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Abstract 
Frost tends to be detrimental to the growth and development of horticultural crops, leading to yield or quality 
reduction with sizable economic losses. Therefore, it is very important to develop frost protection technology for 
horticultural crops. In this study, the development of frost protection technology is reviewed, and the research of 
mechanized frost protection technology in recent years is analyzed. In view of the poor frost protection effect of 
some single mechanized frost protection technology, the combination frost protection technology is put forward. 
The combination frost protection technology with airflow disturbance and sprinkler irrigation is discussed and 
analyzed. 
Keywords: frost protection, airflow disturbance, sprinkler irrigation, horticultural crop, combination frost 
protection 
1. Introduction 
Frost is a common agrometeorological disaster that can cause significant damage to crops by reducing yields, 
lowering quality, and even resulting in crop failure. There are two types of frost: stratospheric frost and radiation 
frost. Radiation frost is the most common type worldwide and occurs when heat is lost near the ground in the form 
of radiation, causing the energy lost to be greater than the energy received and resulting in frost. This type of frost 
typically occurs on clear, windless, cold nights in mid-winter and spring. Since spring is a crucial growth period 
for most horticultural crops, frosts that occur during this time can have a particularly severe impact on these crops. 
In recent years, inversions have occurred more frequently because of global warming, causing varying degrees of 
frost damage to horticultural crops during the budding period and resulting in economic losses worldwide. 
Therefore, protecting horticultural crops against frost damage is a necessary task in agricultural production. 
Principle diagram of radiation frost formation as shown in Figure 1. 
The traditional agricultural frost protection measures include irrigation, smoking and mulching, but these measures 
have poor effect and cause serious environmental pollution (Yongguang Hu 2011). In order to reduce the pollution 
caused by frost protection, mechanized frost protection technology such as heating furnace, airflow disturbance, 
sprinkler irrigation and helicopter frost protection have been gradually developed in recent years. However, the 
single mechanized frost protection technology still has poor frost protection effect. in order to solve this problem, 
combination frost protection technology has been mentioned, including the combination of heating furnace and 
airflow disturbance, the combination of sprinkler irrigation and airflow disturbance, and the combination of heating 
furnace and sprinkler irrigation. 
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Figure 1. Principle diagram of radiation frost formation 

 
2. Mechanization Technology for Frost Protection 
In recent years, with the rise of large agricultural enterprises, the cultivation of horticultural crops has also begun 
to be large-scale and centralized. In order to reduce the consumption of human resources, it is urgent to develop 
mechanized frost protection technology. The most commonly used technologies for frost protection are the airflow 
disturbance, sprinkler irrigation, and combination of airflow disturbance and sprinkler irrigation. Mechanization 
technology provide efficient and effective solutions to combat the negative effects of frost on crops. 
2.1 Airflow Disturbance Technology 
The main devices used in the airflow disturbance include overhead wind machine, suction-exhaust wind machine 
and helicopter. The principle of this technology is to disturb the air near the ground using the frost protection 
device, which causes the high-temperature air above the plant canopy to the canopy height. As a result, the air 
temperature at the canopy height gradually increases, and it becomes higher than the critical frost temperature of 
the plant, effectively protecting frost damage. One advantage of the airflow disturbance technology is its ability to 
use the unique inverse temperature phenomenon of radiation frost nights, which reduces material consumption, 
minimizes environmental pollution, and facilitates the mechanization and automation of frost control equipment. 
However, the technology has some limitations, such as its effectiveness being restricted to strong frost night 
inversion temperatures. In cases where the inversion temperature is weak, the technology may not provide adequate 
frost protection due to the weak intensity of the near-ground inversion temperature. As shown in Figure 2. 

 

Figure 2. Schematic diagram of the airflow disturbance 
 
The airflow disturbance technology is currently the most widely studied mechanical frost protection technology 
globally. Reese first applied the elevated fan in orchards for frost protection experiments and found that the 
temperature increase effect of the elevated fan is positively correlated with the strength of the inversion on the 
frost night(Reese, R.L. & Gerber, J.F. 1969) . Doesken et al. used the minimum air temperature at the surface of 
fruit trees and the strength of the inversion on the night as the timing for the fan to start, and successfully conducted 
frost protection experiments in orchards using the airflow disturbance technology (Doseken, N.J. et al. 1989). 
Ribeiro et al. found that the air temperature increase at the canopy of fruit trees after the fan starts depends on the 
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strength of the inversion(Ribeiro, et. al. 2006). Battany conducted comparative experiments on the frost protection 
effect of suction and exhaust fans and traditional tower fans during 12 spring frost nights in 2010 and 2011, and 
the experimental results surface that the frost protection effect of traditional tower fans is significantly better than 
that of suction and exhaust fans, and the experiments also tracked the airflow of suction and exhaust fans through 
smoke, and found that suction and exhaust fans will suck the cold air to 25m in the frost protection process Then 
the cold air will slowly sink to the ground, and the cold air sucked out in the frost protection process will again 
sink to the plant canopy height, causing secondary frost damage to crops. This can cause secondary frost damage 
to crops(Battany, et al. 2012).  
With the continuous research on airflow disturbance technology, Kimura et al. conducted an experimental study 
on the thermal effects on frost protection fans in tea fields through the spatial and temporal analysis of leaf heat 
balance. The time and space distribution of the thermal effect of the fan was visualized by numerical calculation, 
and the experimental results showed that the thermal effect of the frost protection area showed a dynamically 
changing distribution in space and time under the variation of the blade boundary conductance and the blade-air 
temperature difference, but the periodic oscillation of the wind machine led to different intervals and durations of 
airflow, which made the thermal effect uneven throughout the tea field and increased the risk of frost 
damage(Kimura, et al. 2017).  
In recent years, with the rapid improvement of domestic mechanization level, the air disturbance technology has 
been experimented several times in China, and mature products have been developed. Hu analyzed the spatial and 
temporal distribution of near-ground air temperature, and developed the first domestically produced elevated wind 
machine, which has been successfully tested in tea fields with significant effect(Hu et al. 2018). Hong Zhang 
designed and developed a new type of suction and discharge device, which has also been successfully used in tea 
fields, but with weaker effect than the elevated wind machine( Zhang 2012). Based on the overall design of the 
frost protection machine, Yang conducted simulation of the biconvex impeller, analyzed its surface pressure 
distribution characteristics, and designed and developed a biconvex wing type tea field frost protection machine, 
which successfully protected frost in the tea field, and the frost protection area was significantly increased 
compared with the traditional frost protection fan, and the frost protection cost per unit area was significantly 
reduced ( Yang 2014). Zhu studied the operation timing of the frost protection machine and its frost protection 
effect under different time scales and frost damage levels, and then established a prediction model for the 
occurrence of early spring late frost damage based on historical meteorological data, on the basis of which a 
decision system for the operation of the tea field frost protection machine was initially developed( Zhu 2014).  
Liu studied the helicopter flight process using computational fluid dynamics, and found that when the flight speed 
was constant, the wind speed in the crown decreased with increasing flight height( Liu 2015).Wu analyzed the 
distribution characteristics of the airflow disturbance of the wind machine in the canopy height of the frost 
protection object under the typical installation conditions of the wind machine with circular arc plate and wing-
shaped blades, and found that the airflow disturbance characteristics are closely related to the blade shape( Wu 
2015). Huang built a 3D physical model of wind machine and selected the SST k-ω turbulence model to study the 
airflow characteristics and temperature changes at the canopy of tea trees, and found that the airflow speed at the 
canopy of tea trees was proportional to the rotational speed, while the temperature in some areas increased and 
then decreased with the increase of rotational speed, but the average temperature of the whole canopy increased 
with the increase of rotational speed ( Huang et al. 2016). Sun established the airflow disturbance model of the 
wind machine, and found that moderately reducing the installation height and installation pitch angle can increase 
the frost protection area, but as the installation pitch angle decreases, however, as the installation pitch angle 
decreases, the blind area increases; as the installation height becomes smaller, the value of the right endpoint of 
the frost protection range does not change much. The value of the right endpoint of the frost protection range does 
not change much with smaller installation height( Sun 2020). 
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Figure 3. Overhead wind 

machine 

 
Figure 4. Suction-exhaust wind 

machine 
Figure 5. Helicopter 

 
2.2 Sprinkler Irrigation Technology 
The main equipment of the sprinkler irrigation is the sprinkler head, pump and pipe, which has been successfully 
applied in the United States, Japan and other countries, used for tea plantations, strawberry orchards and orange 
groves( Zhao 2015). The working principle of the sprinkler irrigation is: under the low temperature of frost night, 
by sprinkling the surface of crops, water is continuously sprayed on the surface of crops, and the water releases 
latent heat by solidifying into ice, thus raising the temperature at the surface of crops above the critical frost 
temperature of the crops. The sprinkler irrigation can achieve good frost protection with sufficient water and low 
wind speed. The main disadvantages of the sprinkler irrigation are: when the spraying water is insufficient, it will 
aggravate the frost damage of crops, and when the spraying water is too much, it will cause the waste of water and 
flooding. As shown in Figure 6. 

 

Figure 6. Diagram of sprinkler irrigation for frost protection 
 
Sprinkler irrigation has been applied to Orchards in Europe and the USA since its inception. Various studies have 
been conducted to optimize the system's performance. Rieger conducted frost protection experiments in apple 
orchards in the southeast of England and found that a sprinkler intensity of 2.5 mm/h can protect buds from frost 
damage at -4 °C air temperature during spring radiation frost(Rieger, et al. 1986). Stefano studied the influence of 
different sprinkler head combinations and different water spray amounts on the air temperature of the fruit tree 
canopy in Italian orchards, optimized the sprinkler head combination in the sprinkler irrigation system, and reduced 
the water spray amount (Stefano, et. al. 2002). In 2009, Ghaemi designed and developed an automatic tree sprinkler 
irrigation system in peach and orange orchards in southern Iran, and the peach trees reached a temperature rise of 
4.5°C during the frost night, while the orange trees also reached a temperature rise of 2.5°C, and both were above 
the critical low temperature(Ghaemi, et. al. 2009). Issa studied the freezing of water droplets sprayed on a single 
orange tree during the sprinkler irrigation process through numerical simulation, providing a basis for the sprinkler 
water volume of orange tree frost protection systems (Issa, et. al. 2012).  
In China, sprinkler irrigation for frost protection has been applied to forestry nurseries and grape vineyards with 
good results (Chen Hua & Ge Peizhen 2011; Lu et al. 2018). Chen Zhao considered the effect of water source 
water temperature on sprinkler intensity and modified the Barfield frost protection sprinkler intensity calculation 
model to arrive at a model of sprinkler intensity required for tea tree sprinkler irrigation frost protection, according 
to which the sprinkler system provides suitable sprinkler intensity under different meteorological conditions to 
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avoid over or under sprinkler intensity and successfully maintains the tea field canopy temperature above -1°C 
during a frost night to achieve a good frost protection effect while avoiding causing water wastage (Barfield, et al. 
1981). 
2.3 Combination Frost Protection Technology 
With the global warming, frost disasters are becoming more and more frequent and serious. Under the influence 
of heavy frost, single mechanized frost protection technology cannot provide effective protection for horticultural 
crops. Some scholars have proposed combination technology to deal with the poor effect of single mechanized 
technology, including the combination of heaters and wind machines, the combination of sprinklers and wind 
machines, and the combination of sprinklers and heaters. 
2.3.1 Combination of Heaters and Airflow Disturbance 
The combination of heaters and airflow disturbance can improve the frost protection effect. Since heaters and wind 
machines tend to inhale cold air near the ground at the outer edge of the reserve, placing more heaters on the outer 
edge will warm the inflow of cold air. It is recommended to have a heater for every two trees on the outer edge 
and inside of the first row of crops. In practical application，the wind machine should be started first, and if the 
temperature continues to drop, ignite the heater. 
2.3.2 Combination of Airflow Disturbance and Sprinkler Irrigation 
The combination of airflow disturbance and sprinkler irrigation has been widely used in some parts of the United 
States, especially in citrus orchards. When frost comes, farmers usually turn on the sprinkler irrigation first, and 
then turn on the wind machine when the sprinkler irrigation does not provide enough protection. 
2.3.3 Combination of Sprinklers and Heaters 
Combination of sprinklers and heaters is rarely mentioned. Generally, a metal baffle is installed on top of the 
heating furnace to protect the sprinkler irrigation from extinguishing the heating furnace. The heating furnace is 
generally turned on first, and then the sprinkler irrigation is turned on when the protection provided by the heating 
furnace is not enough. 

3. Investigation on Control Combination of Airflow Disturbance and Sprinkler Irrigation  
In the combination frost protection technology, most of the heaters are combustion furnaces, which are easy to 
cause air pollution, but now they are seldom used, wind machine and water spraying systems may also lead to the 
extinguishment of heating furnaces. Therefore, combination of airflow disturbance and sprinkler irrigation will 
become an important research direction to deal with crop frost. In this study, the combination of airflow disturbance 
and sprinkler irrigation is discussed and analyzed. 
3.1 Composition of Combination of Airflow Disturbance and Sprinkler Irrigation 
The combination frost protection system is mainly composed of wind machine and sprinkler irrigation system. The 
principle of combination of airflow disturbance and sprinkler irrigation is to force the high-temperature air above 
the plant to height through the airflow disturbance device, increase the air temperature at the plant canopy, and 
spray water on the plant canopy through the irrigation system. The water undergoes sensible heat exchange in the 
surface of crops, and the latent heat is released after the water solidifies and freezes, increasing the temperature of 
the surface of crops to above the critical freezing temperature and combining the heat generated by the airflow 
disturbance with the heat generated by the sprinkler irrigation to achieve a frost protection effect greater than the 
sum of the individual technology. The main disadvantage is that the frost protection strategy is not clear and can 
lead to water waste. 
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As early as 2000, Evens proposed that combination of airflow disturbance and sprinkler irrigation could achieve 
twice the frost protection effect, but no experimental research or analysis was conducted. It was not until 2020 that 
the first theoretical analysis and experimental verification of combination of airflow disturbance and sprinkler 
irrigation was carried out in China by Lu from Jiangsu University(Lu 2020). They constructed a tea field open 
path eddy covariance system and estimated the latent and sensible heat based on the atmospheric-tea tree-soil 
system energy transfer model using eddy covariance theory. Frost protection experiments conducted in tea fields 
showed that the composite frost protection technology had a significant temperature rise effect. See Figure 7 for 
details. 

Figure 7. Schematic diagram of combination of airflow disturbance and sprinkler irrigation 
 

A composite frost control system generally consists of wind machine and a sprinkler irrigation system. The 
sprinkler irrigation system is composed of nozzles, pipes, pumps, and water valves. To reduce costs, UPVC plastic 
pipes are usually selected for the sprinkler irrigation system. The overall design of the compound frost prevention 
system is shown in Figure 8. 

 
Figure 8. Overall schematic diagram of compound frost prevention system 

 
3.2 Control Strategy for Combination Technology 
When the water spray frost prevention system and the frost prevention fan are started simultaneously and the 
sprayed water has not frozen, the airflow disturbance will increase the evaporation of the sprayed water, thereby 
causing an initial temperature drop in the composite frost prevention system. Considering the shortage of water 
resources, the composite frost control system should prioritize reducing water resource losses. The control strategy 
is to first open the frost prevention fan. When the frost prevention fan cannot provide sufficient protection, the 
water spray system is then activated. 
When the sprayed water freezes, the latent heat released by the system and the sensible heat caused by the airflow 
disturbance will increase the temperature of crops crown layer. When the temperature rises to 1°C, the sprayed 
water will no longer freeze(Lu et al. 2017, 2019). At this time, if the composite frost control system is not turned 
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off, the airflow disturbance will increase the evaporation of the newly sprayed water, and the new sprayed water 
will no longer freeze and release latent heat, causing the temperature to drop again. 
The start time of the composite frost control system is set to when the air temperature at the crown layer is less 
than or equal to 0°C. When the composite frost control system is started, the frost prevention fan is first activated. 
When the temperature of crops crown layer is still less than or equal to 0°C after ten minutes of starting the frost 
prevention fan, the water spray frost prevention system is activated. When the temperature of crops crown layer is 
greater than 1°C, the water spray frost prevention system and the frost prevention fan are turned off. After the 
airflow disturbance stops, the ice on crops crown layer can slow down the rapid temperature rise caused by the 
sunrise, avoiding damage to the tea caused by rapid temperature rise. 
3.3 Issues of Combination Technology 
In the process of combination frost protection, convective air can not only bring sensible heat, increase the air 
temperature of crop canopy, but also increase the evaporation of spraying water, resulting in heat loss. if the effect 
of water-air coupling in the process of combination frost protection can be clearly analyzed, it is possible to 
minimize the heat loss and maximize the frost protection effect of the combination frost protection. 
4. Summary 
It is obvious that mechanized frost prevention technology can protect horticultural crops from frost, but under 
heavy frost, single mechanized frost prevention technology cannot provide enough protection for horticultural 
crops. Therefore, it is necessary to study the combined frost prevention technology. Considering the protection of 
the environment and the loss of resources, we should consider is the combination of airflow disturbance and 
sprinkler irrigation first. In this study, through the comparison test of the defrosting effect of air disturbance, 
sprinkler irrigation and combination of airflow disturbance and sprinkler irrigation, it was found that combination 
frost protection can provide more protection for horticultural crops in frost night. However, in the process of 
combination frost protection, the interaction between irrigation and airflow disturbance is still unclear, which is 
the difficulty of future research. Meanwhile, the control strategy of combination frost protection is also worth 
paying attention to. 
Acknowledgments 
This research was funded by the China and Jiangsu Postdoctoral Science Foundation (2022M711396 and 
2021K614C), the Natural Science Foundation of the Jiangsu Higher Education Institutions of China 
(21KJB210019), and the Priority Academic Program Development of Jiangsu Higher Education Institutions 
(PAPD-2018-87), and Synergistic Extension Program of Major Agricultural Technologies in Jiangsu (2021-
ZYXT-06). 
References 
Barfield, B. J., Walton, L. R., & Lacey, R. E. (1981). Prediction of sprinkler rates for night-time radiation frost 

protection. Agric. Meteorol., 24, 1–9. https://doi.org/10.1016/0002-1571(81)90029-7 
Battany, M. C. (2012). Vineyard frost protection with upward blowing wind machines. Agric. Forest Meteorol., 

157, 39–48. https://doi.org/10.1016/j.agrformet.2012.01.009 
Chen Hua & Ge Peizhen. (2011). Establishment of irrigation facilities in tea garden based on local conditions. Tea 

Science and Technology, 32–34. https://doi.org/10.3969/j.issn.1007-4872.2011.03.010 
Chen Zhao. (2015). Design and Experiment of an Automatic Sprinkler System for Tea Frost Protection. Jiangsu 

University. https://doi.org/10.3965/j.ijabe.20160905.1315 
Doseken, N. J., McKee, T. B., & Renquist, A. R. (1989). A climatological Assessment of the utility of Wind 

Machines for freeze protection in mountain valleys. Journal of Applied Meteorology, 28, 194–205. 
https://doi.org/10.1175/1520-0450(1989)028<0194:ACAOTU>2.0.CO;2 

Ghaemi, A. A., Rafiee, M. R., & Sepaskhah, A. R. (2009). Tree-temperature monitoring for frost protection of 
orchards in semi-arid regions using sprinkler irrigation. Agric. Sci., 8, 98–107. https://doi.org/10.1016/S1671-
2927(09)60014-6 

Hong Zhang. (2012). Design and Simulation of Suction-exhaust System for Tea Frost Protection. Jiangsu 
University. https://doi.org/10.7666/d.y2092720 

Issa R J. (2012). Numerical heat transfer model for frost protection of citrus fruits by water from a spraying system. 
Thermal Science, 31–42. https://doi.org/10.2298/TSCI110331084I 

Ji Fang, Li Shenghong, & Chen Zenghe. (2001). Effects of sprinkler irrigation on ecological environment of 



as.ideasspread.org   Agricultural Science Vol. 5, No. 1; 2023 

 15       Published by IDEAS SPREAD 
 

orchards in Tarim Basin. Journal of Irrigation and Drainage, 20, 36–38. https://doi.org/10.3969/j.issn.1672-
3317.2001.02.010 

Keda Sun. (2020). Design of Continuous Rotating Frost Protection Wind Machine with Circular-arc Blade. Jiangsu 
University. https://doi.org/10.27170/d.cnki.gjsuu.2020.000669 

Kimura, K., Yasutake, D., Nakazono, K., & Kitano, M. (2017). Dynamic distribution of thermal effects of an 
oscillating frost protective fan in a tea field. Biosystems Engineering, 164, 98109. 
https://doi.org/10.1016/j.biosystemseng.2017.09.010 

Reese, R. L. & Gerber, J. F. (1969). An empirical description of cold protection provided by a wind machine. J. 
Am. Soc. Hortic. Sci., 697–700. https://doi.org/10.21273/JASHS.94.6.697 

Ribeiro, A. C., De Melo-Abreu, J. P., & Snyder, R. L. (2006). Apple orchard frost protection with wind machine 
operation. Agric. Forest Meteorol., 141, 71–81. https://doi.org/10.1016/j.agrformet.2006.08.019 

Rieger, M., Davies, F. S., & Jackson, L. K. (1986). Microsprinkler irrigation and microclimate of young orange 
trees during frost conditions. Hort. Science, 21, 1372–1374. https://doi.org/10.21273/HORTSCI.21.6.1372 

Shengzhong, Liu. (2015). Flight of an Unmanned Helicopter for Frost Protection in Tea Fields. Jiangsu University. 
https://doi.org/10.7666/d.Y2799554 

Stefano, A. & Osvaldo, F. (2002). Micrometeorological test of microsprinklers for frost protection of fruit orchards 
in Northern Italy. Physics and Chemistry of the Earth, 1103–1107. https://doi.org/10.1016/S1474-
7065(02)00146-8 

Wenye Wu. (2015). Airflow Disturbance Characteristics and Optimal Airfoil Design of Frost Protection Wind 
Machines. Jiangsu University. https://doi.org/10.7666/d.Y2799588 

Xiaolan, Zhu. (2014). Frost Protection Experiment with Wind Machines for Tea Fields and Development of 
Operation Decision-Making System. Jiangsu University. https://doi.org/10.7666/d.Y2537899 

Yang, Shuo. (2014). Design and Experiment of a Biconvex-Airfoil Wind Machine for Tea Frost Protection. Jiangsu 
University. https://doi.org/10.7666/d.Y2538343 

Yongguang, Hu, EA Asante, Y. Lu, Mahmood, A., Buttar, N. A., & Yuan, S. (2018). A review of air disturbance 
technology for plant frost protection. International Journal of Agricultural and Biological Engineering, 11(3), 
21-28. https://doi.org/10.25165/j.ijabe.20181103.3172 

Yongzong, Lu, Hu, Y., Zhao, C., & R. L. Snyder. (2018). Modification of water application rates and intermittent 
control for sprinkler frost protection. Transactions of the ASABE, 61(4), 1277-1285. 
https://doi.org/10.13031/trans.12596 

Yongzong, Lu, Hu, Y. & Li, P. (2017). Consistency of electrical and physiological properties of tea leaves on 
indicating critical cold temperature. Biosystems Engineering, 159, 89-96. 
https://doi.org/10.1016/j.inpa.2018.09.004 

Yongzong, Lu, Hu, Y., Snyder, R. L., & Kent, E. R. (2019). Tea leaf’s microstructure and ultrastructure response 
to low temperature in indicating critical damage temperature. Information Processing in Agriculture, 6(2), 
247-254. https://doi.org/10.1016/j.inpa.2018.09.004 

Yongzong, Lu. (2020). Response characteristics of radiation frost in tea fields and energy quantitative for frost 
protection. Ph.D. Dissertation, Jiangsu University. 10.27170/d.cnki.gjsuu.2020.000929 

Zhenjie, Huang, Z. Y. Pan, & Y. G. Hu. (2016). Research on 3D wind field and temperature variation based on tea 
anti-frost fan. Journal of Chinese Agricultural Mechanization, 37(2), 75-79. 
https://doi.org/10.13733/j.jcam.issn.2095-5553.2016.02.017 

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


