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1 INTRODUCTION 

In the European Union nitrogen (N) and phosphorus (P) losses from animal farms to the environment are one of 

the most severe pollution problems threatening soil (nutrient accumulation), water (eutrophication) and air 

(NH3). Unfortunately, in cattle manure these nutrients are unbalanced compared to crop requirements. Moreover 

N is predominantly concentred in urine (deriving from body protein renew and feed protein excess and 

metabolism) whereas P is excreted in the faeces (deriving from feed P low digestibility), and both are excreted as 

compounds with different solubility and hence different availability for plant growth. Therefore, it is not easy to 

plan any N and P reduction strategies that at the same time satisfy animal nutritional requirements, plants needs 

and environmental protection. 

In Italy, relatively few dairy farms have adopted strategies for the reduction of animal nutrient 

excretion, whereas more widespread are those regarding manure treatment, management and subsequent 

utilization. In ruminants, the more important factors affecting N and P excretions are related with the products 

typology (e.g. milk or meat) and characteristics (e.g. fat ratio or protein concentration), but above all with dietary 

composition. Moreover, animals nutrient excretions can be affected also by many other factors such as age, 

physiological status and heads genetic level. Manipulation of those factors may be useful for the control of 

nutrients excretion and for increasing N and P utilization efficiency, and to evaluate the effects of the feasible 

adoptable strategies to reduce nutrients excretion and hence environmental impact is needed to know the actual 

level of N and P excretion and utilization efficiency in dairy cattle farms. 

Therefore, a preliminary study was carried on in a dairy cattle farm to evaluate the manure managing 

and the actual level of N and P excretion, analysing nutrients excretion and efficiency not only for lactating 

cows, but also for other cattle categories reared in the dairy farms, such heifers. 

 

2 MATERIALS AND METHODS 

In a typical dairy cattle farm in the Piedmont plain (North-West of Italy), animal management and diet were 

recorded and analysed: productive and reproductive indexes were collected and manure production, N and P 

excretion and nutrients utilization efficiency were estimated, both for cows (>24 months of age), heifers (12-24 

months of age) and young females (6-12 months of age). The farm was studied during one month, and several 

productive and reproductive data were obtained from the official recording database of the Italian breeder 

association (AIA, 2009) and related to the last year. 

Feed consumption, heads live weight, heads productions (weight gains, number and weight of born 

calves and milk production), milk urea and reproductive indexes (delivery-conception period, number of births 

per year) were recorded for lactating cows, dry cows, heifers in calf, young heifer and calves. Feed samples 

(single diet ingredients) were collected and analysed to determine N and P content and intake, whereas animal 

nutrient requirements were calculated according to the INRA (Garcia et al., 2007) and NRC (2001) scheme for 

dairy cattle. 

The nutrient excretion was calculated according to the European Commission criteria (ERM-AB-

DLO, 1999) as difference between N and P content in diet and N and P retention in animal, considering their 

weight gain. N and P retentions were evaluated based on the value reported in table 1 and suggested by ERM-

AB-DLO (1999), FSA (2002) and INRAN (2010), whereas milk N content was determined according to milk 

crude protein (CP) content divided by stoichiometric coefficient (6.25). N and P efficiency were calculated as 

ratio between nutrients retained and nutrients intake. 
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TABLE 1 N and P content in animal and animal products (g/kg) 

 N P 

cattle body 25.00 7.50 

newborn body 29.50 6.00 

Milk CP/6.25 0.95 

 

3 RESULTS AND DISCUSSION 

The farm was typical of an average dairy farm in the Piedmont plain with about 72 lactating dairy cows 

(purebred Holstein Friesian). The detailed herd composition (n) and heads age and live weight (LW) are showed 

in table 2: a distinction in cattle categories, number of animals and their mean age was essential for the 

estimation of total live weight (LW) reared in the farm and hence N and P retention. 

 

TABLE 2 Herd composition and characteristics 

 n age (month) LW (kg) 

total cows (26-73 month) 72 50 650 

lactating cows 60 --- --- 

dry cows 12 --- --- 

heifers in calf (17-26 month) 26 22 530 

young heifers (12-17 month) 14 15 365 

young females (6-12 month) 19 9 240 

young calves (1-6 month) 16 3 110 

young calves (<1 month) 6 0.5 50 

 

Manure is produced as slurry from the cows and heifers and as solid manure from the younger 

animals. The measured production of slurry (1,347 m
3
; 21.7 m

3
/year/t LW) was higher then the theoretical figure 

(1,212 m
3
; 20 m

3
/year/t LW), so as established in the national and local rules. Nevertheless, the farm keeps the 

slurry in two tank of 187.2 and 351.0 m
3
 respectively, and such capacity assures a storage longer than 120 d as 

required by rules, including an allowance for a mean area annual rainfall (about 700 mm). The measured 

production of solid manure is in agreement with the theoretical value (328 m
3
; 28 m

3
/year/t LW), and the solid 

manure platform assures storage for about 1 year. 

Productive and reproductive indexes (table 3), useful to estimate N and P retention, were collected and 

compared to those of the previous year and to the district mean data for the breed. The high delivering interval 

recorded for the year 2008 was probably due to the "Blue Tongue" vaccine, but the reproductive index became 

normally again during the investigation period. 

 

TABLE 3 Productive and reproductive indexes for N and P apparent balance calculation 

 recorded data farm mean 2008 district mean data 

daily milk production (kg/head/d) 29.0 32.6 29.0 

annual milk production (kg/head/year) 9,280 10,555 8,886 

milk CP (%) 3.67 3.62 3.37 

milk EE (%) 3.96 3.97 3.82 

milk urea (mg/100 ml) 29.6 --- --- 

first delivery age (month) 24 26 27 

delivery mean age (month) --- 40 44 

delivery-conception period (d) 120 246 180 

delivering interval (d) 402 528 462 

insemination/conception (n) 2.5 2.9 2.5 

fertility (%) 40.0 34.5 40.0 

 

The cattle diets used in the farm, based on total mixed ration with maize silage, hay, corn meal, 

soybean meal, commercial feedstuff, were recorded for every cattle categories, so it was possible to calculate a 

partial nutrient balance. The diets were compared to theoretical heads requirements (table 4) and showed an 

unbalanced nutrients supply for several animal categories. CP (and thus N) and P diet surplus were respectively 

+17% and +20% in lactating cows, +83% and +12% in dry cows, +25% and +9% in heifer in calf, +35% and 
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+7% in young heifer and +35% and +7% in young females. The diet CP excess was indirectly confirmed by the 

related high milk urea content (table 3). 

Based on such data, the annual nutrient excretions were calculated for the three main cattle categories: 

cows (C, lactating + dry), heifers (H, in calf + young) and young female (YF, >6 month of age). Total DM 

intake, feed N and P concentration, milk production, milk CP, weight gain, newborn number and weight are 

necessary data to apply the mass balance method (table 5). 

 

TABLE 4 Comparison between requirements and supplies for the main cattle categories 

 energy (UFL*) CP (g) P (g) 

cattle category requirement supply requirement supply requirement supply 

lactating cows 18 20.2 3,393 3,965 76 91 

dry cows 7.4 8.9 890 1,633 33 37 

heifers in calf 7.6 8.9 1,302 1,633 34 37 

young heifers 6.2 7.0 970 1,309 27 29 

young females 3.9 4.9 656 927 15 20 

* Unité Fourragère Lait 

 

TABLE 5 Consumption and productive data for excretion calculation 

 C H YF 

DM intake (kg/head/year) 8,304 4,062 1,080 

feed N (%) 2.76 2.39 1.5 

feed P (%) 3.95 3.40 3.50 

weight gain (kg/head/year) 40 292 126 * 

newborns (n/cow/year) 0.69 1 --- 

newborn weight (kg) 35 35 --- 

* weight gain between 6 and 12 months 

 

The nutrients balance and utilization efficiency is showed in table 6. Consequently, the diet nutrient 

excess, the N and P balances showed a high level of excretion affecting utilization efficiency. The differences 

found between the efficiency of cattle categories were due to the different products (i.e. body growth and milk) 

obtained. 

For example, H and YF use the greater part of the N intake for growth and do not retain as much of 

additional N absorbed as C, resulting in more N excreted when additional N is absorbed (Nadeau et al., 2006). 

This suggests that H and YF have a smaller demand because do not have to restore body protein mobilised in 

lactation compared to C, so a feed N excess could bring to a higher excretion. On the other hand, the younger 

females have a higher CP percentage of LW than C (from 17% to 19% of LW for H and YF and 16% for C; 

NRC, 2003), but N retention for growth has lower efficiency than N utilised for milk production. These 

considerations explain the differences in N efficiency found for the three cattle categories, and especially those 

between C and other categories. 

Instead the differences in P utilisation were due to the incomplete development of the digestive tract 

of the young animals and to the microbial equilibrium (e.g. lower absorption or lower microbial phytase 

production), and to the cows' phosphorus metabolism, correlated to the calcium bone storage and mobilization. 

 

TABLE 6 N and P balance and utilization efficiency (head/year) 

 C H YF 

N intake (kg) 229.18 97.09 3.32 

P intake (kg) 33.00 13.80 8.00 

N retention (kg) 61.88 8.33 0.32 

P retention (kg) 10.50 1.70 0.90 

N excretion (kg) 167.30 88.76 3.00 

P excretion (kg) 22.50 12.10 7.10 

N efficiency (%) 27.0 8.6 9.6 

P efficiency (%) 31.8 12.3 11.3 
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4 CONCLUSION 

The results of this preliminary study on nutrient balance for an example intensive dairy cattle farm in the 

Piedmont region of Italy could represent reference data for studies on other similar farms. Based on the collected 

data, it is possible to conclude that a correct diet formulation still represents an important tool for reducing 

nutrient excretion. In fact, as the studied farm does not adopt strategies to reduce N and P excretion, it is possible 

to argue that nutrient efficiency could be increased by formulating more corrected rations or improving 

management strategies. Moreover, N and P dietary unbalanced supplies could be consistent not only for the cows 

but also for the others cattle categories reared in a dairy farm, affecting feed N and P conversion efficiency. So 

great attention must be paid to all heads categories reared in the farms, particularly to the replacing animals’ diet, 

formulating feeds as closely as possible to their requirement. 
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