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Abstrac: The orange fruit harvesting in Iran is carried out manually due to unavailability of the 
mechanization systems which increases the production costs. Systematic investigation of the factors 
which could lead to higher productivity in the agro-inputs and sustainability of the production system 
becomes paramount. The aim of this study is investigate and determine the appropriate amount of the 
abscission material on mechanized harvesting citrus in the form of factorial test on complete 
randomized design with tree replications. The methodology involved two sprayers consist of the Mist 
Blower and one hundred liter sprayer with lance types and abscission material at three levels of 400 
ppm, 800ppm and 1000ppm. Dependant variables consisted of the sprayer type and the amount of 
abscission material used in the study whereas the independent variables consisted of the efficiency of 
harvest, the percentage of harvest, the fruit detachment force. Results of the variance analysis show no 
significant relation between the type of sprayer used and the percentage of mechanized harvesting. 
However, there was a significant difference (one percentage level) between the percentage of 
harvesting and the use of abscission material. Results indicated the abscission material at 1000ppm, 
800 ppm and 400 ppm has harvested 90.38%, 81.23% and 76.88% respectively. The variance analysis 
of the harvesting efficiency shows no significant difference between the sprayer types and abscission 
material and their interactive effects. Analysis of the detachment forces indicated that the Mist Blower 
spryer with an average of 22.5 (N) required a greater force for detaching the fruit from the trees relative 
to an average of 9.6 (N) than the one hundred liter sprayer with lance types required. It can be observed 
that the one hundred liters sprayer has a more superior performance quality for fruit detachment than 
the Mist Blower type. It can be deducted that that the Abscission material absorption and its 
concentration over the fruits in the one-hundred liters sprayer is much greater than its Mist Blower 
type. Furthermore, for optimum performance 800 ppm is required for the one hundred liter sprayer with 
lance types whereas efficient performance of the Mist Blower type would necessitate much more 
volume of Abscission material recommended to be 1000ppm. 
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INTRODUCTION 
 

 The fruit products in Iranian orchards are harvested by the use of traditional wooden tools known locally as 
“Galak”. This is not only expensive in terms of labor force requirements but also undermines the product and its 
quality as well as the branches of the trees. Traditional crop harvesting method also increases the costs up to 
40% of the total costs, reducing the profit margin and rendering them uncompetitive in the internal and export 
markets.The traditional methods furthermore are more laborious and time-consuming which make the time 
management very difficult. The length of time requires for the harvest limits the operational flexibility 
particularly over the time management which could incur considerable damages to the crop yield and quality by 
the occurrence of early frosts. One of the mechanisms which on one hand regulate the harvest time and facilitate 
easy fruit detachment after application of the abscission material is mechanized harvesting method. This would 
not only increase the operational efficiency but also decreases the potentially physical damage to the tree 
branches as recommended by the experts (Brown, G.K., 2001). The application of these methods which use the 
abscission material to increase the fruit detachment force while increasing the crop harvest efficiency 
complemented by decreasing potential crop damage (Salyani, M. et al., 1999). One of the reasons for such 
performance characteristic is the uniformity in spraying of the abscission material over the crops, the 
effectiveness of which is reported to be more when it is sprayed on the crown of the trees (Kender, W.J. and U. 
Hartmond, 1999). In this respect, the efficiency of the sprayer operations depends also on the type of the sprayer 
used (Koo, Y.M. et al., 1999; Koo, Y.M. et al., 2000). Given the above considerations the application of the 
currently used Mist Blower and one hundred-liters types are investigated in order to assess its performance 
parameters such as harvest efficiency, harvest percentage and detachment force needed to harvest the fruits from 
the tree branches. 
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MATERIALS AND METHOD 
 

 The experiments were carried out in the citrus fruit orchards of the Shahid Beheshti Agro-industrial in the 
Dezful region, southwestern Iran during the 2009-2011. The test specifications including the name of orchard, 
variety, age and distance between the trees on one hand and between the rows on the other were recorded and 
were tested in the form of factorial on complete randomized design with three replications. The details of the 
treatments are shown in table 1.  
  The independent variables in this experiment consisted of the type of sprayer, the amount of abscission 
material and the dependent variables consist of harvesting efficiency, harvest percentage, detachment force 
required to harvest the fruits from the trees. the local variety known as Siavaraz and a shaker equipped with 
pneumatic head having an ability to shake the trees with a reciprocal movement of about 7-8 Hz was used for 
the purpose of this experiment. The abscission material under the trade name Etephon with three levels of 400, 
800 and 1000 ppm were used. The measurement of the detachment force required to harvest the crops from the 
trees were taken by the digital Lutron gauge model FG 50-20.  
 
Field Measurements: 
Harvest Percentage: 
 The amount of harvested fruits for each treatment was weighed and measured. After mechanized 
harvesting the remaining fruits on the trees were manually collected and then weighed using the formula as 
follows (Sessiz, A. and M.T. Ozcan, 2005): 
 

Mechanized harvest percentage = 
B 

X 100 
B+A 

Where  
 
A: is the weight of remaining fruits on the trees. 
B: the weight of the harvested fruits by the mechanized method. 

 
Harvest Efficiency: 
 In order to estimate the harvest efficiency for each plot the time taken for the harvest and the total crop 
yield from each treatment was systematically weighed and recorded. The following formula was used to 
calculate the harvest efficiency (Abdeen, M. et al., 2006).  
 

Mechanized harvest efficiency (kg/hr) = 
The weight of harvested fruitby the mechanized method (kg) 

The time taken to harvest the fruits by the mechanized method (hr) 
 
Detachment Force Needed to Harvest the Fruits: 
 After the application of abscission material 3 fruits from each plot were picked up on random basis and 
using the digital gauge, the detachment forces were measures in Newton. 
 The MSTATC software was used for data analysis and Duncan Tests were carried out to compare the 
average treatments.  
 
Table 1: Treatments. 

 
Table 2: Variance analysis of treatments. 

=Difference between treatments at level 5% * 
=Difference between treatments at level 1% ** 

 Non significance   = n.s 
 
 

No code Harvest method Sprayer type amount of abscission material(ppm) 
1 B1C1 shaker  one hundred liters sprayer B1 400 C1 
2 B1C2 shaker  one hundred liters sprayer B1 800 C2 
3 B1C3 shaker  one hundred liters sprayer B1 1000 C3 
4 B2C1 shaker  Mist Blower B2 400 C1 
5 B2C2 shaker  Mist Blower B2 800 C2 
6 B2C3 shaker  Mist Blower B2 1000 C3 

Force detachment fruit (N)Efficiency harvested  (Kg/hr) Fruits harvester % d.f S.O.V 
90** 11714.701n.s 6.722n.s 1 Type of sprayer 
26** 891.860n.s284.895**2 Amount of abscission material 
8** 10285.068n.s6.804n.s2 Interaction 

0.085 3643.84023.24312 Error 
   17 Total 

17.27 19.715.82   C.v % 
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RESULTS AND DISCUSSION 
 

Analysis of Harvesting Percentage: 
 Variance analysis results showed there is no significant difference between harvesting fruit percentage and 
type of sprayers, but there is a significant difference on amount of abscission and harvested fruits percentage at 
1% and no interaction between amounts of abscission material and sprayer type was seen. It means two type 
sprayers have reasonable efficiency, considering significant differences on abscission amount, to find out better 
deference, Duncan's multiple test was carried out, diagram No -1 shows abscission amounts difference, it shows 
abscission material at 1000 ppm of concentration is in first and 800 ppm and 400 ppm are at the latter class and 
90.38 percent of fruit with 1000 ppm and 81.23 percent of fruit with 800 ppm and 76.88 percent of fruit with 
400 ppm were harvested. Other researchers admitted the same results at the same condition and concluded 
applying abscission material on various amounts reduce fruit detachment force (Farooq, M. et al., 2005).  
 In a research that a canopy shaker and Ethephone abscission were used in olive harvesting, results indicated 
that fruits harvested in not abscission used were 50% less than those used abscission material and used of 
Etephone in various concentration, increased harvesting percentage from 46% to 100% and reduced fruit 
detachment force (Sessiz, A. and M.T. Ozcan, 2005). 
 
Analysis of Harvesting Efficiency: 
 Variance analysis showed there is not significant difference among type of sprayers and amount of 
abscission material and their interaction, and other studies results showed that use of plant regulators reducing 
fruit detachment have increased citrus harvesting efficiency from 17 to 26 % in mechanized system (Salyani, M. 
et al., 1999). In a research compression harvested manual and mechanized tree in an hour, were 4, 12.3 
respectively (Polat, R. et al., 2007). In other study in mechanized citrus harvesting results showed harvest 
efficiency was different 256 till 434 lb/min and amount of harvest percentage was 80% till 97% in different 
condition (Ganesh, C. and R. Bora, 2006). In mechanized harvesting use of abscission material is needed, it 
reduces fruit detachment force and increases harvest efficiency (Salyani, M. et al., 1999; Hedden, S.L. et al., 
1988; Whitney, J.D. et al., 2000 and Farooq, M. et al., 2005). 
 
Fruit Detachment Force Analysis: 
 Variance analysis showed there is a significant difference between Detachment fruit force and type of 
sprayers at 1% level. As well as significant difference between amount of abscission material and their 
interaction was seen, to compression means diagrams No 2 and No 3 on Duncan's multiple range test are shown. 
the means show that one hundred liter sprayer with lance 9.6 (N) force has more efficiency than Mist Blower 
sprayer needs 22.5 (N) force to detach fruits from trees. In a research evaluated two type sprayers and various 
amounts of Etephone concluded abscission material reduced fruit detachment force and increased harvest 
efficiency (Burns, K.J. et al., 2008). Diagram No- 2 shows that detachment force with 400 ppm abscission is on 
first and 800 ppm and 1000 ppm are at later class, it means 800 ppm and 1000 ppm of abscission material had 
better effect in loosing fruit from trees branches. In a research suggested the fruit detachment force was reducing 
50% on trees treated with abscission material, the amount of fruit loosing depends on concentration abscission 
(Robert, C. et al., 2010). In another study researchers indicated one of the advantages of using abscission 
material in fruits harvesting is low frequency shaker machine needed (Robert, C. et al., 2009). Abscission 
material is effective in mechanized harvest (Castillo-Lianque, F. and H.F. Rapoport, 2009). Researchers in other 
studies, suggested all abscission concentration treated on mechanized harvesting and had positive effect 
(Ozguven, A.L. et al., 2007). 
 Diagram No-3 shows that the most detachment force is belong to Mist Blower sprayer with 400 and 800 
ppm and are at same level and the other treatments are on later level, it means the Mist Blower sprayer with 400 
and 800 ppm is worse and the one hundred liter sprayer with 1000 ppm is better than others treatments are 
shown with (b) letter are acceptable. 
 In other study researchers concluded the type of sprayer is more effective in evenly abscission spray on 
fruits and indicated low volume sprayers accumulate more abscission material on fruits than high volume 
sprayers, on two type of sprayers, detachment force reduced and in mechanized harvesting, abscission efficiency 
depends on its density (Koo, Y.M. et al., 1999; Koo, Y.M. et al., 2000). In other studies, researchers concluded 
that solution should be evenly sprayed on the trees and contact on fruits and abscission efficiency in mechanized 
harvesting up to its concentration (Kender, W.J. et al., 1999). Results shows one hundred liter sprayer with lance 
absorb more abscission material than Mist Blower sprayer and with 400 and 800 ppm abscission can be 
recommended. 
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Diagram No. 1: Comparison means abscission material and harvesting percentage at Duncan's multiple rang 

test.  
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Diagram No. 2: comparison factor 2 means at Duncan's multiple range test for FDF. 
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Diagram No. 3: Comparison factors 2 &3 means at Duncan's multiple range test for FDF. 
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