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A bstract 

Dairy production m Argent ina is based on grazed pastures, w ith the i nclusion of 

supplements as a secondary source of feed. The average mil k  production per hectare i n  

Argentine dai ry farms i s  low and th i s  affects the profitab i l i ty of the farms. The low 

efficiency of  production per hectare appears to be associated with low stocking rate and 

low ut i l i sation of the cheapest source of feed, which i s  grazed pasture. Data reviewed in 

the present study suggested that stock ing rate (SR)  and the amount of i mported feed are 

factors with sign ificant influence on dairy farm productivity and profitab i l i ty i n  

Argentina, as i s  also the case in New Zealand and Austral ia .  

Stocking rate, expressed as the number of cows per hectare, i s  a s impl ification of the 

relat ionship between feed demand and feed supply. This relat ionship can be better 

expressed as kilograms of l ive weight per tonne of dry matter total feed supply, defi ned 

as comparative stocking rate .  The aim of this thesis was to quant ify the effects of 

comparative SR and supplementation ( impolted feed) on the product ivity and 

profitabi l i ty of Argent ine dairy farms. 

A simulat ion model was developed to predict  pasture dry matter (OM)  i ntake and the 

harvesting efficiency of grazing dai ry cows in  Argentina (Chapter 3 ) .  In val idation tests, 

us ing data from cows grazi ng lucerne in Argent ina and ryegrass-clover in Ireland, the 

model predicted satisfactori ly .  Fol lowing this, a simulation model was developed to 

predict  mi lksolids ( M S )  product ion and live weight ( Lwt)  change of Argent ine Holste in  

cows i n  grazing dairy systems, g iven a determined i ntake of  metabolisable energy 

(Chapter 4 ). 

Final ly, a whole-farm s imulation model called the Argentine Dairy S ystem Model 

(ADS M )  was developed (Chapter 5 ), by integrati ng the models developed in Chapter 3 

and 4, together with a pre-exi s tent economic model for Argentine dairy farms.  M odel 

validation  was conducted by comparing results from the model against data form e ight 

Argent ine dairy farms. The accuracy of model predictions was satisfactory. 

Twenty-two dairy systems were tested with ADSM ,  in order to allow the effects of  

comparati ve SR and supplementation to  be explored. The cow type used was the 

Argent ine Holstein (550 kg Lwt and 6.8% MS content) .  

The present study suggests that the low M S  product ion of Argentine dairy farms could 

be increased by increasing both comparative SR and the amount of supplements 
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i mported into the farm. Model predictions indicated that M S  production per hectare 

would be maximised at a comparative S R  of approximately  1 00 kg Lwt/t DM, economic  

farm surplus ($US/ha) a t  90  kg Lwt/t DM,  and return on assets a t  80  kg Lwt/t DM.  

Addit ionally,  the model predicted that cows stocked at  a comparative S R  of  about 80 kg 

Lwt/t DM wil l  neither increase nor decrease Lwt change over a complete season 

( lactating and dry periods).  These results suggest that the optimum comparative S R, in  

terms of  both economic and sustainable physical performance for the Argentine 

Holstein cows seems to be around 80 kg Lwt/t DM. Annual pasture util ization values 

were 70%, 76%, and 8 1 %  for comparative SRs of 80, 90, and 100 kg Lwt /t DM, 

respectively. 

At  the milk payout and concentrates price used in this study, i t  would be profitable to 

increase the amount of imported feed up to 3 .6  t DM per hectare, provided that SR i s  

simultaneously increased,  in order to achieve pasture utilisation of 70% or higher. A 

dairy system with 8.6 t DM/halyear produced on-farm, importing 3 .6  t DM concentrates 

per year and stocked at 8 1  kg Lwt/t D M  (1.8 cows/ha) would be able  to utilise 71% of 

pasture and produce 626 kg M S/halyear, which is about two-fold the average M S  

production of Argentine farms. Changing either the price of milk o r  the cost of 

concentrates by  10% did not alter the relative profitabil i ty of the different systems. 
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This chapter presents an overview of the A rgent ine dairy system, the research problem 

to be studied and the rat ionale and objectives of this thesi s .  More detailed i ntroductions 

are given at the start of each chapter. 

1.1. Introduction to Argentine dairy systems 

Dairy is a major i ndustry in Argentina. The national annual production of mi lk i s  

approximately 9,300 mj l l ion l i tres ( SAGPY A, 2005) .  Argentina  occupies the 1 1 th and 

6th posi t ion in the world ranking, in terms of mi lk produced and exported, respectively 

(AACREA, 2005) .  

Dairy production in  Argentina i s  based on grazed pastures (usually lucerne), wi th 

reserves and concentrates, either produced on-farm or i mported, compris ing 1 1 % and 

22% of the average cow's  diet, respectively (Casti l lo and Gal lardo, 1 995;  Gambuzzi et 

al. , 2003) .  The Argentine dairy system must be based on pastures, because pastures are 

the cheapest source of feed, feeding i s  one of the main cost of production and the milk 

price in  Argentina i s  one of the lowest i n  the world ( Hemme and Deeken ,  2005 ).  

The temperate and relat ively moist c l imate, together with natural ly ferti le soi ls ,  al lows 

pasture and crops to grow all year round ( Peluffo, 2005 ).  Cows graze and calve all year 

round, but calving i s  relatively concentrated i n  autumn and spring (Garcia, 1 997) .  M ore 

than 90% of the mi lk  is produced in  only three provinces: Santa Fe, Buenos Aires and 

Cordoba, which are the main provinces of the Pampas region (Ostrowski and Debl itz, 

2003).  The Pampas is a flat region of Argent i na that compri ses more than 50 mi l l ion 

hectares of arable lands for crop and cattle production.  Rainfall regimes vary from 700 

to 1 000 ( Vigl izzo et al. , 2003) .  

A survey of 966 Argentine dairy farms (Gambuzzi e t  al. , 2003)  estimated that the 

average A rgentine dairy farm has 1 47 hectares for cows ( lactating and dry) and a 

stocking rate ( S R )  of 1 . 1 5 cows/hectare. The average mi lk  production per lactation i s  

approxi mately 4,208 l itres o f  rlli l k  with 6 .8% mi lksolids. This gives yields o f  334 k g  of 

rllilksolids ( M S )  per hectare. In  the same survey, it  was estimated that approxi mately 

4,09 1 kg dry matter ( D M )  of pasture are consumed per hectare per year, which i s  low i n  

comparison t o  grazing dai ry systems i n  temperate countries. 
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1.2. Statement of the problem 

In grazing dairy systems,  efficiency is measured as the output of saleable product per 

unit of resource util i sed. Milksolids are the main output and land is the main resource 

utilised in grazing dairy systems (Penno  et al., 1 996).  Therefore, M S  production per 

hectare is the most sensible i ndex to express the efficiency of grazing  dairy systems. 

Milksolid is defi ned as the summation of milk protein and milkfat. 

The average MS production per hectare in  Argentine dairy farms is low and this affects 

the profitability of farms. In recent years, the number of dairy farms  has decreased 

sharply, which was mainly due to the conversion of dairy farms to c rop farms, which 

are 'presumably' more profitable. The low efficiency of MS production per hectare is 

principally  a consequence of low feed intake per hectare, which results from low feed 

supply (pasture and supplements) and low pasture utilisation, estimated to be less than 

65% (Guaita and Gal lardo, 1 995;  Romero et al. , 1 998) .  

S tocking rate is  the management practice with the greatest influence on the productivity 

of the grazing dairy system (McMeekan, 1 96 1 ;  Pen no, 1 999).  Pasture utilisation,  

pasture i ntake and MS production per hectare increases as SR i ncreases, whilst pasture 

i ntake and M S  production per cow decreases (Penno, 1 999; M acdonald et al. ,  200 1 ) .  

Furthermore, the  effects of S R  on  the system performance are influenced by  the 

inclusion of supp lements. Imported supplements allows an increase in S R ,  whilst 

simultaneous ly  maintaining reasonably high M S  production per cow (Macdonald, 

1 999). 

S tocking rate, expressed as the number of cows per hectare, is a simplification of the 

relationship between feed demand and feed supply. The ratio of total herd l ive weight 

( Lwt) to total feed supply is  a more accurate measure of the S R  relation ship. This could 

be expressed as kg Lwt per t DM total feed supply, defined as  comparative stocking rate 

(Penno, 1 999) .  

The effects of comparative SR ( kg Lwt/t DM) and the effects of its interaction with 

supplementation on the productivity and profitability of the whole-farm have not been 

studied in Argentina. Some studies have simulated the productivity and profitability of 

dairy systems with different S R  ( cows/ha) and feed supply, suggesting that moderated 

increases of S R  and i mported supplements would increase the productivity and 

profitability of the system (Comeron,  2003; Comeron and Schilder, 1 997; Schneider et 
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al. , 2003). However, i n  these studies, all treatments had relatively s imilar comparative 

S Rs, expressed as kg  Lwt/t DM of feed supply. I n  addition, these studies assumed 

predetermined values of pasture uti l isation and M S  production per cow, and only 

explored a maximum of s ix alternati ves. Indeed, the rel ationship between production 

per animal and production per hectare as a function of comparative SR has not been 

studied for Argent ine dairy systems. 

1.3. Rationale for the study 

The lac k  of experiments exploring the effects of S R  and supplementation on the whole

farm i n  Argentina may be partially explained by the huge requirements of research 

resources necessary to test treatments with d ifferent SRs and di fferent levels of  

supplementation i n  whole-farm trials .  The complex i nterrelat ionship among a large 

number of factors i n  dairy systems makes it  d ifficult to determine the costs and benefi t s  

of  i mplementing management or technological alternati ves. Mathematical models are 

i ncreas ingly being used i n  animal research both independent ly and in conjunct ion with 

experimental research (Shal loo et al. , 2004). Farm s imulation model s  can make a major 

contribution to guiding experimental research, because they can ident i fy crit ical gaps i n  

knowledge and develop improved systems o f  production (Bywater and Cacho, 1 994) .  

Given the complexity of grazing systems, an i nterest i n  modell ing grazing systems is 

not only justified, but perhaps, i t  also represents the only way to accommodate the 

complexity of the s ystem ( Dove, 1 996) .  

Therefore, a simulation model developed for Argentine dairy farms would enable the 

complexity of the system to be studied. Furthermore, the resul ts of this simulation 

modell i ng study may guide future experimental research. 

1.4. Objectives 

The general objective of this  study was to quantify the effects of comparative S R  and 

supplementation ( feed i mported) on farm product ivi ty and profitabi l i ty for Argentine 

dairy farms. These effects were studied with a s imulation model developed to predict  

the OM intake per cow, MS production per cow, Lwt change per cow and economic 

farm performance, at different comparative S Rs and levels of supplementation.  
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In Chapter 2, a review of the effects of comparative SR and supplementation on the 

productivity and profitabil ity of the dairy system is provided, with a focus on whole

farm studies carried out in  New Zealand and Australia. 

The objective of Chapter 3 was to develop and validate a model to predict pasture DM 

intake of grazing dairy cows in Argentina. 

Chapter 4 presents a model to predict MS production and Lwt change of Argentine 

Holstein cows. 

In Chapter 5, a model called the Argentine Dairy System Model (ADSM) was 

developed, by integrating the models developed in Chapter 3 and 4, together with a pre

existent economic model for Argentine dairy farms. Twenty-two dairy systems were 

tested with ADSM, in order to explore the effects of comparative SR and 

supplementation. 

Finally, in Chapter 6, an overview of the thesis i s  presented, and the general results are 

discussed with emphasis on the whole-system. 
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Abstract 

The effects of stocking rate (SR) and supplementation on dry matter (DM) intake, 

pasture utilisation, productivity per cow, per hectare and economic performance of dairy 

systems are reviewed. The efficiency of a grazing dairy system can be measured 

through its annual productivity, expressed as kilograms of milksolids per hectare. This 

depends strongly on the intake of DM per cow and per hectare. Herbage allowance i s  

the factor which exerts the greatest effect o n  D M  intake (DMI )  and o n  the util isation of 

pasture at each grazing. Stocking rate determines the average herbage allowance per 

cow and therefore, it is one of the factors with the most influence on the productivity 

and profitability of grazing dairy systems. 

As SR increases, feed demand per hectare, pasture utilisation, and milk yield per hectare 

increases. However, there is usually an accompanied reduction in milk yield per cow, 

due to lower intakes per cow because of decreases in pasture allowance at the high SR. 

Very high SR causes further increases in pasture utilisation, but it may lead to a 

decrease in milk yield per hectare, because of the very high proportion of the energy 

consumed being used for cow maintenance. The traditional definition of stocking rate, 

expressed as number of cows per hectare could be improved, particularly for systems 

that use additional supplements, if it is expressed as kg live weight per tonne of DM 

offered (comparative SR) .  For New Zealand dairy systems, the comparative SR that 

seems to maximise economic performance is approximately 85 kg live weight/t DM for 

cows in the years 1 995 to 2005 . 

The use of supplements can improve the productivity and profitability of dairy systems. 

However, milk response to supplements and the price of supplements relative to the 

price of milk define whether supplementation is profitable. The response to supplements 

depends basically on factors affecting energy partitioning of extra feed towards either 

milk synthesis or body weight and on the substitution effect of supplements (kilograms 

of pasture dry matter intake reduction per kilogram supplement consumed) .  The size of 

the deficit, between the cow actual milk yield and its potential milk production, affects 

both energy partitioning and substitution rate. As this relative feed deficit increases, 

substitution rate decreases and a higher proportion of extra energy consumed is 

partitioned towards milk  synthesis. The relative feed deficit increases as potential feed 

demand increases and/or actual feed supply decreases. Stage of lactation, cow's genetic 

potential for milk production and body condition score (BCS) affect feed demand and 
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therefore, the relative feed deficit. On the other hand, pasture allowance, pasture quality, 

the amount of supplements offered and supplement quality are the main factors 

affecting feed supply. Stocking rate and dates of calving and drying-off can modify 

either feed supply or feed demand and they can consequently  modify the feed deficit, 

thus, affecting the final response to supplementation. 

Experiments in Australia and New Zealand have demonstrated that the inclusion of 

supplements, with a concomitant increase in SR, may have synergistic effects in 

improving the productivity and profitability of grazing dairy systems, probably through 

their simultaneous effects on feed supply and feed demand. 
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2.1. Introduction 

In pastoral dairy systems, one measure of efficiency is the output of saleable product per 

unit of resource utilised. Milksolids (MS) are the main output and land is the main 

resource of grazing dairy systems (Penno et al. , 1 996). Therefore, MS production per 

hectare is the most sensible index to express the efficiency of pastoral dairy systems. 

In pastoral dairy systems, the efficiency of milksolids production is a function of annual 

pasture production, the efficiency of pasture utilisation and the efficiency of conversion 

of pasture into MS.  The amount of MS produced from pasture per hectare can be 

expressed following the equation proposed by Holmes et al. (2002): 

MS production =Pasture grown x Pasture utilisation x Feed conversion efficiency 

Pasture uti l isation is defined as the ratio between pasture eaten per hectare and pasture 

grown per hectare, whilst feed conversion efficiency is defined as the ratio between 

kilograms of MS produced per cow and tonnes of feed consumed per cow. 

The link between the pasture and animal components of grazing dairy systems is the 

stocking rate (SR), traditionally defined as the number of animals per unit of area for a 

period of time, usual ly one year (Hodgson, 1 990). Stocking rate can int1uence all three 

components of productivity in the pastoral dairy system: pasture growth, pasture 

utilisation and feed conversion efficiency, the latter through its effect on the level of 

feeding of the herd and consequently on milk production (Holmes et al., 2002). 

At a low SR, cows are fed generously and produce more MS per cow than at a high SR. 

However, more pasture is wasted (not eaten) and therefore, MS yield per hectare is 

lower. In contrast, at a higher SR, more pasture i s  eaten per hectare and less i s  wasted, 

MS yield per cow is lower and cows are predisposed to lose more l ive weight (Lwt), but 

MS yield per hectare tends to be higher (Bryant et al. , 2003). 

Maximising the efficiency of feed utilisation requires a high proportion of the available 

pasture to be harvested at each grazing. The herd will graze harder, as cows become 

increasingly underfed relative to their feed requirements. Therefore, achieving high 

levels of feed util isation requires the feed demand of the herd to be in excess of the 

actual feed supply. The balance between feed supply and feed demand is crucially 
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important in dairy systems worldwide (Bryant et al. , 2003). The SR is the single most 

important decision which influences productivity, because i t  affects the balance between 

feed supply and feed demand in the farm ( Holmes et al. , 2002) . It has been stated that 

"no more powerful force exists for good or evi l  than the control of stocking rate in 

grassland farming" (McMeekan, 1 96 1 ) . 

The inclusion of  supplementary feeds should balance the dual objective of adequate 

feeding, in order to achieve high levels of efficiency of milk production per cow, whilst 

enabling a high SR to achieve high levels of pasture utilisation, to meet the overall 

objective of optimising farm profitability (Penno, 1 999). The present review deals with 

the effects of S R  and supplementation on dairy system's performance and i t  is based 

mainly on data from whole-farm trials in New Zealand and Australia .  Data from 

Argentina, Ireland, France, The Netherlands, the United States and the United Kingdom 

i s  also included. This review is focused on the whole system, rather than on the 

individual cow. 

2.2. Factors affecting herbage intake at grazing 

Herbage intake per cow and per hectare is closely associated with dairy farm 

productivity and profitabil ity. Therefore, the main factors affecting herbage intake need 

to be understood before discussing the effects of SR and supplementation on dairy farm 

productivity and profitability. 

Factors affecting pasture intake by grazmg animals can be broadly classified as 

nutritional and non-nutritional . Nutritional factors are related to the rumen fil l  effect and 

the physiological energy demand of the animal . Non-nutritional factors affect the rate of 

intake through effects on diet selection, grazing t ime, bite weight and rate of biting. 

Pasture allowance (defined as the amount of pasture allocated to livestock, usually 

expressed as kilogram of DM per cow per day) i s  the factor determining whether 

nutritional or non-nutritional factors are more i mportant (Poppi et al. , 1 987) . 

Non-nutritional factors appear to be the most i mportant limiting factors of i ntake at low 

pasture allowances. At high levels of pasture allowance, the relationship between 

allowance and intake becomes asymptotic and nutritional factors become the most 

i mportant in limiting intake (Figure 2. l a) .  At this stage, pasture quality and the 
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metabolic demands of the animal appear to be controlling intake through two basic 

mechanisms : rumen fi ll and metabolic regulation of intake (Pappi et al. , 1 987). 

Dai ly  herbage intake can be considered as the product of bite weight, biting rate and 

grazing time (Allden and Whittaker, 1 970). Bite weight (or intake per bite) has been 

identi fied as one of the basic determinants of daily pasture OM intake (DMI). Sward 

height has been shown to be the main factor influencing bite weight through its impact 

on bite depth, with greater bite weight in taller swards (Griffiths et al., 2003 ; 

McGilloway et al., 1999). 

Animal and sward factors can affect the rate of intake (non-nutri tional regulation) 

and/or the upper l imit to the intake of grazing cows (nutritional regulation). Demment et 

al. ( 1 995) described energy demand and body size as the main animal factors and 

pasture allowance, pasture species and stage of growth, season, water content and sward 

biomass as the main sward factors influencing herbage intake. 

2.2.1 .  Herbage allowance 

The effects of herbage al lowance on herbage intake have been widely studied. The 

relationship between herbage allowance and herbage intake is essential ly asymptotic. 

Herbage intake increases as herbage allowance increases, reaching a plateau determined 

by nutritional factors, which is reached at different pasture allowances, according to 

different studies (Leaver, 1 985) .  

As suggested in a recent review (Bargo et al., 2003), it is unclear what pasture 

allowance is required to maximize DMI. Leaver ( 1 985) reported that experiments 

investigating the response curve of herbage intake to pasture allowance, showed 

maximum DMI at 45-55 g DM/kg Lwt (27-33 kg DM/cow/day for a 600 kg cow), 

although many other studies have found maximum DMI at much higher herbage 

allowances. 

Thus, in Australian experiments with ryegrass-clover pastures, it  was found that DMI 

increased up to  allowances of  90 kg DM/cow/d (600 kg Lwt cow) (Doyle et  al. , 1996), 

and 70 kg DM/cow/d (Dalley et al. , 1999) .  Similarly Wales et al. ( 1 999) reported that 

pasture DMI i ncreased up to pasture allowance of 70 kg MD/cow/day. 

B ased on data from New Zealand and United Kingdom, Hodgson and White (2000) 

suggested that a plateau at an allowance of 10- 1 2% of Lwt is reached in ryegrass-clover 
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pastures (60 to 72 kg DM for a 600 kg cow). For cows grazing orchard grass pastures, 

Bargo et al. (2002) found in the United States of America that pasture DMI increased 

from 1 7.5 to 20.6 as pasture allowance increased from 25 to 40 kg DM/cow/day. 

Variations in the herbage allowance at which the maximum intake is achieved may be 

attributed to the different techniques employed to measure herbage intake (Demment et 

al. , 1995;  Leaver, 1 985). Furthermore, the height of herbage cutting, above which 

herbage allowance is  expressed, i s  an essential factor influencing the relationship 

between herbage allowance and herbage intake. Herbage allowance is commonly 

measured above ground level in some countries, such as New Zealand and Australia, 

but i t  i s  usually measured at 4 or 5 cm above ground level in countries such as 

Argentina and Ireland (Romero et al. , 1 995b ). In ryegrass-clover pastures, herbage 

masses between 1000 and 2000 kg DM/ha may be measured below 4 cm ground level 

(Hodgson and White, 2000). This factor is not always taken into account in comparisons 

of the effect of herbage allowance on herbage intake between different experiments,  but 

it will  be accounted for in this thesis .  

The relationship between herbage allowance and herbage intake is plotted in Figure 

2. 1 b, using an equation reported by Bargo et al. (2003), which was derived from the 

analysis of seven studies for grazing cows fed sole pasture (Bargo et al. , 2002; Dalley et 

al. ,  1 999; Dalley et al. ,  200 1 ;  Delaby et al. ,  200 1 ;  Peyraud et al. , 1996;  Stockdale, 

2000a; Wales et al. , 200 1 ). In those experiments, pasture allowance was measured 

above ground level. This equation predicts that maximum pasture DMI (2 1 .9 kg 

DM/cow/day) i s  reached at 1 1 0 kg DM/cow/day of pasture allowance and that DMI 

increased by 0.26 kg/kg of increase in pasture allowance (Bargo et al. , 2003).  B ased on 

these results, i t  was concluded that maximum DMI may be achieved at pasture 

allowance of three to five times the expected pasture DMI (Ryegrass-based pastures) .  

For dairy cows grazing lucerne in Argentina, Romero e t  al. ( 1 995b) and Castro e t  al. 

( 1 993) suggested that DMI increased up to pasture allowance of 55-60 g DM/kg Lwt 

(33 to 36 kg DM/cow for a 600 kg cow), which is about 1.75 to 2 times the expected 

pasture DMI.  However, Castillo and Gallardo ( 1 998) suggested that DMI increased up 

to pasture allowances of 7.5% Lwt (45 kg DM/ cow for a 550 kg Lwt cow) for cows 

grazing lucerne in Argentina. All measured at 4 cm above ground level. 
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Figure 2. 1 :  Relationship between herbage allowance and herbage intake. (a) Schematic 

representation (Poppi et al. , 1 987) .  (b) Empirical equation reported by Bar go et al. 

(2003) ,  derived from the analysis of seven studies for dairy cows grazing on pastures as 

sole feed. 

2.2.2. Energy demand 

The overall energy requirements of the animal affects herbage intake at grazing. Intake 

is increased in lactating cows, when compared to dry cows ( Demment et al. , 1 995) .  

Furthermore, intake is increased as the stage of lactation progresses after parturition, 

until it reaches a plateau ; then it decreases slowly. This is related to changes in the 

potential of milk production and the rumen capacity as lactation progresses. As the 

potential for milk production and the energy concentration of the milk increases, the 

demand for energy increases, so herbage intake increases (Holmes et al. , 2002). 

The genetic potential for milk production affects herbage intake. Cows which are 

genetically capable of producing large quantities of milk usual ly eat larger quantities of 

feed than low genetic merit cows (for milk production) of the same size and 

physiological state. Differences of 20 to 30% in milk production for similar cows 

(except potential for milk production) have been associated with differences of 5 to 1 5% 

in intake (Holmes et al. , 2002) . 

2.2.3. Body size (live weight) 

Large cows consume more than small cows in order to meet the increased maintenance 

demands of a larger tissue mass (Hodgson & White, 2000). Animals decrease grazing 
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t ime and biting rate as size increases . However, as body size increases, bite weight 

increases at a rate which enables daily intake to be increased (Demment et al. , 1 995) .  

2.2.4. Forage species and stage of plant maturity 

The species and stage of maturity of plants can affect cow intake, mainly through the 

effects of the concentration of neutral detergent fibre (NDF), which may differ among 

species with the same digestibility and which increases as the stage of maturity 

increases (Demment et al. , 1 995) .  Neutral detergent fibre is a parameter of the plant 

which is  highly correlated to the space-occupying or fil l  effect of the diet in the animal 

(Mertens, 1 987) . 

At a common digestibility, intake of legumes is  greater than that of grasses and within 

grasses considerable variabil ity exists (Demment et al. , 1995). Herbage intake decreases 

as the stage of maturity advances, due to increases in NDF and decreases in bite 

dimensions that affect the instantaneous intake rate (Demment et al. , 1 995; Prache and 

Peyraud, 200 1 ) . Neutral detergent fibre can indirectly reflect non-nutritional factors 

such as the amount of green or dead material present in a sward (higher NDF in dead 

material) and the breaking strength of plant material. These non-nutritional factors, 

related to NDF, may limit bite weight and consequently  daily intake. Thus, NDF may 

influence herbage intake as a non-nutritional factor at low pasture allowances (affecting 

ingestion) and as a nutritional factor (affecting digestion) at high pasture allowances. 

2.2.5. Herbage mass 

Herbage mass influences DMI, primarily by altering pasture height and pasture density, 

which are both components of sward structure. This influences the abil ity of the cow to 

prebend the pasture and hence, the rate of pasture intake and daily  intake (Poppi et al. , 

1 987). Higher herbage mass i s  usually associated with higher sward heights. 

Dry matter intake by set stocked cows is  strongly influenced by the height, or mass, of 

the pasture on which they are grazing. However, for rotationally  grazed cows, DMI was 

not affected consistently by the height of pasture or herbage mass, in a range of 2 to 4 t 

DM/ha, measured above ground level (Holmes, 1 987) . 
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Herbage mass i s  associated with the composition of the pasture (higher mass, lower 

digestibility) and this may confound the effects of herbage mass on DMI. It was found 

that at a common value for pasture allowance, DMI is about 20% lower in summer than 

in spring, for cows grazing ryegrass-clover pastures in New Zealand. It seems probable 

that the seasonal differences in pasture composition can explain the difference in DMI. 

Pastures generally contain a lower percentage of leaf and a higher percentage of stem 

and dead material in summer than in winter and spring and this could cause lower DMI 

in summer than in winter and spring (Holmes, 1 987) .  

2.2.6. Season 

It was found that herbage intake of grazing dairy cows in autumn was 1 9% lower than 

in spring, at the same digestibil ity of herbage. It is l ikely that, as the season progresses 

(for spring calving systems), dead material in the sward increases, thus, leading to lower 

intake per bite and finally lower dai ly  DMI (Holmes, 1987) . 

2.2.7. Water content in the sward 

The water content of fresh herbage includes both the internal and surface water. Studies 

with housed cows showed that herbage intake decreased by 1 kg per 4% fall in DM 

content under a cri t ical value of 18%.  This reduction may arise from the physical 

l imitation caused by the excess of water in the rumen. Dry matter intake would be 

reduced for high producing dairy cows grazing sward with a OM content lower than 14-

1 5% (Demment et a l. ,  1 995). 

2.3. Feed supply and feed demand 

At the farm level, annual herbage intake reflects the balance between feed supply and 

feed demand. Feed supply is determined by the total pasture (or crop) grown on-farm, 

the total amount of imported feed and the total feed offered to cows through grazing-off. 

Pasture grown on-farm is the main source of feed in grazing dairy systems. On the other 

hand, feed demand is determined by the number of cows and their requirements, 

basically determined by their Lwt and their milk yields. Calving and drying-off dates 

influence the d istribution of feed demand over the year, and also total demand, via 

effects on days in milk. 
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2.4. Effects of stocking rate on farm productivity 

Stocking rate is recognized as one of the most powerful management tools available for 

dairy farmers in pastoral systems, allowing them to regulate the amount of feed 

available for animals throughout the year (McMeekan, 1 96 1 ;  White, 1 987; Wright and 

Pringle, 1 983) .  The influences of SR on herbage intake are mediated through its effects 

on herbage allowance (Leaver, 1985) .  

For a given pasture production per hectare per year, SR indirectl y  affects the amount of 

pasture allowed per cow, given that increases in the number of cows reduces the amount 

of pasture available per cow. Inevitably, pasture allowance (averaged over the whole 

year) decreases as S R  increases (Holmes, 1 987) . Therefore, SR influences MS 

production per cow and per hectare, through its effects on DMI. 

In addition, SR may influence pasture growth rate and pasture quality. Pasture growth 

rate depends on herbage mass and the stage of maturity of plant t issue, amongst other 

factors. Stocking rate affects the level of pasture defoliation and different levels of 

defoliation affect pasture growth rates and pasture quality. 

2.4.1.  Comparative Stocking rate 

Stocking rate, expressed as the number of cows per hectare, i s  a simplification of the 

relationship between feed demand and feed supply. The number of cows gives a 

measure of the annual feed demand, whilst a hectare provides a measure of the amount 

of feed (pasture) available. Herd Lwt would provide a better measure of the potential 

feed demand than the number of cows, because Lwt is highly correlated to the 

maintenance requirements of the cow and to potential milk yield. On the other hand, the 

total amount of feed provided rather than the area farmed gives a more accurate 

quantification of feed supply. This suggests that a ratio of total herd Lwt to total feed 

supply is a more useful measure of the SR relationship.  This can be expressed as kg Lwt 

per tonne of DM total feed supply, an expression known as comparative SR (Penno, 

1999).  

A further improvement could be achieved by considering not only the quantity of feed, 

but also i ts quality. Although Lwt i s  an improved expression of feed demand in 

comparison to the number of cows, i t  is still not expressing the feed demand accurately, 
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because it  does not consider the effect of genet ic potential for m i lk  yie ld  of  the cows on 

feed demand ( Holmes et al. , 2002) .  

2.4.2. Effects o f  stocking rate on individual a n d  per hectare performance 

A general overview of the effects of SR on pasture production, pasture ut i l isation, 

energy part i t ioning and productivity can be i l l ustrated with data from a New Zealand 

study that invest igated the effects of SR on dairy farm efficiency ( M acdonald et al. , 

200 I ) . This was a two-year study des igned to determine the effic iency of M S  

production when annual D M I  and subsequent ly ,  MS production are increased with in a 

whole-farm system .  Five treatments were created by stocking five farmlet systems with 

a di fferent number of cows on an only-pasture based system.  Detai l s  of  th is  experi ment 

are shown in Table 2 . 1 .  

Comparat ive S R  in  this experiment was calcu lated considering the ini t ia l  Lwt of cows 

( 500 kg) and expected pasture production of  1 8  t DM/ha. However, it should be noted 

that as the trial progressed, pasture production and Lwt di ffered between farmlets .  If the 

actual values of  Lwt and pasture product ion were used to calcu late comparat ive SR,  

then the values would di ffer s l ight ly from those presented in Table 2 . 1 .  

Table 2. 1 :  The effects of comparat ive S R  on pasture production and ut i l isation, 

lactation length ,  MS product ion per cow and per hectare, using Holstein-Friesian cows 

with an in it ial Lwt of 500 kg/cow in pasture-only systems.  Results from Macdonald et 

al. ( 200 I ) . 

Target kg Lwt/t D M  62 76 90 1 03 1 20 
S t oc k i ng rate ( cow s/ha ) 2 .2  2 .7  3 .2  3 . 7  4 . 2  
N e t  herbage acc u m. ( t  DM/ha/year) 1 7 .5 1 7 .9 1 8 .8  1 8 . 3  1 9 . 8  
Past ure qual i ty ( M J  M Eikg DM ) 1 1 . 3 1 1 .4 1 1 .5 1 1 .6 1 1 .6 
Past ure u t i l i sat ion ( '7r )  64 70 72 8 1  8 1  
Days i n  m i l k  296 278 260 238 222 
M i l k  y ie ld ( kg M S/cow) 435 380 353 309 274 
M i l k  yield ( kg MS/ha) 967 1 043 1 1 05 1 1 45 1 1 68 
Feed conversion eff. ( kg MS/ t D M  eaten) 86 83 8 1  77  73  
L i ve weight ( kg/cow - end o r  the tria l )  489 475 472 467 448 
Economic farm surplus  ( NZ$/ha ) 2884 2960 3054 2940 275 1 
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As SR was increased, net herbage accumulation, herbage utilisation and herbage quality 

increased, resulting in an increase of MS production per hectare. However, performance 

per cow deteriorated as SR increased. Thus, the days in lactation were reduced, MS 

production per cow was decreased and Lwt loss increased. The effects of SR on MS 

production per cow and per hectare are shown in Figure 2 .2 .  The highest Lwt loss at 

high SR may have a negative i mpact on the reproductive performance of cows 

(Macdonald et al. , 200 1 ) .  

Although production o f  M S  per cow decreased b y  3 7  % as comparative SR increased 

from 62 to 1 20 kg Lwt/t OM, the productivity per hectare increased continuously by 2 1  

% from 62 to 1 20 kg Lwt/t OM. The increase in MS production per hectare is the result 

of h igher net herbage accumulation, higher energy content in the pasture, more cows per 

hectare and higher pasture utilisation (Table 2 . 1 ) .  
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Figure 2.2: The effects of comparative stocking rate on MS production per cow ( o )  and 

per hectare ( • ) . Redrawn from Macdonald et al. ( 200 1 ) . 

Figure 2 .3  shows the amount and the fate of the metaboli sable energy (ME) supplied 

from pasture per hectare per year. As comparative SR increased, pasture utilisation 

increased, so a decreasing proportion of the energy produced from pasture was wasted 

in the form of pasture not eaten. The amount of energy used for MS production per 

hectare per year increased as comparative SR increased. Energy costs for maintenance 

increased as the system progressed from low to high comparative SR.  This was the 

result of more cows per hectare producing less MS per cow. 
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Therefore, as the system progressed from low to high comparat ive SR,  feed conversion 

efficiency decreased from 86 to 73 kg MS/ t DM eaten (Table 2 . 1 ) .  The efficiency of 

energy ut i l i sat ion within the cow, measured as ME retained in  m i l k  as a percentage of 

the ME eaten, decreased from 52% to  42% as SR increased from 2.2 to 4 .2  cows/ha. 

The amount of energy required by the cow for maintenance, growth and pregnancy are 

almost i ndependent of milk yield and it is met before the requirements of mi lk  

production. Therefore, as  the MS yield of  a cow i ncrease , the proport ion of  feed eaten 

that i s  used for mi lk  product ion also increases, thus making t he cow more efficient 

( Penno, 1 999 ) .  
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Figure 2.3: Fate of the metabol isable energy ( M E )  suppl ied from net herbage 

accumulation in a pasture-on ly  system .  Data from Macdonald et al. ( 200 I ) , assuming 

that 67 MJ ME were retained per kg MS synthesi sed.  The ent ire bar represents the 

amount  of M E  produced from pasture per hectare per year; ( • ) M E  not consumed ; ( D )  

M E  consumed and converted into m i l k  and ( • ) M E  used for cows'  maintenance. 

As comparat ive SR increases, there i s  a point at which the reduction in the efficiency of 

production per ani mal i s  more important than the increase in efficiency of  pasture 

u t i l isat ion .  From this  point on, M S  product ion per hectare starts to decrease ( Penno, 

1 999 ) .  However, the reduction in MS production per hectare was not observed i n  the 

experiment described in Table 2 . 1 and Figure 2 . 2 .  Poss ibly, a h igher comparat ive S R  
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should have been tested i n  th is  experi ment i n  order to find a reduct ion  i n  M S  per hectare 

at h igh comparat ive SR .  

The effects of S R  on MS product ion per  cow and per  hectare, reported in  exper iments 

carried out in Australi a  and New Zealand between 1 958  and 1 980, were summar ised by 

Holmes and McMillan ( 1 982) .  They found that production per cow decreased and 

product ion per hectare i ncreased as SR i ncreased. The mean values for the changes i n  

product ion per  cow and per  ha, caused by  one un i t  i ncrease i n  SR (cow/ha), were - 1 7 .7 

kg milkfat/cow and + 69 .8  kg mi lkfat/ha. Stocking rate varied from 2.2 to 5 .6  cows per 

hectare i n  these experiments.  

The same trends were observed in a review of  trial s conducted in the period 1 958- 1 999 

i n  New Zealand and Victoria ( Austral ia )  and designed to explore the effect of S R  on 

MS production per cow and per ha (Penno, 1 999). However, in earl ier  trials (before 

1 980) the reduction i n  M S  product ion per cow was always less i mportant than the effect 

of the increase i n  cows per hectare and consequently, M S  production per hectare 

increased as SR i ncreased. It i s  i nterest ing to note that i ncreasing S R  always resulted i n  

i ncreased product ivi ty per hectare i n  trials carried u p  t o  1 980. However, i n  experiments 

publ ished s ince 1 980, only 3 out of 1 6  comparisons have res ulted in an increased 

product iv i ty per hectare as SR i ncreased. Furthermore, in  recent years, h igh SRs have 

sometimes resulted i n  a reduction i n  overall farm effi ciency. This may be explained by 

the fact that the range of S R  explored i n  early experiments (before 1 980) was lower than 

the range explored i n  recent experiments ( after 1 980). Indeed, the average lowest S R  

treatments were 3 . 1 and 3 .8 and the h ighest S R  treatments 4 . 2  and 4 . 7  for earlier  and 

recent exper iments,  respectively. 

A nother reason which explains the different find ings between earl ier and recent 

e xperiments may be that cows used i n  earlier experiments presented lower genetic merit 

( and lower Lwt) than cows used in recent experiments and therefore, lower feed 

demand.  Thus,  the i ncrement i n  feed demand, result ing from the i nc rease of 1 cow per 

hectare, would have been h igher in the more recent experiments . 
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Figure 2.4 : Effect of SR on MS yield per cow. Data from ew Zealand experiments 

( Macdonald,  1 999b; McGrath et al. ,  1 998;  Thomson, N .  A .  et al. , 1 98 8 ;  Thomson, .A .  

et al. ,  1 989 ) ,  redrawn from Penno ( 1 999 ) .  

2 .4.3. Effects of stocki ng rate on pasture production 

Perennial p lants spec ies present a complex pattern of production, in  which the growth of 

new t i ssue and the loss of mature t i ssue to senescence and decompos ition occur in 

paral lel  ( Hodgson and White ,  2000 ) .  The pattern of t i ssue turnover associated w ith 

d ifferent herbage al lowances can be observed in Figure 2 . 5 .  Data for Figure 2.5 were 

obtained from rotat ional ly grazed swards ( ryegrass-c lover )  managed with different S Rs 

( Hodgson, 1 990 ) .  Low herbage a l lowances are the resu l t  of high SR, whereas high 

herbage a l lowance throughout the year resul ts  from low S R .  

The re lat ive ly  high herbage al lowance which must be mai ntained t o  ensure high herbage 

growth rates ,  inevitably resul ts  in high senescence l osses. The highest rate of net 

herbage accumulation i s  un l ike ly to be achieved, e i ther by a management which 

maximises growth rate or by o ne which min i mises the rate of  loss ( Figure 2 .5 ) .  

Very high S R  ( low a l lowance ) may create defo l iat ion s o  intense, o r  s o  frequent,  wi th 

subsequent low herbage mass ( Korte et al. , 1 98 7 ) .  The resultant reduct ion in leaf area 

can resu l t  in reduced intercept ion of solar radiation and reduced herbage accumulat ion.  

The carbohydrate reserves i n  the roots and crowns of plants may also be reduced 

( White, 1 98 7 ) .  Pasture growth rates are often reduced at very high SR ( figure 2 .5 ) .  
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However, the qual ity of the pasture w i l l  be i ncreased because the proportion of new 

t issues w i l l  be greater ( Korte et al. , 1 987 ) .  
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Figure 2.5: The infl uence of herbage a l lowance on rates of herbage growth, senescence 

and net production on rotat ionally  grazed swards ( Hodgson, 1 990) . 

A l ternat ively, lax or infrequent defol iat ion, associated with l ow SR,  may create pastures 

wi th  very high herbage mass, thus, caus ing high senescence losses and reducing the rate 

of net herbage accumulat ion i n  tall swards ( Korte et al. , 1 98 7 ) .  Between these extremes 

of herbage mass, net growth rates are usual ly not greatl y  affected by SR (White, 1 987) .  

The experiment of  M acdonald et  al. (200 1 )  showed that as SR i ncreased from 2 .2  to  4 .3  

cows/ha, net  herbage accumulation  increased (Table 2 . 1 ) . It i s  possible that, i n  this 

experiment, the higher SR was not so extreme and therefore i t  a l lowed pastures to stay 

c loser to the ir  opti mum herbage mass. S tockdale and King ( 1 980) reported a decrease in 

herbage accumulat ion of i rr igated ryegrass pastures in Australi a, as S R  i ncreased from 

4.4 to 8 .6  cows per hectare . Herbage accumulation decreased as a resul t  of the 
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excess ive ly  high pressure exerted on pasture by the high SRs  tested m this latter 

experiment .  

Comeron et al.  ( 1 997 ) studied t he effect  of SR on l ucerne pastu res product ion and 

persi stency under rotat ional grazing.  The main characteristics and results of their  study 

are shown in Table 2 . 2 .  

Table 2.2: Characteristics and resu l t s  of  a study investigat ing the effects of  S R  on  the 

product ion and pers istency of lucerne in Argentina (Comeron et al. , 1 997 ) .  

Treat ment H i gh SR Med i u m  SR Low S R  

Stock i n g  rate ( cows/ha )  4.2 1 1 .6 1  1 .08 
Total h erbage accumu lation tkg D 1/ha) ' 30,068 35 ,026 34,850 
A n n u a l  herbage accumu lat ion t kg DM/ha) I 3,363 1 5 ,567 1 5 ,488 
Plant dens i ty t plam;/m2 ) 35 42 45 
Root we ight  !g DM/plant ) 7 .45 8 .35 1 0.35 

1 Total acc u m u l at ion from Apri l 1 994 to J u l y  1 996. 

Pasture product ion and plant densi ty were lower for the high SR t reatment than in the 

other treatments ( P<O.OS ) .  Final root weight was higher for the low SR in comparison 

with the other treatments. As suggested by the authors, th is  study did not ident ified the 

SR at which pasture production and persi stency decreases, given that there was no 

treatment with a S R  intermediate between 1 .6 1  and 4.2 1 .  However, i t  is clear that very 

high S R  has a negat ive impact on lucerne pastures product ion and persi stency, whereas 

there were no differences in pasture production between the two lower SRs .  

Both ryegrass-c lover and l ucerne based pastures seem to be adverse ly affected by 

excess i ve ly high SR,  through reduct ions in net herbage accum u lation and depletion of 

non-structural carbohydrates reserves .  

2.4.4.  Effects of stocking rate on pasture quality 

Stocking rate can also infl uence the nutrit ive value of pastures .  The digest ib i l ity and 

crude protein concentrat ion of herbage can be increased by increasing SR in ryegrass

c lover pastures ( Holmes and McM i l lan, 1 982 ) .  Metabol i sable energy per ki logram of 

DM ( wh ich is associated with digest ib i l i ty) i ncreased as S R  increased (Table 2 . 1 ) .  This 

i s  a consequence of lower herbage mass, which i s  associated with a higher proportion of 
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new t issue m ryegrass-clover pastures. D ifferences in  botanical compos it ion may 

develop as SR i ncreases. At a higher SR, an i ncrement  in the content of clover i n  the 

pastures is frequently found ( Holmes and McMillan, 1 982) .  

Herbage accumulation rates were measured on rotationally grazmg ryegrass-clover 

pastures at two SRs ( 2 . 8  and 4.3 cows/ha) ; and at three levels of defoliat ion:  hard, 

moderated and lax, in an experiment performed by L ' Huil lier ( 1 987 ) .  High SR resulted 

i n  swards w i th h igher t il ler  densit ies,  h igher conte n t  of clover, lower herbage mass and 

lower content of dead material , than swards grazed with low SR. The rate of total 

herbage accumulation was s ignificantly greater i n  lax than i n  hard-grazed swards. 

On the other hand, in legume based pastures, i .e .  lucerne, as SR increases, a double 

effect take place. F irstly,  s imilar to the events in ryegrass-based pastures, cows at h igh 

SR keep pastures i n  earl ier  stage of maturity, result ing i n  pastures with h igher qual i ty. 

Secondly, at higher SR, harvesting effic iency increases and consequently, cows graze 

lower layers of the pasture, which have markedly lower nutrit ive value than h igher 

layers, basically due to a h igher proportion of stem and a lower proport ion of leaves 

( Romero et al. , 1 995a) .  

2.4.5. Effects of stocking rate on the economic farm performance 

The SR that gives the greatest production per hectare ( SRmax) is not the one of u l t imate 

i n terest. The most useful SR i s  that which gives the maximum profi tabi lity per ha. This 

SR is  called optimum SR (SRopt) and it i s  the SR at which the d ifference between 

incomes and costs is  m ax imised, as shown in Figure 2.6 (Wright and Pringle, 1 98 3 ) .  

The critical SR ( SRcri t )  i s  that above which the MS production per cow starts t o  dec l i ne 

progressively. The SRopt l ies between SRcrit and S Rmax · In practical terms, this means 

that some depression in per cow performance i s  requi red in  order to farm w i th economic 

effi ciency (McMeekan, 1 96 1 ;  Wright and Pringle, 1 98 3  ) .  

These princ iples can b e  i llustrated through the results of the t ri al performed by 

M acdonald, et al .  (200 1 )  shown in Tab le 2 . 1 .  The maximum economic farm surplus 

(EFS)  occurred at a comparati ve SR of 90 kg LW /t D M .  At lower SR, the effect of  low 

pasture utili sation was more i mportant than the benefi t  of higher MS production per 

cow, i n  terms of economic benefi t .  At the other extreme, at higher SR, the benefi t  of 

h igher pasture ut i l isat ion was not enough to compensate for the diminished feed 
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conversion effic iency of the cows. Addi t ional ly, total farm costs i ncrease at higher S R, 

because each extra cow requires expendi ture on labour, heal th and production ( Ho l mes 

et al. , 2002 ) .  

$/ha 

Stocking rate 

Figure 2.6: The stocking rate for max i mum gross margin per hectare . Redrawn from 

Wright and Pringle ( 1 98 3  ) .  

Stocking rate for max imum economic performance of  Hol stein-Fries ian ( H F)  and Jersey 

cows were predicted for New Zealand condit ions by Pen no ( 1 999 ) ,  based on previous 

New Zealand trials ( Ahlborn and Bryant , 1 992;  McGrath et al. , 1 998 ) .  For a dai ry farm 

produc ing 1 6  t DM/halyear, the SRs (cows/ha) that maximised EFS were 3 . 6 1 and 2 . 7 3  

cows per ha for Jersey and H F  cows, respect ively.  These SR are equivalent to  8 4  and 8 5  

kg Lwt/t DM for Jersey and H F  cows, respectively .  

Using the Equation plotted in Figure 2 . 2 ,  i t  was calculated that as  S R  progresses from 

60 ( low S R )  to 85 kg Lwt/ t DM ( opt imum S R )  a reduction of 20 % in i nd iv idual M S  

production occurs ( from 425 t o  342 kg M S/cow ) .  The equation shown in  Figure 2 .4 

predicts a reduction of 1 6 % in  MS/cow, as comparat ive SR increase from 60 to 8 5  kg 

Lwt. However, to max imise MS production per hectare, much higher reductions in 

i ndiv idual performance were reported. Pen no ( 1 999)  found that M S  product ion per 

hectare appeared to be max imised at a SR equivalent to 1 05 kg Lwt/t DM.  Equat ions 

from Figure 2.2 and 2 .4 predict a reduction on indiv idual performance of 30% and 3 5 %  

respect ive ly ,  a s  SR changes from 6 0  t o  1 05 k g  Lwt/t O M .  

These reduct ions in the i ndiv idual performance o f  dairy cows, at max i mum yie ld per 

hectare, are greater than that reported for beef catt le .  The long-term effects of changes 
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i n  S R  on i ndiv idual  ani mal performance for growing cattle were rev iewed by  Jones and 

Sandland ( 1 974 ) .  They reported that i ndividual animal performance dec li ned l i nearly 

with i ncreasing S R ,  reflecting reductions i n  herbage in take. They concluded that wi th 

growing beef cattl e ,  Lwt gain per hectare was max imised after a reduct ion of  24 % i n  

ind ividual  animal performance, rel at ive to the max i mum achievable  a t  l ow S R .  

2.4.6. E ffects o f  s tocking rate o n  reprodu ctive performance 

H igher S R  resul t s  i n  l ower leve l s  of feeding per cow. The adverse effects of low 

nutrit ion on reproductive performance may be i mportant at very h igh SR ( McGowan, 

1 98 1 ) . 

The effects of S R  on postpartum anoestrous were studied on grazing dairy cows by 

McDouga l l  et al. ( 1 995 ) .  Two levels of S R  were used w ith e ither H F  ( 3 .0 and 4.0 

cows/ha)  or Jersey ( 3 .5 and 4.5 cows/ha) cows. The high SR herds fin i shed t he trial with 

a reduced BCS, Lwt and milk product ion compared to the low SR herds . In this 

experiment, increases in SR were associated wi th  reductions i n  i ndividual  i ntake and 

with l onger periods of postpartum anoestrus .  Body condit ion score and M S  production 

were i nverse ly  re lated to the i nterval calving-postpartum ovu lat ion .  Hols te in-Friesian 

cows had longer i ntervals from calving to first postpartum ovul at ion than Jersey cows, 

for both S R .  This study suggested that H F  cows may be more sensi t i ve to the effects of 

nutrit ional restri c tion  ( indirectl y  S R )  on the resumption of cyc l i c  activ i ty than Jerseys 

and that part i t ion of nutrients may d iffer between the breeds ( McDougal l et al. ,  1 995 ) .  

2.4.7. Interactions between stocking rate and Holstein-Friesian strains 

A trial carried out at Dexcel (New Zealand) compared HF genetics from modern New 

Zealan d  cows ( N Z  90s) wi th New Zealand cows from the 1 970s (NZ 70s) and wi th 

1 990s N orth American H F  (N A 90s) (Kolver et  al. , 2004 ) .  Cows were tested under a 

seasona l  ca lv i ng system. Annual feed a l lowances ranged from 4 .5  t DM/cow (only 

pasture) to 7.0 t D M/cow (pasture, maize s i l age and maize gra in ) .  Cows were dried-off 

at speci fied values for BCS.  NZ 90s and N A  90s had s imi lar breeding worth (BW) .  The 

BW i s  an economic i ndex that measures net farm i ncome per 4 .5 t of pasture OM 

consumed. The BW i s  calcul ated as the  sum of the  breeding values for Lwt, somatic ce l l  
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score, longevity and lactation yields of mi lk ,  fat and protein ,  each weighted by an 

economic value ( Harris, 2005 ) .  

S i nce N A  90s l o s t  more BCS during l actat ion, they were dried-off earl ier and 

consequent ly, had less  days i n  mi lk  (Table 2 . 3 )  

Table 2.3: Average dai ly M S  production and days i n  m i lk  of  1 990s high breeding 

worth New Zealand and overseas HF ( NZ 90s and NA 90s ) ,  and low breeding worth 

1 970s New Zealand HF ( NZ 70s ) for 2002/2003 ( Kolver et al. , 2004 ).  

Feed al lowance NZ 70s NZ 90s NA 90s NZ 70s NZ 90s NA 90s 

(t DM/cow/year ) M i l k  y ie ld  ( M S/Iactat ion ) Days in m i l k  

4.5 3 1 1 259 
5 .0 365 243 
5 .5  364 398 355 276 257 232 
6 .0 357 433 37 1 290 283 244 
6.5 474 4 1 5  284 258 
7 .0 428 256 

According to these resu lts. the last thirty years of  select ive breeding in  ew Zealand 

dairy herds has s ign i ficantly i mproved the type of cow. Modern NZHF cows ( NZ 90s ) 

produced more M S  and generated $539 extra EFS than NZ 70s in the season 2002/2003 

across all the systems tested (Table 2 .3 ) ( Kol ver et al. , 2004 ) .  

Under the condi t ions of this  tria l ,  N Z  90s produced more MS than N A  90s and 

generated an ex tra $435 EFS across all the pasture-based systems eval uated ( Table 2 . 3 ) . 

The largest penalty against N A  90s ' perfonnance resul ted from the earl ier dry-off date 

due to low BCS.  M i lking on for longer, drying off at a low BCS and then feeding at 

high levels  during the dry period in order to regain BCS may a l low NA 90s cows to 

perform better i n  pasture-based systems. However, this means that the NA 90s wi l l  

require more imported feed during the dry period in  order t o  achieve the desired calv ing 

condit ion ( Kolver et al. , 2004) .  

Figure 2 .7 shows that ,  at the same comparat ive SR, strains performed d ifferent ly  but  the 

NZ 90s always had higher EFS per hectare than e i ther NA 90s or NZ 70s. It is also c lear 

that the highest EFS per hectare for each strain occurred at different feeding leve ls .  EFS 

per hectare was maximised at a S R  of 92 kg Lwt/t OM (5 .5  t DM/cow ) for NZ 70s 
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cows, 85 kg Lwt/t DM (6  t DM/cow) for NZ 90s and at 85 kg Lwt/t DM (6 .5  t DM/cow) 

for NA 90s . This shows that the NA 90s requi red more feed and more supplementary 

feed in the form of maize s i l age and maize grain, in order to generate profits  comparabl e  

w i th NZ 90s cows and NZ 70s cows which required minimal leve ls  of  supplements to 

maximise profi ts .  
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Figure 2.7: Economic farm surplus per hectare of high breedi ng worth (- .& -) New 

Zealand HF (NZ90s) ,  (-•-) North American HF (NA 90s) ,  and low breedi ng worth 

(-•-) New Zealand HF (NZ70s ) farmed in  systems ranging from al l -grass (h igh SR) to 

high i nput ( low S R ) .  Data from ( 2002/2003 )  at  a $3 .60/kg MS payout ( Kolver e t  al. , 

2004) .  

The key resul ts  found in the New Zealand studies have been confi rmed by s imilar long

term studies at Moorepark, Ire land ( H oran et al. , 2005 ; Linnane et al. , 2004) in  three 

seasonal pasture-based systems with concentrate i nputs ranging fro m  350 kg/cow to 

1 500 kg/cow. 

2.5. Potential intake and potential milk production from pastures 

Cows with h igh potential for mi lk  production cannot express their potential when fed 

sole pasture at grazing.  The level of i ntake on pasture is usual ly  less than that achieved 

when concentrates comprise a substant ia l  proport ion of the diet. This must be a resul t  of 

physical constraints,  such as the amount of t ime avail able per day to graze. 

Addit ionally ,  the rate at which ingested material is removed from the rumen i s  an 
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important factor. F inal ly ,  t he i ntake of  water associated with the forage may approach 

70-90 kg/d and this can also contribute to l imit i ntake ( Kolver, 2003 ) .  

Mayne and Wright ( 1 98 8 )  suggested that pasture D M I  could reach 3 .5% of  Lwt for 

cows grazi ng high qual i ty pastures as sole feed. Dai l y  mi lk yields up to 30 kg/cow are 

theoret icall y  obtainable from feeding cows with high qual i ty pasture as the i r  only feed 

( M ayne et al. , 2000) .  

Non-supplemented grazing  dairy cows consumed 20.5 k g  DM/cow/day ( 3 .4% Lwt ) with 

a pasture  al lowance of 40 kg and produced 22 .2  kg mi lk/day ( Bargo et  al. , 2002 ) .  

Casti l lo and Gallardo ( 1 99 8 )  reported that mi lk production of  1 8 .3  l i tres of mi lk per day 

( 6 .8% M S )  can be ach ieved as an average of the lactation for cows fed only lucerne 

under grazing condit ions .  In a whole lactation ( 305 days ) ,  a mi lk production of 5 ,600 

l i tres would be ach ieved ( approx imate ly 6.8% M S ) .  

I t  was reported that Jersey dairy cows i n  New Zealand consumed 4 %  Lwt under opt imal 

grazing conditions ( H ol mes ,  1 987 ) .  Kolver et al. ( 2002 ) ,  studying  high producing dairy 

cows reported that cows i n  early lactation consumed 3 .57 and 3 . 26% Lwt ( NZHF and 

NAHF, respect ive ly )  when fed pasture-only ( good qua l ity and 60 kg DM/cow pasture 

allowance ) .  Mi lksolid yields in early lactation were 2 .02 and 1 .92 kg M S/cow/day for 

the NZHF and NAHF cows, respect ive ly .  However, they reported that cows fed total 

mixed rat ions (TM R )  consumed 4.0 I and 4.07% Lwt ( NZHF and NAHF, respective ly ) .  

Detai l s  of this experiment are shown in Table 2.4.  

Table 2.4 : DM l and an i mal performance of cows fed ei ther total mi xed rat ions ( T M R )  

o r  pasture ( Kolver et al. , 2002 ) .  

Grass T M R 

H o l s te i n  Friesian stra i n  N Z H F  NAHF NZH F N A H F  

Feed qual i ty ( MJ/ K g  DM l 1 1 . 7  1 1 . 8 

Mean l i ve weight ( kg/cow ) 495 565 565 634 

Average i nt ake in early l actat ion ( o/c Lwt ) 3 . 5 7  3 .26 4.0 1 4.07 

Average i nt ake earl y l actation ( kg DM/cow/d ) 1 6 .6 1 7 .3  20.4 24.0 

Lwt change dur ing l ac t ation +44 -20 +92 +77 

M i l k  y ie ld  in whole- l actation ( kg MS/cow) 465 459 602 7 20 
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Dry matter intake and mi lk  production were lower for cows fed a pasture-only diet than 

for those fed TMR (Table 2 .4) .  R estrict ions i mposed by pastures were more i mportant 

for cows of h igher poten ti al milk yield (NAHF),  as j udged from t he D M I  expressed as a 

percentage of Lwt (Table 2 .4) .  

The data presented above suggests that DMI and the consequent milk yields are 

restricted for cows grazing pastures i n  comparison with cows fed TMR, part icularly 

when pasture allowance i s  l imi ted i n  order to achieve h igh  pasture ut i l i sation. 

Furthermore, cows with high potenti al for mi lk  yield, i . e .  NAHF, can have their 

performance excessively restricted rel at ive to their very high feed demand on pasture

only diets .  

2.6. Effects of the inclusion of supplementary feeds in the system 

The i nclus ion of supplementary feeds in the dairy system affects the pasture i ntake of 

cows and therefore, the productiv i ty and profitabi li ty of the system. In this review, the 

terms supplementar_v feeds and supplements refers to concentrates and conserved 

forages e i ther i mported or produced on-farm. 

2.6.1 .  Rationale for the i nclusion of supplementary feeds 

In grazing  dairy systems,  cows opt imise their  milk production when they are allowed to 

be highly selective. However, as discussed above, this leads to an i ncrease i n  the 

res idual herbage mass and consequently, a wastage of pasture . On the other hand, 

pasture ut i l isation and mi lk production per hectare can be max i mised in grazing dairy 

systems with h igh S R ,  thus prevent ing cows from being selective.  This invariably leads 

to low production per cow ( Kellaway and Harrington, 2004 ). Thus ,  S R  creates a conflict 

between production per cow and per hectare (S tockdale et al. , 1 998) .  Supplements have 

the potent ial to achieve the dual obj ect ive of maintain ing good indiv idual performance 

(product ive and healthy cows), whilst  st i l l  allowing pasture to be well u t i l i sed 

(S tockdale et al. , 1 998) .  

2.6.2. Milk response t o  supplementation 

Responses to supplementary feeds are h ighly variable .  This i s  because they depend on a 

wide range of both cow and feed factors, such as the stage of lactation,  genetic potent ial 
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for mi lk  production, feeding level i n  re lation to mi lk  potential , pasture avai l ab i l ity and 

qual ity, supplements avai l abi l i ty and qual ity among others ( Ke l laway and Harrington, 

2004 ) .  

2.6.3. Short- and long-term responses to supplementation 

The increase in milk production which occurs during the period of feeding supplements 

is known as the immediate effect. On the other hand, the expression carry-O \ 'er effect 

describes the extra mi lk  produced over a long period (after supplementation ) ( Stockdale, 

1 999 ) .  When the immediate and the carry-over effect of i nc luding supplements in  a 

pastoral system are added together, the total response to extra feed wi l l  al most always 

be smal ler  than the expected theoretical response . Some of extra nutrients are lost in the 

form of the pasture wasted, and/or extra Lwt which is never converted into mi lk  

( Holmes and Mathews, 200 I ) . 

The effects of the inclusion of supplements in a grazing dairy system are i l l ustrated in  

Figure 2 . 8 .  DM offered as supplement can in i t ia l ly be  wasted because ani mals usual ly 

do not consume I 00% of the feed offered. The OM effect ively consumed can increase 

total D M I and subsequently, be converted ei ther into M S  ( immediate effect ) or i nto 

extra Lwt. 

Extra Lwt gain resu lt ing from supplements can remain as body t i ssue or alternat ively 

can be used to produce mi lk  thus contribut ing to the carry-over effect. S i multaneously,  

pastures undergo changes when extra feed is introduced into the system .  Thus,  when 

supplements are introduced, some pasture can be spared . This pasture can be 

subsequent ly  conserved, consumed by cows, or fi nal ly wasted ( Figure 2 . 8 ) .  

Typica l ly, the carry-over effect i s  equal to, o r  greater than, the i mmediate effect .  

Nevertheless, the s ize of the carry-over effect depends on the subsequent uti l i sation of  

any substituted pasture and/or any  sa ved Lwt ( M acdonald, 1 999b ) .  Substi tuted pasture 

wi l l  on ly  be uti l i sed if shortage of pasture in the farm st i l l  ex ists by the t ime that cows 

again graze the paddock where pasture was substi tuted ( M acdonald, 1 999b ) .  
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Figure 2.8: Immediate and carry-over effects of feeding supplements. Modified from 

B rookes ( 1 996) .  

2.6.3. 1 .  Theoretical mi lk  response to  supplements 

In  theory, i f  al l the ME from extra feed consumed i s  absorbed by the udder and 

converted i nto mi lk ,  one k i logram MS would be produced with approxi mately one extra 

in take of 68 MJ ME for a Friesian cow (Holmes et al. , 2002) .  However, i n  practi ce,  

in take of e nergy as a supplement should  be greater than 68 MJ ME, i n  order to produce 

one k i logram MS. This is because the consumption of supplementary feed usua l l y  

causes some decrease i n  pasture consumption and some i ncrease i n  Lwt gain ,  a s  shown 

in F igure 2.8 (Ho lmes et al. , 2002) .  

2.6.3.2. Practical mi lk  responses to  supplements 

Kel l away and Porta ( 1 99 3 )  reviewed the use of supplementary feeds i n  Austral i a  and 

concluded that when pasture was restricted, offering energy concentrates was l ikely to 

resu l t  i n  an immediate e ffect of 0 .5  kg mi lk/kg concentrate fed (about 4 1  g MS/kg DM) .  

They a lso est imated that the carry-over effects resul ted i n  an additional 0.5 k g  mi lk/kg 

concentrate fed. 
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Pen no (200 l )  summarised some of the few ful l  l actation feeding studies that have been 

made in grazing dairy systems. Responses measured in whole-lactat ion averaged a value 

of 78 g M S/ kg DM, which i s  about two-fold greater than the 45 g M S/kg D M  response 

found in a summary of short-term studies with grazing dairy cows s ince 1 978 ( Penno, 

200 I ) . M S  responses in whole lactation studies were not only greater but  also more 

consistent than in short-term studies.  

Bargo et al.  ( 2003 ),  i n  a review of grazing experiments, found that milk production 

increased l i nearly as the amount of concentrate i ncreased from 1 . 2 to 1 0  kg 

DM/cow/day, with an overa l l  mi lk  response of I kg mi lk/kg concentrate. Compared 

with pasture-on ly diets, increasing the amount of concentrate supplementation up to I 0 

kg D M/day increased total D M I  by 24%, milk production by 22% and mi lk  protein  

percentage by 4%, but reduced mi lk  fat percentage by  6% ( Bargo et  al. , 2003) .  

Theoretical ly, 1 2  M J  of energy consumed shou ld  give a M S  response of 1 76 g M S  ( 1 2  

MJ/ 68 M J  x I 00) . The average response of 78 g M S/kg O M  supplemented ( 1 2  M J  M E )  

obtained i n  whole-lactation experiments i s  much less than the theoret ical max i mum 

response. Factors explain ing the differences between observed and theoret ical responses 

are discussed in the fol lowing sections.  

2.6.4. Substitution effect 

When supplements are consumed by cows, DM I from pasture is usual ly  reduced. This 

effect is  cal led subst i tut ion, because supplement is substit uted for pasture. Substitution 

rate defi nes the extent by which a supplement replaces a pasture in the diet ;  a value of 

zero means that pasture intake remains the same, a value of one means that the 

supplement completely replaces the pasture (Ciark, 1 993 ) .  

The substi tut ion effect is apparent l y  caused by reduction in grazing t ime ( Bargo et al. , 

2002) and negat ive associat ive effects in the rumen (Dixon and Stockdale, 1 999) ,  the 

first being the main factor. The rate of substitution is affected by many factors. 

However, the main factor i s  the cow' s  overal l level of feedin g  relative to her potential 

i ntake (Holmes and M athews, 200 1 ) . 

A negat ive relat ionship exists between substitution rate and mi lk  response.  Lower 

subst i tut ion rates are associated with h igher total D M I  and consequently h igher m i lk  

response to  supplements.  I n  the efficient  i ntens ive grazing system, the subst i tut ion 
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effect  shoul d  be used del i berately to save pasture during a feed deficit ,  whilst 

s imul taneous l y  m ain tain ing the cow ' s  level of  feeding with supplementary feeds. In  this 

case the substi tut ion i s  del iberatel y  managed by the farmer and not by the cow ( Holmes 

and Mathews, 200 1 ) .  

2.6.5. Factors affecting milk response t o  supplementation 

The s ize of the response to extra feed depends mai n ly on the need for extra feed by the 

cow or by the system.  Large responses wi l l  be achieved only if the current performance 

of the cows, or the system, are being severe l y  l imi ted by the l ack of feed (Holmes and 

Mathews, 200 1 ). The main factors affecting mi lk response to supplementation are 

discussed i n  the fol l owing sections.  

2.6.5. 1 .  Stage of lactation 

The stage of l actation affects the magnitude of mj lk  response to supplements because 

energy part i t ioning c hanges as l actation progress .  Energy is part i t ioned more towards 

BCS as l actation progresses. Therefore, the i mmediate response i s  usual l y  greater in 

early l actation, decreasing thereafter ( Ke l l away and Harrington, 2004), at  least for 

stall ed cows fed ad- l ibitum. 

In confi nement studies, addit ional  energy increased mi l k  production ( immediate 

response) by an average of 0 .5  kg mi lk/kg DM supplemented ( Stockdale et al. , 1 998).  

On the other hand, several recent studies carried out in grazing systems in New Zealand, 

showed that the best responses to supplementary feeding occurred in summer or 

autumn,  which corresponds to mid-late l ac tation for the seasonal-spring calv ing systems 

of this  country. Extra feed in summer/autumn a l lowed the cows to continue to l actate 

( i nstead of being dried-off) . 

Penno et al. ( 1 998)  carried out a trial i n  New Zealand in order to study the effects of 

stage of l ac tation on MS response to supplementary feed. Three nutritional treatments 

with restricted pasture a l lowance were evaluated: one with no supplementary feeding, 

another with 50 MJ M E/cow/day as maize grain and the l ast with 50 MJ ME/cow/day as 

a balanced mixture of supplementary feeds. These treatments were evaluated in early, 

mid and l ate l actat ion, in the four seasons of the year using a non-seasonal dairy farm. 

The resul t s  of this study indicated that the stage of l actat ion or the form of supplement 
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had no significant effect ( P<0.05 ) on MS response to s upplementat ion.  The average 

total long-term response to s upplements in this experi ment was 62 g MS/kg OM. 

S imi lar resul t s  were obtained in a previous New Zea land experiment, designed to 

measure immediate and carry-over responses of dairy cows fed pasture s i lage at 

di fferent ti mes of the year C lark ( 1 993 ) .  Cows were fed w ith 5 kg OM pasture s i lage per 

day ei ther in spring, autumn,  or summer and their performance was compared with 

cows non-supplemented. MS responses were 26 ,  1 6  and 66 g MS/kg OM s i lage in  

spring,  summer and autumn,  respect ively. These resul ts  ind icate that in  graz ing dairy 

systems,  when cows are fed restricted pasture a l lowance, there i s  room for a big 

response to supplementat ion,  regardless of the stage of l actation. 

In  the studies of Penno et al. ( 1 998 ) and Clark ( 1 993 ) ,  the poor pasture qual i ty in 

summer-autumn increased the feed energy deficit  re lat i ve to potential m i lk  yield and 

this al lowed high responses to supplements .  This trend was also found by Stockdale et 

al. ( 1 998)  in  Austral ia,  who reported a negative correlat ion coefficient of 0 .74 between 

marginal MS responses to extra feeding and the ME concentration of pasture consumed 

by cows. 

Pen no et al. ( 200 l )  developed a conceptual model to predict milk response from graz ing 

dai ry cows to supplementary feeds . They reported that the factor exert ing the greatest 

i n fl uence on marginal MS response to supplementary feeds is the reduction in MS yield 

( re lat ive to the potential mi lk yield ) that occurs as restricted pasture al lowance are 

i mposed to cows, i rrespective of the stage of lactat ion.  The reduction in MS yield, that 

occurs as pasture a l lowance is restricted, reflects ind irectly the feed defici t  and was 

cal led relative feed deficit in that study. 

The studies discussed above suggest that cows fed ad- l ibitum with good qual ity feeds, 

as stal led cows, are l ikely to show a higher response to supplements in early lactation 

than in  late l actat ion, because they are in a bigger re lat ive feed defic i t .  H owever, 

grazing cows general ly undergo restrictions in  ei ther pasture avai labi l i ty ( in order to 

harvest pastures efficien t ly)  or qual i ty, thus affect ing their nutrient intake. Therefore, 

th is  feed deficit  enables mi lk  response to supplements  that are independent of stage of 

l actation. 
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2.6.5.2. Genetic potential for milk production 

Genetical ly  i mproved cows (for mi lk  production ) parti t ion a greater proportion of 

energy from feed consumed into mi lk  product ion and less into BCS . This enables them 

to express greater marginal responses to supplementary feeds than low genetic merit 

cows ( H olmes  et al. ,  2002) .  The h i gher the cow's  potential for m i l k  yield, the greater 

w i l l  be her response to i ncreased feed i ntake. 

The greater responses of high yie lding cows may reflect greater  behavioural constraints 

on bi t ing rate and grazing t i me, in comparison with low yielding cows. As milk yield 

increases ,  the incremental increase in  herbage D M I  tends to decrease and consequent ly,  

the i ncremental i ncrease in  i ntake provides only approximately half or two-thirds of the 

net energy requ i rement per k i logram of addit ional mi lk  produced for high yielding cows 

( Mayne et al. , 2000) .  

The MS response to supplementation of grazing H F  cows wi th  different potential for 

m i lk  production was c learly addressed i n  a recent study carried out i n  New Zealand 

( Kolver et al. , 2004) .  New Zealand H F  (NZHF) and North American H F  (NAHF)  cows 

were compared under three level s  of feeding (0, 3 or 6 kg DM concentrate per 

cow/day) .  A l l  cows had s imilar breeding worth (BW) .  The s i x  groups of cows were 

offered generous pasture a l lowance. Results of thi s study are shown in Table 2 .5 .  

NAHF cows were larger, produced more mi lk  with l ower MS concentrat ion and lost 

more BCS durin g  lactation than NZHF. On the other hand, NZHF cows had h igher DM I 

(as % of Lwt ) when fed generous ly  on pasture (Table 2 .5 ) .  These resul ts agree with 

previous findings of Kolver et al. ( 2002) ,  who reported that when cows were generously 

fed pasture only, N A H F  were less efficient at producing a k i logram of MS (kg MS/kg 

L W0 75) and produced s imi lar MS yield to the NZHF.  However, when fed TMR, N AHF, 

they were more efficient at producing a k i logram of MS (kg MS/kg L W0 75) and 

produced more mi lk  yield and MS than NZHF ( Ko lver et al. , 2002) .  

Cows from the NAHF strain gave much greater MS responses to concentrates than 

NZHF and the s ize of the responses were not s ignificant ly dimin ished at h igh levels of 

concentrate feeding for N A H F  (Table 2 . 5 ) .  This may be expla ined by the fact that 

N A H F  animals had a greater relative feed defic i t  compared to NZHF, when fed 

generous ly on pasture. However, the greater BCS loss by NAHF cows during the 
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l actation means that greater feed input i s  required in the dry period, thereby reduci n g  

their total efficiency advantage ( Kolver e t  al. , 2004) .  

S imj lar results were found in  Ire land, in a trial comparing two strains of NAHF (h igh 

durab i l ity, HO and high productivity, HP)  wi th  the strain NZHF, during three complete 

l actat ions ( Horan et al. , 2005 ; Linnane et al. , 2004 ) .  M i l k  responses to concentrates 

were l . l ,  1 .0 and 0.55 kg mi lk/kg concentrate for the NAHF ( hi gh productivity strain ) ,  

N A H F  ( high durabi l ity strain )  and NZHF, respectively. Data from Table 2 .5  shows that 

cows of one breed, but from two di fferent strains had different  re lat ive feed defici ts  

when fed wel l  on pasture and consequent ly  they showed di fferent responses to 

supplementary feed. 

Table 2.5: Production of North American HF and New Zealand HF cows with s imi lar 

genetic merit, fed pasture generous ly, plus 0, 3, or 6 kg concentrate DM/cow/day. 

Average resul ts  of season 2002/2003 and season 2003/2004, only to 1 4  Apri l ( Kolver et 

al. , 2004 ) .  

NZHF NAHF 

Concentrate ( k g  DM/cow/clay l Concentrate ( k g  DM/co\\'/clay ) 

0 3 6 0 3 6 

Lactat i o n  length ! clay s )  278 269 279 267 264 269 

M i l k  y i e l d  ( Kg M S/cow ) 437 476 492 43 1 485 529 

L i ve we i ght ( a '  cragc kg/eO\\ ) 478 49 1 502 5 7 7  570 5 7 9  

BCS change ( scale 1 - 1 0 ) -0.5 -0. 1 + 1 .4 - 1 .9 - 1 . 8 +0.2 

L i ve we i gh t  c h ange ( kg/cow ) -2 1 +20 +44 -47 - 1 9  + I  

Effic iency ( g  M S!kg Lwt ) 90 97 96 7 8  89 93 

Response ( g  M S/kg concentrate) 5 1  36 72 67 

2.6.5.3. Body condition score 

Cows in poor BCS give smal ler responses in mi lk yield to supplementary feeds than 

cows i n  good BCS ( Ke l laway and Harrington, 2004) .  This is because cows in poorer 

BCS part i t ion a greater proportion of feed energy towards Lwt gain than cows in good 

BCS .  The greater part i t ion towards Lwt gain is ul t imately  at the expense of MS 

product ion ( Mackle  et al. , 1 996) .  

The effects o f  BCS at calving and the leve l  o f  feeding after cal v i ng o n  mi lk production 

and reproductive performance of grazing dairy cows were studied by Grainger et al. 
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( 1 982) .  Improved B CS at calving i ncreased mi lk  production by caus ing a more 

favourable partit ioning of energy into milk synthesis, at the expense of Lwt gain .  

I ncreasing the plane of n utrit ion in  early l actation allowed higher levels  of  mi lk  

production and reduced the need for cows to  mobi l i se  body reserves.  The i nput-output 

relationship calcu lated by Grainger et al. ( 1 982) ,  showed that the response to additional 

feeding after calving was higher than the response to extra feeding to i mprove BCS 

before calving. 

2.6.5.4. Feeding level in relation to milk potential 

A high proportion of the nutrients consumed wi l l  be part it ioned to produce extra milk ,  if 

the cow ' s  potential mi lk  yie ld i s  much higher than her current actual mi lk yield because 

of a relative feed defic i t  (Holmes and Mathews ,  200 1 ). The bigger the relative feed 

deficit i s ,  the bigger wi l l  be the milk response to supplementary feeds. In a grazing dairy 

system, the deficit may occur naturally ,  for example  because of a dry season,  or it  can 

be created artificially, for instance, by increasing  the S R  ( Macdonald, l 999b ) .  

The size of any feed defici t  can b e  defined by  the potential MS production o f  the s ystem 

and the avail abil i ty  and quality of feeds (Penno et al. ,  200 I ) . Factors affecting the 

potential MS production were d iscussed in  previous sections.  The effects of factors 

rel ated to feed supply and feed qual i ty on MS responses to supplements wi l l  be 

discussed in the fol lowin g  sections .  

2.6.5.5. Pasture availabi l i ty and quality 

The nature of mi lk  response to supplements i s  marked ly  affected by the level of pasture 

avai labi l i ty .  As pasture a l lowance i ncreases, pasture DMI also i ncreases and the 

response to supplementary feeds is l ike ly to decrease ( Penno et al. ,  200 1 ;  S tockdale, 

2 000b; S tockdale et al. , 1 998) .  This i s  the resul t  of  a higher substitution rate and 

probably more e nergy fro m  supplements part it ioned t owards Lwt (which will depend on 

the genetic merit of the c ow ) .  

B argo e t  al .  (2003) ,  i n  a review o f  studies of the effect  o f  supplementation o n  pasture 

DMI of grazing dairy cows, strati fied treatments i n  t hose studies as e ither low pasture 

a l lowance ( <25 kg DM/cow/day) or high pasture allowance (>25 kg DM/cow/day).  

They found that the substitution rate averaged 0.20 k g  pasture/kg concentrate (range :  0 

to 0.3 1 )  at low pasture a ll owance and 0.62 kg pasture/kg concentrate (range: 0 .55  to 
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0.69)  at h igh pasture a l lowance. A negat ive rel at ionship between the substi tut ion rate 

and M S  response was found in a l l  the studies reviewed by Bargo et al. ( 2003 ) .  

When animals are restricted i n  their  pasture i ntake, much l arger M S  responses t o  extra 

feed per extra unit  of energy are possible .  This principle was demonstrated with sta l l-fed 

dai ry cows, by Stockdale and Trigg ( L 989) .  The response i n  MS production per extra kg 

concentrate was 1 . 8 kg mi lk/kg concentrate for cows fed low leve l s  of  pasture 

(consuming 6 .8  kg DM/day ) ,  whi l st the response was 0.6 kg mi lk/kg concentrate for 

cows fed higher leve ls  of pasture ( consuming I 1 . 6 kg DM/day ) .  

The higher the qual ity of  the pasture for mi lk  production, the lower wi l l  be  the response 

to upplements ( M acdonald,  l 999b ) .  The attributes that make a pasture more suitable 

for milk production are basical ly :  high metabol i sable energy ( ME)  concentrat ion ( 1 0.7  

to 1 1 . 7 M J  ME) ;  high c rude protei n  concentration ( 1 8-25% ) (C lark and Kannegant i ,  

1 998) ;  and good balance between rumen degradable  protein and rumen undergradable 

protein ( Macdonald,  l 999b ) .  The greatest responses to supplement w i l l  be obtained 

from cows that are being fed on low qual i ty pastures at a reduced al lowance, by giving 

them ad-l ibi tum supplements that balance the i r  base diet .  

2.6.5.6. Quantity of supplementary feeds 

As supplementary feeds are introduced in the pastoral system, so energy intake i s  

increased, a dec l in ing proport ion of the extra energy is partit ioned towards mi lk  

production and an  increasing proport ion i s  part itioned towards body reserves ( Penno et 

al. , 200 1 ) . Therefore, as the leve l  of supplementation i ncreases , the marginal M S  

response decreases. This can cause a curv i l i near response of M S  production to 

concentrate, i nstead of a l i near response ( Ke l laway and Harrington, 2004 ). Table 2 .5 

shows that, as the level  of supplementat ion increases for both NZHF and NAHF cows, 

the MS response per k i logram supplement decreases .  However, the reduction in M S  

response was smal ler for high potential mi lk  yield cows ( NAHF) .  

The reduction i n  the marginal response to  the addition o f  supplements may be 

attributed, not only,  to part i t ioning of nutrients within the cow but a lso to i ncreasing 

subst i tut ion rate as the amount of supplements  is i ncreased. 

It was found that the substitution rate i ncreased as the amount of concentrate was 

increased (Meij s  and Hoekstra, 1 984) .  However, i nconsistent resul ts  have been found 
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regarding  the effect of i ncreasi n g  amount of supplements and substitution rate (Bargo et 

al. , 2003) .  Thomas ( 1 987) suggested that, for s i lage based diets, there was no evidence 

of i ncreased substi tut ion rate as t he amount  of  concentrates fed i ncreased. Furthermore, 

S tockdale and Trigg ( 1 985)  found a decrease i n  substitution rate as the level of 

supplementary feeding  was increased. The qual i ty of the basal diet and the type of 

supplement may create i nconsistent relat ionships between the amoun t  of supplements 

fed,  substi tut ion rate and milk responses. On balance, as suggested by Penno (200 1 ) ,  

there i s  suffic ient  evidence to assume that when cows are consuming high qual i ty 

forages, the substitution rate i ncreases and milksolid response decreases as the energy 

intake of the cow increases. 

2.6.5.7. Type and quality of supplementary feeds 

Forage and concentrate supplements 

Grazing  cows usually show higher substi tut ion rates when supplemen ted with forages 

than when supplemented with concentrates .  This mainly occurs i n  s ituations of high 

herbage allowance (Mayne et al. , 2000) .  Stockdale (2000b) reported that the 

subst i tut ion rate for feeding forage supplements ,  such as hay and maize s ilage, was 0.08 

kg DM/kg DM h igher than that from feeding concentrates at any given level of un

supplemented pasture i ntake, based on a review of 39 experiments with graz ing dairy 

cows. 

The higher levels of  substitut ion,  that occurred when supplement ing wi th forages ,  

appear to resu l t  from large reduct ions i n  grazing t ime. This i s  probably due  to the bulk 

associated with many forage supplements and their potential ly slow rate of i n take and 

digestion i n  the rumen, together w i th the ir  relatively poor whole tract d igestibi lity. 

However, it was suggested that variat ions in the level of substitution attributed to 

differen t  supplements i s  most l ikely to be an issue when supplement feed ing  levels and 

pasture allowances are h i gh (S tockdale,  2000b ) .  

S upplement ing graz ing dairy cows wi th concentrates can, o n  occasions, lead t o  much 

higher levels of substi tut ion than those observed when feeding forage supplements .  This 

may be attributed to perturbation of rumen fermentat ion,  i .e .  decrease in pH, result ing i n  

dimin i shed rates o f  fibre digestion i n  t he rumen and reduced rates of passage o f  d igesta 

(Stockdale ,  2000b ) .  
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Any supplement has the potential to i ncrease MS production, when fed to dairy cows 

experienc ing high feed defici ts .  However, the response w i l l  be greater i f  the qual ity of 

the supplement i s  h igher. Moreover, the response to supplements w i l l  increase for 

supplements which contain the nutrients to complement the base diet .  For example, 

cows fed with summer pasture and supplemented with a large proport ion of maize 

s i lage may have a poor response to energet ic supplements because of the lack of protei n  

i n  the diet (Macdonald, 1 999b ) .  

Energy and protein supplements 

Energy i s  the nutrient which usual ly l i mits mi lk  production in grazing dairy systems 

based on temperate pastures (Macdonald, 1 999a; Macdonald et al. , 1 998 ) .  Therefore ,  

the most important nutri t ional characteristic of a supplement is i ts concentrat ion of  ME 

( Ho l mes et al. , 2002 ) .  Supplementary feeds must  supply h igh M E  at  low cost ( Penno et 

al. , 1 998 ) .  However, protein  may l i mit MS production under particu lar situat ions i n  

pastoral dairy systems.  

Stockdale et al .  ( 1 99 8 )  suggested that , according to current research, prote i n  

supplementat ion does not often appear t o  be an issue in the pasture-based dairy systems 

of Austral ia. I t  is usual ly  assumed that pasture avai labi l i ty and energy concentrat ion in 

the pasture l i mit mi lk production from grazing cows rather than protein concentrat ion i n  

pastures ( Macdonald e t  al. , 1 998 ) .  However, as the proport ion o f  pasture i n  the diet 

decrease, protein defic ienc ies in  the diet may appear. 

A trial set up in New Zealand investigated the effect iveness of three sources of prote i n  

i n  order to increase MS product ion when maize s i lage was fed to cows grazing on 

pasture in summer (Macdonald et al. ,  1 998 ) . In  th i s  experiment, urea, fi shmeal and 

soybean meal were given to different groups of cows and compared with a control 

treatment (no prote in  supplement ) .  Soybean meal i ncreased milk protein product ion by 

60 g per cow/day i n  both summer and autumn.  Fishmeal increased mi lk  protei n  

product ion b y  60, 1 0  and 8 0  g per cow/day in spring, autumn and summer, respect ive ly .  

In contrast, the addit ion of  urea had no effect on  m i l k, mi lkfat or  mi lkprote i n  

product ion. The authors suggested that the lack o f  response from urea may b e  due to the 

asynchrony between energy released from maize s i lage and the ammonia released from 

urea i n  the rumen .  Indeed, experiments i n  which urea has i mproved MS production 

were general ly conducted u nder total mixed rat ions,  where urea and m aize s i l age were 

mixed. 
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Therefore, when supplement in g  grazing dairy cows which experience deficiency of 

protei n  i n  the diet, the form of n itrogen i s  i mportant .  N itrogen from high qual i ty 

prote i ns (such as soybean meal and fishmeal) is more valuab le  than non-protei n  

n itrogen (urea) .  However, the profi tab il i ty o f  this  practice wi l l  depend o n  the price of 

the mi lk  and the cost of prote in  supplements ( Macdonald et al. , 1 998 ). This tri al 

demonstrated that the use of soybean meal or fish meal was n ot profitable for New 

Zealand, at the t i me t hat t he experiment was performed. 

2. 7. Combined effects of stocking rate and supplements 

The use of supplements can, paradoxica l ly, i mprove pasture uti l isation i n  the long-term 

for the whole system because i t  gives the manager the confidence to i ncrease grazing 

pressure,  through increases i n  SR.  This ensures that pasture can be kept in  a leafy and 

rap id ly  growing  phase. H igher SR creates h igh feed demand, which in turn i ncreases 

pasture ut i l isat ion ,  mainly i n  spring  (Macdonald, 1 999h). Addit ionally, h igher SR with 

the same feed supply would c reate higher levels  of animal u nderfeedi ng, which w i l l  

subsequently boost the need for, and  therefore, the response to supplementat ion . 

A commercial dairy farm i n  the Waikato region of New Zealand was spli t  i n to two 

farmlets:  one stocked at 3 . 2  Fries ian cows/ha and the other at 3 . 6  Friesian cows/ha i n  

order t o  study the effects o f  S R  and supplementation .  Cows i n  the farmlet wi th  h igher 

S R  were fed 430 kg D M  maize s i lage per cow/year. Increased SR,  combined with 

purchased maize s i lage, i ncreased MS product ion by 1 03 kg M S/ha/year, as well as EFS 

between 1 0. 7  and 1 2 . 7%, dependi n g  on the mi l k  price considered (Glassey et al. , 200 1 ). 

Several grazing experiments i n  Austral ia are i n  agreement with the findings of Glassey 

el al. ( 200 1 ) . Increased S R  ( 4 cows per hectare i nstead of 2.5 cows/ha) , supported with 

more n itrogen fert i l i ser and more supplements, was proven to i mprove profi tabi l ity at 

M aca l ister Research Farm ( 1 994- 1 995) i n  Aust rali a  ( Stockdale et al. , 1 998) .  Another 

Austral i an whole-farm experiment, comparing differen t  systems, was the A, B,  C 

farmlet demonstration ( 1 992- 1 995) ,  set up i n  El l inbank Dairy Research Inst i tute 

( S tockdale er al. , 1 998 ) . Farml et A w as low i nput ,  farmlet C was h igh i nput and farmlet  

B was i ntermediate. N i trogen fer t i liser, supplements and summer crop were the 

variables  responsible for farmlet  i ntensifi cation .  Over three years, farmlet A obtained 
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9 1 -96 % of feed requ i rement from on-farm sources, compared with 69-86 % and 5 1 -78 

% for farms B and C, respectively .  Relevant data from th is  trial are shown in  Table 2 .6 .  

Averaged over three years, the h ighest gross margin  occurred in  farmlet B .  However, 

the ranking of the farmlets changed through the years depending on the relat ive prices 

of mi lk  and concentrates. Furthermore, farmlet C had the highest gross margin in two 

out of three years, but not over the entire three years . 

Farmlet B and C showed that it i s  possib le  to i ncrease S R  and s imultaneous ly maintain 

or i ncrease MS yield per cow (Table 2 .6 ) ,  provided that extra feed i s  suppl ied to cows. 

Table 2.6: Physical and economic indicators of the A, B, C farmlet demonstration i n  

E l l inbank Dairy Research Insti tute, Australia. Average data over three years ( Stockdale 

et al. , 1 998) .  

Stoc k i n g  rate ( cows/ha> 

M i l k  y ie ld ( kg M S/co\1 /)car) 

M i l k  y i e ld ( M S/ha/ycar) 

Gra i n  i mported ( 'i'c Mt: required ) 1 

S i l age i mported l 'k M E  req uired ) 1 

Increase i n  gross marg i n  ( S/ha )  2 

Farmlet  A 

1 .4 

400 

560 

4-S 9c 

Farmlet B 
2 .4 

436 

1 .046 

I 0-299c 

+ 1 89c 

1 0ff farm feed suppl ied as percentage of t he total  energy reLJ u i red. Range over t h ree years. 

2 1 n cr·eas�.: in gross marg i n  in re la t ion to the farm A ( l ow i nput ) .  Average O\'er t h ree year,. 

Farm let  C 

3 . 9  

392 

I ,5 1 7  

1 4-359c 

8- 1 4 9c 

+ 1 2 9c 

The experiments d iscussed above show that s imultaneously increasing SR and feed 

supply can improve the entire performance of the farm (higher pasture uti l i sat ion, 

higher MS/ha, s imi lar or higher M S /cow, higher gross margin and better BCS ) .  

Nevertheless, high increases i n  S R  and imported concentrates, a s  demonstrated i n  

farmlet C ( Table 2 . 6 ) ,  may not be profi table i n  some years , depending o n  rel at ive prices 

of m i l k  and supplements .  

The effects of supp lementat ion on dairy systems with high S R  ( 4.4 1 cows/ha) are a lso 

wel l i l l ustrated from the New Zealand experiment summarised i n  Table 2 .7  ( Penno et 

al. , 1 999).  This study was designed to compare the effect of maize grain,  maize s i l age 

and a balanced supplement on MS yield of dairy cows at high S R. 
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I n  spi te of  reduced net herbage accumulat ion,  the non-supplemented herd (control) 

tended to have greater herbage annual i nt ake (per hectare) than the supplemented herds 

(Table 2 .7 ) .  This could be explained becau se pasture was substituted by supplements i n  

the supplemented herds. However, the total DMI  w a s  greater i n  the supplemented herds 

than in the non-supplemented herd. Offering maize grain ,  maize s i l age and balanced 

supplement resulted in 98, 77 and 99 g MS/kg DM, respect ively. Thi s  relat ively h igh 

response may be explained by the fact that th is was a whole-year experiment and 

therefore, it accounted for both short- and long-term responses of milk yield to 

supplementary feed .  Addit ionall y, the h igh SR used in  this experiment granted that 

every kg DM i mported as supplement was used e ffic iently in the system. 

Table 2.7: Main characteristics and results of the effects of supplementation on dairy 

systems wi th high stock ing rate ( Penno et al. ,  1 999).  

Farm let Control M ai ze grain Maize s i lage Balanced 

ration 

Stocking rate (cows/hal 4.4 1 4.4 1 4.4 1 4.4 1 
'Comparative S R  l kg Lwt/t D M l  I 1 8  88  89 84 
Supplements  fed 1 t DM/cowl 0.07 1 .4 1 .3 1.5 
Net herbage accum. 11 DM/haJycar) 1 8 . 3  1 8 .9 1 9. 2  1 9 .6 
Herbage i ntake (t DM/ha!ycar) 1 7 .9 17 .3 1 6. 8  1 7 . 1  
Herbage i ntake i t  DM/cow/year) 4.2 5 . 3  5 . 1 5 .4 
Lactation length (days) 2 1 7  283  277  29 1 
M i l k  yield t k g  M S/ha )  1 1 88 1 763 1 60 1  1 797 
Response 1 g  M S/kg D M J  98 77 99 

1 A ssuming average .'iOO k g  L w t  per cow (not reported i n  t h e  trial ) .  

A nother New Zealand whole-farm tr ial can i l lus trate the effects of d i fferen t  

combinat ions of feed supply and feed demand on  the productiv i ty and profi tab i li ty  of 

the system ( Penno et al. , 1 996).  Two levels of S R  were combined wi th three levels of 

feed supply, created through 0, 200 and 400 kg of  N/ha. When needed, cows were fed 

with i mported supplements, i n  order to maintain the post-grazing herbage mass i n  a pre

fixed range (deliberately reducing the cow's  pasture supply), a practi ce known as 

managed substitution (Holmes et al. , 2002) .  A treatment wi th neither n i trogen nor 

supplements was inc luded as a control .  Results of th is experiment are shown i n  Table 

2 . 8  and F igure 2 . 9. 
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MS product ion per hectare was higher for the farmlets w ith higher S R  and higher feed 

supply ( Figure 2 .9 ) .  H owever, only one farmlet ( N o  3 ,  low SR) showed h igher EFS than 

the control farmlet, under the economic environment analysed (Table 2 .8 ) .  The poorer 

EFS achieved by farmlets with high SR i n  this  experiment, shows that the cost of 

support ing more cows with expensive supplementary feeds was not j ust ified by the 

benefits of producing more MS production per hectare.  

Table 2.8: Results of a whole-farm experiment undertaken in New Zealand combin i ng 

two levels of SR with three leve ls of feed supply ( Penno et al. , 1 996) .  

Treat ments 2 3 4 5 6 7 
Stocking rate Low Low Low Low H igh H i gh H i gh 

N i t rogen ( k g  N/ha/y ) 0 0 200 400 0 200 400 

Stoc k i n g  rate ( c ows/h a )  3.24 3 . 24 3 .24 3 . 24 4.48 4.48 4.48 
M i l k  y ie ld ( k g  M S/cow ) 347 402 4 1 0  4 1 8  374 404 405 
M i l k  y ie l d  < k g  M S/ha) 1 1 23 1 299 1 328 1 354 1 7 1 8  1 808 1 8 1 2  
Lactation length < cla) s )  247 289 284 288 288 284 286 
'7r anoestrous  cows 33 1 4  1 0  5 1 0  1 7  3 1  
Change i n  EFS ( 5/ha ) - 1 2% +39'c 09'c - 6 1 1ft - 22 1ft - 259'c 

The Austral i an and New Zealand whole-farm experiments analysed suggest that the 

most profi table systems are those in which S R  is high enough to ensure high pasture 

ut i l i sation, but it i s  sti l l  not so high to affect the production per cow. For Austral ian 

experiments,  it seems to be that the most profitable systems are those with high SR and 

those systems us ing imported supplements to maintain re lative ly high per cow 

productions .  However, this is apparently not the case in New Zealand, poss ib ly because 

of the higher cost of supplements than in Austral ia .  

The physical and financial performance of commercial dai ry farms, that d i ffered in  the 

amount of extra feed used, were studied in New Zealand (S i lva-Vi l l acorta et al. , 2005 ) .  

Data from 626 dairy farms were c lassified according to the extra feed used per cow, in 

either high i nput (740-940 kg extra DM /cow/year) or low input farms (20 kg extra DM 

/cow/year) .  Extra feed comprised imported supplements, w inter grazing and maize 

s i lage grown on the farm. The high i nput farms produced higher gross farm i ncomes per 

hectare, but they had h igher farm working expenses per hectare, so that EFS per hectare 
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was not h igher for h igh i nput farms.  The authors concluded that high management ski l l s  

and contro l  of  costs are necessary for profi t t o  b e  increased b y  the u se of  extra feeds. 

S imi lar ly,  the trial performed by Penno et al. ( 1 996) in New Zea land, summarised i n  

Table  2 . 8  and Figure 2.9,  showed that high input systems (with high n i trogen ferti l iser 

and use of supplements) did not i nc rease profitab i l ity, in comparison to the control 

system wi th  neither n i trogen nor supplements. However, as stated above, the 

profitab i l ity  of  different systems w i l l  depend on the price of m i lk  rel at ive to the price of 

supplements .  
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Figure 2.9: Feed supp ly  and MS production per hectare for d ifferent  combinations of 

S R ,  ni trogen ferti l i ser, and supplements .  Pasture ( • ), Si lage ( o ) ,  Grain ( • ) and MS 

yie ld  per hectare ( -•-) ( Pen no, 1 996) .  

2.8. Factors interacting with stocking rate and supplementation 

Factors affect i ng feed demand or feed supply throughout the year interact with the 

effects of S R  and supplements on the product ivi ty and profitabi l i ty of the system. The 

dates of ca lv ing and drying-off and n i t rogen fert i l i sers are two i mpo1tant factors 

in teract ing wi th  the effect of S R  and supplements.  

2.8.1.  Calving and d rying-off dates 

The season of calving and the di stri bution of calv ing dates within the herd have major 

effects on the herd ' s  pattern of feed demand through the year ( Garcia  and Holmes, 
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1 999 ) .  Calving and drying-off dates determine the shape of an imal requirements 

through the year. Thus, SR and the level of supplementation should be decided i n  

coordination with the pattern of  calving and drying-off. 

The abi l i ty to s imultaneousl y  meet a good pasture growth rate, high harvest ing 

effic iency, control lable changes i n  body weight and wel l  fed cows, wi l l  determine the 

level of  MS production per cow and per hectare . Calv ing and drying-off dates play an 

essential  role in the synchroni sat ion of al l  these variables .  

2.8.2. Nitrogen fertilisers 

The inc lusion of fert i l i sers in grazing dairy systems may have effects that are s imi lar to 

those of supplementary feeds. In fact,  the desired effect of fert i l i sers is  to increase 

pasture production, which in turn, means extra feed. In this rev iew, the effects of 

fert i l iser will be i l lustrated through the effects of n i trogen fert i l i ser on dairy systems 

based on ryegrass-clover pastures. 

McGrath et al. ( 1 998 ) invest igated the profitabi l i ty of using ni trogen fert i l i ser to 

increase pasture supply and MS production at two levels  of SR: low ( 3 .34 cows/ha)  and 

high (4 .42 cows/ha) and two rates of fert i l i ser: 200 or 400 kg /ha/year, plus a control 

treatment with no fert i l i ser and low SR. The results of this  study are shown in Table  2.9 

and Figure 2 . 1 0. An interact ion between the level of n i trogen fert i l i ser appl ied and 

annual SR on the whole farm is evident from Figure 2 . 1 0. More pasture was grown per 

hectare at low SR when 200 kg nitrogen per hectare were appl ied, whilst  high SR 

resul ted in more pasture grown, when 400 kg ni trogen per hectare were appl ied . 

The key to understand ing the interact ion between ni trogen fert i l i ser and SR in  this  trial 

i s  the balance between feed supply  and feed demand.  When 200 kg ni trogen per hectare 

was appl ied, the high SR i mposed an excessively high feed demand, result ing i n  over 

grazing and subsequently, reducing pasture accumulat ion in comparison to the l ow S R .  

O n  the other hand, when 400 kg n itrogen per hectare was appl ied, the high SR was more 

adequate to match feed supply. The l ower SR with 400 kg nitrogen per hectare exerted 

lower demand throughout the year, which possibly led to an excessively high herbage 

mass ,  thus reducing herbage growth rate. 
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Table 2.9: Combi ned e ffects of  S R  and ni trogen ferti l iser for a dairy system based on 

ryegrass-clover pastures (McGrath et al., 1 998) .  

Farm! e t  Control Low S R  Low S R  High SR High SR 

200N 400N 200N 400N 

N itrogen applied lkg/ha) 0 204 428 204 424 

Stocking rate (cows/ha) 3 .34 3 .34 3 .34 4.40 4.40 
1 Comparati ve S R  lkg Lwt/ t D M ) 94 83 7 7  1 1 5 1 0 1  

Pasture response 1 kg DM!kg N) 8.6 7.5 4.7 8.4 

M i lksol ids ( k g/cow/year) 325 372 394 275 293 

M i l k so l ids l kg/ha/yean 1 084 1 242 1 3 1 6  1 2 1 0 1 289 

EFS IS/hal 1 842 + 8 . 1 0C  + 1 . 3 '7c  - 1 4.7o/c - 1 3 .3% 

1 Assuming average 500 k g  Lwt per cow (not reported i n  the trial). 

Increasing S R  reduced MS production per cow and profitabi li ty, at both rates of 

n i trogen application .  The poorer performance of higher stocked farmlets probably 

i ndicate that total farm efficiency is being compromised t hrough low per animal 

product ivity, in an attempt to maximise pasture uti l isation  (McGrath et al. , 1 998 ) .  

Indeed, the estimated SR were 1 1 5 and 1 0  I kg Lwt/t DM for the h igh stocked farmlets, 

which according  to the findings of  Penno ( 1 999) i s  far above the SR that maximise 

E FS/ha. 
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J;'igure 2. 10: Interactions between s tockin g  rate and n i trogen fert i l iser in a dairy s ystem 

based on rye grass-clover pastures .  (-•-) Low SR and (- - · - -) High SR (McGrath et 

al., 1 998) .  
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Stockdale and King ( 1 980) studied the effects of SR and n itrogen fert i l i ser on the 

productiv ity of  i rrigated perennial pastures in Austral ia  and they fou nd that i ncreases i n  

SR resulted i n  reduced pasture growth and i n  a concomitant reduction i n  the response t o  

ni trogen fert i l iser. H owever, the five level s  of SR tested i n  that trial were excessi ve ly  

high, ranging from 4 .4 to 8 .6  cows/ha. The  comparat ive SR estimated for th i s  trial ( not 

reported) may have been higher than 1 00 kg Lwt/t OM total feed supply in the treatment 

with the lowest SR (4.4 cows/ha) .  The lower response to ni trogen fert i l i ser as S R  

increased was a consequence o f  lower pasture production as SR increased, as reported 

for 200 kg N/ha in Figure 2 . 1 0. The authors suggested that the decreas ing pasture 

production as SR i ncreased was the result of the increased severi ty of defo l iation, which 

reduced the photosynthetic area of the pasture and consequently, reduced growth rate .  

2.9. Conclusions 

Dry matter intake per cow and per hectare is  strongly associated wi th  the product ivity 

and profitabi l ity of dairy farms. Herbage al lowance is the factor exert ing the greatest 

effect on O M I  per cow and pasture ut i l i sation at each grazing. On an annual bas is ,  SR 

determines the average pasture a l lowance per cow. This i s  why SR is  so important for 

the product iv ity and profitabi l i ty of graz ing dairy systems. 

The tradit ional rat io cal led SR,  expressed as number of cows per hectare, could be better 

defined as comparative SR, expressed as kg Lwt/t OM of total feed supply. The 

comparat ive SR that maxi mises MS production per hectare for ew Zealand condit ions 

is approximately 1 05 kg Lwt/t OM, whi lst that which max imise profitabi l ity is around 

85 kg Lwt/t OM.  

Cows fed abundant high-qual ity pastures may achieve re lat ive l y  h igh individual 

performance in grazing systems.  H owever, in order to maximise MS production and 

profitab i l i ty per hectare, SR must be i ncreased. This i nevitab ly  causes a reduct ion i n  

performance per cow. For New Zealand condit ions, a reduction i n  M S  production of 

between 30% and 35% in  MS production per cow seems to be associated with 

max imum MS production per hectare . S imi lar ly,  a reduction of between 1 6% and 20% 

i n  MS/cow appears to correspond to maximum profitab i l ity. 

Cows with high potential for mi lk  yield, i . e . ,  h igh genetic merit cows such as NAHF, 

show higher m i l k  responses to supplementary feeds, as a consequence of their h igher 
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rel at i ve feed defic i t s  i n  grazing dairy systems, compared to cows of  lower potential for 

m i lk yield.  

M i lk response to supplements is h ighly variable .  Part it ioning of  energy within the cow 

and substi tut ion rate seem to be the underlying  mechanisms that expla i n  d ifferences i n  

m i l k  responses to supplementary feeds. Part it ioning o f  energy and substi tut ion rate are 

markedly affected b y  the energy defic i t  of the cow relative to her potent i al energy 

demand. This e nergy defic i t  i s  markedly  affected by pasture al lowance, the amount of  

supplements fed and the  genet ic potent ial for mi lk  production of the  cow. Total average 

long-term responses around 80 g MS/kg supplement were found i n  whole-farm 

experiments.  

The stage of l actat ion seems to strongly affect the response to supplements i n  

confi nement systems .  However, whole-farm trials i n  grazing dairy systems found no 

effect of the s tage of l actation on milk response to supplementary feeds, with the 

response being greater when the pasture defic i t  was greater. 

Australian and New Zealand experiments provi de s trong evidence of the synergist ic 

effect of  i ncreasing t he SR and i ncluding supplementary feeds. Thi s  combination 

markedly i ncreases pasture uti l i sation and MS production per hectare. S i mul taneously, 

this prac tice enables per cow performance to be main tained. This general ly resul t s  i n  

h igher profi tab i l ity for Australi an systems but not  always for N ew Zealand systems. 

However, the optimum combinat ion (in economic terms) of i ncreased S R  and use of 

supplements depends on the price of mi lk and the cost of supplements. 
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Abstract 

M i l k  product ion m Argentina is based on grazed pastures and supplementary feeds . 

Pasture dry matter intake affects markedl y  the performance of grazing dairy systems.  

The object ive of th is  study was to develop a s imple model to predict dai ly pasture dry 

matter intake ( DM I )  of graz ing dairy cows in Argent ina, which in turn, wou ld enable 

the effects of stocking rate on pasture DMI ,  farm productivi ty and profitabi l i ty to be 

explored. The model assumed that potential  DMI of cows fed only pasture is i n i t ial ly 

l imited by e i ther rumen fi l l  or energy demand. Cow live weight, stage of lactat ion ,  and 

concentrat ion of neutral detergent fibre in the pasture account for the rumen fi l l  effect, 

while requirements for maintenance, pregnancy, and potential milk production infl uence 

the cow' s  energy demand. Potential pasture in take is then e timated from the potentia l  

DMI,  by taking into account the reduction in potent ial intake that occurs when 

supplements are consumed. Final ly ,  actual pasture intake i s  est imated as a funct ion of 

pasture al lowance and potential pasture intake, based on an empi rical equation derived 

from grazing experiments in Argentina, main ly with lucerne pastures. The fi tness of the 

model was evaluated by the square root of the mean-square predict ion error ( RMSPE) .  

expressed as a percentage of the mean actual pastu re intake. The accuracy of  the model 

was sat i sfactory, wi th RMSPE of 9 .6% and 7 .3% for two Argent ine datasets ( l ucerne 

pastures ) ,  and 8 . 1 %  for one I rish dataset ( ryegrass-c lover pastures ) .  The mode l can be 

used as a part of a whole-farm model to predict the e ffects of stocking rate on farm 

productivity and profitabi l i ty. 

Keywords: pasture i ntake, prediction, grazing, dairy cow. 
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Introduction 

Dairy product ion in Argentina is based on grazed pastures, wi th conserved forages and 

concentrates compris ing approximately 33% o f  the cow's  d iet. Productiv i ty and 

profitabi l i ty of grazing dairy s ys tems are h ighly dependant on cow s '  pasture dry matter 

i ntake (DMI ) .  Herbage allowance ( kg DM offered/cow/day) is the factor exert ing the 

greatest  effect  on pasture DMI i n  grazing  dairy systems ( Hodgson et al . ,  1 994; Holmes, 

1 987 ;  Leaver, 1 985 ) .  

Factors affecting herbage i ntake by  grazmg animals can be broadly c lass ified as 

nutrit ional and non-nutri t ional. Nutrit ional factors i nclude physical satiety and 

physiological energy demand of the animal ,  and these l imit  pasture i ntake at high 

herbage allowances. Non-nutri t ional factors constrain grazing act ivi t ies and the rate of 

i ntake, basically through their  effects on b i te weight and grazi ng t i me ,  and these l imit  

pasture i ntake at low herbage allowances ( Pappi et  al. , 1 987) .  

Neutral detergent fibre ( NDF) is  an i mportant nutr i tional factor through i t s  effects on 

digestion and rumen fil l ,  but  NDF can i ndirectly reflect non-nutr it ional factors such as 

the amoun t  of green or dead material, and the breaking strength of plant materiaL which 

usually i ncreases w i th the stage of maturi ty of  plants. Mechanical properties of herbage 

may influence the rate of i ntake. Mechanical properties of the herbage could be 

predic ted by an i ndex of fibrosi ty such as NDF ( Prache & Peyraud, 200 1 ) .  

The animal can be regarded as having an upper l imi t  to i n take, or 'potential intake ' .  

Physi ological demand for energy and physical l imi tation of the rumen capacity have 

been described as the two basic mechani sms explain ing intake regulation when animals 

have unl imi ted  access to feed ( Forbes, 1 995 ) .  With diets contain ing h igh concentrat ions 

of NDF, intake i s  l imi ted by the physical capacity of the animal, and becomes a function 

primarily  of dietary characterist ics.  With diets contain i ng low concentrations of NDF, 

intake is controlled by the physiological energy demand of the animal , and is principal ly  

a function of  an imal characterist ics (Mertens ,  1 987 ) .  S imple mathematical equations 

describ ing i ntake regulation were derived by  Mertens ( 1987 ) .  H i s  model ,  the NDF

energy system,  is based on the concept that, i n  ani mals with unl imited access to feed, 

feed i ntake is regulated by metabol ic and physical control. This theoret ical approach 

was used i n  the present model to predict potent ial DMI. 
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The object ive of this  study was to develop a model to predict dai ly  pastu re DMI  for 

graz ing dairy cows in Argent ina. The model integrated nutrit ional and non-nutrit ional 

factors, and was based on sward and animal parameters usual l y  measured in  Argentine 

graz ing studies.  There are no s imi lar models to predict intake of grazing dairy cows in 

Argentina. 

Methods 

Description of the model 

A theoretical-mechan istic framework combined with an empi rical equation was used in  

the present mode l to  predict daily pasture DM I .  Potent ia l  DM I ( Pot DM I )  i s  in i t ia l ly  

predicted, assuming that cows have access to unl imited amounts of pasture as  a sole 

feed. Potential pasture DM I ( PP I )  i s  then est i mated from the potential DM I ,  by taking 

into account the reduct ion i n  potential DMI that occurs when supplements are 

consumed. Two possible val ues for both Pot DM I and PPI are calculated, assuming that 

intake is l imi ted by ei ther physiological energy demand ( PotDMle  and PPle ) ,  or by 

rumen fi l l  ( PotDM ir and PPlr ) .  The lowest value of PPie and PPir  is  then se lected as the 

predicted PPI of the cow. Final ly, actual pasture intake is estimated as a function of the 

actual pasture al lowance and PPI, based on an empirical equat ion derived from data 

from grazing experiments in Argentina. 

Sward structure, herbage mass and botan ical composit ion, al though known to be 

important, were not included in the present mode l for the sake of simplicity.  

Physiological limit 

The model of Mertens ( 1 98 7 )  proposed that when intake is l imited by physiological 

energy demand, dai ly  PotDM ie (kg DM/day) mult ipl ied by the metabol i sable energy 

( ME )  content of the diet ( EC )  equals the animal ' s  dai ly  ME requ irements ( R) :  

R = PotDMie x EC ( I )  

For grazing cows fed supplements, Equat ion 1 can be disaggregated, and expressed as: 
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R = (DMis x ECs)  + (PPie x ECp) ( 2 )  

Where D M i s  and E C s  are D M I  and M E  concentration o f  supplements, PPie i s  the 

potential pasture intake when  energy demand l imits i ntake, and ECp i s  the M E  

concentration of pastures .  This can be re-arranged t o  calculate potential pasture intake 

as fol lows: 

PP/ ' = R - ( J)Ml , X EC, ) 
' ECI' ( 3 )  

Prediction of total requirements of metabolisable energy 

Tota l  require ments of metabolisable energy are estimated using Equation 4 :  

R = MEm + MEp + ( M EL x Y )  (4) 

Where MEm and MEp are the ME required for maintenance and pregnancy, 

respectively .  M E L  is  the ME required to synthesize one l i tre of milk, and Y is  the 

potential milk yield per cow ( l itres/day ) .  Requirements for MEm, MEp and MEL are 

calcu lated according to recommendations of SCA ( 1 990) .  The exponential model 

proposed by Wi lmi nk ( 1 987 )  is used to predict potential milk yield at any day of the 

lactation period (Equation 5 ) .  

Yt  = a + be-0.05t + et ( 5 )  

W here Y t  i s  the potential yield of milk i n  the tth day o f  l actation. Parameters a ,  b ,  and c 

determi ne the overa l l  shape of the curve. The values for parameters a, b ,  and c used in  

th i s  model were extracted from the resul t s  of a study investigating the  effects of  strain 

of Holstein-Friesian cows ,  feeding sys tem and parity on l actation curves of dairy cows 

in I re l and  ( Horan et a l . ,  2005a) .  Parameters used in this model were those corresponding 

to the  treatment wi th  high productivity cows offered a high concentrate diet. Parameter 
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a was i ncreased arbitrari ly by 5% i n  order to represent a curve of potent ial mi lk  yield for 

high-yie lding Holste in  cows. The values for parameters a, b, and c used i n  this model 

were 43 .26 ,  -22.9,  and -0.0889 for a, b and c, respect ively. These values give a mi lk  

yield of  8 ,599 l i tres per cow (4% fat corrected ) i n  305 days of  lactat ion .  

Physical limit 

Mathematical ly ,  the physical l i mitation theory of Mertens ( 1 987 ) states that dai ly  

potent ial intake ( PotDM ir) t imes the fi l l  effect ( F ) of the diet equals a constant dai ly  

intake capaci ty ( C ) :  

C = PotDM lJ x F ( 6 )  

This equat ion can be re-arranged t o  obtai n potent ial DM I intake : 

PotDMir  = CIF ( 7 )  

Based o n  equation 7 ,  a theoretical equation i s  proposed t o  predict the potential D M J  (kg 

DM/day ) when intake is control led phys ical ly in grazing dairy cows,  with unl im ited 

access to pasture as sole feed. 

Pot D M ir 
= 1 .65'7c x Li, eweight x SOL '7c pasture NDF ( 8 )  

The term 1 . 65% x l i ve weight ( Lwt)  accounts for the fi l l ing capacity of  the animal ( C )  

and the % pasture NDF for the fi l l ing effect o f  the rat ion ( F) when on ly  pasture i s  fed.  

Vazquez and Smith (2000) found that, at high pasture allowance, the average dai ly  

i ntake of  NDF was: 1 .65% x Lwt. SOL i s  a coefficient account ing for the effect of stage 

of l actat ion on rumen capacity, which i s  defined i n  Equation 9, as proposed by Hu lme et 

al . ( 1 986) :  
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SOL = 0.67+ (4.040 1 x Log(w) - 0.095 x w) x 0.0972 (9 )  

where w i s  the  week of l actat i on .  

Equation 1 0  enables the calculat ion o f  poten ti al pasture i ntake (PPir) when rumen fill 

l i m i ts i ntake, account ing for the reduct ion i n  the animal ' s  capaci ty when supplements 

are consumed. 

PPir = PotDMir (kg DM/d) S upplements eaten ( kg DM/d ) ( 1 0) 

I t  should be noted that I kg DM consumed as supplement reduces poten t ial pasture 

i ntake ( PPir) by I kg, but actua l  i ntake i s  not necessarily  reduced by 1 kg, as shown in  

the  resul ts  below. 

Integration of physiological and phys ical intake control 

Because N DF i s  related to both the fil l i ng effect and the energy density of feeds, i t  can 

be used to rel ate t he two mechanisms of  i ntake regul at ion on a common scale ,  as shown 

i n  F igure 1 .  In the example shown i n  F igure 1 ,  the i ntercept poi nt betwee n  t he two 

mechanisms of i ntake regulation is approxi matel y  3 8 %  NDF for a cow with a potent i al 

m i l k  production of  30 kg/day. At  th is  poin t ,  PPie equals PPir. A t  h igher NDF 

concentrat ions,  i ntake would be l imi ted b y  rumen fil l ,  whi l e  at l ower pasture NDFs 

i ntake would be l i mited by energy demand, for a cow with a potent ial mi lk  y ie ld  of 30 

kg per day. Therefore, PPT= m i n  ( PPie, PPlr) .  
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Figure 1 :  Predictions of potential pasture i ntake according to the current mode l ,  

adapted from the NOF-energy system proposed by  Mertens ( 1 987 ) .  Example for a cow 

of 550 kg Lwt , in  the 2nd month of lactat ion, fed only pasture .  Theoretical i ntake 

l imitat ion by rumen fi l l  (-). Theoretical in take l imi tation by energy demand for a cow 

with potential of 30 kg milk ( - -c - - ) ,  and 20 kg mi lk  of 4% fat corrected (-•-). Line a 

to b represents potential  intake l i mited by energy demand of the animal . Line b to c 

represents potential intake l imi ted by the fi l l  e ffect of the diet. Section above the point b 

in both l ines represent unattainable i ntake, as predicted by the theoret ical equat ions .  

Prediction of actual pasture intake and harvesting efficiency 

The extent to w hich the cow ach ieves her PPI depends on pasture al lowance. The rat io 

of pasture a l lowance to PPI ( RAPP I )  i s  a measure of the pasture offered re lat ive to the 

cow's  demand for pasture, and is  used to predict actual pasture intake. For instance, 

assuming a pasture a l lowance of 25 kg OM and a PPI of 1 9. 3  kg OM, the RAPPI wi l l  

be: 

RAPPI 
= Pasture allowance = 25.0 kg 

= I . 30 
PPI 1 9 .3 kg ( 1 1 ) 
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This theoretical framework was u sed to calculate t he PPI and the RAPPI for 1 2  grazing  

studies i n  Argent ina. I n  F igu re 2 ,  the  RAPPI i s  plotted against t he harves t ing effi ciency 

(rati o  pasture consumed: pasture all owance) actual ly measured i n  those experiments .  

The empirical equation derived from data presented i n  F igure 2 is  u sed in t he predict ion 

of actua l  pasture i nt ake and harvest i ng effi ciency. Us ing the example given in  Equation 

1 1  (RAPPI = 1 .30) ,  harvest ing effic iency and actual pasture in take can be predicted as 

fol lows :  

H arvest ing effic iency ( y )  = -0. 322  x Ln ( 1 .30) + 0.7 1 28 = 0.63 

Actual pasture DMI = al lowance x harvest ing effi c iency = 25 x 0.63 = 1 5 . 8  kg DM/cow 
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Figure 2: H arvest ing effi ci ency (pasture consumed:pasture al low ance x l OO)  as a 

funct ion of t he ratio a l lowance: PPI (RAPPI), us ing data from 1 2  graz i ng exper iments i n  

Argent ina (a l l  o n  l ucerne, except one on  ryegrass-clover) . Pasture allowance was 

measured 4 c m  above ground level and pasture consumed was calculated as the 

difference between pre and post-grazing herbage mass ,  in all the studies.  Pasture NDF 

ranged from 3 5 . 2 %  to  5 8 . 3 % .  
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Validation data 

Two datasets from Argentina, different from data used in Figure 2, were used to val idate 

the mode l .  Dataset I i nc luded 1 9  observat ions of intake by group of cows in  

commercial dairy farms under research programmes of  INT A Rafaela. Average values 

of this dataset were: 550 kg Lwt, 1 4 . 1  kg pasture a l lowance, 43 .0% pasture N DF, and 

8 .4 kg supplements consumed/cow dai ly (concentrates and conserved forages ) .  The 

pasture used was lucerne ( Medicago sat iva L . ) .  

Dataset 2 includes data for one year from a dairy research farm in Argent ina (Tambo 

Roca, INT A Rafaela ) .  The average herd intakes of each month of the year were 

compared with model predictions .  Average values of this dataset were :  570 kg Lwt, 

1 3 .6 kg pasture al lowance ( lucerne ) ,  44.9% pasture OF ( ranging from 43 .3% to 

47.7% ), and 6.6 kg supplements consumed/cow daily. 

Addit ional ly, the present mode l was val idated against a dataset from a trial with three 

strains of Hol stein-Friesian cows grazing ryegrass-clover pastures in I reland, with 849 

individual measurements of intake ( Horan et al . ,  2005b ) .  Data were grouped by month 

of l actat ion and strain of cow, resul t ing in 28  values of average intakes .  Average values 

for this dataset were :  526 kg Lwt, 2 5 . 1 kg pasture a l lowance ( ryegrass-clover) ,  45 . 3 %  

pasture N DF ( ranging from 32 .6% t o  52 . 1 % ) ,  and 1 .4 k g  supplements 

consumed/cow/day.  Pasture al lowance was measured at  4 cm above ground level for the 

three datasets .  

In the Argentine datasets ,  intake was measured as the difference between pre and post

grazing herbage mass and on ly  a smal l amount of data was avai lable for val idat ion .  

Therefore, the Irish dataset was inc luded, i n  order to test the model with a wider range 

of data, measured with greater accuracy ( n-alkane technique ) .  

Statistical analysis 

Predicted pasture D M i s  ( P )  were compared agai nst actual observed pasture DM is ( A )  

using the mean-square predict ion error ( M SPE)  defined as : 

M S PE = J_ � ) A - P) � 
n 
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where n i s  the number of pairs of values of A and P being compared. The fitness of the 

model was evaluated by the square roo t  of the mean-square prediction error ( RM SPE), 

expressed as a percentage of the mean actual pasture i ntake. The accuracy o f  the 

prediction was considered sat isfactory when  the R MSPE was lower t han 1 0% o f  the 

mean actual i ntake, relati ve ly  good for RMSPE between 10 and 20%, and u nsatisfactory 

for RMSPE greater t han 20% ( Fuentes Pi la et al . ,  I 996 ) .  

The  concordance correlat ion coefficient (CCC) ( Li n ,  1 989) was also calculated, in  order 

to quant ify the degree of deviation from the total agreement, namely the 45° l ine (A=P), 

and the deviation between A and P. The mean of  the differences between A and P 

values div ided by  the mean actual in take was used to define  the percentage of u nder or 

over predict ion of  the model .  

Results 

Model predictions 

Actual pasture DMis were predicted for d ifferent levels of pasture allowance and 

supplementation (Figu re 3 ) .  

Predicted pasture D M I  increased curv i l incarly as pasture allowance i ncreased, reachi n g  

a plateau a t  approximately 4 5 ,  40, 35 ,  and 3 0  k g  DM/day, for cows eat ing 0, 2 ,  4, and 6 

kg D M/day of supplements, respecti vely. S i milarly, model predictions indicated that 

pasture i ntake i ncreased from 1 2 .5 ,  1 2 .0, 1 1 .5  and 1 0 .9 kg DM, up to 2 1. 5 ,  1 9 .7 ,  1 7 . 7 ,  

and 1 5 .6  kg  D M  per  cow/day as  pasture allowance increased from 1 5  t o  that which 

max i mi sed total DMI for cows fed 0, 2 ,  4 ,  and 6 kg D M  supplements, respectively. This 

represents an average i ncrement of 0.3 1 kg DM of pasture per kg DM extra pasture 

allowance. Average substitu t ion rates were 0.26,  0.43, 0.63 and 0.97 kg DM of pasture 

per kg DM of supplement  at 1 5 , 25 ,  35  and 45 kg DM pasture allowances, respectively. 
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Figure 3 :  Model predict ions showing the effect of pasture al lowance on pasture i ntake 

at di fferent leve l s  of supplement intake. (-•-) 6 kg OM supplements/cow, (-) 4 kg 

OM supplements/cow, ( -0-) 2 kg OM supplements/cow, and ( • ) unsupplemented 

cows. Calculat ions were based on a 550 kg Lwt cow, in the week l Oth of lactat ion ( 30 

kg potent ial mi lk  yie ld ) ,  and a pasture with 42% NOF. Pasture al lowance at 4 cm above 

ground leve l .  

Model validation 

The average predict ions overestimated pasture OM I by 3 . 6% for Argent ine dataset I ,  

and underestimated pasture OMI by 2 .2% for Argent ine dataset 2 ,  and by 5 .9% for the 

Irish dataset .  The RMSPE (expressed as a percentage of the mean actual i ntake ) were 

9.6% and 7 .3% for the Argent ine datasets I and 2,  respectively,  and 8 . 1 %  for the Ir ish 

dataset .  Measured intakes were c lose to predicted intakes, with CCC of 0.9 1 22 ,  0.936 1 

and 0.7850 for the Argentine datasets I and 2 ,  and the Ir ish dataset ,  respective l y  

( Fi gures 4,  5 and 6 ) .  
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fitted regression equation .  



Chapter 3 ________________________________________________________ 7 1  

20 

� 1 8  3: 0 u --
::::;: 1 6  0 
Ol 
6 
Q) 1 4  .:s:. 
ell 
.� 
� ::::J 1 2  
u; ell 
0.. 1 0  "0 
Q) 
u 
'6 8 � 
0... 

6 

.. 

6 8 1 0  1 2  1 4  1 6  
Actual pasture intake (kgDM/cow/d) 

• 

y = 0.6814x + 3.9773 
R2 = 0.8533 
ccc = 0 7850 

1 8  20 

Figure 6: Actual and predicted pasture OMI  of grazing dai ry cows for t he J J·i sh dataset 

( ryegrass-cl over pastures ) .  The dashed l ine i ndicates x=y. The sol id l i ne indicates the 

fi tted regression equation. 

Discussion 

The current model represents a s imple approach to the prediction of dai ly pasture OM I ,  

wi th  more emphasis on ani mal factors than on sward factors. 

The strong effect of pasture a l lowance on pasture O M J  reflected by the current model is  

in  agreement wi th  the findings of many other s tudies ( Holmes, 1 987 ;  Meij s  & Hoekstra, 

1 984; Romero et al . ,  1 995 ) .  

The model predicted that pasture OM!  reached a plateau a t  45 kg OM pasture 

al lowance, resu l t ing i n  a h igh intake ( 2 1 .5 kg OM/cow/day)  for unsupplemented cows. 

For unsupplemented dairy cows grazing lucerne pastures in Argentina, i t  was reported 

that pasture D M I  increased up to pasture al l owances of 30-33 kg O M  ( Comeron et al . ,  

1 995 ) and u p  t o  pasture al lowances o f  4 5  k g  O M  (7 .5% Lwt )  for 550 k g  Lwt cows 

( Cast i l lo  & Gal l ardo, 1 995 ) .  The model may have overestimated pasture O M I at high 

a l lowances for unsupplemented cows,  because i t  does not consider physical constraints 

such as the amount of  t ime avai l able for grazing,  which can prevent very h igh pasture 

D M I  at grazing ( Kolver, 2003 ) .  The al lowances reported in th is  study wi l l  be lower than 

t hose reported from graz i ng studies in New Zea land and Austra l ia, because the model ,  
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and Argent ine studies, consider allowance at 4 cm above ground level , in contrast to 

New Zealand and Austral ia,  where allowance i s  usually measured at ground level. 

For every extra kg DM i ncrease in pasture allowance, an increment of 0.5 kg DMI was 

reported for cows grazing lucerne pastures in Argentina, w i th 2,500 kg DM/ha or more 

as pre-grazing herbage mass (Romero et al. , 1 995) .  The model predicted an average 

i ncrease of 0 .3 1 kg DM per kg extra pasture allowance, but the equat ion used i n  the 

present model ( Fi gure 2) was derived from studies wi th pre-grazi ng herbage mass from 

1 300 kg DM/ha (all expressed at 4 cm above ground level) .  

Meij s  and Hoekstra ( 1 984 ) reported substitution rates of 0.5 for cows grazi ng rye grass

clover pastures in the Netherlands, at 24 kg organi c  matter pasture allowance ( 4 cm 

above ground level) .  This is s imi lar to the subst i tut ion rate of 0.43 predicted for a 

pasture al lowance of 25  kg DM. 

H i gh values for CCC were obtained in  the vali dation of the model .  However, the present 

model overest imated pasture DMI at lower DMis, and underestimated pasture DMI at 

h igher D Mis in the Argentine dataset 2 and the Irish dataset .  Possibly, the s impl i ficat ion 

of the effects of  sward factors on pasture in take in  the present model reduced the 

accuracy o f  model predict ions. However, the predicti ve accuracy of the model ,  tested by 

the RMSPE as a percentage of the mean actual pasture intake, was satisfactory ( < 1 0% )  

for both the Argentine and the Irish dataset. 

Conclusions 

The variables used i n  the model explained most of the variat ion observed i n  the datasets 

from Argent ina on lucerne and Ireland on ryegrass-clover pastures .  Predictions for 

grazing conditions other than Argentina may be i mproved by using data from particular 

grazing condit ions in the empirical equation relat ing potential pasture i ntake and pasture 

allowance.  The predicted values for DMI ,  harvest ing efficiency and substitution rates 

for grazing dairy cows i n  Argent ina w i ll be useful for dairy farmers i n  decid ing on the 

level of supplements and the stocking rates to be used. Addit ionally, the model can be 

used as part of a whole-farm model to predic t  the effects of stocking rate on farm 

productiv i ty  and profitab il ity. 
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Abstract 

A s imulat ion model was developed to predict dai ly  m i lk  product ion and l i ve weight 

( Lwt )  change of Argent ine Holstein cows in  grazing dairy systems, given a determined 

dai ly i ntake of metabol isab le energy ( M E ) .  Energy avai l able for mi lk  synthes is  and Lwt 

gain is calcu lated by subtracting the amount of energy used for maintenance and 

pregnancy from the total energy intake (energy above maintenance ) .  First ly,  mi lk  

synthesis is  predicted based on a curve of potential mi lk  yield,  the energy above 

maintenance, the body condition score and the stage of l actation of the cow. Secondly, 

Lwt change is predicted. If  the d ifference between energy part i t ioned towards mi lk  

synthesis and energy above maintenance is  negat ive,  Lwt  mobi l isation wi l l  occur. ln 

contrast, i f  t he difference is posit ive,  Lwt gain w i l l  occur. 

Calculations of mi lk synthesis and Lwt change are presented in th is  chapter as examples 

of the use of the mode l .  An Argent ine Holstein Friesian cow, of 550 kg Lwt consuming 

ei ther 1 4, 1 6 , or 1 8  kg OM per day ( 1 0.5 MJ  ME/kg O M ) ,  was used in  the example. 

However, the current model was not validated against actual data.  This is  the first model 

spec ifica l ly  designed to predict m i lk synthesis and Lwt change for Argentine Holste in  

cows.  This model is a usefu l  tool for further model l ing studies of  the productivity and 

profitabi l i ty of grazing dairy systems in Argent ina. 
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4.1. Introduction 

Many models  have bee n  developed to answer questions related to dairying in differen t  

countries .  These models have approached the 'energy part it ion ing problem' w i th i n  the 

cow i n  a v ariety of ways. Most of the model s  developed in countries of the Northern 

hemisphere assumed that cows w i l l  be fed to achieve a specified l ac tation curve and that 

m i lk production is dependant only on the cow's  i nheren t  fac tors. In  the dairy systems of 

these countries, the cow is the l i mi t i ng factor to product ion rather than the availab i l ity 

o f  feeds. Conversely ,  i n  the dairy systems of countries such as Australia ,  New Zealand 

and Argent ina,  the producti on of milk is  main ly  driven by pasture growth and pasture 

in take ( Larcombe, 1 989) .  Hence, predetermi ned lactati on curves for cows grazing 

pasture must be modified, according to t he energy that can be consumed by the cow i n  

the grazi ng system. I n  the present model ,  a potent ial l actat ion curve i s  in i ti al ly defined 

to set the cow's  upper l im i t  for m i lk product ion .  Then, the extent to which this l actati on 

curve i s  ach ieved depends on  the level of energy i ntake above main tenance and 

pregnancy. 

4.2. Prediction of energy partitioning 

It i s  widely recognised that responses i n  milk product ion to i ncremental i ncreases 111 

energy i ntake above main tenance are not constant and that a curve of d imi n i sh ing 

returns appl ies  due to  the i ncreas ing part it ion of nutrien ts i nto body t i ssue. In addi t ion,  

cows wi th  a h igh genet ic potent ial for m i lk production produce more milk per uni t  

i ncre ase in energy in take than cows w ith a low potent ia l  for mi lk  product ion (Hulme e t  

al. , 1 986) .  These factors are accounted for in Equat ions l and 2 of the present model .  

The  pathway of  energy i n  the  curren t  model i s  shown in  F igure 4. 1 .  Energy avai lable for 

mi lk  synthes is  and l i ve wei ght  (Lwt) gain i s  calculated by subtract ing the amount of 

energy used for maintenance and pregnancy from the total energy i ntake of the cow. 

This  i s  cal led energy above main tenance. 

The model i n i t i al l y  predicts the energy that will be part it ioned towards m i lk synthesis ,  

as a funct ion o f  the potential  mi lk production of the cow, the amount o f  energy above 

maintenance and the body condit ion score (BCS)  of the cow. Then ,  if the d i fference 

between e nergy parti t i oned to m i lk  synthesis  and energy above main tenance is negati ve ,  
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Lwt mob i l i sat ion w i l l  occur. I n  contrast ,  i f  the difference i s  posi t ive ,  Lwt gain wi l l  

occur. 

4.2. 1 .  Prediction of milk production as a function of energy intake 

The fol lowing asymptot ic equation proposed by  Hul me et at. ( 1 986) ,  based on empirical 

data, i s  used to predict actual m i lk  product ion ,  given a potential mi lk  product ion :  

Y = p ( 1 - r x ) + p X O. J ( L )  

Where Y i s  the actual m i lk  yield ( l i t res/day o f  4% fat corrected m i lk ) ,  P i s  the potential 

milk yield when energy i ntake is un l im i ted ( l i tres/day ) ,  r i s  the rat io of m i l k  produced 

from the n111 MJ of net energy to mi lk  produced from the ( n  - 1 )1h MJ of net energy, x i s  

the average net energy ( NE )  intake above mai ntenance (MJ  net energy/day ) and P x 0. 1 

is the mi lk  production of a cow fed a maintenance rat ion .  l t  is assumed that, i f  a cow i s  

fed on ly  a maintenance rat ion, she w i l l  mobi l i se body t i ssue and produce approx i matel y  

1 0% of her potent ial  m i l k  yield ( Hu lme e t  al. , 1 986 ) .  

Figure 4 . 2  shows the average dai ly  m i l k  yield over the whole lactat ion predicted with 

Equation I ,  for cows of different potent ial m i lk yield and fed at different leve l s  of NE 

intake above maintenance. As shown in Figure 4 .2 ,  cows with higher potent ial  mi lk  

yield w i l l  part i t ion more energy towards mi lk  synthes is  than cows wi th lower potential 

milk yield, when both have the same NE intake above maintenance.  

4.2. 1 . 1 .  Potential milk production 

In order to predict actua l  m i lk  yield ( Y )  us ing Equation 1 ,  a value for potent i al mi l k  

yield ( P )  i s  necessary for different stages of  lactat ion . Several types o f  functions have 

been proposed to model mi lk  production throughout the lactat ion of dairy cows 

( W i l mi nk ,  1 987 ;  Wood, 1 980) .  The exponen tial model based on a non- l i near parametric 

curve proposed by Wi lmink ( 1 987 ) was used in this model to predict potent ial  m i lk  

yield. W i lm ink ' s  Equation has the fol lowing formulat ion : 

P1 = a +  be-0 051 + et ( 2 )  
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Where Pr is the dai ly yield of milk i n  the eh day of lactat ion .  Parameters a, b and c 

determine  the overall shape of the curve. Parameter a determines the i ni t i al production 

and the max imum level of milk produced, parameters b and c determi ne the shape of the 

curve and how the curve changes as l actat ion progresses. The values for parameters a, b 

and c, used i n  the current  mode l ,  were extracted from the results of a recent study 

i n vest igating  the effects of strain of Holstein-Fries ian cows, feeding system and parity 

on  l actat ion  curves of dairy cows in Irel and ( Horan et al. , 2005 ) .  

M ai ntenance and 
pregnancy requirements 

I Milk  yield 

�···· · 

Total energy 
i ntake 

Energy above 
main tenance 

I Lwt change J 
Figure 4. 1 :  Diagrammatic representation of the model used to s imulate flow of energy 

with in the dairy cow, adapted from Larcombe ( 1 989) .  Actual mi lk yield i s  a function of 

the amount of energy above maintenance . The energy i nvolved i n  l ive wei ght  change i s  

calculated as  the  d ifference between the  energy above maintenance and the  energy 

part it ioned  towards mi lksol ids product ion .  

Parameters u sed for Equation 2 were those corresponding to the treatmen t  group with 

the 'h igh product ivi ty'  strain o f  cows and the 'h igh concentrates ' feeding  s ys tem i n  the 

study of H oran et al. (2005) . Thi s strain of cows has a high proporti on of American 

genetics,  which i s  relatively s im ilar to the t ype of cow used i n  Argentin a  ( Argent ine 

Holste in ) .  The values for the parameters a, b and c, describ ing the curve of milk 

production of this s train of cows in the study by Horan et al.  (2005) ,  were 4 1 .2 ,  -22.9 

and -0.0889, respect i vely.  
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S i nce they describe a curve of mi lk  production in a s i tuat ion c lose to the potential ,  but 

st i l l  actual , the value of the parameter a ( which defi nes  the intercept) was arbi trari ly  

i ncreased by  5% i n  the present model ,  i n  order to  reflect a curve more s im i l ar to the 

'potent ial  mi lk  yiel d ' .  The only  effect of this change is an increase in m i lk  yield al l 

across the lactat ion,  whi ls t  the shape of the curve remains unchanged. Then , the 

parameters used in th i s  model were 43 .26,  -22.9 and -0.0889 for a ,  b and c respect ively.  

The c urves reported in  the study by Horan et al .  ( 2005 ) and the one wi th  an i ncrease of 

5% in  parameter a are both shown in Figure 4.3 .  The accumulated potent ial mi lk yield 

in 305 days for the 5% increased curve i s  8,599 l i tres m i lk/cow (4% mi lkfat corrected ) .  
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Figure 4.2 : Relationship between dai ly  net energy intake above maintenance and dai ly 

m i l k  production. The curves are derived from Equat i on I ,  for cows with a theoret ical 

potential mi lk  production of 1 5  (-) , 25 (-) , and 35 ( - - - )  l i t res/day (4% m i lkfat 

corrected mi lk ) .  Adapted from H u l me et al. ( 1 986 ) .  
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4.2.1.2. Effect of body condition score on potential milk yield 

The mi lk  yield which a cow can achieve is influenced by its BCS.  In the present model , 

the potential mi lk  yield, calculated w i th Wilmink' s  lactation curve (Equation 2), i s  

decreased by 7 %  for every uni t  by which the  BCS of the cow i s  less than 6 ( scale BCS 

1 -8 ) .  This  i s  based on the  findings of Grainger e t  al. ( 1 982) ,  fol lowing the  methodology 

proposed by H ulme et al. ( 1 986) .  Thus, i f  two cows, identical i n  all respects except BCS 

were fed the same rat ion,  t he cow with the high BCS would mobi l ise more tissue (or 

gain less) than the cow wi th the low BCS. 
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Figu re 4.3: Prediction of potential milk yield in l itres of mi l k  per day ( 4% mi lkfat 

corrected) according to Equation 2 ,  (-) values of parameters a, b and c as calcul ated 

from the data of Horan et al. ( 2005 ) .  (-) Parameter a increased by 5% from the 

calculated value. 

4.2.1 .3. Actual milk yield 

The potent ial mi lk yiel d  calculated with Equation 2, adj usted by BCS, IS used m 

Equat ion l as the P value to calculate  actual mi lk  production . 
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4.2. 1 .4. Milkfat correction 

The previous  sections deal w ith the energy requirements for production of mi lk  

contai n ing 4% fat .  The ratio of Equat ion 3 i s  used to adj ust the energy requ ired per  l i tre 

of mi lk  produced with fat concentrat ions different from 4 %  (Hu lme et al. , 1 986) :  

( 1 . 509 + 0 .406 X % fat )/( 1 .509 + 0.406 X 4 )  ( 3 )  

Equat ion 3 i s  based on energy requ irements for product ion of mi lk  contain ing 4 %  fat,  

proposed by ARC ( 1 980) :  

M J  N E/l i tre o f  mi lk  = 1 .509 + 0.406 x % fat ( 4 )  

4.2.2. Prediction of change i n  live weight and body condition score 

For the calcu lat ion of metabol i sable energy ( M E )  associated with Lwt change ( MELwt ) ,  

H u l me et of. ( 1 986 ) proposed that : 

M E Lwt = M E intake - ( ME111 + M EP + ME 1 )  ( 5 )  

Where M E111 is the ME for maintenance, M EP is the M E  for pregnancy and M E1 is the 

M E  for mi lk  synthesi s .  

When M ELwt is  negat ive ( Equation 5 ) , the predicted Lwt loss ( kg/day ) i s  calculated as 

fol lows: 

Lwt loss = ( ME Lwt x K1 x 1 /0 .84 )  I N ELwt ( 6 )  

Where 0 .84 i s  the coefficient accoun t i ng for the effic iency o f  ut il i sat ion o f  body energy 

for mi lk  synthes is  ARC ( 1 980) ,  K 1  is the coefficient account ing for the effic iency of 

u t i l i sation of ME for lactation ( see Equation 1 7 ) and NELwt is the net energy per 

k i logram Lwt change, which i s  calcul ated as: 
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NELwt = 1 0. 1  + (2 .47 x BCS) ( 7 )  

When MELwt i s  pos i t ive (Equation 5 ) ,  L w t  gain (kg/day) i s  calculated as fol lows: 

Lwt gain = (MELwt x Kg)INELwt ( 8) 

Where Kg i s  the coefficient  account ing for the efficiency of ut i l isation of ME for Lwt 

gain .  The Kg values for l actat ing and dry cows are shown in Equations 9 and I 0, 

respectively. 

Kg ( lactat ing cows) = 0 .6  (9 )  

Kg  (dry cows) = ( M/D x 0 .042 )  + 0.006 ( 1 0 )  

Where MID i s  the  energy densi ty of the  feed, i n  M J  of ME per kg OM. 

The Australi an system of scoring body condition was used in this model (Earle, 1 976) ,  

in  which condit ion score range from I to 8 .  Relat ionships amongst i nternational body 

condit ion scor ing systems i ncluding the Australian system were detailed by Roche et al. 

(2004 ) .  

Condit ion score i s  predicted i n  the model as a resul t  o f  Lwt change. The relat ionship 

between Lwt change and BCS is based on the standard reference weight (SRW),  as 

proposed by SCA ( 1 990) .  In concept, the standard reference weight is approximately the 

Lwt that would be achieved by that animal, when skeletal development  i s  complete and 

the empty body contain s  250 g fat/kg ,  which is approximately a BCS of 5 for dairy 

cattle.  For dairy cattle, w i th a BCS scale of 1 -8, Lwt change per un i t  BCS m ay be 

calculated as 0.08 x S RW ( SCA, 1 990) .  Thus, for a cow 550 kg Lwt, 1 unit  BCS is 

equi valent  to 44 kg Lwt (0.08 x 550) .  



Chapter 4 
_________________________ _ 

83 

4.3. Calculation of energy requirements 

The energy requirements i n  the model are based on the recommendat ions of SCA 

( 1 990) ,  un less specifi ed to the contrary. 

4.3. 1 .  Calculation of energy required for maintenance 

MEm (MJid) = K . S . M  (0.28  x Lwt0 75 x e ( -OWA>  + 0 . 1 x ME1  + Egraze ( 1 1 ) 

Where K, S and M are constants with values of 1 .4, 1 .0 and 1 .0 respect i vely,  A i s  the 

cow 's  age i n  years, Km i s  the effic iency of  use o f  M E  for maintenance ( Equat ion 1 2 ) ,  

ME1  is  the amount of dietary ME for mi lk  synthes is , Egraze i s  the energy expenditure at 

pasture ( Equation I 3 ) . The term 0. I x ME1  i ndicates the acceptance that mai ntenance 

requirements are not fixed, but vary according to the level of mi lk yield. 

The effic iency of use of energy for mai ntenance is calculated as : 

Km = 0.02 X MID + 0.5 ( 1 2 )  

Where MID i s  the M E  content per kg feed DM expressed i n  MJ .  

The energy expendi ture a t  pasture is  calculated as : 

Egraze = [ (0.006 x DM I x (0.9-D) )  + (0.05 x T I (GF+3 ) ) ]  x Lwt ( 1 3 ) 

Where D i s  the digest ib i l i ty of DM (dec imal ) ,  T is 1 ,  1 .5 or 2 respectively for leve l ,  

undulat ing and h i l ly  terrain and GF i s  the  avai l abi l i ty of  green forage ( tonnes DMiha) . 

The effect of energy expenditure in stressful  c l i mates was not i ncluded i n  th i s  mode l .  

4.3.2. Calculation o f  energy required for pregnancy 

Metabo l isable energy required for pregnancy ( MEp) is calculated wi th  the fol lowing 

equat ion:  
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Where t i s  the  t i me (days) after concept ion,  and Kp = O. I 33 ,  which describes the gross 

effi c iency of use of M E  for all the energy costs of gestat ion.  Predict ions are based on a 

28 1 days gestat ion period and calf weight of 40 kg. 

4.3.3. Calculation of energy required for milk synthesis 

Requi rements for mi lk  synthes is  are calculated according to the rec ommendations  of 

AFRC ( I  990) .  The net e nergy concentration per l itre of milk ( NEL) i s  calculated w ith 

Equat ion I 5 as follows:  

NEL ( MJ/l i tre )= (0.376 x % m ilkfat) + (0.209 x % m ilkprotein)+0.976 ( 1 5 )  

Then, NEL i s  converted in to M E  concentration per l itre of milk wi th  Equat ion 1 6  as 

follows:  

ME lactation ( MJ/ I itre) = NEL I K1  ( 1 6) 

W here K1 = ( MID x 0.02) + 0.4 ( 17) 

Finally, M E  requ i red for lactat ion at day t is calculated with Equation 1 8 : 

M E  lactat ion ( MJ/day) = ME per l itre x l i tres per day ( 1 8 ) 

4.4. Practical use of the model 

Figures 4 .4 and 4 . 5  i l lustrates mi lk  yield (4% fat corrected) and Lwt change, calculated 

for an Argent ine  H olstei n  cow (550 kg Lwt)  consuming either 1 4 , 1 6, or 1 8  kg DM per 

day, across the lactat ion .  The ME concentration per kg DM assumed i n  th i s  example 

was 1 0. 5  MJ/kg DM.  T herefore, ME i n takes per day were 14 7, 1 68 and 1 89 MJ ME per 

cow. Cows were assumed to be pregnant from the 90th day after calvi ng. 
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Figure 4.4: Predict ions of mi lk  yield (4% fat corrected ) by the current model ,  for a cow 

consuming 1 4  kg (-+-), 1 6  kg ( - -o- - ) and 1 8  kg ( - - • - - ) dry matter per day across the 

lactat ion .  Example for cows of 550 kg Lwt , consuming feed with L 0. 5  MJ  ME per kg 

dry matter. 
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Figure 4.5 : Predictions of Lwt change by the current mode l ,  for a cow consuming 1 4  

kg (-+-), 1 6  kg ( - -o- - ) and 1 8  kg ( - _ ,. _ - )  dry matter per day across the l actat ion .  

Example for cows of 550 kg Lwt,  consuming feed with L 0. 5  MJ ME per kg dry matter. 
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4.5. Conclusions 

This  i s  the first model speci fically designed to predict milk yield and Lwt c hange for 

Argent i ne Holste i n  cows. The model bases i t s  predictions on a potential curve of milk 

product ion and the i ntake of energy above maintenance. Thi s  model i s  a useful tool for 

further modell ing studies of the product iv i ty and profitab i l i ty of grazing dairy systems 

i n  Argentina. 
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Abstract 

Dairy product ion m Argent ina is based on grazed pastures, with the i nc lusion of 

supplements as a secondary source of feed. S tocking rate ( S R )  is one of the factors with 

the most influence on the product iv ity and profitabi l i ty  of grazing dairy systems.  The 

tradit ional definit ion of stocking rate, expressed as number of cows per hectare, could 

be i mproved if  i t  i s  expressed as kg l ive weight per tonne of  OM offered (comparat i ve 

SR) .  The effects of comparat ive S R  and i ts  interaction w ith supplementation, on the 

productiv i ty and profitab i l ity of the whole-farm, have not been studied in  Argent ina.  

The objective of the present study was to quantify the effects  of comparat i ve SR and the 

incl usion of supplementary feeds ( concentrates) on farm productivity and profi tab i l i ty,  

for a representative Argentine dai ry farm, based on a s imulation mode l .  In contrast to 

previous deve loped s imulation studies in Argentina, pasture ut i l isation and mi lksol ids 

production are not predetermined but are s imulated, enabling them to change with 

changes in  SR and supplementation.  

A whole-farm simu lation model cal led the Argentine Dairy System Model ( ADSM ) was 

developed. A productive model i s  art iculated with an economic model ,  which enables 

the prediction of pasture dry matter intake ( DM I ) ,  milk sol ids ( M S )  production per cow, 

l ive weight ( Lwt ) change per cow, economic farm surplus ( EFS ) and return on assets 

( ROA) .  This is a mathematical , determinist ic and mechani stic whole-farm model 

developed on an Excel spreadsheet. A l l  calculations were made on a month ly basi s .  

S imu lat ions were made over a 1 2-month period. The herd was broken down b y  month 

of calving and s imu lat ions of the herd performance were based on groups of cows 

calv ing in the middle of each month .  The cow type used was the Argentine Holste in  

( 550 kg Lwt and 6 .8% mi lksol ids content ) .  

Twenty-two dairy systems were model led, created by combinations of SR and imported 

concentrates. The comparat ive SR ranged from 50 to 1 23 kg Lwt/t OM . Predicted M S  

production per hectare were compared with actual observed MS production per hectare 

from eight Argent ine dairy farms. The accuracy of  the model predictions was 

satisfactory, with a mean prediction error of 9.7% of the actual mean M S  production. 

The model predicted that, at a low comparative S R  of  60 kg Lwt/t O M  ( re lat ively 

common in Argentina ) ,  almost half of the pasture produced was wasted (53% pasture 

u t i l i sation ) .  Pasture u t i l isat ions of 70% or greater were achieved only in  systems w ith 
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comparative S R  of 80 kg Lwt/t DM or greater. Total DMI per cow per year decreased 

l in early as comparative SR i ncreased. Annual i ntake per cow decreased from 6.0 to 4 .3 t 

DM/cow as comparati ve S R  i ncreased from 60 to 1 10 kg Lwt/t DM. The min imum milk 

response to concentrates ( 4 1  g M S/kg concen trate )  occurred w hen cows consumed 6.3 t 

D M/cow/year. The maximum mi lk response ( 10 1  g MS/kg concentrate) occurred when 

cows consumed 4.2 t DM/cow/year. Substitution of p asture per concentrate was 

m i n i mu m  (0.08) for cows consuming 4 .2  t DM/cow/year and max imum (0 .76)  for cows 

consuming 6 . 3  t DM/cow/year. In the remaining sys tems, milk response and 

subst i tut ion rate ranged between t hese extremes. The EFS ($/ha)  i ncreased as 

comparati ve S R  i ncreased, reach ing a max i mum at 90 kg Lwt/t DM. Further i ncreases 

i n  comparat ive S R  decreased EFS .  However, the opti mum ROA occurred at a sli ghtly 

lower comparative SR t han EFS (approxi mately at 80 kg Lwt/t DM) .  At the milk payout 

and concentrates price used i n  th is  study, it would be profi table to i ncrease the amount 

of imported feed up to 3 . 6  t D M  per hectare (which i s  much h igher t han the average i n  

Argent ina) ,  provided that comparati ve S R  i s  s imultaneously i ncreased, i n  order t o  

ach ieve pasture ut i l i sati on o f  70% o r  h i gher. A dairy system with 8 . 6  t DM/ha/year 

produced on-farm, i mport i ng 3 . 6  t DM concentrates per year and stocked at 8 1  kg Lwt/t 

DM ( 1 .8 cows/ha) ,  would be able to ut il i se 7 1 %  of pasture and produce 626 kg 

MS/ha/year. 

Results from th is  s tudy suggest t hat the relat ively low MS production per hectare, that i s  

characterist ics o f  Argent i ne dairy systems, can be i mproved t hrough an i ncrease i n  both 

the comparati ve S R  and the amount  of  i mported feeds. The opti mum comparati ve SR,  

from t he poin t  of  v iew of the  profitabi li ty and sustainabi l ity of  the system,  appeared to 

be aroun d  80 kg L wt/t DM. For farms produc i ng 8 .6  t DM on-farm, the opt i mu m  

comparative  S R  i s  equivalent t o  1 . 6 ,  1 . 8 ,  and 2 .0 cows per hectare for systems 

i mport i ng 1 .2 ,  2 .4, and 3 . 6  t DM concentrates per hectare per year, respectively. 
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5.1. Introduction 

Dairy product ion in Argentina is based on grazed pastures ( mainly lucerne) ,  with the 

i nc lusion of supplements as a secondary source of feed (Casti l lo  and Gallardo, 1 998) .  

Cows graze and calve a l l  year round, but calving i s  general ly concentrated in  autumn 

and spring (Garc ia, 1 997) .  The cost of pasture, conserved forages and concentrates, 

re lat ive to milk price, determi nes that dairy product ion in Argent ine must be based on 

pastures in order to be profi table ( Mol i nuevo, 200 1 ) .  However, the inc lusion of 

supplementary feeds can be profi tab le ,  depending on the s ize of mi lk responses to the 

supplements and the price received for mi lk,  re lat ive to the cost of supplements .  A 

survey of 966 Argentine dairy farms indicated that the average cow's  diet i s  made up of 

approx imately  67 % grazed pasture or crops ,  1 1 % s i lage and hay and 22  % concentrates 

(Gambuzzi et al. , 2003 ) .  

The output of m ilksol ids ( M S )  production per hectare from a grazmg dairy system 

reflects the product of three major effic iencies :  the efficiency of pasture production 

( tonnes dry matter per hectare ) ,  the effic iency of pasture ut i l i sat ion (proport ion of 

pasture grown actual ly consumed by grazing ani mal s )  and the e fficiency of conversion 

of pasture consumed into mi lksol ids  (Hodgson, 1 995 ; Holmes et of. , 2002 ) .  Stocking 

rate ( S R ) , expressed as cows per hectare, is  the management pract ice with the greatest 

in fluence on al l three of these e ffic iencies.  The adjustment of stocking rate (SR ) enables 

feed demand to be balanced with feed supply, on an annual basis ( Bryant et al. , 2003 ) .  

Pasture ut i l i sat ion and MS product ion per cow and per hectare are re lated to SR. As SR 

is  i ncreased, pasture intake and MS production per cow decreases, whi ls t  pasture 

u t i l i sat ion and MS product ion per hectare i ncreases ( Pen no, 1 999; Macdonald et al. ,  

200 1 ) .  Therefore, SR markedly affects the productivity and profi tab i l i ty of grazing dairy 

systems ( Penno, 1 999) .  Strategical ly  used, supplements may give farmers the 

confidence to i ncrease SR, thus al lowing the benefits of h igh SR to be captured,  whi lst 

st i l l  being able to overcome i ts  adverse effects  by maintain ing reasonably h igh feed 

i ntakes and M S  product ion per cow ( M acdonald, 1 999) .  

The average S R  in  Argent ine dairy farms i s  approximately 1 . 1 5 cows/ha (Gambuzzi et 

al. , 2003 ) ,  which i s  lower than the 2.8 cows/ha in  New Zealand ( LIC, 2005 ) ,  2 .5 i n  

Austral ia  and 1 .9 i n  Ireland ( Di l lon e t  al. , 2005 ) ,  which are some o f  the most effic ient 

dairy systems worldwide. However, it i s  technical ly possible to i ncrease SR up to 2 
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cows per hectare in Argentina ( Garcia, 1 997 ) .  The SR i n  Argent ine dairy farms was 

found to be correlated w i th mi lk fat production per hectare: R2=0.82 ( Garci a, 1 997) and 

w ith m i lk production per hectare : R2=0.54 (Gambuzzi  et al. , 2003 ) .  

The lower S R s  used i n  Argent ina are partial ly explained by  lower pasture production 

per hectare (approxi m ately 6 to 9 t DM/ha) and l ower pasture quali ty (9.9 MJ ME per 

kg dry matter of  l ucerne pastures, Gaggiott i  et al. ,  2002 ), compared with those obtained 

i n  the countrie s  mentio ned above. However, SR is also lower because of the 

management deci s ions made by farmers and advisors. This policy of us ing low SR i s  

reflected by the low pasture u t i l i sation achieved, which i s  usually lower than 65% 

( Romero et al. , 1 998 ) .  This  i s  lower than that obtained in the grazing dairy systems of 

New Zealand, Australi a  and Ireland. It i s  l i kely that the perceived need to achieve h igh 

mi lk yield per cow discourages Argenti ne dairy farmers from h igher SRs .  

Stocking rate, expressed as  cows per hectare, i s  a s impl ification of  the relat ionship 

between feed demand and feed supply. L ive weight ( Lwt) would provi de a better 

measure of the potent ial feed demand of the cow, rather than j ust the n umber of cows .  

S im ilarly, the  total amount  of feed provided i s  a better way to quant i fy feed supply, 

rather than just the area farmed. This suggests that a ratio of total herd Lwt to total dry 

matter (DM) feed supply i s  a better measure of the S R  ratio and this could  be expressed 

as: kg Lwt/t DM total feed supply ( Penno, 1 999) ,  which is an expression known as 

comparati ve S R .  

T h e  effects of comparat ive SR and i ts i nteract ion with supplementat ion on the 

product iv i ty and profi tabi l i ty of the whole-farm have not been studied i n  Argent ina. 

S ome studies s imulated the product iv i ty and profi tabi l ity of dairy systems with different  

S R  ( Comeron,  2003;  Comeron and Sch ilder, 1 997 ;  Schneider et al. , 2003) ,  but  wi th  

relat ively s im ilar comparati ve SRs .  I n  addit ion,  these studies assumed predetermi ned 

values of pasture u t i l i sat ion and MS product ion and explored a max i mu m  of s ix 

alternati ves.  I ndeed, the i solated effect of SR has not been studied. Those s i mulat ion  

studies predi cted that  i ncreas ing  S R ,  by  us ing Jersey i nstead of Holstein cows, i ncreased 

product ivi ty and profitab il i ty per hectare (Comeron, 2003) .  S i mi l arly, Schneider et al. 

( 200 1 )  suggested that more cows per hectare, resul t ing from more pasture product i on 

and more i mported feed per hectare, would i ncrease product iv i ty and profi tabi l ity.  

Addi t ionally, Comeron and Schilder ( 1 997)  s i mu lated t hree alternat ives that had the 

same product ivi ty per hectare, but d ifferent SR and d ifferent milk yield per cow. M ore 
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feed was i mported in the system wi th  lower SR and h igher cow mi lk  yie ld .  The results 

of this study indicated that the system which had the h igher SR and the lower 

production per cow was the most profi table .  

The object ive of the present study was to quant i fy the effects of comparat ive SR and the 

inc lusion of supplementary feeds ( concentrates ) on farm product ivi ty and profi tab i l i ty,  

for a representative Argent ine dairy farm, based on a s imulation model developed for 

th is  purpose . In  contrast to previous developed s imulat ion studies in Argentina, pasture 

ut i l isation and MS production are not predetermi ned but are s imulated, by integrat ing 

the mode l s  developed in Chapters 3 and 4 .  Emphasis  i s  placed on the interactions 

between stocking rate, pasture ut i l i sat ion ,  MS production per cow and per hectare and 

subst i tut ion of pasture by supplements .  

5.2. Materials and Methods 

A whole-farm simu lat ion model called the Argent ine Dai ry System M odel ( ADS M )  was 

developed for th is study. The ADS M  compri ses a product ive model art icu lated wi th an 

economic model ,  which enables the predict ion of pasture OM intake ( DM I ) , M S  

product ion and l i ve weight ( Lwt ) change per cow, economic farm surpl us ( EFS ) and 

return on assets ( ROA) for Argent ine dairy farms . This is a mathemat ical ,  determin i st ic 

and mechan i st ic whole-farm model ,  developed in Exce l .  

5.2. 1 .  Prod uctive model 

This model s imu lates two bas ic biological processes :  feed (and energy ) intake and 

energy part i t ion ing with in the cow, e i ther to  mi lk  synthes i s  or to Lwt change. The 

product ive mode l resul ted from the i ntegrat ion of the model developed in  Chapter 3 ( for 

predict ion of DM I )  and the model developed in Chapter 4 ( for pred iction of MS yield 

and Lwt change) ,  using metabolisable energy ( ME )  as the common exchangeable un i t .  

Th is  model bases i t s  calcu lations on DM I and M E  provided by the feeds. For  the sake of 

s impl ic ity, th is  mode l assumes that protein  is not a l imi t i ng factor, based on the fact that 

energy i s  usual ly  the first l imi t ing nutrient for h igh producing dairy cows graz i ng 

temperate pastures ( M acdonald et al. , 1 998) .  
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Al l  calcul at ions were made on a monthly basis .  Values expressed on a dail y  bas i s  

represent the average of the  month. S imulat ions were made over a 1 2-month period. 

The model is designed to s imulate herds that cal ved all year-around. The herd was 

broken down by the month of calvi ng and s i mulations of the herd perfo rmance were 

based on 1 2  groups of cows, each calv ing  in the middle of each moth. 

A general overview of the stmcture of the model u sed to predict DMI and e nergy i ntake 

of the herd i s  shown i n  F igure 5 . 1 .  The two main components of the system are feed 

demand and feed supply. The l atter i nc ludes DM produced on-farm (pastures and crops) 

and feed imported (concentrates ) .  The balance between feed demand and feed supply 

defines the amount of  pasture harvested. Total DMI i s  the resul t  of the summat ion of 

pasture DMI ( predicted) and supplements D M I  ( input) .  The total ME i ntake 1 s  

calculated from total DMI and the  ME concentration of pastures and supplements.  

Feed imported 

Total DM 
intake 

ME supplements ---'5> 
<E--- M E  pasture 

Metabolisable 
energy intake 

Figure 5 . 1 :  Schematic representation of the prediction of dry matter i ntake and 

metaboli s able  energy (ME)  i ntake b y  the herd. 
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5.2. 1 . 1 .  Inputs necessary to run the productive model 

The fol lowing data is required to run the product ive model and to s imulate DMI, M S  

product ion and cow Lwt c hange : 

• Farm area and l and use 

• Pasture and crops production per hectare per month 

• Pasture and crops qual i ty ( OF and ME ) per month 

• Quant ity and qual i ty ( N DF and M E )  of imported concentrates per month 

• Herd composit ion (numbers of lactat ing and dry cows per month ) 

• umber of cows calved in  each month 

• Cow's  Lwt at calv ing 

• Average % mi lkfat and % mi lkprote in 

• Body condit ion score at calving 

5.2. 1 .2. Management decisions 

Once the inputs have been entered, the proport ion of the grazing area desti ned for the  

lactat i ng and dry cows must be defined on a month ly bas is .  Other management 

dec is ions are the area of  pasture to be c losed for hay and the distribut ion of conserved 

forages and concent rates per month of the year and per group of cows (cows are 

grouped accord ing to month of lactat ion ) .  

5.2. 1 .3. Components of  the productive model 

Pastures 

The characteristics of pastures are defined through i ts  DM production per month, i t s  

concentration of  neutra l  detergent fibre ( NDF) and i t s  ME concentrat ion.  The model i s  

able to  run w i th  perenn ial pastures and winter crops for grazing. Cows are assumed to  

be  fed every month wi th  the  pasture produced wi th in  th i s  month.  

Summer crops 

S u m mer crops can be used either for s i l age or hay. The characterist ics of each c rop are 

defi ned through i ts  total DM production and i ts  qual i ty ( NDF and ME) .  Sum mer crops 
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are considered to  occupy the l and for a period of six months .  I t  is assumed t hat 25% of 

the DM produced from summer crops i s  wasted in the processes of conservat ion and 

feeding conserved forages  (Schneider  et al. , 200 1 ) . 

Imported feed 

The product ive model conside rs that the only imported feeds are concentrates ,  because 

conserved forages are produced on-farm. This  is s imi lar to w hat occurs i n  Argent ine 

dairy systems .  I t  i s  assumed that u t i l i sation of concentrates i s  95 %. 

Cows 

The t ype of cow can be defi ned through i ts  Lwt, poten tia l  mi lk  yield curve and 

concentrations of  m i lkfat and m i l kprotei n .  The equat ion defin ing the potent ial l actation 

curve u sed in th i s  model was described in Chapter 3 .  Mi lk  yield and Lwt change are 

mode lled for an average group of cows for each month of calvi ng,  rather than for 

ind ivi dual cows.  

No al l owances are made for cow' s  age i n  the present model (a m ixed age herd is  

assumed) .  A n  al l  year round calv i ng system i s  assumed. The performance of the herd i s  

based on  groups of cows calv ing in  the middle of  each month . 

5.2.1.4. Prediction of dry matter and energy consumed by the herd 

Predict ions of pasture DMI for t he indiv idual cow were described m Chapter 3 .  

Predict ion o f  D M I  i s  calculated separately for the lactating and t he dry herds, 

cons ider ing the grazing area allocated to  every herd. Average pasture DMI is calculated 

for each group of cows in the same month of lactat ion (as an i ndividual cow) .  

Therefore, 1 2  values for actual pasture DMis are obtained for eac h  month of the year 

( see example i n  Tab le  5 . 1 ) .  

The total pastu re DMI i s  then calcul ated, tak ing i nto accoun t  the number o f  cows i n  

each month o f  l actat ion .  Total DMI i s  calculated as the summat ion of DMI of 

supplements ( gi ven as i nput )  and DMI of pasture (predicted).  Total M E  i ntake i s  

calcul ated as  fol lows :  

Total M E  i ntake = ( pasture DMI x M E  pasture) + ( supplement DMI x ME supplement) ( I )  
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Table 5 . 1 : Actual pasture DMI over the year for each group of  cows calving i n  the 

same month. Example for 550 kg l i ve weight cows fed only pasture. Val ues expressed 

in kg DM/cow/day (average for the month) .  

Month after J F M A M J J A s 0 N D 
cal ving 

I 1 4 .6 1 4 .2 1 4.6 1 4.0 1 4.0 1 3 .8  1 4 .0 1 4 .0 1 5 .6 1 5 .7  1 6 .8 1 6 .8 
2 1 6 .2 1 5 .8 1 6.2  1 5 .6 1 5 .6 1 5 .4 1 5 .6 1 5 .6 1 7 .2  1 7 .3 1 8 .4 1 8 .4 
3 1 7 .6  1 7 .2 1 7 .6 1 7 .0 1 7 .0 1 6 .8 1 7 .0 1 7 .0 1 8 .6 1 8 . 7  1 9 .8  1 9 .8  
4 1 7 . 2  1 6.8  1 7 . 2  1 6 .6 1 6 .6 1 6 .4 1 6 .6 1 6 .6 1 8 . 2  1 8 .3 1 9 .4 1 9.4 
5 1 7 .0 1 6.6 1 7 .0 1 6.4 1 6.3  1 6.2  1 6 .3 1 6.3 1 8 .0 1 8 . 1  1 9 .2 1 9 .2 
6 1 6 .8  1 6.4 1 6.8  1 6.2  1 6. 1  1 6 .0 1 6 . 1  1 6. 1  1 7 . 8  1 7 .9 1 9 .0 1 9 .0 
7 1 6 .6 1 6 .3 1 6 .6 1 6 . 1  1 6 .0 1 5 .9 1 6 .0 1 6.0 1 7 .5  1 7 .6 1 8 .6 1 8 .6 
8 1 6.0 1 5 . 7  1 6 .0 1 5 .5  1 5 .4 1 5 .3 I 5 .4 1 5 .4 1 7 .0 1 7 .2  1 8 . 2 1 8 . 2  
9 1 5 .6 1 5 . 3  1 5 .6  1 5 . 1  1 5 .0 1 4 .9 1 5 .0 1 5 .0 1 6 .6 1 6 .7  1 7 .7 1 7 .7  
1 0  I 5 .4 1 5 . 1  1 5 .4 1 4.9 1 4 .8  1 4 .7 1 4 .8 1 4 .8  1 6.4 1 6 .5  1 7 .5  1 7 .5  

DRY I 
DRY2 

1 0.9 1 0.8  1 0 .9 1 0.7 1 0 .7 1 0 .7 1 0.7 1 0 .7 1 1 .3 1 1 . 3 1 1 .6 1 1 . 7  
1 0 .9 1 0.8  1 0.9 1 0.7  1 0.7  1 0. 7  1 0.7 1 0 .7 1 1 . 3  1 1 .3 1 1 .6 1 1 . 7 

5 .2.2.  Economic model 

An economic model ,  cal led TAM BO 2000 (Cur sack et al. , 2003a ) ,  was l i nked to the 

productive model described above. The integrat ion of the productive model with the 

economic model TAM BO 2000 is cal led the Argentine Dairy S ystem Mode l in this 

study. TAMBO 2000 is a determin i st ic budgeting model .  developed in an Excel 

spreadsheet, for the economic analys i s  of Argent ine farms.  The model can be run e i ther 

for dairy farms or for farms integrat ing dairy, beef and crop product ion.  A detai led 

description of the model can be found in Cur ack et al. ( 2003b ) .  

The key output indicators of T AMBO 2000 are net i ncome and retu rn  on  assets ( ROA) .  

When a l l  the land is  owned, net i ncome i s  equ ivalent to economic farm urplus ( EFS ) ,  

which was used a s  one o f  the main output indicators i n  this study. Table 5 . 2  shows a 

detai led structure for the calculat ion o f  EFS ,  which i s  a measure of the operating profits 

of a farming enterprise (Shadbol t  and Mart in , 2005 ) .  Return on assets was calcu lated as 

shown in Equat ion 2 .  

ROA = ( EFS - lease charges )  I Total assets ( 2 )  
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Table 5.2: Detailed structure for the calculat ion of economi c  farm surplu s  (EFS ) ,  

show i ng an example for a farm wi th  8 . 6  t D M  produced on-farm (average o f  pasture and 

crops) ,  stocked at 1 .2 cows per hectare and wi th  1 .2 t DM concentrates i mported per 

hectare per year. Producti on was 340 kg MS/cow and 409 kg MS/ha. The price per kg 

MS was $US 2 . 35 .  

Income 

M ilksol ids 

Net stock i ncome 

+1- Change in stock number 

Gross farm i ncome 

Expenses 

Wages 

Ani mal health 

Breedi ng/herd test ing 

Shed expenses 

Electric i ty  

Freight 

Feed produced on farm2 

Conserved forages 

Grazing-off heifers 

Feed i mp011ed 

Fert i l i ser 

Calves' concentrate 

Replacement 

Repairs and mai ntenance 

Vehic les 

Admini stration 

Advisors 

Standing charges' 

Depreci at ion 

Operating expenses 

EFS (Gross farm i ncome ·· operat i ng expenses ) 

1 6.8'7r MS per l i tre of mi l k  

2i ncludes seeds. weed. pest and planting costs of pastures and grazing crops 

'Taxes. insurances and rates 

$US/hectare $US/l i tre 1 

952 0. 1 60 
8 1  0.0 1 4  

1 ,033 0 . 1 74 

1 33 0.022 
47 0 .008 
20 0.003 
I I 0.002 
1 4  0 .002 
6 0.00 l 
70 0.0 1 2  
45 0.008 
40 0.007 
1 1 9 0.020 
22 0 .004 
2 0 .000 

8 0 .00 1 
1 3  0 .002 
30 0 .005 
6 0.00 1 

34 0.006 
68 0.0 1 1 

688 0. 1 1 5 

345 0.059 



Chapter S __________________________________________________ ___ 
99 

The economic model TAMBO 2000 was eas i ly l i nked to the productive model ,  because 

both are based on Excel spreadsheets .  The fol l owing data from the product ive model 

was used as i nput i n  T A M B O  2000: number of cows, l and use, ki lograms of concentrate 

purchased, hay and s i lage production per year, volume of mi lk produced, M S  

product ion and pasture production. 

5.2.2. 1 .  Inputs necessary to run the economic model 

The economic model , TAM BO 2000, requires the following data as input s :  

• Detai led l is t  of assets ( amount,  value and expected useful l i fe when appl icable ) 

i nc luding buildings,  mach inery and land 

• Land use ( area of pasture and crops ) 

• Detai led l i st of farm working expenses ( see Table 5 . 2 )  

• Livestock number and changes during the year ( stock, purchase and sales , 

mortal i ty)  

• M i lk production. mi lk composi t ion and mi lk price 

• Price of stock sold 

• Labour adjustment 

5.2.2.2 Validation data 

Actual data from eight Argent ine dairy farms and s imulated data from ADS M  were 

compared, i n  order to determine the re l iabi l i ty of the model to predict MS production 

per hectare. The k i lograms of MS produced per hectare is an indicator which integrates 

the main product ive parameters of ADSM,  i . e . ,  DM I per cow, MS product ion per cow 

and stocking rate. Actual data to val idate the model were obtained from one research 

dairy farm (Tambo Roca, I NT A Rafae la )  and seven commerc ial dairy farms located in  

Buenos A i res province ( CREA farmers ) .  The 'CREA farmers ' are a group o f  top 

farmers of A rgent ina, who keep product ive and economic records of their annual farm 

performance . The main characterist ics of the dai ry farms, depicted in Figure 5 . 2 ,  are 

i l lustrated i n  Table 1 of Appendix A ( farm I to 8 ) .  Additional ly, actual data from 1 8  

Argenti ne dairy farms, i nc luding comparative SR and annual pasture uti l i sation, were 

compared wi th  ADSM predictions for a dairy farm with 8 .6  t OM produced/year and 1 .2 
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t DM i mported/year (F igure 5 .2 ) .  Actual data were obtained fro m  those farm s  used i n  

F i gure 5 .2 ,  plus  1 0  commercial dairy farms, also l ocated i n  B uenos A ires provi nce 

(CREA farmers ) .  The main characterist ics of the 1 8  dairy farms are shown i n  Table 1 of 

Appendix A .  

5.3. Case farm 

A case farm of 1 00 hectares was set  up with  the objective of study in g  the effects of 

comparati ve SR and i mported concentrates on the product iv i ty and profitabi li ty of the 

system. The del imi tation of a representat ive Argentine dairy farm i s  beyond the scope of 

th i s  study, wh ich  did not try to reproduce a ' representative' dairy farm for the case farm 

u sed in th is  study, but i nstead set  up a s imple  farm to a l low the effects of SR and 

supplementat ion to be i solated and studied. However, when available ,  data  reported as 

' representat ive '  for an Argentine dairy farm were used from Ostrowski and Debl i tz 

(2003)  and Gambuzzi et al. (2003 ) .  

5.3. 1 .  Productive d ata 

Land use, pasture and crops production (and  quali ty) assumed for the case farm are 

shown i n  Tab l e  5 . 3 ,  wh i l st the calv ing pattern i s  shown in Tab l e  5 .4 .  The conserved 

forages and concentrates avail ab le for the year were distributed to meet , as far as 

possible,  the requ i rements of the cows over the whole year. 

Table 5.3: Land use,  pasture and crops production ( and quality) of the 1 00 hectares case 

farm used i n  the current study. 

Crop or pasture Area (has )  DM product ion MEconcentrat ion NDF (Sf)  
(kg  DM/ha/year) (MJ ME/kg DM) 

Lucerne 65 8,000 1 0. 1  44 
Winter oat 30 5,000 1 0.3  52 
Setar ia (hay) 20 4,500 8 .8  67 
M ai ze (s i lage) 1 0  1 0,000 9.2 53  
Unproduct ive 5 0 
Total /average l OO 8,600 

NOTE: D M  productions are within the expected range for Argentine dairy farms. Percentage uf NDF and ME 
concentration of pasture and crops are the average of forage analysis u ndertaken i n  the Department of Animal 
Production Laboratory of I NTA Rafaela. Argentina (Gaggiotti et al . .  2002). 
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The current study assumed that only one type of cow i s  used, the Argent ine Holste in ,  

which has a h igh proportion of  American genotype ( Mol inuevo, 200 I ) , an  average Lwt 

of  approximately 550 kg, 3 .6% m i lkfat and 3 .2% mi lkprotein (Comeron ,  2003 ) .  The 

herd i s  assumed to spend 78% of the year lactat i ng and 22% dry. The equat ion and 

parameters used for the l actat ion curve were described in Chapter 3. The d i stribution of 

pasture produced is shown in Table 2 of Appendix A. 

Table 5.4: Calving pattern used in the case farm. 

M onth Jan Feb Mar Apr M ay J un J u l  A u g  Sep Oct N o v  Dec 

9'c cal v ing 3 6 1 5  1 4  1 1  4 4 9 1 4  1 0  6 4 

5.3.2. Economic data 

The economic analysis  was based on average values of marketable products and average 

costs of Argent ine dairy farms. Economic performance was measured as EFS per 

hectare and ROA per hectare . Economic farm surplus is  an index s imi lar to net i ncome, 

if there i s  no debt and a l l  land is  owned ( as i s  the s i tuat ion in the current case farm ) .  

Incomes 

The payment for mi lk  produced was based on high qua l i ty milk with 6 .8% M S ,  which 

under the current system of payment in Argenti na, resu l ts i n  $US 0. 1 6  per l i tre of mi lk 

(approx imately $US 2 .35 per kg MS) .  Beef income was deri ved from sale of male 

calves, surplus female calves and cu l led cows. 

Expenses 

Average farm costs were taken from Vega (2005 ) and M argenes Agropecuarios ( 2005 ) .  

Average expenses for the case farm, with SR of 1 .2 cows per hectare and 1 . 2 t OM as 

i mported concentrates per hectare per year, are shown in Table 5 .2 .  

5.3.3. Assumptions 

• It was assumed that al l land was owned and no debt was considered. 

• Twenty-five percent of replacement hei fers were i ntroduced as i n-calf  2-year-old 

heifers to rep lace cu l led (voluntary and involuntary) and dead cows. The average 
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percentage of culled cows was 20% ( Ostrowski and Debl i tz ,  2003) .  All male and 

surplus female calves were assumed to be sold at one month of age. 

• Heifers were assumed to be grazed away from the farm from two-months of age 

unt i l  two-months before calv ing date. Body condition score (BCS) at calv ing was 

assumed to be 4 .5  un i ts (scale 1 -8 ) .  All pasture was used by grazing ( no pasture 

area closed for hay) .  

• As S R  incre ased, i t  was assumed t hat expenses i n  animal health ,  breeding and herd 

test ing, shed expenses, electr ic i ty ,  frei gh t  and grazing-off i ncreased proportionally 

to cow numbers. However, expenses for wages, admin istrat ion and advisors were 

assumed to vary i n  proporti on to the volume of milk produced per year ( which i s  

usually the case i n  Argent ine dairy farms) .  Expenses for repairs and maintenance, 

pasture and crops product ion ,  conserved forages and standi ng charges were 

assumed to  be constant as S R  i ncreased. The use of ferti l i ser i ncreased in  

proportion to cow numbers, i n  order to  compensate for the h igher nutrient 

extract ion as SR i ncreased and consequently, pasture uti l isat ion i ncreased. 

• I t  was assumed that the capital i n vested i n  milking mach inery, feedin g  machinery 

and cowshed i ncreased proportional to cow numbers . T he i nvestment on the 

remainder of the machinery, land i mprovements and buildings was assumed to be 

the same, i rrespect ive of the S R .  

• 1 .00 $US = 3 .05 $AR = 1 .43  $NZ (exchange rates from February 2006 ) .  

5 .3.4. S tatistical analysis 

Predicted MS product ions (P) were compared against actual observed MS productions 

( A) us ing  t he mean-square predict ion error (MSPE) defined as: 

1 "' ' 

MSPE = - � (A - Pr 
n 

w here n i s  the number of pairs of values of A and P being compared. The fitness of the 

model was evaluated by the mean predict ion error (MPE),  calculated as the square root 

of M S PE div ided by the mean actual M S  production. The accuracy of t he prediction 
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was considered sat isfactory when M PE was lower than L O% of mean actual M S  

production, re lat ive ly good for MPE between 1 0  and 20% and unsatisfactory for MPE 

greater than 20% ( Fuentes Pi la  et al. , 1 996 ) .  Predicted MS product ions were regressed 

against actual MS productions to determine coefficient of determinat ion ( R\ 

5 .3.5. M odel simulations 

Twenty two dai ry systems were model led with AOS M ,  by combining e ight levels  of S R  

and three levels  of  concentrates imported into the farm (excluding the two extreme 

systems with the highest and lowest comparat ive S R ) . Thus, different comparat ive SRs 

were obtained, with di fferent proportions of feeds imported and produced on-farm 

( Table 5 . 5 ) .  

A l though some o f  the comparative SR of the  systems inc luded in th is  study were ' not 

sens ib le '  for a commercial dairy fann, they were i nc luded to study the ful l  range of 

changes in OM I and MS production as functions of comparat ive S R .  Product ive outputs 

of the model are shown in table 5 .6, whi l st economic outputs are shown in Table 5 .7 .  

Table 5.5: Comparat ive SR ( kg Lwt/t OM total feed supply)  of the systems s imulated 

with ADSM, for 8.6 t OM produced on-farm and cows of 550 kg Lwt. 

Stocking rate ( cows/h a )  

I mported feed ( t  DM/h ::tf)ean 1 .0 1 .2 1 .4 1 .6 1 .8 2 .0 2 .2  2 .4  

1 . 2 56  67 79 90 1 0 1  1 1 2 1 23 
2 .4 50 60 70 80 90 1 00 1 1 0 1 20 
3 .6  54 63 72 8 1  90 99 1 08 

5.4. Results 

5.4. 1 .  Model validation 

Figure 5.2 shows that AOSM predicted MS production with reasonable accuracy for the 

eight dairy farms tested, which had detailed farm data. However, an average u nder

predict ion of 7 .3% was observed. The fi tness of the model was sat isfactory: M PE of 9 . 1 

% of the mean actual MS product ion for data plotted in  Figure 5 .2 .  
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Figure 5.2: M i lk yield ( kg M S/ha) observed ( • ) of e ight Argent ine dairy farms and 

predicted wi th  the mode l  ( - - ) .  
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Figure 5.3: Annual pasture u t i l i sation  (pasture eaten/pasture grown x 1 00)  as a funct ion 

of comparati ve SR observed in 1 8  Argent ine dairy farms ( •) with average pasture 

product ion of 9 .9  t D M/ha, and model led with ADSM (- -o- - )  for a dairy farm w ith  8 .6  

t D M  produced on-farm and  1 .2 t D M  of  concentrate i mported per hectare per  year. 

Regression l i ne (-) for data observed i n  Argentine dairy farms. 

A nnual pasture u t il i sation was pos it ively correlated wi th  comparative SR for data 

observed i n  the Argent ine dairy farms ( R2=0.7 1 )  (F igure 5 . 3 ) .  Annual pasture u t il i sati on 
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increased 6 .6% for every i ncrease of comparat i ve SR of 1 0  kg Lwt/t O M ,  according  to 

the equat ion of Figure 5 . 3 .  The curve predic t ing pasture u t i l i sat ion for the model led 

systems s hows a s i m i l ar trend with data observed i n  the Argent ine dairy farms analysed. 

AOSM predicted sl ight ly lower values of pasture ut i l i sat ion than actual  data, for the 

same comparat ive SR .  

5.4.2. Pasture utilisations 

A curv i l i near re lat ionship was found between comparat i ve SR and an nual pasture 

ut i l i sat ion for the systems model led. At a low SR of 60 kg Lwt/t O M  (relat ively 

common i n  Argent ina ) ,  almost half of pasture produced was wasted ( 53% pasture 

ut i l i sat ion ) .  Pasture ut i l i sation increased up to 76% as SR i ncreased up to 90 kg Lwt/t 

OM and up to 85% for SR of 1 1 0 kg Lwt/t OM.  Annual pasture uti l i sat ion over 70% 

wou ld i mply an i mportant increase of effic iency for the current Argent i ne dairy system. 

Pasture uti l i sat ions of 70% or greater were achieved only in systems with comparat ive 

SR of 80 kg Lwt/t OM or greater, accord ing to AOS M  predictions ( Figure 5 .4,  Table 

5 .5  and 5 . 6 ) .  

A t  a common value for comparat ive S R ,  pasture ut i l i sat ion was hard ly affected by the 

inc lusion of concentrates ( Figure 5 .4a ) ,  but pasture uti l i sat ion decreased wi th  more 

concentrate per hectare at a common value of cows per hectare ( Figure 5 .4b) .  

(a) 1 00% (b) 
1 00% 90% . 0 . 0 • 

90% 0 c: 80% 0 • . . '0 .2 • 
c: 80% 4) i;j 70% 0 • .Q ' � i;j • 
� 70% ..., ·.;::; 60% ::;:) 
5 60% . • � • 0 
� "' 50% 

50% • 0 . ;;; "' "' ;;; a. 40% • 
"' 40% 0 • n; a. 
n; "' 30% 30% ' c: "' c: c: <( 20% c: 
<( 20% 

1 o% I 1 0% 
0% I 0% I 

40 50 60 70 80 90 1 00 1 1 0 1 20 1 30 0.8 1 .0 1 .2 1 .4 1 .6 1 .8 2 .0 2.2 2.4 2.6 
Comparative SR (kg lwt/t OM) Stocking rate (cows/ha) 

Figure 5.4: Annual pasture ut i l i sation (pasture eaten/pasture grown x 1 00 )  as a function 

of comparative SR (a) ,  and as a function of SR (b) ,  for 8 .6  t OM produced on-farm and 

1 .2 ( • ) , 2.4 ( ) and 3.6 ( "' ) t OM of concentrate i mported per hectare per year. 
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5.4.3. Dry matter i ntake 

Total D M I  per cow per year decreased l inearly as comparati ve S R  increased. Annual 

i ntake per cow decreased from 6.0 to 4 .3  t DM/cow as SR i nc reased from 60 to 1 1 0 kg 

Lwt/t OM (Table 5 . 6  and Figure 5 .5a) .  For the case farm studied, total O M I  per cow 

should decrease from 6.0 to 5 . 2  t DM/year, i f  i t  is to ach ieve an annual pasture 

ut i l i sat ion of 70%. 

5.4.4. Milk yield 

The max i mum milk yield per cow (432 kg M S )  was achieved at the lowest comparative 

S R  for the system which imported 3 . 6  t DM per hectare. H owever, annual pasture 

ut i l isation was very low in this  system (40% ) .  The maximum milk yield per hectare ( kg 

M S )  was achieved with comparat ive S Rs of 1 0 1 ,  l OO and 99 kg Lwt/t O M  for systems 

wi th 1 .2 ,  2 .4 and 3 . 6  t DM concentrates i mported per hectare, respect ive ly  (Table 5 .6  

and Figure 5 .6b ) .  M i lk yield per cow was reduced by 1 38 kg M S  (34%)  as  comparat ive 

S R  changed from the lowest to the comparati ve SR which maximised M S  production 

per hectare (average of three levels of feed i mported) .  Systems which maximised milk 

yield per hectare reduced cow's  Lwt by  6 1 ,  47 and 35 kg when import ing  1 .2 ,  2 .4 and 

3 .6  t DM, respect ively (Table 5 .6 ) .  F igure 5 . 7  shows data for total DMI  and milk yield 

expressed as funct ions of the tradi t ional rat io of SR ( cows/ha) .  
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Figure 5.5 : Total D M I  per  cow (a )  and per hectare (b )  as  funct ions of comparative SR 

(kg Lwt/t DM total feed supply) for 550 kg Lwt  cows, 8 .6  t DM produced on-farm, for 

1 . 2 ( • ) ,  2 .4 ( ) and 3 . 6  ( .. ) t OM of concentrate i mported per hectare per year. 
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Figure 5.6: Milk  yield (kg M S )  per cow (a )  and per hectare ( b )  as funct ions of 

comparat ive SR ( kg Lwt/t OM ) for 550 kg Lwt cows, 8.6 t OM produced on-farm and 

1 .2 ( • ) , 2.4 ( ) and 3 .6  ( • ) t OM of concentrate imported per hectare per year. The 

average metabol isable energy of the diet were I 0 .2, I 0.4 and I 0.6 MJ/kg OM,  

respectively. 
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Figure 5.7: Total dry matter intake (a)  and mi lk  y ie ld in kg M S/ha ( b )  as functions of 

comparative SR for 550 kg Lwt cows, 8 .6  t OM produced on-farm and 1 . 2 (. ) ,  2 .4 ( ) 

and 3 .6 ( • ) t DM of concentrate imported per hectare per year. The average 

metabol i sable energy of the diet were 1 0.2 ,  1 0.4 and 1 0.6  MJ ME,  respectively. 
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Table 5.6: Per cow and per hectare performance for the 22 systems modelled wi th 

ADSM for 8 .6  t DM produced on-farm and cows of 550 kg Lwt .  

Imported feed Stocki ng rate 

(t DM/ha/year) (cows/ha) 

1 .0 1 .2 1 .4 1 .6 1 .8 2 .0  2 .2  2.4 
Total intake 1 .2 6.0 5 .5 5 . 1 4.7 4 .4 4 . 1 3 . 8  

(t DM/cow/ycar) 2.4 6 .3 6 .0 5 .6 5 . 2  4 .9 4 .6 4 .3 4.0 
3.6 6 .3 6 .0 5 .7 5 .3 5 .0 4 .7  4.4 

Milk  y ie ld  /cow 1 .2 5558 5058 4538 4087 367 1 3275 2906 
( l i tres/year) 2.4 62 1 7  5834 537 1 49 1 2  4468 4077  3695 3357 

3 .6 6404 60 1 8  5623 5 1 78 4790 4375 4044 

MS yield /cow 1 . 2  375 340 305 275 247 220 1 95 
( kg MS/cow/ycar) 2.4 420 393 362 330 300 273 248 225 

3 .6 432 406 378 348 32 1 294 268 

MS yie ld  per ha 1 .2 375 409 428 439 444 440 430 
(kg M S/ha/year) 2.4 420 472 506 528 540 547 545 540 

3 .6 5 1 8  568 605 626 643 646 644 

Lwt c hange 1.2 44 1 2  - I S  -4 1 -6 1 -80 -93 
2.4 75  50 24 -4 -27 -47 -64 -83 
3.6 77 57  32 6 - 1 5  -35 -54 

ME main t .  x 1 00 1.2 49 5 1  5 3  56 58 6 1  64 
Total M E  2.4 46 48 50 52 54 56 58 60 

3 .6 46 47 49 5 1  53 55 56  

Feed conversion 1 .2 63 6 1  60 58 56 54 5 1  
efficiency 2 .4 67 65 64 63 62 60 58 56 

( kg M S/t D M  eaten) 3 .6  69 68 67 66 64 63 62 

A nnual pasture 1 .2 5 2  62 69 75 8 1  85 88 
uti l i sation  ('k J 2 .4 39 53  63  70  76  8 1  85 88 

3 .6 40 54 63 7 1  77  82  86  

5.4.5. Feed conversion efficiency 

Feed conv ersion effi ciency (FCE) can be defi ned as the k ilograms of MS produced per 

cow for every tonne of DM eaten per cow (Holmes et al., 2002) .  FCE was reduced as 
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comparat ive SR increased in  the present mode l l ing study. The maxi mum FCE was 

obtained wi th the highest level of i mported feed, the highest MS yield per cow and the 

lowest comparat ive SR ( 69 kg M S/t DM consumed ) for the cow type used in  th is  study 

( re lat ive ly h igh potent ial for mi lk yield) .  The minimum FCE of 5 1  kg M S/t OM 

consumed was obtained wi th the lowest level of imported feed, the lowest MS yield per 

cow and the highest comparat ive SR (Table 5 . 6 ) .  Requirements for maintenance and 

pregnancy represented a l ow proport ion of total energy intake ( 46% )  for cows at the 

lowest SR .  In  contrast ,  cows with the lowest O M I ,  at the highest SR,  used a greater 

proport ion ( 64% ) of the total energy consumed to meet maintenance and pregnancy 

requirements (Table 5 .6 ) .  

5.4.6. M i l k  responses to imported feed and substitution rates 

The minimum mi lk re. ponse (4 1 g MS/kg concent rate ) occurred when cows consumed 

6 .3  t DM/cow/year. Max i mum m i l k  response ( I  0 I g M S/kg concent rate ) occurred when 

cows consumed 4.2  t OM/cow/year. 

The subst i tut ion rate i s  defined as : k i lograms of pasture dry matter intake reduction per 

k i logram supplement consumed. Subst itution of pasture per concentrate was minimum 

(0.08 ) for cows consumi ng 4 . 2  t OM and max imum (0.76)  for cows consuming 6.3 t 

OM. In the remaining systems, m i l k  response and subst i tut ion rate ranged between these 

extremes. 

5.4.7. Economic farm surplus 

Economic farm surplus  i ncreased as comparat ive SR increased, reaching a maximum at 

90 kg Lwt/t OM. Further i ncreases in comparat ive SR decreased EFS (Tab le 5 .7 and 

Figure 5 . 8 ) .  At the price of concentrates and mi lk  payout used in this  study (0.09 $US/ 

kg concentrate and 0. 1 6  $US/ l it re mi l k ), i ncreasing the amount of imported feed up to 

3.6 t OM/ha resulted in  increased EFS, except at low comparat ive SRs .  The max i mum 

superiority was achieved a t  comparat ive S Rs which max i mised EFS/ha, with 33% 

higher EFS/ha for the system i mport ing 3 .6  t OM/ha than for that with 1 . 2 t O M/ha 

i mported ( Figure 5 . 8 ) .  
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Figure 5.8:  Economic farm surplus (EFS ) per hectare as a function of comparative SR 

( kg Lwt/t OM) for 550 kg Lwt cows, 8 .6  t DM produced on-farm and 1 .2 ( • ) ,  2.4 ( ) 

and 3 . 6  ( ... ) t DM of concentrate i mported per hectare per year. 

Table 5.7: Economic indicators for the systems modelled wi th AOSM ,  for a farm of 

1 00 hectare, 8 .6  t OM produced on-farm, cows of 550 kg Lwt, 0. 1 6  $US mi l k  payout 

per l itre and 0 .09 $US per kg concentrate . 

Imported feed Stocking rate 

(t DM/ha/year) ( cows/ha) 

1 .0 1 .2 1 .4 1 .6 1 .8 2 .0 2 .2  2 .4 
Total income 1 .2 940 1 033 1 088 L 1 28 1 1 49 1 1 50 I 1 35 

($US/ha) 2 .4 1 046 1 1 82  1 275 1 339 1 379 1 407 1 4 1 3  1 4 1 2  
3 .6 1 29 1  1 420 1 52 1  1 583 1 635 1 653 1 676 

Capi tal i nvested 1 .2 408 420 432 444 457 469 482 
(thousands of 2 .4 409 42 1 433 446 458 47 1 483 496 

$US/ farm) 3 . 6  422 435 447 459 472 485 498 

Economic farm 1 . 2 297 345 36 1 365 353 324 282 
surp lus  ($US/ ha) 2 .4 265 348 396 420 423 4 1 6  392 36 1 

3 .6  3 1 9  396 45 1 473 486 470 459 

Return on 1 .2 7 . 3  8 .2  8 .3  8 .2  7 .7  6 .9 5 .9 
assets (%) 2 .4 6 .5 8 .3  9. 1 9.4 9.2 8.8 8 . 1 7 . 3  

3 . 6  7 . 6  9. 1 1 0. 1  1 0.3 1 0.3  9 .7 9 .2 
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5.4.8. Return on assets 

Return on assets was calcu lated as the rat io  of EFS to the total assets. Systems mode l led 

with AOSM showed trends in ROA simi lar to those observed for EFS . However, the 

maximum ROA occurred at a s l ight ly lower comparati ve SRs (approx imate ly  at 80 kg 

Lwt/t OM ) than the max imum EFS. Addit ional ly, at low comparat ive SR,  systems with 

low imported OM resu l ted in s imi lar ROA to systems with high imported OM ( Figure 

5 .9 ) .  At comparat ive SRs  between 80 and 90 kg Lwt/t OM, the d ifference in ROA 

between systems import ing 3.6 and 2 .4 t OM were small and then i t  increased as SR 

increased ( Figure 5 .9 ) .  
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Figure 5.9: Return on assets ( ROA) per hectare as a function of comparat ive SR ( kg 

Lwt/t DM ) for 550 kg Lwt cows, 8 .6  t O M  produced on-farm and 1 .2 ( ·•- ) ,  2 .4  ( ) and 

3.6 ( ... ) t OM of concent rate imported per hectare per year. 

5.4.9. Sensitivity analysis for economic farm surplus 

A sens i t iv i ty analysis was conducted, in order to study the changes m EFS as mi lk  

payout or  concent rate price increased o r  decreased by  1 0% (Table 5 .9 ) .  

The maximum EFS was found a t  t he same comparative S R  ( 90 kg  Lwt/t D M ) ,  

i rrespect ive of changes i n  mi lk  payout o r  concentrate price. At  t h i s  comparat ive SR ,  
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changing the m i lk price by ± 1 0%,  e ither i ncreased or decreased E FS by 24%, 26% and 

27% for the low, mediu m  and high level of i mported feed, respectively (Table 5 .8) .  

Changing the price paid for concentrates b y  ± 1 0  %, ei ther increased or decreased EFS 

by 3%,  5 %  and 7 %  for the low,  mediu m  and high level of i mported feed, respectively 

(Table 5 .8 ) .  

Table 5.8: Sens it iv i ty analysi s  showing  economic farm surplus  ($US/ha) resulti ng 

fro m  c hanges i n  ± I  0% of e ither mi lk  payou t  or concentrate price. The orig inal m ilk  

payout and concentrate prices were $US 0. 1 6  and $US 0.09, respect ively. 

Imported feed Stocking rate (cows/ha) 

(t DM/ha/year) 

1.0 ! .2 1 .4 1 .6 ! .8 2.0 2 .2  2.4 

+ I 0 S{ milk payout 1.2 372 426 446 452 44 1 4 1 2  367 
(0. ! 76 $ U S/ l i tre ) 2.4 349 443 497 526 53 1 526 50 ! 468 

3 .6 423 5 1 0  572 598 6 1 5  600 589 

- 1 0  S{ m i l k  payout 1 .2 222 262 275 277 265 237 1 97 
(0. 1 44 $ US/ l i t re) 2 .4 1 8 1  253 294 3 1 4  3 1 5  307 283 253 

3 .6 2 1 5  282 329 347 357 34 1 329 

+ l O(k concentrate 1 .2 286 333  350 354 342 3 1 3  27 1 
p rice 10 099 sus; k g )  2 .4 243 326 374 398 40 1 395 370 339 

3 .6  287  364 4 1 9  440 453 438 427 

- l oc;c concentrate 1 .2 307 355 372 375 364 335 293 
price w o s  I sus; kg; 2 .4  286 369 4 1 7  44 1 444 438 4 1 3  382 

3 .6 35 1 428 483 505 5 1 8  502 49 1 

5.5. Discussion 

A representative survey of 966 dairy farms, i n  the main dairy production areas of 

Argent ina, reported that the average dairy farm has approx imately  1 . 1 5 cows/ha 

(equ ivalent to appro x imately 60 to 70 kg Lwt/t DM) with 1 .2 t DM concentrate 

i mported per cow (Gambuzzi et al. , 2003 ) ,  which i s  approximately 1 .4 t DM/ha. As a 

result ,  low pasture u t i l i sation  of 60-65% or less (Guaita and Gallardo, 1 995) ,  low mi lk  

y ie ld  per  hectare of 3 34 kg M S/ha ( Gambuzzi et al. , 2003) and poor economic 
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performance are obtained. This i s  re lat ively s imi lar to the system with 1 . 2 cows/ha and 

1 .2 t DM i mported per hectare model led in the curren t  study, which produced 409 kg 

M S/ha with 62% pasture uti l i sation ( Table 5 .6 ) .  However, as d iscussed below, the 

productivity and profitabi l i ty of Argent ine dairy farms could be increased by increasing 

the comparat ive SR and the amount of imported feed. 

5 .5. 1 .  Model validation 

A lthough ADSM predictions are c lose to actual data for pasture ut i l i sation and M S  

production per hectare,  i t  must be recognized that actual data for pasture product ion and 

ut i l i sat ion in the Argent ine farms used for val idat ion is a general est imat ion made by 

farmers and advisors, based on non-systemat ic pasture measurements.  Nevertheless,  this 

is  some of the best data avai lable in Argentina. 

5.5.2. Pasture utilisation 

A curvil i near re lat ionship was found between comparat ive SR ( kg Lwt/t OM ) and 

annual pasture uti l i sat ion for the systems mode l led. The effects of comparati ve SR on 

pasture ut i l i sat ion were mediated through the effects of comparat ive SR on herbage 

al lowance ( herbage al l owance decreased as SR increased ) .  Pasture ut i l i sations predicted 

with AOSM were re latively s imi l ar to those found by Macdonald et al. ( 200 I ) , in a trial 

with pasture ( ryegrass-clover) as sole feed in New Zealand ( Figure 5 . 1 0) .  However the 

model predicted lower pasture uti l i sation at low S Rs and higher pasture uti l i sat ion at 

h igh SRs than those found by Macdonald et al. ( 200 I ) . Predict ions with AOSM 

included concentrates in total DM offered, whi l st the Macdonald et al. ( 200 I )  
experiment did not i nclude concentrates . 

A survey of 1 00 dairy farms in  Argentina revealed that pasture ut i l i sation ranged from 

35% to 60% (Guaita and Gal lardo, 1 995 ) .  This i s  i n  agreement with the low S R  used in  

those dairy farms (0 .75  cows/ha).  However, dai ry research farms of I NTA Rafaela  

achieved values of  75% of  pasture ut i l i sation, w i th  approximatel y  80  kg  Lwt/t OM ( 2  

cows/ha), i n  agreement with the predictions of the ADSM, in which pasture u t i l isation 

of 70% or greater were only achieved in systems wi th  comparati ve SR of 80 kg Lwt/t 

D M  or greater. However, i n  the current  study, factors other than SR and leve l of 

supplementation were assumed to remain constant. Nevertheless, variables such as 
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pasture q ual i ty and the abi li ty of the farmer to manage grazi ng wil l  markedly i nfluence 

the effi ci ency of  pasture ut i l i sation in practice. 
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Figure 5.1 0: A nnual pasture ut i l i sat ion (pasture eaten/pasture grown x 1 00) as a 

funct ion of  c omparati ve SR (kg Lwt/t DM ) observed i n  the experiment of Macdonald et 

al. ( 200 1 )  for systems wi th only pasture i n  New Zealand ( •) and m odelled with ADSM 

( o) for dairy systems with 8 .6 t DM produced on-farm and 1 .2 ,  2 .4 and 3 .6  t DM of 

concentrate i mported per hectare per year. 

5.5.3. D ry matter i ntake 

In the present study, DMI per cow decreased l i nearly as comparati ve SR i ncreased 

(Figure 5 . 5b  ) ,  i n  agreement w i th the studies of M acdonald et al. ( 200 I )  and Penno 

( 1 999) .  As comparat ive SR i ncreased, the effect of the i ncrease i n  pasture ut i l i sati on 

was more i mportant than the effect of  the decrease i n  indiv idual D M I, result ing i n  

i ncreasing DMI per hectare ( Figure 5 .5b ) .  

5.5.4. Mil k  yield, economic farm surplus and return on assets 

Schneider et al. ( 200 1 )  s imulated the effects of the amount of pasture produced on-farm 

(7 . 8 ,  9 . 8  and 1 2 . 7  t DM/ha!year) and the percentage of pasture u t il isat ion (two arbi t rary 

values:  5 5 %  and 70%) for Argent ine dairy systems. Thus, s ix alternatives were 

evaluated (Table 5 .9 ) .  Increases i n  pasture production were proposed as a resu l t  of us ing 

the technology available and best practices ( fert i l i ser, improved cul t ivars, grazing 
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management, weeds and insects contro l ) .  S tocking rate was i ncreased to al low the same 

amount of feed per cow per year and 0.7 t OM was imported per cow for al l  the 

systems.  Producti vity (kg mi lk  yield per hectare ) increased by 28% per each increase of 

2 or 3 t O M/ha in  pasture production and by 1 4% as pasture ut i l i sation increased from 

55 to 70% (Table 5 . 1 0 ) .  

S imi larly, the systems model led wi th AOSM predicted that, as pasture uti l i sat ion 

i ncreased from 55 to 70%, product i vity (kg milk yield per hectare ) increased by 1 2% 

(Table 5 . 7 )  as an average of the three levels of imported feed. Overa l l ,  the resu l ts  from 

the study of Schneider et al. ( 200 I )  for productivi ty and net income are re lat ively 

s imi lar to those reported in the present study (Table 5 .6  and 5 .7 ) .  

Table 5.9: Si mulation study predict ing productivity and profitabi l i ty for Argent ine 

dai ry farms .  Three leve ls  of OM produced on-farm and two leve ls  of pasture u t i l i sat ion, 

with 0.7 t OM imported as concentrate/cow/year ( Schneider et al. 200 I ) . Comparat ive 

S R  ranged from 65 to 74 kg Lwt/ t OM.  Mi lk  payout of $US 0. 1 5  per l i t re ( cost per kg 

concentrate was not reported ) .  

DM produced Pasture Stock i n g  rate M i l k  y ie ld  Net  i ncome 

on-farm (l /ha/year)  u t i l i sat ion ( 'k )  ( cows/ha )  ( kg m i l k/ha/y r )  ( $ US/ha/year) 

7 .8  55 1 .00 4,928 1 3 1  
75 1 . 1 3  5 ,694 1 82 

9 .8  55  1 .28  6,296 202 
75 1 .46 7, 1 72 26 1 

1 2 .7  55 1 .66 8, 1 58 296 
75 1 . 88 9,253 370 

Comeron and Schi lder ( I  997 ) s imulated three dairy systems ( A ,  B and C) with 

d ifferences in S R, supplementation and milk yie ld per cow ( Table 5 . 1 0 ) .  The objective 

of this study was to analyse the product ivi ty and profitabi l ity of the intensification of 

mi lk production in Argent ine dairy farms and to find out whether i t  is more profitab le  to 

achieve a high productiv ity (9,050 kg mi lk/ha/year) with h igh SR ( and l ow mi lk  yield 

per cow) or with high mi lk  yield per cow ( low SR) .  Pasture produced on-farm was 

approximately 1 2  t OM/ha/year. The results of the study suggested that the highest net 
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income (and ROA) per hectare was produced by the ' S ystem A ' ,  w i th the lowest m i lk 

yield per cow and the h ighest SR .  In  the study of Comeron and Schilder ( 1 997), pasture 

uti l isat ions were not predicted, but assumed. Pasture utilisat ion  assumed for ' system A '  

(75 % )  agrees w i th the predictions o f  ADSM.  However, ADSM would predict lower 

pasture u t i l i sation than those assumed for ' system B '  and ' system C ' .  

Table 5.10: S imulat ion study evaluat ing three alternatives o f  i n tensificat ion designed to 

produce the same amount  of mi lk  per hectare, varyin g  SR and production per cow, for 

Argentine dairy farms .  Pasture produced on farm approximately 1 2  t DM/ha!year and 

cow' s  Lwt o f  550 kg (Comeron and Schi lder, 1 997).  

Stocking  rate ( cows/ha) 

Pasture uti l i sation 1 

Concentrate ( k g/cow/day) 

Milk  production ( l i t res/cow/day) 

Milk  production ( l i tres/ha/year) 

Net i ncome ( $ US/ha/year) 

Return on assets <'lr J 

1 Values assumed in th is  study. 

S ystem A 

2 .0 
7Vlc 
3.0 
1 6 .0 

9,050 
455 
1 0.3 

System B 

1 .6 
70o/c 
4.4 
20.0 

9,050 
438 
9 .8  

System C 

1.2 
60S{ 
7 .0 

26.4 
9,050 
28 1 
6 . 1 

For New Zealand condit ions,  Macdonald et al. (200 1 )  reported that cows fed onl y  

pasture would maxim i se E FS a t  a comparat ive S R  o f  9 0  k g  LW/t OM. A t  lower 

comparative SR,  the effect  of low pasture ut i l i sation on system performance was more 

i mportant than the benefi t  of h igher M S  production per cow, i n  terms of economic 

benefi t .  At the other e xtreme ,  at  h igher S Rs ,  the benefit of h igher pasture ut i l isation was 

not large enough to compensate for the d imini shed FCE of the cows. In a review of 

New Zealand studies, Penno ( 1 999) suggested that SRs of 84 and 85 kg Lwt/t OM 

would max i m i se EFS, for Jersey and Holstein-Fries ian cows, respect ively. 

Results of the current study showed that EFS was maximised at 90 kg Lwt/t OM,  

i rrespect ive of the amount  of  feed i mported. M i lk yields per cow a t  max imum EFS were 

4,538,  4,9 1 2  and 5 , 1 78 l itres of m i lk per cow for systems which i mported 1 .2,  2.4 and 

3 . 6  t DM per hectare, respect ively. Increases i n  the amount of i mported concentrates 

i ncreased the amount ( and content) of M E  consumed per cow, and therefore the mi lk 

y ield per cow. Although EFS was maxi mi sed at 90 kg Lwt/t OM with Argentine 
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Holstein cows in the current study, it should be noticed that at this SR cows lost 4 1 ,  27 

and 1 5  kg of Lwt per year. This i s  obviously not sustainable and could have negat ive 

effects on the reproductive performance of cows in  the long-term. This effect was not 

accounted for in the economic analysis of the p resent study. 

Gallardo and Casti l lo  ( 1 998) reported higher levels of productivity for two intens ive 

dairy research uni ts :  UPLI  1 (40% spring and 60% autumn calving) and UPLI  2 ( 1 00% 

spring ca lv ing)  of INT A Rafaela, Argentina.  Those farms achieved 940 kg MS/ha per 

year ( 500 kg mi lkfat ) ,  with S R  of 2 . 2  cows per ha ( 550 kg Lwt/cow ) ,  high DM 

produced on-farm ( more than 1 2  t OM/halyear, high quali ty pastures )  and high amounts 

of imported concentrates ( 2 .4 t OM/cow/year, special ly formulated to balance the basal 

diet ) .  This level of productivity per hectare is higher than the most product ive 

alternat ive evaluated with AOSM in this study ( 646 kg MS/ha ) ,  though with a lower 

feed supp ly  ( 8 . 6  t DM produced on-farm ) and lower amount of imported concentrates 

( 1 .6 t DM/cow/year) ( Table 5 . 6 ) . 

ROA i ncreased as comparat ive SR increased for al l systems model led, reaching a 

max i mu m  at 80 kg Lwt/t OM, i rrespect ive of the level of  feed i mported. Therefore ,  

max imum ROA occurred at lower comparat ive S R  than was the case for E F S .  H owever, 

systems which imported 3.6 t OM/ha st i l l  maintained the maximum ROA at 90 kg Lwt/t 

OM . At low comparat ive SR,  systems wi th  low i mported OM resul ted in ROA which 

were s i mi lar to  those for systems with high imported OM ( Figure 5 . 9 ) .  This i s  because 

the same comparat ive SR was obtained w ith more cows ( more capital ) for systems 

which i mported more feed (Table 5 . 7 ) .  However, as comparat ive SR increased, the 

system with h igher imported OM resul ted in higher ROA and showed h igher di fference 

with other systems, as comparat ive SR progressed. 

In conclusion, the opt imum comparat ive S R, in terms of both economic and sustainable 

physical performance for the Argentine H olste in  cows, seems to be around 80 kg Lwt/t 

DM total feed supply. 

5.5.5. Feed Conversion efficiency 

The feed conversion efficiencies (FCE) obtained in the current study for Argent ine dairy 

systems ranged from 5 1  to 69 kg MS/t DM eaten (Table 5 .6 ), which are l ower than 
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those reported for New Zealand dairy systems. The FCE result ing from the study of 

M acdonald et al. (200 1 )  i n  New Zealand ranged from 73 to 86 kg MS/t DM eaten for 

cows fed sole pasture w ith high energy concentration ( 1 1 . 3  to 1 ! .6 MJ M E/kg DM) .  

Penno ( 1 999) summarised five New Zealand e xperiments and reported that FCE ranged 

from 57 to 77 kg MS/t D M  total feed supply. The lower FCE i n  Argent ine dairy 

systems may be  due to the h igher Lwt of cows, the lower M S  concentrati o n  of mi lk  and 

the lower pasture qual i ty i n  Argent ina,  i n  comparison to New Zealand. 

The Lwt of the cow can affect its FCE, defined as the quantity of MS produced per 

k i logram of OMI ,  through the amount of feed required for maintenance. At a common 

M S  yield, 25% decrease in Lwt causes effi ciency to improve by l 0 to 1 2% ( Holmes et 

al. , 1 993 ) .  In New Zealand, for example ,  the production of 280 kg MS can be expected 

from a 450 kg Lwt cow (eat ing  3 . 7  t DM) ,  or from a 550 kg Lwt cow eating  4. 1 t DM.  

Th i s  resul ts  i n  75  kg M S/t O M  eaten for the  l ighter cow and 69  kg  MS/ t OM for the 

heavier cow ( Holmes et al. , 2002) .  

Another reason which explains  higher FCE i n  New Zealand dairy cows may b e  the 

h igher MS concentration per l i tre of milk,  which is 8 .57% (LIC, 2005) i n  comparison 

with the 6 . 8% MS concentration per l i tre of milk of Argentine Holste in  cows (Comeron, 

2003 ) .  Thus ,  one k ilogram of M S  is e nerget ical ly  more expens ive for Argent ine dairy 

cows, due to  the h igher relat ive cost i n vo lved i n  the synthes i s  of l actose, which i s  

relat ive ly  constant per l itre o f  mi lk .  M i l k  lactose content i s  essential ly  a constant 4 .85% 

of milk and varies  only  sl ight ly wi th breed ( NRC, 200 1 ) . Therefore, one k ilogram of 

M S  from mi lk  with 8 .57% M S ,  as in New Zealand, is equivalent to 1 1 . 7  kg of mi lk and 

would demand the synthes i s  of 66 .2  g l actose per kg MS ( 1 1 .  7 kg x 4 .85% ) . Whereas, 

one k ilogram of M S  from mi lk  wi th 6 .8% M S ,  as i n  Argentina, i s  equivalent to 1 4. 7  kg 

of mi lk  and would demand the  synthes i s  of  7 1 . 3  g l actose per kg MS ( 1 4 .7 kg x 4 .85% ) .  

A third factor that may reduce the  FCE in  Argentine  dairy systems i s  the  lower average 

quali ty of pastures  and conserved forages when they are compared with New Zealand 

pastures and conserved forages .  I ndeed, the quali ty of pastures i n  New Zealand may be 

s imi lar or even h igher than the qual i ty of the total diet composed of pastures plus 

conserved forages plus concen trates of Argent ine dairy farms. The average cow ' s  diet i n  

Argent ina i s  made u p  of 67 % pasture ,  1 1  % s i lage and hay and 2 2  % Concentrates 

( Gambuzzi et al. ,  2003 ) .  Average values of feed qual ity are: 9 .9 MJ ME per kg O M  

pasture (44 % NOF) ,  8 . 6  M J  M E  per k g  D M  pasture hay (57 % NDF) and 9 . 2  M J  M E  
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per kg maize s i lage, w i th 5 3  % NDF (Gaggiotti et al. , 2002) .  This would be equivalen t  

to  an average 1 0. 3  MJ/kg DM for the  whole d iet (wi th  1 2  MJ/kg D M  concentrate) ,  

which i s  lower than the average o f  1 1 . 3- 1 1 .7 MJ/kg DM reported b y  Macdonald et al. 

(200 1 )  i n  New Zealand. 

5.5.6. Cow type and feeding environment 

A higher ME concentrat ion occurs in the diet of New Zealand cows, than that which is 

found in Argent ina cows,  despite the h igher proport ion of concentrates used in 

Argent ina. Judging by the average MS product ion per cow in Argentina, which is  1 .02 

kg M S  per day averaged across the whole lactation ( Gambuzzi et o f. ,  2003 ) ,  the 

' feeding environment '  of Argent ine dairy systems 1 s  probably no better than the 

' feeding envi ronment'  of the pastoral dairy sys tem 111  N ew Zealand.  Certain ly ,  the 

quality and avai lab i l i ty  of feed in Argentine dairy systems i s  much lower than that of 

the feeding systems  in the North  Hemisphere ,  wi th  its total mixed rat ions offered ad

l ibi tum,  for which b ig cows with a h igh genetic potent ial for milk product ion have been 

selected. However, as stated above, Argent i ne H olstein cows have a h igh proport ion of 

North American genetics,  even though the Argent ine feeding environment is  not as 

good as that in the North Hemisphere. 

The reasons detailed above, explain the lower FCE of Argentine dairy systems in 

compari son to New Zealand dairy systems and suggest that a l ighter cow, with a h igher 

concentration of MS per l itre of mi lk would be more effic ient and consequently, more 

su itable for Argent ine dairy systems. I n  New Zealand, Kolver et al. ( 2002 ) compared 

New Zealand Holstein with North American Holstein cows, both fed generous ly  at 

grazing ( an al lowance greater than 60 kg DM/cow/day) wi th high qual i ty pastures ( 1 1 . 7 

MJ ME/kg) .  They found that New Zealand Holsteins produced s imi lar M S  (465 

kg/cow ) to the A merican Holstein cows (459 kg MS/cow ) .  Furthermore, NZ Hol s te ins  

gained 44 kg Lwt per l actat ion and showed 7% empty rate, whi ls t  American H ol stein 

cows lost 20 kg Lwt and showed 62% empty rate.  Therefore, the cow most su i table for 

Argent ine dairy systems might be closer to the New Zealand cow type than to the North 

American cow type.  H owever, the type of cow most suitable to max i mise profi t ab i l i ty 

wi l l  also depend on whether the system of mi lk payout i s  based on M S  or mi lk volume. 
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The effects of mating strategies and payment systems on the farm profit ($/ha) of an 

Argent ine dairy herd were evaluated by Lopez-Villal obos et al. (200 1 ). The mat ing 

strategies were: upgrad i ng to Holstein ,  upgrading to Holstein-Fries ian ,  upgradi n g  to 

Jersey and rotational crossbreeding Holstein-Fries ian x Jersey us ing i mported semen.  

Upgrad i ng the herd to Holste i n  resulted i n  the heaviest cows w i th the h ighest production 

per cow of milk,  fat and prote in ,  the h ighest feed requirements per cow, the lowest 

stock ing  rate, the l owest product ion of fat and protein per hectare and t he h ighest 

product ion of mi lk  per hectare. Upgrading to Jersey resulted i n  t he l ightest cows wi th  

t he lowest  product ion per  cow of mi lk ,  fat and protei n ,  the lowest feed requirements per 

cow and consequently, the h igh est  s tock ing rate , the h ighest product ion of fat per 

hectare and intermediate product ion of prote i n  per hectare and the l owest production of 

mi lk  per hectare. R otational Holstein-Friesian x Jersey crossbreeding resulted in  s imilar 

product ion of fat and protei n  per hectare to t hat of upgrading to Jersey although this was 

ach ieved with a lower stocking rate .  

Upgrad i n g  to  Holstei n  resulted in  the h ighest profit ( $322/ha) ,  i f  mi lk  was  paid on mil k  

volume. Upgrading t o  Jersey resulted i n  the h ighest profit ($3 1 1/ha),  i f  m i lk  was paid on 

fat yie ld .  Rotational crossbreeding resulted in the h ighest profi t for all other payment 

systems.  B ased on t hese results ,  t he authors suggested that rotat ional crossbreeding 

systems could i ncrease the profi t ab i l i ty  of Argentine dairy herds under the market 

condit ions  assumed i n  the analys is .  

5.5.7.  Substitution rate and milksolids response to feed imported 

M ilk responses to concentrate between 4 1  and 1 0 1  g MS/kg D M  consumed were 

obtained for the systems modelled wi th  A D S M  in the current  study, which IS 111 

agreement wi th  experimental results of supplemented grazing dairy cows .  The greatest 

mi lksol ids  responses to concentrate were obtained at restr icted feedin g  levels ( 4 .2  t 

DM/cow/year ) ,  whi l s t  t he lowest responses were obtained at generous feeding levels 

(6.3 t D M/cow/year) .  

Kel l away and Porta ( 1 993)  rev iewed the use of supplementary feeds i n  Austral ia and 

concluded that when pasture was restricted, offering energy concen trates was l i kely to 

result in an  i mmed iate  effect  of 0.5 kg m il k/kg concentrate fed (about 42 g M S/kg D M ) .  

T hey also est imated that carry-over effects resulted i n  an addit ional  0 .5  k g  mi lk/kg 
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concentrate fed.  Pen no ( 200 1 )  summarised whole-lactation studies that have been made 

i n  grazi ng dairy systems and found an average mi lk  response to supplements of 78 g 

M S/kg OM.  Bargo et al. ( 2003 ) reviewed studies of high yie lding graz i ng cows 

supplemented wi th concentrates and found that m i lk  producti on increased l i nearly as the 

amount of concentrate i ncreased from 1 . 2 to 1 0  kg OM/cow/day, with an overal l mi lk  

response of I kg mi lk/kg concentrate ( approxi mately equivalent to  60  to  85 g MS/kg 

OM) .  

A short-term study conducted in Argent ina w i th  grazmg dairy cows reported mi lk  

responses of 0 .9 kg milk/kg concentrate (Gagl iostro et  al. , 1 996 ) .  Cast i l lo and Gal l ardo 

( 1 998) summarised experiments of cows grazing alfa lfa in Argentina and reported 

responses between 0.44 and 0.98 kg mi lk/kg concentrate ( approx imate ly  between 30 

and 67 g M S/kg OM) .  Therefore, the model predict ions between 4 1  to 1 0 1  g M S/kg OM 

concentrate, covered the fu l l  range of experimentally measured values and appeared to 

be real ist ic .  

5.5.8. Sensitivity analysis 

The sensi t iv i ty analyses showed that EFS was more sens i t ive to changes in m i l k  payout, 

than to changes in concentrate price . However, the max imum E FS was found at a 

common comparat ive S R  ( 90 kg Lwt /t OM ),  irrespective of changes i n  mi lk  payout or 

concentrate price. Therefore, a sign ificant stabi l i ty was observed in the relat ive 

operat ing profits of the di fferent systems. At th is  comparat ive SR,  changing mi lk  price 

by ± 1 0% ,  e i ther i ncreased or decreased EFS by 24%,  26% and 27% for the l ow, 

medium and high level of imported feed, respectively (Table 5 . 8 ) .  Changing the price 

paid for concentrate by ± 1 0%, e ither i ncreased or decreased EFS by 3%,  5% and 7% for 

the low, medium and high level of imported feed, respect ive ly ( Table  5 .8 ) .  

A sens i t iv i ty analysis ,  conducted on dairy research units of INT A Rafaela, showed that 

changing the mi lk  payout by 1 0% ei ther i ncreased or decreased net i ncome by 28%.  

S imilar ly, changing the concentrate price by 1 0% ei ther increased or  decreased net 

i ncome by 9 .8% ( Romero et al. , 1 998) .  The model results agree sat isfactori l y  wi th data 

from that study. 
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5.5.9. Cows per hectare to maximise return on assets 

I n  the present study, systems evaluated with ADSM study were b ased on a farm with 

8.6 t OM produced on-farm per year. The comparati ve SR which gave the max i mu m  

R O A  per hectare was 80 kg Lwt/t OM for the three levels o f  i mported feed. However, 

w hen expressed i n  cows per hectare ( Argent i ne Holste in  cows of 550 kg Lwt) ,  the S R  

which maxi m ised E FS were 1 .4 ,  1 .6 and 1 .8 cows per hectare for the low, med ium and 

h igh level of i mported feed, respectively. A further set of s imulat ions were done with 

the object ive of predicti n g  the number of cows per hectare which would max imise ROA 

for systems produc ing  e i ther 6 .6  or 1 0.6  t OM per hectare. Results are shown in Table 

5 . 1 1 . 

Table 5 .11:  Predicted stocking rates (cows/ha) required to maxi mise return on assets i n  

a s i mulated Argent ine dairy herd, for three levels o f  D M  produced on-farm per hectare 

per year and three levels of i mported OM. Results modelled with ADSM for Argent ine 

Holstei n  cows (550 kg wt ) ,  mi lk payout of 0 . 1 6  $US per l itre and concentrate cost of 

0 .09 $ US per kg. t) ,  mi lk  payout of 0. 1 6  $US per l i tre and concentrate cost of 0.09 $US 

per kg.  

OM produced on

farm ( t  DM/ha/ycar) 

6.6 
8.6 
1 0.6 

5.6. Conclusions 

1 . 2  

1 . 1  
1 .4 
1 .7 

Concentrate i mported (t DM/ha/ycar) 

2 .4 3 .6  
1 .3 1 .5 
1 .6 1 .8 
1.9 2 . 1 

This  i s  the first study i n  which the effects of comparati ve SR ,  i n  i solation and i n  

comb inat ion w i th i mported feeds o n  farm product iv i ty and profitab i l i ty, have been 

explored for Argent ine dairy systems. In validation tests, the product ive model w as 

wi th in  the acceptable l i mi ts .  This  suggests (but does not prove) that the model predicts 

pasture DMI, MS product ion and Lwt chan ge of real systems with reasonable realism.  

From the performance of the systems modelled i n  th is  study, i t  can be concluded that 

the relati vely low pasture u t i l isation and low MS product ion per hectare, that are 

characteristics of Argent ine dairy systems, can be i mproved through an i ncrease i n  the 

comparati ve SR and the amount of i mported feed per hectare. The optimum 
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comparati ve SR, from the point of view of t he profi tabi l i ty and sustainab i l i ty  of the 

system, appears to be around 80 kg Lwt/t DM, which is re latively sillli lar to the 

opt imum SR found in the pastoral dairy systems of New Zealand. Increasing the amount 

of imported feed up to 3 .6  t DM/halyear would be profitable at the current payout of 

milk and concentrates price, provided that SR is s imultaneously i ncreased up to 80 kg 

Lwtlt OM.  It i s  possible that increasing imported feed more than 3 .6  t DM/ha would sti l l  

be profitable. 

The results of this study suggest that cows with lower Lwt and higher MS concentrat ion 

wou ld be more efficient i n  convert ing feed into M S ,  than the current Argent ine Holstein 

cow, i n  Argentine dairy systems. However, the type of cow needed to max imise 

profitab i l i ty wi l l  depend on the payment system for mi lk .  

Overal l ,  the results of this  study i l lustrated the re lat ionship among comparative stocking 

rate, amount of  feed imported, pasture ut i  I isat ion, MS production per cow and MS 

production per hectare. These results provide a framework to understand different 

systems of dairy production in Argentina. 
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6.1. Introduction 

The present study has i ntegrated the main parts of the whole-farm dairy system through 

a s imulat ion model l ing approach,  which allowed the effects of comparative stock i ng 

rate and supplementation on the whole-farm to be explored. Although s imu lation 

models are i ncreasingly used in animal research (Bywater and Cacho, 1 994; Jensen et 

al. , 2005),  there are no previous whole-farm models predicting pasture i ntake, mi lk 

y ie ld and profitabi l ity for Argentine dairy farms. 

The lack of whole-farm model s  for Argent ine dairy systems i s  possib ly  due to the fact 

that the dairy i ndustry i n  Argentina i s  focused on production per cow, rather than on 

production per hectare, which i s  typical i n  Northern Hemisphere countries. This i s  

despite the fact that dairy production in  Argentina is  based on grazed pastures. 

Therefore, this study provides a different, more hol ist ic,  approach than that commonly 

applied to dairy production studies of Argentina. I t  would be expensive to research the 

systems modelled in this study. However, the results of the presen t  study may help to 

identi fy the systems which need to be researched experimental ly, thereby reducing the 

size of the field experiment required. 

A review of the effects of SR and supplementat ion on farm productivity and 

profitabi l ity provided the scope for this study i n  Chapter 2. A method to predict pasture 

dry matter ( O M )  i ntake per cow and per hectare at grazi ng was developed i n  Chapter 3 .  

A complementary model was developed i n  Chapter 4, to  predict the part i t ioning of 

energy w ithin the cow, which enabled the prediction of milksolids ( M S )  production and 

l ive weight ( Lwt)  change. Finally, the productivity and profitab i l i ty of Argent ine dairy 

farms were studied i n  Chapter 5 ,  by i ntegrating the models developed i n  Chapter 3 and 

4 with a pre-ex istent economic model .  The comparati ve S R  and supplementation levels 

( i mported feed) which maximise profitab i l i ty were predicted. S i nce this is a model l ing 

study, i ts  results do not prove, but only suggest, possi ble ways of i mproving the 

profi tab il i ty of Argentine dairy farms. 

The confl ict between productivity per cow and per hectare was approached i n  this study, 

with a focus on the effects of comparati ve SR and supplementat ion.  This  c hapter wil l  

present a brief discussion that i ntegrates the main points arising from this thesi s .  
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6.2. Limitations of simulation models used in this thesis 

A simple but original model was developed in Chapter 3, for the prediction of pasture 

dry matter intake (DMI) and the harvesting efficiency of grazing dairy cows in 

Argentina. That model enables the prediction of pasture intake with relatively few and 

simple data, namely: pasture allowance, supplements intake, cow Lwt, stage of 

lactation, pasture NDF concentration, ME concentration of pasture and supplements and 

the cow's energy demand. 

In validation tests ,  using data from cows grazing lucerne in Argentina, the model was 

within the accepted limits. However, those data were limited in terms of amount and 

accuracy. Therefore, a detailed set of data, from a trial with three strains of Holstein

Friesian cows grazing ryegrass-clover pastures in Ireland and with 849 individual 

measurements of intake, was also used to validate the model. Again the model 

predictions were within acceptable l imits. 

The model developed in Chapter 4 allows the prediction of energy partitioning towards 

either milk yield or Lwt gain. However, this model was not validated, because of the 

lack of data comprising energy intake, milk production and Lwt change for Argentine 

Holstein cows . Nevertheless, the productive predictions of the whole-farm model 

developed in this study (Argentine Dairy System Model; ADSM), which included the 

model developed in Chapter 4, was validated against data from a group of Argentine 

dairy farms.  

Although ADSM predictions were close to actual data for MS production per hectare, it 

must be recognised that the actual data for pasture production and utilisation in 

Argentine dairy farms, used for validation, is a general estimation made by farmers and 

advisors, based on non-systematic pasture measurements. Nevertheless, this is some of 

the best data available in Argentina. 

6.3. Stocking rate 

Many whole-farm experiments have been carried in out in Southern Hemisphere 

countries, such as Austral ia and New Zealand, which base their dairy production on 

pasture. Data reviewed in the present study suggests that SR is  a factor with great 

influence on dairy farm profitability in Argentina, as it i s  in Australia and New Zealand. 

These three countries have in common the fact that land is the main resource used in 
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dairy farms, the i r  dairy farms are based on grazed pastures and the price of  milk i s  

relat ively low. These characteristics make i t  necessary to maximise M S  production per 

hectare, which is markedly influenced by SR.  

It  i s  interesting to  note, that some decades ago, the reluctance to  i ncrease SR (at  the 

expense of production per cow) was also experienced in New Zealand .  In the 1 960s, the 

S R  i n  New Zealand was much lower (approxi mately 1 .5 cows/ha) than the current SR 

(2 .8  cows/ha) ( L IC ,  2005) .  To  i l lustrate that reluctance, the words of a prominent New 

Zealand researcher who advocated the benefi ts of higher SR in dairy farms at that t ime 

can be quoted: "More coals of.fire have been heaped upon my head for my views on 

stocking rate . . .  . . . I have been accused of advocating overstocking as a national 

policy . . .  1 have been described as the most dangerous enemy our grassland has ever 

had . . . However, 1 remain unrepentant. 1 do so because 1 am firmly convinced that no 

more powerful force for good and evil exists than control of the stocking rate in 

grassland farming " ( McMeekan, 1 96 1 ) .  Some decades latter, the effic ient dairy 

industry of New Zealand, based on high S R ,  has widely recognized the valuable 

concepts of C.P.  McMeekan. 

The main benefit of a h igh SR is that i t  ensures high uti l i sation of pasture, which is the 

cheapest feed resource. Pasture ut i l i sation is low in Argentina, as a consequence of low 

S R .  

Although pasture production and qual ity are h igher in New Zealand than in Argentina, 

in the latter country, cheap, high qual ity supplements are avai lable to feed cows, which 

makes i t  possible to increase SR in Argentina. If  the experience of  the last decades i n  

the New Zealand dairy industry i s  acknowledged, w i l l  the Argentine dairy i ndustry face 

the same reluctance, to accept the idea that the profitabil ity of dairy systems can 

potential ly  be i nc reased, by increasing SR? 

6.4. Imported supplements 

This study evaluated the effect of feeding imported concentrates on the productivity and 

profitab i l ity of the farm. Results h ighlighted that h igh milk responses (total long-term 

responses of approxi mately  70g M S/kg DM concentrate) can be obtained at a 

comparative S R  of about 80 kg Lwt/ t OM. 
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The ratio :  value of 1 l itre of milk to the cost of 1 kilogram dry matter can be used to 

judge the convenience of using feeds to produce milk, assuming an average response of 

approximately 1 litre of milk produced per 1 kilogram extra concentrate fed (Holmes, 

2003). In New Zealand, for example, this ratio is approximately 0.6 for concentrates and 

1 .0 for cereal grains. In order to keep high SRs without deteriorating productivity per 

cow, some supplements are being imported into the majority of New Zealand dairy 

farms. In Argentina, the ratios are approximately 1 .7 for concentrates and more than 2.0 

for cereal grains. However, the amount of imported feed is still low ( 1 .2 t DM/ha) . 

Results of the present study suggested that the profitability of dairy systems may be 

increased by increasing the amount of imported concentrates up to 3 .6  t DM/ha, 

provided that S R  is simultaneously i ncreased. 

Additionally, increasing the amount of feed imported into the farm can indirectly 

increase pasture growth, provided that the SR is s imultaneously increased. This occurs, 

because i mported feed is equivalent, to some extent, to importing nutrients into the 

system. A high proportion of nutrients from imported feed and consumed by the animals 

can end up in the paddocks (through dung and urine) and this in turn, can increase 

pasture production, if it is spread properly. 

6.5. Productivity and profitability of Argentine dairy systems 

Although this thesis explored the effects of comparative SR and supplementation, it is 

recognized that pasture production (which was assumed in the present study) is a factor 

which has enormous influence on the productivity and profitability of grazing dairy 

systems. 

In some dairy farms, it is possible that MS production per hectare is limited by pasture 

growth, rather than by the comparative SR.  Efforts to improve pasture production 

should precede, or be simultaneous to, those optimising comparative SR and 

supplementation. However, the benefits of higher pasture production will only be 

expressed in systems with adequate comparative SR. Otherwise, excessive amounts of 

pasture offered can result in excessively high pasture wastage and this, in turn, will tend 

to deteriorate the quality of the pasture and the performance of the cows. 

The present study suggests that the low average pasture uti l isation of Argentine dairy 

farms could be increased by increasing comparative SR.  Model predictions indicated 
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that MS production per hectare would be maximised at a comparative SR of 

approximately lOO kg Lwt/t DM, economic farm surplus (EFS) at 90 kg Lwt/t OM and 

return on assets (ROA) at 80 kg Lwt/t DM. Additionally, the model predicted that cows 

stocked at a comparative SR of about 80 kg Lwt/t OM will neither increase nor decrease 

Lwt over a complete season (lactating and dry periods) .  These results suggest that the 

optimum comparat ive S R, in terms of both economic and sustainable physical 

performance for the Argentine Holstein  cows, seems to be around 80 kg Lwt/t DM. 

Annual pasture utilisations were 70%, 76% and 8 1 %  for comparative SRs of 80, 90 and 

l OO kg Lwt /t OM, respectively. 

Therefore, the results of the present study suggest that pasture util isations higher than 

70% should not be targeted by systems with Argentine Holstein cows which aim to 

maximise their profitabil ity and sustainabi lity, at the milk price and costs used in this 

study. However, in the current study, factors other than SR and level of supplementation 

were assumed to remain constant. Variables such as pasture qual ity and the ability of 

the farmer to manage grazing will, in practice, strongly influence the efficiency of 

pasture uti l isation. Therefore, ski lful farmers could achieve higher pasture utili sations, 

than those predicted in this study (at the same comparative SRs), and consequently they 

could achieve higher MS production per cow and per hectare. 

As comparative SR increases,  DMI per cow decreases and there is a point at which the 

reduction in the efficiency of production per animal is more important than the increase 

in efficiency of pasture utilisation. In the present study, this point occurred at a SR of 

approx imately l OO kg Lwt/t OM, which is  the comparat ive SR that maximised MS/ha. 

The benefits of harvesting more pasture per hectare, at higher SRs, were off-set by the 

loss of feed conversion efficiency by the cows. This happened because an increasing 

proportion of the energy consumed was partitioned towards maintenance costs as 

comparative SR increased (and DMI per cow decreased). 

The relatively low MS production per hectare of Argentine dairy farms could be 

increased by increasing both the amount of imported concentrates and the comparative 

SR .  To take advantage of the beneficial effects of high comparative SR, a controlled 

feed budget should be put into practice by the farmer, in order to ensure both high 

pasture utilisation and acceptable DMI by the cows. 
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6.6. Future implications 

The accuracy of predictions of the model developed in this thesis could be improved in 

the future if a whole-farm field experiment is designed taking into account the variables 

included in the model .  Results of the present study would provide the basic framework 

to design a whole-farm field experiment. 

The effect of the breed and type of cow and the combined effects of SR and cow type 

need to be studied in both modelling and field research, because it is possible that the 

current Argentine Holstein cow is not the most suitable genetic group for the feeding 

and financial environment of Argentine dairy farms.  

6. 7. Conclusions 

Pasture util isation and MS production per hectare are low in Argentine dairy systems, 

when compared with other countries in which dairy production is  based on pasture. The 

relatively low SR used in Argentine dairy farms seems to be one of the main reasons  

which can explain the low M S  production per hectare. 

Model predictions indicated that MS production per hectare can be increased by 

increasing both the comparative SR and the amount of imported concentrates i n  

Argentine dairy farms. The optimum comparative SR (to maximise ROA) seems to be 

around 80 kg Lwt/t DM total feed supply. Changing either the price of milk or the cost 

of concentrates by ± 1 0% did not alter the relative profitability of the different systems. 

Low efficiency of feed conversion into milk has been reported in Argentine experiments 

with grazing dairy cows and in the present study. The feed conversion efficiency in  

Argentine dairy systems, which is  lower than in New Zealand, may be partially 

explained by the higher Lwt of cows and the lower MS concentration of milk. 

Therefore, cows with lower Lwt and higher MS concentration would be more efficient 

in converting feed into MS,  than the current Argentine Holstein cow, used in Argentine 

dairy systems.  However, the type of cow to maximise profitability will depend on the 

system of milk payout. 
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The benefits of i ncreasi ng comparati ve SR,  up to the apparent optimum, wi l l  only be 

obtained i f  a feed budget i s  put i nto pract ice, i n  order to control and balance the 

requi re ments of the herd and the amount of pasture and other feeds offered and 

consumed throughout the year. 

Overal l ,  the results of this thesis provide a framework to understand d ifferent systems of 

dairy production in  Argentina. 
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Appendix A 

Table 1 :  Main characteristics of the Argentine dairy farms used to validate the productive model in Chapter 5 

Fum Fum Farm Farm Farm Fum Farm Farm Farm Fum Fum Fum Fum Fum Fum Fum Fum Fum 

2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  

Year of data 03-04 04-05 03-04 04-05 2004 1 999 1 999 1 999 03-04 03-04 03-04 03-04 03-04 03-04 03-04 03-04 03-04 03-04 

Farm area ( hectares) 345 4 1 7  67 1 827 I l l  464 386 276 22 1 1 98 205 372 258 250 474 29 1 330 1 96 

DM produced on-farm (t DM/ ha) 7.4 8.3 7.4 8.5 9.3 7.5 6.9 7 . 3  1 1  1 1  9 .5 1 1  1 3  1 0  1 4  1 0  1 4  1 3  

Supplement imported ( t  DM/ ha) 4.8 4.3 7.6 0 2.4 2.4 2.6 2.4 2 .7  3 . 5  3 . 9  2 . 5  3 . 3  2 . 6  3 . 1 3 .5  1 .4 3.4 

Productivity ( Kg MS/ ha) 772 7 1 8  1 022 878 767 520 545 549 607 668 495 540 680 398 545 573 3 1 2  5 3 5  

Productiv i ty ( Kg MS/ cow) 422 399 426 4 1 1 470 306 287 305 393 4 1 0  356 344 447 32 1 433 372 32 1 353 

Pasture uti l i sation (%) 6 1  69 69 72 75 62 70 64 6 1  63 52 68 56 57 39 66 34 52 

Cow's Lwt 475 475 440 4 1 0  570 437 406 443 450 450 550 550 550 550 550 550 530 5 30 

Stocking rate (cows/ha) 1 . 8 1 .8 2.4 2. 1 1 .6 1 . 7 1 .9 1 . 8 1 .5 1 .6 1 .4 1 .6 1 . 5 1 .2 u 1 .5 1 .0 1 .5 

Stocking rate (kg Lwt I t  DM) 67 7 1  7 1  68 79 75 8 1  8 1  5 1  50 57 64 52 54 40 63 33 49 

Milking cowsffotal cows (%) 84 80 82 83 84 74 80 8 1  75 77 8 1  65 79 72 87 79 69 80 

Table 2: Distribution of pasture DM production over the year (used in Chapter 5 for si mu lations with ADSM). 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

% per month 7 6 9 8 6 5 4 7 1 0  1 3  1 3  1 2  
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