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Fig. 1. The height of the ration was measured at 10 cm intervals from the trough wall to 150 cm away (15
points) in parallel lines at 2 m intervals (6 lines) of a flat-type trough (left side). The length from trough wall to
the edge of ration (LER), the length from trough wall to and the height of the top of the ration (LTR and HTR, in
the right side) were also measured at the start and end of the experiment (right side).
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Table 1 The comparison of the index' of the shape of the residual ration
on trough between the start? {13:00) and the end (17:00) of experiment.

Position of Start of experiment End of experiment

measurement 13:00 17:00 Difference (cm)
LER 919 2 =+ 270 1450° =+ 212 531 _»
LTR 378 * =198 107.0° =+ 189 69.2 _»
HTR 27.5 + 48.5 21.8 + 28.1 5.7

a, b : average with different surperscripts in same line
differ significantly (P<0.05)

" Index of the ration shape : the length from trough wall to the end of
ration (LER); the length from trough wall to the top of ration (LTR);
and the hight of the top of ration (HTR); see Fig. 1.

2 Just before the start time of cow's eating
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Table 2 The comparison of the hight of residual ration on trough
between the start’ (13:00) and the end (17:00) of experiment

Position from Hight of ration (cm)

trough wall Start of experiment End of experiment

(cm) 13:00 17:00 Difference (cm)
10 2112 £72 26° 22 185
20 220 °?% + 86 22° +15 19.8 \a
30 196 % =+ 94 1.7° £15 179
40 162 7 =+ 10.2 1.9° +10 143 a
50 1252 + 938 27 ° + 21 9.8 ~\a
60 106 =85 58 £ 27 438
70 69 =+ 738 6.1 + 57 0.8
80 52 =+ 60 100 =+ 57 438
90 432 + 37 158 ° + 6.9 15 _»
100 2123 +17 152 ° + 127 131
110 03?2 =07 95 ° + 132 92
120 05°% +03 52 ° +72 47
130 05?2 =03 34° +47 29
140 072 *x05 22° x£22 15 o
150 16 =+ 03 1.8 =+ 1.1 0.2

a,b : average with different surperscripts in same line
differ significantly (P<0.05)

' Just before the start time of cow's eating
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Fig. 3. The changes of the height of the residual ration on the trough at 10 — 40 cm from the trough wali.
The averages with the different letters differ significantly (P<0.05). The vertical line on the average was
shown the standard deviation.
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Fig. 4. The changes of the height of the residual ration on the trough at 90 — 120 ¢cm from the trough wall.
The averages with the different letters differ significantly (P<0.05). The vertical line on the average was
shown the standard deviation.
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Fig. 5. Time spent for eating of cows for several 30 minutes
periods. The figures on the bars show the average number of
simultaneous eating cows at observation.
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Fig. 6. The percentage of estimated residual ration volume in
several times to the initial volume of total ration. White dots
represent the percentage of total ration on trough, and black
dots represent the ration volume within cow’s reach (100 cm)
to the initial volume of total ration.
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The change of the height of ration on trough using a measuring device of
the undulation of ration offered in free-stall barn
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Summary

The objective of this study was to determine the change in ration shape during cow feeding in a
free-stall barn. A new device was made to measure the height of the ration without contact. The experiment
started at 13:00 with pushing up the ration in a free-stall barn and ended at 17:00. The height of the ration
was measured at 10 cm mtervals from trough wall to 150 cm away (15 points) in parallel lines at 2 m
intervals (6 lines) on a flat-type trough. The length from the trough wall to the edge of the ration and to the
top of the ration at the end of the experiment (17:00) were significantly (P<0.05) greater than those at the
start of experiment (13:00). The height of the top of the ration did not differ from the start to the end of the
experiment. The height of ration at the end of the experiment had significantly (P<0.05) decreased at 10 -
50 cm, and increased at 90 — 140 cm from the trough wall. The decrease in the height of the ration in the 10
— 40 cm positions and increase in 90 — 120 cm positions occurred linearly with time after the start of the
experiment. There was no change i the height at 70 cm from the trough wall. The changes in ration height
at several distances from the trough wall were successfully quantified.
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