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Assessment of Evaporation Rates from Litter of Duck House
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ABSTRACT

The domestic duck industry is the sixth-largest among the livestock industries. However, 34.3% of duck houses were the duck houses arbitrarily
converted from plastic greenhouses. This type of duck house was difficult to properly manage internal air temperature and humidity environment.
Humidity environment inside duck houses is an important factor that directly affects the productivity and disease occurrence of the duck. Although the
humidity environments of litters (bedding materials) affect directly the inside environment of duck houses, there are only few studies related to humidity
environment of litters. In this study, evaporation rates from litters were evaluated according to air temperature, relative humidity, water contents of litters,
and wind speed. The experimental chamber was made to measure evaporation rates from litters. Temperature and humidity controlled chamber was
utilized during the conduct of the laboratory experiments. Using the measured data, a multi linear regression analysis was carried out to derive the
calculation formula of evaporation rates from litters. In order to improve the accuracy of the multi linear regression model, the partial vapor pressure
directly related to evaporation was also considered. Variance inflation factors of air temperature, relative humidity, partial vapor pressure, water contents
of litters, and wind speed were calculated to identify multicollinearity problem. The Multiple R? and adjusted-R> of regression model were calculated
at 0.76 and 0.71, respectively. Therefore, the regression models were developed in this study can be used to estimate evaporation rates from the litter
of duck houses
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Table 1 Specification of chamber for Lab experiment
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Width 0.5 m Table 2 Experimental conditions for measuring wind speed inside
Length 0.5 m experimental chamber
Test part - -
Height of litter 0.05 m Contents Value
Height of airflow part 01 m Sensor Multi—channel anemometers
Width 015 m (Kanomax Inc.)
Honeycomb mesh Lenath 05 m - -
(Flow straightener) 9 : Time interval of 1s
Height 01m measurement
Number 5 ea Measuring time 10 min
Fan Diameter 0.092 m The number of repetition 3 repetition
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Fig. 3 Measurement of wind speed in the experimental part of chamber
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duck house (kg * day™)

T : Air temperature (C)
RH : Relative humidity (%)
PVP . Partial vapor pressure (Pa)
wc : Water contents of litter (%)
1% : Wind speed (m+s™)
(c) Place into the temperature (d) Weigh to determine the a, b, ¢ d d, b, d : Coefficient

and humidity test chamber moisture loss

Fig. 4 Experimental procedure for measuring evaporation rates from
litter of duck house
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(a) Surface condition of litter at water contents
of 35% before lab experiment
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(b) Surface condition of litter after lab experiment in
the temperature and humidity controlled chamber

Fig. 6 Surface condition of litter at water contents of 35% before and after lab experiment when air temperature was 15C,
relative humidity was 40% and wind speed was 2.3 m+s™
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Fig. 7 Evaporation rate from litter of duck house according to air temperature (T), relative humidity (RH), water contents (WC), wind speed (WS)

Table 4 Variance inflation factor for evaluating Multicollinearity between air temperature, relative humidity, water contents, wind speed

(independent variables)

Parameter Air temperature

Relative humidity

Water contents Wind speed

Variance inflation factor 1.37

1.44

1.02 1.04

Table 5 Multi linear regression analysis to evaluate evaporation rates (dependent variable) from air temperature, relative humidity, water

contents, wind speed (independent variables)

Multiple R? | 0.76 Adjusted R? ‘ 0.7 ‘ p—value 3.29x1078
Contents Estimate Std. Error t value p—value
(Intercept) —11.31 4.65 -2.43 0.02415
Air temperature 0.25 0.07 3.79 0.00108
Relative humidity -0.2 0.04 -4.53 0.00018
Water contents 10.86 2.29 474 0.00011

Wind speed 7.74 1.89 410 0.00051

¥% 0,001, ** : 0,01, * : 0.05
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Table 6 Variance inflation factor for evaluating Multicollinearity between air temperature, partial vapor pressure, water contents, wind

speed (independent variables)

Parameter Air temperature Partial vapor pressure Water contents

Wind speed

Variance inflation factor 3.74

3.85

1.02

1.04

Table 7 Multi linear regression analysis to evaluate evaporation rates (dependent variable) from air temperature, partial vapor pressure,

water contents, wind speed (independent variables)

Multiple R? 0.77 Adjusted R? 0.72 p-value 2.03%x107®
Contents Estimate Std. Error t value p—value
(Intercept) 214 4.21 -5.27 5.08x107° ™

Air temperature —-5.25%107 1,06Xx107" 4.96 6.65x107°
Partial vapor pressure -3.48x107° 7.33%x107™ -475 1.09x107* ™
Water contents 10.9 2.24 4.86 8.43x107° ™
Wwind speed 7.75 1.84 4.20 3.99x10™* ™

* 1 0.001, **: 001, *: 005
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