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Why consider growing 
protein crops? 
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Protein crops for Livestock 

• Rationale 

– Livestock production systems relies heavily on our ability to 
provide our livestock with sufficient quantities and quality of 
(metabolizable) energy and nutrients 

• We focus here on protein supply  

– Often first limiting and most expensive ingredient 

– Protein supply to ruminants (cows, sheep, deer) 

• Forages and concentrates 

• High quality protein from rumen and by-pass 

– Protein supply to monogastrics (pigs, poultry, salmon) 

• Concentrates 

• High quality protein all from diet directly 
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Protein crops for Livestock 

• Concentrates are supplement to forages (ruminants) 
or sole feeds (monogastrics) 

• Protein feeds in concentrates 

– Pulses 

– Oilseed co-products 

– Animal origin (under severe restriction) 

– Milk protein 

– Cereals contribute significantly to protein supply 

• traditionally seen as the energy providing ingredients 

• Overall, a net deficit of home grown protein supply 
to meet demand   
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Protein crops for Livestock 

• Great reliance on soya bean meal (SBM) 

– Co-product from soya oil production 

• Benefits: great palatability, high protein level, high quality 
(composition and digestibility) and consistent availability 

• Concerns: environmental footprint, price fluctuations, GM, and 
potentially availability issues going forward 

• Can we reduce reliance on imported SBM? 

– Forages 

•  Increased protein levels in whole crop forage (silage) 

– Concentrates 

•  SBM replacement with home grown alternatives 

•  Home-grown soya  
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UK Bean & Pea Production 

Year 

Commodity 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 

Bean area (103 ha) 105 103 71 34 43 33 76 48 139 122 

Pea area (103 ha) 68 67 54 15 15 5 na na 72 82 

Year 

Beans 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Area (103 ha) 184 123 118 190 168 125 96 118 107 170 

Yield (t ha-1) 3.4 3 4.5 3.8 3.5 3.4 3.3 3.2 4.2 4.4 

Volume (103 t) 613 375 526 722 580 419 317 378 448 740 

Value incl. 

subsidy (£ 106) 
59 65 73 86 92 72 74 90 84 97 

Year 

Peas 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Area (103 ha) 37 26 21 28 23 12 11 13 18 25 

Yield (t ha-1) 3.3 3.1 4 5 3.5 4.1 2.4 3.7 4.0 4.1 

Volume (103 t) 122 80 85 141 81 49 26 48 70 101 

Value incl. 

subsidy (£ 106) 
11 14 12 17 12 8 6 10 13 13 
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Protein crop Agronomy 
information 
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Bean yield improvements 
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Spring Bean Varieties RL (2017)  
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Spring Bean Variety testing 
specific to Scotland 

PGRO / SRUC variety trials 2011-2013  
Control Yield Fury/Fuego 4.78t/ha 
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Fertiliser for Spring Beans 

Soil index (0- vey low; 1 = low; 2 = moderate) 
<50kg/ha K2O should be combine-drilled as germination might be affected 

Peas are N fixers, so shouldn't require N fertiliser   

(PGRO 2017 Agronomy Guide) 
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Spring Bean Gross Margin 

(Graham Redman, The Anderson Centre 2015) 
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Pea Varieties RL (2017)  
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Other pea varieties also available 
with suitability for Scotland 

E.g. Zero-4 

• Semi-leafless small seeded blue variety 

• Very early maturing 

– Northern or late maturing areas 

• Straw relatively short 

– Good standing ability 

• Good resistance to downy mildew 

• Can have lower yields if higher plant density not used 
(110 seeds/m2) 
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Fertiliser for Spring Peas 

Soil index (0- vey low; 1 = low; 2 = moderate) 
<50kg/ha K2O should be combine-drilled as germination might be affected 

Peas are N fixers, so shouldn't require N fertiliser   

(PGRO 2017 Agronomy Guide) 
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Peas Gross Margin 

(Graham Redman, The Anderson Centre 2015) 



17 

Rhizobium inoculation (?) 

Early July 2009 
No inoculation 

Early July 2010 
With inoculation 

N Fertiliser 

(20 kg N / ha) 

No N Fertiliser 

Inoculation 18.0 62.0 

No 

Inoculation 

0.3 0.3 

Effect of Rhizobium inoculation on nodule numbers formed 
on roots of pot grown field beans 3 weeks after sowing 
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In field diversity - Intercrops 

• Intercrops with legume 

component 

– LER often > 1.2 

• CAP Greening  

– strict rules – not always 

sensible! 

– Cover Crops 

– N Fixing Crops 

• Protein Crops 

• Multifunctional end-

uses 

 

 

Bean:Vetch:Clover 

Mixtures contrasting genetic and 
functional diversity 
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SRUC work on protein crops 

• 12 treatments (low input system) 

– Lupins (one variety, with or without spring barley) 

– Peas (one variety, with or without spring barley) 

– Beans (one variety, with or without spring barley) 

– Soya (4 varieties) 

– Lentils (2 varieties; spring oats as scaffold) 

• Productivity 

– Grain yields (85% DM) 

– Biomass yields for micro-silage 

• Feeding value 

– Analysis of micro-silage 

– Pulse use in broiler studies 
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Peas, beans and lupins 

Sole 

Inter-
cropped 

Peas Beans Lupins 
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Anicia Gotland 

Lentils (oats as scaffold) 
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• Merlin 

– maybe try again 

• Bohemia (X) 

• Protibus (X) 

• Sultana (X) 

Soya ……..  hmmmmmm 

Merlin 
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Legume grain yields (total) 
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Dry biomass yields 
(made into micro-silage) 

(Low input: No fertiliser, no herbicide, no fungicide) 
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Intercropping with peas as an option 
to increase cereal grain protein 

• Undertaken on organically certified land 

– In Wales 

• Trying to increase protein content of cereals 

and in particular wheat for bread making quality 

– Intercropped with peas 

• Varieties 

– Spring Wheat (Tybalt) 

– Spring Barley (Westminster) 

– Pea (Prophet) 
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Intercrops: Grain & protein yield 

• LER (Land equivalence ratio) ~ 1.2 

• Intercropping increased protein in barley grain but not wheat 

BUT did increase protein on an areas basis 
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What does this all mean? 

• Need to take into account several factors 

 

– Yield (LER) of intercrops 

– Yield impact on following crop 

– Impact on quality (e.g. protein content) 

– Can influence Gross Margins across more than 

one year 
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Total Grain Yields – both years 
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Gross Margins 
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VESS scores: nitrogen-fixing cover 
crop plots (SRUC Aberdeenshire) 
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Intercrop Conclusions 

• The yield and environmental benefits of intercrops may 
not be apparent in the year of growth 

• May show in quality aspects as well as productivity 

• Multi-year perspective vital 

• Intercropping offers a pathway to increase productivity 
and reduce adverse environmental impacts of 
agriculture whilst promoting diversity, a key measure in 
CAP “greening”.  
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Protein crops produced, 
where can they be utilised? 
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Recent and current SRUC work on 
protein crops and feeding trials 

• Feeding value of micro-silage being assessed 

– NIR (whole crop scan):  

• DM, D-value, ME, CP, NDF, WSC, Oil  

    Ash, TFA, pH, Lactic Acid, Ammonia 

– Underpinned with wet chemistry 

– Watch this space 

• Plans for Year 2 of protein crop work are under 
development 

– Including continuing work on micro-silages 

• Making use of grain beans and lupins from Year 1 

– Feeding trial (broilers) 

– Antimicrobial assessments (in vitro and in vivo) 
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• Peas and faba beans can completely 
replace SBM in nutritionally balanced 
grower and finisher pig diets 

• Compared to SBM controls, diets with 
30% peas or faba beans resulted in 
similar performance, N-balance and 
carcass traits (e.g. P2) 

• Popular myths surrounding pea and 
faba bean use have been debunked 

– No detrimental effects on skatole and  
faecal DM contents 

Discussion Small scale studies 
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Discussion 

• Using >1200 pigs, 

feeding treatment did 

not affect gain, intake 

(not shown) or FCR 

 

• Clear effect of housing 

type 

– Pigs on slats grew and 

ate less at better FCR 

than pigs on straw 

Large scale confirmation 
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Provided that commercial availability 

constraints can be overcome,  

peas and faba beans are viable 

home grown alternatives to SBM 

in nutritionally balanced diets     

for grower and finisher pigs 

Discussion Pulses and older pigs 
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• Feedstuffs may be separated in different 
fractions based on particle weight 
through air classification 

• Air fractionation of dehulled faba beans 
results in two fractions: 

– Bean protein concentrate 

– Bean starch concentrate (BSC) 

• BSC has moderate residual protein 
levels 

• Nutritional value determined for poultry 
and pigs 

Bean fractions 
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Standardised digestibility for essential amino acids ranged from 70 to 90% 

Ileal digestibility in broilers and 
pigs 
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Pig performance on bean 
fractions 

• Gradual exchange against SBM did not impair 

grower pig performance 

• As for whole peas and beans, BSC may assist to 

reduce reliance on SBM 
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• Preliminary nutritional value evaluation 

– Young broilers (0-21 day of age; trial is at day 10) 

• Lupins, beans, and bean/barley intercropping 

• Exchanged against soya bean meal 

– Read outs: 

• Growth performance and apparent ileal nutrient digestibility 

• Microbial assessment of digesta for key bacterial species 

• Challenges 

– Trade-off benefits of anti-microbial properties and SBM 
replacers with costs from anti-nutritional factors 

– Dose-response required under varying conditions 

– Test product volume limitations 

Current feeding trials 
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• Focus is broilers and potentially weaner pigs 

• Explore nutritional value of quinoa 

– Target is human nutrition 

– If out of spec, pigs and poultry may be alternative 

• Dose-response for upper limit of SBM replacement 

• Grass protein / other forage species 
– Novel crop? 

– Extract protein prior to anaerobic digestion 
• Significant levels of protein (~38% in DM)  

– If feasible, great potential 
• Protein nutritional value as SBM replacer 

• Potential benefits to fatty acids / egg quality 

Future work (Year 2) 



43 43 

• Great potential to utilize more home grown protein 
sources, based on historic evidence and current 
work going forward 

• Knowledge gaps: 

– How can farmers reliably grow “standard” home grown 
protein crops?  

– Can intercropping cereals with legumes to produce novel 
whole crop silage with greater levels of protein reduce 
reliance on concentrate supplementation? 

– Optimal level of bioactive alternative feed ingredients for 
more sensitive stock (broilers, weaner pigs) 

– Use of novel sources e.g. grass protein, quinoa, others 

Conclusions 
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Bean Yield Challenge 

GROWING A 10t/ha FIELD 

BEAN CROP BY 2020 

• PGRO believe it is now 

time to do the same for the 

bean crop that has been 

done for wheat in the past 

• Any UK-based grower of 

any commercial UK-grown 

grain crop and will run 

annually until crop 2020 – 

or until the first 10t/ha crop 

is validated 
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Thank you for your attention! 
 

Thank-you also to Scottish Government 

RESAS for providing funding towards this 

work programme   


