole crop cereals and yield potential. 

 

The critical issue in dry-land dairy region is its inability to provide a continued access of 

home-grown forage due to climatic factors. This normally leads to low dry matter intake 

(DMI) by the high producing dairy cows. Production of good quality feed from crop 
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rotation practices and ensiling in storage is therefore paramount importance to achieve the 

year-round feed access. Yet the technologies for increasing total feed supply are least 

tested. As a result of non-application of technology to improve feed supply, quality 

assessments of cereal crop silages are also not well developed in southern Australia. This 

gives the challenge to choose or devise a suitable technique that would be reproducible, 

repeatable and cost efficient laboratory procedure under Australian context. 

 

During the grass deficit periods which are more common in summer due to dry conditions 

in south west Victoria, practically only multiple types of conserved forages could be 

offered. The problem for feed management with multiple types of forages would mean a 

high concentration of fibre diet. In general, a dairy cow would require at least 10.5 MJ ME 

per kg DM or 67 per cent of digestible organic matter digestibility (DOMD) to produce 

adequate milk, maintain body condition and reproduce successfully. But there are 

evidences from the existing literatures that ensiled cereal crops has low to moderate energy 

values only in the range of 8 to 9 MJ ME/kg DM. Integration of whole crop silage with 

poor forage hay base diet would further lead to increased fibre diet components as they are 

generally bulky feeds and relatively low in digestibility. While it would fulfil the DM 

supply, compatibility to be fed with other conserved forage and to maintain the animal 

production performance is a concern.  

 

1.2. Aim, scope and hypothesis  
 

The primary aim of this study was to investigate the viability of using WCS as conserved 

forage to help alleviate feed shortages by integrating with other feed sources in whole farm 

feeding systems. The scope of the study was primarily limited to the potential forage yield, 

harvestable nutrients, and ensiling characteristics of WCS within the context of dry-land 

dairy production systems.  The efficacy of utilization of conserved forage was assessed 

through its nutrient retention in storage, degradability kinetics and animal production 

performance by integrating with other conserved forages. The general hypothesis of the 
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study was that WCS is compatible with other feed sources and can be integrated effectively 

into feeding systems and maintain the production performance of dairy cows.  

 

Specifically, this thesis has laid down the following objectives 

 

1. To select suitable cereal crop with large amount of biomass for forage conservation 

under dry-land farming 

2. To produce good quality whole crop cereal silage in storage with application of 

improved technology as potential feed source and 

3. To demonstrate viability of WCS integration into feeding systems and maintain 

animal production performances 

 

1.3. Overview of the Thesis Chapter 
 

To achieve the above objectives, the first Chapter introduces the background problems that 

lead to undertake this study with the specific aim and scope of the thesis.  

 

This thesis chapter is written in the style of papers suitable for publication as stand-alone 

pieces of work. As a result, there are overlaps between chapters, particularly with regard to 

crops, ensiling technique and site for study. Given the lack of information of WCS 

consumption in dry-land farming, Chapter two has got three sections that examine the 

viability of cereal crop as forage under Australian context. The first section looks at the 

limitation imposed by the grass-based production systems and argues the benefits of cereal 

crop in whole farm along with conceptual framework of a farming system. In this section, 

the phenological characteristics of cereal crops in reference to the harvesting options and 

their expected harvestable nutritive values as standing crops are reviewed.  In section two 

of this chapter; it examines the suitability of cereal crops for fermentation with application 

of improved ensiling technology. The fermentative micro-organisms involved and nutrient 

qualities of silage are described in this section. It also reviews the role of silage additives in 
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improving the storage quality by means of nutrient retention. The third section of review 

looks at the scope of WCS integration into feeding system. In the beginning of this WCS 

integration section, the quality of WCS in terms of good digestibility was examined. The 

digestibility of WCS which are influenced by technology intervention, plant growth and 

feeding systems are briefly described. The available techniques in literature and their 

suitability to assess WCS quality are recorded in this section. It then reviews the production 

performances of animal to assess the suitability of WCS as complementary feed source 

especially into whole farm system under dry-land farming. Based on the confidence gained 

for the viability of WCS into the feeding systems, a research strategy was developed and 

describes at the end of this chapter. 

 

The Chapter three outlines the study site where various cereal crop species were tested for 

its viability as forage crop. The objective of this experiment was to validate what species 

and varieties of cereal crops could yield adequate quantity of forage for conservation under 

dry-land farming. It also serves as the source of materials and sites for other subsequent 

experiments of this thesis. Information on plant nutrient composition and nutrient yield 

allows in determining the harvest dates for conservation and recommending timing for 

appropriate utilization.  

 

Chapter four describes the quality of whole crop silage produced from three potential cereal 

crops identified from the earlier chapter. The primary focus of this experiment was to 

evaluate the quality of silage produced when commercial silage additives was applied. Two 

commercial bacterial inoculums of homo-fermentative and hetero-fermentative LABs were 

tested in this experiment. It also analyses the effect of direct-cut and wilting ensiling 

methods used to determine the silage quality made at different growth stages.  

  

In Chapter five, it looked at the quality of silage in terms of extent and rate of degradation 

of resultant silage. This degradability quality of silage was assessed by selecting low cost, 

reproducible, repeatable and efficient laboratory technique in view of its practical 

application in developing countries. The focus of the experiment was limited to one growth 
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stage that were treated with additives as explained in earlier chapter and ensiled by two 

methods. The objective was to test the effect of silage additives application and wilting 

method in degradability of resultant silage. 

 

In the next Chapter six, it deals with the benefit of integrating whole crop silage in a non-

grazing feeding system to mid-late lactation dairy cows.  It compares the effect of two 

forage hays with fixed amount of WCS in terms of intake capacity and wastages besides 

observing production responses. This feeding trial also attempts to evaluate the 

performance of dairy cows when commercial wheat grain is being substituted with 

industrial by-product like palm kernel extract to improve the efficiency in dairy production 

especially during periods of droughts.  

 

The general outcomes of the thesis are presented in Chapter seven. It revisits the findings 

related to crop yield, nutrient composition, silage quality and feeding efficiency. The final 

Chapter eight draws the thesis conclusion and set for future direction to be successful in 

cereal crop integration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

6 
 

Chapter 2. Viability of Whole Crop Cereals as Home 

Grown Forage 

 

2.1. Introduction 
 

Utilization of whole crop silage is less common in Australia. The most possible reason is 

due to predominant pasture-based dairy production systems. However limitations of feed 

base on pasture is well known and has prompted several alternative crops to grow within 

the farm in improving forage production and consumption. One such crop is whole crop 

cereal that is extensively used in many European countries. Despite their yield potential, 

whole crop is not widely used in southern Australia because the technology for increasing 

the total feed supply and cow feeding efficiency is not well understood.  

 

In view of this, the suitability of whole crops in southern Australia is reviewed under three 

sections. They are:   

1) The whole crop cereal role with conceptual framework and potential viability in dairy 

production systems  

2) Fermentation quality of conserved forage in storage with or without additives and  

3) Integration of whole crop silage into feeding systems and production responses from 

dairy cows.  

 

2.2. Role of whole crop in dairy production systems  
 

The term ‘whole crop’ refers that grain and stalk including stem and leaf are harvested and 

stored for use. In principle, any crop that is harvested and used as whole plant could be 

called as ‘whole crop’ but it is often not mentioned for whole plant such as grasses and 

legumes.  
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The term ‘whole crop’ tends to be commonly used for cereal crops. Basically the whole 

plant can be subdivided into two fractions namely – grain and materials other than grain 

(MOG) (Hill, 1992). In this thesis, the whole plant with different stages of grain 

development along with MOG harvested for ensiling is referred as whole crop cereal silage 

(WCS). This WCS is also called ‘green chop silage’, ‘fermented whole crop silage’, or 

‘small grain silage’ (Mickan and Hill, 2006). Further, WCS is also denoted with species 

name, e.g. wheat silage. This term would be quite confusing since the grain component can 

be harvested before full ripeness and MOG can be ensiled separately. Accordingly, this 

thesis has used the term “whole crop” consistently by prefixing to respective crop species, 

e.g. whole crop wheat silage. 

 

Similarly ‘home-grown forage’ denotes any grass types (annual or perennial), winter crops, 

summer crops and small grain crops grown within the fenced dairy farm. They normally 

represent the total mass of forage per unit area above the ground level that is available for 

consumption. This is usually calculated in dry weight basis and often expressed as metric 

tons DM per hectare in year (t DM/ha/year).  

 

There are enough evidences that whole crop cereals such as wheat (Triticum vulgare L.), 

barley (Hordeum vulgare L.), triticale (Triticum hexaploide L.), oats (Avena sativa L.), and 

rye (Secale cereale) are known to produce high forage dry matter for animal production 

under the Australian environment (Muldoon, 1986; Russell and Guthridge, 2002; Kaiser et 

al., 2007). In general cereal crops had no limitations to climatic conditions and could be 

grown in wide range of climate and soil conditions.  

 

Maize had been the important silage crop under higher rainfall environments in all states 

although grass constituted the major silage production. Under the dry land farming, whole 

crop cereals were known to offer high quality forage. Research in New Zealand reported 

that whole crop silage made in demonstration farms had 50 to 75 percent digestibility with 
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8 to 12 MJ/kg DM of ME values (Platfoot and Stevens, 2002). The nutritive value of silage 

indicated as a source of maintenance ration only to late lactation and dry-off cows. 

 

Traditionally wheat, barley, oats, triticale, and rye had been used for grazing, hay and silage 

making in animal production. Decision to grow whole crop as the additional source of feed 

however depend on how best it fits into the existing grass-based production system as the 

grass had been the cheapest. 

 

The advantage of whole crop cereal is its capacity to provide sufficient quantities of DM 

during feed deficit periods besides fitting into wide range of cropping situations (Platfoot 

and Stevens, 2002). Other benefits were consistent quality of conserved forage when made 

at the right time with high quality energy in the form of starch. Whole crop can be a 

complementary fibre component into the diet during the lush nitrogen boosted pasture. 

Cereal crops could be sown either in autumn or spring depending upon the target use that 

provided sowing options. On the basis of the stage of maturity and type of crops required, 

the harvest windows available are generally wide for cereal crops. The crops are also 

known to fit for sowing with wide range of grasses. Thus whole crop cereal is seen to offer 

alternative complementary feed in dairy production. 

 

According to Steven et al.(2005), the use of whole crop cereals into dairy feed gave greater 

opportunities for arable crop and dairy sector to benefit each other from knowledge transfer 

and financial gain. It was also known to produce least amount of effluent during 

conservation besides offering greater flexibility to use either as grain or forage.  

 

Although cereal crops within home-grown may lose the pasture land, annual renovation of 

pasture for new establishment has to be carried out as routine management practices. 

During such pasture management practices, cereal crops fits well as a source of additional 

forage since they are generally vigorous in growth and establishment (Kemp, 1974) and do 

not affect the stocking rate.  
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Looking from the ecological perspective, the diverse crops within farming system has 

positive impact on minimizing plant disease incidence. This was evident in a review of 

intercropping in UK when the mixed stand crops proved resistant to pest and diseases (Anil 

et al., 1998).  

 

There are however limited information in the utilization of whole crop cereals under dry-

land dairy production systems in Australia. The objective of this review is to summarize the 

effects of integrating whole crop into pasture based dairy production system in dry-land 

regions. For the purpose of this review, dry-land farming is considered where its annual 

precipitation is below 500 millimetres and cultivation is done without irrigation. The aim of 

this review is to look at the potential digestible nutrient yield of forage crops that offers 

different options for utilization. The efficiency in forage utilization is looked at from the 

perspective of crop suitability for conservation with reference to its nutritive and feeding 

values. The data are mostly reviewed from the northern hemisphere but also includes 

Australia and New Zealand. 

 

2.2.1. Dairy production systems and whole crop utilization in 
Australia  

 

Whole crop cereal utilization in animal production was known as early as 1930s in 

Australia (Virgona et al., 2006). Primarily the earlier studies in Australia had incorporated 

cereal crops as winter grazing followed by grain production (Dann et al., 1977). The use of 

whole crops for dairy production had been flexible as it could be grazed in field or cut for 

hay or used for silage production.  

 

Although cereal grain utilization in Australia as domestic feed constitutes significant 

proportion  from as low as 20 percent to as high as 98 percent of total grain production 

(Martin et al., 2009),  the dairy production systems had remained predominantly pasture-

based in Australia  (Bethune and Armstrong, 2004). This was in view of grazing being the 
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cheapest (Holmes, 2007) and the single largest feed source for dairy cattle in Australia, 

contributing approximately 75 per cent of feed requirements (Bethune and Armstrong, 

2004; Dairy Australia, 2008). The dominant seasonal milk production system (36%) are 

seen in coastal regions of south-east Australia (Figure 2.1) where it receives high rainfall 

although a split calving system (33%) has also increased in popularity in inland irrigated 

dairy regions of northern Victoria and southern New South Wales. In regions where milk 

productions are historically for domestic fluid milk consumption, year round calving 

systems (32%) are practiced.  

 

 
 



 

11 
 

Figure 2.1. Major dairy production regions in Australia (Source: Dairy Australia 

2008) 

 

According to Wales et al. (2006), the main sward species used in grazing system is the 

perennial rye grass (Lolium perrenne L.) although there are farms sown to other annual 

pastures. The energy requirements of milking herds are therefore mainly supplied through 

grazed perennial and annual pasture.  

 

Yet, such existing grass based dairy production systems have commonly experienced feed 

deficit in winter and summer either due to seasonality of rainfall and other climatic factors 

(Garcia and Fulkerson, 2005). The feed deficits are particularly prominent in rain fed 

regions resulting into under exploitation of genetic potentials of high producing dairy cows. 

In order to fill up this feed deficit period, there are now a number of studies examining the 

biological potential and sustainability of forage rotations and complementary rotation 

systems in Australia as alternatives to pasture systems (Garcia and Fulkerson, 2005). This, 

according to Wales, et al. (2006) had lead to a large diversity of feeding systems from 

predominantly pasture grazed and conserved systems. Although grazing systems are able to 

produce milk at the lower costs (Dillon, 2006), it is estimated that only 10 per cent of total 

world milk produced constitutes from grazing (Holmes, 2007).  

 

Grazing systems had therefore limitations to present dairy production mainly because of 

replacement of high producing dairy cows from Jersey (J) to Holstein-Friesian (HF) that 

required higher dry matter intake and also the increased stock density per farm. This was 

evident from the review of dairy production system in Australia where it had resulted into 

heavier dairy breeds (HF) with higher dry matter (DM) requirements when compared to 

dairy production systems in 1950s (see Table 2.1). The production capacity had also 

improved per cow demanding higher energy requirement. These changes in dairy breed 

necessitate to improve forage yield production. 
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Table 2.1. Average cow number (per farm), milk production (kg/cow), dry matter 

requirement (tons/cow) and live weight (kg/cow) in 1950s and 2005 in Australia 

(Adapted from Holmes 2007) 

 

Management Changes   Position 

  1950s   2005 
Cows per farm (nos.)   30 to 40 (J)   230 (HF) 

Milk production per cow (kg)   1800   5000 

Milk solids per cow (kg)   155   370 

DM required per cow (tons)   2.9   4.6 

Average live weight (kg)   400   500 
 
J = Jersey; HF = Holstein Friesian 
 

2.2.2. Conceptual farming systems in dry-land dairy region 
 

There are enough evidences to incorporate cereal crops as forages. However several species 

and varieties within the given environment need to be tested for its yield and nutritive 

values. What is required is the understanding of suitable crop growth characteristics to 

determine the efficiency of integration within pasture-based system. Dry matter yield from 

whole crop cereals already shows wide variations ranging from 6.3 metric tons per hectare 

to 21.9 metric tons per hectare indicating the great influence of species and varieties. There 

are also other factors like environmental (climatic conditions) and agronomic practices that 

contribute to yield variations.  

 

Under Australian context, integration of cereal crop as forage for grazing or silage 

production is generally planned either to relieve the pasture paddock in winter or summer. 

One of the important criterions that need to be considered for integration of whole crop 

cereals in a traditionally grass-based dairy system will be the trade-off between the 

harvestable yield and the nutritive value. Anecdotal evidences indicate a very poor 
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relationship between the growth stage and DM content of cereal crop. This makes difficult 

to predict the precise stage of maturity to yield maximum DM and selection of whole crop.  

 
The decision to integrate cereal crops within home-grown forage production or near a dairy 

farm by crop producers has to be therefore based on several justifications since very limited 

researches are carried out in Australia when compared to other parts of the world. The main 

attributes for the demand of high nutrient dense feeds is seen due to imbalance in 

production potential of high producing dairy cows and the incidence of feed deficits. The 

only limitation of whole crop when made into silage has found to yield only 8 to 9 MJ of 

ME per kg DM. This level of energy content cannot be considered as energy rich 

supplement to dairy cows. Therefore the merits of whole crop integration into the dairy 

farming system depend on understanding the key components of whole farm systems. This 

is explained in a conceptual framework of overall farm system as diagrammatically 

illustrated in Figure 2.2. 
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Figure 2.2. Conceptual framework of overall farm system for integrating whole crop 

into grass-based systems 
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Firstly, although the dairy farmers had option to intensify the home grown grass production 

through best plant nutrient management, there are limitations of DM yield by grazing and 

closed-up pasture management system. It had been demonstrated that under ideal irrigation, 

adequate fertilizer and excellent grazing management, the DM production from commonly 

grown ryegrass was just around 20 metric tons DM per hectare which would be probably 

the limit under Australian environment (Garcia and Fulkerson, 2005).  Even under 

favourable regions of Western Europe, the potential grass DM yield was in general around 

15 tons per hectare only (Dillon, 2006). Further the increased intensification of plant 

nutrient management was not cost effective besides environmental pressure to protect the 

biodiversity. Thus there was a clear indication of limitation of DM yield from pasture. 

 

Secondly, the intensity of dairy production through improved genetic merit had lead to un-

exploitation of potential dairy cows for milk production during its critical lactation periods. 

That would mean a low efficiency in production per cow per hectare as a result of reduced 

lactation length. The shorter lactation period was evident in New Zealand where calving got 

clustered in August at the period of rapid pasture growth and then dried off in April because 

of seasonal grazing systems leading to only 240 days lactation (Holmes, 2007). Most dairy 

farms adopt this type of grazing systems to ensure synchrony of feed demands and pasture 

growth.  

 

Finally, while there are options to procure forage or concentrate sources from outside the 

farm during feed shortages, the increased reliance from external sources for the same stock 

rate maintained are cost ineffective due to frequent cost fluctuation of feed in the market 

(Wales et al., 2006). It would only complicate the farm management for de-stocking during 

feed deficit and re-stocking during optimal home grown feed production for maintaining 

productivity (cow/ha).   Thus the above three reasons gives enough justifications to design 

a feeding plan that will integrate whole crop into critical production period of dairy cows. 

 

Besides these stated reasons, cereal crop as supplementation requires judicious economic 

rationales when the existing dairy systems had been traditionally on grazing systems in 
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Australia. This would mean that integration of cereal crop within grass-based systems has 

not only to provide additional DM yield but require increasing the farm productivity. Other 

justifications for integrating cereal crop would be argued from the importance to generate 

knowledge under Australian context since understanding of technology involved in 

conservation and utilization are new when compared to existing knowledge on grass 

conservation. Studies in others parts of the world already indicates potential DM yield 

(Tetlow, 1990) and feeding value (Hill and Leaver, 1999) of whole crop silage which 

justifies to introduce as the similar conserved feed in dry-land dairy farming in Australia.  

 

While it gives enough justifications to incorporate cereal crop within home-grown forage 

production, the choice of cereal crop species and varieties are critical. It is known that the 

potential forage yield under stress, including drought and high temperatures, excess 

moisture, and soil nutrient differ among crop species. For instance the silage yield of 

triticale crop of spring (14.4 t DM/ha) and winter (14.3 t DM/ha) species were found higher 

and also stronger in straw strength when compared to barley (11.5 t DM/ha) or oats (13.1 t 

DM/ha) in Canada (AAFRD, 2005).  

 

Different whole crop species and varieties can also be grown at same time to spread the 

timing for optimum harvest of silage in different fields. Selection of crop varieties are 

generally recommended from the highest grain yield as it is highly related to forage yield. 

In Australia, Kaiser et al., (2007) found that Cooba oat variety which is taller growing type 

and widely grown as dual purpose grain and grazing gave 17.7 metric tons DM per hectare 

compared to a rust-resistant, short-stemmed type Kalgan oat that yielded only 13.4 metric 

tons DM per hectare. Elsewhere,  Filya (2003) also reported the effects of 

cultivars/varieties on DM yield from whole crop wheat that ranged from 13.6 to 15.2 metric 

tons DM per hectare among two wheat cultivars harvested at dough stage. These 

differences in DM yield among crop species and cultivars clearly suggest the need to select 

the right crop to off-set the DM yield within home-grown forage production. 
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Cereal crops have the options to be intercropped among species besides intercropping with 

legumes to improve the protein content. It also allows establishing other short term crops as 

double crop.  However  the forage yields of the mixtures are generally either in the middle 

of the yields of the two crops or not different (AAFRD, 2005). Similarly, Kaiser et al., 

(2007) too observed that the mixture DM yield of cereal oats with legumes never exceeded 

the dual purpose oat variety. That is why mono-cropping of cereal is recommended for 

maximum forage yield in case of dry-land farming.  

 

The primary objective of cereal integration into grass-based farming is to offer greater 

flexibility as multiple grazing or ensiling. Such flexibility will achieve high DM intake in 

dairy cow.   

 

2.2.3. Limitations from grass-based production systems 
 

Limitation of pasture based system in terms of DM production is recognized in Australia 

(Garcia and Fulkerson, 2005) and even in Western Europe under favourable environment 

(Dillon, 2006). It therefore prompts to explore alternate forage sources that would produce 

higher DM yield and sustain DM requirement for the improved genetic merit cows. Any 

attempts to fulfil the cows feed requirement through external sources is inefficient as the 

feed cost is volatile in the market (Wales et al., 2006). Perhaps the driving force to integrate 

cereal crops is determined by economic viability since dairy production in Australia and 

New Zealand are relatively cheaper (Holmes, 2007) on grass production. However the 

limitation to feed access in grass-based system due to seasonality requires alternate forages 

for year round feed access. Research in other parts of the world clearly demonstrates the 

potential yield of cereal crops as forages and its feeding value (Tetlow, 1990; Khorasani  et 

al., 1997; Hill and Leaver, 1999; Sutton et al., 2002; Filya, 2003; Nadeau, 2007).  

 

In Victoria, the common dairy production systems is strip grazing or paddock rotation 

systems (Doyle et al., 2005). This could be due to production potential of main pasture 
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species (perennial rye grass - Lolium perrenne L.) which are known to exceed 27 metric 

tons DM per hectare under ideal field experiment conditions (Neal et al., 2005). Most dairy 

farmers has therefore perceived and adopted perennial ryegrass as highly productive and 

persistent herbage of high quality and palatability in relation to other temperate grasses. In 

reality the traditional perennial rye grass pastures has strong seasonal growth in spring and 

little or no growth in summer in dry land dairy regions. The result is acute shortage of feed 

in summer. 

 

Generally under most commercial dairy farms in dry land conditions, the study indicates 

pasture consumptions below 15 metric tons DM per hectare only (Jacobs et al., 1999) and 

hardly exceeds 20 metric tons DM per hectare (García et al., 2007). Similar observations 

are seen in many European countries where a potential DM yield of grass can achieve only 

15 metric tons per hectare under most favourable conditions (Dillon, 2006). These 

observations indicate below potential DM consumption by dairy cows. 

 

In a recent study of two dairy systems with one on perennial rye grass and one on 

complementary forage systems in south-west Victoria, the researchers observed just around 

6.3 metric tons DM per hectare and 7.3 metric tons DM per hectare respectively (Tharmaraj 

et al., 2007). The conclusion for low pasture consumption in both systems was attributable 

to drought conditions at the research site. Yet these figures represented 50 to 60 percent 

below from predicted pasture utilization achievable in dry land conditions of south west 

Victoria. In reality,  the potential utilization of pasture in the same research site was within 

the range of 6.8 to 16.9 metric tons DM per hectare giving a mean utilization achievable 

around 12.9 metric tons DM per hectare (Chapman et al., 2007). These figures were 

consistent to most temperate dairy regions such as Victoria and Tasmania in Australia and 

New Zealand as illustrated in Figure 2.3. However within the same dairy regions, there is 

also great variation in pasture utilization. Obviously one can conclude that the pasture 

utilization is well below average potential by dairy cows. 
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Figure 2.3.  Pasture utilization (t DM/ha) in dairy production regions of Victoria 

and Tasmania in Australia and New Zealand (Adapted from Rawnsley et al., 2007) 

 

 

Garcia and Fulkerson (2005) felt that seasonality of rainfall and temperature were main 

factors that affect pasture production. This was evident in Figure 2.3 wherein the south 

west Victoria with a dry-land dairy region had lower pasture consumption when compared 

to the northern Victoria with irrigation facilities. Likewise, Rawnsley et al. (2007) too 

observed that the reduced pasture production and persistence in southern Australia was due 

to the higher rate of daily evapo-transpiration. Evapo-transpiration often exceeded daily 

rainfall for almost 6 to 12 months period. Such rate of moisture loss results into significant 

moisture stress of perennial ryegrass pasture. The effect of extreme climate on DM yield 

was seen when the total annual pasture herbage accumulation was lower by 20 percent in 

perennial ryegrass in one drier season from previous year in the same experiment site 
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(Chapman et al., 2007). In general, the high rate of evapo-transpiration as observed by 

Rawnsley et al. (2007) in southern Australia for almost half of the year gave only short 

duration for perennial ryegrass to persist without irrigation.  

 

Therefore there is a need to choose the forage option that is drought resistant and fits into 

the existing farming system. The key issue is the DM yield both in terms of total supply 

and when to produce in relation to grass production. This is in view of the fact that 

constraint to DM intake has been identified as the major contributing factors for nutrient 

intake in dairy cows (Kolver and Muller, 1998; Kolvar, 2003).  

 

2.2.4. Cereal crop as viable home grown forage production  
 

Typically, among the feed consumed by dairy cow in a pasture-based system, it is estimated 

that bought in feed constituted around 20 percent, whereas 30 percent of feed were from 

irrigation and 50 percent from rainfall in Australia (Thorrold and Doyle, 2007). These 

proportions of purchased feeds are complex and found varying from none to 75 percent 

(Armstrong et al., 2000). High proportion of bought in feed are mainly influenced by 

limitation imposed by grass growth. This resulted to 40 to 67 percent of feed cost (Beever 

and Doyle, 2007) which would have a major bearing on farm profit.  

 

The use of cheaper feeds by optimizing production of home grown forage will reduce the 

feed cost. This is evident in the relationship between milk production costs and the 

production of grazed pasture in the dairy cow ration. It clearly indicates that for every 10 

percent increase of grazed pasture in the cows’ diet, there is reduction of 2.5 cents in the 

cost of milk produced per litre (Dillon, 2006). Recognizing that production costs are 

unarguably cheaper and better in grass-based system, options need to be explored to 

complement the existing grass-based production system. The critical issues are to 

complement the grass-based dairying that undergoes seasonal pattern of feed production 
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and nutritive value. Project 3030 is one that recognizes the efficient use of low cost, home 

grown feed that remains the key to determine feed cost (Project 3030, 2008).  

 

Recent study in south west Victoria, has demonstrated that it is possible for increased home 

grown forage consumption from changing the forage base options (Chapman et al., 2008) 

thereby improving the milk production. The critical factor is to create an access of year-

round dry matter intake. High dry matter intake is possible only when there are sufficient 

feed on ground and conserved feed sources throughout the year. 

 

 In Australia, there is no reliable statistics of WCS production. Nevertheless, due to 

restructuring in the intensity of production systems, increased herd sizes and land pressures, 

the proportion of silage in the diet is known to have increased significantly while that of 

pasture decreased. According to Kaiser & Piltz (2002), silage production in general (pasture 

and crops) has rapidly increased in Australia as main source of feed. They estimates that 

over the 10 years period from 1990 to 2000, the amount of silage fed per annum increased 

from 700,000 tons to 3 million tons. Among the total silage production, 50 percent are 

made in rainfall dominant areas of southern Queensland and northern New South Wales. 

Yet the information on crop species and varietal use as forages are limited to certain areas 

only. Typically, the most common practices are to supplement the production of pastures 

especially in winter when grass growth is restricted with suboptimum temperature.  

 

Hill (1992) has reviewed the nutritive value of whole crop cereals and has concluded that 

the nutrient composition is influenced by three broad factors – i) agronomic practices 

adopted such as utilization of nitrogen, pesticides and choice of varieties, ii) botanical 

composition of whole crop in relative proportion of grain and materials other than grain and 

iii) harvesting date and height of whole crop. Considering the nutrient requirement of dairy 

cows, cereal crop has option to harvest either at boot or soft dough stage of maturity. The 

effect of harvesting early or late stage of crop maturity is often determined by relative 

change in yield and forage quality. This is illustrated in Figure 2.4. In general, dairy cows 

require at least 10.5 MJ of ME per kg DM or 67 percent of digestible organic matter 
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digestibility (DOMD) to produce adequate milk, maintain body condition and reproduce 

successfully (Van Soest, 1994). De Ruiter and Hanson (2004) illustrated digestible energy 

levels at 10.5 ME MJ per kg DM at soft dough stage although CP contents reduced to 8 to 

10 percent. Cereal crop harvested at the vegetative stage (boot/early ear emergence stage) is  

known to produce energy value usually over 10 MJ per kg DM (Mickan and Hill, 2006) 

sufficient enough to consider as dairy ration. 

 

 
 
 
 
 
 
 
 
 
In the following sections, the potential capacity of cereal crop harvested either at early 

(boot growth stage) or at soft dough is reviewed in view of determining the production 

efficiency of digestible nutrient yield per hectare.  

 

Booting Flowering Milky Soft Dough 

20 24 28 38 34 DM (%) 

Low 

High 

20-25% CHO 

Yield 100% 

75% Digestibility 

10.5 ME 

65% Digestibility 

8-10% Protein 

20% Protein 

10% CHO 

Yield 50-60% Maximum 

Optimum 

Growth Stage of maturity 

Figure 2.4. Relative changes in yield and quality of whole crop cereals (not in 

scale) during maturation of plant (Adapted from de Ruiter and Hanson 2004) 
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2.2.5. Potential forage yield from whole crop cereals  
 

There are general consensuses among several researchers that the bio-mass accumulation 

and DM concentration in cereal crop reaches maximum at soft dough (Filya, 2003; Nadeau, 

2007). Delaying harvesting has only demonstrated lignifications that reduced the 

digestibility. In view of balancing the potential yield and quality, several studies 

recommend to harvest the cereal crops for silage at soft dough (Filya, 2003; Mickan and 

Hill, 2006; Nadeau, 2007). 

 

Most studies on cereal crops in Australia as winter forage has been limited to sheep and 

cattle production from the inner Tableland of New South Wales, (NSW) (Wheeler, 1963; 

Kemp, 1974; Lovett and Matheson, 1974; Dann et al., 1977; Michalk and Witshi, 1977; 

Muldon, 1986) and very few from other regions of the nation (Blunt and Fisher, 1976; 

Andrews et al., 1991). In general these crops are utilized during the vegetative growth stage 

as grazing forage. This corresponds to full appearance of flag leave and development of 

head between second and third leaf from top. Usually spraying of chemical is not done at 

this growth stage due to crop sensitivity. The cereal crops are available for first grazing or 

cutting as high value feed for dairy production. 

 

Dry matter yield of cereal crops under Australian context at boot stage of growth is shown 

in Table 2.2. Studies conducted in the northern Tableland of NSW, Australia by Lovett and 

Matheson (1974) found that cereal rye tends to produce higher forage yield (3.8 t DM/ha) if 

harvested early.  Similar forage yield from rye crop (4.02 t DM/ha) was also observed in 

southern Australia by Dann et al. (1977) during their comparative study of winter cereals as 

dual-purpose crop. Rye crop can even yield a maximum of 5.2 metric tons DM per hectare 

under ideal condition (Andrews et al., 1991) at boot growth stage making suitable for 

grazing forage. The major disadvantage of cereal rye is that the grain yields are generally 

low when compared to other cereal crops (Lovett and Matheson, 1974; Dann et al., 1977). 

The forage yield is also lower if harvested late. This suggests that rye crop is not 

comparable as dual-purpose in compared to other cereal crops.  
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Historically, the major dual purpose cereal crop for grazing and grain production is whole 

crop oats in Australia. Despites such attention on oats as grazing crop, there is little 

evidence to establish as the most suitable cereal crop species. Recent study of oats varieties 

at boot stage of maturity yielded 4.94 to 7.33 metric tons DM per hectare (Kaiser et al., 

2007). These yields were better than most observations of earlier studies (see Table 2.2). 

Unless there is a need of short growing season to offset the pasture growth in winter, the 

prospects of oats being used as conserved feed for cattle is not promising. In earlier study 

of oats forage utilization in Western Australia, Blunt and Fisher (1976) also concluded that 

oats was not profitable as dairy feed as they are less tolerant to defoliation. Oats is also less 

tolerant to drought. 

 
Table 2.2. Dry matter yield (t DM/ha) of whole crop triticale, oats, barley, wheat and 

rye under Australian context at boot growth stage 

 
Whole crop 
species 

DM Yield      
(t DM/ha) Reference 

Triticale 3.6 to 4.9 Andrew et al 1991; Muldoon 1986 

Oats 3.5 to 4.7 Andrew et al 1991; Blunt and Fischer 1976; Kemp 1974; Dann 
et al 1977; Lovett and Matheson 1974, Muldoon 1986 

Barley 3.7 to 5.1 Dann et al 1977; Lovett and Matheson 1974; Muldoon 1986 

Wheat 1.1 to 3.1 Dann et al 1977; Lovett and Matheson 1974; Muldoon 1986 

Rye 3.2 to 5.2 Andrew et al 1991; Dann et al 1977; Lovett and Matheson 
1974; Mulboon 1986 

 

 

Barley crop is generally robust and good for early production. However growth is severely 

affected by drought as it is less tolerant. It is also prone to lodging and disease incidence in 

high moisture conditions due to weak straw strength. One of the disadvantages of barley is 

the short window for harvest as it attains maturity faster than other crops. Otherwise, barley 

crops offer maximum forage yield (5 t DM/ha) during vegetative stage enabling extension 

of grazing pasture. 
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Wheat has been traditionally grazed by sheep and cattle in many farming systems in 

Australia (Virgona et al., 2006) as it has long vegetative phase. Forage yield during 

vegetative stage are however the least among cereal crops. Depending upon the varieties, 

allowing grazing or cutting might or might not affect the forage yield. In view of low DM 

yield at boot stage of maturity, it is not recommended for harvesting. 

 

Whole crop triticale  can yield 4.1 to 4.9 metric tons DM per hectare at boot growth stage 

(Andrews et al., 1991) although other cereals like rye and oats also can produce within 

similar range. The difference is that triticale crop is known for drought and disease 

resistant. Incidentally, there is no information on whole crop triticale being used for silage 

production during boot growth stage in Australia. All the existing trials are related to forage 

grazing only. 

 

Most researchers across the world recommend harvest time at soft dough when the nutritive 

value and DM yield is optimal (Acosta et al., 1991; Mickan, 2006). Decision to harvest at 

soft dough can recover substantial reduction of DM yield and loss of total yield of 

digestible nutrient per hectare. This can be seen from the study of cereal crop yield by 

Nadeau (2007) who clearly demonstrates increased forage yield ranging from 11 to 29 

percent when harvesting was delayed from early dough to early milk stage.  

 

The potential DM yield of whole crop at soft dough is compiled in Table 2.3. Yield 

potentials of cereal crops across the world clearly indicate great variations, making it 

difficult to select the right crop as forage. Amongst the cereal crops, the lowest forage yield 

is from whole crop barley. The maximum potential yield from barley crop was 12 to 13 

metric tons DM per hectare under irrigated condition in Australia (Muldon, 1986). 

Elsewhere in US and Canada, the forage yield from barley ranged from 7.7 to 8.75 metric 

tons DM per hectare only  (Acosta et al., 1991).  Recently, Hargreaves et al. (2009) 

reported barley yield for ensiling at 10.1 to 13.3 metric tons DM per hectare in UK. All 

these forage yield data of barley indicates the limitation of yield beyond 15 metric tons DM 
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per hectare that is not comparable with other cereal crops in terms of total yield of 

digestible nutrients.  

 

Crop rotation farming practices usually achieve high DM yields per hectare as the cereals 

are grown in rotation with summer crops. Under the irrigation supply, De Ruiter et al. 

(2006) observed an annual yield of 25 metric tons DM per hectare of spring sown cereals 

with kale or rape rotation. This forage yields are better than perennial ryegrass (20 t 

DM/ha) or kikuyu over sown with short rotation ryegrass (20 – 24 t DM/ha) under best 

irrigation and nitrogen fertilizer management (Garcia and Fulkerson, 2005).  

 

In general, dry matter yield of cereals is influenced by various factors such as species, 

varieties, sowing dates, harvest stage, inter-crops, rotation crops, agronomic practices, and 

environment and irrigation facilities. For instance the study by Khorasani et al. (1997) who 

used Wapiti triticale has 36 percent lesser DM yield than Prego triticale as reported by 

Nadeau (2007). This difference is observed despite of the harvest time for both are within 

soft dough stage and grown in similar environment and plant nutrient management 

although they are tested at two different locations (Canada vs. Sweden) and different years. 

It can be concluded that the DM yield difference can also be due to influence of micro-

climate besides the choice of variety.  The significance of climatic effect is evident even 

between the years under same location when same Prego triticale crop has increased by 3 

percent additional yield (9.5 t DM/ha VS 9.8 t DM/ha) in second year of growth experiment 

(Nadeau, 2007). Likewise DM yield of oats also ranged from 6.7 to 17.7 metric tons 

indicating the influence of varieties, environment and management practices (Corrall et al., 

1977; Kaiser et al., 2007). 

 

There are extensive researches on whole crop wheat varieties showing clearly the effect of 

slow, mid and fast growing varieties on DM yield. The effect of varieties on DM yield are 

demonstrated by Weller et al. (1995) and Filya (2003) from different winter wheat varieties 

that gave from 13.05 to 18.23 metric tons DM per hectare despites of the same sowing date, 

seeding rate, fertilizer input and agrochemical inputs. Wheat which is mainly a dry land 
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crop in Australia is also tested for silage production in Western Australia (Russell and 

Guthridge, 2002). These authors used five varieties of wheat that are known to produce 

high grain yields in south of Western Australia. The DM yield was within similar range 

although a few late maturing varieties even crossed above 20 metric tons DM per hectare.  

 

Table 2.3. Dry matter yield (t DM/ha) of whole crop triticale, oats, barley, wheat and 

rye at soft dough stage of plant growth 

 
Whole crop 
species 

DM Yield     
(t DM/ha) Reference 

Triticale 6.3 to 18.0 Khorasani et al 1997; Russell and Guthridge 2002; de Ruiter 
2006; Nadeau 2007 

Oats 6.7 to 17.7 Corral et al 1977; Khorasani et al 1997; Russell and Guthridge 
2002; Nadeau 2007; Kasier et al 2007 

Barley 6.0 to 10.0 Khorasani et al 1997; Nadeau 2007 

Wheat 8.4 to 21.9 Dann et al 1977; Lovett and Matheson 1974; Muldoon 1986 

Rye 3.2 to 5.2 Russell and Guthridge 2002; Nadeau 2007; Tetlow 1990; 
Leaver and Hill 1990 

 
 

Several studies have found a close correlation of potential DM yields to harvest stage till 

soft dough which is generally recommended for ensiling with ideal nutritive values (Tetlow 

and Wilkinson, 1990; Crovetto et al., 1998). Harvesting at later hard dough was only 

suitable with chemical treatments.  

 

Considering the potential yield capability of forage at soft dough with the right choice of 

species, varieties, and line of cereal crops, wheat, oats and triticale favoured as most 

promising crops for silage production. The suitability of such crops under dry-land farming 

with adequate forage yield will be of interest to integrate into grass-based dairy system. 
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2.2.6. Nutrient values of whole crop cereals 
 

In UK, whole crop wheat cereals are generally harvested at late maturity with high DM 

content ranging from 300 to 600 g per kg DM for conservation. This was in view of the 

restricted growing season for grasses in winter in northern Europe. Harvesting of cereal 

crops in general follow internationally accepted guide called Zadoks Decimal Code to 

describe growth stages of cereals. They are coded as GS followed by numerical code 

describing cereal growth stages. For instance GS 65 describes flowering (anthesis) growth 

stage of cereal with mid to half of spikes with anthers.  

 

Research by Adesogan et al (1998) on the chemical composition of such late harvest in 

Year 1 at GS 73, GS 86 and GS 92 and Year 2 at GS 71, GS 84 and GS 88 (Zadoks et al., 

1974) for wheat varieties has shown a mean DM (g DM/kg) content at around 349 ± 48, 

477 ± 23 and 594 ± 72 for 1st, 2nd and 3rd cuts respectively. The chemical composition of 

whole crop wheat obtained from three cuts is shown in Figure 2.5. While water soluble 

carbohydrate (WSC) decreased as they are converted to starch with grain development, the 

digestibility of the organic matter in dry matter (DOMD) is seen better in third cut (634 

g/kg DM) in their experiment when compared to first (609 g/kg DM) and second (599 g/kg 

DM) cuts. This could be possibly influenced by high starch content.  Such ranges of DM 

contents are also reported earlier by several studies (Leaver and Hill, 1990; Phipps et al., 

1990; Tetlow, 1990) in UK for whole crop wheat varieties. All these observations confirm 

that the cereal crops in UK are generally harvested at late maturity for conservation. 

Popularity of whole crop wheat as conserved feed during late harvest was mainly boosted 

due to success in aerobic stability of silage by urea addition in UK (Hill and Leaver, 1999). 
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Figure 2.5. Chemical compositions of whole crop wheat at first cut (dark), second cut 

(striped) and third cut (blank) (Adapted from Adesogan et al., 1998) 

 

Although several studies has been made on chemical composition of whole crop barley 

cereals, it is either limited to two or four stages of plant growth only. The most 

comprehensive analytical study is compiled by McDonald et al. (1991) that examined seven 

stages of growth in barley as illustrated in Figure 2.6. From this compiled data, one can 

draw inferences that as the plant matured, DM content increased while CP content is 

reduced by 35 per cent. Yet the digestible organic matter in dry matter (DOMD) of whole 

crop barley is within 590 ± 35.3 g per kg DM with small variations. WSC content from 

mealy ripe early (242 g/kg DM) onwards however decreased. The general review of such 

data shows that the whole crop barley can be harvested with high DM yield and adequate 

WSC level not later than mealy ripe early to ensure ideal fermentation during ensiling. 

However with least forage yield capacity among cereal crops, whole crop barley may not 

be an ideal choice under Australian environment. The general climate of Australia is warm 

to hot in summer and such droughts are detrimental to barley growth stages. Barley is 
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normally less tolerant to droughts and has weak straw strength. It also gives very short 

window for harvest as it matures faster. 

 

 
 
 
Figure 2.6. Average dry matter (-�-) (g/kg DM), crude protein (-x-), crude fibre (-*-) 

water soluble carbohydrate (-�-) (g/kg DM) and digestibility of organic matter in dry 

matter (-�-) (g/kg DM) of whole crop barley estimated at various growth stages 

(Adapted from McDonald et al., 1991) 

 
 
In a series of chemical analysis at weekly sampling from boot till soft dough in Canada, 

Khorasani et al. (1997) reported that DM content of barley (128 to 181 g/kg DM), triticale 

(127 to 145 g/kg DM) and oats (107 to 142 g/kg DM) were similar and remained constant 

over the first three weeks of sampling. However the DM content during the last three weeks 

increased by many folds (193 to 458 g/kg DM) from the boot stage to soft dough stage. 

This reflected the changes in the crop composition with advancing maturity. Under 

Australian environment, Kaiser et al. (2007) also recorded increase of 220 g DM from boot 
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to soft dough in whole crop oats. The change in nutrient composition of whole crop oats at 

two growth stages is shown in Table 2.4.  

 

Table 2.4. Chemical composition (g/kg DM) of whole crop oats at boot and soft dough 

stages of plant maturity (Source: Kaiser et al., 2007) 

 

Chemical composition (g/kg DM)   Growth stage 

  Boot   Soft dough 

Dry matter   211   430 

Crude Protein   149   110 

Water Soluble Carbohydrate   350   115 

Ash   62.6   64.4 

Organic Matter Digestibility   710   590 

 

 

 Although the agronomic practices and soil nutrients may differ in different sites, the CP 

concentration of barley (250 g/kg DM) and triticale (265 g/kg DM) are always higher at 

boot than oats (220 g/kg DM). But they are found similar at soft dough (110 g/kg DM) 

(Khorasani  et al., 1997) which was again similar in Australian environment (Kaiser et al., 

2007). Generally the CP contents of these cereal crops decreased gradually with advance in 

maturity. In the same study in Canada, these authors reports that NDF concentration of 

barley, triticale and oats forage increased from 470 to 610 g per kg DM on average as the 

plant progressed through elongation stage and reached a plateau (620 g/kg DM) during the 

process of heading. It later decreased with the process of grain fill to approximately 530 g 

per kg DM. Their observation was in conformity to Filya (2003) where NDF composition 

of whole crop wheat was seen higher at flowering (546 – 570 g/kg DM) than at dough stage 

where it ranged from 443 to 456 g per kg DM. The study of nutritive value of wheat at 

three growth stages by Filya (2003) also noted that WSC concentration from flowering 
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stage reduced from 101 – 105 g per kg DM to 33 – 37 g per kg DM at dough stage. This 

corresponds to more than 65 percent reduction of soluble carbohydrate which was 

consistent even under Australian environment (Kaiser et al., 2007). It can be explained due 

to corresponding increase in content of hemicellulose at dough growth stage than the 

flowering stage. Despites observations made under different soil condition, agronomic 

practices and environment, what is clear is the effect of growth stage on nutrient 

composition of whole crop cereals. 

 
The quality of forage is however determined by estimating the digestibility of the organic 

matter in the dry matter (DOMD). In Australia, the Australian Fodder Industry Association 

(AFIA) recommends the following equation to estimate the metabolizable energy (ME) of 

crops as: 

 

ME (MJ/kg DM) = 0.203 DOMD% - 3.001 

 

Using the same equation against the average DOMD of the cereal crops at each growth 

stage, the ME estimated for boot and soft dough is around 12 MJ per kg DM and 9 MJ per 

kg DM respectively for cereal crops. The average crude protein of whole crop cereals is 

within the range of 180 g per kg DM to 90 g per kg DM respectively during similar growth 

stages. Considering this average nutrient composition against each growth stage, the 

estimated total yield of crude protein and metabolizable energy from the whole crop cereal 

as forage is summarized in Table 2.5. It is found that whole crop wheat, triticale and oats 

can yield additional 300 to 600 kg of crude protein per hectare if harvesting is programmed 

at soft dough stage of plant maturity. Similarly the harvestable energy unit is almost double 

at soft dough growth stage (average 107 GJ/ha) although the crop maturity reduced the 

energy content by almost 25 percent. Whole crop barley has only marginal advantage at 

soft dough harvest mainly because of low capacity to forage yield. 
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Table 2.5. Estimated crude protein (kg/ha) and metabolizable energy (GJ/ha) harvest 

from various whole crop cereals yield at boot and soft dough stages of plant maturity 

 

Crop Species 
Yield (t DM/ha)   Crude Protein 

(Kg/ha)   Metabolizable 
Energy (GJ/ha) 

Boot Soft Dough   Boot Soft Dough   Boot Soft Dough 

Barley 4.37 8   787 720   52 72 

Oats 4.1 12.2   738 1098   49 110 

Triticale 4.25 12.13   765 1092   51 109 

Wheat 4.1 15.15   738 1364   49 136 

 

2.2.7. Conclusion 
 

Whole crop cereal is seen to provide high DM yield per unit area and ensure year-round 

feed access to dairy cows under pasture based systems. The most critical benefit is its 

flexibility to utilize as major source of forage during grass shortage due to limited growth. 

The role of whole crop in dairy production indicates increased utilization across the world. 

There is however need for critical farm decision to make in the utilization of whole crop 

cereals.  

 

Integration of whole crop into the predominant grass-based systems in Australia is mainly 

governed by the production systems adopted across the country. Although the dairy 

production systems are generally cheap with grass-based systems, pasture utilization are 

much lower when compared to New Zealand. This indicates that dairy cows in Australia 

will require supplementation with other forages to remain competitive.  
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Considering the high nutrient yield from the later growth stage, efficiency in utilization of 

whole crop seems appropriate at soft dough stage although flexibility as grazing will also 

contribute prolonged duration in pasture utilization. The whole crop cereals have generally 

high water soluble carbohydrate during soft dough stage of plant growth that is suitable for 

proper fermentation.  

 

2.3. Quality of conserved forage in storage  
 

2.3.1. Introduction 
 

From the earlier section of potential forage yield of cereal crops, it is observed that WCS is 

a high fibre diet. This means that WCS can be included in a limited amount only in the 

ration. Therefore production of quality silage is paramount to maximize its utilization. 

Quality silage achieves when lactic acid (LA) is the predominant acid (Schroeder, 2004b). 

LA is most efficient fermentation acid and will drop the pH of silage the fastest. The faster 

the fermentation is completed, the more nutrients will be retained in the silage.  

 

One of the common measures to prevent nutrient loss of WCS in UK is through adding 

urea before ensiling (Hill and Leaver, 1999; Sutton et al., 2001). It is reported that a 

treatment of whole crop wheat with urea before ensiling is effective in minimizing nutrient 

losses during conservation and on exposure to air during feed out (Hill and Leaver, 2002). 

Similarly the use of biological additives enhances the fermentation process and reduces 

nutrient loss (Wilkinson, 2005). In a study of biological additive inoculation to silage, there 

is a significant alteration of chemical and nutritive composition facilitating better ensiling 

process (Hill et al., 2001). Elsewhere in Canada, lactic acid bacteria based inoculants has 

shown improved fermentation, digestibility, nutrient intake and average daily gain by cattle 

when whole crop barley silage was fed as main forage component in feedlot (Hristov and 

McAllister, 2002).  
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Therefore the understanding the silage nutritive value is important especially when the rate 

of feed out is directly related to aerobic deterioration. It further benefits to design a feed 

budget plan in whole farm systems. 

 

2.3.2. Fermentation process for good quality silage production 
 

To ensure a successful high quality and stable silage, it requires anaerobic conditions, 

proper moisture, adequate plant sugars and proper bacteria. All these elements are 

interdependent. Generally during the processes of ensiling, storage and feed- out, there are 

six distinct phases that take place in forage preservation as illustrated in Figure 2.7. 
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Phase Phase I       '   Phase 2          '   Phase 3     '      Phase 4  '          Phase 5   '         Phase 6 

Silage age 0-2 days   2 – 3 days   3 – 4 days   4 – 21 days   21 days     

Main Activity 

Cell respiration; 
production of 
CO2 , heat and 
water 

  
Production of 
acetic acid and 
lactic acid, ethanol 

  Lactic acid 
formation   Lactic acid 

formation   Material 
storage   

Aerobic 
decomposition 
on re-exposure 
to oxygen 

pH 6.5 – 6.0   6.0 – 5.0   5.0 – 4.0   4   4   4.0  –  7.0 

  
 
Figure 2.7.Silage fermentation phases with average duration, main activity and pH (Adapted from Schroeder, 2004) 
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The first phase or aerobic phase is responsible to deplete the trapped oxygen in silo that 

normally last for only a few hours.  It is important to shorten the time required for 

anaerobic environment since aerobic bacteria consume soluble carbohydrate and 

breakdown plant proteins which otherwise is useful to LA bacteria or the animal. To ensure 

quicker anaerobic fermentation, some key management practices of proper maturity, 

moisture, chop length, and rapid filling with adequate packing and proper sealing of storage 

structure are required (Kung, 2000; Schroeder, 2004b). Having achieved an anaerobic 

fermentation which is the second phase, there is the growth and development of acetic acid 

(AA) producing bacteria that ferment water soluble carbohydrate into AA and some LA, 

alcohols and carbon dioxide. It initiates to drop the pH and inhibits the further growth of 

acetic acid bacteria. This phase lasts not more then 2 to 3 days. The third phase is a 

continuation of the anaerobic fermentation but is dominated by homo-fermentative lactic 

acid bacteria (LAB). LA fermentation takes place at around pH 5 where WSC is converted 

into lactic acid and the silage pH further drops to 4. As the pH reaches to 4, it is considered 

that the silage is stable and enters to fourth phase. At this point, the silage can be kept for a 

considerable period of time as long as oxygen and moisture is kept out. In case of forage 

crops ensiled with less than 25 percent of DM, it encourages the growth of spoilage 

organisms that produce butyric acid rather than LA. Such type of anaerobic fermentation is 

said to be the fifth phase of fermented crop. The sixth phase refers to the exposure of the 

silage face to oxygen during feed out where aerobic deterioration takes place.  

 

In most cases, several compounds are added to achieve a desirable fermentation during 

ensiling besides physical actions like fine chopping, packing, compressing and sealing the 

silos. Therefore the feeding value of silage is governed by the type of material ensiled and 

use of additives. In the following sections, the nutrient compositions and fermentative 

characteristics of whole crop silage either treated with chemical or biological additives at 

different stages of plant growth is briefly explained.  

 

Lactic acid bacteria (LAB) is normally present in small numbers on growing plants that 

multiply rapidly when the crops are chopped or lacerated. On the basis of fermentation 
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pathways, McDonald et al., (1991) has categorised LAB into homo-fermentative and 

hetero-fermentative bacteria. Some of the commonly used homo-fermentative bacteria are 

Lactobacillus plantarum, Pedicoccus pentosaceus and Enterococcus faecalis. Similarly the 

most frequently used hetero-fermentative bacteria that produces LA are Lactobacillus 

brevis and Lactobacillus buchneri.  A homo-fermentative bacterium is considered more 

efficient in producing LA from hexose sugars. On the contrary, hetero-fermentative 

bacterium is considered less desirable since they produce less acid from sugars (Wilkinson, 

2005). 

 

Most studies recommends DM contents of whole crop harvesting within a range from 33 to 

50 per cent for silage making  (AAFRD, 2005; Mickan and Hill, 2006). At this DM 

content, the cereal crop has reached a soft dough stage of maturity. Harvesting after the 

mid-dough stage is generally not recommended since the higher fibre content negatively 

affect energy content (AAFRD, 2005). There is also associated problem encountered by 

harvesting below the recommended DM levels. In most instances, fermentation is non-

efficient and undesirable which invariably results in the loss of nutritive values. Harvesting 

at immature stage and ensiling without wilting is also not recommended since they are 

known to produce high amount of effluent leading to unpalatable silage (Mickan and Hill, 

2006). It is also not ideal to harvest above the recommended DM levels since excess air can 

be trapped at ensiling due to difficulty in compaction. Such ensiling will than lead for 

prolonged aerobic fermentation and increased microbial activity. This will result into loss 

of high DM and nutritive value. Harvesting of cereal crops has to be therefore programmed 

after the vegetative stage only where the soluble sugars in plant and leaves are trans-located 

to the grain and converted to starch (Mickan and Hill, 2006). This not only ensures high 

DM yield and feed access to dairy cows but also increases yield amount of starch as main 

source of energy. 

 

Conservations practice of whole crop cereal across the world indicates that there is 

adequate evidence to harvest the crop at dough stage. A summary of such evidences on the 

chemical composition of various whole crop silages at mid dough growth stage is given 
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Table 2.6. The DM content of whole crop barley, oats and triticale at recommended harvest 

date for silage does not differ as it ranged from 361± 71 to 378 ± 78 g per kg DM. However 

silage made from whole crop wheat at mid dough growth stage shows wetter by 60 to 80 g 

per kg DM when compared to other cereal crop silage. The WSC concentration and CP 

content of all whole crops silage are within similar range. Such observation gives options to 

choose by the farmers. With the exception of whole crop triticale silage, the starch level of 

silage from wheat, oats and barley at mid dough growth stage offered 130 ± 135 to 183 ± 

82 g per kg DM. The starch level indicates the grain formation at this growth stage. If the 

starch content of whole crop triticale silage has to be increased, this is likely to be achieved 

by delaying harvest when compared to other cereal crops. 

 

Table 2.6. Mean chemical composition with standard deviation (g/kg DM) of various 

whole crop silage at mid dough growth stages 

 
Whole Crop 
Cereal Silage 

Chemical composition ( g per kg DM))   

DM WSC NDF CP Starch Reference 

Barley 364 � 92 36 ± 1 341 ± 175 82 ± 40 168 ± 141 Khorasani et al., 1993 

      Manninen et al., 2005 

       
Oats 361 ± 71 39 ± 14 373 ± 175 70 ± 32 130 ± 135 Khorasani et al., 1993 

      Manninen et al., 2005 

       
Triticale 378 ± 78 28 ± 2 377 ± 285 79 ± 53 36 ± 15 Khorasani et al., 1993 

      
McCartney and Vaage 
1993 

       
Wheat 441 ± 65 29 ± 37 428 ± 110 84 ± 31 183 ± 82 Crovetto et al., 1998 

      Adesogan et al., 1998 

      Sutton et al., 2001 

      Sutton et al., 2002 

      Hill and Leaver 2002 

            Filya 2003 
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In view of promoting adequate fermentation processes, many commercial silage inoculants 

are now available in the market. Silage treated with homo-fermentative inoculants are 

characterised by lower pH, high concentration of LA, lower concentration of ammonia-N, 

neutral detergent fibre and acid detergent fibre. The fermentation characteristic (pH, 

ammonia-N and VFA) of whole crop silage is in shown in Table 2.7. 

 

The DM content and the water soluble carbohydrate (WSC) content determine the extent 

and type of fermentation. Generally with increasing DM content and the subsequent 

reduction in WSC, there is less production of LA and AA but continues to elevate the pH 

values. For instance silage made from whole crop wheat at early, mid and late dough 

growth stage as illustrated in Table 2.7 clearly demonstrates reduction of LA and AA while 

pH level has increased from 3.9 ± 0.1 to 6.0 ± 2.1. However crops like oats and barley 

including wheat harvested at mid dough growth stage shows an ideal pH value of 4 to 5 

indicating the required lactic acid fermentation to preserve silage in storage. This is 

conclusive to suggest the harvest date for cereal crop for making silage.  Harvesting of crop 

below 40 to 45 per cent DM content exposes to risk although high WSC content at that 

maturity can ferment into LA. This is due to buffering capacity of ammonia, the pH is 

unlikely to drop down to desired level. Such scenario will only lead to clostridial 

fermentation as stimulated by high moisture content. It is therefore concluded that in order 

to produce high yield and stable ensiling, whole crop needs to be harvested not less than 45 

percent DM content. Anything beyond this DM will require some chemical treatments to 

improve fermentation. One such chemical application is urea at the rate of 40 g per kg DM 

widely practiced in UK (Tetlow, 1990). However if the harvest date is too late, the crop is 

too dry and there will be no hydrolysis. This is summarized by Newman (1990) that urea 

application to late harvest crop gave only 2 weeks “ window”  since too mature crop will 

lead to indigestible grain and if harvested in milky growth stage, it will ferment without any 

chemical treatment. Later Adesogan et al. (1998) also concluded that urea application is 

beneficial for whole crop wheat when it is harvested between 500 and 550 g per kg DM 

only. 
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Table 2.7. Mean fermentation characteristics of whole crop silage with standard 

devation showing pH, ammonia-N (g/kg total N), acetic acid (g/kg DM) and lactic acid 

(g/kg DM) 

 

Whole Crop 
Cereal Silage 

Growth 
Stage 

Chemical composition ( g per kg DM))  
Reference 

pH Ammonia-
N Acetic Acid Lactic Acid 

Wheat Early dough 3.9 � 0.1 55.9 ± 60.5 15.3 ± 8 63.3 ± 27.8 Adesogan et al., 1998 

      Sutton et al., 2002 

      Filya 2003 

       
 Mid dough 4.9 � 1.4 61.3 ± 67 13.0 ± 6.9 47.4 ± 47 Adesogan et al., 1998 

      Sutton et al., 2001 

      Sutton et al., 2002 

      Walsh et al., 2008 

       

 Late dough 6.0 � 2.1 10.4 ± 8 6.0 ± 8.4 8.6 ± 5.8 Adesogan et al., 1998 

      Sutton et al., 2002 

      
�Oats Mid dough 4.1 ± 0.2 51.0 ± 69.3 8.5 ± 3.5 48.0 ± 1.4 Manninen et al., 2005 

      Nadeau 2007 

      Walsh et al., 2008 

       
Barley Mid dough 4.1 ± 0.0 36.0 ±48.5 8.3 ± 3.5 28.5 ± 21.1 Manninen et al., 2005 

      Nadeau 2007 

      Walsh et al., 2008 

�� �� �� �� �� �� ��

 

 

The overview of these studies clearly demonstrates the importance of harvest date to create 

feed access during grass deficit period. It is however observed that the harvesting for 

ensiling needs to be timed when the crop has reached the mid dough stage. The mid dough 

plant growth stage specially will ensure to provide maximum DM yield and also well 

preserved silage as dairy feed. 
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2.3.3. Role of silage additives for forage conservation 
 

Silage additives are generally used to improve the preservation of original nutrients in the 

forage crops for feeding at a later date. According to McDonald, et al., (1991), there are 

five groups of additives based on their actions. They are:  i) fermentation stimulant, ii) 

fermentation inhibitors, iii) aerobic deterioration inhibitors, iv) nutrients and v) absorbents. 

The first two groups are most important as they are concerned with the fermentation 

control. They act either by encouraging lactic acid fermentation or by inhibiting microbial 

growth. Aerobic deterioration inhibitors are meant for controlling the spoilage of silage 

when exposed to air whereas nutrients are added to crops at the time of ensiling to improve 

the nutritional value of silage. The fifth group (absorbents) are not commonly used but 

when the crops has high moisture content, it is added to reduce nutrient loss and pollution 

of water courses by effluent production.  

 

Additives can also be grouped into biological and chemical additives. The utilization of 

additives is governed by its safety, efficacy, ease to use and non-pollutants. Most chemical 

additives include acids, formaldehydes, sulphite salts, tannins and alkalis. Alkalis are by far 

the most popular chemicals that include ammonia, sodium hydroxide (NaOH) and urea. 

Ammonia is used as a source of non protein nitrogen (NPN) for whole crop silage. Tetlow 

and Wilkinson (1990) found that CP content of whole crop barley increases by around 4 

percent when treated with 4 percent anhydrous ammonia. However distribution of ammonia 

gas evenly in the silage is a constraint. In view of difficulty in application, it often results to 

poor palatability. Therefore application of ammonia is not adopted in wide scale. Sodium 

hydro-oxide (NaOH) is common alkali used to prevent moulds growth and improve energy 

value by most researchers (Tetlow, 1990; Tetlow and Wilkinson, 1990). Application of 

NaOH to barley and wheat crops at 5 per cent of DM has improved digestibility by 20 to 25 

percent higher than control silage at later growth stage (Tetlow, 1990). Although NaOH is 

effective in improving the digestibility when compared to other alkalis, it does not confer 

aerobic stability in silo leading to DM losses. Therefore application of such caustic sodas to 

ensiling technique is not widely practised and recommended. Urea is most preferred than 
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other alkalis due to ease in handling. Application of urea not only stabilizes the silage but 

also offer NPN. Uniform application is achieved easily via the forage harvester on the farm. 

Greater stability of silage has probably reduced wastage during feed out leading to high 

intake levels and improved digestibility. However increased application of urea is a concern 

to environment.  

 

Therefore application of biological additives has been evolved in forage conservation. The 

concept of adding microbial inoculants is to dominate fermentation production into LA.  

Predominant production of LA as the end product from fermentation process results into 

quality silage (Schroeder, 2004b). These higher amount of LA are generally produced 

either from homo-fermentative or hetero-fermentative LAB inoculants despites 

fermentation pathways differed. Increased concentration of LA in silage results into 

decreased pH and the forage is well preserved. 

 

Although homo-fermentative LAB is more desirable and thus such inoculants are generally 

included as silage additives, it has poor stability of silage (Holzer et al., 2003), especially 

when exposed to air. As such, hetero-fermentative LAB is an alternative inoculants studied 

by several authors (Ranjit and Kung, 1999; Kung and Ranjit, 2001). These hetero-

fermentative LAB inoculants are known to inhibit the growth of yeasts and moulds and 

improve the silage stability when exposed to air. The application of both homo-

fermentative and hetero-fermentative LAB inoculants either single or in combination in 

determining fermentation, aerobic stability and nutritive value of silages is shown in Table 

2.8. Most studies are carried out in laboratory scale ranging from 1.5 litres to 50 litres or 

polythene silos only. There is further limited information on the effectiveness of microbial 

inoculants at large farm scale silos either for grass or cereal crops especially fed for 

lactating cows. Among few studies at farm scale silos, Driehus et al., (1999)  has used 

Lactobacillus buchneri which is a hetero-fermentative LAB in combination with homo-

fermentative LAB. When combination of both LAB is applied in wilted grass silage, the 

observation was enhanced aerobic stability. This is evident from the reduced yeasts and 

moulds count. Similar reduced count of yeasts and moulds are also reported in chopped 
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whole barley silage at farm bag silos when treated with Lactobacillus buchneri 40788 

inoculants (Taylor et al., 2002).  These observations indicate that aerobic stability of silage 

is possible with application of hetero-fermentative LAB micro-organism in cereal crops. 
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Table 2.8. Effect of inoculants studies at varying silo volumes on whole crop silages harvested at different growth stages 

in northern hemisphere 

 

Crop species Harvest stage Inoculum Silo volume Experiment 
site Reference 

Barley Mid dough Lactobacillus plantarum, 
Enterococcus faecium 3 L laboratory silo Canada Hristov and McAllister 2002 

Barley Early heading Lactobacillus buchneri, 
Lactobacillus plantarum 

27 x 36 cm laboratory 
silo and Field bag 
silos 

UK Taylor, Ranjit, Mills, Neylon 
and Kung Jr 2002 

Barley interseeded 
with vetch Early heading 

Lactobacillus buchneri, 
Lactobacillus plantarum, 
Pediococcus pentosaceus, 
Propionibacterium 
freudenreichii 

20 L laboratory US Kung Jr and Ranjit 2001 

Barley, Triticale, 
Oats, Wheat 

Early milk or 
early dough 

Lactobacillus plantarum, 
Enterococcus faecium,                    
Pediococcus acidilactici, 
Lactococcus lactis 

Laboratory 4 L silo Sweden Nadeau 2007 

Corn One half milk 
line 

Lactobacillus buchneri, 
Lactobacillus plantarum 20 L laboratory US Ranjit and Kung Jr 2000 

Corn One half milk 
line 

Lactobacillus buchneri,                           
Pediococcus pentosaceus 20 L Laboratory silo US Kleinschmit and Kung Jr 

2006 

Corn and sorghum 
Dent (corn) 
flowering 
(sorghum) 

Lactobacillus buchneri, 
Lactobacillus plantarum 1.5 L Jar Laboratory Turkey Filya 2003 



 

45 
 

 
 
Continued:-           
            
Maize Early dent and 

one half milk 
line 

Lactobacillus buchneri Laboratory 1.5 L 
glass jars 

Turkey Filya, Sucu and Karabulut 
2006 

Perennial rye grass wilted Lactobacillus buchneri Field silo and 
laboratory glass silo 
1L 

Netherlands Driehus, Oude Elferink and 
Van Wikselaar 2001 

Wheat Milk stage Lactobacillus buchneri, 
Lactobacillus plantarum 

Laboratory silo 1.5 L Hungary Weinberg, Ashbell, Hen, 
Azrieli, Szakacs and Filya 
2002 

Wheat and 
sorghum 

Milk stage Lactobacillus buchneri, 
Lactobacillus plantarum 

Laboratory silo 1.5 L Hungary Weinberg, Szakacs, Asbell 
and Hen 1999 

Wheat 
intercropped with 
peas 

Late milk to 
early dough 
(wheat) and 
yellow wrinkled 
pods (peas) 

Lactobacillus buchneri, 
Lactobacillus plantarum 

23 x 33 cm Polythene 
bag  laboratory scale 

UK Adesogan and Salawu 2002 

Wheat pea bi-crops  Early milk 
(wheat) and full 
pod (peas)  

Lactobacillus buchneri, 
Lactobacillus plantarum 

Laboratory Polythene 
bag 

UK Salawu, Warren and 
Adesogan 2001 
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2.3.4. Stability of silage in storage 
 
Most of the urea application on silage in whole crop wheat is reported in UK by several 

researchers (Givens et al., 1993; Adesogan et al., 1998; Hill and Leaver, 1999; Sutton et al., 

2001; Hill and Leaver, 2002) . The crops are generally harvested at not earlier than dough 

stage and treated with various levels of urea. Harvesting at later growth stage is targeted 

mainly to yield high dry matter when compared to immature crops. However to counteract 

the lignification problem, urea treatments are extensively investigated to restrict 

fermentation and reduce nutritive losses in UK. These experiments are carried out in large 

farm scale silos since application of urea prills at harvesting is made easy with harvester. 

 

Nutritionally, urea treated silage has positive response by animal by showing improved DM 

intake, does not depress milk quality, and has shown better growth in young stock (Tetlow 

and Wilkinson, 1990). Typically, whole crop cereals has low protein contents (8 to 10% CP 

in DM basis) that are deficient of degradable nitrogen in rumen for optimal rumen 

microbial digestion (Tetlow and Wilkinson, 1990).  Treatment of 4 percent urea at harvest 

confers aerobic stability and improved fibre digestibility in the rumen (Tetlow and 

Wilkinson, 1990). Although urea application improves aerobic stability, a high application 

rate is of concern due to environmental factors. Therefore utilization of urea is now more 

cautious in silage production. Instead bacterial inoculants have several advantages over 

chemical additives. Weinberg and Muck (1996) states that biological additives that 

comprises of bacterial inoculants and enzymes are safe, easy-to-use, non-corrosive to farm 

machinery, do not pollute environment, and are regarded as natural products. This is 

evident from the various inoculants trials on crop species harvested at different growth 

stages in northern hemisphere (see Table 2.8).  

 

Weinberg et al. (1999) has experimented an inoculants ATCC8014 (American Type 

Culture Collection, Manassas, VA) by spraying 50 ml of suspension containing L. 

plantarum, which is homo-fermentative LAB, over 15 kg of chopped wheat forage (Table 

2.8). They are ensiled at 1.5 litre glass jar. These authors conclude that the major 
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fermentation product is LA that helped to reduce the pH. However L. plantarum inoculants 

results into unstable silage as indicated by the loss of high concentration of CO2. Likewise 

in a mixed homo-fermentative inoculants containing L. plantarum, P. pentosaceus, 

Propionobacterium freudenreichi, �-glucanase, �-amylase, xylase and galactomannase in 

whole crop barley at 0.5 ml per kg of forage with sprayer, Kung & Ranjit (2001) found 

lowest pH, high concentration of LA, low concentration of ethanol and ammonia-N. This 

suggests that the mixed homo-lactic bacterial inoculants are successful in dominating 

fermentation into more homo-fermentative processes. Yet in their study, the silage got 

spoiled much faster when exposed to air indicating that LA was used as substrate for the 

growth of yeast.  

 

The effect of homo-fermentative inoculums L. plantarum to peas and wheat intercropped 

silage was tested by Salawu et al. (2001) to determine fermentation and aerobic stability 

during ensilage (Table 2.8) . LA production was around 64.3 g per kg DM and AA around 

17.6 g per kg DM in silage. Such observation appears that the silage is well fermented as 

the pH was also within 4. However L. plantarum inoculants did not confer aerobic stability 

after three days of opening the silo since it continued to heat up the temperature above one 

degree Celsius from the controlled laboratory temperature. In their study, aerobic stability 

was defined as the time required increasing the temperature by one degree Celsius above 

the ambient temperature (17.5 ± 0.2 ° C). Similar observation of high amount of LA and 

AA, pH and increased silo temperatures are reported in intercropped peas and wheat silage 

when treated with L. plantarum additive (Adesogan and Salawu, 2002). This only suggests 

inefficiency of homo-fermentative bacterium for silage stability. 

 

In the higher ambient temperature (25 to 27°C) experiment of whole crop wheat silage, 

aerobic stability is measured in terms of CO2 production, change in pH, and number of 

yeasts and moulds count (Weinberg et al., 2002). There is a higher proportion of CO2 

production and corresponding yeasts and moulds count when silage is treated with L. 

plantarum inoculants, although the pH was low enough to preserve the silage well. This 
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indicates that the warm climate induces yeasts and moulds growth and is susceptible for 

aerobic deterioration.  

 

According to Hristov and McAllister (2002), whom they experimented homo-fermentative 

multiple stains of L. plantarum and E. faecium inoculants to wilted or un-wilted whole crop 

barley, the ultimate lower pH value of silage and high concentration of LA from inoculants 

is considered to improve aerobic stability during feed out (Table 2.8). It is however not 

conclusive that low pH and increased concentration of LA is actually responsible for 

stability of silage since evidences from other studies (Weinberg et al., 1999; Kung and 

Ranjit, 2001; Salawu et al., 2001; Adesogan and Salawu, 2002; Weinberg et al., 2002) 

clearly indicate that application of homo-fermentative LAB are more governed to enhance 

LA production in the beginning fermentation process to minimize fermentation losses. 

Recently Nadeau (2007) has aslo studied the effects of homo-fermentative silage additives 

to spring wheat, barley, oats and triticale whole crops at two growth stages by ensiling after 

wilting or without wilting. This study confirms the several earlier researches that addition 

of additives results into increased LA:AA ratios and reduced proteolysis and loss of DM. 

Yet homo-fermentative LAB inoculants impairs the aerobic stability of silages by 

increasing numbers of yeasts and fungi (Weinberg et al., 1999; Weinberg et al., 2002; 

Nishino and Touno, 2005; Kleinschmit and Kung, 2006).  

 

In all reviews of homo-lactic inoculants, stability of silage in storage is the common 

problem encountered despite LA production is good and produced good silage. Therefore 

to maximize silage utilization during the process of feed out, it will be necessary to 

maintain stability of silage for longer duration by preventing growth of yeasts and moulds. 

Hetero-lactic fermentation are known to produce high levels of AA (Weinberg et al., 1999) 

that is more potent anti-mycotic agent than LA (Ranjit and Kung, 1999). The common 

hetero-fermentative lactic acid bacterium is Lactobacillus buchneri (L. buchneri). L. 

buchneri has been tested in several crops by different researchers (see in Table 2.8) at 

laboratory silos including farm scale silo in perennial rye grass after wilting (Driehuis et al., 

1999) and barley crop in field bag silos (Taylor et al., 2002) to improve the aerobic 
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stability. L. buchneri strain is particularly found important in the later fermentation stages 

as the hetero-fermentative LAB are more dominating (Holzer et al., 2003). 

 

Investigating the effect of L. buchneri on ensiling fermentation, yeasts population and 

aerobic stability against other microbes in wheat crop silage, Weinberg et al. (1999) noted 

that silage treated with L. buchneri alone or in combination with yeasts had higher aerobic 

stability as measured in term of CO2 production. In case of the hetero-lactic LAB treated, 

i.e.  L. buchneri inoculants, there was no CO2 production (g/kg DM) when compared to 15 

± 11 g per kg DM in control and 38 ± 9 g per kg DM in homo-lactic LAB, L. plantarum. 

This is evident from no yeasts count in silage at later stage which can be attributed to high 

concentration of acetic acid (32 g/kg DM).  

 

On contrary, Kleinschmit and Kung (2006) could not demonstrate the consistency of 

aerobic stability in corn silage despites fewer counts of yeasts and higher concentration of 

acetic acid. One possible reason for that could be due to inclusion of homo-lactic inoculants 

that is often known to impair aerobic stability. Yet this hypothesis did not support because 

the number of yeasts has steadily decreased in their experiment with corresponding increase 

in acetic acid as the length of storage progressed. Weinberg, et al., (2002) also detected not 

complete aerobic stability and concluded that corn silage seems to be more sensitive to air 

when compared to wheat whole crop. Earlier, Driehuis et al., (1999) has reported that acetic 

acid is the main fermentation product in L. buchneri treated corn silage with reduced yeasts 

counts and exceptionally high aerobic stability in comparison with the control silage. 

Similarly a markedly increased stability of corn silage to more than 38 days of aerobic 

exposure was noticed when L. buchneri at the rate of 1 x 106 CFU per g of fresh forage was 

inoculated (Ranjit and Kung, 2000). The higher concentration of inoculants applied to 

silage seems to be responsible for improving the aerobic stability. 

 

Some researchers has also tested fermentation quality and aerobic stability in intercropped 

forages comprising of wheat and peas treated with L. buchneri inoculants (Salawu et al., 

2001; Adesogan and Salawu, 2002). It appears that when pea and wheat bi-crops at 3:1 
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ratio respectively are ensiled, it ferments well since the average pH is below 4 (Salawu et 

al., 2001). Yet the silages got heated after 24 hours indicating poor stability. In other study 

by Adesogan and Salawu (2002) they found that the temperature of bi-crop silage 

consisting of 3:1 pea/wheat ratio rose by one degree Celsius above ambient temperature 

after 2.5 days whereas bi-crop silage at 1:3 pea/wheat ratio did not raise the temperature. 

Their conclusion was that the level of peas in the bi-crops was responsible for inconsistency 

in the fermentation and aerobic stability.  Likewise, several researchers have conducted 

inoculants research on barley crop using L. buchneri strain (Kung and Ranjit, 2001; Taylor 

et al., 2002). In a series of different concentration of L. buchneri (100, 000 CFU/g of fresh 

forage, 500, 000 CFU/g of fresh forage, and 1,000, 000 CFU/g of fresh forage) inoculants 

study in US, Kung and Ranjit (2001) recommended inoculants concentration to be highest 

for effective aerobic stability. In their study, aerobic stability is defined as the numbers of 

hours before temperature of silage increased two degree Celsius above stable temperature. 

They found that the highest level of L. buchneri inoculant (1 million CFU) took more than 

760 hours to spoil the silage confirming its effectiveness when compared to lower 

concentrations (0.1 and 0.5 million CFU). This observation confirms the earlier hypothesis 

of effectiveness of aerobic stability by high concentrate inoculums in corn silage (Ranjit 

and Kung, 2000).  

 

As stated earlier, Taylor et al.(2002) also performed with same rate of L. buchneri strain 

inoculants to whole crop barley silage in UK and observed consistent highest aerobic 

stability (took 120 hours to rise 2º C in silage ) in maximum concentration rate (1 x 106 

CFU/g of fresh forage). Therefore, in order to obtain good aerobic stability, it is paramount 

to apply high concentration of hetero-lactic LAB inoculants. This will ensure continued 

access of good quality silage to animal production. 

 

Although hetero-lactic fermentation is usually deemed as undesirable when compared to 

homo-fermentative fermentation (McDonald et al., 1991), it is difficult to prevent the silage 

getting exposed to air. Exposure to air is often unavoidable since it either take place 

through diffusion or wear and tear of plastic sheath during storage and while opening for 
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feed out. In such scenario of air infiltration into the silage in storage, it stimulates the 

growth of aerobic microbes and cause whole crop silages to spoil rapidly (Kung and Ranjit, 

2001; Taylor et al., 2002; Kleinschmit and Kung, 2006). Yet other hypothesis is that LA 

produced by homo-fermentative bacteria is readily metabolized by aerobic microbes such 

as yeasts and moulds when exposed to oxygen (Weinberg et al., 1999). Therefore in order 

to inhibit the growth of yeasts and moulds besides acting as silage inoculants, alternative 

bacterial inoculants is required especially when silage is susceptible to spoilage in warm 

climates. Acetic acid is known to reduce the growth of yeasts and moulds and thus 

improving the stability of silage (Holzer et al., 2003). As such, application of hetero-

fermentative LAB inoculants in silage conservation is recommended for whole crop 

cereals. 

 

2.3.5. Conclusion 
 

Good quality silage is produced when lactic acid is predominant. Lactic acid bacteria 

present in small amount on growing plants multiply rapidly under ideal states of anaerobic 

condition, proper moisture and adequate plant sugar. Two types of LAB namely homo-

fermentative and hetero-fermentative micro-organisms has been identified for LA 

production. Homo-fermentative LAB organisms are often considered more desirable as it 

produces higher amount of LA. However, homo-fermentative LAB organism did not confer 

aerobic stability when exposed to air. Evidences from the past microbial inoculants studies 

indicates that combination of homo-fermentative and hetero-fermentative LAB will be 

more beneficial as silage additives. This is because some inoculants (homo-fermentative) 

will stabilize the silage in shorter time by producing large amount of LA whereas other 

inoculants (hetero-fermentative) will inhibit the aerobic micro-organisms by producing 

enough AA at later stage. While the treatment of LAB inoculants at the laboratory silos 

gave enough evidences to conclude its benefit in preserving the original nutrients in the 

forage, constraint of information from southern hemisphere especially under Australian 

context did not give confidence to adopt as silage inoculants. This is especially important 
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since the feed out of silage coincides with high ambient temperature (summer) in Australia 

that only triggers the growth of aerobic micro-organism.  

 

As stated earlier, aerobic yeasts become more active at 20 to 30 degree Celsius and spoil 

the silage. That will further lead to already feed shortage (through wastage) in dry season 

and affect the farm productivity. In order to minimize the spoilage of silage in storage due 

to growth of yeasts and moulds, there are evidences that application of higher concentration 

of hetero-lactic LAB inoculants can maintain the aerobic stability for longer duration. 

While wilting of whole crop is generally not recommended if the DM content is within 40 

to 45 percent, wilting may be required if the cereal crops are harvested with less than 25 

percent moisture content to prevent effluent production and clostridia growth.  

 

In view of the potential to preserve the high yield forage by the silage inoculants, it will be 

interesting to look at the same effectiveness under Australian environment especially under 

dry land farming system. Any successful preservation of high yielding crops will contribute 

to feed access during critical production cycle of dairy cows in Australia. 

 

2.4. Scope of whole crop silage integration into feeding systems 
 

2.4.1. Introduction  
 

In the earlier two sections of this chapter, it clearly demonstrates that whole crop silage is 

known for its high biomass yield and suitable for conservation with improved technology. 

However the quality of WCS in storage and effect of feeding on animal performance is not 

well understood. While the quality of feed is directly related to animal performance, the 

assessment of feed quality in storage is often overlooked and estimation of digestible 

nutrients availability overestimated.  
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This third section of the chapter examines the WCS quality in terms of its potential 

digestibility in storage. It examined the factors such as feeding levels, plant growth stage 

and treatment of chemical and biological substances that contributed to digestibility.  It also 

reviews the range of techniques available in various laboratories in determining 

digestibility and its application for feed evaluation. The purpose of reviewing laboratory 

process in determining of WCS digestibility is to understand the suitable technique for 

application in this thesis. It attempts to understand the effect of WCS on animal responses 

in terms of its intake potential, eating behavioural response, milk production and live 

weight changes when integrated into various feed systems that were adopted across the 

world. 

 

2.4.2. Factors contributing improvement of whole crop silage 
digestibility  

 

The main factor influencing the digestibility of forage is the stage of plant growth at the 

time of harvesting. Other factors such as crop species, particle size and level of feeding too 

play important role but to lesser degree. The decline in digestibility is mainly due to 

increasing content of structural carbohydrates that are less digestible. In particular, the 

lignin proportion in plant gets significant with increasing maturity of crops that is resistant 

to hydrolysis by rumen microorganisms. The efficiency in utilization of conserved silage 

largely depends on the potential digestibility of silage. This is because the DM intake is not 

limited due to physical constraints. Digestibility in this review relates to values obtained 

from in vivo digestibility trial which is called as apparent digestibility. There are however 

contradicting observations of digestibility with stage of maturity and treatment effects in 

case of whole crop silages. Several workers have examined the silage quality either in cattle 

or sheep and has expressed in digestibility co-efficient. The summary of apparent 

digestibility co-efficient of various whole crops silage is shown in Table 2.9.  
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Table 2.9. Mean digestibility coefficient with standard deviation of whole crop silage 

from adlibitum and maintenance feeding levels in cattle and sheep 

 
Whole 
Crop 
Cereal 
Silage 

Growth 
Stage 

Digestibility Coefficient 

Reference 
DM OM GE NDF STARCH 

Wheat 
Early 
dough 

0.63 ± 
0.05 

0.66 ± 
0.04 

0.68 ± 
0.05 

0.56 ± 
0.15 

0.96 ± 
0.05 

Adesogan et al., 
1998 

     Sutton et al., 2002 

     
Crovetto et al., 
1998 

     
Mid 
dough 

0.63 ± 
0.06 

0.66 ± 
0.04 

0.65 ± 
0.06 

0.56 ± 
0.09 

0.97 ± 
0.02 

Adesogan et al., 
1998 

     Sutton et al., 2002 

     Walsh et al., 2008 

     
Late 
dough 

0.65 ± 
0.02 

0.69 ± 
0.02 

0.65 ± 
0.01 

0.59 ± 
0.06 

0.98± 
0.02 

Adesogan et al., 
1998 

     Sutton et al., 2002 

     Walsh et al., 2008 

     

Oats 
Mid 
dough  

0.65 ± 
0.01  

0.48 ± 
0.08 

0.91 ± 
0.06 

Khorasani et al., 
1993 

     
Manninen et al., 
2005 

     

     

Barley 
Mid 
dough  

0.70 ± 
0.02  

0.53 ± 
0.08 

0.96 ± 
0.03 

Khorasani et al., 
1993 
Manninen et al., 
2005 

              Walsh et al., 2008 
 

 

The factor that influences the digestibility of silage is the growth stage of the plant. 

Crovetto et al. (1998) has tested four stages of plant maturity at boot, mid-bloom, milk and 

dough as sole forage to wethers. The apparent digestibility decreased with advance in stage 

of wheat (cv. Eridano) maturity. In their in vivo digestibility trial, the digestibility 

coefficient of organic matter reduced from 76 per cent at boot stage to 62 per cent at dough 

stage. Digestibility at boot stage was significantly better in quality (p <0.001) from rest of 
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the growth stages. It is also noted that the mid-bloom stage of plant growth are good in 

digestibility  (p < 0.001) when compared to milk and dough stage of maturities. In a similar 

in vivo digestibility of wheat whole crop (cv. Slepjner) harvested at three stages of maturity, 

Adesogan, et al. (1998) reports digestibility coefficient for OM of 0.651 to 0.668 at early 

dough stages consistent with the observation of Crovetto et al. (1998). Interestingly, OM 

digestibility at hard dough stage is seen better (0.674 to 0.683) when compared to mid 

dough (0.602 to 0.678) and early dough stage (0.651 to 0.668). Similarly an increased 

digestibility with advanced crop maturity is demonstrated in recent study by Walsh et al. 

(2008) in whole crop wheat and barley silage. Generally it tends to indicate that organic 

matter digestibility of whole crop barley at dough stage that ranged from 0.678 to 0.713 is 

considered good enough as supplementary feed resource to dairy cattle (Khorasani et al., 

1993; Manninen et al., 2005; Walsh et al., 2008). The advantage of WCS is less variation in 

the digestibility pattern. This phenomenon is characteristics of cereal crops as the declining 

quality of leaves and stem is balanced by an increased proportion of highly digestible ear 

and grain. In most instances, the general principle of reduced digestibility contradicts with 

advancing maturity. However it can be partially explained due to two reasons. First, there is 

likely compensatory effect of increasing proportion of high digestible carbohydrate in the 

grain and secondly, the level of feeding at maintenance level where the mature wethers are 

able to utilize the ration efficiently when compared to ad-libitum feeding. Later comparison 

of digestibility is also done by Sutton et al. (2002) of whole crop wheat silage at three 

stages of maturity namely early soft dough considered as low DM, medium dough as high 

DM content and hard dough as very high DM content in sheep at maintenance level as sole 

diet. There is a general trend in reduced digestibility with advanced maturity of plant 

growth supporting the earlier observation of Crovetto et al. (1998).  Digestibility of starch 

is essentially complete which can be explained by better efficiency in breaking grain 

particle size by sheep when compared to cows.  

 

In order to improve the digestibility of late harvest especially at hard dough growth stage, 

application of urea application has shown some improvement in DM and OM digestibility 

(Table 2.10).  Application of urea at higher ate has become popular mainly by overcoming 
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the poor aerobic stability of whole crop silage.  Such observation is explained  when two 

levels of urea application by Adesogan et al. (1998) noted marginal improvement of OM 

digestibility if treated at the rate of 40 g per kg DM against 20 g per kg DM. Since then 

several studies in UK has advocated higher rate of urea application to cereal crop. Sutton et 

al. (2001) has also made silages with high pH ranging from 7.7 to 9.4 from wheat crop 

harvested at 550 to 600 g per kg DM that were treated with 40 g urea per kg DM. In their 

comparative study of urea treated wheat silage replacement by caustic or molasses treated 

or altering the formulation and or method of feeding of concentrates, they obtained 

digestibility of OM and DM with cows ranging from 0.690 to 0.701 and 0.665 to 0.680 

respectively. Despite silage pH being very high, urea had been effective in improving the 

digestibility. From all these observations of silage made at different growth stages, one can 

conclude digestibility of silage is at optimal level if harvested at mid-dough growth stage 

without any intervention of chemicals. Otherwise urea application has to be considered for 

late harvest silage. Understanding that increased urea application is a concern to 

environment, silage making of cereal crop from hard dough stage is not recommended.  

 
Table 2.10.  Mean digestibility coefficient with standard deviation of whole crop wheat 

silage with urea treatment at two levels and two growth stages measured at 

maintenance feeding level (Adapted from Adesogan et al., 1998) 
  

Urea Level 
Growth Stage 

Digestibility Coefficient 

OM GE NDF STARCH 

20 g/kg DM Mid dough 0.67 ± 0.00 0.67 ± 0.03 0.49 ± 0.18 0.97 ± 0.03 

 
�

� � � �
20 g/kg DM Hard dough 0.69 ± 0.04 0.66 ± 0.04 0.63 ± 0.00 1.00 ± 0.00 

 
�

� � � �
40 g/kg DM � ������	
� 0.69 ± 0.07 0.69 ± 0.09 0.61 ± 0.12 0.99± 0.00 

 
�

� � � �
40 g/kg DM �������	
� 0.71 ± 0.03 0.70 ± 0.03 0.65 ± 0.03 0.97 ± 0.02 

 
 

As stated, the other factor that influence digestibility is the feeding levels and feeding types. 

Feeding levels in digestibility trial is carried out either ad-libitum or maintenance level. 
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Silage can be fed either as sole diet or mixed ration. While majority of the researchers 

measures apparent digestibility as sole forage diet either at ad libitum or maintenance 

levels, Khorasani et al. (1993) has opted as total mixed ration (TMR). The TMR consists of 

equal proportion of whole crop silage and concentrate fed to lactating dairy cows at ad 

libitum. Comparing the whole crop silage digestibility of barley, oats and triticale with 

equal proportion of concentrates as TMR, these authors states that the digestibility 

coefficient of dry matter digestibility of barley (0.670) is superior to oat (0.646) and 

triticale (0.636). In another similar ad lib feed trial using sheep but forage as sole diet, 

Crovetto, et al. (1998) has recorded the digestibility coefficient of OM ranging from 0.620 

to 0.756 for wheat (cv. Eridano) silage. In either of feeding types as TMR or sole forage, 

the digestibility co-efficient of OM remained similar when measured in cows or wethers. 

Experiment with sucklers by Manninen et al. (2005) and to wethers by Adesogan et al. 

(1998) under maintenance feeding level also recorded consistent level of digestibility 

potential irrespective of crop species. However, some studies of whole crop silage in cows 

and sheep (Sutton et al., 2001; Sutton et al., 2002) when fed at both ad lib and maintenance 

levels in combination with grass silage at mature stage of plant growth has recorded higher 

digestibility coefficient of OM. The possible contributing factors improving the 

digestibility are dealt in later paragraph of this section. The feeding level however indicates 

very little influence on silage digestibility. Earlier Hill and Leaver (1999) also reported 

slightly lower digestibility of wheat crop when fed as sole diet both at maintenance and ad-

libitum to dairy cows. When similar treatments of whole crop wheat with different protein 

levels was compared, there was much higher digestibility coefficient of DM and OM. 

Recognizing that disruption of cereal grain would alleviate digestibility by increasing starch 

availability, a comparative study of urea treated whole crop wheat and barley with 

processed and unprocessed was reported by Givens et al., (2009) recently. There is however 

no conclusive result that unprocessed grain is inferior in digestibility when compared to 

processed one.  
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2.4.3. Determination whole crop silage quality by in-vitro gas 
production technique 

 

The quality of feed is the most important information required which is often determined by 

its digestibility although such measurements alone cannot predict the actual nutrient 

utilization by the host animal (Getachew et al., 1998; Krishnamoorthy et al., 2005). 

Digestibility of feedstuff is normally carried out either involving animal (in vivo) or in the 

laboratory (in vitro). Although in vivo digestibility is an ideal method to predict the 

digestibility of the feedstuff, this method is expensive since it involves test animals where 

large quantity of feed is required. In vivo trial is also time-consuming and laborious and is 

not suitable for commercial scale feed evaluation.  With recognition of the increased scope 

of whole crop cereals into dairy ration, several researchers has evaluated the potential 

digestibility of cereal silages at different growth stages as shown in Table 2.9 and Table 

2.10. These measurements in in-vivo are conducted either as sole or forage mixture and 

with or without urea treatments.  The importance of these studies provides information to 

interpret the nutritional values of whole crop silages that was useful to assist in ration 

formulation.  

 

In a routine commercial feed analysis, digestibility trials of feed in the laboratory (in vitro) 

is estimated by chemical (Van Soest, 1994) or biological methods. There are currently three 

major biological digestion techniques to determine the nutritive value of ruminant feeds. 

The most reliable laboratory method for predicting the digestibility of forage is Tilley and 

Terry method (1963) that involves two stages in vitro procedures. In this method firstly 

fermentation is done with buffer solution and then subjected to pepsin digestion. This is 

however lengthy procedure and time consuming to be considered for routine laboratory 

analytical procedure. The other biological method is the enzyme digestibility assays where 

commercially produced enzymes are used instead of microorganisms (De Boever et al., 

1986). Unfortunately, these enzymes are relatively expensive and not readily available in 

the market. Consequently it has received less attention in the application of forage nutrient 
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analysis. The third widely used method is the nylon bag technique that is placed in a 

fistulated animal and estimated the rate of disappearance and degradability potential of feed 

(Ørskov et al., 1980).  The use of fistulated animals are often criticised on ethical reasons 

besides special skills required for management of the animal. Therefore all these techniques 

are not considered for digestion trials either due to time, expenses or ethical reasons. 

 

In view of the limited applicability of all these biological digestion techniques, there is now 

new interest shown to determine the digestibility of forages by in vitro gas production 

techniques (IVGPT). Gas production method has the advantage of fermentation being taken 

under controlled conditions. The principle involved in IVGPT is to measure gas either as 

volume or pressure resulting from the fermentation of feedstuff in a buffered medium and 

then correlate with the digestibility of feed. The IVGPT has been widely adopted for 

evaluation of nutritive value of feeds as it has seen high correlation between in vitro gas 

production and in vivo apparent digestibility (Getachew et al., 1998).  In a review by 

Getachew et al. (1998), it is stated that gas is produced primarily as a result of fermentation 

of carbohydrates to acetate, propionate and butyrate since gas production from fermentation 

of protein is relatively small and contribution of gas volume from fat is negligible. 

However there are number of factors that affected fermentation of feeds by rumen micro-

organisms. Some of the factors were anaerobiosis, proper temperature, suitable pH, 

inoculum source, method of sample and inoculum preparation and adequate buffering 

medium besides the gas measuring techniques and apparatus used (Getachew et al., 1998; 

Rymer et al., 2005). The choice of analytical method in determining forage quality has been 

governed by the development of softwares that can record the data in a data logger under 

controlled condition and transferred to computer. Accordingly, the pressure transducer 

system is one technique that offers some advantages over manual recording of gas volume 

as reviewed by Getachew et al. (1998). Several researchers have used the pressure 

transducer methods with varying degree among laboratories (Pell and Schofield, 1993; 

Theodorou et al., 1994; Cone et al., 1996; Davies et al., 2000). Application of pressure 

transducer system for gas production from forage sample in suitable medium was therefore 
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appropriate to be adopted. In view of repeatability of technique and cost effectiveness, 

IVGPT is recommended for assessing the digestibility of whole crop silage in this thesis. 

 

2.4.4. Intake capacity of whole crop silage  
 

As illustrated in Table 2.11, many studies in UK with the WCS reports that the animals are 

able to achieve a high DM intake ranging from 19.4 to 22.7 kg DM per cow per day (Hill 

and Leaver, 1999; Sutton et al., 2001; Sutton et al., 2002). The increased total DM intake 

however produces only moderate (Hill and Leaver, 1999) or no significant increase (Sutton 

et al., 2001) in milk production. Although high intake characteristics of WCS are reported 

in UK studies, it is observed that crop maturity for ensiling has direct affect on total 

voluntary feed intake. For instance the study of whole crop wheat silage maturity for dairy 

cows by Sutton et al.(2002) concludes that feed DM intake increases with advance in crop 

maturity. This is consistent to recent study of Rustas et al. (2009) where they also reports 

that the DMI is higher for whole crop barley harvested at dough stage than the milk stage of 

maturity. On contrary, some authors noted decreased DMI of whole crop barley silage with 

increasing plant maturity from heading stage to early dough (Wallsten and Martinsson, 

2009). This difference if DMI is generally seen due to crop species, ideal harvest date and 

also due to stage of lactation. Therefore a sound management decision on stage of maturity 

is required either to harvest with better ME value and low DM yield or moderate ME value 

and high DM yield. In most cases, the decision is in favour of the later since ME value is 

compensated by alternate sources. 

 

Research by Leaver and Hill (1990) to mid lactation cows states that the cow can achieve 

14.9 and 12.8 kg DM per day DMI when offered 4 percent urea treated whole crop wheat 

silage at ad libitum with low or high levels of concentrates respectively. The total DMI is 

significant (p<0.001) between two levels of concentrates indicating that energy value is 

compensated from high levels of concentrates. When the animals are offered silage with 

low or high levels of proteins, the DMI is around 18.8 and 19.0 kg DM per day respectively 
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which is not different among two levels of protein. This shows that the animals has the 

potential to eat forage silage to its highest capacity.  

 

Table 2.11. Mean dry matter intake with standard deviation (kg DM/day) of whole 

crop cereal silage and concentrate (kg DM/day) at different lactation stage (DIM) in 

northern hemisphere 

 

        Dry matter intake (kg DM/day) 

Lactation stage # 

  

DIM Period 

  

Forage 

�

Conc. 

  

Total 

kg DM/d 
Mean ± s.d. ��

kg DM/d 
Mean ± s.d. 

kg DM/d 
Mean ± s.d. 

Early lactation    28 to 42   12.55 ± 1.41   8.50 ± 0.68   20.60 ± 1.39 

Mid lactation   63 to 95   12.47 ± 1.68   5.79 ± 3.21   18.26 ± 4.20 

Late lactation   105 to 141   14.33 ± 3.64   6.47 ± 2.54   20.07 ± 1.62 

#  Estimated corresponding lactation stage based on days in milk 

DIM = Days In Milk; s.d. = standard deviation 
 

 

Such hypothesis is consistent from the long term studies on feeding 4 percent urea treated 

whole crop wheat on heifers by Phipps, et al. (1990) who recorded 7.7 kg DM per day 

when compared to 6.3 kg DM per day of grass silage. The scope of attaining maximum 

DMI is further validated when increased replacement level of grass silage (25, 50, 75, 100 

% inclusion) by whole crop wheat consistently achieved high quantity of cereal DMI (7.7, 

7.6, 8.0, 7.7 kg DM/day). During same period of reporting, Tetlow & Wilkinson (1990) 

also reported high intake potential of whole crop silage in beef cattle when compared to 

grass silage. The animal growth rate is found very attractive with relatively low levels of 

supplementary feed. Cereal crop also serves as complementarities with grass silage in 

mixed forage diets. Such study reinforces to adopt whole crop as major feed source in 

northern hemisphere. 
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2.4.5. Eating behavioural responses 
 

The voluntary feed intake of dairy cow is often attributed to the behavioural responses of an 

animal to eat different types of forage. This has been confirmed by several studies on 

grazing behaviour of pasture and DM intake by dairy cows (Hodgson, 1985; Gibb et al., 

1998; Tharmaraj et al., 2003; Chapman et al., 2007). For example in one study of grazing, 

Chilibroste et al. (1997) observed a decline in bite rate as the length of grazing session 

increased. This means that the bite mass will be smaller from the first hour in the following 

time which will affect the daily DM intake. This is confirmed when bite mass of perennial 

ryegrass was 1.3 g per bite during first one hour of allowed grazing time which than 

reduces to 0.99 and 0.69 g per bite during 1.75 and 2.50 hours of grazing time respectively. 

On an average, the bite rate (bite/minute) corresponding to same time allowed for grazing 

reduces from 61.2 to 53.5 and then to 45.1 respectively (Chilibroste et al., 1997). Similar 

bite rate is reported even in long term experiments of grazing (38 days) wherein cows on 

average grazed around 8 hours from the 24 hours time spent (Tharmaraj et al., 2003). In 

most cases, the cows on pasture has the potential to attain intake rate of 27.5 to 34.0 g DM 

per minute (Chapman et al., 2007). Boval et al. (2007) considers that several mechanical 

factors of grazing processes such as grazing time, bite rate and bite mass are responsible for 

the daily intake of forage. It is also recognized that bite mass is the single variable that 

affect the DM intake. However information on the behavioural response to eating WCS and 

complementary hay is relatively limited in southern Australia. This is mainly due to 

varying behavioural responses exhibited by dairy cows to various feed types and levels and 

feeding strategies (Albright, 1993). As such understanding of eating behavioural response 

of WCS and hay will be useful to review dairy cow physiological constraint to feed intake. 

 

2.4.6. Milk production performance 
 

The effect of WCS on milk production measured from early to mid lactation dairy cows by 

several researchers is shown in Table 2.12. As early as 1990s, many studies in UK reports 
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the production performance of animal from WCS. Leaver and Hill, (1990) noted that the 

milk yield from low and high concentrate levels with ad libitum feeding of whole crop 

wheat silage is 21.3 and 23.1 kg per day respectively. Their milk fat composition is not 

different (3.92 % and 3.98%) among levels of concentrates but milk protein production is 

better in higher levels of concentrate inclusion. When wheat cereal is offered with high and 

low protein levels, milk yield and milk composition is not different. In a similar feeding 

trial treated with 40 kg urea per ton DM of whole crop wheat and different levels of CP to 

95 days in milk (DIM) cows, milk yield was better with higher CP levels (Hill and Leaver, 

1999). The total solid produced is also better with corresponding yield of milk fat (g/kg) 

and milk protein (g/kg). In their second feeding experiment with 136 DIM cows with same 

level of urea treated silage and different concentration of CP, both milk fat and milk 

proteins are not different among different CP concentration although the yield of both are 

much higher from the 95 days lactation cows.  

 

Table 2.12. Effect of whole crop silage on mean milk yield (kg/d), fat output (g/kg), 

protein output (g/kg) and total solids (kg/d)) with standard deviation of dairy cows in 

different stages of lactation 

 

        Yield 

Lactation stage #   DIM 
Period   

Milk Yield 
(Kg/day) 
Mean ± s.d 

  
Milk fat 
(g/kg) 
Mean ± s.d 

  
Milk protein 
(g/kg) 
Mean ± s.d 

  
Total solids 
(Kg/day) 
Mean ± s.d 

Early lactation    48 to 69   29.23 ± 2.4   43.67 ± 5.29   32.95 ± 2.10   2.23 ± 0.14 

Mid lactation   105 to 147   25.55 ± 2.86   41.99 ± 4.45   32.31 ± 1.35   1.89 ± 0.21 

Late lactation   156 to 225   21.69 ± 4.86   42.03 ± 3.45   35.20 ± 1.69   1.67 ± 0.37 

#  Estimated corresponding lactation stage based on days in milk 
DIM = Days In Milk; s.d. = standard deviation 
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During the early lactation of around 28 DIM, feeding of WCS either as TMR or forage 

mixture continues to give consistent high milk yield that ranged from 27.9 to 32.5 kg per 

day (Khorasani et al., 1993; Sutton et al., 2002). Forage mixture however produces fat 

ranging from 41.2 to 47.7 g per kg when compared to 33.8 to 38.1 g per kg by TMR.  

Analysis of the milk yield and milk compositions measured at the end of each experiment 

from various studies as shown in Table 2.12 confirms that the whole crop silage had been 

the good feed source for the milk production potential. In all these experiments, WCS has 

been the major feed component irrespective of chemical or inoculants treatment. It thus 

proves that WCS can be alternative feed source in a place limited by grass growth.  

  

2.4.7. Live weight changes  
 

Live weight gain (LWG) of growing animal takes place if the forage diet attain higher 

intake and the quality of forage has higher digestibility. In a 10 months old steer 

experiment, mealy ripe harvest whole crop wheat silage has better LWG compared to hard 

dough harvest. Intake of silage among steer is however not different between the two 

growth stages (Adogla-Bessa and Owen, 1995). The relationship of voluntary feed intake 

and animal LWG does not hold true in this experiment. The LWG of steer is probably due 

to higher digestibility of mealy ripe whole crop silage when compared to hard dough silage.  

 

Yet higher intake still contributes to higher LWG. This is demonstrated in sheep by feeding 

urea treated whole crop barley silage for replacement of whole crop maize silage (Golmahi 

et al., 2005). In the process of increased proportion of whole crop barley silage into diet, 

there is however a progressive decline in forage DMI. This can be due to physical 

constraints of plant and also poor digestibility of silage. As a result one can see a reduction 

in LWG in sheep. Despite such low DMI and decline LWG, sheep can still show  92 to 123 

g per day LWG when barley silage is fed with maize silage. 

 

In eastern Finland, feeding of whole crop barley and oats silage as the sole dry dairy feed to 

suckler cows reports around 85 and 50 kg LWG respectively (Manninen et al., 2005). The 
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DMI of whole crop barley and oats is higher from grass silage by 1.30 and 1.10 kg 

respectively. All these positive response on performance from dairy cow reassures that 

WCS can be ideal choice as feed source. Such similar LWG is recorded in heifer cows 

earlier in Canada with whole crop barley (78 kg), oats (68 kg) and triticale (59 kg) silages 

(McCartney and Vaage, 1994).  

 

2.4.8. Conclusion 
 

Plant growth stage greatly influences the quality of forage silage. As it matures, it reduces 

the digestibility. The decline in digestibility is due to increasing content of structural 

carbohydrates. The lignin proportion in particular got higher with increasing maturity that 

is resistant to hydrolysis by rumen microorganisms.  

 

Despite understanding that the feeding levels and feeding types affect feed digestibility, 

evidences from WCS feeding levels has very little influence on silage digestibility. This 

contradicts the general principle of reduced digestibility with advancing maturity. However 

the compensatory effect of increasing proportion of high digestible carbohydrate in the 

grain and efficient utilization of the maintenance level ration will probably be the 

explanation to maintain similar digestibility of silage at different feeding levels. 

 

Application of pressure transducer system as tool for gas production technique from forage 

sample has revolutionized in its reproducibility and repeatability within and across the 

analytical laboratories. Sound management decision is therefore required either to harvest 

with better ME value and low DM yield or moderate ME value and high DM yield. 

Evidences of feeding moderate ME values has already proved that animals are able to 

achieve maximum voluntary feed intake. However there are also adequate information from 

grazing behaviour that intake of feed will differ which was missing for WCS. 
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Whole crop silage as an alternate feed source is evident from the good response in milk 

production and live weight gains achieved in several studies. However, switching from 

predominant grass-based production to whole crop silage in southern Australia is limited. 

  

2.5. Development of research strategy 
 
Based on the confidence gained that whole crop cereal with high biomass, good quality 

silage with technology intervention and good animal production performance achieves in 

similar feed deficit periods, a research strategy for this thesis is developed. This study is 

designed primarily to understand the key components of alternate crops that enable feed 

access during grass deficit period. The diagrammatic representation of stepwise approach 

adopted for the study is summarised in Figure 2.8.  In principle, it has three major steps to 

assess the efficiency of crop utilization by the animal based on nutrient yield, quality feed 

in storage and feeding responses.  The objective of analysing each step is briefly elaborated 

as follows. 
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Figure 2.8. Diagrammatic representation of study components showing stepwise approach 
from validating crop growth to conservation characteristics and animal performance from 
integrating whole crop silage 
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2.5.1. Crop growth to determine viability and yield capacity 
 

The first step is to grow and test the suitability of cereal crops within traditional grass-based 

system. The specific objective is to select suitable crop species and varieties within home 

grown forage production that offers maximum biomass yield in rain fed region. This 

information is the pre-requisite to decide as the viable crop. Cereal crop has limited 

integration into grass-based system especially under Australian context. There is also 

limited information on grazing potentials of cereal crops in grass based production systems. 

As the focus is to ensure accessibility of feed during grass deficit period rather than offer as 

grazing forage, it requires determining the potential yield capacity of forage crop that can 

be grown and harvested under such dry-land region. The hypothesis for growing and testing 

cereal crop is that it will yield maximum digestible nutrient per hectare within home grown 

forage production. It is important to know that the ensiled whole crop will support the 

animal requirements. Development of feeding management that will integrate the 

conserved forage within home-grown forage is expected to improve the farm productivity 

as it will reduce the dependence of purchased feed.  

 

2.5.2. Storage quality to assess effect of additive, ensiling 
technique and forage degradability 

 

The second step is the core of success in the home grown forage production and utilization 

of whole crop based on its quality in the farm as conserved forage. This step involves in 

determining the fermentation quality of whole crop silage to support the animal production. 

The proposition to improve silage fermentation in storage and maximize nutrient 

availability during feeding is done by using silage additives. In addition, there is a need to 

understand the digestible nutrient losses over the period of feed-out both as refusals and 

storage. This will provide vital information on diet formulation and feed budgeting.  

 

The other key information is to ensure that the dairy cow attain maximum voluntary feed 

intake when WCS is incorporated into the diet. In general this depends on the extent and 
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rate of degradability of WCS that can be determined by the digestibility trial in animal. 

However due to cumbersome procedures involving animals, alternate technique is 

recommended to assess the digestibility potential of WCS at laboratory level. The common 

method in laboratory is the gas production technique. The understanding of the technique in 

determining WCS degradability will assist in future replication to the developing countries 

where the cost of equipment is the main limiting factor for feed analysis. 

 

2.5.3. Animal response to production performance 
 

In the final step, it looks at the potential of WCS by measuring the production responses 

and understanding the limitation imposed through eating behavioural observations and 

nutrient supply. Although the whole crop cereal has the flexibility for using as grazing, the 

primary objective of this study is to provide adequate feed access as conserved forage. 

Conserved forages are often targeted in summer feeding when grass growths are low. Such 

feeding design coincides with the mid to late lactation dairy cows during summer in south 

west Victoria, Australia. Thus it is imperative to design a feeding trial where whole crop 

silage response can be measured in terms of feed intake, milk production and live weight 

changes.  

 

While designing the feeding trial, an extreme scenario of total drought can be considered. 

This will ensure to introduce several alternatives to maintain the farm efficiency. One 

possible feeding trial can be by substituting grain concentrates with alternate industrial by-

product such as palm kernel meal. The expectation of grain replacement is that the low 

energy content of whole crop silage will be compensated with high energy rich palm kernel 

meal. The outcome of this study is to achieve farm profitability by improving the home 

grown forage consumption. 
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Chapter 3. Selection of viable cereal crop for forage 

conservation 

  

3.1. Introduction 
 

Traditionally,  dairy production systems in Australia are predominantly pasture-based 

system, accounting for 75 percent feed bases (Bethune and Armstrong, 2004; Dairy 

Australia, 2008). With the improvement in the genetic potential of dairy cow for milk 

production and feed management, average milk yield per cow in Australia had increased 

from 2800 litres to 5030 litre over the past 26 years from 1950 to 2005 (Holmes, 2007). 

Such improvements were mainly attributed by feeding increased grain and higher 

proportions of the Holstein Friesian breed in Australia (Holmes, 2007). In 2006, Australia 

recorded ten million litres of milk which was up by 86 percent over the same period from 

1950 to 2005. Amongst it, the State of Victoria contributed 66 percent and within the State, 

West Victoria dairy region alone had 23 percent share of national milk supply (Dairy 

Australia, 2008).  

 

Dairy farming in West Victoria is based on non-irrigated dry land pasture base system that 

has relatively reliable seasonal climate for fodder production. This is why the majority of 

calving in West Victoria is seasonal (62%) while only 28 percent of farms adopt split 

calving (WestVic Dairy, 2009). There are less than 10 per cent that follow a year round 

system. Such seasonal calving coincides with adequate feed access within home-grown 

forage production especially through pasture growth. Any calving deviation from the 

existing system would only entail feed deficit resulting into poor farm profitability. 

Majority of the farmers therefore would not risk spreading the calving from the present 

practices while a few enterprising farmers would spread production based on potential of 

home grown forage production and efficiency in utilization. 
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The main feed base in this non-irrigated dairy farm is the perennial ryegrass (Lolium 

perenne L.). This pasture often fail to meet the feed demand in winter due to low 

temperature and summer due to soil moisture constraint for plant growth (Chapman et al., 

2008). Evidences of pasture consumption in the rain fed regions of south west Victoria 

from perennial ryegrass were found ranging from 6.7 metric tons DM per hectare 

(Rawnsley et al., 2007)  to 7.3 metric tons DM per hectare (Tharmaraj et al., 2007) only. 

However there were observations by Jacobs, et al. (1999) that pasture consumption in most 

commercial dairy farms could achieve within 15 metric tons DM per hectare  which 

according to Garcia et al. (2007) has the potential to reach 20 metric tons DM per hectare. 

These later observations indicated that the dairy cow in South West Victoria has the 

potential to consume maximum herbage from the present intake capacity. Obviously the 

major constraint limiting DMI seems to be inadequate feed access from home-grown 

forage. As such it calls for alternate forage base systems that could enhance home grown 

forage production and support the production of dairy cow especially during the winter and 

summer feed deficit due to seasonality. 

 

Whole crop cereals are widely used in the northern hemisphere (Tetlow, 1990; Khorasani  

et al., 1997; Hill and Leaver, 1999; Nadeau, 2007) mainly for conservation as silage but it 

could be also used for grazing. Ensiling of whole crop was one common preservation 

method used to mitigate the grass deficit during the critical production cycle of dairy cow. 

However in order to conserve adequate feed resources, there was the need for a crop to 

produce maximum forage yield per unit of land.  

 

Yield potentials of cereal crops for grazing in Australia were reported from the inland 

Tableland of New South Wales (NSW) in the past and recent studies (Dann et al., 1983; 

Virgona et al., 2006; Kaiser et al., 2007). Cereal crops such as barley, oats, triticale and 

wheat all had potential to have a high DM yield. Similar investigations had not been carried 

out in the rain fed dairy regions of southern Australia to exploit the benefits of forage yield. 

Using the whole farm systems models, Chapman et al., (2008) demonstrated that there was 

an improvement in total home grown forage consumption in dry-land region with the 
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change in forage base. Such observations were encouraging that integration of cereal crop 

within dry land region could also offer constant feed access to dairy cows along with other 

home grown forages. However there was relatively little information on the suitability of 

different crop species varieties as they were not widely grown within the dairy regions of 

southern Australia.  

 

3.1.1. Aim of the study 
 

The objective of this study was therefore to investigate the suitable crop species and 

varieties that would produce maximum forage yield for conservation under dry land region. 

The sole purpose of producing high biomass yield was to serve as viable supplement forage 

with adequate nutrients at recommended harvest date. 

 

The hypothesis of this study was that when harvesting of cereal crop is delayed to later 

recommended growth stage, it would result in higher DM yields and still offer good 

fermentation process. The primary focus of this study was to determine the maximum 

potential utilizable nutrients yield from cereal crops that would supplement to the existing 

60 to 70 percent diet from pasture in southern Australia. This would enable improved 

home-grown forage consumption by dairy cows, by providing adequate feed access through 

conserved forage when grass growth is limited.  

 

3.1.2. Geographical background of study site  
 

This experiment was carried out at DemoDairy in Terang on a commercial dairy farm (38o 

14’  S; 142o 55’  E) which is located in south west Victoria, Australia as one of the three 

major dairy regions in Victoria (Figure 3.1). Geographically, the study site falls under 

Temperate High Rainfall Zone (Doyle et al., 2000). The climate of the study site is 

characterized by cool, wet winter and warm to hot, dry summer. The average temperature 

ranges from 4.5 to 26.1 degree Celsius.  
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Figure 3.1. Dairy production regions in State of Victoria, Australia and study area 

location 

 
 
The rainfall is dominant in winter and summer season undergo water stress. Mean monthly 

rainfall of long-term (112 years) and recent past three years (2005 to 2007) is illustrated in 

Figure 3.2 (Bureau of Meteorology, 2008). In year 2005, mean rainfall was 9 per cent less 

than long term average (112 years).  The second year (2006) recorded extreme reduction by 

40 percent while the annual rainfall was similar in 2007 with long-term average.  

 

Study Area 
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Figure 3.2. Mean monthly rainfall (millimetre) at Terang in year 2005 (1st bar), 2006 

(2nd bar), 2007 (3rd bar) and long-term for 112 years from 1897 to 2008 inclusive (4th 

bar) (Source: Bureau of Meteorology Site No. 090077) 

 
 
 
The soil type found in this region is considered as a brown chromosol derived from 

quaternary basalt (Isbell, 1996). A1 horizon of soil has 0 – 25 cm of a fine sandy clay loam 

with A2 ranging from 22 – 40 cm of fine sandy clay loam with many (50%) ferruginous 

concretions (2-10 mm size). B horizon has a light to medium clay with a firm consistency. 

Such shallow topsoil is prone to water logging and pugging during winter. The soil has 

pHH2O of 5.5, Olsen phosphorus (P) of 41 mg per kilogram, available potassium (K) of 180 

mg per kilogram and CPC sulphur of 15 mg per kilogram. Fertility of such soil type is 

considered low to moderate.  

 

Perennial ryegrass is most predominant in this study site as it is well suited in Temperate 

High Rainfall area. Doyle et al. (2000) had estimated that in south west Victoria dairy 

region, perennial ryegrass contributed 50 to 60 percent of sward throughout the growing 
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season. Calving in the Temperate High Rainfall Zone is done mainly in winter from June to 

August to coincide with better utilization of the spring pasture flush. This type of breeding 

management had allowed maximizing the milk outputs before the quality and quantity of 

pasture reduced in late spring and summer. There would be still additional supplementary 

feeding required in early lactation due to deficits in pasture supply. Grazing is normally 

done either on strip or rotational system in this dairy region. 
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3.2. Materials and Methods 
 

3.2.1. Selection of cereal crops for forage production 
 

Around four cereal crop species and seven varieties were established in South West 

Victoria, Australia. This experiment was carried over the period of three consecutive years 

(2005, 2006, and 2007) to observe biomass yield potential and also to test the storage 

quality besides conducting feeding trials. While this chapter deals only the DM yield and 

fermentation without any additives, other topics related to improving fermentation with 

additives, digestibility potential and feeding trials are dealt with later Chapters. In the first 

year of the study, four crop species involving seven varieties was established. On the basis 

of promising yield and other phenological characteristics, the second year used three crops 

of same varieties. Finally it resulted into selection of only two crop species with maximum 

harvestable yield in the third year. Seeding rate was aimed to ensure high plant density of 

300 plants per metre square that were often recommended for early grazing by the dairy 

cows.  The crop species, varieties and seed rate used in these experiments for three years 

are shown in Table 3.1.  

 
Table 3.1. Cereal crop species, varieties and seed rate used in three consecutive years 

experiments 

 

Crop species Scientific Name Variety 
Year Seed Rate Used (kg/ha) 

2005 � 2006 � 2007 � 
Triticale Triticum hexaploide Crackerjack 132 130 100 
    Jackie 132     
Wheat Triticum vulgare L Wedgetail 132 130 100 
    McKellar 130     
Oats Avena sativa L Taipan 128 130   
    Enterprise 141     
Barley Hordeum vulgare L Dictator 149     
¥ = Seven varieties tested for viability 
£ = Three potential crop varieties tested       
§ = Only two potential crop varieties tested       
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3.2.2. Crop establishment and harvesting 
 

The experimental plot identified had earlier grown turnip Brassica rap cv. Barkant as 

summer grazing crop to break off from original perennial ryegrass based feeding system. 

Therefore when the cereal crops were proposed to be tested on same site after grazing 

brassica crops in March 2005, there was the need to spray the experimental plot with 

chemicals to kill turnip crop residue. This was done by using the mixture of Roundup 

(Monsanto Australia, Melbourne, Vic., Australia) [3.5 L/ha (glyphosphate 450 g/L)], 

Dicamba (NuFarm Australia, Laverton North, Vic., Australia) and Le mat (Bayer Australia, 

Pymble, NSW, Australia) [100 mL/ha (ometheote 290 g/L)]. The chemical spray also 

helped to reduce any existing population of red-legged earth mite (Halotydeus destructor) 

besides killing the emerging weeds. During sowing time, triple superphosphate fertilizer 

was applied at the rate of 80 kg per hectare. In order to avoid the limiting of phosphorus 

(P), potassium (K) and sulphur (S) in soil by growing brassica crops in summer, 500 kg ‘3 

in 1’  fertilizer (33 kg P, 63.5 kg K and 41 kg S) was applied immediately after sowing. In 

late August before pre-booting stage, nitrogen fertilizer (46 kg N/ha) was also applied. 

During same period of N fertilization, chemical spray Amicide 625 (NuFarm Australia) 

[1.1 L/ha (625 g/L 2, 4 D)] was sprayed to whole crops to kill capeweed (Arctotheca 

calendula) which is a noxious weed and also the residual turnips. Further, in the month of 

September in order to control rust (Puccinia hordei, P. recondita, P.striiformis) which is a 

fungal plant disease, crops were sprayed with Tilt 250 EC (Syngenta Crop Protection, 

Macquarie Park, NSW, Australia) [500mL/ha (250 g/L propiconazole)].  

 

During the second year 2006, turnip crop was again established as summer grazing forage 

before cereal crops were sown. Similar to first year, superphosphates 1&1 (11 kg P, 62.5 kg 

K and 13.8 kg S) at the rate of 250 kg per hectare was applied 2 days before sowing to 

improve the soil nutrients. Similar chemical mixtures were sprayed to kill weeds and turnip 

residues besides controlling mite population in the field. Nitrogen fertilizer was applied at 

stem elongation period of plant. It also received chemical spray to kill additional residual 

turnip and capeweed. Turnip crop was not grown in the third year 2007 of crop 
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establishment. However chemical treatments to kill emerging weeds and reduce existing 

population of red-legged earth mite were applied before sowing. Soon after sowing, super-

potash 2&1 (22.1 kg P, 62.6 kg K, 27.4 kg S) was broadcasted over the experimental area at 

the rate of 375 kg per hectare. 

 

Sowing was done by using a Cross Slot no-tillage drill (Baker No-Tillage, Fielding, New 

Zealand). All experimental crops were sown with 100 kg per hectare diammomium 

phosphate (DAP) (18 kg N, 20 kg P, and 1.5 kg S) and grown as monocultures. Trial plot in 

year 2005 and 2006 measured 20 metre in length and all crop varieties were sown with 3 

metre wide sub-plots. The distance between each row of subplot was 15 cm apart. The plots 

were replicated three times in a randomized complete block design. This randomized block 

design was also repeated in the second year study.  In the third year, the experimental plot 

was replicated four times in a similar randomized complete block design. The plot size of 

the third year 2007 measured 18 x 11 metres. The actual sowing and harvest date for each 

forage crop attaining boot and soft dough growth stages in this experiment is as shown in 

Table 3.2. 
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Table 3.2. Actual sowing and harvest date of cereal crops at boot (GS34) and soft dough (GS84) growth stage in year 

2005, 2006 and 2007 

 

Crop species Variety 

Sowing Date   Harvesting Date 

2005 ¥ 2006 £ 2007 § 
  Boot Growth Stage   Soft Dough Growth stage 

  2005 ¥ 2006 £ 2007 §   2005 ¥ 2006 £ 2007 § 

Triticale Crackerjack 7-Apr 6-Apr 24-Apr   12-Aug 4-Aug 16-Aug   31-Oct 30-Oct 6-Nov 

  Jackie 7-Apr       12-Aug       3-Nov     

                          

Wheat Wedgetail 7-Apr 6-Apr 24-Apr   12-Aug 4-Aug 16-Aug   31-Oct 5-Nov 24-Oct 

  McKellar 7-Apr       12-Aug       31-Oct     
                          

Oats Taipan 7-Apr 6-Apr     12-Aug 4-Aug     8-Nov 30-Oct   

  Enterprise 7-Apr       12-Aug       8-Nov     
                          

Barley Dictator 7-Apr       12-Aug       27-Oct     

¥ = Seven varieties tested for viability               
£ = Three potential crop varieties tested                     
§ = Only two potential crop varieties tested                   
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3.2.3. Yield determination and ensiling process  
 

The Zadoks Decimal Code system was used to determine the growth stage (Zadoks et al., 

1974). Two stages of plant growth were considered for this experiment. When the crop was 

characterised by swelling of leaf sheath between the flag leaf and second leaf from top due 

to head development it roughly corresponded to boot stage of plant maturity. This is 

designated as growth stage GS34 as per Zadoks Decimal Code. Similarly when the crop 

was characterised by grain formation in the head where sugars from stems and leaves were 

converted to starch and was associated with the change in whole plant colour from all-green 

to mixture of yellow and green, it is referred as growth stage GS84 as per Zadoks Decimal 

Code. During this growth stage, grain development had still cheesy like characteristic but 

was not fully ripened. This was considered as soft dough stage of plant growth. 

 

Plant samples were harvested at 10 random locations in each plot by placing 100-cm rod 

and cutting till 3 cm height at both sides. This representative sample harvesting was done at 

boot (GS34) on same harvesting dates in each year for cereal crops. The specific harvest 

dates for soft dough stage (GS84) differed as each cereal crop had different phenological 

characteristics for harvesting. The harvested plants during each harvest dates were weighed 

individually and then bulked on a plot basis. In each harvest dates, samples were divided 

into various portions. A portion of sub-sample from bulked plots was used to determine 

DM yield by drying at 100 degree Celsius for 24 hours. Another sub-samples portion from 

each harvest dates was dried at 60 degree Celsius for 72 hours and milled through a 1 mm 

screen (Tecator Cyclotec 1093 sample mill) for later analyses of chemical compositions. 

The third portion of sub-sample was stored directly in air-tight bags for ensiling. 

 

Selected forage samples for silage making was from 2nd year 2006 that was based on DM 

yield. The selected sample materials that were stored in air tight bags were cut directly 

chopped into 1 to 4 cm length by using a forage mulcher (Red Roo CT100 chipper, 

Melbourne, Vic., Australia). This was done for both growth stages at boot and soft dough to 
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determine the silage quality. After a thorough mixing, the chopped forage was filled-up into 

a 4.5 L glass jar by compressing manually till the glass jar brim. This ensured maximum 

removal of air from the glass jar. Soon the glass jar was sealed with cap tightly. Each 

forage growth stages were ensiled in triplicates. It was then stored at an ambient 

temperature of 15-20 degree Celsius in a darkened room for 120 days. On opening of glass 

silos, all spoiled materials were scrapped off to avoid interference for nutrient analysis. The 

sample was milled through a 1 mm screen (Tecator Cyclotec 1093 sample mill) after it was 

dried at 60 degree centigrade for 72 hours and kept for nutrient analysis. Additional 

samples of silage from glass jars were also stored and frozen to determine fermentation 

characteristics of silages such pH, ammonia-N, volatile fatty acids and lactic acid.   

 

3.2.4. Nutrient composition analysis 
 

All milled samples from fresh forage and silage were analysed by FEEDTEST (Primary 

Industries Research, Hamilton, Victoria State, Australia) for crude protein (CP) (N 

concentration x 6.25), neutral detergent fibre (NDF), dry matter digestibility (DMD) and 

water soluble carbohydrates (WSC). Near-infrared (NIR) spectroscopy was used to 

estimate the values of all samples.  These NIR spectra were collected on all samples with a 

Foss NIRSystems 6500 scanning monochromators in conjunction with Infrasoft 

International (ISI) software (Foss Pacific, Sydney, NSW, Australia). Calibrations of NIR 

for CP, NDF and in vivo DMD were derived on large sample populations.  

 

The formula of MAFF (1990) was used to determine digestible organic matter in dry matter 

(DOMD) as: 

DOMD% = 6.83 + 0.847 DMD (%). 

Fresh forage metabolizable energy (ME) (MJ/kg DM) values of cereal crops were estimated 

from this predicted DOMD values as per MAFF (1990) formula as: 

 ME (MJ/kg DM) = 0.203 DMD (%) – 3.001 
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The total digestible CP (kg/ha) harvest and ME (GJ/ha) from the whole crop was estimated 

based on the product of the total forage yield per unit of area and nutrient composition of 

crops at each growth stage. Similarly the total digestible organic matter yield was also 

estimated from the product of the DM yield and DOMD of each forage crop. 

 

For the ensiled crops, estimated ME values were calculated according to AFRC (1993), 

after the correction of silage DM for volatile components (Kaiser et al., 1995)  as: 

ME (MJ/kg DM) = 0.16 DMD (%)  

Corrected DM (g/kg DM) = 39.6 + 0.94 Oven DM (g/kg DM) 

 

Australia Fodder Industry Association (AFIA, 2009) method was used to analyse silage pH 

and ammonia-N. The volatile fatty acids and lactic acid were determined by Fussell and 

McCalley (1987) method. 

  

3.2.5. Statistical analysis 
 

The experimental design was a complete block design. One way analysis of variance was 

used for each year and each growth stages to assess the effect of crop on DM yield, forage 

nutrient composition, silage nutrients and fermentation characteristics. LSD was used to 

compare mean difference. Likewise, one way analysis of variance was also done for each 

growth stage after averaging three years nutrient composition for triticale (cv Crackerjack) 

and wheat (cv Wedgetail) to evaluate the effect of crop.  However for oats (cv Taipan) 

variety, nutrient composition was the average of two years only since it was screened out 

from first two years establishment. All statistical analyses were performed via one-way 

ANOVA using Genstat (Edition 10). 
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3.3. Results 
 

3.3.1. Forage Dry Matter Yield 
 
DM yield of various whole crop cereals from the first year experiment at two growth stages 

is shown in Figure 3.3. Most cereal crops DM yield at boot growth stage gave 3 to 4.5 

metric tons DM per hectare that were significantly higher from wheat variety McKellar 

which did not even yield 1 metric ton per DM hectare (p<0.001). Harvesting of crop at soft 

dough provided additional 8 to 10 metric tons DM in all varieties of oats (Taipan and 

Enterprise), triticale (Crackerjack and Jakie) and  wheat (Wedgetail) but the silage yield 

from barley variety (Dictator) whole crop was only 1.5 metric tons better from boot growth 

stage. Whole crop wheat (McKellar) and barley (Dictator) varieties were significantly 

lower in forage yield (p<0.001) that produced only 5.18 and 4.28 metric tons DM per 

hectare respectively when compared to other varieties.  

 

 
Figure 3.3. Whole crop DM yield (t DM/ha) with Standard Error (I-bar) from 

cereal crop varieties at boot-GS34 (light green) and soft dough-GS84 (Greenish 

Yellow) growth stage in dry-land dairy region in South West Victoria 
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In the second year of crop establishment, the DM yield of whole crop oats variety (Taipan) 

at early harvest gave 5.91 metric tons DM which was significantly higher by 1 to 2 metric 

tons from triticale (Crackerjack) and wheat (Wedgetail) varieties respectively. However 

triticale crop variety Crackerjack for silage yielded 16.48 metric tons DM per hectare 

which was significant by around 4 metric tons more than from oats (Taipan) and wheat 

(Wedgetail) varieties. Wheat (Wedgetail) and triticale (Crackerjack) crop varieties 

identified for third year continued to yield higher amount of biomass during early harvest 

date. The third year silage DM yield for each crop was around 4 metric tons more than the 

first two years. In either of the harvest dates for triticale (Crackerjack) and wheat 

(Wedgetail) varieties in third year, there was no difference in forage yield. A comparative 

yield of triticale (Crackerjack)  , wheat (Wedgetail) and oats (Taipan) during two growth 

stage in each year is shown in Table 3.3. Oat (Taipan)  was not grown in the third year. 

 
Table 3.3. DM yield (t DM/ha) of Triticale (cv Crackerjack), Wheat (cv Wedgetail) and 

Oats (cv Taipan) at different growth stages over three years experiment. Data are 

averaged of three replicates in first two years (2005 and 2006) and four replicates in 

third year (2007). 

 

Crop 
species/ 
Varieties 

Year/ Plant Maturity 

2005 2006 2007 

Boot Soft dough Boot Soft dough Boot Soft dough 

Mean ± s.d. Mean ± s.d. Mean ± s.d. Mean ± s.d. Mean ± s.d. Mean ± s.d. 

Triticale/ 
Crackerjack 4.50 ± 0.67a 11.10 ± 2.63b 4.93 ± 0.70b 16.48 ± 1.64a 3.36 ± 0.78b 19.85 ± 5.03 

Wheat/ 
Wedgetail 2.87 ± 0.99b 10.98 ± 3.04b 3.91 ± 0.20b 11.87 ± 1.76b 4.30 ± 0.62a 14.69 ± 1.47 

Oats/ 
Taipan 4.54 ± 0.22a 15.01 ± 2.36a 5.91 ± 0.91a 11.99 ± 1.13b NG NG 

NG = Not grown in year 2007 

Within a column, means followed by different superscript differ significantly (p< 0.05) and with no superscript 
is non-significant (p>0.05) 

s.d. = Standard deviation 
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3.3.2. Nutrient composition of cereal crops 
 

Despite low forage yield, wheat variety McKellar at early harvest had maximum CP value 

(p<0.001) compared to other crops (Table 3.4). The energy value of all cereal crops at this 

growth period were all above 11 MJ ME per kg DM with exception of triticale whole crop 

variety Crackerjack that had a much lower energy value of 9.2 MJ per kg DM only 

(p<0.001). At this boot growth stage, WSC composition among various crops were not 

different (p>0.05) although wheat crop varieties Wedgetail and McKellar tend to have only 

27 and 44 g per kg DM respectively when compared to 51 to 96 g WSC per kg DM in other 

crop species varieties. 

 
 
An averaged CP content (245 ± 14 g /kg DM) of wheat variety Wedgetail over three year 

was significantly higher compared to triticale crop variety Crackerjack and oats variety 

Taipan  but the later two crop species varieties themselves were not different as shown in 

Table 3.5. Wheat whole crop variety Wedgetail had the least amount of WSC that was 2 to 

3 times lower than the triticale variety Crackerjack and oats variety Taipan.  
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Table 3.4. Nutrient composition (g/kg DM) and metabolizable energy (MJ ME/kg DM) of various whole crop cereals 

harvested at boot (GS34) stage of plant maturity in first year experiment in Terang, south west Victoria, Australia. 

 
  

Nutrient Composition 

Cereal Crop Species/Varieties       

Barley   Oats   Triticale   Wheat       

Dictator   Taipan Enterprise   Crackerjack Jackie   Wedgetail McKellar   s.e.d. P 

Crude Protein (g/kg DM) 215   180 196   172 240   259 321   20.93 *** 

Metabolizable Energy (MJ/kg 
DM) 11.1   11.0 11.1   9.2 11.4   11.2 12.8   0.59 *** 

Neutral Detergent Fibre (g/kg 
DM) 516   516 525   596 495   525 406   26.73 *** 

Water Soluble Carbohydrate 
(g/kg DM) 70   96 59   51 68   27 44   20.23 NS 

Digestible organic matter in dry 
matter (g/kg DM) 693   690 696   586 711   699 780   29.83 *** 

NS = non significant; * = p < 0.05; ** = p < 0.01; *** = p < 0.001                   
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Table 3.5. Mean nutrient composition of whole crop cereals at boot (GS34) growth 

stage. Data are averaged over 3 years for triticale variety Crackerjack and wheat 

variety Wedgetail and 2 years for oats variety Taipan. 

 

Nutrients Composition 

Cereal crop species/varieties 

Triticale/ 
Crackerjack 

Wheat/ 
Wedgetail 

Oats/ 
Taipan 

Mean ± s.d. Mean ± s.d. Mean ± s.d. 

Crude Protein (g/kg DM) 190 ± 20b 228 ± 34a 183 ± 27b 

Metabolizable Energy (MJ/kg DM) 9.5 ± 0.5b 10.6 ± 0.5a 11.2 ± 0.9a 

Neutral Detergent Fibre (g /kg DM) 584 ± 21a 532 ± 17b 511 ± 46b 

Water Soluble Carbohydrate (g/ kg DM) 38 ± 17b 55 ± 47ab 92 ± 40a 

Digestible Organic Matter in Dry Matter (g/kg DM) 609 ± 30b 672 ± 23a 700 ± 44a 

Within a row, means followed by different superscript differ significantly (p< 0.05) 

s.d. = Standard deviation       
 
 
 
As the plant matured from boot (GS34) to soft dough (GS84) growth stage, CP composition 

had reduced by more than 50 percent in all crop varieties (see Table 3.6). Yet, CP 

composition in wheat variety McKellar at soft dough continued to be higher (p<0.05) 

comparing to other crops despite it too having reduced by more than 67 percent from early 

harvest. The energy value (MJ/kg DM), WSC composition (g /kg DM) and DOMD (g / kg 

DM) of triticale (Crackerjack and Jackie) and wheat (Wedgetail and McKellar) at GS84 

were significantly (p < 0.001) higher when compared to barley (Dictator) and oat (Taipan 

and Enterprise) varieties. Correspondingly, the latter two crop species varieties showed 

significant (p<0.001) NDF content ranging from 650 to 687 g per kg DM while it was 

below 600 g per kg DM for triticale and wheat species varieties. 
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Table 3.6. Nutrient composition (g/kg DM) and metabolizable energy (MJ ME/kg DM) of various whole crop cereals 

harvested at soft dough (GS84) stage of plant maturity in first year experiment in Terang, south west Victoria, Australia. 

 

Nutrient Composition 

Cereal Crop Species/Varieties   

s.e.d. P Barley   Oats   Triticale   Wheat   

Dictator   Taipan Enterprise   Crackerjack Jackie   Wedgetail McKellar   

Crude Protein (g/kg DM) 91   72 84   76 88   91 106   10.07 * 

Metabolizable Energy 
(MJ/kg DM) 6.5   6.5 6.1   8.7 7.7   8.5 9.1   0.32 *** 

Neutral Detergent Fibre 
(g/kg DM) 674   650 687   495 591   513 520   16.00 *** 

Water Soluble 
Carbohydrate (g/kg DM) 98   83 38   210 143   175 194   33.02 *** 

Digestible organic matter 
in dry matter (g/kg DM) 470   467 448   578 525   531 597   22.47 *** 

 * = p < 0.05; ** = p < 0.01; *** = p < 0.001 
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The mean nutrient composition over 3 years and 2 years period among the selected crop 

species varieties for silage production showed that oats variety Taipan had least WSC, CP 

and ME values when compared to other two potential crop species as illustrated in Table 

3.7. Oats variety Taipan also contained significant amount of NDF by 80 g per kg DM 

more from rest of the whole crop species varieties. However, all cereals crops used for 

silage production had similar DOMD. On average, triticale variety Crackerjack and wheat 

variety Wedgetail has potential to give around 33 to 42 g extra WSC yield per kg DM from 

oats variety Taipan. Despite reduction of CP composition by more than 50 percent from 

early harvest, wheat variety Wedgetail continued to have significant difference of around 

24 g higher from triticale variety Crackerjack and oats variety Taipan.  

 
Table 3.7. Mean nutrient composition of whole crop cereals at soft dough (GS84) 

growth stage. Data are averaged over 3 years for triticale variety Crackerjack and 

Wedgetail and 2 years for oats variety Taipan. 

 

Nutrients Composition 

Cereal crop species/ varieties 

Triticale/ 
Crackerjack 

Wheat/ 
Wedgetail 

Oats/ 
Taipan 

Mean ± s.d. Mean ± s.d. Mean ± s.d. 

Crude Protein (g/kg DM) 79 ± 8b 103 ± 9a 79 ± 11b 

Metabolizable Energy (MJ/kg DM) 8.5 ± 0.5a 8.7 ± 0.3a 7.6 ± 1.3b 

Neutral Detergent Fibre (g /kg DM) 528 ± 34b 530 ± 31b 609 ± 46a 

Water Soluble Carbohydrate (g/ kg DM) 208 ± 25a 163 ± 31b 123 ± 49b 

Digestible Organic Matter in Dry Matter (g/ kg DM) 566 ± 25  568 ± 39  526 ± 66  

Within a row, means followed by different superscript differ significantly (p< 0.05) and with no superscript is non-
significant (p>0.05) 

s.d. = Standard deviation       
 

There were high potential of digestible crude protein harvest yield at both growth stage of 

plant maturity by all crop species varieties (Figure 3.4). The estimated total CP harvest 
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yield from all experiment crop species varieties ranged from 720 to 815 kg per hectare in 

early harvest while it gave additional 100 to 200 kg when it was made at soft dough. Four 

varieties namely two from oats (Taipan and Enterprise), one each from triticale (Jackie) 

and wheat (Wedgetail) whole crop exceeded one metric ton of estimated digestible CP yield 

per hectare when harvested at soft dough stage of plant maturity. 

 

The estimated total digestible energy harvest at early stage (GS34) from all crop species 

varieties showed that it could yield within 30 to 50 GJ ME per hectare (Figure 3.5). 

However when silage production was delayed at soft dough growth stage, all cereal crop 

species varieties yielded 75 to 97 GJ ME of digestible energy from each hectare of land 

area. Whole crop barley variety Dictator and wheat variety McKellar were two exceptional 

varieties of cereal crops that did not exceed 40 GJ ME per hectare at soft dough harvest 

which was even much lower from most crop varieties at boot growth stage (GS34).  

 

 
 

Figure 3.4. Estimated digestible crude protein harvest yield (kg/ha) with Standard 

Error (I-bar) from crop varieties at boot-GS34 (light green) and soft dough-

GS84(Greenish Yellow) growth stage in dry-land dairy region in south west Victoria 
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Figure 3.5. Estimated digestible metabolizable energy harvest (GJ/ha) with Standard Error 

(I-bar) from crop varieties at boot-GS34 (light green) and soft dough-GS84 (Greenish Yellow) 

growth stage in dry-land dairy region in south west Victoria 

 

 
 

Figure 3.6. Estimated digestible organic matter harvest yield (kg/ha) with Standard Error (I-

bar) from crop varieties at boot-GS34 (light green) and soft dough-GS84 (Greenish Yellow) 

growth stage in dry-land dairy region in south west Victoria 
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The estimated DOMD yield per hectare from various crop species varieties showed 

maximum potential of 3 tons when harvested at boot stage (Figure 3.6). The yield potential 

was more than double if harvest till soft dough stage of plant growth. Yet the estimated 

total DOMD yield of whole crop barley variety Dictator and wheat variety McKellar per 

hectare of land produced least DOMD among the crop varieties.  

 

3.3.3. Nutrient composition of whole crop silage 
 
The nutrient composition and fermentation characteristic of silage from three varieties of 

cereal crops at boot stage (GS34) of plant growth is shown in Table 3.8. The silage 

prepared at boot growth stage observed pH value ranging from 3.09 to 4.05. All cereal 

crops had similar fermentation with no difference in VFA and LA production. However, 

oats variety Taipan had least CP content (120 ± 4 g/kg DM) that was significantly lower 

from triticale variety Crackerjack (146 ± 6 g / kg DM) and wheat variety Wedgetail (147 ± 

7 g/kg DM). Oats variety Taipan also produced higher DM content silage by 70 g more 

which was significant from triticale variety Crackerjack but was not different to wheat 

variety Wedgetail. The energy value of silage at boot growth stage was similar among all 

three crop species varieties ranging from 10.4 to 10.7 MJ per kg DM.  

 
In Table 3.9, it shows the nutritional composition and the fermentation characteristics of the 

forage samples ensiled in the laboratory jar at soft dough stage of plant maturity. The ME 

value of wheat variety Wedgetail silage (9.40 MJ / kg DM) showed better from other two 

varieties which also observed significant difference in DOMD values. Conversely, oats 

variety Taipan had 60 g additional NDF concentration when compared from wheat variety 

Wedgetail and 30 g from triticale variety Crackerjack that were significant. Triticale variety 

Crackerjack NDF concentration was significant from wheat variety Wedgetail. The 

fermentation of triticale variety Crackerjack and wheat variety Wedgetail silage resulted 

into significant production of propionic acid when compared to oats variety Taipan. On 

contrary, oats variety Taipan produced significant amount of LA (46.3 ± 6.5 g / kg DM) 
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comparing to 26.7 ± 0.8 g per kg DM from triticale variety Crackerjack and 31.5 ± 0.2 g 

per kg DM from wheat variety Wedgetail.  

 

Table 3.8. Nutrient composition and fermentation characteristics of whole crop silage 

at boot (GS34) growth stages 

 

Nutrient Composition and fermentation 
characteristics 

Cereal crop species/ varieties 

Triticale/ 
Crackerjack 

Wheat/ 
Wedgetail 

Oats/ 
Taipan 

Mean ± s.d. Mean ± s.d. Mean ± s.d. 

Dry Matter (g/ kg  DM) 163 ± 4b 196 ± 15ab 233 ± 6a 

Crude Protein (g/ kg DM) 146 ± 6a 147 ± 7a 120 ± 4b 

Neutral Detergent Fibre (g/ kg DM) 521 ± 4  519 ± 35  505 ± 18  

Metabolizable Energy (MJ/ kgDM) 10.7 ± 0.03  10.4 ± 0.30  10.6 ± 0.18  

Digestible organic matter in dry matter 
(g/ kg DM) 670 ± 2  650 ± 18  660 ± 11  

pH 3.99 ± 0.02  4.05 ± 0.07  3.09 ± 0.00  

Ammonia (g/kg total N) 11.25 ± 1.3  11.15 ±1.2  10.60 ± 0.70  

Acetic acid (g/kg DM) 21.40 ± 6.5  17.00 ± 1.4  28.9 ± 6.3  

Propionic acid (g/kg DM) 0.20 ± 0.28  0.29 ± 0.41   0.54 ± 0.32  

Total Volatile Fatty Acid (g/kg DM) 21.6 ± 6.2  21.2 ± 6.9  29.5 ± 6.0  

Lactic acid (g/kg DM) 57.9 ±12  40.6 ± 9  51.3 ± 4  

LA:AA 2.7 ± 0.3  2.4 ± 0.4  1.8 ± 0.5  

Total Fatty Acid (g/kg DM) 79.6 ± 18  61.8 ± 15  80.7 ± 2  
Within a row, means followed by different superscript differ significantly (p< 0.05) and with 
no superscript is non-significant (p>0.05) 

s.d. = standard deviation; TFVA = Total Volatile Fatty Acid; LA = Lactic Acid; AA = Acetic 
Acid; TFA = Total Fermentation Acid 
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 Table 3.9. Nutrient composition and fermentation characteristics of whole crop 

silage at soft dough (GS84) growth stages 

 

Nutrient Composition and 
fermentation characteristics 

  
Cereal crop species / varieties 

  
Triticale/ 

Crackerjack   Wheat/ 
Wedgetail   Oats/ 

Taipan 

  Mean ± s.d.   Mean ± s.d.   Mean ± s.d. 

Dry Matter (g/ kg  DM)   
377 ± 0.70    415 ± 15.40    373 ± 13.40  

Crude Protein (g/ kg DM) 
  

91 ± 0.20    102 ± 3.60    107 ± 8.10  

Neutral Detergent Fibre (g/ kg DM) 
  

568 ± 7.50b   538 ± 0.20c   597 ± 3.70a 

Metabolizable Energy (MJ/ kgDM) 
  

8.92 ± 0.07b   9.40 ± 0.01a   9.07 ± 0.02b 

Digestible organic matter in dry matter 
(g/ kg DM) 

  
557 ± 4.50b   587 ± 0.30a   566 ± 1.10b 

pH 
  

4.30 ± 0.00    4.40 ± 0.00    4.35 ± 0.07  

Ammonia (g/kg total N) 
  

13.50 ± 0.71    14.90 ± 0.57    12.75 ± 0.21  

Acetic acid (g/kg DM) 
  

15.92 ± 0.34    11.81 ± 1.90    20.49 ± 12.90  

Propionic acid (g/kg DM) 
  

19.28 ± 0.01a   14.50 ± 4.06ab   4.70 ± 3.20b 

Total Volatile Fatty Acid (g/kg DM) 
  

35.7 ±0.3    27 ± 6    26 ± 16  

Lactic acid (g/kg DM) 
  

26.7 ± 0.8b   31.5 ± 0.2b   46.3 ± 6.5a 

LA:AA 
  

1.7 ± 0.02    2.7 ± 0.42    2.7 ± 1.38  

Total Fatty Acid (g/kg DM) 
  

62.39 ± 1.2    59 ± 6    72 ± 23  

Within a row, means followed by different superscript differ significantly (p< 0.05) and with no 
superscript is non-significant (p>0.05) 

s.d. = Standard deviation;TFVA = Total Volatile Fatty Acid; LA = Lactic Acid; AA = Acetic 
Acid; TFA = Total Fermentation Acid 
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3.4. Discussion  
 

3.4.1. Forage yield potential under dry-land region 
 

Dairy farming in West Victoria have significant role in national milk production and 

therefore needed careful attention of forage production. The underlying proposition is that 

improvements in forage grown and consumed on-farm are critical for farm productivity. 

While the existing system of seasonal calving practices had been synchronized with the 

pasture production in the region, there were still around 30 to 40 percent of feed shortages 

resulting from the existing grazing system of perennial ryegrass (Lolium perenne L.). 

Alternative feed sources such as whole crop in dairy production that is widely used in 

northern hemisphere had not yet gained popularity especially under rain fed region of 

southern Australia. Utilization of whole crop either as sole feed or complementary had 

therefore remained elusive to dairy farmers in south west Victoria.  

 

The purpose of this experiment was to record what cereal crops would provide adequate 

DM yield under dry-land farming systems to help fill seasonal feed gaps by existing 

pasture-based systems. Under Australian context, several studies in the past in eastern 

Australia (Michalk and Witshi, 1977) and NSW tablelands (Dann et al., 1983) had already 

demonstrated cereal crop as supplement for perennial ryegrass. However, all these studies 

had focused on the effect of grazing and irrigation only. 

 

The present study site is generally characterised with winter dominant rain and summer 

water stress which affected the pasture growth. In such climatic scenario, selection of 

appropriate cereal crop for forage production is a challenge without understanding the 

agronomy and phenological characteristics of crop under dry-land region. The primary 

objective of this study being selection of suitable crop species had lead to establishment and 

observation of yield and forage quality for three consecutive years. In doing so, cereal crops 

got introduced within the commercial dairy farm home-grown forage production systems 

for the first time into the moderate soil fertility. 
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Cereal growth stage measured as per Zadoks Decimal Code (Zadoks et al., 1974) for 

utilization, either as grazing or silage, had been around plant structure characterised by 

swelling of leaf sheath between the flag leaf and second leaf from top if utilized early or till 

the change in whole plant colour from all green to mixture of yellow and green with cheesy 

grain, if utilized later. This was the ideal recommended growth stage for utilization by the 

animal. Zadoks Decimal Code proved useful tool to decide the harvest dates for cereal 

crops for utilization. 

 

Evidences from the forage yield of four cereal crops with two varieties for triticale 

(Crackerjack and Jackie), wheat (Wedgetail and McKellar) and oats (Taipan and 

Enterprise) and one variety for barley (Dictator) measured at plant growth characterised by 

swelling of leaf sheath between the flag leaf and second leaf in this experiment indicated 

that at least six varieties (Crackerjack, Jackie, Wedgetail, Taipan, Enterprise and Dictator), 

could be potential forage source for grazing with DM yield of 3 to 4.5 tons per hectare.  

The exception was wheat variety McKellar that failed to yield even one metric tons per 

hectare. The DM yield of four crop species varieties was consistent with yield recorded in 

inner tablelands and eastern Australia (see Table 2.2 in Chapter 2). Muldon (1986) too had 

reported dry matter accumulation of primary growth of similar crop species which was 

within the ranges of this experiment. Their observation may not conclude as reliable yield 

comparison since their varieties used were different and management was irrigated. 

However it gave an indication that even at dry-land farming system in south west Victoria, 

Australia, triticale variety Crackerjack and oats variety Taipan were ideal crops to be used 

as grazing based on its DM yield at GS34 when longer grazing rotation is required for 

pasture. The comparative better yield of this experiment could be possibly contributed due 

to greater water holding capacity of the topsoil although the rainfall was generally lower 

and late in autumn in year 2005.  

 

Yield in subsequent year 2006 recorded more than one metric tons yield increase for wheat 

variety Wedgetail and oats variety Taipan from previous year despites extreme reduction of 

rainfall by more than 40 per cent from long-term rainfall. This could be partially explained 
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by better rainfall received soon after sowing for around two months and the light to 

medium clay type soil that could hold water. Yield potentials at GS34 were however 

comparable to inner tablelands and eastern Australia (Michalk and Witshi, 1977; Dann et 

al., 1983) making suitable for grazing option. When the rainfall was even better in the third 

year, wheat variety Wedgetail could yield 1.43 metric tons higher compared to first year. 

However the calving in this dairy region had been mostly seasonal and the production 

requirements would normally be fulfilled from pasture grazing. Pasture growth at this 

period would normally exceed animal requirements. This assumption is concurred by 

Jacobs et al. (1998) who observed that the total DM yield of pasture at this similar site was 

around 3.06 metric tons per hectare within two weeks of lock-up. Generally the pasture 

nutrients at this growth stage contained 11.6 MJ per kg DM of energy density with 20.6 

percent CP concentration. This is advantageous for cereal crop to continue to grow to yield 

higher nutrient per unit area and provide feed source within home-grown forage production 

at later stage of lactation.  

 

Contrary to the increased yield at later harvest, the most recommended time to harvest 

forage cereals was the soft dough stage (Mickan, 2006). Soft dough stage was reached by 

targeting the DM content of forage around 35 to 42 percent (Mickan and Hill, 2006). In the 

field level, the “ hand squeeze”  technique often helped to estimate DM content as guide 

(Mickan, 2005) to reach the required target. With the exception of barley variety Dictator 

and wheat variety McKellar, DM yield of experimental crops exceeded 11 metric tons per 

hectare during first year of introduction in dry-land region. Such yield were much lower 

from oats (Kaiser et al., 2007) and wheat (Russell and Guthridge, 2002) in Australia. 

However, yield performance of most crops still did not fall below lower range as compiled 

in Table 2.3 (Chapter 2) from both within Australian context and other countries. Such 

observation itself was indicative of suitability of cereal crop as potential source of feed in 

dry-land farming in Australia.  

 

The second year performance was still better by more than 5 metric tons for triticale variety 

Crackerjack probably due to adequate moisture received during early growth stage and 
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selection of drought tolerant variety despite drastic subsequent rainfall shortage. Oats 

variety Taipan continued to yield around 12 metric tons DM per hectare but their stems 

were generally weak and lodging was prominent. This gave an impression that oats variety 

Taipan would lead to heavy DM loss in the field during harvest and was safe to conclude 

that it was not recommended for silage crop. Generally silage yield potential of oats and 

barley were affected due to less drought tolerance and weaker straw strength as observed by 

many researchers across the world (Helsel and Thomas, 1987; Acosta et al., 1991; AAFRD, 

2005). In earlier study by Blunt and Fischer (1976) in Western Australia, they also 

concluded that oats was not profitable as dairy feed because of less tolerance to defoliation 

and drought. South West Victoria, being rain-fed region is prone to drought and therefore 

should not risk selecting barley and oats as silage crop.  

  

Climatic conditions for cereal growth were more favourable in the third year and triticale 

variety Crackerjack achieved 19.85 metric tons DM per hectare. The whole crop wheat 

variety Wedgetail was 5 metric tons less but still considered optimal in such climatic 

conditions. Therefore triticale variety Crackerjack and wheat variety Wedgetail looked 

more promising as suitable forage crops in rain fed region with good amount of biomass 

yield. Triticale variety Crackerjack in particular proved more ideal crop under rain-fed 

region as it had highest yield potential in later growth stage. Barley variety Dictator and 

wheat variety McKellar were not suitable as their yield were much lower, similar to past 

studies (see Table 2.3 Chapter 2). Earlier research in Australia (Muldon, 1986), Canada 

(Acosta et al., 1991) and UK (Hargreaves et al., 2009) on barley crop already reported 

limitation of yield beyond 15 metric tons that are not comparable to triticale 

(cv.Crackerjack) and wheat (cv.Wedegtail) varieties of present study. Despite effectively 

removing an area for pasture production for around seven months, cereal crop still 

produced higher DM yield and also allowed establishing short-term summer crops. Such 

cropping system made it more attractive economically as a feed source. This was with an 

agreement to Steven et al. (2005) who reported that there was the symbiosis of arable crop 

and dairy sector. The hypothesis of increased DM yield by delaying harvest date was 
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confirmed under rain fed dairy region. This was the important observation that would 

impact the total feed available on-farm from the annual net herbage accumulation.  

 

3.4.2. Viability based on nutritive value of forage 

 
In order to conclude the viability of crop not only based on forage yield, the next objective 

was to find out whether crop harvested at recommended growth stages (GS34 and GS84) 

could provide adequate nutrients to serve as alternate feed source. Van Soest (1994) had 

recommended that for the dairy cow to produce adequate milk, maintain body condition 

and also reproduce successfully, the cow would require at least 10.5 MJ ME per kg DM or 

in terms of digestible organic matter digestibility, the feed should have at least 67 percent 

digestibility. Such nutrient requirements were possible from all crop species varieties of 

cereals grown in this study when crops were harvested at booting (see Table 3.4). In fact 

the estimated CP and ME contents were much higher than recommended level that would 

even serve as alternative to grass grazing to the early lactating dairy cows. For instance, 

Moran (2005) estimates that the daily energy requirements of 450 kg LW lactating cows 

producing 25 litre milk per day with 5 percent fat and 3.7 percent protein would require 

around 191 MJ ME per day for its maintenance and production in early lactation. Result of 

the energy concentration of cereal crop at GS34 from this study indicates the benefit of 

allowing cereal crop for grazing. The high nutritive characteristics of cereal crop in early 

growth stage therefore offered greater flexibility to be used as grazing forage. However 

triticale variety Crackerjack had least digestibility at GS34 as characterised with highest 

NDF concentration. The significant concentration of NDF (596 g/kg DM) in triticale 

variety Crackerjack compared to all crop species varieties might only serve as limited fibre 

diet with early grass growth grazing. The energy value of triticale variety Crackerjack (9.2 

MJ ME/kg DM) was also not sufficient to be considered as dairy ration including low 

concentration of CP (172 g/kg DM) when compared to other crop species varieties at this 

GS34 growth stage.  
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Subsequent year nutrient characteristics were not different for triticale variety Crackerjack 

when compared to wheat variety Wedgetail which clearly indicated the effect of species 

variation. Yet, nutrient composition of all varieties of crops from this experiment were 

similar to values recorded in Canada for barley, triticale and oats (Khorasani  et al., 1997) 

and recent observation in Australia for oats (Kaiser et al., 2007). Such observations 

indicated that at similar plant growth, the quality of forage production from cereal was 

possible in dry land region of south west Victoria. However, as stated in earlier section, 

utilization of cereal crop at this GS34 stage was not necessary since the nutrient 

requirements of dairy cows could be met from lush pasture growth.  

 

With advancing plant maturity, the forage quality of whole crop lowered with regard to 

both CP and energy values. Wheat variety McKellar had maximum reduction (215 g/kg 

DM) of CP concentration and lowest DM yield potential. This is safe to conclude that 

wheat variety McKellar was not viable crop under dry-land region. Similarly, barley 

(Dictator), oats (Taipan and Enterprise) and triticale (Jackie) had shown a reduction of 108 

to 152 g per kg DM of CP concentration from GS34 stage which makes them unviable as 

silage crop. In UK, whole crop had become popular as an alternate to grasses that were 

usually harvested with high DM content. In one study of whole crop wheat harvested above 

600 g per kg DM, Hill and Leaver (1999) reported 106 to 124 g per kg DM of CP content  

higher than the present study. The difference could be contributed due to higher straw 

length cut from ground (8 cm) level reported by Hill and Leaver (1999) compared to lower 

straw length from ground (3cm) height in the present study. This low concentration of CP 

was directly related to increase in NDF from 96 to 162 g per kg DM which suggested that 

there was corresponding increase of structural carbohydrates in these crop species varieties 

(Dictator, Taipan, Enterprise and Jackie). As the plant matured, the structural 

polysaccharides would greatly reduce the microbial digestion of plant cell wall. This was 

evident from the decreased amount of estimated digestibility potential of these crops which 

was below 50 percent and had low ME concentration (6.1 to 6.5 MJ ME/kg DM). Poor 

digestibility and low ME level indicated a poor quality forage production unless forage was 

ensiled to improve feeding value through fermentation process. These crop species varieties 
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(Dictator, Taipan, Enterprise and Jackie) had also least concentration of WSC ranging 

from 38 to 98 g per kg DM only thus questioning the suitability for ideal fermentation 

process. On contrary, triticale variety Crackerjack and wheat variety Wedgetail had better 

ME content (8.5 to 8.7 MJ/Kg DM) with highest WSC concentration (175 to 210 g/Kg 

DM). Over the next two years experiment, it consistently produced similar energy level and 

WSC concentration, giving reassurance of quality forage production (see Table 3.7). The 

significant (p<0.001) amount of WSC in triticale variety Crackerjack and wheat variety 

Wedgetail was beneficial for ideal fermentation. Higher concentration of WSC was because 

for any plant growth, there is a shift of sugar from stem and leaves to grain as starch. 

  

The benefits of cereal crop utilization invariably lie on the trade-off of the estimated total 

digestible nutrients yield at given harvest dates. The estimated total CP yield of 720 to 815 

kg per hectare from cereals at early growth (GS34) stage in this experiment was 

comparable to perennial ryegrass normally grown during winter. Even in extreme situation, 

previous work of Smith et al. (1998) on DM yield and nutritive value of perennial ryegrass 

in rain fed region in Victoria during October to November recorded forage DM yield 

around two tons DM per hectare only with CP value of 150 g per kg DM. This equates to 

only around 300 kg of harvestable CP yield per hectare. From this comparison there is a 

clear trade-off of CP yield per unit area in cereal crop. Likewise the estimated total energy 

yield (GJ/ha) from this cereal crops experiment far exceeded compared to common pasture 

production with similar growth in western Victoria as reported by Jacobs (1998).  Although 

Jacobs (1998) observed wide range of ME concentration from 8.9 to 11.3 MJ per kg DM, 

the average DM yield of pasture surveyed in western Victoria from October to December 

did not exceed four metric tons. Taking consideration of upper limit of forage yield of 

Jacobs (1998) rather than observation of Smith et al. (1998), the estimated digestible ME 

harvest is still lower in perennial ryegrass when compared to cereal crop. This gave the 

clear trade-off of ME yield from cereal crops in this region when harvested at same period 

for silage production. Barley variety Dictator and wheat variety McKellar which did not 

produce beyond 45 GJ ME per hectare was somewhat within estimated ME content of 

surveyed data of pasture in western Victoria. Result from this study was able to address the 
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research questions on fresh forage that can complement perennial ryegrass in terms of 

seasonal pattern of feed production and nutritive value. 

 

3.4.3. Suitability of forage for conservation and utilization  

 
The second objective of this experiment was to assess the appropriateness of plant for 

fermentation process and determine timing for utilization in grass-based production system. 

Whole crop generally provide good opportunity for fermentation process and had been 

adopted widely across the world since it improved the nutritive value from fresh forage 

(Tetlow, 1990; Russell and Guthridge, 2002; Stevens et al., 2005). Cereal crop is a high 

fibre diet and can be included in a limited amount only in the ration (Schroeder, 2004a). In 

view of this, it was important to look at the quality of silage it produced and understand the 

fermentative characteristics. The feeding value of silage normally depends on the 

digestibility of original forage. Generally, if the original forage was not suitable as diet for 

animal production, resultant silage will not be suitable either. However, crop harvested at 

GS34 in this study and made into silage had high concentration of CP (120 to 147 g/kg 

DM) with rich energy density (10.4 to 10.7 MJ/kg DM) to be considered as dairy ration. 

Such nutritive value from silage was ideal to be considered as sole forage for dairy cows 

since the energy requirement was within recommended level of Van Soest (1994). 

Similarly, crop harvested at GS84 growth stage too had 141 to 226 g per kg DM of WSC 

that enabled a good fermentation. Thus the forage produced in dry-land region in this 

experiment was suitable for animal production both as grazing and silage. Such flexibility 

in utilization was the important observation in dry-land farming. 

 

The target for this study was focussed on suitability of forage as conserved feed during 

grass deficit period. In south west Victoria, Chapman et al. (2008) already observed that 

grass deficit occurs both in winter due to low temperature and summer due to moisture 

constraint in soil. While allowing grazing during GS34 growth stage was identified as an 

alternative to fill-up this deficit period in winter, feeding of silage could also be another 
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strategy both in winter and summer. Therefore in order to fill up this grass deficit by quality 

silage, efficient fermentation has to be achieved with fermentation acid being 

predominantly lactic acid. While the details of effectiveness of conservation method would 

be dealt in Chapter four, the nutritive values and fermentative characteristics observed in 

this experiment confirmed the possibility to produce good quality silage. For instance, 

irrespective of harvest dates when ensiled properly at laboratory level, it could achieve the 

required silage pH enabling to store longer without spoilage. This was consistent to 

observation made by Filya (2003) in two cultivars of wheat ensiled after 90 days and for 

wheat, barley, oats and triticale at early milk and dough stage by Nadeau (2007). The high 

concentration of lactic acid in silage also indicated that fermentation of whole crop cereal 

produced good quality silage. The level of LA produced in this study was consistent to 

earlier observation of Filya (2003) at flowering, milky and dough stage. In Sweden, LA 

production was seen slightly higher (Nadeau, 2007) than reported in this study. This 

difference could be possibly contributed due to different varieties used by Nadeau (2007) 

which contained higher sugar concentration and resulted into extensive fermentation. Oats 

variety Taipan in this study at GS34 growth stage produced maximum LA indicating good 

fermentation process despite having least WSC concentration.  

 

The resultant silage was able to retain maximum nutrient as evidenced from minimum 

proteolysis effect which was assessed by ammonia-N content. It may be noted that the CP 

concentration of cereal crop at GS34 growth stage in this study reduced from its original 

forage by 34, 49 and 37 percent for triticale variety Crackerjack, wheat variety Wedgetail 

and oats variety Taipan respectively. Despite CP reduction, cereal crop produced good 

digestible (650 to 670 g/kg DM) fibre diet that could be considered for integration with 

highly digestible short-term winter crops. The resultant silage at GS34 could also be fed 

along with those grass growth that were boosted by N application in early winter as the 

major source of fibre to improve rumination. However the pasture grazing could maintain 

the animal requirements in winter and allow the cereal crops to grow further. 
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Fermentation of whole crop cereals at soft dough had improved CP content and energy 

level in all crop species varieties from fresh forage. Oats variety Taipan had the greatest CP 

concentration possibly due to difference in straw structure which was generally weak and 

therefore inducing faster degradation of cell wall. Wheat variety Wedgetail tends to 

produce drier silage when compared to other two varieties although there were no 

significant differences of DM content among three crops species. However the conclusion 

drawn from this study was that oats variety Taipan was not considered suitable for silage as 

the forage had low energy value (7.6 MJ/kg DM), WSC concentration(123 g/kg DM)  and 

CP composition  (79 g/kg DM) when compared to triticale variety Crakerjack and wheat 

variety Wedgetail. In addition, oats variety Taipan had significant amount of NDF 

concentration (609 g/kg DM) which would lead to fullness effect if feed in large quantity 

and might affect the DM intake by the animal. Nevertheless oats variety ensiled at 

laboratory level indicated as a suitable crop for conservation and utilization during grass-

deficit periods if lodging was not the problem. But there are evidences that cereal crop oats 

are generally weak in straw strength and lodging had been the problem during later growth 

stages. In such cases, the dairy farming cannot risk to opt for oats as complementary forage 

source in dry-land region when other options are available. This study result was able to 

address the research questions on what crop species varieties could produce quality 

resultant silage as potential complementary forage source in summer feed deficit period. 

Information generated from this study was important for dairy farmers in dry-land farming 

for making decisions to integrate cereal crops within the home-grown forage production 

system.  

 

 

3.5. Conclusion  
 

The early growth stage of plant referred to as booting or GS34 was found the first 

recommended growth stage for utilization by dairy cows as it would yield around 3 to 5 

metric tons DM per hectare depending upon species. The fresh forage at this plant maturity 
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served as an excellent source of energy to be considered as dairy ration, yielding more than 

11 MJ ME per kg DM. This information should be made available to the dairy farmers to 

give options to increase home-grown forage consumption. Yet, feeding of dairy cows 

during this plant growth stage do not necessitate cereal crop to be used as grazing in south 

west Victoria as the grass growth could be boosted with N application. This was 

advantageous for cereal crop to continue to grow and provide higher DM yield later on. The 

growth rate of cereal was also found generally better than grasses during winter in rain fed 

area which could offer longer grazing rotation to pasture if used as alternate grazing. Even 

when the crops were ensiled at this GS34 growth stage, it produced good quality silage 

with high concentration of LA and minimum proteolysis effect.  

 

The change in colour of whole plant from green to yellow with still cheesy grain was 

indicative of plant growth stage referred to as soft dough or GS84 that has capacity to yield 

maximum DM. This growth stage was found as the ideal stage to harvest for conservation 

of forage. The first year trial could conclude at least three clear crop species varieties 

(Crackerjack, Wedgetail and Taipan) suitable under rain fed dairy region in terms of 

potential yield. Oats variety Taipan had however lower concentration of CP, WSC and ME 

with high NDF that made unsuitable to consider for silage making. A few varieties such as 

barley variety Dictator and what variety McKellar were clearly not suitable under rain fed 

region since their DM yield were lower by more than 50 percent compared to other crop 

species varieties. The low ME concentration of crop species varieties Dictator, Taipan, 

Enterprise and Jackie also reached to conclusion that these varieties would not support the 

animal production requirements and were therefore not considered in third year crop 

establishment. Besides low energy density, these crop species varieties (Dictator, Taipan, 

Enterprise and Jackie) also reduced 108 to 152 g per kg DM of CP content from GS34 thus 

assisting in screening selection of suitable crop species varieties in dry-land farming. 

Triticale variety Crackerjack and wheat variety Wedgetail were only two promising crops 

based on its yield and nutritive values. The ensiled crop at this GS84 stage also produced 

good quality silage with improved CP content and energy level.  
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There had been clear trade-offs of cereal crops from existing pasture under dry-land region 

at specific season in terms of total digestible nutrient harvest. For instance, the perennial 

ryegrass growth during winter could yield only similar digestible nutrients even under best 

management practices. The trade-offs were far better if the cereals could be harvested at 

soft dough since the pasture growth during similar harvest time (spring) do not have 

capacity to exceed the total digestible nutrient yield of cereals. This study clearly indicated 

to produce maximum total digestible nutrient within home-grown forage production by 

cereal crops. Therefore it would appear that more home-grown forage consumption is 

available to dairy cows. However the nutrient composition of the resultant silage was not 

adequate to support the animal production as a sole diet. It is therefore recommended to 

explore the improvement of silage quality by application of technology since structural 

carbohydrates of plant had increased with stage of maturity and reduced the quality of 

conserved silage. There is a need to investigate the compatibility of WCS with other 

conserved forage when the resultant silage cannot support animal requirement as sole diet. 

These are dealt in subsequent chapters.  
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Chapter 4. Effect of additives and ensiling techniques 

on quality of silage 

 

4.1. Introduction 
 

In the previous chapter, it was noticed that harvesting of whole crop at GS34 and GS84 

stage of plant growth for subsequent utilization had demonstrated that most cereal crops 

were suitable for conservation. Conservation of forage in general has now gained 

importance relative to hay production and direct feeding of green forage (Holzer et al., 

2003). This is mainly because the conservation technology is generally simple to adopt that 

included compaction of forage which was followed by airtight sealing. The principle of air 

sealing was to achieve anaerobic conditions so that natural fermentation occurred and 

undesirable microbial growth is discouraged. This chapter therefore deals with the potential 

effect of silage additives and ensiling methods on forage preservation once the silage is 

opened for feed out process. 

 

According to Schroeder (2004b), quality silage was achieved when lactic acid (LA) was the 

predominant acid. LA was the most efficient fermentation acid that dropped the pH of 

silage the fastest. In most cases, the primary fermentation of crops stabilized into low pH 

that retained most nutrients in the silage. The reduction of pH in silage was normally 

brought up by different lactic acid bacteria (LAB) as classified by McDonald et al. (1991) 

and Holzer et al. (2003) as homo-fermentative and hetero-fermentative LAB. For instance, 

Holzer et al. (2003) found that reduction of pH in silage was mainly caused by both homo-

fermentative and hetero-fermentative LAB. In case of homo-fermentative LAB such as 

Lactobacillus plantarums, Lactobacillus acidophilus, Lactobacillus lactis, Lactobacillus 

bovis, etc., LA is produced as the end product of their metabolism. These homo-

fermentative LABs however resulted into low stability silage. On the other hand, Holzer et 

al. (2003) also observed that hetero-fermentative bacteria (e.g. Lactobacillus brevis, 
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Lactobacillus buchneri, etc) could inhibit the growth of yeasts and moulds when exposed to 

air since hetero-lactic fermentation could produce high levels of AA (Weinberg et al., 

1999). Acetic acid were known for more potent anti-mycotic agent (Ranjit and Kung, 1999) 

which had improved the stability of silage in storage for longer duration.  

 

Several authors have studied the effect of bacterial inoculants such as Lactobacillus 

buchneri, Lactobacillus plantarum in wheat crop (Weinberg et al., 1999), corn (Ranjit and 

Kung, 1999), barley (Kung and Ranjit, 2001), Streptomyces achromogenes in grass (Hill et 

al., 2001). All these researchers reported varying degree of fermentation effects and 

improved aerobic stability of silages.  

 

However under Australian context, there was paucity of information on application of LAB 

inoculants in ensiling technology. The most recent study on whole crop utilization of wheat 

(Virgona et al., 2006) and oats (Kaiser et al., 2007) in Australia were limited to grazing 

effect on DM yield and had not considered improving silage storage quality by applying 

LAB inoculants.  

 

The objective of cereal crop conservation is generally aimed at to make silage at optimum 

growth stage for use during those seasons when the grass is unavailable. In south west 

Victoria, there were evidence of restricted growing seasons of grasses in both winter and 

summer leading to fall in nutritional requirements of dairy cow. The important criterion is 

therefore to produce quality silage in storage. This is because the storage quality silage in 

storage is in risk during the process of feed out particularly when it often coincided with hot 

environmental temperature in summer in Australia. According to Rawnsley et al. (2007), 

there were already evidence of higher rate of daily evapo-transpiration in southern Australia 

that exceeded daily rainfall for almost 6 to 12 months period. Such rate of moisture loss due 

to high ambient temperature only facilitated aerobic deterioration both in storage and 

during process of feed out. Invariably that would result into low recovery of DM from silo.  
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Generally an ideal crop for preservation should contain adequate WSC, low buffering 

capacity, DM content above 200 g per kg DM and readily compact characteristics 

(McDonald et al., 1991). Many crops do not fulfil these requirements. Therefore in order to 

improve the quality of silage, field wilting, application of commercial biological additives 

and fine chopping are necessary to adopt in the farm. 

 

Wilting generally improved the quality of fermentation as the excess moisture is being 

removed and inhibited the growth of undesirable micro-organisms. LAB has relatively high 

tolerance to low moisture and is able to dominate the fermentation in high dry matter crops. 

Similarly addition of silage additives had improved the preservation of original nutrients in 

the forage crops for feeding in later date.  

 

4.1.1. Aim of study 
 

The hypothesis of this study is that use of silage additives and wilting can maintain good 

quality silage once opened when compared to untreated and direct cut silage. Therefore the 

purpose of this experiment had two specific objectives – a) to ensure the retention of 

original nutrients of forage by application of LAB inoculants, and b) to improve nutritive 

value of silage by wilting before ensiling so that clostridial organisms growth is inhibited 

by removing moisture content. The quality of silage is based on the maximum retention of 

nutrients in storage and good fermentative characteristics.   
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4.2. Materials and Methods  
 

4.2.1. Experimental crops and ensiling process 
 

The cereal crops used in this experiment were those established in year 2006. They were 

winter wheat (Triticum vulagre L vars. Wedgetail), winter oats (Avena sativa L. vars. 

Taipan), and triticale (Triticale hexaploide vars. Crackerjack). These crops species 

varieties were selected based on the observations of forage yield potential from previous 

year experiment with four species (wheat, barley, oats and triticale. All crops were grown 

as monoculture in a complete randomized plot measuring 20 metre length by 3 m wide in 

triplicates under same environment. 

 

Forage samples harvested at GS34 growth stage were either wilted for 24 hours or 

remained from direct cut. Both wilted and direct cut samples were chopped uniformly into 

1 to 4 cm length by forage mulcher (Red Roo CT100 chipper, Melbourne, Victoria, 

Australia).  Wilting was not done for triticale, winter wheat and oats whole crop species at 

GS84 growth stage. The reason for not wilting was felt not necessary since the whole plant 

had already reached a stage where the whole plant had a mixture of yellow and green in the 

field. Such plant growth stage already indicated that DM content was above 200 g per kg 

DM and therefore moisture content of plant would not be detrimental to fermentation. The 

direct cut forage samples of GS84 growth stage were also chopped into equal size as done 

for GS34 growth stage by the same forage mulcher. All chopped samples were then spread 

over polythene sheet separately and sprayed silage additives solutions at recommended 

commercial rate. A thorough mixing of chopped forage in each sample was given after 

spraying of silage additives to ensure uniform spread out. Mixed forage samples with 

additives were then packed manually into a 4.5 L glass jar by compressing with fist. All 

samples were prepared in triplicates and sealed properly to avoid aerobic fermentation. 

These glass jars were then stored at an ambient temperature of 15 - 20 degree Celsius in a 

darkened room for 120 days. On opening of glass silos, all spoiled materials from top layer 

which might have occurred due to trapping of oxygen while sealing were scrapped off to 
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avoid interference with nutrient analysis. The silage sample from each micro-silo was then 

milled after it was dried at 60 degree Celsius for 72 hours for nutrient analysis. Additional 

samples of silage from glass jars were also stored and frozen to determine fermentation 

characteristics of silages such pH, ammonia-N, volatile fatty acids and lactic acid.   

 

4.2.2. Experimental Design 
 

In this study, the experimental design was a completely randomized design with 2 x 3 

factorial arrangements to test the effect of three treatments and two growth stages on 

nutrients composition and fermentation characteristic for each type of whole crop silage 

made after direct cut. However at GS34 growth stage due to low DM content, wilting was 

considered in addition to direct cut with three treatments for each type of crop. The silage 

additives considered as treatments in this study were as follows: 

i. The first treatment was considered as Control with no additives applied but same 

amount of water was used as the additive carrier (Treatment: Ctrl) 

ii. The second treatment was LaSil AS PlusTM consisting of 400,000 CFU 

Lactobcaillus buchneri 40788 per g fresh herbage; manufactured by Quality Silage 

Systems, Maroochydore, Queensland, Australia (Treatment: LaSil)  and 

iii. The third treatment was Sil-All®4x4 with 1,000,000 CFU Enterococcus faecium, 

Lactobacillus plantarum, Pediococcus acidilactici, Lactobacillus salivarius per g 

fresh herbage plus cellulose, hemicellulase, pentosanase and amylase:  

manufactured by Alltech Biotechnology Pty Ltd, Dandenong South, Victoria, 

Australia (Treatment: Sil-All) 

 

LaSil was a commercial bacterial inoculants containing strain of Lactobcaillus buchneri. It 

was hetero-fermentative bacteria responsible for the increased acetic acid from lactic acid 

during fermentation of ensiled crop. They were expected to improve the aerobic stability of 

silage and prevent growth of yeast and mould. Likewise, Sil-All ®4x4 was multi-strain 

additive manufactured in the market in combination of Enterococcus faecium, 
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Lactobacillus plantarum, Pediococcus acidilactici, and Lactobacillus salivarius to improve 

the fermentation process. L. plantarum had advantage to drop pH rapidly and produce low 

NH3-N and AA but occasionally it took some time to reach pH 5. In such cases, LAB 

microorganisms like E. faecium and P. acidilactici had more advantages since it was 

effective at pH 5–6.5 because they are aerobically fast growing microorganism.  They were 

the most common homo-fermentative LAB that was known to reduce the rate of pH during 

fermentation. The detail of experimental design of this study is illustrated in Table 4.1.  

 

Table 4.1. Experimental design of crop species (Triticale, Wheat and Oats) at two 

growth stages (Boot and Soft dough) after ensiling by two methods (Direct-cut and 

wilting) with silage additives treatments (Control, SilAll and LaSil) 

 

Crop species/ 
varieties   Growth 

Stage   Ensiling 
Methods   Silage Additives Treatment 

Triticale (Triticale 
hexaploide vars. 
Crackerjack) 

  Boot   Direct-Cut   Control Sil-All LaSil 

      Wilted   Control Sil-All LaSil 
                
  Soft Dough   Direct-Cut   Control Sil-All LaSil 

                  

Wheat (Triticum 
vulagre L vars. 
Wedgetail) 

  Boot   Direct-Cut   Control Sil-All LaSil 

      Wilted   Control Sil-All LaSil 
                
  Soft Dough   Direct-Cut   Control Sil-All LaSil 

                  

Oats (Avena sativa L. 
vars Taipan) 

  Boot   Direct-Cut   Control Sil-All LaSil 

      Wilted   Control Sil-All LaSil 

                

  Soft Dough   Direct-Cut   Control Sil-All LaSil 

Control = No additives added but same amount of water sprayed as additive carrier 

Sil-All = 1,000,000 CFU (Homo-fermentative LAB) 

LaSil = 400,000 CFU (Hetero-fermentative LAB) 
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4.2.3. Chemical analysis 
 

The chemical analysis of treated silage was carried out as described in Chapter 3 by 

FEEDTEST laboratory at Hamilton, Government of Victoria, Australia.  Estimation of ME, 

pH, ammonia-N, VFA and LA of silage were all performed according to methods described 

in Chapter 3. Only the sample materials analysed were from plants grown in the second 

year of crop establishment. 

 

4.2.4. Statistical analyses 
 

Data were analysed via two-way analysis of variance (ANOVA) using GENSTAT (Edition 

10). Growth stage and silage additives were considered as factor and all nutrient 

compositions and fermentative parameters were considered as variables. This analysis was 

done separately for all crops observed by direct cut method. An interaction of growth stages 

and silage additive additives were considered while analysing the data. In another two-way 

analysis of variance (ANOVA), ensiling method (direct cut or wilting) and silage additives 

were considered as factor and individual nutrients and fermentative characteristics of crops 

as variables. Data was analysed independently for each crop.  

 

4.3. Results 
 

4.3.1. Effect of additives on silage nutrient composition 
 

The quality of ensiled crop was based on nutrient composition observed after 120 days of 

preservation with silage additives. The purpose of silage additives was to retain maximum 

nutrients of the original forage once silage is opened so that it served as a valuable feed 

resource. 
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The DM content of whole crop triticale (Crackerjack) was significantly higher (p < 0.001) 

by more than 40 percent with maturity from GS34 growth stage to GS84 growth stage 

while both CP and ME values decreased (p < 0.001) correspondingly by more than 30 g per 

kg DM and 2 MJ per kg DM respectively (see Table 4.2). With advance in maturity, there 

was increase in NDF concentration by over 15 per cent (p < 0.001). This resulted a 

reduction of the digestibility of organic matter in dry matter (DOMD) at soft dough growth 

stage to around 539 g per kg DM only when compared to 666 g per kg DM at GS34 stage 

of growth.  

 

Irrespective of silage additives, whole crop triticale variety Crackerjack produced very wet 

silage at GS34 with less than 20 percent DM concentration. Among the silage additives, 

treatment by LaSil inoculants tended to produce drier silage by more than 20 g per kg DM 

from other two treatments for early harvest forage whereas it was just the contrary in case 

of late harvest at GS84. However, neither Sil-All nor LaSil inoculants were effective (p > 

0.05) to bring the changes of DM, CP and NDF concentration when compared to untreated 

silage for both early and late harvest silage. Yet Sil-All inoculants indicated better LAB 

fermentation as it produced higher digestibility (p < 0.05) and ME concentration in whole 

crop triticale variety Crackerjack when compared to LaSil inoculants at both stages of plant 

growth. 

 

Contrary to whole crop triticale variety Crackerjack, DM content of whole crop wheat 

variety Wedgetail was increased by less than 20 percent from GS34 to GS84 (Table 4.3). 

The result however indicated that the silage additives had no effect on any nutrient contents 

at both growth stages (p > 0.05) for whole crop wheat variety Wedgetail which was similar 

in triticale variety Crackerjack crop. Still then, the growth stage influenced variation in 

chemical composition as expected. For instance, the mean DM concentration of winter 

wheat variety Wedgetail silage at GS84 was higher (236 g/kg DM vs 200 g/kg DM)) from 

GS34 growth stage which was quite significant (p < 0.001) by around 36 g per kg DM. As 

the crop matured, the general trend of reducing CP content was observed by around 8 per 

cent while NDF increased by same level. Still Sil-All inoculants continued to show better 
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effect than LaSil inoculants as it had shown higher digestibility and dense energy 

concentration in whole crop wheat silage. There was yet significant decrease (p < 0.001) in 

DOMD (646 g/kg DM to 601 g/kg DM) and ME (10.3 MJ/kg DM to 9.6 MJ/kg DM) 

contents with advance in growth stage which was the normal phenomenon of plant 

phenology. 
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Table 4.2. Effect of plant growth stage (GS34 or GS84) and silage additives on nutrient composition and fermentation 

characteristics of whole crop TRITICALE ensiled by direct method for 120 days 

 

Nutrient composition and 
Fermentation characteristics 

  GS34 (Booting)   GS84 (Soft Dough)   Significance 

  Ctrl Sil-All LaSil   Ctrl Sil-All LaSil   
Growth 
Stage 
(GS) 

Additive 
(A) GSxA 

                  s.e.d s.e.d s.e.d 

Dry Matter (g/kg DM)   163 167 188   317 328 308   4.05*** 4.96NS 7.01* 

Crude Protein (g/kg DM)   146 151 141   114 105 108   2.80*** 3.43NS 4.85NS 

Neutral Detergent Fibre (g/kg 
DM)   521 499 543   629 629 627   6.43*** 7.88NS 11.14NS 

Digestible Dry matter (g/kg DM)   711 713 692   564 556 547   3.69*** 4.51* 6.38NS 

Digestibility of Organic Matter in 
Dry Matter (g/kg DM)   670 672 654   546 539 532   3.12*** 3.82* 5.41NS 

Metebolizable Energy (MJ/kg 
DM)   10.7 10.8 10.5   8.7 8.6 8.5   0.05*** 0.06* 0.09NS 

pH   3.9 4 4   4.4 3.8 4.1   0.10NS 0.12NS 0.17NS 

Ammonia (g/kg total N)   11.25 11.5 10.05   16.25 8.55 11.75   0.78NS 0.95* 1.35* 
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Continued:-                          

Acetic acid (g/kg DM)   21.4 20.4 23.1   14 7.6 40.8   2.89NS 3.54** 5.01* 

Propionic acid (g/kg DM)   0.2 1.22 0.48   7.05 0.26 0.6   0.32*** 0.39*** 0.55*** 

i-butyric acid (g/kg DM)   0 0 0   0 0 0   0 0 0 

i-valeric acid (g/kg DM)   0 0 0   0 0 0   0 0 0 

n-butyric acid (g/kg DM)   0 0 0   0 0 0   0 0 0 

n-valeric acid (g/kg DM)   0 0 0   0 0 0   0 0 0 

Hexanoic acid (g/kg DM)   0 0 0   0 0 0   0 0 0 

Total Volatile Fatty Acid (g/kg 
DM)   21.6 21.7 23.5   21.1 7.8 41.4   3.05NS 3.74** 5.28* 

Lactic acid (g/kg DM)   57.9 65.6 56.4   33.3 70.7 32.3   8.83NS 10.81NS 15.29NS 

Lactic Acid:Acetic Acid Ratio   2.74 3.66 2.44   2.4 9.78 0.82   1.33NS 1.63* 2.30NS 

Total Fatty Acid (g/kg DM)   79.5 87.3 79.9   54.4 78.5 73.8   8.32NS 10.29NS 14.42NS 

(NS = Non-significant; * = p<0.05; ** = p<0.01 and *** = p<0.001) 
[Ctrl = No additive; Sil-All = 1,000,000 CFU and LaSil = 400,000 CFU] 
Zero figure means no data observed 
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Table 4.3. Effect of plant growth stage (GS34 or GS84) and silage additives on nutrient composition and fermentation 

characteristics of whole crop WHEAT ensiled by direct method for 120 days 

 

Nutrient composition and 
Fermentation characteristics 

GS34 (Booting)   GS84 (Soft Dough)   Significance 

Ctrl Sil-All LaSil   Ctrl Sil-All LaSil   
Growth 
Stage 
(GS) 

Additive 
(A) GSxA 

                s.e.d s.e.d s.e.d 

Dry Matter (g/kg DM) 196 213 192   228 244 238   5.74*** 7.03NS 9.95NS 

Crude Protein (g/kg DM) 147 143 144   132 131 137   4.47* 5.47NS 7.74NS 

Neutral Detergent Fibre (g/kg 
DM) 520 531 531   556 563 577   11.77* 14.41NS 20.28NS 

Digestible Dry matter (g/kg DM) 688 684 676   631 641 616   9.28*** 11.36NS 16.07NS 

Digestibility of Organic Matter in 
Dry Matter (g/kg DM) 651 648 640   603 611 590   7.86*** 9.63NS 13.61NS 

Metebolizable Energy (MJ/kg 
DM) 10.4 10.4 10.2   9.6 9.8 9.4   0.12*** 0.15NS 0.21NS 

pH 4.1 3.7 4.2   5.4 3.9 5   0.10*** 0.17** 0.24* 

Ammonia (g/kg total N) 11.15 9.3 12.3   24.45 12.65 20.9   1.51*** 1.85* 2.62NS 
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continued:                        

Acetic acid (g/kg DM) 18 12.3 41   15.5 17 28.2   2.33NS 2.85*** 4.03NS 

Propionic acid (g/kg DM) 0.29 0 0.86   34.22 1.76 29.78   1.66*** 2.04*** 2.88*** 

i-butyric acid (g/kg DM) 0 0 0   0.64 0.29 0.8   0.28NS 0.35NS 0.49NS 

i-valeric acid (g/kg DM) 0 0 0   0.67 0 0   0.22NS 0.27NS 0.38NS 

n-butyric acid (g/kg DM) 2.9 0.2 0   20.2 1.5 12.1   2.51* 3.08* 4.36NS 

n-valeric acid (g/kg DM) 0 0 0   0 0 0   0.17NS 0.20NS 0.29NS 

Hexanoic acid (g/kg DM) 0 0 0   1.6 0 0   0.53NS 0.65NS 0.92NS 

Total Volatile Fatty Acid (g/kg 
DM) 21.2 12.5 41.9   73.3 20.6 70.9   4.26*** 5.22*** 7.38*** 

Lactic acid (g/kg DM) 40.6 64.9 23.5   0 113.8 8.3   3.92NS 4.80*** 4.79*** 

Lactic Acid:Acetic Acid Ratio 2.24 5.28 0.59   0 6.69 0.28   0.17NS 0.21*** 0.30*** 

Total Fatty Acid (g/kg DM) 61.8 77.4 65.4   73.3 134.4 79.2   5.30** 6.49** 9.18** 

(NS = Non-significant; * = p<0.05; ** = p<0.01 and *** = p<0.001) 
[Ctrl = No additive; Sil-All = 1,000,000 CFU and LaSil = 400,000 CFU] 
Zero figure means no data observed 
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Similar to whole crop triticale variety Crackerjack and wheat variety Wedgetail, the effect 

of growth stages and silage additives of winter oats variety Taipan on nutrient composition 

is shown in Table 4.4. The DM content of winter oats silage ranged from 234 to 252 g DM 

per kg at early harvest which was much drier than whole crop triticale and wheat silages 

during same growth period. The trend in increase of DM content with plant maturity was 

consistent in whole crop oats variety Taipan too as observed in other two crop species. The 

change in DM content from GS34 to GS84 for whole crop oats silage was around 34 g 

which was considered significantly higher among at later growth from early harvest silage. 

On contrary, application of SilAll or LaSil additives did not bring out changes in nutrient 

composition at both growth stages when compared to controlled silage. The nutrient 

composition of whole crop oats variety Taipan silage was indeed almost similar in either of 

the growth stages.  

 

4.3.2. Effect of additives on silage fermentation 

 
The pH value of triticale variety Crackerjack ensiled at boot with Sil-All and LaSil 

inoculants was constant at pH 4 (Table 4.2) indicating well preserved silage. At soft dough 

growth stage, Sil-All inoculants had least pH compared to Lasil inoculants and controlled 

silages. Still then, neither the growth stage nor silage additives have influence to make the 

difference. There was however greater influence of both growth stage and silage additives 

used in winter wheat variety Wedgetail  (Table 4.3). For instance when whole crop wheat 

variety Wedgetail silage was made at GS34, the resultant silage had significantly lower pH 

value from GS84 silage. Sil-All additives continued to maintain least pH value at both 

harvest dates that was also significantly (p < 0.001) lower than LaSil inoculants and 

controlled silage. There is an instance of maximum pH in controlled wheat silage compared 

to inoculants treated silage. Similarly the pH values of winter oats variety Taipan were 

significantly (p < 0.001) lower at GS34 irrespective of silage additives when compared to 

GS84 growth stage (Table 4.4). While there was similar pH values (< 4) during GS34 
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among all treatment silages, winter oats sprayed with Sil-All inoculants at GS84 resulted 

into significant (p<0.001) lower pH from Lasil and controlled silage.  

 

The proportion of total N present as NH3-N in whole crop triticale variety Crackerjack was 

highest for controlled preserved silage (16.25 g/kg total N) and least for Sil-All additive at 

GS84 growth stage (p<0.05). The whole crop triticale variety Crackerjack did not vary the 

amount of NH3-N concentration among the two growth stages of plant (Table 4.2). 

However with plant maturity in winter wheat variety Wedgetail, NH3-N concentration was 

much higher (p < 0.001) from GS34 (Table 4.3). Among inoculants effect, Sil-All additve 

continued to produce least (p < 0.05) concentration of NH3-N at GS34 growth stage when 

compared to control and LaSil treated silage. A similar trend of less NH3-N concentration 

was observed in winter oats variety Taipan silage (p < 0.01) with Sil-All additive at both 

stages of plant growth (Table 4.4).  

 

At the GS34 and GS84 growth stage, whole crop triticale variety Crackerjack treated with 

Sil-All additive had maximum lactic acid contents (66 and 71 g/kg DM) respectively 

although such higher values were not influenced (p > 0.05) either by crop maturity or 

additives (Table 4.2). Despite having no influence of crop maturity and additives, control or 

LaSil treated produced less than 40 per cent LA at GS84 when compared to GS34 stage. 

Sil-All additive had similar effect of producing higher amount of lactic acid in winter wheat 

variety Wedgetail crop at each plant maturity (Table 4.3). In case of winter oats variety 

Taipan at GS84 stage, control silage had maximum LA produced from either of the silage 

additives (Table 4.4). However, there was a general trend of high lactic acid concentration 

by Sil-All additive treated silage at GS34 stage for winter oats variety Taipan.  

 

Fermentative acid such as acetic acid were significantly higher (p < 0.01) in whole crop 

triticale variety Crackerjack (Table 4.2) at both stages of plant growth sprayed with LaSil 

additive then control or Sil-All treated silage and a similar trend observed (p < 0.001) in 

winter wheat variety Wedgetail silage (Table 4.3). In case of winter oats variety Taipan 

(Table 4.4), LaSil treated silage at GS84 produced around 31 g per kg DM that were much 
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higher (p<0.001) from the resultant silages treated with Sil-All or control. However acetic 

acid concentration was much higher (p<0.001) in control silage at GS34 growth stage 

instead of two inoculants treated silages.  
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Table 4.4. Effect of plant growth stage (GS34 or GS84) and silage additives on nutrient composition and fermentation 

characteristics of whole crop OATS ensiled by direct method for 120 days 

 

Nutrient composition and 
Fermentation characteristics 

GS34 (Booting)   GS84 (Soft Dough)   Significance 

Ctrl Sil-All LaSil   Ctrl Sil-All LaSil   
Growth 
Stage 
(GS) 

Additive 
(A) GSxA 

                s.e.d s.e.d s.e.d 

Dry Matter (g/kg DM) 234 252 234   268 252 253   3.71** 4.55NS 6.43* 

Crude Protein (g/kg DM) 120 118 120   114 112 128   1.74NS 2.14* 3.03* 

Neutral Detergent Fibre (g/kg 
DM) 

506 495 502   497 485 521   6.10NS 7.47NS 10.56NS 

Digestible Dry matter (g/kg DM) 698 705 702   698 698 679   4.16NS 5.10NS 7.21NS 

Digestibility of Organic Matter in 
Dry Matter (g/kg DM) 

660 666 662   659 660 644   3.52NS 4.32NS 6.11NS 

Metebolizable Energy (MJ/kg 
DM) 

10.6 10.6 10.6   10.5 10.6 10.3   0.056NS 0.069NS 0.097NS 

pH 3.9 3.8 3.8   4.1 3.9 4.4   0.02*** 0.02*** 0.03*** 

Ammonia (g/kg total N) 10.6 9.5 10.35   10.25 10.6 16.7   0.51** 0.63** 0.89** 
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Continued:-                        

Acetic acid (g/kg DM) 28.94 5.96 23.35   10.31 10.02 30.78   1.61NS 1.96*** 2.78*** 

Propionic acid (g/kg DM) 0.54 0.2 0   1.3 0.67 17.39   0.21*** 0.26*** 0.37*** 

i-butyric acid (g/kg DM) 0 0 0   0.076 0.148 0   0.06NS 0.07NS 0.09NS 

i-valeric acid (g/kg DM) 0 0 0   0 0 0   0 0 0 

n-butyric acid (g/kg DM) 0 0 0   0.83 0.24 0.28   0.19 0.23 0.33 

n-valeric acid (g/kg DM) 0 0 0   0 0 0   0 0 0 

Hexanoic acid (g/kg DM) 0 0 0   0 0 0   0 0 0 

Total Volatile Fatty Acid (g/kg 
DM) 

29.49 6.16 23.35   12.52 11.07 48.46   1.66* 2.03*** 2.87*** 

Lactic acid (g/kg DM) 51.3 70.2 69.3   67 61.5 37.5   4.05NS 4.96NS 7.02** 

Lactic Acid:Acetic Acid Ratio 
1.83 11.8 2.95   6.53 6.13 1.22   0.27NS 0.33*** 0.47*** 

Total Fatty Acid (g/kg DM) 80.8 76.4 92.6   79.5 72.6 85.9   4.69NS 5.74NS 8.12NS 

(NS = Non-significant; * = p<0.05; ** = p<0.01 and *** = p<0.001) 
[Ctrl = No additive; Sil-All = 1,000,000 CFU and LaSil = 400,000 CFU] 
Zero figure means no data observed 
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Propionic acid concentrations were not of significant (p<0.001) measurement for all 

resultant silages at GS34 stage of plant maturity irrespective of whether it was treated with 

silage additives or untreated. However, higher (p<0.001) concentration of propionic acid 

ranging from 1.3 to 34.22 g per kg DM for control ensiled resultant silage were observed in 

all cereal crop species at GS84 when compared to Sil-All or LaSil treated silage (Table 

4.2,Table 4.3 and Table 4.4). 

 

With the exception of control and LaSil treated silages, the total volatile fatty acids (TVFA) 

which consists of acetic acid, propionic acid, butyric acid and hexonoic acid, was least in 

all cereal crop species that were treated with Sil-All additives at both stages of plant growth.  

The highest amount of TVFA concentration was seen in winter wheat variety Wedgetail at 

GS84 for control silage (73.5 g/kg DM) and LaSil (70.9 g/kg DM) silage. In rest of the 

experimental samples, TVFA production was below 50 g per kg DM.  

 

The total fatty acids (TFA) that includes VFA components and LA decreased with plant 

maturity in case of whole crop triticale variety Crakerjack and oats variety Taipan , while 

TFA for winter wheat variety Wedgetail increased by around 11.5 g per kg DM at GS84 

(p<0.01). Silage additives did not indicate any influence on TFA at both growth stage for 

whole crop triticale variety Crackerjack and oats variety Taipan (p>0.05), while there was 

clear effect of high TFA concentration (p <0.01) in winter wheat variety Wedgetail in both 

growth stages.  

 

A desirable lactic acid to acetic acid ratio to produce good quality silage would be aimed at 

typically above 3. In all resultant silages that were treated with LaSil or control, the typical 

LA:AA ratio in either of growth stages was below 3 units. Sil-All treated silage was only 

capable of achieving LA:AA ratio above 3 in all resultant silages whether it was harvested 

at GS34or GS84.  
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4.3.3. Effect of wilting on silage nutrients 
 

Wilting of all cereal crops at GS34 was able to yield higher DM concentration (p<0.001) 

when compared to ensiling by direct-cut method (Table 4.5). It had also improved CP 

concentration by around 25 g per kg DM in wheat variety Wedgetail and 16 g per kg DM in 

oats variety Taipan that were significantly better (p < 0.001) from silage ensiled by direct-

cut method. There was no variation of CP concentration in direct-cut and wilted method in 

case of whole crop triticale variety Crackerjack silage.  

 

With wilting at GS34, the DOMD and estimated ME was reduced with corresponding 

increase in NDF concentration. Reduction of DOMD by wilting for triticale variety 

Crackerjack silage ranged from 66 to 87 g per kg DM while resultant oats variety Taipan 

silage was intermediate with 25 to 30 g per kg DM and winter wheat variety Wedgetail 

silage was least with 15 to 25 g per kg DM. The energy density decline due to effect of 

wilting was much higher in resultant silage from triticale variety Crackerjack crop by 1.2 

MJ per kg DM when compared to resultant silage made from direct-cut method. Resultant 

silage made from wilted wheat variety Wedgetail and oats variety Taipan still dropped the 

energy density (p<0.05) but the resultant silage was still able to give ME above 10 MJ per 

kg DM. The increase in NDF level of wilted resultant cereal crop silage with Sil-All 

additive treated triticale variety Crackerjack silage recorded highest increase by 100 g per 

kg DM although such increase was not different from control and LaSil additive treated 

silages. On contrary, whole crop wheat variety Wedgetail wilted resultant silage had no 

difference in NDF concentration when compared from direct-cut ensiled silage.  

  

While silage additives had no effect on DM content of triticale variety Crackerjack and 

wheat variety Wedgetail silage in either of ensiling methods, DM content of oats variety 

Taipan silage from Sil-All additive provided 19 g and 18 g higher compared to LaSil 

additive and control silage respectively from the direct-cut method. In case of wilted oats 

variety Taipan silage, control DM content was significantly higher by 33 g and 41 g from 

Sil-All and LaSil additive respectively.  
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Table 4.5. Effect of ensiling method (direct cut or wilted) and silage additives (Ctrl, Sil-All or LaSil) on nutrient 

composition of whole crop species ensiled at boot stage of plant growth for 120 days 

 

Nutrient composition  

    Direct Cut   Wilted   Significance 

Species 
  

Ctrl Sil-All LaSil   Ctrl Sil-All LaSil   
Ensile 

Method 
(EM) 

Additive 
(A) EMxA 

                    s.e.d s.e.d s.e.d 

Dry Matter (g DM/kg) 
Triticale   163 167 188   324 344 343   15.54*** 19.03NS 26.91NS 
Wheat   196 213 192   408 433 404   12.03*** 14.73NS 20.83NS 
Oats   233 252 234   356 323 315   4.31*** 5.28* 7.46** 

                            

Crude Protein (g/kg DM) 
Triticale   146 151 141   145 143 147   20.60NS 25.2NS 35.6NS 
Wheat   147 143 144   165 167 177   3.34*** 4.09NS 5.79NS 
Oats   119 117 119   142 129 132   2.17*** 2.66NS 3.76NS 

                            

Neutral Detergent Fibre (g/kg 
DM) 

Triticale   521 499 543   592 600 584   18.53** 22.69NS 32.09NS 
Wheat   520 531 531   549 543 553   11.25NS 13.78NS 79.49NS 
Oats   505 495 502   567 551 558   7.11*** 8.71NS 12.31NS 

                            

Digestibility of Organic Matter 
in Dry Matter (g/kg DM) 

Triticale   670 672 654   590 585 588   28.6* 35.0NS 49.5NS 
Wheat   651 648 640   626 633 626   7.48* 9.16NS 12.96NS 
Oats   659 665 662   635 637 632   5.22** 6.40NS 9.05NS 

                            

Metebolizable Energy (MJ/kg 
DM) 

Triticale   10.7 10.8 10.5   9.4 9.4 9.4   0.46* 0.56NS 0.79NS 
Wheat   10.4 10.4 10.2   10 10.1 10   1.49* 1.47NS 2.07NS 
Oats   10.6 10.6 10.6   10.2 10.2 10.1   0.08** 0.10NS 0.14NS 

(NS = Non-significant; * = p<0.05; ** = p<0.01 and *** = p<0.001)     

[Ctrl = No additive; Sil-All = 1,000,000 CFU and LaSil = 400,000 CFU]     
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4.3.4. Effect of wilting on fermentation quality 
 

Wilting of crops had increased the pH concentration of all resultant silages in cereal crops 

(Table 4.6) although it did not go beyond pH 4.5. Winter oats variety Taipan silage had 

least pH value by direct-cut method irrespective of silage additives or untreated silages and 

was significantly lower (p<0.01) from wilted crop. The difference in pH value was also 

observed in wilted winter wheat variety Wedgetail crop silage that was quite significantly 

higher (p<0.001), while the pH value of resultant silage by direct-cut ranged from 3.7 to 

4.2. In general, the highest pH values (4.4) were observed in wilted triticale variety 

Crackerjack crop silage with control and LaSil sprayed additive although such values were 

not significant from direct-cut resultant silage. 

 

Ammonia-N concentration from wilted crop silage was generally low from direct-cut in 

wheat and oats silage while Sil-All treated wilted triticale variety Crackerjack silage also 

produced least amount. However, wilted triticale variety Crackerjack silage which was 

either control or LaSil treated increased by 1.5 and 1.0 g per kg total N respectively from 

direct-cut method. Among the treatments in all wilted crops silage, all forages that had 

received Sil-All additive had low amount of ammonia-N varying from 5.6 to 9.2 g per kg 

total N only.  

 

Fermentative acid such as AA was higher in direct-cut method of all resultant silage 

comparing to wilted method. There was a clear trend in less production of AA for all 

resultant silage of cereal crops that was treated with Sil-All additive. For example, in case 

of wilted method of wheat variety Wedgetail silage, control or LaSil treated silage had 

produced 7 and 17 g per kg DM additional AA respectively (p< 0.001) when compared to 

only 5 g of AA per kg DM from Sil-All treated silage. Likewise, Sil-All treated wheat 

variety Wedgetail crop ensiled by direct-cut method yielded only 12 g per kg DM while 

there was additional 6 g per kg DM for control and 29 g per kg DM for LaSil treated silage. 

A similar situation was noticed in both triticale variety Crackerjack and oats variety Taipan 

resultant silage in both ensiling methods. 
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Table 4.6. Effect of ensiling method (direct cut or wilted) and silage additives (Ctrl, Sil-All or LaSil) on fermentative 

characteristics of whole crop species ensiled at boot stage of plant growth for 120 days 

 

Nutrient composition  

    Direct Cut   Wilted   Significance 

Species 
  

Ctrl Sil-All LaSil   Ctrl Sil-All LaSil   
Ensile 

Method 
(EM) 

Additive 
(A) EMxA 

                    s.e.d s.e.d s.e.d 

pH 

Triticale   3.9 4 4   4.4 4.1 4.4   0.14NS 0.17NS 0.24NS 

Wheat   4.1 3.7 4.2   4.4 4 4.2   0.23*** 0.28*** 0.40* 

Oats   3.9 3.8 3.8   4.3 3.8 4.3   0.05** 0.07* 0.09NS 

                            

Ammonia (g/kg total N) 

Triticale   11.25 11.5 10.05   12.75 9.2 11.1   1.60NS 1.96NS 2.77NS 

Wheat   11.2 9.3 12.3   9.6 7.3 9.4   0.47** 0.57** 0.81NS 

Oats   10.6 9.5 10.35   6.7 5.55 6.85   0.40*** 0.49NS 0.69NS 

                            

Acetic acid (g/kg DM) 

Triticale   21.4 20.4 23.1   11.19 8.96 27.52   6.42NS 7.86NS 11.12NS 

Wheat   18 12 41   12 5 22   2.23** 2.73*** 3.86NS 

Oats   28.9 6 23.3   8.2 6 17.5   2.04** 2.5** 3.54* 

                            

Propionic acid (g/kg DM) 

Triticale   0.2 1.22 0.48   3.98 0.72 0.45   1.12NS 1.37NS 1.93NS 

Wheat   0.29 0 0.86   0.46 0.41 0.37   0.14NS 0.17NS 0.24NS 

Oats   0.54 0.19 0   1.13 1.81 2.2   0.14*** 0.17NS 0.25* 
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Continued:-                            

Total Volatile Fatty Acid (g/kg 
DM) 

Triticale   21.6 21.7 23.5   15.38 9.67 27.97   6.71NS 8.22NS 11.62NS 

Wheat   21.2 12.5 41.9   12 6 22.7   2.54** 3.11*** 4.39NS 

Oats   24.49 6.16 23.35   9.37 7.86 19.71   1.95** 2.40** 3.39** 

                            

Lactic acid (g/kg DM) 

Triticale   57.9 65.6 56.4   40.35 64.2 24.19   10.19NS 12.49NS 19.66NS 

Wheat   40.6 64.9 23.5   32.7 44.1 29.4   3.71NS 4.54** 6.43NS 

Oats   51.3 70.2 69.3   13.3 36.7 20.3   3.50*** 4.28** 6.06NS 

                            

Lactic Acid:Acetic Acid Ratio 

Triticale   2.74 3.66 2.44   3.78 8.43 1.48   1.81NS 2.21NS 3.13NS 

Wheat   2.24 5.28 0.59   2.84 7.89 1.33   0.21*** 0.26*** 0.36* 

Oats   1.83 11.8 2.95   1.62 6.09 1.24   0.28*** 0.35*** 0.50** 

                            

Total Fatty Acid (g/kg DM) 

Triticale   79.5 87.3 79.9   55.73 73.87 52.16   11.04NS 13.52NS 19.11NS 

Wheat   61.8 77.4 65.4   44.7 50 52   5.29** 6.35NS 8.98NS 

Oats   80.8 75.4 92.6   22.7 44.6 40   3.89*** 4.76NS 8.73NS 

(NS = Non-significant; * = p<0.05; ** = p<0.01 and *** = p<0.001)       
[Ctrl = No additive; Sil-All = 1,000,000 CFU and LaSil = 400,000 CFU]       
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The TVFA production was highest for crops that were preserved by direct-cut method (p< 

0.01) when compared to crop ensiled after wilting. Sil-All additive treated resultant silage 

had least TVFA when compared to control and LaSil additive silage in either of the ensiling 

methods. 

 

Generally, LA concentration was much better for silage that was made by direct-cut rather 

than after wilting in all crops although LA concentration did not differ in resultant silages 

of triticale variety Crackerjack and wheat variety Wedgetail. It was only whole crop oats 

variety Taipan silage that tend to produce significantly (p<0.001) higher LA concentration 

in direct-cut method. Among the silage additives, application of Sil-All additive produced 

higher LA from LaSil or control in all resultant silages by both ensiling methods. 

 

The highest LA:AA ratio was seen in whole crop oats variety Taipan that was treated with 

Sil-All additive in direct-cut silage which was around 5 times higher (p<0.001) from control 

or LaSil additive. Generally, Sil-All additive treated silage of direct-cut or wilted method 

was only able to reach had LA:AA ratio above 3 in all resultant silages.  

 

As a result of fermentation, direct-cut silage was able to yield maximum TFA instead of 

wilted silage. The TFA production from Sil-All treated silage of triticale variety 

Crackerjack and wheat variety Wedgetail in direct-cut was better from LaSil or control 

silages despite showing no differences of additives effect.In case of direct-cut oats variety 

Taipan silage with Sil-All additive, the resultant silage had least TFA produced (75.4 g/kg 

DM) when compared to 81 g per kg DM in control and 93 g per kg DM in LaSil treated 

silages. Ensiling method had great influence in TFA production in whole crop wheat 

variety Wedgetail and oats variety Taipan silage while triticale variety Crackerjack silage 

tend to have no significant effect. 
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4.4. Discussions  
 

4.4.1. Effect of silage additives on nutrients composition  

 

This experiment was designed to test the effect of silage additives on the chemical 

composition and fermentation characteristics of three crop species that had shown potential 

forage yield and improve home-grown forage consumption by conservation technique. 

Since there was no information on the benefit of application of silage additives to cereal 

crops under dry-land region, the primary focus of this study was to test the hypothesis that 

application of silage additives would improve the silage quality in storage and once opened 

for feed out process by enhancing fermentation characteristics. This assumption was based 

on evidences of past studies from several researchers on both homo-fermentative 

(Adesogan et al., 2003) and hetero-fermentative LAB organisms (Kung and Ranjit, 2001; 

Adesogan et al., 2003; Holzer et al., 2003) which not only improved the retention of 

nutrients by inducing good fermentation characteristics but also found improvement in the 

storage quality by inhibiting growth of yeasts and moulds. Inhibition of yeasts and moulds 

growth in silage means that there will be less storage losses. 

 

Likewise in the past studies of other authors, this study also used hetero-fermentative LAB 

inoculants (LaSil) consisted of single hetero-lactic organism (L. buchneri) with low colony-

forming units (4 x 105) and homo-fermentative LAB inoculants (SilAll) in combination of 

several homo-lactic organisms (E. faecium, L. plantarum, P. acidilactici, L. salivarius) with 

high colony-forming units (1 x 106). Result of the estimated ME contents of triticale variety 

Crackerjack and oats variety Taipan silage in this study gave above 10.5 MJ per kg DM at 

GS34 suggesting that it has the potential to serve as alternative feed for dairy cows. This is 

because the energy density fulfilled the recommended requirement of dairy cows for 

maintenance and production in consistent to energy requirement of dairy cows (Van Soest, 

1994). Such energy rich silage is seen despite that it is neither Sil-All nor LaSil additives 

responsible to retain rich energy content in the resultant silage. In case of resultant silage 
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from wheat variety Wedgetail crop, the energy density at GS34 is comparatively lower 

ranging from 10.2 to 10.4 MJ per kg DM. There is however a concern of triticale variety 

Crackerjack crop silage at GS34 with low DM content which might encourage the growth 

of undesirable microorganism even if the pH level had attained the desirable unit. This is 

concurred by McDonald et al. (1991) who felt that the achievement of pH value below 4 

with DM concentration of 150 g kg DM may not inhibit organisms such as clostridia 

growth. Otherwise the lower pH with high moisture content in triticale variety Crackerjack 

silage in this study is consistent to observation made by Filya (2004) in maize crop that was 

considered as the good quality silage produced. On the other hand, the CP concentration 

from all resultant silages at this growth stage is sufficient to support the dairy cow 

requirements even as a sole forage. According to National Research Council (2001), dairy 

cows weighing 450 and 650 kg LW would normally require around 887 and 868 g of CP 

per day respectively. This level of CP requirement is achieved from this present WCS study 

which has shown potential to provide more than one kg of CP assuming that dry matter 

intake of GS34 silage as a sole diet will normally exceed 10 kg DM per day by dairy cows. 

 

The nutritive characteristic of all whole crop silages at GS84 followed the normal plant 

phenology with DM content of triticale variety Crackerjack silage recording above 300 g 

per kg DM while DM content of other two cereal crops namely wheat variety Wedgetail 

and oats variety Taipan silage ranged from 228 to 268 g per kg DM. A similar silage DM 

content within the range of this present study was also reported in wheat silage at the milk 

stage of maturity treated with L. buchneri (hetero-fermentative) and L. plantarum (homo-

fermentative) microorganisms by Weinberg et al. (1999) which only confirms the normal 

DM range of cereal crop silage. A fermentation process of cereal crops in this study was 

able to improve CP concentration in silage. However silage additives did not attribute 

directly for improvement of CP concentration in silage.  In fact the CP concentration of 

silage among control silage and additive treated silages were constant around 105 to 114 g 

per kg DM in triticale variety Crackerjack silage, 131 to 137 g per kg DM in wheat variety 

Wedgetail and 112 to 128 g per kg DM in oats variety Taipan silage. While the energy 

density of silage in this study is better from fresh forage at GS84, triticale variety 
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Crackerjack and wheat variety Wedgetail crops have only potential to provide 8.6 MJ per 

kg DM and 9.6 MJ per kg DM respectively. This finding suggests that the resultant silage is 

more to be considered as complement feed for later stage of lactation and fibre supplements 

to cows at early to mid lactation. The whole crop oats variety Taipan silage tends to 

produce higher energy density silage when compared to triticale variety Crackerjack and 

wheat variety Wedgetail at GS84. On contrary, forage yield from oats variety Taipan is 

lower especially when compared to triticale variety Crackerjack crop. Further oats variety 

Taipan  has lodging problem due to weak straw strength. These physical characteristics of 

oats variety only lead to heavy DM loss in the field during harvest time. In case of nutrient 

composition of whole crop cereal silage whether it is made at GS34 or GS84, it was clear 

that silage additives had no role to influence the change in chemical composition. Such 

observation does not reach the conclusion that silage additives are not effective in 

maintaining the storage quality of resultant silage. The next step is therefore to look at the 

fermentation characteristics of the resultant silage for the effect of silage additives against 

the control silage. 

 

4.4.2. Effect of silage additives on fermentation characteristics  

 

Fermentation of silage is an uncontrolled process and is subjected to deterioration 

especially in warm climate. This is because most microbial organisms are active at 20 to 30 

degree Celsius. Bacterial inoculants are considered to prevent such spoilage by inhibiting 

the microbial growth besides improving the silage stability. In this experiment, the multi-

strain Sil-All inoculants application is indicative of homo-lactic fermentation with large 

amount of lactic acid and lower acetic acid. Generally, well preserved silage will typically 

have pH around 4.0 (Wilkinson, 2005). The resultant silage from this study is all within the 

recommended level of pH units. With increased DM content of plant maturity, pH value 

tends to increase. This may be attributed due to lack of moisture content resulting in 

restricted fermentation. However, the past studies (Nadeau, 2007) of triticale, wheat and 

oats silages in northern Europe too reported similar pH range of this present study which 



 

134 
 

indicates that whole crop cereal have normal fermentation processes. Among the silage 

additives, the homo-lactic multi-strain bacteria (Sil-All) has shown more effective in 

maintaining pH below 4 while hetero-lactic bacteria like L. buchneri (LaSil) has recorded 

pH 4.1 to 5. Such pH result from this present study is yet consistent to L. buchneri and L. 

plantarum applied wheat silage under similar laboratory conditions by Weinberg et al. 

(1999) which only indicates the normal pH range of either LAB treated additives. The pH 

of silage without additive treatment (Control) is highest in triticale variety Crackerjack and 

wheat variety Wedgetail crop which raised question of storage quality. Comparing from the 

earlier study of L.plantarum and L. buchneri application on wheat silage of Weinberg et al. 

(2002) in 1.5 litres and 50 litres micro-silos, the results of the present resultant silages are 

similar.  However, too low pH value would indicate excessive fermentation which might 

require neutralizing the acidity.  

 

The amount of ammonia-N present in silage is within an acceptable range of well preserved 

silage especially with those treated with Sil-All, i.e. homo-lactic bacteria. Generally, if the 

silage has limited proteolysis, the ammonia-N as the proportion of total N varies from 5 to 

15 percent of total-N (Chamberlain and Wilkinson, 1996). The total nitrogen (g/kg DM) 

observed in this study is similar to earlier study of Nadeau (2007). This indicates that there 

is minimum breakdown of protein from the resultant silage and maximum CP retained for 

animal use. While the extent of degradation of protein varies, McDonald et al. (1991) 

estimates that even in well preserved silage, the protein content may be reduced by 50 to 60 

percent. Given the general trend of least propionic acid production by silage treated with 

homo-lactic Sil-All inoculants in this study, it is a good indicative of well preserved silage 

at GS84 stage of plant growth.  

 

Microorganisms such as L. plantarum dominated LA production while L. buchneri 

dominated AA production (Weinberg et al., 2002). This is consistent with the present study 

where all resultant silage from Sil-All inoculants is homo-fermentative and dominated LA 

production. LaSil inoculants being hetero-fermentative dominated AA production.  
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With good amount of TVFA from LaSil treated silage compared to Sil-All, it is clear that 

such silage produced will be more stable since volatile fatty acids are responsible for 

inhibiting yeasts and moulds growth. Several researchers have demonstrated the aerobic 

stability by L. buchneri where AA production was dominant (Weinberg et al., 1999; Ranjit 

and Kung, 2000; Kung and Ranjit, 2001; Salawu et al., 2001; Weinberg et al., 2002; Filya, 

2004; Nishino and Touno, 2005). This would indicate that as observed in this study, L. 

buchneri application will result into stable silage in storage. This will be an important 

observation once the silage is opened. 

 

A desired LA:AA ratio is targeted around 3 or more to yield good quality preserved forage. 

This is possible with that silage which has received homo-lactic Sil-All inoculants at the 

rate recommended for commercial use. In UK, when winter crop wheat at cheesy ripe stage 

of maturity with crimped grain was conserved, Adesogan et al. (2003) too reported 

lactic:acetate ratio within 3.08 to 4.39 which agreed to present observation. Thus the first 

hypothesis of this trial in improving the quality of silage in storage is possible by 

application of silage additives. 

 

4.4.3. Effect of ensiling methods on nutrients and silage 
fermentation 

 

Wilting of crop is an alternative method advocated widely to inhibit the growth of 

undesirable bacteria (McDonald et al., 1991). The desirable effect of wilting on silage 

making has been demonstrated as early as 1950s by Murdoch et al. (1955). This study 

substantiates the view in improving the DM content which will lead to increased DMI. 

Although pre-wilting of herbage as high as 40 to 50 percent DM content have been reported 

(Murdoch, 1960) for desirable fermentation, it becomes extremely difficult for whole crop 

cereals to consolidate full compaction. Despite wilting, the chemical composition of silage 

did not indicate any significant improvement in energy concentration or digestibility 

potential to be considered as ration for dairy cows. However a marked improvement in CP 

concentration and DM content is observed irrespective of silage additives. The 
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improvement in CP content could have been facilitated by good fermentation process 

wherein the lactic acid bacterium is predominant. Typically whole crop fermented silage 

has 350 to 500 g DM per kg fresh weight (Wilkinson, 2005) which may or may not have 

received additives during harvest. All cereal crops silages in this present experiment when 

ensiled directly resulted into lower DM contents at both growth stages irrespective of 

additives treatment. It indicates that direct-cut ensiling might produce wetter and bulkier 

silage that might affect DM intake by dairy cows. Wilting of cereal crops however gave 

higher DM concentrations that are consistent with the recommended DM content of WCS. 

This finding is in agreement to the second hypothesis that silage DM nutrients composition 

is improved due to wilting before ensiling.  

 

In case of grasses, DM content of about 200 g per kg DM after wilting and a pH value of 

4.0 is considered acceptable for satisfactory preservation (McDonald et al., 1991). However 

in whole crop cereals, generally the pH values are reported slightly higher (Hristov and 

McAllister, 2002; Nadeau, 2007) which is also in agreement for wilted crops in this present 

experiment. It may be reiterated that the efficiency of homo-lactic Sil-All additive to 

maintain pH below 4.0 is probably due to high concentration of LA compared to controlled 

or hetero-lactic LaSil additive. One possible reason for Sil-All additive being more effective 

can be due to higher concentration of colony-forming unit LAB bacteria which is also 

reported by Kung and Ranjit (2001). In fact as reviewed in chapter two, higher 

concentration of additive is likely to be more effective in producing silage that is more 

stable when exposed to air. 

 

Wilting should not always be accepted as a common practice when several additives are 

available commercially to enhance fermentation from un-wilted crops. For instance, 

application of formic acid silage additive to un-wilted grass mixture has also proved to 

improving silage preservation (Haigh and Parker, 1985). However in this present 

experiment, wilting did improve the fermentation quality by limiting proteolysis effect in 

all treated silages when compared to controlled silage. Hristov and McAllister (2002) 

reported that wilting of barley whole crop silage harvested at mid dough stage of growth 
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resulted into lesser LA concentration which is consistent to the present study. This 

phenomenon of reduced LA is the result of reduced epiphytic LAB populations by wilting 

process. Naturally, there are lower LAB counts on wilted crop as compared to un-wilted.  

 

According to Hristov and McAllister (2002), wilting inhibits fermentation and inoculating 

homo-fermentative LAB increased AA content. On the contrary, this present study found 

that while wilting reduced AA, homo-lactic LAB (Sil-All additive) did not affect AA 

content. It is only hetero-lactic LAB (LaSil additive) that produced AA much higher (p < 

0.01) when compared to Sil-All additive or untreated silage of wilted crop.  

 

Incidentally, whole crop triticale variety Crackerjack is only the cereal crop where the 

fermentation characteristics has no influence by direct-cut or wilted crop method for 

preservation and also with application of silage additives or non-application. This can be 

possibly due to relatively small differences in DM content of forage at boot and soft dough 

seen in triticale variety Crackerjack. Generally greater fermentation takes in higher 

moisture content that will result into higher TVFA and TFA. The evidence from this study 

indicates that wetter forage will yield higher TFA when compared to wilted crop. 

Considering a relatively few benefits in fermentation process with wilting, it would indicate 

that whole crop cereals can be preserved by direct-cut method which will minimize DM 

field losses since other alternatives are available to enhance fermentation. Although quality 

of silage in storage through aerobic stability are not assessed in this experiment, the 

application of Sil-All and LaSil additives already indicate fermentation dominated with 

homo-fermentative and hetero-fermentative in silage which will preserve the silage well in 

storage. 

 

4.5. Conclusion  
 

With advance in conservation technology and simple to adopt, preservation of forage as 

silage has gained importance relative to hay making throughout the world including 
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Australia especially with whole crop cereals. The crux of success has been due to available 

information on appropriate harvesting growth stage of crop and readily available 

commercial additives that enhance fermentation. The purpose of conservation was seen to 

make feed available when natural climate of extreme cold or hot in certain period of year 

limited plant growth. However, it has also become imperative that for the decision to 

harvest, the crops intended for preservation should also yield good quality feed to support 

animal production.  

 

Accordingly silage additives have been advocated at the time of preservation to improve 

the quality of silage in storage. Alternatively, crops are also wilted for certain hours before 

it is preserved which not only improved fermentation, but also prevented undesirable 

growth of microorganisms. The most common commercial bacterial inoculants are either 

homo-fermentative or hetero-fermentative LAB. These LAB microorganisms can be single 

or multi-strain with different concentration.  

 

Apart from growth stage of plant, application of neither homo-lactic nor hetero-lactic 

inoculants indicates any significant improvement in the nutrient composition of silage. 

While there is no improvement of nutrients by silage additives used in this experiment, it 

also did not reduce the quality within each growth stage. The fermentation parameters of 

both stages of plant growth clearly explain that silage made with silage additives are more 

effective. There is also positive indication of quality silage with limited proteolysis so that 

CP losses are minimal. Sil-All inoculants is effective by means of homo-fermentation while 

LaSil tended to be hetero-fermentative. Based on the nutrient composition of whole crop 

silage at boot stage of plant maturity, it appears that silage made at this growth stage will 

serve as an alternate feed source to dairy cows. However the amount of nutrients observed 

at soft dough stage of growth suggest that it will not risk constituting high proportion of 

ration to dairy cows without supplementation of energy and CP rich value feed. The silage 

made at soft dough is more considered as complement feed for late lactation cows. Given 

the improved fermentation characteristics by the application of silage additives, it is 

recommended to advocate usage in the farm as it brings minimum losses of nutrients and 
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likely to improve intake by cows. Application of silage additives is seen beneficial as it not 

only produces good quality silage, but also indicates more stable when exposed to air with 

good amount of TVFA. It appears that combination of these two inoculants will be more 

productive in large scale farm since Sil-All inoculants can assist to drop pH rapidly by 

increasing LA production while LaSil inoculants can inhibit any undesirable 

microorganisms at later stage by producing AA.  

 

Wilting of crops before ensiling has invariably increased DM content. That would mean a 

corresponding improvement of DMI. Non-wilting of crop at boot is prone to produce wetter 

and bulkier silage that can affect intake by dairy cows. The most important criterion to 

avoid such wet silage is the harvest time and appropriate DM content of not less than 200 g 

per kg DM. While wilting has no doubt improved fermentation quality, the extra labour 

involvement and unforseen weather conditions during harvest time are some concerns in 

southern Australia. Further the estimated ME and digestibility are not improved by wilting. 

Considering such relatively small benefits brought out by wilting, it may be wise to adopt 

other alternatives such as additives that are commercially available in the market to 

improve fermentation quality. Non-wilting will also minimize DM losses in the field which 

have been recovered by direct cut method. However further studies on nutrient losses in 

field and storage will be required to assess the DM yield per unit area in home grown 

forage production. It will also be important to understand to study the aerobic stability of 

silage when treated with Sil-All and LaSil additives especially when silage is exposed to air 

during feed out process.  
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Chapter 5. Assessment of silage quality as feeding 

value  

 

5.1. Introduction 
 

This chapter deals on how the quality of preserved forage with or without silage additives 

at GS34 stage of plant growth was assessed for its digestibility potential. The observation 

was based on one in-vitro gas production technique conducted for crop ensiled by either 

direct-cut or after wilted. The information on forage quality in terms of the extent and rate 

of degradability was expected to assist in determining the quantity of silage to be used for 

animal production in south west Victoria.  

 

Generally, utilization of WCS is focussed on recommendations that concern digestibility. 

So far, digestibility of WCS was estimated based on the NIR spectroscopy by determining 

DOMD from DMD by using recommended formula of MAFF (1990) as described in 

Chapter 3. Determination of WCS digestibility is important mainly because of the need for 

to improve the feed nutrient utilization by the animal. Quite often, the WCS are generally 

bulky feeds which are relatively low in digestibility that may not support the animal 

production.  This does not mean that WCS are all necessarily poor in degradation and 

digestibility in the rumen since they could be fermented by the rumen microbes. Normally 

the feedstuff is first degraded into lower molecular weight by extracellular enzyme before 

being utilized by the rumen bacteria. This rumen degradation of feed stuff is however 

influenced by the chemical, physical and structural properties of the feedstuff. For instance, 

Crovetto et al. (1998) reported that organic matter digestibility of whole crop wheat silage 

at GS34 growth stage was seen as high as 76 percent. However when WCS were made at 

GS84, organic matter digestibility was reduced by 14 percent reflecting the influence of 

growth stage. The general trend of WCS organic matter digestibility coefficient at GS84 

was within the range from 0.0.651 to 0.0.701 (refer Table 2.9 in chapter 2). Even as the 
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plant matured further to hard dough stage, the organic matter digestibility coefficient 

remained within similar range which was probably due to corresponding increased in WSC 

concentration. In other instances when silages were made by application of urea to matured 

crop with high DM content, the organic matter digestibility coefficient had shown same 

level of digestibility (see Table 2.10 in chapter 2). Likewise, the other method to enhance 

digestibility of WCS is through application of silage additives.  

 

Getachew et al. (1998) and  Krishnamoorthy et al. (2005) stated that the most important of 

feed quality is digestibility. Yet, such measurements alone cannot be considered to predict 

the actual nutrient utilization by the host animal. Despite limitation imposed to measure 

correctly the digestibility of roughages; several researchers had adopted studies either in 

situ (Ørskov et al., 1980; Blummel and Orskov, 1993) , in vivo (Rymer et al., 1999) and in 

vitro techniques (Calabro et al., 2005; Mould et al., 2005) to understand the digestibility of 

ruminant feedstuffs. All these techniques are found invariably labour intensive, time 

consuming and costly that limits the applicability when information on potential feeding 

value of feed for routine diet formulation allowance is required. 

 

In view of such constraints, alternative method to estimate feed digestibility by in vitro gas 

production technique (IVGPT) has now increasingly become popular largely due to high 

analytical capacity and associated low costs (Getachew et al., 1998). Besides such 

advantages, IVGPT has the capability to provide information on nutritive value and 

fermentation kinetics (Davies et al., 2000). According to several studies on ruminant feed 

evaluation by IVGPT, it was found that this technique was notably simple and less 

expensive that determined digestibility within a shorter time frame (Davies et al., 2000; 

Mauricio et al., 2001; Calabro et al., 2005). The principle involved in IVGPT was that it 

records the gas volume from the fermentation of feedstuff in a buffered rumen fluid in a 

given time frame. This gas volume production take place as the rumen micro-organism 

ferments substrate to end products that include VFA. This estimated gas volume is then 

correlated with the nutrient degradability of feedstuff under rumen conditions (Blummel 

and Orskov, 1993). Later the degradability of feedstuff is simulated to actual animal rumen 
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environment. Similarly the proportion of VFA as end product is related to dietary 

characteristics which are useful in generating ATP in the intermediary metabolism. Despite 

of such potential to determine the quality of silage by IVGPT, application of IVGPT is least 

known under Australian context. As a result, there is insufficient knowledge about the 

potential feeding values of WCS in dry-land farming system. 

 

As the silage making is gaining importance from hay with notable advantage being less 

dependent on inclement weather, it would be important to understand how much of WCS in 

storage would offer feeding value to support the animal production in whole farm system. 

Further there is a need to understand the WCS degradability due to effect of silage additives 

as it had shown improvement in fermentation characteristic as explained in previous 

chapter. There are already incidences of disappointing result by silage based diet as 

reviewed by Marsh (1979).  In view of this, a simple but effective technique with less cost 

would be an alternate method to determine the preserved forage quality for animal feeding. 

 

5.1.1. Aim of study 

 
The objective of this study was therefore to determine the extent and rate of WCS 

degradation to relate to the nutritional quality when WCS is treated with silage additives 

and ensiled either by direct-cut or after wilting. In the absence of information on amount of 

forage being degraded under rumen environment, it would only mislead the ration 

formulation. The hypothesis of this experiment was that an application of silage additives 

and wilting would enhance the yield of VFA and gas volume instead of untreated and 

direct-cut preserved silage. This is in view of fact that the external microbial ecosystems 

with silage additives on plants would further increase microbial population in the buffered 

rumen fluid and accelerate substrate degradation. Similarly wilting of plant was expected to 

break down the non-structural carbohydrates due to hydrolysis effect and thus enhance gas 

production during incubation. The VFA produced and gas profiles from WCS would then 

best be used to simulate the forages consumed by the animal. It was also assumed that the 
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two whole crop species silage at same growth stage would not have differences in the 

digestibility quality but rather would offer as an alternative crop. The scope of WCS 

incubation was limited to 24 hours incubation period since the maximum degradability of 

feedstuff is suggested to take place between 6 to 12 hours. 

 

5.2. Materials and Methods 
 

5.2.1. Sampling materials and fermentation medium 

 

For the purpose of this experiment, only one growth stage at booting (GS34) was 

considered since this growth stage of crops offered the process of wilting. Once the crop 

has reached soft dough growth stage (GS84), silage is generally made after direct-cut 

harvest because by this time of growth stage the whole crop already contains more than 200 

g per kg DM. In such growth stage, wilting is not necessary for making silage. Two species 

of whole crop cereal silages, triticale variety Crackerjack and wheat variety Wedgetail that 

were grown in year 2007 were used for this experiment. These crops that were harvested at 

boot (GS34) growth stage were chopped into 1 to 4 cm length soon after harvesting or after 

wilting by forage mulcher (Red Roo CT100 chipper, Melbourne, VIC., Australia). They 

were then either treated with silage additives or untreated and ensiled for 120 days as 

explained in Chapter 4. The silage was then opened and sub-samples were packed in 

polythene bags and kept in deep freezer. These ensiled frozen substrates were further 

manually sliced into 2 to 5 mm size length by scissors before incubation. The amount of 

sample incubated was 6 g on fresh weight basis.  

 

Fresh rumen digesta was collected from the commercial sheep slaughter house and brought 

to the laboratory. Immediately on reaching to laboratory, it was then strained and filtered 

through double layered cheese cloth as described by Davies et al. (2000). Inoculums was 

prepared with 3 parts of filtered rumen fluid to one part of buffer solution consisting of 5.8 
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g NaCO3, 1.2 g MgSO4 and 0.6 g CaCl2 in one litre of distilled water. Around 0.5 g of 

glucose was added into the medium and was incubated in oven at 40 degree Celsius for 

around 2 hours before the test substrate was incubated. Each fermentation bottle required 

60 ml of inoculums as buffered medium. Rest of the inoculums was stored at 40 degree 

Celsius until required for subsequent batch of fermentation. 

 

5.2.2. Technique for gas production measurement 
 

The gas production apparatus used in this experiment was similar to semi-automated 

pressure transducer system used by Mauricio et al. (1999) and an automated pressure 

transducer developed by Davies et al. (2000) but differed in pressure sensor and transmitter 

set up besides number of fermentation bottles capacity and same diameter lids as illustrated 

in Figure 5.1. This apparatus could perform as often or as infrequently as required since the 

software allowed retrieving only the data added since the last unloaded. Pre-test run of the 

apparatus with rumen fluid and forage sample in a separate batch of 6 incubation bottle was 

performed prior to incubation of samples. The detailed schematic layout of the same 

equipment with label and preinstalled Magpie software on PC allowing data to retrieve at 

the end of 24 hours incubation is illustrated in Figure 5.2. 

 

Around 6 g of finely chopped fresh frozen sample of 2 to 5 mm size from each crop species 

that were ensiled by direct-cut and wilting after three types of silage additive treatments 

were placed into 500 ml Schott bottles (Schott Duran 500 ml, Made in Germany). The 

Schott bottle served as fermentation bottle. A total of 12 samples were examined. All 

twelve samples were incubated in triplicates along with 60 ml of inoculants in separate run. 

They were immediately placed into water bath (Thermoline L+ M Australia) at 39 degree 

Celsius that maintained automatically.  These fermentation bottles were then fitted firmly 

against each pressure transducer set ensuring no leakage of pressure created inside the 

fermentation bottle. The fermentation of substrate over 24 hour’ s incubation period resulted 

into increased pressure that was captured by pressure sensors (6BW2-CNBNT-6007, 20 – 
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1000 kPa, 12V DC 15W GOYEN) and transmitted by pressure transmitter (PTX 1400 

DRUCK, range 1 bar g, output 4 to 20 mA, supply 9 to 28 vdc) into 2 numbers Channel 

Relay Control Modules. The data generated was stored into the data logger 

(STARLOGGER Unidata Model 6004C, 128K, Serial No. 8024) at every 25 seconds. 

There was a constant voltage charger at 25 degree Celsius by the rechargeable data logger 

battery (CJ12-7 12V7AG/20HR, Stand by use 13.5  – 13.8V, Cycle use 14.4 V – 15.0 V, 

Max initial current 2.1A, Made in China).  The pressure data stored in data logger was next 

uploaded by preinstalled Magpie software (Magpie version 2 – manufactured by 

Measurement Engineering Australia Pty Ltd -MEA) into PC by fixing communication 

adaptor into communication connector. The Magpie software allowed to retrieve only the 

data added since the last unloaded. The fermentation of substrate was terminated after 24 

hours. The residues were subsequently filtered by vacuum suction (Figure 5.3) into conical 

glass flask using sintered glass crucibles (P1) as filters. Filtrate samples of 15 ml were 

collected in a Corning centrifuge tube for VFA analysis.  

 



 

146 
 

 
 
Figure 5.1. Actual Pressure Transducer Apparatus used with six incubation bottles 

for in-vitro gas production technique (IVGPT) 
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Figure 5.2. Modified schematic layout of actual pressure transducer apparatus used 
for in vitro gas production technique with label and preinstalled Magpie software for 
data up-load. 
 
 
 
 
 

 
 
 Figure 5.3. Extraction of filtrate for VFA analysis from fermented residue after 24 hours 

P1 Sintered Crucibles used as filters 

Suction from aspirator created partial 
vacuum in flask 

Rubber tubing fitted into aspirator 

Filtrate collected in Buchner flask 

Fermented residue poured into P1 crucibles 
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5.2.3. Mathematical application to estimate gas volume 
 

The pressure data generated from each fermentation bottle at 25 seconds interval was first 

converted into gas volume by applying the following formula: 

 

Gas Volume (ml) = ((Pressure * 1000/10) * 0.0014223343) * 70.3089 
 

This gas volume (ml) was than corrected into actual gas volume (ml/g DM) produced from 

the weighted samples of 6 g fresh weight with an estimated KF-DM content of specific 

substrate as follows: 

 

Corrected Gas Volume (ml/g DM) = Gas Volume (ml)/(Fresh substrate weight * 
DM% of substrate) 
 

 

5.2.4. Curve Fitting Gas Production Profile 
 

Regression analysis of the cumulative gas production of the substrate fermented in 

triplicates over 24 hours was used to determine the gas production parameters. These 

cumulative gas productions (ml/g DM) were fitted with a mathematical model of Gompertz 

asymmetrical s-shaped curve as: 

 

Fitted Curve = A + C * EXP (- EXP (-B * (X – M))) 

 

Where (B is the fractional gas production rate, M is the time of maximum gas production 

rate, C is the gas volume of maximum gas production rate (ml) and A is an asymptotic gas 

produced (ml)). 
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The point at which the maximum asymptotic gas production rate (Rm) occurs was 

calculated as: 

 

Rm = cb/e where e = 2.71828 
 

5.2.5. Chemical and volatile fatty acid analysis 
 

Chemical composition of feed samples used for this experiment was performed by 

FEEDTEST DPI Hamilton, Victoria for DM (g DM/kg), CP (g/kg DM), NDF (g/kg DM) 

and ME (MJ/kg DM). Similarly the filtrates extracted from the IVGPT were also analysed 

for the molar proportion of acetate, propionate, butyrate and lactate by FEEDTEST. NIR 

spectroscopy was used to analyse the silage sample nutrient composition. 

 

5.2.6. Statistical analysis 
 

The design for this experiment was a completely randomized design with 2 x 3 factorial 

arrangements involving two ensiling methods and three additive treatments. Chemical 

composition of ensiled crops were analysed for effect of ensiling method and silage 

additives for each crop by two-way analysis of variance. Gas production parameters such as 

fractional gas production rate (B), time of maximum gas production rate (M), gas volume 

of maximum gas production (C), and maximum asymptotic gas production rate (Rm) were 

analysed for effect of silage additives for each crop and ensiling methods. Ensiling method 

was considered as factor for both gas production parameters and VFA composition. Data 

for nutrient composition were analysed by 2 ways ANOVA while all gas production 

parameters and VFA proportions were analysed by one way ANOVA using Genstat Edition 

10.  
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5.3. Results  
 

5.3.1. Nutrient composition of ensiled forage species 
 

The nutrient composition of whole crop triticale variety Crackerjack silage by direct-cut 

and wilted method with or without additives at boot (GS34) stage is shown in Table 5.1 

while the nutrient composition of whole crop wheat variety Wedgetail silage is given in 

Table 5.2.  

 

Silage additives did not show any effect on nutrient composition of whole crop triticale 

variety Crackerjack and wheat variety Wedgetail silage at GS34 stage when compared to 

the control silage irrespective either it was ensiled by direct-cut or after wilted. However 

ensiling method from wilting as expected increased 45 to 50 percent higher DM content in 

triticale variety Crackerjack (p < 0.001) while it was 50 to 52 percent higher for wheat 

variety Wedgetail (p<0.001) when compared to direct-cut ensiled method. Triticale variety 

Crackerjack silage had similar concentration of CP among two ensiling methods while 

there was positive improvement by 18 g to 33 g for wheat if wilted (p<0.001). The energy 

density of direct-cut ensiled crop was significantly better (p < 0.05) in both crop species 

when compared to crops preserved after wilting.  

 

5.3.2. Gas production profile 
 

Figure 5.4 shows the cumulative gas production volumes over 24 hours incubation in a 

buffered rumen fluid for two whole crop species at GS34 growth stage. Fermentation 

characteristics in the beginning were slower and similar within 6 hours of incubation in 

either of the crops, irrespective of silage additives treated or control. The fermentation 

trend of WCS substrate followed similar degradation pattern from different ensiling 
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methods. All WCS substrates did not show lag phase and fermentation was spontaneous 

soon after subjected for the incubation. There was however inconsistencies in total gas 

volumes recorded at the end of 24 hours incubation within the crop and also among the 

crops that were treated with silage additives against the control silage.  

 

The cumulative gas production volume from the direct-cut ensiled crop was always higher 

that ranged from 181 to 243 ml per gram DM while wilted crops yielded only 82 to 111 ml 

per gram DM substrate. Gas production profile from LaSil additive treated silage in whole 

crop triticale variety Crackerjack by direct-cut method showed fermentation faster 

consistently till end of incubation when compared to control and SilAll additive treated 

silage. Similar fermentation kinetics was noticed among treated and untreated in wilted 

whole crop wheat variety Wedgetail silage although the gas volumes were lower by 47 to 

55 percent. Gas production profiles of direct-cut whole crop wheat variety Wedgetail 

among treated and untreated silage and wilted triticale variety Crackerjack produced 

similar profiles although the former produced 42 to 46 percent higher gas volumes. 
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Table 5.1. Effect on nutrient compositions of whole crop TRITACLE at boot growth stages ensiled either by DIRECT 

CUT or WILTED methods with or without silage additives 

 

Nutrient composition 

  Ensiling Method (EM)  / Treatment (T)   Significance 
  Direct Cut   Wilted   

  
Ctrl Sil-All LaSil   Ctrl Sil-All LaSil   

Ensile 
Method 
(EM) 

Treatment 
(T) EMxT 

                  s.e.d s.e.d s.e.d 

TRITICALE                         

Dry Matter (g DM/kg)   163 167 188   324 344 343   15.54*** 19.03NS 26.91NS 

Crude Protein (g/kg DM)   146 151 141   145 143 147   20.60NS 25.20NS 35.60NS 

Neutral Detergent Fibre (g/kg DM)   521 499 543   592 600 584   15.83*** 22.69NS 32.09NS 

Digestibility of Organic Matter in Dry 
Matter (g/kg DM)   

670 672 654   590 585 588   28.60* 35.00NS 49.50NS 

Metebolizable Energy (MJ/kg DM)   10.70 10.80 10.50   9.40 9.40 9.40   0.459* 0.56NS 0.79NS 

 

(NS = Non-significant; * = p<0.05; ** = p<0.01 and *** = p<0.001) 

[Ctrl = No additive; Sil-All = 1,000,000 CFU and LaSil = 400,000 CFU] 

s.e.d = Standard error of deviation 
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Table 5.2. Effect on nutrient compositions of whole crop WHEAT at boot growth stages ensiled either by DIRECT CUT 

or WILTED methods with or without silage additives 

 

Nutrient composition 

  Ensiling Method (EM)  / Treatment (T)   Significance 
  Direct Cut   Wilted   

  
Ctrl Sil-All LaSil   Ctrl Sil-All LaSil   

Ensile 
Method 
(EM) 

Treatment 
(T) EMxT 

                  s.e.d s.e.d s.e.d 

WHEAT                         

Dry Matter (g DM/kg)   196 213 192   408 433 404   12.03*** 14.73NS 20.83NS 

Crude Protein (g/kg DM)   147 143 144   165 167 177   3.34*** 4.09NS 5.79NS 

Neutral Detergent Fibre (g/kg DM)   520 531 531   549 543 553   11.25NS 13.78NS 79.49NS 

Digestibility of Organic Matter in Dry 
Matter (g/kg DM)   

651 648 640   626 633 626   7.48* 9.16NS 12.96NS 

Metebolizable Energy (MJ/kg DM)   10.40 10.40 10.20   10.00 10.10 10.00   1.49* 1.47NS 2.07NS 
                          

(NS = Non-significant; * = p<0.05; ** = p<0.01 and *** = p<0.001) 

[Ctrl = No additive; Sil-All = 1,000,000 CFU and LaSil = 400,000 CFU] 

s.e.d = Standard error of deviation 
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Figure 5.4.  Cumulative gas production (ml/g) from whole crop Triticale and Wheat

treated with SilAll or LaSil additives or without silage additives and ensiled by Direct-cut 

or Wilted methods and incubated over 24 hours by IVGPT 

Triticale Wilt Triticale Direct-Cut 

Wheat Direct-Cut Wheat Wilt 
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5.3.3. Extent and rate of substrate degradation 
 

The LaSil treated triticale WCS showed higher degradability characteristic by producing 

more gas volume (245 ml/g DM) but were not statistically different from control (207ml/g) 

or SilAll additive (188 ml/g DM) treated silage as illustrated in Table 5.3. On average, the 

extent of gas volumes produced from 2.4 g corrected DM samples from direct-cut triticale 

WCS ranged from 135 ml to 323 ml per gram DM, the average being 213 ml per gram DM. 

While the rate at which the maximum gas production occurred took around 14 to 18 hours, 

the time taken to degrade to maximum gas production was not significant among treated 

and untreated silage. Generally, all direct-cut ensiled substrates had only small difference in 

rate of degradation whether it was treated with silage additives or untreated. 

 

In case of triticale variety Crackerjack substrate that was wilted and ensiled (Table 5.4), it 

tend to complete the fermentation within shorter time period. The rate at which maximum 

gas produced took within 6.16 to 8.45 hours but did not indicate the extent of degradation 

was better from direct-cut silage as it produced lower volume of gas ranging from 86.5 to 

116.6 ml per g DM only. The mean rate of WCS degradation from direct-cut triticale silage 

was 0.201 while the wilted one was 0.196. However the rate of degradation of treated silage 

with additives was not different from untreated silage in either of ensiling methods. 
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 Table 5.3. Extent and rate of gas production, VFA molar proportion, lactate and 

ammonia from TRITICALE silage ensiled by DIRECT CUT method at boot 

(GS34) after 24 hours incubation by IVGPT 

 

Gas production profiles and VFA Yield 
  TREATMENT   

s.e.d 
  Ctrl Sil-All LaSil   

Gas production (ml/g DM) - C   207 188 245   53.40 

Fractional gas production rate - B   0.202 0.198 0.202   0.003 

Time of maximum gas production rate (hr) - M   10.013 9.975 9.994   0.088 

Rate at maximum gas production occur (hr) - Rm   15.4 13.8 18.3   4.16 

pH   6.65 6.61 6.31   0.248 

Total fermentation acids  (mmol/L)   12.43 12.1 14.46   1.182 

Acetate (mmol/L)   9.77 9.2 10.52   0.92 

Propionate (mmol/L)   1.267 0.9 1.533   0.219 

Butyrate (mmol/L)   0.27 0.47 0.77   0.383 

Lactate (mmol/L)   1.067 1.267 1.3   0.192 

Ammonia (mg/L)   112.3a 108.7a 85.7b   4.40 

Within a row, means followed by different superscript differ significantly (p < 0.05) and with no 
different superscript is non-significant (p > 0.05) 
[Ctrl = No additive; Sil-All = 1,000,000 CFU;  LaSil = 400,000 CFU] 
s.e.d = standard error of deviation             
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Table 5.4. Extent and rate of gas production, VFA molar proportion, lactate and 

ammonia from TRITICALE silage ensiled by WILTED method at boot (GS34) after 

24 hours incubation by IVGPT 

 

Gas production profiles and VFA Yield   TREATMENT   s.e.d 
  Ctrl Sil-All LaSil   

Gas production (ml/g DM) - C   116.6 101.1 86.5   16.53 

Fractional gas production rate - B   0.1958 0.1997 0.1933   0.0089 

Time of maximum gas production rate (hr) - M   9.74 10.06 9.81   0.367 

Rate at maximum gas production occur (hr) - Rm   8.45 7.42 6.16   1.359 

pH   6.457 6.65 6.54   0.206 

Total fermentation acids  (mmol/L)   12.95 13.19 12.57   0.96 

Acetate (mmol/L)   8.58 10.1 9.47   0.73 

Propionate (mmol/L)   1.533 1.347 1.5   0.165 

Butyrate (mmol/L)   0.900a 0.340b 0.233b   0.191 

Lactate (mmol/L)   1.8a 1.233b 1.167b   0.209 

Ammonia (mg/L)   98.3 102.7 90.3   7.99 

Within a row, means followed by different superscript differ significantly (p < 0.05) and with no 
different superscript is non-significant (p > 0.05) 

[Ctrl = No additive; Sil-All = 1,000,000 CFU;  LaSil = 400,000 CFU] 
s.e.d = standard error of deviation             

 
 
 
 
 
 
 
 
 
 



 

158 
 

Likewise, in case of whole crop wheat variety Wedgetail ensiled by direct-cut method 

(Table 5.5), it showed that the extent of feed degradation in buffered medium was highest 

in control (257 ml/g DM) and lowest in LaSil treated (204 ml/g DM). The extent of 

degradation of wheat WCS were however not different statistically among treated and 

control silage with mean gas production of 229 ml per g DM. The rate for maximum gas 

production by direct-cut method of wheat WCS also took longer duration (18.1 hours) in 

control silage yet it was found that there was no significant difference from SilAll (15.9 

hours) and LaSil (14.3 hours) additive treated silages. The fractional gas production rate of 

direct-cut wheat WCS had only small variation among control and treated silages.  

 

As observed in wilted whole crop triticale silage, the extent of WCS degradation of wilted 

wheat crop (Table 5.6) was reduced by 43 to 57 percent when compared to direct-cut 

ensiled crop (Table 5.5). However, the rate at which maximum gas production occurred 

was also shorter and could attain within seven and half to eight and half hours when 

compared to 14 to 18 hours in case of direct-cut ensiled silage. Meanwhile the mean rate of 

degradation of wilted wheat silage from control and treated silage was within 0.198. 
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Table 5.5. Extent and rate of gas production, VFA molar proportion, lactate and 

ammonia from WHEAT silage ensiled by DIRECT CUT method at boot (GS34) after 

24 hours incubation by IVGPT 

 

Gas production profiles and VFA Yield   TREATMENT   s.e.d 
  Ctrl Sil-All LaSil   

Gas production (ml/g DM) - C   257 226 204   56.00 

Fractional gas production rate - B   0.1915
6 

0.1916
4 

0.1905
1   0.0007 

Time of maximum gas production rate (hr) - M   9.739 9.74 9.681   0.035 

Rate at maximum gas production occur (hr) - Rm   18.1 15.9 14.3   3.93 

pH   6.437 6.573 6.333   0.099 

Total fermentation acids  (mmol/L)   11.77 14.33 12.81   1.429 

Acetate (mmol/L)   9.27 11.16 9.51   1.005 

Propionate (mmol/L)   1.23 1.27 1.2   0.342 

Butyrate (mmol/L)   0.067 0.567 0.667   0.2309 

Lactate (mmol/L)   1.0 1.1 1.37   0.296 

Ammonia (mg/L)   77.3 100.7 89   8.05 

Within a row, means followed by no different letter did not differ significantly (p > 0.05)  
[Ctrl = No additive; Sil-All = 1,000,000 CFU;  LaSil = 400,000 CFU] 
s.e.d = standard error of deviation             
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Table 5.6. Extent and rate of gas production, VFA molar proportion, lactate and 

ammonia from WHEAT silage ensiled by WILTED method at boot (GS34) after 24 

hours incubation by IVGPT 

 

Gas production profiles and VFA Yield 
  TREATMENT   

s.e.d 
  Ctrl Sil-All LaSil   

Gas production (ml/g DM) - C   111 105 116   29.40 

Fractional gas production rate - B   0.2025 0.1926 0.1991   0.0086 

Time of maximum gas production rate (hr) - M   10.02 9.77 9.86   0.208 

Rate at maximum gas production occur (hr) - Rm   8.28 7.39 8.55   2.247 

pH   6.486 6.507 6.523   0.1927 

Total fermentation acids  (mmol/L)   12.2 11.8 12.04   0.96 

Acetate (mmol/L)   8.6 9.23 9.01   0.66 

Propionate (mmol/L)   1.2 1.467 1.433   0.516 

Butyrate (mmol/L)   0.767a 0.067b 0.667a   0.2055 

Lactate (mmol/L)   1.4 1.03 0.8   0.438 

Ammonia (mg/L)   96.7 101.3 86.7   9.39 

Within a row, means followed by different superscript differ significantly (p < 0.05) and with no 
different superscript is non-significant (p > 0.05) 
[Ctrl = No additive; Sil-All = 1,000,000 CFU;  LaSil = 400,000 CFU] 
s.e.d = standard error of deviation             
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5.3.4. Volatile fatty acid yield in fermentation 
 

There were no differences in the production of the total fermentation acid, acetate, 

propionate and butyrate from triticale WCS ensiled by direct-cut method among the WCS 

treated with SilAll, LaSil and control (Table 5.3).  However, the acetate molar proportions 

are higher to propionate. Ammonia concentration was also significantly higher in control 

(112.3 m-mol/L) and SilAll (108.7 m-mol/L) treated silage when compared to LaSil treated 

silage (85.7 m-mol/L).  

 

When the triticale whole crop was wilted, control silage produced significant (p < 0.05) 

amount of butyrate (0.900 m-mol/L VS 0.340 m-mol/L and 0.233 m-mol/L) and lactate (1.8 

m-mol/L VS 1.233 m-mol/L and 1.167 m-mol/L) when compared to SilAll additive and 

LaSil additive treated silages respectively (Table 5.4). The molar proportion of acetate was 

consistently higher from propionate but there was no difference in total fermentation acids 

and ammonia among substrates subjected for fermentation.  

 
Fermentation of direct-cut wheat WCS did not yield any differences in the total 

fermentation acids, molar proportions of VFA, lactate and ammonia concentration among 

the silage additives and untreated silage (Table 5.5). Acetate/propionate molar ratio was 

within 7.5 to 8.8 for wheat WCS when it was made by direct-cut method. However, when 

wheat WCS was made after wilting (Table 5.6), there was higher concentration (p<0.05) of 

butyrate molar proportions in control (0.767 m-mol/L) and LaSil additive treated silage 

(0.667 m-mol/L) comparing to SilAll additive treated silage (0.067 m-mol/L). Otherwise the 

rest of the fermentative characteristics of wilted wheat WCS was similar among silage 

additives and control silage.  
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5.4. Discussion 
 

5.4.1. Degradability potential of forage silage 
 

As per Blummel and Orskov (1993), the degradability of feedstuff is considered better if 

the gas volume produced in in-vitro fermentation is greater. The primary objective of this 

experiment was to assess whether WCS made in south west Victoria would be comparable 

as a feeding value in terms of its potential degradation. The resultant cumulative gas 

production from the present study of WCS indicated that the incubation of WCS had 

desired microbial fermentation as seen from the normal three phases sigmoid shape gas 

production profile (Figure 5.4). The gas profile was later applied for Gompertz model that 

described the extent and rate of WCS degradation in buffered medium.  

 

From this current experiment, result of the gas production volume at the end of 24 hours 

incubation from direct-cut ensiled crop that gave 188 to 245 ml per g DM for triticale silage 

and 204 to 257 ml per g DM for wheat silage was comparable. This indicates that both 

WCS from triticale and wheat can be used as an alternative feedstuff since the extent of 

degradation was similar. This statement is made in view of the fact that even in an earlier 

study, Getachew et al. (2004) also estimated similar gas volume from corn (234 ml/g DM) 

and wheat (205 ml/g DM) silage within 24 hours of incubation with a mean CP content of 

70 and 118 g per kg DM respectively. However the gas production profile shape from 

Figure 5.4 clearly demonstrates that there are some variation in the extent and rate of WCS 

degradation over the given period of incubation. The variation was observed in both crop 

species whether it was ensiled by direct-cut or after wilting and whether the silage was 

treated with or without silage additives. Such variation in gas profile is understood to have 

influenced by nutrient components of both crop species (Table 5.1and Table 5.2). Yet with 

the similarity of gas profiles among WCS of two crops, it suggests that there is relatively no 

difference in degradability among crop species. One advantage of such variation is that it 

gives flexibility of crop species utilization in the whole farm system based on additional 



 

163 
 

trait consideration such as forage yield potential and desired nutrient composition. Whole 

crop triticale and wheat had already demonstrated a potential forage yield for silage 

production in south west Victoria as dealt earlier in chapter 3.  

  

In IVGPT study performed by Calabro et al. (2005) for 24 hours fermentation using sheep 

and buffalo rumen fluid (RF), maize silage at milk dough stage produced 238 ml and 225 

ml of gas per gram of organic matter in respective RF, whereas grass silage gave around 

208 ml per gram DM in sheep RF and 164 ml per gram OM in buffalo RF. The higher 

degradability of maize silage was attributed by higher soluble carbohydrate and starch 

content. On contrary, WSC concentration of whole crop at GS34 (refer chapter 3 Table 3.4) 

in this current study for triticale (51 g/kg DM) and wheat (27 g/kg DM) may not be directly 

responsible for the total gas volume produced but had to do with higher CP concentration at 

this GS34 growth stage.  

 

In some of the past studies, digestibility of fresh forage was even higher from the present 

study observation as determined by the extent of gas volume produced. For instance, in an 

earlier in-vitro study of a fresh temperate perennial ryegrass incubation by Theodorou et al. 

(1994) from simple pressure transducer apparatus, the gas volume produced was 312 ± 4.79 

ml per gram DM which was higher from grass silage measured by the same apparatus.  

Generally it is seen that the fresh forage samples produced higher amount of gas when 

compared against dried silage. This is due to the fact that lactic acids and ammonia is 

maintained in original concentration in fresh samples. These differences of energy source in 

fresh sample lead to increase microbial growth and rapid fermentation resulting into 

increased gas production. Considering that the direct-cut silage which is fresh forage can 

also maintain original concentration of LA and ammonia, there is consistent higher volume 

of gas produced from direct-cut ensiled crop from this study when compared to wilted 

silage in either crop species irrespective of untreated or silage additive treated. However in 

view of constraint of the limited information of direct-cut and wilted WCS degradability 

trial, it is difficult to make direct conclusion of benefits of direct-cut WCS from wilted 

WCS. Evidences from the available information on WCS degradability measurement 
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indicate that there is vast variation in the extent and rate of degradation. One factor is the 

application of the model itself to evaluate the gas profile. Although there are renewed 

interest in use of gas production techniques to study feed degradation in controlled 

conditions, application of different models on gas production data quite often show 

variations. For instance, Dhanoa et al. (2000) and France et al. (2000) had evaluated around 

4 to 6 models to estimate the extent of feedstuff degradation where application of sound 

model can increasingly improve the knowledge in animal performance. Even without 

applying those mathematical models of Dhanoa et al. (2000) and France et al. (2000), the 

gas production technique used in this study is found satisfactory. This is because the gas 

volume from WCS recorded is comparable to any techniques and sources of inoculums 

applied by several earlier studies for varying substrates (Theodorou et al., 1994; Calabro et 

al., 2005; Getachew et al., 2005). 

 

While the WCS degradability of the direct-cut method is better as indicated by the higher 

amount of gas volume, all forage crops (Table 5.3 and Table 5.5) of direct-cut ensiled 

substrate took longer time (14 to 18 hours) to attain maximum gas production when 

compared to wilted crops (6 to 8½ hours). There is no information for direct comparison of 

similar substrate fermentation but a close similarity was of Calabro et al. (2005) who used 

fresh and dried silage samples of maize, triticale, barley and grass for in-vitro fermentation 

kinetics study. The present study result however disagree with those of Calabro et al. 

(2005) for the rate at maximum gas production appearance which was reported in their 

study to have reached faster in fresh sample against dried silage sample. On contrary, the 

present study observed that the time taken to reach the maximum gas production is slower 

in both crop species for direct-cut forage, considered as fresh, rather than those 

corresponding crops that are wilted for 24 hours, considered as dried silage. There is 

however consistency in gas production volume where fresh samples always yielded higher 

against dried silage. In general, Blummel and Becker (1997) also observed that maximum 

degradability of any substrates is between 6 to 12 hours of incubation which is consistent to 

silage prepared from wilted crop in this present study although direct-cut ensiled crop took 
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longer to attain maximum fermentation rate. This indicates that silage made after wilting at 

GS34 will lead to more DMI. 

 

Yet there has been non-significant observation of fractional gas production rate of all 

treatment groups in this study which indicated that silage additives did not induce 

fermentation. It can be related to consistent observation of non effect of silage additives on 

nutrient composition from untreated silage (Table 5.1and Table 5.2). This shows that either 

of crop species offers equal potential to be integrated into feeding system even without 

silage additives when silage is made at GS34 growth stage. 

 

However the extent of gas production from substrate is known to have influenced by 

several factors and interpretation of result from the present study must be careful to 

extrapolate the data for in-vivo situation. For instance, gas production profiles are affected 

by change in atmospheric pressure, composition of medium, substrate particle size, 

inoculums concentration and sampling time from donor animal (Rymer et al., 2005). The 

effect of individual factor on the extent of gas production was beyond the scope of this 

present study. Yet according to Blummel and Becker (1997), the extent of gas production is 

not affected by variation of rumen fluid collected on different days but the rate of 

fermentation was influenced. This contradicts the influence of timing of rumen fluid 

collection on different days as reviewed in different laboratories later by Rymer et al. 

(2005). The inoculum prepared from rumen fluid and stored in buffered medium in this 

current experiment was expected to have provided uniform medium to ferment substrates 

and has no variation in using for subsequent fermentation. That is why, the gas production 

profile in direct cut silage is similar to oth crop species and also in wilted silage of both 

crop species. Likewise, Bueno et al.(2005) also concluded that while 1:1 ratio of 

liquid/solid increased digestibility, the proportion of solids in rumen did not affect the gas 

production rate. Result from this present in-vitro gas production experiment already 

indicates that the IVGPT has the potential to apply in determining feeding value of 

roughages that are widely used as main source of feedstuff in developing countries. This 

view was also considered by Blummel et al. (1997) who noted that there was an upsurge of 
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interest of in vitro-gas production tests due to efficient utilization of roughages in 

developing countries. It may be however mentioned that there are evidences of gas volume 

recorded are also influenced by use of different apparatus besides inoculums quality as 

reported by several past studies (Mauricio et al., 2001; Cone et al., 2002; Fievez et al., 

2005; Rymer et al., 2005).  

 

5.4.2. Volatile fatty acid yield and composition  
 

There is a close relation between the gas production and quantity of VFA produced in 

rumen. The main gas components from rumen fermentation generally constitute carbon 

dioxide (CO2) and methane (CH4) that are produced primarily as a result of carbohydrate 

fermentation to acetate, propionate and butyrate although according to Dijkstra (1994), a 

small amount of isobutyrate, valerate, isovalerate and 2-methylbutyrate are also present in 

rumen. There are relatively small contribution of gas production from protein and almost 

negligible from fat (Getachew et al., 1998).  The pH range of 6.3 to 6.6 of all substrates in 

this experiment has provided favourable environment for microbial activity as it can be 

seen from the total fermentation acids produced from each substrate. The consistent 

observation of a higher molar proportion of acetate to propionate in this experiment is 

indicative of fibrous diet characteristic which is illustrated by nutrient composition of WCS 

as shown in Table 5.1 and Table 5.2. Higher acetate production which ranged from 8 to 10 

m-mol/L is nutritionally favourable as a source of energy for ruminant animals. This was 

evident from the higher gas production observed from higher acetate/ propionate ratio of 

direct- cut silage in both crop species since acetate is known to contribute to gas production 

(Calabro et al., 2005).  

 

However there are major differences between fermentation of a laboratory chemostat and 

the rumen that needs consideration for comparison. For instance, in laboratory, the system 

operates under homogenous, steady state conditions, and all organisms are subjected to 

same chances of growth in the culture (Russell and Hespell, 1981). On contrary, microbe 
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growth in rumen may limit due to non-homogenous insoluble nutrients. Most feeds are 

composed of insoluble polymers. Thus the degradation of feedstuff that yields VFA 

depends on the chemical, physical and structural properties.  

 

The significant concentration of ammonia (p<0.05) recorded in control (112.3 mg/L) and 

SilAll additive (10.8.7 mg/L) treated silage in direct-cut whole crop triticale indicate 

degradation of protein in rumen which is used for microbial growth instead of nutrient 

being made available for animal. In this case, LaSil additive treated silage which produced 

85.7 mg per litre is more efficient in retaining nutrients to be made available to animal 

instead of use by rumen microbes. The recommended concentration of ammonia to 

maintain maximum microbial protein synthesis is around 50 mg/L (Owens et al., 2009). 

Under abnormal circumstances of high substrate DM concentration, fermentation shift to 

lactate and butyrate (Russell and Hespell, 1981; Dijkstra, 1994). This is visible in this 

experiment in wilted crops that are not treated with silage additives which is not desirable. 

Therefore application of silage additives to crop seemed advantageous not only to yield 

required concentration of ammonia for microbial synthesis, but also to prevent undesirable 

fermentation to butyrate and lactate. However, the narrowing of acetate/propionate ratio is 

recognized to be associated with decline in methane production and increase in energy 

retention by cattle (Wolin, 1960). This will mean that wilted crop ensiled can provide 

higher energy value to cattle as the volume of gas produced was comparatively lower from 

direct cut ensiled crops with corresponding reduction of acetate/ propionate ratio.  

 

One of the interests of this study was also to investigate any differences in degradability 

characteristics of triticale and wheat species. From the similarity of gas profile observation, 

it is safe to conclude that both crop species show similar degradability since the fractional 

rate of degradation is similar. Despite such observation, degradation is related to chemical, 

physical and structural properties of plant and similar evaluation of silage quality is 

required for forage harvested at later growth stage. 
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While different gas measuring techniques have been developed and the applicability being 

quite significant as reviewed by Getachew et al. (1998), such techniques had not been used 

to evaluate whole crop silage under Australian context. The present study was therefore the 

first of its kind to use IVGPT to evaluate WCS quality of one growth stage of plant in 

southern Australia. This information is new in the dry-land farming system in south west 

Victoria where famers can use to decide the use of WCS into their feeding system. In view 

of limited information, the technique applied to assess forage quality in this experiment 

cannot be compared directly. A review of fibre degradation in rumen by Krause et al. 

(2003) clearly indicates that fibre digestion is not optimal in rumen since fibre recovered in 

faeces is still fermentable. Such lack of information on ensiled crop quality has not 

optimized the utilization of potential crop yield into dairy production system. As a result, 

complementarities of high yielding forage cereal crops are less exploited in grass-based 

dairy production systems in Australia. 

 

5.5. Conclusion 
 

In view of forage yield and fermentation quality achieved by whole crop cereals, there has 

to be comparable digestible potential of silage to consider integration into pasture-based 

system. Evaluation of degradability of whole crop silage has shown that the extent and rate 

of degradation within 24 hours are comparable to fresh grass and grass silage. The choice 

of integrating whole crop species into home-grown forage production will therefore be 

dictated by maximum yield since seasonality affects grass growth and lead to feed deficit. 

 

It is likely that IVGPT may not be precise and consistent in determining the digestibility 

trait of cereal crop silage. However it gives an indication of potential degradability in 

rumen to assist in assessing feed intake capacity by dairy cows. The technique is of special 

interest as it provides the extent and rate of degradation of feedstuff in rumen. The 

apparatus used has been relatively simple and may be relevant under circumstances where 

many developing countries laboratories lack advanced equipment such as gas 
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chromatography. The understanding of forage digestion in rumen poses several challenges 

since many cellulolytic bacteria are involved.  

 

With little advantage of ensiling crop by wilting, whole crop cereal can be ensiled by 

direct-cut method and fed to the animal. If wilting is necessary due to high moisture 

content, application of silage additives will be beneficial to prevent undesirable 

fermentation. Degradability of whole crop triticale and wheat are similar and provided 

alternative to integrate into home-grown forage production system based on its forage yield 

potential and maximum digestible nutrient yield. 

 

Future study must be directed towards analysis of silage at soft dough stage of plant 

maturity since chemical, physical and structural properties influence the digestion and VFA 

production.  
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Chapter 6. Effect of WCS integration with forage hays 

on production performances by late lactation cows 

 

6.1. Introduction  
 

This chapter deals with the integration of whole crop triticale variety Crackerjack silage as 

complementary forage into the feeding system during periods of on-farm deficits when 

supply of energy and protein from pasture reduces its availability. The chapter provides 

information on intake capacity, eating behaviour characteristics, milk production response 

and change in body condition showing that alternative cheap feedstuffs don’ t affect 

production performance.  

 

Dairying in Australia is the third largest rural industry with export and domestic markets 

sharing equal volume of milk production (Dairy Australia, 2008). Such demand for export 

and home consumption make dairy farmers to produce constant volume of fresh milk 

throughout the year. However, milk production is clustered around the east and southern 

coastal regions in Australia (see Figure 2.1 in chapter 2) where rainfall is relatively high or 

in areas where irrigation can be applied (Bethune and Armstrong, 2004; Garcia and 

Fulkerson, 2005; Jesse, 2005).  According to Dillon (2006) and Holmes (2007),  pasture 

grazing system is seen as the cheapest production system that constitutes the major diet 

composition of dairy cows. Garcia and Fulkerson (2005) has estimated pasture contribution 

to 50 to 75 percent of diet composition which is the single largest feedstuff. While dairy 

farming is predominantly grass-based in Australia, Jesse (2005) broadly categorized the 

dairy production systems in Australia into three groups. They are 1) grazing as exclusive 

source of feed, 2) supplementary feeding during seasonal feed deficits and 3) grain 

supplementation as system feeders. All production systems are practiced in Australia due to 

seasonality of grass growth. Consequent to such production practices adopted by the dairy 

farmers across the nation, cereal grain feeding had begun in Australia from 1980s (Doyle et 
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al., 2005). Likewise, adoption of supplementary feeding has facilitated year round milk 

production in Australia (Holmes, 2007). However, the feeding of cereal grain is not viable 

and cost effective due to fluctuation in market prices and also having a negative impact on 

home grown forage production (Wales et al., 2006).  

 

Meanwhile there is enough evidence that when the grass growth is highly seasonal at 

certain times of the dry year, it often leads to limitation of dry matter intake. DM intake 

limitation is the major contributing factor for reduced nutrient intakes while the production 

potential of the dairy cow still exists. Notwithstanding only to the limited grass growth, 

even in a single good grazing system is also known to limit DMI when compared to mixed 

ration diet (Kolvar, 2003). For instance in a study under grazing system alone on high 

quality pasture and the total mixed ration (TMR), Kolvar (2003) observed that there was 

limitation of potential nutrient intake on high quality pasture alone when compared to a 

TMR diets. It is clear that despite high quality pasture presence, it still needs alternate 

supplementation to achieve required nutrient intake.  Alternative options adopted are with 

high herbage allowance or supplements that are offered in the diets of the pasture based 

system to meet the required energy intake of the high producing cows (Doyle et al., 2005). 

The common strategy adopted to alleviate pasture shortage or to overcome limitation to 

pasture quality during critical production stage is mainly through supplements with cereal 

grains, compounded feeds, by-products and conserved forages. 

 

Whole crop silage is extensively used in UK as the major source of supplementary diet 

(Hill and Leaver, 1999). In Australia it is just speculated that silage production from winter 

cereals will be less than five percent of hay production (Kaiser et al., 2007). Ideally, most 

silages in the tropics and temperate regions with heavy rainfall are made from maize crop 

as it provides high yield with high nutritive values (Kaiser and Piltz, 2002). In dry land 

region with lesser rainfall, several whole crop cereals are identified as an ideal crop by 

many researchers to meet the increased demand of dry matter by dairy cows (Duinkerken 

van et al., 1999; Platfoot and Stevens, 2002; Stevens et al., 2005). However designing of 
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critical feeding strategy is important when conserved forage is integrated into feeding 

system.  

 

In recent years winter cereal crop production in Australia is increased as they provide an 

excellent opportunity to offer high dry matter intake during feed deficit periods. Production 

of good quality WCS is even recommended as supplement or replacement diet when the 

cow’ s physiological demand is not met from grass production (Stevens et al., 2005). 

However designing of an appropriate feeding system in utilizing WCS with other forages is 

the key to success in achieving DMI and good production response from dairy cows. This 

is demonstrated in recent study in south west Victoria when WCS was integrated with 

chicory and concentrate in a pasture based system (Hill et al., 2006). These authors reported 

that there was increased DMI and milk production from diet when WCS was integrated 

with pasture and chicory grazing and concentrate when compared from the chicory, pasture 

and WCS or diet with pasture, WCS and concentrate. However , Hill et al. (2006) also 

observed that with increased level of WCS made from barley whole crop to fixed level of 

concentrate, there was corresponding reduction of milk production in a curvilinear ways. 

The reduction in milk yield indicates that there is a limit of WCS level to be incorporated in 

dairy cow ration. While the past experiment of Hill et al. (2006) had access to pasture 

allowance in the diet composition, there is no information on integration of WCS with other 

forage hays without the pasture allowance. As the non-availability of pasture in winter and 

summer is most critical to animal nutrient requirements in south west Victoria, it is 

important to understand the role of WCS either as sole forage diet or supplement with 

others. This is because there is no understanding of behavioural response from dairy cows 

to achieve desired DMI and production response from WCS without pasture allowance. 

 

Fortunately from the available literature, dairy cows are known to adapt to wide range of 

feeding system to achieve optimal DMI by adjusting their eating rate and bite mass 

(Hodgson, 1985; Krysl and Hess, 1993). For instance Grant and Albright (1995) had 

reported that high producing dairy cows can achieve greater intake by increasing meal size 

and spending less time eating and ruminating per unit of intake. The most important criteria 
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to the high producing dairy cow is to ensure accessibility of feed continuously since 

behavioural responses to various types and levels of feeds and feeding strategies will vary 

enormously to attain required intake (Albright, 1993).  

 

6.1.1. Aim of Study 
 

The primary aim of this present study was to evaluate the feeding of fixed level of fine 

chopped whole crop triticale (cv Crackerjack) silage with suitable forage hays under no 

grazing system. In the absence of grazing, the diet is likely to be a TMR of conserved 

forages and concentrates especially when grass growth insufficient to be used for grazing. 

Such TMR feeding is often adopted in situations of drought period or poor grass growth 

due to seasonality.  Generally concentrates constitute maximum cost of dairy ration in TMR 

which is not considered as profitable. Dairy farmers therefore often seek cheaper feedstuff 

and alternative concentrate sources to bring down the cost of production yet maintain their 

farm efficiency. One alternate cheap concentrate source is industrial by-product from palm 

(Elaeis guineensis) originally from coastal regions of West Africa as palm kernel extract 

(PKE). This PKE which is extensively produced in South East Asia is gaining popularity 

among dairy farmers in Australia and New Zealand, although PKE is extensively used in 

European countries.  Similarly forage hays made either from pasture or failed oil crops like 

canola can constitute the major cheap feed base in period of zero grass growth in dry land 

farming. In view of this, the objectives of this experiment are 

 

i. To compare the effects of integrating fixed level of silage on DMI and DM losses with 

canola and pasture hays when equal quantity of wheat grain is being replaced by 

alternative industrial by-product. 

ii. To understand the eating behaviours of animal on non-grazing feeding system and 

iii. To observe animal response on milk production, live weight and body condition 

changes to fixed level of silage with pasture or canola hays.  
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6.2. Materials and Methods 

6.2.1. Experimental site, animal and feed sources 
 

The experiment was carried out at DemoDairy, Terang in southwest Victoria (1420 5’  E, 

380 16’ S) from 14 February to 15 March 2007 with a non-grazing system. Fifty-four 

individual feeding crates were constructed with galvanized iron (GI) rode within the 

existing feed pad in the farm. Individual feed trough spaces were made with the help of 

tubeless tyres partitions as illustrated in Figure 6.1. These low cost partitions facilitated in 

fixing the plastic bowls firmly between two tyres for individual feeding. It also ensured an 

accurate weighing of WCS orts and PKE left over with minimum spillage.  

 

 

 

 

 
 
 
 
 
 
 
 
Figure 6.1. Individual feeding crates for 54 heads with plastic troughs fitted firmly 

between tyres for feeding WCS (AM) and PKE (AM and PM) after milking. Plastic 

feeding buckets holding 10 Kg WCS on fresh weight basis were placed in between two 

tyres that prevented sideward movement during feeding 

 
 
There were six standoff paddocks constructed within 50 m from the feed pads and were 

individually separated by double layered life-wire fence at each treatment levels as shown 

in Figure 6.2. Hay feeders were placed at each paddock for respective forage hay group 

feeding namely pasture hay designated as “ P”  and canola hay referred to as “ C” . The hay 

feeders facilitated to minimize wastage and made possible for measurement of refusals. All 
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standoff paddocks had self controlled ad libitum access to clean drinking water shared 

between two paddocks. Drinking water access was also made available at the feed pad area. 

The mean maximum and minimum temperature during the study period were 25 and 11 

degree Celsius respectively with mean rainfall of 38 mm (Bureau of Meteorology, 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A total of fifty-four multiparous, Holstein X Friesian breed experiment cows were finally 

screened based on stratified randomization of milk yield, days in lactation, live weight, 

body condition score and corrected milk fat and milk protein from an earlier 64 cows of 

approximately 230 days in lactation separated from the main DemoDairy autumn-calving 

IN & OUT 

Hay 
torughHay 

Water 

Double line live wire fence separating each treatment paddock 

 
9 COWS PER PADDOCK 

9 COWS PER PADDOCK 
9 COWS PER PADDOCK 

HAY TROUGH 

HAY TROUGH HAY TROUGH 

WATER 

Figure 6.2. Schematic representative layout of paddocks to accommodate 9 heads 

dairy cow with either forage hays on feeding troughs and ad lib water access 

separated by double layered live-wire fence. The sequence of six paddocks were

arranged as pasture hay with full wheat allowance designated as P0; canola hay 

with full wheat allowance as C0; pasture hay with 25 percent wheat substituted by 

PKE as P25; canola hay with 25 percent wheat substituted by PKE as C25; pasture 

hay with 50 percent wheat substituted by PKE as P50 and canola hay with 50 

percent wheat substituted by PKE as C50 
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herd. Cows were milked at 15/9 hours (night/day) intervals throughout the experiment 

where the milking times were approximately 07.15 and 16.15 hours. The experiment 

included two forage hays, namely pasture hay and canola hay both complemented with 

fixed level of fine-chopped WCS. The whole crop triticale variety Crackerjack was grown 

within the farm as explained in chapter 3.The triticale variety Crackerjack was harvested 

with a precision chop forage harvester at soft dough stage at a nominal stubble height of 

five centimetres. The forage was chopped into 25 mm length and treated with commercial 

silage additive (LaSil AS Plus = 400 000 CFU Lactobacillus buchneri 40788/g fresh 

herbage) at recommended application rate. The chopped forage was loaded into bunker silo 

and compacted under tractor weight before being covered with polythene sheet and 

weighed down with tyres. They were ensiled for 120 days at the start of experiment. Forage 

hays, wheat grain and industrial by-product palm kernel extract were procured from outside 

the farm. 

  

6.2.2. Experimental design and feeding management 

 

The experiment was based on 2 x 3 factorial arrangements in a complete randomized block 

design to test the effect of feeding fixed level of whole crop silage with pasture and canola 

as 2 forage types while wheat grain was substituted at three levels by PKE at 0, 25 and 50 

percent. The animal group with no PKE provision was considered as control for each hay 

type and designated as P0 and C0, 25 percent substitution of wheat grain by PKE as P25 

and C25 and 50 percent wheat grain substitution as P50 and C50. Before being allocated to 

treatment diets, the 64 selected multi-parous Holstein X Friesian cows from main herd were 

initially run into two mobs with ad-libitum access to canola or pasture hays and WCS for a 

period of 10 days. This period was considered as the uniformity period to two separate 

forage hays and WCS. They received 6 kg (1/2 allowance in AM and PM) of wheat 

concentrate per cow per day during milking in the milk barn through automatic feeder. 

During this uniformity period, it enabled to withdraw from the pasture intake gradually 

since the pasture growth was bare minimum to sustain in the selected standoff paddocks. 
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While this period of 10 days was used to adjust to two forage hays without grazing system, 

it was also the period to record its first live weight (LW), body condition score (BCS) and 

conduct herd test for designing experimental group. Fifty-four cows were finally selected 

and allocated into two forage groups (pasture or canola hays) at three treatment levels of 

PKE substituting wheat concentrate by 0, 25 and 50 percent consisting of 9 cows in each 

level.  

 

The allocation of cows were based on stratified randomization on ascending order of milk 

yield (MY), days in milk (DIM), live weight (LW) and condition score (CS) corrected on 

fat and protein yields during the uniformity period. For the next 20 days, all cows with PKE 

treatments level-wise were drafted into individual feed pads. They were securely chained at 

rear end during feeding as illustrated in Figure 6.3. Each cow received 4 kg DM WCS per 

day in individual feeding bowl soon after the morning milking. The decision to fix the 

silage at 4 kg DM was based on previous study of milk production response limit from the 

level of barley whole crop silage into diet of dairy cows with grazing. The half allowance 

of PKE diet was introduced from day 4 (1st March) of the adaptation in a separate feeding 

bowl as first diet placed over the WCS feed bowl in feed pad after the morning milking. 

Another half daily allowance of PKE was fed to all cows in individual bowl after the 

evening milking.  Those with no PKE treatments were provided 1 kg wheat grain after 

adjusting from the daily allowance fed in the milking barn. The total eating time allocated 

within the feed pad for WCS and half PKE allowances was approximately 120 minutes in 

the morning and 45 minutes for half PKE allowance and 1 kg wheat grain in the evening. 

The whole experiment was operated for 30 days with 10 days each for uniformity, 

adaptation and measurement periods. The focus of the present experiment was still the 

study of the effect of silage with alternative summer hays in south west Victoria.  
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Figure 6.3. Experimental cows on forage hay types either pasture (green tail head) or 
canola (yellow tail head) with wheat concentrate substituted by palm kernel extract at 
0, 25 and 50 percent. The sequence of feeding WCS and PKE was arranged first with 
50 percent wheat substituted by PKE (9 nos. of P50 and 9 nos. of C50) followed by 25 
percent wheat substituted by PKE (9 nos. of P25 and 9 nos. of C25) and finally with no 
PKE group cows (9 nos. of P0 and 9 nos. of C0) 
 

 

Intake of forage hays (pasture and canola) were monitored daily and received estimated 

allowance starting from 6 kg DM per cow per day. The pasture hay and canola hay were 

incrementally raised based on refusal observations on next day and got stabilized to 12 kg 

DM per cow per day over last 4 days of adaptation period. During the measurement 

periods, pasture and canola hay remained constant at 12 kg DM per cow per day.   

Additionally, pasture hay group cows received 140 grams of urea per day since crude 

protein and estimated metabolizable energy concentration of pasture hay was lower when 

compared to canola hay (Table 6.2). Urea allowances were divided equally and half the 

allowance was sprinkled into WCS in feed pad and another half was sprayed to pasture hay 
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in standoff paddocks after dissolving into solution. The final diet composition of the 

experimental cows had more than 70 percent forage base as shown in Table 6.1. 

 

Table 6.1. Diet composition (kg DM) of forages (silage and hays) and concentrates 

(wheat grain, PKE and urea) at each level of wheat substitution by PKE with zero 

grazing system 

 

Diet composition (kg DM) 

  Treatment  

  Pasture Hay   Canola Hay 

  P0 P25 P50   C0 C25 C50 

Whole crop silage   4 4 4   4 4 4 

Hay   12 12 12   12 12 12 

Palm kernel extract   0 1.5 3   0 1.5 3 

Wheat   6 4.5 3   6 4.5 3 

Urea �   0.14 0.14 0.14   0 0 0 

� Equal proportion of urea solution was sprinkled to pasture hay in paddock and WCS in feed pad 
for pasture forage group treatment 
0, 25, 50  indicates percentage of replacement of wheat by PKE in each group 
P = Pasture; C = Canola 

 

6.2.3. Measurements 
 

After the 10-day period (14 February – 23 February) of uniformity to adjust to experimental 

forages in ad-libitum feeding, the next ten days was used for adaptation to the experimental 

protocol (February 24 – 5 March) and the last ten days for measurement period (March 6 – 

15). Starting from the 4th day (27th February) of introducing experimental ration, 

measurements of WCS and PKE orts were done daily and sub samples collected to estimate 

feed wastages. Refusals of pasture and canola hays from each treatment groups were 

collected from respective feeding troughs in the paddock, weighed and sub samples 

collected daily before replenishing with fresh allowance in the next day. Individual sub 

samples of all feeds (offered and refused) for 6 days from adaptation and 10 days from 

measurement periods were stored in deep freezer and later oven dried at 70°C for 72 hours 
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for determination of dry matter in order to estimate individual cow dry matter intake and 

wastages. Hay DMI was however calculated from the average of group intake while wheat 

grain concentrate was estimated from full allowance consumption. 

 

Individual cow milk yield were recorded by automatic milk recording system software with 

Alpro trademark. Milk samples from evening and next day morning milking were collected 

from individual cows on the 8th and 9th day of the adjustment period before introducing to 

experiment diets, and once on 4th and 5th day of adaptation period. Two herd tests on 2nd 

and 3rd day and 9th and 10th day of measurement periods were carried out thus making 4 

herd tests during the whole experiment. The milk samples were directly sent to 

Warrnambool Herd Improvement for estimation of fat, protein, lactose and cell counts. 

 

The LW of cows was weighed by the computerised weigh bridge soon after the morning 

milking. During weighing, all individual cows were assessed for body condition score of 1 

to 8 point scale.  Score 1 was considered as being emaciated/very little flesh over the 

skeleton whilst score 8 was considered as being very fat/heavy fat cover as developed by 

Earle (1976). Live weight recording and body condition scoring was affected on the 1st day 

of separation from main herd, on 4th day of adaptation and on the last 3rd day before 

terminating the trial. 

   

Number of WCS bites was taken from all individual cows when cows were eating in the 

feed pads. Time recorded for eating behaviour was for 20 seconds with pre-set stop watch. 

Bite observation was based on count of lower mandibular jaw movement caused due to 

scooping of forages by lips and tongue into mouth while keeping head down position into 

feed bowls. In case of forage hay eating behaviour in the standoff paddocks, bite counts for 

20 seconds were noted at three different times of day starting a 10 to 11 AM, 2 to 3 PM and 

7 to 8 PM to ensure less variation in bite number caused by the effect of day temperature. 

The bite observations were carried out over two periods of 3 consecutive days (March 6 – 

March 8 and March 13 – March 15) both at the feed pad and at the standoff paddocks.  
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6.2.4. Chemical and Statistical analysis 
 

All sub samples of feeds (offered and refused) collected daily from individual cows and 

group feeding were oven dried at 70°C for 72 hours. After determination of dry matter 

content of all feed samples of individual cows, chemical analysis for CP (N x 6.25), NDF, 

ether extract (EE), ME and DMD were done by the FEEDTEST DPI Hamilton, Victoria. 

Some nutrient compositions of feed samples that were not analysed by FEEDTEST were 

extracted from the literature. NDF content of PKE was from study of O’ Mara et al. (1999) 

and wheat grains NDF and EE contents was from reference of Barteczko et al. (2009). 

Similarly EE composition of triticale silage was quoted from chemical analysis result of 

Vatandoost (2007) while pasture hay was extracted from Holland et al. (1998). Canola hay 

EE referred here was of McKinnon et al. (1995).  

 

The design of the experiment was randomized complete block design with  2 x 3 factorial 

arrangements and therefore all sources of variables (DMI, milk yield and composition, LW 

and CS changes, intake rate and bite mass) were assessed for effects and interactions of 2 

forage hay types and 3 treatment levels of wheat grain replacement. Two-way design 

analysis of variance was carried out by two-way analysis of variance to test the parameters 

for hay types and wheat grain replacement treatment. Least significant differences (LSD) of 

means were used to compare the means. All data were analysed using GenStat Edition 9. 

The metabolizable energy and metabolizable protein requirements of the late lactation cows 

were estimated using ME and MP Modelling of AFRC. 
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6.3. Results 
6.3.1. Nutrient composition of diet 

The nutrient composition of the ingredient used for feeding this feeding trial is shown in 

Table 6.2. CP concentration of triticale variety Crackerjack silage had only 82 g per kg DM 

and also energy value was below 8 MJ per kg DM. Among the forage hays, canola hay had 

more than 20 percent higher CP concentration than pasture hay. The energy content of 

canola hay was also superior from pasture hay. The estimated digestibility of PKE was 

almost half of wheat grain. However PKE had additional 74 g of fat as the source of 

energy. 

 
Table 6.2. Chemical composition of forages (WCS, pasture and canola hays) and concentrates 
(wheat and PKE) (all data quoted g /kg DM) except estimated metabolizable energy (MJ/kg 
DM) and dry matter (g DM/kg) offered to experimental cows. References from the literature 
for some nutrient composition of feed samples are also cited as specified.  
 

Chemical composition 

  Treatment 

  Forage   Concentrate 

  
WCS Pasture 

Hay 
Canola 

Hay   Wheat PKE 

Dry Matter   415 885 847   912 954 

Crude Protein    82 129 165   237 177 

Neutral Detergent Fibre   602 613 412   ���
�
� 850� 

Fat (Ether Extract)   45� 14� 13�   ��
�
� 94 

Metabolizable Energy    7.79 9.76 10.03   12.9 9.9 

Dry Matter Digestibility   547 661 677   845 465 

Digestibility of Organic Matter 
Degradability   531 629 642   833 468 

¥  Barteczko et al. 2009 
£ O'Mara et al. 1999 
§ Vatandoost et al. 2007 
¢ Holland et al. 1998 
¤ McKinnon et al. 1995 �� �� �� �� �� �� ��
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6.3.2. Intake capacity of non-grazing diet 

 

The forage hay types (pasture or canola) had no effect (p>0.05) on the total voluntary feed 

intake (Table 6.3). Yet with increasing dietary levels of PKE with corresponding reduction 

of wheat concentrate, there was significant reduction (p<0.001) in total intake among both 

forage types with maximum reduction (-1.81 Kg/day/cow) at 25 percent replacement level 

in pasture hay and at 50 percent for canola hay (-1.27 kg/day/cow).  

 

Inclusion of PKE into the diet of non-grazing feeding system significantly (p<0.001) 

reduced the total intake of each forage hay grouped diet components. However, the intake 

of WCS diet component was significantly higher (p<0.001) among dairy cows offered with 

canola hay when compared to pasture hay. It was observed that when wheat concentrate 

was replaced with increasing levels of PKE into the diet, WCS intake among two forage 

hays also got depressed (p<0.01). The maximum effect was seen with pasture hay treatment 

cows at 25 percent replacement of wheat by PKE which was more than half a kilogram 

intake reduction of WCS per cow per day.  In case of WCS intake with canola hay based 

forage, the reduction was gradual at each level of wheat being replaced by PKE with 

highest at 50 percent replacement level. The intake of WCS tends to have influenced (p< 

0.01) by PKE addition into the diet of both forage hays.  There was a drop of dry matter 

intake of pasture and canola hay at first replacement level of wheat by 25 percent but got 

recovered the hay intake at next subsequent level of replacement by 50 percent although it 

still remained lower than those group without PKE treatment. There was significant 

interaction (p<0.01) effect of forage hay types and PKE for the daily intake of WCS. 
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Table 6.3. Daily feed intake of hay, WCS, PKE, wheat, urea and the total voluntary feed intake by late lactation dairy 

cows (kg DM/day) in two forage hay groups when wheat grain is substituted by PKE at 0, 25 and 50 percent 

 

Voluntary Intake 

  Forage Type   Main effect and interaction 

  Pasture Hay   Canola Hay   Forage 
(F) PKE FxPKE 

  P0 P25 P50   C0 C25 C50   s.e.d s.e.d s.e.d 

Forage Hay  †   10.33 9.64 10.21   10.29 9.72 9.77         

Whole Crop Silage   3.86 3.26 3.59   4.02 3.93 3.71   0.08*** 0.10** 0.15** 

Palm Kernel Extract    0.00 1.46 2.96   0.00 1.51 2.95   0.04** 0.05*** 0.07** 

Wheat ‡   6.30 4.44 2.96   6.30 4.44 2.96         

Urea   0.14 0.14 0.14   0.00 0.00 0.00         

Total Voluntary Feed Intake   20.62 18.95 19.55   20.61 19.6 19.39   0.09 NS 0.12*** 0.17*** 

NS Not significant (P>0.05), *P<0.05, ** P<0.01, ***P<0.001 
† Determined using averages of group intake  
‡ Intake of full allowance by all cows assumed 

0, 25, 50 Indicates replacement percent of wheat by PKE  

s.e.d. = standard error of difference of means 

WCS = Whole crop silage; PKE = Palm kernel extract 
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The effect of silage wastage was significant (p<0.01) due to interaction among hay types 

and PKE inclusion into the diet of the dairy cows. There was significant (p <0.001) refusals 

of WCS forage offered to pasture hay group cows ranging from 380 to 960 g per head daily 

when compared to 280 to 500 g in canola hay group cows (Table 6.4). Replacement of 

wheat grain by PKE in diet resulted into significant refusal (p < 0.01) with highest (22.95 

%) occurring for pasture group cows when quarter of wheat allowance was replaced. On 

contrary, similar quarter allowance replacement of wheat did not differ (6.38 % VS 7.35%) 

in canola hay group but still found significant wastage daily when half of the wheat grain 

was replaced by PKE. This experiment showed that WCS wastage was higher (p<0.001) by 

cows when offered with pasture hay ranging from 9 to 23 percent when compared to canola 

fed animal group. However in a group feeding of hay at each paddock, refusal of pasture 

and canola hay were almost similar. While there was incremental wastage of canola forage 

hay with each level of wheat being replaced by PKE, there was maximum refusal of pasture 

hay at 25 percent wheat replacement. The overall wastage of pasture hay ranged from 10 to 

16 percent whereas canola hay also had wastage of 8 to 15 percent daily hay allowance.  
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Table 6.4. Daily allowance of WCS, hays and PKE offered and refused (Kg/head) and wastage amount (%) at different 

wheat substitution level by PKE (0, 25, 50) and their main effect and interaction 

 

Forage Types 

  Forage Type   Main effect and interaction 

  Pasture Hay   Canola Hay   Forage  PKE   FxPKE 

  P0 P25 P50   C0 C25 C50   s.e.d s.e.d s.e.d 

Whole Crop Silage (WCS)                         

WCS Offered (Kg/day)   4.24 4.23 4.20   4.29 4.24 4.21   0.03NS 0.04NS 0.06NS 

WCS Refused (Kg/day)   0.38 0.96 0.62   0.28 0.31 0.50   0.08*** 0.10** 0.14** 

WCS Wasted (%)   8.99 22.95 14.69   6.38 7.35 11.87   1.87*** 2.30** 3.25** 

Forage Hay                         

Hay Offered  (Kg/day)   11.49 11.55 11.50   11.22 11.20 11.53         

Hay Refused (Kg/day)   1.16 1.91 1.29   0.92 1.48 1.76         

Hay Wasted   (%)   10.10 16.52 11.23   8.24 13.21 15.25         

Palm Kernel Extract (PKE)                         

PKE offered (Kg/day)   0.00 1.51 3.03   0.00 1.51 3.03         

PKE refused (Kg/day)   0.00 0.05 0.38   0.00 0.00 0.08   0.04** 0.05*** 0.07* 

PKE wastage (%)   0.00 3.38 12.42   0.00 0.12 2.57   1.42** 1.74*** 2.46* 
NS Not significant (P>0.05), *P<0.05, **P<0.01, ***P<0.001 

0, 25, 50 Indicates replacement percent of wheat by PKE  

s.e.d. = standard error of differences of means  
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6.3.3. Milk production response  
 

Generally milk yield (kg/day) was higher (p<0.01) with cows offered canola hay than 

pasture hay (overall Mean 16.1 ± 2.85 kg VS 13.9 ± 2.58 kg). The fat and protein yield 

(g/kg) was better (p<0.05) with pasture hay than canola hay forage with an overall mean 

yield of 51.9 ± 7.09 g per kg against 48.1 ± 4.16 g per kg and 39.7 ± 4.30 g per kg against 

37.4 ± 2.92 g per kg respectively (Table 6.5). The difference in milk yield and its 

composition yield were however not seen due to PKE integration into the diets of both 

forages. Similarly when the total output per day of each milk compositions were estimated, 

the fat (means forage 716 VS 756 g/day) and protein (means forage 549 VS 589 g/day) 

outputs respectively for pasture and canola grouped cows were not different. The total milk 

solids outputs (overall forage mean of 1265 g/day for pasture and 1345 g/day for canola) 

were not significant (p>0.05) to either of the forage hay types and PKE treatment levels. 

There was also no effect (p>0.05) of interaction among hay types and PKE for milk yield, 

milk composition and milk component yield.  
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Table 6.5. Mean milk yield (Kg/day), milk composition (g/kg) and daily output (g/day) response from late lactation dairy 

cows from pasture and canola hay group when fixed level of WCS was integrated with wheat substitution at 0, 25 and 50 

percent by PKE 

 

Milk Production 

  Forage Type   Main effect and interaction 

  Pasture Hay   Canola Hay   Forage PKE FxPKE 

  P0 P25 P50   C0 C25 C50   s.e.d s.e.d s.e.d 

Milk Yield (kg/day)   13.99 13.68 13.74   15.46 15.74 16.33      0.70** 0.86NS 1.22NS 

Milk composition (g/kg) 

Milk Fat   50.8 56.3 48.6   48.7 47.7 47.9   1.51*  1.84NS 2.61NS 

Milk Protein   39.6 41.7 37.9   39 37.3 35.9   0.97*       1.17NS 1.64NS 

Lactose   49.1 49.8 48.3   49.3 48.8 49.0   0.75NS 0.92 NS 1.31NS 

Milk component yields (g/day) 

Milk Fat   708 775 665   737 751 778   35.6NS 43.6NS 61.7NS 

Milk Protein   553 573 522   595 586 587   29.1NS 35.7NS 50.4NS 

Lactose   687 679 662   762 766 799   35.2** 43.1NS 61.0NS 

Total milk solids   1261 1347 1187   1332 1337 1365   62.5NS 76.6NS 108.3NS 
NS Not significant (P>0.05), *P<0.05, ** P<0.01, ***P<0.001 

0, 25, 50 Indicates replacement percent of wheat by PKE  

s.e.d. = standard error of differences of means  
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6.3.4. Change in live weight and condition score 
 

When the animals were screened from the main herd, the mean LW for pasture hay group 

cows was 547 Kg while canola hay group cows were 551 Kg.  During the second weight 

recording after 12 days, the mean LW were 562 Kg and 574 Kg for pasture and canola hay 

groups cows respectively. The final mean LW before terminating the trial weighed 581 Kg 

for pasture group and 578 Kg for canola group. With this change in LW over the period of 

trial, the initial uniformity period of non-grazing ad-lib forage diet access to WCS and hay, 

cows to canola hay group had higher LWG (p < 0.05) ranging from 1.82 to 2.43 kg per day 

when compared to 0.91 to 1.51 kg per day with pasture hay group cows (Table 6.6).  

During this weight gain observation, each cow received their 6 kg daily allowance of wheat 

grain but were neither drafted to feed pad nor replaced with PKE. Once the cows were 

drafted to individual feed pad with fixed allowance of WCS and also measured allowance 

of hay forage in group feeding with incremental replacement of wheat grain by PKE, LW 

gain of pasture hay group was higher (p < 0.001) than canola hay group cows with more 

than 1 Kg per day. The maximum LW gain of cows with canola hay forage achieved only 

around 670 g per day with full allowance of wheat while the rate of LW gain was smaller 

with incremental replacement of wheat by PKE. 

 

The body condition score of experimental cows among the two forage treatments in the 

beginning scored 3.8 to 4.0 and improved till end of experiment. The maximum 

improvement (0.51 to 0.82 units) in body condition score was observed in cows when it had 

ad-lib access to forage hay and WCS. The cows continued to put on fat during 

measurement period although it scored marginally less (0.06 to 0.48 units) than initial 

adaptation stage. 

 

In either of the changes seen for live weight or body condition score of late lactation cows, 

there was clear indication of no influence from PKE feed ingredient or hay and PKE 

interaction. 
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Table 6.6. Mean live weight and body condition score of late lactation dairy cows on pasture and canola hay base forage 

when fixed level of WCS was integrated with wheat concentrate substituted by PKE at 0, 25 and 50 percent 

 

Live Weigt and Condition Score 

  Forage Type   Main effect and interaction 

  Pasture Hay   Canola Hay   Forage PKE FxPKE 

  P0 P25 P50   C0 C25 C50   s.e.d s.e.d s.e.d 

Initial Live weight (Kg)   549 550 542   557 559 537   17.75NS 21.73NS 30.74NS 

Live weight change� (Kg)   18.1 10.9 14.8   29.2 21.8 24.7   4.31* 5.28NS 7.46NS 

Live weight change2 (Kg)   16.3 19.6 21.6   9.4 2.2 5.9   4.59*** 5.62NS 7.94NS 

Initial Bdody Condition Score (units)   3.8 3.9 4.0   3.8 4.0 3.8   0.08NS 0.09NS 0.13NS 

Change in Body Condition Score1 (units)   0.51 0.63 0.66   0.82 0.64 0.54   0.14NS 0.17NS 0.23NS 

Change in Body Condition Score2 (units)   0.11 0.48 0.08   0.06 0.28 0.17   0.14NS 0.17NS 0.24NS 

NS Not significant (P>0.05), *P<0.05, ** P<0.01, ***P<0.001 
LW change1 from initial weight of adaptation to mid weight of uniformity period with experimental diet 

LW change2 from mid weight of uniformity period till end weight two days before terminating measurement  

Change in Body condition score1 from initial score unit on scale of (1-10) of adaption to mid score of uniformity period with experimental diet 

Change in Body condition score2 mid score of uniformity period till end score two days before terminating measurement with experimental diet 

0, 25, 50 Indicates replacement percent of wheat by PKE  

s.e.d. = standard error of differences of means  
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6.3.5. Eating behaviour of forages 
 

The eating behaviour of cows on WCS and forage hay is presented in Table 6.7. Cows in 

pasture and canola hay forage based diet took 31.97 to 34.00 and 33.72 to 37.61 bites for 

every minute to eat WCS respectively within the two hours allowance along with half daily 

PKE allowance fed at the feed pad. The intake rate (g/minute) of WCS was significantly 

greater (p<0.001) for cows fed with canola hay (forage mean 37.74 g/minute) when 

compared to pasture hay (forage mean 34.96 g/minute) although the bite size (g/bite) was 

similar (1.1 g/bite). The difference of WCS intake rate was also affected at each level of 

PKE inclusion (p<0.001) as the wheat grain was replaced. There was clear indication of 

WCS intake rate being higher when 50 percent of the wheat is substituted in both forage 

hays.  

 

Among the two forage hays as main feed base, the bite rate (bite/minute) for canola hay 

that ranged from 31.36 to 38.14 bites per minute was much higher (p < 0.001) to 16.75 to 

18.06 bites per minute for pasture hay. There was a distinct eating behaviour difference of 

cows on pasture hay and canola hay. In canola hay forage, cows tend to continuously chew 

with head down position while cows fed on pasture hay kept their head with intermittent 

horizontal position for continuous chewing of long strings of mouthful herbage. However 

the rate of intake (g/minute) of pasture hay (32.47 g/minute) and canola hay (31.88 

g/minute) looked similar despite of difference in eating behaviour. However the average 

bite size (g/bite) of pasture hay was around 2 g per bite when compared to 1 g per bite of 

canola hay showing significant (p<0.001) variation of bite size among pasture and canola 

hay.  
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Table 6.7. Mean bite rate (bite/minute), intake rate (g/minute) and bite mass (g/bite) of WCS and forage hays (pasture 

and canola) by late lactation cows at each level of wheat substitution by 0, 25 and 50 percent PKE 

 

Eating behaviour 

  Forage Type   Main effect and interaction 

  Pasture Hay   Canola Hay   Forage PKE FxPKE 

  P0 P25 P50   C0 C25 C50   s.e.d s.e.d s.e.d 

Hay bite rate (bite/minute)   17.66 18.06 16.75   31.36 32.08 38.14   1.16*** 1.42NS 2.01* 

Hay intake rate (g/minute)   33.55 30.92 32.94   32.99 31.20 31.46   0.00 0.00 0.00 

Hay bite mass (g/bite)   1.93 1.79 2.02   1.08 1.00 0.83   0.08*** 0.09NS 0.13NS 

WCS bites rate (bite/minute)   31.97 33.61 34.00   33.72 36.39 37.61   1.934NS 2.369NS 3.351NS 

WCS intake rate (g/minute)   34.11 31.74 39.02   35.27 37.81 40.14   0.76*** 0.93*** 1.32* 

WCS bite mass (g/bite)   1.09 0.96 1.29   1.09 1.05 1.12   0.08NS 0.10NS 0.14NS 

NS Not significant (P>0.05), *P<0.05, ** P<0.01, ***P<0.001 

0, 25, 50 Indicates replacement percent of wheat by PKE  

s.e.d. = standard error of differences of means  
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6.3.6. Metabolizable energy and metabolizable protein 
requirements and supply from diet 

 

It was estimated that cows on pasture hay forage weighing 584, 580 and 579 Kg LW 

producing correspondingly 14.0, 13.7 and 13.7 kg per day milk had ME requirement of 

177, 186 and 203 MJ per Kg DM at each level (0, 25, 50) of wheat being replaced by PKE 

(Table 6.8). However the actual corresponding ME supply from 20.62, 18.95 and 19.55 Kg 

total voluntary feed intake had slight deficit with wheat replaced at 25 and 50 percent. The 

ME requirement of this late lactation cows on canola forage hay based diet did not differ to 

pasture hay group despite the earlier group producing higher (p<0.01) volume of milk 

yield. Yet in terms of ME supply from the diet for this canola hay based forage group with 

total voluntary feed intake from 20.61, 19.60 and 19.39 Kg DM, it provided additional ME 

value of 43, 36 and 49 MJ per day for each level of PKE inclusion respectively.  

 

The metabolizable protein (MP) requirement of cows observed similar requirement within 

the forage hays and also within the PKE inclusion into diet. On average, the MP 

requirement ranged from 1019 ± 292 to 1309 ± 450 g per day among the two forage hay 

grouped cows. This was despite of higher volume of milk yield in canola hay forage group 

cows. The diet composition offered with canola hay however provided almost double of 

desired MP requirement from the total VFI. While there was no difference in MP supply 

among 25 and 50 percent wheat replacement by PKE in cows fed with canola hay, a full 

allowance of wheat grain was higher to supply MP concentration by 145 and 189 g per day 

respectively. Likewise, the estimated MP supply of pasture hay based diet cows was also 

higher than the desired requirement level. It was observed that diet with full allowance of 

wheat in pasture hay grouped cows supplied around 7 percent higher MP concentration 

than those with PKE inclusion. Among the pasture and canola hay based diet, MP supply 

was higher for canola hay than pasture hay.  
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Table 6.8. Metabolizable Energy (ME) and Metabolizable Protein (MP) supply and requirements of the late lactation 

cows against mean live weight (Kg) and milk production (Kg/day) when wheat grain allowance was substituted by PKE 

at 0, 25 and 50 percent in pasture 

 

  

  Forage Type 

  Pasture Hay   Canola Hay 

  P0 P25 P50   C0 C25 C50 

  Mean � SD Mean � SD Mean � SD   Mean � SD Mean � SD Mean � SD 

Live Weight (Kg)   584 � 51a 580 � 35a 579 � 68a   596 � 87a 583 � 70a 556 � 82a 

Milk Yield (Kg/day)   14 � 1.8b 13.7 � 2.8b 13.7 � 2.4b   15.5 � 3.9a 15.7 � 1.9a 16.3 � 2.2a 

Nutrient Requirement¥ 

Metabolizable energy (MJ/day)   177 � 36a 186 � 27a 203 � 88a   163 � 58a 155 � 23a 139 � 55a 

Metabolizable protein (g/day)   1225 � 218a 1247 � 217a 1309 � 450a   1209 � 304a 1108 � 136a 1019 � 292a 

Nutrient Supply 

Total voluntary feed intake (Kg DM/day)   20.62�0.26a 18.95�0.56a 19.55�0.46a   20.60�0.20a 19.60�0.31a 19.39�0.21a 

Metabolizable energy (MJ/day)�   206 � 2a 183 � 4b 186 � 4b   206 � 2a 191 � 3b 188 � 2b 

Metabolizable protein (g/day)¥   2191 � 13c 2023 � 29d 2027 � 51d   2548 � 10a 2403 � 16b 2369 � 16b 

Within the row, means followed by different letter differ significantly (p < 0.05) 
¥ Predicted from ME and MP Modeling of AFRC 
§ Estimated from ME content of individual diet component 

0, 25, 50 Indicates replacement percent of wheat by PKE  

SD = standard deviation 
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6.4. Discussion 
 

6.4.1. Voluntary feed intake of forages 
 

The voluntary intake of WCS by late lactation dairy cows in this study was higher ranging 

from 3.26 to 4.02 Kg per day. This observation was consistent to recent report of Rustas et 

al. (2009) on whole crop barley silage of similar growth stage achieved by light steers (3.12 

Kg/day) in ad-lib feeding. Feed intake is of paramount importance in nutrition as it 

establishes the amount of nutrient available for health and production by the dairy cows 

(Illius and Jessop, 1996).  However an accurate estimation of feed intake is not simple due 

to complexity and interaction of many factors such as physical, metabolic, environmental 

and management practices of animal. Cows will normally consume 2 to 4 percent of their 

body weight depending upon the quality of feed. In this experiment when cows were with 

high forage hay based diet without grazing the total VFI achieved was 3.5 percent of LW 

which was within the upper limit of acceptable intake capacity. Such high intake 

achievement was possible despite of WCS used had poor nutritive value (Table 6.2). This 

gave evidence that poor nutritive value of WCS was not a constraint for the late lactation 

cows to consume less allowance. According to Cohen et el.(2000), pasture based grazing 

system with no supplements could attain a maximum DMI of 4.2 percent of LW which is a 

little higher value from the present study. In reality such high percentage of DMI is seldom 

achieved which only convey that the present study DMI was remarkable.  

 

Among the individual forage intake, the WCS intake that was significantly higher 

(p<0.001) in canola forage group cows could have been possibly influenced by higher 

volume of milk yield produced compared to pasture hay group cows. However it was clear 

that incremental inclusion of PKE at 25 and 50 percent to replace same level of wheat grain 

had reduced WCS intake. In canola hay group cows, WCS intake was reduced by 90 and 

300 g while cows fed on pasture hay group reduced 600 and 270 g for 25 and 50 percent 

wheat replacement by PKE. In either of the forage hay grouped cows, there was the 
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positive indication of saving of WCS if an alternative energy rich density feed from 

industrial by-product like PKE is incorporated to substitute conventional wheat grain. The 

reduction in WCS intake for every incremental level of PKE into diet can be however 

construed due to higher NDF level of PKE that could have caused the temporary fill effect 

of rumen within the allotted feeding time. This is because the dairy cows received the PKE 

feed as their first meal before WCS allowance was fed. Generally NDF level of PKE is 

reported within 66.8 to 85 percent (O'Mara et al., 1999; Alimon, 2004). There is the clear 

evidence that the diet with higher fibre content is known to limit the DMI due to limitation 

of recticulo-rumen capacity to hold it. If the intake is increased, it would lead to decreased 

digestibility due to faster gut movement (Ulyatt et al., 1986; Allen, 1996). Similar 

observation of DMI limit due to high NDF feed was reported earlier by Dado and Allen 

(1995). In their study of rumen fill effects, Dado and Allen (1995) demonstrated that diet 

containing 35 percent NDF limited DMI but had observed no effect on diet fed with 25 

percent NDF. Their finding supports the possible reason for reduction of WCS intake by 

this late lactation experiment cows as NDF level increased due to PKE inclusion. It is likely 

that intake of WCS within the feed pad could have lead to low rate of digestion, more 

retention in rumen and associated with satisfaction of energy demand within the fixed time 

allotted for eating WCS (Allen, 1996). Rate of degradation of WCS in rumen was generally 

slow as explained in Chapter 5. Thus the effect of WCS intake reduction was seen when 

each level of PKE was added into diet when compared to no PKE in diet. 

 

Despite difference of WCS intake within the two forage hays group animals, the total VFI 

did not differ among forage hays. Yet PKE inclusion into diet still reduced the total VFI by 

more than 1 Kg in both forage hays. This was in contrast to observation of Carvalho et al. 

(2006) who reported that there was no effect on DMI in dairy cows when dietary protein 

was replaced by PKE. It may be noted that the diet formulated by these authors constituted 

high proportion of concentrate to forage ratio (55:45). The dietary protein replacement by 

PKE was also limited to 15 percent only while this present experiment had 25 and 50 

percent wheat grain replaced by PKE. Perhaps the low replacement rate of concentrate by 

PKE was not sufficient to influence the total DMI. Generally higher level of PKE addition 
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into diet reduced other feed components. For instance, Umunna et al. (1980) demonstrated 

that the calves fed with high PKE diet required significantly less feed than those on the zero 

PKE diet. Consistent to the findings of Carvalho et al. (2006), earlier Umunna et al. (1980) 

also did not observe total feed intake difference in growing calves when PKE 

supplementation was integrated at four treatment level of 0, 30, 45 and 60. In Malaysia, 

utilization of PKE is wide spread in feed lot with almost 100 percent fed with no negative 

effect (Zahari and Alimon, 2004). In dairy cattle rations in Malaysia, PKE is included as 

high as 50 percent in the diet as the source of energy and fibre (Zahari and Alimon, 2004). 

Because of the nutritional value of PKE, alternative to conventional concentrates and 

readily available source in the market, utilization of PKE as dairy feed is now wide spread 

in European Union countries (Aspar, 2004).  

 

Considering that this current study cows had already achieved 18.95 to 20.62 Kg DM 

intake daily, it can conclude to have reached optimal DMI. This high intake could have 

been influenced by the social interaction among the cows in the paddocks and also at the 

feed pad to eat more than that would have consumed when fed individually. This 

observation was in line with a study of feeding behaviour of dairy cattle by Albright (1993) 

who concluded that cows fed in groups ate more than individuals as cows practiced 

leadership-followership’ s and social facilitation. Several recent studies have reported that 

the dairy cows can achieve total DMI of 20 to 22 Kg per day when whole crop wheat and 

barley silages were fed either as mixture with grass and maize silage or as the sole feed in 

different proportions with concentrates (Sinclair et al., 2005; Ahvenjärvi et al., 2006). A 

comprehensive comparison of the total DMI achieved from WCS ration with other forages 

was reviewed in Table 2.11 in chapter two which is consistent to the present study. 

Recently, Wallsten and Martinsson (2009) also reported similar DMI for whole crop barley 

silage of three different growth stages fed to multi-parous dairy cows. In all these recent 

past studies, concentrate proportion in the diet had been more than 8.5 Kg per day. This 

was in contrast to the present study which had used only 6 Kg concentrate allowance and 

yet it could still achieve the maximum intake capacity comparable to those past studies. 

Therefore, the diet composition designed with two forages (hay + silage) with present level 
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of concentrate (6 Kg) was safe to conclude as adequate ration in meeting the nutrient 

requirement of late lactation dairy cows. In a similar level of concentrate allowance of this 

experiment but with urea treated whole crop wheat silage as the sole forage, Hill and 

Leaver (1999) also reported the same range of total DMI by lactating cows.  

 

One reason for achieving higher total DMI was visible from the minimum wastage of WCS 

and forage hays. Although the daily wastage per head occurred around 280 to 960 g for 

WCS and 920 to 1910 g for forage hays, it was within acceptable level for any conservative 

feeding programs. Feeding losses of hay and silage can constitute from less than 10 percent 

to as high as 60 percent (Wilkinson, 2005; Lemus, 2010). Interestingly, wastage was more 

visible with 25 percent wheat replacement by PKE in pasture hay group cows that 

constituted nearly 23 percent of WCS offered. Observation of intake rate (g/minute) of 

WCS of this group of cows also saw that it was taking small amount of silage for every 

minute which has contributed to higher wastage within the time allotted for feeding. The 

specific reason for not eating and wasting by this pasture hay group cows could not be 

established which needs further study. This is because if PKE addition into diet was the 

factor, there would have been incremental wastage. Increasing wastage of WCS and hay 

was seen only for canola hay group cows which can be related to PKE addition. While PKE 

wastage was higher with 50 percent wheat grain replacement, the cows with 25 percent 

PKE to substitute same level of wheat grain in pasture hay still wasted more than three 

percent when compared to similar level in canola hay group cows. But there was general 

trend in increasing the wastage as the level of PKE increased but was still within the 

acceptable wastage level.  

 

6.4.2. Forage eating behaviour by cows 
 

Investigation of the eating behaviour of forages either at feed pad or paddocks for limiting 

intake and feed wastages was important since factor like bite mass affect DMI. In the 

grazing system, bite mass had shown to be the most sensitive variable to determine the 
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daily intake as the organic matter bite mass could range from 12 g to 28 g per bite (Boval et 

al., 2007). Many studies in grazing system on temperate pastures have suggested daily 

herbage intake as the product of grazing time, bite mass and intake rate (Allden and 

Whittaker, 1970; Hodgson, 1985; Chilibroste et al., 1997). The more recent approach to 

estimate daily intake was suggested by Gibb et al. (1998)  as the product of eating time and 

intake rate. However none of the models proposed was appropriate to apply for forage hay 

and WCS as the formula suggested would only overestimate the DMI. This was mainly 

because of the fact that the eating time allowed either at feed pad or paddock was not 

differentiated into actual eating and non-eating time. The increased frequency to eating and 

intra-meal intervals is said to influence the bite rate and bite mass (Gibb et al., 1998). 

Therefore, bite observation in this study was based on the number of count of the lower 

mandible jaw movement. This method was appropriate to determine the intake rate and bite 

mass. Dairy cows have unique eating behaviour of forage by scooping with means of the 

lips and tongue by holding the head in down position. Forage particles were then engulfed 

into the mouth for further chewing, swallowing and curdling with head held on 

horizontally.  

 

The significant (p<0.001) faster consumption rate of WCS (35.27 g to 40.14 g DM/minute) 

by cows fed with canola hay group could have been driven partially due to marginally 

better digestibility of canola hay than pasture (642 VS 629 g/Kg DM) along with the state 

of emptiness soon after the morning milking.  Generally it was reported that 55 percent of 

total lying time in dairy cattle occurs between 10.00 PM to 4.00 AM and therefore there 

was less eating taking place during that time (Albright, 1993). That was why the number of 

bites per minute for WCS diet component as their first meal of the day was found similar 

with approximate bite mass of 1 g per bite. This observation was in conformity to the 

earlier study of Chilibroste et al. (1997) who reported that the state of emptiness or period 

of starvation had not been known to affect the bite mass. Chilibroste et al. (1997) also 

observed that there was greater bite mass during first hour of grazing than in the following 

grazing time. This further reaffirmed why all cows in two forage hay groups had equal 

number of bites per minute. The eating behavioural of WCS with continuous head down 
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position was one possible factor that prompted more saliva production and motivated to eat 

more especially after overnight starvation. Generally cows eating with head in downward 

position would produces 17 percent more saliva than cows eating with head held 

horizontally (Albright, 1993). 

 

The significant (p<0.001) higher number of bite of canola hay by almost double of pasture 

hay was attributed due to greater fragility (brittleness) of canola hay that reduced the 

physical particle size and allowed more frequent bites. Canola hay with thicker stems were 

broken down into smaller size and therefore was significantly (p<0.001) lower in bite mass 

(0.8 to 1.0 g/bite) compared to 1.8 to 2.0 g per bite for pasture hay. The higher bite mass of 

pasture hay was due to more fibrous, long and slender form that took longer time in 

chewing and processing in the mouth before ingesting into rumen. That is why there was 

lesser bite rate for pasture hay when compared to canola hay. Comparing to the grazing 

behaviour, the intake rate of hays and WCS in this study was much higher (31 to 40 

g/minute) when compared to 17 to 24 g per minute of grass as reported by Gibb et al. 

(1998). However the total intake of grass was adjusted by the amount per bite (bite mass) 

that was much higher (33.2 to 48.1 g/bite) in the earlier study of Gibb et al. (1998) when 

compared to 1 to 2 g for WCS and forage hays in this study. There were variations of grass 

intake rate and bite mass between different times of the day but it was unlikely to differ in 

forage hay and WCS supplement since it was not a vegetative stage. On contrary to 

observation of Gibb et al. (1998), intake rate of grazing pasture studied by Sayers et al. 

(2003) were comparable to the WCS and hay intake rate of this present study. This was 

concurred when the pasture intake rate was 43 to 48 g per minute from the total herbage 

intake of 9.3 to 11.9 Kg DM per day (Sayers et al., 2003).  That would mean that the WCS, 

canola and pasture hay intake was also comparable to fresh grazing.  
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6.4.3. Effect of whole crop silage on milk production  
 
 
The main objective of this study was to explore and compare the milk production 

performance of high producing dairy cows fed with fixed level of WCS with two 

commonly used summer hays namely canola and pasture hay. The additional milk yield 

observed in canola hay group cows by 2 Kg per day would be possibly due to better hay 

quality of canola with additional 36 g per Kg DM CP concentration and higher potential 

digestibility by more than 13 g per Kg DM when compared to pasture hay. Better quality of 

canola forage hay had also contributed higher eating preference of WCS as there had been 

less wastage of silage. There are already evidences that the  increase in milk yield was 

possible with increasing CP concentration intake (Hill and Leaver, 1999). Result of the 

earlier study of Hill and Leaver (1999) confirms the assumption of this present study that 

higher CP concentration of forage like canola hay had also contributed to high 

metabolizable protein availability (Table 6.8).  

 

Whilst metabolizable energy and metabolizable protein requirement of this current study 

cows did not differ regardless of higher milk yield in canola hay group cows, the supply of 

metabolizable energy and metabolizable protein far exceeded from the total feed consumed. 

In fact the metabolizable energy and metabolizable protein supply was beyond five percent 

normal safety margin recommended to ensure that at least 50 percent of animals were 

properly fed in group feeding (AFRC, 1993; Chamberlain and Wilkinson, 1996). The net 

balance of metabolizable protein was expected to have partitioned more to milk production 

and continued to yield in spite of time to dry off by end of the trial.   

 

Initially, when the cows were screened and separated for uniformity, cows produced 17.94 

and 19.60 Kg milk per day when grouped as pasture and canola hay treatments 

respectively. At the end of the trial, these study cows still produced 13.80 and 15.84 Kg 

milk per day on fixed allocation of WCS with daily measured allowance of pasture and 

canola hay forages respectively. Consequently over the 4-week experimental period, the 
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estimated daily milk yield decline rate worked out to 1.04 kg per week for pasture hay cows 

and 0.94 Kg per week for canola hay forage group. Such rate of milk yield reduction from 

the late lactation cows are normal physiological process indicating for preparation to dry-

off.  

 

In a similar short-term study by Hill and Leaver (1999) with urea treated whole crop wheat 

silage as sole diet with differing levels of concentrates, the decline in milk yield was much 

higher (1.27 to 2.5 Kg/week) when compared to the present study. Such higher rate of milk 

yield decline was observed even though their experimental cows were in mid lactation 

stage. Even in early lactation period where milk production peak, feeding of fermented 

whole crop wheat with differing crop maturity had seen reduction of milk yield by 0.142 to 

0.185 Kg per week (Sinclair et al., 2003). A study by Arieli and Adin (1994) however 

contradicts most observations of reduction in milk yield by whole crop silage feeding. In 

fact Arieli and Adin (1994) recorded 0.40 kg increase of milk yield per week. Obviously it 

had to do with diet formulation.  Arieli and Adin (1994) had fed a complete diet of all 

ingredients whilst wheat silage constituted only 33 percent. Recently in a similar days in 

milk cows and 4-week trial with whole crop barley silage, Wallsten and Martinsson (2009) 

reported similar range of milk yield and reduction per week as observed in this study. 

Further, a comprehensive data of milk yield potential of cows from various lactation stages 

as illustrated in Table 2.11 chapter two already indicates the viability of WCS as major 

forage feed source to dairy cows. In view of all these past studies reviews, the milk 

production response from feeding of fixed level of WCS in this study was therefore 

satisfactory from the late lactation cows. 

 

Most studies in the past had reported fat yield around 0.87 to 1.27 Kg per day and protein 

yield around 0.92 to 1.06 Kg per day (Khorasani et al., 1993; Arieli and Adin, 1994; 

Sinclair et al., 2003; Sinclair et al., 2005; Wallsten and Martinsson, 2009). Considering that 

those observations were from early to mid lactation cows, the fat and protein yield were 

comparable from this study of late lactation cows. The higher mean fat concentration of 

pasture hay group could be due to higher NDF level of pasture hay by more than 200 g 
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from canola hay and therefore the proportion of VFA produced in rumen had direct affect 

on fat concentration. WCS degradation in rumen had already shown higher molar 

proportion of acetate to propionate as explained in chapter five which was indicative of 

fibrous diet. Combining the pasture hay and WCS would definitely yield higher proportion 

of acetate influencing fat composition. However it is not clear for similar higher protein 

concentration in milk from pasture hay grouped cows whilst energy intake through better 

digestibility of canola hay was superior in canola hay group cows.  Studies on interaction of 

forage base diet consisting of hay and silage to milk production without grazing is limited 

to conclude any specific reasons influencing milk protein yield. This study was therefore 

likely the first of its kind where milk production response was measured in the late lactation 

cows with high forage base diet consisting of hay and silage and same amount of 

concentrates level. The non-significant response in the total milk solids, fat and protein 

production per day gave clear indication that integration of WCS with either pasture or 

canola forage hay was suitable for the late lactation stage. Among the forage hay, the ration 

based on pasture hay could be considered less profitable then ration based on canola hay 

because of the same quantity of milk solids produced. In this experiment, it noted that there 

was the availability of alternative source of energy to replace the conventional concentrates 

like wheat grain when the grain cost could be high in the market especially when 

confronted with long spell of droughts to grow crops. In the tropical countries like 

Malaysia, PKE is incorporated as much as 50 percent into the diet of dairy cattle (Atil, 

2004). Such high level of PKE inclusion onto dairy ration are mainly influenced by own 

home-grown production of the industrial by-product, low cost associated and energy rich 

and protein source alternatives. 

  

6.4.4. Change in live weight and body condition 
 

There is evidence that grazing cows approach their potential intake and energy requirement 

later as lactation progresses when milk production has declined and hence increased 

partitioning of nutrients to tissue deposition (Hulme et al., 1986; Doyle et al., 2005). 
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Earlier, Wildman et al. (1982) had already shown that dairy cows had higher body 

condition score (BCS) at the later stage of lactation than earlier stages. It may be important 

first to understand the difference in body scoring system used internationally to enable 

comparison to the present study condition scores. According to Roche et al. (2004), New 

Zealand use 10 point BCS scale, USA and Ireland use 5 point BCS scale and Australia use 

8 point BCS scale. Therefore the scale used to determine body condition of cows in this 

study was based on scoring guide developed by Earle (1976). Maintenance of body 

condition of dairy cows to an optimal level during each stage of lactation is important for 

maximal return. The BCS system is an indicator of degree of fitness of dairy cows.  

 

In this current study, increased partition of nutrient to tissue deposition was seen as 

evidenced from the LW gain and BCS gain consistent to observation made by Wildman et 

al. (1982). Result from the pasture hay group cows saw lower LW gain (1.22 Kg/day) 

during the adaptation period when compared to cows that gained almost double (2.1 

kg/day) in canola forage grouped cows. However during the experimental diet ration, the 

LW gain was significantly better with cows fed on pasture hay that ranged from 1.16 kg to 

1.54 kg per day. In case of dairy cows fed with canola hay had maximum LW gain of 670 g 

per day only with full allowance of wheat grain. As the wheat grain allowance was replaced 

in cows grouped for canola hay, the LW gain per day also got reduced. In fact at 50 percent 

wheat grain replacement by PKE, it even lost weight by around 400 g per day. Yet all these 

LW gain observations were within the general trend reported earlier by several studies with 

whole crop silage (Khorasani et al., 1993; Hill and Leaver, 1999; Sinclair et al., 2003; 

Sinclair et al., 2005). The diet used in this study was also comparable to grass silage in 

terms of LW gain achieved. In one experiment of complete diet with grass silage, Gordon 

et al. (1995) recorded around 260 g LW gain only. The likely explanation of positive LW 

gain in pasture hay fed animals would be possibly due to more efficient partition of energy 

to body tissue than milk production. The metabolizable energy supply from this pasture hay 

grouped diet was also comparably lower which might have contributed to lower milk yield. 

However the cows fed with canola hay tend to receive excess metabolizable energy from 
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the total feed consumed and might have been more efficient to partition its net energy to 

milk production.  

 

The condition score of cows in each stage of measurement however did not show any 

differences to determine body condition variation. The BCS target of 4.4 to 5.0 (based on 8 

point scale) at the end of trial period was indicative of cows to dry off. The cows’  days in 

milk had already reached around 260 days at the end of the feeding trial period. There was 

already a gain of 0.08 to 0.48 points BCS in pasture hay grouped cows whilst it was least 

change with 0.06 to 0.28 points in canola hay grouped cows. Similar range of BCS change 

was observed in late gestation Holstein-Friesian multi-parous cows to a total mixed ration 

(Stockdale, 2005). According to Stockdale (2005), targeting of BCS to 6 point at calving 

produced higher milk yield and milk fat when compared to cows with BCS of 4 units. 

Therefore the cows used in the feeding experiment had reached to be dried-off to attain 

optimal BCS target for the next three months. Wildman et al. (1982) had stated that low 

milk producing cows have greater efficiently to deposit body fat which could be related to 

the pasture hay grouped cows of this current study.  

 

6.5. Conclusion 
 

The principle objective of this study was to determine the potential of integrating WCS 

during times of low herbage growth to sustain the production performance. The result 

clearly indicated that maximum voluntary DMI could be achieved when forages hay like 

canola and pasture are integrated with WCS during the late lactation period. There had been 

minimal wastages of either hay or WCS. It is concluded that WCS has the greatest potential 

of feed resources during the pasture feed shortages in summer season. This was evident 

from the results that WCS intake could be pushed higher if formulated with better quality 

forage hay. Therefore an integration of WCS with canola hay was more promising since the 

percentage of WCS wasted were significantly (p<0.001) lower and thus saving the feed 
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resources. The non-significant difference in the total voluntary feed intake also reassured 

that WCS can be fed with either forage hay without affecting the intake performance.  

 

If the cost of milk price was determined by the milk yield, canola hay could substitute the 

grass hay. However since the price is governed by the total milk solids (milk fat + milk 

protein), the energy outputs in this experiment were similar. The higher composition of 

milk fat and milk protein was likely to have been influenced due to high proportion of 

forage diet to concentrate ratio. While the sequence and timing of WCS integration into diet 

was not analysed in this experiment, the visual observation of eating behaviour did indicate 

that feeding of WCS as the first major meal after morning milking contributed the 

maximum intake capacity of silage. This we conclude was due to increased state of hunger 

after the overnight less eating and more rumination processes which motivated cows to eat 

with faster intake rate. 

 

The important outcome of the experiment was the potential utilization of the industrial by-

product such as PKE as an alternative source of concentrate to dairy cow diet. However the 

context of PKE meal used to substitute wheat grain in this present study was prompted 

mainly due to long spell of drought in south west Victoria where the cost of wheat grain 

had escalated due to short supply in the market.  Yet through the review of PKE usage in 

the tropical countries and no negative effects observed on the milk yield from this current 

study, it would be safe to conclude that PKE could be the potential feed ingredients to 

substitute wheat grain. The daily weight gain of experimental animal also reassured the 

positive effects of PKE integration into high forage diet.  
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Chapter 7. General discussion 

 
7.1. Introduction 
 

This chapter examines the major contributions of the thesis in addressing the aims and 

objectives of the study. The chapter is divided into four parts. In the first part, the section 

7.2 revisits the findings related to the crop species that had potential yield and digestible 

nutrient quality. The second part in section 7.3 re-examines those observations relating to 

forage quality in Chapter 4 and Chapter 5. In part three, the section 7.4 reconsiders WCS 

role related to the third objective of the Thesis. Finally the last part in section 7.5 reviews 

the role of PKE in livestock feed. 

 

The primary aim of this thesis was to investigate the potential role of whole crop cereals as 

conserved forage in order to alleviate feed shortages in pasture based systems in south west 

Victoria. Information on the introduction and viability of whole crop cereals from the 

traditionally predominant grass based production systems in Australian dry-land farming 

were largely unknown before this study was commenced. A whole farm systems approach 

was adopted to address the problem of feed deficit in dry-land farming. Firstly the yield 

viability of whole crop was assessed (Chapter 3) and then the basic technology intervention 

in improving the forage quality was tested (Chapter 4). Forage quality was then determined 

(Chapter 5) to enable the ration formulation and finally, the production performance of 

dairy cows was evaluated to verify potential role of WCS (Chapter 6). This systems 

approach was adopted to address the three specific objectives laid down for this thesis. The 

first objective was to find out a suitable cereal crop species that can improve the home-

grown forage production and consumption by producing higher amount of biomass for 

conservation. The second aim of this study was to produce a good quality of conserved 

forage. In order to produce the good quality feed through conservation, different 

conservation methods to improve and determine good quality forage was assessed. The 
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third and final aim was to investigate the potential role of WCS for production performance 

in an extreme grass deficit periods. 

 

7.2. Scope of whole crop cereals under dry-land dairy region 
 

The existing pasture based dairy systems often fails to meet the feed requirements in rain 

fed regions of south-west Victoria. Perennial ryegrass (Lolium perenne L.) grazing is 

predominant in the region but is strongly seasonal in growth. West Victoria is increasingly 

considered as one of the potential regions for dairy production. The decision to integrate 

whole crop cereals within the home grown forage production was based on several 

justifications. The foremost reason was the limitation seen in the existing pasture to yield 

high DM despite increased intensification of plant nutrient management under dry land 

farming systems. The second reason was seen due to the intensity of dairy production 

taking place in Australia by replacing smaller breeds into heavier dairy breeds but has 

failed to meet the higher DM requirements.  

 

While the forages or concentrates could be procured from outside the farm to meet this high 

feed demand for the heavier dairy breeds, the efficiency of production decreased due to 

heavy reliance of feed from external sources. This has been realised as not efficient in farm 

production and therefore prompts to explore the feed resources within the farm itself. 

Growing of the whole crop cereals within the farm along with the pasture would enable to 

add to the total forage production, increase the total DMI consumption and improve the 

efficiency in dairy production. However the choice of cereal crop species and varieties was 

critical in determining the viability when no information on earlier introduction into the 

farm was available. This was in view of the fact that whole crop cereal harvest yield and 

quality was seen to vary among the crop species and varieties when different management 

practices were adopted. The outcome of this thesis was able to generate the required 

information on agronomy of forage crop, conservation quality and utilization for taking 

better decision by the dairy farmers.   
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7.2.1. Promising forage crops in dry-land farming 
 

The primary objective of the whole crop cereal inclusion into the farm was to offer greater 

flexibility in achieving higher DM intakes. The first recommended growth stage of whole 

crop was during booting which was found suitable for grazing. The importance of allowing 

grazing at this plant growth maturity would depend on the decision to take on either to 

spare the grass growth for longer rotation period or the inability of the grass yield to meet 

the increased nutrient requirements of the dairy cows in particular stage of lactation. In 

south west Victoria, the boot stage of whole crop plant maturity coincides with the early 

lactation of cows. This was because seeds are sown in early April when soil moisture is 

adequate and the calving being synchronized to winter. During the winter season, grass 

growth in south west Victoria is generally restricted due to cold soil temperature. 

According to Tharmaraj et al. (2008), most pasture types grown in south west Victoria has 

capacity to yield only an average of 3.51 metric tons DM per hectare in winter (June to 

August) with an annual rainfall of 740 to 1000 mm whilst the actual potential of some 

cereal crops were above 4.2 (Triticale) to 5.2 (Oats) metric tons during the same period in 

this current study. In such a scenario, allowing grazing of whole crop seems to be an ideal 

choice to meet the required nutrients for the early lactation cows.  

 

However, the benefits of allowing grazing of the whole crop would need to outweigh the 

grass grazing since traditionally grass grazing had been considered as the cheapest method 

of dairy production in Australia. Results of current study cereal yield indicated a positive 

benefit to improve the total annual DM consumption along with existing pasture grazing. 

This is because the total annual herbage accumulation from the common pasture types in 

the same study site had shown potential yield of only 12.17 to 14.40 metric tons DM 

(Tharmaraj et al., 2008). Even under frequent and intense grazing management in spring, 

the maximum DM intake achieved in south west Victoria was only 16.3 metric tons per 

annum which was rarely achieved in most farms (McKenzie et al., 2006). 
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This study had found that as many as four cereal crop species and six varieties had potential 

to contribute 3 to 4.5 metric tons DM per hectare if utilized for grazing alongside pasture 

grazing. Among the several crop varieties, McKellar wheat variety was the only crop 

variety that was not recommended in dry land farming as grazing crop, since it did not offer 

even one metric ton of DM per hectare. Rest of the whole crop yield potential was 

consistent to earlier observations of several studies in Australia (Lovett and Matheson, 

1974; Blunt and Fisher, 1976; Dann et al., 1983; Muldoon, 1986; Andrews et al., 1991) 

which were mostly in the inner Tablelands of NSW and other favourable regions either 

with irrigation or good rainfall. The details of forage yield from several whole crop species 

in Australia are discussed in chapter 2 and complied in Table 2.2. Many of the earlier 

varieties of crops have been replaced hopefully with improved forage variety.  

 

Among the four crop species and seven varieties used in this study, all seven varieties were 

different from the past studies.  Historically, oats had been used as dual purpose cereal crop 

for grazing and grain production. Despite such attention, there was little evidence that oats 

was the most suitable grazing crop species. Probably the sites and environment where 

cereal crops are grown dictated the viability as forage crops. In this study, the site where 

cereal crop was established was in south west Victoria which is generally a dry land 

farming. Half of the year this study site experiences high evapo-transpiration rate exceeding 

daily rainfall, which makes difficult for the grass growth. The absence or the low rainfall 

makes the crop vulnerable to droughts. In such a scenario, whole crop barley and oats do 

not produce its optimal forage yield. The literature review of whole crop barley and oats in 

chapter 2 noted that these cereal crops were prone to drought and had less tolerance to 

defoliation. This study therefore concluded that whole crop barley and oats was not suitable 

to be grown in dry land farms as grazing crops. This remained only triticale and wheat crop 

as promising crop for grazing.  

 

However different strategies other than whole crop grazing are available. With high 

atmospheric moisture content in winter under Australian condition, it appeared that grass 

growth could be boosted with N application and grass grazing could still be a choice to 
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keep the production efficient. This would enable the whole crop cereal to grow further to 

yield additional amount of biomass when similar yield won’ t be possible from grasses 

during the same period of plant growth. Allowing the cereal crops to harvest for silage 

production had seen maximum benefit in increasing the home grown forage production. 

The stage of harvest date for whole crop was quite significant that dictated the amount of 

DM yield. Delaying harvest till matured stage of plant growth further results into maximum 

DM yield. However yield was not necessarily to be considered as a sole criterion for 

utilization in dairy production. Adopting consistent recommendations of harvest date for 

silage production (Zadoks et al., 1974; Mickan, 2006; Mickan and Hill, 2006) where the 

whole plant colour had changed from all-green to mixture of yellow and green in the field, 

this study saw triticale (Crackerjack) and wheat (Wedgetail) crops had the maximum 

potential to forage yield when compared to other crop species and varieties in south west 

Victoria. During this recommended growth stage for silage production, sugar from the stem 

and leaf are converted to starch by grain development but had maintained still cheesy like 

characteristics and the grain was not fully ripened. The decision to harvest at soft dough 

had 10 metric tons addition of DM yield from booting stage of plant growth (Figure 7.1). 

The harvest yield was comparable to other regions in Australia (Russell and Guthridge, 

2002; Kaiser et al., 2007) that continue to grow cereal crops as fodder to dairy and sheep 

production. Several researchers (McCartney and Vaage, 1994; Khorasani  et al., 1997; 

Filya, 2003; Nadeau, 2007) across the world had also reported similar yield potential from 

cereal crops which only reassured the suitability of cereal crop as potential fodder to be 

incorporated in grass based production systems.  
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 Figure 7.1. Mean dry matter yield (t DM/ha) of Wheat Wedgetail variety (Dark 

bar) and Triticale Crackerjack variety (Light bar) over three years averaged 

during grazing (Boot) and silage production (Soft dough) period of plant maturity 

 

7.2.2. Nutrients to support dairy production 
 

It may be noted that in many cases, it is usually the quality of feed rather than quantity that 

limits animal production responses. Accounting for the whole crop quality as well as the 

quantity could be matched to animal requirements based on the number and stage of 

lactation. The feed value with 10.5 MJ per Kg DM is generally considered as good quality 

feed to support the production, reproduction and maintenance of lactating dairy cows. 

Results of the whole crop cereal varieties (Dictator, Taipan, Enterprise, Jackie, Wedgetail 

and McKellar) from this current study at boot stage of plant maturity had shown all above 

11 MJ ME per Kg DM value with high digestibility. Crackerjack variety had least but still 

had ME value of 10.5 MJ per Kg DM. However as stated, both quality and quantity has to 

be accounted for developing a feed budget for the farm. A feed budget is an important 

planning tool that would determine the feed supply and demand at monthly intervals over 

twelve months. Using information from the feed budget, dairy farmers could determine 

when supplementation is required. Holmes et al. (2003) estimated that the daily ME 
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requirement of dairy cattle grazing leafy pasture with 11 MJ per kg DM forage quality was 

around 161.6 MJ per day by the late lactation cows. This indicated that whole crop cereal of 

this study at boot stage of maturity was ideal forage for grazing. The hypothesis for this 

argument was that there was adequate energy supply from crop at GS34 for early lactation 

requirement. Grazing at GS34 was however not investigated in this study. While no direct 

proof of this hypothesis was obtained from this current study, future study is recommended 

for this circumstantial evidence of high quality forage in supporting early lactation cows. 

 

Generally with dairy cows producing 350 kg total milk solids in 250 days lactation, an 

annual ME requirement is estimated to be around 40 to 45 GJ per cow per annum. Whole 

crop cereals at GS34 had shown potential yield of 30 to 50 GJ ME per hectare in this study. 

Similar to the metabolizable energy requirement, the other important nutrient quality to 

consider for suitability as forage for conservation is the supply of metabolizable protein 

from the silage. Holmes et al. (2003) states that the MP requirement as expressed in crude 

protein concentration of diet usually require minimum dietary CP concentration of 168 g 

per kg DM for late lactation dairy cows. With the cereal crop containing 183 to 245 g CP 

per kg DM, there was an excess of dietary CP at GS34 growth stage. Therefore allowing 

grazing may not be the best option with such high concentration of CP at GS34 stage 

especially when cheap sources of grass grazing are available. However with good forage 

yield (quantity) and energy and protein concentration (quality), whole crop cereal was 

definitely the alternative grazing forage to support the early lactation cows. This was in 

view of the fact that early lactation cows would require 178 g CP per kg DM which was 

possible from the present study cereal crop CP concentration at GS34. Amongst the several 

varieties grown and based on the quantity and quality of forage produced, this study would 

recommend Crackerjack, Wedgetail and Taipan as the most efficient grazing crop. 

 

While the primary objective of the cereal crop was to offer flexibility in utilization, the feed 

budget assessment from pasture supply and animal requirement in this study site found 

more demanding for feed in summer in south west Victoria. Allowing the plant to mature 

and progress from vegetative through to a reproductive phase, there was a decline in forage 
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quality. This phenomenon of quality reduction and slow growth rate was a common feature 

when plants matured. The important criterion was to increase the total home grown forage 

production for annual feed budget since the quality could be improved to some extent by 

technology intervention. Soft dough stage was generally accepted harvest time with 

adequate DM yield and ideal nutritive values. The concern was with low energy value and 

decline in CP concentration by more than 50 percent from GS34 to GS84 stage. The normal 

phenomenon of forage quality reduction in plant phenology, growth stage beyond GS84 

was not recommended for silage production by many researchers (Khorasani  et al., 1997; 

Adesogan et al., 1998; Filya, 2003; Nadeau, 2007). It appeared that due to restricted 

growing season for grasses in winter in the northern Europe, the general practice was to go 

for the late maturity with high DM content from 300 to 600 g per kg DM (Adesogan et al., 

1998; Hill and Leaver, 1999; Sutton et al., 2001). The success in utilization of high DM 

content cereal crop was mainly due to extensive application of urea to improve 

fermentation quality since the nutritive value was lowest in such high DM content. This 

may not be necessary under Australian context since the climate is more favourable 

compared to northern Europe. Among the three potential forage crops identified, Taipan 

variety reduced the forage quality more dramatically in terms of low ME value and WSC 

concentration. The estimated digestibility of Taipan crop was also poor as indicated by 

higher concentration of NDF when compared to Crackerjack and Wedgetail.  Therefore 

Taipan variety was not recommended for making silage. This argument was in agreement 

with most literature observations as discussed in chapter 2.  

 

In this current study, the potential cereal crops harvested at GS84 growth stage had CP 

concentration ranging from 79 to 103 g per Kg DM which was consistent to the findings of 

whole crop nutrient in spring season in warm temperate climate of Australia (Fulkerson et 

al., 2008). This level of CP concentration was generally considered low to be fed as dairy 

ration. If there was frequent and intense spring grazing management of pasture (September 

to November), pasture had as high as 24 to 28 percent CP content while it then reduced to 

as low as 11 to 14 percent in summer (McKenzie et al., 2006).  However, the important 

criterion was to look at the trade-off benefits of digestible nutrient yield of cereal and 
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pasture during the same harvest dates. Considering that the pasture accumulation and DM 

production accounted for 60 to 70 percent of total annual pasture grown in south west 

Victoria (Jacobs et al., 1999), grass would constitute the major feed resource to remain 

competitive in dairy production. This would mean that first of all, it was unlikely that 

pasture would be available to be spared in high quantities for silage making during surplus 

growth period. Anecdotal evidence of pasture consumption to predominant perennial 

ryegrass in this same study site observed around 6.3 metric tons DM per hectare only 

(Tharmaraj et al., 2007). This pasture consumption figure was already 50 to 60 percent 

below the predicted pasture utilization in the same study site when assessed by bio-physical 

traits (Chapman et al., 2008). With such low pasture consumption target achieved by dairy 

cows, it clearly confirmed that only smaller amount of pasture was available during surplus 

growth period to spare for silage making. This is where cereal crops would offer higher 

digestible nutrients yield when compared to pasture. With the mean ME value of potential 

whole crop Triticale and Wheat in GS84 growth stage found at 8.5 and 8.7 MJ per Kg DM, 

these cereal crops had potential to provide 138 GJ and 111 GJ of ME per hectare 

respectively. This was as much as 55 to 82 GJ ME higher even taking into consideration of 

the higher figure of pasture ME surveyed in western Victoria during the same period of 

whole crop harvest (Jacobs, 1998). This had clear trade-off benefits in yielding additional 

required energy value for animal production. This thesis was therefore able to achieve in 

selecting suitable cereal crop species and varieties with higher biomass and digestible 

nutrient as the first stated objective.  

 

Further in determining the forage quality, ensiling characteristics of whole crop had shown 

no difference in fermentation quality. Taipan variety however gave significant lower value 

of CP in silage at GS34 growth stage when compared to Crackerjack and Wedgetail. This 

was yet another reason to disregard the suitability of whole crop oats (Taipan) for silage 

making when compared to other two crops. In general, all ensiled crops at both growth 

stages had shown desired pH level of 3.09 to 4.40 which clearly indicated that silage could 

be stored longer without spoilage. Fermentation of whole crop at GS84 had shown 

improvement in terms of CP concentration and ME values. Yet the resultant silage was still 
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inadequate to support animal production as a sole diet. There was also a possibility of 

intake limits for animal if whole crop oat (Taipan) was considered as sole diet due to high 

concentration of NDF.  

 

In view of the potential yield and forage nutrient composition and fermentation quality, it 

was recommended that Triticale and Wheat could be integrated within the farm to improve 

the home grown forage production and consumption. The selection of varieties within the 

crop species however needs to be considered while growing cereal crop as complementary 

forage in dry-land farming. 

 

7.3. Technology intervention to improve silage quality 
 

The resultant silage could not be considered as the sole diet to support the animal 

production which required technology intervention to improve the silage quality in storage. 

Application of commercial biological additives, field wilting and fine chopping are few 

basic technology interventions in improving the silage quality.  

 

7.3.1. Effect of silage additives on silage quality 

 

Generally, silage made from cereal crop can be included in limited amount only in the dairy 

ration. For this reason, fermentation process of whole crop has to be achieved faster to 

retain maximum nutrients so that good feeding value is ensured. Application of either 

homo-fermentative (SilAll) or hetero-fermentative (LaSil) LAB to direct-cut or after wilting 

at two growth stages had found improved feeding value by retaining maximum nutrients 

and showing good fermentation quality. These biological additives that comprised bacterial 

inoculants was also found safe, easy-to-use and considered as natural products (Weinberg 

and Muck 1996). SilAll additive, a mutli-strain homo-fermentative LAB was found more 
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effective in showing better quality nutritive value specially the digestibility and energy 

value when compared to LaSil additive, a single strain hetero-fermentative LAB. This 

observation was seen in whole crop triticale and wheat but whole crop oats did not show 

variation of nutritive value.  

 

The hypothesis of improving silage quality through application of additives was however 

not established with regard to nutritive value as the control silage nutrient composition was 

similar to additive treated silage. What was clear was that the fermentation characteristics 

of additive treated silage demonstrated efficiency in producing LA by homo-lactic LAB 

(SilAll) and AA by hetero-lactic LAB (LaSil). Large amount of LA produced by homo-

lactic LAB (SilAll) was indicative of stable silage in storage. Likewise, the higher amount 

of AA would inhibit the microbial growth that spoil the silage and ensured to produce good 

quality silage in storage. 

 

Utilization of silage in south west Victoria often coincided with high ambient temperature 

especially when budgeted for summer feeding. As a result the conserved silage when 

opened for feed out during such warm weather triggered the growth of yeast and mould that 

would deteriorate silage quality. The information available from this thesis was that silage 

could be well prepared specially by the application of homo-lactic additive as indicated by 

LA:AA ratio above three. Typically good quality silages are aimed at to produce LA to AA 

ratio above three. In case of hetero-lactic additive, despite non-achievement of desirable 

level of LA:AA ratio, good quality silage production was possible with large amount of AA 

production that prevented spoilage. 

 

While homo-lactic LAB (SilAll) had been very efficient in stabilizing the silage by LA 

production, circumstantial evidence in the literature (chapter 2) had shown poor stability in 

storage for longer duration especially when exposed to air during process of feed out. This 

would be one important area to investigate in future in the dry-land farming region. Hetero-
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fermentative LAB (LaSil) is known as anti-mycotic agent that inhibits the yeast and mould 

growth. Anecdotal evidence of AA by hetero-fermentative LAB confirmed in various 

literatures as discussed in chapter 2. Yet it was beyond the scope of this current Thesis to 

evaluate the stability of silage in terms of yeast and mould growth. 

  

As discussed in chapter 2, increase in silo temperature was one criterion in determining the 

poor quality of silage (Kung and Ranjit, 2001; Salawu et al., 2001; Adesogan and Salawu, 

2002; Taylor et al., 2002; Kleinschmit and Kung, 2006). A later study of whole crop 

triticale silage of third year crop treated with hetero-lactic LAB (LaSil) in storage did not 

find change in temperature when measured in the core area in the month of May over a 

period of 6 weeks (Bootes, 2008). According to Kung and Ranjit (2001) and Taylor et al. 

(2002), aerobic stability of silage was considered a period before temperature of silage is 

increased above ambient temperature by two degree Celsius. Taking note of this similar 

scale rise in temperature, the silo temperature in south west Victoria during process of feed-

out in May did not change until week three when maximum ambient temperature was 

within 15 to 17 degree Celsius. This was definite to conclude the role of hetero-

fermentative (LAsil) LAB being efficient in maintaining the stability of silage for longer in 

storage. However rise in temperature was evident to outer most layer of silo by second 

week of opening the silo face for feed-out process. Since the count of yeasts and moulds 

was likely to determine the quality of silage in terms of DM losses, it was recommended for 

further study in dry-land farming. Such information would assist the dairy farmers in proper 

feed budget planning in the farm. 

 

Generally application of additives has retained maximum nutrients in silage as indicated by 

the minimum proteolysis effect. Fermentation process of whole crop in general had 

improved the nutrient composition in this current study which otherwise had seen reduction 

of CP content by more than 50 to 60 percent even in well preserved silage (McDonald et 

al., 1991). The hypothesis for improving silage quality by additive application was 

therefore achieved in this present study. 
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Beside additives, wilting of crop before ensiling seemed desirable when crops are harvested 

at GS34. This was because the direct-cut silage at GS34 tended to produce wetter silage 

that may only limit DM intake by cows. However there was no clear benefit in either 

nutrient changes or fermentation quality by ensiling methods of either direct-cut or wilting 

at GS34. Since the cereal crop needs to be made into silage as major feed resources and 

stored to fill up the feed deficit period, there was no need to undergo wilting in case of 

whole crop cereal at GS34. In fact, if no additives were applied, wilting at GS34 was only 

going to reduce LA production and the silage quality might be affected. Further, wilting of 

crop at GS34 might only lead to additional field loss of DM which would reduce the total 

home-grown forage production. Indeed the DM content of most cereal crop at GS34 was 

adequate to make good quality silage. Thus the hypothesis of improving silage quality by 

wilting was not conclusive from this current Thesis. It may be necessary to evaluate the 

nutrient quality under field silo condition whether wilting was really required to retain the 

maximum nutrients in storage. 

 

7.3.2. Potential digestibility of whole crop silage 

 

As stated in the earlier section, there was no evidence that wilting had brought significant 

positive improvement in the silage quality when compared to the direct-cut silage. In fact 

the degradability of silage from direct-cut silage was able to degrade 188 to 245 ml per g 

DM when compared to 87 to 117 ml per g DM from wilted silage in case of triticale crop. 

The rate of degradation was also higher in silage made from direct-cut method. Whole crop 

wheat silage also responded similar degradation potential ranging from 204 to 257 ml per g 

DM among direct-cut while wilted silage produced lower amount of gas volume ranging 

from 105 to 116 ml per g DM. This was the important findings from this thesis indicating 

that whole crop degradability in rumen was not different among crop species. Result of 

such similar degradation quality among silages made from triticale and wheat only gave an 
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option to either crop species to integrate as alternative feed. One notable observation from 

this thesis was that the time taken to achieve maximum degradation was much longer in 

direct-cut silage which might affect DM intake due to fullness effect because of longer 

retention. Generally if the diet was taking longer time to degrade, the fibre was likely to 

retain longer in rumen. In view of possible imposed limitation to feed intake during high 

fibre based diet, wilting seemed to be more appropriate to hold on feed with less time in 

rumen. This was because wilting had drastically reduced the degradation time by more than 

half of the time taken from the direct-cut silage. The time taken to degrade maximum either 

with direct-cut or wilted silage was however consistent to general degradation time of 

various roughages measured by in-vitro gas production which was within 6 to 12 hours 

(Blummel and Becker, 1997).  The rate of degradation was similar within the direct-cut and 

wilted silages but the later would rather provide additional source of energy since the VFA 

produced would be double for the same period of time taken to achieve maximum 

degradation. This finding was crucial to the hypothesis of this present Thesis that wilting 

was expected to enhance the VFA production as main source of energy.  

 

Application of silage additives at GS34 had no influence in the extent of degradation and 

the rate at which silage made from triticale and wheat degraded. WCS being fibre diet had 

also shown higher proportion of acetate to propionate which was characteristics of fibrous 

diet.  

 

7.4.   Production performance in feed deficit periods 
 

The pasture accumulation rates in south west Victoria were as low as below 5 kg DM per 

hectare per day in summer (McKenzie et al., 2006).The feeding strategy often resulted into 

high fibre diet in summer. This was mainly due to the pressure of maintaining the 

production systems efficiency. This study had therefore designed a totally hay-based forage 

diet with fixed level of WCS as an alternate feeding strategy. The purpose was to find out 
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whether WCS had any limitation to the total intake and production performance. Late 

lactation cows were most suited to undertake such study since intake would be no 

limitation at this production stage. Until this feeding trial was conducted, information of 

total DMI and production response from WCS was missing in the non-irrigated dairy 

farming region. This thesis was able to unveil those missing information on the role of 

WCS. 

 

7.4.1. Intake performance 
 

Regardless of high forage diet ration (Table 6.1), there was clear indication of no limitation 

imposed when it comes to the total voluntary feed intake by the late lactation cows. 

Matured dairy cows have capacity to eat maximum DM. This was demonstrated in recent 

study by Rustas et al. (2009) who observed that heavier dairy steer (404 ± 33.8 to 420 ± 

24.8 kg LW) could attain 9.57 kg DM daily intake while lighter steer of 104 ± 5.8 to 120 ± 

24.5 kg LW could consume 3.12 kg DM per day when whole crop barley silage was fed as 

ad-lib. Consistent with such observations, this study also recorded maximum intake 

capacity of WCS with less than 10 percent wastage in all experimental groups except one. 

This was a positive observation that would give confidence to dairy farmers to integrate 

cereal production and utilization in dry-land region. 

 

There was even further potential for better intake performance of WCS by strategic design 

of ration especially with low NDF and higher digestibility forage hay component. In the 

current study, the WCS intake was significantly (p<0.001) higher in cows fed with canola 

hay forage with 412 g DM per Kg NDF content compared to 613 g DM per Kg NDF 

concentration in pasture hay. Although the bite mass of WCS was within 1.1 g per bite, the 

relatively good quality canola forage hay had induced higher intake rate (g/minute) of 

WCS. Yet among the forage hays itself, despite differences in NDF level and potential 

digestibility, the total forage hay intake was seen within 10 kg DM per day with minimum 
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wastages in both forage hays. The similarity in hay intake performance was seen due to 

compensation in bite mass (g/bite) among the two forage hays. Eating behaviour of pasture 

hay recorded higher bite mass but lower bite rate. This was due the long and slender fibre 

of pasture which took longer time for processing in mouth than canola hay. On the other 

hand, canola hay was brittle that broke down the stem and leaves into smaller pieces when 

bite was taken by cows. The smaller prices of canola hay allowed to have more bite and 

achieved maximum intake potential.  

 

The high intake of WCS and hay observation does not mean to push WCS level higher 

since WCS itself was a high fibrous diet with 602 g DM per Kg of NDF content. The 

degradation rate of WCS in rumen had already shown to be low and any further additional 

allowance from the present fixed level would only reduce the total DM intake. Limitation 

of DMI is mainly due to high NDF diet which was already demonstrated in literature (Dado 

and Allen, 1995). Such situation would affect the animal production performance due to 

low consumption of energy value feed. Limitation of nutrient intake was a concern 

especially to genetically improved dairy cows. This was either associated with more 

retention of slow degradable WCS or satisfaction of energy demand due to fullness of 

reticulo-rumen capacity. In view of such limitations, it would be rather sensible that this 

high fibre WCS is integrated with short summer grazing crops that are highly digestible to 

increase the total DMI. One such crops widely grown in dry-land region to fill the summer 

feed deficit was fodder turnips (Brassica rapa L.) fed as high as 5 kg per cow per day either 

in conjunction with other forage hays and grass silage (Penno et al., 1996; Moate et al., 

1998). This summer crop in which both leafs and bulbs could be fed was generally seen to 

contain high CP concentration ranging from 89 to 154 g per kg DM beside being highly 

digestible of both parts of crop (Moate et al., 1999; Moate et al., 2002). Such feeding 

strategy was expected to achieve maximum DM intake within the home-grown forage 

production and improve farm production efficiency. Future study is needed to substantiate 

this hypothesis of benefiting with summer crop integration with WCS in the dry-land 

farming.  
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There are several strategies to improve the intake of WCS that are commonly practised in 

the northern hemisphere. One strategy is by applying certain levels of urea. Offering of four 

percent urea treated silage either in short-term or long term studies had shown greatest 

potential of WCS intake (Leaver and Hill, 1990; Phipps et al., 1990). Other strategies are 

by integrating WCS with other forages at different ratios or fed as sole diet which had also 

seen maximum potential intake capacity as illustrated in Table 2.13. The feeding strategy 

designed in this current study with non-grazing system also proved an appropriate strategy 

with no limitation to intake. The important observation of this study was that a failed or 

frosted canola crop can serve as valuable feed source in summer.  

 

A clear outcome of the study was that heavier dairy breeds and late lactation had shown 

ideal production stage where WCS feeding could achieve maximum benefit. Interestingly, 

dairy cows could adjust its eating behaviours to either forage to attain required intake 

capacity. Cows in paddock were generally seen to have social interaction that enabled to eat 

more compared to individual feeding. That was why this present study cows could achieve 

18.95 to 20.62 kg DM daily. The arguments for eating behaviour are already discussed in 

chapter 6 and chapter 2.  

 

7.4.2. Milk production performance 
 

Strategic feeding design in a non-grazing system had direct influence on production 

performance of dairy cows. Metabolizable energy and metabolizable protein supply from 

the feed components in non-grazing ration was crucial that determined animal performance. 

The important criterion was to ensure to include the safety margin to preclude the 

possibility of underfeeding some individuals in group feeding. In late lactation dairy cows 

with 13.80 and 15.84 kg milk yield per day to pasture and canola hay grouped cows 

respectively, the metabolizable energy and metabolizable protein supply was well above the 
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recommended level in this study. This ensured that the feed component designed in this 

study that included hay, WCS and fixed level of concentrate was adequate to meet the 

nutrient requirements of late lactation stage dairy cows for maintenance, production and 

reproduction.  

 

One of the objectives was to compare the milk production response from different hay-

based diet, WCS integrated with canola hay was superior that produced two kg milk more 

than pasture hay fed dairy cows. This additional yield was being attributed due to additional 

CP concentration and higher digestibility of canola hay compared to pasture hay. Cows 

normally response to increase milk yield to higher concentration of CP intake (Hill and 

Leaver, 1999). Among the milk composition, mean milk fat and protein concentration was 

higher in pasture hay fed cows probably due to the effect of higher NDF level in pasture 

hay compared to canola hay and also the likely difference in the proportion of VFA 

production. However, the daily output of milk fat, milk protein and the total milk solids 

produced did not differ to either of forage hay. This indicated that the ration based on 

canola hay was more efficient then the ration based on pasture hay because the total milk 

solids produced was same and the wastage of WCS and canola hay was lesser when 

compared to wastage of pasture hay and WCS from pasture hay grouped cows. In fact 

feeding of canola hay and silage from failed or frosted crop had already been practiced 

especially in Victoria and NSW quite some time now due to continued spell of droughts 

over past recent years.  Canola hay being from Brassica family should however be 

introduced in conjunction with other fibrous forages. 

 

The milk yield of 13.68 to 13.99 kg from pasture hay diet and 15.46 to 16.33 kg from 

canola hay based diet along with fixed level of WCS was very impressive response from 

the late lactation cows. Despite the high fibre diet, milk production remained high with just 

1.04 kg and 0.94 kg decline per week for pasture and canola hay grouped cows 

respectively. The milk yield and milk composition was consistent to observation made 

recently by Wallsten and Martinsson (2009) while feeding whole crop barley silage to 
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similar stage of lactation and LW dairy cows. Obviously such positive response from this 

current study was attributed due to adequate supply of metabolizable energy and 

metabolizable protein from the formulated diet designed for such stage of lactation dairy 

cows. 

  

While the nutrient requirements was seen adequate from the total feed intake achieved with 

high fibre diet, the state of animal body condition also confirmed the degree of animal 

fitness in preparing for drying-off and pre-partum stage. Change in LW gain and BCS were 

indicators of degree of fitness of the lactating cows. As the milk production declined, the 

excess metabolizable energy and metabolizable protein supplied from the total VFI was 

expected to partition to tissue deposition. The ration based on pasture hay attained efficient 

partition of energy to body tissue than milk yield. This was seen from the significant 

amount of LW gain ranging from 1.16 to 1.54 kg per day while canola forage hay either 

maintained or gained only small amount of LW. Correspondingly, pasture hay group cows 

had also higher unit of condition score when compared to canola hay grouped cows. The 

general trend in the late lactation cows was to target to achieve high unit of condition score 

at calving. WCS integration with complementary forage hay based diet had already 

achieved in setting the desirable BCS target.  

 

7.5. Industrial by-product as alternative energy source 
 

Keeping the production efficient is important in any commercial dairy farms. Although the 

primary objective of this study was to look at the effect of WCS integration on animal 

response, continued droughts from 2005 to 2007 period in Australia had seen the price of 

wheat grain for dairy had escalated which reduced the farm efficiency. During these 

drought periods, the dairy farmers resorted to several alternatives feeding to keep the 

production optimal. In this current experimental it involved the substitution of conventional 

wheat grain by one industrial by-product called PKE as both energy and protein source. 
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While it was not the deliberate intention of this Thesis to evaluate the effect of PKE 

inclusion into the diet, situational feeding plan had lead to include PKE as an alternatives to 

replace wheat grain. There were evidences that PKE was available at low cost in the market 

and had rich energy source promising to substitute wheat grain especially when the diet had 

to be formulated for non-grazing system with high fibre component and low digestibility. 

PKE offered extra protein and fat when complementary forage like WCS and hay had low 

protein and energy source. In view of the important role played by PKE in the livestock 

feed industry, a brief review of PKE as feed for livestock and its significance specific to 

this study is discussed. 

 

7.5.1. PKE as livestock feed 
 

Extensive utilization of PKE was seen as various livestock feed in both tropical countries 

and some EU nations (Palmquist, 2004). This was evident from wide range of livestock 

species fed on PKE by several researchers like to the poultry (Onwudike, 1988; Perez et al., 

2000),  growing pig (Agunbiade et al., 1999; Adesehinwa, 2007),  sheep (Lough et al., 

1993; Casals et al., 1999) ,  growing calves (Umunna et al., 1980), lactating dairy cows 

(Hindle et al., 1995; Onetti and Grummer, 2004; Carvalho et al., 2006) and even fish (De 

Oliveira et al., 1997).  

 
 Most of the PKE as livestock feed are produced by expeller extraction method in palm oil 

processing plant due to low cost compared to the solvent extraction method although 

expeller extraction method contains more oil than solvent extracted PKE. Comparative 

review of PKE nutritive value (Table 7.1) from expeller extraction method from two papers 

from different regions (O’ Mara et al., 1999; Alimon, 2004) indicated that PKE was a 

medium quality energy feed especially to ruminants with 10.5 to 14.3 MJ ME per kg DM 

but had reasonable concentration of CP to support dairy production. This was the important 

information to formulate the diet to support the dairy cows’  production in this study. 
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Table 7.1.Comparative nutrient composition (g/kg DM) of palm kernel extract (PKE) 

from expeller extraction method in different regions¥,£ 

 
Nutrient composition O'Mara et al. 1999 �   Alimon 2004 � 

Dry matter 864 - 902   880 - 945 

Crude protein 156 - 172   145 - 196 

Crude fibre 218 - 257   130 - 200 

Ether extract 56 - 101   50 - 80 

Ash 44 - 55   30 - 120 

Neutral detergent fibre 523 - 563   668 - 789 

Metabolizable energy (MJ/kg DM) 12.5 - 14.3   10.5 – 11.5 
� Ireland       
� Malaysia       

 

An earlier study of PKE in replacing groundnut cake (GNC) to grower chicken had 

observed that PKE was an alternative to GNC if combined with other protein sources 

(Onwudike, 1986). Feeding different levels of PKE into layer diet, Perez et al.(2000) even 

recommended an inclusion up to 40 percent into diet based on feed conversion, mortality 

and egg weight observation.  

 

In growing pigs, it was reported that PKE level of 175 g per kg in diet was efficiently 

utilized as the digestive and absorptive capability of pigs for fats was fully developed by 40 

kg LW (Agunbiade et al., 1999). Earlier, Rhule (1996) noted that with increased inclusion 

levels of PKE at 0, 200, 300 and 400 g per kg, the mean daily LW gain reduced 

significantly as the PKE levels increased, although the mean LW gain during the finisher 

phase was not significant. More recent study of replacing maize in diets of growing pigs by 

Adesehinwa (2007) concluded that PKE can effectively substitute maize weight for weight 

even up to total substitution of maize fraction of 30 kg per 100 kg of diet without 

depressing growing pig performance.  
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Lambs fed with PKE had seen greater subcutaneous fat thickness, kidney and pelvic fat 

with greater average daily LW gain (Lough et al., 1993). Milk fat contents were seen higher 

from diet containing PKE in lactating ewe with LW gain and positive body condition score 

(Casals et al., 1999).  

 

In many European countries that import PKE from the tropical countries, dairy ration 

included 10 percent of PKE whereas in Malaysia, dairy farmers use more than 50 percent to 

their tropical dairy breeds (Aspar, 2004; Atil, 2004; Zahari and Alimon, 2004). Inclusion of 

PKE into dairy cow diet had shown increase in milk fat content, firmness of butter and 

good quality meat (Aspar, 2004). There was also daily average milk increase in Friesian-

Sahiwal dairy cows when 1.5 kg and 3 kg of PKE were formulated in combination with 

other concentrate diet like corn, soya bean meal, fish meal, vitamin and mineral mix and 

fed as supplemental concentrate (Atil, 2004). On contrary, Carvalho et al. (2006) reported 

no significant treatment effect on DMI, mil yield or milk composition in Holstein cows 

when dietary levels of PKE was increased by 0, 5, 10 and 15 percent.  In tropical countries 

where GNC is used as protein source is generally costly and alternative protein sources are 

explored. PKE was found as an alternative protein source to replace GNC to growing 

calves where the daily LW gain, feed intake and feed conversion efficiency were similar 

(Umunna et al., 1980).  

 

7.5.2. Significance of PKE in the current study diet 
 

When feed deficit is critical in summer due to limited grass growth, any conserved forage 

available has to be utilized efficiently with minimum wastage. Heavy reliance on feed from 

the external source would only reduce the efficiency of farm production. While it was 

unusual for the wheat grain to be expensive for dairy ration, shortage of supply in market 

due to drought year had left dairy farmers either to destock or close the farm enterprise. It 

was in this scenario, PKE which is considered as a rich energy source and protein 

supplement had proved handy to substitute he wheat grain. However PKE had not been 
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widely used in southern Australia as the grass grazing had not been limiting to maintain the 

dairy production in past. Efficient utilization of available forages was possible in situations 

confronted with acute shortage of feed supply within home-grown and external sources. 

This was demonstrated in this current study when PKE dietary levels were added at 1.5 kg 

and 3 kg by substituting the same amount of wheat grain. There was a reduction in the daily 

total feed intake by around 1 kg when PKE was incorporated into ration. The reduction in 

the total VFI meant that the available WCS and forage hays could be saved for further feed 

budgeting. This observation was very important for the dairy farmers since they would now 

know that less allowance of WCS and hay could be given if energy rich feed like PKE was 

added into the daily diet. The saving of WCS and hay would feed additional stock or last 

for longer feed budget plan.  

 

While there were differences in milk yield on ration based on forage hays, PKE dietary 

inclusion of 1.5 kg and 3 kg to pasture hay grouped cows yielded similar milk yield to cows 

that were not given PKE diet. Similar milk yield observation was recorded in canola hay 

grouped cows. Both milk composition and total milk solid outputs were not different from 

cows fed on PKE and cows not fed PKE. The current study observation was consistent to 

what Carvalho et al. (2006) also observed that milk yield and milk composition to 

incremental addition of PKE was not recorded. Since there was already the substitution 

effect of either forage hays or WCS without negative effect on milk yield and composition, 

PKE was considered as viable alternative feed to substitute wheat grain. 

 

During the feeding trial designed for this study, PKE was commonly used as animal feed 

for dairy cattle because of its high protein and fat content. It was looked at with a 

reasonably economic feed for the cattle with high fibre content and was readily available at 

cheap rate from tropical countries.  
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Chapter 8. Conclusion and Future Direction  

 

 8.1. Introduction 
 

In this concluding chapter, it briefly draws the thesis conclusion and set the future direction 

derived from this thesis. This study demonstrated that cereal crop could be an alternative 

feed resource in pasture based production systems that enhanced the home grown forage 

production and consumption.  More specifically, the study had established new information 

where the dairy farmers can take decision regarding the cereal crop. These are  

 

Early grazing option 

 

Whole crop cereals at GS34 maturity of plant growth stage could be an alternative 

grazing to spare grass growth as the DM yield were within three to four and half metric 

tons DM per hectare and CP content was 183 to 245 g per Kg DM.  The cereal crop at 

GS34 had ME value of 10.5 to 10.7 MJ per kg DM that could well support an early 

lactating dairy cows.  

 

Robust DM yield 

 

Harvesting of crops for silage making had potential to increase the total DM yield 

within the home grown forage production. More specifically Triticale and Wheat had 

been the most promising crop in the dry-land region that produced more than 12 metric 

tons DM per hectare.  
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Flexible utilization 

 

Cereal crops could be grazed or made into high quality silage at GS34 stage or made 

into moderate silage at GS84 to fill up feed deficit. CP concentration was 79 to 103 g 

per kg DM and the ME of forage was 8.5 to 8.7 MJ per kg DM during silage 

production. 

 

Better trade-off forage 

 

Digestible CP yield from cereal crops was above one metric tons DM per hectare while 

ME harvest potential was 138 GJ for triticale to 111 GJ for wheat that surpassed the 

existing conventional pasture which would have harvested maximum of 850 kg of CP 

and 58 GJ of ME per hectare only. 

 

Potential silage 

 

Fermentation of crops in warm climate of south west Victoria found ideal for silage 

making with enisled forage pH within 3.09 to 4.40. Application of biological additives 

enhanced fermentative quality and had indicated longer storage potential. A homo-

fermentative LAB additive was efficient in LA production while hetero-fermentative 

LAB produced AA more efficiently. Proteolysis effect of silage was least observed. 

Fermentative quality of forage harvested with high moisture content at GS34 required 

wilting while generally for silage production at GS84, wilting was not necessary. 

 

Feed value silage 

 

Nutritive value of silage did show neither improvement nor deterioration to homo-lactic 

and hetero-lactic bacterial inoculants when compared to untreated silage. Yet the rate 

and the extent of degradation of whole crop triticale and wheat silage in rumen were 

comparable. Direct-cut silage degraded better with 188 to 245 ml per g and 204 to 257 
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ml per g for triticale and wheat respectively. Extent of degradation reduced by wilting 

but the rate at which degradation took was faster since it took less time. Therefore 

direct-cut method of silage making was most efficient in cereal crop. 

 

Potential feed resources 

 

The dairy cow during the late lactation had no limitation to DM intake when WCS with 

other forage hays was fed. DM intake capacity of 18.85 to 20.62 kg DM per day was 

highest attained by the late lactation cows. They could adjust to high forage diet with 

minimum wastages. Forage wastage of both WCS and hays were below 20 percent 

except with one group for WCS. The supply of metabolizable energy and metabolizable 

proteins from the diet formulated in this trial was adequate to meet the cows’  

requirements. Thus it served as potential feed source. 

 
Moderate feed quality 

  

Production performance in terms of milk yield from WCS in drought feeding scenario 

was feasible with proper diet formulation. Mean milk yield of 13.80 kg and 15.84 kg 

for pasture and canola hay based diet respectively was impressive from late lactation 

cows. The total milk solids from this non-grazing forage diet could yield 1187 to 1365 

g per day and were not different on ration based on pasture hay or canola hay. The 

change in live weight and body condition were positive for preparation to pre-calving 

management. Pasture hay based ration gained 1.16 to 1.54 kg daily with 0.08 to 0.48 

units gain in BCS. Canola hay grouped cows gained small LW and BCS gain was 0.06 

to 0.28 units. 

 

Stock balance with alternative feed  

 
This study also unveiled alternative concentrate source called PKE that could substitute 

conventional wheat grain. Inclusion of PKE rate at three kg in diet was feasible without 
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any negative effect of the total dry matter intake. In return, WCS and hay allowance 

could be saved daily that would remain in stock for feed budgeting. 

 

8.2.Future Direction 
 

Addressing the feed deficit from the predominantly pasture based dairy systems in dry-land 

farming required a careful whole farm production systems approach. While the potential 

cereal crops were identified in improving the home-grown forage yield, further study on 

crop biomass yield from several potential varieties would be worth undertaking since crop 

varieties and species had shown variation in forage yield and nutrient quality.  

 

The critical factor in WCS integration in grass based system was to produce quality silage 

to be fed during feed deficit period especially in summer when ambient temperature is 

generally warm to hot. Such ambient temperature would only trigger the growth of yeasts 

and moulds which would lead to poor stability of silage in storage. Therefore determination 

of silage stability during the process of feed out in summer would be an important area in 

future. While the technologies like additives were identified at laboratory level in this 

current study, efficacy of such additives in field silos would be one important area to study 

in future.  

 

WCS is a high fibre diet and to get the best results, it is recommended to feed with more 

digestible crops than in combination to pasture hays which is already the high fibre forage. 

Double cropping system with Brassica crops looks feasible since in any case the existing 

pasture would require renovation annually in the farm. During the annual pasture 

renovation programme, the land could be used to establish short-term Brassica crops and 

WCS could be considered as sole forage diet with such short-term summer crops for the 

late lactation dairy cows. This could be yet another area for future study. 

 

Silage production from cereal crop had been of moderate quality. In order to improve the 

silage quality, inter-cropping with legumes would be one alternative in dry-land farming. 
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However, the yield of intercropped forage and mono-crop cereal and legumes would need 

to be examined in the dry-land farming. 

 
Cereal crops had definitely better trade-off from pasture grass if management of crop 

establishment could be brought forward in summer so that it could serve as autumn grazing 

and maintain the stock with year round calving. The future direction would now to work 

with extension services to reach these messages of cereal crop benefit in dry-land farming. 
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