
Soil quality and health: microscopic warriors 

of vegetable production system

Ajay Nair

Department of Horticulture

Iowa State University



o Hogs outnumber humans 

five to one in Iowa

o Largest truck stop in North 

America on Interstate 80

o Red delicious apple was 

developed in Iowa in 1880
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What is “Soil Quality and Health”?

• Soil Health is a state of a soil meeting its range of 
ecosystem functions as appropriate to its 
environment. USDA NRCS (2013)

• Soil Health and Soil Quality are often used 
interchangeably

– Health refers to the internal state of an entity

– Quality refers that entities “fitness for purpose”

• The term health implies a capacity to sustain 
function… not merely a particular function, but the 
full range of function.



Characteristics of healthy soil

o Good tilth
o Sufficient depth
o Good water 

storage and 
drainage

o Less compaction

o Sufficient 
supply, but not 
excess of 
nutrients

o Proper balance 
of nutrients

o Optimum pH, EC
o Low weed 

pressure

o Organic matter
o Biologically 

active soil
o Diversity of soil 

microorganisms





O=Organic material

A=Topsoil

B=Subsoil

C=Weathered or decomposed rock 

R=Parent rock 

Biology



I think I 
got it 
right 

Is it O or A 
horizon?

Is it time for lunch?



Soil is alive…

For example, in 1g of soil:

>100,000,000 bacterial cells

>11,000 species of bacteria 
Also fungi and larger animals



Why soil quality and health is important for 

vegetable cropping systems?

Soil harbours most of  the world’s biodiversity

Responsible for many key ecosystem functions

Annual crops need timely supply of  nutrients

Pest and disease interactions

Cycling of  energy and nutrients intimately 
associated with the soil food web



Bacteria

Fungi

Nematode

Mycorrhizae

Significance of  soil microflora and fauna

o Breakdown complex molecules and compounds

o Pathogen suppression

o Stabilization of soil aggregates

o Nutrient cycling



In order to understand how biology 

affects our soils - we need to 

understand a little about the 

organisms who live there



Macrofauna: 

Soil ‘Engineers’

Adapted from Swift et al. 1979

1. Decomposition 

(shredding residues) 

2. Mixing soil (aeration)



Termite

Snail

Earthworm

Vole

Macrofauna

Centipede

Pseudoscorpion



Mesofauna: 

Soil predators, 

pathogens, 

herbivores

Adapted from Swift et al. 1979



Soil mesofauna

Nematodes

Symphyla

Soil mesofauna are important for

1. Residue decomposition

2. Predation

3. Pathogenesis

Diplura



Microorganisms: 

Soil process controllers

Adapted from Swift et al. 1979



Process Controllers

Happy bacteria Funny fungi Nomadic nematode Pristine Protozoans

Organic 
matter

Nitrate 
Leaching

Nutrient cycling

Structure/Aggregation

Humification

Decomposition

Soil organisms are involved in nearly  
every aspect of soil quality



Soil Biology is important for 
nutrient cycling 

Soil organisms continually transform nutrients 
among many organic and inorganic forms

N P K

Decomposition

soil organic matter



Nitrate

Ammonia

Dead Crop Biomass

Soil Organic Matter

N2 - Air

Fertilizer

Leached
Nitrate

Microorganisms

Nitrosomonas

Nitrobacter

Roots

N
itrificatio

n

Microbial Nitrogen Cycling



Microorganism-Plant 

Relationships



Bacterial-Plant Symbiosis

Legumes



- bacteria require plant for growth; plant 

gains ‘free’ source of available N

Nitrogen Fixation

* Symbiotic relation between  

bacteria and plants:

-e.g., legumes + Rhizobium

*  Grasses-Azospirillum/Azobactor



GENUS SPECIES PLANT

Rhizobium meliloti Alfalfa (Medicago, Melilotus)

Rhizobium leguminosarum Peas (Pisum)

Rhizobium leguminosarum Vetches (Vicia)

Rhizobium leguminosarum Clover (Trifolium)

Rhizobium leguminosarum Beans (Phaseolus)

Rhizobium loti Trefoil (Lotus)

Rhizobium fredii Soyabean (Glycine)

Bradyrhizobium japonicum Soyabeans, Tropical legumes 
(Arachis, Leucaena)

Azorhizobium caulinodans Stem nodules (Sesbania)

Non-legumes (Parasponia)

Rhizobia are host specific



Non-inoculated
Inoculated



Fungi-Plant Interaction

Mycorrhizae
(root fungus)

Extension of root system

Fungus enhances 

nutrient and water intake

Plants provide carbon 

source 

Nearly 90% of native plants 

have mycorrhizae association



Source: Harrison et al. 1999

Roots without mycorrhizae



Source: Harrison et al 1999

Roots with mycorrhizae



Detritus (Plant Debris)

Fungi Earthworms

Bacteria

Soil Humus

Organic Matter

Biomass

Humin

(insoluble)

Humic Acid

(insoluble in acid)

Fulvic Acid

(soluble)

(nonliving, nontissue decay products)

(identifiable dead tissue)

(living organisms)

Nutrient 

Release



Compost: an excellent soil amendment

o Improves:
o Soil structure

o Water holding capacity

o Soil biology

o Reduces compaction and bulk density

o Builds soil organic matter

o Disease suppression

Do not view compost as N, P, and K



Cover crop and compost effects on 

tomato and cucumber production



Cropping system pH
EC    

(dS.m-1)

Water holding 

capacity (g.g-1)

NO3-N         

(kg ha-1)

NH4-N  

(kg ha-1)

Cations (mg kg-1)

Ca Mg K 

2007

Monocrop (C) ND 0.44 a 0.23NS 31.4NS 4.5 b 2228.8NS 406.5NS 161.8 ab

Monocrop (NC) ND 0.35 b 0.20 29.0 6.8 a 2018.5 385.0 100.5 c

Intercrop (C) ND 0.34 bc 0.21 34.7 6.5 ab 2086.0 413.8 195.5 a

Intercrop (NC) ND 0.28 c 0.22 31.5 7.4 a 2097.8 408.0 135.3 bc

2008

Monocrop (C) 7.1NS 0.57 a 0.22NS 54.2 a 7.5NS 2017.0NS 433.8NS 199.5 b

Monocrop (NC) 7.3 0.31 c 0.23 37.7 b 7.6 2076.8 417.8 120.5 c

Intercrop (C) 7.2 0.52 ab 0.22 56.8 a 8.3 2291.8 452.8 240.0 a

Intercrop (NC) 7.3 0.39 bc 0.25 40.9 b 7.7 2156.0 426.3 133.0 c

2009

Monocrop (C) 7.4 ab 0.42 a 0.36 a 9.3NS 1.9NS 2137.0 b 434.0 b 171.2 b

Monocrop (NC) 7.6 a 0.23 b 0.28 b 5.4 2.4 2149.5 b 420.0 b 114.2 c

Intercrop (C) 7.4 ab 0.36 a 0.37 a 10.2 2.3 2518.8 a 527.5 a 234.0 a

Intercrop (NC) 7.1 b 0.22 b 0.27 b 10.0 2.8 2197.3 b 427.2 b 118.0 c

Soil chemical and physical properties
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Rep 1

o 31 carbon substrates

Community level physiological profile

Patterns of potential C source utilization

Rep 2 Rep 3



Rye Vetch - Compost

Rye - CompostRye – No Compost

Rye Vetch – No Compost

More color

More color



Integrating cover crops in 

vegetable production systems

Build organic matter

Nutrient management

Improve soil properties

Biofumigation

Weed suppression

Crop rotation



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Cover cropping window: summer

Cash crop

Cover crop

Cash crop

Cowpea

Sorghum sudangrass

Buckwheat

Sunnhemp

Millets

Clovers



J F M A M J J A S O N D

Cover crop

Cash crop

Onions

Peas

Beans

Lettuce

Cover crop windows: Summer or Fall
After early harvested vegetables

Sorghum

Wheat

Winter peas

Oats/Peas

Mustards

Clovers

(winter-kill)
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Cover crop

Cash crop

Cover crop windows: Winter
Off-season

Cereal rye

Wheat

Hairy vetch

Triticale



Crop diversity can influence soil biology

Depth and 

structure of  root

Quality and 

quantity of  

exudates

Bacteria

Fungi Nematodes



Lesion

Spiral

Stunt

Pin

Tylenchs

Aphylenchs

Dorylaims

Herbivore

Bacteriovore

BacteriovoreFungivore

Nematode Classification



What do 

nematodes do in 

the soil ?

C:N

5:1

C:N

5:1

10:1

N

Nutrient Cycling

C:N

5:1

Happy bacteria

C:N

5:1

C:N

5:1



Cover Crop
Plant parasitic 

nematodes
Bacterial feeders

Control 178 a 383 b

Cereal Rye 97 ab 498 ab

Yellow Mustard 114 ab 533 ab

Oriental Mustard 102 ab 683 ab

Oilseed Radish 79 b 1382 a

Impact of  cover crops on 

Nematode community



Cover crops in high tunnels



Control plots (no cover crop)

High Weed pressure



Very low weed pressure

Yellow Mustard



Weed Biomass

b

b

a



Microbial Biomass Carbon
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Kroul Farms, Mt. 
Vernon, IA



Seeded: 3rd June 
Harvested: 16th July

BUCKWHEAT



No Cover crop plot



Reduced tillage 

cover crop systems 

to improve soil 

quality and health



No-Till

Cover Crops

Irrigation

Compost

Strip-Till

Crop rotation

Nutrient 

Management

Soil Building Processes

Biologically Active Soil

Why biologically acive ?

Initiate decomposition reactions

Release of nutrients for plant 

uptake

Development of humus and other 

growth promoting substances

Improvement in soil structure and 

physical propeties

Suppress soil-borne pathogens by 

occupying the niche

Drive nature’s C and N cycles



Many THANKSFunding agencies



It’s a balancing act !
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