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N benefits of legumes
• Mineral N is conserved in soil during the legume growth

• Addition of N-rich residues following the legume harvest

• Function of crop N fixation capacity and dry matter 

production

• Amount varies with site, season and crop management



Maximising N fixation

Getting inoculation right

Optimising plant nutrition and agronomy

Reducing available nitrogen in soil 



What are Rhizobia?

• Rhizobia are bacteria that live in the soil, on plant 

roots and in legume nodules

• Form a symbiotic relationship with plants

• Only fix nitrogen when inside a legume nodule

• There are many species and strains of rhizobia

• They are host specific

• Require nutrition, water and aeration for growth

• Are killed by heat, dessication, pH extremes and 

toxic chemicals





What are Inoculants?

• prepared cultures of rhizobia protected in carriers

• to supply selected strains in large numbers to the 

roots soon after germination

Several different formulations:

- Moist peat

- Granules (peat, bentonite clay, 

attapulgite clay)

- Liquids

- Freeze dried



Inoculant Groups

Source: New Edge Microbials



How to handle inoculants
•Do keep them cool

• Don’t freeze them

•Do transport them in esky, styrofoam boxes

• Don’t leave them on the dash of the ute

•Do check the quality of batch – be aware of Green Tick 

Logo

• Don’t use out of date stock

• Don’t store with chemicals, fertilisers



Be aware of…
• Toxicity of micronutrients, particularly Zn, Cu, Mo or Mg

• Do not mix with fungicides such as Sumisclex or Rovral

• Do not mix with herbicides such as MCPA, 2,4-D and 

Dinseb

• Do not mix with insecticides containing endosulfan, 

dimethoate, omethoate or carbofuran

• Plant into moist, cool soil

• Ensure equipment is clean

• Compatibility and reduced survival times with seed 

applied fungicides



Rhizobia and fertilisers don’t mix
Case study at Inverell, NSW

‘Old’ soybean land ‘New’ soybean land



Laboratory assay  -
Compatibility of soybean rhizobia inoculum (strain 

CB1809) with the liquid fertiliser



Seed treatments and Inoculants



Follow up in the paddock
• To ensure inoculation has been effective check 

plants in the paddock

• Assess nodulation 6 weeks after planting

• - remove plants and soil to a depth of 10-15cm

• - carefully wash soil from roots in bucket of water

• - compare against nodule scores

• Effective nodules will be pink when cut, they will be 

fixing nitrogen

• Nodules that are white or green, are not fixing N





Estimated average amounts of N fixed 
by crop legumes in Australia

Legume %N fixed Shoot dry 
matter 
(t/ha)

Total crop 
N (kg/ha)

Total N 
fixed1

(kg/ha)

Lupin 75 5.0 176 130

Pea 66 4.8 162 105

Faba bean 65 4.3 172 110

Lentil 60 2.6 96 58

Soybean 48 10.8 373 180

Chickpea 41 5.0 170 70

Peanut 36 6.8 268 95

Mungbean 31 3.5 109 34

Navy bean 20 4.2 148 30

1 Total N fixed = %N fixed x total crop N; Data sourced primarily from Unkovich et al 2010
And on p. 47 of ‘Inoculating Legumes: a practical guide’



Maximising N fixation
• The amount of N fixed by a pulse crop is largely influenced by how well 

that crop grows. More crop biomass = more N fixed by that crop, 

provided it is well nodulated.

• The amount of N fixed by a legume does not equal the amount 

available for the next crop. N is removed in the harvested grain and 

that N remaining in the crop residue then needs to be mineralised by 

microbial activity before it is available to the next crop.

• High soil N levels can significantly reduce N fixation.

• Sowing at the optimum time for maximum crop biomass leads to 

greater amounts of N fixed.



Soybean variety trial, Bundaberg 

Variety! Biomass (t/ha) %Ndfa N fixed (kg/ha)

A6785 9.4 86.3 307

Bunya 7 77.4 218

Eagle 9.3 81.1 262

Fernside 7.8 85 225

H173b-5 9.6 83 260

K173-19 8.9 80.6 257

M085-2 9 93.9 314

M087-2 8 80 239

M087-6 8.7 91.2 292

M103-17 9.9 98 322

M103-22 9.3 76.1 255

M103-3 8.8 92.6 322

N122B-10 8.3 89.8 282

N189-9 9 86.9 284

NF246-64 7.7 89.6 298

NK55C-32 9.9 90.3 312

P079A-17 9.4 80.4 237

P079A-19 9.3 86.7 268

S215B-53 9.2 91.1 314

Warrigal 9 91.4 299

Lsd (5%) 1.1 ns ns

Richmond

Hayman



Doughton et al. 1993

N fixation decreases as soil nitrate increases
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Legume breaks in sugarcane 

farming systems

• 20% yield increase of cane after legume cf. continuous cane

• N benefit to plant cane crop

•Suppression of some key pathogens (soil C/N balance important)

•Advantages are greatest when legumes are combined with minimum/zero tillage and 
controlled traffic



Inoculation failures in coastal 
farming systems



Inoculant form/delivery mechanism effect on maximum biomass - Optimum
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Summary
• Get inoculation right

– Rhizobia need to be kept alive

• Get the agronomy of crop right
– Narrower row spacing at same population can 

increase N fixation

• Get the nutrition of the crop right
– Healthier the crop the more N fixed

– N fertiliser not necessary


