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A B S T R A C T 

The present study was conducted to detect seed borne mycoflora associated with seven cultivars of sunflower 
(Helianthus annuus L.) and five cultivars of Zinnia (Zinnia elegans L.) by using Agar and Blotter paper methods. A total 
12 genera of fungi were detected including; Alternaria alternata, Aspergillus flavus, Aspergillus niger, Cladosporium sp., 
Stemphylium helianthi, Penicillium sp., Fusarium oxysporum, Mucor sp., Fusarium moniliforme, Fusarium solani, 
Rhizocotonia solani and Rhizopus sp. The detected fungi depleted germination 10-30%, 10-20% and seedling mortality 
10-17%, 10-12%. in sunflower and Zinnia respectively. A comparative study was designed to evaluate three  fungicides to 

control  seed mycoflora at the rate of of 1.5g/kg, 2.0g/kg, 2.5g/kg, 3.0g/kg, Maximum germination percentage was 
attained in case of seed dressing with Topsin M-70  followed by Bayton and Dithane M-45 at the rate of 3.0g/kg.  
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INTRODUCTION 

Sunflower (Helianthus annuus L.) is an annual 

ornamental herb also grown as an oil seed crop. During 

the year 2014-15 in Pakistan, it was planted over an area 

of 353 thousand hectares producing 178 thousand tons 

annually which was 4 percent less than the previous 

year (GOP, 2015). The main reasons for its low 

productivity are the insect attack at maturity, lack of 

quality seed and number of parasitic and non-parasitic 

diseases (Ashfaq and Aslam, 2001). So far, more than 

dozen air, soil or seed-borne diseases have been 

recorded (Mukhtar, 2009). Seed borne diseases are of 

prime importance due to the detrimental effects on 

germination as well as reduction in oil contents and 

aesthetic value of the plant is also decreased due to poor 

stand and bad physical appearance. The edible oil plays 

a vital role in the economy of the country and 13.4 

percent is contributed mainly by sunflower cultivars 

with oil contents of 32-36 percent (Shah et al., 2005). 

Zinnia (Zinnia elegans) are popular garden flowers, 

usually grown from seed. The seeds of zinnia mature in a

 crowded, erect position, can keep moisture from rain or 

overhead irrigation and create ideal conditions for 

fungal growth and infection. Seed is basic input for the 

production of any plant, so it should be healthy and free 

of pathogens. 

Sharfun Nahar et al., (2005) reported the association of 

large number of fungi with sunflower and zinnia seeds 

includes: Aspergillus flavus, A. niger, A. ocheraceus, 

Alternaria alternata, Fusarium solani, Penicillium 

digitatum, Rhizopus arrihizus, Acremonium fusidioides, 

Arthrobotrys oligospora, Bipolaris bisepta, Cephaliophora 

tropica, Chaetomium spinosum, Cladobotryum varium, 

Cladosporium cladosporioides, Emericella nidulans, 

Gonatobotrys simplex, Humicola grisea, Memnoniella 

echinata, Mucor mucedo, Myrothecium verrucaria , 

Phialophora verrucosa and Syncephalastrum racemosum. 

Most of the fungi are carried as spores on the seed 

surface and are relatively easy to control with seed 

dressings while some exists as mycelium deep within the 

seed, and therefore are more difficult to control. Most 

seed-borne diseases are controlled by treating seed with 

chemicals (Bhutta et al., 2001) or by seed dressing with 

antagonistic microorganisms. But chemical control is far 

faster acting than biocontrol and hence farmer demands 
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the fast control of the disease. In case of seed borne  

diseases in ornamental plants, aesthetic value of the 

plant as a result of appearance of the disease will be 

affected negatively as it will lose its attraction by 

inadequate color of flowers, deprived growth of the 

plant resulting in other unpleasant effects. Keeping in 

view the current study was carried out to investigate 

incidence of seed borne mycoflora, efficiency of different 

seed health testing method for detection of pathogens, 

effect of pathogens on seed germination and chemical 

seed treatment for control of sunflower and zinnia seed 

borne pathogens. 

MATERIALS AND METHODS 

Collection of seed samples:  Seven  sunflower cultivars 

viz (Big smile, Moon Bright, Golden 1, SMH-917, Autumn 

beauty, DK-3849 and AG-7) and five zinnia cultivars 

(Dreamland, Crystal series, Zinnia chrysanthemum, 

Dahlia flower mix, Elegans dahlia flower) were taken 

from nurseries of Rawalpindi, Islamabad and NARC 

during 2014-2015. The seeds were collected in sterilized 

polythene bags and kept in a refrigerator at 4°C until 

used. Randomly 400 seeds were used in each treatment. 

(ISTA, 1993)  

Detection of seed borne mycoflora: For the 

identification of seed borne mycoflora two standard 

methods i.e. Agar and Blotter plate method (ISTA, 1993) 

were employed for the isolation of fungi from sunflower 

and Zinnia seeds. Three hundred seeds were tested in 

each experiment. Seeds were surface sterilized in 1% 

sodium hypochlorite (NaOCl) and rinsed with sterile 

distilled water. 5-10 seeds were placed on three layers of 

sterilized moistened blotter paper in a 9 cm diameter 

glass petri dish. For agar plate method, sterilized 

petriplates were poured with 10 mL of autoclaved Potato 

Dextrose Agar (PDA). After solidification of medium, ten 

surface sterilized seeds per plate were equidistantly 

placed aseptically. Plates were incubated at 25±2 °C for a 

week under alternating cycles of 12 hours day and night 

under fluorescent tube light. Seeds were examined under 

stereomicroscope with two light sources. Identification of 

fungi was done on the basis of habit characters. 

Confirmation of species was done with the help of 

compound microscope as referred by Barnett (1955), 

Melone and Masket (1964) and Nelson et al. (1983). 

Inoculums preparation and pathogenicity tests: 

Cultures were purified by hyphal tip method and pure 

cultures of the isolated fungi were preserved in culture 

tubes which were kept in the refrigerator at 4°C foe 72 

hours and used frequently. The inoculum of each isolate 

was prepared by using 1gm culture in 20 ml distilled 

water and mixed with soil. Pathogenicity testing was 

carried out in plastic pots with five replications. Each pot 

(10 cm diameter) contained 200 gm sterilized mixture 

(1 part field soil: 1 part manure: 1 part sand) and sowed 

with 20 seeds of sunflower cultivar, both sterilized and 

untreated lots. Similar protocol was used for other 

experiments keeping appropriate controls. (Shrestha et 

al., 2000) 

Effect on germination: Germination tests were carried 

out to check the effect of the fungi on the growth and 

physiological processes of the seeds. Seeds naturally 

infected with seed borne fungi were examined for their 

effect on germination. Hundred seeds were placed on 

blotter paper and were rolled. Papers were put in 

polythene bags and incubated at 25±2 °C for 10-15 days. 

Moisture was given to keep the paper wet. Seeds were 

placed without any pre-treatment. After 10-15 days, the 

papers were opened and seedlings were examined 

(Anwar et al., 1994). 

Seed to plant transmission: Most frequent and high 

percentage infecting fungi was selected for this test i.e. A. 

alternata, as it was found in high frequency and 

percentage as compared to other fungi. Two hundred 

seeds naturally infected with A. alternata were placed on 

well moistened blotter paper at 25±2 °C under alternating 

cycles of 12 hours day and night fluorescent tube light for 

7 days. Ten seeds were plated in each glass petri plate. 

After four days, the seeds were observed using 

stereoscopic microscope and from germinating seeds 

showing infection of A. alternata were transferred to pots 

filled with sterilized soil and placed at 28±2 °C in growth 

chamber. Isolations were made at regular intervals of 15, 

40, 80 and 100 days. Ten seedling / plant were uprooted 

and incubated on blotter paper after washing in running 

tap water. The germinating seeds, seedlings (hypocotyls, 

cotyledons and roots), leaves (dried intact and green 

leaves) and stem (nodes and internodes) were studied. A 

set of 100 healthy seeds were used as control and 

observations of the fungi infected seeds were compared 

with the control. Results were expressed in percentage 

(Singh, 1983). 

in vitro management of seed borne mycoflora 

sunflower and zinnia: For the evaluation of the 

chemical, Poisoned Food Technique” (Dhingra & Sinclair, 

1993) was used. The chemicals tested were: Topsin M-

70, Dithane M-45) and Bayton against sunflower 
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cultivars i.e. Golden-1, DK-3849 and AG-7, and one of 

zinnia i.e. Crystal series having infection of many 

fungi were selected for this experiment. Seeds of 

sunflower and zinnia naturally infected with seed 

borne fungi were treated with these fungicides @ 1.5 

g, 2.0 g, 2.5 g and 3.0 g/kg and placed in Potato 

Dextrose Agar in Petri plates. Plates were incubated 

at 25±2 °C for 7 days. Seeds were also plated without 

any treatment of fungicide for the purpose of control. 

After 7 days, seeds were observed and the data was 

recorded. Growth inhibition was calculated as: 

Percent inhibition of mycelial growth in treated 

plates was calculated  

Percent Inhibiton (I) =
C−Z

C
×100. 

RESULTS AND DISCUSSION 

Detection of seed borne fungi: Detection methods, 

i.e. blotter paper and agar plate method, recovered 

12 genera of fungi viz. Alternaria alternata, 

Aspergillus flavus, Aspergillus niger Fusarium 

oxysporum, F. moniliforme, F. solani, Rhizopus sp, 

Rhizoctonia solani, Mucor sp., Stemphylium helianthi, 

Penicillium sp, Cladosporium sp were included (Table 

1). All the fungal flora were characterized according 

to their cultural and morphological studies. It was 

evident from the results that Agar plate method was 

very effective as compared to the blotter paper 

method. These results are in close conformity with 

Afzal et al., 2010. (Figure 1). 

  

Figure 1. Alternaria alternate Figure 2. Aspergillus flavus 

  
Figure 3. Aspergillus niger Figure 4. Mucor sp. 

  
Figure 5. Fusarium solani Figure 6. Fusarium oxysporum 
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Figure 7 Penicillium sp. Figure 8. Rhizoctonia solani 

 
Figure 9. Rhizopus sp. 

Table 1. Percent recovery of fungi in different varieties of sunflower and zinnia 

Plant Varieties Fungi Percentage % 
Helianthus annuus Big smile Alternaria alternata 

Aspergillus flavus 
25 
5.0 

Moon bright Aspergillus niger 
Aspergillus flavus 

10 
3.0 

Golden 1 Alternaria alternata 
Cladosporium sp. 
Aspergillus flavus 
Aspergillus niger 
Stemphylium helianthi 

35.3 
1.0 
2.2 
2.1 
1.5 

SMH-917 Penicillium sp. 
Fusarium oxysporum 
Mucor sp. 

1.0 
1.0 
0.5 

Autumn beauty Aspergillus niger 
Fusarium moniliforme 

3 
1.6 

DK-3849 Alternaria alternata 
Fusarium solani 
Cladosporium sp. 
Stemphylium helianthi 

28 
2.0 
0.8 
1.0 

AG-7 Aspergillus niger 
Rhizocotonia solani 
Rhizopus sp. 
Alternaria alternata 
Stemphylium helianthi 

2.4 
1.3 
0.3 
30 
0.5 

Zinnia spp. Dreamland  Alternaria alternata 27 
 Crystal series Aspergillus niger 3.1 
  Alternaria alternata 3.1 
 Zinnia chrysanthemum Alternaria alternata 2.4 
 Dahlia flower mix  - - 
 Elegans dahlia flower  -  - 
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In vivo screening of seed borne mycoflora associated 

with sunflower and zinnia by using germination 

method: Twelve seed samples naturally infected with 

various seed borne fungi were selected for seed 

germination test. The test was designed to analyze and 

assess the degree of effect of the seed borne fungi on the 

germination ability of the seeds. These samples were found 

to be infected with A. alternata, Aspergillus flavus, 

Aspergillus niger , Cladosporium sp., Stemphylium helianthi, 

Fusarium spp., Mucor sp., Rhizoctonia solani and Rhizopus 

sp. The major fungus isolated was A. alternata with highest 

percentage of recovery from the seed samples. 

It was found that germination of the seeds was effected by 

these fungi as compared to healthy seeds. Viability of fungi 

was reduced to a considerable extent. It was observed that 

seed samples having infection of A. alternate were having 

much reduced germination percentage in all seed samples 

and developed more number of dead/un-germinated seeds 

and abnormal seedlings. Infected seed samples of 

sunflower i.e. Big smile, Golden-1, DK-3849, AG-7 and 

zinnia i.e. Dreamland and Crystal series were the varieties 

having lower germination (Table 2) and it was correlated 

with the infection of A. alternata. All these samples were 

infected with A. alternata. Moreover, it was also noticed 

that the samples with infection of greater number of fungi 

were having the lower germination and the samples 

infected with other fungi along with the A. alternata, were 

having the lowest germination percentage. This was due to 

the combine effect on the seed. The lowering of 

germination may be due to the usage of the energy rich 

compounds by these fungi that are required for the proper 

germination. Moreover, location of fungi in the seed also 

plays the role in the seed ability to germinate. Zinnia 

varieties; Dahlia flower mix and Elegans dahlia flower did 

not showed any fungi and its germination percentage was 

found to be highest among zinnia and sunflower varieties. 

AG-7 and Golden-1 was having the lowest germination 

which may be attributed to the fact that while isolating the 

fungi, higher numbers of fungi were isolated from these 

two varieties and both of these were also infected with A. 

alternata with high recovery percentage. 

Of various disease causing organisms, fungi are known to 

be primarily involved in seed and seedling complex 

disorders and subsequently in the causation of adult plant 

diseases. A study was conducted to know the effect of 

mycoflora on germination of sunflower seeds and seed 

borne fungi caused abnormalities up to 30 percent. Rotted 

seeds were observed more in the samples having 

infection of A. alternata. Moreover, number of abnormal 

seedlings was also higher in the A. alternata infected seed 

samples. The seed samples having high infection of A. 

alternata alone reduced the germination to same extent 

when its infection was low. In combination with other 

pathogens, the germination percentage was reduced more 

as compared to other seed samples having infection of 

only single pathogen. 

 
Figure 10. Germination percentage of Sunflower varieties 
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Figure 11. Germination percentage of Zinnia varieties 

Seed to plant transmission: Alternaria alternata was 

recorded up to 35.3 percent on seed within five days 

using blotter paper method. Fungus started sporulation 

on some seeds after one day of incubation at 25 on 

blotter paper. The seeds were covered by the fungal 

growth in 35 hours of incubation, showed no sign of 

germination and the germinating seedlings were 

severely affected. One hundred infected seedlings were 

transferred in pots individually. Isolations were made at 

interval of 15, 40, 80 and 100 days by uprooting of 10 

seedlings per plant. The dying seedlings were incubated 

by component plating technique. Hypocotyl and 

cotyledons were found infected up to 90 percent and 

root up to 80 percent in sunflower (Table 3) while in 

zinnia hypocotyl and cotyledons and roots were found 

infected 80, 85 and 65 percent respectively (Table4). 

From sunflower, isolation frequency of the pathogen 

from surviving plants was 30, 45 and 65 percent in dried 

leaves and 2 and 5 percent in green leaves at the 40, 80 

and 100 days germination respectively. While in the 

stem, it was 15, 20 and 30 percent. On whole, percentage 

recovery of A. alternata was very low from the green 

parts. While in zinnia, isolation frequency from surviving 

plants in dried leaves was same as in sunflower i.e. 35 

percent, 45 percent and 60 percent but in green leaves 

its percentage was slightly higher than sunflower as its 

frequency was 1, 4 and 7 percent during 40, 80 and 100 

days respectively. In stem, 10 percent, 15 percent and 30 

percent of isolation frequency was found during 40, 80 

and 100 days. Infected plants showing lesions on stem 

were cut transversely at different levels, and the 

remaining pieces divided longitudinally and incubated 

on blotter paper. A. alternata was isolated after 

incubation. While results of component plating 

elaborated that infection of A. alternata in sunflower was 

higher in outer pericarp and slightly less in inner 

pericarp while only 2 percent infection was found to be 

associated with embryo. Almost similar results were 

observed in zinnia but endosperm infection was slightly 

higher than sunflower i.e. 45 percent (Table 5). 

Chemical evaluation on seed borne fungi: Data 

regarding efficacy of three seed dressing fungicides 

expressed varied response for fungal elimination in seed 

lots. Similarly, seed viability was also affected by 

different fungicides at various doses. In control 

conditions Alternaria alternata,  Aspergillus flavus,  

Aspergillus niger, Cladosporium sp.,  Stemphylium 

helianthi, Penicillium sp., Fusarium oxysporum, Mucor sp., 

Fusarium moniliforme, Fusarium solani, Rhizocotonia 

solani and Rhizopus sp. 

Maximum control against fungal flora was observed at 

the rate 3g/kg of Topsin M-70. Three sunflower seed 

samples i.e. Golden-1, DK-3849 and AG-7 and one zinnia 

i.e. Crystal series infected with A. alternata, Rhizoctonia 

sp., Rhizopus sp., Aspergillus niger, A. flavus, 

Cladosporium sp., Fusarium solani, Stemphylium helianthi 

were selected for the test. Topsin  M-70. showed good 

results. The results produced by this fungicide vividly 

explain its efficiency to control the seed borne diseases. 

It was seen that at dose of 2.5 g/kg in Golden-1, A. 
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alternata was eliminated (Table 6) while in other 

fungicides, results were not that much promising. Trace 

amount of pathogen was still associated with the 

seeds even at 3.0 g/kg of dose e.g. Bayton and Dithane 

M-45 (Table 7 and 8). Bayton and Dithane M-45 at 

dose of 2.5 g/kg, 2 percent and 3.5 percent of the 

pathogen still existed respectively. Moreover, the 

surviving capability of A. alternata was revealed and it 

was observed that the pathogen has the strong ability 

to survive even at higher doses of the fungicides. The 

order for the efficiency of fungicide was: Topsin M-70 

>Bayton>Dithane M-45. 

Table2.  

P
la

n
t 

Sample 
Variety 

Fungi 

C
o

n
tr

o
l 

Effect of Topsin M-70 Bayton Effect of Dithane M-45 

 
Su

n
fl

o
w

er
 

Golden-1 Alternaria alternata 35.3 8 1 - - 11 5.5 2 - 13 7.0 3.5 1.0 

 Cladosporium sp. 1.0 - - - - - - - - - - - - 

 Aspergillus flavus 2.2 - - - - 0.2 - - - 0.3 - - - 

 Aspergillus niger 2.1 - - - - 0.2 - - - 0.2 - - - 

 Stemphylium helianthi 1.5 - - - - - - - - - - - - 

DK-3849 Alternaria alternata 28 6 0.5 - - 9 4 1.5 - - - - - 

 Fusarium solani 2.0 - - - - - - - - - - - - 

 Cladosporium sp. 0.8 - - - - - - - - - - - - 

 Stemphylium helianthi 1.0 - - - - - - - - - - - - 

AG-7 Aspergillus niger 2.4 - - - - - - - - - - - - 

 Rhizocotonia solani 1.3 - - - - - - - - - - - - 

 Rhizopus sp. 0.3 - - - - - - - - - - - - 

 Alternaria alternate 30 8 - - - 12 5.5 2.5 0.5 13.5 4.5 2.5 1.0 

 Stemphylium helianthi 0.5 - - - - - - - - - - - - 

Z
in

n
ia

 Crystal 
series 

Alternaria alternate 24 3 2 - - 8 3.5 1.0 - 9 3.5 2.5 - 

 Aspergillus niger 3.1 - - - - - - - - - - - - 

 

Seed being a biological entity, is very often subjected to 

deterioration in storage due to microorganisms. Seed 

storage is an important parameter which is very much 

essential to realize the gains from the pains taken to 

produce seeds. Ways and means have to be standardized 

to improve storability and to protect the seeds from the 

onslaught of seed-borne and seed contaminating 

microorganisms during storage and transit. 

In this study, the maximum numbers of fungi were 

isolated using agar plate method as compared to blotter 

paper method. These results were comparable to the 

findings of Afzal et al. (2010) in which seed borne fungi 

of sunflower was isolated using agar plate method 

(Godika et al., 1999) and is contrary to the findings of 

other scientists (Neergard, 1977; AlKassim and 

Monawar, 2000). Blotter paper method was found 

suitable for the detection of seed borne fungi mycoflora 

of cucurbits (Begum and Momin, 2000). 

Seed borne fungi caused 20-30 percent reduction in 

germination in sunflower (Bhutta et al., 2001). 

Moreover, most of seed-borne diseases of sunflower 

decrease carbohydrate, protein, iodine and cholesterol 
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contents values and increase quantity of acid (Ahmad et 

al., 1994). Low quality with discolored and reduced oil 

contents of sunflower seeds were reported to be caused 

by various species of Rhizopus (Mukhtar, 2009). 

Damaging of seeds, such as seedling and plant 

abnormalities, decreased seed vigor and seed death 

caused by seed-borne pathogens are not always 

recognized by users (Mukhtar, 2009). In the current 

studies, germination was reduced to even 60 percent by 

the seed borne fungi. Samples found ungerminated were 

covered with the conidia of A. alternata. Surviving 

seedlings showed no disease symptoms in the initial 

stage. However, such seedlings yielded the fungi upon 

incubation on artificial substrate. It may be due to the 

reason that fungus has slow process to produce 

symptoms in the plant parts. In the current study, stem 

infection was observed late. In highly infected stem, 

mycelium of the fungus was found inside the stem and 

symptoms were expressed late. It may be the reason that 

it takes long time to establish in the green parts of the 

plants. The pathogen was isolated successively from 

various parts of the plant which indicate that A. alternata 

is not able to invade the whole plant systemically. It may 

be concluded that seed to plant transmission take place 

by production of conidia by the fungus on leave and 

stem lesions. Seed to plant transmission studies 

conducted in downy mildew of sunflower, indicated that 

infected seeds gave rise to symptom less (latent 

infection) plants.  The latent (symptomless) form of the 

disease quite often occurs so that one or two generations 

are grown before infection becomes evident (Sackston, 

1981). The fungus usually invades the ovary and the 

pericarp, but fails to grow into the embryo. Our findings 

were identical to the findings of Bhutta et al., (2001). A. 

alternata showed high infection in pericarp and 

endosperm but low in embryo. The same infection 

percentage was found in zinnia. High infection and deep 

penetration in endosperm and embryo are considered 

the main factors in germination failure and pre-

emergence mortality (Raut, 1983) that is why in 

germination test, low level of infection caused in embryo 

caused considerable more pre and post emergence 

mortality was observed. This might be due to the reason 

that the infection appears to spread from endosperm to 

embryo during germination and seedling emergence. 

These parts remain in close contact with each other for a 

longer period of time and cause pre and post emergence 

losses subsequently.  

Ibiam et al., (2006) observed that systemic fungicides 

either inactivate or killed the pathogen in the seeds or as 

the germination seedlings starts. The metabolic activities 

of fungi could not be stopped at lower fungicides 

concentrations; it may be due to the fact that lower 

fungicides concentrations are unable to destroy few 

fungi. As the fungicides concentration increased, the 

metabolic activities of the fungi were destroyed 

completely. Similar trends were observed and as the 

concentration of the chemicals was increased, control of 

fungi was more and at 3.0 g of dose, no fungi were 

observed. Findings were in accordance to Bhutta et al., 

(2001) where the increased concentration decreased the 

population of fungi. 

CONCLUSION 

Sunflower (Helianthus annuus L.) considered a 

commercial oil crop all over the world, the crop is widely 

cultivated in Pakistan and in many countries all over the 

world. It is particularly used for production of edible oils 

as well as for seed consumption. Zinnia is also an 

ornamental plant and belongs to the same genera as a 

sunflower. Both is attacked by numerous same seed 

mycoflora which are responsible in a reduction of the 

seed quantity and quality. Among three fungicides 

Topsin-M, showed a significant result in the reduction of 

seed borne fungi in sunflower and Zinnia. 
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