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Abstract 
To determine the effect of irrigation interval and soil type on the severity of bacterial canker of 

tomato, a field experiment was carried out at Agricultural Research Institute (ARI) Tarnab in 

March to June 2013 and 2014. Five treatments: T1 = irrigation with 8 days interval, T2 = irrigation 

with 9 days interval, T3 = irrigation with 10 days interval, T4 = irrigation with 11 days interval 

and T5 = irrigation with 12 days interval were investigated for their effect on bacterial canker of 

tomato. In the same experiment, another factor i.e. soil types (S1 = Sandy Loam, S2 = Loam and 

S3 = Silt loam) were also investigated. Trials were replicated four times in a completely 

randomized design with split plot arrangement. Data were recorded for; survival percentage, 

number of flowers plant-1, number of fruits plant-1, fruiting percentage, disease severity and yield 

plant-1. Results revealed that keeping irrigation interval at 12 days, the disease rating score reduced 

to its minimum (0.83), however the yield (1.88 kg.plant-1) was affected due to drought. For soil 

types less (1.67 and 1.77) disease severity was scored for sandy loam and silt loam soil 

respectively, whereas for the loam soil higher (2.10) disease ratings were observed.  Highest 

(2.29kg) yield per plant was recorded for silt loam, followed by loam soil with 2.17kg.plant-1. 

While 10 days irrigation interval was found to be the best with 2.48kg yield per plant. It was 

therefore, concluded, that ten days interval in irrigation was found to be optimum for obtaining the 

maximum yield, while silt loam soil is best due to its optimum water-holding capacities for tomato 

crop to tolerate the bacterial canker disease. 

Keywords: Irrigation intervals; Soil types; Bacterial canker; Tomato; Cmm. 

Introduction 
Tomato (Solanum lycopersicum), a native of 

South America is grown worldwide for its 

edible fruits, with thousands of cultivars 

having been selected with varying fruit types, 

and for optimum growth in differing growing 

conditions. Tomato consumption is believed 

to benefit the heart, reducing cardiovascular 
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risk associated with type 2 diabetes [1]. 

Tomato contain the carotene lycopene, one of 

the most powerful natural antioxidants. In 

some studies, lycopene, especially in cooked 

tomatoes, has been found to help prevent 

prostate cancer.  Lycopene has also been 

shown to improve the skin's ability to protect 

against harmful UV rays.  Moreover, tomato 

consumption has been associated with 

decreased risk of breast cancer [2], head and 

neck cancers [3] and it is strongly protective 

against neurodegenerative diseases [4, 6]. 

In the year 2010, about 145.75 million tonnes 

of tomatoes were produced globally. Pakistan 

ranks 40th in tomato production with a total 

production of 476826 tonnes during 2010[7]. 

In year 2011-12 the annual production of 

tomatoes in Pakistan was estimated around 

530,000 tonnes while total area under the 

crop was 52300 hectares. For the same years 

in Khyber Pakhtunkhwa (KP) province total 

area under tomato crop was 12600 hectares 

with total production of 113200 tonnes [8]. 

Rise of the fast food industry in the country 

is also having a significant impact on the 

demand for tomato based products. It is 

expected that this trend will continue in the 

near future and the consumption of tomato 

will increase further. 

The average per hectare production of tomato 

in KP is well below its potential. One of the 

reasons for this low yield and quality is the 

occurrence of different diseases. Tomato 

diseases are caused by Viruses, Nematodes, 

Fungi and Bacteria. Mildews, blights, wilts 

and cankers are some of the common 

diseases. Tomato canker, also known as 

Bacterial canker or bird's eye, is one of the 

most important bacterial diseases.The disease 

is caused by bacterium Clavibacter 

michiganensis subsp. michiganensis (Cmm). 

Experiments on bacterial canker carried out 

in France have shown a yield loss of 20-30% 

[9], however in greenhouses it is reported that 

disease incidence reached from 10% to even 

80% [10]. 

Tomato is not resistant to drought. Yields 

decrease considerably after short periods of 

water deficiency. The amount of water that is 

needed depends on the type of soil and on the 

weather conditions (amount of rain, humidity 

and temperature). About 20 mm of water per 

week is needed under cool conditions, about 

70 mm during hot and dry periods. Irrigation 

with an interval of 7-8 days is recommended. 

The irrigation interval can be decreased from 

5-6 days when weather is too hot [11]. 

The disease is very difficult to control. 

However, different control measures could 

be integrated to keep the disease under check. 

Since not a lot of scientific work has been 

done on plant bacterial diseases in KP 

province of Pakistan including bacterial 

canker, it is difficult to adopt the control 

measures that might bring the disease below 

thresh-hold level. Keeping in view the 

importance of the disease, it’s very 

destructive nature and the high probability of 

its presence in KP, the present research study 

was initiated with the objective to manage the 

disease through irrigation intervals and soil 

types which are economical and effective 

components of the integrated disease 

management (IDM) against the disease.  

Materials and methods  

Experimental layout  

In order to determine the effect of irrigation 

interval and soil type on the severity of 

bacterial canker of tomato, a field experiment 

was carried out at Agricultural Research 

Institute Tarnab, Peshawar in March to June 

2013 and 2014. Because tomato is irrigated 

weekly for the first month after transplanting, 

and then every 10 days until crop completion 

[12], therefore, following five treatments: T1 

= irrigation with 8 days interval, T2 = 

irrigation with 9 days interval, T3 = irrigation 

with 10 days interval, T4 = irrigation with 11 

days interval, T5 = irrigation with 12 days 

interval were investigated for their effect on 

bacterial canker of tomato. In the same 

experiment, another factor i.e. soil types (i.e. 
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S1 = Sandy Loam, S2 = Loam and S3 = Silt 

loam) was also investigated as soil types play 

role in retaining soil water for considerable 

duration of time. For this purpose the three 

types of soil was brought from nearby 

districts i.e. Charsadda and Nowshera (as per 

soil texture data provided by Soil Chemistry 

Department, Agricultural Research Institute, 

Tarnab, Peshawar) for experimental seed 

beds. Trials were replicated four times in a 

completely randomized design with factorial 

arrangement. In each experimental units five 

plants were left un-inoculated as control for 

comparison, however, due to the nature of 

experiment and the statistical design used for 

analysis, it was excluded while analyzing the 

data.     

Nursery raising and field preparation  

Tomato nursery (Reo-Grand variety) was 

raised in trays. Before seedlings 

transplantation, the experimental plots were 

ploughed well and mixed with well-rotten 

farm yard manure. The beds were raised 12 

cm above the soil surface to provide drainage 

for the surplus irrigation or excess rain water. 

Seedlings were transplanted at the spacing of 

1.5 m between rows and 45 cm between 

plants. Standard cultural practices were 

adopted for all the treatments. Urea and DAP 

(di-ammonium-phosphate) were applied at 

standard and recommended rates for nitrogen 

and phosphorus requirements of the crop. 

Bacterial inoculation  

Bacterial isolate Cmm1-MKD1 (from the 

culture bank of plant pathology laboratory, 

The University of agriculture Peshawar) was 

used in the study. Bacterial culture was 

grown on commercially available Nutrient 

Agar (NA) Medium. The 72 hours old 

growing colonies were suspended in sterile 

saline (0.85%) to adjust its concentration 109 

cfu/ml (OD600) with spectrophotometer. In 

order to provide Cmm inoculum, the roots of 

the transplants were dipped in bacterial 

suspension just before transplantation. 

Data parameters  

Data were recorded on different parameters 

i.e. survival percentage, number of flowers 

per plant, number of fruits per plant, fruiting 

percentage (percent flowers resulted to 

fruits), disease severity and yield per plant. 

Evaluation of disease appearance and 

development was determined by using the 

scale of Foster and Echandi [13] with some 

modifications (index point 5 was added to the 

previous scale) (Table 1). 

Table 1. Modified Disease severity scale, Foster and Echandi (1973) 

S. No Ratings  Description  

1 0 No symptoms 

2 1 Up to 1/3 of the leaves wilted 

3 2 Up to 2/3 of the leaves wilted 

4 3 More than 2/3 of wilted leaves. terminal leaves on the main shoot 

not wilted 

5 4 Terminal leaves of the main shoot and most leaves wilted or dead 

6 5 Plant completely dead 

 

Results 

Survival percentage  

Data revealed that survival of the plants is 

adversely affected by the pathogen when 

inoculated at the time of transplantation 

(Table 2). Significant differences among the 

soil types and irrigation intervals were 

recorded for both the years (Table 8). Loam 

soil type proved to be the best in terms of 

plant survival where 78.60% plants survived. 

It was followed by silt loam with 73.23% 

plant survival, while in sandy loam less 

(70.87%) number of plants survived.  

For irrigation intervals maximum (78.67 and 

77.11%) numbers of plants survived when 

irrigated at 10 and 11 days intervals 
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respectively.  However, minimum (67.94%) 

number of plant survival recorded for 8 days 

irrigation interval.  

 

Table 2. Effect of irrigation intervals and soil types on survival percentage of tomato plants 

inoculated with Cmm (Spring 2013, 2014) 

Year  Soil types  Irrigation intervals Y x ST 

8 days 9 days 10 days 11 days 12 days 

2013 Sandy Loam 60.67 73.00 72.67 70.33 69.33 69.20 

Loam 72.00 81.00 89.67 75.67 78.00 79.27 

Silt loam 69.33 70.67 74.67 84.67 71.00 74.07 

2014 Sandy Loam 65.33 73.00 77.33 74.33 72.67 72.53 

Loam 72.67 78.33 84.00 76.67 78.00 77.93 

Silt loam 67.67 70.67 73.67 81.00 69.00 72.40 

    Year x Irrigation intervals Means 

2013  67.33 74.89 79.00 76.89 72.78 74.18 

2014  68.56 74.00 78.33 77.33 73.22 74.29 

   Soil types x Irrigation intervals Means  
Sandy Loam 63.00 

I 

73.00 

FG 

75.00 

DEF 

72.33 

FG 

71.00 

GH 

70.87 

C  
Loam 72.33 

FG 

79.67 

C 

86.83 

A 

76.17 

DE 

78.00 

CD 

78.60 

A  
Silt loam 68.50 

H 

70.67 

GH 

74.17 

EF 

82.83 

B 

70.00 

GH 

73.23 

B 

Means 67.94 

C 

74.44 

B 

78.67 

A 

77.11 

A 

73.00 

B 

 

Means followed by different letters in categories are significantly different at 5% level of probability    

LSD (P≤0.05) for Years =1.12, LSD (P≤0.05) for Soil types =1.37, LSD (P≤0.05) for Irrigation intervals =1.76, LSD 

(P≤0.05) for Years x Soil types =1.93, LSD (P≤0.05) for Years x Irrigation intervals =2.50, LSD (P≤0.05) for Soil 

types x Irrigation intervals =3.06, LSD (P≤0.05) for Years x Soil types x Irrigation intervals =4.32 

 

Number of flowers plant-1 

Number of flowers (Table 3) produced on 

inoculated plants increased when irrigation 

interval increased from 8 to 10 days but this 

trend was reversed when irrigation interval 

was increased further up to 12 days. 

Maximum number of flowers (71.67) were 

produced when irrigation interval was 10 

days, followed by 63.78 and 61.67 average 

number of flowers, produced on plants 

irrigated with 11 and 9 days intervals. 

Minimum (56.39 and 56.11) number of 

flowers were recorded when irrigation 

intervals were 8 and 12 days. On the other 

hand plants grown on Loamy soil produced 

maximum (66.07) numbers of flowers, while 

plants grown on sandy and silt loamy soil 

produced significantly less (59.20 and 60.50) 

number of flowers. 
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Table 3.Effect of irrigation intervals and soil types on number of flowers (plant-1) of tomato 

plants inoculated with Cmm (Spring 2013, 2014) 

Year  Soil types  Irrigation intervals  Y x ST 

8 days 9 days 10 days 11 days 12 days 

2013 Sandy Loam 51.67 56.33 65.33 58.67 53.00 57.00 

Loam 59.33 63.00 70.33 66.67 56.00 63.07 

Silt loam 53.67 58.67 69.33 56.00 52.33 58.00 

2014 Sandy Loam 53.67 60.33 71.33 64.67 57.00 61.40 

Loam 63.33 69.00 77.33 73.67 62.00 69.07 

Silt loam 56.67 62.67 76.33 63.00 56.33 63.00 

    Year x Irrigation intervals Means 

2013  54.89 59.33 68.33 60.44 53.78 59.36 

2014  57.89 64.00 75.00 67.11 58.44 64.49 

   Soil types x Irrigation intervals Means  
Sandy Loam 52.67 

F 

58.33 

DE 

68.33 

BC 

61.67 

D 

55.00 

EF 

59.20 

B  
Loam 61.33 

D 

66.00 

C 

73.83 

A 

70.17 

AB 

59.00 

D 

66.07 

A  
Silt loam 55.17 

EF 

60.67 

D 

72.83 

A 

59.50 

D 

54.33 

F 

60.50 

B 

Means 56.39 

C 

61.67 

B 

71.67 

A 

63.78 

B 

56.11 

C 

 

Means followed by different letters in categories are significantly different at 5% level of probability    

LSD (P≤0.05) for Years = 1.36, LSD (P≤0.05) for Soil types = 1.67, LSD (P≤0.05) for Irrigation intervals = 2.15, 

LSD (P≤0.05) for Years x Soil types = 2.36, LSD (P≤0.05) for Years x Irrigation intervals = 3.04, LSD (P≤0.05) for 

Soil types x Irrigation intervals = 3.73, LSD (P≤0.05) for Years x Soil types x Irrigation intervals = 5.27 

Fruiting percentage  

Data (Table 4) showed that fruiting 

percentages were highly significant for soil 

types and irrigation intervals. Increase in 

irrigation intervals significantly increased 

fruiting percentage and maximum (82.99%) 

number of flowers resulted into fruits on 

plants irrigated at 12 days interval, followed 

by plants irrigated at 11 days interval with 

79.37% fruiting. Less (70.61%) number of 

flowers produced fruits when irrigation 

interval was 8 days. Interaction effects were 

significant for fruiting percentage and 

maximum (84.06%) fruiting was recorded in 

plants grown in sandy loam soil with 12 days 

irrigation intervals. In main effects plants 

grown on sandy loam, Loam and silt loam 

soil produced minimum (68.48 to72.31%) 

numbers of fruits from flowers. 
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Table 4. Effect of irrigation intervals and soil types on fruiting percentage of tomato plants 

inoculated with Cmm (Spring 2013, 2014) 

Year  Soil types  Irrigation intervals  Y x ST 

8 days 9 days 10 days 11 days 12 days 

2013 Sandy Loam 72.04 76.14 79.01 83.17 85.87 79.25 

Loam 69.17 69.91 74.85 77.49 81.62 74.61 

Silt loam 70.89 75.18 76.21 80.49 80.78 76.71 

2014 Sandy Loam 72.58 75.06 77.08 79.34 82.25 77.26 

Loam 67.79 70.49 73.27 77.40 83.37 74.47 

Silt loam 71.20 74.58 76.61 78.33 84.05 76.95 

    Year x Irrigation intervals Means 

2013  70.70 73.74 76.69 80.38 82.76 76.86 

2014  70.52 73.38 75.66 78.36 83.22 76.23 

   Soil types x Irrigation intervals Means  
Sandy Loam 72.31 

F-I 

75.60 

D-G 

78.05 

B-E 

81.25 

ABC 

84.06 

A 

78.253 

A  
Loam 68.48 

I 

70.20 

HI 

74.06 

E-H 

77.44 

B-F 

82.50 

AB 

74.537 

B  
Silt loam 71.05 

GHI 

74.88 

D-H 

76.41 

C-F 

79.41 

A-D 

82.42 

AB 

76.833 

AB 

Means 70.61 

D 

73.56 

CD 

76.17 

C 

79.37 

B 

82.99 

A 

 

Means followed by different letters in categories are significantly different at 5% level of probability    

LSD (P≤0.05) for Years = 1.91, LSD (P≤0.05) for Soil types = 2.34, LSD (P≤0.05) for Irrigation intervals = 3.02, 

LSD (P≤0.05) for Years x Soil types = 3.30, LSD (P≤0.05) for Years x Irrigation intervals = 4.26, LSD (P≤0.05) for 

Soil types x Irrigation intervals = 5.22, LSD (P≤0.05) for Years x Soil types x Irrigation intervals = 7.39 

 

Number of fruits plant-1 

The trend of fruits produced on inoculated 

plants was similar to that of flowers (Table 

5). Maximum Number of fruits produced on 

inoculated plants increased when irrigation 

interval increased from 8 to 10 days but 

further increase in irrigation interval (up to 12 

days) significantly reduced number of fruits. 

Maximum number fruits (54.44) were 

produced when irrigation interval was 10 

days, followed by 50.50 average numbers of 

fruits, produced on plants irrigated with 11 

days intervals. Minimum (39.78) number of 

fruits were recorded when irrigation intervals 

was 8 days. On the other hand plants grown 

on Loam soil produced maximum (49.20) 

numbers of fruits, while plants grown on 

sandy and silt loamy soil produced 

significantly less (46.37 each) number of 

fruits. 
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Table 5. Effect of irrigation intervals and soil types on number of fruits of tomato plants 

inoculated with Cmm (Spring 2013, 2014) 

Year  Soil types  Irrigation intervals Y x ST 

8 days 9 days 10 days 11 days 12 days 

2013 Sandy Loam 37.33 43.00 51.67 48.67 45.33 45.20 

Loam 41.00 44.00 52.67 51.67 45.67 47.00 

Silt loam 38.00 44.00 52.33 45.00 42.33 44.33 

2014 Sandy Loam 39.00 45.33 55.00 51.33 47.00 47.53 

Loam 43.00 48.67 56.67 57.00 51.67 51.40 

Silt loam 40.33 46.67 58.33 49.33 47.33 48.40 

    Year x Irrigation intervals Means 

2013  38.78 43.67 52.22 48.44 44.44 45.51 

2014  40.78 46.89 56.67 52.56 48.67 49.11 

   Soil types x Irrigation intervals Means  
Sandy Loam 38.17 

H 

44.17 

EF 

53.33 

AB 

50.00 

BC 

46.17 

DE 

46.37 

B  
Loam 42.00 

FG 

46.33 

CDE 

54.67 

A 

54.33 

A 

48.67 

CD 

49.20 

A  
Silt loam 39.17 

GH 

45.33 

DEF 

55.33 

A 

47.17 

CDE 

44.83 

EF 

46.37 

B 

Means 39.78 

D 

45.28 

C 

54.44 

A 

50.50 

B 

46.56 

C 

 

Means followed by different letters in categories are significantly different at 5% level of probability    

LSD (P≤0.05) for Years = 1.36, LSD (P≤0.05) for Soil types = 1.66, LSD (P≤0.05) for Irrigation intervals = 2.15, 

LSD (P≤0.05) for Years x Soil types = 2.35, LSD (P≤0.05) for Years x Irrigation intervals = 3.03, LSD (P≤0.05) for 

Soil types x Irrigation intervals = 3.72, LSD (P≤0.05) for Years x Soil types x Irrigation intervals = 5.25 

 

Disease severity  

Data pertaining to disease severity of 

bacterial canker of tomato are shown in Table 

6. Disease ratings were highly significant for 

soil types and irrigation intervals (Table 8). 

Highest disease rating (3.00) was recorded 

when plants irrigated on 8th day, followed by 

9 days irrigation interval and so on. However, 

when irrigation interval increased to 12 days, 

the disease reduced to its minimum (0.83) 

score. On the other hand less (1.67 and 1.77) 

disease severity was recorded for sandy loam 

and silt loam soil respectively, whereas for 

the loam soil higher (2.10) disease ratings 

were observed.  In year wise comparison for 

both the years average disease ratings 

recorded were the same i.e. 1.84. 
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Table 6. Effect of irrigation intervals and soil types on disease severity of tomato plants 

inoculated with Cmm (Spring 2013, 2014) 

Year  Soil types  Irrigation intervals Y x ST 

8 days 9 days 10 days 11 days 12 days 

2013 Sandy Loam 3.00 2.67 1.33 0.33 0.00 1.47 

Loam 3.33 2.33 2.33 2.00 1.00 2.20 

Silt loam 3.33 2.67 1.33 1.00 1.00 1.87 

2014 Sandy Loam 3.00 2.33 1.67 1.33 1.00 1.87 

Loam 2.67 2.67 2.00 1.33 1.33 2.00 

Silt loam 2.67 2.33 1.67 1.00 0.67 1.67 

    Year x Irrigation intervals Means 

2013  3.22 2.56 1.67 1.11 0.67 1.84 

2014  2.78 2.44 1.78 1.22 1.00 1.84 

   Soil types x Irrigation intervals Means  
Sandy Loam 3.00 

A 

2.50 

AB 

1.50 

DE 

0.83 

FG 

0.50 

G 

1.67 

B  
Loam 3.00 

A 

2.50 

AB 

2.17 

BC 

1.67 

CD 

1.17 

DEF 

2.10 

A  
Silt loam 3.00 

A 

2.50 

AB 

1.50 

DE 

1.00 

EFG 

0.83 

FG 

1.77 

B 

Means 3.00 

A 

2.50 

B 

1.72 

C 

1.17 

D 

0.83 

E 

 

Means followed by different letters in categories are significantly different at 5% level of probability. LSD (P≤0.05) 

for Years = 0.193, LSD (P≤0.05) for Soil types = 0.237, LSD (P≤0.05) for Irrigation intervals = 0.306, LSD (P≤0.05) 

for Years x Soil types = 0.335, LSD (P≤0.05) for Years x Irrigation intervals = 0.432, LSD (P≤0.05) for Soil types x 

Irrigation intervals = 0.530, LSD (P≤0.05) for Years x Soil types x Irrigation intervals = 0.749 

Yield (kg. plant -1) 

Yield data for five pickings of inoculated 

tomato plants are shown in Table 7. Plant 

yield was highly significant for soil types and 

irrigation intervals (Table 8). Highest 

(2.29kg) yield per plant was recorded for silt 

loam, followed by loam soil with 

2.17kg.plant-1. The lowest (2.03kg) yield per 

plant was recorded for sandy loam soil. 

Among irrigation intervals 10 days irrigation 

interval was proved to be the best with 2.48kg 

yield per plant which was followed by both 9 

and 11 days irrigation intervals with 2.23kg 

and 2.21kg yield per plant. The lowest 

(1.88kg.plant-1) yielding plants were those 

which irrigated at 12 days interval. For year 

2014 all the varieties give comparatively less 

(2.11kg) average yield as compared to that of 

2.21kg in 2013.  

 

Discussion  

The basic factor that affects disease severity 

in most foliar pathosystems is leaf wetness 

[14], and among the agronomic practices are 

the irrigation type, dry season cropping and 

cultivation in protected environments [15]. 

Tomato is susceptible to drought and water 

deficiency even for a short periods, 

considerably reduce the yield. It is important 

to water plants regularly [16], especially 

during flowering and fruit formation. Water 

requirements of the crop strongly depends on 

the soil type and weather conditions (amount 

of rain, humidity and temperature). About 20 

mm of water per week is needed under cool 

conditions, about 70 mm during hot and dry 

periods [11]. A considerable number of 

flowers were produced on the plants which 

successfully resulted in fruits too but still the 

average yield per plant was low because of 
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smaller fruit size. It can be explained with the 

fact that watering plays a major role in 

attaining uniform maturity and reducing 

physiological disorders associated with 

irregular water supply which resulting 

calcium deficiency in the fruit during its 

enlargement [11].  

Table 7.Effect of irrigation intervals and soil types on yield (kg/plant) of tomato plants 

inoculated with Cmm (Spring 2013, 2014) 

Year  Soil types  Irrigation intervals Y x ST 
8 days 9 days 10 days 11 days 12 days 

2013 Sandy Loam 1.88 2.17 2.47 2.18 1.80 2.10 
Loam 2.10 2.29 2.58 2.20 1.96 2.23 
Silt loam 2.20 2.31 2.63 2.33 2.09 2.31 

2014 Sandy Loam 1.78 2.13 2.21 2.12 1.58 1.96 
Loam 1.97 2.18 2.43 2.16 1.82 2.11 
Silt loam 2.15 2.33 2.55 2.25 2.02 2.26 

    Year x Irrigation intervals Means 

2013  2.06 2.25 2.56 2.24 1.95 2.21 

2014  1.96 2.21 2.40 2.18 1.81 2.11 

   Soil types x Irrigation intervals Means  
Sandy Loam 1.83 

G 
2.15 
DE 

2.34 
B 

2.15 
DE 

1.69 
H 

2.03 
C  

Loam 2.03 
F 

2.23 
CD 

2.50 
A 

2.18 
D 

1.89 
G 

2.17 
B  

Silt loam 2.17 
D 

2.32 
BC 

2.59 
A 

2.29 
BC 

2.06 
EF 

2.29 
A 

Means 2.01 
C 

2.23 
B 

2.48 
A 

2.21 
B 

1.88 
D 

 

Means followed by different letters in categories are significantly different at 5% level of probability    

LSD (P≤0.05) for Years = 0.036, LSD (P≤0.05) for Soil types = 0.044, LSD (P≤0.05) for Irrigation intervals = 0.057, 

LSD (P≤0.05) for Years x Soil types = 0.063, LSD (P≤0.05) for Years x Irrigation intervals = 0.0810, LSD (P≤0.05) 

for Soil types x Irrigation intervals = 0.099, LSD (P≤0.05) for Years x Soil types x Irrigation intervals = 0.140 

 

Table 8. Planned comparison for significant interactions and main effects 

Effects  % 

Survival 

No. of 

flowers 

% 

Fruiting  

No. of 

Fruits  

Disease 

ratings   

Yield  

Year (Y) Ns ** ns ** Ns ** 

Soil Type (S) ** ** ** ** ** ** 

Irrigation Interval (I) ** ** ** ** ** ** 

Y × S ** Ns ns ns * Ns 

Y × I Ns Ns ns ns Ns Ns 

S × I  ** * ns ns Ns * 

Y × S × I Ns Ns ns ns Ns Ns 

*= significant at P≤0.05, ** = significant at P≤0.01,  ns = non-significant  

 

Current research point out that soil moisture 

is directly proportional to disease i.e. more 

irrigations, keeps more soil moisture and thus 

results in more disease. Previous findings 

shows that 7-8 days irrigation interval is 

recommended but it can be decreased from 5-

6 days when weather is too hot [11]. This 

statement is supported by the current 

http://dx.doi.org/10.19045/bspab.2016.50024


Bibi and Ahmad 

802 

investigations with the addition that 

availability of soil water is equally important 

to weather hotness. The amount of moisture 

present in soil at a particular time mostly 

depends on soil type. Loams and clay-loam 

soils have greater water-holding capacity 

than sandy-loam soils [11] 

Though disease continuously reduced by 

increasing the irrigation interval, similarly an 

increase in yield was observed upto ten days 

interval, however, when the interval was 

further increased, drought adversely affected 

the yield which supports previous findings 

[11, 15, 17].  

In order to use all the possible control 

measures against the disease to keep it under 

control soil plays an important role in the 

early establishment of the disease. As the 

pathogen is soil-borne and have a close 

relation with the soil type and soil moisture 

therefore, experiments on soil moisture and 

soil types give some good information for 

managing the disease [17]. 

The amount of moisture present in soil at a 

particular time mostly depends on soil type. 

Plant wilting can be caused either by the plant 

or by the soil [18, 20] Soils having more 

water-holding capacity are more favorable 

for bacterial development and increase in soil 

moisture extended the survival of the 

endophytic bacteria [18]. Consistent with this 

notion, less disease severity was recorded for 

sandy loam soil as water holding capacity of 

sandy loam soil is less that silt loam and loam 

soil. 

Conclusion and recommendations  

It was concluded from the above results that, 

ten days interval in irrigation was proved to 

be optimum for obtaining the maximum 

yield, and silt loam soil was best for tomato 

crop to give good yield while keeping the 

disease under the threshold level. Therefore, 

it is recommended to the tomato growers to 

irrigate tomato crop after ten days regularly, 

while silt loam soil is the best soil to be used 

specially for green houses and tunnel 

farming.  
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