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ABSTRACT

 

 An innovative SRF harvesting system based on two steps operation, was 
developed by CRA-ING 1) the tree felling and inter-row windrowing performed by a 
feller-windrower equipment; 2) subsequent chipping performed by an harvester equipped 
with pick-up device. At the harvesting time, the windrowed trees showed a low moisture 
content affecting their physical qualities and mechanical strength throughout the chipping 
operation. This work aims to analyze the moisture losses of windrowed trees, in relation 
to the windrow location, on field storage and weather condition, as well as to characterize 
chips quality changes during on field storage by the two different harvesting systems 
comparing the innovative two steps with the traditional one step harvesting systems. 

Keywords: SRF poplar, windrowing and chipping in two stages, chips quality. 
 
INTRODUCTION SRF is usually harvested by one step system that can be a self-
propelled (e.g. Class Jaguar) or towed (e.g. Spapperi) chipping harvester that unload the 
product on a chart towed by another tractor. This system is very efficient but, in the 
Mediterranean conditions (winter temperate), it may present operative difficulties that the 
two steps system could solve.  
For that reason, CRA-ING developed two different two stage harvesting systems:  

1) Tree felling and piling on the field edge followed by a subsequent chipping by a 
fixed chipper provided with a hydraulic grapple crane (Pari 1999); 

2) Felling and windrowing among the rows for subsequent chipping by a self-
propelled chipper provided with a rotating pick-up harvester head (L. Pari, V. 
Civitarese 2009). 

The latter is going to be widely used in Italy for the following reasons. The system based 
on two steps allows to widening the harvesting time window, enabling transportation to 
the plant up to mid-June, when new sprouts are shooting from stump, so avoiding the 
passage of the harvester. In this period, soil condition allows heavy machines passage 
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without affecting terrain structure, besides windrowed product reaches an optimal 
moisture for subsequent storage and energy conversion. This study aims to assess 
moisture losses of windrowed trees in relation to windrow position, on field storage, 
weather conditions and to characterize the chips quality obtained by chipping windrowed 
or standing trees. In the experimental tests were used a self-propelled Class Jaguar and a 
Spapperi chipper harvesters equipped with biomass and pick-up harvester heads.  
 
MATERIALS AND METHODS Studies aimed to analyze moisture losses of (on field) 
accumulated trees, were carried out in three poplar plantations, situated on flat terrain 
condition in three different Italian areas (Figure 1): Città di Castello municipality in 
Perugia province (thesis 1), Medicina municipality in Bologna province (thesis 2) and 
Argenta municipality in Ferrara zone (thesis 3). Trees in thesis 2 and 3, were at the 
second growing year (two years roots and two years stems – R2S2), whereas that one in 
Perugia was at the fourth growing year and at first felling (four years roots and four years 
stems – R4S4). The trees felling was carried out by a feller-windrower prototype (Figure 
2), already illustrated in a previous scientific publication (L. Pari et al., 2009), from late 
February to early March, 2009.  
 
Figure 1. Study areas  

 
 
From trees felling to the harvesting time, a survey of moisture, daily temperature,  
humidity (lowest, average and highest) and rainfall (daily and period accumulated), was 
carried out throughout constant trees sampling; thus, to assess possible relations between 
trees natural dehydration and climatic conditions.  
Three sample areas were selected in each one of the three experimental sites where whole 
trees were collected different positioned into the windrow (at soil contact, in the middle 
and at the windrow top) (Figure 3). Once collected, the biomass samples were cross cut 
and closed into airproof bags to test moisture content according to European Committee 
for Standardization Technical Specifications (CEN/TS 15414-1 2006).  
The products harvested at the end of the storage (on field) period with the different 
harvesters, were evaluated in order to define the granulometry and bulk density in accord 
to CEN/TS 15415-1, 15401 2006 Technical Specifications. 
The physical characteristics of the product obtained with the two steps system, were 
compared to that one obtained by the single step system. 
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  Figure 2. CRA-ING prototype                      Figure 3. Windrows created by the  
                                                                         felling-windrowing machine  

                                                                         
 
The experimental tests were carried out by self-propelled 890 Class Jaguar chipper 
harvester equipped with traditional rotor and Spapperi RT model, powered by a 150 kW 
farm tractor. The machines performed winter harvesting equipped with traditional heads, 
and harvesting of windrowed trees equipped with pick-up heads (Figure 4a and 4b). 

Figure 4. Chipper harvester equipped with pick-up heads for felled and windrowed trees 
– a) Class Jaguar 890, b) Spapperi RT model 

 

 

 

 

 

 

 

 

 
RESULTS The samples for moisture content evaluation were collected from February to 
June; sampling time interval was reduced since the importance to assess trees moisture 
content close to the harvesting time from May to June. The tests results highlight the 
moisture losses of trees accumulated in windrows, depending on position, on field storage 
and weather condition.  
 
Thesis 1 Poplar trees felling was conducted on February 20, 2009, and harvested on June 
06. During the storage time, 9 trees were collected for detailed analysis, so gathering a 
total of 81 samples. Figure 5 shows an average moisture content of 59.27% at felling 
time.  After 17 days, a slight moisture increasing (61.09%) was recorded, probably due to 
the interaction among low temperatures, high humidity and rain accumulated in the 
preceding days. Although rain occurred during the previous period, moisture content 
constantly decreased since it was related to air temperature increase from March (10th) to 
April (30th).  The highest moisture losses were recorded in mid-May with a reduction 

a
 

b
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from 45.83 to 35.21%, in a single week, mostly related to the constant temperature rise 
and the rain shortage. A slight biomass moisture increasing from 35.21% to 36.94% was 
recorded in late May, coupled with 26.4 mm of rain that occurred two days before trees 
sampling. From late May to early June, was recorded a moisture content between 35% 
and 30%, with a subsequent reduction to 28%. Anyway, the harvesting of the windrowed 
material cannot be delayed after mid-June since the possibility to damage new sprouts 
shooting from stumps during machine operations.   
 
Figure 5. Windrows dehydration curve and daily rain  – thesis 1  
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Table 1. Average main meteorological data and moisture values during on field storage – 
thesis 1 
 

N.° 
sample 

Survey 
date 

Trees 
moisture 

Daily temperature 
from two subsequent 

sampling 

Daily moisture from 
two subsequent 

sampling 

Accumulated 
rainfall from two 

subsequent 
sampling  

  % (C°) %              mm 
1 20/02/09 59.27    
2 10/03/09 61.09 6.4 72 39.4 
3 03/04/09 53.12 8.7 66 67.4 
4 30/04/09 46.77 12.7 69 71.6 
5 14/05/09 45.83 16 62 3.6 
6 21/05/09 35.21 19.3 64 1.0 
7 29/05/09 36.94 22 60 26.4 
8 10/06/09 30.52 17 71 80 
9 17/06/09 28.11 22 64 0 

 
 

Thesis 2 and 3 Trees felling in thesis 2 and 3 were carried out on March, 10, 2009,  
whereas windrows harvesting on June, 10 and on June, 17, 2009, respectively. In the 
thesis 2, at the felling time, trees showed an average moisture content of 59.63% (Figure 
6), whereas, it was reduced to 51.93% after fifty days of on field storage, the scarce 
moisture reduction was related to the heavy rainfall of that period (about 114 
mm). Within the next thirty days, there was a sudden reduction of moisture content from 
51.93% to 37.94%, maybe related to high temperatures and scarce rainfall in the first 



CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 5 

week of this period (table 2). At the harvesting time, the average moisture content of 
windrowed trees resulted 35.67%. 

Figure 6. Windrows dehydration curve and daily rain – thesis 2  
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The dehydration curves were similar for both thesis (2 and 3), with a difference in 
moisture content of 3.27% in June. Furthermore, since thesis 3 plantation was harvested a 
week later than thesis 2, the moisture content value was reduced to 29,20% (Figure 7). 

Figure 7. Windrows dehydration curve and daily rain – thesis 3 
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Table 2. Average meteorological data and moisture content values during on field storage 
- thesis 2 and 3  

N.° 
sample 

Survey 
date 

Trees 
moisture  

 
% 

Daily temperature 
from two subsequent 

sampling  
(C°) 

Daily moisture from 
two subsequent 

sampling 
(%) 

Accumulated 
rainfall from two 

subsequent 
sampling (mm) 

Thesis 2 
1 10/03/09 59.63  
2 30/04/09 51.93 11.42 75 113.80 
3 14/05/09 44.05 17.27 68 23.80 
4 21/05/09 41.52 20.54 68 0 
5 29/05/09 37.94 23.05 64 3.40 
6 10/06/09 35.67 19.55 67 4.60 

Thesis 3 
1 10/03/09 60.80  
2 30/04/09 50.35 11.43 76 115.6 
3 14/05/09 43.03 16.46 69 16 
4 21/05/09 41.55 21 69 0.2 
5 29/05/09 37.72 22.78 68 18 
6 10/06/09 32.40 19.11 71 4.4 
7 17/06/09 29.20 23.25 64 0 

 
The figure 8 shows a polynomial regression curve as a result of interpolation of all the 
average data recorded during the study; the curve provides a reliable estimation of the 
trees moisture content in relation to the seasoning time up to 120 days, in Italian 
conditions and when felling is performed in late February. By the equation showed in 
figure 8, it is possible to estimate the number of days needed to achieve a specific 
moisture content through on field storage. Thus, for example, 80, 95 and 110 days are 
required to obtain chips with a moisture content of 40%, 34% and 28% humidity, 
respectively.  

Figure 8. Dehydration curve in function of on field storage 
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Windrow moisture comparison The feller-windrower machine produced 0,5 m high 
trees windrows. The trees relative position in each windrow can affect moisture content, 
so tests were carried out on trees placed at different ground distances: ground level (level 
1), middle position (level 2) and windrow top (level 3). The moisture content of trees in 
level 1 resulted higher than in level 2 and 3 as a consequence of lower sun exposition, 
reduced air circulation and soil moisture contact. Contrary, a rapid loss of moisture 
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content occurred in trees placed at the top layer, creating an upwards moisture reduction 
from level 1 to level 3 (Figures 9, 10 and 11). In certain periods of the year, this trend 
may result more evident, with a reduction trend when the harvesting time approaches 
(thesis 1 and 3), or resulting constant throughout on field storage (thesis 2). 

Figure 9. Dehydration curve in function of windrows position and daily rain -  Thesis 1 
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Figure 10. Dehydration curve in function of windrows position and daily rain – Thesis 2 
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Figure 11. Dehydration curve in function of windrows position and daily rain – Thesis 3 

25
30
35
40
45
50
55
60
65

10
/3

19
/3

28
/3 6/
4

15
/4

24
/4 3/
5

12
/5

21
/5

30
/5 8/
6

17
/6

A
ve

ra
ge

 tr
ee

s 
m

oi
st

ur
e 

(%
)

0
5
10
15
20
25
30
35
40

D
ai

ly
 ra

in
  

(m
m

)

Daily rain
Trees moisture content level 1
Trees moisture content - level 2
Trees moisture content - level 3

 
 



CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 8 

Chips size and moisture content The moisture content of standing trees, when harvested 
in a single step, resulted about 55% - 60%, whereas trees storage in windrows allows a 
gradual moisture content reduction, reaching values of about 30-35% within a few 
months.  The moisture content is the main feature related to chips quality, as it can affect 
physical and mechanical wood characteristics, so the chips sizes produced by the same 
chipper during a single step harvesting system (moisture content ranges from 55% to 60 
%) compared to felling and delayed harvesting system (moisture content ranges from 
30% to 35%), resulted different. For that reason, a size analysis of chips obtained in 
different thesis, was carried out (table 3).  

Table 3. Two harvesting systems (one or two steps) performed by two different 
harvesters 

Harvester Harvesting system 
 Harvesting and 

contemporary chipping 
of standing trees  

Harvesting and 
delayed chipping of 

windrowed  trees  
Claas Jaguar 890 THESIS A1 THESIS B1 
Spapperi mod. RT THESIS A2 THESIS B2 

 

RESULTS Using the same chipping device, was obtained a different product 
distribution, comparing standing and windrowed trees (Table 4).  Comparing products of 
thesis A1 and B1, an increasing from 43.92% to 50.54% in the most represented size 
class (12.5 - 25 mm), was resulted.  Size class 6.3 and 12.5 mm presented about the same 
percentage, with the smaller particles (under 3.15 mm) and oversized, respectively were 
reduced of 2.07% and of 1.06%; the impurities disappeared. The comparison of thesis A2 
and B2 pointed out an increasing (+4.64%) of product included in classes 25 - 50 and 50 - 
100 mm. At the same time, thesis B2 recorded a total absence of impurities, a reduction 
of  4.56% in the most represented size class (12.5 - 25 mm) and an increasing (+4.28%) 
of size class between 6.3 and 12.5 mm. Overall, in the Class Jaguar thesis, a reduction of 
moisture content of trees accumulated on field, allowed improvements of chips sizes 
distribution, due to the particles concentration in the middle size class. Whereas in the 
Spapperi thesis, chips distribution resulted improved in fresh material harvesting. 
However, the chips obtained in thesis A2 and B2 showed higher quality than A1 and B1 
thesis. This result can be related to the different chipping devices, since the Class Jaguar 
is equipped with a drum chipper while the Spapperi with a forestry disk chipper device.  
Since in this study, research experimentation first results are exposed, we can assess that 
two steps system allows a reduction of fine particles and impurities. Probably these 
results are connected to pick-up harvester heads especially designed to leave impurities 
on the ground. Otherwise, in 

 

the one step harvesting system, every kind of material (like 
dried leaves and soil particles) positioned upper the cutting blade, are harvested and 
included into the harvested product.  
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Table 4. Size distribution of wood chips produced by chipper harvester in the considered 
thesis  

 Claas Jaguar  Spapperi mod. RT 

 Distribution of the product among size classes (%) 

Size classes Thesis A1 Thesis B1 Thesis A2 Thesis B2 

> 100 mm 0.0 0.00 0.00 0.00 

50 - 100 mm 0.0 0.00 1.13 2.70 

25 – 50 mm 6.13 6.61 16.43 19.50 

12,5 - 25 mm 43.92 50.54 54.76 50.20 

6,3 - 12,5 mm 31.67 30.17 16.92 21.20 

3,15 - 6,3 mm 7.07 8.01 3.32 4.80 

< 3,15 mm 6.44 4.37 1.83 1.60 

Oversized 1.33 0.27 0.06 0.00 

Impurities 3.44 0.03 5.54 0.00 
 
 
CONCLUSION Each one of the two studied harvesting systems could offer some 
logistical, handling and economic advantages and disadvantageous in relation to field 
features and whole year power plants supply demand. 

The chipping of windrowed trees can offer the following advantages: 

1. The felling machine can operate also in wet ground conditions when one step heavy 
machine cannot operate; 

2.  The harvesting period increases of about three months; thus, the direct delivery 
product quantity to the power plants increases, so reducing the handling costs; 

3. After the storage period, the product shows an humidity that allows the immediate 
energy conversion and the covered storage without fermentation;  

4. The obtained product has more homogeneous physical characteristics and less fine 
particle; these characteristics improve the combustion process.   
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