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ABSTRACT 

Mechanical harvesting of citrus by vibrating action depends on some 

parameters; frequency, amplitude and shaking time. The current study 

aimed to determine the optimum values of citrus performance 

parameters. The shaking machine was operated at three levels of 

frequency 2, 4 & 6 Hz, three levels of amplitude 50, 55 & 60 mm and 

shaking time was 10 sec. 

The results showed that the maximum fruit removal (FR) value, 99.1 %, 

was achieved at a frequency of 6 Hz and an amplitude equal to 60 mm. 

this same frequency and amplitude also achieved the maximum ,100%, 

degree of ripe-fruit selectivity (DS).  

The fruit removal percentage (FR) and both frequency (f) and amplitude 

(A) follows the equation: 

( )2.18.131005.21100 AfxeFR − −

−=  

In conclusion, it is recommended to use the frequency of 6 Hz and an 

amplitude equal to 60 mm. The harvested fruits should be sorted to use 

the ripe fruits for fresh use and the rest of the fruits should be used for 

juice production. 
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INTRODUCTION 

itrus harvesting is the most important operation among all 

production operations of citrus. Manual harvesting is considered 

a common method for citrus harvesting in Egypt. Late manual 

harvesting has many problems like low production rate and high cost. 

Mechanical vibration as an effective citrus harvesting method is capable 

of significantly reducing the labor costs and increasing the harvesting 

efficiency (Du et al. 2015). 
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The mechanical harvesting of citrus (vibration method) depends on some 

parameters. Coppock and Hedden (1968) mentioned that the factors 

affecting the mechanical harvesting of tree fruits by shaking are 

Frequency, Eccentricity, the direction of shaking, fruit size, pull force to 

fruit weight ratio and fruit removal percentage. O'brien et al. (1986) 

mentioned that the high frequencies (25 – 40 Hz) and short amplitude (20 

– 25 mm applied to primary limb) are generally most effective when tree 

structure and fruit attachment are relatively rigid. Long amplitude (100 – 

125 mm) and low frequencies  ( 1.5 – 6 Hz) have been found superior for 

willowy trees or trees with long branches that hang down under the mass 

of the fruits. 

Brown (2002) used Stackhouse shaker heads designed for citrus 

harvesting, with an extended clamp area that enables the shaker to be 

placed on the major scaffold limbs when necessary. Fruit removal was in 

the range of 90 to 95%, and the harvest rate was in the range of 50-to150 

trees/h. Hong et al. (2012) minimized the severe damage of the Jatropha 

curcas trees while selectively harvesting by using an experimental canopy 

rotary drum shaker. The drum shaker had a series of straight fiberglass 

rods with an amplitude of 76.2 mm and frequency of 5 Hz. Liu et al. 

(2017) used a series of shaking rods to study the vibrational acceleration 

spreads along the shaken branch. They found that the vibration was 

spreading from shaking spot to the stem and obviously increased. 

Whitney et al. (2001) found that the linear shaking patterns was better in 

fruit removal than the multidirectional shaking patterns. The linear 

shaking patterns with 6 to 7cm displacement at 7 Hz frequency and a 

shaking time of 5 to 10 sec/tree resulted in an orange removal percentage 

1 to 6 % higher than the multidirectional shaking pattern with the same 

displacement, frequency, and shaking time. A double-spiked-drum 

canopy shaker was developed by Peterson (1998), the shaker was 

equipped with twelve whorls and had 16 straight nylon rods distributed at 

an equal angle. The shaker removal average was 71% and 91% for 

shaking frequency of 4-5 Hz respectively. 

This work aimed to determine the optimal level of performance 

parameters of citrus vibrating mechanical harvesting to obtain maximum 

both of fruit removal percentage and degree of ripe-fruit selectivity with 

minimum tree damage. 
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MATERIALS AND METHODS 

The experiments were conducted both in the laboratory and in the field.  

Laboratory measurements 

Some physical and mechanical properties of citrus fruit-stem system 

(Baladi Variety) were determined according to their maturity levels. 

Three maturity levels (ripe, half-ripe and green citrus fruits) were used. 

For each level, 20 citrus fruit-stem systems were randomly selected.  

Fruit mass was measured using a digital balance (accuracy 1 g). The 

detachment force of fruit (F) from the stem was measured using digital 

force gauge (accuracy = 0.01 N). In addition, length, diameter of citrus-

stem, and dimensions of citrus fruit were measured using a vernier caliper 

(accuracy of 0.1 mm). 

Experimental tests 

Citrus branches were vibrated using a branch vibrator, fig. (1), which was 

designed by Ghonimy (1997). These branches were chosen in a critical 

stage of maturity (contains ripe, half-ripe and green citrus fruits). Nylon 

nets were fixed on a stands to collect the removed fruits. 

 

Fig. (1): Sectional plan of the used branch vibrator 
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Baladi citrus variety branches are vibrated at three levels of frequency; 2, 

4 & 6 Hz, three levels of amplitude; 50, 55 & 60 mm and 10 sec of 

shaking time according to Obrien et al. (1986). 

Evaluating criteria 

1. Fruit removal percentage (FR) 

100
2

1 =
N

N
FR  …………………… (1) 

Where: 

 FR = Fruit removal, %; 

 N1 = Number of harvested citrus fruits from one branch; 

 N2 = The total number of citrus fruits on one branch. 

2. Degree of ripe-fruit selectivity (DS) 

                        100
4

3 =
N

N
DS  …………………… (2) 

Where: 

 DS = Degree of ripe-fruit selectivity, %. 

 N3 = Number of harvested ripe citrus fruits from one branch, 

 N4 = The total number of ripe citrus fruits from one branch. 

3. Branch damage at the point of contact with clamp of shaking 

machine 

The damage of tree branch at the point of contact with the clamp of the 

tree-vibrating machine was determined in terms of bruise volume of limb 

damage. 

RESULTS AND DISCUSSION 

The experiments were conducted both in the laboratory and in the field.  

1. Laboratory tests 

The results of detachment force of fruit, fruit mass and length and 

diameter of stem of citrus (Baladi variety) at different ripening stages are 

shown in table (1). 

From table (1), it is clear that the detachment force of Baladi fruits 

decreased with the increasing of the maturity. A reduction of 6.4 to 21.8 

% in the detachment force was observed with the increasing of maturity 
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compared to the unripe stage. The fruit mass increased with the increasing 

of maturity, and the ratio between the detachment force and fruit mass 

(F/m) decreased with the increasing of the maturity. Meanwhile, the rate 

of changing of stem length and diameter were very small. 

Table (2): Some physical properties of citrus (Baladi variety) and 

dimensional characteristics of stem at different ripening stages. 

Property 

Unripe Half-ripe  Ripe 

Mean 

value(a)  
CV(b) 

Mean 

value(a)  
CV(b) 

Mean 

value(a)  
CV(b) 

Fruit detachment 

force (F), N 
18.8 A 9.66 17.6 B 10.17 14.7 C 10.32 

Fruit mass (m), kg 0.138 A 11.46 0.146 B 14.65 0.148 B 13.54 

F/m, 140.2 10.85 121.7 14.72 100.3 9.74 

Stem length, mm 25.2A 16.38 25.4A 17.37 25.3A 20.6 

Stem diameter 2.9A 8.22 3.0A 8.41 3.1A 7.56 

2. Field experiments  

2.1. Citrus fruit removal (FR) 

Vibration frequencies of 2, 4 and 6 Hz, amplitudes of vibration at the 

point of location of the vibrator of 50, 55 and 60 mm, and time of 

vibration of 10 sec were selected for field experiments. 

From Fig. (2) it is clear that the fruit removal percentage (FR) of citrus 

fruits increased by increasing of frequency from 2 to 6 Hz at all tested 

amplitude values. 

The maximum FR, 99.1 %, was achieved at frequency 6 Hz and 

amplitude 60 mm. While the minimum FR, 52.9 %, was found at 

frequency 2 Hz and amplitude 50 mm. At 2 Hz frequency, the maximum 

FR, 61.7 %, was achieved at amplitude 60 mm. At 4 Hz frequency, the 

maximum FR, 95.1 %, was achieved at amplitude 60 mm. While, at 6 Hz 

frequency, the maximum FR, 99.1 %, was achieved at amplitude 60 mm. 

Thus, it could be concluded that the FR increased by increasing the 

frequency and amplitude. 
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From Fig. (2) it is clear that the fruit removal percentage (FR) of citrus 

fruits increased by increasing of frequency from 2 to 6 Hz at all tested 

amplitude values. 

The maximum FR, 99.1 %, was achieved at frequency 6 Hz and 

amplitude 60 mm. While the minimum FR, 52.9 %, was found at 

frequency 2 Hz and amplitude 50 mm. At 2 Hz frequency, the maximum 

FR, 61.7 %, was achieved at amplitude 60 mm. At 4 Hz frequency, the 

maximum FR, 95.1 %, was achieved at amplitude 60 mm. While, at 6 Hz 

frequency, the maximum FR, 99.1 %, was achieved at amplitude 60 nm. 

Thus, it could be concluded that the FR increased by increasing the 

frequency and amplitude. 

 

 

Fig. (2): Effect of frequency on the citrus removal percentage at 

different amplitudes 

Referring to the processed data, the results showed that by increasing the 

amplitude for the same frequency, the fruit removal percentage was 

increased by a percentage ranged from 2 to 9 %. 

The relationship between fruit removal percentage with frequency and 

amplitude are shown in equation (3). (According to Obrien et al. 1986). 

( ) AfkeFR −−= 1100  …………………… (3) 

Where: 

 FR = Fruit removal                                , %; 

 F = Frequency                                    , Hz; 

 A = Amplitude                                     , mm; 

 k, α and β = Coefficients. 

To determine the values of the experimental constants (k, α and β) for 

citrus crop, the following step derivation had to be performed: 
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1. Experimental constants have to be in one side of the equation (3) as 

follows: 

( ) Afke
FR −−= 1
100
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2. changing the exponential equation to linear equation by taking the 

natural exponent logarithm two times as follow: 
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Using the obtained data from the field experiments (figure 2), equation 

(4) was solved to determine the values of experimental constants. After 

the solution of equation, the values of constants were obtained as:    

 k = 2.05 x 10-3,  α = 1.8,  β = 1.2 

The relationship between fruit removal percentage and both frequency 

and amplitude could be represented as exponential function in the 

following form (equation 5): 














−=

− − 2.18.131005.2

1100
Afx

eFR ………..(5) 

The comparison between the average values of fruit removal percentage 

and predicted fruit removal percentage (from equation 5) is shown in fig. 

(3). It’s clear that the actual fruit removal is very close to the predicted 

values for the same frequency and amplitude. Thus the equation with the 

determined constants can be used for the selection of the optimum 
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performance parameters (frequency, amplitude and shaking time) with 

multi-criteria of highest fruit removal at minimum limb damage. 

2.2 Ripe-fruit degree of selectivity (DS) 

The average values of fruit degree of selectivity (DS) for ripe citrus fruits 

are shown in Fig. (4). It is clear that the values of DS for the same 

frequency were increased by increasing the amplitude. The minimum 

value of DS was 70.7 % at 2 Hz of frequency and 50 mm of amplitude. 

While, the maximum value of DS was 100 % at 6 Hz of frequency and 60 

mm of amplitude. 

The increase in the DS values with the increase of the amplitude or the 

frequency can be attributed to the decrease in the (F/m) ratio (Table 1) 

because the more the fruit rips its' required detachment force decreases 

and its' mass increases. 

From figures (2) and (4) it is clear that the maximum FR, 99.1 %, was 

achieved at 6 Hz frequency and 60 mm amplitude. The maximum DS, 

100 %, was achieved at the same frequency and amplitude. 

2.3. Branch damage at the point of contact with the clamp of vibrating 

machine 

Although, in all tested frequencies and amplitudes, there was no damage 

to the branches at the point of contact to the clamp, however, very slight 

and rare bruising may occur in the main branches. These bruising which 

may affect the phloem could stimulate reproductive growth. When 

downward phloem translocation of carbohydrates and growth hormones 

is blocked by scoring, these compounds tend to diffuse into the xylem 

and are transported upward in the transpiration stream and concentrate in 

the leaves and tissues involved in reproduction. Moreover, bruising and 

griddling affect positively the plant hormone "ethylene" which in turn 

stimulates the induction of the floral buds and ultimately improve 

flowering in the following season and increase fruit yield. The increase 

in flower initiation following possible phloem blockage due to vibrating 

action usually is evident in the season following treatment (Schulte et al. 

1992).   
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Fig. (3): Actual and predicted citrus removal percentage at different 

frequencies and amplitudes. 
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Fig. (4): Degree of selectivity of ripe-citrus fruits as function of amplitude 

and frequency. 

CONCLUSION 

From this investigation, the following conclusion can be made: 

1. The ratio between the detachment force and fruit mass (F/m) decreased 

with increasing the maturity. 

2. The maximum value of fruit removal (FR), 99.1 %, was achieved at 

frequency 6 Hz and amplitude 60 mm. 

3. The maximum value of degree of selectivity (DS) was 100 % at 6 Hz 

of frequency and 60 mm of amplitude. 

4. For all tested frequencies and amplitudes there were no damage on the 

branches at the point of contact of the clamp. 

In conclusion, it is recommended to use the frequency of 6 Hz and an 

amplitude equal to 60 mm. The harvested fruits should be sorted to use 

the ripe fruits for fresh use and the rest of the fruits should be used for 

juice production 
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 الملخص العربي

 حصاد الموالح باستخدام أسلوب الهز

 1عيد نصر الدين عبد الرحمن   2،3أحمد محمود الزهيري   1،3محمد إبراهيم غنيمي 

البحرر المتوطرل لمرا يتمير  نر  مرن  ودول حوضتعتبر الموالح من أهم محاصيل الفاكهة في مصر 

 علرىالميكانيكي للموالح نأطرلو  الهر   داويعتمد الحص، من الفيتامينات مرتفعةنسب   احتوائ  على

تقردير الحردود المىلرى لكرل مرن الترردد و مرول الم روا   هذا البحث الري هدفوينعض المؤشرات. 

ناطتخدام أطلو  اله  التي تؤدى إلى الحصرول علرى أعلرى نسربة   )صنف البلدي(لحصاد الموالح 

 رر  لل ر رو.و للوصرول إلرى   جرواقرل د واعلري نسربة ايتيا يرة للىمرا  النا ر ة  فصل للىما 

هدف الد اطة تم إجراء د اطة معملية لتحديد نعض الخواص الطبيعية لىما  الموالح و كذلك عنق 

عرن مريرق  الفاكهرة نراله حقليرة ناطرتخدام ماكينرة حصراد  مرا   ترم اجرراء ت را  الىمرو و كرذلك 

 10زمرن هر عنرد م مر 60، 55، 50و لا رة م راوير هيرتر   6 ،4، 2د اطة تأ ير  لا ة تررددات 

، التلف الحراد  للفرر  الايتيا ية للىما  النا  ة ، نسبةالنسبة المئوية للىما  المفصولة على اني  

 عند اتصال  مع ماطك اله از.

 الدراسة ما يلي: وقد بينت

 يرادو د جرة ن (البلرديصرنف للبرتقرال ) وكتلرة الىمررو القوو اللازمة للفصرلالنسبة نين تقل  .1

 نضج.ال

هيرتر   6مقردا    تررددعنرد  %( 99.1)لنسربة المئويرة لفصرل الىمرا  ة لقيمتحققت أقصى  .2

  مم. 60ومول م وا  

 هيرتر  6 عنرد اطرتخدام ترردد % 100 أكبر قيمة لنسبة الايتيا ية للىما  النا  ة تحققت .3

 مم. 60 ومول م وا 

 لم يحد  أي  ر  للفر  عند نقطة الاتصال مع ماطك آلة الحصاد. .4

للىمرا  النا ر ة  فررزمم مرع اجرراء عمليرة  60هيرت  ومول الم وا   6وصي ناطتخدام التردد ي

 لتوجيهها الي الاطتهلاك الطازج وتوجي  الىما  الغير نا  ة لإنتاج العصير.
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