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The ‘good earth’ conjures images of dark, rich, brown soil, which cradles the rice seed and provides
it anchor, nutrients, and life. Many rice-growing areas of the country now, however, have become
‘fragile earth’ - frayed by intensive use, depleted of nutrients, and rendered unproductive.

Considering that the soil is still the base of sustainable agriculture that ensures food security,
PhilRice scientists are exploring both indigenous or traditional knowledge and modern technology
to maintain our soil’s productivity.

Being a science-based institution, we would like to give our Filipino farmers the best options or
combinations of soil-productivity measures so that they can make informed decisions. This is in the
midst of religion-like advocacies in agriculture such as, organic farming to sustain soil productivity,
improve plant health, and consequently, human health.

Farmers can be easily swept away by this fervor, but PhilRice wishes to engage farmers and other
stakeholders in the scientific analysis and in informed discussions about issues or technologies that

affect their livelihood and future.

This is the idea behind this book: “Facts and Myths About Organic Fertilizers”.



Questions such as: What are really the differences between organic and inorganic fertilizers? Do
these have differential effects on different soils or ecosystems? If farmers go organic, what are their
alternatives? How much organic material do they need to apply in their farms?, are answered based on
research results here and abroad.

Distilling these facts and information are scientists who have seen and worked with our changing
soilscape, led by Dr. Cezar Mamaril, a senior scientist whose lifework is in enhancing soil productivity.
The book concludes that the “proper use of organic fertilizers in combination with chemical fertilizers
is still the best way to supply the nutrient requirement of the crop while improving the status of the
soil.” Their combinations have synergistic effects which could improve plant growth. Approximate
ratios of organic and inorganic fertilizer that can enhance crop production and sustain soil productivity
are also covered.

Hence, the use of farm wastes by our farmers should be encouraged inasmuch as there are indications
that combining inorganic and organic materials increases the efficiency of using inorganic fertilizers.
Indeed, sometimes, it is by dispelling the myths about organic fertilizers, that the latter’s importance
and promise in ensuring sustainable agriculture can be fulfilled.

P
ILO A. BERONIO
Exécutive Dir¢ctor




The current global food crisis has stirred national leaders to focus on mitigating this problem. One of the
reasons for the food crisis is unabated population growth. Land’s conversion to other uses, such as for housing
and industries, for a growing population, has led to uncontrollable food consumption and depletion of tillable
agricultural land. The increasing demand for food, in turn, has created tremendous burden on soil and water

resources.

Asyields are made to increase, sustaining the soil’s productivity also becomes more difficult. This is because
soils are heavily mined for plant nutrients. The problem is accentuated by the increasing cost of inputs like
fertilizers to replenish the amount of nutrients taken up by plants. Certain sectors of society, however, are
opposing the use of inorganic fertilizers because they claim that these inputs damage the soil, hence reducing
crop productivity. They propose an alternative — organic farming — to sustain soil productivity.

Unfortunately, there seems to be several misconceptions on the role and contribution of either organic or
inorganic fertilizers in sustaining the productivity of soils. It is, therefore, the purpose of this book to clarify
some of these misconceptions so that the application of either inorganic or organic fertilizers is properly
accomplished. Principles can guide our farmers and commercial growers. For instance, practices to sustain soil
productivity in an ecosystem like the aerobic upland are not necessarily appropriate for another ecosystem like
the anaerobic lowland.



The discussions are contextualized in rice farms. Inasmuch as our land area is finite, raising the yields of
food crops like rice is the most logical approach to meet our demand for food.

This book was produced through the strong support of the PhilRice management: Atty. Ronilo A. Beronio,
Executive Director; Ms. Jennifer C. Jara-Rabara, Executive Assistant, Office of the Executive Director, who
managed the book’s production; Dr. Santiago R. Obien, first Executive Director (1987-2000), who has
always been prodding the senior author to write a book on the management of rice soils in the Philippines;
and colleagues at PhilRice. Thanks to Dr. Serlie Barroga-Jamias for language editing. Our deepest gratitude
goes to our respective families for their encouragement and patience during the writing of this book.

Cezar P. Mamaril
Michelle B. Castillo
Leocadio S. Sebastian
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INTRODUCTION

Increasing demand for food is inevitable in the near future

because ofunabated population growth. The situation

is exacerbated because the resources needed for food
production like potentialland area is finite. Likewise, water
resources per capita stakeholder are declining (Lansigan et
al.,2008). To meet the demand for food, we must intensify
the use of resources more efficiently and effectively.

Intensifying food production, however, willburden these
resources, particularly the soil. This situation is especially
true when we grow high-yielding crop varieties; adoptan
intensified monocrop system, and practice inappropriate
soilsand crop management. Evidences of multi-nutrient
deficienciesinrice soils in the Philippines are increasing
(Descalsotaetal., 2002 ). This could be due to the adoption
ofhigh yielding cultivars and inappropriate management
practices, especiallyin fertilizer application, for intensified
production systems.
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Some sectors claim that continuously using
chemical orinorganic (or mineral) fertilizers
and other chemical inputs has decreased the
productivity of our soils. However, this decline
isnotbecause of these inputs per se but because
of their misuse. In fact, using these inputs
judiciously and properly could augment soil
productivity.

Sustaining the productivity of soil resources
therefore, is of great concern. Soil organic matter

isjust one of the manyimportant determinants
or ways of sustaining soil productivity. Alongside
thisis the proper and judicious use of mineral
and organic fertilizers plus the farm wastes,
whichinclude crop residues, farm manures,

and household wastes. This strategy s called
integrated nutrient management. Organic
fertilizers alone will not be able to sustain high
productivity of soils.

Suchisjust one of the myths or misconceptions
ofusing either mineral or organic fertilizers in
an anaerobic (flooded) ecosystem as compared
toanaerobic (upland) ecosystem. Hence,
understanding the soil chemistry of these two
types of ecosystems can help usbetter appreciate
the importance of the different nutrient
management strategies employed under these
two ecosystems. What maybe appropriate for
one ecosystem is not necessarily appropriate for
the other. In other words, there isno production
technology thatis perfect (i.e.,appropriate for
all conditions). Therefore, we must state the
conditions where a technology will work and
where itwill not work.



SOILS IN THE
RICE AREAS OF
THE PHILIPPINES

Whatis Soil?

Brady (1984) defines soilasa collection
ofnatural bodies developed from
unconsolidated mineral and organic materials
ontheimmediate surface of the earth. It
serves as a natural medium for growing
plants. Its properties are due to the effects of
climate and living matters acting upon parent
material, as conditioned by topography, over
aperiod of time. A soil could be considered
asmineral soil when the soil organic matter is
less than 20 percent and organic soil when the
soil organic matteris more than 20 percent.

Soils are formed depending on five factors,
namely; (1) nature of parent materials
(texture and structure; chemical and mineral
composition); (2) climate (particularly
temperature and precipitation); (3)
topography of the area; (4) living organisms
(especially native vegetation and human
beings); and (5) time that the parent
materials underwent soil formation.
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Consequently, the physical, chemical, and
microbiological characteristics of the soils that
are formed vary significantly. Soils developed
in flatareas will differ from those developed in
higher elevation. Likewise, soils developed in
areas withless rainfall will also differ from those
developed in humid regions.

Rice can growin either the lowlands
(submerged/ wetland/flooded) orin the
uplands (aerated/dryland). Lowland rice, on

the otherhand, can be either rainfed orirrigated.

Inthelowlands, land is prepared wet or dry, but
water is always held in the field by bunds, and
the fieldis puddled thoroughly before planting.

Lowlandrice areasin the Philippinesare
found mainlyin flat, gently undulating to
slightly slopinglowlands below that are below
SOmin elevation. Smaller wetland rice areas

are foundin terraced slopes and in some small,
elevated mountain valleys. Lowland rice soils
in the Philippines are generally high in natural
fertility because of the geologically younger
parent materials. This fertility is also the result
of periodicrejuvenation from volcanic ash
which readily weathers and releases nutrients
in the humid tropical climate (Raymundo,
1977).Sediments deposited by flooding can
help rejuvenate irrigated rice areas as well.



Uplandrice is grown all over the country
where no water has accumulated for the soils
tobe puddled asin wetlandrice. Thelandis
prepared and seeded under dry conditions
and depending onrainfall for moisture. The
major upland rice-growing areas are found
inrelatively undulating and slightly rolling
intermediate uplands and in moderately-well

drained soils onlow-
lyinglevel areas. Upland
rice soilshave a high
degree of permanency
of cultivationand do
notinclude the kaingin
(slash-and-burn) or
shifting type of rice
cultivation (Raymundo,
1977).

Raymundo (1978)
described the parent
materials of Philippine
soils grown torice as
shownin Figure 1. They
arein order of extent:

Seauater

Figure 1. Paddysoilscapes on a coastal plain physiography

(1) recentalluvium on the lowest positions,

(2) marine and terrestrial sediments of the
Pliocene and Pleistocene on slightly higher
positions, (3) marine clastics normally overlain
by pyroclastics and calcareous sandstones and
siltstones, (4) and mixed marine-shelf deposits
ofthe upper Miocene and Pliocene found at the
highest of the “lowland”locations.

laneous materials

Manne sediment

E = Entisols
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So0il Orders GrowntoRice

Soils grown torice in the Philippines
could be groupedinto eight soil
orders under the United States
Department of Agriculture (USDA)
Soil Taxonomy Framework (1975).
These are Entisol, Inceptisol, Vertisol,
Alfisol, Ultisol, Oxisol, Histosol, and
Mollisol. Raymundo (1978) reported
that Philippine lowland rice soils can
be classified using the framework

into atleast foursoil orders, namely:
Entisols, Inceptisols, Vertisols, and
Alfisols. Limited areas of Histosols
and Ultisols are also used for lowland
rice. Onthe otherhand, upland

rice is grown onssoils thatbelong to
the following soil orders: Alfisols,
Ultisols, Oxisols, Inceptisols, and
Mollisols. These orders are briefly
discussed below:

=)} | FACTS AND MYTHS ABOUT ORGANIC FERTILIZERS



Entisols

According to Garcia (1990),
approximately 17 percent of Philippine
soils are classified as Entisols belonging

to the following soil series: Langa, Bugko,
Sorsogon, San Manuel, Sagudsuron, La
Paz, Luisiana, Luisita, Angeles, Magsaysay,
and Bay. Entisolslack significant profile
development, and itis classified asmineral
soils without natural genetic horizons or
with only the beginnings of such horizons.
Thisis because timeis too short for the

genetic development of soils on steep

and actively eroding areas, and of soils
onfloodplains that frequently receive

new deposits of alluvium. These soils are
normally found in swales and backswamps
ofbeachridges, coastal areas, young alluvial

2.

fans, cut-oft meandersin peneplains, and
level plainsimmediately around inland
lakes and marshes. On these soils, lowland
rice fields are generally developed on
fineloamy or finer particle-size classes.
Lowlandrice systems on coarse loamy or
coarser particle-size classes are limited to
low areas and depressions subject to the
influence of fluctuating rises of the water
table close to or slightly above theland
surface. In addition, waterlevels that rise
above the bunds or dikes of paddies are
common.

Inceptisols

Around 43 percent ofall pedons studied
have been classified in the order Inceptisol

- ‘ SOILS IN THE RICE AREAS OF THE PHILIPPINES
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(Garcia, 1990). Inceptisols can be termed
asyoungsoilsbecause their profiles contain
horizons thatare thought to form rather
quickly; these are mostly results from the
alteration of parent materials. The profile
development of this soil orderis more
advanced than that of Entisol butless than
that of the other soil orders. Itlacksilluvial
horizon enriched with either aluminum
silicate oramorphous mixtures of
aluminum and organic carbon.. Likewise,
Entisols contain appreciable amount of
weatherable minerals. It is normally found
on alluvial toeslopes of narrow coastal
plains and in small river valleysleading to
coastal areas and plains.

Wetland rice areas generally have fine
loamy and finer particle-size classes of soils.
Inceptisols have available water for more
than three consecutive months duringa
warm season. They also have one or more
pedogenichorizons other than those used
to characterize other orders (De Datta,

1981).Some of the soil series under this
categoryinclude Calumpang, Tagulod,
San Manuel, Bongliw, Maramag, Mailag,
Butuan, Maligaya, San Manuel, Carmona,
Luisita, Maapag, Sagudsuron, Laligan,
Agustin, Gapan, Pefiaranda, Obando, Bani,
Ibaan, Bancal, Kapalangan, Mandawe,
Catubig, and Sara.

Vertisols

Vertisols make up around 13 percent of
therice soils studied in the Philippines.
This order of mineral soils contains high
amounts of swelling-type clays with
indications of regular mixing of the soil.
Such mixing prevents the development
of diagnostichorizons which, in dry
seasons, cause the soils to develop deep,
wide cracks. The soil expands and shrinks
depending on moisture supply. Because
of regular mixing of the soil, vertisols have
many accessory properties such as high




bulk density when dry; very slow hydraulic
conductivity when moist; and rapid drying
asaresult of open cracks. Because some
surface soil materials fall or wash into the
cracks when rains come, there is relatively
lower organic matter content in the soil
surface (Garcia, 1990).

According to Raymundo (1977), vertisols
are foundin alllandscapes generally used
for paddies such aslowareas associated
with formerlagoons and back swamps; in
level to moderately dissected terraces; and
on gentle to moderatelyrolling slopes.

Lowlandrice soils are composed of fine
and very fine clayey materials ranging in
positions from low-lying recent alluvia to
elevated older marine terraces associated
with calcareous sediments and basic
volcanics. Some of the soil series belonging
to this order are Bantog, Bigaa, Malimba,
Binangonan, Candaba, Awayan, Mahipon,
Prensa, Tapul, Toran, Pili, Sta. Rita, and
Alimodian.

4. Alfisols

Approximately 11 percent of therice soils
studied in the Philippines belong to the
order Alfisol, which are most commonin
very dryzones. Among the soils classified
under this order are Quingua, Lipa,
Managok, Premas, Silay, Catbalogan,
Pilar, Makato, Magallanes, and Marikina.
Alfisols have gray to brown surface
horizons, medium to high base status, and
anilluvial horizon in whichsilicate clays
have accumulated (Brady, 1974). Even
though silicate clays are translocated to the
subsoil, bases are not excessively depleted
and mollic epipedon (a dark-colored, well
structured, deep surface horizon) is not
formed.

Alfisols are quite productive and have
good physical properties. Theyare easy

to tillbecause of their granular surface
structure. Theyalso have a high capacity to
retain rainfall because the more clayey B
horizonretards percolationlosses. These
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soils are found in slightly to severely dissected
marine terraces, which have developedinto the
intermediate uplands, terraced paddies, and
terraced mountain slopes. Lowlandrice soilsin
this order are mainly in fine loamy or under finer
textural classes.

Histosols

Onlyabout2 percent of the soils studied were
classified as Histosols such as Dolongan. According
to Brady (1974), these soils have developed in
awater-saturated environment. They containa
minimum of 20 percent organic matterifthe clay
contentislowand 30 percentif the clay contentis
more than 50 percent. Histosols are dominantly
composed of organic matter and are commonly
known as peat or muck. Histosols of Southeast
Asiaare foundlargelyin coastal areas, protected
from directintrusion of the seabybeach ridges.
Sedimentation of mineral soil material is minimal
(Moormann and van Breemen, 1978).




6. Ultisols

According to Brady (1974), Ultisols are more
highly weathered and acidic than the Alfisols. These
are moist, and they develop under warm to tropical
climates. Their subsurface horizons are commonly
red or yellow, evidence of the accumulation of

free oxides of iron. Their clays are usually of the
kaolinitic or 1:1 type along with oxides ofiron

and aluminum, which assures ready workability.
These soils are quite productive when applied with
adequate chemicalfertilizers.

Ultisols are characterized by clay translocation to
the subsoil, thus they have a sandy surface texture
and more clayey subsoil. Theyalsoleachintensively
with depletion of bases. Their clayey subsoil is
commonly closer to the surface than the subsoil of
Alfisols. This makes Ultisols more prone to erosion
duringheavyrain because excess water from the
saturated surface soil runs offfrom slopingareas.

Many Ultisols have nutrient problems that are
difficult to correct. Forrice, these include low
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nutrient retention; low reserves of
nitrogen, phosphorus, potassium,
calcium, manganese, copper, and
zinc; and soil acidity.

7. Oxisols

Oxisols show extreme weathering
and intenseleaching of most
aluminosilicate minerals. Thisleaves
ahigh proportion of the oxides of
iron and aluminum and an absence
oftranslocation of silicate clays.
Their mostimportant diagnostic
feature is the presence ofa deep

oxic subsurface horizon,ahorizon

generally veryhighin clay-size particles
dominated by hydrous oxides ofiron and
aluminum (Brady, 1974). While their clay
contentis veryhigh, these are non-sticky
because these are mostly kaolinite with
oxides ofiron and aluminum — usually with
high infiltration rates. Oxisols are lowin
available nutrients (De Datta, 1981).

Oxisols cover minorupland
rice-growingareas in Southeast
Asia. These are found on
materials derived from highly
weathered rock. These also
have few textural changes
throughout the profiles.
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8. Mollisols

About 12 percent of the pedons were
Mollisols. These pedons belong to the
followingsoil series: Maahas, San Manuel,
Annam, Isabela, Valencia, Guimbalaon,
Mandawe, Libon, and Bago (Garcia, 1990).

The main diagnostic characteristics of
Mollisols are a thick, dark-colored, and
well-structured surface horizon with
granular or crumb structures. These are
nothard when dry. They also contain high
humus (mollic epipedon) and high base
saturation of 50 percent or more depending
on certain conditions throughout the
profile. Moormann and van Breemen
(1978) affirmed that most rice-growing

Mollisols are in alluvial plains and valleys;
these are usually recent or semirecent;
and these have base-rich parent materials
dominating.

Depending on the dominant class of soils
in eachregion, nutrient management
strategies may vary to attain the potential
productivity of rice grown in various areas.

Table 1 shows the physical and chemical
properties of some soil series where rice
isbeing grown in the Philippinesunder
different soil orders. Note that soil series
classified under the same soil order may
vary significantly, thusitis not safe to
generate fertilizer recommendations based
onsoil order or even soil series alone.
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Table 1. Physical and chemical characteristics of somessoil series

Soil Soil Series  Surface Texture Organic Available Exchangeable Cation Ex-
Order Carbon (%) Phosphorus Potassium change Capacity
(ppm) (me/100g) (me/100g)
Entisol Langa Silty clay 3.08 - 0.25 51.76
LaPaz Loamy sand 1.04 - 0.50 6.50
Angeles Sand 1.28 202.13 0.04 333
Inceptisol Ibaan Sandy clay loam 0.55 3.94 1.39 35.65
Butuan Clay loam 1.50 4.00 0.45 61.95
Castilla Clay 1.49 0.00 0.02 16.90
San Manuel  Silty clay loam 1.39 29.00 0.40 34.15
Vertisol ~ Bantog Silty clay 1.95 38.00 0.25 31.80
Bigaa Silty clay 1.01 26.30 0.25 46.60
Alimodian  Clay 1.66 - 1.20 55.10
Sta. Rita Silty clay 1.82 24.50 0.90 55.85
& Mollisol ~ Annam Loam 145 1.58 0.19 13.90
E Guimbalaon  Sandy loam 3.35 4.38 0.37 20.07
- Bago Clay 0.84 : 0.10 1630
% Alfisol Quingua Clay loam 0.76 4.00 031 30.10
g Lipa Clay loam 0.84 6.30 139 33.70
§ Catbalogan  Siltloam 1.78 - 0.40 32.80
2 Magallanes  Clay loam 0.40 1.05 0.62 32.72
§ Histosol ~ Dolongan Loam 39.44 - 1.30 149.90
14

Source: Garcia, 1990




COMPONENTS OF
A MINERAL SOIL

Mineral soils have four major components,
namely: the mineral matter and organic
matter which together constitute the solid
fraction, and the air and water that both
occupy the pore spaces of soils. In an ideal

mineral soil, the solid componentis made

up of 5 percent organic matter and 45 percent
mineral matter. As for the pore space, 25
percentis occupied by airand the remaining
25 percent by water. The proportion of air
and waterin the pore space varies constantly
especiallyinlowland rice fields.

; ‘ COMPONENTS OF A MINERAL SOIL
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1.

Mineral component (45%)

Accordingto Tiloetal. (1980), mineral
(orinorganic) matter comes from the
weathering of primaryand secondary
minerals. Itis composed of soil particles
of varying size: sand (0.02-2 mm), silt
(0.002-0.02 mm), and clay (less than
0.002 mm). The proportions of these
fractions determine the texture of the
soil. For example soil with 70 percent
sand, 10 percent clay,and 20 percentsilt

has sandyloam texture (See Figure 2).
The arrangement of the soil particlesinto
clusters or aggregates of different sizes
and shapesis called soil structure. Very
often, soil texture and soil structure are
interchangeably used. Soil texture is not
readily changed by management while
soil structure is through, forinstance, the
application of organic matter or puddling
duringland preparation ofrice fields.

PERCEMNT SAND

Figure 2. Soil textural class diagram




The sand andsilt fractions are largely made up
of primary minerals (unaltered minerals from
parentrocks). The clay fraction is made up of
secondary minerals (new minerals synthesized
from decomposition of primary minerals). The
mineral matter constitutes a natural reservoir
of nutrients required for plant growth. At the
same time, it adsorbs essential plant nutrients
because of negative and positive charges. The
amount and kind of clay particles as well as the
amount of soil organic matter determines the
ionic exchange capacity of soils.

2. OrganicMatter (5%)

Organic matter accumulates in the topsoil
where decaying plantresidues are largely
found. High organic matter content s
beneficial to crops especiallyin an aerobic
ecosystem. Thisis because it promotes

soil granulation; itincreases water holding
capacity; and itimproves soil fertility by
supplying some essential plant nutrients
and adsorbing nutrients caused by negative
charges.

‘ COMPONENTS OF A MINERAL SOIL
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3. Airspace(25%)

The composition of soil airis similar

to that of atmospheric air except forits
high carbon dioxide content. Soil air has
about 79 percent nitrogen, 20 percent
oxygen, 0.5 percent carbon dioxide,

and other gases. Among these, oxygen

is vital fornormal plant growth and
nutrient absorption by the roots (Tilo et
al,, 1980). Inapoorly aerated soil, plant
roots “suffocate” and the anaerobic soil
microorganisms dominate. Inflooded
soil, the total pore space is practically
filled with water, thusitis almost devoid
of oxygen.

4. Water(25%)

Soil water (or soil solution) carries and water to meet the needs of the crop and release
moves the dissolved nutrients within the water efficiently whenever the crop needs
the soil. Soil moisture constitutes the it. Wateris also the mostactive agentin the
primary source of water for terrestrial chemical decomposition of mineral matter;
plants. Thus, in crop production, it biological decomposition of organicresidues
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Roleof Soil Organic Matter

(SOM) in Crop Production

Soil organic matter (SOM) is the organic
component of soils widelyknown as humus.
It consists of the more resistant products of
decomposition — those synthesized by the
microorganisms and those modified from the
original tissue. Humus is usually black or dark
brown and colloidal.

SOM is oftentimes used to indicate the
productive capacity of a particular soil. Ideally,
mineral soils should have atleast S percent
ormore of SOM by volume. In the humid
tropics, most mineral soils have less than 5
percent SOM because the high temperature
and moisture hastens mineralization, thus

less SOM is accumulated. However, in
continuously saturated areas, more SOM
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accumulates because the organic matteris
mineralized more slowlyasaresult of limited

oxygen.

SOM hasanimportantrole insoils - physically,
chemically, and microbiologically. Physically,
SOM determines soil structure especially
under aerobic conditions. When the SOM
isrelatively high, soil aggregates are formed,
making the soil friable. However, ifthe SOM
isrelativelylow, the soil structure could be
blocky, columnar, or platy, and the soil is

easily compacted. SOM also improves water
retention capacity through the formation of
aggregate type of soil structure. Inirrigated
lowland ecosystems, however, the role of SOM
onsoil structure and water holding capacity s
of minimum importance. Thisis because the
soil structure is destroyed through puddling
duringland preparation. Water holding
capacityis of no consequence when the soil is

flooded.

Microbiologically, SOM supports ahigher
and varied soil micro florawhich promote
biochemical processesin soils and makes the

soilalivingand dynamic system. Chemically,
SOMisareservoir of nitrogen, phosphorus and
sulfur, and some micronutrients. Whenslowly
released, these nutrients help in the weathering
of soil minerals to release nutrient elements for
plantuse. As stated earlier, SOM has high cation
exchange capacity, thus enabling the soil to
retain more nutrients, and increase its buffering
capacity to resist change in pH. Further, SOM
favorsheat absorption because ofits dark

color; it contains plant growth-promoting
substances; and it reduces toxicity of organic
toxins and pesticides.



FLOODED VERSUS
UNFLOODED ECOSYSTEMS

When applying inputs like mineral fertilizers

and organic materials (both processed and raw
materials) to soils, it isimportant to understand
the chemistry or processes under aerobic and
anaerobic ecosystems. Otherwise, we cannot fully
attain the benefits of applying these materials.

Buresh (2002) illustrated diagrammatically
the relative proportion of the different soil
componentsin both ecosystems (Figure 3).
The aerobic system underideal conditions has
considerable volume of pore space occupied by
air. Under the anaerobic (or flooded) system,

B | FLOODED VERSUS UNFLOODED ECOSYSTEMS



Table 2. Comparison of soil physical properties under anaerobic and
aerobic ecosystems

Soil Anaerobic Ecosystem Aerobic ecosystem
Physical

Properties

Color Generally dark because  Light brown or yellowish
of poor drainage, reduced brown may indicate highly
condition, and very slow  leached soils; dark brown

Figure 3. Volume composition of awell-drained soil (A)
and asubmerged soil (B)

oxidation. It may also may indicate relatively
Source: PCARRD, 2007 T . . .
indicate high amount of  high organic matter con-
organic matter. tent; reddish yellow may
indicate highly oxidized
however, there is practically no air because iron rich soils

most of the pore spaces are occupied by

) Texture ~ Medium to heavysoils ~ All textural classes but the
water. The presence and absence of air

such as sandy clay loam,  best are loam soils
(oxygen) under these systems would silty clay loam to clay soil

E affectbiochemical processes suchasthe Structure  Generally platy because  All structures except platy
E decomposition and mineralization of of puddling; presence of

o organic materials. hardpan

% Table 2 lists down the different physical Drainage  Generally poorly drained, Moderate to well-drained
2 . . puddled, and with shal-  soils

2 properties of the two ecosystems which

2 ) ) ] low water table

£ willalso affecthow inputs applied to the

g soil would react. Hence, we would need Depthof  More productive soilif ~ Hardpan seldom develops
£ different stratecies and approaches in hardpan  greater than 25 cm;less  unless highly mechanized
B o & PP ] o productive ifless than with heavy machines

- applyinginputs such as organic fertilizers. 25 cm



Amongthe soil physical properties above,

only soil texture is not significantly changed gH

through flooding. Soil structure, on the ke

otherhand, is purposely destroyed during 21 \

land preparationinaflooded ecosystem. 7 P e e e e
Neutral pH

The soil pH is one parameter that B 4

determines the availability of soil nutrients. .

Under aerobic condition, pH doesnot | fex 5ol

change drasticallyinashort time, while 41

in anaerobic system, pH changes with 3 . : ; : : : : .

submergence (Figure4). 0 2 4 6 8 10 12 14 16

. . . el Weeks of sub d
Soils withlow pH increase to pH 7 within S

two weeks of submergence. On the other Figure4. Effect of submergence on soil pH (Ponnamperuma, 1985)
hand, soils with high pH goes down to pH
7 upon submergence. This suggests that
availability of nutrientsisinfluenced by pH

) ) T excess aluminum and manganese in acid soils 2

and their optimum availabilityisata pH of g . &
arerendered harmless. Third, iron toxicity 2

about7. o s g
inacidsoilsislessened. Fourth, availability B

Accordingto De Datta (1981), the of phosphorus, molybdenum, andsilicon U§J
stabilization of the soil pH at neutrality isincreased. Fifth, mineralization of soil 2
after submergence has several effects on organic nitrogen is favored. Sixth, organic 2
rice growth. First, the adverse effects of low acids decompose, and seventh, limeis rarely 5
orhigh pH per se are minimized. Second, necessary. 8
2
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Table 3 shows the fate and form of soil nutrients
under the two ecosystems. Certain nutrients
suchassulfurandzincbecomeless available
with flooding. Sulfuris precipitated as sulfide
of certain heavy metalslike iron. Zincis more

Table 3. Fate and form of soil nutrients under different ecosystemsa

Parameter
Redox state

Redox potential

Soil Color

Dominant Nitrogen form
Dominant Sulfur form
Dominant Manganese form
Dominant Iron form

Dominant Carbon gas produced

Main end products of decomposition”

Submerged soil
Reduced
Less than 200 mV
Dark gray to black
Ammonium
Sulfur gas, hydrogen sulfide
Manganous
Ferrous
Methane
Carbon dioxide, methane, hydrogen,

organic acids, ammonia, amine, hy-
drogen sulfide and resistant residues

available under aerobic condition especially
when SOM isrelatively high and less available
inanaerobic condition when it formsinto Zinc
carbonate (ZnCO3). Carbon dioxide (CO2) s
the product of organic matter mineralization.

Well-drained soil
Oxidized
Greater than 200 mV
Reddish brown to brown
Nitrate
Sulfate
Manganic
Ferric

Carbon dioxide

Carbon dioxide, nitrate,
water and resistant residues

“Ponnamperuma, 1985
"Brady, 1990



Nutrient Cyclesin Flooded
Ecosystems

Inflooded oranaerobic system, the plow depth
consists of two distinctlayers. The first few
millimeters (mm) from the surface is designated
asthe oxidized layer which means that oxygenis
present. On the other hand, the layerimmediately
below the oxidized layeris designated as reduced
layer, whichis practically devoid of oxygen. Thus,
the fate of the fertilizer nutrients when fertilizers
areapplied, will vary depending on the layer where
the nutrients end up.

Understanding the nutrient cyclesin flooded
ecosystem will provide us with appropriate
nutrient management strategies. Except for
potassium, the availability of nitrogen, phosphorus,
sulfur, and carbon are affected by submergence as
illustrated in Figures S, 6,7,8,and9.

On ‘ FLOODED VERSUS UNFLOODED ECOSYSTEMS
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Nitrogen Cycle

Nitrogen fixation is the process whereby
nitrogen gas (N2) from the atmosphere

is converted toammonium (NH4+) by
microorganisms as well as by aquatic plants
like azollain association with blue green
algae. Wheninorganic fertilizer such as
ureaisapplied to a paddy soil, some of

the ammonium ionsreact with waterand
become ammonia (NH3) gas that escapes
to the atmosphere. This processis called
volatilization.

Volatilization of ammonia from the flood
wateris accentuated when the water
temperature rises especially during sunny
days. Atthe oxidized layer, ammonium
reacts with oxygen which becomes nitrate
(NO3-), the abundant form of available
nitrogen under aerobic condition. Such
processis called nitrification.

Nitrate nitrogen, being negatively charged,
couldleach to the reduced zone and may
be subject to denitrification or producing

nitrous oxide (N20) and nitrogen gas
(N2) that will escape to the atmosphere.
Moreover, nitrate nitrogen (NO3—N), if
notdenitrified in the reduced zone, will be
leached into the ground water table.

Nitrogenin organic materials such as
manure or compost, whenappliedina
flooded system andlocated in the oxidized
layer, will be mineralized into ammonium
or nitrate. When the organic materials
areappliedin thereduced zone, the
organic nitrogen is slowly mineralized
toammoniumion or remains as organic
nitrogen. Once in the form of ammonium,
nitrogen becomes available for the rice
plants. Nitrate nitrogen in the oxidized
layer could also be utilized by rice plants.
Sinceammoniumions are positively
charged, these are adsorbed by negatively
charged clay particles and soil organic
matter, thus these are notreadilyleached
from the soil.

Considering the different processes
described above, mineral fertilizers



Figure S. Nitrogen cycle under flooded condition.

containing ammonium nitrogen should

be applied preferably at the reduced

zone to minimize nitrogen losses. Itis for
this reason that the technology of deep
placement of urea supergranule (USG) was
beingadvocated afewyears ago. On the

otherhand, the use of materials containing
nitrate nitrogen (NO3—N) isnot being
encouraged infloodedrice because the
nitrate is denitrified (nitrous oxide or
nitrogen gas escapes to the atmosphere)
and subsequentlylost.
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Phosphorus Cycle

Plants absorb phosphorus mainlyin the
form of dihydrogen phosphate (H2PO4-)
and hydrogen phosphate (HPO42-) which
are the dominant phosphorusionsunder
reduced conditions. In the oxidized layer,
phosphate phosphorus (PO43—P) is
present, but it could be precipitated by
ferriciron (Fe3+) soitisless available to

plants. Phosphorusin the reducedlayer can
eitherbe (1) soluble organic phosphorus
or (2) soil biomass (living) or (3)
inorganic phosphorus. Thelatter canbein
the form of mineral phosphorus (calcium,
iron, and aluminum phosphates) and
sorbed - phosphorus by the clay minerals
(aluminum andiron oxides). Phosphates

-Boil organic matter ~Borbed P clays -Minecral P

-Soluble organic (AlFeoxides)  (CaFe Al phosphabes)

Figure 6. Phosphorus cycle under flooded condition.

Groundwalter




canalsobeleached to the groundwater. Flooding
generallyincreases the availability of phosphorus
especially the phosphorus tied withiron asiron
dihydrogen phosphate or Fe(H2PO4)2. When
soilis flooded, the ferriciron (Fe3+) becomes
ferrousiron (Fe2+), thusreleasinganion of
dihydrogen phosphate (H2PO4-).

Because of this chemical transformation of
phosphates upon submergence, the current
methods ofassessing
available P in soils fail
toreflect theamount
ofavailable Punder
flooded condition.

and irrigation water when applied to the
soilisimmediately converted to potassium
ionthat canbereadily absorbed by the
riceroots. Since potassiumisa cation, it
isnotreadilyleached unless we add more
potassium to the soil through fertilizers

or organic materials and unless potassium
exceeds the exchange capacity of the soil.
However, this occurs mostly on coarse-

Potassium Cycle

Potassium is taken up

by plants, retained, and
removed in the soil
solutionin theionic
form (K+).Potassium
in organic materials,

inorganic fertilizers,

Figure 7. Potassium cycle under flooded condition.
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textured soils. Lowland rice soils,

in general, contain considerable
amounts of clay. Hence, excess
potassiumion tends to be fixed
within the - clay minerals or
adsorbed in the negatively-charged
exchange sites of both clay minerals
and organic matter. Potassiumin
the lattice of clay minerals such as
vermiculite and illite are said to

be fixed and become available in
exchangeable forms as these minerals
weather or get saturated with water.
Weatheringis along-term process
and the amount of potassium made
available each year depends on the
proportionand types of clay present
in the soil. In organic materials such
asmanure and crop residues, the
potassiumis notbiologicallybound
to organic compounds, unlike
nitrogen and phosphate, thusitis
available for plants to absorb.

Sulfur Cycle

Sulfate sulfur (SO42-) is the available form
absorbed by the rice plant. Elemental sulfur
from the atmosphere, when combined with
oxygen and water through the help of sulfur-
oxidizing heterotrophs, will form sulfuric
acid and would then be converted to sulfate.
Inorganic fertilizer such asammonium sulfate
(NH4)SO4when applied will dissociate into
ammonium and sulfate ions that canboth be
absorbed by theroots.

Sulfur from organic materials when applied to
the soil would become organic sulfur. Some
ofthe organic S canbe converted to sulfate
whenin the oxidized soillayer while some

can temporarily remain as organic sulfurin
the reduced layer. Sulfate underanaerobic
conditionsisreduced to hydrogen sulfide
(H2S).Ifhydrogen sulfide is not subsequently
precipitated by iron, calcium, aluminum, and
other metals, it escapes to the atmosphere as
hydrogen sulfide. Sulfate, being an anion, can
alsobeleached in the groundwater.



Inorganic fertilizer _ Compost
i.e. Ammonium sulfate (NH,)SO, g ™ Mannres

NHyt+ 802 = ~p
S, + 0, + H,0 P H,80, PSO2 -t
Ny

4‘-’-$04 -y -

‘ FLOODED VERSUS UNFLOODED ECOSYSTEMS

Figure 8. Sulfur cycle under flooded condition.
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Carbon Cycle

Sources of carbon are atmospheric carbon respiration. Organic carbon in the anaerobic
dioxide; carbonate rocks such aslimestone layer canbe converted to a greenhouse gas
and coral; deposits of coal, petroleum and -methane (CH4), - that escapesreadily in
natural gas derived from onceliving things; the atmosphere. Otherwise, organic carbon
and humus in soils. Carbon dioxide (CO2) decays, producing carbon dioxide in the

from organic materials when dissolved presence of oxygen.
with water forms

into carbonic
acid (H2CO3).
Carbonicacidis
used to weather
claysand

rocks, yielding
bicarbonateions
of calciumion
(Ca2+),ferrous
iron (Fe2+),and
sodium (Na+), etc.
Plants assimilate
carbon dioxide

toundergo
photosynthesis

andreleaseitas
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Figure 9. Carbon cycle under flooded condition.




Itisbest to formulate appropriate fertilizer yield have been sufficiently documented;

recommendations based on the crop’s therefore, itisrelatively easy to determine the
needs, desired yieldlevel, and soil nutrients’ nutrientlevel needed to achieve a target yield
availability where the plantis grown. The level. Determining the soil’s nutrient status,

nutrient needs ofrice crop for every ton of however, must be more systematic because

| FLOODED VERSUS UNFLOODED ECOSYSTEMS
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current methods of soil analysis can not assess the
nutrientlevelsin anaerobic ecosystems. Following
are some methods used to properly diagnose the
nutrient status of the soil.

Soil Chemical Analysis and Soil Test Kit

BasicPrinciple: Chemical reagents used
simulate the plantroots’ability to extract
available soil nutrients.

Shortcomings: Nutrients change in state when
the soilis dried. Thus, some nutrients may
be overestimated or underestimated in
conventional soil analysis. Likewise, the
method doesnotaccount for the contribution
ofirrigation water, which very often, isloaded
with nutrients. As discussed in the previous
section, some nutrients are more available
when oxidized than when reduced and vice-
versa depending onanaerobic or aerobic
ecosystems. There are few soil analytical
laboratories, analysisis costly, and getting
back the results takes time.
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Plant Tissue Analysis in the laboratory or Quick
Tissue Tests

Basic Principle: Nutrient concentrations
in plant tissuesreflect availability of soil
nutrients.

Shortcomings: The method requires special
facilities which are not readily accessible
to farmers or even technicians. It maybe
late to mitigate the nutrient deficiency(ies)
atthe stage when the plantis tested. If not
properly correlated, quick tissue test may
alsonotbe reliable.

Minus-One-Element Technique (MOET)

Thisis a biological test to determine
nutrient deficienciesin soils. Itis farmer-
friendly, relatively cheap, and designed
specifically forirrigated lowland soils.

BasicPrinciple: Thisisbased on the “law of
the minimum” which states that the level
of plant production canbe no greater than
that allowed by the mostlimiting of the

essential plant growth factors. This means
that “if one crop nutrientis missing or
deficient, the plant grows poorly, evenif the
other elements are abundant”.

Imagine abarrel with staves of unequal
length, wherein the staves represent the
nutrients/elements (Fig. 10).




The waterinside the barrel represents
the potential yield while the water
pouring outrepresents the lost yield.
The amount of yield depends on

the most deficient nutrient. We can
never achieve the fullest potential
yield unless we address the problem
on deficient nutrients (Mamaril etal.,
2008).

Comparison of Chemical Soil Laboratory Analysis and
Minus-One Element Technique (MOET)

Figures 11,12, 13 and 14 show the results from chemical
analysisand from MOET of different soils evaluated.
Below the chemicallaboratory analysis are the critical
nutrientlevels. If the values obtained are below the
criticallevel, the nutrient concern is deficient. Since
plantresponseis considered amore reliable indicator,
then MOET should be more appropriate in diagnosing
nutrientstatusin flooded soils.

Figure 10. Representation of the Law of Minimum
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Figure 11. Comparison of the chemicallaboratory analysis and the minus-one-element test of the soil from
Guis-guis, Sariaya, Quezon, 2008 Dry Season

Laboratory Chemical Analysis Minus-One-Element test result

Judging from the stand of the 30-day-old

pH 67 test plants, N and K are deficient. Because
Organic Matter, % 3.03 ofalmost neutral pH, thereisanimbalance
Total N, % 0.13 between Caand K causing the K deficiency
Avail. P, ppm (Olsen) 78 symptoms.

Exch. K, cmol/kg 0.65

Avail. § (SO,-S), ppm 245

Avail. Zn, ppm 9

Avail. Cu, ppm 12

CEC, cmol/kg 194

Accepted critical level of nutrient

Lessthan 2% organic matter or 0.20%N = N deficient
Lessthan 10 ppm Olsen P= P deficient

Lessthan 0.20 cmol/kg Exch. K=K deficient
Lessthan 1.0 ppm Avail. Zn = Zn deficient

Lessthan 10 ppm Avail. S (SO4-S) = S deficient
Lessthan 0.2 ppm Avail. Cu= Cu deficient

Based on the critical nutrient levels given,
the soilis deficientin N only.



Figure 12. Comparison ofthelaboratory chemical analysis and minus-one-element test of the soil
from Lapu-lapu, Narra, Palawan, March 2000.

Laboratory Chemical Analysis

Minus-One-Element test result

Znisalso deficientin addition to the

pH 7.20 ) ) . .
nutrients mentioned earlier. Thisis

Org. C, % LG expected due to high pH.

Total N, % 0.16

Olsen P, ppm 2.00

Exch. K, cmol/kg 0.04

Avail. § (SO,-S), ppm 7.11

Avail. Zn, ppm 4.20

Exch. Ca, cmol/kg 243

Exch. Mg, cmol/kg 21.81

Accepted critical level of nutrient

Lessthan 2% organic matter or 0.20%N = N deficient
Lessthan 10 ppm Olsen P= P deficient

Lessthan 0.20 cmol/kg Exch. K=K deficient
Lessthan 1.0 ppm Avail. Zn = Zn deficient

Lessthan 10 ppm Avail. S (SO4-S) = S deficient
Lessthan 0.2 ppm Avail. Cu= Cu deficient

Lab. analysisresults indicated N,P,K,S
deficiencies
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Figure 13. Comparison ofthelaboratory chemical analysis and minus-one-element test of the soil
from Lucban, Quezon, 2008 Dry Season

Laboratory Chemical Analysis cmol/kg ) are below the critical levels, 0.20%
020 emol kg, of N and K. respectivly
pH 5.20
Organic Matter, % I Minus-One-Element test result
Total N, % 0.18 Asshown by the 30-day-old test plants, N,
Avail. P, ppm (Bray) 1.00 S,and slight K deficiency is evident. S could
Exch. K, cmol /kg 0.11 have been precipitated by Fe since the soil pH
Avail. § (SO4-), ppm 93.00 isrelativelylow such thatwhen sub@erged
. orreduced, the Fe present canreadily
Avail. Zn, ppm 16.00 precipitate S.
Avail. Cu, ppm 29.00
CEC, cmol/kg 25.00

Accepted critical level of nutrient

Less than 2% organic matter or 0.20%N = N deficient
Lessthan 10 ppm Olsen P= P deficient

Lessthan 0.20 cmol/kg Exch. K=K deficient
Lessthan 1.0 ppm Avail. Zn = Zn deficient

Lessthan 10 ppm Avail. S (SO4-S) = S deficient
Lessthan 0.2 ppm Avail. Cu= Cu deficient

Lab.analysis results shows that values
obtained for N (0.18 %) and K (0.11



Figure 14. Comparison ofthelaboratory chemical analysis and minus-one-element test of the soil
from Tagkawayan, Quezon, 1999 wetseason

Laboratory Chemical Analysis

Parameter Value

pH 5.10 Accepted critical level of nutrient
Org. C % 1.83 Lessthan 2% organic matter or 0.20%N
. =N deficient
Total N, % 0.16 Lessthan 10ppm Olsen P= P deficient
Olsen P, ppm 19.00 Lessthan 0.20 cmol/kgExch. K=K
. deficient
Exch. K, cmol/kg 0.08 Less than 1.0 ppm Avail. Zn=Zn
Exch. Ca, cmol/kg 9.04 deficient
Lessthan 10 ppm Avail. S (SO4-S) =S

. Exch. Mg, cmol/kg 3.04 deficient
E Avail. S (SO4-S), ppm 97.86 Lessthan 0.2 ppm Avail. Cu= Cu
E ) deficient
& Avail. Zn, ppm 3.90
Z .
£ Avail. Fe, ppm 376.50 Lab. analysis results show N and
g Avail. Cu, ppm 9.00 K deficiencies.
<
E Avail Mn, ppm 115.00
=
40



Minus-One-Element test result

Results showed N,P, K, Zn, Swith P asthe
most deficient (due tohigh Fe).

Zn and Swere likewise deficient due to
reduced condition.

A complete laboratoryanalysis, which includes
calcium (Ca), magnesium (Mg), iron (Fe) and
manganese (Mn) could have helpedinamore
thorough interpretation of the results obtained
fromboth thelaboratoryanalysisand the
MOET testand inreconciling the difference
observed between the two methods of
diagnosing nutrient status in submerged soils.
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Organicfertilizers

Organic fertilizers are produced from animal manures; crop residues;
andindustrial, urban, and household wastes. Organic fertilizers have
low nutrient composition and are bulky. These materials canimprove
the physical, chemical, and microbiological properties of the soil.
However, before animal manure and crop residues can be considered
organic fertilizers, they have to be decomposed through biological,
chemical, orany other processes until the original materials are no
longerrecognizable. These also have to be free from plant or animal
pathogens; be soil-like in texture; contain notless than 20 percent
organic matter (oven-drybasis); and able to supply nutrients to
plants (PCARRD-DOST, 2006).

The Fertilizer and Pesticide Authority (FPA) has classified organic
fertilizersas:

a) Pureorganic—decomposed plant or animal materials to
which decomposingactivators mayhave been added to hasten
decomposition. Neither chemical norinorganic fertilizer
material hasbeen added to the finished product to affect nutrient
content.

b) Fortified/Enriched organic fertilizer — an organic fertilizer
material that had been enriched with microbialinoculants,
hormones, and/or chemical fertilizer to increase its nutrient
contentand efficacy.



Some organic fertilizers available in the
Philippinesare presented in Table 4. The raw
materials commonly used to produce organic, bio-
organic,and compost fertilizers are 1) agricultural
wastes such as sugarcane bagasse, rice straw, rice
hull, saw dust, composted mushroom, “ipil-ipil”
leaves, weeds, grass clippings, leaves, and molasses;
2) biodegradable wastes includingkitchen wastes
(peelings, leftovers), and market wastes (shredded
cocowastes, vegetable trimmings, fish entrails); 3)
animal manures such as chicken manure, chicken
dung, and swine manure; 4) inoculants/activators
thatinclude Trichodermaharzianum, VAM fungi
microorganisms, etc; and S) African nightcrawler
earthworm used in vermicomposting.

Some of the claimed beneficial effects of these
technologiesinclude: improvement of the soil’s
physical, chemical and microbiological properties
such as soil structure, thus promoting aggregation;
increased water-holding capacity; better drainage;
higher nutrient-holding capacity; increased soil
organic matter; and enhanced microbial activity.
Furthermore, composting can reduce solid wastes,
maintain environmental quality, and help increase
cropyield.
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Table 4. Raw materials and mode of action of some organic, bio-organic, and compost fertilizers.

Organic/Bio-Organic/

Compost Fertilizers

1. Coco-compost pro-
duction technology

2. Vermicomposting

3. Production of organic
tertilizer from simple
livestock waste briquet-
ting system

4. Aware’s Kalikasan
organic fertilizer

S.1BS rapid composting
technology

6. Norfarco bio-organic
fertilizer

Raw materials

Coco (buko) wastes, chicken
manure, ipil-ipil leaves, and CFA

African nightcrawler, kitchen
wastes(not including oil, meat,
and dairy products), garden
wastes, and animal wastes

Chicken manure, swine manure,
composted mushroom, molas-
ses as binder, and effective VAM
fungi

Microorganisms

Biodegradable wastes, rice hull/
saw dust, rock phosphate, animal
manure, and Trichoderma

ice straw, market waste, weeds
Rice straw, market waste, weeds,
grasses, manures etc. + Tricho-
derma harzianum

Inoculants

Sugarcane bagasse, activator,
chicken dung

Mode of action
Serves as soil conditioner and helps prolong
water retention

- Increases ability to retain moisture
- Promotes better nutrient-holding capacity
- Promotes better soil structure

- Promotes higher levels of microbial activity

- Total N is higher than in manures

- Briquetting provides alternative organic
fertilizer that offers more aeration because
of its size

- Improves physical properties of soils

- Used as fertilizer for crops and helps in the
reduction of solid waste

- Improves soil tilth and texture

- Increases water-holding capacity and fertil-
ity of the soil

- Increases average yield

- Used as fertilizer for crops and helps re-
duce solid wastes

Reference

PCARRD,
2004

Villegas, 2000

Capitan et al,,
1999

Lapid etal,
1996

Cuevas, 1997

PCARRD,
2004




The raw materials used in organic materials and
claimed modes ofaction (e.g.,improved soil
structure, increased water-holding capacity)
are notrelevantforflooded ecosystems. As
pointed out earlier, these physical properties
have little or no significance foranirrigated
lowland rice ecosystem because the soil is
puddled duringland preparation. Thisis

unless the fieldis prepared dry and direct
seeded butflooded later. Water retentionis

also notapplicableinflooded soil because

itis continuously wet even when alternately
irrigated. In many cases, information about
these organic fertilizers/bio-organic/compost
fertilizers does notreport their nutrient
contents and the rate by which the nutrients are
mineralized for the plants to absorb.

Organic/bio-organic and compost fertilizers
are sources of minimal amounts of macro-and
micro- nutrients (Table §). However, it takes
voluminous amounts of these materials to
provide the plant enough essential nutrients,
especially the macronutrients for maximum
yield. Hence, using solely organic, bio-organic,

and compost fertilizers will be laborious and
costly.

Accordingto Dr. Jacques Diouf, Fertilizers

and Agriculture (FAO) Director-General,
“FAO hasnoreason to believe that organic
agriculture can substitute for conventional
farming systems in ensuring the world’s food
security. We should use organic agriculture and
promoteit. It produces wholesome, nutritious
food and represents a growing source ofincome
for developed and developing countries. But
you cannot feed sixbillion people today and
nine billionin 2050 withoutjudicious use of
chemical fertilizers.”

Accordingto FAO, “dataand models regarding
the productivity of organic as opposed to
conventional farming show that the potential of
organicagriculture is far fromlarge enough to
teed the world. However, chemical inputs must
be used with care. You have to choose theright
inputsand right amounts, and apply themin

the right wayand at the right time” (Fertilizers
and Agriculture, 2008).
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Table S. Nutrient content of some organic/bio-organic/compost fertilizers commercially available in the Philippines.

Organic C:N N PO, KO Na Zn Cu Mn Ca Mg  Reference
Fertilizers  Ratio %) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
1. Bio-green Espiritu et
compost 15 50 2084 149 582 170 - - - - - - - al, 2003
2.Coco- - 4589 232 288 100 041 5208 1645 385 6710 - - PCARRD,
compost 2004
3. Vermicast - - 274 133 354 - 100 S0 300 4300 2,900 5,200 Xélé%gas’
4. Organic
fertlizer 5 . 271 311 178 - 400 260 700 13800 15600 $s00 CrPitamet
from live- al., 1999
stock waste
S. Aware’s
Kalikasan - 560 127 396 120 - 922 554 1816 7993 - - Lapid et
organic al,, 1996
fertilizer
GREd - 2450 200 290 190 - 170 - - - 16000 7,000 CUeves
compost 1997
7. Norfarco RRE
bio—organic - - - 2.00 3.00 200 - 300 100 1,100 11,600 - - PC ’
. 2004

fertilizer

Legends:

C:N = Carbon:Nitrogen ratio N = Nitrogen Na = Sodium Mn = Manganese Mg = Magnesium

OM = Organic Matter P20S = Phosphate Zn = Zinc Fe=1Iron

OC = Organic Carbon K20 = Potash Cu = Copper Ca = Calcium



Moreover, arecent study by Dr. Susanne

Bugel and colleaguesin the Department of
Human Nutrition, University of Copenhagen
(Society of Chemical Industry, 2008), showed
no evidence to support the claim that organic
foodisbetter than food grown using pesticides
and chemicals. They found no differencesin
the levels of majorand trace contentsin five
crops (fruitand vegetable) that were grown
organically or conventionally.

Likewise, a similar study conductedin
Davis, California (Asami, 2003 ) showed

that total phenolic content (TP) content, an
antioxidant, of organically and sustainably
grown foods (fruitsand corn) were consistently
higher than those produced by conventional
agricultural practices. Sustainable production
uses chemicalfertilizers without the use of

pesticides whereas organic production ulitizes
organic sources of nutrients without pesticides.
On the otherhand, conventional production
uses chemical fertilizers as well as pesticides as
productioninputs. Itis not the application of
organicfertilizer alone thatis the reason behind
the increase in antioxidants. Factors such as
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resource availability, soil quality, climate, and
insectand herbivory pressures are known to
affect the nutrientlevels in plants. Polyphenol
content could even be higher in plants applied
withinorganicfertilizers foraslongasno
pesticides were applied (Mamaril, 2004).

Proper use of organic fertilizers in combination
with chemical fertilizers s still the best way to

supply the nutrient requirement of the crop
while improving the status of the soil.

Shownin Table 6 is the Fertilizer and Pesticide
Authority’srequirement on the allowable level
of nutrients and moisture content for organic,
soil conditioner, and fortified fertilizers.

Note the relativelylowlevels of nitrogen,
phosphorus, and potassium.

Table 6. Specifications of plain/fortified organic fertilizer and compost or soil conditioner

Plain Organic

Fertilizer

Total Nitrogen, Phospho-

rus and Potassium 5-7 percent
Carbon-Nitrogen ratio 12:1
i Less th 1
Moisture content terSS%an or equa
Organic matter Greater than or
8 equal to 20%

Soil Conditioner

3-4%

12:1

Less than or equal to 35%

Fortified Organic
Fertilizer

8% minimum

12:1

Less than or equal to

35%
Greater than or equal to Greater than or equal
20% to 20%

Note: Total nitrogen, phosphorus and potassium = %nitrogen + %potassium + %potash

Source: Fertilizer and Pesticide Authority



More fortified/enriched organicfertilizers are of calcium, hence causingimbalance of potassium

being produced to increase the nutrient content and magnesium or reduction of available

and effectiveness of organic fertilizers. However, phosphorus (Table 7). Lime also enhances the
improper fortification of organic fertilizers with volatilization of ammonia (NH3) produced
chemicalinputs can cause nutrientimbalance during the mineralization of the organic fertilizer.
in the resulting fertilizer material. Forinstance, Likewise, some organic fertilizers contain high
addinglime increases considerably the amount amounts of some heavy metals.

Table 7. Nutrient content of some fortified fertilizers sold in the Philippines

Fortified Fer- N PO, KO Zn Cu Mn Fe Ca Mg Reference

(il (%) (%) (%)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

1. SeaCrop™ ARRD

Fortified or- 1.0/1.0 4.0/2.0 3.0/0.5 - - - - - - PC ’

. s 2004

ganic fertilizer

2. SAGANA "

2000 Fortified 5 5 555 500 4000 2,000 2,000 600 200 4000 LCARRD; g

organic-based 2004 £

liquid fertilizer :
&

3.SAGANA Anomvinods £

100 Organic 4.5-59 622 8.10 500 200 400 3,900 44,800 14,700 1996 Y ’ ?

Fertilizer &

Legend: N = Nitrogen Zn = Zinc Fe = Iron §

P,O, = Phosphate Cu = Copper Ca = Calcium 3

[e]

K,O = Potash Mn = Manganese Mg = Magnesium
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There are two important concerns in using
organicfertilizers. Oneis that raw materials may
contain pathogens especially when these are
from manures, includinghuman feces. Another
isthelevel of heavy metals especiallywhen the
raw materials are industrial or urban wastes and
even household wastes. Written on the bags of
organicfertilizers should be a guarantee that
these are free of pathogens and that theirlevels
ofheavymetals are within acceptable levels.
Table 8lists down the allowable levels of heavy
metals in organic fertilizer/compost/soil
conditioner. These levels should also be met by
inorganic fertilizers.

Green Manure

Green manure are grown inlowland rice fields
asadryseasonrelay crop or after the dry season
rice crop. Green manure crops can capture

the excess nitrate-nitrogen in the soil after
therice crop beforeitisleached to the deeper
soillayers oritislost during flooding through
denitrification.When the soilis dried in

Table 8. Allowable levels of heavy metals in organic
fertilizer/compost/soil conditioner.

Maximum Allowable Level in

Heavy metal Compost'
(mg/ kg dry weight)
Zinc 1000
Lead 750
Copper 300
Chromium 150
Nickel S0
Mercury S
Cadmium 5
'EEC, 1986 Source: Fertilizer and Pesticide Authority

between tworice crops, the NH4-N is nitrified into
NO3-N, whichis subsequently denitrified when
flooded for the succeedingrice crop (Figure S).

Leguminous green manure crops are potential
nitrogen source. They also improve soil properties and
control weeds, pests, and diseases. Green manuring



hasnotbeen popularin the Philippines the green manure crop is not economically
especiallyamong small farmers mainly because tangible to the farmer.

oflost economic opportunity. Farmers do not
getany produce before the cropis turned over
into the soil, hence the nutrient benefits from

Table 9lists some of the green manure crops
being grown in the Philippines and elsewhere
in other countries.

Table 9. Average composition of some green manure crops.

Oven Dry Basis (%)

Green Manures Carbon/Nitrogen Ratio Nitrogen Phosphorus Potassium

Sesbania aculeate - 2.18 - -

Sesbania speciosa 18 2.51 - -

Sesbania rostrata 11 3.81 0.22 3.23

Crotolaria juncea - 1.95 - -

Crotolaria usarmoensis - 5.30 - -

Vigna sinensis (cowpea) - 3.09 - -

Melitotus indica - 3.36 0.22 1.27

Pisum sativum (pea) - 1.97 - - o

Acacia ferruginea (leaves) - 2.96 0.13 0.88 5

Acacia arabica (leaves) - 261 0.17 1.20 E

Desmodium trifolium - 2.93 0.14 1.30 %

Calopogonium mucunoides - 3.02 - - 3

Water hyacinth 18 2.04 0.37 340 2

Azolla sp - 3.68 0.20 0.15 L

Azolla microphylla 9 4.25 0.26 2.09 %)

Algae - 247 0.12 0.37 Kl
53

Leucaena leucocephala - 4.29 0.19 1.37




Table 10. Nitrogen content of some nitrogen-fixing plants/green manures.

Nitrogen-Fixing Plants/ Green

Amount of Nitrogen Fixed Reference
Manures

500-1000 kg nitrogen/ha/yr; 170 kg/ha/2

Azolla pinnat . R
zolla pinata months if grown together with rice

Cosico, 1985

Sesbania sp. 542 kg nitrogen/ha/yr Cosico, 1985
Sesbania rostrata 250 kg nitrogen/ha in 52 days Cosico, 1985
Sesbania aeschynomene 45-120 kg nitrogen /ha in 60 days Rola, 2000
Indigo 60-250 kg nitrogen/ha in 60 days Rola, 2000
Gliricidia and Leucaena 40-120 kg nitrogen /ha per pruning Rola, 2000

Table 10 shows the amount of nitrogen
contents of some green manures. The

Inorganicfertilizers

nitrogen inthese green manures isnot

necessarily fixed from the atmosphere, . . . ) o ]
but doortionis absorbed f Their properties of inorganic fertilizers are determined
utagood portionisabsorbed from
th g'l ThP t of it fixed predominantly by their mineral matter or synthetic
e soil. Theamount of nitrogen fixe
from the at h b 8 q chemical compounds. These refer to any solid orliquid
rom the atmosphere canbe assesse

ineN1S Whp . chemical compoundswith considerable amounts of atleast
usin .When green manure is
. 5 tedint tgh 1 notall one essential plant nutrient, such as nitrogen, phosphorus,
incorporated into the soil, nota
thei p. ¢ tent ’ db potassium, secondary macronutrient, and micronutrients.
eir nitrogen contents are used by

the rice crop; some are lost during Table 11 shows some of the commercial inorganic
decomposition or mineralization. fertilizers available in the market.
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Table 11. List of some inorganic fertilizers and their composition.

Inorganic Fertilizer
Nitrogen (N)
Urea or carbamide*
Ammonium sulfate*
Ammonium nitrate**
Ammonium phosphate*
Ammonium chloride
Phosphorus ( PO i)_
Ordinary superphosphate™
Triple superphosphate

Potassium (K O)

Muriate of potash*

Potassium sulfate™

Potassium magnesium sulfate
Calcium (Ca)

Calcitic lime***

Dolomitic lime***

Burned lime***

Hydrated lime

Chemical formula

CO(NH,),
(NH,) SO,
NH,NO,
NH_H PO,
NH,Cl

KCl
K SO,

K SO,*2MgSO,
CaCo,
CaCO,*MgCO
CaO
Ca(OH),

3

Nutrient composition (%)

45-46 N
20-21N;24S
33N
11N; 1648 PO,
26N
20P,0,;19-22 Ca;10-12S
46-47P O,

60K,0
50K,0
21K,0

34Ca
17 Ca
70 Ca
50 Ca
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Table 11. List of some inorganic fertilizers and their composition (Continued).

Inorganic Fertilizer Chemical formula Nutrient composition (%)
Gypsum CaSO,*2H,0 22Ca
Calcium chloride CaCl, 36 Ca
Magnesium (Mg)
Kieserite MgSO,*H,0 18 Mg
Magnesium oxide MgO 45 Mg
Dolomite* CaCO,*MgCO, 12 Mg
Iron (Fe)
Ferrous sulfate FeSO,*7H,O 19 Fe
Iron chelates NaFe EDTA S5-14 Fe
NaFe HEDTA S-9 Fe
" NaFe EDDHA 6 Fe
g NaFe DTPA 10 Fe
E Zinc (Zn)
§ Zinc sulfate* ZnSO4«H20 35Zn
é Zinc oxide* ZnO 78 Zn
g Zinc carbonate ZnCO3 527Zn
% Zinc chelates Na2ZnEDTA 14Zn
2 NaZnNTA 13Zn
56




Table 11. List of some inorganic fertilizers and their composition (Continued).

Inorganic Fertilizer

Zinc chelates
Copper (Cu

Copper sulfate

Copper nitrate

Copper chelates

Manganese (Mn)

Manganese sulfate

Manganese oxide

Manganese chloride

Manganese chelate
Boron (B)

Borax

Boric acid
Molybdenum (Mo)

Ammonium molybdate

Sodium molybdate

Chemical formula

NaZnHEDTA

CuSO4¢5H20
Cu(NO3)2¢3H20
Na2CuEDTA
NaCuHEDTA

MnSO4¢4H20
MnO
MnCI2
MnEDTA

Na2B40O7+10H20
H3BO3

(NH4)6M07024+2H20
Na2zMoO42H20

Nutrient composition (%)

97n

25 Cu

13 Cu
9Cu

26-28 Mn
41-68 Mn
17 Mn
S-12 Mn

11B
17B

54 Mo
39 Mo
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:lj; ‘ FACTS AND MYTHS ABOUT ORGANIC FERTILIZERS

Inorganic fertilizers could be single element,
compound or mixed, and complete. A single

element fertilizeris urea and muriate of potash.

Ammonium phosphate and potassium nitrate
are considered compound or mixed fertilizers.
Meanwhile, 5-10-15and 14-14-14 are
complete fertilizers.

Inorganic fertilizers generally have more
nutrients compared to organic fertilizers. The

nutrients are readily available to the plants and
these are cheaper per unit nutrient content.
Moreover, mineral fertilizers are easier to

handle because theyare less bulky.

Adverse claims about mineral or chemical
fertilizers have no strong scientific basis.
Fertilizers per se do not deteriorate soils. What
is perceived to be declining soil productivity

is due to improper use of inorganic fertilizers
that could lead to imbalance of the essential
nutrientsin soils. Chemical fertilizers, when
appliedinaflooded system, do not make

the soil acidic. As discussed earlier, pH of
flooded soilrises from acidic to neutral (pH
7). Chemical fertilizers do not also change soil
physical properties, such as soil texture or soil
structureinaflooded ecosystem. Soil texture
isrelativelya stable soil property thatis not
affectedinashort period by soil management.

While organic fertilizers contain some
micronutrients by nature, micronutrients can
alsobe supplied to nutrient-deficient soilsby
chemicalfertilizers.



UTILIZATION OF
FARM WASTE

Advocates of organic farming have claimed that
there is enough supply of raw organic materials

to meet the nutrient requirements of crops.

These include urban, industrial, household, and
farm wastes. However, as mentioned earlier, we
should be careful when using urban and industrial
waste. These may contain some toxic and harmful
materials such as pathogens and heavy metals
that are dangerous to plants, animals,and human
beings. Hence, these must be carefully processed
first to be safe for agricultural use. Further,
transporting these materials to the farm willincur
additional cost. Household wastes, mainly from
thekitchen, are relatively safer than either the
urban and industrial wastes. It may also be more
practical and acceptable for farmers to use farm
wastes. These include animal manures and crop
residues.

% | UTILIZATION OF FARM WASTES
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Information were collected on the amount
of manure that each animal produces per day,
the number of heads perkind of animal, and
the nutrient composition of the different

animal manures. These information on poultry

(bothlayersand broilers), swine, cattle,

carabao, goat, and duck are shown in Table 12.
Meanwhile, Table 13 shows the average range

of micronutrient contents of manures of cattle,
horse, swine, sheep and poultry. The highest
micronutrients found in animal manures appear
tobe manganese and zinc, and the lowest s cobalt.

Table 12. Production and chemical composition of animal manures.

'"Fresh Weight of
Animals Manure Produced  *Number
by a Single Ani- of Heads
mal Per Day (kg)
Layer 0.08 24,542,351
Broiler 0.03 40,159,583
Swine 1.36 12,803,780
Cattle 4.00 2,547,956
Carabao "7.73 3,357,956
Goat "2.60 3,735,816
Duck "0.15 11,013,283

3Carbon/

*Chemical Composition of Fresh Manures

Nitrogen (%)
Ratio hY P K Ca Mg

16
24
*19

402 371 155 409  0.14
317 325 235 052 025
276 2.64 147 126 0.09
206 066 077 070 016
122 085 079 015  0.09
200  *149  *24S - -

215 “1.13 “1.15 - -

! Computed from approximate daily manure available from different
animals’ daily gas production (Sombilo, 1980)

2Inventory on the total number of animals in the Philippines (Bureau of
Agricultural Statistics, 2006)

3 Adapted from organic constituents of various organic materials (Inoko,
1982)

*Adapted from average chemical composition of manures (Laureles and
Felizardo, unpublished data, 1973)

"Sources: Fertilizer Guidelines, 2001; Hsieh and Hsieh, 1990

*Adapted from average composition of animal manures (Misra and Hesse,
1983); based on oven dry basis

" Adapted from livestock fresh manure characteristics (Moncrief et al.,, 1999)



Table 13. Trace element concentration of fresh
manures (McCalla, 1974).

Ifall the manures presented in Table 14
were to be applied even torice areas only

Element Minimum Maximum  Aver- (4.2 million ha), theamount of nitrogen

- ppm, dry basis - age (N), phosphorus (P), and potassium (K)
Boron 45 520 202 needed wouldbe 118.8 kg, 89.7kg, and
Manganese 75.0 549.0 201.1 75.2kgperhectare based on fresh weight,
Cobalt 0.25 4.7 1.0 respectively. While these maybe enough
Copper 7.6 408 156 tomeet the demand of rice to produce S
Zinc 43.0 2470 962 t/ha, it seemsimpractical to apply such
Molybdenum 0.84 15.8 23 voluminous quantities, especiallyif the

Note: Data from 44 samples of farmyard manure representing fresh manure sources are far from the farms.

manure of cow, horse, swine, sheep, poultry, and mixed manures

Table 14. Approximate amounts of nutrients from different animal manures (kg/ha/year).

Total Manure Weight per ~ Weight of Manure Nutrients Returned (kg/ha per yr)*

LOHTELS Year (kg/yr) (kg/ha peryr) * N P K
Layer 716,636,649 172 6.9 6.4 2.7
Broiler 439,747,434 106 3.4 3.4 2.5
Swine 6,355,796,392 1,528 422 40.3 22.5
Cattle 3,720,015,760 894 18.4 5.9 6.9 g
Carabao 9,474,304,956 2,278 27.8 194 18.0 g
Goat 3,545,289,384 852 17.0 127 209 :
Duck 602,977,244 145 3.1 1.6 1.7 %
Total 5,975 118.8 89.7 75.2 -
Note: Based on total land area of rice (Bureau of Agricultural Statistics, 2006). 6_31




Table 18S. Area, production, and chemical composition of common crops and crop residues.

. Weight of *Chemical Composition
1
Crop ar.ld Crop Area (ha) Production Crop Residue (% Oven Dry Basis)
Residue (tons)
(kg/haperyr) CN N P
Palay 4,159,930 15,326,706 - - - - - -
Rice straw = 15,326,706 3,232 60 0.58 0.10 1.38 14.0
Rice hull - 3,371,875 705 88 *0.31 *0.07 *037 15.0
Corn 2,570,673 6,082,109 - - - - - -
Corn stover - 6,082,109 2,048 55 0.59 0.31 1.31 15.5
Sugarcane 392,280 24,345,106 - - - - - -
Bagasse - 7,303,532 10,862 116 0.35 0.04 0.50 714
Mudpress - 827,734 1,394 - - - - S14
Cassava 204,578 1,756,856 - - - - - -
Cassava peelings = 87,843 429 - - - - -
Coconut 3,337,378 14,957,910 - - - - - -
" Coconut husks - 4,936,110 1,479 - AL7S 7012 *0.90 -
N Banana 428,804 6,794,564 - - - - - -
i Banana stem - 3,397,282 7,923 - *1.00 *046  *8.48 -
% "Total area and production of crops in the Philippines Assumptions:
5 (Bureau of Agricultural Statistics, 2006) - Harvest index for rice = 50 (Yoshida, 1984)
2 *Adapted from average composition of some crop residues - Percent rice hull in grain = 22% (Philippine Rice Research Institute, 2005)
2 (Misra and Hesse, 1983) - Harvest index for corn = 50
2 *Adapted from relationship between mineralization of - Percent bagasse in cane tonnage = 30% (Sugar Regulatory Administration)
% nitrogen and initial C/N Ratio of Organic Materials - Percent mudpress in cane tonnage = 3.4% (gugar Regulatory Administration)
g (Shiga, 1977) - Percent cassava peeling of cassava = 5%
E *Data analyzed at Analytical Soils Laboratory, University - Percent coconut husks in coconut = 33% (United Coconut Associations of
Q of the Philippines Los Bafios the Philippines)
= AAnonymous, http://cpcri.nic.in/garden%20manage- - Percent banana stalk in banana = S0
62 ment-coconut.htm




Table 16. Approximate amounts of nutrients from different crop residues (kg/ha/year).

Crop Residae Total Weight Per Amount of Nutrients (kg/ha/yr)*
Year (kg/ha/yr) Nitrogen (N)  Phosphorus (P) Potassium (K)
Rice straw 3,232 18.7 32 44.6
Rice hull 705 34 1.7 4.6
Corn stover 2,048 12.1 6.4 26.8
Sugarcane bagasse 10,862 38.0 4.3 54.3
Coconut husk 1479 259 1.8 13.3
Banana stalk 7,923 79.2 36.4 671.8

*Based on total land area of the crop (Bureau of Agricultural Statistics, 2006)

Moreover, some nutrients such as N may be harvestindex, and percentage waste from the
lost through various biochemical processes, harvested product. Nutrient compositions of
while the manure ishandled, transported, the crop residues are also presented. Cassava,
and applied to the soil. Thus, the crop actually whichis also widely grown, was notincluded
uses fewer amounts than the totalamount of because ofinsufficient data (Table 15). Ifall
nutrients. therecyclable biomass were returned to the

soil, the amount of nutrients recycled will not
be enough to supporta crop that can produce
reasonable yield (Table 16).

Recyclable biomass of selected crops (rice,
corn, sugarcane, coconut, and banana) have
been estimated based on production data,
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Contribution of Crop Residue

to Soil Organic Matter

Applying organic materials to soil has definite benefits.
For one, it supplies nutrients and energy for soil
organisms that help in accumulating soil organic matter
(SOM) in soils. The role of SOM has been described
earlier. However, the contribution of organic material
to SOM accumulation within a short period ofayear or
two is widely misperceived.

The amount of SOM formed with the addition of
organic materials will still depend on the carbon
nitrogen ratio (C:N ratio) of the original material and
the conditions during decomposition. The following
calculations using rice straw and organic fertilizers

as the organic materials show the magnitude of soil
organic matter accumulation.




Comparative Accumulation of Soil Organic
MatterfromRice Straw and Commercial
OrganicFertilizer

Rice Straw

Assumptions: Harvest Index: 50% (grain yield/
(straw + grain) x 100)

Ifgrainyield = 5,000 kg/ha (14% moisture
content), thenstrawyield=5000kg  (14%
moisture content)

Percent nitrogen in straw = 0.6% (based on
Yoshida, 1981) Carbon nitrogen ratio of
fresh straw=60:1

Carbon nitrogen ratio of soil organic matter
(humusstate) = 10:1

Soil organic matter = % organic carbonx1.73

Weight of one hectare furrowslice soil =
2,000,000kg

Strawyield = 5000 kg (14% moisture content)

=4,386kg (completelydry)

First, determine the amount of nitrogen and

carbonin the straw:

4,386kgx0.006 =26.3 kg nitrogen in straw
since carbon nitrogen ratio in oven dried fresh
strawis 60:1

26.3kgnitrogenx60=1,578kgcarbonin
Straw

When the straw decomposes into soil organic

matter (humus) with carbon nitrogen (C:N)
ratio of 10:1 and assuming that none of the
initial nitrogenin the strawislost during the
decomposition, then the resulting amount of
soil organic matter (SOM) produced will be:

26.3kgnitrogenx 10 =263 kg organic carbon

263 kgorganic carbonx 1.73 =455 kg soil
organic matter

‘ UTILIZATION OF FARM WASTES
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Percent SOM in one hectare furrow slice
broughtaboutbyincorporating 4,386
kg oven dry straw/ha willaugment the
SOMDby0.023 percentasshownin the
formulabelow:

455kg SOM+2,000,000kg/ha x100=
0.023% SOM

Theincrease in percent SOM s farless
than the one percent that some studies
report.

Assuming that 50 percent of the
initial nitrogen in straw was lost
during decomposition through
ammonification, nitrification, and
denitrification and subsequently
leached orvolatilized, the resulting
SOM accumulation willamount to only
0.011 percent.

Accumulation of SOMfromricestraw
incorporationbased on thestudy reportedin
the 1983 IRRI Annual Report

(The Fate of *Carbon (**C)-labeled Fresh
Straw Incorporated in Submerged Paddy Soil)

One reliable way of determining SOM
accumulation from the application of
organicfertilizersis to use 14Carbon-labeled
materials and then to monitor the amount of
14Carbonleftin the soil with time. Assuming
weuse 5,000 kg straw asin the previous case
discussed, shall we have the same result? Figure
15 shows the decomposition rate of 14C-
labeled rice straw in a continuously submerged
soil wherein the half-life of the 14C-labelled
strawwas 43 days. In other words, the amount
of 14C-labelled strawleftin the soil 43 days
after application was half of the original
amount of rice straw applied.



e %) remaning in 20 cm of topsod!

1 L !
a 2 (5]
Trre after ncorporation (ma)

Figure 1S. Decomposition of 14carbon-labeled rice straw in a continu-
ously submerged soil in the IRRI farm, 1983

Assumption: Amount of straw incorporated =
4,386 kg/ha (same asin previous sample

Carbon nitrogen (C:N) ratio of straw = 60:1
Percent nitrogen in straw =0.6%

Half-life of 14Clabeled rice straw
incorporatedin flooded soil =43 days

Nitrogen contentin straw=4,386x0.6%
=4,386x0.006
=26.3 kgnitrogen

At Carbon nitrogenratio of 60:1,

Organic carbon=26.3 kg nitrogenx 60
=1,578kg/ha

At 12 months, onlyabout 18% of the organic
carbon from the incorporated strawisleft based
on 14Clabeled studies (see Figure 15).

Therefore: 1,578kg/hax0.18 =284 kg/ha organic
carbon from straw remainsin the soil

SOM=284kgx1.73=491kg/haSOM

% SOM=491kg/ha SOM x100=0.024%
2,000,000kg/ha

The value obtained by the 14Carbonlabeling
method whichis.024% is similar to the 0.023%
obtained from the method discussed earlier.

‘ UTILIZATION OF FARM WASTES



Commercial Organic Fertilizer (COF) The total dry weight/ha of organic fertilizer =
400kg/ha+1.35=296kg/ha
Most commercial fertilizers have lower carbon

nitrogen (C:N) ratio averagingabout 15:1. Nitrogen content of eight bags of organic fertilizer

Thus, these materials should be able to build up =296kg/hax0.06=17.76kgnitrogen/ha

the soil organic matter more readily than farm

wastes. However, the magnitude of increase will Assuming no nitrogen from the organic fertilizer

depend on the amount of commercial organic islostafter beingincorporated into the soil, the

fertilizer applied. amount of organic carbon accumulated in the
soilwillbe,

Assumptions: Rate ofapplicationis eight bags at

50kgbags/ha Organic carbon=17.76 kg/hanitrogenx 15 =
266kg/ha organic carbon

Weight of one ha furrow slice (HFS) =

2,000,000kg/ha To convert organic carbon (OC) to SOM
(carbonnitrogen ratio=10:1):

Percent nitrogen of organic fertilizer = 6%

(based on oven-dry weight) 266 kg/ha organic carbonx1.73 =
460.18kg/ha

Carbon nitrogen ratio of organic fertilizer =

15:1 If expressed as percent SOM per hectare furrow
slice (HFS), the result would be 0.023%

Moisture content (%MC) of organic

fertilizer=35% 460.18kg/hax100+2,000,000kg/ha=
0.023%
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Based on the calculation, eight bags of
commercial organic fertilizer can contribute
only 0.023% SOM whichis similar to 5,000kg
of straw.

Let’sassume that 30% of nitrogen is taken

up by therice crop and 30%islost through
leaching and volatilization. Thatleaves only
40% of the nitrogen from the commercial
organic fertilizer. The SOM that maybe
accumulated in the soilwith 10:1 carbon
nitrogen ratio willbe 17.76 kg nitrogen x 0.40
=7.1kgnitrogen/ha.

At carbon nitrogen ratio of 10:1, the total
organic carbon accumulation would be 71 kg/
ha organic carbon,

71kg/haorganic carbonx1.73=123kg/ha
SOM (humus)

%SOM = 123kg/ha +2,000,000 kg/hax
100=0.0062%

Therefore, the amount of SOM accumulated
with commercial organic fertilizer islikely to
belower than what many advocates of organic
farming claim.
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Crop Responses to Organic

Fertilizers/Green Manures

Advocates of organic farming claim that organic
fertilizers could replace inorganic fertilizers
wholly or partially to attain a desirable level of
productioninrice. Some studies support such
claims. Table 17 shows “ipil-ipil” (Leucaena)
leaves being compared to ammonium sulfate
as source of nitrogen at the rate of 120kg/ha.
While the yields did not differ, 2.79 t/ha dried
leaves of “ipil-ipil” leaves with 4.3% nitrogen
contentis needed to supply 120 kg nitrogen.
Thisis a huge volume as compared to only 571
kg or 11 bags of ammonium sulfate inorganic
fertilizer.

The questions are practicality and sufficiency
of supplyifall farmerswould apply “ipil-ipil”
leaves. Beingaleguminous tree, itislikely that
microorganisms associated with the tree are
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Table 17. Grainyield (t/ha) of IR36 as affected by water regime
and application of Ipil-ipil (Leucaena leucocephala) leaves,
1977-78 cropping season

S N Amount of Mate- Grain Yield (t/ha)
ourceo rial Used (perha) Flooded Non-flooded

No fertilizer - 29b 2.1b
Ipil-ipil leaves
(4.3% nitrogen) 279t 6.8a 40a
Ammonium
sulfate ("21% S71 kg or 7.1a 3.6a

! 11.4 bags
nltrogen)

Source: Lao-lao et al,, 1978
Note: Nitrogen rate = 120 kg/ha
* Adapted from table 10
b Adapted from table 11
! Mean of four replications and corrected to 14%.
In a column, means followed by the same letter are not significantly different at 5%
level (DMRT).

fixing atmospheric nitrogen. Table 10 shows this tree
contains 40-120kg of nitrogen per ha per pruning.
Unfortunately the amount of biomass per pruningis not
given atanyrate. The amount of nitrogen attributedis
notallfixed from the atmosphere. Information sources
donotindicate whether the fixed nitrogen from the
atmosphere was measured using Nitrogen'$(N'9).

Another study was conducted
comparing commercial organic
fertilizer with 5% nitrogen, dried
azollawith 3.68% nitrogen, cow
manure with 2% nitrogen (on

fresh weight basis), and urea with
46% nitrogen. These were applied
at90kgnitrogen/ha. Results
showed no significant differences
among the materials (Table 18).
However, voluminous amounts

of organic sources were needed to
attain the equivalent nutrientlevels
(e.g., nitrogen) compared tourea.
Consequently, the cost of the materials
andlaborin applying the organic
fertilizers could be higher thanin
applying ureaalone.

Studies have shown that using pure
organic source is not practical and
even economically notviable. Further,
their supply would be a constraint if
majority of rice farmers will use them.
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Table 18. Effect of organic fertilizers on yield of lowland
rice (IR S6), dry season.

Amount of Mate- Grain Yield
rial Used (perha)  (kg/plot)
Control - 292b
Commercial
organic fertilizer

- Sagana 100 (*5%
nitrogen)

Dried Azolla
(°3.68% nitrogen)
Cow manure (2%
nitrogen, fresh 4.50 tons 7.71a
weight)

Urea (“46% nitro-
gen)

Fertilizers!

1.80 tons 711a

2.4S tons 720a

196 kg or 4 bags 6.90a

Source: Tilo and San Valentin, 1984

Means followed by the same letter are not
significantly different at 5% level.
!Application rate: 90-30-30

* Adapted from Table 7

¥ Adapted from Table 10

“ Adapted from Table 12

4 Adapted from Table 11

Insome large piggery farms, the hog manure is
accumulated in digesters to produce methane
gas. The spent sludge that comes from the
digestersisused as organic fertilizers.

The efficiency of sludge as fertilizer for lowland
rice hasbeen studied. Pure sludge was compared
toaseries of varying ratio of sludge as organic
fertilizer and also to ammonium sulfate alone.
The nitrogen rate used was 90 kg nitrogen/ha.

Yield significantly increased with sludge alone
over the control (no fertilizer ). However, when
compared to ammonium sulfate only, the latter
yielded almost one ton higher. Combining
sludge and ammonium sulfate at aratio of 50:50
producedyield comparable to those obtained
from crops applied with pure ammonium sulfate.
Applying sludge, however, posed practical
problems especiallyif the source of sludge was
far from the farm. To provide 45 kg nitrogen
required about 3.7t of sludge. A practical strategy
isto combine aratio of atleast 50:50 or 25:75
organicand inorganic fertilizer (Table 19).

While the pure sludge treatment had the
equivalent of 90 kg nitrogen as the ammonium
sulfate treatment, the organic nitrogen was not
mineralized at the rate the rice plants needed
nitrogen. However, when available nitrogen from
ammonium was added, the microorganisms were



enhanced to mineralize the sludge. Thus, the combination
organic: inorganic materials at a ratio of 25:75 produced
yield comparable to pure inorganic nitrogen.

Table 19. Grainyield (t/ha) and nitrogen uptake of two rice
varieties as affected by proportions of sludge and ammonium
sulfate.

Fertilizer Treat- Cretn % A.verage
ment IR50 UPL-Ri2 Mean™ Nitrogen
: Uptake

Control (no fertil- 314 2.66° 49.1
izer)
Sludge alone 3.99 420  4.10° 86.6
75:25! 4.38 486 4.62° 95.3
50:50* 4.71 527 499 99.2
25:753 4.94 S5.10 5.02* 107.1
Ammonium sulfate  4.80 520  5.00° 117.0
MEAN 4.16 4.63

Source: Parducho, 1981
175% sludge, 25% ammonium sulfate
250% sludge, 50% ammonium sulfate
325% sludge, 75% ammonium sulfate
*Means followed by the same letter(s) are not significantly different at $% level.
Note: Average composition of sludge:
Nitrogen = 1.22%
Phosphate = 1.35%
Potash = 1.01%
Moisture = 84%
Fertilizer rates = 90 kg nitrogen/ha

Among farm manures, chicken manure
(CM) appeared to be quite effective
asshownin Table 20. Applying 2 t/

ha of chicken manure produced yield
comparable to 118 kg nitrogen/haas
urea supergranule (USG) and prilled
urea (PU) during the dry season.
However, this wasless effective during
the wet season. When chicken manure
was mixed with USG and PU, yield
furtherincreased by more than2 t/ha
during the dryseasonbut not during the
wet season. Assuming that the average
nitrogen content of chicken manure is
3% nitrogen, 2 t of chicken manure will
then contain atleast 60 kg nitrogen/ha.

The results showed that organic sources
were not effective during the wet

season as compared to the dryseason.
Apparently, mineralization of organic
nitrogen was slower, suggesting that
organic materials should be applied
during the dryseasonand not during the
wetseason.
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Table 20. Grainyields at two sites as affected by nitrogen and chicken manure
treatments, IRRI, 1987 dry season and wet season.

IR29723-143 yield (t/ha)

Treatment' DS WS
Block M13

Control 414c 348 ¢
Chicken manure, 2 t/ha 6.20b 440b
118 kg nitrogen/ha as USG and PU 6.83b 5.07 a
118 kg nitrogen/ha as USG and PU

+ 2 t/ha chicken manure 847a 520a

Block 424

Control 429 ¢ 3.89b
Chicken manure, 2 t/ha 496 ¢ 4.79 ab
118 kg nitrogen/ha as USG and PU 695b 420b
118 kg nitrogen/ha as USG and PU

+ 2 t/ha chicken manure 7.96 a 5.18a

Source: IRRI, 1988
USG = urea supergranule;
PU = prilled urea
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Ways of Recycling Wastes

Farm wastes include crop residues, weeds,
prunings, animal manures, and household
wastes (fruitand vegetable peelings, meat and
fish scraps). These can be recycled or utilized
toimprove soil productivity. For crop residues,
particularlyrice straw, farmers burn their
straw mainly to make land preparation easier,
especiallywhen the turnaround time for the
nextseasonisshort (Figure 16).

Figure 16. Burning of rice straw.

d ‘ UTILIZATION OF FARM WASTES
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Table 21 shows significantamounts of
several nutrients beinglost by burning,
thus minimizing the amounts of nutrients
returned to the soil. The sulfur contained
inthe strawisalsolostatabout the same
magnitude as nitrogen. Besideslosing
nutrients, burningalso pollutes the airand
produces greenhouse gases.

Table21. Nutrient losses when rice straw is burned.

Treatment' Percent Losses
Field burning 700°C
Carbon ] 100
Nitrogen 70 100
Phosphorus 5 2
Potassium 20 -
Magnesium 20 ]
Manganese 40 ;
Zinc 50 _

Source: IRRI Annual Report, 1988, p. 360

Crop residueslike rice straw could be composted
insituas shownin Figure 17. The straw from
threshingis spread over the field, then chicken
manure or any farm manure or compost is
applied (Figure 18) to enhance the activities of
indigenous soil microorganisms and to hasten
the decomposition of crop residues spread over

Figure 17. Scaterring of rice straws in the field.




the entire field. With this method, thereisno

ne

edtoinoculate Trichoderma or other pure

inoculum for rapid composting. The fieldis
then flash flooded to moisten the strawand to
further press the crop residues to the ground to

facilitate its decomposition by indigenous soil

microorganisms.

Figure 18. Appli

X -..'.-.

In situ composting can alsobe done by

piling the rice straws where threshing was
done to minimize labor in moving the straw
somewhere else. Chicken manure or any farm
manure or compostis applied on the straw
pile, then watered occasionally to facilitate
decomposition (Figure 19).

cation of chicken manure. Figure 19. Application of chicken manure on a pile of rice straw in the field.

T
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Flooding the field at the start ofland
preparation also enhances the decomposition
ofthe straw so that the composted straw
isready for spreading during the last field
harrowing (Figure 20). This strategy could
be more advantageous over the traditional
piling of the crop residues outside of the
paddybecauseitrequire lesslaborand the
decomposition of the straw is faster.

Composting may be done also off the field either

underashed orin the open. However, ifin the open,
the compost pile should be covered by a plastic sheet
(Figure 21). Should the crop residue include twigs
oftrees or shrubs, the residues should preferably

be shredded if machine is available (Figure 22) or
chopped into short pieces before piling. Chicken
manure or any manure plus some amount of mature
compost should be applied on the compost pile.



Then the pile is moistened before being covered
with plastic sheet. Occasionally the pile should be
turned over.

Mowing the stubblesleft behind after harvest
(Figure 23) hasbeen tried in my own rice farms
after which the fieldhasbeen flash flooded

and some chicken manure spread to hasten
decomposition (Figure 24). Itis advisable to store
animal manure for a couple of weeks to mature or
“cure” the material before applyingitin the field.

Likewise, if manure were to be applied for the
rice crop, itis bestapplied during the early
stage ofland preparation (Figure 25).It can
then react with the soil; free ammonia could
then be tied up with the soil. When the SOM
isrelativelyhigh (more than 4%), manure

is preferably applied during the dry season.

Excess organic matter, however, could cause
zincand sulfur deficiency especially when the
fieldis continuously flooded.

EI ‘ UTILIZATION OF FARM WASTES
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27. Plowing of the mowed field showing the thorough turning over of the rice stubbles.

Mowingalso facilitates plowing and
incorporation of the crop residues (Figure
26). When the field was plowed 3 weeks

after mowing, the strawwas almost fully
decomposed (Figure 27). The extra operation
of mowing was compensated by ease of plowing
andbetterincorporation of the crop residue
resulting to sustained or even enhanced

SOM levelin the soil. Moreover, ever since

we practiced mowing, insect infestation
especially of stem borer on the subsequent
crop hasbeen minimum. According to Dr.
Alberto T. Barrion, entomologist (personal
communication,year?), mowing the rice
stubbles after harvest deprived insect pests
such as stem borers and black bugs, of habitats
during off-season.

Afewyearsago, rice hullhad beenan
unrecyclable waste mainly because itwas hard
to decomposeit. Lately, however, ithasbeen
found tobeavaluable source ofheat energy

for cooking, heating grain dryers, and for
powering engines. Rice hull, partially burned as
carbonized rice hull (CRH), was found to have




several uses such asbeing
aplantmedium and soil
amendment (Figure 28).
Carbonizedrice hullis
also used to suppress foul
odor and to minimize
fliesin piggery and
poultry farms aswell as to
facilitate the handling of
animal manures. Amount
of CRH produced from
rice hullis about 60% by
weight.

Household wastes

from thekitchen such

aspeelings of fruits and & / - -

Vegetables and meat Figure 28. Making carbonized rice hull. Figure 29. Incorporation of household wastes.

orfish scraps can

be directlyapplied "
into the soil without 5
adverse effects (Figure 29). Carbonizedrice facilitate decomposition. Special contraptions =
hull could also be used to cover the household for composting are not needed. Within :
wastes. The wastes have to be covered witha one week to 10 days, the original state of é
thin layer of soil to minimize foul odorand to household waste is unrecognizable. %
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In orchard farms, weeds,
twigs and branches pruned
fromtrees could be shredded
or chopped and applied
atthebase of fruittreesto
decompose (Figure 30).

To hasten decomposition,
chicken manure or compost
couldbe applied. These crop
residuesalso serve as mulch
and minimize evaporation
especially during the dry
months. Likewise, banana
stalks, reported toberichin
potassium, could be chopped
and placed at the base of fruit
trees. The peelings of cassava

Figure 30. Mulching of fruit trees.

tubers also contain relatively high potassium.

Ways of recycling farm and household wastes should
notentail extra effortand incur additional expense so

that farmers can be encouraged to practice recycling
rather than buying commercial organic fertilizers or

biofertilizers.



BIOFERTILIZERS VERSUS

MINERAL FERTILIZERS

Soil organisms (bacteria, fungi, algae, actinomycetes,
earthworms etc.) are essential components of the

soil which contributes to itslife and productivity.
Earthwormshelp in the circulation of airin the soil,

and these also feed on soil particles, thus releasing by-
products thatimprove the soil’s fertility. The nodulating
and symbiotic bacteria known as “Rhizobia” have
beenknown to fixatmospheric nitrogen and supply

the nitrogen needs of its leguminous planthost. The
amount of nitrogen fixed from the atmosphere by these
organisms hasbeenreported to range from 30 to S0kg/
ha. Approximate amounts of nitrogen fixed by aerobic
and anaerobic nitrogen-fixing microorganisms are
presented in Table 22. However, there are no reports
onhowmuch of this fixed atmospheric nitrogen s
actually used by the host plant especially the associative
nitrogen-fixing organisms.

‘ BIOFERTILIZERS VS MINERAL FERTILIZERS
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Table 22. Amount of nitrogen fixed by aerobic and anaerobic nitrogen-fixing microorganisms.

Nitrogen-Fixing Microorganisms

Free-living biological nitrogen fixers
A. Aerobic nitrogen-fixing bacteria
1. Diazotrophs
a. Azospirillum spp.
b. Klebsiella (some)
c. Azotobacter spp.
d. Beijenrinckia
2. Cyanobacteria/Blue Green Algae
a. Anabaena
b. Nostoc
B. Anaerobic nitrogen-fixing bacteria
1. Clostridium spp.
2. Enterobacter
3. Desulfovibrio
4. Achromobacter
S. Klebsiella (some)
6. Cyanobacteria/Blue Green Algae

Amount of Nitrogen Fixed
11kg/ha

20-40 kg/ha/season

32kg/ha/yr

15-45 kg/ha/crop

32 kg/ha/yr

32kg/ha/yr
32 kg/ha/yr
15-45 kg/ha/crop

Reference

Troeh et al., 2005

Anonymous, 2007
Troeh et al., 2005

De Datta, 1981

Troeh et al., 2005

Troeh et al., 2005
Troeh et al.,, 2005
De Datta, 1981




Some fungiand bacteria are also effective in
decomposing or mineralizing organic matter,
thus helping farmers dispose off farm wastes and
use these to improve their soil productivity. Many
researchers also claim that some organisms could
solubilize specific elementsin the soil, serve as
biocontrol agents, promote and stimulate plant
growth, andincrease nutrient uptake. These
processes may lead to the replacement of 30 to 50
percent of the inorganic fertilizer reccommended
for certain crops.

Further, certain strains of microorganisms
known to fixatmospheric nitrogen have been
isolated and made into various preparations

with varying media. These preparations are
called microbial fertilizers or biofertilizers. The
organismsin these microbial fertilizers range
from bacteria, fungi, algae, actinomycetes, etc.
Microbial fertilizers are claimed to increase the
number of microorganisms and accelerate certain
microbial processes such as fixing of atmospheric
nitrogen, solubilizing of phosphate, or degrading
of cellulose. Biofertilizers are applied to seeds, to
soilin the seedbed, or to composting materials

(PCARRD-DOST,2006). The term microbial
fertilizer or biofertilizer, however, isa misnomer
because these materials do not contribute
nutrients per se but merely make nutrients
available from other sources like atmospheric
nitrogen or soil organic materials.

While the role of these biofertilizershasbeen
recognized, there are evidences that their effects
on crop growth oryield have been inconsistent
ornotmarked as claimed. Conditions where
these biofertilizers are effective are not

defined to guide farmers. Since most of these
organisms are aerobic, theymaynotbe as
effective under anaerobic ecosystems like
irrigated farms. Hence, biofertilizer developers
should be required to indicate the species/
strains of organisms present (whether aerobic
oranaerobic) and the conditions where the
productis effective.

Table 23 lists down the active organisms,
raw materials, and modes of action of some
biofertilizers commercially available in the
Philippines. The microorganismsusedin
the production of biofertilizers are either
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bacteria, fungi etc. These include Azospirillum,
Rhizobium sp., Trichoderma harzianum,
Azotobacter sp., photosynthetic bacteria, and

hull, sugarcane bagasse, molasses, cocopeat,
carbonized rice hull, charcoal, Mikamia
cordata (baging-ilog), sawdust, corn grain,

lacticacid bacteria. The raw materialsused as
culture medium singly orin combination are

milledrice, cassava chips, and coconut
water; b) animal manure such as chicken
a) agricultural wastes such as coir dust, plant manure, ¢) soil/sand; and d) inorganic
substrates, crop residues, rice bran, rice hay, rice fertilizer.

Table 23. Active organisms, raw materials, and mode of action of some biofertilizers.

Active
Organisms

Mode of Action Reference

Biofertilizers Raw Materials

solid carrier + - Replaces 30-50% of the total nitro- ~ Garcia et al,,

1. Bio-N Azospirillum charcoal gen requirement of rice 2002

“Baging-ilog”, saw- - Compost product has carbon nitro-

2. Trichod :
penederma dust, corn grain, gen ratio of 11.6; nitrogen, phos-

@ Compost . . . .

i Fun Ps Acti- Trichoderma milled rice, cas- phorus and potassium at normal Madrigal,
E g harzianum sava chips, camote  level for pure organic fertilizer 2006

5 e R G chips, and coconut

3 : ]

3 (TriCEAP) water - Decomposes wastes in 4 weeks

o

2

g

2 - Bio-organic fertilizer increases yield

5 by 20-30%

> o , Coir dust, chick Y

z 5. Bio-Quick Trichoderma sp. Ol Gush chicken Pedro, 2006
5 manure -~ Inoculant for d ition of

5 noculant for decomposition o
E wastes
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Table 23. Active organisms, raw materials, and mode of action of some biofertilizers. (Continued)

Active

Biofertilizers . Raw Materials Mode of Action Reference
Organisms

- Bio-organic fertilizer increases yield

by 20-30%
6. Bio-Fix Azotobactersp. O dust chicken . A _ Pedro, 2006
manure - Contains nitrogen-fixing bacteria
- Induces growth and enhances yield
- Bio-organic fertilizer increases yield
Trichod Animal manure, by 20-120% over the unfertilized
9. Biogreen TICROGErMASP-  ¢oir dust, crop plots, especially in soils with low Espiritu et
- P1og Azotobacter s residues, Bio- organic matter, and can equal the al, 2003
b Quick, Bio-Fix yields of those with chemical fertil-
izers alone
- Used as activator in decomposing
Rice residues, wastes
Photosynthetic  sawdust animal Y
7. Kyusei EM bacteria, lactic ~ manure, bagasse - Removes foul odor during decom- ~ Anony- i
Bokashi C acid bacteria molasses, coco- position mous, 1998 £
and, yeast. peat, carbonized 5
rice hull - Carbon nitrogen ratio of compost 5
is 15:1 =
>
3. Biocon Trichoderma Fungi, coconut - Canreplace 50% of the fertilizer Cuevas, E
; harzianum water requirement of rice and other crops 2006 :
87
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Crop Responses to Biofertilizers

Proponents of biofertilizers have claimed that
numerous experiments have been undertaken
and have shown positive benefits. However,
many of the claims have been anecdotal, the
studies have not been properly designed
statistically, or the results have notbeen

statistically analyzed. In addition, results of
some efficacy trials onlowlandrice of various
biofertilizers do not show any significant
difference compared with commercial
inorganic fertilizers (Tables 24-26).

The above results show unclear effects of
Bio-N onyield of rice because when only
Bio-Nisapplied, the yield is the same as the
control (Table 24).Itis onlywhen Bio-N
isapplied withinorganic fertilizer that
ithad apparent effect. Bio-N showed no




contribution in providing nutrients to the crop.

Contrary to the claim of Bio-N developers,
the organisms in the formulation also donot
fixatmospheric nitrogen. Thisis because
when nitrogen fixers are deprived of readily
available nitrogen in the soil, these are forced
to fixatmospheric nitrogen to survive. ‘Fixers’
are unlikely to fixatmospheric nitrogen when
inorganic nitrogen in the form of inorganic
fertilizeris applied.

Table 24.Yield of ricevariety PSBRC 80 as affected
by chemicalfertilizer and Bio-N inoculation: dry
season, 2002, Biotech demo farm (Garcia, 2002).

Treatment Yield

(t/ha)
T1 - Control 2.82c¢
T2 — Full recommended rate (FRR) 3.4bc

T3 - Half recommended rate (1/2RR)  2.75c¢
T4 - Halfrecommended rate + BIO-N  3.84 ab
TS5 -BIO-N 3.13c¢
T6 — Full recommended rate + BIO-N ~ 4.25a

Similar to the previous study cited, the results
of an experiment (Table 25) also suggest that
the effect of Bio-N is not statistically significant
evenifnumerically thereisanapparent
difference between Bio-N only and the control.
Further, the results appeared to be taken from
inappropriate sampling methods orfroma pot
experimentbecause the yields were reported
in grams. Pot experiment for rice may not
necessarily represent actual field conditions.

Table 25. Grain and straw yield of rice (PSBRC 80)
sampled at four corners of an experimental field, Biotech
demosite, dry season 2002 (Garcia, 2002).

Treatment Grain

Yield (g)
T1 - Control 80.55b
T2 — Full recommended rate (FRR) 93.39 ab
T3 - Halfrecommended rate (1/2RR)  85.85ab
T4 — Half recommended rate + BIO-N  97.97 ab
TS5 -BIO-N 87.17 ab
T6 — Full recommended rate + BIO-N ~ 110.80 a

Note: FRR — Full recommended Nitrogen rate.

Note: FRR - Full recommended Nitrogen rate.
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Results of the experiment on the use of
Trichodermashowed inconsistencies because
differencesinyield among treatments were
insignificant. The mean weight of filled grains
intons per hectare showed some numerical
difference, but these appeared not to have been
analyzed statistically (Table 26). Yield values
expressed in tons per hectare are estimated
values and should be interpreted with caution.

Moreover, several of the studies failed to show
evidence foranyadditional benefit (Parretal,,
1984). The organisms present in most, ifnot all, of
these biofertilizers have beenisolated from soils
under aerobic conditions. Therefore, itislikely

that these organisms may give positive beneficial
effects on crops grown only under aerobic condition
but notunderirrigated lowland rice grown under
anaerobic condition.

Table 26.Yield and yield components of lowland rice (Oryza sativa) PSB Rc 34 — Bardagol during the 2003 wet season

cropping (Cuevas, 2006).

Mean Mean
Number* Number* Weight*(g)
of Tillers ofPanicle

Treatments

0kg Urea 85.6a 76.1a
90 kg/ha Urea 80.8a 75.0a
45 kg/ha Urea 90.4a 785a

90 kg/ha Urea+ Trichoderma  98.4a 85.6a
45 kg/ha Urea+ Trichoderma  88.1a 82.5a
0 fertilizer input+ Trichoderma 91.9 a 83.8a
cv.=16.18%

Mean Dry I'V[e;u: Mean Mean Weight
Weight.*(g) s 3 of Filled
Weight*(g) ..
. Unfilled . : Grains in
of Tillers ) Filled Grains
Grains t/ha
201.8a 26.6 a 1149b 4.6
189.9a 24.4a 141.2b 5.64
185.3a 19.0a 135.1b 5.6
194.0a 21.5a 1643 a 6.57
1889a 22.0a 161.3a 6.45
196.6 a 26.4a 153.1a 6.12




Some field experiments show that biofertilizers
donotgive positive benefits. Table 27 shows no
significant differences among the treatments
forVital N as affected by different methods
ofapplicationin the field. The treatment with
full recommendation of inorganic fertilizer
obtained the highest yield with or without Vital
N application. Evidently the organisms present
inVital N are not effective when applied under
flooded condition.

The effectivity of biofertilizers including

Vital N, Bio-N, and Cocogro have been
recentlyverified to evaluate their comparative
performance underlowland condition

(Table 28). The results showed insignificant
differences amongtreatments. Further, the
significant difference observed on treatments
involving combinations of biofertilizers and
chemical fertilizers could notbe generalized as
attributed to the effect of biofertilizer.

Table27. Adjusted grain yield (t/ha) of PSB Rc82 as affected by biofertilizer (Vital N) and inorganic fertilizers, dry
season, 2003. Maligaya clay soil series. Maligaya, City of Mufioz, Nueva Ecija (Javier et al,, 2003).

Treatments AT Vit.a IN-
applied
Control 523a
Half recommended fertilizer
Rate (1/2 RFR) (She
Recommended fertilizer rate 2164

(RFR)

Seedbed Treat-  Root Dipping Seed Coating

ment (ST)
5.32a 482a 526a
6.18b 6.18b 6.37 bc
6.94 cd 7.34d 7.07 cd

Means per parameter of similar letters are not significantly different from each other at 5% level of significance by DMRT. RFR = Recom-
mended Fertilizer Rate for dry season 120-42-90 kg nitrogen, phosphorus, potassium/ha; Wet season: 90-30-30 kg nitrogen, phosphorus,

potassium/ha.
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Table 28. Grainyield (t/ha) of lowland rice (MS 6) at 14% moisture content as affected by
different fertilizer treatments planted in Calumpang clay (wet season, 2007).

Treatment Grain Yield'
(t/ha)

T1 - Control c
T2 - Inorganic fertilizer at full recommended rate (IFFRR) 4.51 ab
T3 - Inorganic fertilizer at half recommended rate (IFHRR) 4.29 abc
T4 - Vital N 3.71 bc
TS - Vital N + Inorganic fertilizer at half reccommended rate 4.24 abc
T6 — Bio-N 4.14 abc
T7 - Bio-N + Inorganic fertilizer at half reccommended rate 3.97 be
T8 — Cocogro 3.75bc
T9 — Cocogro + Inorganic fertilizer at half recommended rate 4.18 abc
T10 — Chicken manure + Inorganic fertilizer at half recom- 4.87 a
mended rate

"Within a column, means followed by the same letter(s) are not Adapted from Flores, 2008

significantly different at $% level by DMRT.

Note: IFFRR- Application of inorganic fertilizer at full recommended rate based on soil analysis

IFHRR - Application of inorganic fertilizer at half recommended rate

Vital N - Roots of 12-day old “dapog” rice seedlings were soaked in a solution of Vital N
(100 g/16 L water) for 30 minutes before transplanting

Bio-N - Roots of 12-day old “dapog” rice seedlings were soaked in a solution of Bio-N
(200 g/4 L water) for 30 minutes to an hour before transplanting

Cocogro - Roots of 12-day old “dapog” rice seedlings were soaked in a Cocogro solution (30
ml/1 L water) for 30 minutes to an hour before transplanting

Chicken manure + IFHRR - Chicken manure at a rate of 3 t/ha plus inorganic fertilizer at
half recommended rate was applied before the last field harrowing.
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Table 29. Grainyield (t/ha) of lowland rice (MS 6) at 14% moisture content as affected by
different fertilizer treatments planted in Calumpang clay (dry season, 2007).

Treatment Grain Yield'
(t/ha)
T1 - Control 411 ef
T2 - Inorganic fertilizer at full recommended rate (IFFRR) 5.53a
T3 - Inorganic fertilizer at half recommended rate (IFHRR) 4.81bcd
T4 - Vital N 4.06 f
TS5 - Vital N + Inorganic fertilizer at half reccommended rate 4.58 cdef
T6 - Bio-N 4.14 def
T7 - Bio-N + Inorganic fertilizer at half reccommended rate 4.92 abc
T8 — Cocogro 4.11ef
T9 — Cocogro + Inorganic fertilizer at half recommended rate 4.78 bcde
T10 — Chicken manure + Inorganic fertilizer at half reccommended 544 ab
rate

"Within a column, means followed by the same letter(s) are not significantly different at 5% level by
DMRT.

Adapted from Mamaril, 2008 (personal communication, 2007)

Note:  IFFRR - Application of inorganic fertilizer at full recommended rate based on soil analysis

IFHRR - Application of inorganic fertilizer at half recommended rate

Vital N - Roots of 12-day old “dapog’” rice seedlings were soaked in a solution of Vital N
(100 g/16 L water) for 30 minutes before transplanting

Bio-N - Roots of 12-day old “dapog” rice seedlings were soaked in a solution of Bio-N
(200 g/4 L water) for 30 minutes to an hour before transplanting

Cocogro - Roots of 12-day old ‘dapog” rice seedlings were soaked in a Cocogro solution (30
ml/1 L water) for 30 minutes to an hour before transplanting

Chicken manure + IFHRR - Chicken manure at a rate of 3 t/ha plus inorganic fertilizer at
half recommended rate was applied before the last field harrowing.
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The application of biofertilizer alone is
comparable to the yield of the control.
Treatment usinga combination of chicken
manure and chemical fertilizer gave the highest
yield, thus chicken manure shows more
promise as supplemental organic fertilizer than
biofertilizers.

A subsequent experiment on biofertilizers
(e.g., BioGroe and BioCon) was conducted
during the dryseason on the same farmas

the preceding experiment (Table 29). Again,
when the biofertilizers were applied alone,
theyield obtained was the same as that of the
control. The combination of biofertilizers
plushalfthe recommended rate ofinorganic
fertilizer (IFHRR) produced the same yield as
inorganicfertilizer at halfrecommended rate
(IFHRR) only. This suggests that even with
the combination of biofertilizers and inorganic
fertilizers, there were no observed effects of
biofertilizers contrary to those reported earlier.

The type of ecosystem greatly affects
the availability of nutrients, the kind of
microorganisms present, and the soil and water

management practices appropriate for each
type of ecosystem. Proper field experiments
must determine the soil and environmental
conditions where these biofertilizers can

be effective so as to better guide and benefit
farmer.
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CONCLUDING
REMARKS

Soils grown torice in the Philippines vary
markedly. Evensoils classified into one soil
order orsoil type still varyin their chemical,
physical, and microbiological properties.
Likewise, their reaction to inputs differ under
anaerobic (flooded) or aerobic ecosystems.
Further, the methodology of diagnosing
nutrients status of soils under aerobic
conditionis notapplicable for anaerobic
ecosystem as evidenced by the results of
conventional soillaboratory analysis and that
ofthe minus-one element technique (MOET)).
This implies that soil management strategies
appropriate for aerobic ecosystems may not

8 ‘ CONCLUDING REMARKS
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necessarily be appropriate for anaerobic
ecosystems. A dramatic example is the

use of biofertilizers. These materials

have beenreported to be effective under
aerobic conditions but were inconsistently
effective under anaerobic conditions.

Soil organic matterisimportantin
anaerobic system. Itimproves soil
productivity by promoting favorable soil
structure, increased soil water retention,
increased cation exchange and buffering
capacities, and enhanced microbial
activities. Under an anaerobic system,
however, the effect of soil organic matter
onsome of the physical properties like soil
structure and moisture-retaining capacity
isnotsignificant. Forinstance, inflooded
rice system, the soil structure is even
destroyed through puddling duringland
preparation. Likewise, water retention
capacityis of no consequence because the
fieldis always saturated.

While soil organic matterisimportant,
in general, applying organic materials

(raw materialslike farm, urban, industrial,
household wastes) or commercial organic
fertilizers (including biofertilizers) will not
be adequate to attain reasonable yield of rice
beyond 3 t/ha. Experiments have shown that
biofertilizers are not effective providers of
nutrients needed by the crops grown under
anaerobic ecosystem. Even the biofertilizers
claimed to fixatmospheric nitrogen did
notshowanyyield advantage over the
control. These results despite the claim that
atmospheric nitrogen fixers are active nitrogen




fixers when the soil haslow available nitrogen.
This suggests that whatever benefit these
biofertilizers contribute is not due to additional
nutrients that they may contribute.

Generally, the nutrient composition of organic
materials are relativelylow. Therefore, one
needs tremendous volumes of these materials
to provide the necessaryamountneeded by the
rice crop. Evenifall the farm wastes and crop
residues were to be used inrice lands only, their
nutrients would notbe enough to supply the
needs of therice crop.

However, the use of farm wastes should be
encouraged because there are evidences to
show thata combination of inorganic and
organic materials increases the fertilizer use
efficiency of inorganic fertilizers. It appears that
the application of organic materials enhance
the activities of soil microorganisms. Some of
these microorganisms may produce some root
growth- promoting substanceslike hormones
thatincrease nutrient absorption from the soil
and from the inorganic fertilizers. Likewise,
the presence of readily available nutrients

frominorganicfertilizers also enhances the
activity of the indigenous soil organisms
producing the same growth- promoting
substances mentioned earlier. In other words, it
appears that the combined application of both
inorganic and organic fertilizers (or organic
materials) have synergistic effects which could
improve plant growth.

Several studies have shown thataratio of25%
organicand 75% inorganic fertilizer produced
comparable yield as that of pure inorganic
fertilizer (Table 19). The proportion was based
on nitrogen content. However, a 50:50ratio
mightstillbe acceptable depending on the C:N
ratio of the organic fertilizer. Approximate
ratios of organic and inorganic fertilizer willno
doubt enhance crop production and sustain
soil productivity.

Hopefully, these facts will correct some of the
myths or misconceptions on the role of organic
materialsinrice farming.
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GLOSSARY OF TERMS

Aerobic ecosystem - aerated soil condition;
having molecular oxygen as part of the
environment

Adsorption - attraction ofions or compounds
to the surface ofasolid

Alluvium — general term for all detrital material
deposited orin transit by streams, including
gravel, sand, silt, clay, and all variations and
mixtures of these. Unless otherwise noted,
alluviumis unconsolidated.

Alumino-silicates — compounds containing
aluminum, silicon, and oxygen as main
constituents

Anaerobic ecosystem - soil condition almost
devoid of oxygen

Base saturation percentage — the extent
to which the adsorption complex of a solid
is saturated with exchangeable cations (i.e.,

Ca,Mg, K,and Na) other than hydrogen and
aluminum. Itis expressed as a percentage of the
total cation exchange capacity.

Beachridges - awave-swept orwave-deposited
ridge/hill/mountain running parallel to a
shoreline. Itis commonly composed of sand
aswellas sediment worked from underlying
beach material.

Buffering capacity - ability of the buffer (i.e.,
clay, organic matter and compounds such as
carbonates and phosphates) that enable the soil
toresistappreciable changein pH

Bulk density — the mass of dry soil per unit

of bulk volume, includingair space. The bulk
volume is determined before drying to constant
weightat 105°C.

Cation Exchange Capacity - the sum total of
exchangeable cations thatasoil canadsorb
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Clastic — composed of broken fragments of
rocks and minerals

C:Nratio - ratio of the weight of organic
carbon (C) to the weight of total nitrogen (N)
inasoil orin organic material

Colloid - organic and inorganic matter with
very small particle size and a correspondingly
large surface area per unit of mass

Diagnostichorizon — combinations of specific
soil characteristics that are indicative of certain
classes of soils

Essential element —a chemical required for
the normal growth of plants

Floodplain — theland bordering a stream, built
up of sediments from overflow of the stream
and subject to inundation when the stream s at
flood stage

Genetichorizons - reflecting a qualitative
judgment about the kind of changes that have
taken place

Granular structure - soil structure in which
the individual grains are grouped into spherical

aggregates with indistinct sides. Awell-
granulated soil has the best structure for most
ordinary/upland crop plants.

Hardpan - ahardened soillayer, in the lower
Aorinthe Bhorizon, caused by cementation
of soil particles with organic matter or with
the materials such assilica, sesquioxides, or
calcium carbonate

HarvestIndex- theratio of grain weight to
total plant weight

Humus - that more orless stable fraction of
the soil organic matter remaining after the
major portion ofadded plantand animal
residues have decomposed. Usuallyitis dark
in color.

Hydraulic conductivity — an expression of
the readiness with which aliquid such as water
flows through a solid such as soilin response
toagiven potential gradient

Igneousrock - rock formed from the cooling
and solidification of magma, and which
hasnotbeen changed appreciablysinceits
formation



Iluvium - is material carried from an overlying
layer that has been precipitated from solution
ordeposited from suspension

Infiltration — the downward entry of water into
the soil

Inorganicfertilizers - made of simple,
inorganic chemicals or minerals given to plants
to promote growth; theyare usually applied
either through the soil, for uptake by plant
roots, or by foliar feeding for uptake through
leaves.

Integrated nutrient management - takes

into consideration the nutrient cycle involving
soils, crops andlivestock, nutrient deficiencies,
organicrecycling, conjunctive use of organic
manures and mineral fertilizers as well as
biological nitrogen-fixing potential

Ionic exchange capacity - measure of the
ability of an insoluble material to undergo
displacement ofions previously attached
andlooselyincorporated into its structure
by oppositely chargedions presentin the
surrounding solution

Leaching — the removal of materials in solution
from the soil by percolating waters such as rain
and irrigation

Mineralization — the conversion of an element
from an organicformto aninorganicstateasa
result of microbial decomposition

Miocene - isa geological epoch of the Neogene
period that extends from about23.03 to 5.33
million years before the present. Aswith other
older geologic periods, the rock beds that
define the start and end are well identified, but
the exact dates of the startand end of the period
are uncertain.

Muck - highly decomposed organic material
inwhich the original plant parts are not
recognizable

Neutral soil — asoilin which the surface layer,
atleast to normal plow depth, is neitheracid nor
alkalineinreaction

Organicacids - is an organic compound with
acidic properties. The most common organic
acidsare the carboxylicacids; their acidity s
associated with their carboxyl group—-COOH
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Organicfertilizers - produced from animal
manures, crop residues, and industrial, urban
and household wastes

Organicmatter - is matter thathas come froma
recentlyliving organism; is capable of decay, or

the product of decay, oris composed of organic

compounds

Oxidation - describes theloss of electronsbya
molecule,atom orion

Parent material - the unconsolidated and
more or less chemically weathered mineral or
organic matter from which the solum of soils is
developed by pedogenic processes

Peat — unconsolidated soil material consisting
largely of undecomposed, or only slightly
decomposed organic matter accumulated
under conditions of excessive moisture

Peneplain - a once high, rugged area that has
beenreduced by erosion to alow, gentlyrolling
surface resembling a plain

Percolation — the downward movement of
water through soil

pH - the negative logarithm of the hydrogen-
ionactivity of the soil. The degree of acidity or
alkalinity ofasoil.

Platy — consisting of soil aggregates that are
developed predominantly along the horizontal
axes; laminated and flaky

Pleistocene - is the epoch from 1.8 million to
10,000 years BP (Before Physics) covering the
world’srecent period of repeated glaciations

Pliocene -is the period in the geologic
timescale that extends from 5.332 million to
1.806 million years before present

Profile — avertical section of the soil through
allitshorizons and extending into the parent
material

Puddled soil - dense, massive soil artificially
compacted when wet and having no regular
structure. The condition commonly results
from the tillage ofa clayey soil when itis wet.

Pyroclastics - are clasticrocks composed
solely or primarily of volcanic material



Redoxpotential - is the tendency of a chemical
species to acquire electrons and thereby be
reduced

Reduced condition - Devoid of oxygen (i..,
lowland rice soils)

Soil Horizon - alayer of soil, approximately
parallel to the soil surface, differing in
properties and characteristics from adjacent
layers below orabove it

Soil order - the category at the highestlevel of
generalization in the soil classification system.
The properties selected to distinguish the
ordersarereflections of the degree ofhorizon

developmentand the kinds of horizons present.

Soil series —is asubdivision of afamilyand
consists of soils that are similar in all major
profile characteristics
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