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Objectives To determine how the timing of the harvest operation affects crop quality, 
costs, regrowth potential and sustainability 

 
Rationale: Commercial bioenergy crops have a limited harvesting window which 
generally occurs during the winter months. This practice can generate logistical 
problems including availability of machinery, reliance on weather conditions and the 
requirement for long term storage. Research has shown that delaying harvest of 
crops such as the grasses can reduce the dry matter yield of the crop, up to 30%, 
through leaf loss and respiration over the winter months. 
Extending the harvesting window into the summer/autumn months will enable the 
crop to be harvested at its maximum biomass yield with reduced storage. There 
would be greater opportunity to harvest the crop during suitable weather conditions 
and will improve supply logistics. However harvesting the crop during the summer 
months, before the crop has fully senesced may affect the feedstock quality, harvest 
machine suitability and future crop yields.  
 
Teams involved: Rothamsted Research (RRes), Scuola Superiore SantôAnna 
(SSSA), Coppice Resources Ltd (CRL) and Nobili. 
 
Geographical areas covered: UK and Italy. 
 

Summary 

Comparison trials on miscanthus, SRC Willow, giant reed, sorghum and switchgrass 
harvesting were conducted in order assess machinery outputs and crop productivity 
for two different harvest systems, each suited for a different harvest period, namely 
early harvest (at flowering stage, dormant stage in SRC) and winter / spring harvest 
(at full senescence, after bud burst SRC) (table 1). 
 
Table 1. The crops that were studied at field sites in Italy and UK. 
 

Institute Location Miscanthus 
giganteusSorgh
um 

SRC 
Willo
w 

Arund
o 

Switchgras
s 

Rothamste
d 
Research 

Harpende
n, UK 

X  X   

SSSA Pisa, Italy X X  X X 

       

 
 
SSSA 
Field trials at SSSA were conducted using commercial machines to test the feasibility 
of early harvest as compared to the most common winter harvest of biomass crops. 
For the early harvest a three-passage system was used in order to allow the 
necessary time for the biomass to dry on the field after shredding. In this system, 
shortly before baling a rotary rake was used in order to form windrows, which 
facilitated the pick-up operation by the baler.  
Our results on miscanthus and giant reed showed that an early harvest could ensure 
a larger biomass yield in terms of t DM ha-1. The three-passage early harvest system 
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showed larger increment rates in terms of fuel consumption per hectare as function of 
increments of crop yield compared to the winter harvest (one passage system). 
Regarding machine productivity (work rate expressed in ha.hour-1), results showed 
that the winter harvest can ensure better machine productivity as function of varying 
levels of crop yield. 
 
RRES 
The work carried out at Rothamsted focused on the effect of an early harvest on 
future growth of miscanthus and SRC willow. The early harvest of miscanthus will 
allow the crop to be used in more energy supply markets such as Anaerobic 
Digestion and possibly biofuel production via fermentation. The results from the first 
two years of the miscanthus harvest date experiment indicated that cutting the crop 
early, prior to senescence, did not affect the future growth of the crop, which reflects 
published data. However after the second year of ñgreenò harvesting, our results 
show that the yield of the early cut crop had decreased by 50%. The application of 
additional nitrogen to the crop during the seasons of ñgreen cuttingò did not prevent 
this reduction in growth. This poor growth can be restored if the crop is returned to a 
late (winter) harvest regime for 2 seasons. 
Extending the SRC harvest window will require the crop to be cut after bud burst. 
Harvesting the crop during this time may affect the future growth of the crop and this 
will depend on environmental conditions and crop genotypes. Our results have 
indicated that although this late cutting may influence the crops morphology in some 
genotypes, the predicted DM yield of the crop may remain unaffected. 
 
 

1. Methodology 

1.1.  SSSA  

1.1.1 Field Experiments 
Comparison trials of early harvest (at flowering stage) and winter harvest (at full 
senescence) on miscanthus, giant reed, sorghum and switchgrass harvesting were 
conducted at the Interdepartmental Centre for Agro-Ecological Research (CIRAA) in 
the Pisa coastal plain for two consecutive years, i.e. 2013 and 2014. In the case of 
sorghum only early harvest took place while for panicum only winter harvest was 
carried out (Table 2). 
 
Table 2. The matrix of crops and harvesting periods. An x shows for each year, which 
specific harvest period was tested in each crop. 
 

year 2013  2014 
harvesting period early winter  early winter 

miscanthus x x  x x 

arundo  x  x  
sorghum x   x  
panicum  x   x 
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Figure. 1. Giant reed, state of the crop at winter harvest 2014 (top left) and early 
harvest in September 2014 (top right); low yielding fiber sorghum in September 2013 
(bottom left) and high yielding fiber sorghum in September 2014 (bottom right).  
 
In particular, in 2013 harvest tests were held on 4 sorghum fields, on a total area of 
1.6 ha, on 2 miscanthus fields (4,000 m2), on a Blackwell switchgrass field (2,300 m2) 
and on a giant reed field (2,880 m2). 
In 2014 harvest tests were carried out on 7 sorghum fields, on a total area of 
approximately 4 ha and on the same miscanthus, giant reed and switchgrass fields 
as above (Table 2). In addition, a further panicum field (Alamo variety), of 2,300 m2 
was added to the trials. 
In both years, early harvest of sorghum, during the flowering stage, was performed. 
The first year of the tests, a winter harvest was carried out on giant reed. In fact, the 
crop was shredded in the 2013-2014 winter period, while in 2014 this crop was cut 
during the flowering stage in late September-early October. Switchgrass was cut in 
winter (early March) in both years. Regarding miscanthus, both fields were split into 
two portions of the same area each. One of the obtained portions was harvested 
during the flowering stage (September-October) on both years, while the other was 
harvested in winter (early March), also on both years 
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Table 3. Harvested areas in early and winter harvesting tests. 

year crop/variety trial ID early harvest winter harvest 
   m2 m2 

 
2013 

 

sorghum 

SA1 6,272 - 

SA2 5,632 - 

ST 2,432 - 

SF1 2,176 - 

miscanthus 
MT 883 883 

MF 1,139 1,139 

arundo donax ARU - 2,880 

panicum (Blackwell) BW - 2,304 

2014 

sorghum 

SA1 5,219 - 
SA2 5,936 - 
SA3 10,944 - 
SA4 10,800 - 
ST 2,304 - 

SF1 2,720 - 
SF2 1,920 - 

miscanthus 
MT 883 883 

MF 1,139 1,139 

arundo donax ARU 2,880 - 

switchgrass 
(Blackwell) 

BW - 2,304 

switchgrass (Alamo) AL - 2,304 

 
Figure 2. Two varieties of switchgrass (Blackwell and Alamo) in autumn (Top) and in 

winter (Bottom). 
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Figure. 3. Miscanthus x giganteus at beginning of flowering in September (Top) 

and at full senescence in March (bottom) 

1.1.2.  Harvest systems description 

The machinery types used for harvesting where the same on both harvest times, 
namely early and winter periods (Table 4). Nevertheless, the harvest system 
organization varied in order to adapt to the moisture level of the harvested biomass. 
Early harvest corresponded to the flowering stage, when the crop had a high 
moisture content. Under such conditions, a proper harvesting system requires three 
passages. In fact, the shredded biomass needs to be left in the field for drying before 
bailing, and to allow an efficient baling operation, raking was necessary in order to 
form windrows. This operation took place shortly before bailing and it was performed 
with a GA 3504 rotary rake. 
In the case of early harvest, biomass was chopped on September 13 in the 2013 
harvest. In 2014 the same operation took place on September 29th. Raking was 
carried out two days before baling, which took place 15 and 10 days after shredding 
in 2013 and 2014 respectively. 
By contrast, winter harvest was carried out through a single passage in which both 
shredder and baler were fitted to the same tractor (shredder to the front and baler to 
the back). 
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Table 4. Three-passage harvesting system used in the early harvest trial. The same 
shredder and baler were used also in the winter harvesting. 

 Shredder Rotary rake High density square 
baler 

Company Nobili Kuhn Kuhn 

Model WS 320BIO GA 3503 LSB 1290 

Tractor Case IH CVX 195 
ï192 HP 

New Holland TN75S 
ï 75 HP 

Case IH CVX 195 ï 
192 HP 

Fitting back-reverse  back back 

 
The WS 320 BIO shredder, developed by Nobili srl specifically for herbaceous 
biomass crops was set in two different ways according to the configuration (single or 
three-passage). The original setting of the shredder, suited for the single passage 
harvesting operation, is composed of a double auger system behind the chopping 
bodies (Fig. 4). This forces the biomass into windrows of 1.5 m width, corresponding 
to the width of the balerôs pick up. With this setting, the shredder can be fitted to the 
front PTO of the tractor while the baler is fitted to the back PTO. If no double-PTO 
tractor is available, the harvesting can be performed in two phases. 
In early harvesting, the auger system is removed so that the chopped biomass can 
be spread on the field. In this case the shredder is equipped with a roller which allows 
a homogeneous disposition of the biomass on the field, which facilitates drying.  
The shredder has an operation width equal to 3.2 m, it is equipped with a body that 
forces the plants into a nearly horizontal position, so that they can be easily chopped 
with a turning body holding up to 72 blades. The shredder is also equipped with a 
roller that allows to modify the cutting height into 5 different positions, so that the 
shredder can better adapt to the working surface. 
The number of blades was kept the same in both harvesting periods, this allowed to 
chop the biomass into 8 cm chips. Regarding the baling (Kuhn LSB 1290 model), the 
working condition of the pistons that press the biomass into bales were kept the 
same. This allowed to obtain the maximum bale density that can be reached with this 
machinery. This baler allows to produce several bales dimensions; while length (120 
cm) and height (90 cm) cannot be modified, length can vary, in our case it was set to 
200 cm. 
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Figure. 4: two different configurations of the Nobili WS 320 BIO: the configuration 
adopted for early harvesting of green biomass in a three passage system (up) is 
equipped with a rotor back to the chopping system that allows the biomass 
conditioning, while the configuration suited for the single passage system on 
senesced crops (down) is equipped with a double auger that allow to collect the 
biomass in windrows. 
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1.1.3.  Measurements 

Before harvesting, biomass yield was sampled in 4 sites per field. In giant reed and 
miscanthus the sample sites were 4 m2 (2 x 2 m), while in switchgrass and sorghum 
it was 2 m2 (2 x 1 m). Plants were cut at 10 cm from the soil surface, the gathered 
biomass was weighed fresh and a sample of it was oven dried to obtain dry matter 
weight. 
Biomass moisture in early harvest was measured both at the time of shredding and 
the day of the baling operation, gathering samples from the windrows which were 
oven dried. 
During the harvesting trials, fuel consumption was measured and machine 
productivity (ha hour-1) was timed by stopwatch. Turning time at the headlands was 
measured separately in order to isolate actual work time at the fields.  
Machine productivity was measured through the simulation of machine work rate per 
area unit in relation to a range of increasing row lengths. This is done since the 
influence of the time spent for turning at the headland on the total operation time per 
area unit decreases significantly as the row length increases due to the fact longer 
fields determine a decreasing number of turnings needed. The estimation was based 
on the following equations: 
Rha= 10.000 m2/(RW*RL)         (1) 
 
FOT = (Rn*RL)*FOS          (2) 
TTT= (Rha*STT)          (3) 
 
where: 
Rha is the number of rows per hectare, which varies according to the row length; 
RW is the row width (m), this varies according to the operation1; 
RL is the row length, ranging from 50 m to 350 m (m);  
FOT is the field operation time (sec); 
FOS is the field operation speed (sec/m); 
TTT is the total turning time for 1 hectare (sec); 
STT is the single turning time between two rows (sec). 
total time of mechanical work for each of the three operations is obtained by adding 
FOT to TTT. 
 
In the early harvest system, the raking operation carried out after mowing allowed to 
reduce significantly the number of passages of the baler, as shown in Figure 5. In 
fact, the rotary rake heaps up the biomass into a reduced number of windrows which 
determined the number of passages of the baler. 

                                                 
1  Row width in mowing and raking depend on machinery operation width, while in baling, it 
depends on the spacing between two contiguous windrows left on the field by the rake, which is larger 
than the machinery operation width. 
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Figure 5. Schematic view of the early harvest in three passages: mowing, raking and 
baling. 

1.2. Rothamsted Research 

1.2.1. Field Sites 

1.2.1.1 Miscanthus 
The experiment was conducted on one hectare experimental site of Miscanthus 
giganteus located at the Woburn Experimental Farm in Bedfordshire, (52Á01ôN, 
00Á36ôW), planted using rhizome pieces in 2003. The planting density was 3.5 
rhizome pieces per m2. The soil is a sandy loam. The site had previously been used 
to investigate harvest dates and the cumulative effect of early cutting in late summer. 
This original experiment was integrated into the new LogistEC experiment to allow 
residual effects of early harvesting to be studied for a longer period (Table 4). The 
original harvesting experiment ran from 2009-2011 (2 seasons and during 2011-2013 
the site was conventionally harvested during the winter. In the 2012-13 season, the 
crop was harvested using a mower conditioner and then baled with a round Claas 
baler. This harvest was used to examine the machine productivity and fuel efficiency 
of the mower/baler harvest system.  
It is fully understood that the removal of the crop prior to senescence will remove 
nutrients from the recycling system of miscanthus. Therefore, additional nitrogen 
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treatment, 50kg N ha, was added to the early harvested treatment structure in both 
the previous experiment and the recent LogistEC experiment to examine this. 
 
Table 4. Miscanthus experimental treatments (RRES) 

Historical harvest treatment 
2009-2010 and 2010-2011 

LogistEC harvest treatment 
2013-2014 and 2014-2015 

Harvest date Additional 
nitrogen 

Harvest date Additional 
nitrogen 

October 50 kg N /ha Early (September) 50 kg N /ha 

October 50 kg N /ha Conventional 
(March/April) 

50 kg N /ha 

October 0N Early (September) 0N 

October 0N Conventional 
(March/April) 

0N 

April/May 0N Early (September) 0N 

April/May 0N Conventional 
(March/April) 

0N 

 
The LogistEC experiment is a randomised block design with 3 replicates with each 
plot 35m x 4m (Figure 6 and 7). The new harvesting dates and N treatments are 
labelled in the centre of the plots with the treatments at the base of the plots. The 
whole experiment was fertilised in May each year with 100kg N ha-1 and 50 kg K ha-1  
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N
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Figure 6. The experimental layout of the Miscanthus harvesting experiment 
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Figure 7. The Miscanthus giganteus field site at RRES 
 
The miscanthus experiment was harvested for yield and composition calculations in 
2013/14 and 2014/15 using an adapted reed cutter. The dates of harvest are 
presented in table 5. The experiment continued in 2015/16 and the early harvest 
results from that year will also be included in this report. 
 
Table 5. The harvest dates of the RRES miscanthus experiment. 

Production year Summer harvest date Winter / spring harvest 
date 

2013-14 7/10/13 24/4/14 

2014-15 16/9/14 21/4/15 

2015-16 14/10/15  

 

1.2.1.2. SRC Willow 
The SRC Willow field site used in the LogistEC experiment was established from 
20cm cuttings in 2009 at Rothamsted Research, Hertfordshire (52Á82ôN, 00Á38ôW). 
The site was a part of a large fully replicated, randomised plot design, multi genotype 
experiment and included 4 genotypes of SRC Willow and four genotypes of 



14 / 30 
 

miscanthus. (Figure 8). However, for the LogistEC experiment, only two of the four 
SRC willow genotypes, Tora and Terra Nova were utilised. The willow was planted 
with a density of 16,000 trees/hectare in the commercial double row spacing and the 
soil was a silty clay loam (sand 13%, silt 62% and clay 25%). In 2010, the crop was 
cut back/coppiced and received a nitrogen fertiliser, 60kg N ha and an application of 
the herbicide, Weedzol-TL to suppress the weeds. The crop was harvested in 2012 
after two years growth and a further 60kg N ha was applied to the harvested stools. 
 

 
81.6m

26.4m 4.8m 7.2m

8.5m

12m

3.5m

incl outer

tramlines

corner to 

Terra Nova Tora

Resolution Endurance

Terra Nova Endurance

EMI 2 Gig

EMI 5 Gol

EMI 5Gol

Resolution Tora

Resolution Terra Nova

Tora Endurance

EMI 2Gig

Gig Gol

EMI 5 EMI 2

EMI 2

GolGig

Terra Nova Resolution

Endurance Tora

EMI 5

 
Figure 8. The experimental layout of the LogistEC SRC experiment using only the 
SRC willow genotypes Tora and Terra Nova. 
 
In 2014, an area of the SRC willow plots were harvested by hand on 28th January 
2014, using loppers. The rods from this area were taken and used to create a rod pile 
to simulate the commercial storage of rods. The remaining crop was harvested by the 
CRL adapted header forager on 3rd April 2014 and the chip was taken and formed 
into a large wood chip heap to simulate a commercial woodchip heap.  

 

1.2.2 Measurements 

1.2.2.1 Miscanthus 
The machine productivity measurements were carried out on the 1 hectare 
experimental area in 2012/13. The measurements were carried out before the new 
LogistEC treatments were applied. The measurements required a large area of crop 
to try and simulate commercial practices. Therefore, the measurements could only be 
taken once at the conventional winter harvest time. As accurate yield measurements 
were required from the harvest treatment plots during the early and late harvest 
experiment, commercial machinery was not used to harvest these crops.  
The crop was first mown using a tractor mounted conditioning mower and then 
conditioned further my remowing the area (2 passes with the mower conditioner. The 
crop was then baled using a Claas round baler.  
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Work rate and Fuel efficiency measurements 
As the tractor used in this experiment, did not have a calibrated fuel efficiency gauge, 
fuel usage was calculated by refilling the fuel tank back to the maximum after each 
stage of harvesting. Work rate was calculated by carrying out multiple timings over a 
known distance at each stage of work. Using average bale weights and final field 
bale numbers an estimated yield was calculated. This data alongside the fuel usage 
and work rate measurements were combined to calculate work rate per hectare and 
per dry matter ton. 
 

 

 
Figure 9. The mower conditioner and round baler used in the work rate and fuel 
efficiency measurements 

 
 

 

Field Losses 
The crop material lost, (remaining on the field after the harvest) was estimated from 
multiple1m2 areas across the site. Any litter that had fallen during the growth of the 
crop was discarded and only biomass that had been cut and left on the ground was 
taken.  
Regrowth analysis 
Early harvesting of Miscanthus can remove nutrients from the field which in turn 
increase the possible combustion contaminantôs in the biomass. At each harvest, 
summer and winter, the yield of the crop was measured from an approximate area 
between 50 ï 100 m2, depending on condition of the crop. Crop samples from this 
area were taken and analysis for moisture and a range of elements including carbon, 
nitrogen and potassium. 
 
Soil Nutrient status 
The soil mineral N status from each individual harvesting treatment was taken in 
spring 2014 and 2015 although data from 2015 will be presented in this report. 

1.2.2.2 SRC Willow 
The machine productivity measurements were carried out using multiple 
experimental sites and presented in the deliverable 2.2. Further machinery 
measurements including chipping work rates are still ongoing and will be presented in 
a separate report. 
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The crop regrowth measurements included a range of morphological measurements 
taken throughout the regrowth period and are presented in table 6. The regrowth 
measurements were taken from 4 willow stools in each harvest treatment area. 
 
 
 
 
Table 6. The timing of the SRC willow regowth measurements. 

 2014 2015 2016 

Stem Height April, May, June, July, August, 
September, October 

July January 

Stem 
numbers/stool 

April, May, June, July, August, 
September, October 

July January 

Stem 
diameters 

June, July, August, September, 
October 

  

Estimated 
yield 

December July January 

 
Stem Height. This was measured using the tallest stem in each of the four stools 
Stem numbers/stool. Each live stem >1m in length was counted on each stool 
Stem diameter. The diameter of each stem taken 1 m from the ground on each stool 
Estimated Yield. This was calculated using a model that was developed at 
Rothamsted Research and is based on the cross sectional area of each stem at 1 m 
above the soil surface. 
 
 

2. Results 

2.1 SSSA 

2.1.1. Crop yields and moisture level at harvest 

Sorghum yields in 2013 were much lower than expected due to a difficult crop 
emergence which was not homogeneous. (Table 7). Biomass was nevertheless 
harvested in order to obtain data regarding fuel consumption and machine 
productivity under low crop yield conditions. 
In 2014 yields were high (25 ï 32 t DM ha-1) on loam texture, fertile soils while on 
clayey texture soils, similarly to the previous yearôs performance, deficits in terms of 
crop emergence were observed. This determined yields lower than 10 t DM ha-1). 
In 2013 moisture content of biomass at shredding was 79% while in 2014 it was 68%. 
At baling moisture dropped to 24 and 28% respectively. The high moisture content at 
the time of shredding in early harvest reflects the degree of difficulties faced in the 
management of this type of biomass when a relatively dry material is required. 
Early harvest of miscanthus yielded 43 and 31 t DM ha-1 in 2013 in the two fields 
used for this trial. Winter harvest of the same fields yielded 24 and 37% less with 
respect to the early harvest, in terms of aboveground biomass. A similar performance 
was observed in 2014: with the early harvest the biomass yields amounted to 40 and 
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27 t DM ha-1, while the yields of winter harvests were 30 and 21 t DM ha-1 
respectively (ie a 23% reduction on average). 
These results are in line with the outcomes of other research regarding the high 
levels of biomass loss (not harvested) during crop senescence.  
In early harvest miscanthus moisture content at shredding was 48% in 2013 and 53% 
in 2014, while at baling it dropped to 17% and 19% respectively (Figure 10). In the 
winter harvest trial miscanthus biomass was baled with a moisture content of 23% in 
2013 and of 11% in 2014. 
In 2013, Blackwell variety of switchgrass yielded nearly 10 t DM ha-1 with a moisture 
content of 14% (referred to winter harvest only, since early harvest was not carried 
out). In 2014 the two varieties of switchgrass, Alamo and Blackwell, yielded 8 and 7.6 
t DM ha-1, with moisture contents of 19% and 20% respectively. 
Contrasting with the results obtained for miscanthus, winter harvest of giant reed 
implied only a slight aboveground biomass reduction respect to early harvest (from 
23.5 to 18.7 t DM ha-1), although in this case, the data compared referred to different 
years. In terms of moisture content in early harvest, it was 57% at shredding and 
22% at baling. When harvested in winter, the moisture content remained close to 
50%, as opposed to what was observed in the other perennial crops considered. 
Such high moisture content turns into consistent difficulties associated with dealing 
with this crop when dry biomass is required. 
Bales varied in density from 210 kg DM m-3 (winter harvest) to 360 kg DM m-3 (early 
harvest). 
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Table 7 ï Crop yields measured in each field. 

year crop/variety trial ID early harvest winter harvest 
   t DM ha-1 t DM ha-1 

 
2013 

 

sorghum 

SA1 2.33 - 

SA2 3.47 - 

ST 6.73 - 

SF1 6.02 - 

miscanthus 
MT 43.26 32.83 

MF 31.17 19.53 

Giant reed ARU   

switchgrass 
(Blackwell) 

BW   

2014 

sorghum 

SA1 10.29 - 
SA2 9.04 - 
SA3 7.71 - 
SA4 3.85 - 
ST 32.40 - 

SF1 26.54 - 
SF2 25.33 - 

miscanthus 
MT 40.38 30.11- 
MF 27.35 21.12- 

Giant reed ARU 23.24 - 

switchgrass 
(Blackwell) 

BW - 7.60 

switchgrass (Alamo) AL - 8.05 
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Figure 10. Crop moisture content at early harvest (EH) and winter harvest (WH) in 
2013 and 2014 
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2.1. 2. Fuel consumption and productivity 

Fuel consumption in early harvest operations strongly depended on the quantity of 
harvested biomass. This was particularly the case for shredding and baling. The 
chart in figure 11 shows a linear relationship between fuel consumption (l ha-1) and 
crop yield (t DM ha-1). Measurements made on all considered crops are plotted on 
this figure. It was evident that fuel consumption for shredding was influenced to a 
greater extent by crop yield; in fact it would amount to 8.8 l ha-1 on bare land, and 
increase at a rate of approximately 0.7 l ha-1 for each t DM ha-1 of yield increment. 
The baler would have a fuel consumption equal to 4.8 l ha-1 on bare land, with an 
increment equal to 0.37 l ha-1 per each t DM ha-1 of yield increment. It should be 
noted that although the baler is a higher power requirement machine compared to 
the shredder when tractor power is kept unchanged, fuel consumption for baling was 
substantially lower. This was due to the raking operation, which forms windrows 
allowing to reduce baler passes by nearly three times the number of passages of the 
shredder. 
Fuel consumption of raking varied little as function of biomass yield, it shifted from 2 
to 7 l ha-1. 
 

y B= 0.3717x + 4.8125
R² = 0.8806

yS= 0.684x + 8.7999
R² = 0.9483

yR= 0.0454x + 2.9232
R² = 0.2095
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Figure 11. Fuel consumption (y) per operation (S=Shredding; B= Baling; R=Raking) 
in the three passage system (L ha-1) as function of the biomass yield (x).  
 
Comparison of early harvesting operations and winter single-passage harvest system 
shows that fuel consumption on bare field would be very similar: 16 and 17 l ha-1 
respectively. In terms of consumption increment rates due to yield increments, the 
difference was more significant; in fact this was 1.1 l t DM-1 in the three-passage 
system and 0.85 l t DM-1 (Figure 12). 
Machine productivity (ha hour-1) of the three-phase harvest system, similarly to the 
results in terms of fuel consumptions, varies largely as function of harvested biomass 
(Figure 13). By analysing separately each single operation it was possible to note 
that the baler productivity decreased exponentially with increasing harvested 
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biomass: when yields were up to 10 t DM ha-1 productivity values shifted from a 
minimum of 3 ha hour-1 to a maximum of 9 ha hour-1. This high productivity under low 
crop yield conditions was due to the raking operation. In fact, as mentioned before, 
this operation reduces the number of passages of the baler to a number of up to 7 
times less respect to the number of passages of the shredder. Also in this operation, 
machine productivity decreases in an exponential manner from 2.9 ha hour-1 to 0.9 
ha hour-1 as crop yield increases (Figure 14). 
Comparing machinery productivity of the three-passage and the single passage 
harvesting systems, the advantages of the single passage system became evident. 
In fact, productivity varies from 0.7 to 1.6 ha hour-1 when crop yield shifted from 30 to 
7.5 t DM ha-1. Within the same yield values interval machine productivity of the three-
passage system varied from 0.46 to 0.62 ha hour-1 (Figure 12). 
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Figure 12. Fuel consumption (y) per harvest system (EH=Early harvest; WH= Winter 
harvest; R=Raking) (l ha-1) as function of the biomass yield (x).  
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Figure 13. Productivity (y) per operation (S=Shredding; B= Baling; R=Raking) in the 
three passage system (ha hr-1) as function of the biomass yield (x).  
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Figure 14. Productivity (y) per harvest system (EH=Early harvest; WH= Winter 
harvest; R=Raking) (ha hr-1) as function of the biomass yield (x).  

2.2  RRES 

2.2.1  Miscanthus 

2.2.1.1 Machine productivity 

The measurements were carried out on the field at Woburn UK 22/4/13. The crop 
was cut first using a tractor mower, conditioned and baled. The dry matter yield of the 
miscanthus taken off the field was 10.50 t DM ha-1 (approx.17%) and the machine 
productivity results are presented in table 8. The fuel use measurements were closely 
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dependant on work rate with the slowest and least fuel efficient stage of the harvest 
being the baling of the material. During baling the operator encountered a number of 
blockages in the feeding system of the baler which increased the time taken for the 
activity and fuel used while the engine was idling. Therefore, fuel use measurements 
for baling may be lower than estimated. Field losses were high but are similar to 
previous measurements taken at Rothamsted. However separating the growth leaf 
litter from the actual harvest losses is difficult, thus the field losses are only an 
estimate of loss  
 
Table 8. The fuel efficiency work rate and field losses from harvesting with a mower 
conditioner (two passes) and a round baler. (SE.) 

Activity Time min/t 
(Dry matter) 

Time min/ha Fuel use 
l/t 

Fuel use 
l/ha 

t/ha 

Mowing 10.96 115.15 3.16 33.18  

Conditioning 5.50 48.67 1.30 13.65  

Baling 18.56 195.00 4.46 46.89  

Total field loses     4.42 
(1.105) 

 
 

2.2.1.2 Crop regrowth 
In all crop regrowth measurements there was no difference seen between the historic 
harvest date treatments. This was probably due to the 2 years of winter harvests that 
occurred between the two harvest date experiments. 
The harvest yields from each of the harvesting treatments are presented in table 9. 
In 2013/14 and 2014/15 seasons all treatments that were harvested in the 
summer/green had approximately 30% higher yield than the winter harvested crop 
which is consistent with published data. However, in 2015/16 season the growth of 
the early cut miscanthus had visibly deteriorated with shorter plants which had a light 
green colour, (Figure 15). Due to this finding the April 0N treatment that had 
previously been harvested in winter was cut to indicate the decrease in yield/growth 
of the early harvested crop. The yield of this treatment is highlighted in yellow and 
indicates that 2 years of continuous early/ summer crop has reduced the dry matter 
yield of the crop by 50%. The application of the additional nitrogen made very little 
difference to the yield except in 2014/16 summer cut where it increase the yield by 
approximately 3 t/ha.  
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Table 9. The miscanthus dry matter yields of all the harvesting date and nitrogen 
treatments. (SE)  

Harvest Historic 
Harvest 
date 

Additional 
Nitrogen 

2013/14 
DM yield 

t/ha 

2014/15 
DM yield 

t/ha 

2015/16 
DM yield 

t/ha 

Summer/Green October 0 12.20 
(0.726) 

17.70  
(1.132) 

10.01  
(0.113) 

 October 50kg 
N ha 

12.95 
(1.042) 

20.60 
(1.855) 

9.55  
(0.585) 

 April 0 11.62 
(0.952) 

17.68 
(0.327) 

19.31 
(0.326) 

      

Winter/senesced October 0 8.31 
(1.079) 

13.60 
(1.380) 

 

 October 50kg 
N ha 

9.80 
(2.059) 

13.67 
(1.859) 

 

 April 0 8.68 
(1.638) 

13.65 
(1.945) 

 

 

 
 

 
Figure 15. The clearly visible, shorter miscanthus plants that had been harvested 
during the summer for 2 continuous years. 
 
 
 
The moisture content of the crop at harvest remained similar for all years and 
treatments when the crop was harvested during the summer (table 10). However the 
moisture of the crop at the winter cut varied between the two years. IN 2014/15 the 
miscanthus grew very well and flowered which is unusual in the UK. The flowering 
enabled the crop to carry out a full senescence and this may be the reason for the 
lower moisture content in the winter 2015.  
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Table 10. The moisture content of the miscanthus for all treatments including summer 
and winter harvests. (SE.) 

Harvest Historic 
Harvest 
date 

Additional 
Nitrogen 

2013/14 
DM yield 

t/ha 

2014/15 
DM yield 

t/ha 

2015/16 
DM yield 

t/ha 

Summer/Green October 0 65.5 
 (1.09) 

61.4 
(1.33) 

64.6 
(0.13) 

 October 50kg 
N ha 

63.2  
(2.26) 

58.5 
(2.81) 

66.7 
(0.26) 

 April 0 63.4  
(1.30) 

58.6  
(1.17) 

62.7 
(0.54) 

      

Winter/senesced October 0 53.2  
(2.80) 

25.4  
(1.30) 

 

 October 50kg 
N ha 

46.5  
(7.11) 

33.9  
(1.40) 

 

 April 0 52.6  
(2.61) 

27.5  
(7.82) 

 

 
The elemental composition of the miscanthus at all harvesting and nitrogen 
treatments is presented in table 11 and 12. The additional nitrogen fertilizer applied 
to the crop did not influence the elemental composition. In both seasons, 
concentrations of N, K and Mg reduced during the winter whilst Carbon increased in 
concentration. These results agree with published results on the fate of nutrients in 
miscanthus during the winter. In the 2014/15 season, the winter harvest miscanthus 
contained a very low level of nitrogen which agrees with the theory that the crop in 
2014/15 fully senescenced due to complete flowering taking place. 
 
Table 11. The Composition of the Miscanthus 2013-2014 (SE.) 

Harvest Historic 
Harvest 
date 

Additional 
Nitrogen 

%N in 
DM 

%C in 
DM 

K ppm 
In DM 

Mg ppm 
in DM 

Summer/Green October 0 0.70 
(0.100) 

47.7 
(0.05) 

10289 
(629.1) 

1419 
(170.1) 

 October 50kg 
N ha 

0.70 
(0.073) 

47.7 
(0.13) 

11095 
(1059.5) 

1410 
(258.0) 

 April 0 0.68 
(0.085) 

47.5  
(1.12) 

10976 
(822.0) 

1290 
(186.0) 

       

Winter/senesced October 0 0.45 
(0.058) 

48.2 
(0.24) 

6562 
(1143.4) 

984 
(22.1) 

 October 50kg 
N ha 

0.30  
(0.090) 

48.4 
(0.17) 

5821 
(1036.2) 

755 
(117.3) 

 April 0 0.42 
(0.062) 

48.2 
(0.15) 

6556 
(539.4) 

947 
(54.4) 
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Table 12. The Composition of the Miscanthus 2014-2015 (SE.) 

Harvest Historic 
Harvest 
date 

Additional 
Nitrogen 

%N in 
DM 

%C in 
DM 

K ppm 
In DM 

Mg ppm 
in DM 

Summer/Green October 0 0.64 
(0.010) 

47.8 
(0.19) 

10598 
(1053.1) 

1313 
(74.4) 

 October 50kg N ha 
 

0.63 
(0.091) 

47.6 
(0.17) 

10022 
(1065.7) 

1104 
(195.2) 

 April 0 0.59 
(0.031) 

48.1 
(0.06) 

9129 
(470.7) 

1139 
(55.2) 

       

Winter/senesced October 0 0.23 
(0.022) 

48.8 
(0.05) 

4708 
(470.2) 

622 
(63.3) 

 October 50kg 
N ha 

0.31  
(0.005) 

48.7 
(0.11) 

5156 
(432.8) 

706 
(30.2) 

 April 0 0.30 
(0.045) 

48.6 
(0.13) 

6002 
(553.5) 

659 
(43.4) 

 
 
 
 

2.2.1.3. Soil nutrient status 

 
The soil N Min results for May 2015 are presented in figure 16. The recent early and 
late harvest treatments did significantly affect the levels of mineralized N in the soil 
profile with the early harvested treatment soil having almost 50% less Nmin than the 
late harvested treatment soil. The results suggest that the historic harvest treatments 
may have influenced the ammonium levels in the soil especially in the top 30cm, 
although there is a high level of variation within the treatments. The additional 
nitrogen at both harvests did increase soil N when compared to the historically early 
harvest treatments, Historic October harvest with nitrogen applied had a higher soil 
Nmin than the historic October harvest without N applied. Generally, the greatest of 
effect on harvest date and nitrogen was on the top 30cm of the soil with very little 
changes seen in the soil between 30-90cm depth. 
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Figure 16. The effects of the harvest (recent and historic) and nitrogen treatments on 
the Nmin profile of the soil. May 2015. 
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2.2.1 SRC Willow 

 

2.2.1.1 Crop regrowth 
The height of the crop after the harvest in 2014 show little variation between the 
harvesting treatments (figure 17). Both genotypes reached a mean maximum height 
for the first year by September, Tora 360cm and Terra Nova 340cm. The early 
harvest date did show an increased stem height in Tora and Terra Nova in the first 
two months of growth but these differences disappeared in Terra Nova throughout 
the first season. The early cut Tora stems remained to be the tallest during the next 
two years of growth but the difference between the harvest date treatments were 
small and variable. 
 

 
Figure 17. The height of the early and late cut genotype stems after the harvest in 
2014. 
 
 
After 2 months of growth, there was an increase number of stems on the stools that 
had been cut early in both genotypes (Figure 18). These differences remained 
throughout the experiment with 25% greater number of stems in the early cut Tora 
genotypes and 19% greater number of stems in the Terra Nova genotype.  
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Figure 18. The effect of harvesting and genotypes on the number of live stems per 
stool that were greater than 1m in length.  
 
The stems from the early cut Tora stools had a greater stem diameter than the Tora 
late cut stems and both the harvest dates for Terra Nova (figure 19). This apparent 
harvest date influence on the willow stem diameter was only shown in Tora with no 
differences seen in Terra Nova. These measurements were only taken in the first 
year and these small, yet significant differences, may have disappeared in the 
following years growth.  
 

 

 
Figure 19. The effect of harvesting dates on the mean stem diameter of the stems. 

 
 


