
 

 

 

 

Abstract.  Intensive forage conditioning, commonly named 
“maceration”, crushes and shears stems to increase water 
evaporation potential. A haymaking experiment was conducted to 
compare six conditioning treatments after mowing: a control without 
conditioning, a single tedding treatment, a double tedding treatment, 
a single maceration, a double maceration, and finally a single 
maceration followed by tedding the next day. Hay was sampled 
regularly three times per day to measure moisture content (MC). The 
experiment was repeated three times in first and second cutting of a 
predominantly grass crop.  During the first cutting, a single 
maceration operation was enough to reach 16 % MC after 2.5 days 
of field drying. During the second cutting, the double maceration 
treatment produced the lowest MC of 21 % after 2 days of field 
wilting.  Machinery operating time and energy consumption data are 
also presented.  
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Introduction 
Forage conservation requires mowing and harvesting operations, to which can be added 
numerous options such as conditioning, tedding and windrowing (Descôteaux and Savoie, 
2005). New haymaking machinery is regularly proposed or marketed such as the macerator 
(Descôteaux and Savoie, 2002; Tietz, 2002) or the super-conditioner (Hanson, 2002). New 
haymaking methods are also recommended: wider windrows for fast drying and better feed 
value preservation (Bagg, 2006) or late afternoon mowing instead of morning mowing for high 
sugar content after diurnal photosynthesis activity (Pelletier et al. 2010). 

Integrating new machinery or novel techniques can result in higher costs that should be 
compared to potential benefits such as faster hay drying or higher feed quality. Objective 
technical data are useful for a proper assessment. Therefore, an experiment was conducted 
during summer 2011 to characterize field drying of hay and the effect on nutritional value 
following specific conditioning treatments and storage. This paper reports detailed results about 
forage field drying after various sequences using a macerator and a rotary tedder.  

Objectives and hypotheses 
The main objective was to characterize drying rate of grass for different conditioning scenarios 
(tedding and intensive grass conditioning or “maceration”). For each operation and at specific 
times, hay samples were collected for MC analysis. The experiment was conducted at a 
commercial farm, Ferme du Viaduc in Neuville, Québec. 

Three hypotheses were defined: (1) the type of conditioning operation can have an effect on 
field hay drying; (2) the macerator treatment increases the drying rate significantly and; (3) using 
only the macerator for conditioning allows reaching a lower hay MC at baling time. 

Methodology 

Field, harvest machinery and storage 
The forage field was mainly composed of grass (timothy and bromegrass) established 8 years 
ago (2003). The field was divided in 4 plots of 47 m wide and 100 m long. Each plot was divided 
into 4 treatments of 7.8 m wide (3 windrows) by 100 m long. 

Machinery used during the experiment is described in table 1. The Vicom mower-conditioner 
mowed with an effective width of 2.6 m (0.22 m of overlap or 8% of nominal width). Average 
windrow width was 1.2 m which covered 47 % of the field area. Tractors used were a Case 110 
Maxxum (for mowing, maceration and baling), an International 844S (for tedding), and an 
International 624 (for raking). 

Table 1. Haymaking machinery used on the Neuville site. 
 Mower Tedder Rake Macerator Baler 

Brand/model Vicom (disc) Krone KWT(rotary) Fella 425 AgLand 6610  NH 570 

Nominal 
width 

2.82 m 8.76 m 3.4 m 1.68 m Windrow 

 



 

 

Bales had average dimensions of 0.35 m x 0.45 m x 0.90 m and wet mass of 25 kg. They were 
handled with an 18-bale grapple (Cardinal System) and placed in a solar hay dryer described by 
Morissette and Savoie (2011). A passive solar roof increased the drying air temperature by 5°C 
on an average sunny day.  In addition, a small wood log boiler provided extra heat overnight 
through a heat exchanger network installed near the fans. Thus, drying air temperature was 
continuously heated, day and night, by about 5°C. 

Experimental set up 
Four main field conditioning treatments were performed after mowing (table 2). T1 was the 
control treatment without windrow handling except for raking. Treatment 2 (T2) was tedding 
which was split in two sub-treatments: T2a with a single tedder passage the first day and T2b 
with a second passage on half the sub-plot (50 m length) the next day. Treatment 3 (T3) was 
the macerator treatment applied a few hours after mowing (T3a) over the entire plot and a 
macerator treatment applied to half the sub-plot (T3b, 50 m length) the next day.  Treatment 4 
(T4) combined a single macerator passage the first day and tedding the next day. 

Table 2.  Operation schedule for four treatments and two sub-treatments.   
Treatments Cutting Tedding 

Day 1  
Macerator 

Day 1 
Tedding 
Day 2 

Macerator 
Day 2 

Raking 
Day 2 or 3 

Baling 
Day 2 or 3 

1. Control D1 
8 a.m. 

    D2-4 p.m. or 
D3-10 a.m. 

D2 - 5 p.m. 
or D3-12 

noon 

2a. Tedder only D1 
8 a.m. 

D1 
10 a.m. 

   Id. Id. 

2b. Tedder only D1 
8 a.m. 

D1 
10 a.m. 

 D2 
9 a.m. 

 Id. Id. 

3a. Macerator D1 
8 a.m. 

 D1 
1 p.m. 

  Id. Id. 

3b. Macerator D1 
8 a.m. 

 D1 
1 p.m. 

 D2 
9:30 a.m. 

Id. Id. 

4. Macerator + 
tedder 

D1 
8 a.m. 

 D1 
1:15 p.m. 

D2 
9:15 a.m. 

 Id. Id. 

 

The four main treatments (T1, T2, T3 and T4) were randomized for each replication (figure 1). 
When harvesting was done within two days, hay was sampled over 6 periods (P) for each 
treatment at the following specific times: P1 on day 1 at 8:00 a.m. (D1-8 a.m.), P2 at D1-12 
noon, P3 at D1-4:30 p.m., P4 at D2-8:30 a.m., P5 at D2-12:30 p.m. and P6 at D2-4:30 p.m. just 
before baling. When baling was done only the third day, a seventh sampling was done, P7 at 
D3-11:30 a.m. For each treatment and sampling period, 3 samples were taken. From P1 to P3, 
12 samples were taken at each period. From P4 to P7, when treatments T2 and T3 were sub-
divided into a and b, 18 samples were taken at each period. Moisture content of each sample 
was determined according to the standard method (oven at 103 ºC during 24 h). Three other 
samples per treatment at mowing (P1) and baling (P6 or P7) were oven-dried at 60 ºC during 72 
h for chemical analysis (ASABE, 2010). MC is reported on a wet basis. 
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Figure 1. Example of a 100 m by 31.2 m plot with 4 randomized treatments. Cutting and 
subsequent operations are always done from south to north. 

Results 

Completion dates of replications 
The first cut (C1) was done from June 19 to July 16, 2011 and the second cut (C2) from August 
18 to September 1st, 2011. Four replications (R) were done per cut. However, C1-R3 was 
affected by rain and C2-R1 was not performed as specified in experimental design so they were 
not included in the analysis. Table 3 shows starting and ending dates of each replication for 
both cuts. Baling was always done the third day during first cut and the second day during 
second cut. 

Table 3.  Completion dates of replications for first and second cut 

Cut-Replication Starting Ending 

C1-R1 June 19 2011 June 21 2011 

C1-R2 June 20 2011 June 22 2011 

C1-R3 July 7 2011 July 9 2011 

C1-R4 July 14 2011 July 16 2011 

C2-R1 August 18 2011 August 19 2011 

C2-R2 August 23 2011 August 24 2011 

C2-R3 August 26 2011 August 27 2011 

C2-R4 August 31 2011 September 1st 2011 

 



 

 

Initial moisture content at mowing 
MC at mowing time for each replication and for each cut is reported in table 4. Average initial 
MCs were 78.7, 74.9, 62.8 % for R1, R2 and R4 at first cut, respectively. They were 78.9, 77.4 
and 81.6 for R2, R3 and R4 at second cut, respectively. Levene’s statistical test and analysis of 
variance (ANOVA) show that initial MC differences between treatments for a single replication 
are not significant at p=0.05 or less. Thus, it was supposed that initial MCs were homogeneous 
between treatments for a replication. MCs were then averaged to simplify analysis and graphical 
representation of data. 

Table 4.   Initial MC homogeneity analysis (sampled at P1, about 30 minutes after cutting) 
Replication Treatment average MC Levene test ANOVA Conclusion 

 1 2 3 4 Probability Probability  

C1-R1 79.0 % 77.4 % 79.4 % 79.1 % 0.189 0.566 Homogeneous 

C1-R2 73.0 % 75.2 % 75.7 % 75.7 % 0.097 0.827 Homogeneous 

C1-R4 62.4 % 62.9 % 62.9 % 62.8 % 0.173 0.981 Homogeneous 

        

C2-R2 79.4 % 78.7 % 78.4 % 79.1 % 0.082 0.557 Homogeneous 

C2-R3 77.4 % 77.0 % 76.9 % 78.4 % 0.083 0.691 Homogeneous 

C2-R4 82.6 % 84.7 % 79.3 % 79.6 % 0.076 0.193 Homogeneous 

 

Moisture content variation during swath drying 
During first cut (C1), MCs were measured at 7 periods, from 30 minutes after cutting in the 
morning (D1 – 8:30 a.m.) until baling operation (D3 – 11:30 a.m.). Also, MC was monitored 
within bales after artificial drying at medium temperatures (between 20 and 35 °C). MC 
variations for the 3 replications during first cut are reported in figure 2. Data show that MC was 
below the 20 % threshold at the end of the second day in the field only for one treatment, T3b (2 
macerator passages; MC of 18.3 %) and close to this threshold for T4 (macerated and tedded 
once, MC of 20.2 %). Hay from these treatments was ready for baling at the end of the second 
day while other treatments would normally have been baled during the third day only. After a 25-
day period of artificial drying, all bales harvested within the first cut averaged 11 % MC. 

During the second cut (C2), MC was measured at 6 periods, from 30 minutes after cutting in the 
morning (D1 – 8:30 a.m.) until baling operation (D2 – 4:30 p.m.). Bales were also monitored 
after drying. MC variation is shown on figure 3. No treatment succeeded to dry hay below 20 % 
MC by the end of the second day during the second cut. 

 

 



 

 

Figure 2. Variation of MC in windrow during first cut for each treatment (average of replications 
1, 2 and 4). The last period (“Dryer”) was sampled after 25 days in the dryer. 

 

 
Figure 3. Variation of MC in windrow during second cut for each treatment (average of 
replications 2, 3 and 4). The last period (“Dryer”) was sampled after 25 days in the dryer and 8 
months of covered storage. 

Statistical analysis of MC can be done for each sampling period between treatments but the 
comparison was only done for the last sampling period at the field (D3-11:30 a.m. in first cut and 



 

 

D2-4:30 p.m. in second cut). Student t-tests were performed between each pair of treatments 
for every replication. 

For the first cut, treatments were compared between each other for replications 1, 2 and 4 
(Table 5). Generally, differences were consistent between replications: 12 out of 15 
comparisons showed a homogeneous statistical difference (i.e. all three replications were 
simultaneoulsy significant or non significant at p = 0.05). Final MC of T1 was always significantly 
different (and higher) than MC of other treatments for all replications. Final MC of T2a (1 
tedding) was not significantly different from T2b (2 teddings); therefore a second tedding was 
not necessary in first cut. A single macerator passage (T3a) or a double passage (T3b) dried 
generally faster than treatments with tedding only (T2a and T2b), 11 out of 12 times. A double 
maceration treatment instead of a single maceration treatment (T3b vs. T3a) was superior in 2 
comparisons out of 3. Treatment T4 (maceration followed by tedding) was superior to 
maceration (T3a or T3b) only in one comparison out of 6. In conclusion, a single equipment for 
windrow handling could be used, and the macerator was superior to the tedder in terms of field 
drying during the first cut. 

Table 5. Differences between final MC between paired treatments of replications 1, 2 and 4 
respectively, for first cut. s = significantly different, ns= non significantly different.  

Treatments 2a 2b 3a 3b 4 

1 s,s,s s,s,s s,s,s s,s,s s,s,s 

2a - ns,ns,ns s,s,s s,s,s s,s,s 

2b  - ns,s,s s,s,s s,s,s 

3a   - s,s,ns s,ns,ns 

3b    - ns,ns,ns 

For the second cut, treatments were also compared between each other for replications 2, 3 
and 4 (Table 6). Differences were less consistent between each replication than in first cut: only 
8 out 15 comparisons showed a homogeneous statistical difference. Final MC of T1 was always 
significantly different (and higher) than MC of all other treatments. Final MC of T2a (1 tedding) 
was not different from T2b (2 tedding), 2 times out of 3; thus a second tedding treatment was 
not much more useful in second cut than in first cut. A single maceration (T3a) was not superior 
to tedding (T2a or T2b), 5 times out of 6. A double maceration (T3b) was superior to tedding 5 
times out of 6.  It was superior to a single maceration only once out of 3, and superior to T4 
(maceration followed by tedding) twice out of 3 comparisons. In conclusion, a double 
maceration had a significant effect relative to tedding (once or twice) or a single maceration 
followed by tedding to lower moisture content more rapidly during the second cut. 

Table 6. Differences between final MC between paired treatments of replication 2, 3 and 4 
respectively, in second cut. s = significantly different, ns= non significantly different. 

Treatments 2a 2b 3a 3b 4 

1 s,s,s s,s,s s,s,s s,s,s s,s,s 

2a - ns,ns,s ns,ns,s s,s,s ns,ns,s 

2b  - ns,ns,ns s,ns,s s,ns,ns 

3a   - s,ns,ns ns,ns,ns 

3b    - s,ns,s 

 



 

 

Machinery operations 
Machinery operations were analyzed for energy consumption and labor time. Table 7 shows 
technical specifications of each operation. The effective mowing width averaged 2.6 m and 
represent 92 % of theorical witdh (2.82 m) because of overlap. The tedder working witdh 
averaged about 3 1/3 windrows (8.7 m / 2.6 m). When the macerator processed a freshly cut 
windrow (witdh of 1.2 m), the working witdh was actually 2.6 m (the mowing width). However, 
when the macerator was applied a second time, the working witdh was only 1.6 m because hay 
was spread in the field; this corresponded to 62 % of the mowing width. Therefore, the second 
macerator treatment must pass 13 times to process 8 cutting witdhs. The rake collected forage 
over a 3.4 m witdh to prepare a windrow for baling. Consequently, the baler had the same 
effective working witdh of 3.4 m. 

Field efficiency was based on average values (ASABE, 2011a). Field capacity was obtained by 
a simple calculation (witdh x speed x efficiency, with proper unit conversion). Fuel consumption 
was based on an average value of 0.223 L/kW.h (ASABE, 2011b). Equivalent thermal energy 
was based on diesel energy content (37.3 MJ/L). These data will eventually be useful to assess 
haymaking techniques, economically and environmentally, while also taking into account hay 
feed value. 

Table 7. Technical specifications of haymaking machinery. 
Operation Cutting Tedding Maceration 1 Maceration 2 Raking Baling 

Machinery Vicom 
(disc) 

Krone KWT 
(rotary) 

AgLand 6610 AgLand 6610 Fella 425 NH 575 

Tractor Case 110 Inter 844S Case 110 Case 110 Inter 624 Case 110 

Power PTO (kW) 67 54 67 67 39 67 

Traveling speed (km/h) 13 6 6 6 13 8 

Working width (m) 2.6 8.7 2.6 1.6 3.4 3.4 

Field efficiency (%) 80 80 80 80 80 75 

Capacity (ha/h) 2.70 4.18 1.25 0.77 3.54 2.04 

Fuel consumption (L/ha) 5.53 2.88 11.97 19.45 2.46 7.32 

Equivalent thermal 
energy (MJ/ha) 

206.0 107.5 446.2 725.1 91.7 273.0 

 

Conclusion 
An experiment dedicated to field drying rate and energy requirement for different haymaking 
scenarios was performed. The number and type of conditioning operations generally had an 
effect on field drying rate (first hypothesis). In fact, maceration increased significantly the field 
drying rate (second hypothesis). In first cut, two applications of the macerator achieved to same 
final MC than a single passage of the macerator followed by tedding. In second cut, a double 
maceration treatment had a significant effect compared to tedding (applied once or twice) or a 
single maceration treatment followed by tedding. In all cases, bales resulting of this experiment 
were placed into a hay dryer to ensure good hay preservation and a final MC of aboput 11%. 
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