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The efficiency of forage production machinery system is partially reflected in some 
classical economical indices, because the real efficiency of mechanical tillage 
utilization at forage harvesting and preparation must be reflected in the forage 
quality increasing and feed superior valorization by the farm livestock. An area of 
7.8 alfalfa ha was harvested with U-650M tractor and ROTO 165 rotary mower and 
with U-650M tractor and Zakaz rotary mower at different speeds in field work. 
Average values of the speed in parcel work, work effective capacity, work capacity 
during shift, specific work capacity on cutter width, fuel consume per land unit, and 
specific fuel consume per mass unit were determined for each speed in field work. 
Power matching between the tractor and the mower do not always meet the 
requirements when forming harvesting mechanized systems. Classical mowers with 
common cutting units do not sufficiently load the U-650M tractor existing in 
many Romanian farms, which determines an unfavorable functioning regime of 
the tractor engine correlated with increased fuel consumes. 
Keywords: forage mechanized harvesting, work capacity, fuel consume. 

 
Introduction 

 
In the context of the global energetic crisis, the rational management of the 

liquid fuels has a significant importance in the perspective of increasing fuel 
utilization efficiency and reducing fuel total consume. At the farm level, both 
specific used fuel consume per work unit and the total consume have influence on 
the balance of farm fuel consume. To reduce energetic consume in field work, best 
available measures are required to optimize the usage of forage harvesting 
equipments towards maximum work capacity and diminishing of the fuel consume 
per time unit. The forage harvesting machinery system efficiency is partially 
reflected in some classical economical indices, because the real efficiency of 
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mechanical tillage utilization at forage harvesting and preparation must be reflected 
in the forage quality increasing and feed superior valorization by the farm livestock 
reducing feed quantity per livestock product or increasing animal production per 
feed unit. Forage harvesting operations necessary to obtain proper hay and haylage 
detain several steps as follows: cutting, hay windrow turning, hay raking, baling 
and stocking. 

The aim of this paper is to present the average values of the speed in parcel 
work, work effective capacity, work capacity during shift, specific work capacity 
on cutter width, fuel consume per land unit, and specific fuel consume per mass 
unit determined for each speed in field work at alfalfa harvesting for hay. Such 
parameters might be considered in the optimization plan of the field operations 
lowering fuel consume at alfalfa harvesting. 
 

Materials and Methods 
 

 Fuel consume at forage harvesting operation was determined for several 
machinery systems in different land conditions and crop characteristics. An area of 
7.8 alfalfa ha fulfilled the requirements for mechanized harvesting. Two systems 
were used at different speeds in fieldwork, as follows: U-650M tractor and ROTO 
165 rotary mower, and U-650M tractor and Zakaz rotary mower. 

Field and machine preparations were especially important for proper 
operation on each field work. Some preliminary steps for accurately assessing the 
diesel fuel consume were as follows: remove stumps, stones and foreign objects, or 
mark them clearly; locate any dangerous ditches and inspect banks for 
undercutting; plan harvesting; check and tune each equipment for correct 
operation. Several parameters were estimated: We – work effective capacity 
(ha/h); Wsc - work capacity during shift (ha/h); Wl - specific work capacity on 
cutterbar width (ha/h.m.); Cha - fuel consume per land unit (l/ha); Cs - specific 
fuel consume per green forage tonne unit (l/t). 
 

Results and Discussions 
 

For a succesful mechanized harvesting, plant density must be higher than 
300 plants/m2 with minimum canopy heights of 50 cm. A key factor for adequate 
measurements was the choice of optimal moving scheme in field work. The 
covering moving scheme was selected according to parcel dimensions, crop 
characteristics and machine specifications.    

The moving speed in field work of the harvesting system (tractor + mower) 
might be v = 8-10 km/h, which ensures a normal working process considering the 
correlation between cutterbar knives periferic speed and the forward speed of the 
machine. In the field work conditions, some situations occurred that determined a 
lowering of the machine forward speed as follows: existence of obstacles, stones, 
stumps, ditches and banks. Selecting lower forward speeds permitted a better 
observation of the obstacles and overcame a possible impact with the cutterbar.   
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Table 1, 2 and 3 present experimental results concerning work capacity and 
fuel consume at forage cutting with U-650M tractor and ROTO 165 rotary 
mower for different forward speed in field work (< 4; < 7 and < 9 km/h).  

Table 1 

Working indices and fuel consume for alfalfa cutting operation at < 4 km/h 

Sample 
 
 

Speed in field 
work (v) 
(km/h) 

Work capacity Fuel consume 

We  (ha/h) Wsc  (ha/h) Wl   (ha/h.m) Cha (l/ha) Cs      (l/t) 

CR1-1 3,79 0,56 0,40 0,350 6,67 0,31 

CR1-2 3,81 0,57 0,41 0,356 6,75 0,32 

CR1-3 3,80 0,57 0,40 0,356 6,71 0,32 

CR1-4 3,78 0,55 0,38 0,343 6,66 0,31 

CR1-5 3,83 0,54 0,39 0,337 6,68 0,32 

Average 3,8 0,56 0,40 0,350 6,70 0,32 

Forage crop: alfalfa/lucern; Production: 21.2 t green forage/ha; 
Mechanized system: U-650M tractor + ROTO 165 rotary mower. 

Table 2 

Working indices and fuel consume for alfalfa cutting operation at < 7 km/h 

Sample 
 
 

Speed in field 
work (v) 
(km/h) 

Work capacity Fuel consume 

We  (ha/h) Wsc  (ha/h) Wl   (ha/h.m) Cha (l/ha) Cs      (l/t) 

CR3-1 6,16 0,93 0,70 0,58 4,8 0,23 

CR3-2 6,21 0,90 0,68 0,56 4,7 0,22 

CR3-3 6,18 0,91 0,69 0,57 4,9 0,23 

CR3-4 6,22 0,90 0,67 0,56 5,0 0,24 

CR3-5 6,21 0,91 0,68 0,57 5,1 0,24 

Average 6,20 0,91 0,68 0,57 4,90 0,23 

Forage crop: alfalfa/lucern; Production: 21.2 t green forage/ha; 
Mechanized system: U-650M tractor + ROTO 165 rotary mower. 
 
Table 1, 2 and 3 present data obtained with three speed shifts, with 

accelerated engine to accomplish the standard PTO-shaft spin for a proper 
functioning of the rotary mower. The average forward speeds resulted were v = 
3,80 km/h; v = 6,20 km/h; v = 8,50 km/h. Besides the corresponding 
experiments for nominal regime, three other assessments were performed 
trying to maintain constant intermediate forward machine speeds: v = 5,00 
km/h; v = 7,00 km/h; v = 9,00 km/h. Real average speeds obtained in the field 
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were: v = 4,90 km/h; v = 7,00 km/h; v = 8,90 km/h. Work capacities and fuel 
consume were estimated for this regime (table 4).  

 Table 3 
Working indices and fuel consume for alfalfa cutting operation at < 9 km/h 

Sample 
 

Speed in field 
work (v) 
(km/h)

Work capacity Fuel consume 

We  (ha/h) Wsc  (ha/h) Wl   (ha/h.m) Cha (l/ha) Cs      (l/t) 

CR5-1 8,51 1,25 0,94 0.78 4,05 0,19 

CR5-2 8,55 1,30 9,96 0.81 4,30 0,20 

CR5-3 8,42 1,27 0,93 0.79 4,10 0,19 

CR5-4 8,57 1,22 0,95 0.76 4,20 0,20 

CR5-5 8,54 1,26 0,97 0.79 4,35 0,20 

Average 8,50 1,26 0,95 0.79 4,20 0,20 

Forage crop: alfalfa/lucern; Production: 21.2 t green forage/ha; 
Mechanized system: U-650M tractor + ROTO 165 rotary mower. 

Table 4 
Work effective capacity and fuel consume for different forward speeds 

Experiment 
ID 

Speed in field 
work (v) 
(km/h) 

Work effective 
capacity (We) 

(ha/h) 

Work capacity during 
shift (Wsc) 

Fuel 
Consume 
Ch (l/ha) 

CR-b2 4,9 0,74 0,53 5,5 

CR-b4 7,0 0,95 0,68 4,6 

CR-b6 8,9 1,38 0,99 4,0 

Forage crop: alfalfa/lucern; Production: 19.3 t green forage/ha; 
Mechanized system: U-650M tractor + ROTO 165 rotary mower. 

Table 5. 
Work effective capacity and fuel consume with U-650M tractor and Zakaz rotary mower at 

alfalfa harvesting 

Sample 
 
 

Speed in field work 
(v) 

(km/h) 

Work capacity  
Fuel consume 

(l/ha) 
 

We 

(ha/h) 
Wsc 

(ha/h) 
Wl 

(ha/h.m.) 

CZ-1 3,75 0,52 0,38 0,32 7,1 

CZ-2 5,1 0,72 0,51 0,45 6,2 

CZ-3 6,20 0,83 0,63 0,39 4,9 

CZ-4 6,9 0,91 0,75 0,59 4,3 

CZ-5 8,50 0,95 0,81 0.74 4,2 

CZ-6 9,1 0,99 0,87 0,88 4,1 
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Forage crop: alfalfa/lucern; Production: 19.7 t green forage/ha; 
Mechanized system: U-650M tractor + Zakaz rotary mower. 
 
Experiments performed with U-650M tractor and Zakaz rotary mower 

showed similar work indices and fuel consume (table 5).  
 

Conclusions 
 

At forage harvesting, the energetic estimation of the mechanized work 
operations relies on total fuel consume and specific consume measurements. 
Energy consumes necessary to perform field operations by a forage harvesting 
mechanized system primarily depend on fabrication performances of the tillage.  

High power requirements for tractor moving in the field might increase 
the necessary total power of the harvesting system and consequently to the 
increasing of the specific fuel consume for performing field operation.  

Power matching between the tractor and the mower do not always meet the 
requirements when forming harvesting mechanized systems. Classical mowers 
with common cutting units do not sufficiently load the U-650M tractor existing 
in many Romanian farms, which determines an unfavorable functioning 
regime of the tractor engine correlated with increased fuel consumes. 
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Eficienţa sistemului de maşini pentru cultura plantelor furajere este decât parţial 
reflectată prin indici economici clasici, deoarece eficienţa reală a utilizării 
mijloacelor mecanice la strângerea şi pregătirea furajelor trebuie să se reflecte în 
ridicarea calităţii furajelor şi valorificarea lor superioară  de către animale. 
Recoltarea celor 7,8 ha lucernă a fost efectuate cu agregatele formate din tractorul 
U-650 M şi cositoarea rotativă ROTO 165, iar un alt agregat fiind tractorul U-650 
M şi cositoarea rotativă Zakaz la diferite viteze de deplasare în lucru. Pentru fiecare 
viteză medie aleasă a fost determinată valoarea medie a vitezei de deplasare pe 
parcelă, capacitatea de lucru la timpul efectiv, capacitatea de lucru la timpul 
schimbului, capacitatea specifică de lucru, pe unitatea de lăţime de lucru a 
aparatului de tăiere, consumul de combustibil la unitatea de suprafaţă, consumul 
specific de combustibil prin raportarea la unitatea de masă. La formarea 
agregatelor de cosit alcătuite din tractor şi cositoare nu sunt îndeplinite 
întotdeauna cerinţele privind armonizarea puterilor. Pentru tractorul U-650 M, 
existent în multe exploataţii agricole, tipurile de cositori cu aparate de tăiere 
clasice nu încarcă suficient tractorul, ceea ce duce la o funcţionare în 
regim nefavorabil a motorului, cu consumuri specifice de combustibil mai mari. 
Cuvinte cheie: recoltare mecanizată, capacitate de lucru, consum de combustibil. 
 


