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CHITIN (Natural Polymer - Polysaccharide)

2nd most abundant in nature after cellulose – NON SOLUBLE

CHITOSAN : Solubilize Chitin, Chain constituted by 2 

types of monomers , glucosamine and N-acetylglucosamine

SOME DEFINITIONS KING CRAB  

SHELLS

Proteins

Carbonates

Chitin
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Introduction
• Chitin & Chitosan are very ancient active ingredients

used in Agriculture.

• Multiple uses for this natural molecule (Agriculture,

Medicine, Water Treatments, etc) , It is a polysaccharide

extracted from the Animal Kingdom (King Crabs, Crabs,

Shrimps, etc).

• Its a natural elicitor of Immunological System in plants

called Systemic Aquired Resistance (SAR). Chitosan

simulates a virtual fungal disease. Also stimulates plant

roots to enhance their growth rate.

• It works at Secondary Metabolism Level. Triggers

signalling through Chitosan receptors in Plant Cell

Tissues.



SAR Mechanism in Plants

• Despite the deployment of antifungal defense

strategies, fungal diseases occurs in all types of

multicellular organisms. In plants, the role of

fungal chitin/chitosan as pathogen-associated

molecular pattern that activates host defense is

well established [1].

[1 ] J. Integr. Plant Biol. 47 (2005) 452–456.



SAR MECHANISM

Taiz & Zeiger, 5th Edition (2006)



PHOTOSYNTHESIS

RESPIRATION

Shikimic Acid Pathway

SECONDARY 

METABOLISM

PRIMARY METABOLISM

P.A.L.
Chitosan

DIAGRAM OF SECONDARY METABOLISM

PHENOLIC  COMPOUNDS AROMATIC AMINOACIDS TERPENES



Secondary Metabolism

”Shikimic Acid pathway gets activated through

Phenilalanine Amonnia Liase enzyme activity

(P.A.L.).“

“By this pathway more than 85% of phenolic

compounds of a plant are synthesized. This pathway

also promotes Triptophan synthesis.”

“PAL activity raises up because some external

factors such as Fungal Disease Infection. Chitosan,

as an elicitor, represents a fungal infection.”

Taiz & Zeiger, 5th Edition (2006).



How much do Chitosan affects PAL activity?

Chitosan



Three different kinds of chitosan were named as chitosan

A, chitosan B and chitosan C. Its molecular weight is as

follows:

Kinds of Elicitor Molecular Weight (kDa)

Chitosan A 1.129

Chitosan B 521

Chitosan C 607

Effect of Different Chitosans with different Degrees of 
Polymerization (DP) on PAL Activity

Ref.: Postharvest Biology and Technology 84 (2013) 51–60 



Changes of phenylalanine ammonia layse (PAL) activity in carrot
roots treated with three chemically different chitosans (5g/L),
600 mg/L) and inoculated with isolates of S. sclerotiorum. Columns
having a common letter do not differ significantly (P > 0.05)
according to Fishers’ LSD test.

Effect of Chitosan on PAL Activity

Ref.: Postharvest Biology 
and Technology 84 
(2013) 51–60 

In Figure
Chitosan

treatments



As an example, Inhibitory effect 
of chitosan B against mycelial
growth, sclerotia formation and 
pathogenicity of Sclerotinia
sclerotiorum. 

ControlChitosan

After 15 days 

Chitosan Control

After 5 days 

Sclerotia formation

Chitosan
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Ref.: Postharvest Biology and Technology 84 (2013) 51–60 

Effect of Chitosan on PAL Activity and its role in SAR
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SUMMARY

HOW DOES CHITOSAN 

WORK AT THE END?



Chitosan
BIOREND, FOSFIREND

FOSFOREND, BIOREND Cu 

Secondary

Metabolism

(Through P.A.L.)

Phenolic

Compounds

S.A.R.

Phytoalexins

Salicilic Acid: Sistemic Defense

Defense Enzymes: Quitinases, 

Beta Glucanases, etc

Physical Barriers

Suberine

Lignine

Callose

Aminoacids Triptophan I.A.A.:Root Promotor

Heat Shock or BiP 

Proteins

Stabilizes Photosynthesis

under stress conditions

CHITOSAN´S MODE OF ACTION

Prevents Oxidative Stress

Substrate for beneficial 

microorganisms



Technology Evolution

with Chitosan in 

Seed Treatment

BIOAGRO S.A.



1990 2000 2015

Soybean 1,5 0,6 0,13

Wheat 2,0 1,0 0,18

Corn 4,0 2,0 0,36

EVOLUTION OF CHITOSAN 

FORMULATIONS DOSES 

IN SEED TREATMENT 

(Liters per 100 Kg of Seed)



BRASIL: IHARABRAS TRIALS
2012

Treatments Doses (ml/50 Kg of seed)

Untreated -

BIOREND Plus 300

BIOREND Plus 600

BIOREND Plus 1000

FERTAMIN CoMo 150



Seed Treatment Results With BIOREND Chitosan formulation
(Experiments made in Petri Plates)

Treatments Doses (ml/50 Kg

of seed

Germination (%) Seedling Average 

Height (cm)

Untreated ** 50,00 11,38

BIOREND Plus 300 60,00 13,71

BIOREND Plus 600 60,00 14,65

BIOREND Plus 1000 53,33 11,00

FERTAMIN CoMo 150 56,67 11,83

Treatments Doses (ml/50 
Kg of seed)

Green Matter 
Weight (g)

Dry Matter 
Weight (g)

% (Dry/Green 
Matter)

Untreated ** 10,09 2,173 21,536

BIOREND Plus 300 13,84 2,372 17,139

BIOREND Plus 600 14,33 2,410 16,818

BIOREND Plus 1000 14,31 2,497 17,449

FERTAMIN CoMo 150 13,02 2,577 19,793



New Technology

By AgNubio

New Pentasacharide, made out of King Crab Chitosan 500 to 800 KDa Degree of 

polimerization. 

Unique manufacturing process & formulation for SEED TREATMENT

DOSAGE :    1.5 a 6,5 cc of Nupro per 100 Kg of seed



Question

Why small DP chitosan?

Pentasaccharide of Chitosan



Different Types of Chitosan regarding DP

Tye of Chitosan Degree of Polimerization (DP) in 

Kilo Daltons (KDa)

High DP Chitosan 500 to 1000

Medium DP Chitosan 100 to 500

Low DP Chitosan 10 to 100

King Crab´s Chitosan molecular weight has a DP between 500 to 800 kDa.



WHAT DO WE DO???

500 to 800 KD 1 Kd



Chitosan Receptors

Signaling to DNA

Chitosan Molecules500 to 700 KD 1 KD



Some Mathematics

1 Molecule of NuPro´s Chitosan = 1 Pentasaccharide = 1 KDa

1 Chitosan Molecule of 700 KDa = 700 NuPro´s Molecules

So 1 ml of NuPro is effective as 700 ml of a 700 KDa Chitosan

solution ?



What’s Next for Chitosan Formulations

Mixtures of Chitosans with different Degrees of

Polimerization and Different Degrees of Deacetilation.

From Pentasacharides to 800 KDa.

Proportion will depend on target, Quickness vs Residual

Effect.



NuPro Field Data up to this point



Beta Glucanase Activity Comparing Pentasaccaride

Chitosan (NuPro) with other Chitosans

Colorado State University, 2008

NuPro



Seed Treatment with Pentasaccharide Chitosan (NuPro)



A: Control         B: Irrigation with NuPro          C: Seed Treatment with NuPro          D: Double Seed Treatment with NuPro 



Yield Results in Soybean comparing Control, Standard an two

treatments with NuPro (Avg of 6 locations in USA, 2014).

NuPro Treatments



Yield % advantage in Soybean comparing NuPro vs

Base in Different locations in different countries
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EPA LABEL



Thank you very
much and Merry
Christmas!


