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A RESEARCH ON DETERMINATION OF TECHNICAL AND
ECONOMICAL CHARACTERISTICS OF DIFFERENT
PRUNING METHODS APPLIED ON CITRUS
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All the pruning operations in Tirkiye are performed by hand tools, and
for this reason high level of labor per hectar is requ1red in the pruning. Recently
growers have come across important problems because of the increases in labor
cost. and the decreases in the number of skilled pruning workers. Hawever,  inves-
tigations on the pruning have been very important to get quality fruit and more
yield. In this study, effects of different pruning methods applied in the citrus
pruning were searched in terms of solving these problems. In addition to these,
influences of limb diameter and cutting edges openness of clippers on cutting
force were also studied inm laboratory. 3

The research was carried out with.three pruning methods including simple
hand tools, pneumatic effective pruning system and pruning machine. The pruning
methods were compared in terms of costs end working capacity and physical effects -
of pruning machine on the soil were also searched. Two prneumatic clippers with
34 and 43 mm cutting edges openness were used for determining the effect of limb
diameter and cutting edges openness on cutting force.

The results have shoun that cost of pruning with machine was the highest
compared to the other methods, whereas it bad the highest pruning capacity. Pruning
‘with hand tools was the cheapest pruning method comparing to the others. Soil
compaction caused by a heavy the prﬁning'machine was determined by measuring
- penetration resistances. The level of resistance has been determined too high
for crop growth and root elongation, It was also noted that cutting force increased
with the increment of 1limb diametei. In addition, it was also determined that
the cliper with big cutting edges openness needed less cuttmg force than the
- c:lipper with smell cutting edges openness.

INTRODUCTIDN

In citrus growing, when cultural operations such as pest,
disease and weed control, pruning, irrigation and fertilization are
not done in a proper order, effects of these operations aré reduced .
or disappeared. Citrus pruning has been considered as one of the
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cultural operations which have the least necessity. Consequently many
citrus growers think that pruhing is the most easily. dispensed one
of cultural operations. Recently, citrus pruning has been very
important to get more yield and more quality fruit. Pruning is cutting
and bending épplications to give a desired shape, rejuvenate and
get more production (Yimaz, 1987). In unpruned citrus orchard use
of machine and equipments, which increases working speed and
efficiency, will be difficuit extremly. The movement of sprayer,
harvester, picking trucks and tillage or other eqﬁipments in orchard
may be improved by removing the branches that prevent management

operations.

Simple hand tools, semi-mechanized pruning systems and full-
mechanized pruning machines are applied for pruning. According to
mechanization level of countries, pruning operations have been done

by using one or two of these equipments.

_Pruning with simple hand tools requires high manpower. In
this method, hand ‘saw, shear, long-handled lopper and ladder have
been used. The growers have used saws and clippers 6perated by
compressed air, ‘hydraulic and electric in semi-mechanized pruning,
Only movement of knives has been powered in this pruning (Tuncer '
and  Ozgiven, 1989). Machines used in full-mechanized pruning are
self-propelled or mounted on tractor chassis. !lajority of pruning
in Torkiye is done with hand toals, semi-mechanized pruning is applied‘

very little. However pruning with machine isn't applied.

In recent yeax:s, the growers have faced to important diffi-
culties because of the decrease in the number of experienced pruners
and the increases in labor costs. This problem is going to be more
-importént in terms of both cost and time in future. By taking these
problems into consideration in this study, pruning system being
relevant to the conditions of Tirkiye was searched by comparing
the working caplacity and cost of different pruning methods applied
in the citrus pruning and physical effect on thé soil of full-mechanized

pruning machine which has heavy construction were searched too.

108



MATERIALS AND METHODS

]

Materlals

. This siudy_ was carried out at the citrus orchard which has
medium texture soil being clayey and loam and belongs to a private
agricultural management at Abdmglu village depentdent on Adana.
- This region has typical med:terranean climate. The research was
_carried out on 2005 Domestic orange ‘and Ruby Red greypfruit trees.
They were average 26 years old, their spaces are 8x6 m and X7
m and average height 6.72 m,-éanopy diameter 7.25 m and trunk

diameter 0.28 m.

Saws, shears and longahéﬁdled clippers were used for hand
pruning. Pneumatic effective pruning system which consists of power
source (2), air compressive unit (I}, air tank (5), hoses and hose-
winding pulley (8), cutter movement unit (7) and saw and clipper
(8,9) has 4 exist units (Figure 1). Universal 445 tractor with 33 kW

motor power was used as power source.
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Figdre 1. Pnaumatic effective pruning system

The working speed of pneumatic saw was 1200 strok per
minute. Clippers which have cutting edges openness (average 40 mm)
cut a material. with mechanical push-effect. There was a safety

system to prevent the closing of pneumaﬁc clipper by itself.

THY9 type pruning machine used for full-mechanized pruning
was mounted on MF 285 .tractor. The pruning machine consisted of
a boom which carried cutting wheei with circular saws and main

chassis. This machme is able to prune a tree at different angles
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(between 5Q° and 188° from the horizontal). The machine has maximum
cutting height of 7.60 m for hedging, 5.20 m for topping of trees
and maximum transport height of 2.87 m (Figure 2). :

Figure 2. The angles of cutter systam on working
position of pruning machine.

The hydraulic system on thé pruning machine is the main
link among the PTO (1), saws (2) and hydraulic cylinders. The hydrau-
lic pump (3) is Irun by PTO of tractor, flow of pressured oil is
directed from hydraulic pump to the hydraulic motor (5) by means
of hydraulic hoses (4} and hydraulic motor transmits flow of pressured
oil back to mechanical rotating power (Figure 3). The drive chain
transmits power from hydraulic motor gear to the saw gear. All
the saws are linked together by means of the chains. The cutter
of pruning méchine has four circular saws of diameter 500 mm. Each
of the saws on the ends of rotating arms is run by a saw motor.

In order to make a clean cut and at the same time pull
the brush away from the top of the tree, the system nﬁust perform
three movements in relation to the wood to be cut: saw rotation,
cutting wheel rotation énd forward movement of machine,

Methods

The orchard treatments were completed in three groups a

follow:
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Figure 3. Hydraulic power transmission of pruning machine

- Conventional pruning,
- Semi-mechanized pruning,

- Full-mechanized pruning.

In the conventional pruning used simple hand tools, 20 skilled
pruners were employed. The pruners worked for hedging on ground
and for topping on tree. Two workers were employed -for pneumatic
effective pruning. One of\-them was experienced pruner and the other
one was helping worker who performed ‘the jobs such as remowing
the cut branches and the driving tractor. Pneumatic saw and clipper
were used for topping and, hand shear and long-handled 'clipper for
henging. TH9 type pruning -achine was run 6 times at the same

row for full pruning of trees that have vigor vegetative growth.

Determination of Working Capacity and Cost of Different
‘Pruning Méthods

Working capaci'ty of pruning methods was calculated with
general formulas used to determine working capacity of agricultural
machines.- The working_' capacity of the pruning with simple hand -
tools was calculated per pruner. The pneumatic system -wa'sn't be.
able to be used in full capacity, due to the presence of one hose
on the system. But the results of pruning were modified according
to the full working capacity. Prunfng ‘machine was operated by a
man who did both driving and pruning simultaneously.
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It was accepted that systems were run with full capacity
for comparing the costs of pruning methods. 2500 TL/h as labor cost
for pruning was taken into account. General formulas were used
to calculate the costs of farm machines and equipment_{lgxk and
Tuncer, 1989). In calculations, interest rate, fuel price and oil price
were accepted 40 %, 1100 TL/1 and 3300 TL/I, respectively. As if
the- prunings - were done with the rented machine and equipments

95 % costal value was added to overall inputs.
Determination of Effect of Limb Tickness on Cutting Force

Cutting force treatments were carried out at the laboratory
of Department of Agricultural Mechanization, [Faculty of Agriculture,
University of Cukurova. Two pneumatic clippers with 34 and 43 mm
cutting edges openness were used to cut limbs with different dia-
meter. The pressure of pneumatic system was raised up to 12.5x105Pa
at. intervals 2.5xl05Pa. At the end of measureﬁtents, the maximum
limb diameter which can be easily cut by each clipper and effect

of cutting edges openness on cutting force were determined.
Determination of Soil Penetration Resistance

In this experiment, physical effect of pruning machine on
the soil was searched in terms of soil compaction. Penetration resis--
tance In the soil was measured by using a recording penetrometer
with a digital read-out. The diameter of cone on Bush Recording
Penetrometer was 12.83 mm and it's angle was 30%, The cone resis-
tance was measured at intervals 3.5 cm. The maximum penetration
depth of the pen.etrometer was 52.5 cm and the maximum penetration

force was 3800 kN/m2
on track of tractor, under canopy of tree and between tracks for

.. The measurements were repeated 10 times

determination of the penetration resistance.

CONCLUSION

According to the results, working. capacities of conventional
and semi-mechanized pruning methods were determinede as 0.84 and
7.5 trees per hour, ' respectively. The working capacity of pruning
with machine was 23 tree/h and this capacity was higher than working
capacity' of conventional and ' semi-mechanized pruning methods,

'2638 % and 206.7 %, respectively (Table 1).
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Table 1. The wnrkinfj capacity and cost eof pruning methods

Pruning Cost Working Capacity
*fethods ' TL/tree (tree/h)
Conventional : 3364 0.84
Semi

Mechanized _ 43 10 7.5

Al 4454.4 ; 23
Mechanized A

Labor and machine costs per tree were taken into consideration
in comparing of the costs of pruning methods. The cost per tree
was calculeted 3364 TL/tree for the hand tools,- 4310 TL/tree for
the pneumatic pruning system and 4454.4 TL/tree for pruning with
machine (Table 1).

It was shown that the most expensive one was the full-
mechanized pruning. It costed 32.4 % and 3.35 % more when compared
to conventional and pneumatic effective p'rum'ng methods, respectively.
Of the pruning methods the cheapest pruning method was conventional

pruning,

According to the regreassion analysis which was done to
calculate the effect of limb déameter on cutting force, statisticaly
a linear the relationship (94 %) between cutting force and limb
diameter was found (Figure 4). It was determined that cutting force

was increased with the increment of limb diameter.

In addition, the limbs at the same diatemeter were cut by
using pneumatic effective hand clipper and long-handled clipper with
34 and 43 mm cutting edges openness in order to determine the
effect of cutting edges openness on cutting force. It was also
determined _that the pneumatic hand clipper needed more cutting
force than the pneumatic long-handled clipper and it was 1.3 times

higher than the pneumatic long-handled clipper.

Penetration resistance depentdent' on profile depth of the
'soil was measured as Mpa for determination of physical effects of
pruning machine on the soil (Figure 5).
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Figure 4. The relationship between cutting force and limb diameter
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Figure 5. The variations of penetraiton resistance to depth of soil profile

CI

114



The highest penetraiton resistance was found 2.56 -Mpa in
both the area between tracks of pruning machine and under the tree
canopy. llowever this measured soil penetration resistance- waén't
too high for crop growth and root elongation. Buscher and Sojka
(1987) have indicated that if soil penetration resistance was higher
than' 3 Mpa, crop and root grofth were prevented., As a result, the
measurements taken from the tracks of pruning machine, especially
in depth ‘of 17.5-21 cm soil profile, the‘ penetration fesistance was
found 3.45-3.38 Mpa, which was rather high. This high value does
not allow healty crop growth and root elongation. Af.ter pruning
with machine, the so_il must be tillaged by orchard equipments such

as cultivator and harrow to prevent soil compaction.

Although, pruning with machine had the highest working capa-
city, it's usage is not available under Ttirkive conditions now. Only
big farmers can afford to have them. However the pruning machines
operated by compressed air, electric and hydraulic can be bought
easily by growers. The speed and efficency of these tools may be
increased by using.theﬁm in conjunction with a mobile platform on
the tractor or self—prbpelied. In addition, tractor which high operation
cost, can be used as a power source in early spring when pruning
is intensively done. Therefore, the using period of a tractor can

be prolonged during a year.

OZET

TURUNCGILLERDE UYGULANAM FARKLI BUDAMA YOMTEMLERININ TEKNIK VE ExONOmiK
YUNDEN TRDELENMEST- UZERTNE BIR ARASTIRMA

Glntimizde turunggil yetistiriciliginde diger bitki tirlerinde oldudu
gibi daha gok, daha kaliteli ve daha erken irin elde edebilmek amaciyla hastalik
ve zararlilarla savas, sulama, gilbreleme gibi kiiltiirel islemlerin yani sira budama
uygulamalarl da gittikge artan bir @nem kazanmaktadair.

Turkiye'de budama islemleri yodun is giicl gerektiren galeneksel budama
ydntemiyle yapilmaktadir. Mekanik etkili alet ve ekipmanlarin kullanimi heniiz
yayginlagmamg olup makinali budama hig yapilmamaktadir, Oysa budama isinin yoru-
culudu, her gegen giin artan deneyimli ig glicli gereksinimi ve isgi tlicretleri tireti-
cileri ilerde blylk sorunlarla karsi karsiya getirecektir. Calismada bu sorunlar
dikkate alinarak turyncgil budamasinda uygulanan farkli budama yontemleri ekonomik
ve is verimi agisindan arastirilmstar. Ayrica bu galismaya ek olarak afiair yapili
budama makinalarimin yayginlagmasi halinde toprak Uzerinde yaratabilecefjii fiziksel
etkiler ve pndmatik etkili el makasi ve uzatma kollu makas kullanarak kesme kuuve—
tine dal kalinliginin etkisi saptanmaya galisilmistar,
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" Adana-Abdioflu kiylinde &zel bir tarim isletmesine ait turunggil (altintop
ve portakal) bahgesinde yiiriitiilen budama galismalari; geleneksel (basit el alet-
leri), yar: mekanize edilmig (pndmatik etkili kesiciler) ve tam mekanize edilmig
budama yontemleri olmak (izere baslica Ug grupta tamamlanmigtir, Kesme kuvvetine
dal capinin etkisini saptamaya yBnelik olarak yapilan calismada, sirasiyla 34
ve 43 mm kesme afjiz acikligina sahip pnomatik el makasy ve uzatma kollu makas
kullanllmlgtlr. AN :

' Y8ntemler arasinda budama giderleri, makinali budamada geleneksel wve
yari mekanize edilmis budama yontemlerine kiyasla en yiksek degare ulasmis olmasi-
na karsin bu yontemin is basarisimin difierlerine gdre daha yuksek dederde oldugu
balirlenmistir. En ekonomik budama yonteminin ise geleneksel budama yontemi eldugu
saptanmistir. Buna karsin adi gegen yBntem en diisik is verimine de sahiptir.

Adir yapili budama ‘makinasinin toprakta olusturdugu penetrasyon direnci
3. 45 Mpa qgibi oldukga bilylik bir defjere ulasmistir. Bu defer bitki biydmesini
ve kik geligimini olumsuz yBnde etkileyen toprak sikisiklifiina neden olmugtur.
Bu nedenle budamanin makina ile yapilmasi halinde budsmadan sonra toprafiin mutlaka
kiiltiivatdr, diskare vb. bahge ekipmanlariyla kabartilarak islemmesi gerekmegtedir.'

Dal gapi kalinlifinin kesme kuvvetine ﬁlan etkisini saptamak igin yapilan :

* laboratuvar caligmasy sonucunda istatistiksel olarak dal gapy kalinlifi ile kesme
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kuvvetl arasinda ¥ 894 gibi bilylk bir deferde dofrusal bir iligki oldufu saptanmig-
tir. Bu analiz sonucunda dal capr kalinlifiinin artmasiyla gerekli kesme kuvvetinin
de artti¥y ortaya konmustur. Dider taraftan aymi kalinliga sahip dala kesmek
icin pnomatik e1 makasinin uzatma kollu makasa gire 1.3 kat daha fazla kesme
kuvvetine gereksinimi oldufu saptanmistir. :

Oldukga bilyiik ekonomik yike sahip budama makinalari gUndmiz Tiirkiye
sartlarina uygun olmamakla birlikte ileriki yillarda ortaya gikabilecek sorunlari
gbz ©Online alarak makina konstrlksiyonunun hafifletilmesi ve bahge diizenlerinin
iyilestirilmesi gerekmektedir. Fakat su anki Kosullards geleneksel budama ydntemi-
ne gire galigma hiz ve etkinlidini artiran mekanize edilmis kesicilerin kullanimi
daha uygun olacaktir. : ' :
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