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ARTICLE INFO ABSTRACT

Article history Rice (Oryza sativa) belongs to the family Poaceae, and it holds great significance as a
Received: 17t June, 2023 staple food crop in Pakistan and worldwide. The impact of mycoflora attacks on the
Revised: 30 July, 2023 rice crop is particularly critical, as it leads to a reduction in its production within

Pakistan. Therefore, it is essential to isolate and identify the mycoflora associated

A ted: 2nd A t, 2023 o o . : ) . . . . .
ceepte ugus with rice soil in the rich rice-growing regions of Pakistan. To accomplish this, soil

Keywords samples were collected from two regions: Ghakhar and Rahwali in District
Fungal diversity Gujranwala, Punjab, Pakistan. The analysis of these soil samples revealed specific
Soil analysis characteristics for each region. For Ghakhar, the pH was 8, electrical conductivity
Direct palate method (EC) was 8.5 ds m'l, phosphorous content was 45 kg/h, nitrogen content was 65
Microscopy kg/h, and organic carbon content was 0.6%. Similarly, for Rahwali, the pH was 8.5, EC
Mycoflora was 2.5 ds m-1, phosphorous content was 39 kg/h, nitrogen content was 61 kg/h, and

organic carbon content was 0.5%. The isolated soil samples were employed to extract
mycoflora using the direct plate method. The fungal strains thus obtained were
characterized based on their macroscopic and microscopic features. The outcomes
revealed the isolation of a total of 11 distinct fungal species from both regions.
Among these 11 species, three belonged to the Aspergillus genus (A. niger, A
orchraceus, and A. flavus), one was identified as Alternaria alternata, another as
Bipolaris sorokiniana, one as Aureobasidium pullulans, one as Candida albicans, one as
Fusarium oxysporum, one as Penicillium spp., one as Rhizopus oryzae, and the last one
as Trichoderma spp. This study sheds light on the diversity and prevalence of these
11 fungal species isolated from rice soil. It contributes to our comprehension of the
fungal community within the rice cultivation environment. Further detailed studies
are required to explore the molecular basis of these findings.

Corresponding Author: Samina Sarwar
Email: samina_boletus@yahoo.com
© 2023 EScience Press. All rights reserved.

INTRODUCTION (Fernandez-Lépez et al, 2023). Within numerous
Fungi, encompassing micromycetes exhibit ubiquity ecosystems, they play a pivotal role in preserving
as eukaryotic organisms reliant on organic substrates functionality by virtue of their presence. Fungi
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manifest diverse ecological roles, functioning as
parasites, saprotrophs, or symbionts in relation to
plants and animals (Pergl et al., 2023).

Rice is an important staple food crop globally as well
as in Pakistan feeding over half the population and
contributing to incomes in Asia and Africa.
Approximately 37% of rice yield losses can be
attributed to pests and diseases. In more extreme
scenarios, the detrimental impact of fungal diseases
alone can escalate to yield reductions of up to 80%.
(Priyadarshani et al., 2023; Farooq and Fatima, 2022).
Punjab, the leading province, accounts for nearly 69%
of the total rice production, supporting Pakistan’s
economy through domestic consumption and export
to countries like Saudi Arabia, the UAE, Afghanistan,
and Iran (Gul et al., 2022). Sustaining rice production
is crucial for ensuring food security and economic
stability in Pakistan (Abbas et al.,, 2022). Rice, being
an important food crop is widely affected by different
fungal diseases (Habib-ur-Rahman et al, 2022).
Diseases such as rice blast, brown spot, bacterial leaf
blight, sheath blight, and others can reduce rice yield
by 14-18% (Chen et al, 2022). Pathogenic fungi,
including Aspergillus and Fusarium species, are
associated with the food and food products that can
affect both seed viability and food quality (Kortei et
al.,, 2022; Ganesan et al., 2022).

The rhizosphere, the area of soil surrounding plant
roots or bulk soil due to its unique physical, chemical,
and microbial properties, plays a crucial role in
influencing plant growth, nutrient uptake, and
interactions with soil microorganisms (Xia et al., 2022).
Microorganisms in the rhizosphere interact with each
other and the environment, forming a specialized
microbial ecosystem with specific functions and
structures (Mathur and Ulanova, 2022). Soil-borne
fungi have both beneficial and detrimental effects on
crops, with their composition and abundance impacting
crop growth (Dignam et al., 2022). Soil physicochemical
characteristics play a role in determining the types of
fungal genera present in the soil, with high organic
matter content suppressing certain pathogens (Kumar
et al, 2022; Richard et al, 2022). Anthropogenic
activities such as the use of synthetic fertilizers,
pesticides, herbicides, deforestation, and urbanization
negatively impact soil microbial diversity and function,
affecting soil health and agricultural productivity
(Kumare et al., 2022). Azam et al. (2020) isolated
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Alternaria spp., Aspergillus niger, Aspergillus flavus,
Penicillium spp., and Rhizopus spp. from the flora of the
Pakistan Forest Institute’s botanical garden. In
addition, they identified four species, namely Fusarium
spp., Cladosporium spp., Penicillium spp., and A. flavus.
Similarly, Abrar et al. (2020) isolated the Aspergillus
pakistanicus from soil of Changa Manga forest,
Pakistan.

The objective of this study was to comprehensively
characterize the micromycetes present in the
rhizosphere of rice crops across selected sites in district
Gujranwala, Punjab, Pakistan. By focusing on these
specific sites, insights were aimed to be gained into the
diversity, distribution, and potential roles of these
micromycetes in the rice crop ecosystem, contributing to
a better understanding of their impact on plant health
and soil quality.

MATERIALS AND METHODS

Soil sampling of rice fields

Soil samples were collected from two regions viz.
Ghkhar (Latitude: 32.3002 and longitude: 74.138803),
Rahwali (Latitude: 32.2479 and Longitude: 74.168035)
of Gujranwala during the period of May to October 2022
(Figure 1). To minimize the presence of extraneous
microorganisms, the top layer of soil was removed
before sampling. A total of 600 g of soil was obtained
using a digger and transferred to labeled jars or plastic
bags for further analysis.

The samples were properly labeled to indicate the
location. Subsequently, the samples were brought to the
Mycology Laboratory at Lahore College for Women
University (LCWU) for further analysis. To avoid
contamination, the culturing of soil samples were
subjected for fungal isolation (Ugbede et al., 2021).
Media preparation

For the preparation of Potato Dextrose Agar (PDA)
medium 39 g of Potato Dextrose agar was added into 1 L
of distilled water and placed in an autoclave for 15 min
at 121°C. A small amount of streptomycin was added to
the autoclaved media to prevent bacterial
contamination. After sterilization, the media was
allowed to cool for a period of time. The media was
poured gently into the plates near the flame of a spirit
lamp in the lamina flow that was kept on during pouring
to prevent contamination. The plates were solidified in
the laminar air flow cabinet and inverted after
solidification (Shahbaz et al., 2023).
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Figure 1: Map showing the sampling areas of district Gujranwala.

Isolation and identification of soil mycoflora

Direct plate method

In this study, soil samples (0.01 g) were dispersed in 1
ml of distilled water in a sterilized petri dish. The petri
dishes were gently rotated to ensure even distribution of
soil particles throughout the medium and allowed to
solidify and then incubated at a temperature of 30 + 1°C
for 3-5 days (Bi et al,, 2022).

Identification of isolated micromycetes

For the identification of the isolated micromycetes and
microscopic analysis, the procedure outlined by
Chamekh et al. (2019) was followed.

Physico-chemical soil parameters

The collected soil was subjected for physico-chemical
analysis e.g. organic carbon, nitrogen, potassium,
electrical conductivity, pH, and salinity from “Soil and
Water Testing Laboratory for Research, Bahawalpur”
(https://aari.punjab.gov.pk/swtl bwp) using standard
methods (Pan et al,, 2013).

Statistical Analysis

For diversity analysis of micromycetes,
analysis was done on the observed data by using SPSS

statistical

software and to illustrate data in tables and graphs, MS
Excel was used (Yohannan et al., 2018).

RESULTS

The results presented in Figure 2A revealed the
frequency occurrence percentage of different isolated
mycoflora from two different regions namely Ghakhar
and Rahwali of district Gujranwala, Punjab, Pakistan.
The highest frequency occurrence % is 90% for
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Aspergillus flavus followed by Rhizoctonia solani that had
80%. Similarly, Cladosporium and Alternaria alternata
possessed 70% and 60% respectively. The other
mycoflora A. orchraceus, A. niger, Penicillium. spp.
Fusarium oxysporum, F. monoliforme, and Mucor spp.
exhibited 50%, 40%, 30%, 30%, 20% and 30%
respectively. Similarly, A. flavus and Rhizoctonia solani
had occurrence time 9 and 8 respectively. The other
fungal species A. orchraceus, A. niger, Penicillium. spp., F.
oxysporum, F. monoliforme, and Mucor sp. had the least
occurrence time as compared to A. flavus and R. solani
(Figure 2B).

The collected soil was undergone to investigate the
physico-chemical features of rice soil. The results
revealed that the soil of both regions i.e. Ghakhar and
Rahwali showed pH and electrical conductivity 8 and
8.5, 2 ds m® and 2.5 ds m! respectively. Similarly,
phosphorous was observed 45 kg/h in Ghakhar region
while 39 kg/h in Rahwali region. In case of Nitrogen,
65 kg/h was analyzed in Ghakhar and 61 kg/h in
Rahwali. The type of soil observed was silt clay loam
in both regions. Organic carbon % was observed in
medium range 0.6% in Ghakhar and 0.5% in Rahwali
(Table 1).

Macroscopic identification of isolated mycoflora
The colony of A. niger exhibited a dark-colored
appearance, commonly black or dark brown. The growth
pattern is usually fast. The texture appeared velvety or
fluffy. On the reverse side, colonies remained dark-
colored (Figure 3A). For A. flavus, colonies were initially
white or cream-colored, but they turned yellow, green,
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or brown as they matured, growth flat, round, radial
with concentric zones growing from center to the edges
on PDA. Growth rate was slow to moderate. They were
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velvety or woolly in texture, with a raised center and
smooth margins. The reverse side was yellow or brown
sometimes with a reddish tint (Figure 3B).
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Figure 2: (A) Frequency occurrence (%) and (B) Occurrence time of rice soil isolated mycoflora.
Table 1: Physico-chemical properties of rice soil.
S. No. Region pH EC (ds m1) Type of Soil % Organic C P (kg/h) N (kg/h)
1 Ghakhar 8 2 Silt clay Loam 0.6 45 65
2 Rahwali 8.5 2.5 Silt clay Loam 0.5 39 61

Similarly, the colony color of A. alternata showed
colonies with a dark-colored appearance, commonly
black or brown. The growth pattern was radiating from
the center with concentric zones. The growth rate was
moderate, and the texture was usually velvety or
woolly. On the reverse side, colonies exhibited a dark
coloration (Figure 3C).

The colony of Bipolaris sarokiniana was dark-colored
often ranging from brown to black. The growth pattern
showed radiating while the growth rate observed was
moderate, and the texture and the reverse side appeared
velvety or woolly and dark coloration respectively
(Figure 3D). Candida albicans colonies appeared creamy-
white or pale in color. The growth pattern observed was
smooth and creamy and texture was found glistening or
moist. On the reverse side, colonies maintained a similar
color to the front (Figure 3E). Fusarium oxysporum
colonies were observed whitish in color with moderate
growth rate producing velvety texture and pink/reddish
colony on reverse side (Figure 3F).

In case of Trichoderma sp., color of colony was seen
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white or light-colored with fast and vigorously growth
pattern producing woolly or velvety texture. On the
reverse side colonies were seen white or light colored
(Figure 3G). Aureobasidium pullulans produced dark-
colored colony ranging from dark brown to black with
slow growth and velvety or granular texture. On the
reverse side, colony was dark coloration (Figure 3H).
A. orcheous exhibited with a whitish or cream-colored
colony with fast and spreading growth pattern. The
texture was seen velvety or fluffy, the reverse side,
colonies appeared light in color (Figure 31).
Microscopic Identification

The results regarding microscopic identification of the
isolated rice rhizospheric were observed on the basis
of hyphae, conidial heads, color, length, vesicle shape,
as well as conidia size. The microscopic features of A.
niger revealed that the hyphae were septate with
small, round and abundant conidia while the
conidiophores were smooth, elongated showing the
conidial heads formed dense clusters of small, round
spores (Figure 4A).
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Figure 3: Macroscopic identification: (A) Aspergillus niger, (B) Aspergillus flavus, (C) Alternaria alternata, (D) Bipolaris
sarokiniana, (E) Candida albicans, (F) Fusarium oxysporum, (G) Trichoderma sp., (H) Aureobasidium pullulans, and (1)

Aspergillus orcheous.

A. flavus showed hyphae with typically septate spores
along with smooth, double walled cylindrical,
unbranched conidiophore. Conidial head dense cluster
of small, round spores conidia small and round, pale
green, or smooth forming long chains (Figure 4B). A.
alternata exhibited septate hyphae producing small
oval shaped conidia along smooth conidiophores. The

conidial heads were seen as dense clusters of small,
round spores (Figure 4C). Similarly, the hyphae of B.
sarokiniana were septate producing conidia as small,
elongated, and abundant in the colonies while
conidiophores appeared smooth with the conidial
heads that appeared dense clusters of small,
elongated spores (Figure 4D).

Figure 4: Description of the microscopic features of mycoflora isolated from rice soil.
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C. albicans exhibited the hyphae that
pseudohyphae with small conidia along with elongated
conidiophore. Conidial head appeared at the tip of the
conidiophore as dense clusters (Figure 4E). In case of F.
oxysporum, the hyphae were observed septate with
small conidia as its main type of spore along with

seen as

smooth conidiophores and dense conidial head (Figure
4F).

A. orcheous exhibited the septate hyphae with small oval
shaped conidia along with smooth, elongated
conidiophores producing the conidial heads appeared as
oval-shaped spores (Figure 5A). For Trichoderma spp.,
the hyphae were seen septate with small oval shaped

DOI: 10.33804/pp.007.02.4716

conidia. Conidiophores appeared elongated with conidia
at their tips. Conidial head was observed as dense
clusters of conidia that were seen small, asexual spores
(Figure 5B). A. pullulans revealed septate hyphae with
abundant spores producing elongated conidiophore.
Conidial heads were seen as dense clusters of conidia
with small, oval-shaped conidia (Figure 5C). R. solani
produced microscopic features as septate hyphae
without conidiophore along with small, pale, green pink
conidia (Figure 5D). R. oryzae exhibited septate hyphae
and spores were produced within specialized structures
called sporangia. The sporangia were seen round or
oval-shaped (Figure 5E).

Figure 5: Description of the microscopic characteristics of fungal flora isolated from rice soil.

DISCUSSION

In this study, we conducted a survey and screening of
soil micromycetes from two different regions i.e.
Ghakhar and Rahwali of district Gujranwala. The
primary objective was to gather mycoflora from above
mentioned two regions and identify them using
macroscopic and microscopic features. Our findings
revealed the presence of different fungal species in
specific areas. In the Ghakhar region, we identified
Alternaria solani, Candida albicans, Fusarium solani,
Penicillium sp, Rhizoctonia solani, Rhizopus oryzae,
whereas Aureobasidium pullulans, Fusarium
graminearum, Trichoderma sp., Fusarium monoliforme,
Bipolaris sarokiniana were found in Rahwali. Our study
aligns with previous research conducted by Basilico et
al. (2007) in which they observed that environmental
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factors and nutrient availability influenced fungal
growth frequencies in soil samples. In line with the work
of Raza et al. (2013), we also isolated and characterized
common fungal species in different crop fields, such as A.
flavus, A. niger and A. oryzae. The variations observed in
our results can be attributed to geographical location,
fungal growth media, and differences in sampling
methods, as demonstrated by Liu et al. (2020), who
investigated variations among different fungal species.
Recent studies at the beginning of the 21st century have
shown that during the winter season, saprotrophic fungi
dominate the microbial community in Arctic soil, as
observed by Dobashi et al. (1988). These findings
emphasize the importance of considering various factors
and methodologies when studying soil mycoflora to
obtain comprehensive and accurate results. A. niger, A.
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flavus, and A. oryzae are the most frequently occurring
fungi in our study with 9, 6, and 5 occurrences
respectively. R. oryzae, Penicillium sp. R. solani, F.
oxysporum, F. monoliforme, F. solani, F. graminearum, A.
solani, B. sarokiniana, Trichoderma sp., A. pullulans, and
A. alternata are also present. In our current study, we
identified A. flavus from fungal cultures isolated from
maize and soil samples collected in several districts in
Kenya, including Makueni, Nyeri, Bungoma, and Uasin
Gishu. Among all, the isolated fungal species, A. flavus
showed the highest incidence, accounting for 90% of the
isolates. The variation in A. flavus occurrence among
different species could be attributed to the diverse
environmental conditions prevailing in those districts.
According to the findings of Massomo, (2020), crops
grown in warm climates have a higher risk of being
infected by aflatoxin-producing fungi, particularly
during periods of drought and elevated temperatures. In
the case of Makueni, the region experiences
temperatures ranging from 25 to 35°C and drier
conditions, which create favorable conditions for A.
flavus infection in crops. These findings suggest that the
occurrence of these fungi in the samples is not unusual.
B. sorokiniana is a fungal pathogen that can infect a wide
range of crops, including rice. Previous research has
shown that B. sorokiniana can cause significant yield
losses in rice if not managed properly (Singh et al,
2022). Maryani et al. (2019) isolated the Fusarium
species that supports our study. Similarly, the isolation
of fungal flora from soil by Kadaifciler (2017) is quite
similar to our study. Sachdev et al. (2023) isolated
R. solani, Fusarium sp. and A.niger. The research
conducted by Dolatabad et al. (2017),
R. solani and Fusarium spp. and A. niger were isolated
that is similar to our isolated mycoflora.

CONCLUSION

The present study described a survey of two regions i.e.
Ghakhar and Rahwali of Gujranwala to isolate the fungal
diversity from rice soil. The study’s findings revealed a
total of 11 distinct fungal species that were isolated from
both the regions of Ghakhar and Rahwali. Within this
group, three species
orchraceus, and A. flavus), one species of Alternaria

of Aspergillus (A. niger, A
(Alternaria alternata), one species of Bipolaris (B.
sorokiniana), one species of Aureobasidium (A.
pullulans), one species of Candida (C. albicans), one
species of Fusarium (F. oxysporum), one species of
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Penicillium (P. sp), one species of Rhizopus (R. oryzae),
and one species of Trichoderma (Trichoderma sp.) were
successfully identified. In summary, this research shed
significant light on the diverse range of fungal species
present in the soil samples collected from the rice-
abundant regions of Ghakhar and Rahwali, situated in
the Gujranwala district of Punjab, Pakistan. This
comprehensive exploration holds noteworthy
implications for enhancing our comprehension of
mycoflora diversity within these specific regions.
Moreover, it contributes to the broader understanding of
the various factors that impact the health and
productivity of rice crops.

AUTHORS’ CONTRIBUTIONS

NF conceived the study, collected soil samples and
performed the experiment, original
manuscript, and prepared the draft; SS critically
reviewed the data, acted as a supervisor and provided
lab facilities; MS reviewed the manuscript and prepared
the final draft.

wrote the

CONFLICT OF INTEREST
The authors declare no conflict of interest

REFERENCES

Abbas, S., Kousar, S., Khan, M.S., 2022. The role of climate
change in food security; empirical evidence over
Punjab regions, Pakistan. Environmental Science
and Pollution Research 29(35), 53718-53736.

Abrar, A, Mughal, T.A., Sarwar, S., Oneeb, M., Malik, K.,
Saif, S., Abbas, M., 2020. Aspergillus pakistanicus:
microscopic and phylogenetic analysis of a new
entomopathogenic fungus isolated from the soil of
the Changa Manga forest, Pakistan. Applied
Ecology and Environmental Research, 18(3),

3795-3804.

Ali, N.ILM, Aiyub, K, Lam, K.C, Abas, A, 2022. A
bibliometric review on the inter-connection
between climate change and rice farming.

Environmental Science and Pollution Research
29(21), 30892-30907.

Alkan, M., Bayraktar, H., imren, M., Ozdemir, F., Lahlalj,
R., Mokrini, F., Ozer, G., 2022. Monitoring of host
suitability and defense-related genes in wheat to
Bipolaris sorokiniana. Journal of Fungi 8(2), 149.

Azam, N., Khan, I, Shuaib, M., Alsamadany, H., Shaheen,
G., Jan, F., Bahadur, S., 2020. Isolating soil-born


https://doi.org/10.33804/pp.007.02.4716

Plant Protection, 07 (02) 2023. 245-254

fungi and determining their phytotoxicty against
weeds in millet. Polish Journal of Environmental
Studies 29(3), 2055-2062.

Basilico, M.D.L.L.Z., Chiericatti, C., Aringoli, E.E., Althaus,
R.L, Basilico, ].C, 2007. Influence of
environmental factors on airborne fungi in houses
of Santa Fe City, Argentina. Science of the Total
Environment 376(1-3), 143-150.

Bi, Z.,, Fang, S., Gao, Q., Lei, Y., Morrell, ].]., Yan, L., 2022.
Improvement of mould resistance of wood with
cinnamaldehyde chitosan emulsion. Wood Science
and Technology 1-18.

Chamekh, R., Deniel, F., Donot, C., Jany, ].L. Nodet, P.,
Belabid, L. 2019. Isolation, identification and
enzymatic activity of halotolerant and halophilic
fungi from the Great Sebkha of Oran in
Northwestern of Algeria. Mycobiology 47(2), 230-
241.

Chen, ], Chen, W,, Zeb, A, Yang, S. Zhang, D. 2022.
Lightweight inception networks for the
recognition and detection of rice plant diseases.
IEEE Sensors Journal 22(14), 14628-14638.

Dignam, B.E., Marshall, S.D., Wall, AJ., Mtandavari, Y.F,,
Gerard, E.M., Hicks, E., Bell, N.L., 2022. Impacts of
soil-borne disease on plant yield and farm profit in
dairying soils. Journal of Sustainable Agriculture
and Environment 1(1), 16-29.

Dobashi, K., Matsuda, N., Hamada, M., Naganawa, H.
Takita, T. Takeuchi, T., 1988. Novel antifungal
antibiotics octacosamicins A and B I. taxonomy,
fermentation and isolation, physico-chemical
properties and biological activities. The Journal of
Antibiotics 41(11), 1525-1532.

Dolatabad, H.K,, Javan-Nikkhah, M., Shier, W.T., 2017.
Evaluation of antifungal, phosphate solubilisation
and siderophore and chitinase release activities of
endophytic fungi from Pistacia vera. Mycological
Progress 16, 777-790.

Du, ], Song, B. Li, X, Huang, W, 2022. Long-term
cultivation of sugar beet: effect on rhizosphere
micro-flora, soil fertility and beet productivity.
Sugar Tech 24(6), 1821-1831.

Farooq, M.S., Fatima, H., 2022. Global climate change and
natural disasters: A threat to sustainable food
production and food security of Pakistan. Brazilian
Journal of Agriculture-Revista de Agricultura
97(2),186-214.

Fernandez-Lépez, M.G. Batista-Garcia, R.A.,, Aréchiga-

252

DOI: 10.33804/pp.007.02.4716

Carvajal, E.T., 2023. alkaliphilic/alkali-tolerant
fungi: Molecular, biochemical and biotechnological
aspects. Journal of Fungi 9(6), 652.

Ganesan, A.R, Mohan, K, Rajan, D.K, Pillay, AA,
Palanisami, T. Sathishkumar, P., Conterno, L.,
2022. Distribution, toxicity, interactive effects and
detection of ochratoxin and deoxynivalenol in
food: A review. Food Chemistry 378, 131978.

Gul, A., Xiumin, W., Chandio, A.A., Rehman, A, Siyal, S.A,,
Asare, 1., 2022. Tracking the effect of climatic and
non-climatic elements on rice production in
Pakistan using the ARDL approach. Environmental
Science and Pollution Research 1-15.

Habib-ur-Rahman, M., Ahmad, A., Raza, A., Hasnain, M.U.,
Alharby, H.F.,, Alzahrani, Y.M., El Sabagh, A., 2022.
Impact of climate change on
production; Issues challenges and opportunities in
Asia. Frontiers in Plant Science 13, 925548.

Hussain, S., Farooq, M., Aslam, M.N. Zada, N. 2023.
Insecticidal potential of eco-friendly
mycoinsecticides for the management of fall
armyworm (Spodoptera frugiperda) under in vitro
condition. Bulgarian Journal of Agricultural
Science 29, 1.

Kadaifciler, D.G., 2017. Bioaerosol assessment in the
library of Istanbul University and fungal flora
associated with paper deterioration. Aerobiologia
33,151-166.

Kamal, A.B., Sheikh, M.K,, Azhar, B., Munir, M., Baig, M.B,,
Reed, M.R, 2022. Role of agriculture extension in
ensuring food security in the context of climate

agricultural

change: State of the art and prospects for reforms
in Pakistan. Food Security and Climate-Smart
Food Systems: Building Resilience for the Global
South 189-218.

Khojasteh, S., Abastabar, M., Haghani, I, Valadan, R,
Ghazanfari, S., Abbasi, K., Badali, H., 2023. Five-
year surveillance study of
environmental  Triazole-Resistant
fumigatus isolates in Iran. Mycoses 66(2), 98-105.

Kibe, E.N., 2015. Occurrence of mycotoxigenic fungi in
maize from food commodity markets in Kenya.
Bioscience Engineering 21, 1-18.

Kortei, N.K,, Tetteh, R.A, Wiafe-Kwagyan, M., Amon,
D.N.K,, Odamtten, G.T. 2022. Mycobiota profile,
phenology and potential toxicogenic and
pathogenic species associated with stored
groundnuts (Arachis hypogaea L.) from the Volta

clinical and
Aspergillus


https://doi.org/10.33804/pp.007.02.4716

Plant Protection, 07 (02) 2023. 245-254

Region, Ghana. Food Science and Nutrition 10(3),
888-902.

Kumar, G. Baweja, P.,, Gandhi, P.B.,, 2022. Impact of
anthropogenic activities on soil patterns and
diversity. In functions of
Pedosphere 319-337. Singapore: Springer Nature
Singapore.

Kumar, U., Saqib, H.S.A., Islam, W., Prashant, P., Patel, N,,
Chen, W., He, W,, 2022. Landscape composition
and soil physical chemical properties drive the

Structure and

assemblages of bacteria and fungi in conventional
vegetable fields. Microorganisms 10(6), 1202.

Lengai, G.M., Muthomi, J.W., 2018. Biopesticides and
their role in sustainable agricultural production.
Journal of Biosciences and Medicines 6(06), 7.

Lengai, G.M., Muthomi, JW. Mbega, E.R, 2020.
Phytochemical activity and role of botanical
pesticides in pest management for sustainable
agricultural crop production. Scientific African 7,
e00239.

Liu, X, Wang, Y., Liy, Y., Chen, H., Hy, Y., 2020. Response
of bacterial and fungal soil communities to
Chinese fir (Cunninghamia lanceolate) long-term
monoculture plantations. Frontiers in
Microbiology 11, 181.

Maryani, N. Sandoval-Denis, M., Lombard, L. Crous,
P.W., Kema, G.H.J., 2019. New endemic Fusarium
species hitch-hiking with pathogenic Fusarium
strains causing Panama disease in small-holder
banana plots in Indonesia. Persoonia-Molecular
Phylogeny and Evolution of Fungi 43(1) 48-69.

Massomo, S.M., 2020. Aspergillus flavus and aflatoxin
contamination in the maize value chain and what
needs to be done in Tanzania. Scientific African 10,
e00606.

Mathur, V., Ulanova, D., 2022. Microbial metabolites
beneficial to plant hosts across ecosystems.
Microbial Ecology 1-24.

Mukhtar, T., Vagelas, I, Javaid, A., 2023. Editorial: New
trends in integrated plant disease management.
Frontiers in Agronomy 4, 1104122. doi:
10.3389/fagro.2022.11041221.

Munaweera, T.L.K, Jayawardana, N.U. Rajaratnam, R,

2022. Modern  plant

biotechnology as a strategy in addressing climate

Dissanayake, N,
change and attaining food security. Agriculture
and Food Security 11(1), 1-28.

Neemisha, S., 2022. Soil enzymes and their role in

253

DOI: 10.33804/pp.007.02.4716

nutrient cycling. In Structure and functions of
Pedosphere (pp. 173-188). Singapore: Springer
Nature Singapore.

Neupane, D., Adhikari, P., Bhattarai, D., Rana, B., Ahmed,
Z., Sharma, U., Adhikari, D., 2022. Does climate
change affect the yield of the top three cereals and
food security in the world. Earth 3 (1), 45-71.

Ngegba, P.M., Cui, G., Khalid, M.Z., Zhong, G., 2022. Use of
botanical pesticides in agriculture as an
alternative to synthetic pesticides. Agriculture
2022,12, 600.

Palazzini, J.M., 2023. Bacillus species’ contributions to
the management of mycotoxigenic Fusarium
species in cereals. European Journal of Plant
Pathology, 1-12.

Pan, C, Liu, C., Zhao, H., Wang, Y., 2013. Changes of soil
physico-chemical properties and enzyme activities
in relation to grassland salinization. European
Journal of Soil Biology 55, 13-19.

Pergl, ]J., Vitkova, M., Hejda, M., Kutlvar, ]., Petiik, P,
Sadlo, J., Pysek, P., 2023. Plant-soil interactions in
the communities dominated by alien and native
plants. Perspectives in Plant Ecology, Evolution
and Systematics 59, 125721.

Priyadarshani, T.D.C, Wickramasinghe, W.M.D.M.,
Egodawatta, W.C.P.,, 2023. Effect of nutrient
management and weeds on incidence of fungal
diseases in rice. Journal of Tropical Crop Science
10(2).

Rathankumar, A.K, Saikia, K, Kumar, P.S., Varjani, S,
Kalita, S., Bharadwaj, N., Vaidyanathan, V.K,, 2022.
Surfactant-aided  mycoremediation of  soil

with polycyclic
hydrocarbon (PAHs): progress, limitation, and
countermeasures. Journal of Chemical Technology
and Biotechnology 97(2), 391-408.

Raza, M., Ghazanfar, M.U., Hussain, M., Igbal, Z., Iftikhar,
Y., 2013. Pathogenic and non-pathogenic fungi

contaminated aromatic

isolated from soil and roots of tobacco. Pakistan
Journal of Phytopathology 25(1), 95-100.

Richard, B. Qi, A, Fitt, B.D., 2022. Control of crop
diseases through Integrated Crop Management to
deliver climate-smart farming systems for low-
and high-input crop production. Plant Pathology
71(1),187-206.

Sachdev, S., Bauddh, K., Singh, R.P., 2023. Prospective of
biosurfactant in management of Fusarium wilt and
early blight of Lycopersicon esculentum. Plant


https://doi.org/10.33804/pp.007.02.4716

Plant Protection, 07 (02) 2023. 245-254

Stress 7,100126.

Shafique, S., Javed, A., Shafique, S., Hussain, A., Rafique,
R., Mubarak, A., 2022. Isolation and identification
of Pithomyces sacchari as a leaf spot pathogen of
Helianthus annuus from Pakistan. Scientific
Reports 12(1), 22033.

Singh, M,, Avtar, R, Lakra, N,, Pal, A, Singh, V.K,, Punia, R,
Choudhary, R.R., 2022. Early oxidative burst and
anthocyanin-mediated antioxidant defense
mechanism impart resistance against Sclerotinia
sclerotiorum in Indian mustard. Physiological and
Molecular Plant Pathology 120, 101847.

Shahbaz, M., Akram, A., Raja, N.I,, Mukhtar, T., Mehak, A.,
Fatima, N., Abasi, F., 2023. Antifungal activity of
green synthesized selenium nanoparticles and
their effect on physiological, biochemical and
antioxidant defense system of mango under
mango malformation disease. PLOS One 18(2),
e0274679.

Ugbede, F.0. Osahon, 0.D., Akpolile, A.F., Oladele, B.B.,
2021. Assessment of heavy metals concentrations,
soil-to-plant transfer factor and potential health
risk in soil and rice samples from Ezillo rice fields

in Ebonyi State, Nigeria. Environmental
Nanotechnology, Monitoring and Management 16,
100503.

Ullah, I, Khan, N.A., Jadoon, M.A,, Ur, H.,, Rehman, HK,
Rehman, M.U., Sultana, A. 2017. Isolation and

254

DOI: 10.33804/pp.007.02.4716

identification of different rhizospheres fungi of
Mansehra region, Pakistan. Journal of Entomology
and Zoology Studies 5(2), 437-442.

Ullah, K. Chishti, M.Z, 2023. Spatial distribution of
poverty in Pakistan: an asset-based approach.
Future Business Journal 9(1), 1-20.

Xia, L., Zhao, B.Q., Luo, T., Xu, W,, Guo, T., Xia, D., 2022.
Microbial functional diversity in rhizosphere and
non-rhizosphere soil of different dominant species
in a vegetation concrete slope. Biotechnology and
Biotechnological Equipment 36(1), 379-388.

Yao, H,, Shi, W, Wang, X, Li, ], Chen, M,, Li, ], Deng, Z.,
2023. The root-associated Fusarium
based on fungal community analysis improves
phytoremediation efficiency of Ricinus communis

isolated

L. in  multi  metal-contaminated  soils.
Chemosphere 324, 138377.

Yohannan, R., Mathew, ]. Szlachetko, D.L., 2018.
Rhynchostylis cymifera (Orchidaceae), a new

species from South Western Ghats, India. Jordan
Journal of Biological Sciences (JJBS) 11(3), 3257.

Zwar, L.P., Trotta, C.D.V., Ziotti, A.B., Lima Neto, M,
Aratjo, W.L, Melo, I. S, Souza, A.0., 2023.
Biosynthesis of silver nanoparticles using
actinomycetes, phytotoxicity on rice seeds and
potential application in the biocontrol of
phytopathogens. Journal of Basic Microbiology
63(1), 64-74.


https://doi.org/10.33804/pp.007.02.4716

