
 

 

INTRODUCTION 

 

Most of the disease problems in the fruit industry are 

associated with potting media (soil/soilless) which can be 

reduced by using good sanitation practices because soil 

micro-biota contains different types of microbes, fungal 

spores, weed seeds, nematodes, insects, and some arthropods 

and these are also liable to thermal death after exposure to 

higher temperatures (Milbrath, 1930; Hansen et al., 2011; 

Usman and Fatima, 2013). Soil pests spread from one place 

to another by infected soil media therefore, the use of 

sterilization of potting media helps in hindering the 

dissemination of disease-causing agents from nursery to 

orchards. For partial sterilization of potting media solarization 

and fumigation can be used. The minimum temperature range 

for the use of solarization will be 60-70°C exposed for at least 

60-30 continuous minutes, respectively. Methyl bromide can 

also be used for media fumigation in a tight chamber under a 

plastic sheet at the rate of 2 pounds per 100 cubic feet, 
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however, according to the report of Montreal protocol use of 

methyl bromide is prohibited for the control of soil borne 

plant diseases as it causes depletion of Ozone layer (Gay et 

al., 2010; Sharma et al., 2011). Fumigation is harmful for 

human health and is strictly banned (UNEP, 2001). Hence, the 

eco-friendly sterilization of potting media has been developed 

because the solarization of potting media may not be 

applicable in commercial green houses.  

Potting media steam sterilization was first time used in USA 

in 1893. Now-a-days, it is extensively used as an 

environmentally friendly technology to avoid the spread of 

pests from fruit plant nurseries to the orchards through 

infected potting media (Horst and Lawson, 1982). Steam can 

penetrate more efficiently in the potting media as compared 

to other sterilization methods like fumigation and heating and 

effectively kills the soil pests (Hansen et al., 2011; Usman and 

Fatima, 2013) by heating the soil to levels that cause enzyme 

inactivation and protein coagulation (Quarles, 1997). The 

plants from these nurseries may be helpful for planting 
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Most of the diseases affecting plant nurseries are soil borne and to eradicate the pathogens from growing media different 

sterilization (chemical, solar and steam) techniques are used. Steam sterilization is more efficient and environmentally friendly 

technology. To test the effectiveness of steam sterilization in controlling growth of fungal pathogens, different fungal species 

were isolated from various potting media (soil, sand, silt, FYM and coconut coir) pre and post steam sterilization and the 

isolates were characterized. Pre-sterilization fungal isolation was performed using serial dilution method which revealed 

different fungal species i.e., Aspergillus flavus, A. niger, Fussarium solani, Penicillium spp, Rhizoctonia spp, Curvularia spp, 

and Pythium spp. After sterilization, one group of potting media was kept open and the other one was tightly packed and placed 

at ambient temperature. These open and covered media types were evaluated for fungal regrowth by isolation after 7 days, 15 

days and 30 days intervals. Different fungal contaminants were found in the potting media that was kept opened after 

sterilization. However, interestingly no soil related fungal pathogens were observed in the packed potting media 30 days post 

sterilization. These findings extended the current knowledge of steam sterilization of potting media and suggest that steam 

sterilization can effectively eliminate the fungal pathogens from the media. Further, it could be effectively used to produce 

sanitated plant nurseries and minimize the spread of soil borne diseases. 

Keywords: Steam sterilization, potting media, fungi, pathogens, soil borne, nursery. 

http://www.pakjas.com.pk/
mailto:m.usman@uaf.edu.pk


Rahman, Usman, Akhtar, Fatima & Shah 

 548 

orchards of better-quality fruits, yields, long productive life, 

and can improve income of farmers. Natal Sweet orange trees 

generated 21% higher production when grafted on healthy 

Rangpur lime rootstock as compared to Citrus Variegated 

Chlorosis (CVC) infected plants (Fabricio-Packer et al., 

2011). Studies revealed that physico-chemical properties i.e., 

organic matter, pH, EC and moisture retention capacity did 

not alter by steam sterilization of soil and soilless media and 

nutrient components like NPK did not alter with the steam 

sterilization (Elsgaard et al., 2010; Usman et al., 2013). Using 

oven for 24 hrs. at 120˚C to sterilized soil and fresh soil 

similar results were published in Dalbergia (Washa et al., 

2012) with or without CaO addition (Gelsomino et al., 2010). 

These results propose that there is no hostile effect of steam 

sterilization of potting media on the nutritional and structural 

characteristics. Furthermore, the nutritional losses are less in 

steam sterilization at elevated temperature 80-90˚C for 20-30 

min as compared with sterilization for longer intervals of time 

at 40-60˚C (Usman et al., 2013). Steam sterilization is being 

widely used as an effective way to disinfect damaged compost 

and potting soil (Quarles, 1997) and has a great impact for 

commercial nursery growers. It can reduce their production 

cost by eliminating the potential use of pesticides against the 

soil borne disease at nursery level and increase the quality of 

plants by producing healthy nursery plants. Under a USDA 

funded project sanitation nursery project, the first proto-type 

steam sterilization unit was developed to sterilize the potting 

media and develop disease free fruit plants nursery. In this 

novel study, the steam unit was used for the sterilization of 

different potting media [field soil, river sand, silt, farmyard 

manure (FYM), and coconut coir] that have not been studied 

before for its efficacy in eradicating the soil borne fungal 

pathogens. In Pakistan, no study related to steam unit efficacy 

against the soil borne fungal pathogens has been reported. The 

findings of this study could provide a strong basis for its 

commercial use in fruit plant nurseries for the development of 

sanitized nursery plants and controlling soil borne disease 

dissemination. 

 

MATERIALS AND METHODS 

 

Potting media: Different potting media substrates [field soil, 

river sand, silt, farmyard manure (FYM), and coconut coir] 

were collected from the Guava Nursery Sanitation Project, 

HIS, UAF and kept in the polythene bags. Samples of about 

300 g of each potting media were taken and stored in a fridge 

(4°C) until further processing. The media were steam-

sterilized for 30 minutes at ~80°C using a steam sterilization 

unit (Mistquay International, Faisalabad; Fig. 1).  

For this purpose, the steam generator was turned on for the 

preparation of steam and its pressure (15 psi) was measured 

on the gauge attached with steam generator. Media was 

placed in the trolley attached to a steam generator and tightly 

packed. Steam was allowed to penetrate in the partially moist 

media with pressure in the trolley for 30 minutes and then 

steam pipe was disconnected. The media was allowed to cool 

down and these substrates were stored in three sealable plastic 

bags (each of 0.6 m3 size) and used as covered media after 7, 

15, and 30 days. Nine samples of each media (around 25 g 

from each separate media) type were taken and placed at 

ambient temperature to allow growth of heat-resistant 

permanent states of soil biota for 30 days in which each three 

were taken at 7, 15, and 30 days.  

 

 

 
Figure 1. Model steam unit for sterilization of potting 

media. The steam unit includes a steam 

generator (left) and a media trolley (right) for 

sterilization of potting media.  
 

Preparation of Potato Dextrose Agar (PDA): From the fresh 

potatoes, PDA was prepared according to Abdallah et al. 

(2015). Hundred g of potatoes were peeled, sliced and 

homogenized with a kitchen blender with 300 mL tap water, 

allowed to steep overnight at 4 °C, before crude filtration 

through muslin (potato extract with total volume of 300 mL). 

A total of 230 mL potato extract, 20 g glucose and 15 g agar 

were mixed before making up to a final volume of 1 L. For 

house and commercial preparations, PDA was autoclaved 

(121 °C/15 min) before dispensing into Petri dishes. 

Pre-sterilization fungal isolation from potting media: Potato 

Dextrose Agar (PDA) media was used for the culturing of 

fungi (Amadi and Moneke, 2012; MacLowery, et al., 1970). 

Post-sterilization fungal isolation from potting media: 

Steam sterilization (eco-friendly media sterilization) method 
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was used to sterilize potting media. For this purpose, different 

media were sterilized at 80°C for 30 min. using available 

steam sterilizer. After sterilization of the potting media, it was 

evaluated for fungal isolation at different intervals (after 07 

days, 15 days, and 30 days) to test re-growth of the microbes.  

Statistical analysis: Data were analyzed by one-way analysis 

of variance (ANOVA) followed by the LSD post hoc test for 

multiple comparisons by using Statistix 8.1.0. The results are 

expressed as the mean ± standard error as bar and were 

considered statistically significant at p < 0.05. 

 

 RESULTS 

 

Pre-sterilization fungal isolation from different soil and 

soilless media: After the first incubation colonies of different 

colors and shapes appeared on the PDA plate from the field 

soil samples, was sub-cultured and maintained on PDA plate 

and slants. Six single colonies (FS-1, FS-2, FS-3, FS-4, FS-5, 

and FS-6) were successfully isolated and purified (Table 1 

and Fig. 2). These isolates were morphologically identified as 

Aspergillus flavus, A. niger, Unidentified, Rhizoctonia spp., 

Fusarium solani, and Penicillium spp., respectively. 

Aspergillus flavus was found significantly high (35%) 

followed by Rhizoctonia spp. (18%; Fig. 3A). 

Four single colonies (RS-1, RS-2, RS-3, and RS-4) were also 

successfully purified from river sand media (Fig. 1 and Table 

1) using morphological characteristics and were identified as 

Aspergillus flavus, Penicillium spp., Rhizoctonia spp., and 

Curvularia spp., respectively. Moreover, Curvularia spp, was 

found significantly high (40%) followed by Penicillium spp. 

(30%; Fig. 3B).  

 

Table 1. Characterization of fungal isolates detected from different potting media  
Source  Colony characters Diameter  

 (mm) * 

Colony color Mycelium Characters Conidia Characters 

  Isolates Texture Dorsal Ventral Type Septation Color Size 

(µm) 

Shape Spores 

type 

Field Soil  
    

  
     

FS-1 Aspergillus flavus Velvety 4.5 Green Yellowish Branched Septate Hyaline  3.5-5 Spherical-

oval  

Conidia 

FS-2 Aspergillus niger  Woolly  4.6 Black  Black Branched Septate Hyaline 4-6 Spherical  Conidia 

FS-3 Unidentified  Compact 3.3 White White Branched Septate Hyaline 4-7.5 Spherical  Conidia  

FS-4 Rhizoctonia spp. Sparse 3.4 Off white/creamy Yellowish Branched Septate Pale white 1000-
3000 

Irregular Sclerotia 

FS-5 Fusarium solani Cottony 3 White Yellow  Branched Septate White cream 9.4 x 3.6 Curved/ 
Crescent 

Macro-
Conidia 

FS-6 Penicillium spp. Velvety 3.5 Grayish Blackish Branched Septate Grayish green  2.8–3.5 Globose  Conidia  

River Sand  
          

RS-1 Aspergillus flavus Compact 3.9 Green  White Branched Septate Hyaline  3.5 – 5 Spherical-

oval 

Conidia  

RS-2 Penicillium spp. Velvety 3 Grayish Blackish Branched Septate Hyaline 2.8 – 3.5  Globose  Conidia 
RS-3 Rhizoctonia spp. Sparse 3.4 Off white/creamy Yellowish Branched Septate Pale white 1000-

3000 

Irregular Sclerotia 

RS-4 Curvularia spp.  Compact 3.2 Brown  Dark brown  Branched Septate Dark brown 13 - 29 Curved  Conidia 
Silt  

           

S-1 Aspergillus flavus Velvety  4.1 Green Yellow Branched Septate Hyaline  3.5 – 5 Spherical-

oval 

Conidia  

S-2 Penicillium spp. Velvety  3.9 Grayish Blackish Branched Septate Hyaline 2.8 – 3.5 Globose  Conidia  

S-3 Rhizoctonia spp. Compact 

fluffy 

3.1 Off white Creamy Branched Septate Whitish 1000-

3000 

Irregular Sclerotia 

S-4 Curvularia spp. Compact 3 Brown  Dark 

Brown  

Branched Septate Deep brown 13 - 29 Curved  Conidia 

S-5 Pythium spp. Filamento
us  

3.2 White White Branched Septate Whitish 20–22.5 Globose 
ellipsoid 

Oospore 

FYM 
           

FM-1 Aspergillus flavus Velvety 3.8 Green Yellow  Branched Septate Hyaline  3.5-5 Spherical-
oval 

Conidia  

FM-2 Aspergillus niger  Woolly 3.5 Black Black Branched Septate Hyaline 6-4 Spherical  Conidia  

FM-3 Penicillium spp. Velvety  3.6 Gray  Blackish  Branched Septate Hyaline 2.8–3.5 Globose  Conidia  

FM-4 Haline mycelim Compact 3.1 White White Branched Septate Hyaline  4.1 – 5 Oval  Conidia  

FM-5 Curvularia spp.  Compact 3 Brown  Blackish Branched Septate Dark Brown 13 - 29 Curved  Conidia  

Coco-Coir 
          

CC-1 Aspergillus flavus Velvety 3.5 Dark green Blackish Branched Septate Hyaline  3.5-5 Spherical-

oval 

Conidia  

CC-2 Penicillium spp. Velvety 4 Grayish Blackish Branched Septate Hyaline 2.8–3.5 Globose Conidia  
CC-3 Aspergillus niger  Wooly  3.5 Black Black Branched Septate Hyaline 4 – 6 Spherical  Conidia 

*Diameter of colony measured after 7 days of inoculation 
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Figure 2. The fungal isolates identified pre-sterilization of 

potting media. 
A-1: dorsal view of colony plate Curvularia spp., A-2: ventral view 
of the colony plate Curvularia spp., and A-3: microscopic picture of 
Curvularia spp. B-1: dorsal view of colony plate Aspergillus flavus, 
B-2: ventral view of the colony plate Aspergillus flavus, and B-3: 
microscopic picture of Aspergillus flavus. C-1: dorsal view of 
colony plate Aspergillus niger, C-2: ventral view of the colony plate 
Aspergillus niger, and C-3: microscopic picture of Aspergillus niger. 
D-1: dorsal view of colony plate Penicillium spp., D-2: ventral view 
of the colony plate Penicillium spp., and D-3: microscopic picture of 
Penicillium spp. E-1: dorsal view of colony plate Pythium spp., E-
2: ventral view of the colony plate Pythium spp., and E-3: 
microscopic picture of Pythium spp. F-1: dorsal view of colony plate 
Rhizoctonia spp., F-2: ventral view of the colony plate Rhizoctonia 
spp., and F-3: microscopic picture of Rhizoctonia spp. G-1: dorsal 
view of colony plate Fusarium solani, G-2: ventral view of the 
colony plate Fusarium solani, and G-3: microscopic picture of 
Fusarium solani.  

Five single colonies (S-1, S-2, S-3, S-4, and S-5) were 

successfully isolated from silt media (Figure 2 and Table 1) 

and were morphologically identified as Aspergillus flavus, 

Penicillium spp., Rhizoctonia spp., Curvularia spp. and 

Pythium spp. respectively. In which Rhizoctonia spp., was 

found most abundant (35%) followed by Penicillium spp. 

(20%) and Pythium spp (20%; Fig. 3C). 

Five single colonies (FM-1, FM-2, FM-3, FM-4, and FM-5) 

were successfully isolated from FYM media (Figure 2 and 

Table 1) were identified as Aspergillus flavus, Aspergillus 

niger, Penicillium spp, un-identified (hyaline mycelium) and 

Curvularia spp, respectively. In which Curvularia spp, was 

found significantly high (30%) and Penicillium spp was 

significantly low (8%) (Fig. 3D). 

Three single colonies (CC-1, CC-2, and CC-3) were 

successfully isolated from coconut coir media on new plates 

(Figure and Table) and were identified as Aspergillus flavus, 

Penicillium spp, and Aspergillus niger respectively. 

Penicillium spp, was found significantly high (40%) followed 

by Aspergillus flavus (35%; Fig. 3E). All the identifications 

were performed according to the protocols as explained 

previously (Booth, 1971; Ellis, 1971; Barnett and Hunter, 

1972). 

 

 
Figure 3. Percentages of different fungal isolates taken 

from different potting media. 
A: represent the percentage of fungal isolates from field soil. B: 

represent the percentage of fungal isolates from river sand. C: 

represent the percentage of fungal isolates from silt. D: represent the 

percentage of fungal isolates from FYM. E: represent the percentage 

of fungal isolates from coconut coir. Error bars indicate the standard 

error as mean + SD and Bars affected with the same letter are not 

significantly different according to LSD test at P ≤ 0.05. 

 

After steam sterilization of potting media, the media was 

divided into two groups as covered and uncovered, In the 
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covered field soil sample, A. niger and A. flavus were found 

after 7, 15, and 30 days of steam sterilization. In the 

uncovered field soil after the steam sterilization, A. flavus, 

Penicillium spp., and A. niger were found from 7, 15, and 30 

days of treatment (Table 2). In the covered river sand sample, 

A. niger was identified after 15, and 30 days of steam 

sterilization. In the uncovered field soil after the steam 

sterilization Penicillium spp., and A. niger were found from 

15, and 30 days of treatment (Table 2). In the covered silt 

sample, A. flavus was identified after 15, and 30 days of steam 

sterilization but in the uncovered field soil after the steam 

sterilization Penicillium spp., and A. flavus were found after 

7, 15, and 30 days of treatment. For the FYM potting media, 

there was no fungal isolate found after 24 hours both in the 

covered and uncovered media. In the covered FYM sample, 

Penicillium spp. Was identified after 7, 15, and 30 days of 

steam sterilization but in the uncovered field soil after the 

steam sterilization Penicillium spp., and A. niger were found 

from 7, 15, and 30 days of treatment (Table 2). For the 

coconut coir potting media, there was no fungal Isolate found 

7, 15, 30 days in covered sample. In the uncovered field soil 

sample, Penicillium spp. was identified after 15, and 30 days 

of steam sterilization (Table 2). 

 

Table 2. Isolation and identification of fungal isolates 

from potting media post steam sterilization.  

Media  Duration after 

sterilization (days) 

Covered media  Uncovered 

Media  

Field Soil  
 

 
7 No Aspergillus niger  

15 Aspergillus flavus Penicillium spp.   
30 Aspergillus flavus Aspergillus niger    

Penicillium spp. 

River Sand  
  

 
7 No No  

15 No  Penicillium spp.   
30 No Penicillium spp. 

Silt  
   

 
7 No No  

15 Aspergillus flavus Aspergillus flavus  
30 Aspergillus flavus Aspergillus flavus 

FYM 
   

 
7 Penicillium spp. Aspergillus niger   

15 Penicillium spp. Penicillium spp.   
30 Penicillium spp. Aspergillus niger     

Penicillium spp.  

Coco Coir  
  

 
7 No No  

15 No No   
30 No Penicillium spp.  

 

DISCUSSION 

 

Potting media sterilization provides healthy plant material for 

orchards with good quality production, high yield and 

prolonged productivity than the substandard and infected 

plants (Fabricio-Packer et al., 2011; Hyun et al., 2023). 

Different methods have been used for the treatment of potting 

media infected with various microorganisms’ viz. 

pasteurization at 63°C with aerated steam, chemical 

sterilization with methyl bromide, and at 93°C steam 

sterilization to leave certain saprophytic harmful organisms in 

the media (Allen and Lamb, 1981; Dietrich et al., 2020). For 

dry and dry climates steaming of media is accepted (van 

Leonen et al., 2003). Compared to soil fumigation and dry 

heating, steam penetrates more efficiently into the media, is 

more effective to control soil pests (Hansen et al., 2011). It 

was found that steam sterilization of media up to 60°C for 30 

minutes may eliminate pathogens such as fungi, bacteria 

nematodes and viruses (Baker, 1967). At certain temperature 

and pressure steam sterilization is applied for the eradication 

of potential pathogens present in the soils. Eggs of different 

insects present in the potting media can also be killed by 

steam sterilization. When soil media is steam sterilized at 90-

121oC temperature and 15 Psi it also deactivates the soil 

pathogens (Wang et al., 2011). In this study, five different 

types of potting media (field soil, river sand, silt, FYM, and 

coconut coir) were used to assess the efficacy of steam 

sterilization. Different fungal species including plant 

pathogenic fungi i.e., A. flavus, A. niger, Rhizoctonia spp., F. 

solani, Penicillium spp., Curvularia spp., and Pythium spp. 

were identified before the steam sterilization. Fifteen fungal 

species from agricultural fields belonging to six genera were 

isolated by Gaddeyya et al., (2012) at Salur Mandal, India 

(Fusarium spp., Rhizopus sp., Aspergillus spp., Trichoderma 

spp., Penicillium spp., and Curvularia spp.) by using soil 

dilution technique and soil plate technique. Aspergillus flavus, 

A. nidulans, A. niger, A. fumigatus, A. terreus, Penicillium 

chrysogenum, and P. frequentens were isolated from the soil 

samples from different rice fields at Tekkali region of 

Srikakulam (Kumar et al., 2015). Fungal species belonging to 

the genera Aspergillus, Colletotrichum, Cunninghamella, 

Cladophialophora Cunninghamella, Mucor, Penicillium, 

Rhizopus, and Scopulariopsis were detected from soil 

samples taken from 20 zones in Chennai, through soil dilution 

method besides staining technique by using cotton blue and 

Lactophenol (Raja et al.,2017). Seventy-seven samples 

collected from coastal regions of Red Sea, Aspergillus, 

Alternaria, Cladosporium, Emericella, Fusarium, 

Penicillium, Thielavia, and Scytalidium were detected, and 

the identification was done by using both phenotype and 

genotype techniques (Alwakeel, 2017). 

In this research work, it was found that when different potting 

media were steam sterilized at 15 Psi pressure and 80°C 

temperature for 30 minutes, there were few non-pathogenic 

fungal isolates found 17 days post-sterilization, however, 

from the uncovered potting medium a few more fungal 

isolates were found. Isolation of fungi from uncovered potting 

medium revealed that these fungal cultures may have 

developed from the potting media because Aspergillus species 
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are considered among the potential thermo-tolerant 

antagonists surviving after soil solarization such as A. niger, 

A. flavus, and A. fumigatus (Tjamos and Paplomatas, 1987). 

Recently, many atoxigenic Aspergillus spp. strains isolated 

from soil were used as an effective biocontrol against 

Aspergillus toxigenic strains (Degola et al., 2011). More 

likely these could be contaminants because of their high 

percentage in the environment and most of the plant fungal 

pathogens are not very heat resistant (Endlweber and Scheu 

2006; Luo, et al., 2022). Penicillium species are ubiquitous 

soil fungi; different studies have revealed that Penicillium 

spp. enhances the plant growth by their interaction with roots 

of crop plants (Shivanna et al. 1994; Khan et al. 2008). Some 

Penicillium species are famous for the production antibiotics 

through which they activate the multiple defense signals and 

induce resistance in plants (Hossain et al. 2007). They may 

help the plant to grow in salt stress conditions and withstand 

different environmental stress conditions (Khan et al. 2011). 

Interestingly most of the important soil borne pathogenic 

fungi such as Fusarium solani, Curvularia spp, and Pythium 

spp. was not found post steam sterilization of the potting 

media. The variation in the pathogenicity level of Fusarium 

spp. has been revealed in different studies (Gachango et al. 

2012; Gashgari and Gherbawy 2013), the genus Curvularia 

and Pythium have different pathogens and saprobes of 

different plants (Manamgoda et al., 2011; Schroeder et al., 

2013). Our study shows that steam sterilization changed the 

biotic properties of different potting media, which is in line 

with studies on the effects of autoclaving (Trevors 1996, 

Berns et al. 2008). Regarding efficiency of steam sterilization, 

it is recommended to perform steam-sterilization treatments 

to reduce the potting media biota especially because 

mycorrhizae are not very heat-resistant (Endlweber and Scheu 

2006).  

 

Conclusions: Our study highlights that steam sterilization 

successfully eliminated most of the pathogenic fungal species 

from different types of potting media. In this novel study, 

different potting (soil, sand, silt, FYM and coconut coir) 

media components were steam sterilized and evaluated 

against the soil borne fungal pathogens and found that steam 

sterilization is an efficient, cost effective and environment 

friendly alternative to other media sterilization methods, 

especially when large amount of soil substrate is required for 

commercial nurseries. Therefore, utilization of steam 

sterilization technology is recommended for elimination of 

the fungal pathogens in commercial nurseries. Furthermore, 

this technology may also be used to kill soil borne pathogens 

in the beds of vegetable growing tunnels, promote organic 

vegetable production and minimize the use of toxic pesticides.  
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