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Introduction: In most dairy farms, calves are housed individually during the milk-feeding period and will
only introduce to social groups after weaning. Individual housing can help keep calves healthy by reducing disease
transmission and incidence behavioral problems such as cross-sucking as well as providing individual feeding and
health-care of the calf. Nevertheless, individual rearing systems through lack of social contact can compromise the
welfare of the calf. Calves are social animals, thus keeping calves in groups can promote more normal social
behavior. Also, social housing results in decreased labor costs associated with calf rearing, increased solid feed
intake, weight gains, and less fear of novel social situations. Despite all the performance and behavioral advantages
in calves with social housing compared to individually housing, there are concerns about the close relationship
between calves and the risk of disease transmission. It has been reported a higher frequency of diarrhea in socially
housed calves compared with individually housed calves at week 3. Thereby the risk of morbidity and mortality
can be reduced if calves are grouped after 3 weeks of age onwards. Also, no considerable differences were
observed for social behaviors between calves housed together from birth compared with those housed together
from 3 week of life. Research is needed to establish best practices to rear the calves whilst improving the welfare,
health, and growth of dairy calves. Therefore the aim of this experiment was to investigate the effect of individual
or group housing (from 4 weeks) on performance, blood parameters, ruminal fermentation, behavior, and health
of dairy calves.

Materials and Methods: A total of 32 Holstein calves were separated from their dams immediately after birth,
weighed, and placed in individual pens. Then at 28 + 2 d, calves were randomly assigned to either an individual
pen (n = 16 calves, 1.5x2 m2) or group pen (4 calves/pen, n = 16 calves, 3x4 m2). All calves were offered a step-
up/step-down method of milk feeding (4, 6, 8, 6, 4, and 2 L/d) and weaned at d 63. The study finished when calves
reached 90 d of age. Feed intake was determined daily. Calves were weighed at birth, 28, 63, and 90 d of the age.
Body measurements including body length, body girth, withers height, heart girth, hip height, and hip width of the
calves were measured at the start and end of the study. Blood samples were collected at d 4 before and d 4 after
weaning for measurement of glucose, cholesterol, and BUN concentration. Behavior parameters (playing, cross-
sucking, grooming, and non-nutritive oral behavior) were monitored by visual observations of all calves at the 60
and 89 d of age for a period of 24 h. Calf health was checked every day for fecal scoring, general appearance
scoring, and respiratory scoring. Also, diarrhea and pneumonia diagnoses and treatment of calves were recorded.
On 50 and 80 d of age, ruminal fluid samples were collected from male calves for the measurement of pH and
analysis of volatile fatty acids.

Results and Discussion: There was no significant difference between housing for starter intake, total dry
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matter intake, and ADG during pre-weaning, post-weaning, and the total period of the study. Also, BW (birth, 28,
63, and 90 d) and skeletal growth (initial and final of the study) were not affected by housing. We observed no
housing effect on glucose and BUN plasma, however, cholesterol concentration was greater in individual calves
than group calves at pre- and post-weaning, which is probably related to the greater stress of individual calves than
group calves during weaning. Ruminal pH, total VFA concentration, the concentration of acetate, propionate,
butyrate, iso-butyrate, isovalerate, valerate, and acetate to propionate ratio in ruminal fluid were similar between
treatments. There was no difference between treatments for the frequency and number of days with general
appearance (score >2), diarrhea (score >3), and pneumonia, as well as medicated days for both diarrhea and
pneumonia during the pre-weaning, post-weaning, and total period of the experiment, indicating that calves, in
general, were healthy. These results are probably attributed to good management of colostrum feeding, bedding,
hygiene, regular health monitoring and disease diagnosis, and small group size. In the current study, non-nutritive
oral behaviors were greater in individual calves than group calves during pre-weaning. However, cross-sucking,
grooming, and playing activities were greater in group calves than individual calves during pre-weaning. During
post-weaning, behaviors were not affected by housing. Behavioral results show that group housing improves the
welfare of calves at weaning.

Conclusion: In general, the results showed that type of housing (group or individual) did not affect
performance, rumen fermentation, and health of calves. While group housing can lead to improving the welfare of
calves (increase the play and grooming, and decrease the non-nutritive oral behaviors).We suggested that calves
can be grouped in good health if housing is properly managed.

Keywords: Calves, Group, Housing, Individual, Performance, Welfare.
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Table 1- Effects of individual or group housing on starter intake, dry matter intake (DMI), body weight (BW), and average
daily gain (ADG) in dairy calves during pre- and postweaning
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xS ) 42 257 262 33.3 0.35 <0.01 0.26
Preweaning

S J 2345 2607 99.6 0.11 <0.01 0.38
Postweaning

wR 900 984 41.0 0.20 <0.01 0.26
Total period

(13 5) S5 ole e

DMI (g/d)

S5y ) A2 1044 1049 333 0.82 <0.01 0.59
Preweaning

S5 2w 2345 2607 99.6 0.11 <0.01 0.38
Postweaning

29 S . 1444 1528 41.0 0.20 <0.01 0.51
Total period

(395 £55) 1395 139 ol

ADG (g/d)

S5 5‘_ S 585 630 29.1 0.31 <0.01 0.97
Preweaning

S5y ] = 1104 927 83.5 0.15 - -
Postweaning

09 S 758 729 371 0.99 <0.01 0.10
Total period
(P25 9kS) 0% 0js
BW (kg)

Jgs
Birth

41.2 40.6 0.45 0.39 - -

;; 53)” 515 52.8 0.88 0.34 - -

%i )3’ a 778 81.7 1.74 0.12 - -

;g 53) v 100 101 2.63 0.90 - -

3yatel slod 5 Sle
g St 03l bl g1 yud g 23] Slyed Bpuae poaime Jolis Siid o3le (b puno”
1 Standard error of the mean
2 Dry matter intake included the total consumption of starter and milk based on DM.
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Table 2- Effects of individual or group housing on structural growth of dairy
calves during initial (birth) and final (90 d) of the study

)los

(o sl (Sl Ly Treatments SEML

Structural Growth (cm) &yl
Individual

— P-value
295
Group

A )90
Heart girth
093 (sl
Initial

0592 LSLQ(UI 107
Final

Od Bes
Body barrel
0)9.) dl.\.u]
Initial

)92 dl'@("] 132
Final

o Jgb
Body length
093 (sl
Initial

213> S 64.2
Final

Gud gl
Hip height
5)53 dl,\;’.,l
Initial

0590 L5Le("’] 08.3
Final

Gk 2y
Hip width
5)53 dl,\;’.,l
Initial

2 e 23.2
Final

oS i gl
Wither height
090 (gl
Initial

29 Sl 95.1
Final

80.6

81.1

474

81.4

17.6

80.1

79.6 0.55 0.24

107 1.05 0.94

81.6 0.54 0.50

131 1.66 0.47

47.8 0.22 0.17

65.5 0.73 0.20

80.8 0.63 0.50

97.5 1.40 0.65

174 0.19 0.50

240 0.43 0.26

78.8 0.61 0.16

93.4 1.07 0.27

1 Standard error of the mean

boallugS plod (13,57 (540209)5 b g 555 b Jl gt 5 Jg (P<+/4)
b Bollao J(P>+/V4) sty dg2g bajlows opo 53 (65 ime Cgles
sdlogs )3 1) il cdllad Gl 5o s cldlas @l ol
(Tapki, 2007) 15,5 5,55 (o3l clallissS dy Capmd 29,5
P g5 3)90 Cadl g 03y el plgisas 65k )18, (IS 5k

50kl ellas o Siks

J9s 53 625 e jl a9 o8 ) (i)l @ gy o (slvodl>

255 o8 (635 e 3l dm g S 53 g B, cal 0 4]yl 0
b cos xS J U8 il ) 28 5 el
dlogs & Cuns (295 ladlugs 5 )5 )18 saog)S
1oy VIOV b dunlie > ¥/VE) aiily (g i (g5 culled ool yail
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dalllas j3 .l (g0lya) ladllssS 5| ey 29)S sadllwsS \le
sldllusS L ssalis (Pempek et al., 2016) ) Kon 5 Kooy
o |y gyt loj o ¢ 3Ugd sadllugS b aunlis o (g0l4al
g 28 (o8 2065 5 2 o) Glpdipd sla )5,
2045 312 LG 8 wizals gt Wlite 150 (W63 slaallsS
Sl pe Gl )by 5 Llite (y0Se )18, o5 8l oo 351 5l
3 S gt 5 390 glize baellaS o 53 (5555 S| g 2
o 0 Rlite (4Se )18y 3 Rl s odaliie (6565 0 5l g
03 G5 35,500 Slallhe 3 ()3 SloallugS 3 (5555 |
(Keil and Langhans, 2001; Babu et al., 2004; Terre <.l
Shom oo ks, g485 ials” LY 51 (S et al., 2006)

e § A iy Byuao &S 1> il b B yuan pas (6 1S i
(De Passillé, 2001) 5455 o dlwsS bawgs e Hlb, 595

G s 1 dmy 3 Loll &S sols STye B yan ial38] ¢l progde
(Keil 255 0 sliss e Slad slalidy jials cel s o F)
and Langhans, 2001; Babu et al., 2004)

- s collsd o (Chua et al., 2002; Babu et al., 2004) 5,5 .-
ol ol i ol oxms s 29,5 slaallusS > (5L b
Kl 5o dgazme (glad g cloin] Clbls)l (dy oS Cusyd
eodlluosS ol ) g 135 oo 3gdme allussS (s 1, (3L 4L, (ool
WS (oo Cullad g (bl & jgme (295 L dulie 3 1) (o]
Uiyl (Chuaetal., 2002) |,Ken 4 19> .(Babu et al., 2004)
& by ito Yoinl obgd sbadllugs cullss il5él 48 55,8
@y wte Jole Sy B (glisd .l oyt 5 elad il
e Bl 55 (55t ) S 5 (b 51l 33
Slodloss b 35 o (i o b Sl ol S 15,
Cod £y ) U 0 e eaiis e Slad B, plo 5 S0
2 it (150 )18 & Syp0 cpl 4 i8S )15 (saineg S b
il 5 (P=o/o tamy +/YQ L dgliio 3 VIYA) L2g,S (slaallussS
o35 Sl slo s 5 Ll (0Se) Sl e o sl

@yl gdllogs ) (ol J g > 0l BB Slsa
OlSan g ool g yidy (P=+/+Y thuo 3 YIVY L duslis o Y/V0)
2 blie 056 s, 45" 163,5 sanlie 5 (Babu et al., 2004)

(s 2 p S k) 65 s 31 am 9 B 59y oz 0 sd lodllosS S8 (slaaminld (29,5 5 (o3, slSle Il =Y Jgu
Table 3- Effects of individual or group housing on blood metabolites of dairy calves during 4 d before and after
weaning (mg/dl)

bl
S sbhamlp

Treatments

SEM? P-value

Blood metabolites il
Individual

295
Group

95

Glucose

Preweaning

S5 Jl 82.0
Postweaning

Jouds

Cholesterol

Preweaning

S35 3w 103
Postweaning

O 039X

Urea nitrogen

Preweaning

S5 195
Postweaning

87.6 3.47 0.23

75.8 2.76 0.14

112 6.39 0.03

85.7 5.56 0.04

15.8 0.82 0.75

18.1 1.10 0.31

1 Standard error of the mean

))\A}tu\ du°5 u*i’Lﬁ |



1F) 500 ¥ooylols NF ol (ol (olo pole sloddgsy 4 s YyYs

i A 900 b sdlogS 4085 )8 G slassl g PH 2 (295 5 (ool ool il gl € Jgun
Table 4- Effects of individual or group housing on ruminal pH and volatile fatty acids of dairy

calves during 50 d and 80 d
)los
w o el B.pH . Treatments _ SEML p_value
Ruminal pH and volatile fatty acids il P9)S
Individual Group
g oSke
Mean pH
50d 5.47 5.34 0.08 0.33
80d 5.55 5.64 0.13 0.68
(oo o) J12 0y slaad JS
Total VFA (mM)
50d 88.4 70.7 10.1 0.24
80d 95.9 103 6.47 0.48
JoeVe /s
Mol/100 mol
Sl
Acetate
50d 51.8 56.2 3.92 0.47
80d 57.6 56.4 1.95 0.66
ligngyn
Propionate
50d 35.1 28.9 3.90 0.28
80d 29.6 33.8 2.99 0.36
Butyrate
50d 10.0 104 2.74 0.71
80d 8.79 6.91 1.67 0.44
Slysggs)
Isobutyrate
50d 0.55 0.67 0.09 0.39
80d 0.75 0.45 0.16 0.15
Isovalerate
50d 0.72 1.12 0.16 0.10
80d 1.25 0.75 0.30 0.16
iyl
Valerate
50d 1.86 2.75 0.82 0.76
80d 1.97 1.68 0.12 0.13
Slgngy 4 Slil Cos
Acetate:propionate ratio
50d 1.58 1.75 0.26 0.62
80d 2.09 1.78 0.28 0.44

3yl olas Kol
1Standard error of the mean
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Table 5- Effects of individual or group housing on behavior of dairy calves during before and
after weaning (60 and 89 d, %)

)h’é)

b loss

Treatments

SEM? P-value

Behavior &dlyal

Individual

295
Group

o5 it
Playing

S5 ) S
Preweaning
S5 e
Postweaning
Jlize 8o
Cross sucking
S5y ) S
Preweaning
S e jl s
Postweaning
O sles
Grooming
S5 5 JS
Preweaning
S5 e
Postweaning
sluds e Slas cla)ls,
NNOB?

S5 J S
Preweaning
S5 3l A
Postweaning
ol S
Total chewing
xS J S
Preweaning
S5 3l A
Postweaning

2.57

3.50

0.29

0.00

4.50

3.74

3.75

1.42

23.7

415

4.76 0.39 <0.01

4.33 0.43 0.23

1.29 0.13 <0.01

0.00 - -

6.94 0.57 0.02

3.40 0.46 0.60

2.22 0.39 0.03

1.16 0.23 0.41

22.7 2.33 0.72

40.1 1.60 0.55

1 Standard error of the mean
2 Non-nutritive oral behaviors

03 e 9 395 ol Cdle plgisdr dllogS bawg g Col
ORIB pmen ede ol 09)5 3 353 lien (550 Dy
ol limeds Cuwl (oo (295 (SladllgS )5 (35 slass cllad
09 yeS oyl by (Babu etal., 2004) il clasl olbls)) )
— oS el 4 am3 e Ui o3 cladllugS 53 53,5 sle 53,
2 gy ol bsh colsy o8 lbls)) 5l (sS lieds b

3lslisl glas 4 SSle !
sloise S olb)ls, v

A 6 cos 658 e ) U5 0 035 o b Shaeg S 3,

SAlasS & i 23,5 sladllsS 5 5 85 5 ool
2 (P=eY o) F/0e b dwslio o £/AY) 2y i (00,0l
2 29yS sadlegs (Tapki, 2007) oLes ¢ (K5 adlas
Sy 9,5 o g udlye Clad (o0 yal cladllugS b duslds
oges Sl Lo s adls | (S )8 ool pl il
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g8 ysSuol b (slojgy dlasi 0)93 IS g (5565 e il am g S (sley9 (o o) JS 5 (Sgogns o (o) Soto Jsbo 5 labs gl ygmlsy igsS) = Jg
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Table 6- Poisson regression for frequency and duration of diarrhea, pneumonia, and days medicated during the preweaning,

postweaning, and total period, fecal score > 3, respiratory score > 2, and general appearance (>2) during the total period in
individual- or group-housed calves

o)l
JIE Treatments SEML pvalue
Item &3yl 295
Individual Group
D05 oy oS 5ybows (sl 45 p0 o JBlas 45 ladllugS slas
Number of calves diagnosed at least once for Respiratory-tract disease
5t 51 S 5.16 7116 - -
Preweaning
5 5l o 5/16 2/16 : i
Postweaning
0 S 10/16 8/16 - -
Total period
i3 Sxlow Glayd Gde Jobo
Respiratory-tract disease duration (d/calf)
% et 31 S 1.60 1.09 0.19 0.24
Preweaning
5§ 0.48 0.46 0.36 0.94
Postweaning
vp S 2.08 1.56 0.17 0.29
Total period
(S d)lnuﬁ "JLA).) )
Respiratory-tract disease frequency
%t 5 S 0.6 0.57 0.30 0.6
Preweaning
5§ 0.36 0.20 0.42 0.40
Postweaning
vk 0.85 0.94 0.27 0.78
Total period
515 oy Jlawl sl a5pe S Jils a5 laallsS slas
Number of calves diagnosed at least once for diarrhea
5 ] 2 9/16 11/16 - -
Preweaning
S5 s ] - 0/16 0/16 - -
Postweaning
w8 10/16 11/16 - -
Total period
Jlel (lon Gloyd e Jobo
Diarrhea disease duration (d/calf)
5 J U2 3.89 421 0.10 0.66
Preweaning
5 2 0.00 0.00 - -
Postweaning
29 S 3.84 3.79 0.12 0.93

Total period
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Jlel solo loys lads
Diarrhea disease frequency
555} S 0.96 0.92 0.27 0.91
Preweaning
S 0.00 0.00 - ;
Postweaning
R 0.85 0.94 0.27 0.78
Total period
S9092 9 Jwl sl oloyy cod slajgy JS
Total days medicated 2
555} S 5.48 5.30 0.10 0.82
Preweaning
2555 J S 0.48 0.46 0.36 0.94
Postweaning
o S 5.92 5.35 0.10 0.50
Total period
39V2 s jsSul o olajy, Shas 3.86 418 0.12 0.66
Fecal score > 3, d
35 V2 (ol jgl o5 2l s 2.37 1.85 0.16 0.33
Respiratory score > 2, d
39725, pl o5 plajs) das 462 5.29 0.11 0.42

General appearance score > 2, d

! Standard error of the mean
2 Medicated days for both diarrhea and pneumonia

rdlogS b awlis 1 29,5 ballusS cods Coundy
2 il dlogs Jlez) Wog)S ol (139 Sa98 & Sl oo (5313l
SN yiman g allosS o (sl (SIS (slad nals jlasl ps
Cod (jo) BV ) 0 2 3 000 (5SS slrallogS oy o5
(Svensson and Liberg, 2006) )Koa g jgucguw -39 02l
2 il i b ballesS o o5 oled 45 53,5 3158
095 plw Uil g dlweS o (gljlay dgamee lad il jlasl

23,5 (S S )low jop s il 4 xie Al

IS (8 35 4o

O N adllegS (3,5 (gaheg)S oS b (LS bt (IS b

adllogS Codlo g oSl o5 0 Shos p (ol (Sain Joa
Slgi o (S)lg e 0)95 )3 ellugS (gaog)S a8 Jb 5 3yl
D9 allugS (3,5 Jlo 5 (53l )lB)) ob) Cundy gm0 41 e
5l (B ke 5 oman oleygiSTE (8,5 s o b ol b
051 392 S8 cemalio Caligy cellingS i oo g oS
9 38des p (it Sl g ) LadllogS Gl e canlio w8 5 09,5
(20 )lez) Sos8 (295 oll > (Salo S 5l cuadles
9 Ot 5> ellogS” (13,57 (09,5 4 3948 oo ey 3> 9

3l glas Sl

Ssegr 9 Sl sl ploys €08 oy,

2295 9 il sdlogs ol Cundg 4 bgje @l

Sladd 2laa )5 byl (615 ixe gl ol 045 03 )9 5 Joa
slagley 59 (Saeons 9 Jlawl sbisilon glopy e Jobo 4
3929 039> SS9 65 bl dm g JB slaoye 3 485 g0
aws g V'S 9880 yoSul b (slajg, dliws Cpuizmon (P>+/Y+) sl
5 il GodlugS o 2 YS (alb g s 55l L slajg)
2 2955 Gldlogs ) Glon JYL g8y 395 )b (dxe (295
(Gulliksen et al., cldllas 5y 55 (g0)yal ladlweS b dunlio
el &8 Jb >l ol )15 2009; Cobb et al., 2014)
(Kung et al., 1997; Hanninen et xsly olis |y alle mls
g5 » sdlosS ilan g8y 13 |y 5l gme wslis | al., 2003)
(Chua et al., 2002; Terre et al., 2006; sx8Ls 4o y9y i
&S Cul opl esxmolis adlie mls .Cobb et al., 2014)
{Jensen and Larsen, 2014) dlwsS ol fomed ola)sS
4355 4 (Cobb etal., 2014) 4,505 (Chua et al., 2002) cusligy
Sy Cannl | gilon Cunlus p b g9 4 Cons (S
as" woby oylis (Morgan, 2018) 4f,ISes g 45550 sl 555 5
Sl )3 0ud ()l ladllusS (b pde 0 Ll s cod
hotl S e K s o3kl a4 0B 9> 5 (o0l
Golds pas pols dalllas 15 .55l (g)lew 4 poliie Cuoglis 5 Miud
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