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Abstract

The increasing dependence on synthetic nitrogen fertilizers and chemical herbicides has contributed to rising
production costs, declining soil health, environmental pollution, and reduced resilience in agricultural systems
worldwide. As fertilizer prices continue to fluctuate and concerns over climate change and ecosystem
degradation intensify, farmers require practical, affordable, and sustainable alternatives that maintain
productivity while restoring ecological balance.

Bridging the Nitrogen Gap presents a regenerative agriculture approach that utilizes leguminous cover
crops and green manures to naturally supply nitrogen, suppress weeds, improve soil fertility, and enhance
biodiversity in corn-based farming systems. Drawing upon established scientific research, regenerative
agriculture principles, and practical farming experiences, this eBook demonstrates how biological nitrogen
fixation can reduce or replace synthetic nitrogen inputs while improving long-term soil productivity and farm
profitability.

The book explores the mechanisms through which legumes capture atmospheric nitrogen, increase soil
organic matter, stimulate beneficial microbial activity, improve water infiltration, reduce erosion, and
strengthen overall soil health. It also examines the economic and environmental advantages of replacing
expensive synthetic fertilizers and herbicides with low-cost, nature-based biological solutions that can be
adapted to farms of all sizes—from smallholder family farms to large-scale commercial operations.

Rather than promoting a single farming technique, this eBook advocates a systems-based regenerative
approach that integrates cover cropping, biodiversity, soil biology, and ecological management into practical
decision-making. The strategies presented are designed to help farmers reduce production costs, improve
resilience against climate variability, decrease dependence on external inputs, and regenerate the natural
resources upon which agriculture depends.

Ultimately, “Bridging the Nitrogen Gap” seeks to empower farmers, agricultural professionals, students,
researchers, and policymakers with practical knowledge that supports productive agriculture while restoring
soil ecosystems for future generations. By demonstrating that profitable farming and environmental
stewardship can coexist, this work contributes to the growing global movement toward regenerative and
climate-resilient agriculture.

Md. Firoz Reza
Agronomist & Director, Sales & Field Operations
Be Well Always Ltd.

Dhaka, Bangladesh
WhatsApp: +88 01713 919 925
Email:

“Let’s Promote Regenerative and Organic Agriculture”
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Introduction:

Despite constituting 78% of the Earth's atmosphere, nitrogen (N) remains the primary limiting nutrient for
plant growth globally. Non-leguminous crops like maize cannot directly access atmospheric nitrogen gas (Ny).
Consequently, modern agriculture relies heavily on synthetic nitrogen fertilizers. However, global nitrogen use
efficiency (NUE) for cereals remains remarkably low—often hovering around only 30% to 35%. The
remaining undigested nitrogen is lost to the environment, driving atmospheric nitrous oxide (N, 0) emissions

and triggering massive eutrophication in aquatic ecosystems.

Legumes offer a natural solution to this inefficiency. Through a symbiotic partnership with Rhigobium bacteria,
they develop specialized root nodules that convert inert atmospheric nitrogen directly into biologically active
ammonia (NH3) via biological nitrogen fixation (BNF).

Rhbizobinm root nodules on a legume. Source: Tomasz Klggdysz, | Getty Images

The Synchronization Problem in Crop Management

A fundamental challenge in modern crop management is the temporal mismatch between fertilizer supply and
plant demand:

e Crop Demand: Nitrogen uptake by growing crops is a continuous, dynamic process.



e Fertilizer Supply: Synthetic fertilizer application is highly intermittent, usually delivered in a few
discrete split applications.

When nitrogen supply temporarily spikes past the crop's immediate absorption capacity, surplus soil inorganic

nitrogen becomes highly vulnerable to environmental loss. It escapes the system via three primary pathways:
1. Nitrate Leaching: Soluble nitrate (N O3) washes deep into the soil profile and groundwater.
2. Volatilization: Gaseous loss of ammonia (N H3) to the atmosphere.

3. Denitrification: Microbial conversion of nitrate into potent greenhouse gases like nitrous oxide

(N20).

To mitigate these losses, agricultural systems must optimize soil nitrogen cycling to match the natural release

curve of the soil with the plant's seasonal needs.

Nitrogen synchronization in crop management:

THE SYNCHRONIZATION PROBLEM IN CROP MANAGEMENT
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Chapter 1:

Optimizing Soil Nitrogen Dynamics through Maize-Legume Intercropping and Green Manure: The
Ecological Buffer

Integrating short-season, fast-growing green manure crops (both leguminous and non-leguminous) into maize
production is a highly effective, field-proven strategy to stabilize nitrogen cycling and boost overall resource

efficiency.

Maize-legnme intercropping system. Source: Pranita Thorat | Getty Images

Field data shows that this integrated approach transforms soil fertility and nitrogen retention:

¢ Direct Nitrogen Contribution: Leguminous green manures can accumulate and fix an impressive
80 to 100 kg of N per hectare over a short 45-to-60-day growing period. This provides an organic

nitrogen source that can replace up to 20% to 40% of synthetic fertilizer requirements.

e Active Nitrogen Catchment: Instead of allowing residual post-harvest mineral nitrogen to leach,
intercropped green manures absorb surplus soil inorganic nitrogen and synthesize it into organic plant
biomass. Research demonstrates that intercropping systems can reduce total mineral nitrogen
concentrations in deep soil layers (30 to 90 cm) by 27% to 53% compared to monocropping,

preventing it from reaching groundwater.

e Soil Organic Matter & Microbial Activation: Returning high-quality green manure biomass to the
soil increases soil organic matter (SOM) and expands the active microbial community. This biomass
fuels a tightly coupled loop of microbial mineralization (releasing available nitrogen) and
immobilization (storing nitrogen in microbial cells), ensuring a steady, slow-release supply of nutrients

that aligns perfectly with maize growth.
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The tangible agronomic and environmental benefits of implementing this system are clear:

Research Insight

Green manures improve soil
available N, driving
significantly higher crop
uptake efficiency.

Deep-rooted green manures
act as nutrient catchments,

reclaiming deep nitrogen.

Intercropping stabilizes the
mineral nitrogen pool,
limiting raw substrate for

denitrification.

Complementary spatial and
temporal root growth
maximizes water and nutrient

uptake.



Chapter 2:

Selecting the best legume green manure species to intercrop with maize, comparing their biomass
production and N-fixation rates:

Selecting the right legume green manure for maize intercropping depends on your climate zone, soil type, and

the primary goal (maximum nitrogen fixation vs. rapid biomass/weed supptession).

The field data below compares the top-performing legume species used globally in maize farming systems,
categorized by their growth habits.




Velvet Bean (Mucuna prariens). Sonrce: tinglee1631 | Getty Images

Hairy Veteh (Vicia villosa). Sonrce: PamelaJoeMcFarlane | Getty Images

Species Performance Comparison:

The table below outlines typical ranges for dry matter biomass production and biological nitrogen fixation
(BNF) under realistic field conditions:

Dry
Nit
Legume Matter Fil r(c)lg(ekI; Best Suited Ecological Synergy with
xe
Species Biomass N/ha) For Maize
a
(t/ha)
Highly d ht-tol t;
Cowpea Warm/semi-arid '8 y rous . oleran
) ) establishes rapidly to shade out
(Vigna 3.0-55 50 -120 regions, low- . .
. . . early weeds without aggressively
unguiculata) fertility soils. _ .
strangling maize stalks.
The heavy biomass champion.
Velvet Bean Humid tropics, Must be managed carefully
(Mucuna 5.0-9.0 150 — 250 high weed- (often planted 4—6 weeks after
pruriens) pressure zones. maize) to prevent it from

climbing and lodging the maize.



Dry

Nit
Legume Matter Fil r(()ig(ekn Best Suited Ecological Synergy with
xe
Species Biomass 8 For Maize
N/ha)
(t/ha)
T . Excellent for continuous living
Hairy Vetch cmpera el mulch systems. Breaks down
zones, cool-
(Vicia 3.5-6.0 90 — 200 € . rapidly in spring, releasing
) season winter _ .
villosa) available nitrogen exactly when
r.
cove young maize requires it.
Erect, upright growth habit
Sunn Hemp Tropical/Subtro minimizes direct spatial
(Crotalaria 45-7.5 80 — 160 pical, nematode- competition with maize.
juncea) infested soils. Suppresses harmful root-knot
nematodes.
) Stays green long after maize
Lablab Bean Subtropical, .
harvest, providing excellent
(Lablab 4.0-8.0 90 — 180 prolonged dry- . .
_ post-harvest soil protection and
purpureus) season grazing.

Selection Strategy: Balancing Trade-offs

high-quality livestock fodder.

When choosing between these species, field researchers look closely at the C:N ratio (Carbon-to-Nitrogen
ratio) of the biomass.

e High-Nitrogen Fixers (e.g., Hairy Vetch, Cowpea): These have a low C:N ratio (less than 20:1). Their
biomass decomposes rapidly upon termination, providing an immediate flush of plant-available

nitrogen (NO3 and NH}) to the maize crop.

e High-Biomass Producers (e.g., Velvet Bean, Lablab): These generate immense organic matter. While
they lock up significant nitrogen, their higher C:N ratio means they decompose more slowly. This
provides a long-lasting soil mulch that suppresses weeds, cools soil temperature, and enhances soil
organic matter (SOM) over the long term.



Chapter 3:
(This chapter is a bit scientific, but easy to understand if read meticulously)

The biochemistry of green manure decomposition and how C:N ratios affect nitrogen
immobilization and mineralization rates:

When green manure is incorporated into the soil, it triggers a microbial feeding frenzy. Soil microbes (bacteria
and fungi) utilize the carbon (C) in the plant tissue for energy and building their cellular structures, while using
the nitrogen (N) to synthesize proteins and nucleic acids.

Whether this process releases plant-available nitrogen (mineralization) or temporarily locks it up
(immobilization) depends entirely on the chemical composition of the green manure—specifically its
Carbon-to-Nitrogen (C:N) ratio.

The Biochemistry of Decomposition

Microbes break down plant biomass using an array of extracellular enzymes. The speed of this breakdown

follows a strict biochemical hierarchy based on the complexity of the plant molecules:

1. The Soluble Fraction (Sugars, Amino Acids, Organic Acids): These are broken down within
days. Microbes easily absorb them for immediate energy.

2. Structural Carbohydrates (Cellulose and Hemicellulose): These form the plant cell walls.
Microbes secrete cellulases to slowly chop these long chains down into simple glucose molecules over

weeks.

3. Lignin and Polyphenols: Lignin is a complex, tough molecular matrix that wraps around cellulose.
It is highly resistant to enzymatic attack and decomposes very slowly over months via specialized
fungal enzymes (like Zgnin peroxidases). Lignin acts as a physical barrier, slowing down access to the

easier-to-digest carbohydrates inside.
The Critical C:N Threshold: 20:1 to 25:1

Soil microbes maintain a relatively constant internal C:N ratio of about 8:1. However, because they are
inefficient engines, they respire about 60% to 70% of the carbon they consume as carbon dioxide (C0,) gas

to generate energy. Only about 30% to 40% of the carbon is actually incorporated into their new biomass.



To build new cells efficiently, the ideal diet for a soil microbe requires a C:N ratio of roughly 24:1.

Microbial Diet (24 Carbon : 1 Nitrogen)

/ \
/ \
66% Respired as CO2 33% Built into Biomass
(16 Carbon Atoms) (8 Carbon Atoms)

Matches Microbe's

Internal 8:1 Ratio
This 24:1 threshold creates two distinct biochemical pathways when green manure enters the soil:
1. Net Mineralization (C:N less than 20:1)

When you incorporate young leguminous green manures like vetch or cowpea, the C:N ratio is low—often
between 12:1 and 18:1.

e The Process: The plant material contains more nitrogen than the microbes need to balance the
carbon they are consuming.

e The Result: As microbes process the organic matter, they excrete the excess nitrogen into the soil
solution as waste. This process, called ammonification, converts organic nitrogen into ammonium
(NH]), which soil bacteria quickly transform into nitrate (NO3) through nitrification. This results in
a rapid spike in plant-available nitrogen.

2. Net Immobilization (C:N greater than 30:1)

When you incorporate mature, straw-like non-leguminous crops or overly mature legumes, the C:N ratio is
high—frequently 40:1 to 80:1.

e The Process: The material is rich in carbon but severely deficient in nitrogen. The microbes have
plenty of fuel (carbon) to grow, but they run out of the building blocks (nitrogen) needed to make
proteins.

e The Result: To keep decomposing the carbon, microbes actively scavenge any existing mineral
nitrogen (NO3 and NHJ) out of the surrounding soil solution, locking it inside their own cellular
bodies. This creates a temporary nitrogen deficiency in the soil, depriving the main crop (like maize)
of nutrients.



The Lignin and Polyphenol Nuance

The C:N ratio alone does not tell the full story. Two pieces of plant tissue can have the exact same C:N ratio
but decompose at entirely different speeds due to their Lignin + Polyphenol content.

Biochemists use the Lignin-to-Nitrogen ratio to predict nitrogen release patterns:

o If the lignin content of the green manure exceeds 15%, or if the polyphenol content is high, these

compounds chemically bind to the plant proteins.

e These binding forms complex, decay-resistant structures that protect the nitrogen from microbial

enzymes.

e Consequently, even if a plant has a low C:N ratio, a high lignin content will drastically slow down the

mineralization rate, stretching the nitrogen release over months instead of weeks.
Agronomic Takeaway for Maize Systems

To maximize nitrogen, use efficiency in a maize-legume intercropping system, timing is everything:

Green Manure Typical

Typ CN N Dynamics Ideal Management
e :
Rapid
Y Mineralization
Lounlgn Terminate right before or at the early
egume -
S 8 lent 12:1 - 15:1 Releases 50% of its vegetative stage of maize to match the
uccule e
. N within 2 to 3 peak nitrogen demand of the crop.
Biomass weeks of
termination.
Initial
Mat Immobilization Terminate well ahead of planting, or
ature, .
Woodv Green 281 — 40:1 Locks up nitrogen leave it on the surface as a mulch rather
00 ee :1 —40:
M y for 4 to 6 weeks than incorporating it, allowing slow
anure

before slowly surface weathering.

releasing it.



Chapter 4:

The best planting windows, relative seeding times, and spatial arrangements for maize-legume
intercropping to minimize competition:

To successfully intercrop maize and legumes without penalizing your yields, you must balance spatial
distribution (above-ground canopy access and below-ground root architecture) and temporal separation

(staggering growth stages to reduce resource competition).
Field research points to the following optimized seeding times, planting windows, and row geometries.
1. Relative Seeding Times & Planting Windows

The most effective tool for managing resource competition is the staggered or relay planting strategy.
Planting simultaneously often exposes the legume to extreme shading from the aggressive vegetative
expansion of maize, or causes the legume to entangle the maize stalk, leading to lodging.

¢ Simultaneous Planting: Only recommended for dwarf, non-vining, short-duration legumes (e.g.,

specific bush beans or early-maturing cowpeas).

e The "Relay" Window (Legume Delayed): For aggressive climbers or high-biomass green manures
(e.g., Velvet Bean, Lablab, semi-determinate Cowpea), the legume should be seeded 3 to 4 weeks (in
temperate zones) or 4 to 6 weeks (in the tropics) after the maize emerges.

o Agronomic Insight: This delay allows the maize to establish its dominant root structure and
primary canopy first. By the time the legume begins sprawling, the maize has already moved
past its highly sensitive early vegetative stages.

e The "Under-Sowing'" Window (Legume First): In winter cover-cropping or cool-temperate
zones, winter-hardy legumes like Hairy Vetch are planted in the late autumn. The following spring,

maize is strip-tilled or direct-seeded straight into the living or terminated vetch mat.
2. Spatial Arrangements and Row Geometries

Spatial design dictates how efficiently both plants capture photosynthetically active radiation (PAR) and share
soil moisture.

Arrangement A: Alternate Single Row (ASR) — 1:1 Configuration
¢ Design: One row of maize alternating with one row of the legume.

e Spacing: Standard maize rows are kept at 75-90 cm apart, with the legume row placed precisely in
the center (37.5—45 cm from the maize).

e Best For: Smallholder systems using low-canopy, erect, or semi-erect legumes (e.g., Groundnut,
Soybean, Bush Cowpea).

e Dynamics: Maximizes the immediate microclimate contact between the two crops, creating high

spatial underground root complementarity, but increases the risk of early light shading for the legume.



Arrangement B: Alternate Double Row (ADR) or Strip-Intercropping — 2:2 Configuration
e Design: Two rows of maize alternating with two rows of the legume.

e Spacing: A wide strip geometry where maize pairs are grouped closely together (e.g., 40—50 cm
between the two maize rows), leaving a wider 100-120 cm alleyway to host the two legume rows.

e Best For: High-biomass green manures (Velvet Bean, Sunn Hemp) and mechanizable farms.

e Dynamics: This layout significantly minimizes competition. The wider "corridors" ensure that the
center legume row receives adequate solar radiation even when the maize reaches peak canopy height
(V12 to tassel stages).

Arrangement C: Intra-Row Intercropping (Within the Same Row)

e Design: Alternating plants within the exact same planting line (e.g., one maize plant, one legume
plant, or two legume seeds dropped in the interspace between maize hills).

e Spacing: Maize hills spaced at 75 cm intervals, with the legume planted exactly at the 37.5 cm midway
mark.

e Best For: Hand-planted, intensive subsistence cropping systems using highly shade-tolerant legumes
(e.g., certain Pigeonpea varieties).

A. ARRANGEMENT A: ALTERNATE SINGLE || B. ARRANGEMENT B: ALTERNATE DOUB- || C. ARRANGEMENT C: INTRA-ROW
ROW (ASR) - 1:1 CONFIGURATION BLE ROW (ADR) OR STRIP- INTERCROPPING (WITHIN THE SAME ROW)
INTERCROPPING - 2:2 CONFIGURATION

-4




The Proven "Formula" for Success

Strategy . .
Low-Risk Configuration

Element

Seeding Gap Pla.nt legume 21 to 28 days after
maize.

Row 2:2 Strip Intercropping (Alternate

Geometry Double Rows).

Plant Keep maize at 100% standard sole

a
Population density; add legume at 50-60% of its

sole density.

Direct Agronomic Benefit

Protects maize from structural
entanglement; protects legume from

early total shade canopy.

Retains ease of mechanical cultivation
and harvesting while creating light
corridots.

Guarantees that the baseline economic
yvield of the primary crop (maize) is never

compromised.



Chapter 5:

The Big Question: How do you calculate the expected nitrogen release curve of a cowpea cover crop
to precisely cut back on synthetic starter fertilizer for maize?

To precisely cut back on synthetic starter fertilizer for maize based on a cowpea (7gna unguiculata) cover crop,
you must calculate the Total Nitrogen Pool inside the crop and then apply a Mineralization (Release)
Curve based on environmental conditions.

A rigorous, field-tested method allows you to mathematically determine this credit.
Step 1: Quantify the Total Nitrogen Pool (N¢o¢q1)

Before predicting the release curve, you must calculate exactly how many pounds of nitrogen are sitting in the
field's aboveground biomass.

1. Sample the Field: Toss a standard sampling square (e.g., 2 ft X 2 ft = 4 sq ft) into a representative

area of the field. Cut all cowpea vines inside the square down to the soil surface.
2. Dry and Weigh: Oven-dry the sample to remove moisture, then weigh the dry biomass in pounds.

3. Calculate Dry Matter (DM) Biomass per Acre:

Dry weight of sample (Ibs)

Biomass (Ibs/acre) = ( ) X 43,560

Area of square (sq ft)

4. Determine Tissue Nitrogen Concentration (N%): Send a subsample to an agricultural lab.
Succulent, pre-flowering cowpea typically registers at 3.0% to 4.0% N; at full bloom, it drops slightly
to 2.5% to 3.0% N.

5. Calculate Total Nitrogen Pool:

N%
Ni¢otar (Ibs/acre) = Biomass (Ibs/acre) X (W)

Example: A dense cowpea cover yields 3,000 lbs/acte of dry biomass at 3.5% N.
3,000 x 0.035 = 105 1bs of Total N/acre stored in biomass
Step 2: Apply the Cowpea Decomposition Function

Cowpea tissue decays far faster than grasses because it features a low C:N ratio (typically 13:1 to 17:1).
Agronomists use a two-pool exponential decay model or the Gompertz function to map out its
decomposition over days.

For standard field management, the release curve behaves as follows under average summer temperatures

(75°F to 85°F / 24°C to 29°C):



[ --- Cowpea Nitrogen Release Curve --- ]

(Total Mineralized Pool ~50-66%)

%] 42 56 (Days Post-Termination)
G

The 4-to-6 Week Peak Flush
Because cowpea is highly soluble and low in lignin, its mineralization curve is front-loaded:
e  Weeks 0 to 2: Rapid cell lysis. Microbes mineralize roughly 25% to 30% of the total nitrogen pool.

e Weeks 2 to 4: Peak mineralization. Microbes break down structural carbohydrates, bringing the
cumulative mineralized N to 45% to 50%.

e Weeks 4 to 8: The curve flattens significantly. Tougher structural components break down slowly,
maxing out the season's total nitrogen availability at 50% to 60% of Nyy¢q;. The remaining 40% to

50% turns into stable soil organic matter (humus).
Step 3: Calculate the Fertilizer Credit for Maize Starter

Maize starter fertilizer is designed to feed the seedling during its first 30 to 45 days (from emergence to the
V6 growth stage), when its root system is too small to scavenge deep into the soil profile.

To safely reduce this starter application, you must adjust for Residue Placement:
Scenario A: Incorporated Biomass (Disced / Tilled)

Tilling forces direct contact between the soil microbes and the cowpea tissue, accelerating the mineralization
curve.

e The Math: You can safely count on 50% of N¢y¢q; becoming available within the first 4 weeks.

Available Ny yeeris = 105 1bs N X 0.50 = 52.5 Ibs N/acre



o Starter Adjustment: If your standard starter recommendation is 40 Ibs N/acre injected in a 2 X 2
band, you can eliminate the starter entirely or cut it back to a minimal 10 lbs N/acre "pop-up"

dose, as the tilled cowpea will completely satisfy early vegetative demand.
Scenario B: Surface Managed Biomass (Roller-Crimped / No-Till)

Leaving cowpea on the surface slows decomposition because the tissue dries out periodically, restricting

microbial access.
e The Math: You should only credit 35% to 40% of N4, within the first 4 weeks.

Available Ny o = 105 1bs N X 0.35 = 36.75 lbs N/acre

e Starter Adjustment: Because surface mineralization is heavily dependent on rainfall to wash the
released nutrients into the root zone, you should retain 25% to 50% of your synthetic starter rate

(10 to 20 Ibs N/acre) to guarantee immediate seedling vigor during dry spells.
Environmental Modifiers to Keep in Mind

If you are using digital tools like the USD.A Cover Crop Nitrogen Calenlator (CC-NCALC), it will dynamically
shift the curve based on real-time factors:

e Temperature: If soil temperatures stay below 60°F (15.5°C) after termination, the curve shifts to

the right. Microbial activity slows, and you must reduce your early credit by half.

e Moisture: Extreme drought stops decomposition completely. In dryland no-till systems, do not

shortchange your starter fertilizer; hold onto it as an insurance policy.

For a step-by-step visual demonstration on taking field samples to determine these credits manually, watch
this video guide on , which walks through the clipping, weighing,
and math process used by extension agents.



CONCLUTION:
The Final Takeaway:

True farming has always been an act of generational stewardship, a deep agreement between the family who
works the ground and the land that sustains them. Over the last few decades, conventional farming has drifted
into a costly cycle of treating the soil like a sterile factory floor—pouring in synthetic inputs, watching the
margins shrink, and fighting a constant battle against nutrient runoff, degraded soil structure, and
unpredictable input markets.

Shifting to an integrated maize-legume and green manure system is more than just an agronomic adjustment.
It is a reclamation of independence.

When you look across an intercropped field, you are looking at a living ecosystem working exactly as nature
intended. The deep roots of the legumes are not just pulling nitrogen out of the air for free; they are anchoring
your topsoil, rebuilding the organic matter that holds onto water during a drought, and breathing life back
into the biological community beneath your boots. Every pound of nitrogen fixed by a cowpea or vetch crop

is a pound of fertilizer you did not have to buy, haul, or worry about washing away in the next heavy rain.

“Choosing this path means stepping off the synthetic treadmill and
investing directly back into your ewn asset—your soil.

It means leaving a piece ofland to your children that is richer, more
resilient, and more alive than the day you inherited it. By letting
biology do the heavy lifting, you protect both your farm's bottom
line and the water and air that sustain your community.

The future of farming isn't found in a bag of chemicals; it is grown
right out of the living earth.”

“““GOD BLESS YOU”””





