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Introduction
Gladiolus is an important ornamental plant valued for its beautiful 

flower spikes. It is widely used in flower arrangements, bouquet-making 
and indoor decorations. It is a bulbous crop and mainly propagated by 
corms and cormels. The commercial cultivation of this flower crop has 
picked up during the last three decades. Presently, it is being grown 
mainly for domestic purpose but holds potential for export market, too

Gladiolus is grown commercially on an area of 6,000 ha in India 
[1]. It is mainly cultivated in Karnataka, West Bengal, Maharashtra, 
Punjab, Haryana, Uttar Pradesh, Tamil Nadu, Jammu and Kashmir, 
Uttarakhand, Delhi, Sikkim and Himachal Pradesh. In Punjab state, 
area under this crop is 180.6 ha [2]. 

Diseases are one of the major constraints in the profitable 
cultivation of gladiolus. Gladiolus plants and corms are susceptible to 
various diseases. Among these, Botrytis gladiolorum Timm, is one of the 
major destructive diseases that causes significant economic loss to the 
growers. Besides producing small to large, oval to round brown spots 
on leaves, the pathogen also produces water-soaked spots on flower 
petals. Incipient floral infections cause flowers to rot during transit 
to market, reducing its market value [3]. The fungus also causes basal 
stem infections, which may penetrate to the corm. Corm rotting may 
continue in cold storage conditions, too. The sclerotia of the fungus 
sometimes appear on leaves, stalks and corms under wet field or storage 
conditions. Infected corms often develop soft rot during cold storage if 
moisture condensation occurs due to temperature fluctuations.

The disease spreads rapidly in February-March, when the plant 
canopy becomes dense and temperature is favorable. Under such 
environmental factors, there is abundant sporulation on diseased 
plant parts, particularly on leaves, stems and flowers. A drift of spores 
from a nearby planting may jeopardize the crop even if rigorous 

control measure is adopted for control of the disease through frequent 
fungicidal sprays. Spatial and temporal distribution provides useful 
information on the rate of spread of the disease and gives an assessment 
of potential crop loss [4]. Limited quantitative information is available 
on the spatial and temporal relationships that develop between airborne 
inoculum and disease intensity during the course of aerially spread 
epidemics in B. gladiolorum. Therefore, the present studies on spatial 
and temporal distribution of the disease were conducted to generate 
this valuable information in B. gladiolorum.

Materials and Methods 
Plant material

Corms of the susceptible gladiolus variety Sancerre and resistant 
varieties Jacksonville Gold and Nova Lux were planted in 10 m x 10 m 
plots in the field in the first week of November at experimental farm of 
the Department of Floriculture and Landscaping, Punjab Agricultural 
University, Ludhiana, during two consecutive seasons, i.e. 2011-12 
and 2012-13. The row-to-row and plant-to-plant spacing was kept 
as 25 cm with a total of 1681 plants per plot in each of the varieties. 
Recommended package of practices were followed for crop cultivation 
[5].
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Abstract
Botrytis blight caused by Botrytis gladiolorum is the most devastating disease under North Indian conditions. The 

development and spread of this disease is favoured by cool and moist weather conditions generally prevailing in the 
months of February and March under Punjab conditions. The spatial and temporal dynamics of any disease provide 
valuable information on development of disease epidemics. The current experiments were planned to measure 
spatial and temporal development of Botrytis blight in susceptible (Sancerre) and resistant varieties (Nova Lux and 
Jacksonville Gold) of gladiolus under natural field conditions. It was observed that there was an increase in spread of 
the disease with time in both the susceptible and resistant varieties. The spread of disease in the varieties Sancerre, 
Jacksonville Gold and Nova Lux, varied from -500 to 425, -375 to 200 and -400 to 250 cm in East-West direction 
and -450 to 500, -125 to 300 and -150 to 300 cm in North-South direction from the infection focus on X and Y axis, 
respectively, during 2011-12. The disease spread was more during 2012-13. The disease intensity and its lateral 
spread from the foci of infection were higher in the susceptible variety than the resistant. Agrometeorological data on 
wind direction revealed that the progression of disease was more towards the southeastern direction due to flowing 
of northwesterly winds during January-March, during both the crop seasons, i.e. 2011-12 and 2012-13.
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Pathogen inoculation and disease epiphytotics
An artificially infected B. gladiolorum plant was placed exactly in 

the center of the plot in each of the varieties in the end of January and 
left there till termination of the experiment. High moisture in the field 
was created by irrigating the field on the day of start of experiment and 
after two days, and subsequently normal irrigation schedule followed. 
The location of plants was taken as identity of the plants for recording 
of data. 

Disease measurement
The disease dynamics was monitored by recording observations 

on incidence and severity of the disease at weekly intervals, up to a 
period of 6 weeks. Disease severity was recorded on 0-4 rating scale as 
followed by Sehajpal and Singh [6]. The data on spatial and temporal 
disease dynamics was analyzed using Sigma Plot Ver. 11

Results and Discussion
A graphic presentation of measurements on dynamics of botrytis 

blight in susceptible (Sancerre) and resistant varieties (Jacksonville Gold 
and Nova Lux) of gladiolus is presented in Figures 1 and 2. The data 
show that intensity and spread of the disease were highly influenced by 
the time period and direction of the wind. The disease started spreading 
from infection foci in all the varieties after one week of inoculation. 

Figure 1: Spatial and temporal spread of Botrytis l blight of gladiolus in resistant and susceptible varieties during 2011-12 after (a) 1 week (b) 2 week (c) 3 week (d) 
4 week (e) 5 week (f) 6 week of inoculation.
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The spread of the disease was more in the susceptible variety Sancerre 
followed by resistant varieties Nova Lux and Jacksonville Gold. 

The disease spread from the infection focus in variety Sancerre 
during the first year ranged from -75 to 50, -200 to 100, -400 to 175, 
-425 to 200, -450 to 350 and -500 to 425 cm in East-West direction 
(X-axis) and from -50 to 75, -100 to 175, -125 to 225, -150 to 300, -200 
to 425 and -450 to 500 cm in North-South direction (Y-axis) over a 
period of six weeks. The disease spread in the second year ranged from 
-100 to 50, -225 to 150, -425 to 200, -425 to 275 and-500 to 500 cm in 
East-West direction (X-axis) and from -75 to 100, -100 to 225, -150 to 
300, -275 to 400 and -500 to 500 in North-South direction (Y-axis) over 
a period of six weeks

Development and spread of the disease was highly restricted in 
the resistant varieties Jacksonville Gold and Nova Lux as compared 
to the susceptible variety Sancerre. The disease spread in the variety 
Jacksonville Gold ranged from -25 to 25, -75 to 25, -175 to 50, -250 to 
100, -300 to 125 and -375 to 200 cm in East-West direction and 0 to 
25, -25 to 50, -25 to 75, -75 to 150, -100 to 200 and -125 to 300 cm in 
North-South direction, respectively, in the first year, whereas, from -25 
to 25, -100 to 50, -200 to 100, -275 to 125, -325 to 175 and -400 to 225 
cm in East-West direction and 0 to 25, -50 to 50, -75 to 125, -100 to 
175, -125 to 225 and -175 to 325 cm in North-South direction from the 
infected plant on X and Y axis in the second year. The disease spread in 
variety Nova Lux was -75 to 25, -75 to 50, -175 to 100, -250 to 150, -375 
to 175 and -400 to 250 cm in East-West direction and 0 to 25, -25 to 75, 

Figure 2: Spatial and temporal spread of Botrytis l blight of gladiolus in resistant and susceptible varieties during 2012-13 after (a) 1 week (b) 2 week (c) 3 week (d) 
4 week (e) 5 week (f) 6 week of inoculation.
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-50 to 125, -100 to 200, -125 to 275 and -150 to 300 cm in North-South 
direction from the foci of infection on X and Y axes, respectively, over
a period of six weeks in first year. The spatial distribution of the disease 
in the second year ranged from -75 to 25, -100 to 50, -225 to 150, -300
to 175, -400 to 200, and -425 to 275 cm in East-West direction and 0
to 25, -25 to 75, -50 to 175, -125 to 225, -150 to 275 and -175 to 300 cm 
in North-South direction from the foci of infection on X and Y axes,
respectively, over a period of six weeks. The results show that the spatial 
and temporal distribution of the disease was more or less similar in
Jacksonville Gold and Nova Lux varieties of gladiolus.

In general, the disease progression was slow in early stages of 
infection but increased considerably with the increase in time interval. 
The spread of the disease progressively increased after third week in 
all three varieties. The freshly infected plants were found adjacent to 
the previously diseased ones and spread along the direction of the 
wind forming new foci of infection. It was observed that the spread 
of the disease in all the varieties was more towards the South Eastern 
direction due to blowing of North Westerly winds during the crop 
growth period. The wind may carry the air borne conidia to healthy 
uninfected plants producing secondary foci of infection. The pattern 
of distribution of the disease was similar in all the varieties in both 
the years of experimentation. Overall, disease severity was low in the 
first year as compared to the second year. This was probably due to 
less cumulative rainfall (8.1 mm) received during the January to March 
during the first year, i.e. 2011-12, in contrast to more of cumulative 
rainfall (20.10 mm) received in the corresponding months during the 
second year, i.e. 2012-13. Agrometeorological data show that there 
were no significant variations in the temperature and wind direction 
in both the years. 

The study on spatial and temporal pattern of development of 
Botrytis in onion support our hypothesis that secondary spread of the 
disease is caused by airborne conidia produced on necrotic tissues [7,8]. 
In the present study, it was reported that disease severity was more near 
the infected plant as compared to the distant ones. This was supported 
by the findings of Johnson and Powelson [9] who analyzed spore 
dispersal in grey mold of snap beans and found that disease incidence 
was 70% at a distance of 0.9 m from the inoculum source but it was 
less than 25% at a distance of 4 m. Further, it was observed that there 
was increase of disease intensity as well as spread of the infection with 
the increase in time intervals. The airborne inoculum of Botrytis leaf 
blight caused by Botrytis squamosa was analyzed over space and time 
by Carisse et al [10] who observed that lesion density varied from 0.00 
to 15.8 and from 0.00 to 43.0 lesions per plant as airborne conidium 
concentration varied from 0.00 to 16.8 and from 0.00 to 56.7 conidia /
m3 in 2004 and 2006, respectively. 

The association of airborne conidia of B. cinerea with disease has 
been recorded in other crops, too, such as strawberry [11,12], raspberry 
[13], grapes [14,15] and gerbera [16]. Knowledge of temporal and 
spatial dynamics of plant diseases has led to the development of several 
forecasting systems, hence, resulted in better disease management [17]. 

On the whole, investigations on the spatial and temporal 
distribution of the disease show that fungicidal applications during 
onset of the disease would lead to better management as they keep the 
inoculum level low. Another management strategy for decision making 
is that the crop canopy should be properly covered with the fungicidal 
sprays keeping in view the direction of the wind.

Conclusion
The study showed that spatial distribution during early stages of 

the disease development was low but significant expansion of disease 
foci occurred during the fourth, fifth and sixth week. Furthermore, 
dissemination or secondary spread of the pathogen occurred from 
infected to healthy plants along the direction of the wind. 
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