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ABSTRACT: Toadjust the fruiting and improve the vegetative growth, the choice of the most appropriate 
plant trainingsystem was studied in common cultivarsplanted for research purposes in two agricultural 
years in two separate experiments. Each was conducted in terms of random block design with three 
treatments and three replicationsat Jiroft and Kahnooj Shahid Moghbeli agricultural research center 
greenhouses. In both experiments, the effect of one-, two-, and four-stem training systemswas 
investigated on two tomato cultivars calledFalcato (large seed greenhouse type) and Salomy (small 
seed, salad type)largely known as the common regional greenhouse cultivars. The parameters 
measured in both experiments included the average fruit length, diameter, weight, vitamin C content, 
acidity, yield per unit of area, and the soluble solid content. As for the Falcato cultivar, the results 
indicated that asthe sub-branches rose from one to four, the total yield increased, too. Since the fruit 
number in the plant had increased evidently in four-branch treatment compared to one-branch,and 
besides, the fruit weight decreased due to the rise of competition over the fruit number, the result of the 
competition might entail a decrease in the fruit size. One-branch training is recommended in terms of the 
fruit size, marketability, and fresh consumption, yet the other two methods, namely the two- and four-
branch training are preferred to and recommended instead of the one-branch,from the perspective of 
processing industry and yield improvement. Examination of the quantitative and qualitative parametersof 
the fruit in Salomy cultivar showed the two-branch training method enjoys a much better improvement 
and growth procedurevis-à-vis other treatments, therefore, training by yielding two-branch training 
method revealed the best results. 
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INTRODUCTION 
 

 Pruning and training is an important factor necessary in growing long stem greenhouse tomatoes which leads 
toearly fruiting, increase in the qualitative and quantitative crop yeild, better pest control, better and cleaner fruit 
harvest, ease of fertilizing operation through solution spray and powder spray. The present study has been 
conducted to investigate the impact of pruning and training on the qualitative and quantitative parameters of 
greenhouse tomatoes.  
 Tomato, with the scientific name “Lycopersicum Esculentum”from Solanaceae family, is cultivated in Jiroft and 
Kahnooj region in an area of16400 hectares with 481000 tons of production in open field and 60 hectares with 
13800 tons of production in greenhouses(JAOD.2012).Pruning is undertaken to provide growth balance inthe root, 
twigs, plantand the fruit content.The tomato plant is not pruned until it is 50 cm high. When it reaches the 
targetheight, the first pruning is carried out.This involves cutting down the flowers and sub-branches.Subsequently, 
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all the sub-branches are removed during the plant growth. After reaching the 50 cm height, the plant is fastened to 
containment threadsforming acrotch. Along with pruning, training also constitutes one of the necessary factors in 
growing long-stem greenhouse tomatoes. The larger the size of the tomato becomes, the longer it takes to blossom 
and bear fruit. Pruning and training the greenhouse tomatoes ends up in early fruiting, improvement in qualitative 
and quantitative crop yield, better pest control, better and cleaner fruit harvest, and finally ease of fertilizing 
operation via solution spray and powder spray (Silva, J & Pyando H. 1992).  
 
Literature review 
 Of numerous studies conducted so far on various cultivars, the one undertaken on Durinta tomato cultivar in 
Belgian greenhouses showed that fruit waste or production waste was at its peak in unpruned plants, that is, the 
highest production rate was achieved in trained plants. The findings indicated that the effect of pruning,both on the 
production and the quantitative and qualitative parameters of the plant,was far greater than that of theplant density 
(Cordt, 1999). In Portugal, the use of 30000-40000seven-cluster plants withsingle-stem pruning was identified as 
the best strategy(Streck, N. A., Buriol, G. A.,Andriolo, J. L. & Sandri. M. A. 1998). Another study was conducted in 
Spain on three densities of 0, 2500, and 3000 ppm of Daminozide 85% solution on the Florada cultivar, where the 
plants were sparsed by 3, 4, and 5 flowers on each cluster. Densities with 12 and 16 plants per square meter were 
examined. The results indicated that Daminozide could reduce the distance between the nodes, the leaf size, and 
the fruit quality, though it brought abouta yield improvement from 25.2 kg/m

2
 in the control group to 29.3 and 31.4 

kg/m
2
 in the densities of 2500 ad 3000 ppm, respectively (Castro, 1994). A study by Navarette and Jeannequin 

(2000) in Aliny, southern France, focused on the impact of the number of pruning replications onboth stages of 
vegetative growth and fruiting within 7 day intervals on 7

th
, 14

th
, and 21

st
 days as control. The best results were 

obtained when the budswere removed between 7 and 14 days.  
 To study the effects of fruit number per cluster and stem on qualitative and quantitative yieldof tomato(Ulukapi, 
K., Ercan, N.&Onus, A. N. (2009) examined4, 6, and 8 clusters on each stem in the Viva f1 cultivar developed in 
the spring. The findings indicated that the average fruit weight and quality increased with fruit reduction on the 
stem, and accordinglythe plantyield increased. For each cluster, the best yield of 3 fruits in cold seasons and 4 
fruits in warm seasons was further reported (Saglam, N. & Yazgan, A. 1999). Another study undertaken on the 
impactof plant density andpruning on cv. Mont corlo tomato cultivar yieldrevealed that the best yield in 80,000 and 
120,000plantdensitieshad been attained through single-stem pruning and three-cluster preservation in each phase 
with 2-3 week early fruiting compared to the control group (Streck, 1998). 
 

MATERIALS AND METHODS 
 

 The current research was undertaken within two agricultural years 2007-2008 and 2008-2009 in the form of 
two (separate) experiments. Each was conducted through a random block design with three treatments and three 
replications in greenhouses in Jiroft and Kahnooj Shahid Moghbeli Agricultural Research Center. In the 
experiments, the effect of one-, two-, and four-stem training methods was investigated on two tomato cultivars, i.e. 
Falcato (large seed greenhouse type) and Salomy (small seed or salad type), both being commonly planted in the 
region. To conduct the experiment, cultivation rows with 6 m length and 40 cm width at an interval distance of 80 
cm were arranged. In all, 24plants were cultivated in two rows (12 plants each). To preserve only one stem on the 
plant, all other stems except the main one were removed. To preserve two stems, the main one was cut down after 
the early leaf appeared, and the two lateral stems were left to grow.Similarly, to preserve four stems, after cutting 
down the main stem, the laterals formed following the second leaf were cut as well, thus leaving four main stems. 
The factors measured in both experiments included the average length, diameter, and weight of the fruit, the 
vitamin C content, acidity, the plantyield, yieldper unit of area, and the soluble solid content. The nursery 
preparation for both cultivars was undertakenin early September, while thetransplant transference was done in late 
September.  
 
Data analysis 
 TSS:After extracting 10 ml juice from each fruit plucked randomly from each plot, the reflectometer was read 
and used in mean calculation.  
 
Fruit length and diameter 
 In all, 10 fruits were randomly pluckedfrom each plot, their length and diameter was measured with millimeter 
precision, and their mean score was later calculated.  
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Average fruit weight 
 To obtain the average weight of each fruit from eachplot, ten fruits were randomly selected and weighed. The 
average weight for each fruit was obtained by dividing the weight by the number of fruits weighed. This was done 
by means of an accurate digital scale with 0.1 g precision.  
 
Acidity 
 Ten fruits from each plot were randomly selected and then titrated with phenol phethalein after extracting the 
juice in proximity of normal 0.1 soda. Then, the dominant acid in tomato, i.e. acid citric, was measured.  
 
Vitamin C 
 This vitamin was extracted by extracting the fruit juice in the presence of iodine and potassium iodide. 
 
Yield and its components 
 Further, 5 plants were randomly plucked from each plot, and the fruit weight, yieldper unit of area as well as 
the total neat yieldwere measured. In the end, the whole plot was harvested to yield the total yieldand theaverage 
yield components. The obtained data were analyzed using SAS statistical software, the means were compared 
using Duncan’s mean comparison test, and the best treatment was specified 

 
RESULTS AND DISCUSSION 

 
Results 

 
Table 1.Composite variance analysis of Falcato Cultivar 

 
Mean of squares sumof squares Degree of Freedom Sources of change 

3163783.3 3873613.3 8 Year 

88300613.4** 10108600 7 Replication 

68700767.1** 143211352.2 2 Treatment 

26327811 ns 54652377.2 2 Year×replication 

6080007.3 ns 18820882.2 82 Treatment×replication×year 

35334494.6* 888336761.3 8 Harvest 

6701023.8 n.s 38132070 8 Harvest×year 

0872120.1* 41302606.4 1 Harvest×treatment 

7637188.2 n.s 66178817.7 1 Treatment×harvest×year 

1207177 078882818 62 Error 

   Total 
  

 
 CV= 7.43% 

 
Table 2.Comparison of composite mean of Falcato cultivar parameters 

Yield Acidity Vitamin C Soluble solid substances Length in diameter diameter Fruit length Fruit weight Treatment 

166.5 C 0.68 A 42.6 A 2.5 A 0.82 A 66.6 B 55.1 A 150 A One-stem 
172 B 0.63 B 42 B 2.6 B 0.78 B 69 A 54.4 A 137.5 B Two-stem 
235.5 A 0.51 C 31 C 2.3 C 0.77 B 64 B 49.8 B 121.75 C Four-stem 

 
Note: Similar letters in each column indicate lack of any significant difference between the means (p<0.05). 

 
Table 3.Composite variance analysis of Salomy cultivar 

Mean of squares Sum of squares Degree of freedom Source of change 

24083.33 ns 24083.33 8 Year 

723608.11 ns 5542206.67 7 Replication 

27806710.83** 01780368.67 2 Treatment 

883830.83 n.s 127268.67 2 year×treatment 

108780.28* 80222713.33 82 year×replication×tretment 

28287180.42* 18167288.67 8 Harvest 

178152.08 ns 712608.33 8 harvest×year 

785953.54* 7216721.  33  1 harvest×treatment 

99332.71* 794661.67 1 treatment×harvest×year 

333750.8 28030070 62 Error 

 872230887.7 887 total 

   CV = 6.8% 
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Table 4.Comparison of composite mean of Salomy cultivar parameters 
Yield  Acidity Vitamin C Soluble solid substances Length in diameter diameter Fruit length Fruit weight Treatment 

116.5 B 0.74 B 76.7 B 2.7 A 0.78 B 35.6 A 31.15 B 16.56 AB One-stem 
137.5 A 0.79 A 85.3 A 2.8 A 0.95 A 36.3 A 34.8 A 18.36 AB Two-stem 
106 BC 0.70 B 68.2 B 1.75 B 1 A 33.6 AB 33.6 A 22.76 A Four-stem 

 
Note: Similar letters in each columnindicate lack of any significant difference between the means (p<0.05). 

 
Results for Falcato cultivar 
 Yield:Based on the findings, various pruning methods exert various impacts on the product yield. According to 
Table 2, the highest yield –235.5 tons per hectare– belonged to the four-stem pruning, and the lowest one to the 
one-stem pruning, 166.5 tons per hectare. As for two-stem pruning treatment, theyield was 172 tons per hectare, 
denoting a significant difference with other treatments.  
 Acidity and the soluble solid content:The highest acidity and soluble solid content belonged totheone-stem 
pruning treatment and the lowest one belonged to thefour-stem pruning, andthe difference observed between the 
two was statistically significant. 
 Vitamin C:A significant difference was observed between one-, two-, and four-stem pruning methods in terms 
of vitamin C content. The rate of vitamin C was the highest in one-stem pruning and the lowest infour-stem pruning. 
 Length to diameter ratio of fruits:The highest length to diameter ratio was 0.82 mm, in one-stem pruning, and 
the lowest one was 0.77 mminfour-stem pruning. Neither revealed a statistically significant difference with the two-
stem treatment.  
 Bricks and acidity are both among qualitative fruit parameters. This could be understood, by looking at the 
table of two-year composite analysis, whereplant training is shown to affect the soluble solid content, as it 
affectsthe acidity which is the very measure of fruit sourness: the sourer the fruit, the higher its acidity. Since 
vitamin C, an acid itself, is effective in increasing the acidity, it seems that one- and two-stem training with higher 
Bricks and acidity could have more vitamin C. Thus, one-stem training is recommended due to fruit size, 
marketability, and fresh consumption; however, due to their undeniable role in processing industry and yield 
improvements, two- and four-stem training exhibit a higher yield than the one-stem, thus being highly 
recommended. 
 
Results for Salomy (Cherry) cultivar 
 Yield:As previously mentioned, various pruning methods exert significant impacts on the crop yield. However, 
the effect of year on this parameter was not significant.Comparing the means of the parameters showed that the 
highest yieldwas achieved in two-stem training, with 137.5 tons in hectare. The one- and four-stem pruning 
methods ranked second and third, with 115.5 and 106 tons in hectare, respectively.  
 
Vitamin C 
 The highest vitamin C content, as in Falcato,was obtained intwo-stem pruning while the lowest one was 
achieved in four-stem pruning method.   
 Length to diameter ratio of fruit:In terms of length to diameter ratio, both two- and four-stem pruning methods 
were significantly different from theone-stem pruning method.  
 
 Average fruit weight:In four-stem treatment, the average fruit weight was 20.7 which exhibited no significant 
difference with two- and four-stem treatments with 18.36 and 16.56, respectively.  
 Soluble solid content:The maximum soluble solid content was observed in one- and two-stem pruning methods 
implying that the best tomato cultivar for fresh consumption is Cherry or salad type.  
 
Discussion 
 In Falcato cultivar, the decrease in fruit length and diameter and the increase in the number of stems, observed 
within two years,is due to a competition between the stems, that is, the increase in the number of stems per unit of 
area could affect the vegetative growth rate. Meanwhile, a rise in the yield corresponded with an increase in the 
number of sub-branches, that is, an increase from one- to four-stem treatmentraised the total yield as well.An 
increase in fruit number decreasedthe fruit weight due to growing competition between four- and one-stem 
treatments.Fruit size dominance in one-stem training compared to four-stem training raises its marketability and 
fresh consumption rate.  
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 Bricks and acidity are both among qualitative fruitparameters. An overview of the composite analysis table, 
within two years, reveals that plant training has affected the soluble solid content as well as acidity which, as 
mentioned earlier, isa measure of fruitsourness, i.e.as the fruit gets sourer, its acidityincreases. Since vitamin C 
itself is an acid, it proves effective in increasing acidity.It seems, therefore, that one- and two-stem training with 
more Bricks and acidity might involve greater vitamin C. So, one-stem training is recommended whenfruit size, fruit 
marketability, and fresh consumption is of concern. When processing industry and yield improvement are of 
concern, two- and four-stem training are preferred over one-stem training due to their better yield performance. 
 
Concluding remarks 
 One-stem training is recommended for Falcato cultivar due to its fruit size, marketability, and fresh 
consumption. However, when processing industry and yieldimprovement are under focus, two- and four-stem 
training are recommendable. As for Cherry tomato cultivar, the fruit yield in two-stem training within two years had 
a better performance compared to one- and four- stem training. This was found to be due to formation of an 
acceptable balance between fruits competition in two-stem training rather than one- and four-stem treatments.An 
analysis of qualitative fruit parameters revealed a better type of growth in two-stem training. It could, hence, be 
concluded that training by two-stem method brings about the best results for Salomy cultivar (salad type) tomatoes. 
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