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Abstract. The analysis involved results of 6891 body condition evaluations carried out on 680 Polish Holstein-Friesian Black-and-White cows from two herds belonging to the same owner, although managed in different husbandry systems. The evaluation was carried out within two years using a 5-point scale, with an accuracy of 0.25 points. It was found that the most frequent score was 3.0 BCS (more than 24% of cows), in the tie-stall system, and 3.25 BCS (over 26%), in the free-stall housing system. The distribution of BCS scores of the cows with different daily productivity, of different ages and evaluated in different seasons of the year was significantly correlated with the applied housing system. Cows with the highest daily milk yield (>35 kg), younger cows (in the second lactation) and those evaluated in the summer had the least favorable distribution of body condition scores and their average values as compared to other groups. It was shown that cows kept on tether were more often receiving extreme body condition scores, i.e. not more than 2.0 points or 4.0 and more BCS points, as compared to cows managed in the free-stall housing system.
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INTRODUCTION

The progress in dairy cattle genetics and dairy production technology has resulted in a significant increase in milk yields. Higher milk production, in consequence, escalates cow's requirements in terms of nutrition and welfare. A dairy producer has become highly exposed to pitfalls and errors when deciding about the feeding strategies and farming methods and systems. As a consequence, there is a higher risk of metabolic diseases, reproduction disorders and a resulting drop in productivity [Holtsmark et al. 2008Holtsmark, M., Heringstad, B., Madesn, P., Ødegård, J. (2008). Genetic relationship between culling, milk production, fertility, and health traits in Norwegian Red cows. J. Dairy Sci., 91, 4006–4012.]. Therefore, it is crucial that the modern dairy farmer use rapid and effective methods to evaluate the physiological condition of cows. One of these evaluation methods is the Body Condition Score, commonly abbreviated as BCS. The method combining palpation and visual examination of the body fatness was developed by Wildman et al. [Wildman et al. 1982Wildman, E.E., Jones, G.M., Wagner, P.E., Bowman, R.L. (1982). A dairy cow body condition scoring system and its relationship to selected production characteristics. J. Dairy Sci., 65, 495–502.]. However, Edmonson et al. [1989Edmonson, A., Lean, I., Weaver, L., Tarner, T., Webster, G. (1989). A body condition scoring chart of Holstein dairy cows. J. Dairy Sci., 72, 68–78.] proposed a significant simplification. Later, Ferguson et al. [1994Ferguson, J.D., Galligan, D.T., Thomsen, N. (1994). Principal descriptors of body condition in Holstein dairy cattle. J. Dairy Sci., 77, 2695–2703.] clarified the methodical side of condition evaluation, which is now widely used worldwide, and the body condition score is included in many breeding indices of individual cattle breeds.

Many authors confirm there exists a significant relationship between the cow's body condition score and the animal’s production and functional characteristics. Such dependencies involve a number of parameters, including age [Guliński et al. 1994Guliński, P., Litwińczuk, Z., Młynek, K., Niedziałek, G. (1994). Ocena kondycji krów utrzymywanych w indywidualnych gospodarstwach województwa siedleckiego [Evaluation of body condition of cows from private farms of Siedlce district]. Zesz. Nauk. Prz. Hod., 14, 289–295 [in Polish]., Kertz et al. 1997Kertz, A.F., Reutzel, L.F., Barton, B.A., Ely, R.L. (1997). Body weight, body condition score, and wither height of prepartum Holstein cows and birth weight and sex of calves by parity: A database and summary. J. Dairy Sci., 80, 525–529., Borkowska et al. 2012Borkowska, D., Januś, E., Wilgos, A. (2012). The effect of selected factors on changes in body condition in high-yield cows. Acta Sci. Pol. Zootechnica, 11(4), 11–20.], milk yield and composition [Borkowska 2000Borkowska, D. (2000). Kondycja krów mlecznych i jej związek z wydajnością mleka oraz zdrowotnością wymion [The condition of dairy cows and its relationship with milk yield and udder health status]. Ann. UMCS sec. EE, XVIII (3), 15–20 [in Polish]., Berry et al. 2003Berry, D.P., Buckley, F., Dillon, P., Evans, R.D., Rath, M., Veerkamp, R.F. (2003). Genetic relationships among body condition score, body weight, milk yield, and fertility in dairy cows. J. Dairy Sci., 86, 2193–2204.  https://doi.org/10.3168/jds.s0022-0302(03)73809-0., Mao et al. 2004Mao, I.L., Słoniewski, K., Madsen, P., Jensen, J. (2004). Changes in body condition score and its genetic variation during lactation. Livestock Prod. Sci., 89(1), 55–65., Bouška et al. 2008Bouška, J., Štipková, M., Pytloun, P., Pytloun, J., Kubešová, M. (2008). Relationships among body condition score, milk yield and sires’ breeding value for beef production efficiency in Czech Fleckvieh cattle. Czech J. Anim. Sci., 53(11), 453–461.  https://doi.org/10.17221/335-cjas., Jìlek et al. 2008Jìlek, F., Pytloun, P., Kubešova, M., Štipkova, M., Bouška, J., Volek, J., Frelich, J., Rajmon, R. (2008). Relationships among body condition score, milk yield and reproduction in Czech Fleckvieh cows. Czech J. Anim. Sci., 53(9), 357–367., Stádník and Atasever 2015Stádník, L., Atasever, S. (2015). Influence of somatic cell count and body condition score on reproduction traits and milk composition of Czech Holstein cows. Indian J. Anim. Res., 51(4), 771–776.  https://doi.org/10.18805/ijar.11469.], or reproduction parameters [Januś 2003Januś, E. (2003). Zależność pomiędzy kondycją krów a wybranymi wskaźnikami płodności [Relationship between body condition and selected indices of fertility in cows]. Zesz. Nauk. Prz. Hod., 69, 117–121 [in Polish]., Jìlek et al. 2008Jìlek, F., Pytloun, P., Kubešova, M., Štipkova, M., Bouška, J., Volek, J., Frelich, J., Rajmon, R. (2008). Relationships among body condition score, milk yield and reproduction in Czech Fleckvieh cows. Czech J. Anim. Sci., 53(9), 357–367., Stádník et al. 2017Stádník, L., Atasever, S., Jaromir Ducháček, J. (2017). Effects of body condition score and daily milk yield on reproduction traits of Czech Fleckvieh cows. Anim. Reprod., 14 (Suppl. 1), 1264–1269.]. Other authors [Kowalski et al. 2003Kowalski, Z.M., Lach, Z., Fastyn, T. (2003). Wpływ system utrzymania na kondycję, zdrowotność i wskaźniki rozrodu krów mlecznych [Effect of housing system on the body condition, health, and reproductive parameters in dairy cows]. Rocz. Nauk. Zootech., Supl. 17, 731–734 [in Polish]., Jankowska et al. 2012Jankowska, M., Sawa, A., Gierszewski, R. (2012). Wpływ wybranych czynników na kondycję krów i jej związek ze wskaźnikami płodności [Effect of some factors on cow’s body condition and fertility]. Rocz. Nauk. PTZ, 8(2), 9–16 [in Polish].] also demonstrate that a dairy cow’s health heavily depends on the housing system the animal is reared in, its physiological state, the phase of the production cycle and the season of the year.

The aim of this study was to determine the effect of housing systems and the interaction between the housing system and selected non-genetic factors in relation to the body condition score in dairy cows.

MATERIAL AND METHODS

The research was carried out in West Pomerania, Poland, in two dairy farms located approximately 10 km from each other, both belonging to the same owner. Both herds consisted of Polish Holstein-Friesian Black-and-White cows. In the first herd (farm I), cows were kept in a tie-stall barn, while the other farm (farm II) applied a free-stall housing system. Over the period of our study, the average individual milk yield exceeded 10,000 kg per year in both herds, with a fat and protein content of 4.1–4.2% fat and 3.2–3.3%, respectively. The cows were assigned to technological groups and fed by the TMR system. The mix included maize silage, grass silage, a meaty mix, a mineral-vitamin mix and pickled pulp. The proportions of the feed components and the total ration were adjusted to the yield and physiological state of the cows.

Body condition of cows was evaluated about every two months for a period of two consecutive years. In all, 6891 body condition scorings were performed on 680 cows in both herds, of which 254 were kept in farm I (tethered) and 426 in farm II (free-stall). Body condition was assessed on a 5-point scale according to Wildman et al. [1982Wildman, E.E., Jones, G.M., Wagner, P.E., Bowman, R.L. (1982). A dairy cow body condition scoring system and its relationship to selected production characteristics. J. Dairy Sci., 65, 495–502.], rounded up to 0.25 point. Each assessment was carried out by two independent experts. In addition, the following data were retrieved from the farm records (stored in the Obora and Afifarm farm database systems): daily milk yield (kg) on the evaluation day, cow's age, physiological state and lactation phase. The research material obtained was grouped in subgroups considering the following factors:

	Age and the order of lactation (in-calf heifers, primiparous, and multiparous in second, third, fourth and fifth and higher lactation)

	Daily milk yield (dry cows, up to 15.0 kg, 15.1–25.0 kg, 25.1–35.0 kg and more than 35.0 kg)

	Season of assessment (winter: December through February, spring: March through May, summer: June through August, fall: September through November)

	Housing system (tie-stall and free-stall)




The resulting data were processed using the Statistica PL package. The analysis involved the distribution of body condition scores in each subgroup by the chi-squared test for independence with respect to the housing system, and also within the housing system: daily milk yield, season of evaluation and lactation number.

RESULTS AND DISCUSSION

Average body condition scores of cows kept in tethers and in the free-stall system were similar, 3.08 and 3.10, respectively (Table 1). In both systems, the distribution of BCS fitted the shape of the Gaussian curve, with its peak in the range 2.75–3.5. The most often noted score was 3.0 BCS (769 cases – more than 24%), in the tie-stall system, and 3.25 BCS (974 cases – more than 26%), in the free-stall system. A better distribution of individual condition scores was found in the herd kept in the free-stall system. In this group, over 66% of scores were within the range of 2.75–3.25 points, i.e. in the optimal range for the Holstein-Friesian breed. On the other hand, the cows that were tethered attained only 57% of the scores in this range. Bewley and Schutz [2008Bewley, J.M., Schutz, M.M. (2008). Review: an interdisciplinary review of body condition scoring for dairy cattle. Prof. Anim. Sci., 24(6), 507–529.  https://doi.org/10.15232/s1080-7446(15)30901-3.] indicate that the condition of dairy cows should remain in the range of 2.5–3.5 points. The authors report that the percentage of BCS in this range was from over 83% in the tether system to over 90% in the case of cows kept without tethers in the herds they had studied. The above results should be considered very good, demonstrating the correct and balanced nutrition of cows in both herds. The cow's condition, which, according to the owner's assurances, was routinely performed in both herds, could also have a positive impact on the results.













It was shown that cows kept tethered were more likely to receive extreme condition scores, i.e. no more than 2.0 BCS points (72 scores, 7.2%) or 4.0 and more BCS points (136 scores, 4.31%), compared to free-stall cows (respectively: 29 scores, 0.78%, and 72 scores, 1.93%). The chi-squared test value indicates that the cow's management system significantly influenced the distribution of condition values to the benefit of the free-stall system. In the studies of Kowalski et al. [2003Kowalski, Z.M., Lach, Z., Fastyn, T. (2003). Wpływ system utrzymania na kondycję, zdrowotność i wskaźniki rozrodu krów mlecznych [Effect of housing system on the body condition, health, and reproductive parameters in dairy cows]. Rocz. Nauk. Zootech., Supl. 17, 731–734 [in Polish].] and Jankowska et al. [2012Jankowska, M., Sawa, A., Gierszewski, R. (2012). Wpływ wybranych czynników na kondycję krów i jej związek ze wskaźnikami płodności [Effect of some factors on cow’s body condition and fertility]. Rocz. Nauk. PTZ, 8(2), 9–16 [in Polish].] no such relationship was found. Also Sablik et al. [2014Sablik, P., Kobak, P., Skrzypiec, A., Klenowicz, A., Derezińska, D. (2014). Comparison of Body Condition Scores in Polish Holstein-Friesian cows of Black-and-White variety managed in different housing systems. Acta Sci. Pol. Zootechnica, 13(1), 57–66.] did not show a significant impact of the housing system on body condition in cows. In the studies of these authors, more scores with lower values were found, and the percentage of optimal values (60%) was significantly lower than in our research.













Table 2 presents the distribution of body condition scores in two housing systems for heifers and cows in subsequent lactations. The mean BCSs in individual cow subgroups were within the range 2.97–3.26 points, and – except for cows in the fourth lactation – were higher in cows kept on tether, in comparison to those that were kept loose. The chi-squared test results decreased with an increase in parity and indicated that (with the exception of cows in the fifth and subsequent lactations) the housing system had a significant impact on the distribution of body condition scores for the benefit of the tie-stall housing system. However, in the group of the oldest cows (fifth and further lactations), the percentage distribution of scores was comparable in both housing systems. In all evaluation groups falling within the range of 2.75–3.5 BCS points were most common. Their percentage ranged from 65.38 to 85.43%. On the other hand, in each of the groups, a higher proportion of assessments in this range was recorded in animals that were kept free. It was also found that with the increase in the number of lactations in cows, the frequency of scores between 2.75 and 3.5 points decreased. The most often noted score in tethering in all age groups was 3.0 BCS, while in the free-stall system in most groups, cows were assessed at 3.25 points. Higher numbers and higher shares of extremely low and high scores were recorded in groups of cows that were kept on tether.

The strong correlation between age and body condition has also been reported by other authors [Guliński et al. 1994Guliński, P., Litwińczuk, Z., Młynek, K., Niedziałek, G. (1994). Ocena kondycji krów utrzymywanych w indywidualnych gospodarstwach województwa siedleckiego [Evaluation of body condition of cows from private farms of Siedlce district]. Zesz. Nauk. Prz. Hod., 14, 289–295 [in Polish]., Borkowska et al. 1999Borkowska, D., Różycka, G., Januś, E. (1999). Wpływ poziomu produkcji stada, wydajności dobowej, wieku oraz stadium laktacji na kondycję krów z gospodarstw sektora publicznego [Effect of the level of herd performance, daily yield, age and stage of lactation on the condition of cows from state farms]. Zesz. Nauk. Prz. Hod., 44, 69–72 [in Polish]., Borkowska 2000Borkowska, D. (2000). Kondycja krów mlecznych i jej związek z wydajnością mleka oraz zdrowotnością wymion [The condition of dairy cows and its relationship with milk yield and udder health status]. Ann. UMCS sec. EE, XVIII (3), 15–20 [in Polish].]. Kertz et al. [1997Kertz, A.F., Reutzel, L.F., Barton, B.A., Ely, R.L. (1997). Body weight, body condition score, and wither height of prepartum Holstein cows and birth weight and sex of calves by parity: A database and summary. J. Dairy Sci., 80, 525–529.] found the lowest condition in cows after the second calving, which is consistent with the results obtained in our study. Also Busato et al. [2002Busato, A., Faissler, D., Kupfer, U., Blum, J.W. (2002). Body condition scores in dairy cows: associations with metabolic and endocrine changes in healthy dairy cows. J. Vet. Med. A, 49, 455–460.] indicate that older cows are characterized by higher condition scores compared to younger cows.

The mean body condition scores were highest in the group of dry cows, 3.34 points, in the tie-stall system, and 3.32 points, in the free-stall system (Table 3). The values decreased with an increase in daily milk production to 2.87 points, in the tie-stall system, and to 2.96 points, in the free-stall system. It was found that with a daily milk yield exceeding 15 kg (i.e. 15.1–25.0, 25.1–5.0 and > 35 kg), average body condition scores were higher in free-stall cows, which may suggest that this system allows easier nutrition balancing, especially in cows producing high milk yields. Analysis of body condition distribution of cows with different daily yields and dry cows in two housing systems showed that 62.36 to 86.48% of the scores remained in the range of 2.75–3.5. The lowest BCS was recorded in the group of tethered cows with the yield up to 15 kg per day, and the highest in cows in the same productivity group, but managed in the free-stall system. Untreated cows were given 8–14% more assessments of optimal condition, compared to those assessed in the tether system, which indicates that free-stall housing of dairy cows fosters favorable body condition scores. The values of the chi-squared test decreased along with an increase in the daily milk yield, but the distribution of BCS values was better under the free-stall housing system. Another noticeable relationship, confirming the previous statement, was that in the tie-stall system the value of the most frequently noted score decreased from 3.5 points in dry cows to 2.75 points in cows with a yield of > 35 kg of milk. On the other hand, free-stall cows did not have such a tendency, and the most frequent score was 3.25 BCS in the majority of groups.

The relationship between body condition of dairy cows and milk yield has been subject of many studies. Confirming our findings, other authors report that the highest body condition scores are the case if the milk yield is lowest [Guliński et al. 1994Guliński, P., Litwińczuk, Z., Młynek, K., Niedziałek, G. (1994). Ocena kondycji krów utrzymywanych w indywidualnych gospodarstwach województwa siedleckiego [Evaluation of body condition of cows from private farms of Siedlce district]. Zesz. Nauk. Prz. Hod., 14, 289–295 [in Polish]., Borkowska et al. 1999Borkowska, D., Różycka, G., Januś, E. (1999). Wpływ poziomu produkcji stada, wydajności dobowej, wieku oraz stadium laktacji na kondycję krów z gospodarstw sektora publicznego [Effect of the level of herd performance, daily yield, age and stage of lactation on the condition of cows from state farms]. Zesz. Nauk. Prz. Hod., 44, 69–72 [in Polish]., Borkowska 2000Borkowska, D. (2000). Kondycja krów mlecznych i jej związek z wydajnością mleka oraz zdrowotnością wymion [The condition of dairy cows and its relationship with milk yield and udder health status]. Ann. UMCS sec. EE, XVIII (3), 15–20 [in Polish]., Januś and Borkowska 2002Januś, E., Borkowska, D. (2002). Zależność pomiędzy kondycją a wydajnością mleczną krów utrzymywanych w gospodarstwach różniących się poziomem produkcji [Relationship between the body condition and milk yield of cows managed in farms differing in the production level]. Zesz. Nauk. Prz. Hod., 62, 175–182 [in Polish]., Loker et al. 2012Loker, S., Bastin, C., Miglior, F., Sewalem, A., Schaeffer, L.R., Jamrozik, J., Ali, A., Osborne, V. (2012). Genetic and environmental relationships between body condition score and milk production traits in Canadian Holsteins. J. Dairy Sci., 95(1), 410–419.]. Borkowska et al. [2016Borkowska, D., Januś, E., Polski, R., (2016). Reduction in body condition of cows after calving and their lactation yield. Acta Sci. Pol. Zootechnica, 15(3), 43–52.  https://doi.org/10.21005/asp.2016.15.3.04.] showed a significant correlation between the size of changes in condition after calving and milk yield.

Year season can significantly affect many of dairy cows’ production and functional characteristics. In our research, an attempt was made to answer the question whether the season when scoring takes place could have an effect on BCS value and distribution (Table 4). It was found that the average condition score in both housing systems was distinctly lower in the summer compared to the other seasons, in which it was at a similar level (3.09–3.16 BCS). Our study shows that winter and autumn BCS assessments were more often in the range of 2.75–3.5, compared to spring and summer. In the spring and summer seasons, more extreme evaluations were recorded, i.e. cows that were too thin or extremely fat. Similarly to the previously discussed factors, also in different seasons body condition scores were more often within optimal range in the case of free-stall system. Differences between the two systems ranged from 6% in the winter season to nearly 11% in the summer. The calculated values of chi-squared test again showed a significant impact of housing system on the distribution of body condition scores, and the free-stall system was better in terms of the proper condition of dairy cows. In most subgroups, the value of 3.0 BCS was most frequently reported, except for the subgroups of cows kept in the free-stall system evaluated in the spring and autumn season, for which 3.25 points were most common. Sablik et al. [2014Sablik, P., Kobak, P., Skrzypiec, A., Klenowicz, A., Derezińska, D. (2014). Comparison of Body Condition Scores in Polish Holstein-Friesian cows of Black-and-White variety managed in different housing systems. Acta Sci. Pol. Zootechnica, 13(1), 57–66.] found a significant impact of season on the average body condition score. However, in contrast to the results presented in this study, the authors mentioned claim that cows evaluated in summer had the highest average BCS. Borkowska et al. [2012Borkowska, D., Januś, E., Wilgos, A. (2012). The effect of selected factors on changes in body condition in high-yield cows. Acta Sci. Pol. Zootechnica, 11(4), 11–20.], who analyzed the effect of calving season on the body condition, stated that cows calved in summer demonstrated a higher condition score compared to those calving in the other seasons of the year.

CONCLUSIONS

It was shown that the distribution of body condition scores of cows with different daily productivity, of different ages and evaluated in different seasons of the year, was significantly related to the housing system. Cows with the highest daily milk yield (> 35 kg), younger (in the second lactation) and evaluated in the summer season had the least favorable distribution of condition scores and their average value compared to other groups. It was shown that cows kept on tether were more often receiving extreme body condition scores, i.e. no more than 2.0 points or 4.0 and more BCS points, as compared to cows from free-stall system. The obtained results also indicate that the free-stall system of housing dairy cows fed TMR was significantly more beneficial in terms of maintaining the proper condition in the cows of various milk yields, age and season of the assessment. To obtain these benefits, constant and systematic evaluation of BCS in dairy cows is necessary.
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