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ABSTRACT 

 

 
Background and Objectives: Yeasts are an important portion of microbial communities of soil due to their bioactivity  for 

ecosystem safety. Soil yeast abundance and diversity are likely to be affected under harsh environmental and climatic con- 

ditions. In Iraq, human activity and climatic changes especially high temperature which may alter microbial communities in 

soil. Very little is known about yeast abundance and diversity in a hot climatic region. 

Materials and Methods: By PCR technique, soil yeast abundance and diversity were investigated under extreme environ- 

mental and climatic conditions, as well as the effects of soil properties and vegetation cover in semi-arid lands. 

Results: In all, 126 yeast strains were isolated and identified as belonging to 13 genera and 26 known species. The maximum 

quantity of yeast was 0.8 × 102 CFU g-1 of soil, with significantly varied in abundance and diversity depending on soil prop- 

erties and presence of vegetation. 

Conclusion: The results show that soil yeast abundance in these regions was significantly decreased. However, semi-arid 

lands are still rich in yeast diversity, and many species have adapted to survive in such conditions. 

 
Keywords: Soil yeasts; Yeasts diversity; Semi-arid lands; Microbial adaptation 

 
INTRODUCTION 

 
Although several studies have been conducted on 

the occurrence of microorganisms in temperate and 

cold habitats (1-3), our knowledge of the abundance 

and microbial diversity in high- temperature soil is 

still very limited. Furthermore, most research in the 

cold and temperate regions has focused on new spe- 

cies (3-4). Iraq is one of the warmest countries on 

the planet, mainly because of the range of extreme 

environmental  and  climatic  conditions  (5).  Iraq’s 
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ecosystems faced  a  number  of  unique  challenges 

during the recent decades such as extremely high 

temperatures, strong sunlight, decrease annual rain- 

fall, desertification, soil salinity, and extended years 

of wars. Moreover, many agricultural regions have 

extensively transformed either into arid or urban 

lands, generating impacts on many natural habitats 

and biodiversity (6). Culturable land area in Iraq is 

estimated at only about 22% of the total area of the 

country. However, no more than 12% has been actu- 

ally cultivated (7). 

The climate of Baghdad is semi-tropical conti- 

nental, with mean annual temperature and rainfall 

of 22.9ºC and 120 mm, respectively. Maximum and 

minimum temperature during the summer (June, 

July and August) are 28ºC and 50ºC, respectively (5). 

Suaeda aegyptica was the perennial main plant in 

the study region, which is a low sprawling shrub and 
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grows naturally in saline lands (halophytes), with 

some other types of plants such as Alhagi maurorum, 

Salsola  longifolia  and  Haloxylon  articulatum,  all 

of which are classified as perennial halophytes (8). 

There is a continuous decline for agricultural lands 

in Iraq due to many reasons, including the urban ex- 

pansion, land mismanagement and the ongoing wars 

and conflicts in the country for decades, as well as 

the impact of global climate change. 

Temperature is one of the most important factors 

affecting the growth of microorganisms (3). Karhu et 

al. (9) and  Chen et al. (10) found that high tempera- 

ture has led to an increase in microbial abundance in 

a cold area, whereas Delgado‐Baquerizo et al. (11) 

described that semi-arid lands are particularly sensi- 

tive to temperature and precipitation. With increas- 

ing climate change, there are many ecosystems that 

have been affected worldwide. 

Yeasts are widespread in nature, including extreme 

environments, and often soils were perceived largest 

as a reservoir for yeasts (3, 12). Fungi play a vital 

role in maintaining the balance of ecosystems such 

as decomposition, nutrient recycling and they inter- 

act with ecosystem ingredients and providing nutri- 

ents through their biological activity to improve soil 

health (13, 14). Studies showed microbial abundance 

in soil has a significant impact on organic matter de- 

composition in nature (10, 15). Therefore, changing 

the abundance of microbial communities as a result 

of climate change may have a significant impact on 

the future of life on earth (16), and this depends on 

the rate at which the microbes are consumed for nu- 

trients (14). As showed by Chen et al. (10) that abun- 

dance and diversity of microorganisms in the soil 

vary depending on climatic zones and ecosystem 

types. Many factors can greatly affect microbial ac- 

tivity such as temperature, pH, moisture, nutrients, 

soil type, ecosystem type, human activities and veg- 

etation type (17). 

Yeast abundance and diversity in high- tempera- 

ture soils are still unknown. Thus, the study of these 

zones is needed. The main aim of the present study 

was to assess the abundance and diversity of soil 

yeast in a hot climatic zone and the effect of soil 

properties on its biological activity. 
 

 
 

MATERIALS AND METHODS 

 
Study site and sampling. Soil samples were col- 

lected from different sites in Baghdad, Iraq, which is 

located in the Middle East (33º25 - 33º44`̀ N, 44º16` 

- 44º29`E) with a total area of 204.2 Km2 (about 1.5% 

of Iraq area). 

Sampling was carried out between September and 

October 2018. The sites were selected to represent 

homologous samples of the semi-arid ecosystem. All 

the lands from which samples were collected have not 

been managed for decades, they are also not grazing 

lands. In total, 150 samples were collected from 10 

different sites. Soil samples were collected from each 

plot at the corners and center of 20 m2 using a soil col- 

umn cylinder, this means 5 samples for each plot. Half 

of the samples were taken from the soil with vegetation 

cover (SWV) (perennial plant cover was no less than 

50%), while the other half was from the soil without 

vegetation cover (SWOV). Herbs root, stones and other 

impurities were removed from the samples. Soil sam- 

ples were put quickly into a sterilized glass container 

and transported to the laboratory on ice for analyses. 

 
Isolation of yeasts. Yeasts were isolated using glu- 

cose yeast extract peptone agar (GYP). One g from 

each soil sample was placed in tube and 5 – fold dilut- 

ed with sterile water, the suspension was shaken in an 

orbital shaker at 200 rpm for 1 hr. 100 µl of suspen- 

sion was cultured. 3 replicates (subsamples) were an- 

alyzed from each diluted sample. Based on environ- 

mental conditions at the sampling sites, the selected 

incubation temperature was 27 ± 1ºC. Colonies were 

examined and counted after 3 days, the values were 

analyzed statistically using ANOVA. 

 
DNA  extraction,  amplification  and  sequenc- 

ing. Yeast total genomic DNA was extracted using 

a FastDNA®kit (MP Biomedicals LLC, lrvine, CA) 

according to the manufacturer instruction. The D1 / 

D2 domain of the 26S rRNA gene was amplified us- 

ing the primers NL1 (5 -̀GCA TAT CAATAA GCG 

GAG GAA AAG-3 )̀ and NL4 (5 -̀GGT CCG TGT 

TTC AAG ACG G-3 )̀ (MWG Biotech). The internal 

transcribed spacer (ITS) sequences were obtained 

using the forward primer ITS1 (5 -̀TCC GTA GGT 

GAA CCT GCG G-3 )̀ and the reverse primer ITS 4 

(5 -̀TCC TCC GCT TAT TGA TAT GC-3 )̀ (MWG 

Biotech). 

Sequences were carried out using an Applied Bio- 

systems DNA sequencer using standard protocols. 

Sequence  alignment  was  made  using  Meg  Aliga 

DNA STAR Lasergene. All sequences obtained were 
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compared with sequences from the GenBank data- 

base   (http://www.ncbi.nlm.nih.gov/BLAST)   using 

the BLASTN search algorithm. 

 
Soil analysis. All soil samples were analyzed for 

moisture, pH, temperature, total organic carbon 

(TOC), total nitrogen (TN), total phosphorus (TP) 

and salinity using standard methods (18). All experi- 

ments were carried out in triplicate, and the statistical 

analysis was done using ANOVA strategy. 
 

 
 

RESULTS 

 
At the time of sampling, the soil temperature was 

within the range 25.8-27.4ºC and the soil pH was 

(7.0-7.7). Soil samples exhibited significant (P < 0.01) 

differences in some of their characteristics, the mois- 

ture content and nutrients in soil with vegetation 

cover were higher than in soil without vegetation 

cover. The electrical conductivity (EC ) of soil sam- 

ples was within range (2.7-8.7 dSm-1) with significant 

(p < 0.01) differences between the samples, but no 

significant effect on the yeast community (Table 1). 

In all analyzed soils, yeast numbers ranged from 
 

 
Table 1. Average values of soil properties (Moisture, Soil 

temperature, Soil pH, EC , TOC, TN and TP) of soils with 

and  without  vegetation  cover,  collected  from  semi-arid 

lands in a hot climatic region, Baghdad (Iraq) in 2018. 

 

Parameters SWV SWOV 
Moisture (%) 11.2 ± 0.6 5.1 ± 0.4 
Soil temp. (ºC) 26.1 ± 0.3 27.2 ± 0.2 
Soil pH 7.2 ± 0.2 7.3 ± 0.4 
ECe (dSm-1) 5.2 ± 2.5 6.4 ± 2.3 
TOC (g kg-1) 1.44 ± 0.27 1.16 ± 0.28 
TN (g kg-1) 0.18 ± 0.06 0.08 ± 0.01 
TP (mg kg-1) 86.82 ± 5.13 75.17 ± 4.50 

 

0.2 × 10 to 0.8 × 102 CFU g-1 of soil, with significant 

(p< 0.01) differences between SWV and SWOV (Fig. 

1). The relative abundance of yeast communities was 

significantly higher in SWV than in SWOV. These 

quantities did not differ significantly between the 

study sites. While no significant effect was observed 

on yeast abundance by vegetation type. Without veg- 

etation, yeast abundance decreased significantly at 

all the study sites and represented a small proportion 

(about 34%) of the yeast community in soil (Figs. 1 

and 2 and Table 2). 

In all, 126 yeast strains were isolated and identi- 

fied during this study. 83 yeasts from SWV and 43 

from SWOV. Results of the sequence analyses of 

126 yeasts showed that the obtained yeast strains be- 

longed to 13 genera and 26 known species (Table 2). 

Yeast community composition in this study signifi- 

cantly varied depending on the presence or absence 

of plants, thirteen species were present exclusively in 

SWV, while only one species (C. vartiovaarae) was 

present exclusively in SWOV (Table 2). Thus, yeast 

diversity was higher in SWV than in SWOV (Fig. 2). 

 

 
Fig. 1. Relative distribution of soil yeasts community be- 

tween SWV and SWOV (above), and relative dominance 

between Ascomycetous  and  Basidiomycetous  fungi  (be- 

low). 
 

 

 

Fig. 2. Relative abundance of yeast genera, based on molec- 

ular sequence data, dominating in soil with vegetation cover 

and soil without vegetation cover. The above data represents 

the yeast community in semi-arid land, Baghdad, Iraq. 
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Table 2. Species list and number of soil yeast strains isolated from semi-arid lands. Total number and species richness are 

provided. 

 

Species SWV strains SWOV strains Total (%) 
Ascomycetous yeasts    

Candida maritima 1 - 1 (<1%) 
C. parapsilosis 3 2 5 (4%) 
C. tropicalis 7 4 11 (9%) 
C.vartiovaarae - 1 1 (<1%) 
Hansenula holistii 2 - 2 (2%) 
H. polymorpha 8 3 11 (9%) 
Hanseniaspora valbyensis 3 1 4 (3%) 
Pichia delftensis 6 2 8 (6%) 
P. kluyveri 3 1 4 (3%) 
P. philogaea 1 - 1 (<1%) 
Saccharomyces boulardii 4 2 6 (4%) 
Schizoblastosporion gracil 4 4 8 (6%) 

Basidiomycetous yeasts    
Asterotremella humicola 2 - 2 (2%) 
Cryptococcus. aerius 1 - 1 (<1%) 
Cr. albidus 7 10 17 (13%) 
Cr. diffluens 2 1 3 (2%) 
Cr. skinneri 13 11 24 (19%) 
Cr. terreus 1 - 1 (<1%) 
Cr. terricola 1 - 1 (<1%) 
Guehomyces pullulans 3 - 3 (2%) 
Piskurozyma filicatus 1 1 2 (2%) 
Trichosporon porosum 4 - 4 (3%) 
T. dulcitum 1 - 1 (<1%) 
Rhodosporidium babjevae 2 - 2 (2%) 
Rhodotorula colostri 2 - 2 (2%) 
Rh. laryngis 1 - 1 (<1%) 

Total quantity 83 43 126 
Species richness 25 13 26 

 

Generally, the most frequent genera were Cryp- 

tococcus (37% of total isolates), Candida (15%), 

Pichia (10%), Hansenula (9%) and Schizoblastospo- 

rion (6%). While at the species level, Cryptococcus 

skinneri (19%) and Cr. albidus (13%) were most fre- 

quent of all strains. About 50% of the total isolates 

in SWOV were Cryptococcus, followed by Candida 

(19%). Of 26 species isolated, eight species (about 1/3 

of total isolates) occurred as single isolates (Table 2). 

Moreover, that average observed yeast species values 

ranged from 1  to  3  species per sample. Rhodotoru- 

la laryngis, Rh. colostri and Rhodosporidium babje- 

vae were only obtained as pigmented species in this 

study, where they represented fewer than 5% of the 

total isolates. 

Basidiomycetous yeasts were slightly higher than 

Ascomycetous (approximately equal in dominance). 

For example, Candida, Hansenula, Hanseniaspora, 

Pichia, Saccharomyces and Schizoblastosporion 

were  observed  in about 49% of total isolates, be- 

longing to the Ascomycetous group. Furthermore, 

the  diversity  of  Ascomycetous  yeasts was  higher 

than Basidiomycetous in SWOV (nine species of 

Ascomycetous yeast were obtained, while only four 

species of Basidiomycetous were found) (Table 2). 
 

 
 

DISCUSSION 

 
Several studies reported that ecosystems in Iraq 
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are retreating progressively, and more environmen- 

tal degradation will occur in the future, due to the 

impact of global climate change and land misman- 

agement (7). Accordingly, the semi-arid ecosystems 

in Iraq can be considered a suitable site for studying 

climate change impact and extreme environmental 

conditions on the microbial activity in soil. 

Physical and chemical analysis of soils collected in 

semi-arid lands showed that concentrations of TOC, 

TN and TP less than those formerly observed in tem- 

perate and cold soils (1, 2, 19). The semi-arid soil 

is characterized by low nutrients and moisture (3). 

Carbon, nitrogen and phosphorous concentrations in 

soil affect the diversity and the relative abundance 

of the microbial communities (13, 15). At the same 

time, the study showed a significant decrease in soil 

moisture content. Low moisture can significantly 

impact microbial activity and restrict growth (13, 

20). Whereas de Nijs et al. (21) mention that micro- 

organisms can adapt to lower moisture levels. Soil 

moisture content varied among the samples collected 

in this study, and this may be related to the amount 

and depth of groundwater in the area. According to 

Abbas et al. (22), soil analysis data indicate that soil 

salinity was slightly to moderate in terms of the elec- 

trical conductivity (EC ) index, which is restricted of 

many plants. Isolated yeasts from salt environments 

were reported by Butinar et al. (23). The optimum 

temperature for microbial growth in soil range from 

25-30ºC (24), thus, the temperature in the study area 

was within the optimum range. 

Most studies conducted on yeast communities were 

from temperate or cold sites, especially in temperate 

forests and glacial sites (10, 17, 19, 25). This is the 

first study to assess abundance and diversity of soil 

yeasts in a hot climatic regions. 

Although yeasts represent less than a quarter of 

fungal communities in soil (19), but they are an im- 

portant part of microbial soil communities around 

the world (4). On the whole, the average number of 

yeasts obtained in semi-arid lands under study were 

lower than previously reported about temperate for- 

ests soil and grassland (17, 25) and glacial sites (1, 2). 

These results are in agreement with data reported by 

Allison et al. (26) who found that climate change re- 

duced microbial abundance . As shown by Yurkov et 

al. (17), global climate change and human activities 

have a great impact on microbial abundance. Some 

authors mention that increasing temperature had a 

positive effect on the microbial abundance in colder 

regions (10), while the effect was negative in the cur- 

rent study (in a hot region). The relative abundance 

of yeasts in SWOV was significantly decreased com- 

pared  with  SWV.  Plants  prevent  soil  erosion  and 

increase water storage capacity (27). Life often de- 

pends on the presence of water and nutrients (28). 

These results are also mentioned by Vadkertiová et 

al. (29) that the yeast abundance in soil depends on 

soil water content and vegetation cover. Also this is 

in agreement with Li et al. (15) that plants greatly af- 

fect the microbial community and provide nutrients. 

The diversity of species observed in this study may 

help us to understand more substantially about yeast 

adaptations, and also better understand their capacity 

for surviving in different types of soils. Several stud- 

ies indicate that yeast has the ability to adapt in var- 

ious soils worldwide (17, 30). Based on the analysis 

of the diversity results reported here and including 

results from previous studies (2, 17, 19, 26), it is pos- 

sible to conclude that the semi-arid soils in hot cli- 

matic regions still retain yeast diversity regardless of 

the environmental and climatic conditions. Soil mi- 

crobial communities have the ability to make struc- 

tural  and  functional  changes  when  responding  to 

different environmental factors (31). This result is in 

agreement with data reported by Raspor and Zupan, 

(12) that yeasts are able to adapt to a wide range of 

extreme environmental conditions. The results also 

showed that the diversity of Ascomycetes yeasts are 

being dominant in SWOV. The results also showed 

that the diversity of Ascomycetous yeasts is substan- 

tially greater than Basidiomycetous yeasts in SWOV. 

These  results  are  in  agreement  with  Gorbushina 

and Broughton (32), who found that Ascomycetous 

yeasts were more resistant to abnormal conditions 

than Basidiomycetes. The occurrence of many yeast 

species as single isolates in this study could indicate 

that such species may be more sensitive to abnormal 

conditions (Table 2). 

This work support previous researches (2, 17, 25), 

that the most frequently isolated yeast genus was 

Cryptococcus. This is consistent with previous re- 

ports that Cryptococcus species can be considered 

the predominant yeast in most habitats. For example, 

Cryptococcus was isolated from cold environments 

as predominant species in a wide range of locals: 

Argentina (26), Italy (2), Norway (33), European 

glaciers and Antarctica (2). These are in addition to 

results from temperate habitats (17, 30). This is the 

first study reporting that Cryptococcus as predomi- 
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nant species in a hot habitats. The large presence of 

Cryptococcus in most environments is interesting, 

because this may indicate an important role for this 

yeast that has not yet been determined. 

Carotenoid, melanin and mycosporine are pig- 

ments produced by pigmented yeasts, and they are 

antioxidant compounds that play an important role 

in UV radiation and strong sunlight protection (34, 

35). Some authors have reported the presence of a re- 

lationship between pigment production and extreme 

environments (36, 37). However, few pigmented iso- 

lates were recorded in this study, this might be due to 

low vegetation cover in semi-arid lands, where pig- 

mented yeasts are usually associated with the phyl- 

loplane (17, 37). 

Generally, the current study showed that semi-ar- 

id soils in a hot climatic regions are rich in many 

species of yeasts but with smaller quantities than in 

other soils. Thus, reduced yeast abundance can be 

related to semi-arid soil properties, which are char- 

acterized by low nutrient concentrations, low water 

content, high temperature and scarcity of vegetation 

cover. These factors mainly resulted from the global 

warming and harsh environmental conditions. Di- 

versity also indicates that yeasts have the potential to 

reduce metabolic activity as a physiological response 

to such environmental factors to survive. 

Despite the fact that abnormal factors in the semi-ar- 

id ecosystems are a major challenge for many organ- 

isms, the microorganisms are still remain essential 

populations in soil even in abnormal environments. 

In the present paper, Since as the plants play a major 

role in conserving soil water and provide essential 

nutrients, it is concluded that the plants are closely 

associated with increasing resident soil-dwelling mi- 

crobial abundance. The return of vegetation cover to 

Iraqi lands will restore the balance of the ecosystem 

by providing a suitable environment for microbial 

activity. 
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