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Abstract
Global warming is the main concern in today’s century as it comes with numerous side effects to the natural environment. Open Top Chambers
(OTC) consist of metal constructions with transparent vertical side-walls and a frustum on top. An opening in the middle of the frustum allows
an air exchange to reduce temperature and humidity effects in the chamber. The size of the open top chamber which is located in Universiti
Putra Malaysia is slanted 60o, 50cm tall, 2.08m basal diameter hexagon chamber. The Open Top Chamber experiments were carried out to
determine how much global warming has affected and is still affecting the temperature, pH, the moisture and the growth of the microbes in
the tropical soil. The aim of this study is to elucidate the effects of temperature increase on the soil microbes’ population and on the pH of the
soil. The study was conducted to observe the effect of heat on the population of soil microbes and the pH of the soil which was collected on
the same day for 6 consecutive months. The microbes from the samples were grown on agar plates. The population of microbes on the plates
were used as values were for Colony Forming Unit (CFU) value calculations. The effects of OTCs on mean temperature showed a large range
of CFU values throughout the 6 months but did not differ significantly between studies. Increases in mean monthly and diurnal temperature
were strongly related, indicating that the presence of warming effect by the OTCs. Such predictive power allows a better mechanistic
understanding of observed biotic response to experimental warming. This study will be useful for the understanding of the global warming
effect on microbes. The Open Top Chamber experiment has proven to be one of the effective model for global warming research and data
collected especially on the growth of soil microbial obtained would be of great use for further experiments.
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1.0

Introduction

Generally, global warming refer as a gradual increase in the average temperature of the Earth's atmosphere as well as the oceans and
this change is actually believed to be influencing the Earth’s climate and as such the planet is getting warmer as the days go by. Although
global warming is alarming, not many people study the effects of global warming as substantial and more rapidly occurring. Based on the
studies on global warming, it was reported that the average temperature of the Earth has been observed to rise by about 0.8 oC since the
beginning of the 19th century (Michael J.et al, June 21, 2012).
Studies have shown that global warming is the result of the increased in carbon dioxide level and the primary reasons of global
warming have been attributed to human activities such as burning of fossil fuels, agriculture and land clearing using fire that have been going
on for years (James J. Hoorman, 2017). Through extensive research, scientists have predicted that the average temperature for global warming
could increase in the range of 1.4 to 5.8 degrees by 2100. However if the temperature increases as predicted, it is expected to increase the rates
of organic matter decomposition by soil microorganisms which are very important part of the soil particles. These soil microorganisms are
also one of the important sources of knowledge about the strategies and limits of life. Microorganisms are best known to be of critical
importance to the sustainability of life on our planet and play a vital role in maintaining ecological balance within the environment. The
increase of soil acidity may affect micro-organisms which break down organic matter into nutrient that can be used by plants or other organism.
The microorganisms exist in very large numbers in the soil as long as there’s enough nutrients and suitable condition. Moreover, studies have
indicated that the amount of bacterial is higher in soil because the bacterial size shows low biomass. (James J. Hoorman, 2017).
The chambers that are usually applied in the field for studying the effects of a warming ecosystem includes greenhouse-field style,
tent and Open Top Chambers (OTCs) of various shapes and sizes. The use of this heating technique developed from experiments which are
not concerned with increasing the temperature of the ecosystem. Various studies using OTC has been widely used in the 1980s and 1990s in
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association with various forms of smoking such as ozone and carbon dioxide input. In general, the chamber has been created by open-topped
cylindrical frame covered in plastic, with a hose-in fan and secured to the base of the chamber to circulate the air and gas mixture contribute.
The room was open to allow gas exchange with the atmosphere, and to allow rain to enter. Such as plastic sheeting that allowed short-wave
radiation, but prevents infrared waves from escaping thus it becomes very difficult to control the concentration of gas at the desired level,
while also reducing the increase of air temperature and has been criticized (Kennedy & Smith, 1995). This has led to a shift towards ''free-air
carbon dioxide experiment'' (FACE) site for more recent studies to increased CO2 (Canadell, et al, 1995). However, experimental ecosystem
warming begins to run with the greenhouse frame partially open, tent and OTC products, tailored from the hall previously used for fumigation
experiment (Aronson & McNulty, 2009).
Climate warming is reducing abiotic stress, with the possibility to transform the diversity of soil microbial community, and hence
they complete various processes (Pold & De Angelis 2013; Shade et al, 2012). Several studies had shown that how an increase in temperature
affects soil organic matter decomposition. Some of these studies include studies on the diversity of the microbial community by using
biochemical approaches such as fatty acid analysis, phospholipids or molecular approaches such as fingerprint or sequencing the community,
with some metric or biomass of microbial activity. Both approaches can provide different complementary-view-on the microbial communities
(Pold & De Angelis, 2013). The previous study had also shown that the net effects of warming on soil microbes tend to increase the microbial
activity in the short term, which translates to increased soil respiration (Melillo et al., 2011; Wu, et al , 2011). Studies conducted by Zogg et
al. (1997) as cited by the Pold and DeAngelis, (2013) showed that initial laboratory incubation studies revealed moderate forest land increase
in activity may be accompanied by changes in microbial biomass and community composition. However, Wu et al. (2011) had observed an
increase in microbial activity also examined changes in the composition of the microbial community. There is evidence that not all soil
microbial communities respond to heating in which heating more likely to have a negative impact on many microbes (density) in a location
that is cool, dry place (Blankinship, et al, 2011). Furthermore, in response to the rapid warming, and perhaps more quickly than changes in the
structure of the community, Thus it is possible that some of the warming effect that is caused by changes in the fraction of active biomass, of
the constituent peoples (Pettersson & Bååth, 2003).
Zhang et al. (2017) had reported that increased diversity under warming and drought, which shows that the global warming may
have somehow primed society to become more resilient and survive longer lasting interruption. In the second and third full year of treatment,
Zhang et al. found that increased warming treatment on the site had caused the fungal and bacterial biomass to decrease as measured using
PLFA analysis. The studies had reported that while there was no heating effect on the total microbial biomass, net mineral N decreased, yet
there is a significant change in the profile of the substrate, indicating a change in the metabolic capacity of the community. Sheik et al. (2011)
had reported that in the years of normal rainfall, warming increases the size of the population, but less rich and diverse society. However,
under drought conditions, the reduction in heat had increased the size of population diversity, richness and evenness, without any change in
the composition of society. The authors had suggested that a change in the relative abundance of species and not making the novel encourages
ecosystem function under climate change.
Soil microorganisms are the key component of belowground ecosystem. Diversity, composition, and activity of microorganisms that
is important for biogeochemical cycling and the main driver productivity and diversity of terrestrial ecosystems (Mangan et al., 2010; Zhao et
al., 2014). Previous studies had shown that the soil microbial community structure and its associated microbial processes deliver an important
function in the C and N cycling, as in the process of litter decomposition and degradation of soil organic matter (SOM) (Xu et al., 2010). For
example, the ratio of fungi-to-bacteria was negatively correlated with soil mineral nitrogen content because bacteria requires more N per unit
biomass of the fungus for assimilation (Högberg et al., 2008). Meanwhile, the soil microorganisms vary in their ability to use SOM. Therefore,
changes in community structure can affect the rate of decomposition, CO2 emissions, and soil C pools (Xu et al., 2010). Little change in soil
microbial community structure and physiology had been considered to change the C and N cycling.
Soil microbial communities and microbial processes, such as extracellular enzyme activities, are various elements that can be altered by
environmental factors. The various efforts have been made to investigate the effects of warming on the composition of the soil microbial
community. However, the effects are complex and it depends on the experimental approach of heating, various treatments and ecosystems
(Karhu et al., 2010; Zhang, et al, 2011). Reducing the rate of relative Gram-positive (GP) bacteria to Gram-negative (GN) bacteria or fungus,
or any significant changes in the composition of microbial or an enzymatic all noted below heating in different experiments reported (Zhang
et al., 2011). Activities, diversity and composition of the soil microbial community also been modified by the addition of nitrogen (Fierer et
al., 2011; Ramirez, et al , 2012).
There are various shapes and sizes used for passive OTC products, ranging from small four-sided board that has been used for the
International Tundra Experiment (ITEX angle) to a larger hexagonal (Marion et al., 1997). The surface area compared with the interior space
of directly controlling the internal volume of the air space and the ground temperature increases. The smaller the hole relative to the height of
the space, the higher the temperature increase. The hole’s diameter ratio to the height of the room also affects other environmental parameters
(Marion et al., 1997). Field room in their most basic form is the least expensive to build and maintain. A fan can be used to both regulate and
standardize the internal air temperature, or heating ecosystem can be regulated in more detail through conversion to an active area, by passing
hot air through the space (Norby et al., 1997). However, this system is most often used in remote locations where electrical applications in
question, and therefore run without a fan. Unlike IR-reflective curtains, which have been deployed and retracted, the upper chamber open field
or greenhouse frames are not modified once in place. However, this system has some limitations. Even with a fan to circulate the air,
temperature range, as well as the diversity of the temperature difference between the control and treatment room, can be very large (Marion et
al., 1997). The biggest difference in temperature occurs when the absolute and relative space are exposed to full sunlight. Although not as
efficiently retain heat as a curtain, the board will reduce the heat loss at night. Therefore, this system will heat the air and ground during the
day and night (provided it is a sunny day), but the majority of the warming will occur during the day. In addition to the design of space, solar
angle and level cloud cover will influence the amount of heating (Marion et al., 1997).
The aim of this study is to investigate if there is any specific trend of association between microbial counts with minute changes of
soil temperature due to Open Top Chamber.
2.0

Materials and methods

2.1

Open top chamber

The open top chambers consist of metal constructions with transparent vertical side-walls and a frustum on top with an opening in
its middle to allow air exchange to reduce temperature and humidity effects in the chamber (Macháčová K., 2009). The open top chamber used
for this study, is of a hexagonal shape (Figure.1) which was located in the Universiti Putra Malaysia (2 o58’39.88837”N, 101o43’6.22083”E)
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and the panels were fixed at 60o inclination, 50 cm tall, 1.5 m open top diameter and 2.08 m basal diameter. A total of three OTC were placed
in a distance of 2 meter apart each other.

Figure 1: Hexagonal Shape Open Top Chamber. Adapted from Ulf Molau, Per Mølgaard,
(International Tundra Experiment: ITEX corners, 1996)

2.2

Soil collection

Approximately of 5 g soil was collected using sterile spatula on the same date for 6 months (November to December 2016, January
to April 2017) in sterile 50 ml falcon tubes. The soil was collected in 6 tubes; 3 for the inside and 3 for the outside of the open top chamber.
The samples were processed immediately. The pH and the moisture of the soil were recorded each time prior to collection of the soil using a
common digital pH and soil meter (Ketotek, China).
2.3

Microbial culture

A total of 9 ml of Tryptic soy broth were poured into a 50 ml falcon tube. 1 g of the collected soil was added to it and then vortexed
for 10 seconds. The tubes were then incubated for 24 hours at 37oC. Serial dilutions were applied for each of the tubes to obtain a total
concentration of 1 x 1011 and 1 x 1012 (Selected concentration based on previous study, unpublished data). This was to ensure that the
concentration of bacteria was low enough in order to count and calculate the colony forming units. Then, 100 ul of the final concentrations
were pipetted out and placed onto the Tryptic Soy Agar (BD Difco, USA). The drops were spread equally by using a sterile spreader. The
steps were repeated for each of the samples and were done in triplicates.
2.4

Colonies counting

The calculation of colonies formed was done manually for each plate. In order to keep the count accurate, different colour markers
were used for each section to identify how much microbes were in each plate. Continuous calculation of colonies were recorded at 6-hours,
24-hours and 48-hours.
2.5

Colony-forming unit

Colony Forming Unit formulae was applied to determine the colonies formed from the sample. For each of the plates, the values
were recorded accordingly to each time point and for each serial dilution the total and the average values were calculated. Below is the formula
used for the calculation for Colony Forming Unit.
CFU = [no. of colonies x dilution factor] / volume of culture plate
2.6

Statistical analysis

Statistical calculations were tabulated using IBM SPSS Statistics for Windows, Version 17.0. The statistical test applied was T-test
which was calculated using the value of CFU. All the statistical analyses, a p-value of < 0.05 (95% confidence interval) was considered to be
statistically significant.
3.0

Results

3.1

Soil moisture and pH level

The data obtained indicated that the weather has been the most contributing factor as most of the months the soil detected to be wet
but for the month of December 2016, February 2017 and March 2017 the reading was dry for both locations (Table 1). The data obtained for
pH indicate that soil inside the chamber is more acidic (range of 5.0) but in March, the reading reached up to 6.
Generally, most of the soils’ condition were detected as wet throughout November 2016 to April 2018 either inside or outside the
OTC. Overall, soil’s pH inside the OTC range between 5 to 6 (Figure 2). OTC 2 and 3 indicated consistent profile except in March and OTC
1 showed minor fluctuation between 5 to 5.5. In contrast, soil’s pH outside the OTC remains between 4 to 6 November 2016 to April 2017
among OTC 1 to OTC 3.
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Table 1: The Soil’s OTC Moisture Reading for 3 Different Units
OTC 1
Month
November 2016

OTC 2

OTC 3

Inside

Outside

Inside

Outside

Inside

Outside

Wet

Wet

Wet

Wet

Wet

Wet

December 2016

Dry

Dry

Wet

Wet

Wet

Wet

January 2017

Wet

Wet

Wet

Wet

Wet

Wet

February 2017

Wet

Wet

Wet

Wet

Dry

Dry

March 2017

Wet

Wet

Wet

Wet

Dry

Dry

April 2017

Wet

Wet

Wet

Wet

Wet

Wet

A

B

Figure 2: pH of the soil (A) soil’s pH inside the OTC of 3 Different Units from November 2016 to April 2017 and
(B) soil’s pH outside the OTC of 3 Different Units from November 2016 to April 2017
3.2

Total microbial count

Generally, mix trends were observed in the bacterial count. The results had indicated that the average bacterial count outside the
OTC is more than inside OTC for 1 X 1011 (24 hours incubation) except for the month of November 2016 and April 2017 (Figure 3). Inversely,
the trends had indicated that the average bacterial count inside of the OTC is more than outside of the OTC for 1 X 10 11 and 1012 (48 hours
incubation) except for the month of February 2017 and January 2017 respectively (Figure 3).

Figure 3: Average of Calculated Colony Forming Unit (A) Calculated of Colony Forming Unit for dilution 1 X 10 11 and (B)
Calculated of Colony Forming Unit for dilution 1 X 10 12. All Y-axis refer to Colony Forming Units
4.0

Discussion

In this study, open-top chambers (OTCs) was use to assess as a global warming model for minute climate change studies. Some
unwanted effects of the OTC are similar to, but less severe than closed-canopy greenhouses. These unwanted effects are hampering of light,
precipitation, wind and heavy rain, in comparison to the control group. The open-top chamber still gives free access to the inside of the chamber
for direct light, precipitation, and invertebrates. In the reduction of light, the material of the OTCs is most effective in reducing incoming
Photosynthetically Active Radiation (PAR) light (Ashish, et al, 2010)
In the assessment of microbial growth level between inside and outside the OTC and how the heat and the pH are contributing to it,
the result obtained from 3 different OTC had indicated higher in the amount of microbial count outside the OTC. Mix trends were observed in
the bacterial count in which the average bacterial count outside the OTC is more than inside for 1 X 10 11 for fast grower bacteria except for
the month of November 2016 and April 2017. Inversely, the trends had indicated that the average bacterial count inside of the OTC is more
than outside of the OTC for both dilutions observed in 48 hours incubation except for the month of February 2017 and January 2017
respectively. The OTC effects the distribution of slow grower and fast grower bacteria differently. Further investigation required to ensure
which specific group of bacteria sensitive to the minute change due to OTC.
The different time points could be used as a factor related to the microbial growth of the monthly data that was analysed for each
OTC. The different trends had been observed on the microbial growth in relation to the duration of incubation time had indicated that there
are different types of microbes population inhabited on those soil. There are slow grower (bacteria that appeared more than 24 hours) and fast
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grower bacteria (bacteria that appears overnight) which were cultured from the samples. The effects of the minute change on the temperature,
pH and moist can be some of the factors that had affected the survival of different population of bacteria.
Consequently, upon to their short generation times and rapid turnover, soil bacteria are expected to react speedily to global warming
(Pietikainen, Pettersson and Baath, 2005; Rinnan et al., 2007; Zogg et al., 1997). Conversely, Soil fungi, a category of microbes is relatively
slow in growth because fungal reactions may lag when compared to bacteria which are a function of substrate accessibility (De Boer et al.,
2005). In line with these findings, this study had found that external factors and in addition to the internal factors had contributed significantly
to growth of microbes in three soil chambers.
5.0

Conclusion

In conclusion, open-top chambers can be utilised as simple global warming model. OTC might be a suitable tools to unfolds the
effects of climatic changes on various microorganism as well as pathogens. The largest OTC can yield temperature increases that correspond
with predicted climatic warming. The open-top and the angle of the canopy material making it possible to receive direct light because the light
quality and light quantity within the OTC are slightly hampered. The OTC experiment has proven to be effective model in global warming
research and therefore, the continuous results obtained would be of great use for further experiments in assessing the effects of global warming
on various organism population.
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