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Fig. 1. Elevation view of hay barn reformed in this study. Left side: reformed space. Right side: original space as control.

On the left side, the corrugated steel sheet under the roof and the floor below were provided with holes to facilitate
ventilation.
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Fig. 2. Plan view of the arrangement of hay bales. The hay bales were laid and stacked on left and right sides of the barn
symmetrically in the same way. Three hay bales were vertically stacked from bottom, middle, to top. A The position
of the detector shown.
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Fig. 3. The daily maximum, minimum air temperatures and dew point during the experimental period.
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Fig. 4. The daily mean and minimum relative humidity and precipitation during the experimental period.

S ERERE R - BREL > BIEEA —ERAER (BERE ) AVER > B NEE— e -
ZESRPTE B KZSR G R ARAR (BERURE ) WFIaRIEROK - ETEREAE RdlEE - K2R AR /KR HY
JRAEIEL T EERDRE o R T ERRE L o AR RE Y 19 — 27CZH » 42 R P HR(REEE
By~ SRR ERRDRE B 9 K (18 3) » JCHMR AR - sl A e B e o AVESEE R -



BizeA BUEZE  FERE 254

1L RSB

PERSR M B S E AR (18 2 ) > 509 10 Sy #Csrfmlas - R RAHENRE Z P9 (E - 48 /NiF
Z R AR AL SR AN 5

PEHGABRHER R S IER RS 3 R > HR (112 1S ) KR (23 B2 3 ) &% 4 /NFERSPY -
17O B A IR SR AT RS ¢ (E M5 (paired ¢ test) &5 - i SR A HY VAR A2 B2 22 0.05 BE /KR - JnfE KA ¥
RIS 0.001 fBHE/KAE (R 1) BUREER ~ 5 R AHSBRE =& 1F /(A R B IR 2= 52 - $RaTiE
Pk BN T - GRS - PRORELIERR R —EE R R AR SRR A AR > A RER
M IR =S EBERIEA A > BURHEATEIENATER (R2) - 552 MR EIRER - R
e o MEEREES © GREEZEPURE > MEREEES - thgTheSHEERE - AR EES -

0.3

Reformed barn
------ Control barn

0.25 -

0.2 -

0.15 -

0.1

Wind speed (m/sec)

- - —

=
-“‘=--T- i

HH W
'\‘ "’=,=' H :

0.05 - AN

O = T T 1 T T T B | 2
11:00 15:00 19:00 23:00 3:00 7:00 11:00 15:00 19:00 23:00 3:00 7:00 11:00

Time (h:mm)

5. BUSFE S IRER Y 48 /N EEEEL 6 -

Fig. 5. The continuous records of wind speed in the reformed and control barns for 48 hours.
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Table 1. The paired t-test of microclimate data between reformed and control barns for ten different periods

Item N "Difference Stand deviation t-value Pr>t
Wind speed, m/sec 10 0.038 0.016 2.27 0.049
Temperature, C 10 -1.160 0.207 -5.59 0.0003
Relative humidity, % 10 3.074 0.453 6.78 <.0001

" Difference = reformed — control.
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Table 2. Comparison of the “difference of microclimate data between reformed and control barns in rainy/non-rainy day and
day/night time

Effect Wind speed, m/sec Temperature, ‘C Relative humidity, %

Rainy day 0.039 -0.95 0.66

Non-rainy day 0.037 -1.37 0.49

Day time 0.012° -1.56 3.92°

Night time 0.078" -0.55° 1.81°

“* Means with different superscripts are significantly different at 5%.
" As shown in Tablel.
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Table 3. The changes of round bale weight from beginning to the end of the storage experiment
Main effect Time of storage (weeks)
1 2 3 4 5 6
Layer kg/bale
Upper 0.33 0.58 0.58 0.75 0.83° 1.00°
Middle 0.25 0.50 0.50 0.75 0.75° 0.82°
Lower 0.00 0.42 0.25 0.33 -0.17° 0.33
Barn
Control 0.94° 1.28° 1.17° 1.39° L.1r° 1.39°
Reformed -0.55° -0.28° -0.28° -0.17° -0.17° 0.11°

a,b

Means with different superscripts in the same main effect are significantly different at 5%.
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Table 4. Comparison of nutrient components at the beginning (May 1*) and the end (Jun 12") of the storage experiment

CP' NDF' ADF'

Bale t th t th t th

May 1° Jun 12 May 1° Jun 12 May 1° Jun 127

%

Upper of control barn 9.7 9.0 68.1 69.0 36.4° 37.9*
Lower of control 9.7 10.2 69.5 70.2 38.4° 39.6"
Upper of reform 9.5 9.3 72.3 70.3 40.3 39.1
Lower of reform 8.6 8.6 71.0 72.3 41.2 41.5

“* Means with different superscripts in the same component at the same location between May 1% and Jun 12" are
significantly different at 5% level by t-test.
" CP: crude protern; NDF: neutral detergent fiber; ADF: acid detergent fiber.
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Rhein, 2002) ; FERT A H > REAHIEHEHE S 208 LA —8 0 BB SEENEQE M EREKNIERK
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Table 5. Comparison of the sensory score and observed appearance of mold spot of the hays at upper and lower locations
for control and reformed barns at the end of storage experiment

Bale Sensory score Mold spot
Mean £ SD

Upper of control barn 2.28+0.78" -

Lower of control 1.671£0.72° +

Upper of reform 2.53+0.65° -

Lower of reform 1.83£0.81° -

“® Means with different superscripts in the same column are significantly different at 5% level by t-test.
+, - © appearance or absence of mold spot.
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Abstract

The high temperature and humidity in summer are unfavorable for the storage of hay in Taiwan. This study aimed to use
the existing hay barn reformed as a low-input storage improvement case by adopting the principles of physical environment
control and strengthening the natural ventilation and moisture removal capacity. After completing the renovation of the
facility, the unmodified half of the barn was used as the control. The round hay bales were placed in the barn for six weeks
to compare the weight and quality of the hay during the rainy season. This transformation included the facade and floor
structures, combined with the stacking of bales to become a ventilation funnel to improve the wind-driven ventilation and
buoyancy-driven ventilation. Comparing the micro-climate difference between the two barns, the reformed barn increased
the wind speed of the ventilation funnel between the bale stacks and increased the wind speed more at night. The reformed
barn also decreased the temperature and increased the relative humidity. For the results of measuring the baled weights for
6 consecutive weeks, the bales of the reformed barn lost 0.55 kg per bale in average in the first week, while the weight of
the bales of the control barn increased by 0.94 kg per bale, which reached a significant difference. At the sixth week, the hay
bales of the reformed barn increased 0.11 kg per bale in average, while those of the control barn increased 1.39 kg per bale,
and the difference was significant. In terms of nutrient content, there was no difference in the contents of neutral detergent
fiber and crude protein before and after the survey period, while the acid-washed fiber content of the hay bales in the control
barn had a significant difference before and after the storage experiment. According to the observation of the bottom of hay
bales, mold spots appeared on the bottom of bales in the control barn, but not in the reformed barn. The upper layer of bale
had the highest hay smell score in the reformed barn. It was not significantly different from that the upper of the control
barn. No difference was observed for the scores of lower layers of bales between reformed and control barns. This study
empirically demonstrate that the reformed barn had better moisture removal effect than that of the control barn during the

rainy season, and had positive effect on the storage quality of hay.

Key words: Hay barn, Buoyancy-driven ventilation, Hay quality.
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