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ABSTRACT 

Potato tubers were irradiated with gamma radiation at doses of 0, 0.5, 0.15, 0.3 and 0.6 K-Gy. 

Irradiated and non-irradiated tubers were soaked in biocides formulated from essential oils of fennel, 

peppermint and caraway oil. All treated and non-treated tubers were stored at room temperature (20 ± 

1 ºC) for period of 150 days. Samples were taken every 30 days for different quality determinations. 

Results showed that non-treated tubers were decayed and appear to be sprouted continuously 

alongside the different storage periods. However, exposing the studied tubers to gamma radiation 

induced a promising effect for retarding this decay and sprouting. Moreover, soaking potato tubers in 

the formulated biocides induced further interruption for tubers decay and sprouting. In addition, the 

applied treatment exhibited other positive effects for keeping the good quality of the studied tubers 

during storage. 

Keywords : potato tubers, gamma radiation, biocides, sprouting., total sugars. Phenol content, 

amino acids.  

 

INTRODUCTION 

Pathogens attack plants during different stages of their growth as well as after harvest in 

storage and marketing. This attack cause high economical losses in their production. Potato crop are 

considered one of the most important exportation crops in Egypt and severely attack by many diseases 

in the field and during storage. These diseases cause economic loss and decrease its shelf life. In this 

regard, 
(1)

 demonstrated that fusarium dry rot is one of the most important post harvest diseases of 

potato occurring world wide. It infected tubers in storage and tuber pieces after planting. Yield losses 

attributed to dry rot in storage range from 6 to 25% with up to 60% of tubers affected in some cases. 

Also, 
(2)

 showed that the dry rot of potato caused by Fusarium sambucinum resulted insignificant yield 

loss in storage and may also produce mycotoxins. Additionally, 
(3)

 demonstrated that potato scab 

which produce by Streptomyces scabes reduces the marketability of table stock, processing, and seed 

potato tubers which due to the external symptoms and the tuber- borne nature of the pathogens.  
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Control of post harvest diseases in potato is traditionally achieved by chemical means 

(Fungicides). In this regard, 
(4) 

showed that thiabendazole (TBZ) is commonly applied to potato tubers 

before storage to control fusarium dry rot and likely provided control of silver scurf. It is obvious that 

the wide use of synthetic chemicals to control postharvest diseases is restricted due to their possible 

carcinogenicity, teratogenicity, high and acute toxicity, long degradation periods, environmental 

pollution and their effects on human beings 
(5)

. Essential oils play an important role for controlling the 

postharvest diseases of potato. In this regard,
 (6) 

reported that the use of aromatic plants could be an 

effective and safe way to prolong the storage life of potato tubers and protecting them from certain 

microbial attacks. Also, the essential oils of lavender, mint, spearmint, rosemary and sage suppressed 

potato sprout growth. In addition, 
(7)

 demonstrated that carvone which is a monoterpene isolated from 

the essential oil of Carum carvi exhibited fungicidal activity in protecting the potato tubers from 

rotting without altering taste or quality of the treated commodity. Also, it inhibited sprouting of 

potatoes during storage. 

Irradiation is a physical process that could be applied to harvested fruits to eliminate 

microorganisms, insects and plagues as well as delay ripening or spoilage, inturn lengthening its shelf 

life. In this concern,
 (8)

 studied the effect of irradiation doses of 0, 80, 160 and 320 Gy on potato tubers 

during storage. The results showed that irradiated as well as un-irradiated potatoes recorded a loss in 

its weight during storage. Total phenol content was slightly increased with increasing storage period 

up to 120 days for all non irradiated and irradiated samples. There was no remarkable effect of gamma 

irradiation on total phenol content during different storage period. Total soluble sugar content 

increased in potato irradiated with different doses during storage compared with control samples. The 

effect of irradiation doses of 50 and 150 Gy on percentage of rotting, sprouting and chemical 

constituents including moisture, dry matter, total soluble sugars and amino acids contents of potato 

were studied. The radiation dose of 150 Gy was the most effective dose that gave the lower percentage 

of rotting and completely inhibited the sprouting during the storage period. Also, the dose of 150 Gy 

exerts the best results in the biochemical changes during storage. 
(9) 

    

The aim of the present work is to investigate the capability of some prepared biocides from 

fennel, peppermint and caraway essential oils as combined with different doses of gamma radiation for 

preserving potato tubers (Solanum tuberosum L.) Cara variety during storage and inturn extending its 

shelf life. 
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MATERIALS AND METHODS 

Materials: 

Essential oils:  

The highly purified essential oils of fennel (Foeniculum vulgare), peppermint (Mentha 

piperita) and caraway (Carium carvum), were obtained from MEPACO company, Inshas, Egypt.  

Studied fruits: 

Potato tubers (Solanum tuberosum L.): Cara variety was used as a more sensitive variety to the 

infection by Fusarium oxysporum which is the causal organism of dry rot of potato,
 (10)

.  

In this regard, potato tubers were taken directly from the field without any commercial 

postharvest treatments and randomized before use. 

Methods: 

Formulation of essential oils: 

The highly purified essential oils were formulated in the liquid formulation form (Emulsifiable 

concentrates) according to the method described by 
(11)

 and 
(12)

.  

Gamma irradiation treatment: 

 Healthy and mature potato tubers were irradiated using 
60

Co Russian chamber at Egyptian 

Atomic Energy Authority at dose rate of 5.7 K-Gy / hr. The following recommended doses 0, 50, 150, 

300 and 600 Gy were applied.  

Biocides application: 

 The formulated essential oils of fennel peppermint and caraway were used as natural biocides. 

In this regard irradiated and non-irradiated tubers were soaked at concentration of 12000 ppm for 5 

minutes as optimum application, besides the non-soaked fruits. All treated and non-treated samples 

were stored in carton boxes at room temperature (20 ± 1 
0
C). Samples were stored for five months and 

subjected for examination and taken at interval of one month. 

Parameters and Analysis: 

Tuber samples of the different intervals were subjected for the following determinations:  

1-Disease (decay) assessment: 

The decay of the potato tubers during storage was recorded and based on visual inspection of 

each tuber for infection and their percent were calculated according the formula described by 
(13)

. In 

this regard, infected tubers were placed in one of five categories as following: 

 0 = superficial fleck (no decay) 

 1 = 2- 24 % of the surface decayed 

 2 = 25-49 % of the surface decayed 

 3 = 50-74 % of the surface decayed  

 4 = 75% or more of the surface decayed.  
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The decay index (DI) for each treatment was obtained as follows:  

DI =  Sum. (Number of tubers per category × Category number)  X 100                              

                    Total number of infected tubers 

Severity of Infection %  = DI/ 4 X 100 

2-Sprouting: 

The sprouting of the potato tubers during storage was recorded and their percent were 

calculated according the following formula: 

                            Number of buds sprouted 

 % Sprouting =        ________________________        X   100 

                                             Total buds of tubers 

3-Loss in weight during storage: 

Samples of each treatment under investigation were weighted at the beginning of the 

experiment and re-weighted again after the different intervals. The loss in weight was recorded and the 

percentage of loss in weight was calculated from the following formula: 

                             Initial weight — Final weight 

  Weight loss % =            _______________________        X   100 

                                                     Initial weight 

4-Determination of starch: 

    Starch was extracted from potato tubers according to the method described 

by 
(14)

 and determined by the method of 
(15)

. 

5- Determination of total phenolic compounds: 

Phenolic compounds were determined according to the method described by 
(16)

.   

6- Statistical analysis: 

The MSTAT- Software 
(17)

 was used for evaluation of variance (ANOVA) by using 

randomized complete block design (RCBD) and mean values were compared by Duncan’s multiple 

range test at P = 0.05. 

RESULTS AND DISCUSSION  
1. Decay development: 

Data presented in Table (1) revealed that non-treated potato tubers were decayed progressively during 

the different storage periods and the decay percent reached its maximum value at the end of 

experiment. While, exposing potato tubers to gamma radiation exerted promising effect for retarding 

the decay during storage and irradiation dose of 150 Gy was the most effective one. In this respect, 
(9)

 

found that the radiation dose of 150 Gy was the most effective dose that gave the lower percentage of 

rotting and completely inhibited the sprouting during the storage period. On the other hand, irradiation 
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doses of 300 and 600 Gy exerted lower effect for maintaining potato tubers against decay. This could 

be attributed to their effect on the tissues of the treated tubers as it resulted in a softening for the tubers 

tissues making it easy to be infected by storage pathogens. Soaking potato tubers in the investigated 

formulated oils with or without exposing to gamma radiation showed a considerable further effect for 

maintaining the tubers and lowering the percentage of tubers decay during the different storage 

periods. The capacity of the formulated oil for maintaining the tubers against the decay, could be 

attributed to its inhibition effect on the attacked pathogen and altering its invasion to the tubers during 

the experimental storage periods. These results were confirmed by 
(6)

 who reported that the use of 

aromatic plants could be considered as an effective and safe way to prolong the storage life of potato 

tubers and protecting them from certain microbial attacks. Also, 
(7)

 demonstrated that carvone which is 

a monoterpene isolated from the essential oil of Carum carvi exhibited fungicidal activity for 

protecting the potato tubers against rotting without altering taste or quality of the treated commodity. 

In addition, 
(18)

 found that the essential oil of Zingiber officinale exerted 100 % antifungal activity 

against Fusarium oxysporum (postharvest pathogen of potato). 

2. Sprouting: 

Results presented in Table (2) showed that the non-treated tubers were sprouted continuously 

during the different storage periods. Sprouting percent reached its maximum value at the end of the 

experiment. Exposing potato tubers to different doses of gamma radiation significantly lowered the 

sprouting percent during storage and irradiation doses of 150, 300 and 600 Gy completely inhibited 

sprouting of potato during storage periods. The optimum dose was 150 Gy as it prevents the initiation 

of sprouting all over the storage period without casing undesirable rotting for potato tubers. The ability 

of gamma irradiation for inhibition sprouting could be attributed to its effect on mitotic activity and on 

the indole acetic acid synthesis. In the same concept, 
(9)

 found that radiation dose of 150 Gy was the 

most effective dose that gave the lower percentage of rotting and completely inhibited the sprouting 

during the storage of potato. Also, 
(19) 

mentioned that application of 20 to 200 Gy of ionizing radiation 

to potato tubers is an effective postharvest treatment for extending its shelf life by inhibition the 

sprouting. 

Soaking potato tubers in the examined formulated oils before exposing to gamma irradiation 

optimized its capacity to lower or prevent the sprouting of potato tubers during different storage 

periods. In this regard, 
(19)

 reported that essential oils of caraway, peppermint, spearmint and clove or 

their components e.g., S- carvone and eugenol have been used successfully for extending the storage 

period of potato by preventing sprouting. Also, 
(18)

 reported that the essential oil of Zingiber officinale 

exerted 50 % suppression to sprout when applied on potato tubers during storage for a period of 10 

weeks. 
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Table (1): Effect of gamma irradiation and formulated volatile oils on decay development of potato tubers 

stored at 20 ± 1 
0
C (values are percentages of decay development).  

Treatments Radiation Doses (Gy) 

Storage periods 

( Days) 
0 50 150 300 600 Mean 

Non treated tubers 

30 0.0 0.0 0.0 0.0 0.0 0.0 

60 11.32 0.0 0.0 0.0 0.0 2.27 

90 28.43 9.14 0.0 10.48 10.51 11.76 

120 53.90 31.76 11.24 19.51 20.17 27.30 

150 78.31 46.55 25.77 30.70 39.14 44.25 

Mean 34.39 17.49 7.40 12.19 14.09  

Treating with formulated fennel oil 

30 0.0 0.0 0.0 0.0 0.0 0.0 

60 0.0 0.0 0.0 0.0 0.0 0.0 

90 0.0 0.0 0.0 5.41 7.80 2.64 

120 6.04 5.98 6.49 8.63 15.18 8.47 

150 17.92 17.45 14.40 25.09 39.14 22.33 

Mean 4.79 4.69 3.35 7.35 12.43  

Treating with formulated peppermint oil 

30 0.0 0.0 0.0 0.0 0.0 0.0 

60 0.0 0.0 0.0 0.0 0.0 0.0 

90 0.0 0.0 0.0 7.60 8.39 3.19 

120 7.79 8.19 7.30 11.62 17.43 10.47 

150 20.67 20.19 19.12 27.94 40.43 25.58 

Mean 5.69 5.68 5.29 9.34 13.25  

Treating with formulated caraway oil 

30 0.0 0.0 0.0 0.0 0.0 0.0 

60 0.0 0.0 0.0 0.0 0.0 0.0 

90 0.0 0.0 0.0 0.0 7.75 1.55 

120 6.91 8.74 0.0 11.06 14.70 10.29 

150 16.68 17.26 11.92 21.09 36.73 20.69 

Mean 4.73 5.79 3.73 6.44 11.84  

 

L.S.D. at 5% level:                           Irradiation     Storage      Interaction 

Non treated tubers                                       1.15          1.15                2.57 

Treating with formulated fennel oil            0.57          0.57                1.27 

Treating with formulated peppermint oil    0.51          0.51                1.13 

Treating with formulated caraway oil         0.91          0.91                2.04 
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3. Loss in fruit weight: 

Data found in Table (3) showed that a general loss in weight was always noticed during 

storage and it was increased with prolonging storage period. Comparing the effect of different 

treatments on the loss of tuber weight percentage, it was observed that irradiation potato tubers with 

the medium dose of 150 Gy or its interaction with formulated biocides showed lower percentage of 

weight loss as compared with non-treated control. Also, soaking tubers in the prepared biocides 

exhibited percentage of loss in weight lower than that of non-treated. These results are in agreement 

with those obtained by 
(20)

 who found that the weight losses existed in the stored potato were due to 

some biochemical changes. The amount of weight losses by the application of radiation was reduced 

by 2- 2.5 % in comparison with control. Also, 
(21)

 found that the loss in weight of potato tubers 

irradiated with the dose of 12 K-rad was less than that in control one. Furthermore, 
(22)

 found that the 

loss in weight of tubers exposed to 12000 rad was lower by approximately 5 % than the control 

treatment. This might be due to the absence of sprouts in the treatment to consume water either in their 

growth or in transpiration. The ability of the formulated volatile oils or gamma irradiation for 

preserving and maintaining the fresh weight of the soaked potato tubers could be referred to their 

ability for inhibition the sprouting this leads to keeping moisture content. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  % Sprouting =                                                                   X 100  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

% weight loss =     Initial weight — Final weight                                                                          

                                                                                                                        X 100  

                 Initial weigh                    

Number of sprouted eyes 

 
 

                Total eyes of tubers 
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Table (2): Effect of gamma irradiation and formulated volatile oils on sprouting percentage of potato tubers stored at 

20 ± 1 0C. 

 

Treatments Radiation Doses (Gy) 

Storage periods 

( Days) 
0 50 150 300 600 Mean 

Non treated tubers 

30 0.0 0.0 0.0 0.0 0.0 0.0 

60 10.55 5.0 0.0 0.0 0.0 3.11 

90 47.22 21.11 0.0 0.0 0.0 13.67 

120 68.33 40.40 0.0 0.0 0.0 21.75 

150 100.0 58.52 0.0 0.0 0.0 31.56 

Mean 45.08 25.01 0.0 0.0 0.0  

Treating with formulated fennel oil 

30 0.0 0.0 0.0 0.0 0.0 0.0 

60 0.0 0.0 0.0 0.0 0.0 0.0 

90 0.0 5.55 0.0 0.0 0.0 1.11 

120 13.63 11.80 0.0 0.0 0.0 5.12 

150 52.77 47.22 0.0 0.0 0.0 20.00 

Mean 13.31 12.92 0.0 0.0 0.0  

Treating with formulated peppermint oil 

30 0.0 0.0 0.0 0.0 0.0 0.0 

60 0.0 0.0 0.0 0.0 0.0 0.0 

90 0.0 0.0 0.0 0.0 0.0 0.0 

120 9.54 10.0 0.0 0.0 0.0 3.91 

150 47.22 45.0 0.0 0.0 0.0 18.44 

Mean 11.35 11.0 0.0 0.0 0.0  

Treating with formulated caraway oil 

30 0.0 0.0 0.0 0.0 0.0 0.0 

60 0.0 0.0 0.0 0.0 0.0 0.0 

90 0.0 0.0 0.0 0.0 0.0 0.0 

120 11.25 11.80 0.0 0.0 0.0 4.61 

150 45.15 40.60 0.0 0.0 0.0 17.15 

Mean 11.28 10.48 0.0 0.0 0.0  

 

 

 

 

L.S.D. at 5% level:                             Irradiation      Storage    Interaction 

Non treated  tubers                                     1.25             1.25           2.79 

Treating with formulated fennel oil           1.01              1.01          2.27 

Treating with formulated peppermint oil   0.86              0.86          1.92 

Treating with formulated caraway oil        1.04              1.04          2.32 
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Table (3): Effect of gamma irradiation and formulated volatile oils on weight loss percentage of potato 

tubers stored at 20 ± 1 
0
C. 

 

Treatments Radiation Doses (Gy) 

Storage 

periods 

( Days) 

0 50 150 300 600 Mean 

Non treated tubers 

30 4.81 2.90 2.45 3.76 3.21 3.43 

60 9.18 6.92 4.06 4.75 5.01 5.99 

90 13.35 8.65 6.20 7.75 8.20 8.83 

120 17.37 11.35 8.49 9.95 11.03 11.68 

150 21.34 13.19 10.66 12.55 13.45 14.44 

Mean 13.21 8.64 6.37 7.95 8.18  

Treating with formulated fennel oil 

30 2.10 2.06 2.04 2.53 2.97 2.57 

60 4.11 4.39 3.87 4.08 4.83 4.26 

90 6.36 7.43 6.64 7.54 8.46 7.29 

120 9.13 8.67 8.50 9.05 9.91 9.05 

150 10.74 10.36 10.02 10.69 11.33 10.63 

Mean 6.49 6.58 6.22 6.98 7.53  

Treating with formulated peppermint oil 

30 2.82 2.31 2.28 2.72 3.10 2.65 

60 4.45 4.23 3.96 4.99 5.06 4.54 

90 7.15 6.86 6.27 7.87 7.98 7.23 

120 9.25 8.81 8.64 9.71 10.30 9.35 

150 11.02 10.25 10.17 10.92 11.55 10.78 

Mean 6.94 6.49 6.26 7.24 7.60  

Treating with formulated caraway oil 

30 2.51 2.54 2.30 2.77 2.97 2.62 

60 4.63 4.12 4.00 4.63 5.03 4.49 

90 7.35 6.94 6.98 7.93 8.07 7.46 

120 9.09 8.87 8.55 9.44 9.87 9.17 

150 10.71 10.48 10.28 11.03 11.52 10.81 

Mean 6.78 6.67 6.43 7.16 7.49  

 

 

 

L.S.D. at 5% level:                              Irradiation      Storage       Interaction 

Non treated tubers                                       0.45            0.45               1.00 

Treating with formulated fennel oil            0.37             0.37              0.82 

Treating with formulated peppermint oil    0.24             0.24              0.53 

Treating with formulated caraway oil         0.23             0.23              0. 52 
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4. Starch content: 

 Data in Table (5) showed that the starch content of non-treated tuber significantly declined 

during storage periods and reached its minimum value at the end of the experiment. Exposing potato 

tubers to gamma radiation significantly minimized the degradation of starch content as compared with 

non treated ones. The optimum irradiation dose was 150 Gy as it exerted the maximum value of starch 

content at the end of the experiment. Also, treating potato tubers with the different formulated volatile 

oils maintained the starch content and enhanced its content as compared with non-soaked ones. The 

decrement of starch content of potato tubers during storage could be explained by the transformation 

of starch into sugars. In this respect, 
(23)

 observed that the losses of starch content   of    potato   during 

storage were suppressed by gamma irradiation. Also, 
(24)

 found that the starch content of sweet potato 

decreased from 16.8% to 6.1% after 16 days of storage following gamma irradiation treatment with 

the dose of 500 K-rad. 

5. Phenol content: 

Results in Table (4) illustrate that a gradual decrease in total phenol content was observed in 

non-treated potato tubers during different storage periods. While, gamma irradiation treatments caused 

a slight effect for interrupting the decrease in total phenol content during storage. Radiation dose of 

150 Gy was the most potent dose for maintaining phenol content during storage. In this concept, 
(21)

 

found that phenol contents in irradiated potato tubers with dose of 12 K-rad was fluctuated between 

increase and decrease during storage period. In addition,
 (8)

 studied the effect of irradiation doses of 80, 

160 and 320 Gy on potato tubers during storage. The results showed that there was no remarkable 

effect of gamma irradiation on total phenol content during different storage period. Soaking potato 

tubers in the formulated volatile oils with or without exposing to gamma irradiation showed an 

observable effect on the values of the total phenol content during storage periods as compared with 

non-soaking tubers. In the same trend, 
(25)

 studied the effect of combined treatments of gamma 

radiation with salicylic and cinnamic acids on potato tubers during storage. The results showed that 

gamma irradiation treatments caused a pronounced retardation in the decrement of total phenol content 

of the treated potato tubers. The retardation in the decrement of total phenol content play an important 

role for maintaining the quality of potato tubers against decay. This could be attributed to efficiency of 

total phenol content for protecting the tubers from infection by pathogens. 
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Table (4): Effect of gamma irradiation and formulated volatile oils on starch content (g/100 g dry weight) 

of potato tubers stored at 20 ± 1 
0
C. 

Treatments Radiation Doses (Gy) 

Storage periods 

( Days) 
0 50 150 300 600 Mean 

Non treated tubers 

0 67.98 66.48 66.72 64.21 62.95 65.67 

30 61.35 62.78 60.77 61.55 59.32 61.16 

60 57.17 59.17 60.39 57.96 55.45 58.06 

90 50.52 55.69 57.17 53.21 52.23 53.77 

120 46.26 53.95 55.79 51.80 49.44 51.45 

150 42.83 50.13 52.79 48.58 44.85 47.84 

Mean 54.35 58.04 58.97 56.22 54.04  

Treating with formulated fennel oil 

0 67.45 67.35 66.67 65.61 63.54 67.34 

30 63.77 64.25 63.53 61.59 58.54 62.32 

60 60.72 62.28 61.22 58.84 55.74 59.80 

90 58.74 59.27 59.85 55.50 53.51 57.38 

120 55.09 56.59 56.81 51.70 53.47 54.75 

150 54.40 55.11 54.97 50.76 49.46 53.08 

Mean 60.10 61.96 60.54 57.33 55.63  

Treating with formulated peppermint oil 

0 67.25 65.90 66.77 65.27 64.74 65.87 

30 64.65 64.98 63.82 61.74 61.45 63.33 

60 61.50 60.14 61.55 59.32 57.91 60.09 

90 59.03 58.35 59.66 55.55 55.50 57.62 

120 56.13 56.85 55.74 52.06 52.49 54.63 

150 54.00 55.06 51.82 48.77 49.20 51.77 

Mean 60.43 60.22 59.89 57.12 56.76  

Treating with formulated caraway oil 

0 68.32 67.50 67.79 67.21 66.48 67.46 

30 64.21 64.45 64.79 61.79 62.56 63.89 

60 59.76 61.50 60.67 58.59 58.40 59.79 

90 59.22 60.48 59.85 51.92 52.01 56.69 

120 56.13 56.85 56.61 50.22 47.42 53.45 

150 53.90 53.75 55.16 46.45 45.04 50.86 

Mean 60.26 60.76 61.09 56.03 55.32  

L.S.D. at 5% level:                                 Irradiation  Storage  Interaction 

Non treated tubers                                          0.39       0.42         0.95                                      

Treating with formulated fennel oil               0.45       0.59         0.95 

Treating with formulated peppermint oil       0.26      0.28          0.63 

Treating with formulated caraway oil            0.45      0.49         1.11      
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Table (5): Effect of gamma irradiation and formulated volatile oils on phenol content 

(mg/100 g fresh weight) of potato tubers stored at 20 ± 1 
0
C. 

Treatments Radiation Doses (Gy) 

Storage periods 

( Days) 
0 50 150 300 600 Mean 

Non treated tubers 

0 19.29 17.83 19.04 16.85 17.25 18.05 

30 16.87 17.56 17.61 16.62 16.79 17.09 

60 14.84 16.26 16.62 16.28 16.31 16.13 

90 13.43 14.35 14.35 14.07 13.97 14.04 

120 12.84 13.22 13.57 13.31 13.25 13.24 

150 11.51 13.20 12.87 13.11 11.43 12.43 

Mean 14.79 15.40 15.68 15.04 14.83  

Treating with formulated fennel oil 

0 19.09 19.10 18.44 17.21 18.69 18.51 

30 17.80 17.64 17.54 16.96 16.73 17.34 

60 16.71 16.72 16.83 16.22 15.81 16.46 

90 14.76 14.77 14.79 14.0 13.69 14.41 

120 14.12 14.35 14.32 13.40 13.20 13.74 

150 12.85 13.22 13.59 12.82 12.86 13.01 

Mean 15.89 15.97 15.98 15.11 15.17  

Treating with formulated peppermint oil 

0 17.64 18.89 18.75 18.20 18.22 18.34 

30 18.35 18.13 18.35 18.18 17.81 18.20 

60 16.79 17.21 17.11 17.18 16.98 17.15 

90 15.21 15.12 15.60 14.05 13.75 14.66 

120 14.01 14.49 14.15 14.01 13.28 14.03 

150 13.57 13.62 13.83 13.49 12.80 13.37 

Mean 16.09 16.24 16.29 15.80 15.51  

Treating with formulated caraway oil 

0 19.01 18.66 18.80 18.32 17.87 18.53 

30 18.53 18.09 18.07 18.05 17.73 18.10 

60 17.24 16.55 17.07 16.39 16.59 16.72 

90 15.32 15.69 15.39 14.67 14.50 15.07 

120 14.22 14.62 14.79 13.39 13.22 13.69 

150 13.59 13.80 13.84 13.17 12.65 13.25 

Mean 16.24 16.23 16.30 15.66 15.43  

L.S.D. at 5% level:                                 Irradiation   Storage   Interaction 

Non treated tubers                                           0.15      0.17         0.37           

Treating with formulated fennel oil                0.19      0.21         0.47 

Treating with formulated peppermint oil        0.17     0.18         0.41 

Treating with formulated caraway oil             0.15     0.17        0.37 
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