CROP EXCELLENCE.

CARBON: THE ELEMENT OF LIFE
Prepared by Crop Excellence® Staff

INTRODUCTION

In today’s agriculture, soil biology and health are crucial in obtaining and sustaining
high yields. They are often thought of as the key to maintaining the long-term
productivity of agricultural soils. Large-scale farming faces significant challenges
related to soil degradation, nutrient depletion, compaction, salinity, and other factors
that need to be addressed before they become limiting to our production goals.

Humic and fulvic acid-based products have emerged as powerful tools to enhance
soil structure, nutrient availability, microbial activity, and soil and plant health. There
are practical product offerings within the Crop Excellence® portfolio that contain
humic and fulvic substances, which provide tried and true ways to enhance the
carbon content of our soils and support plant health with carbon sources. We will
analyze how these substances work, their benefits, best application methods, and
suggested rates for best returns on investment.

MODES OF ACTION OF HUMIC AND FULVIC ACIDS COMMERCIAL PRODUCTS
1. SOILSTRUCTURE IMPROVEMENT Effect of Humic Acids on Soil Structure

Water Retention
Emm Aeration

[=)]
(=]
T

Humic acids enhance soil aggregation,
leading to better aeration and water
retention. This improved structure
facilitates root penetration and reduces
erosion.
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Fulvic acids, due to their lower molecular
weight, increase the permeability of cell
membranes in roots, enhancing nutrient
uptake.

- Repeated mechanical operations and
improper use of fertilizers can lead to compacted soil.

« Compaction reducesroot penetration, water infiltration, and aeration,
limiting plant growth and microbial establishment.

« Humic acids improve soil tilth by encouraging the formation of stable soil
aggregates, enhancing water retention, porosity, and aeration.
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Soil Condition

Compact Soil

Continued on next page...
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2. NUTRIENT CHELATION AND AVAILABILITY

Both humic and fulvic acids will complex Effect of Fulvic Acids on Nutrient Chelation
essential nutrients, preventing their 70}
leaching and making them more available
to plants. This weak chelation process is
vital for micronutrients like iron, zinc, and
manganese, which are crucial for various
physiological functions in plants.
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By sequestering calcium, magnesium and
other cations that can tie up phosphorous,
humic and fulvic acids play a key rolein R Nitrogen  Phosphorus  Potassium Micronutrients
maintaining phosphorous fertilizers in plant- Hutrients

available forms in the soil for a longer period, allowing for plant uptake and preventing

tie-up orimmobilization, which commonly occurs and decreases the efficiency of use
of this essential nutrient.

« Over-irrigation and concentrated periods of heavy rainfall with improper
use of fertilizers can result in nutrient loss due to leaching.
« Humic and fulvic acids chelate nutrients, improving their retention and
gradual release.
« Humic acids improve phosphorus solubility, preventing nutrient lock-up in the soil.
« Fulvic acids improve soil cation exchange capacity (CEC), allowing better
interaction between soil particles and nutrients.
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3. MICROBIAL ACTIVITY STIMULATION Humic & Fulvic Acids Boost Soil Microbiota

The application of humic substances 80|
stimulates beneficial microbial activity in
the soil. These microorganisms play a role
in decomposing organic matter, cycling
nutrients, and suppressing soil-borne
pathogens, thereby creating a more
balanced soil ecosystem.
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« Intensive farming practices can decrease
beneficial microbial populations over time, 0 Without Acids With Humic/Fulvic Acids
which leads to poor nutrient cycling and plant health.

« Humic and fulvic acids function as microbial stimulants, enhancing beneficial
bacteria and fungi activity, including the activity of nitrogen-fixing bacteria and

phosphate-solubilizing fungi.
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- Conventional fertilization does not contribute to organic matter replenishment.

« Humic acids improve root exudation, facilitating mycorrhizal colonization.

« Humic substances provide an organic carbon source, stimulating biological
activity and improving soil fertility.

- They provide energy sources for microbial communities, boosting decomposition
and organic matter cycling.

- Increased microbial diversity leads to competitive exclusion of soilborne
pathogens.

4. CROPSTRESS RESISTANCE

Humic and fulvic acids have been shown to mitigate the effects of abiotic stresses
such as drought and salinity. They enhance the antioxidant capacity of plants and
improve water use efficiency, leading to better growth under adverse conditions.
« Humic substances stimulate root elongation and lateral root formation;
this allows for better crop performance in heat and drought conditions.
- Stimulation of antioxidant enzyme activity enhances plant tolerance to
salinity and heavy metal stress.
- Enhanced root development leads to improved water and nutrient uptake
efficiency.

PRACTICAL SOLUTIONS

Crop Excellence® has enhanced its product offering to include a variety of tools
that offer practical uses and rates to complement and supplement our highly
effective crop nutrition programs.

CROP EXCELLENCE.
HUMIC PLUS

The multiple opportunities to include carbon products in our production plans
start with HUMIC PLUS, which is a granular humic acid (50% a.i. concentration)
that is designed for incorporation into physical blends of dry fertilizer for
application directly to the soil in broadcast and banded situations.

As we move forward within a crop cycle and depending on the crop, there are
liquid offerings that can be incorporated into in-furrow, top-dress, side dress

and foliar applications.
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CROP EXCELLENCE.
CARBON PLUS

CARBON PLUS is a unique liquid blend of humic and fulvic acids that excels

in both nutrient compatibility and agronomic performance. It is designed for
use in conjunction with concentrated fertilizer solutions applied to the soil or
foliage, enhancing the uptake of nutrients and overall efficiency of nutrient

use. It is best used in combination with nitrogen solutions and foliar applications
to cost-effectively provide a carbon source in conjunction with the nutrients
applied.

natural soluble carbon
TAG-ALONG®

TAG-ALONG®is a fulvic acid-based, clear, liquid solution that is ideal for
blending with starter fertilizers and as an enhancement for foliar programs
that require optimum compatibility traits. It is friendly to calcium solutions
and the full range of acid and alkaline fertilizers. It is highly recommended for
fertigation as well.
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UNDERTOW®

UNDERTOW?® is the most complete product formulation that offers elements
with fulvic characteristics as well as other biostimulant and nutrient components,
including potassium acetate, and premium non-ionic surfactants that provide
multiple modes of action to enhance crop performance, nutrient availability, and
support for beneficial microbial populations.
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BEST APPLICATION METHODS FOR HUMIC AND FULVIC ACIDS

APPLICATION

METHOD

BENEFITS

RECOMMENDED

Broadcast

Generalized soil amendment for improved
establishment of new crops and provide a
substrate for microbes

DOSAGE

HUMIC PLUS @ 10-60 lb./ton or
1-3 % of total blend

In-Furrow and

2:“‘ x 2!!‘

Fertility additive for efficiency of nutrient uptake
and use with trouble-free compatibility

TAG-ALONG® 1-2 gtfac
CARBON PLUS 2-3 gqt/ac
UNDERTOW?® 16-32 oz/ac

Top dress and

Complement of nitrogen solutions to balance
carbon nitrogen ratio and aid in efficiency of

TAG-ALONG® 1 qt/15 gal
CARBON PLUS 2 qt/15 gal

Side Dress Uptake:andiise UNDERTOW® 0z/15 gal
TAG-ALONG® 1-2 gt/ac per
Fertigation Efficient nutrient delivery, trouble-free application application
via irrigation to maximize uptake efficiency UNDERTOW?® 32-48 oz/ac per
application

Soil Drenching

Enhances root uptake and microbial activity after
transplant

TAG-ALONG® 2 gt/ac depending
on soil conditions

CARBON PLUS 2-3 gt/ac

Foliar Application

Quick nutrient absorption, boosts photosynthesis

TAG-ALONG® 1 pt -1 gqtfac
applied during vegetative growth

UNDERTOW?® 8-12 oz/ac

CONCLUSION

The application of humic and fulvic acid-based products provides a scientifically
validated approach to improving soil health and crop productivity. The increasing
adoption of regenerative agriculture and the demand driven by sustainability
initiatives and soil health programs can be addressed with these substances,
which are contained within the Crop Excellence® products, CARBON PLUS,
HUMIC PLUS, TAG-ALONG®, and UNDERTOW®, to address key agronomic
challenges, improve nutrient efficiency, and promote beneficial microbial activity,
making them essential for sustainable large-scale farming in row crops and
specialty crops alike.
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