Peak District herbal ley silage trial
Knowledge exchange report for levy payers in collaboration with Natural England, University of Reading and Corteva Agriscience.
Purpose of the trial
This project brought together six upland farms to share learning on producing herbal ley silage under real farm conditions. The aim was to understand the quality and quantity of silage herbal leys can deliver, and whether common management decisions, such as using an inoculant or cutting at the right growth stage, make a measurable difference.
The trial focused on practical farm management rather than tightly controlled experimental conditions, so the findings are relevant to farmers.
[bookmark: _Toc44791208]What we set out to test
The trial aimed to answer the following questions:
What silage quality and yield can herbal leys produce in an upland environment?
How does silage quality vary between first, second and third cuts?
Does using a homofermentative silage inoculant improve silage quality?
Is near-infrared spectroscopy (NIRS) analysis a reliable proxy for wet chemistry?
What practical learning can be shared about wilting, tedding and harvesting?
[bookmark: _Toc2061507470]Farms, fields and management
Six farms, covering 42.9 acres across the Peak District uplands:
716 bales produced across first, second and third cuts
Herbal leys were well established and managed within each farm’s normal system
Most fields were cut 2–3 times, often followed by grazing
This trial took place in the White Peak area. While classified as upland (primarily severely disadvantaged area (SDA), these systems differ from more marginal uplands. Soils are free-draining limestone, with moderate rainfall of 929–1,122 mm during the study year. Sites ranged from 168–332 m above sea level.
This reflects real commercial systems rather than a single ideal approach.
[bookmark: _Toc1410538429]Silage making approach
Across all farms, the approach was:
Mow wide with no conditioner
Wilt for around 24 hours where possible 
This reflects the standard contractor approach for ryegrass silage locally
Minimal handling, with no tedding, except where noted
Bale and wrap promptly
50% of bales treated with a homofermentative inoculant and 50% left untreated
Limitations and further research needs
Only one farm tedded a first cut, so it’s not possible to draw clear conclusions on the effect of tedding. Include tedding more consistently across farms and cuts to assess its impact on wilting, silage quality and preservation.
No ryegrass-only control was included for comparison, which limits how far the results can be applied in practice. Include a ryegrass control alongside herbal leys to compare yield and quality in upland systems and support better decision making.
[bookmark: _Toc1709140908]Sampling and analysis
22 representative samples were taken, covering different farms and cuts, with multiple bales per sample
Samples were analysed using: 
Wet chemistry at the University of Reading
NIRS (commercial testing lab)
Statistical analysis looked at the effects of cut, additive and the interaction between cut and additive (cut × additive). Farm and field were not included as fixed factors in the analysis. Farm was accounted for as a random effect. Where two fields were sampled from the same farm, these were treated as separate farms within the analysis.
[bookmark: _Toc1433485070]What the results showed
[bookmark: _Toc690246725]Silage yield
First cut yields ranged from around 1.6–3.4 t DM/acre. Yield declined in later cuts, but feed quality, including D value, crude protein (CP) and concentration, generally improved.
Herbal leys can deliver acceptable silage yields in upland systems, particularly where nitrogen inputs are low or limited to organic sources such as manure or slurry.
Some farmers felt yields compared well with their own ryegrass leys, but these were generally from less intensive systems. It’s still unclear how herbal leys perform against perennial ryegrass under the same conditions, particularly in more intensive, early-start multi-cut systems.
Observations from outside this study suggest first cut yields may be lower, with later cuts more comparable. Overall, this may result in a small reduction in total yield, but with lower nitrogen inputs required. 
[bookmark: _Toc1913274142]Silage quality across cuts
There were clear differences between first, second and third cuts.
First cut:
Higher fibre (NDF and ADF)
Lower CP
Lower metabolisable energy (ME)
Second and third cuts:
Higher CP
Lower NDF and ADF
Often drier and more like haylage
Statistical analysis showed that cut timing had a significant effect on:
Fibre levels
CP
Fermentation characteristics
[bookmark: _Toc1767914378]Effect of the inoculant
Results from both wet chemistry and NIRS analysis showed no significant improvement in: 
Dry matter (DM)
CP
Energy
Fibre
There was a small trend towards better fermentation: 
Slightly higher lactic acid
Slightly lower pH
These differences were not large enough to suggest a clear, consistent benefit under the conditions of this trial.
In practice, a consistent benefit from inoculants would usually show:
A faster and more sustained drop in pH
Higher lactic acid concentrations
Lower levels of undesirable fermentation products such as butyric acid or ammonia-N
These patterns were not strongly seen in this study.
Inoculants are not essential for making acceptable herbal ley silage in upland conditions, particularly if wilting and wrapping are well managed.
In this study, wetter bales did not show lower nutritional value than drier bales. However, good wilting practice is still important for preservation and clamp/bale stability.
[bookmark: _Toc797645771]Observations at feeding and sampling
No obvious visual or smell differences between treated and untreated bales
Where spoilage was seen, it was generally linked to damage to the wrap, such as punctures during handling or in the stack
There was no clear evidence of wrap being punctured by stems 
Second cut bales often had a more pleasant smell than first cut, although no consistent observations in feed performance were recorded
NIRS vs wet chemistry
Both methods gave similar results for:
DM
Fibre
CP results showed greater variation. In some cases, NIRS gave values up to 16% higher than wet chemistry.
This difference could affect ration planning, particularly where herbal silage makes up a significant proportion of the diet.
[bookmark: _Toc1214389095]Practical implications for farmers
Cut timing and harvest conditions matter more than additives:
Silage quality was driven by growth stage, composition and conditions
Second and third cuts generally had higher protein and improved fermentation than first cut
Better wilting conditions likely contributed
Dry matter is important, but can be difficult to achieve:
We recommend a target dry matter of 35–45% for baled silage 
In this study, 88% of samples were outside this range, mostly below 35% 
This did not clearly affect nutritional value on a DM basis 
However, lower dry matter silage can increase risks around handling, stacking, storage and preservation losses, and reduces nutrient supply per tonne of fresh weight 
Achieving 35–45% DM in herbal leys, particularly first cut in upland systems, can be challenging 
A 24-hour wilt was often not enough unless conditions were very good 
Longer wilting, and/or light tedding where appropriate, may be needed
Wrap condition, handling and wilting have the biggest impact:
Aim for an effective wilt, often longer than 24 hours
Avoid over handling to minimise leaf loss 
Use good wrap quality and careful handling during stacking, loading and transport 
Reduce the risk of wrap damage in the stack
[bookmark: _Toc1495129596]Key learnings
Herbal leys can produce good quality silage in upland systems 
Differences between cuts, including growth stage and changing sward composition through the season, had more effect on quality than inoculant use
Inoculants gave only small fermentation benefits in this study 
NIRS is a useful and practical tool, but results can vary and should be used with care, particularly where herbal content is high 
Meeting the recommended DM target of 35–45% for baled silage in herbal leys can be challenging in practice, particularly with short wilting periods (e.g. 24 hours) in upland conditions
[bookmark: _Toc1149894238]Key messages for farmers
Herbal ley silage can provide good quality forage and may perform similarly to ryegrass in certain systems
Focus on growth stage and achieving a good wilt
Aim for 35–45% DM where possible, recognising practical challenges
Wrap condition and careful handling are critical
Later cuts can provide higher protein silage and may be easier to manage
[bookmark: _Toc1070609981]Questions answered by the trial
What yield and quality is achievable
How silage differs across cuts
Inoculants provide limited additional benefit
NIRS shows potential but variability exists
Management and conditions outweigh additive use
[bookmark: _Toc745024384]Trial robustness and approach
This work was designed as a farm scale, real world trial across six commercial upland farms. Each farm managed established herbal leys as part of their normal farming systems.
Unlike tightly controlled plot trials, the aim was to capture the true variation farmers see in practice. This includes differences in weather, soils, sward composition, harvest timing, contractors and management decisions. This approach strengthens the relevance of the findings, as they show what can be achieved on farm rather than best case experimental conditions.
Robustness came from repeating the work across farms, fields and cuts. Multiple bales were produced and sampled for each treatment. Treated and untreated bales were made side by side using the same machinery, operators and harvest timings. This allowed a fair comparison of additive use under identical conditions.
Silage quality was assessed using both wet chemistry and NIRS analysis. Results were statistically analysed using mixed models to account for farm-to-farm variation.
While this was not a formal research trial, the scale, level of replication and analytical approach provide strong confidence in the direction and consistency of the findings, particularly where similar patterns were observed across farms and cuts.
[bookmark: _Toc1842242566]Interpreting the findings
This was not a controlled research trial, so results should be interpreted in that context. Management practices varied between farms, and some treatments, such as tedding, could not be robustly analysed due to limited replication. However, this variability is also a strength, as it reflects real farm conditions and supports conclusions that are practical and widely relevant.
There are no large or consistent differences in chemical composition between treated and untreated silage across farms, cuts and analytical methods. This suggests the findings are strong enough to support farmer decision making, even if they do not prove definitive cause and effect.
Overall, the trial shows what herbal ley silage can deliver under commercial conditions, and where management effort is best focused to achieve reliable outcomes on farm.
[bookmark: _Toc1282365210]Evidence behind the messages
This section explains the evidence behind the main messages from the herbal ley silage trial and why they can be relied on. The findings are based on work across six upland farms, covering 42.9 acres and 716 bales.
Good quality herbal ley silage is achievable in upland systems
What we found
First cut yields ranged from 1.6 to 3.4 t DM/acre
Most silages analysed were intermediate to good quality
CP was often above 14% DM, particularly in later cuts
Evidence
Bale yields and DM calculations (Tables 1 and 2)
Nutritional analysis across all farms and cuts (Tables 5 and 6)
Why it matters
Herbal leys can produce useful, feedable silage under real upland conditions
This was achieved without artificial nitrogen, with systems relying on slurry or farmyard manure (FYM) only
Cut timing had a greater impact than using an inoculant
What we found
Clear and consistent differences between first, second and third cuts
Later cuts generally had: 
Higher protein
Lower fibre
Better fermentation profiles
These differences were statistically significant
Evidence
Cut by cut statistical analysis (Table 9)
Mean fibre, CP and energy values by cut (Table 6)
Why it matters
Differences between cuts reflect a mix of crop growth stage, changing sward balance and seasonal conditions
Later cuts were often easier to wilt, which likely helped improve fermentation
Taken together, these factors had more impact on silage quality than using an inoculant
[bookmark: _Toc1823918395]What this means in practice
Cut at the right growth stage for the sward, for example before grass heading and around late bud to early flowering for legumes and herbs
Prioritise achieving a good wilt to support fermentation 
Expect silage quality to vary across the season
Consider using different cuts for different stock types, depending on quality and protein content
Maintain a balanced approach across the season, ensuring first cut timing and overall yield are not compromised
[bookmark: _Toc1272548015]Inoculants gave limited additional benefit
What we found
No significant differences in: 
DM
CP
Energy (ME)
Fibre (NDF, ADF)
Only small changes were seen: 
Slightly higher lactic acid
Slightly lower pH in treated bales
Evidence
Wet chemistry comparison: control vs treated (Tables 7 and 8)
NIRS comparison: control vs treated (Tables 10 and 11)
Consistent lack of strong additive effects across farms
Why it matters
Inoculants were not essential for making acceptable silage in this study
Money and effort may be better spent on achieving a good wilt, appropriate harvest timing, and maintaining wrap condition and careful bale handling
DM is important but difficult to achieve
What we found
A high proportion of silages were outside recommended DM targets
88% of samples fell outside the 35–45% DM range, with the majority below target
Second and third cuts were generally drier than first cut
One tedded first cut showed higher DM without obvious quality loss, although data was limited
Evidence
DM values across cuts (Tables 5 and 6)
Observations recorded at sampling (Table 3)
Why it matters
We recommend 35–45% DM for baled silage
Nutritional composition was not clearly affected when expressed on a DM basis
However, lower DM increases risks around handling, stacking, storage and preservation losses
Achieving target DM in herbal leys, particularly first cut in upland conditions, can be challenging
Wrap condition and handling mattered more than treatment
What we found
No clear visual or smell differences between treated and untreated bales 
Spoilage was usually linked to visible wrap damage, such as punctures 
No clear evidence that plant material caused wrap damage
Evidence
Sampling observations from all farms (Table 3)
Why it matters
The condition of the wrap after baling is critical to maintaining silage quality
Damage during handling, transport or storage can undermine otherwise well-made silage
These factors had more impact on spoilage than using an inoculant
What this means in practice
Keep wrap integrity from field to feeding
Handle bales carefully during loading, transport and stacking
Check stacks regularly and repair damage quickly
Good handling and wrap condition will prevent more losses than additive use
NIRS testing is useful, but results should be used with care
What we found
NIRS and wet chemistry gave similar results for DM and fibre. Larger differences were seen in CP, with NIRS values in some cases up to 16% higher than wet chemistry.
Evidence
Direct comparison of wet chemistry and NIRS datasets (Tables 7–16)
Why it matters
NIRS is a fast and cost-effective way for farmers to monitor herbal ley silage
However, results can vary, particularly where herbal content is high
This may reflect limitations in current calibrations for diverse swards
Results should be interpreted with some caution
[bookmark: _Toc2145819007]How reliable are these findings?
Carried out on commercial farms rather than research plots
Included multiple farms, fields and cuts
Treated and untreated bales made side by side
Two analytical methods used (wet chemistry and NIRS), allowing comparison but also highlighting some variation between methods
Statistical analysis included cut, additive and their interaction, with farm as a random effect
This makes the results highly relevant to real farm conditions, even though they are not from a tightly controlled trial.
Focus first on cutting at the right growth stage, achieving a good wilt, and maintaining wrap condition. Inoculants may support fermentation in wetter crops, but they’re not a substitute for good silage-making practice. Later cuts may be better suited to different stock classes, depending on quality and protein levels.
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Appendix
Table 1. Cutting and baling dates, together with silage bale numbers (average weight approx. 810 kg)
	 Farm
 
	Field size (acres)
	First cut dates
	Second cut bale no.
+/- inoculant
	Second cut dates
	Second cut bale no.
+/- inoculant
	Third cut dates
	Third cut bale no.

	Walton new 
	2.2 
	Cut: 31/5/24 pm 
Baled: 1/6/24 pm 
	19+ 
14- 
 
	N/A
	N/A
	N/A
	N/A

	Walton old 
	6.3 
	Cut: 31/5/24 pm 
Baled: 1/6/24 pm 
	32+  
30- 
	N/A
	N/A
	N/A
	N/A

	Ardern 
	11.9 
	Cut: 31/5/24 pm 
Baled: 1/6/24 pm 
	51+ 
49-  
38- tedded  
	Cut: 30/7/24 
Baled: 31/7/24  
	71- (none treated) 
	Cut: 3/10/24 
Baled: 5/10/24 
	42- (none treated) 

	Blackshaw 
	4.3 
	Cut: 20/06/24 pm 
Baled: 21/6/24 pm 
	30+ 
21- 
	Cut: 20/8/24 am 
Baled: 21/8/24 am 
	24+ 
26- 
	N/A
	N/A

	Jones 
	6.4 
	Cut: 31/5/24 am 
Baled: 1/6/24 am 
	39+ 
37- 
	Cut:18/7/24 ppm 
Baled: 20/7/24 am 
	22- (none treated) 
	Cut: 6/9/24 pm 
Baled: 7/9/24 pm 
	11+ 
15 - 

	Dilks 
	11.8 
	Cut: 31/5/24 pm 
Baled: 1/6/24 pm 
	36+ 
44- 
	Cut:18/7/24 pm 
Baled: 21/7/24 am 
	19+ 
7- 
	Cut: 3/9/24 pm 
Baled: 4/9/24 pm 
 
	9+ 
30- 

	Total 
	42.9 
	 N/A
	440 
	 N/A
	169 
	 N/A
	107 


*Rainfall across the sites averaged 1,001 mm per year ranging from 929 mm to 1,122 mm.
Table 2. Total bales produced at each cut and bale yield per acre
	Farm
	Cut
	First
	Second
	Third

	
	Field size
	Cut 
	Baled 
	Bales 
	Bales 
	Cut 
	Baled 
	Bales 
	Bales 
	Cut 
	Baled 
	Bales 
	Bales 

	
	(acres) 
	(date) 
	(date) 
	(no.) 
	(acre) 
	(date) 
	(date) 
	(no.) 
	(acre) 
	(date) 
	(date) 
	(no.) 
	(acre) 

	Walton new 
	2.2 
	31/05 
	01/06 
	33 
	15 
	N/A 
	N/A 
	 N/A
	N/A 
	 N/A
	N/A 
	N/A
	 N/A

	Walton old 
	6.3 
	31/05 
	01/06 
	62 
	10 
	N/A 
	N/A 
	 N/A
	N/A 
	 N/A
	 N/A
	 N/A
	 N/A

	Arden 
	11.9 
	31/05 
	01/06 
	138 
	12 
	30/07 
	31/07 
	71 
	6 
	03/10 
	05/10 
	42 
	3.5 

	Blackshaw 
	4.3 
	20/06 
	21/06 
	51 
	12 
	20/08 
	21/08 
	50 
	12 
	N/A
	N/A
	N/A 
	N/A

	Jones 
	6.4 
	31/05 
	01/06 
	76 
	12 
	18/07 
	20/07 
	22 
	3 
	06/09 
	07/09 
	26 
	4 

	Dilks 
	11.8 
	31/05 
	01/06 
	80 
	7 
	18/07 
	21/07 
	26 
	2 
	03/09 
	04/09 
	39 
	3 

	Total 
	42.9 
	N/A 
	N/A
	440 
	10 
	 N/A
	N/A 
	169 
	5 
	 N/A
	N/A 
	107 
	4 


Assuming an average bale weight of 810 kg and DM of 27.6%, then first cut yielded between 1.6 and 3.4 t DM/acre as baled.
Further treatment details
First cut (six leys)
Mowed Friday 31 May, baled Saturday 1 June (24 hours down) not tedded
Jones: 76 bales (37 without inoculant) 
Walton: 95 bales (old ley 30 without inoculant, 32 with. New ley 14 without inoculant, 19 with) 
Dilks: 80 bales (44 no inoculant, 36 with inoculant) 
Ardern: 138 bales (87 without inoculant (including 38 tedded), 51 with inoculant) 
Blackshaw: Mowed 20 June and baled 21 June: 51 bales (30 with inoculant)
Table 3. Peak district trial weather summary by cut and site
	Cut 
	Location 
	Date range 
	Min temp (OC) 
	Max temp (OC) 
	Precipitation (mm) 
	Wind speed (kph) 

	Jones 1 
	Buxton 
	31/05-01/06 
	8 
	16 
	0 
	24 

	Walton 1 
	Tideswell 
	31/05-01/06 
	8 
	16 
	0 
	24 

	Dilks 1 
	Bakewell 
	31/05-01/06 
	8 
	16 
	0 
	24 

	Ardern 1 
	Bakewell 
	31/05-01/06 
	8 
	16 
	0 
	24 

	Blackshaw 1 
	Bakewell 
	20/06-21/06 
	11 
	20 
	0 
	22 


Second cut (four leys)
Ardern: Mowed 30 July, wilted for 24 hours and tedded once. Baled 31 July. 71 bales, none treated
Jones: Mowed Thursday 18 July (evening) and baled morning of Saturday 20 July, so about 42 hours wilt. Clover crisped up. Due to availability baled by a different contractor, so no inoculant. Total 22 bales
Dilks: Mowed 18 July (afternoon) and baled morning of 21 July. So down approx. 63 hours and wasn’t looking great. Total 26 bales (19 with inoculant)
Blackshaw: Mowed 20 August in the morning, not tedded just rowed and baled on 21 August (down 24 hours): 50 total (24 inoculant, 26 no inoculant)
Table 4. Peak district trial weather summary for second cut by site and date
	Cut 
	Location 
	Date range 
	Min temp (OC) 
	Max temp (OC) 
	Precipitation 
(mm) 
	Max sustained wind speed (kph) 

	Jones 2 
	Buxton 
	18/7–20/7 
	13 
	25 
	3.5 
	21 

	Dilks 2 
	Bakewell 
	18/7–21/7 
	11 
	26 
	3 
	20 

	Ardern 2 
	Bakewell 
	30/07–31/7 
	13 
	25 
	0 
	21 

	Blackshaw 2 
	Bakewell 
	20/8–21/8 
	10 
	18 
	1.8 
	27 
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Third cut (three leys)
Ardern: Mowed 3 October wilted for 48 hours and tedded once. Baled 5 October. 42 bales, none treated
Dilks: Mowed afternoon of 3 September, rowed up morning of 4 September and baled in the afternoon. Total 39 bales (9 inoculant)
Jones: Mowed mid-day Friday 6 September, rowed up early afternoon Saturday 7 and baled mid-afternoon. Conditions at mowing full sun, warm all day. Day of baling, damp and misty but swath “surprisingly dry”. Total 26 bales (11 treated)
Table 5. Peak district trial weather summary for third cut by site and date
	Cut 
	Location 
	Date range 
	Min temp (OC) 
	Max temp (OC) 
	Precipitation 
(mm) 
	Wind speed (kph) 

	Jones 3 
	Buxton 
	6/9–7/9 
	15 
	23 
	0.44 
	39 

	Dilks 3 
	Bakewell 
	3/9–4/9 
	10 
	17 
	4.6 
	15 

	Ardern 3 
	Bakewell 
	3/10–5/10 
	7 
	15 
	0.03 
	25 


www.virtualcrossing.com

Sampling dates
· All samples taken with a silage corer with a single core taken across the width of each bale (six bales per sample)
· Samples mixed in a clean (new) refuse bag and immediately placed into a freezer bag
· Air squeezed out and sealed
· Transferred to the freezer within 6 hours of extraction
Table 6. Observations at bale sampling
	Site / ley 
	Sampling date 
	Observations at sampling 

	Walton 
	23 July 2024 
	No obvious difference between treated/untreated across cuts. All quite wet, but no bad smell or obvious spoilage. 

	Ardern  
	16 October 2024 
	No obvious difference between treated/untreated across cuts. First and third cut quite wet, but no bad smell or obvious spoilage. Second cut notably drier and more like haylage. 

	Blackshaw 
	23 October 2024 
	No obvious difference between treated/untreated across cuts. First cut smelled better than second (which was wetter). Some spoilage across both treatment types, mostly associated with punctured wrap. 

	Dilks 
	26 October 2024 
	No obvious difference between treated/untreated across cuts. Second cut smelled better than first and third (also drier, possibly due to better wilt at second cut). First cut maybe better than third. Some spoilage across both treatment types, mostly associated with punctured wrap. 

	Jones 
	30 October 2024 
	No obvious difference between treated/untreated across cuts. Second cut smelled better than first and third (and was also drier, possibly due to better wilt at second cut). 



Table 7. Seed mixes used by contributing farms (% inclusion of main species in total mix)
	Farm Information
	Arden 
	Blackshaw 
	Waltons 1 
	Waltons 2 
	Jones 
	Dilks 

	Height above sea level (m) 
	168 
	299 
	332 
	332 
	288 
	203 

	Individual species 
	Arden 
	Blackshaw 
	Waltons 1 
	Waltons 2 
	Jones 
	Dilks 

	Perennial Ryegrass 
	39 
	N/A
	14.28 
	14.27 
	25 
	25.0 

	Perennial Ryegrass (tetraploid) 
	22 
	N/A 
	16.05 
	14.27 
	 N/A
	25.0 

	Timothy 
	10 
	 N/A
	10.71 
	10.70 
	5 
	8.0 

	Fescue 
	17.5 
	 N/A
	8.91 
	8.93 
	15 
	7.0 

	Meadow grass 
	N/A 
	 N/A
	N/A
	N/A
	10 
	N/A 

	Festulolium 
	 N/A
	 N/A
	19.65 
	19.26 
	25 
	N/A 

	Cocksfoot 
	 N/A
	 N/A
	N/A
	N/A 
	N/A 
	2.0 

	White clover 
	5.5 
	 N/A
	2.51 
	2.51 
	 N/A
	N/A 

	Red Clover 
	 N/A
	 N/A
	5.34 
	5.36 
	7 
	12.0 

	Sweet clover 
	 N/A
	 N/A
	0.71 
	0.71 
	N/A 
	N/A 

	Alsike clover 
	3 
	 N/A
	1.09 
	1.08 
	3 
	3.0 

	Sainfoin 
	1.5 
	 N/A
	7.14 
	7.13 
	5.6 
	7.0 

	Trefoil 
	 N/A
	 N/A
	1.09 
	1.08 
	0.5 
	2.0 

	Lucerne 
	 N/A
	 N/A
	2.86 
	2.85 
	1.93 
	 N/A

	Vetch 
	 N/A
	 N/A
	3.94 
	3.94 
	 N/A
	N/A 

	Burnet 
	 N/A
	 N/A
	3.57 
	3.57 
	1 
	3.0 

	Yarrow 
	 N/A
	 N/A
	0.71 
	0.37 
	0.25 
	0.5 

	Plantain 
	1.5 
	 N/A
	1.43 
	1.43 
	0.5 
	2.0 

	Chicory 
	 N/A
	 N/A
	 N/A
	2.51 
	 N/A
	2.5 

	Knapweed 
	 N/A
	 N/A
	 N/A
	 N/A
	0.02 
	 N/A

	Parsley 
	 N/A
	 N/A
	 N/A
	 N/A
	0.2 
	1.0 

	Total
	100 
	 N/A
	100 
	100 
	100 
	100 

	Bulked species 
	Arden 
	Blackshaw 
	Waltons 1 
	Waltons 2 
	Jones 
	Dilks 

	Grasses 
	88.5 
	N/A 
	69.6 
	67.4 
	80.0 
	67.0 

	Clovers 
	8.5 
	 N/A
	9.7 
	9.7 
	10.0 
	15.0 

	Legumes other than clover 
	1.5 
	 N/A
	15.0 
	15.0 
	8.0 
	9.0 

	Herbs 
	1.5 
	 N/A
	5.7 
	7.9 
	2.0 
	9.0 

	Total
	100 
	 N/A
	100 
	100 
	100 
	100 



Table 8. Wet chemistry analysis of bale samples from each farm and cut
	Cedar code
	Natural England ID 
	Nutritional components 
	Fermentation products 

	
	
	DM (g/kg) 
	NDF (g/kgDM) 
	ADF (g/kgDM) 
	WSC (g/kgDM) 
	Ash (g/kgDM) 
	CP (g/kgDM) 
	pH 
	Ethanol (g/kg) 
	Acetic (g/kg) 
	Propionic (g/kg) 
	Butyric (g/kg) 
	Lactic (g/kg) 
	NH3-N (g/kg) 

	NE 22
	Ardern 
	1st cut 
	Tedded 
	280.48 
	484.77 
	350.25 
	72.49 
	86.39 
	80.41 
	4.38 
	13.71 
	14.19 
	0.50 
	18.63 
	54.18 
	1.32 

	NE 23
	Ardern 
	2nd cut 
	Tedded 
	812.09 
	400.36 
	311.03 
	104.40 
	89.86 
	118.89 
	5.9 
	0.70 
	6.10 
	0.00 
	0.14 
	0.00 
	0.49 

	NE 24
	Ardern 
	3rd cut 
	Tedded 
	339.77 
	340.90 
	285.27 
	62.29 
	98.77 
	171.73 
	4.68 
	5.51 
	20.07 
	0.00 
	0.33 
	49.77 
	1.85 

	NE 2
	Walton (new) 
	1st cut 
	Control 
	226.03 
	540.57 
	354.63 
	11.95 
	88.80 
	127.72 
	4.38 
	13.83 
	23.60 
	1.02 
	10.98 
	80.71 
	2.75 

	NE 4 
	Walton (old) 
	1st cut 
	Control 
	222.25 
	511.11 
	343.02 
	19.34 
	91.89 
	137.24 
	4.81 
	22.84 
	18.18 
	3.52 
	33.93 
	44.80 
	3.56 

	NE 6 
	Blackshaw 
	1st cut 
	Control 
	302.14 
	499.03 
	350.18 
	51.45 
	84.55 
	121.62 
	4.79 
	17.06 
	12.56 
	3.32 
	38.91 
	45.62 
	2.54 

	NE 8 
	Blackshaw 
	2nd cut 
	Control 
	221.01 
	415.23 
	327.97 
	14.17 
	94.03 
	186.11 
	4.76 
	12.01 
	30.23 
	0.94 
	21.71 
	77.50 
	4.94 

	NE 10 
	Jones 
	1st cut 
	Control 
	208.82 
	537.99 
	369.39 
	11.05 
	76.34 
	126.40 
	4.38 
	14.69 
	26.78 
	1.87 
	17.38 
	76.69 
	2.72 

	NE 11 
	Jones 
	2nd cut 
	Control 
	438.36 
	396.97 
	297.11 
	42.60 
	87.00 
	175.16 
	4.63 
	4.85 
	29.00 
	0.65 
	1.99 
	71.45 
	2.42 

	NE 13 
	Jones 
	3rd cut 
	Control 
	256.19 
	418.38 
	328.49 
	17.32 
	88.49 
	187.07 
	4.97 
	10.59 
	34.33 
	1.31 
	15.83 
	56.14 
	3.57 

	NE 15
	Dilks 
	1st cut 
	Control 
	310.18 
	494.36 
	360.70 
	63.65 
	85.22 
	115.35 
	4.8 
	18.83 
	14.89 
	2.52 
	23.30 
	31.33 
	2.26 

	NE 17
	Dilks 
	2nd cut 
	Control 
	414.21 
	397.71 
	306.43 
	32.82 
	88.09 
	159.79 
	4.63 
	6.26 
	25.93 
	0.40 
	1.47 
	45.27 
	1.92 

	NE 19 
	Dilks 
	3rd cut 
	Control 
	272.69 
	362.41 
	295.68 
	28.98 
	89.13 
	179.26 
	4.72 
	9.71 
	28.26 
	0.58 
	2.14 
	62.01 
	3.55 

	NE 21 
	Ardern 
	1st cut 
	Control 
	247.95 
	507.59 
	375.53 
	39.85 
	88.67 
	83.99 
	4.26 
	13.87 
	17.67 
	0.56 
	16.12 
	69.23 
	1.58 

	NE 1
	Walton (new) 
	1st cut 
	Treated 
	183.27 
	566.51 
	376.20 
	11.29 
	77.10 
	119.07 
	4.02 
	9.96 
	25.27 
	0.76 
	2.22 
	117.79 
	2.48 

	NE 3 
	Walton (old) 
	1st cut 
	Treated 
	224.66 
	522.84 
	346.88 
	23.80 
	79.96 
	130.55 
	4.23 
	17.47 
	18.60 
	1.76 
	18.01 
	90.30 
	2.58 

	NE 5 
	Blackshaw 
	1st cut 
	Treated 
	302.41 
	519.28 
	352.33 
	56.26 
	82.23 
	108.49 
	4.51 
	12.81 
	10.79 
	2.47 
	29.28 
	61.56 
	2.18 

	NE 7 
	Blackshaw 
	2nd cut 
	Treated 
	218.60 
	408.85 
	331.49 
	15.57 
	95.67 
	183.93 
	4.53 
	9.18 
	34.63 
	1.15 
	17.23 
	87.70 
	4.21 

	NE 9 
	Jones 
	1st cut 
	Treated 
	235.82 
	533.38 
	358.52 
	12.41 
	76.10 
	125.35 
	4.3 
	12.72 
	22.35 
	1.17 
	14.39 
	80.83 
	2.44 

	NE 12 
	Jones 
	3rd cut 
	Treated 
	265.66 
	410.02 
	305.77 
	14.61 
	85.06 
	187.24 
	4.75 
	8.88 
	36.57 
	1.03 
	12.90 
	73.29 
	3.40 

	NE 14
	Dilks 
	1st cut 
	Treated 
	251.99 
	523.64 
	398.39 
	11.32 
	97.36 
	136.81 
	4.91 
	12.57 
	21.93 
	4.44 
	34.45 
	46.38 
	4.05 

	NE 16
	Dilks 
	2nd cut 
	Treated 
	406.59 
	406.55 
	302.50 
	42.06 
	87.32 
	159.69 
	4.56 
	6.40 
	24.97 
	0.54 
	1.86 
	45.17 
	1.54 

	NE 18
	Dilks 
	3rd cut 
	Treated 
	296.05 
	359.82 
	292.28 
	21.05 
	87.96 
	183.24 
	4.75 
	10.20 
	25.16 
	0.55 
	2.12 
	62.32 
	3.43 

	NE 20
	Ardern 
	1st cut 
	Treated 
	244.25 
	482.95 
	354.25 
	53.97 
	88.13 
	91.56 
	4.14 
	12.84 
	17.10 
	0.57 
	12.03 
	89.91 
	1.52 



Table 9. Summary wet chemistry analysis showing minimum, maximum and mean values by cut, with average control and additive bale values
	Cut
	Measure
	Nutritional components
	Fermentation products

	
	
	DM (g/kg)
	NDF (g/kgDM)
	ADF (g/kgDM)
	WSC (g/kgDM)
	Ash (g/kgDM)
	CP (g/kgDM)
	pH
	Ethanol (g/kg)
	Acetic (g/kg)
	Propionic (g/kg)
	Butyric (g/kg)
	Lactic (g/kg)
	NH3-N (g/kg)

	1st cut
	min
	208.82
	482.95
	350.18
	11.05
	76.10
	80.41
	4.14
	12.57
	10.79
	0.50
	12.03
	31.33
	1.32

	1st cut
	max
	310.18
	537.99
	398.39
	72.49
	97.36
	136.81
	4.91
	18.83
	26.78
	4.44
	38.91
	89.91
	4.05

	1st cut
	mean
	264.89
	509.22
	363.28
	41.38
	85.00
	110.00
	4.50
	14.35
	17.59
	1.94
	22.72
	61.75
	2.29

	1st cut
	control 
	267.27
	509.74
	363.95
	41.50
	83.70
	111.84
	4.56
	16.11
	17.98
	2.07
	23.93
	55.72
	2.28

	1st cut
	treated
	258.62
	514.81
	365.87
	33.49
	85.96
	115.55
	4.47
	12.74
	18.04
	2.16
	22.54
	69.67
	2.55

	2nd cut
	min
	218.60
	396.97
	297.11
	14.17
	87.00
	118.89
	4.53
	0.70
	6.10
	0.00
	0.14
	0.00
	0.49

	2nd cut
	max
	812.09
	415.23
	331.49
	104.40
	95.67
	186.11
	5.90
	12.01
	34.63
	1.15
	21.71
	87.70
	4.94

	2nd cut
	mean
	418.48
	404.28
	312.76
	41.93
	90.33
	163.93
	4.84
	6.57
	25.14
	0.61
	7.40
	54.52
	2.59

	3rd cut
	min
	256.19
	340.90
	285.27
	14.61
	85.06
	171.73
	4.68
	5.51
	20.07
	0.00
	0.33
	49.77
	1.85

	3rd cut
	max
	339.77
	418.38
	328.49
	62.29
	98.77
	187.24
	4.97
	10.59
	36.57
	1.31
	15.83
	73.29
	3.57

	3rd cut
	mean
	286.07
	378.31
	301.50
	28.85
	89.88
	181.71
	4.77
	8.98
	28.88
	0.69
	6.66
	60.71
	3.16

	2/3rd cut
	control 
	320.49
	398.14
	311.14
	27.18
	89.35
	177.48
	4.74
	8.69
	29.55
	0.78
	8.63
	62.47
	3.28

	2/3rd cut
	treated
	296.73
	396.31
	308.01
	23.32
	89.00
	178.53
	4.65
	8.67
	30.33
	0.82
	8.53
	67.12
	3.15


First cut and a combination of second/third cuts used for control vs. treatment comparison.
Table 10. Statistical analysis of wet chemistry results comparing control and additive treated bales
	Nutritional components
	Fermentation products

	DM (g/kg)
	NDF (g/kg DM)
	ADF (g/kg DM)

	Sugars (g/kg DM)

	Ash (g/kg DM)
	CP (g/kg DM)
	Ethanol (g/kg)
	Lactic acid (g/kg)
	Propionic acid (g/kg)
	Acetic acid (g/kg)
	N Butyric acid (g/kg)
	Ammonia (g/kg)
	pH
	ME (MJ/kg DM) NIRS*

	299.3
	432.8
	324.2
	32.4
	89.5
	158.6
	11.4
	63.4
	1.06
	25.0
	11.8
	2.91
	4.65
	11.2

	276.9
	440.8
	326.8
	24.5
	87.3
	158.0
	10.1
	78.2
	0.91
	27.0
	9.7
	2.92
	4.49
	11.1

	30.72
	7.77
	8.04
	9.12
	2.72
	5.26
	0.90
	7.29
	0.415
	2.13
	3.46
	0.459
	0.094
	0.130

	0.478
	0.325
	0.748
	0.405
	0.450
	0.906
	0.181
	0.068
	0.594
	0.378
	0.545
	0.980
	0.112
	0.407

	0.088
	0.001
	0.001
	0.939
	0.157
	0.001
	0.001
	0.846
	0.013
	0.002
	0.004
	0.464
	0.100
	0.007

	0.882
	0.884
	0.854
	0.851
	0.760
	0.996
	0.115
	0.591
	0.949
	0.826
	0.796
	0.900
	0.087
	0.720


*ME estimated from NIRS is included in table 7 for reference purposes.
Table 11. Statistical analysis of wet chemistry results comparing control and additive treated bales (excluding two sample pairs with atypical DM concentrations*)
	Nutritional components
	Control
	Additive
	SEM
	P< additive
	P< cut

	P< additive*cut

	DM (g/kg)
	288.2
	250.4
	26.72
	0.293
	0.572
	0.415

	NDF (g/kg DM)
	427.1
	432.2
	11.69
	0.632
	0.001
	0.926

	ADF (g/kg DM)
	326.2
	328.5
	7.09
	0.816
	0.001
	0.651

	Sugars (g/kg DM)
	31.9
	23.2
	9.33
	0.405
	0.668
	0.497

	Ash (g/kg DM)
	90.3
	88.8
	2.44
	0.416
	0.002
	0.424

	CP (g/kg DM)
	159.7
	159.6
	7.63
	0.984
	0.001
	0.839

	Fermentation products
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Ethanol (g/kg)
	12.0
	10.9
	1.56
	0.469
	0.008
	0.397

	Lactic acid (g/kg)
	63.2
	78.7
	5.82
	0.065
	0.293
	0.772

	Propionic acid (g/kg)
	1.24
	0.90
	0.45
	0.235
	0.015
	0.371

	Acetic acid (g/kg)
	24.7
	27.7
	2.57
	0.268
	0.003
	0.329

	n-Butyric acid (g/kg)
	14.2
	10.9
	5.01
	0.266
	0.013
	0.302

	Ammonia (g/kg)
	3.13
	3.19
	0.42
	0.900
	0.085
	0.667

	pH
	4.68
	4.48
	0.09
	0.043
	0.015
	0.530

	ME (MJ/kg DM) NIRS*
	11.2
	11.0
	0.12
	0.318
	0.016
	0.419


*ME estimated from NIRS is included in table 7 for reference purposes.  
*Samples NE1, 2, 14, 15, 16 and 17.
Table 12. Statistical analysis of wet chemistry results comparing different silage cuts
	Nutritional components
	Cut 1
	Cut 2
	Cut 3
	SEM
	P< cut

	DM (g/kg)
	246.7a
	334.4b
	283.2ab
	32.57
	0.088

	NDF (g/kg DM)
	519.9a
	409.0b
	381.6c
	11.99
	0.001

	ADF (g/kg DM)
	361.7a
	313.8b
	301.1b
	8.04
	0.001

	Sugars (g/kg DM)
	  30.5
	28.2
	26.6
	10.67
	0.939

	Ash (g/kg DM)
	  84.7
	90.6
	89.9
	  3.09
	0.157

	CP (g/kg DM)
	118.7a
	171.4b
	185.0b
	  7.67
	0.001

	Fermentation products
	N/A
	N/A
	N/A
	N/A
	N/A

	Ethanol (g/kg)
	  14.96a
	7.34b
	9.86b
	  1.500
	0.001

	Lactic acid (g/kg)
	  69.6
	74.2
	68.5
	10.03
	0.846

	Propionic acid (g/kg)
	    2.00a
	0.32b
	0.64b
	0.555
	0.013

	Acetic acid (g/kg)
	  19.1a
	30.0b
	28.9b
	2.72
	0.002

	N Butyric acid (g/kg)
	  20.92a
	3.70b
	7.63b
	5.319
	0.004

	Ammonia (g/kg)
	    2.56
	2.89
	3.29
	0.538
	0.464

	pH
	    4.46a
	4.51ab
	4.74b
	0.121
	0.099

	ME (MJ/kg DM) NIRS
	10.83a
	11.26b
	11.35b
	0.143
	0.007


Each individual sample received from was mixed and divided into two. One of these samples was analysed at Reading using wet chemistry methods, the other sample was sent to Eurofins for analysis by NIR.
[bookmark: _Toc230073559]Table 13: Statistical analysis of NIRS results comparing control and additive treated bales
	Nutritional components
	Control
	Additive
	SEM
	P< additive
	P< cut

	P< additive*cut

	DM (g/kg)
	282.7
	256.2
	30.43
	0.398
	0.160
	0.851

	NDF (g/kg DM)
	486.0
	495.9
	12.96
	0.462
	0.006
	0.983

	Sugars (g/kg DM)
	62.6
	61.0
	4.05
	0.706
	0.369
	0.818

	Oil A (g/kg DM)
	31.0
	33.7
	2.30
	0.264
	0.013
	0.677

	Ash (g/kg DM)
	100.2
	98.5
	1.86
	0.384
	0.001
	0.648

	CP (g/kg DM)
	168.2
	172.1
	7.52
	0.607
	0.009
	0.976

	ME (MJ/kg DM) 
	11.2
	11.0
	0.12
	0.318
	0.016
	0.419

	Fermentation products
	Control
	Additive
	SEM
	P< additive
	P< cut

	P< additive*cut

	Lactic acid (g/kg)
	45.1
	54.3
	5.98
	0.155
	0.191
	0.412

	Acetic acid (g/kg)
	33.1
	33.6
	3.41
	0.898
	0.123
	0.389

	N Butyric acid (g/kg)
	11.1
	10.5
	2.21
	0.781
	0.080
	0.523

	Ammonia (%/N)
	7.06
	7.28
	1.054
	0.832
	0.442
	0.504

	pH
	4.84
	4.76
	0.060
	0.188
	0.434
	0.098



Table 14. Statistical analysis of NIRS results comparing control and additive treated bales (excluding two sample pairs with atypical DM concentrations*)
	Nutritional components
	Control
	Additive
	SEM
	P< additive
	P< cut

	P< additive*cut

	DM (g/kg)
	276.5
	230.4
	28.85
	0.238
	0.753
	0.467

	NDF (g/kg DM)
	482.6
	495.5
	17.71
	0.495
	0.115
	0.958

	Sugars (g/kg DM)
	64.6
	63.9
	7.03
	0.915
	0.265
	0.710

	Oil A (g/kg DM)
	31.1
	35.2
	2.09
	0.159
	0.004
	0.692

	Ash (g/kg DM)
	100.6
	99.1
	2.14
	0.065
	0.001
	0.005

	CP (g/kg DM)
	167.0
	173.0
	6.83
	0.504
	0.030
	0.939

	ME (MJ/kg DM)
	11.2
	11.0
	0.12
	0.318
	0.016
	0.419

	Fermentation products
	Control
	Additive
	SEM
	P< additive
	P< cut

	P< additive*cut

	Lactic acid (g/kg)
	44.6
	56.4
	9.46
	0.066
	0.995
	0.334

	Acetic acid (g/kg)
	33.6
	33.0
	3.16
	0.865
	0.025
	0.075

	n-Butyric acid (g/kg)
	12.5
	12.4
	2.48
	0.978
	0.288
	0.319

	Ammonia (%/N)
	7.35
	8.08
	1.04
	0.598
	0.514
	0.335

	pH
	4.87
	4.77
	0.07
	0.088
	0.295
	0.076


*Samples NE1, 2, 14, 15, 16 and 17.
Table 15. NIRS analysis of bale samples from each farm and cut
	All on a DM Basis
	Cut Number	Comment by Emily Braggins: Fill in all the empty cells. If they need to be blank put N/A. Also please check that the headings that are there are clear enough.
	Control/
treated
	Natural England ID
	D Value %
	ME (MJ/kg)
	FME (MJ/Kg)
	NDF (g/kg)
	Ash (g/kg)
	Oil A (g/kg)
	DM solubility (S)
	(a)
	(b)
	(c) hr

	Walton (new)
	1st cut
	Control
	NE 2
	66
	10.8
	8.5
	543
	96
	24
	0.220
	0.32
	0.51
	0.036

	Walton (old)
	1st cut
	Control
	NE 4
	64
	10.5
	8.4
	577
	86
	23
	0.220
	0.32
	0.51
	0.036

	Blackshaw 
	1st cut
	Control
	NE 6
	68
	11.1
	8.9
	469
	98
	32
	0.270
	0.34
	0.57
	0.036

	Blackshaw 
	2nd cut
	Control
	NE 8
	67
	11
	8.4
	479
	113
	30
	0.220
	0.32
	0.51
	0.036

	Jones
	1st cut
	Control
	NE 10
	64
	10.6
	8.4
	504
	93
	18
	0.220
	0.32
	0.51
	0.036

	Jones
	2nd cut
	Control
	NE 11
	73
	11.8
	9.2
	464
	108
	35
	0.310
	0.31
	0.69
	0.038

	Jones
	3rd cut
	Control
	NE 13
	69
	11.2
	8.5
	508
	107
	34
	0.270
	0.34
	0.57
	0.036

	Dilks
	1st cut
	Control
	NE 15
	68
	11.1
	8.3
	532
	94
	36
	0.270
	0.34
	0.57
	0.036

	Dilks 
	2nd cut
	Control
	NE 17
	71
	11.4
	9
	475
	98
	34
	0.270
	0.34
	0.57
	0.036

	Dilks)
	3rd cut
	Control
	NE 19
	71
	11.4
	8.4
	451
	104
	37
	0.270
	0.34
	0.57
	0.036

	Ardern 
	1st cut
	Control
	NE 21
	67
	10.9
	8.1
	516
	88
	29
	0.220
	0.32
	0.51
	0.036

	Walton (new)
	1st cut
	Treated
	NE 1
	64
	10.5
	8.1
	525
	83
	20
	0.220
	0.32
	0.51
	0.036

	Walton (old)
	1st cut
	Treated
	NE 3
	65
	10.6
	8.5
	548
	90
	24
	0.220
	0.32
	0.51
	0.036

	Blackshaw 
	1st cut
	Treated
	NE 5
	67
	11
	8.5
	516
	101
	32
	0.270
	0.34
	0.57
	0.036

	Blackshaw 
	2nd cut
	Treated
	NE 7
	66
	10.9
	8.1
	482
	107
	37
	0.220
	0.32
	0.51
	0.036

	Jones 
	1st cut
	Treated
	NE 9
	67
	11
	8.3
	537
	94
	31
	0.220
	0.32
	0.51
	0.036

	Jones 
	3rd cut
	Treated
	NE 12
	69
	11.2
	8
	500
	107
	40
	0.220
	0.32
	0.51
	0.036

	Dilks 
	1st cut
	Treated
	NE 14
	68
	11.1
	8.1
	549
	96
	38
	0.270
	0.34
	0.57
	0.036

	Dilks 
	2nd cut
	Treated
	NE 16
	71
	11.4
	9
	483
	98
	35
	0.310
	0.31
	0.69
	0.038

	Dilks 
	3rd cut
	Treated
	NE 18
	71
	11.5
	8.1
	451
	101
	43
	0.270
	0.34
	0.57
	0.036

	Ardern 
	1st cut
	Treated
	NE 20
	65
	10.7
	8.3
	492
	91
	21
	0.220
	0.32
	0.51
	0.036

	Ardern 
	1st cut
	Tedded
	NE 22
	66
	10.8
	8
	550
	77
	32
	0.270
	0.34
	0.57
	0.036

	Ardern 
	2nd cut
	Tedded
	NE 23
	63
	10
	N/A
	531
	68
	26
	N/A
	N/A
	N/A
	N/A

	Ardern 
	3rd cut
	Tedded
	NE 24
	72
	11.6
	9.1
	415
	101
	35
	0.310
	0.31
	0.69
	0.038



Table 16. Summary of NIRS analysis results showing average values by cut and mean control and treatment bale values
	All on a DM basis
	Treatment
	Natural England ID
	D Value %
	ME (MJ/kg)
	FME (MJ/Kg)
	NDF (g/kg)
	Ash (g/kg)
	Oil A (g/kg)
	DM solubility (S)
	(a)
	(b)
	(c) hr

	Ardern 1st cut tedded (Black)
	Tedded
	NE 22
	66
	10.8
	8
	550
	77
	32
	0.270
	0.34
	0.57
	0.036

	Ardern 1st cut normal (Green)
	Normal
	NE 21
	67
	10.9
	8.1
	516
	88
	29
	0.220
	0.32
	0.51
	0.036

	1st cut
	Normal
	NE 21
	66.75
	10.93
	8.43
	505.25
	93.25
	28.75
	0.25
	0.33
	0.54
	0.04

	1st cut
	Treated
	NE 22
	66.75
	10.95
	8.30
	523.50
	95.50
	30.50
	0.25
	0.33
	0.54
	0.04

	2–3rd cut
	Normal
	NE 21
	70.20
	11.36
	8.70
	475.40
	106.00
	34.00
	0.27
	0.33
	0.58
	0.04

	2–3rd cut
	Treated
	NE 22
	69.25
	11.25
	8.30
	479.00
	103.25
	38.75
	0.26
	0.32
	0.57
	0.04

	Average of all samples
	Normal
	NE 21
	68.00
	11.07
	8.55
	501.64
	98.64
	30.18
	0.25
	0.33
	0.55
	0.04

	
	Treated
	NE 22
	67.30
	10.99
	8.30
	508.30
	96.80
	32.10
	0.24
	0.33
	0.55
	0.04


First cut and a combination of second/third cuts used for normal vs. treatment comparison. Arden first cut tedded and not tedded (normal) included for information.
Table 17. NIRS analysis of intake characteristics and protein fractions of bale samples by farm and cut
	Intake characteristics
	Protein

	All on a DM basis
	Cut number
	Treatment
	Natural England ID
	DM (g/kg)
	Potential Intake (FiM) (g/kgW 0.75)
	pH
	Ammonia N (% of total N)
	Pot. Acid Loading (FiM) (meq/kg)
	CP (g/kg)
	ERDP (g/kg)
	DUP (g/kg)
	Nitrogen Solubility (N)
	(a)
	(b)
	(c) (per hour)

	Walton (new)
	1st cut
	Control
	NE 2
	201
	84
	4.8
	6.5
	1020
	175
	137
	27
	0.58
	0.68
	0.23
	0.079

	Walton (old)
	1st cut
	Control
	NE 4
	187
	84
	5.1
	13.7
	1004
	126
	99
	17.3
	0.58
	0.68
	0.23
	0.079

	Blackshaw 
	1st cut
	Control
	NE 6
	325
	106
	5
	5.7
	755
	176
	138
	27.1
	0.58
	0.68
	0.23
	0.079

	Blackshaw 
	2nd cut
	Control
	NE 8
	212
	97
	4.9
	9.3
	925
	168
	132
	25.6
	0.58
	0.68
	0.23
	0.079

	Jones
	1st cut
	Control
	NE 10
	204
	87
	4.9
	9.5
	915
	160
	125
	24
	0.58
	0.68
	0.23
	0.079

	Jones
	2nd cut
	Control
	NE 11
	404
	125
	4.8
	4.8
	700
	170
	137
	22.1
	0.66
	0.69
	0.26
	0.084

	Jones
	3rd cut
	Control
	NE 13
	245
	105
	4.8
	7.9
	789
	172
	134
	26.3
	0.58
	0.68
	0.23
	0.079

	Dilks
	1st cut
	Control
	NE 15
	278
	100
	4.8
	9.9
	718
	131
	102
	18.2
	0.58
	0.68
	0.23
	0.079

	Dilks 
	2nd cut
	Control
	NE 17
	361
	115
	4.8
	5.1
	700
	179
	144
	23.7
	0.66
	0.69
	0.26
	0.084

	Dilks)
	3rd cut
	Control
	NE 19
	264
	101
	4.7
	6
	766
	189
	148
	29.6
	0.58
	0.68
	0.23
	0.079

	Ardern 
	1st cut
	Control
	NE 21
	233
	89
	4.7
	6.7
	885
	147
	115
	21.4
	0.58
	0.68
	0.23
	0.079

	Walton (new)
	1st cut
	Treated
	NE 1
	178
	81
	4.4
	7.9
	1007
	135
	106
	19.1
	0.58
	0.68
	0.23
	0.079

	Walton (old)
	1st cut
	Treated
	NE 3
	211
	85
	4.8
	6.9
	1080
	164
	128
	24.8
	0.58
	0.68
	0.23
	0.079

	Blackshaw 
	1st cut
	Treated
	NE 5
	314
	103
	4.8
	6.7
	700
	160
	125
	24
	0.58
	0.68
	0.23
	0.079

	Blackshaw 
	2nd cut
	Treated
	NE 7
	195
	96
	5
	10
	943
	180
	146
	24
	0.66
	0.69
	0.26
	0.084

	Jones 
	1st cut
	Treated
	NE 9
	226
	91
	4.5
	7.1
	834
	169
	132
	25.7
	0.58
	0.68
	0.23
	0.079

	Jones 
	3rd cut
	Treated
	NE 12
	236
	105
	4.7
	7.8
	746
	179
	140
	27.6
	0.58
	0.68
	0.23
	0.079

	Dilks 
	1st cut
	Treated
	NE 14
	244
	97
	4.9
	7.9
	824
	170
	133
	26
	0.58
	0.68
	0.23
	0.079

	Dilks 
	2nd cut
	Treated
	NE 16
	371
	114
	4.9
	4.7
	700
	177
	138
	27.2
	0.58
	0.68
	0.23
	0.079

	Dilks 
	3rd cut
	Treated
	NE 18
	271
	106
	4.7
	6.5
	763
	187
	151
	25.1
	0.66
	0.69
	0.26
	0.084

	Ardern 
	1st cut
	Treated
	NE 20
	220
	88
	4.5
	7.6
	912
	131
	103
	18.4
	0.58
	0.68
	0.23
	0.079

	Ardern 
	1st cut
	Tedded
	NE 22
	249
	89
	4.5
	8.6
	774
	108
	84
	13.8
	0.58
	0.68
	0.23
	0.079

	Ardern 
	2nd cut
	Tedded
	NE 23
	820
	N/A
	N/A
	N/A
	N/A
	161
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Ardern 
	3rd cut
	Tedded
	NE 24
	344
	115
	4.9
	4.4
	716
	178
	144
	23.7
	0.66
	0.69
	0.26
	0.084





Table 18. Summary NIRS analysis of intake characteristics and protein fractions by cut, with average control and treatment bale values
		Intake characteristics
	Protein

	All on a DM basis
	Treatment
	Natural England ID
	DM (g/kg)
	Potential Intake (FiM) (g/kgW 0.75)
	pH
	Ammonia N (% of total N)
	Pot. Acid Loading (FiM) (meq/kg)
	CP (g/kg)
	ERDP (g/kg)
	DUP (g/kg)
	Nitrogen Solubility (N)
	(a)
	(b)
	(c) (per hour)

	Ardern 1st cut tedded (Black)
	Tedded
	NE 22
	249
	89
	4.5
	8.6
	774
	108
	84
	13.8
	0.58
	0.68
	0.23
	0.079

	Ardern 1st cut normal (Green)
	Normal
	NE 21
	233
	89
	4.7
	6.7
	885
	147
	115
	21.4
	0.58
	0.68
	0.23
	0.079

	1st cut
	Normal
	NE 21
	260.00
	95.50
	4.85
	7.95
	818.25
	153.50
	120.00
	22.68
	0.58
	0.68
	0.23
	0.08

	1st cut
	Treated
	NE 22
	251.00
	94.75
	4.68
	7.33
	817.50
	157.50
	123.25
	23.53
	0.58
	0.68
	0.23
	0.08

	2–3rd cut
	Normal
	NE 21
	297.20
	108.60
	4.80
	6.62
	776.00
	175.60
	139.00
	25.46
	0.61
	0.68
	0.24
	0.08

	2–3rd cut
	Treated
	NE 22
	268.25
	105.25
	4.83
	7.25
	788.00
	180.75
	143.75
	25.98
	0.62
	0.69
	0.25
	0.08

	Average of all samples
	Normal
	NE 21
	264.91
	99.36
	4.85
	7.74
	834.27
	163.00
	128.27
	23.85
	0.59
	0.68
	0.24
	0.08

	
	Treated
	NE 22
	246.60
	96.60
	4.72
	7.31
	850.90
	165.20
	130.20
	24.19
	0.60
	0.68
	0.24
	0.08


First cut and a combination of second/third cuts used for control vs. treatment comparison. Arden first cut tedded and not tedded (normal) included for information.
Table 19. NIRS analysis of fermentation characteristics of bale samples by farm and cut
	All on a DM basis
	Cut number
	Treatment
	Natural England ID
	Sugar (g/kg)
	Acetic acid (g/kg)
	n Butyric acid (g/kg)
	Tot. Ferm. Acids (FiM) (g/kg)
	Lactic acid (g/kg)

	Walton (new)
	1st cut
	Control
	NE 2
	58
	23.3
	7
	104.3
	60.6

	Walton (old)
	1st cut
	Control
	NE 4
	95
	33.8
	27.9
	60.1
	11.3

	Blackshaw 
	1st cut
	Control
	NE 6
	56
	21.5
	14.8
	54.7
	27.4

	Blackshaw 
	2nd cut
	Control
	NE 8
	70
	41.1
	13.2
	84.6
	41.1

	Jones
	1st cut
	Control
	NE 10
	72
	40.6
	17.6
	72.4
	30.3

	Jones
	2nd cut
	Control
	NE 11
	55
	37.9
	5.7
	61.4
	45.3

	Jones
	3rd cut
	Control
	NE 13
	49
	42.5
	15.9
	65.4
	31

	Dilks
	1st cut
	Control
	NE 15
	49
	29.9
	18.7
	75.6
	46.4

	Dilks 
	2nd cut
	Control
	NE 17
	55
	33
	5.8
	58.5
	38.5

	Dilks)
	3rd cut
	Control
	NE 19
	54
	28.8
	9.5
	104.1
	72.3

	Ardern 
	1st cut
	Control
	NE 21
	52
	30.5
	12
	106
	70

	Walton (new)
	1st cut
	Treated
	NE 1
	56
	38.2
	7.3
	107.4
	61.3

	Walton (old)
	1st cut
	Treated
	NE 3
	84
	21.8
	13.7
	84.2
	42.1

	Blackshaw 
	1st cut
	Treated
	NE 5
	53
	21
	12.1
	76.8
	49

	Blackshaw 
	2nd cut
	Treated
	NE 7
	70
	36.9
	14.9
	87.2
	39.5

	Jones 
	1st cut
	Treated
	NE 9
	48
	27
	13.3
	100
	60.2

	Jones 
	3rd cut
	Treated
	NE 12
	45
	48.3
	9.3
	93.1
	57.6

	Dilks 
	1st cut
	Treated
	NE 14
	46
	34.8
	20
	76.1
	43.8

	Dilks 
	2nd cut
	Treated
	NE 16
	53
	29.4
	6.7
	59
	39.9

	Dilks 
	3rd cut
	Treated
	NE 18
	53
	33
	10.4
	104.4
	75.2

	Ardern 
	1st cut
	Treated
	NE 20
	68
	18.6
	11.4
	108.7
	69.6

	Ardern 
	1st cut
	Tedded
	NE 22
	46
	33.4
	14.9
	82.9
	51.9

	Ardern 
	2nd cut
	Tedded
	NE 23
	108
	N/A
	N/A
	N/A
	N/A

	Ardern 
	3rd cut
	Tedded
	NE 24
	54
	25.9
	3.2
	78.5
	56.4



Table 20. Summary NIRS analysis of fermentation characteristics by cut, with average control and treatment bale values
	All on a DM basis
	Treatment
	Natural England ID
	Fermentation characteristics

	
	
	
	Sugar (g/kg)
	Acetic acid (g/kg)
	n Butyric acid (g/kg)
	Tot. Ferm. Acids (FiM) (g/kg)
	Lactic acid (g/kg)

	Ardern 1st cut tedded (Black)
	Tedded
	NE 22
	46
	33.4
	14.9
	82.9
	51.9

	Ardern 1st cut normal (Green)
	Normal
	NE 21
	52
	30.5
	12.0
	106.0
	70.0

	1st cut
	Normal
	NE 21
	57.25
	30.63
	15.78
	77.18
	43.53

	1st cut
	Treated
	NE 22
	53.75
	25.35
	14.20
	90.40
	55.65

	2–3rd cut
	Normal
	NE 21
	56.60
	36.66
	10.02
	74.80
	45.64

	2–3rd cut
	Treated
	NE 22
	55.25
	36.90
	10.33
	85.93
	53.05

	Average of all samples
	Normal
	NE 21
	60.45
	32.99
	13.46
	77.01
	43.11

	
	Treated
	NE 22
	57.60
	30.90
	11.91
	89.69
	53.82



Table 21. Overall differences in nutritional concentrations and fermentation product values between wet chemistry and NIRS analysis methods
	Nutritional components
	Wet chemistry
	NIRS
	Difference NIRS vs. Wet as %

		Comment by Emily Braggins: Fill in the blank cells
	Control
	Additive
	Control
	Additive
	Control
	Additive

	DM (g/kg)
	283.6
	262.9
	264.9
	246.6
	-6.6
	-6.2

	NDF (g/kg DM)
	461.9
	473.4
	501.6
	508.3
	8.6
	7.4

	Sugars (g/kg DM)
	30.3
	26.2
	60.5
	57.6
	99.6
	119.6

	Ash (g/kg DM)
	87.5
	85.7
	98.6
	96.8
	12.8
	13.0

	CP (g/kg DM)
	145.4
	142.6
	163.0
	165.2
	12.1
	15.9

	Fermentation products
	Control
	Additive
	Control
	Additive
	Control
	Additive

	Lactic acid (g/kg)
	60.1
	75.5
	43.1
	53.8
	-28.2
	-28.7

	Acetic acid (g/kg)
	23.8
	23.7
	33.0
	30.9
	38.8
	30.2

	N Butyric acid (g/kg)
	16.7
	14.5
	13.5
	11.9
	-28.2
	-28.7

	Ammonia (%/N)
	12.5
	12.6
	7.7
	7.3
	-61.6
	-57.9

	pH
	4.65
	4.47
	4.85
	4.72
	4.2
	5.6


Analytical values predicted accurately by NIRS with a difference from wet chemistry values of less than ±10% were, dry matter, NDF first cut and overall, CP second and third cut and pH.
Table 22. Mineral analysis of two samples from the same farm taken from different cuts
	Mineral Analysis
	Value
	Jones 1st cut
	Jones 3rd cut

	Dry Matter (DM g/kg)
	DM g/kg
	231
	268

	Macro minerals
	Phosphorus %
	0.31
	0.40

	
	Magnesium %
	0.15
	0.26

	
	Calcium %
	1.04
	1.95

	
	Sodium %
	0.09
	0.15

	
	Potassium %
	1.89
	1.75

	
	Chloride %
	0.32
	0.17

	
	CAB mEq/kg
	515
	683

	Micro minerals
	Manganese mg/kg
	41.1
	34.9

	
	Copper mg/kg
	7.9
	11.2

	
	Zinc mg/kg
	29
	33.7

	
	Selenium mg/kg
	0.09
	0.15

	
	Cobalt mg/kg
	0.29
	0.20

	
	Iodine mg/kg
	0.33
	0.40

	Antagonists
	Iron mg/kg
	413
	246

	
	Aluminium mg/kg
	270
	146

	
	Molybdenum mg/kg
	3.75
	7.35

	
	Sulphur %
	0.14
	0.23

	
	Lead mg/kg
	9.7
	6.3
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