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BENEFITS OF COVER CROP 

1. Reduce non-point source pollution, reduce eutrophication, 
protect marine life. 

2. Leguminous cover crop fix N 

3. Cover crop can scavenge nutrients that have leached 

4. Cover crop add soil organic matter, improve soil nutrient 
cycling, thus reduce fertilizer inputs 

5. Cover crop out compete weeds, reduce herbicide application 

6. Cover crop attract natural enemies, reduce pesticide 
application 

 

 

 



NON-POINT SOURCE POLLUTION 

Nonpoint source 

pollutants, such as 

sediments, nutrients, 

pesticides, 

herbicides, fertilizers, 

animal wastes and 

other substances 

that enter our water 

supply as 

components of 

runoff and ground 

water, have 

increased in relative 

significance and 

accounts for > 50% 

of the pollution in 

U.S. waters. 

US Forest Service (NA-PR-07-91)  



3. COVER CROP CAN 

SCAVENGE LEACHED 

NUTRIENTS 

 Fibrous-rooted cereal grains scavenge 

excess N when planted soon after 

termination of last crop. 

 Deep-rooted cover crops (such as oil 

radish) draw Ca and K that leach 

down the soil to upper soil surface. 

 Cover crops (e.g.  buckwheat and 

lupines) secrete acids into soil that put 

P into a soluble form for plant to 

uptake.  

 Cover crops could also enhance plant 

P uptake by hosting mycorrhizal fungi. 



 30-60% of N that the legume 

produced can be available for 

the subsequent cash crop 

(WSARE, 2007) 

 Plant N available rates varies by 

cover crop and soil condition --- 

Cover crop calculator 

2. Leguminous cover crops contribute N to cash crops 



3. ADDING SOIL ORGANIC MATTER (SOM) 

 Soil organic matter contributes to improve soil structure, 

increase infiltration and water holding capacity, increase 

cation exchange capacity (help soil to store nutrients).  

 Two portions of soil organic matter: 

 Active fraction --  rich in simple sugars, proteins, fresh 

residues, microbial cells (release of most N, P, K from 

organic matter) 

 Stable fraction – rich in celluloses and lignins, 

contribute to humus  (responsible for real soil organic 

matter, dark content,  water holding capacity, cation 

exchange capacity or CEC) 

 

 

 



4. IMPROVE SOIL NUTRIENT CYCLING 

Detrital N, P 

Inorganic N, P 

Fungal N, P Bacterial N, P 

Fungal-feeding Nematode Bacterial-feeding Nematode 

Plant 
N, P 

Omnivorous and Predatory Nematode 

Cover crops enhance microbial activities involve in soil nutrient 

cycling 



Nematode Resistant 

http://www.ctahr.hawaii.edu
/WangKH/Downloads/CCCh

art-Hawaii-KHWang.pdf 
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PLANT AVAILABLE NITROGEN (PAN) 
 Although cover crops can fix or accumulate nitrogen (N) in plant 

tissues, not all the N in the tissue will be released into a plant available 

form. 

Plant Available Nitrogen (PAN %) = [Soil nitrate with cover crop (mg/kg) - soil nitrate without cover crop]  X 100 
                                           Total N added by cover crop (mg/kg) 

[NO3
-] [NO3

-] 

Total N 

At 28 days after cover crop incorporation 

At 70 days after cover crop incorporation  

% N in tissue × cover crop biomass = 

Actual PAN = cover crop dry biomass × % N × PAN% 

Amount of N 

fertilizer input 

that farmers can 

cut back 



2. Subsample 1-2 lb biomass sample 

and send it to a Lab:  

• for tissue N analysis (%) 

• estimate cover crop dry 

biomass (%) 

Tissue N% 

Actual PAN = % N × cover crop dry biomass × 

PAN% 

How to use Cover Crop Calculator? 

1. Sample above ground 

cover crop biomass 

from at least four 1-sq 

ft quadrants, measure 

in lbs/sq ft. 

Agricultural Diagnostic Service Center  

   1910 East-West Road 

   Sherman Laboratory 134 

   Honolulu, Hawaii 96822 

   Tel: (808)956-6706 

3. Download Cover Crop Calculator for Hawaii at 

https://www.ctahr.hawaii.edu/WangKH/cover-

crop.html 

  Find the location closest to your site. 

https://www.ctahr.hawaii.edu/WangKH/cover-crop.html
https://www.ctahr.hawaii.edu/WangKH/cover-crop.html
https://www.ctahr.hawaii.edu/WangKH/cover-crop.html
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4. Enter area sampled (column D), fresh weight of field sample (column E), total %N (column F) 

and % dry matter (column G). 



5. Enter total crop N requirement (cell G18), soil N analysis from Step 1 (cell 

G19).  

   Enter cover crop PAN from column N or L (cell G20). 

Amount of N fertilizer input that 

Poamoho farmers can cut back 

Come with 

recommendati

on from ADSC 

report 

= 



Amount of N fertilizer input that 

Waimea farmers can cut back 

5. Enter total crop N requirement (cell G18), soil N analysis from Step 1 (cell 

G19).  

   Enter cover crop PAN from column N or L (cell G20). 

This does not account for 

additional N for soil 

organic matter 



Note: Majority of the PANs were released during the first 28 days after cover crop termination.  

• Pending on your cropping 

cycle, additional fertilizer 

needed probably should be 

added around 4-week after 

cover crop termination (not 

at crop planting).  

• Cash crops should be 

planted within 2 weeks 

after cover crop 

termination for maximum 

recycling of PAN. 



6. Compare your cover crop results with UH ranges (found in: 
 

    'Typical Poamoho/Lalamilo Results') for specific  cover crop species. Use 

caution if your estimates are unusual. 

7. Look for crop N deficiencies. Supplement with additional fertilizer PAN if 

needed. 



VERIFICATION 

Fresh wt 

(lb/sq ft) 

Dry 

content 

(%) 

Tissue N 

(%) 

28 day 

PAN (%) 

28 day 

Actual 

PAN 

(lb/A) 

70 day 

PAN 

(%) 

70 day 

Actual 

PAN 

(lb/A) 

Hirayama 0.89 10 4.05 61.73 95.08 68.77 106.03 
Bonk 1.32 5 4.77 62.92 90.53 71.42 93.64 

Robbs 0.89 14 2.64 62.22 89.60 - - 

Cover crops mix 

Hirayam
a 

Vetch, red clover, spring 
pea, oats 56.6 89 65.1 102 

Bonk Oil radish, vetch 60.5 83 67.2 92 

Robbs Cayuse oat, bell beans, 

purple vetch, Austrian 
winter peas 

43 62 51.7 74 

Farmers’ sample through direct PAN estimation 

PAN estimation using cover crop calculator 



PAN% PREDICTION CURVES IN HI 

• In some areas, PAN% prediction curves in HI is higher than that from VK-equation. 

4-Week: y = 0.562x2 + 1.6376x + 52.677 
(R² = 0.73815) 

10-Week: y = -0.5346x2 + 9.4219x + 53.371 
(R² = 0.8666) 
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VK Equation 

4 Week: y = -13.596x2 + 99.847x - 111.57 
(R² = 0.77964) 

10 Week: y = -21.093x2 + 141.72x - 150.69 
(R² = 0.8607) 
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VK Equation 



PAN% PREDICTION CURVES IN HI 

4-Week: y = 7.2606x + 23.794 
(R² = 0.53597,  P < 0.001) 

 

10-Week: y = 5.8972x + 36.967 
(R² = 0.50227, P < 0.001) 
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• However, PAN% estimated in 

cool season at higher 

elevation in Hawaii is very 

similar to VK-equation. 



THERE IS A TREND THAT PAN% DECREASED WHEN %N OF COVER 

CROP TISSUES IS HIGHER THAN 4% 

4 Week: y = -13.596x2 + 99.847x - 111.57 
(R² = 0.77964) 

10 Week: y = -21.093x2 + 141.72x - 150.69 
(R² = 0.8607) 
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VK Equation 

4-week: y = -6.1127x2 + 48.676x - 31.849 
(R² = 0.4959) 

10-Week: y = -14.948x2 + 108.06x - 126.58 
(R² = 0.8121) -40
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Hoolehua, Molokai 



Some time, PAN% prediction curves in HI is lower than that of 

VK-equation. Suggesting that soil health conditions can affect 

PAN mineralization rate significantly. 

4 Week: y = -25.945x2 + 149.49x - 184.53 
(R² = 0.967, P ≤ 0.0001) 

10 Week: y = -12.925x2 + 75.504x - 75.778 
(R² = 0.9094, P ≤ 0.0001) 

VK Equation 
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Waiakoa, Maui 

% N 

4-Week: y = -15.852x2 + 98.617x - 115.12 
(R² = 0.95775, P=0.0053) 

10-Week: y = -22.557x2 + 122.5x - 129.12 
(R² = 0.9789, P = 0.0002) 

VK Equation 
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FACTORS AFFECTING PAN% FROM COVER CROP 
 climate conditions, season 

 soil types 

 cover crop species 

 biomass, plant age, % N in 

tissue 

 time after cover crop 

termination 

 farming practice (till vs no-till) 

 microbial activities in your soil 

Based on studies in Kansas,  Vigil 

and Kissel (1991) found strong 

correlation between PAN 

released % with % N in tissues 

 
PAN (%) = -53.44 + 16.98 (% N in tissue × 

10)1/2 

 

 

However, Hawaii has many micro-

climates and soil types. Thus, different 

PAN prediction models need to be 
developed for different regions in 

Hawaii.…………..  

 



More Complex Soil Food Web Increase  

Soil Nutrient Mineralization 

Detrital N, P 

Inorganic N, P 

Fungal N, P Bacterial N, P 

Fungal-feeding Nematode Bacterial-feeding Nematode 

Plant 

N, P 

Omnivorous and Predatory Nematode 



Nematodes as Indicators of Soil Health 

Bacterivore Fungivore Herbivore Omnivore Predator 

SI=Structure index EI=Enrichment index 

CI=Channel index 
+    richness, diversity 



LESS STRUCTURED SOIL 

FOOD WEB 

• When analyzing PAN% in 

soil samples with less 

structured soil food web 

(dominated by high EI): 

PAN28 and PAN70 = PAN mineralization rate at 28 and 70 days after cover 

crop termination. 
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• PAN% was positively 

correlated with EI and 

abundance of 

bacterivores and 

negatively correlated with 

SI and CI. 
Nematode soil health 

indicators explained 99.6% of 

the cumulative variance of CCA 

between abundance of nematode 

trophic groups and environmental 

variables. 



MORE STRUCTURED 

SOIL FOOD WEB 

• When analyzing soil with a 

wider range of distribution 

in EI-SI trajectories,: 

• PAN% were positively 

correlated with SI, CI and 

abundance of omnivores, 

but negatively correlated 

with EI. 

 
Nematode soil health 

indicators explained 96.7% of 

the cumulative variance of CCA 

between abundance of nematode 

trophic groups and environmental 

variables. 



CONCLUSION 

 Estimating mineralization rate of N from cover crop residues 

can provide a guideline for farmers to reduce fertilizer inputs.  

 However, accuracy of PAN% estimate from this Cover Crop 

Calculator might change over time pending on a series of 

factors, including soil health conditions. 

 More structured soil food webs with more diverse 

decomposition channels were stronger driven force for N 

mineralization than the simpler soil food web.  

 Use Cover Crop Calculator as a reference, good observation 

on crop response is inevitable. 
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Reference links 

• http://www.ctahr.hawaii.edu/WangKH/cov

er-crop.html 

• http://www.ctahr.hawaii.edu/WangKH/Do

wnloads/CRATE-Wang-HanaiAi.pdf 

• http://www.ctahr.hawaii.edu/WangKH/Do

wnloads/CCChart-Hawaii-KHWang.pdf 

• http://www.ctahr.hawaii.edu/WangKH/Do

wnloads/CRATE_CCPANCalculatorPoster.p

df 

• http://www.ctahr.hawaii.edu/WangKH/Do

wnloads/P-High-elevation-covercrops.pdf 

• http://www.ctahr.hawaii.edu/sustainag/ne

ws/articles/V19-Pant-CoolSeasonCC.pdf 
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