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CHAPTER |

INTRODUCTION

1.1 Rationale

Chemical fertilizers are used warldwide‘in.most agro-systems to help increase
agricultural product vyields and maintain”.seil _quality. Chemical fertilizers are
composed, in varying proportions, of three important macro-elements, nitrogen (N),
phosphorus (P), and potassium (K), and other micro- and trace-elements such as
calcium (Ca), magnesium«(Mg), and sulfur (S). Due to their “easy-to-use” properties
and their nutrient elementsravailability for plant to uptake, hence, chemical fertilizers

are used broadly. —

Thailand is an.agricultural countfy.. Millions tons of chemical fertilizers are
applied on plantation areas annuaily whils_f_z,.ri-‘Ce flelds are named one of the places
where chemical fertilizers are heavily use_d: r_in.jn_‘the country (The National Statistical
Office; NSO, 2003). Rice is cultivated natjoh\;vide, especially in the central region
(Phra Nakhon Si Ayutthaya Province and S'Lj'bnﬁiéhburi Province, for instance). Paddy
soil in the central region-is fertile aliuvial-soil-which is-clay or clay loam (Kyuma,
2004). In process of rice field preparation, straws (left-from harvesting) and weeds
are tilled and help increase paddy soil fertility. Although paddy soil is very fertile,
continuous plantation and tillage,could.cause soil degradation.and loss of soil fertility.
Consequently, chemical fettilizers.are applied to.maintain soil quality and product
yields. However, there are many suggestions that long term er, improper use of
chemical fertilizers=might,change soil physico-chemical (Sarathchandra et al., 2001;
Demoling, Ola Nilsson, and Baath, 2008; Zhang et. al., 2007) and biological
properties (Nayak, Babu, and Adhya, 2007; Marschner, Kandeler, and Marschner,

2003) which effected to soil living organisms.

Paddy soil agro-ecosystem is very unique and most effected by
anthropogenic activities such as irrigation, tillage, and chemical fertilizer application
(Attanandana, 1988; Thai Rice Foundation under Royal Patronage, 2006; Rice
Department, 2008). Water level in the process of lowland rice cultivation is an



important factor changing soil properties. As a result, a unique agro-ecosystem with
high soil microbial diversity is created. When water is filled in the rice field created
submerged soil or anaerobic soil. When water is released from the rice field caused
aerobic soil. These conditions do affect the soil microbial diversity including aerobes,
facultative anaerobes, and anaerobes in paddy soils (Kyuma, 2004). These microbes
have important roles as decomposers and associate in soil physical, chemical,
biological, and biochemical properties. Some of them are tolerant, but some of them
are sensitive to environmental changing or soil pollutions, for example, oxygen level
(Bossio and Scow, 1998; Zabaloy et aly 2008), heavy metal contamination
(Frostegard, Tunlid and Baath, 1993; 1996),pH (Aciego Pietri and Brookes, 2008;
Baath and Anderson, 2003), and nutrient level (Allison et al., 2007; Chang, In, and
Pil, 2004). At present, it is*confirmed that soil microorganisms are the most rapid
response to environmental .changes ‘which may cause the shift of microbial
community structures andetheir /activities that lead to the change of soil properties
(Bohme, Langer, and Bohme, 2005; i etal., 2008; Liao et al., 2002; Lin et al., 2004;
Zhang et al., 2006). "

Many methods have peen used to study soil microbial communities and their
shift affected by environmental .€hanges. 'Eﬁl‘ﬁ-én.wen known “traditional technique”, for
examples; plate count technique;strain ‘ilsola-tion, most probable number (MPN)
method, and colony morphology, are culture'débendent technique used to study sail
microbial communities. However, it cannot reveal entire’communities because only
1-5% of soil microbial that cbserved by microscopy can culture on solid media (Eldor,
2007). Therefore, many researchers have been developing various culture
independent methedsssuch, as16S rRNA-(Purdy, et-al.,~1997), restriction fragment
length polymorphism' (RFLP) (Hartmann'et'al., 2005; Tom-Petersen et al., 2003), and
denaturing gradient gel electrophoresis (DGGE)«(Agnelli et al., 2004; Asakawa and
Kimura32008; Matsuyamal/ et al., 2007), to elucidate the structure -of soil microbial

communities and their functions on nutrient cycles.

Phospholipid fatty acid (PLFA) analysis is one of the popular culture
independent methods to study soil microbial communities and their changes (White
et al. 1979; Frostegard and Baath, 1996; Zelles, 1999). Phospholipids are cell
membrane component. Each group of microbes has specific phospholipids fatty acid
patterns which can use to identify them as their fingerprints or their signatures

(Zelles, 1999; Kaur et al., 2005; Marschner, 2007). For instance, iso- and antei-iso-



fatty acids are abundance in Gram-positive bacteria, whereas monounsaturated fatty
acids, cyclopropane fatty acids, and R-hydroxy fatty acids are rich in Gram-negative
bacteria (Zelles, 1996; Kaur et al., 2005; Marschner, 2007). Since PLFA degrade
rapidly after cell death and not found in storage cell, therefore, they can used to
detect viable cells (Jjemba, 2004). Furthermore, change in their patterns can predict
stress, starving, and change in environment that impact to the microbial communities
and their activities (Bai, Gattinger, and Zelles, 2000; Frostegard and Baath, 1996;
Hedrick, Peacock, and White, 2007; Kaur et al., 2005; Yan et al., 2008; Zelles, 1997)

The shift of soil mierobial communities® from environment change could
change their activities. Deecomposition is the important activity of soil microbes with a
lot of enzymes association. Thus,Studies of soil enzymes are keys to understand the
effects of environment'on seil microbiall activities. The major groups of soil enzymes
are involve to carbon gycle pecause most of soil microbial are heterotrophs that need
carbon as energy souice (Tate, 2000). In paddy soil, most of organic matter is
derived from plant mategials which are tilled during rice field preparation process.
There is up to 60% celltlose in plant component (Killham and Prosser, 2007), hence,
cellulase is the most important enzyme-in-paddy soil.

Cellulase is a group of extracellulér "lénzymes, and the products of their
catalytic are oligosaccharide; eeliobiose, and ‘glucose (Deng and Tabatabai, 1994;
Sharrock, 1988). Therehy, detection of cellulase activity ean imply to soil fertility level
and microbial activity., Moreover, when plant residue and organic matter are
completely decomposed by microbial, the end products are biomass, energy, and
carbon dioxide (CO,). Thus, detection of €O, or soil respiration is another way to

explore soil fertility and microbial activity (Watcharamul and O:Donnell, 2002).

The effects of chemical fertilizers on. soil* microbial communities and their
activities are'studied in.many@gro-ecosystems (Chang, Chung;yand Tsai, 2007; Wei
et al., 2008; Toyota and Kuninaga, 2006; Mandal et al., 2007; Saha et al., 2008;
Sarathchadra et al., 2001). There are some researches on soil fertilizer amendments
in Thailand. Most are focused on the effects of fertilizer amendments to soil physical
and chemical properties, nutrients uptake, and product yields but very rarely to soll
biological and biochemical properties (Khentha, 2008; Methaluk, 2004; Photong,
2008). Therefore, this thesis could provide more useful information which is

necessary for sustainable agro-ecosystem management.



1.2 Objectives of the Thesis

1) To investigate soil microbial communities in paddy soil using phospholipid
fatty acid patterns and their cellulase activity with and without chemical fertilizer

amendment.

2) To determine the effects of chemical fertilizer amendment on paddy soil

physico-chemical properties.

1.3 Scopes of the Thesis

Soil samples were taken from a rice field at Tumbon Ban-rom, Amphur
Tha-rua, Phra Nakhon Si"Ayutthaya Province, Thailand. Samples were separated
into two experiment sets, treatment-set (FA) and control set (C), referring to with and
without chemical fertilizer amendmentj’ respectively. A chemical fertilizer used
throughout this study was 16-20-0 mixed ‘fe_rtilizer at 156.25 kg-ha™ (25 kg N-ha™ and
31.25 kg P,0s-ha™) (25 kg-rai; 4 kg N-rai and 5 kg P,Os-rai™). This fertilizer ratio is
recommended by Department—of Ag'r'i:.!'c,‘l{l'fure, Ministry of Agricultural and

Cooperatives, Thailand (2004), for-tow Iand—riCé" culture.

Comparisons.and analysis of phospholipid fatty ‘acid patterns and cellulase
activities between FA/and C sets were determined triplicately on Day 0, 1, 3, 7, 14,
21, 28, 35, 42, and 49. Phospholipid fatty acid analysis was described by Bligh and
Dyer (1959) and modified by Watcharamul (2005). Cellulase activity was measured
by the methods of von Mersi/and Schinner (1996). Soil respiration, according to
Ohlinger (1996); was determined by titration daily for fifty days in five replicates. Soil
physical. and.chemical properties.were measured.on.Day.0, 18, and.49. Phospholipid
fatty acCids were detected by gas<chrematography (GC), and data_ were analyzed
statistically by principle component analysis (PCA). Cellulase activities, soail
respiration, and soil physico-chemical properties data were statistically analyzed with

t-test. The period of experiments is December 2008 — September 2009.



1.4 Anticipated Benefits

The data of this thesis could be used to reveal soil microbial community
structure and their activities in Thailand paddy soils. Also, the effects of chemical
fertilizer amendment on soil microbial community through the change in
phospholipids fatty acid profiles, cellulase activity, and soil respiration. These data
are also related to soil physical and chemical properties in paddy soil followed by
chemical fertilizer amendment. This information can be used as the fundamental data
for soil microbial biodiversity in Thailand and the effects of agricultural activities on
soil microbial communities. Moreover, this_ inesis has a potential to publish on the
international journal which-ecould be a“reference source for the highest sustainable
agricultural management especially on soil resource in order to maintain soil fertility

and natural equivalents.

1.5 Components of the/Thesis

The thesis comprises of 5 chapters.?_z,Chapter 1 is the introduction. Theoretical
and literature reviews are' presented in ér—lapter 2 which focused on paddy soil
properties, rice cultivation, chemical fe'lft"_iliz-_er application in paddy soil and
environmental problems, soll microbial. | ar—gnénisms and their activities, and
phospholipid fatty acid as a tool to investigate soil microbial communities. Literature
reviews included the éeffects of chemical fertilizer amendment on soil properties, soil
microbial communities and their activities in paddy soil ecosystem and other agro-
ecosystems. Methedolegy-and equipments; and methods-for-statistical analysis are
presented in Chapter 3-and'the results of this thesis appeared in Chapter 4. Finally,

discussion, summary, and suggestions are shownsin Chapter 5.



CHAPTER Il

LITERATURE REVIEW

2.1 Rice Culture

Rice is a main source of carbohydrate for Thais and has been the most
important agricultural exported product. Rice‘planted area in Thailand is one of the
major cereal planted areas-of the world. With-Wasmsubhumid tropics and fertile land,
rice can be grown in every region of Théiland (Maclean et al., 2002). In the past, rice
cultivation was practiced.enly.in rainy season because water is the most important
factor for rice to grow. JAfier the Green Revolution, modified plants, agricultural
machines, chemical fertilizers'and pesticides, including irrigation development have
major roles on intensive agriculture:. Rice _;_:ultivation can be practiced off the rain

season and over the year with these facto'r_s (Department of Agriculture, 2002).

There are two patterns of: rice cuj_t_gfe in Thailand divided by topography.
Lowland rice culture is established in every region with high soil water holding
capacity, while upland rice culture is set uﬁﬁ__in_upland areas, the lower altitudes of
high hill, and drought, areas which lands or 'snc;il ére less’ capacity to hold the water
(Attanandana, 1988).

The central region is an intensively cultivated-alluvial area. Alluvial soil is
suitable for lowland rice “cuiture because it*has high water holding capacity and very
fertile. Rice growing,;season is begun on May ta July which is rainy season, so most
of rice areas arerainfed rice system.. After harvesting on November to December, the
second. ‘lowland ftice ‘culture, ¢an/ be ‘practiced ‘under| irrigafed’ condition. The
harvesting period of the second crop is on May to June (Maclean et al., 2002). The
important rice areas on the central region are Phra Nakhon Si Ayutthaya,
Suphanburi, Chainat, and Pathumthani Provinces (NSO, 2003).

2.1.1 Rice Transplanting System

Rice transplanting system is traditional practice on rainfed lowland
rice area. Soil preparation is begun in early rainy season. Paddy plough soil layer is

tilled to mix rice straws, stubbles, leaves, and some husks that left in rice field after



harvesting that help to increase soil organic matter and maintain soil fertility. Tilling is
also oxygenated to plough soil layer and defeat weeds. Paddy soil is left to dry to
eliminated weeds and some plant diseases. Water is then stored in paddy field in
order to soften soil texture and created soil puddling that easier to plough and allow
remained weed to grow (Rice Department, 2008).

Tilled puddle soil is submerged for 1-2 weeks. After that, farmer
repeats the second tillage to defeat weeds that grow after the first tillage and
minimize soil clump. Finally, paddy Sdl| / rrowed to remove weeds and minimize
soil clod. Moreover, harrow | Vi done to flatté;b‘level for control water level in rice

field to make rice seeds gﬁew-pfoperly “Water IS'ﬂ'f'&lﬁed if this field is seeding field or
remain submerge to

sown on seeding field“and_ihe;

seeding (Figure 2.2)

ed field (Flgure » 2.1). The prepared rice seed is

a ' pI nted to fransplanted field in 20-25 day after

evel |s malntamed to support rice growth and

’ ) -, *
B -

Figure 2.1 Rice field soil for cultivation after tillage preparation [Photographed by
Thanyaphat Promson (January 2", 2010)]
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Paddy soil is a unique agro-ecology and disturbed by human actions. Water
controlling in each stage of lowland rice cultivation, tillage, fertilizer amendment, and
using of pesticide is very influence on changes of paddy soil properties. These
conditions affect soil organisms, especially soil microbial communities, which also
play major roles in changing soil physico-chemical, and biological properties. Most of
lowland rice cultivation areas are clay soil or clay-loam soil texture (Kyuma, 2004).
Paddy soil has high surface area because clay particles create more pore space.



These soil pores are habitat for soil organisms and play important roles in water and
air movement. Water holding capacity (WHC) of paddy soil is high which related to
small pore in clay soil texture. Cation exchange capacity (CEC) of paddy soil is also
high because the more percent of clay particle, the more cations are on soil surface.
CEC is important for soil microorganisms because it controls nutrient adsorption and
releasing, pH control (Hartei, 2005), and also attachment of bacteria through cation
bridge on clay particle (Maier and Pepper, 2009). With high surface area, WHC, and
CEC make paddy soil is a good hahitat for;soil microorganisms. Moreover, with high
soil fertility level of paddy soil and water control in each stage of cultivation, paddy
soil ecology is highly diveise that aerobes,facultative anaerobes, and anaerobes

could be ubiquitously found (Kyuma, 2004).
2.2.1 Effect of*Rice,Cultivation|Processes on Paddy Soil Properties

As mentioned earlier, -anthropogenic activities on paddy soils could
affect the changes in‘paddy soil properties depending on water level in paddy field.
After harvesting, water in paddy field.is dré_ined, makes soil drought and covered with
rice residues and weed. With highly percent of clay, paddy soil becomes aggregated,
compact, and hard (Greenland, 1997). RiCé':‘Cl‘JItivation season is begun after the first
rainfall in rainfed agriculture area.—For soil breé’ération, moisten paddy soil is tilled in
order to turn the lower soil overto contact the air; dry, mix organic residues into soil,
and defeat weeds and some plant diseases (Rice Depariment, 2008). The important
activity of soil microbial in this shortly stage is decomposition of plant residue while
soil is on aerobic condition which increases soil fertility.*Soil aeration creates yellow
or red mottles on blue-grey:=soil surface dué.to ferrous oxidation reaction (Singer and
Munns, 2006; Kyuma, 2004).

Rain_or irrigated water is then filled:in paddy field in“order to soften soil
texture*which easier to plough and allow water weeds/ to grow (Rice Department,
2008). Soil become submerge in this stage and soil air is instead with water creates
anaerobic condition. Oxygen level in soil is decreasing rapidly in a few days. This
condition favours anaerobes and facultative anaerobes still survive. Anaerobes can
use other electron acceptors instead of oxygen, such as nitrate (NO3), ferric iron
(Fe*"), and carbon dioxide (CO,) (Kyuma, 2004).

The important activity of soil microorganisms in this stage is

fermentation of rice residues. Tilled paddy soil is left submerged for 1-2 weeks (Rice
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Department, 2008). Meanwhile, methane (CH,) and loss of nitrogen are occurred via
CO, and NOs; reduction (Greenland, 1997). After that, farmer repeats the second
tillage to destructed water weeds that have grown after the first tillage and minimize
soil clump. Finally, paddy soil is harrowed to remove weeds and minimize soil clod.
Moreover, harrow is done to flatten soil level for control water level in rice field to

make rice seeds grow properly (Rice Department, 2008).

After soil preparation is done, water is filled in create submerge soil
and thus ready for rice plantation. In paddy-sown field system, rice seed is pre-
cultivated by soaking in water overnight. Drained rice seed then kept moistened to
grow for 2 days before-soewing (Attanandana, 1988). Water level has to be
maintained at a proper level so that rice can grow properly. As the result, paddy soil

is under anaerobic condition:

Reduction.@ccurs when paddy soil is flooded. Electron acceptors are
used in sequential redtction progess depends on redox potential (mV). While oxygen
is not completely consumed, NO; is.first ‘reduced to nitrite (NO,) and nitrogen (N,),
and managic (MnQO,) is reduced to mangan'bus (Mn?"). These reduction reactions
decrease redox potential which effects to SOII chemical properties (e.g., pH). Ferric
(Fe*") reduction does not happen until O, and N03 is almost completely run out and
sulphate (S0,%) reduction oceur only after ©, and NO; is completely depleted.
Reduction of CO,“te_CH, is happened in this _stage -t60. Organic matter is still
decomposed in fermentation process. Organic acids are intermediate product and
finally converted to CO; or CH, (Kyuma, 2004; Greenland, 1997).

2.3 Fertilizers

Fertilizer is‘the material either‘inorganic or organic compound which derived
from natural sources or synthesized. Fertilizer is applied for plant to provide needs
plant nutrient elements or created change on soil chemical properties in order to
promote plant growth, their qualities, and product yield (Plaster, 2009). Fertilizer is

classified in many ways. Source by its original material is one.

After the World War I, the green revolution was broadening around the world.
The mission to increase agricultural products to support the world’s citizen was rising

continuously. Modified plants and agricultural machines are used to increase
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efficiency and product yields (Department of Agriculture, 2002). Since agricultural
areas tend to decrease and transform to resident or industrial areas, fertilizer has a

major role for gain product yield in limited area which has intensively culture.
2.3.1 Classification of Fertilizer
1) Organic fertilizer

Organic fertilizer is ariginated from organic materials, such as plant
residues, animal dung, and sewage sludge, which pass several biological or
chemical processes before apply to planis..€ompost, animal manure, and green
manure are represented to organic fertilizer..According to Fertilizer Act B.E. 2518

(A.D. 1975), organic fertilizeris.the fertilizer that from organic material which made by

moistening, cutting, grinding,/composting, or another processes (AMUNANTEINIATTN

Ugianen, 2548) :

2) Chemical fertilizer or inorganic fertilizer

Chemical fertilizer is combinatig_n of synthesized chemical inorganic
compounds. After Fertilizer Act B.E. 2518 (A.D. 1975), it also include straight

fertilizer, mixed fertilizer, compound fertilize'r,rand the ¢ombination of organic and

chemical fertilizer, but not cover lime, marl plaster, and .gypsum (AtUNANEIN1ATEN

Ugiinen, 2548)

2.3.2 Chemical Fertilizer and ‘Classification

Chemical fertilizers ‘are'in variety forms; liquid as piessurized liquids or
fluid fertilizer; solid as granules, powder, or prills (Plaster, 2009). There are several
ways to classify chemical fertilizer. Categorize by their composition compounds is a
basis (Troch and Thompson, 2005).

Single compound fertilizers, also called fertilizer materials or fertilizer
carriers (Plaster, 2009), are mostly supply only fertilizer element. Examples are
ammonium sulfate, ammonium nitrate, and potassium chloride. A few fertilizers

combine two elements in one compound, for instance, diammonium phosphate.
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Manufactured fertilizers are marketing mixed fertilizers. They are
mixing of chosen N-P-K ratio and add some trace elements that appropriate for each
plant and market needs. These mixed fertilizers are ready to use. Some of mixed
fertilizers provided complete N-P-K compounds; some are only supply N-P, N-K, or
P-K. Bulk-blend fertilizers are another mixed fertilizer. Fertilizer carriers are mixed
follow the order ratio just before packed and sent to the grower. Some micronutrients

are added before apply by sprayed (Troch and Thompson, 2005).
2.3.3 Fertilizer Carriers

Fertilizer carriers can be used-as single compound fertilizers. They
can also be used as fertilizer materials for manufactured mixed fertilizers and bulk-
blend fertilizers. The nutrients«in fertilizer carriers are form as available forms which
plant can uptake them#immediately-when they are in soil solution. The major
compositions in chemical'fegtilizers' are nitrogen, phosphorus, and potassium. The
same fertilizer grade“from’ other manufactured fertilizers may have provided from

different fertilizer carrieg$ (Plaster, 2009).

2.3.3.1 Nitrogen Carriers =

Most of niffegen carri‘ers;are derivatives of ammonia (NH3). In
many fertilizer factories, NH3 is received by f'i“x'i‘r-lg nitrogen gas from air and attach it
to hydrogen from natgral-gas: This reaction needs heat, pressure, and catalysts.
Ammonium can be used as fertilizer carrier or changed to the other forms via the
Haber-Bosch process (Figure 2.3). Most of these nitrogen carriers are acidic when
they are solutions.except for sediumnitrate and .calcium.nitrate are basic (Plaster,
2009).

2:3.3:2 Phasphorus |Carriers

Natural rock phosphate is a main source of phosphorus
fertilizers (White, 2006). Phosphate rock deposited in very long time contains various
apatite minerals. Clay, calcium carbonate, and silica are separated from phosphate
rock. After that, phosphate rock is grinded and ready for use as mineral fertilizer but
will be dissolve in soil solution very slowly (Plaster, 2009). Hence, treating with acid
will improve P solubility (Singer and Munns, 2006). Triple superphosphate is a
derivative of phosphate rock treated with phosphoric acid. Treating with 90% sulfuric

acid and ammonia produce ammonium phosphate, while the reaction between 70%
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sulfuric acid make superphosphate. The schemes of these processes are illustrated
in Figure 2.4.

Hz
From natural gas

Anhydrous ammonia (82%N)©

Ammonium phosphates
(21%N, 23%P) °

- Ammonium sulfate
(21%N) ¢

Urea
(47%N)" Calcium nitrate

(17%N)°

Sodium nitrate
(16%N)©

Ammonium nitrate
(35%N)°

Figure 2.3 Sche ;,— ----------------------- <contentsb'C (after Plaster,
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Figure 2.4 Schemes of phasphorus. carriers’ productions and %P contents (after
Plaster, 2009)

2.3.3.3 Potassium: Carriers

Potassitm chloride (KCI) is the most widely used potassium
fertilizers. This salt deposit is provided by mining of deéep sedimentary or from salt-
lake deposits. Not only KCI occurs in these deposits, but also includes NaCl, MgSOy,,
and K,S0O4. Thus;KCl has«tosbe separated by fleatation-orrecrystallization (White,
2006). The term “potash” is common used when-referring fo potassium fertilizers
(Plaster, 2009). There are many forms of potash carriers which contain various

potashipercent. The!'lists are shown in Table 2.1.
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Table 2.1 Potash carrier forms and %K content (after Plaster, 2009)

Potash carriers K content (%)
Potassium chloride (KCI) 60
Potassium sulfate (K,SO,) 49
Potassium nitrate (KNO3) 42
Sulfate potash.magnesia 22

2.3.4 Fertilizer Grade

On every fertilizer bag shdfuldéhow the fertilizer grade which indicates
to primary nutrients contains. There are::'___3 jnumbers on the label that is percent
contain of nitrogen, phespherus, and petassium (N-P-K), respectively (as shown
in Figure 2.5). The first number-is imply to %A_}total nitrogen, the second number is
infer to % available P,Os and the last numEg_r'_ isr indicate to % K,O (Plaster, 2009).
For example, fertilizer,with grade 16-20-0 is .161 percent total nitrogen and 20 percent
of available P,0s without potash. Some fertilizer companies also give percent of

other compounds such as sulfur (S), and calcium (Ca).
2.3.5 Chemical Feriilizer Amendment on Rice Culture

Using chemical fertilizers on rice culture depends on many factors.
Rice culturessystems (rice, transplantingpaddy-sown, rice,-or upland rice system);
source of water (rain orirrigation); Soil'types (clay; clay-loam, sandy,-or sandy-loam);
and plant photoperiod sensitivity, are keys to select which grades of chemical
fertilizer should be used and when to apply (Department of Agriculture, 2004). To
increase productivity and decrease cost of planting, it is important to select grades
and rates, and application periods. It must be note on fertilizer package that this

fertilizer is used for rice.
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Figure 2.5 The sample of chemieal fertilizer bag: The numbers on the bag are
represented.to-N=P-K-percent contains: (Agronomic Division, 2010:

online]

Many farmers use improper fertilizer grades that not suitable for soil
type and sometimes they juse chemical ffertilizer less than recommended rate
because they are quite expensive..These ;i[e the reasons why their productivities are
low. On the other hand, some farmers use-‘morre chemical fertilizer than what they are
recommended to insure that their-plants \'ﬂ'ill!':received enough nutrients. Some of
them apply chemical fertilizer on imprope‘r.,__._d_uration. Over nutrition and using on
wrong period may increase weeds and pests in rice field. For these reasons the
farmers have to use.more pesticides and herbicide which are expand their cost of
plantation and lead to environmental problems. The excess N and P may lead to
eutrophication and highly N fertilizer use may induce high nitrate concentration in

plants or well waters by leaching, lead to health problems(White, 2006).

Department of Agriculture, Ministry. of Agricultural and Cooperatives
(2004) phas suggested farmers on chemical fertilizer applications- for sustainable
agriculture in order to maintain soil fertility and safe the environment while they can
increase their productivities and spend less expense on their plant cost. Soil property
analysis is recommended. Therefore, farmers should be selecting the proper grades
and rates of chemical fertilizers according to these results. Only chemical fertilizer
applications on clay and clay-loam soil are defined in this section, and categorized by
rice culture systems and plant photoperiod sensitivity.
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2.3.5.1 Rice Transplanting System

According to Department of Agriculture suggestions (2004),
chemical fertilizer should be applied 2 times on culture season; the first is on
transplanting day or 15 days after rice was transplanted, and the second is on
30 days before flowering stage. On the first time of chemical fertilizer application,
25 kg-rai! (156.25 kg-ha™) of ammonium phosphate in vary grades (depends on soil
type and the other soil properties analysis) such as 16-20-0, 18-22-0, 20-20-0, and

18-46-0, is recommended to applied on photoperiod sensitivity rice field.

For photoperiod insensitiVity rice, 187.5 kg-ha™ (30 kg-rai™) of
ammonium phosphate«is™ reeommended. On the second time, 62.5 kg-ha™
(10 kg-rai™') of urea (46<0-0).iS suggestegl to apply for photoperiod sensitivity rice and
125 kg-ha™ (20 kg-rai)iof ureaiis suggeste_d for photoperiod insensitivity rice. Instead
of urea, 21-0-0 ammonium phosphate ma;ls/j apply at rates 125 kg-ha™ (20 kg-rai*) and
250 kg-ha™ (40 kg-rai) for photoperiod sensitivity rice and photoperiod insensitivity

rice, respectively.

2.3.5.2 Paddy-sown Field S‘;y's,tem

Double. use of chemical fertilizer applications on this culture
system is also recommended like the above system. The first time of the application
should be set on 20-30 days after sowing and the second.iime is suggested to set on

30 days before flowering stage (as shown in Eigure 2.6(a) and (b) ).

For photoperiadssensitivity rice~156:25-kg-ha™ (25 kg-rai) of
vary grades of ammonium phosphate, and“62.5 kgrha™ (10 Kg-rai*) of urea (46-0-0)
or 125 kg-ha™ (20 kg-rai™') of 21-0-0°ammonium phoesphate, are réeommended on the
first and the second“time of chemical fertilizer using periods, respectively. For
photoperiod insensitivity rice, using 187.5 kg-ha®' (30 kg-rai') of ammonium
phosphate on the first application time is suggested. 125 kg-ha™ (20 kg-rai™) of urea
or 250 kg-ha™ (40 kg-rai) (21-0-0) ammonium phosphate should be used on the

second fertilizer application duration.

The other grades and rates of mixed fertilizers may be used

depending on soil and plant of planting area. Also, the farmers may use fertilizer
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carriers to make their own proper ratio of mixed fertilizers for their rice culture base
on soil and plant requirements instead of using manufactured fertilizers.

(b)
Figure 2.6 Chemical fertilizer applications on paddy-sown field system (a) 20-30 days

after sowing and (b) 30 days before flowering stage. (Rice Department,
2008: online)
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2.4 Soil Microorganisms

Soil is a habitat for various organisms, from vertebrate animals to soil
microorganisms that only visible under microscope lens. By size classification, soll
organisms are divided to 3 groups (White, 2006). Macro-faunas are vertebrate
animals which live in soil temporary or permanent. The samples are burrowing
animals such as rabbit, rat, and mole. Micro-faunas are invertebrate animals such as
mollusk, arthropods, and earthworm, and microorganisms are invertebrate animals

that smaller than 0.2 mm and soil microbes.

Soil microbes are diverse. There are many criteria to categorize them into a
group. According to source OF energy, they ean divide to heterotrophs and
autotrophs. Heterotrophs are . received their feod from organic molecular
decomposition, while _autoirophs pro‘duce their food by using light energy
(photoautotrophs) or ingrganic molecular’ oxidation (chemoautotrophs) to convert
simple inorganic compound to their food ZSt_anding and Killham, 2007). Soil microbes
also classified on their oxygen demand. ‘Aerobes need oxygen as terminal electron
reception. Anaerobes, on the other hand, “dé not need oxygen because it toxic to
them. They use inorganic compounds (eg NOs, SO,%, and Fe*") as terminal
electron reception. Facultative ‘anaerobes are ||e between aerobes and anaerobes.
Usually, they live in oxygenaied environment and_use oxygen as their terminal
electron acceptor. When oxygen is exhausted or soil is saturated with water, they can

adapt inorganic compaunds to be their terminal electron_acceptor (White, 2006).

In addition, soil microbes can classify by their evolution to prokaryotes and
eukaryotes. Prokaryotes are different to eukaryotes because:they don’t have a unit
membrane-bound nucleus and lack of other cell organelles (Killham and Prosser,
2006). Bacteria, Actinomycetes,. and. Archaea belong to, prokaryates, while fungi,
algae, and protozea are groupediineukaryotes (White, 2006).

2.4.1 Bacteria

Bacteria are the most abundance of soil microbes. They are estimated
about 10°- 10° cells in a gram of soil (Sylvia et al., 2005) and their miscellaneous are
more than 20,000 species (White, 2006). They are 0.5-1 um diameter and 1-2 um

length and found in various shapes (e.g., rod, cocci, or spiral) (Roane et al., 2009).
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Many bacteria use flagella for their locomotion. They live in water film around soil
particle and division rapidly in suitable environment (Killham and Prosser, 2006).

Bacteria can be separated by their cell wall component arrangement
with Gram staining technique. Gram-positive bacteria has thick layer of peptidoglycan
which adsorb crystal violet (purple stained) while Gram-negative bacteria has thinner
peptidoglycan layer. Instead, their cell wall contain with phospholipids and
lipopolysaccharides, therefore they c

t retain crystal violet dye but stained with
V drawing of Gram-positive and Gram-
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2.4.2 Actinomycetes

Actinomycetes have both bacteria and fungi features. Their cell wall
components are like Gram-positive bacteria, but their flament or branched colony
forming and spore producing are resemble to fungi. Although they form filaments like
fungi, but their hypae diameter is smaller (Maier and Pepper, 2009). Most of
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Actinomycetes are saprophyte. Some of them can fix nitrogen in the air and have
symbiosis relation by create nods on plant roots. Some of them, such as
Streptomyces, are useful for medication by producing natural antibiotics. Some of
them are plants and animals pathogens (White, 2006). The numbers of

actinomycetes in a gram of soil are 10’ to 10° cells (Sylvia et al., 2005).
2.4.3 Fungi

Fungi are divided to five phyia; Chyridiomycota (Blastocladiella sp.),
Zygomycota (Rhizopus nigricans), Deuteromyeota (Fungi Imperfecti), Ascomycota
(Aspergillus sp., Penicillium sp.), and,Basidiemycota (Saccharomyces cerevisiae,
mushrooms) (Jjemba, 2004): Their numbers in Soil-are about 10°-10° cells in a gram
of soil (Sylvia et al., 2005);" less than bacteria and Actinomycetes but fungi's
filamentous forming make their biomass larger than both of them (Maier and Pepper,
2009). Fungi can appear ag a small unicellular (yeast) to a large fruiting body
filamentous form (mushroom). Their filamenis are used for reaching their food source

spread on soil surface make sall to be mdr_e aggregate (Singer and Munns, 2006).

Fungi are aerobes, . except yeast that have ability to adapt their
metabolism to fermentation in'anaerobic éanronment (Maier and Pepper, 2009).
All fungi are heterotrophs_(Finlay, -2007; Jjemba, 2004). Most of them are
saprophytes which are important organic materials decamposers. Many fungi have
an important role on' complex organic materials degradation such as lignin and
cellulose (Singer and Munns, 2006). Some of them have symbiosis relation to plant
(mychorrhiza) and algae.(lichens) (Jjemba, 2004). Many of fungi species are used in

several industries, such as brewery, medical, ‘and food industry.
2.4.4 Algae

Algae are' the“primary ‘producer ‘in 'soil.=They“have" chlorophyll or
pigments. Using light as their energy source, they can convert CO, to simple organic
compound by photosynthesis. Hence, algae are most found on wet soil surface
(Maier and Pepper, 2009). Algae are divided to prokaryotes, Cyanobacteria (blue-
green algae) and eukaryotes, green algae. Nostoc and Anabaena are representing to
the blue-green algae. Their nitrogen fixation ability is very important in N cycle in wet
soil (White, 2006). Therefore, when they died, their residues are carbon and nitrogen

sources for the other microorganisms. Many algae are free-living cell. Some algae
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have symbiotic association with fungi (lichens), mollusks, protozoa, and bryophytes

and vascular plants (Azolla) (Roane et al., 2009; Jjemba, 2004)
2.4.5 Protozoa

Protozoa are unicellular organisms, living in water film around soll
particle. They use water as media for their locomotion. Protozoa move by cilia,
flagellae in case of Euglena, or means of cytoplasmic streaming in Amoeba (White,
2006). Most of them are heterotrophs: Protozoa have an important role on
microorganism population control. They live.by-€onsuming bacteria, fungi, and algae
which release immobilized nutrients to,environment (Roane et al., 2009; Coleman
and Wall, 2007). Some. protozoa have ability to release extracellular enzymes to

decompose complex organic_maierials (e.g., cellulose) (Roane et al., 2009)

2.5 Study of Soil Microhial Communitiés

There are many ways to study soil'm'icrobial communities. The plate count
technique is the culture ‘dependent t’e‘éhnique to discover structure of the
communities. Strain isolation, “mMost probablé"'-’humber (MPN) method, and colony
morphology are well known “traditional technique”. These methods are easy, not
expensive, and taking a few days of experiment. However, it cannot reveal entire
communities because only 1-5% of soil microbial that obsServed by microscopy can
culture on solid media (Eldor, 2007). Moreover, there are many factors that effect to
their growth such as temperature and selective media (Trolldenier, 1996). Biolog™ is
also culture dependent technigue which provided more information about substrate
utilization system of soil microbial communities that the researchers interested in
(Kandeler,32007).-Thaughy thiscmethodis) useful and fgiveythe, researchers more
details about'the communities'and their functional'groups<(Zhang et-al., 2006), there
are still having disadvantages as the plate count technique. Therefore, the culture

independent technigues can help us to explore more details and more accurate.

Since the culture independent techniques have been developed, they are
very useful tools to study the soil microbial community structures and give us more
data. For the examples, using the electrophoresis techniques such as 16S rRNA
(Purdy et al., 1997), restriction fragment length polymorphism (RFLP) (Hartmann et

al., 2005; Tom-Petersen et al., 2003) or denaturing gradient gel electrophoresis
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(Agnelli et al., 2004; Asakawa and Kimura, 2008; Matsuyama et al., 2007) can be
very useful tools to explore species of microbes in ecosystem. Furthermore, the
researchers can use phospholipids fatty acid (PLFA) to classify the groups of soil
microbial communities in the interesting agroecosystem (Bai et al., 2000;
Bhattacharyya et al., 2005; Chen et al., 2007; Kaur et al., 2005; Okabe, Toyota, and
Kimura, 2000; Zelles et al., 1994)

2.5.1 Phospholipid Fatty Acid Analysis

Phospholipids are crucial membranes components of all organisms
(Zelles, 1999). The structure of phosphelipids;-as shown in Figure 2.8(a), consists of
the polar head and the_nen polar tails. The polar-head of phospholipids consist of
glycerol, phosphate, and polar group, 'so they are hydrophilic. The non polar tails
contain two chains of faity aeids which hydrophobic. As they form lipid bilayers, the
hydrophilic heads are the/outer surface of cell membrane while hydrophobic tails are
inside (Eigure 2.8(b))"(Roane et al., 200§; Kaur et al., 2005). Phospholipids are not
found in storage product;(Zelles, 199‘!9_) and are dephosphorylated rapidly to
diglycerides (neutral lipid).after cell'death (Jj!'ei'nba, 2004; Kandeler, 2007). Therefore,

phospholipids are biomarker for livifig cellS'{Mgrschner, 2007).

Each group of micrebial has_--‘_sp_'e_c,ific phospholipids fatty acid (PLFA)
patterns which can use to identify them as their fingerprint or their signature
(Frostegard et al.,~.1993a; Zelles, 1996). Saturated faity acids are found in all
organisms (Hedrick, Peacock, and White, 2005). Iso and antei-iso fatty acids are
abundance in Gram-positive bacteria, whereas monounsaturated fatty acids,
cyclopropane (fatty acids;, and [(-hydroxy- fatty ‘acids ‘are“fich in Gram-negative
bacteria (Zelles; 1996, Kaur et al., 2005; Marschner, 2007). While several signature
fatty acids ,are bacteria_ fingerprint, a, few. faity acids are_indicated to fungi.
Polyunsaturatedifatty acid (18:20#6¢, and 18:3w3c¢) are represented|to fungi (Hedrick
et al.,, 2005; Marschner, 2007; Bossio and Scow, 1998). Mid-chain branched,
10mel6:0 and 10mel8:0 are found in Actinomycetes (Marschner, 2007). The

summaries of signature fatty acids are presented in Table 2.2.
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Figure 2.8 Phosyholipid structure (a) and phosph&pid bilayers st&pture on cell
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Since PLFA degrade rapidly after cell death and not found in storage
cell, therefore, they can used to detect viable cells. Furthermore, changing of their
patterns can predict stress, starving, and change in environment that impact to the
microbial communities and their activities (Bai et al., 2000; Frostegard and Baath,
1996; Hedrick et al. 2007; Kaur et al., 2005; Yan et al., 2008; Zelles, 1997).
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Table 2.2 Fatty acid signatures. Nomenclature is based on the ratio of number of

carbon atoms:number of double bonds in the fatty acid, followed by the

position of the double bond from the methyl end of the molecule. Cis- and

trans- configurations are indicated by c and t, respectively; prefixes a and

i indicate anteiso- and iso- branching; 10Me indicates a methyl group on

the tenth C atom from the carboxyl end of the molecule; cy refers to

cyclopropane fatty acids (Frostegard et al., 1993a)

Group

Signature Fatty Acids

Bacteria

Gram-positive

Gram-negative

Is0-/and-antei-iso- of 15:0, 16:0, and 17:0

10Me16:0;18:109

Mo_nq unsatq_raged fatty acid (w4, o7, 9, and wl1l),

&,
Cyclopropané_‘_fqt_ty acid (cy17:0 and cy19:0),

R-hydroxy fatty atid (2-OH15:0, 3-OH15:0, 2-OH16:1)

Fungi
Actinomycetes
Anaerobic bacteria
Sulphate reducing

(Desulfobacter sp.)

18:2w6¢, 18:3w3c, and 18:3w6c

10Mel6:0, 10Me18:0

Branched monounsaturated fatty acid

cyl7 0 and 10Mel6 : 0 without high,level of

bacteria 10Me 18 :'0

Methanogens

Type |

Type Il

16 : 108

18 : 18
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PLFA analysis can extract either from pure culture (Zelles, 1997) or
environmental samples such as sediments (White et al., 1979), heavy metal
contaminated soils (Frostegard et al., 1993b), or paddy soil incorporated with organic
materials or chemical fertilizers (Kimura and Asakawa, 2006; Peacock et al., 2001,
Zhang et al., 2007; Nakamura et al., 2003). The procedures of phospholipid fatty acid
analysis divided to four parts. First, lipids are extracted the samples in chloroform -
methanol - buffer solution (Bligh and Dyer, 1959) and then phospholipid fatty acids
are separated from neutral lipids and glycolipids using solid phase extraction column.
After that, phospholipid fatty acids are converted into fatty acid methyl ester (FAME)
and determined with gas chromatograph (Wiite etal., 1979).

2.6 Soil Microbial Activities

Soil heterotrophs are keys of thrients turn over via decomposition. With
several biochemical reagtions, they convert complex organic materials to simpler
organic compounds and inorganic .compounds (Singer and Munns, 2006). These
processes called mineralization (van Elvas et al., 2007). Soil microorganisms do not
only mineralize organic materials'and return nutrients to environment, they also use
these released nutrients for their growth. This process calls immobilization. When soil
microbes die, the immobilized nutrients are substraies to mineralize by living
organisms (White, 2006).

Commonly, soil’'microorganisms decompose plant debris, animal excrete, and
death organisms and.turi-these .complex.components.such as plant cell wall to
simpler organic: cempounds (e.g., glucase, amino acids). Several extracellular
enzymes secreted from soil microbes involve in.these mineralization processes. In
agriculture jareas or forest, Carbohydrate /of plant debris|is most abundant carbon
source for soil organisms. Sugar and starch are rapidly decomposed whereas
cellulose, hemicelluloses, and lignin, which are plant cell wall components, are more
resistant to degraded because their complex structures. Compare to these three
plant cell wall components, cellulose is most abundant and easier to degrade
(Standing and Killham, 2007).
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2.6.1 Cellulase Activity

Cellulose is the polymer of glucose unit with -1, 4 linkages (Figure
2.9) (Chernin and Chet, 2003). It is a component of plant cell wall. It may contain up
rise to 60 percent of fiber in plant tissue (Killham and Prosser, 2007). The proportion
of cellulose and the other cell wall components of wood and rice straw are shown
in Table 2.3.

Cellulose

Cellulose microfibril

Figure 2.9:C_jféllulose composition in plant cell w@ | (Horwath, 2007).

i

Table 2.3 Constituents: of cellulose, hemicelluiose, .and ligninin wood and rice straw.
[Data were modified from Yao et al. (2008)]

Constituent Wooed Rice,straw
(%) Softwood | Hardwood |~ Husk | Whole straw | Leaf | Stem
Cellulose 40-45 45-50 35-45 41-57 37-41 | 24-46
Hemicellulose 25-30 21-36 19-25 33 22-25 | 24-28
Lignin 26-34 22-30 20 8-19 7-8 4-6
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Soil microbial cellulose decompaosition processes involve hydrolytic
enzymes, cellulase. Cellulase is a group of extracellular enzymes consisting of
(1) endo-R3-1,4-glucanase (EC 3.2.1.4) which randomly breaks cellulose chain to
smaller polysaccharide or cellobiose, (2) exo-(3-1,4-glucanase (EC 3.2.1.91) splits
glucose from the end of cellulose chain or polysaccharide chain, and
(3) B-glucosidase (EC 3.2.1.21) separates glucose from cellobiose or cellodextrins
(Deng and Tabatabai, 1994; Sharrock, 1988). The scheme of cellulose degradation is
illustrated in Figure 2.10. The completely dearadation of cellulose is given glucose as

energy source for heterotrophs in soil.

Since celiuleseis the 'most-abundant and important carbohydrate
source for soil microbial, hence; cellulase activity 1S a key of carbon turn over
process. There are many_assays o determine cellulase activity. Manning (1981)
determined cellulasesactivity: derived. from Trichoderma viride by observing
carboxymethyl cellulosef(CMC) viscosity. Crude cotton, filter paper, and cellophane
membrane were also used as substrate in many literatures (for example; Wang et al.,
2004; Romero et al., 19995 Semenov et al,, 1996). Dyed carbohydrate was used as
substrate and the dye" release “with-'the release of reducing sugars was

colourimetrically analysis in‘the study of Snajdr. et al. (2008).

Determination of - released’ reducing sugar was used in many
researches (Allison-et al.,_2007; Nayak et al., 2007, Chang et al., 2007). Basically,
soil sample is incubated with soluble cellulose derivative, usually is CMC, in buffer
solution. After incubation, reducing sugars are released,-react with solution for colour
development using 3,5-Dinitrosalicylic acid{(BNS) reagent (Wood and Bhat, 1988) or
Somogyi-Nelson regents (Deng, and | Tabatabai, 1994), .and then determined

colourimetrically.

Schinner. and von Mersi (1990) developed the Prussian blue method to
measure reducing sugars. This method is more sensitive than Somogyi-Nelson
method (Deng and Tabatabai, 1995). Since natural cellulose is insoluble, soluble
CMC, the derivative of cellulose (the structure was shown in Figure 2.11), is used as
substrate to measure cellulase activity. Soil sample is incubated with 0.7% w/w CMC
in acetate buffer pH 5.5 at 50°C for 24 hours. Released reducing sugars then reduce
potassium hexacyanoferrate (lll) in an alkaline solution. Reduced potassium
hexacyanoferrate (Il) later reacted with ferric ammonium sulfate in an acidic solution

to form ferric hexacyanoferrate (lI) (Prussian blue), which was measured by
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spectrophotometer at 690 nm. The diagram of Prussian blue reaction was shown
in Figure 2.12.

endo- 3-1,4-glucanase

cellulose » shorten cellulose

exo- 3-1,4-glucanase| endo- 3-1,4-glucanase

e + glucose

osidase

Figure 2.10 Sct g,.- --------------------------- : :# from Sharrock, 1988)

E 2

ﬂﬂﬂ?ﬂﬂﬂﬁWH?ﬂﬁ

Figure 2.11 Carboxymethyl cellulose (CMC) (Chaplin, 2009: online)
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Cellulase (from soil sample) + CMC (in pH 5.5 acetate buffer)
ﬂ 50°C 24 hours

Reducing sugars

Potassium

T cyanoferrate (l11)

ﬂ%&ﬁ%@%‘ﬁf%&ﬂlﬂ egeton
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2.7 Soil Respiration

As mentioned earlier, soil microbes play a vital role on carbon mineralization.
Degradation of organic matter under aerobic condition release CO,, water and
energy. This process called respiration. Degradation of organic matter also happen
under low oxygen concentration or anaerobic condition, called fermentation, also
release CO,, acid or alcohol, and energy (Singer and Munns, 2006). Carbon dioxide

also release to soil environment via plant root respiration and soil microorganisms
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biochemical by-product (such as TCA cycle). All carbon dioxide release by organism
activities is soil respiration (Hopkins, 2008; Luo and Zhou, 2006). Therefore,
measurement of soil respiration is implied to soil microorganism activities (Ohlinger,
1996).

Determination of CO, evolution from soil respiration could be performed in
opened chamber or closed chamber (Luo and Zhou, 2006; Hopkins, 2008). In closed
chamber approaches, CO, accumulation in the headspace could be detected by
using an infrared gas analysis or gas chreomatograph (Beck, 1996; Jensen et al.,
1996; Hashimoto, 2002) or absorb occur CO,.in alkaline solution ((")hlinger, 1996;
Hopkins, 2008; Hopkins et-al:;»2008).

The alkaline trapping.method is an easy method. It is inexpensive and does
not need complicated equipment (Hopkins, 2008). Seil sample is incubated with
alkaline solution (e.g., NaOH) in & close container. Carbon dioxide release by soil
microbial metabolisms'andrespiration is trapped in alkaline solution and form sodium
carbonate (Na,COs). ‘

CO;+ 2NaOH .~ Na,CO; + H,O

Carbon dioxide is absorbed as Nazcbg then precipitated by add barium
chloride (BaCl,) which turn to barium c,;ar'.béhate (Ba€O3) and sodium chloride
(NaCl). The total CO4 produced-is calculate by back tiirate the excess NaOH with
HCI using phenolphthalein as an indicator (Ohlinger, 1996). This procedure could be
used to determine basal soil respiration or substrate-induced respiration (SIR) (Beck,

Onhlinger, and Baumgasten,-1996).
Na,CO; + BaCl, ——»  BaCO; +NaCl

Na©H + HCI|, L —————» | NaCl+ H;O

2.8 Effects of Environmental Factor on Soil Microbial Community and Their

Activities.

Soil microorganisms live in soil pores, many of them attach themselves to soil
particles, and many of them live in water film surround soil particles. Hence, soll

microbial community and their activities are affected by surrounding soil environment.
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Soil physical and chemical properties are important factors that regulate community

pattern and activity rate.
2.8.1 Nutrient

Nutrient is the most important factor for all organisms. Soil
microorganisms could be classified by their energy source (prototroph,
chemoheterotroph, or chemoautotroph), carbon source (CO, or organic compound),
and electron acceptor (Standing and ; Killham, 2007). For heterotrophic
microorganisms, they mineralize general organi€ matter to reach their carbon source
and nutrient elements which are the keys of theirgrowth and activities. C/N ratio is an
important key of mineralization and.immobilization.f. C/N ratio is > 20, immobilization
is more occur, where assmingralizaiion'is good if C/N ratio is < 20 (White, 2006). In
agriculture area, fertilizers are applied to increase productivity. Not only plant takes
advantage from these nuifients Supplements, but soil microbes are also take benefit

from the available elements.
2.8.2 Soil Aeration and SoilMoisture

Soil aeration' conirels soil rﬁji‘é'r‘qbial communities and their activities.
Aerobic microorganisms definit€ly-—need OXygén and use O, as terminal electron
acceptor. Facultative, anaerobes can gr(‘)w'“ in both. oxic and anoxic soil, while
obligated anaerobes-grow-only-in-absence of oxygen (Hartei, 2005). Bacteria and
actinomycetes are found in both oxygenated soil and anoxic soil, while fungi, except
for yeast, are obligate needs oxygen for their living and activities (Maier and Pepper,
2009).

Soil moisture is important to soil microorganisms. Available nutrients
are in—seilysolution. Water+ .surroundp soily particle pis ~habitaty for many soil
microorganisms ‘and help motile’ microorganisms-for their movement. Bacteria and
soil algae are not tolerant in low available water, while fungi and actinomycetes are

more tolerant (Davet, 2004).

Soil aeration has relation to soil moisture. Both air and water fill in soil
pores, therefore, oxygen decrease when soil moisture increase. Oxygen level
controls oxidation and reduction process in soil. Respiration by aerobes turns to
fermentation by fermenting bacteria which change polysaccharide to alcohol and

organic acid and finally convert to CO, and methane (CH,;) by methanotrophs.
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Reductions of inorganic compounds occur in anoxic soil. When oxygen is run out,
NOjs is the first inorganic compound that facultative anaerobes and anaerobes use
as their terminal electron reception. After NO; is depleted, Mn (IV), Fe*", SO,?, and
CO, are respectively used by redox potential as the terminal electron acceptor.
Nitrate reducer, iron reducer, and sulfate reducer have vital roles on these processes
(Singer and Munns, 2006; Kyuma, 2004).

In paddy soil, water is the major factor that regulates soil microbial
community and their activities via oxygen levekin soil. When water is drained off the
rice field, soil is oxygenated. Aerobes and.facultative anaerobes are predominant
microorganisms in oxic seil-Their main-activity-is-deecomposition and the end product
of this process and their respiration is CO,. When the soil is waterlogged, oxygen is
depleted rapidly by aerobes«€onsumption and oxidation reaction. Without oxygen, the

predominant microorganisms are anaerobes and facultative anaerobes.

Studies by several researchers on paddy soil microbial communities
and decomposition activity /during cultivétion periods were set. Bossio and Scow
(1998) indicated that agrobic “bacteria and fungi were reduced under flooded
condition while Gram-positive bacteria Wé'fe‘increased and actinomycetes had no
effect of flooding. Nakamura™ et —al. (2063)"1":studied microbial response on the
decomposition of rice straw using PLFA pattérﬂ'under upland and flooded condition.
The studies showed that Cram-negative bacteria and fungi were predominant under
upland condition while_Gram-positive bacteria and anaerobic Gram-negative bacteria
were predominant under flooded condition. Kimura et al. (2001) reported Gram-
positive bacteria as major«decomposers ofirice straw incorporated into a paddy solil

microcosm under submerged conditions from PLFA composition.
2.8.3.Soil pH

Most of soil microorganisms and plants prefer pH 6-7 because the
availability of most soil nutrients is best in this pH range (Hartei, 2005). The chart of
nutrients availability and related soil pH is shown in Figure 2.13. However, soil
microorganisms can survive in a broad range of optimum soil pH. Bacteria and
actinomycetes are predominant in neutral soil pH (Jjemba, 2004; Davet, 2004),
whereas fungi have capability to live in more wide range (pH 3.5-8.5) (Davet, 2004).
Soil pH is another criterion to classified soil microorganisms. Acidophilic

microorganisms such as Acetobacter, prefer low pH (pH 1-4), while neutrophilic
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microorganisms are more like pH 5-8, whereas alkaliphilic microorganisms (Bacillus

sp., for example) are favorite to pH 9-11 (Standing and Killham, 2007).

Figure 2.13 Nutrients availabi

Not ofily-soil pH is ?actor that Mgf icrobial community, but
also regulate theer,g"——d-n@lw ties in so memlcal reactions and a
multiplicity of enzymei;} microorgani thﬁ 2006). Increasing of Gram-
negative and Gram- p05|tJ,ve bacteria when son pH was increased after wood ash and
lime amendm il ., 1993a). Basal sall
respiration anﬂ ig)gjer:? mﬂ \ﬁwﬁﬂmﬂ sing (Aciego Pietri and
Brookes, 2008; Demoling et al., 2008: Enwall et«@h, 2007). The réports of Baath and

Anderso (2003} i Rofisk. sl i Bakin (2010 herd G and conimet

positive in correlation of soil pH to SIR-biomass C, total PLFA and soil respiration.
2.8.4 Soil Temperature

Soil microorganism communities and activities are also regulated by
soil temperature. Classification of soil microorganisms according to temperature
preference divide to three subgroup; phychrophile grow in low temperature range in

-5 — 20 °C, the optimum growth temperature for mesophile is 37°C and their prefer
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temperature range in 15 — 45°C, and thermophile survive in high temperature
environment from 40- 95°C (Standing and Killham, 2007).
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CHAPTER Il

METHODOLOGY

3.1 Sample Site Information

The rice field which is the sample site.on this thesis belongs to Mr. Prachon
Petch-chong, located on number 49 Moo 8 Fumbon Ban-rom, Amphur Tha-rua, Phra
Nakhon Si Ayutthaya Province (14°38'54.59"N"100°42'3.61"E) (Figure 3.1(a) and

(b)). This sample site has been euitured lowland rice more than 50 years. There are

two times a year wet-seeded rige plantations. Chemical fertilizer has been applied on
this site. First, 16-20-0formulasat 156.25 k_g-ha‘1 (25 kg-rait) is applied on 20-30 days
after seeding and then 46-0-0 jormula at.93.75 kg-ha™ (15 kg-rai') is applied 20 days
later or on rice tillering/period. These ‘chemical fertilizers amendment rates are
recommended by Department ..of Agj'r_iculture, Ministry of Agriculture and
Cooperatives, Thailand. There is no organic fertilizer or compost manure applied on

the sample site and no other crop cultures afterrice harvesting period.

3.2 Soil Sampling and Preparation

Soil samples were collected before rice harvesting period. Water was drained
out of the rice fieldibutisoilwas stilbmaist (Eigure 3:2) #The surface soil (0-15 cm) was
simple random sampling with a shovel (Land Development Department, 2008). The
samples were mixed then packed in' polypropylene.bags for transpérted to laboratory
on the'sampling day. ‘Soil samples were then mixed again and.plant residues were
removed‘as much as possible. The samples were pre-incubated for 7 days at 30°C
with moist sheet covered on in order to maintained soil moisture. A little amount of
soil was taken to analyzed water holding capacity (WHC) described by Ohlinger
(1996) and soil dry mass at 105°C overnight on Day 0 and Day 7 of pre-incubation

period.
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kg-ha™ (25 kg-rai') in selution (§¢_§_‘AP’L_ IX A for solution preparation). Mixed
chemical fertilizer solutio Wﬁ%&par@ten ized distilled water and filtered
through sterilized Millipore. The- sample‘s@trol set was mixed with sterilized
distilled water at thé same amount of the mjxﬂlf?lcal fertilizer solution to

controlled soil moist

L
-

—

-content at 55% (w/w
_ m
All glasswares were washed with non-phospha‘ﬂ!—:‘ detergent, rinsed with tap
Fs
water twice aﬁiﬁegélwﬁjﬁug %’ WEJQ\iﬂrpi at 105°C overnight.
Glasswares u I lagic ﬁe y m ere acid washed, rinsed
with distilled Water and autoclaved at 121°C for 20.minutes.

ama\mm RN IR

3.3 Soil Physico-chemical Properties Analysis

In this thesis, not only the effect of chemical fertilizer amendment on paddy
soil biological and biochemical properties were interested, but also the influence of
chemical fertilizer amendment on soil physical and chemical properties. The soll
preparation was as same as previously described. The microcosms were set by
weighing control soil and FA soil into each sterilized glass beakers. The initial weight
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was recorded and weighted everyday in order to maintain soil moisture with sterilized
distiled water. The beakers were covered with aluminum foil with small holes
puncture for air circulation then incubated in the dark at 30°C. Soil samples were
collected on Day 0, 18, and 49. The analyzed parameters performed after Soll
Analysis Division (2001) were soil pH, organic carbon (OC) and organic matter (OM),
and available phosphorus. Total nitrogen and cation exchange capacity (CEC) were
analyzed as described by Ariyakanon (2007). Soil texture analysis was measured as
described by Tan (2005). The equipment and solution preparation are shown in
APPENDIX B.

3.4 Soil Microbial Community Patterns and Cellulase Activity.

3.4.1 Microcosm

To explorg the effects of ‘chemical fertilizer amendment on soil
microbial communities<thraugh the chan‘ge_ Q_f phospholipid fatty acid patterns and
cellulase activities, the 250 ml Erlénmeye_r-'_z,flésks were set as the microcosms. The
60 Erlenmeyer flasks (30 flaks for control s_léf and 30 flaks for FA set) were sterilized
for 20 minutes at 121°C with an autocla\'{é.r .-Sixty grams of the soil sample was
weighted in each flask for determined phdSb_hBIipid fattysacid and cellulase activity.
All flaks were closed-withsterilized cotton as shown in Figure 3.3 and incubated in
the dark at 30°C and weighed every day in case there was some weight loss from

evaporation in the microcosm.
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content. The experiments were set-on: 3,7, 14, 21, 28, 35, 42, and 49.
I e e,

Three replicates of microco §Ig‘:_ﬁ§_nt_ro__ , d FA set were randomly selected on

E——

the experiment day. Twenty__gtgms, of

L W sy
determined for celluﬂse activities immediate y

sample in each microcosm were

s The’&‘ t ff soil samples were stored
at -ZOOC to C':"'=“='":'":'f:=-:""—:'.—':-::: -------- a\ ‘
3.4.2 Cellulase Activities d

| o Q/
ﬂnwﬁod}?}iﬁﬁﬁw’iﬁﬂ ﬂdﬁchinner (1996). In this
experiment carqu)xy ethyl sodium salt (CMC) (Fluka 2 0) was used as substrate
to determi llulase activity. Ten gr of s soil was in ted with 15 ml
oA} Tk TkI sl i Tiarx il

acetate %uffer (pH 5.5) for 24 hours at 50°C. Reducing sugars released during

incubation period reduced potassium hexacyanoferrate (Ill) in an alkaline solution.
Reduced potassium hexacyanoferrate (ll) later reacted with ferric ammonium sulfate
in an acidic solution to form ferric hexacyanoferrate (ll) (Prussian blue), which was
measured colourimetrically. Reagents and preparation are shown in APPENDIX B.

Two sets of 10 g of fresh soil in each microcosm were weighed then
added to 150 ml beaker. Fifteen milliliters of substrate solution and 15 ml of acetate
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buffer pH 5.5 solutions were added into soil beaker as the treatment beaker. In
another beaker only 15 ml of acetate buffer pH 5.5 was added as the control. Soil
and the solutions were mixed, covered the beaker with aluminum foil before
incubated at 50°C for 24 hours. Fifteen milliliters of substrate solution was added
into the control beaker and mixed briefly after 24 hours incubation period. Soll
mixture was then filtered through Whatman® No. 42 filter paper to collect the filtrate.
0.5 ml of the filtrate was transferred to a new 50 ml Erlenmeyer flask which contained
19.5 ml of distilled water.

The flask was then shaken brigily to mix the solution. A milliliter of
diluted filtrate was transferred to a testtube before-added 1 ml of reagent A solution
and 1 ml of reagent B solutionsThe tube was closed and mixed with a vortex shaker,
followed by boiled in boil waterfor 15 minutes. After cooled down in water bath at
room temperature, 5 ml'of reagent C was added and mixed with a vortex shaker. The
test tube was stood for 60 minutes fo;r,jcolour development. The Prussian blue
solution was then transfeifedto @ cuvette in‘order to measure the absorbance at 690
nanometer (nm) wavelengtis within 30 minutes and compared with glucose standard

curve.

To prepare the ‘glucose stalc“\da'j.r:d curve, 0 (reagent blank), 0.1, 0.2,
0.3, 0.4, 0.5, and 0.6 ml of Working standard were pipette to each test tube and
adjusted to 1 ml with distilled water and treat like soil mixiure filtrate. Prepare glucose
standard curve with glucose concentration on the X axis against the absorbance at
690 nm on the Y axis. The colour development of-glucose standard is shown
in Figure 3.4. Conversion=the absorbance’at 690 nm of sample to pg glucose
equivalents (GE) was shown in APPENDIX.B.
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Figure 3.4 The colour development -\,st\ dard after the Prussian blue

reaction.

3.4.3 Phospholipic

In this thesis, PLFAs were used to observe the effects of chemical

fertilizer amendment on soil,.-r-ﬁéﬁtgbjag,é unities of paddy soil. The change of
ot _

PLFA patterns meafl ‘there are changes onsoil-“mi obial communities. In this

experiment part, PLFA al fertilizer amendment paddy
soil on Day O, 1, 3, 514, 21, 2 and 49 v@e compared against PLFA
patterns extracted froms'control. This method was developed by Bligh and Dyer

(1959) and ﬁd%ﬂ%%ﬂl‘ﬁz%)ﬂ@ ﬁ;@ments and reagents

preparation were shown in APPENDIX B.
¢ o o/
o W pieatation) 71 1194719 V126N B
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Two grams of fresh soil was weighted into a Duran bottle followed by
adding 16 ml of chloroform : methanol : citrate buffer solution (1:2:0.8 v/v/v) and
shaken for 2 hours. Another 10.5 ml chloroform and 10.5 ml sterilized distilled water
were added, and then shook the bottle overnight. Next, the upper phase was
discarded before filter the lower phase through the Whatman® No.42 filter paper

which previously rinsed with chloroform : methanol (2:1 v/v) solution. Collected filtrate

was filled in a test tube with screw cap and dried under nitrogen stream at 37°C.
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Solid phase extraction

Dried lipid filtrate was redissolved with 0.5 ml chloroform, after that it
was transferred into an activated silicic column (0.5 g silicic acid 200-400 mesh,
Sigma). The apparatus was shown in Figure 3.5. Ten milliliters of chloroform was
added, neutral lipid was contained in this fraction. This fraction could discard or save
for further analysis. Next, the column was rinsed with 10 ml acetone, this fraction
contains glycolipids which could also ard or save for further analysis. Finally, 10
ml methanol was pulled into thf—hhti]s

f phospholipid was separated. This

fraction was collected in a be wit ap before drying under nitrogen

stream at 37°C.

AT A

Mild alkaline methanolysis

The phospholipid fraction was resuspended with 1 ml methanol and
1 ml 30% KOH (w/v) and incubated at 75°C overnight. After cooling, pH of the
suspension was adjusted to pH 1 with 10% HCI:H,O (v/v) before added 1 ml diethyl

ether. The suspension was mixed and removed the upper phase to a new test tube
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with screw cap, and this step was repeated twice. Combined upper phase was dried
under nitrogen stream at 37°C followed by adding 1 ml dichloromethane, 1 ml phase
transfer catalysis solution (0.1 M tetrabutylammonium hydrogen sulphate in 0.2 M
NaOH), and 25 ul iodomethane. The test tube was then shaken for 30 minutes at
room temperature. The lower phase was collected after shaken solution was left for
phase separation. This fraction was dried under nitrogen stream at 37°C This final
fraction was fatty acid methyl esters (FAMES) and was preserved in 0.5 hexane and

store at -20°C for further GC detection.

Gas chromatograph detection

FAMEs ‘solution” was . dried under nitrogen stream at 37°C and
redissolved in 200 ul*hexane before analyzed by gas chromatography (Shimazu,
Model GC-2010) on &80 m'BP20 capillary column. Helium was used as the carrier
gas and peaks were detected by flame i();n}zation. Peaks were identified reference to
the Supelco® 37 componght FAME mix and bacterial acid methyl esters (BAMES) mix

(Figure 3.6(a) and (b), respectively). Nomenclature is based on the ratio of number of

carbon atoms:number of‘double bonds in the fatty acid, followed by the position of
the double bond from the methyl end of the mg‘lecule. Cis- and trans- configurations
are indicated by ¢ and t, respeciively, pr_é:ﬁxes a and i indicate anteiso- and iso-

branching; cy refers to cyclopropane fatty acids (Frostegérd et al., 1993a)

The fatty acids 12:0, 13:0, 14:0, 15:0..16:0, 17:0, and 18:0 were
chosen to represent saturated fatty acid (SatFA). i15:0-a15:0, 15:1, i16:0, i17:0 and
17:1 were represented ‘Gram-positive (G+)“and 16:1, cyl17:0, 18:1®9 and 20:1x9
were represented Gram-negative (G-). 18:2w6c, 18:3wb, and-18:3w3 were indicated
to fungi. 20:2, 20:3w6, 20:3w3, 20:4m06, 20:5w3, and 22:6w3 were,implied to protozoa
and microeukaryotes+(Fierer etral., 2003; " Waldropet al., 2000; Marschner, 2007;
Bossio and Scow, 1998; Zelles, 1997; Hedrick et al., 2005; and Frostegard et al.,
1993a)
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Figure 3.6 Standard reference peaks with retention time labels on the Supelco® 37
component FAME mix (a), and bacterial acid methyl esters (BAMES) mix

(b).
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3.5 Soil Respiration

Soil respiration is created by soil microorganisms. CO, is a product of organic
decomposition; therefore, measuring of CO, or soil respiration could be implied to
the activities of soil microbes. This experiment part was followed by Ohlinger (1996).
The concept of this method is CO, from soil respiration is trapped in alkaline solution
which is 0.5 N sodium hydroxide (NaOH) in this experiment. The remaining of NaOH
is then titrated with 0.1M hydrochloric (HCI) with a few drops of phenolphthalein as
an indicator to the end point and back' calgulated to CO, from soil respiration.

The equipments and reagents preparation were.detailed in APPENDIX B.
3.5.1 Microcosm

To determined soil respiration, twelve of 50 ml sterilized glass beakers
were set as microcosms. Twenty-five grams (fresh weight) of control soil was put into
5 sterilized glass beakers and 25 g (fres;h weight) of FA soil was put into another 5
sterilized glass beakers. . Twa replicates of b"I-ank set were set up with 50 ml sterilized
glass beakers which leftiwithout: soil. Each soil beaker was transferred into a
chamber which had a 20 ml of Q.05N NaOH inside. The lid was closed firmly and
sealed with parafiim M (American Nationél Can, Greenwich, CT 06836, USA) as
illustrated in Figure 3.7. All chambers were incubated in the dark at 30°C.

Detection-of CO3 evolution was performed with titration. A beaker of
20 ml of 0.05 N NaOH was taken out of the chamber-and following by add 2 ml of
0.5 M BaCl, into the beaker. Another few drops of phenoiphthalein were dropped into
the NaOH beaker.and.shaken, briefly before titrated with-0.1..M HCI. The volume of
0.1 M HCI at the end pointiwas noted when the isolution in the beaker turned from
pink to colourless as S value. These methods were repeated to the blank and noted
the volume af 0.1 M'HCI at the end paint as C value: Soil respiration-was express as
mg CO,4 g™ dm - 24h™ (see the calculation in APPENDIX B).

Soil respiration was determined daily for 50 days. A fresh 0.05 N
NaOH beaker was replaced in each chamber every day. Soil moisture was controlled
by weighted ever day. In case there was some weight loss from evaporation in a soll

beaker, sterilized distilled water was dropped to maintain soil weight.
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sample soil microcosm

‘.-r"

95% confidence level) in SPSS verSIoﬁ (‘S_I?mﬁSA) Simple and multiple

correlations betweéﬁ' harameters were also analyz sing SPSS version 17 to

ulation expressed as

Cellulase activit %eﬁressed as‘mean of p ,9] %dm 24h™ + standard
u

error (SE). S % IO’rQ 5%@%8

mg CO, - d ‘and were compareéi by t-test and one-way ANC&JA The significant

) meﬂdﬁ‘ﬁfﬂﬁﬁﬂﬂfﬂ(’ﬂi‘?ﬂ’] nenae

For PLFA analysis, the individual chosen signature fatty acids were express
as %peak area. Log10 of %peak area were subject to principle component analysis

(PCA) (SPSS version 17) to elucidate the major variation and co-variation patterns.



CHAPTER IV

RESULTS

4.1 Soil Physico-chemical Properties Analysis

Soil samples were taken on 30" November, 2008. It was pre-harvest period;
therefore, water was drained out of the rice‘field. Ambient temperature was 22.8°C
and soil temperature was 21°C. Soil pH was about pH 5 determined by soil pH tester
and universal pH indicator.paper. Soil samples were moist. Top soil surface was
brown and there were orange’mottles. 0-15 cm soil was taken as a sample. Sail
sample colour was gray with some- orange mottles. ‘Soil texture of sample was
analyzed by hydromeier method as déscribed by Tan (2005). Soil sample has
28.66% clay, 42.43% siltyand 28.92% sand which is clay loam texture when read soil
texture triangle. Change inisome. soil phys'i-'c_:,al_._and chemical properties after chemical
fertilizer amendment (FA) on paddy soil were detected against unamended soil

(control; C) on Day 0, 18, and 48 of experiment day.

Soil pH was determinedin 3 solutio'riss‘;',_i/“\i/éter, 1 N KCI, and 0.01 M CaCl,. The
trend of soil pH was significantly decreased in-C and FA-sets (p< .05). On Day 0, FA
soil pH was significant higher than C when detected with H,O and 0.01 M CacCl,
while it was equal when detected with 1 N KCI. On Day 18 soil pH was decrease, soill
pH of C and FA.were even:.in.1.N_KCI, and:0.01 M CaCl,.solution, when FA soil pH
was lower than Ci«On_Day 49, FA soil pH was significantdower than C in every

solution. The data was shown in Table 4.1.

QOrganic carbon‘and organic matter were slightly-decreased-after 49 days of
experiment in C and FA. There was no significant difference between two experiment
groups. While available phosphorus of C was less than FA and the trend was
decreasing constantly, available phosphorus of FA was decline on Day 18 then rise
on Day 49. Total nitrogen of C and FA were no significant difference on entire of
experiment period. CEC of C and FA were constant on Day 0 and 18. On Day 49 of

the experiment, CEC of C was decline while FA was rise. There was significant
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difference between C and FA only on Day 0 at the .05 level (p = .044). The data was

shown in Table 4.2.

4.2 Cellulase Activity

Cellulase activity was determined using carboxymethyl cellulose as substrate
and measured reducing sugar occurrence (expressed as ug glucose equivalent) with
spectrophotometer (von Mersi.and Schinner, £996) The experiments were performed
onDayO0, 1, 3,7, 14, 21, 28, 35, 42, and 49..€ompared to Day 0, cellulase activity of
control group increased on Day-1 and 3 and then slightly decreased on Day 7 and
14. The highest cellulase~aciwity occurred on Day 21 (194.46x12.44 ng GE.g™*
dm-24h™). After that the a€tivity declined continuously from Day 28 to Day 42, then
ascended again on Days49: Cellulase activity of FA, also compared to Day O,
increased on Day 1. The activity was steéady until Day 7 and slightly increased on
Day 14. Like the cellulage agtivity of C, th;;'e‘_ h"ighest cellulase activity occurred on Day
21 and slightly drops on Day 28 ('170.21J_r1’9-.'21 and 168.71+10.44 ng GE-g*dm-24h™,
respectively). The activity then decreased’e:;ﬁpay 35 and 42 before increased again
on Day 49. Cellulase activity of FA tend té;J%ijéher than C. However, there was no

significant difference between-C and FA. The data was shown in Table 4.3

and Figure 4.1.



Table 4.1 Soil pH of control (C) and fertilizer amendment (FA) sets. All data.are expressed as mean (n = 3) + standard error (S.E.). The star (*)

means there is significant difference between groups at the 0.05 level:
- |

Day (soil : H,0O (1:2.5)) sOil: 1IN KCl«(1:2.5) soil :0.01M CaCl; (1:2.5)
C FA \ & FA C FA
0 5.25+0.02 5.38+0:01* 4.1|210‘OO 4.12+0.00 4.54+0.00 4.60+0.00*
18 5.18+0.00 4.96+0.01* - 4.07¢5.00 4.07+0.00 4.48+0.00 4.48+0.00
49 4.96+0.01 4.78%0.00% ’4.04,“'1;0.90 3.99+0.01* 4.39+0.00 4.33+0.00*
i

i

§ g

Table 4.2 Some soil physico-chemical properties of control (C) and!-fertiIiiérf-'amendment (FA) sets. All data are expressed as mean (n = 3) £

standard error (S.E.) except total nitrogen data that i =5 " The stﬂi-*) means there is significant difference between groups at the

0.05 level. -
| “Available P |
% Organic matter % Organic carbon - CIN “““Total Nitrogen (%N)" CEC (cmol/kg)
Day (Bray 1) (ppm)
C FA C FA C FA C FA C FA FA

0 2.26+0.02 2.33+0.05 1.31+0.01 1.35+0.03 13.48+0.27 14.31+0.18 9.02 10.54 0.145+0.082 0.128+0.002 16.253+2.042 10.214+0.384*
18 2.29+0.03 2.29+0.01 1.33+0.02 1.33+0.01 12.11+0.47 12.29+0.34 8.10 1122 0.164+0.027 0.119+0.003 16.854+6.035 10.185+0.179
49 2.19+0.02 2.03+0.18 1.27+0.01 1.18+0.11 11.92+0.64 14.41+0:10 8.53 8.59 0.149+0.009 0.137+0.003 12.218+0.228 12.099+0.048

0g

50
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Table 4.3 Cellulase activity express as mean+SE ug GE-g™* dm-24h™ (n=3)

Day Control Fertilizer amendment
0 88.15+7.58 99.00+15.07
1 101.96+13.11 116.17+19.23
3 120.76+8.26 118.57+7.27
7 114:18+2.61 118.17+12.54

14 107.02+7.08 126.00+10.91
21 194.46¥12.44 170.21+19.21
28 147.1916.23 168.71+10.44
35 128.27120.54 113.94+7.80
42 116.'i_7i1‘§:§6 133.06422.92
49 159.545%{9{3’ 153.13£9.66

FRAd %
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0 1 7 14 21 28 35 42 49
Day

Figure 4.1 Cellulase activity of control (C) and fertilizer amendment (FA) paddy soil

(meanzSE ; n=3).
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4.3 Phospholipid Fatty Acid Analysis

To study soil microbial community structure in paddy soil and the effect of
chemical fertilizer amendment, PLFA was used in this Thesis. After fatty acid methyl
esters (FAMEs) were analyzed on GC, signature fatty acids were identified by
comparing retention time with Supelco® 37 component FAME mix and bacterial acid
methyl esters (BAMES) mix. The peak area of selected fatty acids were calculated to
area% Saturated fatty acids (SatFA) were represented by 12:0, 13:0, 14:0, 15:0,
16:0, 17:0, and 18:0. Since SatFA were found in every organism, they are not
represented signature fatty acids (Zelles, 1997)..Fatty acids i15:0, a15:0, 15:1, i16:0,
i17:0, and 17:1 were Gram=positive bacteria’'s (G+) signature fatty acids. Fatty acids
16:1, cyl7:0, 18:109, and 20:4w9 were chosen to represent Gram-negative bacteria
(G-), and 18:2w6¢c, 18:3w6, and 18:3®3 were presented to fungi. Protozoa and
microeukaryotes were represented: by, 20;2, 20:3w6, 20:3w3, 20:4w6, 20:503, and
22:603.

Comparison of FA's total PLFA to‘C’s the highest area% belonged to SatFA

in both groups everyday as shown in quure 4 2(a) and (b). Their area% was range

Al

from 40.3+5.4% - 68.7+1.1% and 46.8+5.8% - 63 9+1.8% in C and FA, respectively,
as showed in Figure 4.3. Their patterns Were mterval through the experiment period.

There was no signifieant different between C's and FA'’s tetal SatFA.
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Figure 4.2 Total area% PLFA of SatFA and groups of microorganisms (a) control set
and (b) fertilizer amendment set. Data were presented by mean (n =3)

and error bar indicate standard error (SE).
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Saturated Fatty Acids (SatFA)
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Figure 4.3 The area% of safurated 7fatt.)_7j fécids (SatFA) of control (C) and fertilizer
amendment (FA) seis.Data Wpre presented by mean (n =3) and error bar
indicate standayd efror (SE). .

-. TJ"

With highly area% compared to}f.tﬁg _other group of microorganisms,
Gram-positive bacteria was a dominant grc;ﬁp of soil mi¢robial community in both C
and FA (see Figure :4;.2). Area% of G+ was varied in C bu;t‘more steady in FA (Eigure
4.4). The C’s area% of G+ increased from Day O to Day 3 and the highest area%

occurred on Day 7 (30:.6i5.7%). The area% decline cohtinuously on Day 14 and 21
then slightly increased on‘Day 28 to Day 42 before descended on Day 49. Similar to
C, the FA’s area% of G+ increased on first 3 days. The highest area% was presented
on Day 3 (31.4+8.1%) before decreasing sharply“on Day 7 and then steady until Day
49 (see Figure 4.4). There were, significant differences between G+ total area% on
Day 35 and 49. On Day 35, FA's area% was significant higher than C’s at the .05
level (22.5£0.4% and 18.1+1.4% in orderly, p = .042). On Day 49, C's area% was
significant higher than FA’s at the .05 level (21.0+0.5% and 17.9£0.7% severally,
p =.022).
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Figure 4.4 The area% of Gram-pOsitivé “bacteria’s total PLFA of control (C) and
fertilizer amendment (EA) setg. Data were presented by mean (n =3) and

. 4
error bar indicate standard error (SE).

'y
T/

# Y s 2244 . .
Variation of total PLFA's area% of Gram-negative bacteria in C and FA
occurred through the experiment period. There was similar pattern and amount of

G-'s area% in C and' FAfrom Day 010 Day 14 "Fhe me_a‘n. of FA's G- area% on Day

14 was significant higher than C’s at the .05 level (p = .015). The area% increased
sharply on Day 21 anad continued increased steeply en Day 28 in C set and then
descended on Day 35 whilesit quite steady in/FA set from Day 21 to 35. After that, the
similar pattern-and very closed amount of G-'s area% (in. C.and FA was occurred
again on Day 35 to Day 49. The data of G-'s area% was presented in Figure 4.5.
Total bacteria area% datarwere the cembination.of, G+jand G area%.|Both C and FA
had an interval patternof total bacteria area% as shown“in Figure4.6. There were
significant differences between C and FA data set on Day 1 and 49 at the .05 level
(p = .024 and .019, orderly).
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Figure 4.6 The area% of total bacteria of control (C) and fertilizer amendment (FA)

sets. Data were presented by mean (n =3), and error bar indicate
standard error (SE).
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The area% pattern of C’s fungi was varies since Day 0 to Day 21.The highest
area% (18.3+7.8%) was occurred on Day 14 then descended sharply on Day 21.
While there was an interval on control set’s fungi area% pattern, fungi area% in FA
set was low and stable from Day O to Day 49 (Eigure 4.7).

The similar total PLFA area% of protozoa and microeukaryotes patterns was
presented in C and FA (Eigure 4.8). There was significant difference between both C
and FA only on Day 3 (p = 0.004). The highest area% in FA was occurred spire on

Day 28, and the highest area% In C' was appeared steeply on the same day
(17.4+1.3% and 18.6+1.8%, severally).

)

Area%

—&— Control (C)

— | - Fetrtilizer
Amendmen
t(FA)

Day

Figure' 4.7 The area%.of fungiiof control (C) and fertilizer amendment (FA) sets. Data

were presented by mean (n =3) and error bar indicate standard error
(SE).
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Figure 4.8 The area% of protozoa and r;ni'croeukaryotes of control (C) and fertilizer

amendment (FA) seis.Data Wpre' presented by mean (n =3) and error bar

indicate standard efror (SE).
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Saturated fatty acids and signature_fét’gy_acids pattern of C and FA on Day 0,
1,3,7,14, 21, 28, 35, 42, and 49 were presented as bar./charts in Figure 4.9(a) — (J) .
Fatty acids 16:0 and 18:0 were the most abundant SatFA in C and FA. Bacteria were

the dominant microorganisms and Gram-positive bacteria were the most abundant in
control and chemical fertilizer amendment_paddy soil. Fatty acids i15:0 and al15:0
were major signature fatty acids in both C-and FA. The pattern of these fatty acids
and i16:0 in C set were more varied than FA set which all of signature fatty acids of
Gram-positive bacteria were more stable. Among these signature-fatty acid, 15:1 and
17:1 had the lowest area% inboth.€ and FA over.the experiment period. The area%

of i16:0 also flat in FA while the area% of i17:0 was close to al5:0 except on Day 3.

As shown in Figure 4.4, most of total area% of G+ in FA appeared to slightly
greater than C. On Day 1, al5:0 in FA was significant higher than C at the .05 level
(p = .028). Fatty acid al5:0 in FA was also significant higher than C at the .05 level
on Day 14, and at the .01 level on Day 35 (p = .018 and .002, respectively).
Significant difference at the .05 level of another Gram-positive’s signature fatty acids

were also found on Day 21 and Day 35. Fatty acid i15:0 in FA on Day 21 was higher
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than C (p = .021) and FA’s i17:0 was found significant higher than C's on Day 35
(p = .030).

Monounsaturated fatty acids 18:1»9 and 20:1»9 were stood out in C while all
of Gram-negative’s signature fatty acids of FA had similar trends. Some significant
differences of area% were occurred between C and FA. On Day 14, FA set’s 16:1
and cyl17:0 were significant higher than C set at the .01 level (p = .009 and .01,
severally). 20:19 of FA was significant higher than C set at the .01 level on Day 35
with p value = .004.

There was no significant difference between fungi's signature fatty acids of C
and FA. However, thereswere variations of 18:3w6 area% in C set from Day 0 to Day
14. The steeple was oeetrred on Day 14 before declined dramatically on Day 21 then
stable until Day 49. 18:2w6c, 18:3006,"_ and 18:3w3 in FA were steady over the
experiment period. Theige were more alti_a};nations of signature fatty acids pattern of
protozoa and microeukaryotes in € than FA Fatty acid 20:2 was dominant fatty acid
in both sets. The area% oi 20:3_(06_, 20:3%?3., 20:4m6, 20:5m3, 22:6m3 were stable in
FA throughout the experiment period whijl‘(::;, 26:50)3 and 22:6w3 area% pattern in C
were shift on Day 14 to Day 35. Althoughj.jtagpe were variations of individual PLFA
data on sampling day, however, there Twas no significant difference between
experiment period mean of SatFA, G+, G-, funbl and protozoa and microeukaryotes
as illustrated as bar charts in Figure 4.10. '
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Figure 4.9 Saturated fatty acids and signature fatty acids patterns of control (C) and

fertilizer amendment (FA) sets on Day 0, 1, 3, 7, 14, 21, 28, 35, 42, and
49 (a-j). Data were presented by mean (n =3) and error bar indicates
standard error (SE).
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Figure 4.10 Mean of tatal PLFA of control (C) and fertilizer amendment (FA) sets of

49-day experiment.

Mean area% of total selecied PLFAs were transformed to logl0 area% then
was analyzed with principle compenent analysis. 66.388% of total PLFA variance
could be explained by the first two principal components (PC), 44.423% and
21.960%, respectively as shownin Figure 4.11. Most of variables on the same day
were in the same PC. FAD28, CD35, FAD1, CD49, €D, FADO, FAD35, FAD?7,
FAD49, FAD21, FAD14, CD7, and CD28 were on PC1, and FAD42, CD42, CD21,
and CDO were on PC2. Variables were the same PC indicated there are high
correlations between them. CD3, CD14,.and FAD3 were separated from those
variables above and their ‘positians were near intersection (0,0) indicated there was

no relation between them and the other variables on difference components.

Pearson’s correlation (r) between C and FA were shown/in Table 4.4. Positive
correlation was high between C and FA every day except on Day 14 that the
correlation was low. These indicated that there were on the same component and no

difference between the experiment sets.

Logl0 mean of area% saturated fatty acids and signature fatty acids were
also analyzed by PCA. Only 29.920% of variance could be explained on first two
principle component. PC1 and PC2 could be described severally 15.161% and

14.760% of variance. Factor loading of individual selected fatty acids were illustrated
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in Figure 4.12. No systematic differences in PLFA were found in either set of
samples. 14:0, 16:0, cyl1l7:0 of C set were found on the right hand side of the plot.
i15:0, a15:0 and i17:0 of C set were found on quadrant 1 on PC2 while i17:0 of FA
set was found quadrant 2 on PC1. Most of SATFA in both sets were discovered on

quadrant 3 and 4.
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0.50—
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Q | Holloiw)syimbas_ indicale| donfiol 5ol (€)] anéi“Solfal syrbols indicated

fertilizer amended soil (FA). Alphabet D follow by numbers indicate day

of microcosm sampling.



Table 4.4 Pearson’s correlation (r) between variables.

/4.

—

Correlation M@

epaz | cbas

CDO CD1 CD3 CD7 CD14 CD21 CD28 Chos. . 1 FAD3 FAD7 FAD14 | FAD21 | FAD28 | FAD35 | FAD42 | FADA49
CDO 0.719 0.284 0.747 0.017 0.831 0.664 . }Z/ 0.768 0.865 0.275 0.346 0.738 0.788 0.804 0.694 0.766 0.616 0.351
CD1 0.719 0.182 0.736 0.050 0.620 0.723 M 732 0.815 0.738 0.504 | 0.266 0.685 0.862 0.744 0.833 0.796 0.406 0.616
CD3 0.284 0.182 0.346 0.075 0.431 -0.020 o} 36?,-’ Jffo,s 0.147 -0.026 0.967 0.178 0.199 0.271 0.025 0.231 0.143 0.041
CD7 0.747 0.736 0.346 0.103 0.699 0.833 0.7 7“&3;; 0.741 4‘ 0.784 0.545 | 0.473 0.908 0.832 0.756 0.711 0.806 0.499 0.704
CD14 0.017 0.050 0.075 0.103 0.317 -0.028 ﬁ ﬁl E)_ 170 4| 0.049 -0.138 0.035 0.127 0.132 0.250 0.047 0.104 0.022 -0.091
CD21 0.831 0.620 0.431 0.699 0.317 0.580 0.6 0.%2‘.f P 71i ﬂb.690 0.121 0.433 0.650 0.737 0.735 0.474 0.578 0.623 0.279
CD28 0.664 0.723 -0.020 0.833 -0.028 0.580 46 ﬁ?l JI:.06247::: 0.720 0.587 0.089 0.793 0.769 0.546 0.658 0.713 0.601 0.729
CD35 0.770 0.849 0.243 0.759 0.048 0.637 0.646 .7.41"-;: ';‘0.870;;3.?:‘*0."595 0.600 0.352 0.715 0.904 0.920 0.893 0.878 0.455 0.586
CD42 0.887 0.734 0.263 0.798 0.079 0.842 0.771 0.741 .-"70.801 f}ﬁSS? 0.29"5 0.331 0.777 0.821 0.764 0.683 0.700 0.658 0.460
CD49 0.768 0.815 0.365 0.747 0.170 0.713 0.624 0.870 g’?ﬁt* T 0,0 1).492 0.471 0.770 0.854 0.878 0.893 0.789 0.336 0.526
FADO 0.865 0.738 0.147 0.784 0.049 0.690 0.720 0.795 0.2337_;»_ 0.833 0.568 0.260 0.814 0.759 0.815 0.836 0.737 0.408 0.597
FAD1 0.275 0.504 -0.026 0.545 -0.138 0.121 0.587 0.600 "1‘)-:-29%-'*.'-—' O.4IQZ'.@‘U 5’3‘63: 0.131 0.493 0.431 0.439 0.629 0.581 0.113 0.759
FAD3 0.346 0.266 0.967 0.473 0.035 0.433 0.08"3‘:2 0.352 0.331 0.471 0.260 0.131 0.312 0.312 0.381 0.181 0.354 0.172 0.213
FAD7 0.738 0.685 0.178 0.908 0.127 0.650 0.791‘?; 0.715 0.777 | 0.770 0.814 0.493 _,‘_d.312 0.803 0.771 0.777 0.738 0.314 0.592
FAD14 0.788 0.862 0.199 0.832 0.132 0.737 0.769 _P.904 0.821 0.854 0.759 0'431.— 0.312 0.803 0.859 0.842 0.841 0.567 0.621
FAD21 0.804 0.744 0.271 0.756 0.250 0.735 0.546 *"JO.QZO 0.764 0.878 0.815 0.4391;’ 0.381 0.771 0.859 0.858 0.846 0.421 0.438
FAD28 0.694 0.833 0.025 0.711 0.047 0.474 0.658 0.893=,| 0.683 0.893 0:836 0.629 0.181 0.777 0.842 0.858 0.834 0.252 0.615
FAD35 0.766 0.796 0.231 0.806 0.104 0.578 0.713 0.878 '0.700:7- 0,789 0.737 : 0.581 0/354% | 0.738 0.841 0.846 0.834 0.533 0.509
FAD42 0.616 0.406 0.143 0.499 0.022 0.623 0.601 0.455"| 0.658 0.336 | 0.408 0.113 0.172° 0.314 0.567 0.421 0.252 0.533 0.282
FAD49 0.351 0.616 0.041 0.704 -0.091 0.279 | 0.729 0.586 0.460 0.526 0.597 0.759 0.213 0.592 0.621 0.438 0.615 0.509 0.282
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Figure 4.12 Principle component analysis of selected PLFA profiles (log10 of mean
area%) of paddy sails with ana_ygithout chemical fertilizer amendment.
Hollow symbols indicate control soil (C) and'salid symbols amended soil
(FA). The symbol O Indicate saturated faity acid, [] indicate PLFA of
Gram-positive bacteria, & imply to PLFA of Gram-negative bacteria,
Vimply to PLFA of fungi, and A indicate to protozoa and

microeukaryotes:

4.4 Soil Respiration

Detection of CO, from soil respiration is one way to determine soil microbial
activity. In this experiment, soil respiration was detected daily. CO, was trapped in
alkali solution, and then titrated with mild acid. CO, amount was expressed as
meanzSE of ug CO,-g™ dm-24h™ (Figure 4.13). Variation of CO, evolution occurred
every day. The highest CO, of FA and C was presented on Day 1 (142.07 pg CO,-g*
dm-24h™) and Day 9 (107.61 pg CO,-g™* dm-24h™), respectively. There was only one
significant difference between C and FA on Day 21 at the .01 level (p = .019). Most of
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FA’s soil respiration was higher than C and the trends of CO, evolution were
declined on both C and FA sets. The decline trend of soil respiration was related to
soil pH as shown in Figure 4.14. CO, accumulation of 50 day of experiment as
shown in Figure 4.15 was 2663.84 and 3339.79 pg CO,-g* dm in C and FA, in

orderly.
Soil respiration
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160.00 - )
140.00 -
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Figure 4.13 Mean of Jaily soil respiration of control (C) and fertilizer amendment (FA)
sets (n ='5). The bar indicates standard error (SE).
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Figure 4.14 The relationship trend between soil respiration and soil pH (1:2.5 soil to

water ratio) in control (a) and fertilizer amendment paddy soil (b).
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CHAPTER V

DISCUSSION AND CONCLUSION

5.1 Discussion

The effects of chemical fertilizer amendment in paddy soil were shown in this
thesis. Several parameters were measured against control set (C) (unamended
paddy soil) after the recommended rate of 156.25 kg-ha™ (25 kg-rai*) mixed chemical
fertilizer 16-20-0 (N-P-K) was amended into paddy soil (FA). The results showed that
chemical fertilizer amendment affected to soll physical and chemical properties. Soll
pH decreased in both € and FA and FA soil pH was lower than C when pH
determination was perfaimeddinwater.and 0.01 M CacCl, (1:2.5 soil to solvent ratio).
However, when soil pH was megasured in'1 N KCIl which used to detect active and
potential acidity (Tan,:2005), there was n6 difference between C and FA until Day 49,

which the lower pH occurred in FA.

The lower soil pH oceurred due t0 the mixed chemical fertilizer used in this
study contained (NH,),SO, as/hittogen carrier and sulphur (S) as trace element.
Therefore, this mixed chemical fertilizer _S:(il_l_Jti_Orn was acidic which lower soil pH
(Krishnamurthy et al.,12009). Moreover, decréa;ing of soil pH might due to increasing
of organic acids and €O, (as carbonic acid in soil colloid) /which were byproducts of

decomposition and soil microbial metabolisms.

Total nitrogen of, FA"set was lower-than C_set. The_lower total nitrogen in
chemical fertilizer amended soil due [to rapidly change of NH,-N forming after N
fertilizer amendment was easier to.access by NH, utilizing bacteria (Sarathchandra
et al., 2001). No significant difference of cation' exchange capacity.(CEC) occurred
between:FA and C. The lower CEC was found in FA set due to NH," from chemical
fertilizer solution replaced the exchangeable cation on soil particle (Krishnamurthy
et al., 2009). Hence, when CEC was measured by ammonium replacement method,

CEC of FA set was lower than C set.

Using of chemical fertilizer is not only affected to soil physical and chemical
properties, but also have impacted to soil microbial communities and their activities.

In this experiment, PLFA was used to investigate the change of soil microbial
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communities after chemical fertilizer was amended. Saturated fatty acids (SatFA)
were dominant in C and FA set, especially 16:0 and 18:0 which are found generally
in every organism (Hedrick et al., 2005). PLFA data was shown that Gram-positive
bacteria, indicated by iso- and antei-iso- of 15:0, 16:0, and 17:0, and 15:1 and 17:1
(Zelles, 1997), were predominant in this paddy soil sample in both C and FA. The
variation of total area% of fungi in C, which indicated by 18:2w6c, 18:3w6c and
18:3w3c (Frostegard and Baath, 1996; Hedrick et al., 2005; Marschner, 2007), was
occurred on Day 0 to Day 14 and steady from Day 21 to Day 49 while total area% of
fungi in FA was more steady. Logl10 of total selected PLFAs area% was analyzed by

PCA shown that there was no-difference between C and FA.

The effects of chemical fertilizer amendment on soil microbial communities
and their biomass was contreversy in many reports. The different results might cause
by the variation of land management and agricultural system (Stweenwerth et al.,
2002; Li, Wu, and Ghen,+2007) and kir]pls of chemical fertilizers and proportion
(Marschner, et al., 2003; Li‘et'al., 2008); Zhang, Wang, and Yao (2007) found the
change of soil microbial;community patterﬁs after soil was amended with different
chemical fertilizers in ‘paddy sail.,;They reparted that Gram-positive bacteria were
stimulated by fertilizers applications and the low fungi PLFA (18:2»w6c) was found in
every treatment while actinomyeetes had different response to vary chemical
fertilizer. Peacock et al. (2001) found no  significant difference of soil microbial
biomass between unfertilized soil and N ferfilizer amended soil. They also reported
the decreasing of /Gram-negative bacteria after N’ fertilizer was applied.
Sarathchadra et al. (2001) found that N and P fertilizer applications had no effect on
total bacteria but not fungi. Demoling et al. (2008) studies demonstrated the negative
effects of chemical fertilizers on'total PLFA-and fungi (PLFA biomarker; 18:2w6c, and

ergosterol) in coniferous forest soils.

Cellulase activity / was' determined, to investigated soilmicrobial activities.
There was no significant difference between C and FA. The highest cellulase activity
occurred on Day 21 in both C and FA. PCA data showed non-systematic pattern
between signatures PLFA explained the coordination between soil microorganisms
on soil microbial activities in this sample. However, PLFA data indicated that
bacteria, especially Gram-positive bacteria which were predominant microorganisms,
could be a major cellulose decomposer in aerobic paddy soil. This result was
contrast to studies of Nakamura et al. (2003) of microbial response on the

decomposition of rice straw using PLFA pattern under upland and flooded condition.
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The studies showed that Gram-negative bacteria and fungi were predominant under
upland condition while Gram-positive bacteria and anaerobic Gram-negative bacteria
were predominant under flooded condition. This result was also different from Kimura
et al. (2001) reported that Gram-positive bacteria were the major decomposers of
rice straw incorporated into a paddy soil microcosm under submerged conditions

while Gram-negative and fungi were predominant in drained soil.

Compare the effects of chemical fertilizer amendment on soil enzyme
activities to the other agriculture soil, the similar results were reported by Nayak et al.
(2007) which their experimenis were alsosdetermined the effects of fertilizers in
paddy soil. They found that cellulase activiiy and the other enzyme activities were
rise after chemical fertilizer-appheations. Increasing-activities also found in chemical
fertilizer and compost amended paddy soil due to increasing of nutrients and carbon
sources to soil microbes supparted: biomass building and were primary substrates in
decomposition processes. Saha et al, (2008) found the similar results that cellulase
activities after NP and/NK applications:ih a rainfed soybean-wheat system were
increase but no significant difference compared with control whereas protease and
urease activities were significantly descended. The studies of Sarathchadra et al.
(2001) found that N and P fertilizer application had no effect on cellulolytic microbes
while the function diversity,was decreaseo}:\klh?n large amount of N fertilizer (urea)
was applied but no effect when P fertilize'r_was amended. The studies of Mandal
et al. (2007) revealed, that soil enzyme activifiéé (dehydrogenase, acid phosphatase
and alkaline phosphatase) were raised after chemicall fertilizers were applied.
Wei et al. (2008) and Toyota and Kuninaga (2006) were studied the impacts of
fertilizers on substrate utilization in varies crops soil and discovered that the
substrate utilization activities ©fysoil micrebial jin chemical fertilizers amended soils
were increased_compared with unamended soil. In‘contrast,“declined CM-cellulase,
protease, and urease activities after chemical fertilizers in many’ crops soils were
found by Chang et al.(2007).

Soil respiration was one of parameters that used to determined soil microbial
activity. In this study, there was only significant difference between C and FA on
Day 21 which was the same day that the highest cellulase activity occurred.
CO, accumulation of FA set had trend to higher than C. Daily soil respiration trended
to decrease correlated to soil pH. This result confirmed to Demoling et al. (2008)
report that soil respiration and SIR were declined in acid coniferous forest soil after
chemical fertilizers were applied. In the same experiment and the other works that

were mentioned earlier, they also found the effect of chemical fertilizers on soil pH
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which significantly declined when higher dosages were used. Enwall et al. (2007)
found that the basal respiration in chemical fertilizers amended soil was rise. In the
same study, the substrate-induced respiration (SIR) was decreased in low soil pH
indicated the lower efficiency of heterotrophic microorganisms to convert organic
carbon into microbial biomass in chemical fertilizer trail. The effects of soil pH on soil
respiration and soil bacteria and fungi were studied by Baath and Anderson (2003)
and Rousk et al. (2010). They found positive correlation between soil pH to soil

respiration, SIR, and bacteria and fungi biomass using PLFA measurement.

5.2 Conclusion

Chemical fertilizers are-useiul in order to increase agriculture productivity by
providing available nutrients€lements for plant. But not only plant could take this
benefit, soil microbes.are aiso Uptake these nutrients and turn them to their energy
sources which could affect to their activjﬁés at the same time. Moreover, chemical
fertilizers could change soil physico-chemical properties which could affect to soil
microbes directly or in diregtly fIn this study, chemical fertilizer amendment did affect
to soil physico-chemical properties, especially soil pH. The result showed that soil

was become more acid after chemical fertilizer was applied.

PLFA data revealed  that Gram-positive bacteria were predominant
microorganisms in this paddy soil sample. Low rate chemical fertilizer amendment
did not affect to soil.microbial community. Cellulase activity and CO, accumulation
were higher in chemical fertilizer amended soil compare to unamended soil, though
there was no significant difference occurred. It could be concluded that using
chemical fertilizerat the ‘recammended “dosage did not affect to organic carbon
turnover efficiency of soil microbial communities in paddy soil. However, the effects

of soil pH on.the other soil.enzyme activities shouid be further investigated.

This study” was shown “only “'some effects "of low rate’ chemical fertilizer
amendment on soil microbial communities and their activities, and some solil physico-
chemical properties in paddy soil. The effect of high rate chemical fertilizers
application and the kind of fertilizers on soil microbial communities and their activities

in different rice culture periods should be further investigated.
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Fertilizer Solution Preparation

The area of 1 rai = 1600 m?> = 16000000 cm?

1.6 x 10’cm?x 15 cm

The volume of soil at 15 cm dept in 1 rai

2.40 x 10%cm®

/é3 x 2.40 x 10%cm?®
Q‘. or 3.12 x10° kg
soil 3.12 x10° ' A ’ s I fertilizer

soil 1 kg ‘ ; %\1 kg 18.12 x10° kg
: ch

Soil density = 1.3 g/lcm®

Therefore, the weight of 1 rai's
Recommended dosa

ris 25 kg-rai or 25 x 10° g.

soil 1 kg al fertilizer
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B.1 Water Holding Capacity ; WHC (modified from Ohlinger, 1996)

Methodology

1. Weigh 50 g of 2 mm sieved sail in the cylinder. Put the cylinder into a 1000
ml beaker, and then pour the water into the beaker as shown in Figure B.1. The

water level should be as high as the soil column in the cylinder.

2. Leave the cylinder in th

on a funnel to let the excess w i

with a watch glass. ‘é;
A—

3. After draining, ol

on an aluminum foil that already

weigh and tare. Dry t ' . ight and then cool it down in a

ity (WHC), expressed as

Figure B.1 Water holding capacity apparatus.
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B.2 Dry Matter and Water Content (modified from Ohlinger, 1996)

Methodology

1. Weigh 10-30 g fresh soil on pre-weighted aluminum foil, record the weight.
2. Dry sample at 105°C for at least 3 hours.

3. Cool the sample in a desi

and weigh again.

soil dry matter - { ] = dry matter(dm)

initial soil weight

AU INENTNEINS
PRIANTUAMINYAE
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B.3 Soil Texture (modified from Tan, 2005)

Special Equipments

Standard hydrometer, ASTM No. 1. 152H, with Bouyoucos scale ing L ™*

Reagents and preparation

1. Amyl alcohol
2. 4% Calgon® solution

Dissolve 40 g-sodium metaphosphate [(NaPO3)«-Na,O,(x~13)] with

250 ml distilled water. Adjust to*1000 ml in volumetrie flask.

Methodology

1. Weigh 50 g of @ven dried, sie\;ed-soil and transfer into a blender cup. Fill
the blender cup with 400 ml of distilled water, and then add 10 ml of 4% Calgon®

solution.

2. Attach the cup to a stirring machirj_é énd blend for 15 minutes.

3. Transfer the soil suspension into 21 cylinders Wash the remaining soll
residue with water from a water bottie. Make up the volume to 1130 ml with distilled

water.

4. Mix the soil suspension thoroughly with a plunger. Record the time when
stirring stopped. Measure the suspension temperature with a thermometer. Drop a

few drops of amyl alcohol if bubbles.are occur.

5. Lower the'hydrometer catefully into the suspension and take readings after

40 seconds (R40s). Remove the hydrometer, rinse it, and wipe it dry.

6. Mix the soil suspension thoroughly with a plunger again. Reinsert the
hydrometer carefully and take another reading after 2 hours (R2h) and measure the

suspension temperature with a thermometer.
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Calculation of readings

The hydrometer readings have to be adjusted due to the calibration
temperature of the hydrometer is 68°F. Corrected reading is calculated followed by

this equation.

Hydrometer reading + 0.2 (°F suspension temperature-68)

The corrected readings ar culate %sand, %silt, and %clay

followed by these equation

%(silt+clay) (a)
%sand

%clay (b)
Y%osilt

Read these results on Soil
class name of the sample.i

100 90 80 70 60 so 20 30

Percent Sand

Figure B.2 Soil texture triangle. (Soilsensor.com, 2008 : online)
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B.4 Soil pH (Soil Analysis Division, 2001)
Special Equipments

pH meter (Mettler Toledo, Model SevenEasy™ pH)

Reagents and preparation

1. 0.01 M calcium chloride (CaCl,) 100 ml

’w amount of distilled water. Adjust
‘ —

'  of distilled water. Adjust to

Dissolve 0.147
to 100 mlin 100 ml volu

Dissolve
100 ml in 100 ml volumetti

3. Buffer solution

Methodology
1. Weigh 10 g of 2 mm &if “Sievetiéoil into 50 mi beaker.
2. Add 25 7 M KCI) to sample beaker
3. Mix soil . Allow it to settle for 30

minutes (Eigure B.3).

4. CaliﬁHmrw Hﬁﬁowgﬂ]ﬂnejw 7 before taking a

measure of th

ammmm UA1AINYAY
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B.5 Cation Exchange Capacity ; CEC (Ariyakanon, 2007)

Special Equipments

Bichi distillation unit (model Biichi 339)

Reagents preparation

1. 1 N ammonium acetate (NHzOAc) pH 7

Dissolve 77.08 g NH,OAc in distilled water, and then adjust to 1000

ml in volumetric flask.

2. 95% Ethanol

Pour 950 misabsolute ethar_)_ol into 1000 ml volumetric flask. Make up
the volume to 1000 ml with distilled water..

3.0.1 N HCI

Add 8.6 ml 37% HCI into 1000 ml volumetric flask contained 800 ml

distilled water. Slowly pour distilled water toédj‘dst solution volume to 1000 ml.

4. 32% NaOH

Dissolve 960 g NaOH pellet in 2.5 L distilled water. Stir until pellets
thoroughly dissolve. Cool down the solution in water bath before adjust volume to 3 L

with distilled water.
5. 2% Baric acid (HzBO5s)
Disselve 60 g HsBOs and adjust/volumeta-3 L with! distilled water.
6.0.1 N H,SO,

Add 2.8 ml H,SO, to 800 ml distilled water in 1000 ml volumetric
flask. Adjust to 1000ml.
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Methodology

1. Weigh 10 g 0.5 mm sieved air dried soil into 500 ml Erlenmeyer flask. Add
50 ml NH,;OAc pH 7 into the flask. Shake it for 30 minutes with shaker.

2. Pour soil suspension on filter paper which placed on Buchner funnel
connected to suction flask and vacuum pump. Wash soil with 50 ml NH;OAc. Turn
the vacuum on to drain solution from sail, repeat 3 times. Discard solution in suction
flask.

3. Wash soil on filter-paper with, 50 mi-95% ethanol, repeat 3 times. Discard

solution in suction flask.

4. Wash soil on fileer paper with 50 ml 0.1 N HCI, repeat 4 times. Collect
solution in suction flask and measute solution volume with a cylinder. Divide 1/10 of
total volume and pourit into a distillation glass tube. Blank is set up without soil

sample and done as the sample.

5. Prepare the distillation uhit by fili’[né 32% NaOH, 2% H3;BO3, and distilled
water into its tank and open the condenser_'.: I—njs_ert a bare distilled glass tube into the
distillation unit. Calibrate pH probe; fun pre-ﬁéaiting, priming the distillation unit follow

by manuscript. Remayve the bare tube and fé‘[ﬁ[ﬁéé with the-blank tube.

6. Set the machine to fill 60 ml distilled water, 80-ml 32% NaOH, and 65 ml
H3BO; for titration. Run blank test. Replace the blank tube with sample tube, input

samples weight as 10% of initial weight, then;run the machine.
7. Calculate' CEC from this‘equation

CEC (me/160g)

(T +'B) x normality of H,SO4 x'100
10% of initial soil weight (g)

When T = volume of 0.1 N H,SO, titrated with sample (ml)

B = volume of 0.1 N H,SO, titrated with blank (ml)
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B.6 Organic Matter; OM (Walkley and Black method)(Soil Analysis Division,
2001)

Reagents and preparation

1. 1 N Potassium dichromate

Heat 98 g of potassium dichromate (K,Cr,0O7) at 105°C for 2 hours.

Dissolve in distilled water and adjust volume to 2 L.
2. 0.5 N Ferrous ammonium sulphate

Dissolve 400 g oiferrous ammonium sulphate
[Fe(NH4)2(S0,),-6H,0O¥in distilled water. Add 50 ml cone. H,SO,4 before adjust

volume to 2 L with distilied water.
3. 0.025 M O —=Phenanthroline indicz_g_tor

Dissolve 0.7:0 of ferrous sul'p‘_hgte (FeSO, - 7TH,0) and 1.48 g of
O-phenanthroline in distilled water and adjust to 100 ml.

4. Conc. H,SO, =
Methodology

1. Weigh 1 g of 2 mm sieved air dried soil into a 250 ml Erlenmeyer flask.

2. Pipette 10 mlfof=12 N K,Cr,0O; and 15 ml of conc. H,SO,. Stir the flask

gentle for 1 — 12 minutes then stand itjin the fume hood for 30-minutes.
3. Add 50 ml distilled water and leave it .cool.

4. Drop 7 — 9 drops of O — Phenanthroline indicator Titrate with 0.5 N Ferrous
ammonium sulphate to determined remain potassium dichromate from reaction. The
colour of solution at the end point is turn from green to red — brown (Figure B.4
and Figure B.5). Note the volume of potassium dicromate and ferrous ammonium

sulphate.

5. Blank is done the same as the sample but without soil.
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6. Calculate % Organic carbon and % organic matter from these below

equations.

%O0rganic carbon = @XEX% X%xm

% Organic matter = % Organic carbon x 1.724

Or % Organic matter, = N 100 % %xi—ux 10
When N = Concentra :

B = Vol

5'0f Eerfous ammon te titrate with blank (ml)
U £ C » 1 ]

T =Volum | sulphate titrate with Sample (ml)

X = Soil weig

AULINENINYINS
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Figure B.5 The green solution on right hand turns to red-brown at the end point on

left hand.
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B.7 Total Nitrogen Analysis (Ariyakanon, 2007)

Special Equipments

1. Biichi digestion unit (model K-435)
2. Buchi distillation unit (model Blichi 339)
3. Buichi scrubber (model B-414)

Reagent preparation

1. Conc. H,S0O,
2. 32% NaOH (w/v)

Dissolve 960 g NaOH peHé"t In 2.5 L distilled water. Stir until pellets
thoroughly dissolve. Cool down the solution.in water bath before adjust volume to 3 L

with distilled water.
3. 2% Boric acid (H3;B0O3)
Dissolve 60 g H;BO; and adjust volume to 3 L with distilled water.

4. 0.1 N H,SO0;

Add 2.8 ml H,SO, to 800 ml distilled water in 1000 ml volumetric flask.
Adjust to 1000 ml.

5. Catalyst

Mix~100, .g+ potassium sulphate~(KzSO0z3); #2049 ©apper sulphate
(CuS04:5H,0), and'1 g selentum (Se) together. Prepare before use:

Methodology

1. Weigh 0.5 g of 0.5 mm sieved, air dried soil into distilled glass tube, then
add 7 g catalyst into the tube. The blank tube is added only catalyst.

2. Add 20 ml Conc. H,SO,4 before inserts the tubes into the digestion unit.

Scrubber unit must be on when the digestion unit programme is running.
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3. Run the digestion programme until the sample solution colour turn to clear
blue-green as shown in Figure B.6. Stop the programme, cool down the tubes in

fume hood (scrubber unit must be on).

4. Prepare the distillation unit by filling 32% NaOH, 2% H3;BO3, and distilled
water into its tank and open the condenser. Insert a bare distilled glass tube into the

distillation unit. Calibrate pH probe, run pre-heating, priming the distillation unit follow
by manuscript. Remove the bare tukﬁ\av/eplace with the blank tube.

5. Set the machine t%@ ml di er 80 ml 32% NaOH, and 65 ml

H3BO; for titration. Run hm Reglacéﬂak tube with sample tube, put in
e ‘/ achine. T\!‘H'H'fe is automatic calculate. Total
nitrogen percent is ca i \equa n.

\
%total nitrogen i

Qamégqutr te W|th sample (ml)

When S =

Figure B.6 The sample solution colour turn to clear blue-green after the digestion was

done.
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B.8 Available Phosphorus (Bray Il method) (Soil Analysis Division, 2001)

Special Equipment

Spectrophotometer (GeneSys 20 Thermo spectronic)

Reagents preparation

1. Bray Il extract solution (0.03: N NH4F, 0.1 N HCI)

Dissolve ammonium fluoride (NH4F) 1.1100 g with in 800 ml of
distilled water. Add 8.6 ml of conc. HCI follow by make volume to 1 L with distilled
water. Adjust to pH 1.5=1.6.

2. Stock solution (Reagent A': Sulfuric — molybdate — tartrate solution)

1) Dissolve 50 g/of ammonium molybdate [(NH4)sMo;04-4H,0)] with
200 ml of distilled water. Stir uniil the solution is theroughly mixed.

2) Dissolve' 1.213 ¢ of antimony potassium tartrate (KSbO-C,H,Os)
with 50 ml distilled water in new beaker. Tﬁi_s_ solution can be warmed under 60°c

incase it is not thoroughly dissolve: =

3) Mix“two solutions together. Add 700 -‘ml of conc. H,SO, slowly.

Stand the solution beaker in water bath to cool down the selution.

4) Adjust volume to 1 L in volumetric flask with distilled water. Transfer
this solution inte:pelyethylene bettle of,brownPyrex bettlexStoere it in a dark and cool

place. This solution‘expired‘in 6 months.
3. Working/Solution;y Reagent B

Dissolve 0.088 g of ascorbic acid with 80 ml of distilled water. Add 2
ml of reagent A, mix and adjust the volume to 100 ml in volumetric flask. Leave it to

cool down about 2 hours before use. This solution must prepare freshly.
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4. Standard phosphorus solution (50 ppm P)

Dissolve phosphorus dihydrogen phosphate (KH,PO,) which dried at
40°C for 2 hours 0.2195 g with distilled water. Add a few drops of conc. H,SO,

before adjust the volume to 1 L in volumetric flask with distilled water.
5. Standard solution set

Use the solution from number.4 to make dilution of standard solution
set with 0, 2, 4, 6, 8, 10 and 15 ppm P _.Coeneentrations which diluted with Bray II

extract solution.

Methodology

1. Weigh 1.0000'g air'dried soil into 50 m!i Erlenmeyer flask.

2. Add 10 ml of Bray Il extract solution. Shake for 1 minute and filtrate the
solution with Whatman® No. 42 filter pape'[. Collect the filtrate.

3. Pipette the filtrate /and mix with working selution with 1 : 16 ratio in test

tube. Stand it for 30 minutes for,colour development as shown in Figure B.7.

4. The concentration is easured at 882 nm.with spectrophotometer against

a reagent blank and staidard-solution-set-which-are-done same as the filtrate.

5. Calculation of available P, is follow-by;this equation.

Available P = B.x DF (sample) x X ppm
Ax DF(standard)

When A = soil weight (g)
B = volume of extract solution (ml)
X = the concentration of sample compare to standard set

DF = dilution factor
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Figure Bq.7 The colour of the standard solutions (a) and the sample solutions (b)

change to blue after 30 minutes of the colour development and ready to
analyze with spectrophotometer at 882 nm.
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B.9 Cellulase Activity (von Mersi and Schinner, 1996)

Reagents and preparation

1. 2 M Acetate buffer pH 5.5

1) Dissolve 164.06 g anhydrous sodium acetate in distilled water.

Adjust to 1000 ml in volumetric flask.

2) Add 500 ml distilled watep'into 1000 ml volumetric flask. Then add
60 ml glacial acetic acid. Adjust to 1000 ml with-distilled water

3) Mix 1000'm! 2.W.sodium acetate solution and 190 ml diluted acetic

solution. Adjust pH to 5:5 withrdiltied acetic acid solution.

2. Substrate solutien 0:7% wi/v

1) Weigh 7 g carboxy methyl sodium salt. Dissolve with 800 ml acetate
buffer. -

2) Heat this solution-at 45°C":a—r1d stir it for 2 hours or until the solution

is thoroughly mix. =

3) Adjust the volume to 1000 ml in velumetric flask with acetate
buffer.

3. Reagent A

Dissolve 16 g anhydrous sodium carbonate and 0.9 g potassium
cyanide in distilled water. Mix and adjust the volume to 1000 ml in 2000 ml volumetric
flask.

4. Reagent B

Dissolve 0.5 g potassium hexacyanoferrate (lll) in distilled water and

adjust to 1000 ml. This reagent must be kept in a brown bottle.
5. Reagent C.

1) Dissolve 1.5 g ferric ammonium sulfate and 1 g Sodium dodecyl

sulfate in 900 ml distilled water
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2) Add 4.2 ml conc. H,SO, then stir this solution with heating
magnetic stirrer at 50°C to dissolve absolutely.

Calculation

Conversed the absorbance at 690 nm of sample to ug glucose equivalents
(GE) followed by this equation.

(S—C)x3 O SE-g'dm-24h™
When C
s 9 GE)
30 i 4 of ation e (ml)
40
10
100-%dm™

AU INENTNEINS
PRIANTUAMINYAE
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B.10 Phospholipid Fatty Acid Analysis (PLFA) [Bligh and Dyer (1959), modified
by Watcharamul (2005)]

Special Equipments

1. Gas chromatograph (Shimazu, Model GC-2010)
2. 30 m BP20 capillary column

Reagents and preparation

1. 10% HCI:H,O (v/v)

Add 10 mlLef37% HCl into 100 ml volumetric flask which has 50 ml of
distilled water. Adjust thewolume to 100 ml with distilled water.

2. 30% KOH (w/iv)

Dissolve 80 g KOQH in-50 mlof distilled water. Adjust the volume to 100

ml with distilled water.
3. 0.15 M Citrate bufferpH4 2224
1) 0.15,M trisodiumcitrate dihydfé;[é

Dissolve, 44.1 g of trisodiumcitrate dehydrate in sterilized distilled

water and adjust the volume to 1000 ml with 1000 ml velumetric flask.
2) 0.15 M citric acid

Dissolve 31.5 g of eitric acid - H»O in sterilizedadistilled water and

adjust the volume to 2000 ml with 1000 ml volumetric flask

3) Add 59 ml of 0.15 M citric acid and 49 ml of 0.15 M trisodiumcitrate

dihydrate in a 100 volumetric flask. Mix the solvent thoroughly.

3. Phase transfer catalysis solution (0.1 M tetrabutylammonium hydrogen
sulphate in 0.2 M NaOH)
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Dissolve 0.8 g NaOH and 3.39 g tetrabutylammonium hydrogen
sulphate with sterilized distilled water and make up the volume to 100 ml with a
volumetric flask.

4, Silicic column

Weigh 0.5 g silicic acid into a 50 ml beaker and activate by heating at

100°C for an hour. Make silicic acid ry with 3 ml chloroform before add it to a

AULINENINYINS
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B.11 Soil Respiration (Ohlinger, 1996)

Reagents and preparation

1. 0.1 M HCI

Pour 800 ml of distilled water into 2000 ml volumetric flask. Add 8.6 ml
of 37% Hydrochloric acid. Adjust to 1000 ml with distilled water. Store this solution in

brown Pyrex bottle.
2.0.05 M NaOH

Dissolve-2'g of sedium hydroxide (NaOH) in distilled water and adjust

to 1000 ml in volumetrie flask:
3. 0.5 M BaCl,

Dissolve 10.4 g of barium.ghloride (BaCl,) in distilled water and adjust
to 100 ml.
4. Phenolphthalein

- 44

Dissolve 0.5 g.of phenolphthalein.thoroughly in 100 ml 50% Ethanol
(V/v)

Calculation
Calculation of mg' GO, - g™'dm - 24h®™.was followed by with this equation;

(€-S).22-100 _ mgCO, -g~'dm-24h™

SW -%dm
When C is volume 0f0.1 M HClat the ‘'end point of-blank (ml)
S is volume of 0.1 M HCI at the end point of sample (ml)
2.2 is conversion factor (1 ml of 0.1 M HCl relates to
2.2mg CO,)

SW s soil weight (g)
100-%dm is factor of soil dry weight
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