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ABSTRACT

Botrytis blight of gladiolus caused Botrytis gladiolorum Timm. causes significant losses. It is favored:bgl,
wet and cloudy conditions. The weather parameésgecially temperature and leaétness period, play a pivotal role in
epidemic development of any disease. The effedhe$e parameters on disease development was gatesti under
artificial conditions of disease development. Sidty old plants of gladiolus, cv. Sancerre, growrbiinch diameter
plastic pots, were artificially inoculated with sposuspension of the fung gladiolorum standardized at 4 X 10
conidia/ml of water. The inoculated plants wereutmated in growth chambers, maintained at 10, 15280and 30+%C.
Leaf wetness durations of 3, 6, 12, 24, 48 and @@ie provided in each of the temperature regintegas recorded that
the optimum temperature for disease development 20a4°C, followed by 15 and £0C. Furthermore, the disease
severity increased with increasing leaf wetnessogsr being the maximum at 96 h. To simulate cloedwyditions,
the effect of light and darkness on disease dewsdop was studied separately in pot and field trials
Different combinations of light (L) and dark (D) nieds (h) were provided, which were as follows: $2PD, 9L+15D,
6L+18D, 3L+18 D and OL+24D. The plants were inotedbas described in the above experiment and inedlza 20+3C
in the pot trial, whereas at ambient temperatureditimns in the field trial. It was found that dése severity increased

with increasing periods of darkness (h), beingrttaimum at a combination of OL + 24D.
KEYWORDS: Gladiolus, Botrytis, Effect of Weather ParametmnDisease
INTRODUCTION

Gladiolus Gladiolus grandiflorus L.) is a popular, bulbous flowering plant havingdpomajestic spikes. Diseases
are a major constraint in profitable cultivationtbis flower crop. Botrytis blight caused Bgtrytis gladiolorum Timm. is
an economically important disease that plays hawibic the crop under north Indian conditions. Thenpyoms of this
disease appear on leaves, flowers, stems and ctiroaises large oval to round brown spots on leavel water-soaked
spots on flower petals. Incipient floral infectiooguse flowers to rot during transit to market,uedg its market value
(Magie, 1956). The fungus causes basal stem iofext{neck rot) which may penetrate to the corm.nCaootting may

continue in cold storage conditions. It is diffictd control the disease once it appears in the {®inghet al., 2005).

The weather parameters play a key role in the ldpweent of Botrytis blight. The effect of tempenatiand leaf
wetness period has not been precisely worked oBbirytis gladiolorum of gladiolus. Light has been reported to have
variable effects on growth processes of fungi,thateffect of light and darkness period on the ghoand sporulation of
B. gladiolorum is also less well studied. In view of these knalgke gaps, effects of temperature, leaf wetnessgearid

light/darkness have been determined on developafeéht disease in the present studies.

| Impact Factor(JCC): 1.4507 - This article can be denloaded from www.impactjournals.us |




| 212 P. K. Sehajpal & P. J. Singh |

MATERIALS AND METHODS

Leaf samples of gladiolus variety ‘White Prospeérinfected with Botrytis gladiolorum were collected from
experimental area of Department of Floriculture aaddscaping, Punjab Agricultural University, Ludha. Small bits of
infected leaves were surface-sterilized with 1:1@®€rcuric chloride, given three washings in steditgtilled water and
placed aseptically on Potato Dextrose Agar (PDAJlioma at 20+2C in a B.O.D. incubator. The fungus was purified
using a single spore technique. The monoconiditii@iof the fungus was multiplied on PDA medium fmeparation of

inoculum.

The corms of gladiolus variety ‘Sancerre’ werenpda in 6 inch diameter plastics pots in pot hahgemonth of
November. The number of corms planted per pot Wwaset The recommended packages of practices fovatibn were
followed (Kumar and Sidhu, 2011). The sixty-day @lénts were artificially inoculated with spore passion of the
fungus B. gladiolorum standardized at 4 xi@onidia/ml of water and placed in growth chambersvigled in the
departments of Floriculture and Landscaping, PRathology, and Processing and Food Engineering,UR lLudhiana.
The conidial suspension was prepared in sterilidstilled water and spore concentration adjusteitigudNeubauer
Hemacytometer. Immediately after inoculation thengd were incubated at different temperature regjirne. 10, 15, 20,
25 and 30+3C. The plants at each of the temperature regimes pmvided leaf wetness periods of 3, 6, 12, Badd
96 h duration. The leaf wetness was created usingidifiers. After the required wetness period thangs were
maintained at the above mentioned temperaturesegaiting humidity levels. Light intensity of 500k, obtained from a
white fluorescent and incandescent light sourceg mtio of 2:1, was made available to the planteri a 12 h day and

night cycle. Three replications were kept for eaeatment.

The effect of light and darkness on disease dpweémt was studied in pot and field trials. The tdamere kept
under different combinations of light (L) and dgi®) periods (h) as follows: 12L.+12D, 9L+15D, 6L+18BL+21D,
0L+24D. The supplemental light, where required, wagvided at intensity of 500 Lux as mentioned lw tabove
experiment; whereas the darkness by covering piaitisa black cloth sheet. Four replications wer@ntained for each
treatment. The plants grown in 6 inch diameter tigsots were inoculated as described in the aleymeriment and
incubated at 20C in the growth chambers; whereas the plants giiovthe field at a spacing of 20 x 25 cm in 1 sq. m
beds were inoculated and maintained at ambient @eattyre conditions. High humidity was maintained dogasional
spraying of water in both the cases. Water was iathon the plants through a slip pocket createthennner side of the

cloth cover that was used to provide dark cond&itmplants.

The data on incubation period, latent period agwksty of the disease were recorded at approppateds.
The incubation period was regarded as the perigsvdes inoculation and appearance of symptoms ofadis.
The latent period was regarded as the period fgnpom appearance to the sporulation of the pathhdgata on severity

of the disease were recorded after 4 and 8 day®ofilation, on a 0 - 4 rating scale as given below

Grade/Category Extent of Infection

0 = No infection

1 = 1-25 per cent of the leaf area infected
2 = 25-50 per cent of the leaf area infected
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3 50-75 per cent of the leaf area infected

4 More than 75 per cent of the leaf area infitcte

The per cent disease severity or intensity (PDB e@mputed using the following formula:

] ]  Sum of all numerical rating=s  __ 100
Dizease severity (%) = o il
Total number of ratings Maximum rating

All statistical analyses were performed usingiStiaal Package for Social Science (SPSS 16). @bwfial two
way analysis of variance (ANOVA) was carried outtlie pot and field trials. The Least significantfelience (LSD)

is calculated by using the following formula:
LSD = Table (F-value) XMSE/N
Where, MSE = Mean error sum of square
N= Average number of sample size

Table F-value = The value of F-distribution at 3eXel of significance.

RESULTS AND DISCUSSIONS

Effect of Temperature and Leaf Wetness Period

Data on influence of temperature and leaf wetpes®d on incubation period &otrytis gladiolorum are given
in Table 1. It was found that temperature of 2B4and leaf wetness periods of 24, 48 and 96 h trerenost suitable for
disease development. The symptoms appeared inome 6f minute water-soaked spots in 2 days timehase
combinations. An incubation period of 3 days wamrded when leaf wetness periods of 3, 6 or 12t weovided at this
temperature. Temperature of 18€land leaf wetness periods of 48 and 96 h wereé¢lxe most ideal combinations for
disease development, as the symptoms expressedag2time at this combination also. An incubatp@miod of three
days was recorded at 12 and 24 hrs of leaf wetpeseds at this temperature. The same length afbiaton period,
i.e. 3 days, was observed at temperatures of 1@n@530+1C, and 24, 48 and 96 hrs of leaf wetness periodngithe
impression that temperature of 10, 25 and 3G+gqually favour the disease. On closer scrutinghef data, it was,
however, found that temperature of 28&iwas better than that of 10 and 38@1s the disease symptoms manifested in
4 days time at this temperature, whereas 5 days veguired for symptoms to appear at 10 and 30+Dn the whole,
the disease was favoured the most at 20#bllowed by 15, 25, and 10 (or 30£C) and similarly cumulative indices of
incubation period, worked out by adding incubatp@miods corresponding to 3, 6, 12, 24, 48 and 9&tmess durations,
were 15, 18, 21, 22 and 22 days, respectively. (Baon of the fungus. gladiolorum under different temperature and
leaf wetness periods was found to be very sparderuartificial conditions of disease developmertte Tifferences in
extent of sporulation were hardly perceptible assalt of which a visual grading scale could notdesised, and hence

latent period could not be mentioned.

Effect of temperature and leaf wetness duratiose@rerity of Botrytis blight has been shown in EaBland 3.
It was observed that after 4 days of inoculatioraximum severity of disease (75.00%) was recorde@0atl’C,
followed by that at 152°C (66.75%), 10+4C (50.00%), 25+9C (41.75%) and 30LC (25.00%) at 96 h of leaf wetness
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period. Almost a similar but decreasing trend afedise severity was observed at 48, 24, 12, 6 dndf3deaf wetness
durations. After 8 days of inoculation period dseaeverity was found to be the maximum (100.0002021°C at leaf
wetness period of 96 h and the minimum (8.25%)0at26 and 30+°C at 3hrs of leaf wetness period. On the whole,
the disease severity was more after 8 days of attui as compared to that after 4 days. A threesdsional view of a
bar diagram showing influence of temperature araf lgetness periods on disease severity has beeictetepin

Figure 1 and 2.

The optimum temperature was found to be 2Q+In the present studies. Several workers haveriego
minimum, optimum and maximum temperature for infatt germination, growth and sporulation Bbtrytis spp.
Their results are broadly in agreement with findingf the present study, but are to some extentadtnce also.
The optimum temperature has been reported to BE 26r B. alii infection in onion (Bertolini and Tian, 1997)
andB. cinerea germination in chickpea crop (Rewal and Grewal, 998he optimum temperature ranges for infection by
B. gladiolorum have been reported to be 20-2Z.5Timmermans, 1941) and 18.3-2&8(McClellan et al.. 1949)
Sosa-Alvarezt al. (1995) reported temperature of 17°C&0 be optimum foB. cinerea in strawberry. Nair and Allen
(1993) found that temperature of 23.7 and %D.&as optimum for flower and berry infection, respeely, in grapes.
Bakr et al. (1993) recorded high incidence Bf cinerea between 17-Z& in chickpea. Tripathi and Rathi (1992) reported
maximum severity of Botrytis blight of chickpeaatemperature of 25-8C. However, 38C has been reported to be the
maximum temperature foB. gladiolorum (Timmermans, 1941). The minimum temperature has lbyeported to be
between 3-& for severaBotrytis spp. (Timmermans, 1941; Rewal and Grewal, 1989;&ebal., 1996). In the present
study effect of temperature as low as’85vas not investigated, as mercury normally doesdim so low during the
severe winter months under Punjab conditions, amaver, because infection by the fungus getstades/en at 11T as

shown by the data.

Joharet al. (1998) reported that level of infection of chielgbyAscochyta rabiel increased with increasing leaf
wetness period exponentially from 4-18 hrs. Singth Bapoor (1984) reported that leaf wetness pesfadore than 12hrs
was required for infection of chickpea by Botrytjieey mould fungus, with complete mortality of pkrdccurring at
144 hrs of leaf wetness duration. Sosa-Alvasted. (1995) reported that leaf wetness period of 3-Isdeas required for
sporulation of theBotrytis cinerea at optimum temperature (17-18 °C) in strawbergpciGubleret al. (1996) mentioned
that 15 hours or more of the leaf wetness periog i@ required for Botrytis fruit rot of Strawberat extreme
temperatures below 4@ and above 32%. Nair andAllen (1993) reported that leaf wetness period & firs was
required of flower infection, whereas 13.9 hrsffoiit infection in grapes b. cinerea, indicating that leaf wetness period

may vary with the type of tissue involved.
Effect of Light and Darkness Period

The effect of light and darkness on the develogmémotrytis blight of gladiolus was studied bathpot and
field trials (Table 4 and 5). In thaot trial conducted in the growth chambers, the minimum iatiob period of 2 days
was recorded in OL+24D, 3L+21D, 6L+18D and 9L+15Mhile 3 days in 12L+12D treatment. The symptoms tiyos
developed in the form of grayish-white lesions with without a water-soaked appearance. The dissasgerity was
maximum (62.50 and 100.00%) in OL+ 24D after 4 &ndays of inoculation: whereas minimum (25.00 aBdb6%)
in 12+ 12D after 4 and 8 days of inoculation, exgjvely.
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In thefield trial, the disease symptoms were observed after 2 dagsubation period in OL+ 24D and 3L+21D
treatments, whereas 3 days of incubation periodfaasd in 6L+18D, 9L+15D and 12L+12D combinatiorfdight and
darkness periods. Symptoms appeared in the forovalf to circular water-soaked lesions that enlarged developed
brown or grayish-brown colour in their centre. Agards the latent period, the minimum latent pedd® days was
observed in 12L.+12D followed by 9 days in 9L+15M0, days in 6L+18D and 3L+21D and 11 days of latesriqu in
OL + 24D. The disease severity was observed aftardd8 days of inoculations and it was found thatrhaximum disease
severity (56.25%) was in 0L+24D followed by 43.7%%3L+21D, 37.50% in 6L+18D, 31.25% in 9L+15D ans.@%
in 12L+12D after 4 days of inoculation. The simikaend was also observed after 8 days of inoculatie 81.25%

was maximum which was in OL+ 24D and minimum disesaverity (50.00%) was in combination of 12L+12®ipds.

The results of the study have shown that diseaserity increased on decreasing exposure to lightrd)
i.e. continuous dark period resulted in signifitpmore disease than 12L+12D treatment. It mayriferied from the
study that the plants get predisposed to infedtipthe fungus under dark conditions. The obseraatimade by Singh and
Kapoor (1984) also support our findings who fouhdttthe disease severity was more when the rangkréf period
varied from 4 to 12 h in grey mold of chickpea. rénet al. (1998) also found that the disease severity aw@d with

increasing periods of darkness after inoculatiothh @idymella rabiei in chickpea.

The effect of light on sporulation dotrytis spp. has been reported to be variable. In theeptestudies
sporulation was found to be scanty under prolondgtt conditions and moreover the latent periodgdorunder these
conditions. Sporulation was better under 12 h dad/rEght cycle. Haradet al. (1972) also found that a 12 h dark cycle or
continuous light stimulated sporulation Botrytis cinerea. However, Beck and Vaughan (1949) found tBatinerea
infecting Saintpaulia sporulated profusely in cdiogis of low light intensity. Stewart and Long (I®Q8found that
sporulation behavior oBotrytis cinerea varied among different isolates and out of 43&ated 12 isolates showed no
sporulation in darkness. Zhang and Sutton (199#)rted that light and darkness did not significaafffect sporulation of

B. cinerea of black spruce under different wetness periods.

The weather parameters, viz. temperature andwetifess period, have normally been used for dewsop of
forecasting models in plant diseases (Nair and PAllE993; Broomeet al., 1995). The results of the present study
undertaken on development of Botrytis blight magodtave relevance in a disease prediction modelgterm prediction
of the disease, however, may only be possible afigy of influence of host, pathogen and enviramialefactors on
survival of the fungus and transmission of diseiaseslation to time. The result of the present gteduld, however,

be of help in predicting epidemic build-up of dise@n a short term basis under our agro-climaticlitions.
CONCLUSIONS

It is evident from the findings that a temperataf@0+1°C was the most favorable for development of Bagryti
blight of gladiolus. Longer leaf wetness periodeofeed disease more than shorter leaf wetness gefydlonged periods
of darkness also resulted in faster developmetheeftlisease. Under such conducive environmentalittons the disease

causes extensive loss to gladiolus.
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APPENDICES

Table 1: Effect of Temperature and Leaf Wetness ofncubation Period of Botrytis Blight of
Gladiolus Caused byBotrytis gladiolorum (Pooled Analysis 2011-12, 2012-13)

Temperature Incubation Period (Day;) at Different Leaf
0 Wetness Periods hr(s)
(x1°C)
3 6 12 24 48 96
10 5.00 4.000 4.00 3.00 3.00 3.00
15 4.00 4.000 3.00 3.00 200 2.00
20 3.00 | 3.000 3.00 2.00 2.00 2.00
25 4.00 | 4.000 4.0d 3.00 3.00 3.00
30 5.00 4.00] 4.0Q 3.04) 3.00 3.00
Leaf wetness period (A) = 0.08, Temperature
LSD(P<0.001)| gy~ 07, Ax B = 0.05

Table 2: Effect of Temperature and Leaf Wetness oBeverity of Botrytis Blight of Gladiolus Caused by
Botrytis gladiolorum after 4 Days of Inoculation (Pooled Analysis 20112, 2012-13)

Disease Severity (%) at Different Leaf Wetness

Vel Periods hr(s)
(x1°C)
3 6 12 24 48 96
10 0.00| 8.25| 16.79 25.00 33.25 50.p0
15 8.25| 16.75 25.00 25.00 41.715 66./5
20 8.25| 25.000 33.25 41.7p 50.00 75.00
25 0.00 8.25 16.79 25.00 33.25 41.5
30 0.00 8.25 8.25 16.75 16.715 25.00
Leaf wetness period (A) = 0.18, Temperature (B)
LSD(P<0.001) | 5 17 AxB=0.15

Table 3: Effect of Temperatures and Leaf Wetness oBevelopment of Botrytis Blight of Gladiolus
Caused byBotrytis gladiolorum after 8 Days of Inoculation (Pooled Analysis 20112, 2012-13)

Disease Severity (%) at Different Leaf Wetness
Temperature q
0 Periods (hrs)
(x1°C)
3 6 12 24 48 96
10 8.25 16.75| 25.00 33.2p 58.25 75.00
15 16.75 25.000 33.2% 41.76 66.75 83.25
20 16.75 33.25 41.71 66.76 83.25 100,00
25 8.25 16.75| 33.2% 4176 50.00 66.75
30 8.25 16.75] 25.00 3326 41.15 50.00
Leaf wetness period (A) = 0.19, Temperature (B) =
LSD(P<0.001)] 919, AxB =0.11
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Table 4: Effect of Light and Darkness Periods on Biease Development of Botrytis Blight of Gladiolus &ised by
Botrytis gladiolorum under Growth Room/Chamber Conditions (Pooled Analys 2011-12, 2012-1)3

OL+ 24D 2.00 62.50 100.00
3L+21D 2.00 50.00 81.25
6L+18D 2.00 43.75 75.00
9L+15D 2.00 37.50 68.75
12L+12D 3.00 25.00 62.50
Disease severity (A) = 0.21, Light and Darkness
LSD(P<0.001) NS period (B) = 0.24, Ax B = NS

Table 5: Effect of Light and Darkness Periods on Biease Parameters of Botrytis Blight of Gladiolus
Caused byBotrytis gladiolorum under Field Conditions (Pooled Analysis 2011-12, 2@-13)

OL+ 24D 2.00 11.00 56.25 81.25
3L+21D 2.00 10.00 43.75 75.00
6L+18D 3.00 10.00 37.50 62.50
9L+15D 3.00 9.00 31.25 56.25
12L+12D 3.00 8.00 25.00 50.00
Disease severity (A) = 0.33, Light and
LSD(P<0.001) 0.51 0.88 Darkness period (B) = 0.38, Ax B = NS
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Figure 1: Development of Botrytis Blight of Gladiols Caused byBotrytis gladiolorum,
at Different Temperatures and Leaf Wetness Duratior (after 4 Days)
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Figure 2: Development of Botrytis Blight of Gladiolis Caused byBotrytis gladiolorum,
at Different Temperatures and Leaf Wetness Duratior (after 8 Days)



