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ABSTRACT: In order to study the hail damage simulation through correlations between traits and 
analyze the causal relationships in Agria potato crop, an experiment was performed in a growing farm 
located at 5 km Ardabil - Khalkhal road in 2010-2011. Eight important traits were reviewed in statistical 
analysis of this study. Results of variance analysis showed that there were significant differences 
between the levels of destruction percent and time of plants aerial organs in terms of studied traits. Also, 
there were no significant differences between interaction destruction percent and time of plants aerial 
organs except for plant height, number of main stems per plant and number of tubers per plant. Simple 
correlation coefficients showed that there was positive and significant relationship between total tuber 
yields with plant height, weight of tubers per plant, the average of tuber size, dry matter percentage of 
tuber yield and salable tuber yield. The regression analysis was used to estimate the amount of pests in 
various stages of growth with the comparison of performance data. Damage to the production is far more 
when 50 percent of plants are spent their flowering peak stage compared with the flowering peak or 
flowering stage, especially, if it is damaged 100% aerial organs. The least amount of damage was when 
50 percent plants had flowers and aerial organs destruction was just 25%. Specific gravity was observed 
only when excessive destruction and destruction operation was conducted in older stems. Also, tuber 
size was affected and increased the numbers of small tubers. When 50% of plants have been flowering 
stage, the destruction of 25% foliage affects the yield to a small extent. But the complete destruction of 
aerial organs in this stage or minor destruction in the next growing stage markedly decrease the tuber 
yield compared natural conditions. 
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INTRODUCTION 

 
 Potato is belonging to Solanum genus and the family Solanaceae. It is the species of solanum tuberosum. It is 
in the form of Autotetraploid and including genomic formula 2n=2x=48. It is the only tuber species of solanum 
genus which is cultivated outside its native area (Arzani, 2008). Potato is the most important crops for food 
production in the world. It is grown in more than 160 countries worldwide. It is one of the tuber products; the tuber 
has high carbohydrate and play an important role in nutrition in the world.It is considered due to its high yield per 
hectare. So that, it produce nearly double ha the carbs compared the grains to the same protein. Plant tuber is 
economically valuable and it always has a high utilization at human and animal feed or supply starch (Hosein zade, 
2001). 
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 Hail is considered natural disaster for all the people, especially farmers (Wieringa, 2001). Hail damage depends on 

the frequency and intensity of precipitation (Changnon, 1999 a). Usually, in the insurance industry to calculate the 

risk of hail damage use the frequency of precipitation in the each area (days) and the mean of damage which is 

significant. Field studies to estimate the extent of damage caused by hail is include the hail destruction simulation 

through aerial organs destruction of plant (Changnon and Fosse, 1981). In some cases, tubular devices are used 

for moving ice pieces at different dimensions to evaluate the effect of particle size of hail (Changnon, 1999 b). 

Simulation techniques through aerial organs destruction of plant are used to measure the pests especially 

Colorado beetles. There is appropriate communication between the artificial destruction and the real damage. 

 (Jaramillo et al., 1989) reported that damage to leaves higher than 25% affect the tuber yield. (Beresford, 
1967) evaluated treatments of plant growth stage 50 and 100 percent in full bloom stage and the percentage of 
destruction including control, destruction 25, 50, 75 and 100 percent of the stems and leaves. He concluded that 
the damage 25 to 100 percent reduce tuber yield and economic performance. He also reported that 25% treatment 
reduce tuber yield 10% and 100% treatment reduce tuber yield 56%. Most damage was observed at 50% flowering 
stage. The lowest yield reduction was at 50% flowering stage and 25% of destruction. Wellik et al, 1981 done the 
destruction of aerial organs weekly and reported the maximum yield loss in the potato tubers was related to the 
destruction in two to five weeks after the establishment. Performance increase in some products genotypes is not 
unexpected after the complete destruction at the early season (Counce et al., 1994). In this case, there is enough 
opportunity to recover damages. (Irigoyen et al., 2011) evaluated three varieties of potatoes in 4 destruction levels 
(control, slight, moderate, and severe). They concluded the destruction during tubers formation and full bloom 
greatly reduces tuber yield. But it is rarely caused to lower performance when the tubers are full.  
 (Orr et al., 2011) with evaluating the simulated hail damage through destruction intensity and time of aerial 
organs after germination in the potatoes varieties of Norchip reported that tuber yield reduces to 45%. Tenuta, 
2008 to create hail damage in corn, used a string trimmer before advent of the male organ. He concluded 
simulated hail reduces the yield the amount of approximately 30 bu / a compared to control. Myrtle et al., 2011 
used the cubic ice with a flexible plastic tube to create hail damage and about 75% of the leaves were removed. 
They with reviews of pumpkin, white walnut and oak varieties in treatments without damage (control) simulated hail 
damage before and after fruiting, concluded hail damage after fruiting in pumpkin was more than other treatments. 
 (Trappeniers et al., 2008), with reviews three levels of intensity and five levels of growth stages of fodder corn 
concluded leaf destruction had little effect on the yield of dry matter. The greatest decrease was observed in the 
reproductive stage. (Butler et al., 2002) with reviews the simulated hail damage on the peppermint oil yield at 
stages 14, 27 and 43 days before harvest with leaf damage 33, 67 and 100 percent reported that yield loss was not 
observed due to the plant's ability to recover damages in the 43 days before harvest. But in the 27 days before 
harvest amount of damages was 27 percent. 
 Tartachnyk and Blanke, 2002 with reviews the hail damage as a non-living stress source using measurements 
of gas exchange and stomata print of damaged leaves concluded that damaged leaves stomata are closed after 
three minutes. As soon closing the stomata, the evaporation rate increase by 16% and again damaged leaf 
stomata are open after 3 hours. They also reported the amount of photosynthesis decrease in damaged leaves and 
CO2 increases. 
 (Bradley and Ames, 2010) used a 12-volt mower for damage to leaves and fungus of Pyraclostrobin for 
determining the simulated hail damage. Pyraclostrobin fungicide is effective in reducing leaf diseases and it can 
increase the corn plant tolerance to damage caused by hail. Results indicated simulated hail damage in control 
treatment increased leaf gray stains and reduced yield. The treatment was used fungicide, had little effect on 
control the simulated hail damage. (Wang et al., 2010) with the damage 0, 25, 50, 75 and 100 percent for pregnant 
branches at three stages of cotton growth (stages 8, 12 and 16 pregnant branches) concluded that yield reduction 
depends on the removal percentage of branches, not growth stage branches removal is happening where. They 
also stated that the percentage branches removal at stages 8 to 16, cotton yield can be improved 80 to 100 
percent. 
 The purpose of this study is the evaluation of hail damage simulation through aerial organs destruction of 

plants  

at different growth stages of potato the Agria cultivar and to determine the tuber yield reduction percent in order to 

provide insured benefits (producer). 
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MATERIALS AND METHODS 
 

 In order to study the hail damage simulation through aerial organs destruction of plants at different growth 
stages in Agria potato crop and to determine reduction percentage in tuber yield, an experiment was performed at 
Agriculture and Natural Resources Research Station of Ardabil in 2010. The experiment was performed as factorial 
statistical design based on randomized complete block with two factors, the rate of aerial organs destruction and 
plant growth at four replications. The first factor involves six levels of aerial organs destruction percent (0, 20, 40, 
60, 80 and 100 percent) and the second factor consists of five levels of growth stages (2, 5, 8, 11, and 15 weeks 
after emergence). Emergence is when 80% of plants whose seeds have been unearthed. Each treatment was 
planted at plot in a length of 6 meters, a distance of 75 cm between rows and 25 cm between two plants. 
Experiment location was semi-arid climate and cold temperatures in the winter are often below zero. Altitude is 
reported 1350 m, latitude and longitude, respectively 20' 48 ° and 15' 38°, the mean minimum, and maximum 
temperatures were 1.98, 15.8 and 21.58 ° C and the precipitation annual average is 310.9 mm. Use the phosphate 
fertilizers twice (50% when planting and 50% at the time of tuber information), nitrogen three times (25% at 
planting, 50% at the time of emergence and 25% immediately after the tuber information) and potassium at one 
time (the time of planting) was based on soil test. Amount of 250 ml ha Confider poison was used twice to control 
the Colorado beetle and the amount of a kilogram per hectare Mancozeb poison was used to control the Fitoftora 
and Alternaria fungal disease. To combat weeds, hand weeding was done twice before tumor induction. Kurt 
product was divided after harvesting in two components of salable (tubers larger than 35 mm) and non-salable 
(tubers smaller than 35 mm). Analysis of variance and mean comparisons of salable tuber yield was calculated 
using Duncan test and the software MSTATC. Regression equations for the data range was calculated using SPSS 
software and a table were prepared to estimate the reduction in tuber yield in intensity and various times the injury. 
 

RESULTS AND DISCUSSION 
 

 Results of variance analysis showed that there were significant differences between the levels of destruction 
percent and time of plants aerial organs in terms of all studied traits at 1% level. Results also showed there were 
no significant differences between interaction destruction percent and time of plants aerial organs except for plant 
height, number of main stems per plant, number of tubers per plant (Table 1). Results of traits correlation showed 
that there was positive and significant relationship between total tuber yields with plant height, weight of tubers per 
plant, the average of tuber size, dry matter percentage of tuber yield and salable tuber yield (Table 2). The results 
correspond with the results (Goldust et al., 2012), (Gem et al., 2008 and Jafarzadeh ,2010). Correlation between 
plant height and number of main stems per plant, number of tubers per plant, tuber weight per plant, total tuber 
yields and salable tuber was positive and significant (Table 2) which they correspond with the results (Goldust et 
al., ,2012). There were positive and significant relationship between tuber weight per plant with plant height, 
number of tubers per plant, the size average of tubers per plant, dry matter percentage, total tuber yield and 
salable tuber yield (Table 2). (Goldust et al., 2011) reported correlation between tuber yield with number and weight 
of tubers per plant was positive and significant. (Abdimani ,2010 and Mehrpouya ,2011) also reported that there 
were positive and significant relationship between total tuber yield and salable tuber yield, number and weight of 
tubers per plant. 
 

Table 1 . Analysis of variance for the measured traits in Agria cultivar 

Source df 

Mean of Squares 

plant 

height 

number of 

main stems 

per plant 

number of 

tubers per 

plant 

tuber weight 

per plant 

average of 

tuber size 

dry matter 

percentage 

total tuber 

yields 

salable 

tuber yield 

Rep 2 29.85 0.005 0.55 4679.43 1450.66 30.78 44.37 42.48 

destruction 

percent 
4 95.14** 0.58** 0.25** 57672.13** 1778.77** 47.77** 50.02** 53.09** 

destruction Time 5 415.65** 0.07** 0.53** 185446.68** 2232.62** 10.37** 300.94** 255.95** 

destruction 

percent  ×  

destruction Time 

20 73.91** 0.11** 0.21* 7209.41 263.29 7.33 6.07 4.98 

Error 58 4.18 0.03 0.128 5275.31 172.17 10.18 4.64 5.34 

C. V % 12.70 6.46 7.21 9.44 8.27 15.42 7.35 8.54 

* and ** Significantly at p < 0.05 and  < 0.01, respectively 
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Table 2 .  Linear correlation between the studied traits in Agria cultivar 

 
plant 

height 

number of main 

stems per plant 

number of 

tubers per plant 

tuber weight 

per plant 

average of 

tuber size 

dry matter 

percentage 

total tuber 

yields 

number of main 

stems per plant 
0.47** 1      

number of tubers per 

plant 
0.3** 0.06 1     

tuber weight per 

plant 
0.69** 0.02 0.22* 1    

average of tuber size -0.17 -0.04 -0.32** 0.68** 1   

dry matter 

percentage 
0.079 -0.04 0.13 0.3** 0.039 1  

total tuber yields 0.61** -0.03 0.18 0.81** 0.54** 0.28* 1 

salable tuber yield 0.59** -0.02 0.16 0.83** 0.57** 0.26* 0.98** 

* and ** Significantly at p < 0.05 and  < 0.01, respectively 

 

The processed regression equations and tables to estimate damage: 

 Regression between the yield of salable tuber as dependent variable (Y) and yield reduction traits the salable 

tuber as an independent variable (X) was used to evaluate the performance of salable tubers through amount and 

event time the damage. Table 3 shows the processed regression equations to estimate tuber yield in each of the 

time and destruction levels.(Hassan abadi and Hasanpanah ,2010), (Hasanpanah and Hassan abadi ,2012), (Wille 

and Kleinkopf ,1992 and Irigoyen et al., 2011) to estimate hail damage on potato growth (stages and Ewing et al., 

1987 and Wellik et al., 1981) to estimate pests in various stages of growth have used the regression analysis 

comparing the performance data against damage.  

 

Table 3 . Regression equations at different stages of growth in Agria cultivar in Ardabil 

growth stages R
2
 equation 

50% emergence 0.995 Y = -2.694 + 0.279 X – 0.001 X
2
 

Starting tuber creation 0.968 Y = 3.970 + 0.128 X + 0.001 X
2
 

50% tuber creation 0.986 Y = 1.902 + 0.093 X + 0.0001 X
2
 

Starting bulking up 0.994 Y = 9.056 – 0.129 X + 0.002 X
2
 

Time of the aerial loss 0.896 Y = 1.298 + 0.131 X + 0.00039 X
2
 

X: Damage percentage of aerial organs     Y:  Reduction percentage of salable tuber yield 

  

   Table 4 shows the processed primary equations to estimate yield decline and amount of damage. The first 

column on the left shows the percentage of damage to aerial organs in the potato field that starting from 5% and 

ends to 100%. The first row above table is the time of damages based on the number of days from emergence to 

crop maturity has written from 5 to 100 days. The intersection each of the row and column shows the amount of 

damages per cent. In the table, if 100 per cent aerial organs destroy at the starting of tuber bulking, the rate of 

decline in tuber will be 16.16%. Some results obtained by researchers in this study correspond with the results of 

this research. For example, based on the results of a three-year experiment by Bedford, B. C. 1967 was done the 

hail damage effect on yield and quality of potatoes in three stages of plant growth, if hail damage is 25%, the total 

amount will be 10%. However, if the amount of foliage damage is 100%, the production decline will be 56 percent 

lower. The amount of classy potato affected and reduced. The effects of damage depend on the stage of plant 

growth. Damage to production when 50 percent of the plants spent their peak flowering stage is greater than the 

flowering peak or starting flowering stage, especially, if it is damaged aerial organs 100%. The least amount of 

damage was when 50% of plants have flowers and aerial organs destruction was just 25 percent. Specific gravity 

was observed only when large damage and the destruction were done in the old stems. The size of tuber affected 

and increased the number of small tubers. Foliage destruction by 25% when 50% of plants have been flowering, it 

poorly affect the yield. The complete destruction of aerial organs or minor destruction in next stage of growth 

significantly reduce tuber yield compared with normal conditions.  
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 Another experiment was performed by Wille and Kleinkopf, 1992 on the severity of hail damage at different 

stages of potato plant growth showed that the hail damage reduce the extent of the tuber yield in growth stages, 

according to the severity of the damage. At the beginning of tuber bulking rate of decline was less than 5% loss in 

low intensities. But with increasing the aerial organs destruction, yield decline also increased. Creating damage in 

the aerial organs in late-stage tubers bulking reduced tubers quality and performance. But the rate was lower than 

in the previous stage (Figure 1). United States of America based on the estimated decline in the standards manual 

2007, 2% of the damage can be considered for harvesting every day (harvesting earlier than maturity).  

 

Table 4 . Reduction percentage of salable tuber yield in different stages of potato phonological 

Damage percentage 50% emergence Starting tuber creation 50% tuber creation Starting bulking up Time of the aerial loss 

5 0.00 4.64 2.37 8.46 1.96 

10 0.00 5.35 2.84 7.97 2.65 

15 1.27 6.12 3.32 7.57 3.35 

20 2.49 6.93 3.80 7.28 4.07 

25 3.66 7.80 4.29 7.08 4.82 

30 4.78 8.71 4.78 6.99 5.58 

35 5.85 9.68 5.28 6.99 6.36 

40 6.87 10.69 5.78 7.10 7.16 

45 7.84 11.76 6.29 7.30 7.98 

50 8.76 12.87 6.80 7.61 8.82 

55 9.63 14.04 7.32 8.01 9.68 

60 10.45 15.25 7.84 8.52 10.56 

65 11.22 16.52 8.37 9.12 11.46 

70 11.94 17.83 8.90 9.83 12.38 

75 12.61 19.20 9.44 10.63 13.32 

80 13.23 20.61 9.98 11.54 14.27 

85 13.80 22.08 10.53 12.54 15.25 

90 14.32 23.59 11.08 13.65 16.25 

95 14.79 25.16 11.64 14.85 17.26 

100 15.21 26.77 12.20 16.16 18.30 

 

 
Figure 1 . Reduction percentage of salable tuber yield at rate and time of the destruction of plants aerial organs 
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