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Introduction

                        

Who should read this book?

This e-book will be especially useful to all farmers, foresters, pasture animal breeders and 

ranchers who practice organic, conventional or permaculture types of agriculture. If you 

use nitrogen fertilizers (either organic or man-made) you will need this book.

It can also be of particular use to students of agriculture, ecology or anyone else 

interested in learning more about nitrogen fixation, its importance in the process of plant 

growth as far as production, and how to achieve better crops with less time and energy.  

Whether you possess a small garden or a farm with fields that stretch across the horizon; 

whether you are only beginning your adventure with gardening and plants, or you are an 

experienced farmer – this book will be of special interest to you, as it will explain step by 

step how to improve the condition of soil and avoid wasting a small (or sometimes big) 

fortune on nitrogen fertilizers.

How does nitrogen fixation work?

How much nitrogen do we use and the real costs of nitrogen fertilizers

 

Nitrogen (N) is one of the key drivers of global agricultural production. Between 

150 and 200 million tones of nitrogen are required each year by plants in agricultural 

systems to produce the world’s food, animal feed and industrial products (including 
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fertilization of commercially used forest areas). To meet those requirements, almost 100 

million tones of nitrogen are fixed annually via the industrial Haber Bosch process 

(derived from the names of two German scientists who synthesized ammonia from 

nitrogen and hydrogen in a lab at the beginning of the 20th century and were the first ones 

to apply it industrially). Many chemists, biologists and especially ecologists have argued 

that improving the efficiency with which nitrogen fertilizer, the major product of 

industrial dinitrogen (N2) fixation, is used in world agriculture is vital to the long-term 

sustainability of the planet. In other words, the increase of industrial application of 

synthesized nitrogen could really harm the health of soil and water on the planet. That 

would appear to be a reasonable argument, if to take into account the often low efficiency 

of nitrogen fertilizer use, with gaseous losses contributing to air pollution and leaching of 

nitrates to  soil erosion and the degradation of water quality. 

No less important is the loss of profits, gained from agricultural (or related to it) 

production. 

Usually only 30 to 50% of the inorganic nitrogen fertilizer applied is used by crop. 

The rest is lost by volatilization, denitrification, or leaching of nitrate into the 

groundwater. In industrialized countries, where huge amounts of inorganic fertilizers are 

commonly used, contamination of drinking water with nitrate has sometimes caused 

significant health hazards. For these reasons, it is necessary that nitrogen fertilizers or 

fertilizers containing nitrogen (like manure) would be used in the most efficient way, and 

only when they are absolutely necessary.
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Dead zone in Mexico Bay is caused  mainly by excess nitrogen application in the 

Mississippi river basin.

What implies an equally important goal - the more effective exploitation and 

utilization of biologically fixed nitrogen in various agricultural systems? There are also 

arguments that purely organic agriculture products can meet the needs of the whole 

human population. At least, it could be a complement for the synthesized nitrogen 

fertilizer use and relieve from various difficulties and pressure the expanded industrial 

production of synthetic fertilizers. It is also not unlikely that certain agricultural systems 

could become far more reliant on biologically fixed nitrogen rather than its synthesized 
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equivalent. Thus, N2 fixation associated with plants at the present time gives ca. 50–70 

million tons annually to the global agricultural nitrogen pool. To increase the amount of 

input or even just to maintain it requires very solid and substantial investments as far as 

fundamental scientific research to make the various N2 fixing systems as effective as 

possible. However, there are still no possible large-scale with which to research the 

effects of N2 fixation; until then this process would not be scientifically measured. From 

this, it follows that the real work will include focusing on the development of plant 

varieties and farming practices in order to optimize N2 fixation is, and will continue to be, 

linked to the degree to which scientists have access to measurement methodologies. That  

means this process can be optimized.

What is nitrogen fixation and why is it so important for the plant growth and production?

To understand how to make the most from nitrogen fixation, first we need to 

understand what it actually is. Although 78% of Earth atmosphere is made of nitrogen 

(denoted as N in the periodic table of chemical elements), it exists there in the gaseous 

form, which makes it not directly available for most organisms. Besides that, it must be 

stressed that nitrogen is one of the most important components of chlorophyll, without 

which photosynthesis is impossible. This means that plants require nitrogen, but 

cannot acquire it in direct form from the atmosphere. In order to grow, blossom and 

bear fruit, this problem is solved in the world of plants via a non-direct approach. 

Thus nitrogen fixation is a process which is a part of the global nitrogen cycle. In this 

process, different organisms, generally denoted as prokaryotes, fix (capture) the nitrogen 

molecule N2 with the help of enzyme named nitorogenase and incorporate it into 

ammonium NH4 and nitrates NO2, NO3. This form is easier for different nitrogen-fixing 

organisms to work with (for example, using it to synthesize proteins, amino acids, RNA, 

DNA, and everything else that contains or needs nitrogen).  When the nitrogen-fixing 
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organism are eaten or processed, they are incorporated into the food web of plants, and 

the nitrogen they fix is used as a primary source of the nitrogen for the ecosystem (e.g., 

organisms living in symbiosis with the clover are fixing nitrogen, then it is taken by a 

clover, a caterpillar eats the clover’s leaf, then the caterpillar is being eaten by a chicken 

and then a human being eats its eggs and/or meat. In the meantime earthworms eat rotting 

clover and caterpillar and chicken excrement). The nitrogen-fixing organisms are the 

main natural source of nitrogen acquired by plants. Here, it wouldn’t be silly to ask 

oneself, why do I pay so much for synthesized nitrogen fertilizers, without which my 

fields, gardens, pastures and forests do not produce enough crops, if the same result 

is to be gained almost for free? Man-made fertilizers, produced via the Haber Bosch 

process are conservatively responsible for ca. 30 to 50 percent of all nitrogen used in 

modern agriculture.

There’s no such thing as a free lunch– nitrogen fixation requires 

energy

To understand how to optimize conditions for nitrogen fixation and make the most 

out of this process in a garden, ranch, field or pasture, one needs to know that this process 

is  very  energy  intensive.  Most  organisms  don't  fix  nitrogentunless  they  muso.  The 

symbiotic (i.e., based on cooperation between plants) nitrogen fixation requires additional 

energy from  plants.  This  could  be  in  the  form of  sugars  and  related  products  from 

photosynthesis, phosphorus (P; needed for plant growth, the formation and development 

of  nodule)  or  sources  of  electrons  in  the  form of  small  proteins  or  highly reductive 

molecules. The extra energy cost of N2 fixation can, however, safely be carried by most 

field-grown legumes with little or no loss of production.

As  the  process  of  nitrogen  fixation  is  so  energy  intensive  (it  takes  a  lot  of 
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resources for plants to “feed” different organisms with sugars) plants do not perform it if 

not “forced” to do so. Such non-requisite situations may be the result of enough nitrogen 

existing  in  an  easily  available  form within  the  nearby soil..  Also,  organisms that  fix 

nitrogen - both free-living, as some bacteria, and nitrogen fixing plants - have a kind of 

disadvantage in the nitrogen-rich environment as they are not specialized to use nitrogen 

if it is sufficient, as non nitrogen fixing plants usually use it more efficiently. It could be 

compared with some people’s shopping habits: why would you pay large sums of money 

for a product that is available in the shop next door for a significantly lower price? The 

above mechanism of nitrogen fixation clearly shows that N2-fixing plants can thrive and 

fix the most nitrogen in soil poor in nitrogen.

Types of nitrogen-fixing organisms

This  small  overview of  different  groups  of  nitrogen fixing  organism does  not 

pretend to be a scientific paper, but only wants to introduce you to the variety of nitrogen-

fixing organisms in order to foster an understanding of how they function and, therefore, 

how to  use  them most  effectively.There  are  three main groups of  organisms that  are 

capable of nitrogen fixation (they are generally addressed as diazotrophs):

1)Free-living heterotrophs (such organisms that cannot fix carbon; for growth they use 

the organic one; whereas plants and algae can use the energy of sun or inorganic matters, 

produce organic compounds, which, in their turn, provide energy for heterotrophs);

2)Associative bacteria

3)Symbiotic microorganisms

There is a great number of heterotrophic bacteria, living in soil and fixing nitrogen 

without direct interaction with other organisms. Examples of this type of nitrogen-fixing 

organism include many species of bacteria  (just  don’t  be afraid of complicated Latin 

terminology)  e.g.,  Azotobacer,  Bacillus,  Clostridium,  Klebsiella.  As  was  previously 
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noted, and evident from the name – heterotrophs – these organisms must find their own 

source of energy, mainly via oxidizing organic molecules released by other organisms, 

although  some  species  can  also  use  inorganic  compounds.  The  process  of  nitrogen 

fixation (nitorogenase), can sometimes be restricted by the bonds of oxygen.  Because of 

lack of suitable carbon, which in the plant growth cycle is actually a decay component, 

the contribution of free-living heterotrophs to the total  nitrogen fixation is not minor. 

Recent  agricultural  studies  in  Australia  have  demonstrated  that  free-living 

microorganisms produce from 30 to 50 percent of nitrogen in a rotation farming system 

every year. However, this system required additional inputs, such as the maintenance of 

wheat  stubble  and  the  reduction  of  tillage.  Those  two  components  ensure  additional 

carbon to activate the free-living organisms to fix nitrogen.

Associative  nitrogen  fixation  is  brought  about  by  a  species  of  bacteria  called 

Azospirillum.  As  the  name  suggests,  these  bacteria  closely  cooperate  with  several 

members of grasses (Phocaea), among which the following are worth to be mentioned, as 

they make the basis  of economically important  crops:  rice,  wheat,  corn,  oats,  barley. 

Azospirillum are active in the rhizosphere of the mentioned plants. It means that proteins 

and sugars, released by roots of the mentioned crops, are used by the associative bacteria 

as they are located in the narrow region of soil, directly influenced by the roots (from 

here  comes  the  term  rhizosphere).  Associative  bacteria  fix  considerable  amounts  of 

nitrogen,  evaluated  by various  sources  and  various  scientists  to  account  for  over  50 

percent of plants yearly need. However, the associative process of nitrogen fixation is 

limited  by  several  factors.  The  main  ones  are  soil  temperature  (associative  nitrogen 

fixators  prefer  high  temperatures,  even tropical  environment),  the  limits  or  extent  of 

rhizosphere (does the host plant provide a sphere at its roots with low oxygen pressure), 

and the  effectiveness  of  nitorogenase  (concerning,  among others,  competition  among 

bacteria).
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Symbiotic nitrogen fixation works by partnering with the host plant. The plant gives 

bacteria sugars created  during the process of photosynthesis. Therefore this process is 

called symbiosis – the plant gets its essential nitrogen, while nitrogen-fixing organisms 

get the prepared carbon sources (in form of proteins and sugars) and fix nitrogen for their 

host plants.

There are several scientifically researched and described examples of the symbiotic 

process of nitrogen fixation. The first is the case of symbiosis between water fern Azolla 

(a fern resembling duckweed or moss,  very common in Tasmania)  and cyanobacteria 

Anabaena azollae. These symbiotic bacteria are found mainly in cavities at the base of the 

fern  fronds.  There  they  fix  significant  amounts  of  nitrogen.  This  kind  of  biological 

fertilization has been known and used in Southeast Asia for over a thousand years and 

helps to produce better rice crops.

In spring, when the rice paddies are irrigated, they are inoculated with Azolla. The 

fern quickly covers the water, suppressing weeds. Later, as it rots,, it releases nitrogen, 

the amount of which is estimated to be from 85 kg per hectare per year up to 125 (in 

specific  occasions  it  could  reach  up  to  one  tone  per  year,  although  it  seems  to  be 

overestimated and require very high inputs of other nutrients).

The second group of symbiotic interaction in nitrogen fixation is demonstrated by 

actinorhizal plants, mainly trees and shrubs (actinorhizal - because of a protein actin, 

found in eukaryotic cells of the roots of these plants), and actinomycete Frankia. In soil 

this actinobacteria decomposes organic materials, playing an important role in the carbon 

cycle  as  it  actually  forms  hummus.  Actinorhizal  trees,  such  as  alder,  bayberry,  sea 

buckthorn, Russian Olive, Autumn Olive, Gumi, are present on all continents except for 

Antarctica. They tend to grow in environments that are poor in nitrogen; therefore they 

are pioneer species in new and young soils, colonizing moraines, volcanic flows, and 
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sand dunes. In many areas they are the most common non-legume nitrogen-fixers and the 

rate of nitrogen they can fix is evaluated  from 100 to 300 kg of nitrogen per hectare per 

year (100 - 300 lbs. per acre).

The two cases of previously described symbiotic cooperation in nitrogen fixation are, 

from the agricultural and commercial point of view less important than the third one, 

relationships  between  Rhizobium  and  Bradyrhizobium bacteria  (which  colonize 

plants  cells  within  root  nodules,  hence  their  name) and  legumes.  The plants  provide 

bacteria with organic products of photosynthesis, while the bacteria use them to convert 

atmospheric  nitrogen  into  ammonia.  Some  important  legumes,  which  cooperate  with 

symbiotic nitrogen fixing bacteria, are: alfalfa, beans, clover, cowpeas, lupines, peanut, 

soybeans (which makes up more than 60 percent of the total legume production in the 

world), and vetches.

There is a long history of utilizing nitrogen-fixing plants in agriculture and forest 

planning and development. An average nitrogen input in forest systems is listed below.

Nitrogen production from/by Average  kg  per  hectare 
per year (lbs. per acre per  
year

Maximum  kg  per  
hectare  per  year  (lbs.  
per acre per year

Lichens/epiphytes 0.9 to 6 20
Heterotroughs in soil/ rhizosphere 
litter wood

1.0 to 11.0 40

Understory nodulated plants 5 to 100 150
Interplanted nodulated trees 20 to 200 300
Dense nodulated trees 50 to 300 500

How much nitrogen can certain organism fix?

Lightning produces  a  relatively small  amount  of  ammonia.  Some ammonia  is 

produced industrially by the Haber Bosch process,  using an iron-based catalyst  using 
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very high pressures and fairly high temperature. But the major conversion of N2 into 

ammonia, and thence into proteins, is achieved by microorganisms in the process called 

biological  nitrogen fixation.  The data  below shows some estimates  of  the  amount  of 

nitrogen fixed on a global scale in the world.  The total  biological nitrogen fixation is 

estimated  to  be  twice  as  much  as  the  total  nitrogen  fixation  by  non-biological 

processes.

Non-biological fixation of nitrogen

The type of fixation Nitrogen, fixed per year, in 106 metric tons

Industrial ca. 50

Combustion ca. 20

Lightning ca. 10

Total ca. 80

Biological fixation of nitrogen

The type of fixation Nitrogen, fixed per year, in 106 metric tons

Agricultural soils ca. 90

Non agricultural land and forest ca. 50

Sea ca. 35

Total ca. 175

Biological  nitrogen fixation rate is an outcome of many factors that can be changed:

plant species

bacteria species

plant size

plant density

plant age

soil chemistry

14



Fertilizer for Free: How to make the most from biological nitrogen fixation
by Wojciech Majda

soil structure

 Some recorded nitrogen accumulation rates for various genera are given below:

 

The name of a plant Nitrogen fixed in kg per hectare per year

Alder (Alnus spp) 60 – 360

Cleanothus spp 30 – 100

Eleagnus spp 24

Lespedeza spp Over 100

Medicago spp 200 – 500

Myrica cerifera 120

Ulex europeus 200

Interplanting nitrogen fixers with other crops is the most important role these 

plants play in agricultural systems. The use of annual, biannual and perennial herbs such 

clover can result in fixing up to 200 kg nitrogen per hectare per year. 

Alfalfa in full bloom
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To inoculate or not to inoculate

As mentioned before, the Rhizobium bacteria colonize the roots of a host plant 

and force them to form nodules in order to maintain bacteria. The bacteria fix nitrogen, 

which allows the host plants to produce leaves fortified with nitrogen. This also allows 

the plant to enlarge its capacity for photosynthesis and produce seeds rich in nitrogen. In 

nitrogen-poor soil, the effects could be quite dramatic: if the plant is not being nodulated, 

it grows low in nitrogen content and looks chlorotic (because of the insufficient amount 

of  nitrogen  the  photosynthetic  abilities  of  the  plant  are  limited  therefore  it  does  not 

produce enough chlorophyll and changes the green color of its leaves into pale, yellow or 

yellow  white)  and  produces  almost  no  seeds.  The  host  legume  senses  the  chemical 

products of Rhizobia bacteria and curls the colonized roots; bacteria can then penetrate 

the hairs of the roots and form a specific structure, which stimulates the division of cells  
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and, as a result, forms a nodule. Bacteria loose theirs cells and become dependent on the 

host plant, the energy of which they use, fixing nitrogen.

The National Institute for Agronomy in Belgian Congo studied a broad range 

of soybeans. Field trials showed that inoculation could increase yields by 80% to 

300%.

However, the interaction between the host plant and bacteria is complicated and 

various kinds of Rhizobium nodulate only selected certain plant genera. The table below 

shows the interactions between forage and grain legumes common to the northern Great 

Plains, and rhizobia taxa, which infect them.

Common legume name Rhizobia species or biovars (bv)
Alfalfa Sinorhizobium meliloti
Chickpea Mezorhizobium ciceri
Common bean Rhizobium etli

Rhizobium leguminosarum bv.
    phaseoli
Rhizobium tropici

Faba bean Rhizobium leguminosarum bv.
    viciae

Lentil Rhizobium leguminosarum bv.
    viciae

Pea Rhizobium leguminosarum bv.
    viciae

Red clover Rhizobium leguminosarum bv.
    trifolii

Soybean Bradyrhizobium elkanni

Bradyrhizobium japonicum

Sinorhizobium fredii
Sweet yellow clover Sinorhizobium meliloti

But what do you do if there are not enough bacteria in the soil to interact with 

plants, forming nodules and fixing nitrogen? Inoculate them. An inoculant is generally a 
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powdered form of bacteria (or fungus) that is added to the soil by means of coating pea or 

bean seeds  with the powder or special  “coating glue” prior  to planting.  This  process 

produces specific effects both on plant and soil.  The most commonly used bacteria are 

Rhizobium bacteria  for inoculating legumes like peas and beans  in the home garden. 

Another  nitrogen-fixing  bacterium  is  Acetobacter,  isolated  from sugarcane  roots  and 

stems.  There  are  many  others,  like  Bradyrhizobium  japonicum, used  to  inoculate 

soybeans for nitrogen fixing. An inoculant will make nitrogen more readily available to 

the plants, producing sturdier plants with more vigorous growth and subsequent crops, 

increase  pathogen  resistance,  and  increase  the  nitrogen  in  the  soil  for  subsequent 

plantings after the spent crop residue is tilled under. Bacteria will live in soil as long as 

they have available food. Some seasoned home gardeners do not add inoculant because 

they have a sufficient amount of Rhizobium bacteria in their soil from organic matter 

(they continuously incorporate green matter and compost into soil). Another reason why 

home gardeners do not inoculate their legumes is that the benefits of inoculation are not 

clearly visible. Home and amateur gardeners seldom plant inoculated seeds next to non-

inoculated ones in order to compare the amounts of harvest of the legumes; and they also 

very scarcely measure the amount of nitrogen in soil.

Another reason to use inoculants is reducing the amounts (thus – the costs) of 

chemical fertilizers.  Every year,  producers of agricultural  goods face the problem of 

increased costs of nitrogen fertilizers. Therefore many of them inoculate their legume 

crops  to  increase  yields  and  decrease  the  input  costs  of  nitrogen  fertilizers.  Yield 

responses to inoculation, even in fields with soil rhizobial populations sufficient to infect 

the particular legume host, are common (but not universal) in field trials in the northern 

Great  Plains. Even where yield responses are  not  evident,  inoculation may still  have 

benefits by increasing seed nitrogen levels and nitrogen levels in plant residues. Although 

higher nitrogen level in soils may not bring immediate benefit to agriculture producers, 
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residual  nitrogen  level  in  soil  is  an  important  component  of  the  rotational  effect  of 

legumes in cropping systems. On the other hand, in some markets economic premiums 

are paid for higher seed or tissue nitrogen content, as it is important when grain is used in 

livestock rations. Whether you are a large scale producer of agricultural goods or just an 

amateur home gardener, you will ask yourself: do I need to inoculate my legumes and 

why?

There are at least two cases where inoculation is necessary: in ‘virgin’ soil 

and for biannual or perennial forage legumes.

“Virgin” soils are fields, which have never been inoculated with a particular type 

of Rhizobia, required for a particular host legume. The particular legume crop, if it is 

planted for the first time in a field, where its inoculated version has never grown before, 

can significantly respond to inoculation. This process is also evident despite the fact that 

some Rhizobia species  already exist in the given soil. As an example there could be 

presented the case of  pea,  which had unexpectedly high response to  inoculation at  a 

native  prairie  site,  where  the  soil  contains  strains,  inoculated  with  wild  species  of 

Lathyrus and Vicia. It is also to be noted here that the profiles of Rhizobia, infecting the 

above-mentioned species, are genetically very different from the strains of Rhizobia in 

those soils.

Is the inoculation recommended in seeding of biennial or perennial legume crops, 

such as alfalfa and clover?  Even in this case inoculation seems to be needed.

It is also especially important to inoculate genetically engineered soybeans, which 

is treated with high level glyphosate as residues of  glyphosate and  glyphosate itself is 

detrimental to Rhizobia.

19



Fertilizer for Free: How to make the most from biological nitrogen fixation
by Wojciech Majda

Another benefit, arising from inoculants, is that they act as protective organisms 

against plant pathogens. Even a home gardener can visually check the nodules of his 

plants digging them up and observing their roots. Nodules of pink or red color are fixing 

nitrogen, white nodules are inactive, while soft and green nodules have already done their 

work and will not contribute longer.

If not seeding into ‘virgin’ soil or a field that has been treated with pesticides, which 

destroy  the  bacterial  life  in  a  given  soil,  and  not  planting  perennial  legumes,  is  the 

inoculation  necessary?  Even  soils,  that  have  populations  of  Rhizobia  bacteria  that 

nodulate crops, yield responses to inoculation. Why does this happen? It occurs that in 

many cases the endemic population of Rhizobia is not large enough in the soil or it is not 

active enough to maximize the nodulation.  In fields of  peas and beans  Rhizobia can 

continue to exist from five up to twenty-five years, but their concentration decreases with 

time.

Summarizing: to inoculate or not to inoculate? It is evident that inoculation brings 

a  lot  of  advantages,  starting  from  saving  costs  (by  not  using  chemical  fertilizers). 

Soilcould gain specific species of bacteria that were formerly unable to grow, and and 

nitrogen-fixing plants could become more viable post-pesticide.

How to increase the level of biological 

nitrogen fixation in the soil
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How to improve the quality of life of free living nitrogen fixing 

organisms

The first step towards increasing the level and amount of fixed nitrogen in various kinds 

of soil is to improve the quality of existence for free living nitrogen-fixing organisms. 

There are several conditions, limiting this step, the main one being:

The chemical specifications of soil that influences nitrogen-

fixing organisms: Molybdenum

One of the chemical elements essential to plant growth is molybdenum. It is the 

main component of the enzymes supporting nitorogenase (the nitrogen fixing chemical); 

without it this process is slowed down. Therefore, a lack of molybdenum can influence 

both  the  amount  and  quality  of  nitrogen  fixed  by  the  free-living  organisms  in  soil. 

Symbiotic  bacteria,  living  in  the  root  nodules  of  legumes  (mainly  Rhizobia  species) 

require molybdenum for the fixation of nitrogen from atmosphere; legumes need more 

molybdenum than other crops, such as grain or grass. If the amount of molybdenum is  

not sufficient, the root nodulation will be slowed down and the plant would fix only a  

very  limited  amount  of  nitrogen.  Moreover,  if  there  were  no  other  factors  limiting 

nitrogen  fixation,  only  the  amount  of  molybdenum  would  determine  it.  Hence, 

molybdenum increases plant growth, higher protein content and quicker nitrogen fixation 

both in plant and soil.

The requirement of molybdenum for plant growth was first demonstrated in 1939, 

using  hydroponically  grown  tomato.  Plants  grown  in  nutrient  solution,  but  without 

molybdenum  developed  characteristics  including  mottling  lesions  on  the  leaves  and 

altered leaf morphology, a phenotype commonly referred to as ‘whiptail’. The only trace 

element  that  could  eliminate  these  phenotypes  was  molybdenum.  The  first  officially 
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reported case of molybdenum deficiency in an agricultural context occurred in mixed 

pasture  grasses  in  the  Lofty  ranges  of  South  Australia.  Local  pastoralists  reported 

significant failures of well-irrigated pastures containing subterranean clover (Trifolium 

subterraneaum), perennial rye grass and Phalaris tuberosa. These pastures had been sown 

on sandy loam soils, which were low in nitrogen, slightly acidic (pH 5.5 to 6), rich in iron 

oxides and had received significant superphosphate treatments in previous years. It was 

noted at the time that clover could grow in these soils after liming or when wood-ash was 

present. It was later identified that molybdenum was the most abundant trace element 

present in the soluble and insoluble extractions of the wood-ash.

In most plant species, the loss of nitrogen-assimilating enzymes’ (NR) activity is 

associated with increased tissue nitrate concentrations and a decrease in plant growth and 

yields. Accordingly, in spinach plants grown under molybdenum-deficiency conditions, 

leaf NR activity was found to be reduced and overall final plant yields were lower than 

control  plants  grown  on  adequate  levels  of  molybdenum.  In  wheat,  molybdenum 

starvation  was  also  shown  to  reduce  maximum  NR  activities,  irrespective  of  the 

regulatory control of NR by light and dark periods. Re-supplying molybdenum as a foliar 

spray or in supplemented nutrient solution in most instances will  readily recover NR 

activity. In the wine grapevine Vitis vinifera ‘Merlot’, poor growth during establishment 

and  variable  yields  in  mature  plants  grown  in  many  South  Australian  vineyards  is 

positively correlated with reduced petioles (the naked place of the plant where leaf is 

attached to stem) molybdenum levels. Preliminary experiments have demonstrated that 

NR activity is significantly depressed in both Merlot shoots and roots even when grown 

with nutrient solution containing nitrate and adequate amounts of sodium molybdate. It is 

believed that this is not the result of a mutation in the NR enzyme or in biosynthesis as 

Merlot is capable of nitrate reduction when molybdenum is applied as a foliar treatment. 
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Painting molybdate directly onto a leaf will induce NR activity in the treated leaf and in 

untreated leaves elsewhere in the canopy.

The concentration of molybdenum in normal herbage is rated from 0.1 to 1.5 ppm 

(parts per million) on dry basis, while in areas of high industrial activity there could be 

found herbage values up to 230 ppm. As analyzed, molybdenum may be found as soluble 

ammonium  molybdate,  insoluble  molybdenum  trioxide,  calcium  molybdate  and 

molybdenum  disulfide,  all  of  which  are  salts.  The  differentiation  in  molybdenum 

concentration  in  soils  due  to  the  level  of  acidity (pH) results  in  its  effectiveness  for 

herbage growth. The lower the level of pH, the less molybdenum plants can acquire from 

soil. The content of molybdenum in most agricultural soils is usually between 0.6 and 3.5 

ppm  with  an  average  molybdenum  content  of  2.0  ppm  and  an  average  available 

molybdenum content  of  0.2  ppm;  below this  level  soils  need  special  treatment  with 

molybdenum. It largely occurs in the soil as an oxycomplex (MoO4
2-). Because of this, 

molybdenum more resembles phosphate or sulfate in its behavior in the soil. In a similar 

way to these two anions, soil minerals and colloids adsorb molybdate. This adsorption is 

closely dependent on soil pH. At neutral pHit is high but it decreases as the pH falls. 

Molybdenum availability to plants  is  thus poorest  in acidic soils  and is  improved by 

liming, provided the soil is not inherently deficient in molybdenum.

Moreover,  in  light  soils,  which  are  usually  very  acidic  and  sandy, 

molybdenum leeches  out  with  rainwater.  As  a  consequence,  some soils  require 

supplemental  molybdenum; among them: soils  low in organic matter,  eroded or 

heavily weathered soils, the ones low in total molybdenum, sandy soils, soils high 

in iron and highly acidic soils. One of the curious facts to keep in mind is that 

molybdenum is very often a factor limiting plant growth in sandy tropical soils. Bill 

Mollison, who invented the term of permaculture, states on molybden in his book 

Permaculture Designers’ Manual that
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“ ...a few ounces per acre is used in many acid soils, and rarely again  

needed.”

Plants  cannot  absorb molybdenum from acidic  soils,  and the addition of 

molybdenum  is  required  to  increase  its  concentration  in  pasture.  Some  plants 

exhibit  visual symptoms of molybdenum deficiency, e.g., the classic whiptail in 

cauliflower and yellow spot in citrus, but often visual symptoms of molybdenum 

deficiency are not present or appear as symptoms of nitrogen deficiency. A typical 

supplemental  molybdenum  addition  for  legumes  is  approximately  0.5  kg 

molybdenum per hectare (0,5 lbs. per acre).

Some  pastures  have  exceptionally  high  concentrations  of  molybdenum 

(generally  associated  with  alkaline  soils)  and  may  give  rise  to  symptoms  of 

molybdenum toxicity in sheep and cattle. Guideline values of up to 50 mg/kg dry 

weights have been fixed for molybdenum concentrations  in agricultural  soils.  A 

higher incidence of uretic diathesis (predisposition to a disease) was reported from 

a locality in Armenia where the soil was found to contain 77 mg/kg of molybdenum 

and 39 mg/kg of copper. The total daily intake of molybdenum and copper in the 

adults of this area were estimated to be 10 times that of an adult  in a ‘normal’ 

control area.

The following crops are observed to be highly sensitive to the low amount 

of molybdenum in soil:  alfalfa,  broccoli,  Brussels  sprouts,  cabbage,  cauliflower, 

clover,  lettuce,  peas,  soybeans,  spinach,  sugar  beets,  tomatoes,  tobacco  and the 

legumes.

The  deficiency  of  molybdenum  in  plants  can  be  observed  in  the 

following symptoms:
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1.Chlorosis  (when  the  leaves  of  a  plant  do  not  produce  enough  chlorophyll), 
appearing first on the margins of leafs; it looks similar to nitrogen deficiency

2.Fired margins of leafs and their deformation, destruction in tissue (e.g., distorted 
curling in cauliflower)

3.Leafs which curl upwards

4.Inadequate grain or fruit setting due to low pollen viability

The toxicity symptoms, indicating the excessive amount of molybdenum in plants, 

are: marginal scorch of leafs, they’re yellowing or browning, decreased tillering.

When using molybdenum in a fertility program it is worth mentioning that 

plant analysis is a better choice. A lot of analytic laboratories either do not offer soil 

analysis of molybdenum or lack a good interpretative methodology. It is generally 

accepted  that  values  of  molybdenum  in  plants  over  1.0  ppm  are  normal.  The 

exceptions  are  the  crops,  listed  above,  which  show  a  particular  sensitivity  to 

molybdenum deficiency even if the  soil pH is near 6.2.

Typical  application methods of molybdenum are broadcast, foliar spray 

and  seed  treatment.  The  typical  application  rates  of  sodium  molybdate,  not 

elemental molybdenum, are the following:

- for broadcast – from 6 to 12 ounces per acre (340 to 640 grams per hectare)

- for foliar spray (effective only in the current season) – 1 to 3 ounces per acre (56 – 

112 g per hectare)

- for seed treatment – up to 1 ounce per acre (up to  56 gram per hectare)

Because of the fact that molybdenum is quite mobile in the soil, any top 
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covering will not bring desirable effects, except cases where the soil is wet.

At the same time the process of mixing molybdenum through topsoil could improve 

the  availability  of  molybdenum  because  it  is  more  uniformly  distributed.  In 

perennial no-till fields or pastures small applications of molybdenum (drilled into 

soil  or seed treatment) reduce the risk of molybdenum being unavailable to the 

plants during dry periods. The method of application of molybdenum salts (sodium 

or  ammonium molybdate)  is  more  attractive  to  small  farmers  as  it  is  cheaper, 

simpler, does not require additional equipment and is less dependent of climatic 

factors such as rain or wind.

The application of 28 g ammonium molybdate per hectare in form of 

dressing the seeds of groundnuts increased its crop over 300 kilograms per 

hectare in Senegal; while pelleting 100 g seeds of the same plant with 0.2kg  of 

sodium molybdate (adding inoculation with Rhizobia) increased nitrogen 

uptake (by 38.5 %), grain amount (by 14%) and protein content (by 4.21 %) in 

Sierra Leone. Applied alone or in combination with phosphate rock in acid 

soils of Sierra Leone molybdenum increased the yield of cowpeas, but had no 

effect on soybean.

Hence, the rise of pH of a given soil to at least 6.4 and supplemental molybdenum can 
improve  the  “quality  of  life”  of  free  living  nitrogen  fixing  organism  (bacteria  and 
cyanobacteria). The use of supplemental molybdenum is also reasoned in conventional 
agricultural systems.

It  is  interesting  that  the  amount  and  activity  of  free  living  organisms  fixing 

nitrogen is also related to the amount of nitrogen in soil. It appeared that on fields where 

plants of pea family were grown (making the soil  abundant in easily available nitrogen) 

for green mass, after plowing it, the genes related to nitorogenase (the enzyme, produced 

by bacteria to fix nitrogen) do not become active again. This intriguing feedback prevents 
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over-nitrification from the nitrogen of ‘natural’ origins. The free living bacteria which fix 

nitrogen  do  not  become  active  (do  not  ‘work’)  in  surroundings  where  nitrogen  is 

abundant. This is caused by the high costs of process of nitorogenase (from the point of 

view of energy input) for bacteria, blue-green algae and plants. In the case of plants it is 

the cost of ‘feeding’ symbiotic bacteria. All the above mentioned organisms prefer to use 

nitrogen in its mineral and/or organic form, if such forms are available, rather than fixing 

it from atmosphere. For example, Azotobacer bacteria need 100 grams of glucose in order 

to fix just 1.0 gram of nitrogen. . Organisms that are able to create their own nitrogen had 

a  great  advantage in  their  environment,  so they reproduced quickly and successfully, 

despite their ‘inefficiencies’ in the way of generating energy.

Molybden plant analysis (from the crops of Wisconsin), taken in ppm

crop Plant (or its  
part),  taken 
for example

The  time  of  
sampling

Low sufficient high

Alfalfa Top 6 inches Early bud Less  than 
1.0

From  1.0  to 
5.0

Over 5.0

Corn Earleaf Silking Less  than 
0.1

From  0.1  to 
2.0

Over 2.0

Potato Top leaves Flowering Less  than 
0.5

From  0.5  to 
4.0

Over 4.0

Small grains Top leaves Boot stage Less  than 
0.03

From 0.03 to 
5.0

Over 5.0

Soybeans First 
trifoliate

Early flower Less  than 
1.0

From  1.0  to 
5.0

Over 5.0

Vegetables The  top  of 
the  fully 
developed 
leaf

Midseason Less  than 
0.5

From  0.5  to 
5.0

Over 5.0

The deficiencies of other mineral nutrients can also be a constraint in nitrogen 
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fixing, affecting  crops and yield. The mineral nutrients calcium and magnesium impact 

the growth, survival, and multiplicity of Rhizobium bacteria. The lack of occurrence of 

Rhizobia nodules is influenced by severe calcium deficiency; their development is also 

limited by boron, and lack of iron has an impact on their symbiotic activity. Nodules 

require  more molybdenum than their  host  plant,  and in  some cases  of  symbiosis  the 

nitrogen fixation can be limited by low amount or availability of calcium, cobalt, copper 

and  iron.   The  roles  of  calcium and  magnesium were  researched  in  the  symbiotic 

nitrogen fixation of alfalfa plants. It has clearly shown that the deficiency of both resulted 

in  poor  nodulation  and  slow  growth  of  the  plant;  the  effect  was  reversed  by 

supplementation. It is interesting that calcium and magnesium are complementing each 

other in the process of nitorogenase. Both of them could be provided to a soil via regular 

liming in order to keep soil pH near 6.4. The aim of liming is to keep soil base saturation 

with  in   a   certain range  :

68% Calcium
12% Magnesium

An outline of a liming program
To find out how much lime is required,  soil  ph. should be checked first.  It is 

necessary to check soil pH before planning a new garden, pasture, field, etc.; also in cases 

where growth is less than expected. The tests can be done at any time, but results are 

most reliable if the test is performed at least 3 months after liming. If soil pH is above 

7.0, the soil is alkaline, and liming is usually not necessary in this case.

The best time to lime is autumn for annual crops.

The effects of liming acid soils on crops

The type of soil Direct effects on crops Indirect effects on crops
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Slightly acid,  6.1 
to 6.5 pH

Fields with an average pH just above 6.0 
may have areas where the pH is below 6.0. 
Alfalfa  and  sweet-clover  yields  will  be 
increased on the less acid areas.

Improved  soil  structure 
and  reduced  crusting 
will  be  particularly 
beneficial  for  small 
seeded  crops  such  as 
canola.

Moderately  acid, 
5.6 to 6.0 pH

Improved  survival  and  growth  of 
rhizobium bacteria,  which fix  nitrogen in 
association with alfalfa and sweet clover.

Yields  of  alfalfa  and  sweet  clover  are 
increased.

Small increases in yield of barley occur in 
the first two or three years following lime 
applications  with  larger  increases  (25-30 
%) occurring  in  subsequent  years.  Yields 
of wheat and canola will be increased less 
than  barley.  Yields  of  more  acid  tolerant 
crops  may  be  increased  as  a  result  of 
indirect effects of lime as outlined above.

Liming  may  improve 
the  physical  properties 
of  some  medium  and 
fine  textured  soils  as 
indicated above.

Plant  availability  of 
phosphorous  fertilizers 
is improved.

Strongly acid, 5.1 
to 5.5 pH

Increased  nitrogen  fixation  and  yield  of 
legumes.

Yields  of  most  crops  are  increased  as  a 
result of reduced levels of aluminum and 
manganese  and  improved  availability  of 
phosphorus and other nutrients.

Very  strongly 
acid, less than 5.1

Yields of most crops are severely reduced 
unless  the  soil  is  limed.  Very  strongly 
acidic soils are very infertile. Acid tolerant 
crops (oats and some grasses) moderately 
well  if  adequately  fertilized.  Nitrogen 
fixation  of  most  legumes  is  severely 
reduced, especially in temperate climate.
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Liming materials

‘Garden  lime’ is  usually  a  ground  limestone,  its  active  ingredient  is  calcium 

carbonate  (CaCO3).  Two other  forms  of  calcium carbonate,  also  easy to  spread  and 

widely  offered,  are  calcified  seaweed  and  ground  chalk.  Hydrated  lime  or  calcium 

hydroxide  (Ca(OH)2),  usually  used  in  construction,  can  also  be  applied  as  a  liming 

material;  it  is  a  fine,  quick  acting  and  very  effective  powder  (more  effective  than 

materials mentioned above – therefore smaller amounts of it are needed to achieve the 

same effect), but it can cause skin and eyes irritation and needs to be handled carefully. It  

is also quiet harsh to the soil biology, so I discourage its use, especially on sandy soils.

But if one’s goal was to achieve a pH of 6.4-6.5 and increase the nodulation of 

Rhizobia  bacteria,  which  is  important  in  symbiotic  process  of  nitrogen  fixation,  an 

interesting  choice  of  lime  would  be  would  be  ‘Dolomitic  lime’(calcium magnesium 

carbonate – CaMg(CO3)2). It is a ground magnesium limestone, rich in carbonates of 

both magnesium and calcium. However, before using Dolomitic lime, a complex soil test 

should be conducted, as too much magnesium might reduce the rate of nitrogen fixation. 

One might have to use a bit of dolomite and some chalk.  Remember the recommended 

base saturation is:

68% Calcium

12% Magnesium

Calcium and magnesium in this lime can knock a considerable amount of hydrogen out of 

the soil, raising the pH of soil. Chalk and hydrated lime is a very fast acting lime. 

Dolomite lime and ground limestone or marble dust act much more gently and slowly, 

releasing magnesium and calcium for up to3 years.
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How to choose a suitable liming material

Ground limestone or ‘garden lime’ is widely used to lime turf grass areas. It is 

made  by  grinding  rocks  containing  concentrations  of  calcium  carbonate  into  finer 

particles, and is very easy accessible. Dolomitic lime is produced in similar way, though 

from rock containing both calcium and magnesium carbonates. As mentioned above, it is 

recommended in cases when soil shows low pH and the deficiency of both calcium and 

magnesium.  Another  form  of  ground  limestone  and  dolomitic  lime  is  pelletized 

limestone, which is produced by aggregating the initial rock dust into larger particles. The 

pellets are bound by water-soluble substance, which dissolves very quick in wet soil. 

Both  aggregated  limestone  and  aggregated  dolomite  are  usually  significantly  more 

expensive than the fertilizers in powder form.

Methods and amounts of application of lime

Ground  limestone  is  sometimes  difficult  to  apply  with  a  drop-type  fertilizer 

spreader  because  of  the  finely  ground  material.  Therefore  spinner-type  fertilizers  are 

more suitable in this case. Pelletized limestone does not cause such problems. On smaller  

areas limestone can be applied by hand. When applying more than 0.5 kg per sq. m (1 

pound per 10 sq.), it is best to dig half of the lime into soil and to sprinkle the rest on the 

surface after digging; when applying less, it is best to dig in the entire amount. In case of  

autumn application the whole amount can be placed on soil surface.

The quantities of lime application depend also on the soil type. Clay soils are 

normally more resistant to changes in pH than sandy soils because of their dense structure 

and higher Cation Exchange Capacity. Therefore more lime could be needed to change 

the pH of a clay soil than a sandy one. Below are the recommendations for garden lime 

for incorporation into the top 20 cm of soil to raise the soil pH to 64 (considered the best 

for garden plants).
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Lime can be used also as a fertilizer that will provide legumes with needed calcium. In 

this case legumes can be grown on soil with low pH. Good results (both high nitrogen 

fixation rates and high yields) can be achieved with as little as 200 kg of finely ground 

limestone per hectare (200 lbs. per acre), placed in the planting holes with the seeds.

The physical properties of soil, affecting the free living nitrogen 
fixing organisms

The physical properties of soil have a huge impact on the types of nitrogen-fixing 

organisms present in the soil.  For example, soil which contains standing water (100% 

RH) obviously contains very little air. This, in turn, makes it able to grow only anaerobic 

nitrogen-fixing organisms (e.g., Clostridium). This means that these bacteria can fix the 

atmospheric  nitrogen  due  to:   high  energy  consumption  of  the  process  of  fixing 

atmospheric nitrogen, low metabolic efficiency of the process of anaerobic respiration. 

The process of atmospheric nitrogen fixing in anaerobic circumstances is not very 

efficient. Empirical confirmation of this phenomenon is the poor quality of hay (if it even 

can be called this name), obtained from constantly flooded meadows and rushes. This low 

value  of  the hay is  manifests  in  low protein  content,  which  shows a low amount  of 

nitrogen (remember, nitrogen is required for the production of proteins). Evidently there 

is no possibility of separating the factor of continuous flooding of soil from its low pH 

indication, nevertheless the influence of the lack of air to the development of adequate 

bacterial flora in soil could not be negated. High humidity is not the only factor that can 

result  in  conditions  of  insufficient  oxygenation  in  soil.  The  air  from inside  the  soil 

removes  stubborn  soil  compaction  with  almost  the  same  degree  of  effectiveness.  To 

‘force’ the process of nitrogen fixation to occur,  all  aerobic organisms need to create 

anaerobic conditions in appropriate cellular structures, which also consumes energy. They 

gain more energy because of the virtue of the more efficient (oxygen) combustion of 
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glucose.

On the other hand,extreme dryness of the soil is also undesirable. For Azotobacer 

optimum soil moisture is about 60 percent.  Free-living nitrogen-fixing bacteria are able 

to fix extremely high amounts of nitrogen (50kg/ha) in clay soils. Sandy soils are, in this 

respect, worse.

The biological properties of soil, influencing free-living nitrogen-fixing 

organisms

Another group of factors affecting the binding of free nitrogen are the biological 

factors of soil – the amount and distribution of organic matter in the soil. Its deployment 

in large quantities allows the nitrogen-fixing bacteria to live and be active deeper in soil. 

When organic matter occurs only on surface free-living nitrogen-fixing organisms will 

act only on surface layers of the soil. The whole process of nitrogen fixation is slowed 

down because of the smaller number of micro-organisms.

Soils, in which most of the organic matter is low in nitrogen and therefore not 

easily degradable by bacteria, are abundant in fungi. Fungi produce a lot of variety in 

antibacterial substances (e.g., antibiotics). For this reason, in the case of the productive 

forest garden or agroforestry systems it is better to rely on the plants coexisting with 

symbiotic bacteria instead of free=living nitrogen-fixing organisms.

Vegetation can also affect the amount of nitrogen fixed by bacteria. Plants of the 

alliaceous species (such as onion, leek, garlic, etc.) secrete antimicrobial substances into 

the soil. They cause inferior growth of plants of Fabaceae family (bean, pea, broad bean), 

which coexist in symbiosis with nitrogen-fixing bacteria. The reason for this stunting is 
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the antibacterial secretions of the Alliaceous plants. I am inclined to think (though there is 

still no data to confirm this thesis) that this effect also extends to free-living nitrogen-

fixing bacteria. Plants (even those that do not have nodules) produce various secretions, 

which are used as food by such bacteria as Azotobacer.

How agrotechnical/agronomic activity affects free living nitrogen fixing 

organisms

The use of plant protection products (pesticides) adversely affects the amount and 

activity  of  free  living  nitrogen  fixing  organisms.  Not  all  tested  herbicides  affect  the 

nitrogen fixing organisms in the same way. Some are more harmful to bacteria; other 

kinds have fewer negative effects. The effects of herbicides tested on various species of 

nitrogen-fixing bacteria vary.

Plowing  indirectly  influences  temperature,  humidity,  compaction,  and  organic 

matter  content  in  the soil,  so it  is  a  factor  that  affects  the free-living nitrogen-fixing 

organisms.

Another factor that has an impact on the amount of nitrogen fixed by free-living 

nitrogen-fixing organisms,  is  the existence of certain bacteria  species within the soil. 

However, this is usually an implication of climate and soil conditions. In the case of the 

management  of  soils  in  the  ‘Antipodes’  (Australia,  New  Zealand,  Tasmania),  the 

inoculation  of  soil  with  a  suitable  strain  of  free-living  nitrogen-fixing  bacteria  often 

makes sense.
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Commercial  products  containing  the  free  living  nitrogen  fixing 

organisms

There  are  products  on  the  market  that  use  elements  containing  free-living 

nitrogen-fixing organisms. In the U.S. market there is even an inoculant meant purely for 

that purpose. That vaccine of soil, called Twin N™ -  Is purported by the manufacturer to 

have wonderful effects.

In Europe the only known product containing free-living nitrogen-fixing bacteria 

is  called  Effective  Microorganisms  (EM).  It  consists  of  a  wide  variety  of  effective, 

beneficial  and non-pathogenic microorganisms, produced in a natural process and not 

chemically synthesized or genetically engineered (mainly it  consists  from Lactic  acid 

bacteria, Yeast, Phototropic bacteria); it comes in a liquid form. The Photosynthetic (or 

Phototropic)  bacteria  are  a  group of self-supporting microbes.  They synthesize useful 

substances from the secretions of roots and organic matter in soil, using sunlight and heat 

as  sources  of  energy.  The  useful  substances  these  bacteria  produce  are  amino  acids, 

nucleic  acids,  bioactive  substances,  and  sugars,  which  encourage  plant  growth  and 

productivity. Lactic acid bacteria produce lactic acid from sugars or other carbohydrates, 

developed  by photosynthetic  bacteria  and  yeast.  Lactic  acid  is  a  sterilizing  element, 

because  it  suppresses  harmful  microorganisms  and  enhances  the  decomposition  of 

organic matter in soil. These bacteria also accelerate the fermentation and decomposition 

of such materials as lignin and cellulose, by which they remove the undesirable effect of 

non-decomposed organic matter. They also have the ability to suppress some harmful 

microorganisms as Fusarium (a large genus of fungi, distributed in soil and in association 

with plants; some of its species produce mycotoxins in cereal crops, which can affect 

animal and human health if they enter the food chain). Yeasts synthesize antimicrobial 

substances required by plant growth from amino acids and sugars secreted by  by the 
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supplementation  of  both  photosynthetic bacteria,  organic  matter  and  plant  roots. 

Bioactive substances, e.g., hormones and enzymes, produced by yeast, stimulate cell and 

root division.

Effective  microorganisms  are  capable  of   positively  influencing  soil  by 

decomposing organic matter. Effective microorganisms fix nitrogen from air and soil and 

dissolve phosphate and potassium to break down organic matter. This organic matter can 

only then be absorbed by the roots of plants. As usual, we can be a bit more skeptical 

when obtaining information on the benefits of the product or its method if we obtain 

information from its producer.

How efficient is nitrogen fixation by free living organism?

The process of nitrogen fixation by free-living organisms will probably always 

remain within the tens of kg of N/ha/ year due to the small amount of carbohydrates  

available  in  soil  (whether  they are built  through the secretions  of plants or  from the 

decomposition of organic matter). Nitrogen-fixing microorganisms are inefficient in the 

use of this energy source. It means, then, that in a highly competitive environment of 

fertile soil that contains a lot of nitrogen they are not able to achieve an advantage over 

organisms specializing in the efficient use of carbohydrate.

The economic value of the nitrogen fixing free living organisms

At present, up to 50 kg of nitrogen per hectare per year (50 lbs. per acre), which 

can be obtained through the activity of free living nitrogen fixing organisms, is worth 

about tens dollars per hectare in the conventional agricultural system. However, one must 

take into account that the nitrogen does not need to be spread (there are no fuel costs and 
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the  depreciation  of  machinery  is  also  reduced).  The  fact  that  it  is  used  much  more 

efficiently  than  synthesized  nitrogen  fertilizers  causes  a  higher  than  observed  value. 

Another  advantage,  which  argues  for  nitrogen  harvested  from natural  sources,  is  its 

environmental aspect. Nitrogen, which can be used in organic production, is just more 

expensive.  Considering  that  the price of  natural  gasses  are  also very high in  Europe 

( natural gas is the source of energy for the production of nitrogen fertilizers), and the 

prices will only continue to grow, you should consider at least a few ways to improve the 

living conditions of free living nitrogen fixing organisms. Finally, most of these ways 

concentrate on merely the improvement of their existence and the improvement of the 

quality and method of soil management. As a side effect also following effects could also 

be achieved: the improvement of soil water retention (increased maintenance of minerals 

in the soil; healthier, better, and possibly higher crops), and the reduction of costs.

In conclusion, in order to increase the efficiency of nitrogen fixation 
by the free living nitrogen fixing organisms it is necessary:

1.To ensure good soil structure by increasing the level of organic matter in it and 
having good calcium to magnesium balance soil with pH of 6.4

2. To avoid soil compaction

3.To raise the pH of the soil and consider broadcast fertilization with molybdenum 
(due to the potential toxicity of the soil it has to be done only after testing the soil!)To 
ensure good drainage of the soil  To be cautious in growing too many plants from 
Allium family (e.g., onion, leek, garlic, etc.)To eliminate, reduce or rationalize the 
use  of  plant  protection  products  (e.g.,  herbicides,  fungicides,  and  insecticides), 
especially  on  light  soils  with  low  organic  matter  content.
Ensuring a suitable soil quality for the life of free-living nitrogen-fixing organisms is an 
extremely  important  factor  if  you  want  to  achieve  self  sustained  high  soil  fertility.  
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How to improve the efficiency of symbiotic nitrogen fixing organisms

There are several factors directly influencing the efficiency of symbiotic nitrogen fixing 

organisms:

1. Application of manure or mineral nitrogen fertilizers. Because of the fact that nitrogen 

fixation requires a lot of energy, the amount of nitrogen fixed through biological process 

will be much less when the soil contains inorganic nitrogen from other sources.

2.Low soil fertility. Its deficiencies (especially in molybdenum, iron, phosphorus, 

magnesium and sulfur) would result in reduced nitrogen fixation as these elements are 

part of the nitorogenase complex that allows the process of nitrogen fixation.

3. Low soil pH. A pH lower than 6.4 will  inhibit nitrogen fixation especially if the soil is 

low in calcium.

4.Soil temperature. The soil temperature from 75 to 86ºF (from 25 to 30ºC is optimum 

for most legumes and rhizobium bacteria. Effective nitrogen fixation will be inhibited 

below 50ºF (ca. 10ºC).

Factors limiting biological nitrogen fixation

 

Interactions between symbiotic bacteria or microorganisms and the plant are restricted by 

several factors, the majority of which are edaphic (related to soil and its condition), 
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climatic, and management factors. Symbiosis between a legume and Rhizobium bacteria 

might proceed well in loamy, but not in sandy soil, in the sub-humid region - but not in 

the Sahel, or under tillage but not in no-till plots. These factors influence the 

microsymbiont (bacteria or microorganism), the host plant, or both of them. In the 

symbiosis between Rhizobium and legume, the process of nitrogen fixation is related to 

the physiological state of the host plant. Therefore, a persistent rhizobial strain is not 

expected to express its full capacity for nitrogen fixation if limiting factors (e.g., salinity, 

unfavorable soil pH, nutrient deficiency, mineral toxicity, temperature extremes, 

insufficient or excessive soil moisture, inadequate photosynthesis, plant diseases and 

grazing) impose limitations on the host legume. Typical environmental ‘stresses’ may 

include deprivation in photosynthesis, water stress/aridity, salinity, soil nitrate, 

temperature, heavy metals, and biocides. A given stress may also have more than one 

effect: e.g., salinity may act as a water stress, which affects the photosynthesis in plants, 

or may affect the metabolism in nodules directly. The most problematic environments for 

Rhizobia are marginal lands with low rainfall, extreme temperatures, acidic soils of low 

nutrient status, and poor water-holding capacity.

Edaphic factors

Edaphic factors are related to the soil condition. The six main edaphic factors limiting 

biological nitrogen fixation are:

1.excessive soil moisture

2.drought

3.soil acidity

4.Phosphorus (P) deficiency
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5.excess of mineral nitrogen

6.deficiency of  calcium (Ca), molybdenum (Mo), cobalt (Co) and boron (B)

Excessively moist soil prevents the development of root hair and sites of nodulation, 

and interferes with a normal diffusion of oxygen in the root system of plants. However, 

there some bacteria, like Sesbania rostrata and Aeschynomene sp., which can actively fix 

nitrogen under these conditions because they are located on the plant stem rather than on 

their roots. Drought inhibits the number of Rhizobia bacteria in soils, nodulation, and 

nitrogen fixation. Prolonged drought could even cause nodule decay. Legumes with deep 

roots can still retrieve moisture from lower soil layers and continue fixing nitrogen even 

if  the  soil  appears  dry.  The  tolerance  of  plants  to  dry  soil  could  be  improved  by 

mycorrhizal  infection (e.g.,  Acacia auriculiformis  inoculated with the ectomycorrhizal 

Baletus  suillus).  Several  studies  have  demonstrated  that  mycorrhizal  networks  can 

transport  carbon,  phosphorus,  nitrogen  and  water  from  plant  to  plant.  The  flux  of 

nutrients  and water  through these  networks  is  driven by a  source-sink  model,  where 

plants growing under conditions of relatively high resource availability (e.g., intensive 

light or high nitrogen environments) transfer carbon or nutrients to plants located in less 

favorable  conditions.  A common example  is  the  transfer  of  carbon  from plants  with 

leaves located in light in a forest shelter to plants located in the shaded understory where 

the lack of available light can sometimes limit photosynthesis.  Arbuscular mycorrhizal 

networks  are  formed between plants  that  associate  with  Glomeromycetes.  Arbuscular 

mycorrhizal  associations  (also  called  endomycorrhizas)  dominate  among  land  plants; 

their name indicates that they grow inside the roots with their fungal ‘bodies’ outside. 

They are formed with 150-200 known fungal species. It has generally been assumed that 

this association has low host specificity; however, recent studies have demonstrated that 

some plants prefer some Glomeromycete species. Ectomycorrhizal networks are formed 

between plants that associate with ectomycorrhizal fungi; the name derives from the fact 
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that they develop absolutely outside the roots of a plant. In contrast to Glomeromycetes, 

ectomycorrhizal fungal are a highly diverse and polyphyletic group consisting of around 

10,000 fungal species. These associations tend to be more specific, and predominate in 

temperate and boreal  forests.

Soil acidity and the related problem of calcium deficiency as far as aluminum and 

manganese toxicity adversely affects nodulation, nitrogen fixation and plant growth. The 

identification of symbioses adapted to acid soil should here be the main factor and focus 

on the host plant. The effective rhizobia bacteria, adapted to soil acidity, can be found 

naturally.  As  we  speak,  rhizobium bacteria  are  also  being  genetically  engineered  to 

enhance they tolerance to acidic soils, high salinity, drought conditions etc.. At least that's 

what biotechnology companies are stating...

Phosphorus  deficiency  is  a  commonplace  issue  especially  in  tropics,  it  reduces 

nodulation, and what goes on - nitrogen fixation and plant growth. The identification of 

plant species adapted to soils with low phosphorus is a good strategy to overcome this 

soil  constraint.   There  are  reports  on  the  role  of  mycorrhizal  fungi  in  increasing 

phosphorus in plants with beneficial effects on nitrogen fixation. Dual inoculation with 

working rhizobia bacteria and mycorrhizal fungi demonstrates effects on nodulation and 

nitrogen in  soil  with low level  of available  phosphorus.  Mycorrhizal  fungi  in natural 

ecosystems in the tropics usually infect trees. The significance of this symbiosis in nature 

must, however, be better recognized and researched. Another strategy is to increase soil 

phosphorus level by using fertilizers or phosphate rock dust. It is especially beneficial to 

fertilize  nitrogen  fixing  plants  with  available  phosphorus  when  they  are  seeded  or 

planted.

The use of local rock phosphate is highly recommended, particularly in acidic soils. 

The  addition  of  microorganisms,  particularly  of  the  general  Psemdamaias,  Bacillus,  
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Penicillium, Aspergillus, which cause phosphate to dissolve in water, can solubilize rock 

phosphate  and  organically  bound  soil  phosphate  (one  has  to  be  reminded  that  they 

constitutes 95 – 99 percent of the total phosphate in soils). However, the use of these 

microorganisms  is  not  widespread.  In  some opinions,  the  nodulation  can  respond  to 

phosphorus  under  field  conditions.  However,  there  is  also  an  ‘enemy’ party,  which 

considers the effect of phosphorus indirect,  acting through the physiology of a given 

plant. Either way, it works in enhancing nitrogen fixation.

Potassium ions are an essential component of plant nutrition and are found in most 

soil  types.  They  are  used  as  a  fertilizer  in  agriculture,  horticulture,  and  hydroponic 

gardens in various forms. Agricultural fertilizers make up about 95% of global potassium 

chemical production, and about 90% of this potassium is supplied as KCl (Potassium 

Chloride, a salt of Potassium). Modern high-yield agriculture depends upon fertilizers to 

replace the potassium, which is lost at harvest. Most cheap agricultural fertilizers contain 

potassium chloride. Potassium chloride  is  very  detrimental  for  the  soil  food web.  If 

possible, it's better to use potassium sulfate as this substance is much gentler on soil. 

Another source of potassium is granite rock dust. This form also contains a lot of trace 

elements that are beneficial for plants.

Mineral  nitrogen  also  inhibits  the  Rhizobium infection  process,  which  results  in 

inhibiting nitrogen fixation. This problem results from impairment of the recognition of 

mechanisms by nitrates, while the second one is due to the diversion of photosynthates 

toward  assimilation  of  nitrates.  Some  strains  of  Rhizobium bacteria (particularly 

Azarhizobium caulinodans) fix nitrogen actively even when plants are growing in soils 

with high level of nitrogen. Application of large quantities of nitrogen fertilizer prevents 

nitrogen fixation,  but  low doses  of  the  same fertilizer  can  stimulate  early growth of 

legumes. The amount of the nitrogen starter must be decided in relation to available soil 

nitrogen.
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Climatic Factors

Two decisive factors which influence nitrogen fixation are temperature and light.

High temperatures affect nitrogen fixation adversely. This is easy to understand 

because nitrogen fixation is an enzymatic process (using enzymes called nitrogenizes). 

However, there are differences between symbiotic systems in their ability to tolerate high 

and low temperatures (high in this contexts means over 35° C, while low – under 25° C). 

High  soil  temperatures,  especially  in  tropical  and  subtropical  zones,  are  one  of  the 

greatest barriers for biological nitrogen fixation of legume crops. High root temperatures 

especially affect the following legume species: soybean, guar, peanut, cowpea, and beans. 

Whereas critical temperature for nitrogen fixation is 300 C for clover and pea, it ranges up 

to 400 C for soybean, guar, peanut and cowpea. Higher temperatures inhibit root hair 

infection,  affect the nodule structure and slow nodule functions; they also restrict  the 

nodulation process in the surface layers of a soil (e.g., researches in California found that 

alfalfa plants, grown in almost desert circumstances, have only few Rhizobia nodules in 

the top 5 cm of the soil, while they extensively nodule deeper). The optimal temperature 

for growth to most of Rhizobia is between 28 and 310 C; the exception is cowpea strains 

in the hot and dry Sahel climate, which can develop well even at 400 C. Heat tolerant 

Rhizobia could be found in hot climatic zones, where other strains would be affected by 

temperature stress: some strains, isolated from the root nodules of Acacia senegal and 

Prosopis chilensis in dry regions of Sudan, had a very high growth at temperature of over 

400 C.

Biological nitrogen fixation in arid regions

Arid or desert soils were once considered economically unimportant, but during 

the past several decades their role in agricultural utilization had changed because of the 
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urgency of their agricultural  utilization.  For arid ecosystems the lack of moisture and 

nitrogen is characteristic, but the most important factors responsible for inhibiting the 

growth of plants in these regions are drought and salt stress of the soil. Is it possible to 

improve the fertility of arid regions? Application of organic fertilizers (organic mulch, 

sewage sludge or animal manures) became a strategy of amelioration of soils  of low 

fertility in many countries.

Biosolids (sewage sludge), rich in various nutrient elements, can also contain toxic heavy 

metals,  which  not  only  harm  the  activity  of  soil  organisms  –  plants  and  soil 

microorganisms – but can also suppress their activity.

Some  nitrogen-fixing  bacteria  are  tolerant  to  such  conditions  (e.g.,  Rhizobia 

leguminosarum was proved to form an effective symbiosis with clover, grown in soil, to 

which sewage sludge was applied and which contained maximum permissible levels of 

heavy metals). The use of mineral nitrogen fertilizers could increase the yields, but they 

also  produce  negative  effects  on  the  Rhizobia-legume  symbiosis.  Therefore  the 

cultivation of appropriate, nitrate tolerant and nitrogen fixing legumes (e.g., some species 

of pea, bean, soybean) could maximize the yields of crops and reduce nitrogen losses 

from soil through leaching.

The specification of biological nitrogen fixation in arid regions

Biological nitrogen fixation, mediated by heterotrophic and associative bacteria, 

cyanobacteria, actinorhizal plants and some species of legumes, is the most popular way 

of inserting nitrogen into desert ecosystems. The amounts of nitrogen, fixed by free living 

bacteria,  is  of  less  importance than  the one  coming out  from symbiotic   diazotrophs 

fixing bacteria .

Several years ago a new Frankia and Atriplex (saltbush or orache, it is perennial forage 
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shrub, which grows in abundance in dry and salt-affected soils of Argentina) symbiosis 

was discovered.

Are there any natural herbs or legumes, occurring in deserts? Drought- tolerant  

Rhizobium and legume symbiosis

The symbiosis between Rhizobium and legumes is currently the most important 

source of nitrogen fixation in areas with low moisture.   The leguminous plants (e.g., 

alfalfa or lucerne (Medicago sativa),  peanut (Arachis hypogaea),  guar or cluster bean 

(Cyamposis tetragonoloba), sweet-clover (Melilotus)) require, however, drought-tolerant 

Rhizobia  in  order  to  form  an  effective  symbiosis  in  arid  climate  (one  of  identified 

varieties is Rhizobia prosopis), therefore the right choice of Rhizobium is critical in such 

circumstances. On the other hand, there exist naturally occurring forage legumes, both 

annual and perennial, which could resist water and heat stress in desert regions. Recently 

the suitability of Rhizobium-inoculated wild herb legumes for providing vegetation and 

improving soil fertility in arid lands is strongly suggested. Isolation of effective Rhizobia 

species  from wild  legumes  in  order  to  inoculate  other  legume  crops  is  a  promising 

strategy to achieve Rhizobia-legume symbiosis; the Rhizobia of wild legumes may have 

better  traits  than  the  one  homologous.  Rhizobium  strains  from  cicer  milkvetch 

(Astragalus cicer, native to Eastern Europe, but best suited to be grown in the area of 

Rocky Mountains, USA) successfully nodulate alfalfa, while Rhizobia isolated from wild 

plants in the northern deserts of Egypt form effective nodules with broad bean.

Another way of the adaptation of legumes to arid regions, especially ones poor in 

nitrogen, is their infection by mycorrhizal fungi in addition to Rhizobia. It is proved that 

mycorrhizal  inoculation  shows effects  on acacia  and lead  tree  (Leucaena)  under  arid 

conditions. Moreover, recent researches in the semi-arid ecosystem in the south east of 

Spain indicate that mycorrhizal infection is able to improve nitrogen fixation by legumes 
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in  the  circumstances  of  hot  climate  and drought  stress.  In  arid  and hot  the  drought-

tolerant symbiotic systems should also be heat tolerant (several strains of Rhizobia, e.g.,  

Rhizobium leguminosarum and phaseoli,  are  reported to  be heat  tolerant  event  if  the 

temperature of a soil achieves 35 to 400 C).

Symbiosis between salt-tolerant Rhizobium and legumes

It  could seem from the first  look that the salinity of soil  is an edaphic factor, 

limiting biological nitrogen fixation, but in fact it is very closely connected to climatic 

conditions in a given area. Soil salinity in arid regions can pose a problem if the water 

table is two to three meters below the surface. In such a case groundwater salts are raised 

(when groundwater is saline or more rainwater is allowed to enter than the specific layers 

of soil could accommodate). In some areas the reason for dry land salinity is the clearing 

of trees for another agricultural plants; shallow roots of annual or perennial crops replace 

the deep roots of trees.  Soil  salinity affects  the survival  and growth of Rhizobia and 

harms the  rhizosphere  of  plants.  In  order  to  solve  this  problem and make particular 

Rhizobia varieties tolerant to high levels of salt in soil, even up to 1.8 M of NaCl or 1800  

mol/m3,  some  of  them were  isolated  from crops  and  legumes.  Especially  successful 

seems  the  symbiosis  of  salt-tolerant  Rhizobia  with  legumes:  strains  of  Rhizobium 

meliloti and leguminosarum works together with forage legumes, soybean and woody 

legumes. Some local Rhizobia strains are also isolated in arid lands of Saudi Arabia (e.g., 

Rhizobium meliloti, which forms effective symbiosis with alfalfa).

How to rehabilitate arid regions, using woody legume and Rhizobium symbiosis

Recently leguminous trees have begun to be used intensively for food, forage, and 

wood and as fuel in arid and semi-arid regions; especially the trees of genera Acacia and 

Prosopis. Acacia, also known as thorn tree, whistling thorn or wattle, and Prosopis, a 
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genus of flowering tree or shrub of the pea family, are spread in subtropical and tropical 

regions (acacias also in warmer and temperate  parts  of Europe);  they are resistant  to 

water stress because of the ability to develop extremely deep root systems. The fruits and 

pods  of  Prosopis  contain  considerable  amounts  of  sugar.  Several  species  of  Prosopis 

under a common name (mesquite) grow from northern Mexico to southwestern USA, 

these can draw water through the roots from a depth of more than 50 meters (150 ft.) 

Both acacia and Prosopis are able to establish growth in disturbed areas of arid soils 

better than any known herb legume. Moreover, many of these species fix nitrogen and 

nodulate well under water stress.

In order to evaluate nodulating ability, nitrogen fixation and agroforestry potential 

the tree woody legumes – Leucaena, Albizia (silk plant, silk tree) and Gliricidia – were 

examined. The experiment showed that the fixed nitrogen (measured as a percentage of 

the total one) ranged from 20 to 74, 28 to 72 and 44 to 84 respectively, which exceeds the 

amounts of nitrogen, fixed by grain legumes.  The pruning of leaves from these trees 

makes  an  important  component  of  the  sustainable  soil  fertility  program,  making  the 

foliage of these legumes an ideal fertilizer.

Tree legumes nodulate well with both Rhizobium and Bradyrhizobium.

Prosopis rhizobium was isolated from surface layers of desert soils, where fast 

growing  in  fluctuating  conditions  has  an  advantage  over  slow development.  For  this 

reason it could be used to inoculate crop legumes; there have been confirmed cases of 

symbiosis between acacia Rhizobia and peanut and cowpea, which were more successful 

than  using  homologous  species.  In  arid  regions,  where  yields  are  mainly  limited  by 

insufficient  soil  moisture,  the  symbiosis  between  tree  legumes  and  drought-tolerant 

Rhizobia species could build a basis for sustainable agriculture.
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Alley farming

The availability of light determines the process of photosynthesis,  upon which 

biological  nitrogen  fixation  depends.  This  process  is  extremely  evident  in  a  forest 

structure: the higher parts of the canopy can easily convert light energy into the chemical 

energy. This is also shown by diurnal variations in nitorogenase activity.

There are some plants which can grow and fix nitrogen under shade conditions 

(e.g.,  Flemingia congesta under plantain canopy).  It is most commonly used in contour 

hedgerows for  erosion  control.  Prunings  are  used  for  mulch  (because  of  the  gradual 

breakdown of its leaf due to the high concentration of tannins) and green manure in alley 

cropping systems. It can also be used to shade immature coffee and cocoa plants, for 

weed suppression and soil enrichment in orchards, and to provide firewood and stakes for 

climbing crop species. As forage for horses or cattle it is considered poor because of a 

high fiber and condensed  tannin and it is not willingly eaten by stock. Pods, however, 

provide a brilliant orange dye for silk. Plants grown in shadow fix much less nitrogen – 

from several to just over a dozen kilograms per  hectare per year. The same could be said 

about plants in tropical climate; if all other criteria are equal, in a tropical climate a plant 

can fix much more nitrogen than in a temperate climate, where  temperatures are low 

plants are dormant for almost a third of the year.

Another  case,  where  climatic  factor  (connected  with  agronomical  program)  is 

essential for biological nitrogen fixation is  alley farming. It is  an agroforestry system, 

where crops (for food or forage) are grown in the alleys between hedgerows of trees or 

shrubs.  Those  trees/shrubs  (preferably  fast-growing,  nitrogen-fixing  species)  are 

established in hedgerows, usually several meters (yards) apart.  The trees are trimmed 

periodically  and  managed  to  develop  in  such  a  way  that  they  do  not  shade   their 

companion crops. The prunings or foliage and young stems are brought back into soil as 

green manure or animal fodder. Alley farming is a scale-neutral system. At the beginning 
48



Fertilizer for Free: How to make the most from biological nitrogen fixation
by Wojciech Majda

it was developed for smallholders, but it can also be adapted for mechanized farming of 

larger size. The system has been tested successfully with the use of appropriate woody 

species  and  crop  combinations  in  all  continents  (except,  of  course,  Antarctica).  The 

system of alley farming is  known under different names in different publications and 

regions.  The  International  Council  for  Research  in  Agroforestry  (ICRAF)  calls  this 

system hedgerow intercropping (because of the organization in rows). In Sri Lanka it is 

called avenue cropping. Similar farming approaches have been tried with success in other 

parts of the tropics such as the  Leucaena,  which is a genus of flowering plants in the 

subfamily Mimosoideae of the legume family Fabaceae. They are native to the Americas, 

ranging from Texas in the United States south to Peru. Leucaena species are grown for 

their variety of uses: as green manure, charcoal source, livestock for fodder and for soil 

conservation. The seeds (jumbie beans) can be used as beans. Some species have edible 

fruits (when unripe) and edible seeds.

Climatic  and  agronomical  factors  limiting  biological  nitrogen 

fixation in the alley farming:

If hedgerows are not weeded, then competition for nutrients, sun and water with small 

seedlings is increased. Smaller plants do not fix as much nitrogen as larger ones

Nitrogen fixing trees are planted with food crops like cassava (widely known as manioc) 

that  require  a  lot  of  nutrients  (especially  phosphorus).  If  soil  is  poor  in  nutrients, 

competition for nutrients will decrease nitrogen fixation rates

Nitrogen fixation will decrease due to shading. The early growth of legume trees can be 

slow and they cannot successfully get enough light. On the other hand legumes (beans, 

broad beans, peas, soybean) grown inside o rows of non nitrogen fixing trees will get less 

light as the trees mature. Pruning the trees might help with getting enough light to the 

legumes
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Biotic Factors

The absence of the required Rhizobia bacteria species is the main constraint in the 

nitrogen fixation process when facing biotic factors limiting biological nitrogen fixation. 

Other limiting factors in this category could be:

1. excessive defoliation of host plant

2. competition among crops

3. insects, nematodes, worms (e.g., earthworms)

If specific and effective rhizobia bacteria (symbiotically working with a specific 

plant) are absent in soil, or if they are very few, it is necessary to introduce the bacteria in 

that soil to ensure proper nodulation of plant roots and nitrogen fixation. If specific and 

effective rhizobia bacteria are present in a sufficient number, there is no need to inoculate 

the legume. In various agricultural systems whenever there is no sure presence and/or 

effectiveness  of  the  native  rhizobia  bacteria,  legumes  should  be  inoculated  with  an 

adequate strain of rhizobia.

There are some very simple tests to determine the need for inoculation. You have 

to observe the following symptoms: are the nodules of a plant absent or sparse on a not-

inoculated plant growing in a soil with low level of nitrogen? Are the nodules or their 

sections  white  or  green?  (This  is  an  indication  of  poor  effectiveness  of  Rhizobium 

bacteria).

When the rhizobia bacteria are ineffective (when they are not capable of colonizing and 
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nodulating  a  legume)  or  only  slightly  effective,  they  constitute  a  barrier  to  the 

exploitation of Rhizobium inoculants. Introduced rhizobia must for this reason be more 

aggressive  in  competition  as  a  nodulator  than  the  native  strains.  Inoculant  rhizobia 

usually dwell  in  soil  for  rather  long periods,  particularly when the  host  is  cultivated 

frequently or is permanent. In this case the persistence of a strain is absolutely required. 

Inoculation is also to be repeated in following years, assuming that inoculant strains can 

and will maintain their original effectiveness.

Inoculation  with  rhizobia is  usually  recommended  for  newly  introduced 

legumes. Most positive effects to inoculation are related with crops, which have specific 

requirements for Rhizobium, (e.g., Leucaena leucocephala, the above mentioned variety 

of  soybean).  Indigenous  legumes  rather  seldom react  to  inoculation  with  introduced 

rhizobia strains because they act in nodulation with resident strains, even if these native 

rhizobia are not very effective.

Inoculation with rhizobia could be considered an exceptional practice on farms. In 

Australia and the USA inoculation has a significant role in legume production. But in 

some countries this practice is not yet widespread. Two major obstacles to inoculation 

technology are:  1)  the  wide  variability  in  yield  responses  in  time  and space  and,  2) 

difficulties in proper attachment between a given  Rhizobium and legume in symbiosis. 

Responses  of  the  legumes  can  vary from no response  through negative  responses  to 

positive  increases  in  crops.  Response  to  inoculation  with  Rhizobium also  varies 

according to place, legume cultivators and the form of inoculant. Climatic factors, such as 

long  droughts,  and  management  factors,  which  among  others  include  the  choice  of 

cropping systems and inoculant handling, can introduce variability in inoculation. Local 

rhizobia do not necessarily inoculate better than exotic or newly introduced strains.

Defoliation, crop competition and pests
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Defoliation  (e.g.,  pruning  and  lopping  of  plant  branches)  decreases  the 

photosynthetic  ability  of  legumes,  while  it  is  mainly  the  leaves  of  a  legume  where 

photosynthetic process takes place. It also impairs nitrogen fixation and can even end 

with the nodule decay.  For perennial  legumes,  nodule decay sheds a high number of 

rhizobia in the root zone. The new roots develop and the nodulation of the legume is 

expected to improve. It is observed that un-inoculated Leucaena leucocephala nodulated 

the first year rather not quick and nitrogen deficiency symptoms can appear on those 

plants. After several years, nodulation can improve (in the case of  Leucaena) and the 

symptoms of nitrogen deficiency would disappear. Please keep in mind that occasional 

nodule decay induced by clipping or pruning the nitrogen fixing plant is not necessarily a 

bad thing, as it's one way that nitrogen from the nitrogen fixing plants can get into the 

soil and be utilized by different plants and microbes.

Intercropping legumes with non-leguminous crops can result in competition for 

water  and  nutrients.  When  crops  are  carefully  selected,  other  benefits  can  also  be 

achieved. Lodging prone plants, which are prone to topple over in wind or heavy rain, 

may be used as support to their companion crop. Some plants are used to suppress weeds 

or provide nutrients. Delicate or light sensitive plants may be given shade or protection, 

or  otherwise  wasted  space  can  be  utilized.  A good  example  of  rationally  planned 

intercropping system could be found in the tropics, where coconut are place on the upper 

tier, banana in the middle rank, and pineapple, ginger or leguminous fodder, aromatic 

plants  are  placed  in  the  lowest  rank.  Intercropping  of  compatible  plants  encourages 

biodiversity by providing a habitat for a variety of insects and soil organisms that would 

not  be present  in  an  environment  with  a  single  crop.  This,  in  turn,  helps  to  stop  or 

decrease the outbreaks of crop pests.

Some insects and nematodes also interfere with nodule formation, development 

and functioning as they harm plants. One form of nematode is entirely dependent upon 

fig wasps, which are the one and only source of fig pollination. Nematodes prey upon the 
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wasps, riding them from the ripe fig of wasp's birth to the fig flower of its death, where 

they kill the wasp. Their offspring await the birth of the next generation of wasps as the 

fig  ripens.  Rotation  of  plants  with  nematodeme  resistant  species  is  one  means  of 

managing parasitic nematode infestations and increasing nitrogen fixation in soil.  For 

example, marigolds, grown over one or more seasons, can be used to control nematodes 

Pharmacological studies suggest that  Calendula (the Latin name of marigold) extracts 

have  anti-viral,  anti-genotoxic and  anti-inflammatory  properties.  Both  methanol  and 

ethanol extracts of this flower show antifungal activities.

Another is treatment with natural antagonists is to introduce fungus Gliocladium 

roseum.  It  protects  plants  against  ‘grey  mold’  by  suppressing  spore  production. 

Nematodes  are  infected  by  C.  rosea when  the  fungus  attach  to  their  cuticle  and 

germinate. Germ tubes,  in their turn, penetrate the host's body and kill it.  Furthermore, 

soil steaming is an efficient method to kill nematodes before planting the crop, but it 

eliminates both harmful and beneficial ones.

Getting it all together: what has and could be done in 

order not to loose nitrogen from soil

The description of practices of successful nitrogen management

Successful nitrogen management can provide enough nitrogen to the cultivated 

crop to optimize its production and profitability while diminishing the losses to water and 

air. In the case of nitrogen, economic and environmental successes overlap completely. 

Everyone  seeks  crops  with  best  possible  nitrogen  amount.  Management  practices, 

presented here, could stand for secure practices, guaranteeing your economic, production 

and environmental success.
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The best time to apply nitrogen fertilizers is as close as possible to the period of 

rapid crop uptake. Managing nitrogen in this way will minimize its losses from the soil 

and could ensure nitrogen availability to the crop during critical growth periods. These 

benefits, however, are balanced by the risks associated with a smaller time period for 

nitrogen application and by other field operations that may be necessary at the same time 

to support nitrogen applications.

Some vegetable plants or soil types require a side-dressing of fertilizer throughout 

the growing season. To side-dress vegetable plants, you can use fertilizer to the soil on or 

around the sides of your plant. This practice is especially important in gardens with sandy 

soils  that  do not  hold nutrients well  or  during extensive growth periods  when plants 

require more nutrients. The following table will show you the time of side-dressing of 

commonly planted crops.

Vegetable When to side-dress

Green beans Not necessary

Beet greens 2  weeks  after  the  appearance  of  the  first 
leaves

Broccoli 3 weeks after transplanting; light nitrogen

Brussels sprouts 3 weeks after transplanting and again when 
the sprout appears

Cabbage 4 to 6 weeks after planting

Carrots 3 weeks after plants are well established

Cauliflower 4 to 6 weeks after planting

Celery 3 weeks after setting out and 6 weeks later

Sweet corn Three  weeks  after  planting;  again  when 
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plants are 8 to 10 inches high; again when 
tassels appear

Cucumbers When they begin to develop and once more 
with the first flowers

Eggplants 3 weeks after planting

Kale When plants achieve the high from 6 to 8 
inches (15 to 20 cm)

Lettuce head 3 weeks after transplant and when the head 
begins to form

Lettuce leafs 3 weeks after germination

Melons After the first quick growth, when the first 
flowers appear and 3 weeks after

Onions Three weeks after planting, when tops are 6 
to 8 inches tall and when bulbs start to swell

English peas Not necessary

Sweet and hot peppers 3 weeks after transplant and when the first 
fruits appear

Potatoes With the first blossoms

Pumpkin With the first rapid grow and with the first 
blossoms

Radishes Not necessary

Spinach When the plants achieve the height 3 to 4 
inches (7.5 to 10 cm)

Summer squash When the plants are ca. 6 inch (ca. 15 cm) 
tall and with the first blossoms

Winter squash With  the  first  rapid  grow  and  with 
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beginning of blossoming

Swiss card 3 weeks after germination

Tomatoes Two to three weeks after transplant, before 
first  picking,  2  weeks  after  first  picking, 
light on nitrogen

An  example  of  side-dressing  of  nitrogen  fertilizer  is  the  corn  crops  in  the 

Mississippi Delta region. In this region the largest nitrogen application is made at early 

side-dress timing. This area receives more rain than anywhere else in Missouri, which 

results in a high risk of loss of the nitrogen that was applied before corn planting. The 

following factor, favoring the use of corn side-dressing in the Delta region, is sandy soils. 

They are common there and could be counted to the highest risk soils for the loss of  

nitrogen fertilizer. Side-dressing corn is not popular in other parts of Missouri.

Missouri  rice  and cotton  producers  have  also adopted  in-season applications. 

Rice producers typically make a pre-plant application of nitrogen fertilizer followed by 

one  or  two  aerial  applications  near  the  maximum growth  period.  These  applications 

ensure that enough nitrogen is available to support the growth the crops need to achieve 

their potential. Cotton producers apply more than half of their nitrogen fertilizer during 

the  squaring  or  pre-blooming  stages  of  growth.  This  period  of  application  not  only 

reduces the risk of loss of nitrogen, but also helps to promote boll growth as opposed to  

vegetative growth. This process increases crop profit. In the acres of corn, the goal of 

applying the nitrogen fertilizer close to the period of crop uptake means that side-dress 

applications  are  better  than  pre-plant.  Pre-plant  applications  are  preferable  to  fall 

applications. In Missouri nitrogen applications in fall are not preferable considering the 

high loss of the fertilizer.
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Central  pivot  irrigation is  a  method  of  crop  irrigation  in  which  equipment 

rotates around a pivot and crops are watered with sprinklers. A circular area centered on 

the pivot is irrigated, often creating a pattern in crops when viewed from above. The 

central pivot irrigation system is considered to be a highly efficient system because it 

helps to conserve water. By 2013 it was shown that as the water consumption efficiency 

of  the  central  pivot  irrigation  improved  over  the  years  as  farmers  planted  more 

intensively,  irrigated  more  land  and  grew  thirstier  crops.  Using  treated  or  recycled 

sources of water in agriculture is one approach to the future of the aquifer because of lack 

of water. Central pivot irrigation typically uses less water than many surface irrigations 

because they reduce the expenditure of water and conserves it. It also helps to reduce 

labor  costs  compared  to  some  ground  irrigation  techniques.  Some  ground  irrigation 

techniques involve the digging of channels on the land for the water to flow, whereas the 

use of central pivot irrigation can reduce the amount of soil tillage and helps to reduce 

water runoff and soil erosion. Less tillage encourages more organic materials on top of 

the  soil  and  crop  residue.  Pivot  irrigation  systems  provide  another  tool  for  making 

nitrogen applications to corn during the period of its rapid need for plants. Nitrogen can 

be injected into irrigation water and applied uniformly over the field. Yield response to 

nitrogen  fertilization  has  been  seen  only  when  the  corn  color  indicates  the  lack  of 

nitrogen.

Perennial grasses for hay, pasture or turf are an exception to the rule that nitrogen 

is best  applied just  before the period of rapid growth. For hay or pasture the risk of 

nitrogen loss  during  wet  weather  is  minimal.  Very often  it  may be better  to  fertilize 

pastures not when the grass is growing fast, but when the extra forage will bring most 

use. Good strategies can include the following steps: to apply nitrogen fertilizers in May 

to extend summer grazing, in August – to produce stockpile for winter feeding. In the 

case of turf, more common are multiple and small applications of nitrogen fertilizer for 

its slow and constant growth. In the United States the total use of nitrogen fertilizers has 
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remained the same during last 25 years, while crop yields have increased substantially. 

Taking the production of corn as example, U.S. corn producers have applied 1.3 pound 

(ca. 0.6 kg) of nitrogen fertilizer to get one bushel (ca. 14.5 kg) in late 1970s, while today 

ca. 1 pound is applied to produce 1 bushel of corn.

Crop color is considered to be the most reliable indicator of its need for nitrogen. 

Lighter color of leaves or of the whole plant indicates the need for higher nitrogen rates.  

Most crop producers make seasonal applications of nitrogen to wheat, rice, cotton and 

forage grasses, but not to corn, which receives about half of the nitrogen fertilizer applied 

in Missouri. Although corn color is the best indicator of the needed amount of nitrogen 

fertilizer, it does not come in pair with the pre-plant nitrogen management system, which 

is favored by most Missouri corn producers. Because of the increase of nitrogen prices 

and environmental pressure the usefulness of color-based nitrogen side-dressing for corn 

could increase very rapidly. This approach is also being tested in wheat, cotton and may 

turn out to be useful for millet and grass.

Soil nitrate samples taken in spring can be useful for adjusting the rate of nitrogen 

fertilizer. There could be a reason to suspect fairly high nitrogen availability from the 

soil, like in fields that have been manured or during a drought year (especially when corn 

follows corn). Researches in Missouri region show that most fields have fairly low levels 

of soil nitrate, even when the ability of the soil to supply nitrogen to the crop is fairly 

high.  Varying  nitrogen  rate  based  on  soil  type,  drainage  class,  texture,  electrical 

conductivity or productivity index has not yet been shown to work well in the Missouri 

crops. There are indications that nitrogen is needed on poorly drained soils and on clay 

soils.

Ammonium nitrate, anhydrous ammonia, urea and urea-ammonium nitrate solution 

are  the  four  main  nitrogen  fertilizer  sources  used  in  Missouri.  Most  BMPs  (best 

management practices) in choosing a nitrogen fertilizer source relate to timing, fertilizer 
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application methods or placement, and use of additives.  Other BMPs relating to fertilizer 

source are as follows:

1)No special  management  practices  are  needed  for  ammonium nitrate.  Effective  are 

applications on surface. It is only suggested to avoid early applications. Urea should not 

be broadcast and left on surface for long periods. Missouri research has shown ca. 14 

bushels per acre yield penalty in corn (mostly no-till) and ca. 5 bushels per acre yield 

penalty in wheat, when urea is spread and not incorporated. The following options are 

acceptable  choices  for  urea:  the  treatment  with  Agrotain  volatilization  inhibitor  (a 

stabilizer that does not allow to loose nitrogen) before broadcasting; incorporation into 

soil with tillage (within 3 or 4 days of application); incorporation with irrigation (within 3 

or 4 days); knife injection.

2)Urea-ammonium nitrate solution (28 to 32 percent of nitrogen) should not be spread on 

high  surfaces.  Missouri  research  has  shown 25  bushels  per  acre  yield  penalty  when 

solution is broadcast in no-till corn (mostly corn-soybean rotation). In other conservation 

tillage systems yield loss would be expected. Dribbling solution reduces contact between 

nitrogen and residue, and injection is best.

Extensive use of ammonium sulfate as a nitrogen source will lead to twice as much 

soil  acidification  as  any other  nitrogen  source.  Monitoring  soil  pH (acidity)  is  very 

important when ammonium sulfate is used. Nitrification is the conversion of ammonia or 

ammonium to nitrate. This process happens naturally in all kinds of soils. Nitrate is the 

form of nitrogen susceptible to loss, so slowing fertilizer conversion to nitrate reduces the 

risk of loss. The risk of nitrogen loss is higher with fall than with spring applications. 

Urea left on the soil surface is susceptible to loss to the air, beginning on about the third 

or fourth day after application and continuing until at least half an inch of rain occurs.  

Research shows that nitrogen loss from surface-applied urea can reach up to 50 percent, 
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25  percent  appears  to  be  the  average  loss.  The  amount  of  loss  depends  on  weather 

conditions; loss is greatest  with warm, windy weather and a moist soil  surface but is  

ended by rain that moves the urea into the soil.

Sound general crop management practices are essential for producing crops that are 

capable  of  efficient  uptake  of  nitrogen  fertilizer.  The  following  best  management 

practices fall within this category:

1)Avoid soil compaction. It reduces root growth, which is important for efficient uptake 

of nitrogen and for general crop health. Minimize traffic on very moist or wet soils, limit 

axle loads, ensure enough tire contact area on soil to support loads, and consider using 

controlled traffic.

2)Choose good hybrids or varieties.

3)Manage soil Phosphorus, Calcium, and Potassium to ensure optimum levels for crop 

production. Soil samples should be analyzed from each field at least every four years to  

guide essential nutrient elements and apply an efficient liming program.

4)Carefully set planters and drills and check their performance (seed depth, spacing, soil 

contact and slot closure).

5)Prevent weeds from getting too large. They can drain substantial amounts of nitrogen 

away from the crop, even if they are successfully controlled later.

Nitrogen deficiency vs. molybdenum deficiency
Nutrient deficiency symptoms

The symptoms of various nutrient deficiencies elements in plants are very similar 

to each other, but there is a certain range of their expressions. Nitrogen deficiency appears 
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as  Chlorosis  of  leaves  (in  a  situation  when  here  is  not  enough  chlorophyll,  the  leaf 

changes its color from green to light green or pale yellow); it mainly happens with older 

leaves.  Sometimes  a  light  red  cast  can  also  be  observed  on  the  veins.  If  Chlorosis 

progresses,  older  leaves  become uniformly yellow, while  younger  ones  maintain pale 

green color and grow smaller in their size than normally. The spread of yellow color in 

case of nitrogen deficiency is uniform over the entire leaf, not excluding its veins. In 

some plants the underside of leaves and midribs can turn into quite bright red or purple 

color. If the nitrogen stress lasts even longer, the older leaves wilt because of water lack 

and get older earlier than usual.

To compare nitrogen and  molybdenum deficiencies, it is important to stress that 

the second one has similar symptoms (general chlorosis of leaves), but is never expressed 

in the reddish color of underside of leaves (the role of molybdenum is crucial in the 

reduction of nitrates prior to their assimilation by plants). However, there are additional 

molybdenum deficiency symptoms, even if nitrogen is also lacking: the lamina of new 

leaves  does  not  develop normally and it  results  in  ‘whiptail’ outlook (in  the  case  of 

cauliflower); leaves cup upwards and mottled spots start to appear on them, developing 

into  interveinal  chlorotic  areas.  On  the  other  hand,  when  the  concentration  of 

molybdenum exceeds a norm, leaves become toxic and turn bright orange.

Generally  speaking,  nitrogen  deficiency  symptoms  could  be  put  together  in 

following five points:

1.old leaves become pale green and yellow

2.new leaves grow paler in green and smaller

3.the growth of a plant slows

4.undersides of leaves could become reddish or purple

5.plants wilt quickly by small water stress

How and when to incorporate nitrogen-fixing plants?
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When a plant is young, its leaves, stems and roots are rich in nitrogen; closer to 

the flowering season the amount of nitrogen decreases as it is used up. In the case of 

annual legumes, nitrogen is mainly concentrated in mature seeds. In addition, the seeds of 

such legumes as soybean and bean are very rich in protein, as it is built in ca. 17 % from 

nitrogen. In the case of perennial fabaceae (e.g., popular alfalfa, red clover as far as less 

know pigeon pea, the Arabian pea or prostrate canary clover), their seeds are consumed 

by animals and spread all around the pasture in the form of excrements. Important is also 

the process of decay of roots of nitrogen fixing plants after the upper part of a plant is cut, 

as it also enriches soil in nitrogen (which, actually, is already fixed in roots and stays in 

ground). An experiment, testing the influence of black locust (Robinia pseudoacacia) on 

the  nitrogen  content  in  barley,  has  proved  the  high  efficiency of  this  inter-cropping 

method. The size and quality of crops were tested in two types of soil and three different 

levels of nitrogen. At the end of the experiment it turned out that the yield of both plants 

was more than 50%t higher than in a situation when everything was grown separately. 

The inter-cropping has also improved the quality of barley grains - in the second year of 

inter-cropping the amount of nitrogen in barley’s grain and straw was over 10 % higher 

than in the barley, grown separately from black locust. Increased nitrogen content in grain 

and straw usually means higher protein content in them. Therefore, because of the fact 

that proteins are the most expensive component of food, barley growing between the 

rows  of  black  locust  has  higher  utility  value.  The  inter-cropping  experiment  was 

continued – in the third year the shrubs of black locust were cut down, which again 

resulted in increased nitrogen content in barley’s grain (it could have happened because 

of the decay of the roots of black locust, where lots of nitrogen fixing bacteria dwelt). On 

average, inter-cropped barley contained ca. 23% more nitrogen than the one grown as 

monoculture.

Alley farming does not only allow for the production of more and better crops, but 

is also beneficial for the environment. If a goal of a farmer would be to get the wood of  
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acacia from a monoculture field, it would inevitably lead to the passage of nitrates into 

groundwater (similar effect to an intensive farming or the field where nitrogen fertilizers 

are  overdosed).  It  shows  that  black  locust  is  a  plant  which  might  fix  nitrogen  so 

efficiently  that  it  could  in  the  end  be  dangerous  to  environment,  if  it  grows  in 

monoculture and there are no other  plants which could use nitrogen fixed by acacia. 

When  branches  of  an  inter-cropped  tree  or  shrub  are  cut  down or  broken  down by 

pastured animals, the nitrogen fixed by their roots remains in the soil l and is available to 

other inter-cropped plants. Moreover, the cut branches can be used for mulching the soil 

(the method is named ‘chop and drop’). This method usually is used mainly only on 

smaller farms, as it requires time and effort. There are some efforts, though, to bring tree 

pruning to large scale  agroforestry systems, as it might improve the value of the wood.

 “Chop  and  drop”  is  perfect  for  edible  forest  gardens,  where  plants  are  put 

together  in  woodland-like patterns  for  beneficial  relations.  Such gardens  can in  most 

cases become self-maintaining. While in many temperate areas a traditional garden could 

easily revert  into forest  if  a gardener  stops managing it  (weeding,  plowing, spraying, 

etc.),  an  edible  forest  garden  will  grow in  prosperity  and  bring  fruits  to  his  owner, 

mimicking  the  structure  and  functions  of  forest  ecosystem,  reducing  weeding  and 

maintenance time.

Another successful example of the use of nitrogen fixing plants in alley farming is 

the case of inga trees and inga alley cropping/farming. In tropical climate areas the ‘slash 

and burn’ method is still very popular: a patch of forest is cut down and burnt in order to 

create fertile soil. Such fertility, however, does not last long; if soil is cleared from trees 

and exposed to tropical climate, it will rapidly loose almost all nutrient elements (in third 

year  of  such farming method crops  often  fail  completely).  Because of  it  farmers  are 

literally  forced  to  keep  on slash  and burn  new areas  in  order  to  survive.  Inga  alley 

cropping may be one of solutions in this case. It has the ability to maintain soil fertility 
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and good crops for years, breaking the cycle of slash and burn. In inga alley cropping 

system, inga trees (a genus of small tropical trees or shrubs, fixing nitrogen) are planted 

as seedlings in hedgerows, forming alleys along the contours of farming area. The aim of 

this method is to recreate the conditions of rain forest, one of the most productive natural 

systems in the world. At the beginning, dropping their leaves, inga trees create a thick 

layer of mulch on the surface of the soil. In first two years inga has to dominate the area  

in order to capture it, when shading weeds or grasses; during this time the trees rebuild 

the soil, fixing nitrogen and recycling phosphorus. When developed, the trees must be 

pruned, while the pruned branches can be used as mulch which protects  the soil  and 

prevents the further weed expansion. Through the mulch a crop is planted within the 

alleys;  as it  grows, inga trees also recover and grow after  pruning,  giving shade and 

protection  from sun  to  the  crop.  Once  the  mature  crop  is  harvested,  inga  trees  are 

normally left  in  peace  until  the  next  season,  when the  whole  cycle  of  production  is 

repeated. The evident benefits of this method are a reliable harvest each year from the 

same area and minimum of invested labor.  The biological weed control and nitrogen 

fixing abilities of inga trees allows farmers to achieve great results from the same field, 

not be forced to be moved to another place as in the case of ‘slash and burn’ system. The 

Inga alley faming technique was invented and tried out by ecologist Mike Hands in Costa 

Rica in late 1980s. Another benefit of this system is that farmer are enabled to not only to 

grow  their  basic  crops  (e.g.,  maize  and  beans),  but  also  cash  crops  (e.g.,  bananas, 

pineapples, coffee), which previously was not possible because of the need for intensified 

attention  in  order  to  grow  them.  Mulch,  in  which  crops  are  planted,  ensures  both 

improved yields and the retention of soil fertility.

At  what  stage  of  development  should  you  incorporate  

symbiotic  nitrogen-fixing  plants  into  soil?  The  timing  and  the  
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benefits of legume green manuring

Growing legumes,  which are later incorporated into soil,  is an old agricultural 

method.  It  has  again  been  gaining  popularity  recently,  especially  among  sustainable 

farmers concerned with their soil productivity. Almost any crop can be used for green 

manuring,  but  legumes  are  preferred  (most  popular  are  peas,  clovers,  alfalfa,  lentils) 

because of their  ability to  fix  nitrogen.  The process involves growing a crop and its 

‘return’ to soil. This method improves soil tilth, while almost all nutrient elements used in 

legume growth are able to return to the soil, adding at the same time organic residues and 

protecting the soil from erosion.

Legume  green  manuring  is  an  alternative  to  a  conventional  summer  fallow, 

allowing savings on chemically added nitrogen fertilizers. The incorporated legumes are 

a biological source of nitrogen; the amount of fixed nitrogen depends on the variety of 

legume,  the  effectiveness  of  legume bacteria,  forming  symbiotic  associations  in  root 

nodules, the fertility of soil and climate conditions. In several sites of eastern and central 

Alberta in Canada, there was an experiment conducted in order to estimate the amount of 

nitrogen, fixed by different kinds of annual green manure crops: Sirius field pea (a kind 

of Pisum sativum, one of the oldest domesticated crops, cultivated in medium and cold 

climatic zones), Indianhead lentil and Tangier flat pea (Lathyrus tingitanus, a species of 

wild pea). Although the results of estimated fixed nitrogen were different in various sites, 

the experiment has showed that from 10 to 20% of the nitrogen requirements for the  first 

subsequent  cereal  crop  were  covered  by nitrogen  from the  legumes  grown as  green 

manure. Additional 60 % of the fixed nitrogen could be still found in the top layer of the 

soil up to 14 months after incorporating the green manure.

Estimated nitrogen, fixed by annual green manure legumes, in kg/ha

Oyen site Provost site Troch site Rimbey site
Sirius field pea 12 48 53 30
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Indianhead lentil 7 8 40 20
Tangier flat pea 10 9 17 15
Average per year 10 22 37 22

Adding crop residues helps to keep a certain amount of organic matter in soil, 

which increases nutrient availabilities and physical qualities (water filtration, the capacity 

to store additional moisture, resistance to erosion, etc.). In traditional summer fallow (or 

fallow cropland) soil does not receive organic residues or plant nutrients. Organic matter 

in it decomposes despite the fact that crop is not growing, even while the decomposition 

of organic matter brings into the soil great amounts of plant nutrients. On the other hand, 

intensive  tillage  physically  destroys  soil  and  increases  aeration,  accelerating  the 

decomposition of organic matter in soil.  In this case only a small  portion of released 

nutrient elements remains in fallow soil to be used by the next year crop. During the 

fallow year significant losses of such important nutrient element as nitrogen are noted. In 

crop-fallow agricultural system, common to prairie zones, nitrogen removed from the soil 

exceeds  that  returned  in  crop  residues  (or  fertilizers)  several  times  and  crops  bring 

insufficient yields and need even more nitrogen fertilizers.

Growing legumes gives a producer more options than just green manure: crops 

could be a quality feed in periods of hay shortage; it also can be grown for seed or as a 

cash crop. It is also a great alternative to tradition summer fallow. While summer fallow 

is used in order to increase the moisture of the soil and reduce weeds, legume green 

manure  adds  crop  residues  (diversification  in  soil),  protects  soil  from  erosion  and 

increases  the  amount  of  organic  matter  in  it.  From this  point  of  view legume green 

manuring has to be considered a perfect alternative to the conventional summer fallow 

system in agriculture.

The green legume manuring could also improve water management.

When  growing,  legumes  use  water.  Therefore,  green  manure  can  reduce  the 

amount  of water in  soil  (while subsequent  crops are in need for it);  annual  legumes, 
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however, use less water (up to two-thirds) than normal spring wheat. In moister areas 

with predominant black and gray soils, where recropping is practiced, the reduction of 

water is only slightly noted. In drier zones of brown and dark brown soil green manuring 

also brings desirable results in yields if average rainfalls happen. But if severe drought 

occurs, water loss due to legume green manure can influence crop yields,  depressing 

them to the level comparable with the traditional fallowing.

Managing  green manure

Various legumes – perennial,  biennial,  and annual – could be used as a green 

manure,  but  the  choice  should  depend  upon  soil  type  and  climatic  conditions  (with 

particular  focus  on precipitation in  a  given area).  In  regions  with normal  moisture a 

common practice is to green manure with perennial or biennial legumes (e.g., red clover, 

alsike clover, alfalfa, sweet clover) as under-seeding. In drier areas annual legumes (e.g., 

field  peas,  flat  peas,  lentils),  grown  up  to  7  weeks  before  incorporation,  still  leave 

sufficient moisture reserves for subsequent crops.

Legumes  used  as  a  green  manure,  should  be  chosen  according  the  following 

criteria:

1.to  provide  ground  cover  in  order  to  protect  the  soil  from  erosion  (under-seeding 

perennials – for the whole winter, early annuals – for late spring);

2.to successfully fix nitrogen and produce a sufficient amount of biomass;

3.when used in drier areas – to use water efficiently (to use little water while substantially 

growing);

4.to compete with weeds because the choice of herbicides (if used at all) is very limited 

for legumes.

Legumes commonly used for green manure:

1.black lentil (Indianhead,  Len culinaris);  in North America much of the acreage is in 
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eastern Washington, northern Idaho and western Canada where drier growing conditions 

prevail. It is an annual legume, well adapted to cool climate, its effectiveness rises when 

inoculated with Rhizobia. As it is large-seeded, the cost of seeding is higher than for other 

legumes.

2.Field pea (Sirius, Pisum sativum); very popular annual cool-season legume and one of 

the oldest domesticated crops

3.Chickling vetch (Greenfix,  Lathyrus sativus), also known as grass pea or sweet blue 

pea, especially resistant to drought annual legume

4.Sweet clover (Norgold variety, Melilotus officinalis), a biennial grassland plant, which 

very effectively fixes nitrogen and produces great amounts of green mass; both seeding 

rate and cost are low

5.Red clover (Altaswede variety, Trifolium pratense), a short-lived perennial herbaceous 

plant,  naturalized  in  many areas  with  temperate  climate  and  especially  worth  for  its 

nitrogen fixation ability; also cheap in seeding rate and costs.

Generally speaking, seeding rates for green manure legumes do not differ much from 

those for legumes for forage or seed. For large seeded legumes (such as peas) the density 

is ca. 50 plants in an m2, for small seeded (clovers) – up to 110 plants in a m2. Small 

seeded legumes are less expensive.

Inoculation  of green  manure  legumes  is  important  to  maximize  their  nitrogen 

fixation.  As  different  legumes  require  specific  Rhizobia  species  for  their  symbiotic 

relation  in  nitrogen  fixation,  they  have  to  be  properly  inoculated.  The  most  popular 

inoculant uses ground peat moss as carrying material,  protecting Rhizobia bacteria.  It 

must cling to seeds to ensure that bacteria are close to developing roots. Legumes should 

be seeded no later than two days after their inoculation.

Cross-inoculation groups of field and forage crop legumes
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Alfalfa group:

1.alfalfa, black medic, bur-clover;

2.buttonclover, fenugreek;

3.sourclover, sweetclover.

Bean group:

1.garden bean, kidney bean;

2.pinto bean, scarlet runner bean;

3.wax bean.

Clover group:

1.alsike clover, arrowleaf clover, ball clover, berseem clover, crimson clover;

2.hop clovers, ladino clover, Persian clover, red clover;

3.strawberry clover, sub clover, white clover, other true clovers.

Cowpea group:

1.aeschynomene, alyceclover, beggarweed, bushclover, cowpea, crotalaria;

2.guar, hoary tickclover, indigo, kudzu, lespedeza, mung bean;

3.partridge-pea, peanut, pigeon pea, savanna stylo, stylosanthes humilis, velvet bean.

Lupine group:

1.lupine;

2.seradella.

Soybean group: soybean.

Vetch and pea group:

1.Austrian winter pea, field pea, garden pea;

2.horse bean, lentil, rough pea;

3.sweet pea, Tangier pea, vetch.

The rules for successful inoculation with commercial products:
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-Use fresh inoculant from the proper (cross-inoculation) group.

-Inoculate if there is doubt whether bacteria of a proper strain is already present in soil.  

Please  note  that  if  peanuts  or  soybeans  were  cultivated  in  the  given  area  for  a 

considerable period of time, the response to inoculants will be lesser in extent.

-In the case of powder inoculants put a sticking compound on the seed first, then add 

inoculant and mix all well together. When planting apply granular inoculants.

-Inoculated seed can not contact caustic lime or soluble fertilizers (some chemical seed 

protecting products  are  incompatible  with  legume bacteria).  In  soils,  which were not 

limed to the optimum pH level, molybdenum can help in nodule formation; however, it 

should be added just before planting and not pre-mixed with inoculant.

-If  you plan to  use inoculant  and molybdenum at  the same time you should not use 

sodium molybdate as it is toxic to Rhizobium bacteria. Use molybdenum trioxide  or 

ammonium molybdate.

-Plant inoculated seeds quickly after mixing them with inoculant. Choose the moment 

when  soil  is  enough  warm  and  moist  for  quick  germination  of  legumes  (and  the 

development of Rhizobia).

Soil  fertility  and incorporation  are  also  of  extreme  importance  in  green 

legume manuring.  If  the soil  is  already abundant  in  nitrogen (after  nitrogen fertilizer 

application or manure application), legumes take it directly from the soil and the fixation 

process is inhibited. The result of this process is the fact that newly incorporated legumes 

would not add nitrogen to the soil,  but simply recycle the one already existing in the 

given soil. It is strongly recommended that one not add significant amount of  nitrogen 

fertilizers to legume green manure.  Phosphorus, potassium, sulfur and other nutrients  

may be required in deficient soils. Attention also has to be paid to soil pH, soils with pH 

below 6.0 have to be treated with lime.

The timing of legume incorporation has to increase growth and nitrogen fixation 
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while reducing soil water loss. The best time for incorporation is at full bloom. After full  

bloom, a plant normally becomes tough and its  decomposition will  last  longer,  while 

releasing  nutrient  elements  for  subsequent  crops.  Before bloom,  when a plant  is  still 

young, it decomposes rapidly, leaving the released nitrogen susceptible to leaching.

For legume incorporation traditionally a moulboard plow was used, as it not only 

cuts furrows with a share, but also turns soil with it. Such method of ploughing buries 

most of the legume residue and lefts the soil exposed to erosion and the loss of water. 

Recently heavy duty discs are also being put into use because they mix legume residue 

with soil,  enhancing its  decomposition and nutrient  release at  the surface of the soil, 

while some of the residue is left  untouched for better  soil  erosion control.  Protection 

could be reached by leaving grown legumes on the surface of the soil when using a wide 

blade cultivator. However, this method does not ensure good nitrogen utilization due to 

ammonia volatilization. To balance potential nitrogen losses with soil protection consider 

using a roller crimper.

A case study in legume green manuring

In any location annual or perennial legumes could be used in agriculture as green 

manure. However, annual legumes suit better for dry areas. Let us present and analyze the 

particularities of two examples of green manure use – from the dark brown soil area near 

Lethbridge (in south Alberta, Canada) and the gray soil zone near Peace River (northern 

Alberta, CA). The second location is characterized by luvisolic order, which often occurs 

in forest areas of humid climate where soil contains enough layers of clay.

In the area of dark brown soil annual precipitation does not exceed 400 mm per 

year. These dry conditions do not allow producing large amounts of residue crops, hence 

the unprotected soil becomes exposed to erosion. Only small amounts of organic matter 

return  to  the  soil.  Legume green  manuring  in  these  conditions  seems  to  be  a  better 

solution than traditional summer fallow. In the middle of May the soil in the area is tilled,  
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but only one time, using both cultivators and harrows. After that, inoculated field pea 

seeds  are  inserted  into  the  soil  using  a  hoe  drill.  Seeding  amount  is  ca.  71  lb./acre 

(80kg/ha). Herbicides are not used, because the first cultivation destroys early weeds, 

while later emerging ones do not develop over the 7-week growing period, before the 

peas become incorporated. When they arrive at full blossom, they are cut down with a 

tandem disc. When the year happens to be really dry, peas do not give their potential  

yield, but still produce sufficient amounts of dry matter. Estimated total yield of nitrogen 

in this area in the period of pea top growth is ca. 58 lb./acre, 20 % of which is available to 

the next year’s crop. The cost of green manure, when using field peas, Sirius variety, is 

comparable  with  the  cost  of  summer  fallow.  Additional  benefits,  that  legume  green 

manure, could ensure are the improvements in soil tilth and protection against erosion.

Soils  in  the  Peace  River  area,  luvisolic  or  grey  wooded,  require  a  specific 

approach. The annual precipitation in this area is ca. 500 mm, which is already suitable 

for continuous cropping. But soils contain little organic matter and display a tendency to 

harden and crust when drying. Therefore a form of green legume manuring is used in this 

area, it includes short lived perennials (e.g., red clover) in rotation. Legumes are under-

seeded in the first year with crops, while in the second year they are allowed to grow as a 

forage crop or used for seeds. Next year they are cut early, in mid June. Remains are 

incorporated  back  to  soil  by ploughing  later  in  the  same  season,  when  the  legumes 

regrow. Red clover, most often used legume in this system, is expected to contain ca. 90 

lb./acre of nitrogen in its top growth period (which is an addition to the nitrogen, cycled 

during the first two years of red clover growth). The physical qualities of gray soils have 

evidently improved after such a cycle of legume green manuring, while the tendency to 

crust has reduced.
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Nitrogen Fixation Action Plan
This chapter is a quick summary of all information you got in this book about enhancing 
biological nitrogen fixation and how to apply it on your farm or in your garden:

Method 1 of enhance biological nitrogen fixation - 
choose the right species
The first method you should use if you want to increase biological nitrogen fixation is 
choosing the right species of nitrogen-fixing plant for the temperate climate. This step is 
very important, as some species fix nitrogen more efficiently than others. Good 
candidates for efficient nitrogen-fixing plants in temperate climate are:

ground cover: lupines, cowpeas, fava beans, vetch, clovers, alfalfa (on good soil)

tall trees: black alder, black locust, empress tree

shrubs and short trees: Autumn olive, gumi , Siberian pea shrub, Russian olive, sea berry

Method 2 of enhancing biological nitrogen fixation – 
using the right amount of plants
Usually the amounts of  nitrogen fixed per hectare (or acre) are express by how much 
nitrogen certain plants fix if they grow in monoculture. That means that the whole area is 
covered in certain types of nitrogen-fixing plants.

Young trees and shrubs take up much less space than mature trees and shrubs. So if you 
want your soil to get a lot of nitrogen you should have the entire area or almost the whole 
area covered in nitrogen-fixing plants.

Planting a few hundred little trees per acre or per hectare will not give you a lot of 
nitrogen for few years, until the canopy covers more area.

One way to ensure you are going to fix a lot of nitrogen from year one in agroforestry or 
forest gardening settings is to plant nitrogen-fixing trees or shrubs and also plant 
nitrogen-fixing cover crops.
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Method 3 of enhancing biological nitrogen fixation - 
inoculate your plants with the right nitrogen fixing 
bacteria
If the field in which you want to plant your forest garden or establish a perennial pasture 
has not grown any legumes in the last 3 years, you should inoculate your seeds or 
seedlings. Some nitrogen-fixing plants require different species of bacteria than the other, 
so you need to get an inoculant specific to the species you are going to plant. If you can't 
find the right legume inoculant you might use some soil from the ground around a 
healthy nitrogenous plant of particular species.

To check if a certain plant is inoculated you need to dig out the plant's root and check for 
bacteria nodules. If it has nodules it means there are at least some nitrogen-fixing 
bacteria. That's good enough, so you can take a few shovels of that soil to add to the 
"nitrogen fixation enhancing compost" you will be using later. If you plant bare root 
seedlings you will see are there any nitrogen-fixing nodules or not on the seedlings you 
are planting, so you can evaluate whether or not you need legume inoculant.

Method 4 of enhancing biological nitrogen fixation - 
right pH and calcium level
Nitrogen-fixing bacteria needs high calcium level to work efficiently. Nitrogen-fixing 
plants for temperate climate grow the best in soil with pH of 6.4 with adequate level of 
calcium. Your soil should have, at minimum, 1500 lbs. of calcium per acre in the top 7" 
of your soil (1500 kg per hectare in the top 18 cm).

Just because your nitrogen-fixing plants are growing doesn't necessarily mean they are 
fixing nitrogen for themselves, or even creating a surplus for other parts of the 
ecosystem! If you want optimum nitrogen fixation rates you need to have sufficient 
calcium in the soil.

If the soil pH is low, consider adding some lime. If liming your soil is not possible add 
finely grounded limestone to the planting holes (if you are planting trees or shrubs).

If your pH is high, but the calcium level is low (for example because your soil has a lot of 
magnesium) consider adding calcium sulfate dihydrate (CaSO4·2H2O).  Don't worry, it is 
just gypsum! It will provide your soil with calcium without raising pH.
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Method 5 of enhancing biological nitrogen fixation - 
adequate phosphorus level
I highly recommend checking the phosphorus level in the soil. If the available 
phosphorus is low, consider adding some source of phosphorus to the soil. If you are 
planning to add soft rock phosphate or any other (natural) source of phosphorus, add it to 
the compost or manure and incorporate it into the field. If you are planting shrubs or trees 
you might want to add some compost or manure to the planting hole.  In the future, 
higher nitrogen level will help to make more phosphorus (and other minerals) available 
for the plants, but making sure there is available phosphorus in the beginning, it  will 
speed up the whole process. I recommend to make sure you have at least  200lbs/acre or 
200kg/ha of phosphorus in the top 7" of your soil (top 18cm). If rock phosphate is not 
available and your soil needs it, add some diammonium phosphate (DAP). If financial 
constrains do not allow you to add full amount of soft rock phosphate or DAP, use as 
much as you can afford. Even a “homeopathic” dose of just 20 kg  DAP per hectare (20 
lbs. per acre) can make a difference to your young nitrogen fixing plants. With time, 
larger size, mycorrihiza fungi inoculation and efficient nitrogen fixation they will be able 
to make phosphorus that's already in the soil available. But that's in the future; your 
plants need phosphorus now to make the process efficient. So think about it as an 
investment.

Method 6 of enhancing biological nitrogen fixation - 
proper soil molybdenum level
Molybdenum is one of the essential nutrients plants require for growth. It is critical for 
nitrogen fixation. Low soil molybdenum level means low nitrogen fixation level...

Molybdenum is easily available for plants around a pH of 6.4. It's more difficult for 
plants to get molybdenum in low pH soils (below pH 5.5). Quiet often sandy, acidic soils 
are deficient in molybdenum. Make sure you have at least 1ppm (2kg per hectare or 2 lbs. 
per acre) of molybdenum in your soil for optimum biological nitrogen fixation. If your 
soil levels are lower you can use the following methods to make sure your pioneer plants 
have enough molybdenum for optimum nitrogen fixation:

add 3 oz. per acre (90 grams per acre or 180 grams per hectare) of sodium molybdate as 
foliar spray
use 1 oz. for 1 acre (60 g for 1 hectare). Use either molybdenum trioxide or ammonium 
molybdate as a seed treatment. You can mix your seed treatment with the legume 
inoculant, but do it just before you are going to sow your seeds.

Bill Mollison recommended using molybdenum as fertilizer (if necessary) in 
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"Permaculture - A Designers' Manual" (page: 194, 197).

If you don't want to test your soil for molybdenum, you can plant nitrogen-fixing plants 
anyway. If you recently added lime or if you have pH around 6.4 the chance is you will 
not need to add this essential micronutrient.

Method 7 of enhancing biological nitrogen fixation - add 
some rock dust
Add some rock dust to the soil. They contain micronutrients and trace minerals. They are 
proven to enhance the growth of trees and shrubs, including the nitrogen fixing ones. You 
can use basalt rock dust, granite rock dust, azomite, or simply rock dust from a local 
quarry. If you are planting trees, add a handful of rock dust to the pit you are planting 
your nitrogen fixing trees or shrubs to make sure your plants are going to have a healthy 
start. You can also add some rock dust to the "nitrogen fixation enhancing compost".

Method 8 of enhancing biological nitrogen fixation - add 
some beneficial microbes to your soil
This method of increasing biological nitrogen fixation is based on making sure you add a 
broad range of beneficial microbes and fungi. They are important especially for the long 
term success of a sustainable ecosystem, as they make nutrients more available to the 
plants, especially the nutrient phosphorus.

That will increase both the speed and growth of nitrogen-fixing shrubs, trees and 
herbaceous plants.

You need them especially if your are planting your nitrogen-fixing trees on land that was 
used for conventional agriculture. There are many commercial products on the market 
that contain beneficial organisms. You can also make some actively aerated compost tea 
yourself.

Method 9 of increasing biological nitrogen fixation - 
don't use pesticides and help your soil to get rid of 
pesticides residues
A lot of pesticides have a bad influence on soil biology, including nitrogen-fixing 
bacteria. For example glyphosate (active ingredient in Monsanto's Roundup herbicide) is 
very detrimental to the nitrogen-fixing bacteria. On top of that glyphosate ties up many 
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trace elements in the soil. Mainly: manganese, iron and zinc, that might slow down the 
growth of your plants if the level of those elements is low. This effect is especially 
predominant on sandy soils. The solution is simply to not use pesticides, especially not 
the conventional ones. If necessary (as indicated by your soil test) add required amounts 
of manganese, iron and zinc. It is especially useful on sandy, acidic or very acidic soils. 
To some degree it will help to overcome limitations of your current soil conditions.

On the other side clay soil might contains more residues of pesticides that were used up 
to a few decades ago, some of which were already banned 30 years ago. To combat this, 
increase organic matter and soil activity and hope that some microbes and fungi will 
eventually decompose those harmful ingredients. All previous methods will also expedite 
this process.

How to make nitrogen fixation enhancing 
compost?
Get or create a pile of rich and mature compost. Add required amount of rock phosphate 
rock dust. For every 10 parts of compost you can add:

1 part of rock phosphate
1 part of rock dust
required amount of beneficial microbes (mycorrihiza fungi, actively aerated compost tea, 
etc.)
1 part of soil topsoil from the place where nitrogen fixing plants of the species you want 
to grow are already growing (and fixing nitrogen)

Mix it all together and spread it on top of your soil. (at 
the rate of at least 1 tone per acre  (2 tones per hectare). 
If you are planting trees or shrubs you might want to 
put one shovelful of this compost in the soil pit where 
you will be planting your trees...
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Afterword

What you should know about that is not directly related to biological 
nitrogen fixation

The fifth  of  the  twelve  permaculture  design  principles,  postulated  by the  father  of 

permaculture, David Holmgren, says:  Use and value renewable resources and services. 

This principle indicates that the use of biological resources reduces man’s dependence on 

non-renewable energy sources. In other words, biological (renewable) resources are the 

key to recycling energy and material. Facing practical examples of theuse of biological 

resources, biological nitrogen fixation is of extreme importance. Below are listed various 

examples of the use of biological resources, which stand in more or less close relation to 

biological nitrogen fixation.

Fertilizers

 It is obvious that the use of chemical fertilizers is so popular that many (and not only 

farmers) imagine that plants are actually fed by these fertilizers. But their real impact is  

different. Nitrogen, the main component of the atmosphere, is always present in natural 

soils. But in the soils, intensively used in agriculture, nitrogen in most cases is lacking as 

they are low in organic matter. Chemical nitrogen fertilizers are used in such soils with 

abundance, and after their use plants change: they grow quickly, become bright green. 

But what is happening inside plants at that time?

Plants are symbiotic organisms; they can benefit greatly if they form symbiosis 

with  fungi,  which  dwells  inside  plants  (Arbuscular  mycorrhizal  fungi)  and  produce 

hormones, vitamins, ferments, humus and other materials that are beneficial to the plants.  

One of the main function of fungi is to store nitrogen compounds. When soil becomes too 
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rich in mineral nitrogen (after high application of chemical fertilizer, but to some extend 

the same thing happens if too much of any manure is applied), fungi start to catch and 

horde  nitrogen,  “forgetting”  about  their  other  functions.  The  plant-fungi  relationship 

might be broken or disturbed, as the plant will “think” that it doesn't need fungi, as it can 

get nitrogen easily from the soil. But usually after the few weeks, when applied nitrogen 

has been used up or leached out, the plant starts to need nitrogen again unless another 

application of nitrogen fertilizer is delivered.

Fungi in fertilized soil simply float in nitrogen, do not grow their mycelium and forget 

about the needs of the plant. Therefore a plant with access to high amounts of nitrogen 

starts to grow rapidly but can not bear normal fruits or grain because of the lack of other 

important nutrient elements. Its organism becomes biologically ‘lame,’ the plant looses its 

immunity  (because  fungi,  occupied  with  nitrogen  storage,  does  not  prevent  from 

pathogens). To summarize:

-Chemical nitrogen fertilizers do not improve soil quality. On the contrary, they might 

cause damages by killing or destroying beneficial organisms in soil and making it more 

acidic. They also react with clay in soil and form hard layers (hardpans), aggravating root 

growth and water/air movement through the soil, which can result even in reduced plant 

growth and yield, cause water logging and rotten roots.

-Chemical nitrogen fertilizers can cause groundwater pollution. In soil they break down 

to nitrates, which are soluble, and can be absorbed to the ground quicker than a plant can 

take them. In such a way they can run off into water ways, creating ‘alga blooms,’ which 

depletes oxygen from water and creates dead zones in aquatic ecosystems (e.g., Mexico 

bay).

-Nitrogen fertilizers might decrease plant health: sudden increase in nitrogen and the lack 

of basic trace elements cause plant diseases.
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Biological/renewable alternatives to mineral nitrogen fertilizers

-Manure. Livestock is kept for various reasons, but it also produces manure that plants 

evolved to utilize. It also is related with one of permaculture principles that each element 

can perform several functions.

-Nitrogen fixing plants. Their root nodules contain symbiotic Rhizobia bacteria, which 

takes the atmospheric nitrogen and convert it to be used by plants. When plants die or 

drop their leaves, nitrogen returns to the soil. Nitrogen fixing plants are also cultivated as 

green manure; in this case they are cut down at the beginning of their blossom period in 

order to release nitrogen into the soil. If they are not cut, nitrogen accumulates in their 

fruits. The most common nitrogen fixing plants come from Fabaceae family (e. g., alfalfa, 

beans, clovers, peas, peanuts, lupines, etc.).

-Green manure. Some crops are cultivated to improve soil, they are not harvested, but cut 

down to form mulch on soil surface or dug into it at the beginning of their blossom 

period. The main benefit of green manures is their ability to provide ground cover, which 

protects soil from erosion and prevents most of the weeds; besides that they can function 

as dynamic accumulators (to bring mineral nutrient elements from deeper layers of the 

soil to its surface), as nitrogen fixing plants the increase the amount of nitrogen in soil, as 

mulch they generate organic matter (beneficial for kinds of microorganisms) and keep 

moisture, they can also function as a food source for beneficial insects. The most popular 

and widely used green manure crops for cool climate are: broad bean (fava bean, some 

varieties are native to North America), fenugreek, linseed, varieties of lupines, mustard, 

oats, rapeseed, subterranean clover, vetch; for warm climate: buckwheat, cowpea, 

Japanese millet, mung beans, mustard, soybeans.
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Pest control

Conventional – chemical pesticides - are use to control pests. They kill most organisms 

in soil and their influence could last for long period of time. For example most herbicides 

have also antimicrobial and antifungal properties.

By run off or percolation they can get into groundwater and poison the whole water 

systems. Sprayed pesticides only partially reach their target, while the rest of them can 

get into air and water. Some pesticides consist of estrogenic compounds, disrupt the 

endocrine system by imitating natural hormones – in the same way they can stop nitrogen 

fixing process in legumes and reduce biological nitrogen fixation up to 90 %. Besides 

that, chemical pesticides kill beneficial insects and have harmful effect on plants – greater 

number of pests is getting used to pesticides, while a kind of process of ‘natural selection’ 

makes some of them resistant to pesticides.

Biological alternatives to pest control

-Beneficial predatory insects. In order to control pests, the predators of pets could be 

attracted.  These  beneficial  insects  could  be  attracted  by  plants,  which  provide  food 

sources (e.g., pollen or nectar) or shelter to live, lay eggs and survive during cold periods. 

The main plants that provide food for beneficial predatory insects belong to Umbelliferae 

and Compositae families. The first one is commonly known as celery, carrot or parsley 

family, it includes such plants as angelica (native to temperate and subarctic regions of 

northern hemisphere), anise, carrot, caraway (meridian fennel), celery, coriander, cumin, 

dill, fennel, lovage, parsley, parsnip,  and Queen Anne’s lace (wild carrot). The second 

family  of  plants  refers  to  aster,  daisy  and  sunflower.  It  also  includes  pot  marigold 

(calendula), dandelion (introduce to America by Europeans who used young leaves for 

fresh salad), tansy, yarrow, and zinnia. Other early blooming nectar sources also are used 

to attract beneficial predators, e.g., varieties of mustard plant, buckwheat, coriander, red 
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clover, vetches. It is important to note the multifunctional character of some of the above 

mentioned plants, as they also fix nitrogen and can be used as green manure or dynamic 

accumulators. For a shelter to beneficial predatory insects it is good to plant perennials to 

give them home all year long. Cover plants, low herbaceous and shrubs could create good 

habitat.  Main beneficial  predatory insects are  ladybirds,  lacewings,  hoverflies  (flower 

flies), parasitic wasps, dragonflies, praying mantis and spiders.

-Other beneficial predators. Lizards (attracted by natural mulch on a ground), frogs, birds.

-Good plant nutrition. Plants that are grown in healthy, mineral rich and  balanced soil are 

much more resistant to pests and diseases. It's beyond the  scope of this book to discuss 

all aspects of soil balancing. I highly recommend  to read “The Ideal Soil” by Michael 

Astera.

Erosion control

Plants are the most natural way to prevent soil erosion. In nature there exist pioneering 

plants,  sometimes  called  weeds,  which  could  cover  any bare  surface  of  ground  and 

stabilize it,  preparing the soil for the next coming plants. The following are the most 

popular plants and techniques to control erosion:

-Ground cover plants protect the top of the soil from removal by wind and rain, shelter it 

from too intensive sunlight, reducing evaporation and the loss in organic matter. Five 

types of plants are commonly used as cover plants: vines (woody plants with slender 

stems), herbaceous, shrubs of spreading species, some varieties of moss and low growing 

ornamental grasses. Most popular of these types are: alfalfa and clover (both nitrogen 

fixing),  dichondra (very popular in Southern California,  where it  was used instead of 

grass), bacopa (water hyssop, popular in tropical Americas), ivy (a perfect nectar sources, 

attracting insects), gazania (drought tolerant, dynamic accumulator), ice plant (a relative 

of New Zealand spinach, edible leaves do not burn if carefully managed, suitable for fire 
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control), Japanese honeysuckle (a vine suitable for wildlife food), varieties of juniper (its 

berries are use in the production of gin), lily turf (monkey/spider grass), mint (a natural 

insecticide),  nasturtium  (native  to  America  ‘Indian  cress’),  pachysandra  (evergreen 

perennial  suitable  for  shade  gardens),  vinca  (periwinkle,  ornamental  plant  used  in 

container gardens), Shasta daisy.

-Foresting the area could stop hill  erosion by holding and slowing down the flow of 

water.

-In warm climate zones vetiver (a grass) is used to control erosion; its root do not spread 

(as of most grasses) but grow vertically down to a depth of 4 meters. While vetiver roots 

stabilize slopes, stream banks or hillsides, the grass itself makes an effective barrier to the 

erosion of the top layers of the soil.

-Willows could be used to stabilize stream banks as they quickly produce dense root 

systems. They are also a good source of nectar and honeydew.
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Appendix

Nitrogen fixing plants for temperate climate zones

Tall  trees (from 50 feet  high):  gray alder  (alnus incana),  black locust  (robinia 
pseudoacacia),  Japanese  pagoda  tree  (sophora  japonica),  honey  locust,  gleditsia 
triacanthos, empress tree, princess tree or foxglove tree ( paulownia tomentosa)

Smaller  trees  and medium shrubs (from 3  feet  high):  prairie  acacia  (acaciella 
angustissima),  silk  tree  or  mimosa  (albizzia  julibrisin),  Italian  alder  (alnus  cordata), 
speckled  alnus  (alnus  rugosa),  smooth  alder  (alnus  serrulata),  false  indigo  (amorpha 
fructisoca),  Siberian  pea  shrub  (caragana  arborescens),  Russian  pea  shrub  (caragana 
frutex),  Pygmy  pea  shrub  (caragana  pygmaea),  mountain  mahogany  (cercocarpus 
montanus), bladder senna (colutea arborescens), Russian olive (elaeagnus angustifolia), 
silverberry  (elaeagnus  commutata),  goumi  (elaeagnus  multiflora),  autumn  olive 
(elaeagnus  umbellata),  Kentucky  coffee  tree  (gymnocladus  dioica),  sea  buckthorn 
(hippophae  rhamnoides),  golden  chain  tree  (laburnum  anagyroides),  bush  clover 
(lespedeza bicolor and l. thunbergii), amur maackia (maackia amurensis), southern and 
northern bayberry (myrica cerifera and m. pensylvanica), honeypod mesquite (prosopis 
glandulosa),  bristly  and  clammy locust  (robinia  hispida  and  r.  viscosa),  buffaloberry 
(shepherdia  argentea),  Canadian  buffaloberry  (shepheria  Canadensis),  Spanish  broom 
(spartium junceum).

Herbaceous plants and smaller shrubs: dwarf prairie acacia (acacia angustissima 
hirta),  leadplant (amorpha canescens), fragrant false indigo (amorpha nana), Canadian 
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milkvetch  (astragalus  canadensis),  groundplum  milkvetch  (astragalus  crassicarpus), 
milkvetch  (astragalus  glycyphyllos),  huang  qi  (astragalus  membranaceous),  painted 
milkvetch (astragalus pictus-filifolius),  wild blue and yellow indigo (baptisia  australis 
and  b.  tinctoria),  New  Jersey  tea  (ceanothus  americanus),  mahala  mat  (ceanothus 
prostatus), sweet fern (comptonia peregrina), prostate broom (cytisus decumbens), showy 
and  pointed  leaved  tick  trefoil  (desmodium canadense  and  d.  glutinosum),  mountain 
avens (dryas octopelata), silky leaf woodwaxen (genista pilosa), arrow broom (genista 
sagittalis),  dryer’s  greenwood  (genista  tinctoria),  American,  European  and  Chinese 
licorice  (glycyrrhiza  lepidota,  g.  glabra  and  g.  uralensis),  sweet  vetch  (hedysarum 
boreale), sea buckthorn (hippophae rhamnoides cv.), Chinese indigo (indigofera decora), 
round  headed  bush  clover  (lespedeza  capitata),  prostrate  bird’s  foot  trefoil  (lotus 
corniculatus cv.), lupine (lupinus species), alfalfa (medicago sativa), sweet gale (myrica 
gale),  breadroot  or  prairie  turnip  (psoralea  esculenta),  two-flowered  pencil  flower 
(stylosanthes  biflora),  Carolina  bush  pea  (thermopsis  villosa),  red  and  white  clover 
(trifolium pratense and t. repens).

Vines  and  climbers:  hog  peanut  (amphicarpeaea  bracteata),  groundnut  (apios 
Americana), fortune’s and price’s groundnut (apios fortunei and a. priceana), butterfly 
pea (clitoria mariana), beach, perennial and earth nut pea (lathyrus japonicus maritima, l. 
latifolius and l. tuberosus), bitter vetch (lathyrus linifolius or montanus), scarlet runner 
and wild bean (phaseolus coccineus and ph. Polystachios), pea (pisum sativum), wild 
bean (stophostyles  umbellata),  American,  wood and tufted vetch (vicia  Americana,  v. 
caroliniana  and  v.  cracca),  Japanese,  American  and  Kentucky  wisteria  (wisteria 
floribunda, w. frutescens and w. macrostachya).

Credits: John Kitsteiner from Tempreat Climate Permaculture.

The End

I hope both you and the environment will be able to profit from using the 
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information and methods described in this book.

If you have any questions relating to practical aspects of biological nitrogen 
fixation or you would like to use my services my email is:

plpermaculture@gmail.com

You might also want to check out my Website:
DesignerEcosystem.Com

Thank you for your time.

Wojciech Majda
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