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Sugar the Energy in the World

Plants work for us
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Plant Sugar Cane is C4, Highly efficient producer
of sugar
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Energy Sugar Cane

L B B

Mature stems are harvested sucrose concentrated
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Sucrose Sugar Cane

Sucrose

c|-|20|-| CH,OH

A Glycosidic
H OH Bond QH H
Glucose Fructose

A Table sugar is the sweetener most

commonly used to sweeten foods
and usually sucrose. In nature it is
found in 20% of the weight of cane
sugar than table sugar is obtained.
Honey is also a fluid containing
large amount of partially hydrolyzed
sucrose.

Sucrose, table sugar or cane sugar, is a disaccharide of glucose and fructose
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Photosynthesis - Miracle of Nature

carbon dioxide
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sun

light % “ ]
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chlorophyll [

SOLAR ENERGY IS transformed CHEMISTRY THROUGH PHOTOSYNTHESIS
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Photosynthesis

PHOTOSYNTHESIS

CAddson Wesd ey Lorgman Inc.
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STRESS CONDITIONS
(Ex : high light + UV, and extreme temperature) b

> 1. Absorption of UV by flavonoids v

Absorption light by photosystems

:> 2. Energy emission as heat
v Detoxication of ROS

Electron transport ﬂ
3 Alternative pathways for consumption of excess electrons:
:> PTOX, ROS formation, photorespiration

4 Synthesis of alternative metabolites:
Ascorbate, ranunculin, malate, methylglucose

CO, assimilation

igure 6. Energy flow in the leaf under stress and light conditions and protective mechanisms in alpine plants. (1) Some of the radia...
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Reactive oxygen speci€dROS$ are chemically reactivehemical species
containing oxygen. Examples inclyskroxides superoxide hydroxyl radical
singlet oxyge® andalphaoxygen

In a biological context, ROS are formed as a natural byproduct of the normal
metabolism ofoxygenand have important roles igell signalin@nd
homeostasi<d! However, during times of environmental stress (elf/,or heat

exposure), ROS levels can increase dramatiéalllgis may result in significant
damage to cell structures. Cumulatively, this is knownxadative stressThe
production of ROS is strongly influenced by stress factor responses in plants,
these factors that increase ROS production include drought, salinity, chilling,
nutrient deficiency, metal toxicity and\:Bradiation. ROS are also generated by
exogenous sources suchiagizing radiation
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https://en.wikipedia.org/wiki/Chemical_species
https://en.wikipedia.org/wiki/Peroxide
https://en.wikipedia.org/wiki/Superoxide
https://en.wikipedia.org/wiki/Hydroxyl_radical
https://en.wikipedia.org/wiki/Singlet_oxygen
https://en.wikipedia.org/wiki/Reactive_oxygen_species#cite_note-2
https://en.wikipedia.org/wiki/Alpha-oxygen
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Cell_signaling
https://en.wikipedia.org/wiki/Homeostasis
https://en.wikipedia.org/wiki/Reactive_oxygen_species#cite_note-Devasagayam_2004_796-3
https://en.wikipedia.org/wiki/Ultraviolet_light
https://en.wikipedia.org/wiki/Reactive_oxygen_species#cite_note-Devasagayam_2004_796-3
https://en.wikipedia.org/wiki/Oxidative_stress
https://en.wikipedia.org/wiki/UV-B
https://en.wikipedia.org/wiki/Ionizing_radiation
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Air
Pollutants
Gases like O,

S0,, CO, NO,

Drought

Water deficit
conditions

High light intensity
&

High temperature

Pests and Disease

Soil Salinity
Excess of Na*, K*

and Cl ions

Heavy Metals
Al, Cd, Pb, Cu,
Hg, As
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Essential Minerals CROPS OF SUGAR CAN
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Chlorophyll

Chlorophyll any member of the
most important class of pigments
involved inphotosynthesisthe
process by whichght energyis
converted tochemical energy

~ through the synthesis of organic

>~ compounds Chlorophyll is found in
virtually all photosynthetic
organisms, including green plants,
prokaryoticblue-green algae
(cyanobacteria), and eukaryotic
algae It absorbs energy from light;
B this energy is then used to convert
carbon dioxiddo carbohydrates
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https://www.britannica.com/science/photosynthesis
https://www.britannica.com/science/light
https://www.britannica.com/science/energy
https://www.britannica.com/science/chemical-energy
https://www.merriam-webster.com/dictionary/compounds
https://www.britannica.com/science/blue-green-algae
https://www.britannica.com/science/algae
https://www.britannica.com/science/carbon-dioxide

Chlorophyll

-
-~

=CH,
CH=CF -

A The chlorophyll molecule
consists of a central
magnesium atom surrounded
by a nitrogen-containing
structure called a porphyrin
ring; attached to the ring is a
long carboni hydrogen side
chain, known as a phytol chain
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https://www.britannica.com/science/magnesium
https://www.britannica.com/science/porphyrin
https://www.britannica.com/science/phytol
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Role of magnesium in plants

Magnesium is an indisgensable mineral for plant growth, for it
plays a major role in the production of chlorophyll, on which
photosynthesis depends. Without a ready source of
magnesium the plant cannot grow. Magnesium plays a part in
many processes, to wit:

+ Chlorophyll formation
o Light-absorbing green pigment
0 _Ca||:>ture's the energy of sunlight and turns it into
chemical energy
o Allows synthesis of organic compounds that are
useful for plant growth and functioning
(carbohydrates, lipids, proteins)
- Synthesis of amino acids and cell proteins
- Uptake and migration of phosphorus in plants
- Vitamin A and C concentrations
- Resistance to unfavourable factors (drought,
cryptogamic disease)
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Perfect natural Chelates
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PLANT CHLOROPHYLL HUMAN BLOOD HEMOGLOBIN

MAGNESIUM AT THE CENTER IRON AT THE CENTER

Chlorophyll'is remarkably similar in structure to hemoglobin, the oxygen-carrying pigment found in the red
blood cells of mammals and other vertebrates.
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https://www.britannica.com/technology/pigment

Porphyrins form chelates with metal ions

Transition metals: can

exist at varying oxidation Porphyrins can act as a
states Metal + Porphyrin = tetradentate chelating

- Mg, Fe, Zn, Ni, Co, Cu, Metalloporphyrins molecule for metals. The
and Ag are some four nitrogen atoms
transition metals function as "teeth” to
CH hold the metal ions in

H place.

‘Chelatase’ enzyme facilitates
the insertion of metal ion into
the porphyrin ring. E.g.
Ferrochelatase: insertion of Fe?*
into heme (a porphyrin) 6

Metals are held on by
electrostatic interaction
of the nitrogen's electrons
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Acido
&-aminolevulinico
(ALA)

C'toaomog Protoclorofilideo
Cytochromo oxidasa l - Luz
Catalasa

Peroxidasa Clorofi
rorida | [ Cloroa ]

Figura 2. Biosintesis de la clorofila (Kirkby y Romheld, 2008).
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Light Dependent Reactions- Photolysis

2H,0 g +energy >4 H +4e-+0,,

Occurs 1n thylakoid lumen
Solar E absorbed by
chlorophyll 1s used to split
water into H', e, O, (,

m ¢- replaces 2e- lost by
chlorophyll molecules in
photosystem 11

= O, exists plant through
stomata in leaves or is used to
make H,O

= H" will be used later, to help
reduce ADP
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The splitting of water during
photosynthesis is called
photolysis.

Photo means, “with light”
Lysis means, “splitting”

Manganese ions are necessary for the photolysis of water.
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manganese — major function

Manganese is necessary in photosynthesis, nitrogen
metabolism and to form other compounds required for plant
metabolism.

Important constituent of Suproxide - dimutase (Mn-SOD).
[t take part in electron transport in photosysytem -2.

Mn act as enzyme activation, and this enzyme produce amino
acid.
Deficiency symptoms:-

In addition to interveinal chlorosis on young leaves, grey or tan
necrotic spots develop in chlorotic areas.

Plant containing less than 25 ppm Mn then deficiency symptoms
will occur.
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Photosynthesis

PHOTOSYNTHESIS

CAddson Wesloy Lorgman Inc.
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They by the K
chain of events like movement of water, increase in ATP, and finally opening of
stomata. In this process, subsidiary cel.ls play a significant role in providing
K* ions for the guard cells. The energy required for K influx is supplied by
noncyclical photophosphorylation activity of chloroplasts found within the

guard cells



K Is responsible for opening or not
opening




Essential Role of Phosphorus in Plants

A Phosphorus is an essential nutrient both as a part of several key plant structure compounds and as a
catalysis in the conversion of numerous key biochemical reactions in plants. Phosphorus is noted
especially for its role in capturing and converting the sun's energy into useful plant compounds.

A Phosphorus is a vital component of DNA, the genetic "memory unit" of all living things. It is also a
component of RNA, the compound that reads the DNA genetic code to build proteins and other
compounds essential for plant structure, seed yield and genetic transfer. The structures of both DNA
and RNA are linked together by phosphorus bonds.

A Phosphorus is a vital component of ATP, the "energy unit" of plants. ATP forms during photosynthesis,
has phosphorus in its structure, and processes from the beginning of seedling growth through to the
formation of grain and maturity.
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Mulder’s Chart

— -

Antagonism Synergism
Decreased availability to the plant of a Increased avalability of a nutnent to the
nutnent due to the action of another plant due to the increase in the level of
nutnent another nutnent

Calcium (Ca)

Molybdenum (Mo) Boron (B)

Zinc (Zn)

Minerals
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Nitrogen: When high levels of Nitrogen induce accelerated growth rates, levels of micronutrients that would normally be marginal can become deficient. High soil levels
of Nitrogen can assist Phosphorus, Calcium, Boron, Iron and Zinc but an excess can dilute these elements. Low soil levels can reduce Phosphorus, Calcium, Boron, Iron
and Zinc uptake. Ammonium Nitrogen can make Molybdenum deficiency appear less obvious.

Phosphorus: High levels of Phosphorus reduce Zinc and, to a lesser degree, Calcium uptake. It is antagonistic to Boron in low pH soils.

Potassium: High levels of Potassium reduce Magnesium and to lesser extent Calcium, Iron, Copper, Manganese and Zinc uptake. Boron levels can either be low or
toxic. Low levels can accentuate Iron deficiency.

Calcium: High levels of Calcium can accentuate Boron deficiency. Liming can decrease the uptake of Boron, Copper, Iron, Manganese and Zinc by raising soil pH.
Copper: High levels of Copper can accentuate Molybdenum and to a lesser degree Iron, Manganese and Zinc deficiency.
Iron: Iron deficiency can be accentuated by liming, low Potassium levels or high levels of Copper, Manganese or Zinc.

Manganese: High levels of Copper, Iron or Zinc can accentuate Manganese deficiency — especially repeated soil applications of Iron. Uptake can be decreased by
liming or increased by Sulfur applications (because of the affects on pH)

Molybdenum: Deficiencies can be accentuated by high levels of Copper and to a lesser degree Mnaganese. Uptake can be adversely affected by sulfates. Uptake can
be increased by phosphates and liming. Molybdenum can increase Copper deficiencies in animals.

Zinc: Uptake can be decreased by high Phosphorus levels, liming or high levels of Copper, Iron or Manganese. Zinc deficiencies are often associated with Manganese
deficiencies, especially in citrus.

Source:
Growth and Mineral Nutrition of Field Crops, Third Edition. By Nand Kumar Fageria, Virupax C. Baligar, Charles Allan Jones, 2011. CRC Press, Taylor and Francis
Group.

http://www.cropnutrition.com/efu-plant-analysis#diagnosis-of-nutrient-status
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ALBION

PFLANT MUTRITION
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Albion Laboratories, Inc., was founded in 1956 by
Dr. Harvey H. Ashmead with the idea of developing
a method of improving mineral nutrition through the
science of chelation.

Today, Albion enjoys the well-earned reputation in
the mineral nutrition industry as the leader for
providing safe, high quality mineral amino acid
chelates that are proven effective for HUMAN,
ANIMAL, and PLANT nutrition.
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c3

BALCHEM ALsion

Albion’s Divisions = Ase

Plant Nutrition

Albion’s Human Division
was “born” in 1970

Human Nutrition

After years of agricultural
research in the laboratory,

the greenhouse, and in the field,
the Plant Division was added

to Albion in 1976

Albion began operations
as a factory for

manufacturing vitamin and
mineral premixes for

fortifyi imal feeds in
ortifying am};?;;x N

Metalosate
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BALCHEM ALBION

Plant Nutrition

Research on the use of amino acid

chelates in plant nutrition began in the
late 1960s. With the development of
Albion’s amino acid chelates, Albion was
able to pioneer a foliar method of
applying mineral

nutrition directly:
on the leaves  %&:. .

Y R

because these &

chelates didn’t [ & 5%
burn the leaves. | “
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Industry Leader

BALCHEM 4. sion

mmmmmmmm

Albion’s first patent was
granted in 1965.

Since that time over 130
patents on mineral
chelation and nutrition
technology have been
granted to Albion
scientists in many
countries worldwide.

Metalosate’

UNITED STATES PATENT

fiaruey Ashmead
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Highlights

Synergistic with our Human Nutrition and Health
segment, delivering customized food and beverage
ingredient systems, and essential nutrients through the
food, supplement and pharmaceutical marketplace.

Facilitates growth and technological advancement of
Balchem'’s existing Animal Nutrition & Health chelated
mineral business.

A premium brand with high margins providing high
quality ingredients that are built on strong science and
innovative technologies, and is recognized worldwide for
their quality, efficacy and safety.

Expands geographic footprint to create strong position
as a technological leader in human health and wellness
solutions.

Revenue

Human Nutrition

B8%Y . Plant Nutrition

cCa

Acquisition of Albion Minerals ALBION

MINERALS

Human Nutrition

Key products include:
+ Magnesium
» Iron
+ Calcium
» Zinc
Ferrochel®
Creatine MagnaPower®

Plant Nutrition

Key products include:
» Multi-element
+ Calcium
» Zinc
+ Potassium & Magnesium
Metalosate®

Balchem acquired Albion International in February 2016

BALCHEM

. balchem
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The Metalosate® products are patented chelated minerals specifically
designed for application on plants. They are unique because the minerals
are chelated with amino acids from plant origin. Since amino acids are the
basic building blocks of protein, they are natural molecules found in all
living things.

Because Albion uses natural amino acids to chelate the minerals, they are
rapidly absorbed, translocated and metabolized by plants, animals
and humans.

Metalosate® Products are:

« Rapidly absorbed (within three hours they are inside apple tree leaves)

« Safe & Effective (can be sprayed on small flowers and fruit without
damage)

« Easy to use (mix well with most fungicides and pesticides)

« Quality support (TEAM leaf analysis recommendations)
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Metalosate Amino acid Chelates

Metalosate’
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Product Composition

Product name

Ca

Fe

Mn

Zn

Cu

B

Mo

Metalosate® Boron

5.000%

Metalosate® Calcium

6.00%

Metalosate® Copper

4.00%

Metalosate® Crop-up

0.50%

0.25%

Metalosate® Iron

Metalosate® Magnesium

2.10%

Metalosate® Manganese

Metalosate® Multimineral

1.00%

0.50%

0.1%

Metalosate® Potassium

Metalosate® Zinc

6.80%

Metalosate® Zinc Plus

0.50%

2.80%

0.025%

Metalosate’
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V4
SR Pantaleon Ingenio Pantaledn
N\ Km 86.5 Carretera CA-2,-Siquinala
Escuintla, Guatemala
Tel (502) 879-4000
Fax (502) 879-4003
Sefiores
Bioagro y Albién Laboratorios
Presente.

Estimados Seiiores:

Por este medio hago constar que en finca Churubusco de nuestra organizacion,
fue llevado acabo el ensayo de nivel experimental de la evaluacion de su producto
denominado Metalosato. Dicho ensayo lo fue llevado en un total de 7.57 hectareas,
arrojando un total de 1,391.19 toneladas, observando los indicadores productivos les
puedo comentar que se obtuvieron 183.78 toneladas por hectarea con un rendimiento
estimado de 232.40 Ibs. de aziicar por tonelada.

El responsable de dicho ensayo en nuestra empresa fue el Ingeniero Cristian
Uffer.

Para los usos legales que al interesado convenga, se extiende la presente
constancia al uno de Octubre del dos mil dos.

glmd Acevedo

Gerente Division Técnica Agricola

Research of the largest Company in
Guatemala Pantaleon 30000 ha.



Stamina

Metalosato

Testigo

Ensayo de fertilizantes foliares y su produccién en Toneladas / Hectéarea

20

Ton per ha the sugarcane in Guatemala.

Churubusco, Ingenio Pantaledn, Guatemala 2001 - 2002
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Pound per ha the Sugar

Stamina

Metalosato

Testigo
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B Libras de aztcar / Tonelada

Ensayo de fertilizantes foliares y su produccion en Libras de azlcar / Tonelada
Churubusco, Ingenio Pantalen, Guatemala 2001 - 2002
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Ensayo de fertizantes foliares y su produccion en Libras de aziicar /| Hectarea
Chuubusco, Ingenio Pantaleon, Guatermala 2001 - 2002

O Libras de azucar/ Hectarea
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