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Abstract: The hay is a very valuable fodder obtained by 
natural or artifficial drying of green plants harvested by 
mowing. The hay nutritive value is also influenced by 
methods of preparation and conservation used. The 
paper presents the economic technical solutions for 
preparing the bulk hay by ventilation with air heated in a 
solar panel, built of solar collectors made of cheap and 
light materials, able to absorb the radiation. Within the 
tests, have been measured: air temperature in the panel 
at different hours, TPS, air speed in the panel, VPS, 

temperature variation, DT during the ventilation process, 
while the meteorological parameters are continuously 
controlled. 
 
Keywords: solar collectors, conservation,hay preparation, 
warm air ventilation 

 
INTRODUCTION 

By harvesting, preparing and conserving pasture 
and  crops fodder under different forms it is aimed to 
obtain a product with an alimentary value almost 
similar to green fodder initial value, taking into account 
that is a very good quality fodder both in terms of its 
botanical composition (balanced mixture of 
graminaceae and perennial vegetables) and harvesting 
stage.[1], [2]. 

The most used methods in Romania are the 
harvesting and preparation of fodder as hay. The hay 
represents an important share of fodder feeding balance 
during the winter, especially in areas where pastures 
occupy large surfaces. In plain regions, hay is produced 
in agricultural fields cultivated with annual or perennial 
fodder plants, the natural pastures covering small 
surfaces. 

In order to reduce the drying time and implicitely the 
losses of nutritive substances, many harvesting, preparing 
and conserving methods of hay have been developed. 
The most known fodder drying methods are: traditional 
(natural) drying in stubble field; drying on supports; fodder 
drying by cold air ventilation; fodder drying by hot air 
ventilation; green fodder drying by thermal dehydration in 
special drying and briquetting stations. 

The biggest losses of nutritive substances are 
determined by hay traditional drying in stubble. These 
losses might reach, in bad weather conditions, even 
50..60%, the drying period coming up to 6-8 days [4]. 

When hay of 35-45% moisture is gathered from the 
field, it is stored in hay stores or platforms endowed 
with drying installation, where is achieved cold or warm 
air ventilation up to conservation humidity (under 7%) 
and consequently, losses may be reduced up to 15-
20% [5]. 

Installations for hay warm air drying based on 
conventional energy consumption: fossile fuels and 
electric energy are complex, expensive and difficult to 
redeem in small and medium-sized farms in 
unfavourable areas. Because of necessity to reduce 
conventional energy consumption, new solutions for non-
polluting and cheap air heating solar installations have 
been sought [6, 7]. 

 Rezumat: Fânul este un furaj deosebit de valoros obŞinut 
prin uscarea naturalŁ sau artificialŁ a plantelor verzi 
recoltate prin cosire. Valoarea nutritivŁ a f©nului este 
influenŞatŁ ĸi de metodele de preparare ĸi conservare. 
Lucrarea prezintŁ soluŞii tehnice economice pentru 
pregŁtire f©nului vrac prin ventilare cu aer ´ncŁlzit: ´ntr-un 
panou solar construit din captatori solari confecŞionaŞi din 
materiale uĸoare, ieftine, cu putere de absorbŞie a radiaŞiei 
solarŁ. Ċn cadrul ´ncercŁrilor s-au mŁsurat: temperatura 
aerului din panou la diverse ore ale zilei, TPS,, viteza 

aerului în panou, VPS, variaŞia temperaturii DT în timpul 
procesului de ventilare, ´n condiŞiile monitorizŁrii 
permanente a parametrilor meteorologici. 

 
Cuvinte cheie: captatori solari, conservare, pregŁtire fân, 
ventilare cu aer cald 

 
INTRODUCERE 

Prin recoltarea, pregŁtirea ĸi conservarea sub diferite forme 
a furajelor de pe pajiĸti ĸi din culturile furajere se urmŁreĸte 
realizarea unui produs final cu o valoare alimentarŁ c©t mai 
apropiatŁ de cea iniŞialŁ a furajului verde, plec©ndu-se de la 
premisa cŁ acesta ´ndeplineĸte condiŞiile unui furaj de foarte 
bunŁ calitate, at©t ´n ceea ce priveĸte compoziŞia sa botanicŁ 
(amestec echilibrat de graminee cu leguminoase perene), 
c©t ĸi ´n cea referitoare la fenofaza de recoltare [1], [2]. 

Metodele cele mai folosite ´n Şara noastrŁ sunt cele de 
recoltare ĸi pregŁtire a furajului sub formŁ de f©n.  Fânul 
are o pondere importantŁ ´n balanŞa furajerŁ pe perioada 
de iarnŁ, mai ales ´n regiunile colinare ĸi montane unde 
existŁ suprafeŞe mari de pajiĸti. Ċn regiunile de câmpie, 
fânul se produce pe terenurile agricole cultivate cu plante 
furajere anuale sau perene, pajiĸtile naturale ocup©nd 
suprafeŞe mai mici. 
Pentru reducerea timpului de uscare ĸi implicit a pierderilor 

de substanŞe nutritive s-au dezvoltat mai multe metode de 
recoltare, pregŁtire ĸi conservare a fânului. Metodele de 
uscare a furajelor cunoscute sunt: uscarea tradiŞionalŁ 
(naturalŁ) pe miriĸte; uscarea pe suporŞi; uscarea furajelor 
prin ventilare cu aer rece; uscarea furajelor prin ventilarea 
cu aer cald; uscarea furajelor verzi prin deshidratare termicŁ 
´n staŞii speciale de uscare ĸi brichetare etc. 
Pierderile cele mai mari de substanŞe nutritive se obŞin 

la uscarea tradiŞionalŁ pe miriĸte a f©nului. Aceste pierderi 
ajung, în caz de vreme nefavorabilŁ, chiar la 50é60 %, 
timpul de uscare cresc©nd la peste 6é8 zile [4]. 

Atunci când fânul strâns din câmp la umiditatea de 35-
45% este depozitat pe f©narele sau platformele prevŁzute 
cu instalaŞie de uscare, unde se face definitivarea uscŁrii 
fânului prin ventilare cu aer rece sau cald, p©nŁ la 
umiditatea de pŁstrare (sub 17%), se pot reduce pierderile 
cu p©nŁ la 15é20% [5]. 
InstalaŞiile pentru uscarea fŁnului cu aer cald bazate pe 

consumul de energie convenŞionalŁ: combustibili fosili, 
energia electricŁ sunt complexe, scumpe ĸi greu de 
amortizat ´n fermele mici ĸi mijlocii din zonele 
defavorizate. Din necesitatea reducerii consumului de 
energie convenŞionala s-au cŁutat soluŞii pentru ´ncŁlzirea 
aerului ´n instalaŞii solare, cu preŞ de cost mai mic ĸi 
nepoluante [6, 7]. 
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MATERIAL AND METHOD 

The paper presents solutions designed to heat the air 
in solar collectors assembled as a panel placed on the 
ground, next to the drying platform. The constructive 
solutions allow the users to move the drying installation 
from a store platform to another, on the spot, where hay 
final drying is needed. 

The solar panel (fig.1) is a main assembly of air 
ventilation installation of bulk hay and because it is built as 
a modular structure, the users may adjust their installation 
according to the farm needs [3]. 

Solar collectors dimensions allow a safe and simple 
transport and handling. 

 
MATERIAL ķI METODŀ 

Lucrarea prezintŁ soluŞii pentru ´ncŁlzirea aerului în 
captatoare solare asamblate sub forma unui panou 
amplasat pe sol, în apropierea platformei de uscare. 
SoluŞiile constructive permit utilizatorilor mutarea instalaŞiei 
de uscare de la o platforma de depozitare, la alta, acolo 
unde este necesarŁ definitivarea uscŁrii f©nului. 

Panoul solar (fig. 1) este un ansamblu principal al 
instalaŞiei de ventilare cu aer a f©nului vrac, ĸi deoarece este 
construit într-o structurŁ modularŁ utilizatorii ´ĸi pot configura 
instalaŞia de uscare conform necesarului din fermŁ. [3] 
Captatorii solari au dimensiuni care permit transportul ĸi 

manipularea ´n condiŞii de siguranŞŁ ĸi cu mijloace simple. 
 

    
Fig. 1 - Assembled solar panel / Panou solar asamblat 

1 - End collector / Captator de capŁt; 2 - Intermediary collector / Captator intermediar;  
3 - Admission and pressing collector / Captator de admisie ĸi refulare 

 
The solar panel of installation studied comprises five 

solar collectors designed to heat the air, serially mounted 
one after the other, on a frame made of metallic profiles. 
The solar collectors are light, made of pressed wood. The 
frontal wall through which the light passes is made of 
transparent material. Within the space designed to heat 
the air, in the relevant collectors have been mounted 
intermediary longitudinal walls, creating this way, the 
space to lead the air in a zigzag movement, on all the 
collectors surface, in order to obtain a maximum heating 
yield. 

The air to be ventilated is heated in the panel 
collectors by means of greenhouse effect. During the air 
ventilating, the atmospheric air is absorbed through a hole 
(2), passes through the solar panel in a zigzag course, it 
is heated and after that is exhausted through a special 
hole (3) of solar panel, continuing its way through the 
flexible tubing (4) towards the fan admission hole to the 
drying platform levelling chamber 

 Panoul solar al instalaŞie studiate, este format din 

cinci captatori solari de ´ncŁlzire a aerului, montaŞi ´n serie 
unul dupŁ celŁlalt pe un cadru din profile metalice. 
Captatorii solari sunt de tipul uĸor, ´n cazul de faŞa cu 
pereŞii din OSB. Peretele frontal de admisie a luminii 
solare este din material plastic transparent. Ċn spaŞiul de 
´ncŁlzire al aerului, ´n captatorii ´nseriaŞi s-au montat pe 
lungime pereŞi longitudinali intermediari, cre©ndu-se 
trasee pentru dirijarea aerului în zig-zag, pe toatŁ 
suprafaŞa captatorilor, pentru obŞinerea unui randament 
maxim de ´ncŁlzire. 
Aerul necesar ventilŁrii este ´ncŁlzit ´n captatorii solari 

ai panoului prin efectul de serŁ. In timpul ventilŁrii, se 
absoarbe aerului rece atmosferic prin orificiu (2), acesta 
parcurge panoul solar pe traseul în zig - zag, se ´ncŁlzeĸte, 
ĸi se evacueazŁ prin orificiul special (3) al panoului solar, 
continu©nd traseul prin tubulatura de aspiraŞie flexibilŁ (4) 
cŁtre orificiul de admisie al ventilatorului p©nŁ ´n camera 
de uniformizare a platformei de uscare. 

 

 
Fig. 2 - Details of an assembled solar panel / Detalii panou solar asamblat 

1 - Solar panel / Panou solar, 2 - Air intake hole in the panel / Orificiu de admisie aer în panou;  
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3 - Air exhausting hole / Orificiu de evacuare aer, 4 - Tubes / Tubulatura 

During the researches, have been measured the air 
temperature in the solar panel, air speed during hot air 
ventilation and have been analyzed the panel constructive 
characteristics after a long exposure to sun and rainfalls. 

A digital thermometer with transducer measuring the 
panel temperature, INMA Bucharest professional 
agrometeorological station designed to control meteo 
parameters and a TESTOVENT 4000 type anemometer for 
determining wind speed in the panel when ventilating, were 
all used for tests. 

 In timpul ´ncercŁrilor s-au mŁsurat temperatura aerului 
din panoul solar, viteza aerului ´n timpul ventilaŞiei cu aer 
cald ĸi s-au analizat caracteristicile constructive ale panoului 
dupŁ expunerea pe timp ´ndelungat la soare ĸi intemperii. 

Pentru experimentŁri s-a utilizat un termometru digital 
cu traductor pentru mŁsurarea temperaturii ´n panoul 
solar, staŞia meteo profesionalŁ agroïmeteoreologicŁ din 
dotarea INMA Bucureĸti pentru monitorizarea parametrilor 
meteo ĸi anemometru tip TESTOVENT 4000 pentru determinarea 
vitezei v©ntului ´n panou ´n momentul ventilŁrii. 

 

         
a) Panel temperature measuring / MŁsurarea temperaturii ´n panou b) Air speed measuring/MŁsurarea vitezei aerului 

Fig. 3 - Aspects during the tests / Aspecte din timpul experimentŁrilor 

 
RESULTS 

The temperature in the solar panel has been measured 
on a partly cloudy day, between 8 a.m. and 4 p.m. and the 
values resulted are shown in table 1. 

 REZULTATE 

S-a mŁsurat temperatura ´n panou solar, ´ntre orale 8-16 
într-o zi cu cer variabil, valorile sunt prezentate în tabelul 1. 

Table 1 / Tabelul 1  
 

Date / Data: 
20.06.2013 

Parameter / Parametru 

Hour / Ora 

8 9 10 11 12 13 14 15 16 

Solar radiation / RadiaŞia solarŁ 
[kW/m

2
] 

0.4006 / 
0,4006 

0.2438 / 
0,2438 

0.3494 / 
0,3494 

0.8648 / 
0,8648 

0.4976 / 
0,4976 

0.7752 / 
0,7752 

0.6888 / 
0,6888 

0.5744 / 
0,5744 

0.4376 / 
0,4376 

Atmospheric humidity / 
Umiditatea aerului atmosferic, 

U, [%] 

67.635 / 
67,635 

67.431 / 
67,431 

67.277 / 
67,277 

55.552 / 
55,552 

47.821 / 
47,821 

40.5504 / 
40,5504 

43.4688 / 
43,4688 

42.3424 / 
42,3424 

41.2672 / 
41,2672 

Atmospheric temperature / 
Temperatura aer atmosferic, Ta, 

[
0 
C] 

23.5 / 
23,5 

24.03 / 
24,03 

25.5 / 
25,5 

26.82 / 
26,82 

27.5 / 
27,5 

28.26 / 
28,26 

28.35 / 
28,35 

29.05 / 
29,05 

28.7 / 
28,7 

Temperature in the panel at the 
beginning of ventilation / 
Temperatura în panoul la 
´nceperea ventilŁrii, TPsi [

0 
C] 

25.4 / 
25,4 

32 
55.2 / 
55,2 

58  
60.3 / 
60,3 

61.3 / 
61,3 

63 / 
63 

68 / 
68 

67 / 
67 

Indicator of panel temperature 
increasing/Indicator de creĸtere 
a temperaturii în panou, IT, [

0 
C] 

1.9 / 
1,9 

7.97 / 
7,97 

29.7 / 
29,7 

31.18 / 
31,18 

32.8 / 
32,8 

32.04 / 
32,04 

34.65 / 
34,65 

38.95 / 
38,95 

38.3 / 
38,3 

Panel temperature after 15 
netilating min. / Temperatura din 
panou dupŁ 15 min de ventilare, 

TPSv [
0 
C] 

23 26 30 31 35 36 37 39 39 

Temperature variation during 
the ventilation / VariaŞia 
temperaturii ´n timpul ventilŁrii, 

VTD  

2.4 / 
2,4 

6 
25.2 / 
25,2 

28  
25.3 / 
25,3 

25.3 / 
25,3 

26  29  28  
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Fig. 4 - Graphical variation of solar radiation /    Fig. 5 - Graphical variation of air temperature / 
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VariaŞia grafica a radiaŞiei solare     VariaŞia grafica a temperaturii aerului atmosferic 
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Fig. 6 - Graphical variation  of air humidity / VariaŞia graficŁ a umiditŁŞii aerului atmosferic 

 
where: 

IT, - Indicator of temperature increment in the panel,
 
[ C̄] 

TD -variation of temperature in solar panel during 
heated air ventilation of hay to be dried. 

 unde: 

IT, - Indicator de creĸtere a temperaturii ´n panou, [C̄]; 

TD -variaŞia de temperaturŁ ´n panou solar ´n timpul 
ventilŁrii cu aer cald a f©nului depozitat pentru uscare. 

iPSa TT -=TI       (1) 

PSvPSi TTT -=D       (2) 

Figures 4, 5 and 6 represent the graphical variation of 
atmospheric parameters during the day, parameters 
influencing the panel working characteristics. 

Fig. 7 represents the graphical variation of temperature 
in solar panel, measured when ventilating the hay with 
heated air and atmospheric temperature during the 
working process studied. 

The energy radiated by sun is collected by panel walls 
and transferred to air in the panel. The phenomenon of 
heat transfer appears at air direct contact with panel 
constructive elements. 

 Figurile 4, 5 ĸi 6 reprezintŁ variaŞia graficŁ a 
parametrilor atmosferici pe parcursul zilei, cu influenŞŁ 
asupra caracteristicilor de lucru ai panoului.  
Figura 7 reprezintŁ variaŞia graficŁ a temperaturii din 

panoul solar, mŁsuratŁ ´n momentul ventilŁrii f©nului cu 
aer ´ncŁlzit, ĸi a temperaturii atmosferice din timpul 
procesul de lucru studiat. 

Energia radiatŁ de soare este captatŁ de pereŞii 
panoului ĸi transferatŁ aerului din panou. Fenomenul de 
transfer de cŁldurŁ apare la contactul direct al aerului cu 
elementele constructive ale panoului. 
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Fig. 7 - Graphical variation of temperature in solar panel / VariaŞia graficŁ a temperaturii din panoul solar 

 
 

During warm air ventilation, the installation axial fan 

absorbs the heated air from solar panel, by greenhouse 

effect, leads it through tube system to the drying platform 

levelling chamber, from where air penetrates into the 

fodder mass through the grating of drying platform and 

ventilating channels designed for this purpose. 

The air flows towards the course imposed by the 

immobile structure, thus achieving the thermal transfer 

from the panel to air. The air speed in the panel in different 

moments of ventilation is shown in table 2. 

 În timpul ventilŁrii cu aer cald, ventilatorul axial al instalaŞiei 

absoarbe aerul ´ncŁlzit prin efectul de serŁ, din panoul 

solar, îl dirijeaza prin tubulaturi în camera de uniformizare 

a platformei de uscare, iar de aici pŁtrunde ´n masa de 

furaje prin grŁtarul-plasŁ al platformei de uscare ĸi canalele de 

ventilare special amenajate pe platforma de uscare. 

Aerul curge pe traseul impus de construcŞia imobilŁ 

realizându-se asrfel transferul termic de la panou la aer.  

Vitezele aerului în panoul solar în diverse momente ale 

ventilŁrii sunt prezentate ´n tabelul 2. 
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Table 2 / Tabelul 2 
 

Parameter / Parametru 
Ora / hour 

8 10 12 14 

Air speed / Viteza aerului atmosferic [m/s/] 
1.61 / 
1,61 

1.71 / 
1,71 

1.84 / 
1,84 

1.84 / 
1,84 

Air speed when entering the panel / Viteza aerului la 

intrarea în panou [m/s] 

2.4 / 

2,4 

2.5 / 

2,5 

2.4 / 

2,4 

2.4 / 

2,4 

Air speed when leaving the panel / Viteza aerului la 

ieĸirea din panou [m/s/] 

2.5 / 

2,5 

2.5 / 

2,5 

2.4 / 

2,4 

2.5 / 

2,5 

 

CONCLUSIONS 

After the researches, the following conclusions can be 
formulated: 

Á Assuring the high quality fodder necessary for 
feeding the animals in livestock farms, during winter 
represents a problem of great concern for cattle 
farmers; 

Á The traditional method used in Romania is 
harvesting, preparation and conservation of pastures 
and crops fodder as hay, especially in hill and 
mountain areas; 

Á In order to reduce hay qualitative and quantitative 
losses, determined by long time exposure to sun and 
atmospheric factors after mowing and leaves losses 
by shaking (especially for perennial vegetables), the 
technology of gathering the fodder on field at 35-45% 
humidity, their storing in special dryers or hay stores 
and the final drying up to appropriate conservation 
humidity (about 18%) by warm air ventilation, were 
assured; 

Á For small farms has been achieved and studied the 
hay drying installation by ventilating the air heated in 
panel comprising the solar collectors, for reducing the 
electric and mechanical energy consumption; 

Á Air in the panel is heated due to solar radiation and 
thermal transfer from panel constructive elements; 

Á Temperature in panel is influenced by solar radiation 
and atmospheric temperature; analyzing the panel 
temperature increasing indicator, it has found that 
between 8..9 hours the temperature raises up to 

7.97 C̄, and between 10é16 hours the temperature 

reaches 38.95 C̄. Maximum values are registered 
within 14-16 hour interval; 

Á The solar panel construction and ventilation 
installation make the air speed in the panel to be 
almost steady during ventilation process; 

Á Following the experiments, has been found that the 
solar panel studied assures the heated air necessary 
to achieve the hay dehydrating by ventilation. 
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 CONCLUZII 

Ċn urma cercetŁrilor se pot formula urmŁtoarele 
concluzii ĸi aprecieri: 

Á Asigurarea necesarului de furaje de bunŁ calitate, 
pentru hrŁnirea animalelor din fermele zootehnice pe 
timpul iernii, este o problemŁ care ´i preocupŁ ´n mod 
deosebit pe crescŁtorii de animale; 

Á Metoda tradiŞionalŁ folositŁ ´n Şara noastrŁ este 
recoltarea, pregŁtirea ĸi conservarea sub formŁ de 
f©n a furajelor de pe pajiĸti ĸi culturi furajere, ´n special de 
pe suprafeŞele din zona colinarŁ ĸi montanŁ; 

Á Pentru reducerea pierderilor calitative ĸi cantitative 
ale fânului, datorate expunerii îndelungate la factorii 
atmosferici dupŁ cosire, ĸi pierderilor de frunze prin 
scuturare (în special la leguminoasele perene) s-a 
introdus tehnologia de strângere a furajelor din câmp 
la umiditŁŞi de 35é40 %, depozitarea acestora în 
uscŁtoare sau f©nare speciale ĸi definitivarea uscŁrii 
p©nŁ la umiditatea de pŁstrare (cca. 18%) prin 
ventilare cu aer rece sau cald; 

Á Pentru fermele mici s-a realizat ĸi studiat instalaŞia de uscare 
a fânului prin ventilare cu aer ´ncŁlzit ´n panou realizat din 
captatoare solare, pentru reducerea costurilor sub 
aspectul consumului de energie electricŁ sau mecanicŁ; 

Á Aerul ´n panou se ´ncŁlzeĸte datoritŁ radiaŞiei solare ĸi 
transferului termic de la elementele constructive ale panoului; 

Á Temperatura din panou este influenŞatŁ de radiaŞia 
solarŁ ĸi temperatura aerului atmosferic, analiz©nd 
indicatorul de creĸtere a temperaturii ´n panou, se 
constatŁ cŁ ´ntre orele 8..9 creĸterea temperaturii 

este de p©nŁ la 7,97C̄, iar între orele 10é16 

temperatura ´n panou cu p©nŁ la 38,95C̄. Valorile 
maxime se ´nregistreazŁ ´n intervalul orar 14é16; 

Á ConstrucŞia panoului solar ĸi instalaŞia de ventilare 
fac ca în panou viteza aerului sa fie aproape 
constantŁ ´n procesul de ventilare; 

Á În urma experimentŁrilor s-a dovedit cŁ panoul solar 
cercetat asigurŁ aerul cald necesar definitivŁrii uscŁrii 
fânului prin ventilare. 
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Abstract: The paper presents the manner in which the 
equipment working qualitative indices vary, aiming to  
reach a high level of protection and safety of 
environement. Therefore, multiple tests on special bench 
have been performed, by modifying the working 
pressure. 
 
Keywords: tests, diagnoses, nozzles, pressure, phyto-
sanitary treatments. 

 
INTRODUCTION 

The current Ăenvironmentò concept has a dynamic 
character, aiming to study, analyze and control the 
operation of protected systems in their whole 
complexity. 

The environment represents an essential element of 
human existence, being the result of interferrences of 
natural elements ï soil, air, water, climate, biosphere ï 
with elements created by human activity. All these 
elements interract and influence the conditions and future 
developing possibilities of society [2]. 

Current studies and researches, regarding the methods 
and equipment of applying the phyto-sanitary treatments, 
frame within the new tendencies of practising a 
sustainable agriculture, taking into account that pyto-
sanitary protection represents one of main sources of 
diminishing environment chemical pollution. [1] 

An important aspect of policy of continous growth of 
products quality of each economic agent is to maintain the 
machines conformity [3]. 

Evaluation criteria of machines applying phytosanitary 
treatments are: reliability, productivity, quality and 
efficience of operations performed, manner in which the 
solution is distributed on plant or soil, minimum losses of 
solution, etc. [4] 

According to European norms in force, in most EU 
member states, manufacturers, importers and distributors 
of equipment applying phyto-sanitary treatments, which 
trade these machinery on European market, should 
declare to relevant bodies that they comply to norms in 
force. 

Therefore, the equipment designed to apply phyto-
sanitary treatments manufactured by Romanian 
economic agents sould be tested and evaluated 
according to the Directive 2009/128/CE. The 
manufacturing technology of equipment above will be 
based on innovative testing method elaborated, in order 
to ensure the user high protection and safety degree, 
biodiversity and environment security [1], [5]. 
 
MATERIAL AND METHOD 

Researches concerning the determination of qualitative 
indexes of machinery applying phytosanitary treatments 
have been performed on a carried herbicide applying 
machine, using a bench specialized in determining 
distribution uniformity per working width. 

 Rezumat: În lucrare se urmŁreĸte modul de variaŞie a 
indicilor calitativi de lucru ai echipamentelor de aplicare a 
tratamentelor fito ï sanitare, în vedera atingerii unui înalt 
grad de siguranŞŁ ĸi protecŞie pentru mediu. Ċn acest sens 
s-au realizat multiple testŁri pe un stand specializat, 
modificând presiunile de lucru. 
 
Cuvinte cheie: testare, diagnosticare, duze, presiune, 
tratamente fito-sanitare 

 
INTRODUCERE 

Conceptul actual de ñmediu ´nconjurŁtorò are un 
caracter dinamic, care cautŁ sŁ cunoascŁ, sŁ analizeze ĸi 
sŁ urmŁreascŁ funcŞionarea sistemelor protejate ´n toatŁ 
complexitatea lor. 
Mediul ´nconjurŁtor reprezintŁ un element esenŞial al 

existenŞei umane ĸi reprezintŁ rezultatul interferenŞelor 
unor elemente naturale ï sol, aer, apa, climŁ, biosferŁ ï 
cu elemente create prin activitatea umanŁ. Toate acestea 
interacŞioneazŁ ĸi influenŞeazŁ condiŞiile existenŞiale ĸi 
posibilitŁŞile de dezvoltare viitoare a societŁŞii [2]. 
Studiile ĸi cercetŁrile actuale, privind metodele ĸi 

echipamentele de aplicare a tratamentelor fito-sanitare, se 
´nscriu ´n noile tendinŞe pentru practicarea unei agriculturi 
durabile, ĸtiut fiind faptul cŁ protecŞia fito-sanitarŁ 
reprezintŁ una din sursele principale de reducere a 
poluŁrii mediului cu substanŞe chimice [1]. 

Un aspect important al politicii de creĸtere continuŁ a 
calitŁŞii produselor realizate a fiecŁrui agent economic, ´l 
constituie menŞinerea conformitŁŞii maĸinilor [3]. 

Criteriile de apreciere a masinilor pentru tratamente 
fitosanitare sunt multe: fiabilitatea, productivitatea, 
calitatea lucrarilor executate, eficienta acestora, modul de 
distribuire a solutiei pe planta sau pe sol, pierderi minime 
de solutie etc. [4] 

Conform normelor europene în vigoare, în majoritatea 
statelor membre U.E., producŁtorii, importatorii sau 
distribuitorii de echipamente de aplicare a tratamentelor 
fito - sanitare care comercializeazŁ pe piaŞa europeanŁ 
aceste tipuri de maĸini, trebuie sŁ declare organismelor 
abilitate cŁ acestea corespund normelor ´n vigoare. 
Prin urmare ĸi echipamentele de aplicare a 

tratamentelor fito - sanitare produse de agenŞi economici 
din Rom©nia trebuie sŁ fie testate ĸi diagnosticate 
conform Directivei 2009/128/CE. Metoda inovativŁ de 
testare elaboratŁ va sta la baza modernizŁrii tehnologiei 
de fabricaŞie a echipamentelor de aplicare a pesticidelor în 
vederea atingerii unui ´nalt grad de siguranŞŁ ĸi protecŞie 
pentru utilizator, biodiversitate ĸi mediu. [1], [5] 
 
MATERIAL ķI METODŀ 

CercetŁrile privind deteminarea indicilor calitativi ai 
echipamentelor tehnice de aplicare a tratamentelor fito - 
sanitare s-au efectuat pe o maĸinŁ purtatŁ pentru 
erbicidat, utilizând un stand specializat ce permite 
determinarea uniformitŁŞii de distribuŞie pe lŁŞimea de lucru. 
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Fig. 1 ï Carried herbicide applying machine P 612 / Maĸina purtatŁ pentru erbicidat P 612 

 
Tests designed to verify the distribution uniformity have 

been performed in compliance with relevant requirements. 
Innovative method of testing has been set up according to 
Directive 2009/128/CE, Directive 2006/42/CE and 
following European norms and standards:  

When preparing the testing bench one should  
perform adjustments and set supporting elements for 
the frame, assuring cardanic transmission coupling to 
pump driving shaft and verifying the connections 
related to electric engine drive, coupling to electrical 
network and controlling electric engine integrity and 
operation. 
¶ Nozzle flow rate was determined by volumetric method 
for each nozzle type (ALBUZ AXI with the code ISO 
11003, tip AG 03), by collecting each nozzle liquid within 1 
minute interval, at pressure at which the pump flow rate is 
set up. Then, the flow rate average value was determined 
for each device. 
¶ Determination of pressure reduction (loss): at ramp 

segment end are mounted standard manometers instead 
of nozzles. Device manometer is set for at least two 
working pressures. Values indicated by device manometer 
will be compared with values indicated by standard type 
manometer. 
¶ Determination of transversal distribution uniformity on 
testing bench: testing bench has a scanner with 8 chutes 
of 100 mm width and 80 mm depth (distance measured 
between the upper edge and chute bottom). Scanner 
width is of 1.5 m, and the  8 cylinders are of the same type 
and size, having 500 ml capacity. Scanner displaces on 
rails under the spraying ramp, collecting and weighing the 
liquid coming from each nozzle, thus covering the whole 
width of spraying machine. Values of measurements are 
sent by radio-link to computer, which processes and 
graphically diplays them. 
Bench for determining the transversal distribution (fig. 2): 

liquid distribution is measured under the spraying ramp; it 
represents the spraying machine distribution in the field, 
being automatically measured with high precision by 
electronic scanner testing device, which independently 
moves under the machine up to completely determining 
the distribution per machine entire width. Surface to 
measure is of 1.50 m/0.80 m and is completely horizontal 
for not influencing measurements and irrespective of 
nozzles deviation angle. Liquid is collected in collecting 
trays. Data are stored in a memory - box and afterwards 
tranferred to PC. Data transfer is made by radio (radio-
link). 
 
RESULTS 
Determination of nozzle flow rate  

Then, at working pressure of 2.0; 2.5; 3.0; 3.5; 4.0 bar 
the average flow rate was determined for each nozzle. For 
each pressure 3 measurements have been performed. 

Results obtained are shown in table 1. 

 TestŁrile pentru verificarea uniformitŁŞii de distribuŞie s-
au realizat respect©nd cerinŞele Directivei 2009/128/CE, 
Directivei 2006/42/CE ĸi a normelor europene ĸi 
standarde în vigoare.  
PregŁtirea standului pentru experimentŁri a constat ´n 

efectuarea reglajelor ĸi fixarea elementelor de sprijin a 
cadrului, cuplarea transmisiei cardanice la arborele de 
antrenare al pompei ĸi verificarea ca apŁrŁtoarea 
transmisiei cardanice sŁ fie montatŁ ´n stare 
corespunzŁtoare, verificarea conexiunilor pentru acŞionarea 
motorului electric, cuplarea la reŞeaua electricŁ ĸi 
verificarea integritŁŞii ĸi funcŞionŁrii lui. 
¶ Debitul prin duzŁ: s-a determinat prin metoda volumetricŁ 
pentru fiecare duzŁ (ALBUZ AXI cu codul ISO 11003, tip 
AG 03) ´n parte colect©nd lichidul debitat prin fiecare duzŁ ´n 
interval de 1 minut, la presiunile la care se fac determinŁrile 
pentru debitul pompei. S-a determinat apoi valoarea medie 
a debitului pe fiecare dispozitiv de pulverizare în parte. 
¶ Determinarea cŁderii (pierderii) de presiune: la capŁtul 

tronsoanelor (segmentelor) de rampŁ se monteazŁ în locul 
duzelor manometre tip standard. Manometrul utilajului se 
regleazŁ la cel puŞin douŁ presiuni de lucru de referinŞŁ. 
Valorile indicate de manometrul utilajului se vor compara 
cu valorile indicate de manometrul  tip standard. 
¶ Determinarea uniformitŁŞii distribuŞiei transversale pe 
standul de probŁ: standul de probŁ are un scaner cu 8 
jgheaburi cu lŁŞimea de 100 mm ĸi ad©ncimea de 80 mm 
(distanŞŁ mŁsuratŁ ´ntre marginea superioarŁ ĸi fundul 
jgheabului). LŁŞimea scanerului este de 1,5 m, iar cei 8 cilindri 
sunt de acelaĸi tip ĸi mŁrime ĸi au o capacitate de 500 ml. 
Scanerul se deplaseazŁ pe ĸine sub rampa de stropit 
colect©nd ĸi c©ntŁrind lichidul de la fiecare duzŁ ´n parte, 
acoperind astfel toatŁ lŁŞimea de lucru a maĸinii de stropit. 
Valorile mŁsurŁtorilor sunt trimise prin radio-link la calculator 
care le prelucreazŁ ĸi le afiĸeazŁ sub formŁ graficŁ. 
Standul pentru determinarea distribuŞiei transversale (fig. 2): 

distribuŞia lichidului este mŁsuratŁ sub rampa de stropire, 
ea reflect©nd distribuŞia maĸinii de stropit ´n c©mp; 
aceasta este mŁsuratŁ cu ´naltŁ precizie, independent ĸi 
automatizat, scanerul testerului electronic miĸc©nduse 
autonom sub rampa maĸinii de stropit (pe ĸine) p©nŁ c©nd 
se mŁsoarŁ complet distribuŞia pe toatŁ lŁŞimea maĸinii de 
stropit. SuprafaŞa de mŁsurare este de 1,50 m/0,80 m ĸi 
este complet orizontalŁ pentru a nu avea nici o influenŞŁ asupra 
mŁsurŁtorilor, neŞin©nd seama de unghiul de deviere a 
duzelor. Lichidul este colectat ´n tŁvi colectoare. Datele sunt 
stocate într-o memory - box ĸi dupŁ aceea transferate la 
PC. Transferul datelor se face prin radio (radio-link). 
 
REZULTATE 
Determinarea debitului prin duzŁ  

La presiunile de lucru de 2,0; 2,5; 3,0; 3,5; 4,0 bar. S-a 
determinat apoi valoarea medie a debitului pe fiecare 
duzŁ ´n parte. Pentru fiecare presiune s-au fŁcut 3 
mŁsurŁtori. Rezultatele obŞinute sunt prezentate ´n tabelul 1. 
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Fig. 2 - Bench for determining the transversal distribution / Standul pentru determinarea distribuŞiei transversale 

 
Table 1/ Tabel 1 

 

Nozzle / Duza 

Nozzle flow rate / Debit duzŁ [l/min[ 

Pressure / Presiunea [bar] 

2.0 / 2,0 2.5 3.0 3.5 4.0 

Rated value / Valoare nominalŁ 0.98 / 0,98 1.10 1.20 1.30 1.3 

1 1.02 1.14 1.22 1.32 1.39 

2 1.01 1.12 1.21 1.30 1.40 

3 0.99 1.10 1.16 1.23 1.31 

4 1.07 1.17 1.25 1.34 1.45 

5 1.03 1.15 1.24 1.31 1.43 

6 1.04 1.16 1.21 1.30 1.44 

7 1.02 1.13 1.18 1.29 1.37 

8 1.04 1.13 1.21 1.29 1.41 

9 1.01 1.12 1.18 1.26 1.36 

10 0.99 1.11 1.17 1.25 1.36 

11 1.03 1.13 1.20 1.30 1.40 

12 1.06 1.16 1.22 1.30 1.44 

13 1.06 1.16 1.21 1.30 1.38 

14 1.06 1.14 1.20 1.27 1.36 

15 0.98 1.04 1.13 1.26 1.37 

16 1.07 1.14 1.22 1.32 1.41 

17 1.04 1.08 1.16 1.27 1.30 

18 1.08 1.15 1.25 1.34 1.44 

19 1.08 1.12 1.19 1.30 1.38 

20 1.04 1.15 1.19 1.31 1.40 

21 1.06 1.15 1.23 1.36 1.29 

22 1.04 1.12 1.19 1.27 1.37 

23 1.03 1.11 1.15 1.26 1.30 

24 1.11 1.12 1.17 1.34 1.45 

AVERAGE/ MEDIA 1.04 1.13 1.20 1.30 1.38 

 
Determination of pressure diminishing (loss) 

It has been achieved by mounting standard manometers 
instead of nozzles at ramp end sections. The values 
indicated by equipment manometer have been compared 
to those indicated by standard manometer, the obtained 
results being shown in table 2. 

 Determinarea cŁderii (pierderii) de presiune 
S-a realizat prin montarea la capŁtul tronsoanelor de 

rampŁ ´n locul duzelor a manometrelor tip standard. S-au 
comparat valorile indicate de manometrul utilajului cu cele 
indicate de manometrul tip standard rezultatele obŞinute 
fiind prezentate în tabelul 2. 

 
Table 2 / Tabelul 2 

 

Pressure / Presiunea [bar] Left ramp end / CapŁt rampŁ st©nga Right ramp end / CapŁt rampŁ dreapta 

2 2.05 2.06  

2.5  2.3 2.37  

3 3.03 3.13  

3.5  3.23  3.34  

4 3.62  3.75  

 
Determintion of transversal distribution uniformity 

Transversal distribution was made on the testing bench 
for verifying the spraying machines in field crops (fig. 3), at 
working pressures of 2.0; 2.5; 3.0; 3.5; 4.0 bar. For each 
pressure 3 measurements have been performed. 

 Determinarea uniformitŁŞii distribuŞiei transversale 
DistribuŞia transversalŁ s-a fŁcut pe standul de probŁ 

pentru verificarea maĸinilor de stropit în culturi de câmp 
(fig. 3), la presiunile de lucru de 2,0; 2,5; 3,0; 3,5; 4,0 bar. 
Pentru fiecare presiune s-au fŁcut 3 mŁsurŁtori. 
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Fig. 3 ï Aspects during transversal distribution uniformity determination / 

Aspecte din timpul determinŁrii uniformitŁŞii distribuŞiei transversale 

 
A part of results obtained are shown in diagrams in 

figures 4, 5, 6, 7 and 8. 
 O parte din rezultatele obŞinute sunt prezentate ´n 
diagramele din figurile 4, 5, 6, 7 ĸi 8. 

 
Cross distribution blue nozzle, AG 03 type, 2 bar pressure, repetition 1 /  

DistribuŞie transversalŁ duze albastre, tip AG 03, presiune 2 bar, repetiŞia 1 Distributie transversala duze albastre  ISO 11003 , presiune 2 bar, repetitia 1 
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Fig. 4 - Diagrams of transversal distribution at 2.0 bar/ Diagramele distribuŞiei transversale la presiunea 2,0 bar 

 
 

Cross distribution blue nozzle, AG 03 type, 2.5 bar pressure, repetition 1 /  
DistribuŞie transversalŁ duze albastre, tip AG 03, presiune 2,5 bar, repetiŞia 1 Distributie transversala duze albastre ISO 11003 , presiune 2,5 bar, repetitia 1 
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Fig. 5 - Diagrams of transversal distribution at 2.5 bar/ Diagramele distribuŞiei transversale la presiunea 2,5 bar 
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Cross distribution blue nozzle, AG 03 type, 3 bar pressure, repetition 1 /  
DistribuŞie transversalŁ duze albastre, tip AG 03, presiune 3 bar, repetiŞia 1 

Distributie transversala duze albastre  ISO 11003 , presiune 3 bar, repetitia 1 
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Fig. 6 - Diagrams of transversal distribution at 3.0 bar / Diagramele distribuŞiei transversale la presiunea 3,0 bar 

 
Cross distribution blue nozzle, AG 03 type, 3.5 bar pressure, repetition 1 /  
DistribuŞie transversalŁ duze albastre, tip AG 03, presiune 3,5 bar, repetiŞia 1 

Distributie transversala duze albastre  ISO 11003 , presiune 3,5 bar, repetitia 1 
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Fig. 7 - Diagrams of transversal distribution at 3.5 bar / Diagramele distribuŞiei transversale la presiunea 3,5 bar 

 
Cross distribution blue nozzle, AG 03 type, 4 bar pressure, repetition 1 /  
DistribuŞie transversalŁ duze albastre, tip AG 03, presiune 4 bar, repetiŞia 1 

Distributie transversala duze albastre  ISO 11003 , presiune 4 bar, repetitia 1 
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Fig. 8 - Diagrams of transversal distribution at 4.0 bar / Diagramele distribuŞiei transversale la presiunea 4,0 bar 

 
CONCLUSIONS 

After processing the experimental data was obtained 
a table containing each nozzle flow, where it is noted 

 CONCLUZII 

Ċn urma prelucrŁrii datelor experimentale s-a obŞinut un 
tabel cu debitul fiecŁrei duze ´n parte, ´n care se observŁ 
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that the average flow rate on each spraying device does 
not exceed by more than ± 10% the shown nominal flow 
rate.  

Next, checking also pressure drop at the end of the 
ramp sections, it is noted that pressure does not differ by 
more than 10% comparing with the indicated value by the 
machine manometer. Thus, machine verified with the 
method indicated in the paper meets the conformity 
requirements from SR EN 13790-1: 2004. 

In addition to this type of verification (according to SR 
EN 13790-1: 2004, method 2), was also verified the 
transversal distribution uniformity, average deviation not 
exceeding by more than ± 20% the trough average value, 
related to the pressure applied. 

By implementing testing methods after manufacturing it 
facilitates the implementation of 2009/128/CE Directive, 
establishing a framework for Community action to achieve 
the sustainable use of pesticides and respecting 
2006/42/CE. Directive which provides rules to ensure the 
environmental requirements for market placing of pesticide 
application equipment in order to reduce the adverse 
effects of pesticides on human health and the environment 
caused by such equipment. 
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cŁ valoarea medie a debitului pe fiecare dispozitiv de 
pulverizare in parte nu depŁĸeĸte cu mai mult de Ñ10% 
debitul nominal indicat.  
Ċn continuare, verific©nd ĸi cŁderile de presiune la 

capŁtul tronsoanelor de rampŁ, se observŁ cŁ aceste nu 
se abat cu mai mult de 10% faŞŁ de valoarea indicatŁ de 
manometrul utilajului. Astfel, utilajul verificat cu metoda 
indicatŁ ´n lucrare respectŁ cerinŞele de conformitate din 
SR EN 13790-1: 2004. 
Ċn plus faŞŁ de acest tip de verificare(conform SR EN 

13790-1: 2004, metoda 2), s-a verificat ĸi uniformitatea de 
distribuŞie transversalŁ, abaterea medie nedepŁĸind cu 
mai mult de Ñ20% valoarea medie pe jgheab, raportatŁ la 
presiunile aplicate. 

Prin implementarea metodei de testare dupŁ fabricaŞie se 
faciliteazŁ punerea ´n aplicare a Directivei 2009/128/CE 
care stabileĸte un cadru de acŞiune comunitarŁ ´n vederea 
utilizŁrii durabile a pesticidelor ĸi respectarea D 2006/42/CE 
care prevede norme de garantare a cerinŞelor ´n materie 
de mediu la introducerea pe piaŞŁ a echipamentelor de 
aplicare a pesticidelor în vederea reducerii efectelor 
nefaste ale pesticidelor asupra sŁnŁtŁŞii umane ĸi asupra 
mediului provocate de astfel de echipamente. 
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Abstract:. 

Currently the research of medicinal and aromatic plants 
enjoys a special interest justified by the increasing of 
efforts in order to finding of cures for some incurable 
diseases, but also by the need to broaden the assortment 
of products and pharmaceutical preparations obtained 
from them. The therapeutic action of medicinal and 
aromatic plants is due to the presence of bioactive 
compounds. Important quantities of raw material, rich in 
active ingredients can be obtained only by cultivating 
medicinal and aromatic plants, knowing and applying more 
technological links. One of these is represented by the 
harvesting. This paper summarizes the techniques of 
harvesting, especially mechanized harvesting harvesting 
of Herb and the inflorescences of medicinal and aromatic 
plants, as well as the current trends in the field.  
 
Keywords: active principles, Herba, inflorescences, 
medicinal and aromatic plants, mechanized harvesting 

 
INTRODUCTION 

Since to the therapeutic efficacy of medicinal plants 
stays the dialectical relationship active substance - 
pharmacodynamic activity, of prime importance is the 
quality of the raw material. This is conditional on: 

- knowing of the plant organ with the highest content 
of active substances; 

- knowledge of the moment of plant development, 
when the parts that are capitalized contain the 
highest amount of active ingredients; 

- the harvesting method, so that the losses in active 
ingredients to be minimized. 

The underground organs (roots ï radix, rhizomes ï 
rhizoma, bulbs ï bulbus, tubers ï tuber) is usually 

harvested in autumn, after the plant completed the active 
period of vegetation. 

The aerial organs, respectively the stalk with leaves and 
flowers - Herbie usually are harvested at the plant flourishing, 
but where appropriate, the stalks with leaves can be 
harvested sometimes throughout the whole vegetation 
period. The buds ï gemmae and the peel ï cortex, is 
collected early in the spring. The leaves ï folium is 

collected in the first part of the vegetation. The fruits ï 
fructus are harvested when they are completely developed, 
the fleshy or the dry ones, shortly before the opening. The 
seeds - semen are collected at the full maturity [3]. 

The flowers - flores, for some species are harvested 
before they open, while others containing volatile oils 
when they are completely opened. If the flowers fade, they 
do not contain volatile oils or other active principles in the 
same proportions, causing qualitative losses of harvest. It 
is recommended optimal harvesting moments depending 
on the species, thus: for chamomile and calendula 
harvesting will be made when the 50% of tubular flowers 
from flower head are opened and the ligulate flowers have 
a horizontal position, for the corn silk harvesting will be 
done after fertilization, therefore after its wilting [8]. 

It is recommended that the leaves, flowers and 
inflorescences to be harvested during steady weather, sunny, 
without humidity, in the morning or in the afternoon. The 

 Rezumat:  
În prezent, cercetarea plantelor medicinale ĸi 

aromatice se bucurŁ de un interes deosebit, justificat de 
sporirea eforturilor pentru gŁsirea de remedii, pentru 
anumite boli incurabile, dar ĸi de necesitatea lŁrgirii 
sortimentelor de produse ĸi preparate farmaceutice 
obŞinute din acestea. Actiunea terapeutica a plantelor 
medicinale ĸi aromatice se datoreazŁ prezenŞei 
compuĸilor bioactivi. Cantitati importante de materie 
prima, bogata in principii active, se pot obtine, doar prin 
cultivarea plantelor medicinale ĸi aromatice, cunoscand si 
aplicand mai multe verigi tehnologice. Una dintre acestea 
o reprezinta recoltarea. In lucrare se prezinta sintetic 
tehnicile de recoltare, mai ales de recoltare mecanizata a 
herbei si a inflorescentelor plantelor medicinale si 
aromatice, precum si tendintele actuale din domeniu.  
 
Cuvinte cheie: plante medicinale si aromatice, principii 
active, recoltare mecanizata, herba, inflorescente 

 
INTRODUCERE 

Deoarece la baza eficienŞei terapeutice a plantelor 
medicinale stŁ relaŞia dialecticŁ substanŞŁ activŁ- 
acŞiune farmacodinamicŁ, de prima importanŞŁ este 
calitatea materiei prime. Aceasta este condiŞionatŁ de: 

- cunoaĸterea organului de plantŁ cu conŞinutul 
cel mai ridicat ´n substanŞe active; 

- cunoaĸterea momentului din dezvoltare a 
plantei, c©nd pŁrŞile care se valorificŁ conŞin 
cea mai mare cantitate de principii active; 

- metoda de recoltare, astfel ca pierderile de 
principii active sŁ fie minime. 

Organele subterane (rŁdŁcini ï radix, rizomi ï 
rhizoma, bulbi ï bulbus, tuberculi ï tuber) se recolteazŁ 

de obicei toamna, dupŁ ce planta ´ncheie perioada 
activŁ de vegetaŞie. 
Organele aeriene, respectiv tulpina cu frunze ĸi flori 

ï herba, se recolteazŁ de regulŁ la înflorirea plantei, dar 

dupŁ caz, tulpinile cu frunze, se pot recolta uneori ´n 
toata perioada de vegetaŞie. Mugurii ï gemmae ĸi coaja 
ï cortex, se colecteaza primŁvara devreme. Frunzele ï 
folium se colecteazŁ ´n prima parte a vegetaŞiei. 
Fructele ï fructus se recolteazŁ c©nd sunt complet 
dezvoltate, la cele cŁrnoase sau la cele uscate, cu puŞin 
´nainte de deschidere. SeminŞele - semen se colecteazŁ 
la maturitate deplinŁ [3]. 

Florile - flores, se recolteazŁ pentru unele specii ´nainte 
de a se deschide, iar pentru altele care conŞin uleiuri 
volatile, c©nd sunt complet deschise. DacŁ florile se 
ofilesc, nu mai conŞin uleiuri volatile sau alte principii active 
´n aceleaĸi proporŞii, determin©nd pierderi calitative de 
recoltŁ. Se recomandŁ momente optime de recoltare 
funcŞie de specie, astfel: pentru muĸeŞel ĸi gŁlbenele 
recoltarea se va face când 50% din florile tubulare din 
capitul sunt deschise iar florile ligulate au poziŞie orizontalŁ, 
pentru mŁtasea de porumb recoltarea se va face dupŁ 
fecundare, deci dupŁ ofilirea acesteia [8]. 
Se recomandŁ ca frunzele, florile ĸi inflorescenŞele 

sŁ se recolteze pe timp stabil, cu soare, fŁrŁ umiditate, 
dimineaŞa sau dupŁ amiaza. Speciile cultivate pentru 
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species cultivated for fruits and seeds are collected on breezy 
weather in the morning, evening or in the night [5]. For the 
resources containing volatile oils is recommended the 
collection on cloudy weather [3]. 

Harvesting of medicinal and aromatic plants can be 
made: manually, semi-mechanized and mechanized [7]. 

The manual harvesting performed by qualified 
personnel has as a result top quality products. Otherwise, 
quality of products obtained is not even. In some cases, 
this harvesting method is the only available [7], although it 
is a lengthy and costly process, taking place with big 
losses. 

The semi-mechanized harvesting represents a 
compromise between developing and using auxiliary 
devices due to which the manual harvesting can be easier, 
more effective and less burdensome for the operator by 
ensuring an as ergonomically position of it. This 
humanization of the work appeared because the access of 
the medicinal and aromatic plant producers to the know-
how of the market, relating to the mechanized harvesting, 
is very expensive. The development of an "own'' 
mechanization is also very expensive [7]. 

The mechanized harvesting of medicinal and aromatic 
plants are used mainly for the cultivated species. 

 
MATERIALS AND METHOD 

In the paper, the mechanized harvesting of medicinal 
and aromatic plants is classified and analyzed depending 
on several factors. In order to be applied, the mechanized 
harvesting imposes: 
- creation of new varieties of herbs and aromatic 

plants so that the plants from a crop to develop as 
evenly; 

- conceiving and achievement of high performance machinery, 
which are based on new techniques for harvesting. 

Mechanized harvesting of a useful certain part of 
medicinal and aromatic plants, leads to the following 
classification: 
- harvesting of bulbs and roots; 
- harvesting of Herb leaves and stalks; 
- harvesting of flowers or parts of flowers; 
- harvesting of fruits and seeds. 

Mechanized harvesting of the inflorescences consist in 
the action of detachment of the floricultural segment from 
the rest of the plant, retention, transport and unloading in a 
collecting bunker. The floricultural segment detachment is 
achieved by two methods: 
- cutting the petiole under the action of shear forces; 
- breaking the petiole in the section of least resistance 

under the action of the pulling force.[9] 
According to the method of detachment used, the 

harvesting bodies can be: 
- with cutting device; 
- with specialized organs. 

The harvesting systems with cutting device carried the 
sectioning of plant stalks at the a fixed distance from the 
ground [9]. The cutters are those classicals construction of 
used in the mowing machines, with cutting by shearing. 
The shearing forces are applied by two distinct 
components: knife and counter-knife. From the 
constructive point of view there are two types of cutting 
devices: with simple knife and with double knife. The 
systems with cutting device are used for the harvesting of 
the inflorescences with herb of Medicinal and aromatic 
plants, namily all the aerial part of a plant (stalk, leaves 
and flowers). At some species is practiced such 
harvesting, after the inflorescences were harvested (for 
example: camomile), at others is practiced from the 
beginning (mint, hyssop, etc.) [6]. 

fructe ĸi seminŞe se colecteazŁ pe timp rŁcoros 
dimineata, seara sau noaptea [5]. Pentru resursele care 
conŞin uleiuri volatile se recomandŁ colectarea pe timp 
noros [3]. 

Recoltarea plantelor medicinale si aromatice se 
poate realiza: manual, semi-mecanizat ĸi mecanizat [7]. 
Recoltarea manualŁ efectutŁ de personal calificat 

are drept rezultat produse de calitate superioarŁ. Altfel, 
calitatea produselor obtinute nu este uniformŁ. Ċn unele 
cazuri, aceastŁ metodŁ de recoltare este singura 
disponibilŁ [7], desi este un proces ´ndelungat ĸi 
costisitor, care se desfŁĸoarŁ cu pierderi mari. 

Recoltarea semi-mecanizata reprezinta un compromis 
´ntre a dezvolta ĸi utiliza dispozitive auxiliare, datorita 
carora, recoltarea manualŁ poate fi mai uĸoara, mai 
eficientŁ si mai puŞin solicitantŁ pentru operator, prin 
asigurarea unei pozitii cat mai ergonomice a acestuia. 
Aceasta umanizare a muncii a aparut deoarece accesul 
producatorilor de plante medicinale si aromatice la 
know-how-ul de pe piaŞŁ, referitor la recoltarea 
mecanizatŁ, este foarte scump. Dezvoltarea unei 
mecanizŁri ,,propriióô este de asemenea foarte costisitoare [7]. 
Recoltarea mecanizatŁ a plantelor medicinale si aromatice 

se utilizeaza preponderent pentru speciile cultivate. 

 
MATERIALE ķI METODA 

Ċn lucrare, recoltarea mecanizatŁ a plantelor 
medicinale si aromatice este clasificata si analizata in 
functie de mai multi factori. Pentru a putea fi aplicata, 
recoltarea mecanizata impune: 
- crearea unor noi varietŁŞi de plante medicinale si 

aromatice, astfel incât plantele dintr-o culturŁ sŁ se 
dezvolte cât mai uniform; 

- conceperea ĸi realizarea unor maĸini performante, 
care au la bazŁ noi tehnici de recoltare. 

Recoltarea mecanizata a unei anumite parti utile a 
plantelor medicinale si aromatice, conduce la urmatoarea 
clasificare: 
- recoltarea bulbilor ĸi rŁdŁcinilor; 
- recoltarea herbei, frunzelor ĸi tulpinilor; 
- recoltarea florilor sau a pŁrŞilor din flori; 
- recoltarea fructelor ĸi seminŞelor. 

Recoltarea mecanizata a inflorescentelor consta în 
acŞiunea de detaĸare a segmentului floricol de restul 
plantei, reŞinerea, transportul ĸi descŁrcarea ´ntr-un buncŁr 
colector. Desprinderea segmentului floricol se 
realizeazŁ prin douŁ procedee: 
- tŁierea peŞiolului sub acŞiunea unor forŞe tŁietoare; 
- ruperea peŞiolului ´n secŞiunea de minimŁ 

rezistenŞŁ, sub acŞiunea forŞei de smulgere.[9] 
Ċn funcŞie de procedeul de detaĸare utilizat, organele 

de recoltare pot fi: 
- cu aparat de tŁiere; 
- cu organe specializate. 

Sistemele de recoltare cu aparat de tŁiere 
realizeazŁ secŞionarea tulpinilor plantelor la o distanŞŁ 
determinatŁ de sol [9]. Aparatele de tŁiere sunt cele 
clasice, utilizate ´n construcŞia cositorilor, cu tŁiere prin 
forfecare. ForŞele tŁietoare sunt aplicate de douŁ piese 
distincte: cuŞit ĸi contracuŞit. Din punct de vedere 
constructiv existŁ douŁ tipuri de aparate de tŁiere: cu 
cuŞit simplu ĸi cu cuŞit dublu. Sistemele cu aparat de 
tŁiere se utilizeazŁ pentru recoltarea inflorescenŞelor 
cu herbŁ de plante medicinale ĸi aromatice, adicŁ 
toatŁ partea aerianŁ a unei plante (tulpinŁ, frunze ĸi 
flori). La unele specii se practicŁ acest gen de 
recoltare, dupŁ care au fost recoltate inflorescenŞele 
(ex: muĸeŞel), la altele se practicŁ de la ´nceput 
(menta, isop, etc.) [6]. 
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This type of harvesting from large areas (used for: mint, 
hyssop, sage, nettle, basil etc.) is performed with 
machinery (self propelled or towed) intended for 
harvesting of leafy vegetables (spinach, lettuce, parsley, 

basil, etc.) 
Harvesting can be done with specialized machines for 

the harvesting of several species of MAP and herbaceous 
plants of the type mower loader, developed especially by 

the small companies. This kind of machinery is profitable 
because it can be used for example for the harvesting of 
chamomile, Calendula and lavenderas well as at the grass 
mowing [6]. 

Harvesting of medicinal and aromatic plants from small 
plots and experimental horticultural fields is done with 
small capacity machines, pushed or carried by operators. 
The main element is a cutting device whose width can be 
between 1.2-1.6 m (the portable mower SuperCut 
2000NT) or between 0.75 to 1.2 m (harvesters Jenquip 
NZ). Next to this the small machines are equipped with 
other elements that support the collection process, such 
as: blower, bag collector or supporting wheels, conveyor 
etc. [6] 

Harvesting of flowers is a typical problem and special 
for the medicinal and aromatic plants, being an operation 
that rarely is performed for other crops. Chrysanthemum 
flowers (of which the pyrethrin is extracted) can be 
harvested by means of special organs type: 
- rotor with bars (Fig. 1 left), where the cylinder (11) 

induces stress in the stalk of the plant (10) in the 
vicinity of the flower head, while the flower (9) is 
separated from the stalk between the bars (8) of the 
rotor and the bottom wall (5) [10]; 

- picker with bars and fingers (Fig.1 center right), 
characterized by the alternation of thin fingers and 
closer (a) to those thicker and spaced (b), being three 
each areas for each type [11]. 

Acest gen de recoltare de pe suprafete mari (utilizat 
pentru: menta, isop, salvie, urzica, busuioc etc.) se 
realizeaza cu masini (autopropulsate sau tractate) 
destinate recoltarii legumelor frunzoase (spanac, salata, 

patrunjel, busuioc, etc.) 
Recoltarea se poate realiza cu maĸini specializate 

pentru recoltarea mai multor specii de PMA ĸi plante 
ierboase de tipul cositoare ´ncŁrcŁtor, dezvoltate mai 

ales de companiile mici. Genul acesta de maĸini este 
profitabil, deoarece poate fi folosit pentru recoltarea de 
exemplu a muĸeŞelului, gŁlbenelelor ĸi lavandei, precum 
si la cositul ierbii [6]. 

Recoltarea plantelor medicinale si aromatice de pe 
parcele mici si campuri experimentale horticole se 
realizeaza cu masini de capacitate mica, impinse sau 
purtate de operatori. Elementul principal este un aparat 
de taiere a carui latime poate fi cuprinsa intre 1,2-1,6 m 
(cositoarea portabila SuperCut 2000NT) sau intre 0,75-
1,2m (culegatoarele Jenquip NZ). Pe langa acesta, 
micile masini sunt dotate cu alte elemente care sustin 
procesul de colectare, cum ar fi: suflanta, sac colector 
sau roti de sprijin, transportor etc. [6] 

Recoltarea florilor este o problema tipica si speciala 
pentru plantele medicinale si aromatice, fiind o operaŞie 
care rareori se executŁ pentru alte culturi. Florile de 
crizantema (din care se extrage piretrina) se pot recolta 
cu ajutorul unor organe specializate de tip: 
- rotor cu bare (fig.1 stg),unde cilindrul (11) induce 

tensiune ´n tulpina plantei (10) ´n vecinŁtatea 
capului florii, ´n timp ce floarea (9) este desprinsŁ 
de tulpinŁ ´ntre barele (8) ale rotorului ĸi peretele 
inferior (5) [10]; 

- culegator cu bare si degete.(fig.1 centru dr.), 
caracterizat prin alternanta degetelor subŞiri ĸi mai 
apropiate (a) cu cele mai groase ĸi mai distanŞate 
(b), fiind câte trei zone pentru fiecare tip [11]. 

 

   
Fig. 1 ï Harvesting systems for chrysanthemum flowers / Sisteme de recoltare pentru flori de crizantema[10],[11] 

 
Chamomile is an important medicinal plant that is 

cultivated in the world on approx. 20,000 ha, of which 
1,000 ha in Germany.[1] Before '90, surfaces cultivated in 
Europe were much higher, even Romania was among the 
manufacturers. 

The dominant organ of chamomile harvest remains the 
comb. [4] In order to be rotate, the combs are arrayed on 
a picker so that when passing through the layer of stalks, 
perform the separation of flowers. The working process 
includes: 

a) comb penetration into the layer of stalks; 
b) combs movement along the stalks; 
c) combs exit from the layer of stalks.[9] 

The rotary harvesters with combs characterizes all self-
propelled harvesters of chamomile known. These were 
developed in the '80s [1] some of them are still used today 
such as: Hege, KemLinzIII (Germany), Slovark VZR-4 
(Slovakia) [4]. The common feature of these machines is 
the the rotation movement of the picker in the direction of 

 Musetelul este o importanta planta medicinala care se 
cultiva in lume pe aprox. 20.000 ha, din care 1.000.ha in 
Germania.[1] Inainte de ô90, suprafatele cultivate in 
Europa erau mult mai mari, chiar si Romania se situa 
printre producatori. 

Organul de recoltare dominant pentru musetel, 
ramane pieptenele. [4] Pentru a putea fi rotiŞi pieptenii, 
sunt dispuĸi pe un culegŁtor, astfel incat la trecerea prin 
stratul de tulpini, desprind florile. Procesul de lucru 
cuprinde: 

a) pŁtrunderea pieptenilor ´n stratul de tulpini; 
b) deplasarea pieptenilor de-a lungul tulpinilor; 
c) ieĸirea pieptenilor din stratul de tulpini.[9] 

Culegatoarele rotative cu piepteni caracterizeaza toate 
masinile autopropulsate de recoltat musetel cunoscute. 
Acestea s-au dezvoltat in anii ô80 [1] unele din ele se mai 
folosesc si astazi cum ar fi: Hege, KemLinzIII (Germania), 
Slovark VZR-4 (Slovacia) [4]. Caracteristica comuna a 
acestor masini o reprezinta miscarea de rotatie a 




