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Table 1- Distribution of Particles and Geometrical mean Particle Size (mm) for Alfalfa hay, wheat straw and

TMR
Pore Size Alfalfa hay Wheat Straw TMR
creen (mm) KA 4l s RN Lslae YaolS o pua
< Lasll 5l 3cm 6.cm 3cm 6.cm 3cm 6.cm
(eishee) R R T R NS Al
upper Sieve
R 19 17 20 15 19 11.7 30.3
middle Sieve
by I 8 23 36 30 38 37.8 34.7
lower Sieve
L <l 1.18 30 30 29 31 315 22.6
[
Bottom pan
<ias 0 30 14 26 12 19.0 125
Geometrical mean
particle size (mm)
851 peuaia U:S_J_*M 4.6 7.1 4.8 7.3 5.6 9.0
(Sreshee) 13
NDF 45.4 45.4 65.2 64.2 49.7 50.7
sk 51500 ' ' | | | -
PeNDF
18.4 25.3 29.3 37.0 24.6 33
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Calcium carbonate 0.26
paalS ol S o
Zeolite 0.73
a5
Toxin binder 0.05
oanb S 5

Chemical composition (in DM)
(Kaa sbe o) wlasd ol 5

NEL (Mcal/kg) 1.32
o palla 6553
CP (%) 12.79
pla S
RDP (% of CP) 66.76
LSl o el JolB iS5
EE (%) 3.39
P 2on
NDF (%) 50.19
ol 8,0 510
ADF (%) 30.68
(sbaenl ol o o J slaels LI
NFC (%) 25.22
Gomd s olhas e S
Ca (%) 0.85
VRS
P (%) 0.52
Sid
Mg (%) 0.3
p2owe
Zn (ppm) 189
530
Mn (ppm) 218
Fe (ppm) 358
oyl
Cu (ppm) 49
Qe
Se (ppm) 1.4
poile
I (ppm) 2.4
L
Co (ppm) 0.7
ERES
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Table 2- The ingredients and chemical composition
of the growing Holstein heifers

Ingredient, (% DM basis)
(Saa sube wimyu Gulasl ) (Shhsa 2Dl

G B ea gl a9 Jolael LI GhEs auR sIS 5 SEA gy o

s a3 VY 5 EY/E Ll i
Dol ) Solse Jelit Gaaling 5 (Sane olse boglae 51 a SIS s
S Glall G aalg Voreee A Gusling B Ll Ga aaly Aceees
el a8 s VU B Galins OF Ll G aaly Yoo D3 el

Alfalfa * 16.21
Y]
Corn silage 36.63
SRR
Wheat straw * 21.08
€ sl
Barely grain 7.827
s 4l
Wheat bran 4.17
pAS G g
Rice bran 5.22
X
Soybean meal 5.74
Loy s
Meat meal 1.31
i K Hu
Min-Vit premix ** 0.52
eliag —Paraslse (uSae
Salt 0.26
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* Among nutrient detergent fiber in alfalfa hay and wheat straw is
respectively 42.4 and 64.2.
** Each kilogram of vitamin-mineral premix consisted of the
following ingredients: 800,000 1U vitamin A, 150,000 IU vitamin D3,
2,000 IU vitamin E, 160 mg Ca, 20 g P, 30 g S, 30 g Na, 40 g Mg,
4000 mg Mn, 7000 mg Zn, 3000 mg Fe, 3000 mg Cu, 60 mg Se, 80
mg I, 50 mg Co and 2,000 mg Antioxidant.
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Table 3- The interaction effects of forage particle size and feed bunk space on dry matter intake, average daily
gain and feed conversion ratio in female Holstein calves

Treatments™
Traits LA‘)LQ._‘S SEM P-value
olie 24/Fine 24/Coarse 48/Fine 48/Coarse sl P
BYSIAL KV-NYA ¢ S0l EA Sy EA alasticl &l
DMI (Kg/d) 8.02 7.60 7.84 7.70 0.121 0.099
s SiA sulo
ADG (gr/d) 889.50 960.10 911.5 945.5 0.038 0.575
Glous i il
FCR** (DMI/ADG) 9.87 8.39 9.28 8.65 0.421 0.063

Shsa sa5b

5 00T slad sia Bl EA 30 EA coutn Shysa 5 osaT sliad Sie Bl YE ioud, o/ VE Gy Shsa g 5eal liad e Blu¥e 30/YE Lajlas #
e Shsa g seal slad jie DL toud oA Gy SIsa

Shsa bad o ##

*Treatments 24/Fine: 24 cm. feed bunk space and forage with fine particle size, 24/Coarse: 24 cm. feed bunk space and Forage with coarse particle

size, 48/Fine. 48 cm. feed bunk space and forage with fine particle size, 48/Coarse. 48 cm. feed bunk space and Forage with coarse particle size.
** FCR: Feed Conversion Ratio.

o o b 9 31395 059 DRI (S pme Sd oule (59 g 5 93T SLAS g adgle il yd o3l (Lol ol 31 -F Jgua
(elidla sals sladdlu oS yu ST, 6a
Table 4- The main effects of forage particle size and feed bunk space on dry matter intake, average daily gain
and feed conversion ratio in female Holstein calves

Feed bunk space* Particle size*

Traits SeaTl las SEM P-value a3 85l SEM P-value
olie 24 48 stha e e T Coarse b (i b
alalicd ©ols ) o alaslid ©ols
DMI (Kg/d) 7.81 777 0.085 0.627 7932 765 0.085 0.004
SSoan Sia sule
ADG (gr/d) 920 930 0.246 0.929 900 950 0.246 0.182
Glso OOy il
FCR** 9.13 8.97 2.646 0.702 9.75 8520 2.646 0.013
(DMI/ADG)
Shsa ea3b

(P 0) ks (g5l (ae MR aa b s, ST By S Sk A0

(@adiyn Shhsa 5505 Shysa) sea ol elal (b £ Luly 5o 1) 4 sie Bl $A 5 YE) AT sldd : Lal ol il %
a, b: Means that do not have a same letter, have a significant difference (p <0.05).
* Main effects: the manure space (24 and 48 centimeters per calf head), the particle size of the diet (coarse and coarse feed).
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Table 5- The interaction effect of feed bunk space and forage particle size on dry matter intake (kg) within
hours after morning feeding time

Treatments*
Intensity of intake (Kg)** lalass SEM P-value
Soee Sad 24/Fine 24/Coarse 48/Fine 48/Coarse sloa P
‘)f‘)/“i C..\-J-l_)J/YE _):i_)/i/\ \:.\-l:-l‘)d/i/\ JJ‘J.:‘:u.u‘ (5‘)‘.)
0-2 h (kg) 40.652 33.83" 35.99° 39.162 1.498 0.011
YGB - el
2-4 h (kg) 11.38% 17.162 9.58° 12.31° 0.66 0.0003
¢ LY cel
4-6 h (kg) 6.87° 10.522 8.85" 9.36% 0.391 <0.0001
T0B¢ sl
6-8 h (kg) 4.79° 6.93 6.81° 7.752 0.349 <0.0001
AT el
0-8h (kg) 63.69" 68.442 61.22° 68.59° 1.527 0.002
AL cela
8-24h (kg) 16.49° 7.60° 17.162 8.39P 1.645 <0.0001
Y¢ BA cela
Barnyard intake (kg) 80.18 76.04 78.39 76.97 1.208 0.099

R

AP/ 0) Boks sl e AT aa L il Syidie gom S la:Silie :,0,C

3 055 slad sie il EA /A by Shsa 5 5sal slad Sie Bl Y6 oud,of/YE Gy Shsa 5 ooa ] slad jia BluYE 5,/YE Laslas #
oo Shhsa g 50T slad sie BLwtA reud o/ $A Gay SIhsa

Gl B eas e Darnyard intake (S, sa 4s e 3 G A celw B 5 A A E X glacele jo SIa B yeae wud S 20, 40,60, 8h, 0-8h**

a, b, c: Means that do not have a same letter, have a significant difference (p <0.05).*Treatments 24/Fine: 24 cm. Feed bunk and Feed fine,
24/Coarse: 24 cm. Feed bunk and Feed coarse, 48/Fine. 48 cm. Feed bunk and Feed fine, 48/Coarse. 48 cm. Feed bunk and Feed coarse.
**2h, 4h, 6h, 8h, 0-8h That is, the intensity of feed intake at 2, 4, 6, 8 and 8 hours after the pouring of feed.

ge Shed wd e ) gy Hsie
Table 6- The interaction effect of feed bunk space and forage particle size on dry matter intake (%) within
hours after morning feeding time

Treatments*
Intensity of daily la,less SEM P-value
: (VAL T3 - . .
~‘|.ntak§ (%) . 24/Fine 24/Coarse 48/Fine 48/Coarse sl e b
Glogs Bras Sud /Y cudu/YE Sl R RRTENN Aol ol
0-2h (%) 50.65% 44.74° 46.03" 50.99? 1.885 0.049
YG - el
2-4h (%) 14.14"¢ 22,682 12.28° 16.06° 0.859 <0.0001
¢ LY celw
4-6h (%) 8.58¢ 13.842 11.36° 12.15% 0.526 <0.0001
NGB ¢ cel
6-8h (%) 5.99° 9.11% 8.74" 10.002 0.468 <0.0001
AGT cel
8-24h (%) 20.632 9.64° 21,592 10.80° 1.990 <0.0001

Y¢ BA celas
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Cumulative Intensity of daily intake (%)
;’-AAJ.“QJHQG‘bJJJWQm

0-2h (%) 50.65° 44.74° 46.03° 50.99? 1.885 0.049
YG - el

0-4h (%) 64.80 % 67.41°2 58.31° 67.052 2.192 0.019
¢ cel

0-6h (%) 73.38°P 81.252 69.67 P 79.202 2.099 0.0012
6. cel

0-8h (%) 79.37° 90.36% 41/78° 20/892 1.990 <0.0001
AL cel

0-24 (%) 100 100 100 100 - -
Yo U+ el

s Shhsa 5 seal glss Do Bla¥E /¥ Laslas #.(D<-/+0) wijls (sols Sae SMEA) aa b Wl Soide Sgsa oS =LoSile abe
5 osnT slad Jia LA tendofEA Guy Shsa g seal slas jie Bl $A D /tA wadine Slhsa 5 sal glad jie Sla Y oudi,u/VE
o ye S ea

Ciyems e barnyard intake (S, sa wsse 3 G A sl B g A A Y glaceln o SIysa Giyas wad e 2h, 4h,6h, 8h, 0-8h**
Sl

a, b, c: Means that do not have a same letter, have a significant difference (p <0.05).

*Treatments 24/Fine: 24 cm. Feed bunk and Feed fine, 24/Coarse: 24 cm. Feed bunk and Feed coarse, 48/Fine. 48 cm. Feed bunk and Feed fine,
48/Coarse. 48 cm. Feed bunk and Feed coarse.

**2h, 4h, 6h, 8h, 0-8h That is, the intensity of feed intake at 2, 4, 6, 8 and 8 hours after the pouring of feed.

I o Hgie Oilelis (oo (p S 5lis) (A puns S1, 85 Jlule 59 3 ddsle i3 0l g jeal sldd Lol ool 51 -V Jgua
Table 7- The main effect of feed bunk space and forage particle size on dry matter intake (kg) within hours
after morning feeding time

Intensity of intake  Feed bunk space* Particle size*
(Kg)** SeaT lias SEM p-value =l 5l SEM p-value
e 24 48 Fine Coarse cus s thi b e ghe
i fos il
B8}
<0
2h (kg) 37.24 3758 1.059  0.684 38.322 36.50° 1.059 0.034
Y celes
4h (kg) 1427 10.95° 0467 <0.0001  10.48° 14.74 0.467 <0.0001
¢ ool
6h (kg) 8.69 9.1 0.277  0.208 7.86P 9.942 0.277 <0.0001
1 el
8h (kg) 5.86° 7.28°  0.247 <0.0001  5.80° 7.342 0.247 <0.0001
A celis
0-8h (kg) 66.07 6491  1.080  0.277 62.46° 68.51° 1.080 0.004
AL cel
8-24h (kg) 12.05 12.77 1150  0.658 16.83% 7.99P 1.150 <0.0001
Y¢ BA cela
Barnyard Intake 78.11 77.68 0.854 0.627 79.282 76.50° 0.854 0.004
(kg)

R
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Sl Cuas e barnyard intake (S, as e 3w A @el B g A g Y glacel s SIHea G yeae oud s 20, 4h,6h, 8h, 0-8h**

a, b, ¢: Means that do not have a same letter, have a significant difference (p <0.05).
* Main effects: the manure space (24 and 48 centimeters per calf head), the particle size of the diet (coarse and coarse feed).
**2h, 4h, 6h, 8h, 0-8h That is, the intensity of feed intake at 2, 4, 6, 8 and 8 hours after the pouring of feed.

‘}lw‘;llela&L:L..u‘sb(.\.m_)d)0.4‘,.54461_,3_’;J|A§AL53_,J,1cufycc;sb&a‘}kﬁlj‘,}&ighéé ol &l A -A Jgua

e Slyed dd e
Table 8- The main effect of feed bunk space and forage particle size on dry matter intake (%) within hours after
morning feeding time

Intensity of intake Feed bunk Particle size*
(%)** space* SEM p-value =l a5l SEM p-value
S yae Oud )J‘;T slss s e s s &M Sae placs
24 48 St sl Fine Coarse olsl
¢ 320 ey

0-2h (%) 47.69 48.51 1.444 0.692 48.34 47.86 1.059 0.815
YB - cela

2-4h (%) 18.41*  14.17° 0653 <0.0001 13.21° 19.37° 0.467 <0.0001
£ GY cela

4-6h (%) 1121 1175 0441 0.387 9.97° 12.99? 0.277 <0.0001
N6 ¢ celu

6-8h (%) 7.55° 9.37° 0.342 0.0005 7.36" 9.56° 0.247 <0.0001
ALGT cel

8-24h (%) 15.13 1620  1.390 0.591 21112 10.22° 1.150 <0.0001
Y BA cela

Cumulative Intensity of intake (%)
S Dol L B as Sud

0-2h (%) 47.69 48.51 1.444 0.692 48.34 47.86 1.059 0.815
YUB . cela

0-4h (%) 66.11 62.68 1.568 0.130 61552 67.23P 1.568 <0.0001
¢ 6. cela

0-6h (%) 77.31 74.43 1.469 0.173 715248 80.22b 1.469 <0.0001
16 el

0-8h (%) 84.87 83.80 1.390 0.591 78.89° 89.78% 1.080 <0.0001
AG - el

0-24 (%) 100 100 - - 100 100 - -
Yo U cel

(P<T o) wishs gols e MRS aa b sl Sote gsa oS lag:Sike a,b,C
(e Shsa 535 Shysa) sma &l elal (dla S Ll 5o 1) @ sie Bl $A 5 ¥E) sl glans Lol &l il #
Sl Cuas e barnyard intake (S, 4 e 5w A cel B g A g Y glaceli 5o SI A G eae cud s 20, 4h,6h, 8h, 0-8h**

a, b, c: Means that do not have a same letter, have a significant difference (p <0.05).
* Main effects: the manure space (24 and 48 centimeters per calf head), the particle size of the diet (coarse and coarse feed).
**2h, 4h, 6h, 8h, 0-8h That is, the intensity of feed intake at 2, 4, 6, 8 and 8 hours after the pouring of feed.
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Introduction: Physical attributes of feeds and Feed bunk space can affect feeding behavior of replacement
heifers. The distribution of particle size can affect feed intake, feeding behavior, and feed sorting. Research
on adult dairy cattle has focused on preventing rumen acidosis by varying particle size, but less work has
focused on rations for replacement heifers. On the other side, the trend in the dairy industry has been toward
fewer but larger herds and a concurrent change toward group feeding and handling in the larger herds. Where
herds are expanded within existing facilities, competition at the feed bunk could increase. Ad libitum feeding
of complete feeds reduces this competition between lactating cattle. However, ad libitum feeding of
replacement yearling heifers could result in wasted feed, overeating, and fatty infiltration of the mammary
gland with a reduction in future production. The objective of this study was to evaluate the interaction
effect of feed bunk space and forage particle size on growth and performance of Holstein female calves.
Material and methods: This experiment was performed on 40 Holstein female calves with an average age
of 8-12 months and an average weight of 295.6 + 32.8 kg in a factorial design with four treatments, four
periods and four stall, in which 10 calves were allocated to each stall. The length of each experimental period
was 25 days and the calves were group fed in this experiment. The diets were isoenergetic and
isonitrogenous. The only difference between diets was related to the forage particle size (alfalfa and straw).
Treatments included: 1) treatment with 24 cm of feed bunk space and average forage particle size of 3 cm
(24/fine); 2) treatment with 24 cm of feed bunk space and average forage particle size of 6 cm (24/coarse); 3)
treatment with 48 cm of feed bunk space and average forage particle size of 3 cm (48/fine); 4) treatment with
48 c¢cm of feed bunk space and average forage particle size of 6 cm (48/coarse). Sampling from feed and
feeder was carried out at 15, 17, 19, and 21 days in each period. The dry matter intake of each stall was also
carried out on days 15, 17, 19 and 21 in order to determine the intensity of feed consumption at 2, 4, 6, 8
hour after morning feed delivery, as the feed in the feed bunk was weighed and then returned to the feed
bunk and the amount of feed consumed by every stall and for each calf was also calculated. To determine dry
matter, collected samples was dried by placing them in an oven at 65-70 ° C for 48 hours (AOAC, 1990).
Then the feed intake and intake intensity at different hours were corrected based on dry matter.

Results and discussion: Results of the current study confirmed the synchronize of feed consumption
behavior in growing calves, which during the first 2 hours after feed delivery, calves consumed about 50-
45% of the daily intake of dry matter. Also, about 90-80% of the dry matter was consumed within the first 8
hours after the feed delivery, and in the next 16 hours only 10-20% of the feed intake occurred. The results
for the main effects showed that feed bunk space has no effect on daily gain, dry matter, and feed intake,
while the forage particle size affected both of dry matter intake and feed conversion ratio (P <0.05), so that
the feed conversion ratio was significantly higher for the treatments with fine forage particle size in
comparison with treatments with coarse forage particle size (9.75 vs. 8.52). Also, daily dry matter intake for
treatments with fine forage particle size was higher compared with the treatments with coarse forage particle
size (7.93 vs. 7.65 kg/day/calf). Also, the amount of daily dry matter was higher for treatments with fine
forage particles compared to treatments with coarse forage particles, but this higher consumption was not
necessarily equal to higher daily gain. Also, there were not any significant differences between treatments
containing fine forage particles and treatments with coarse forage particles for average daily gain. Finally,
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particle size in the growing Holstein female calves can be used as a means of controlling the dry matter and
to economize the feed cost in this group of livestock.

Conclusion: Considering the importance of controlling the dry matter intake of replacement calves, it can be
stated that regarding the high proportions of forage to concentrate in growing female calves, forage particle
size can be used as a management solution for controlling the dry matter intake and growth of this group of
livestock. Therefore, supply of diets containing coarse forage particle size can help to economize the cost of
replacing calves.

Key words: Average daily gain, Feed bunk space, Feed consumption intensity, Feed conversion ratio,
Forage particle size, Holstein female calves



