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Abstract. Delvian, Hartanto A. 2022. Short Communication: Occurrence of arbuscular mycorrhizal fungi associated with Casuarina 
equisetifolia in saline sandy environment, North Sumatra, Indonesia. Biodiversitas 23: 2520-2525. Arbuscular mycorrhizal fungi (AMF) 
form a mutualistic association with plant roots to cope in the extreme environments including the saline and sandy soils in the coastal 
areas. In this study, the occurrence of AMF associated with Casuarina equisetifolia that has been planted for coastal rehabilitation 
located at Cermin Beach, North Sumatra was investigated including its abiotic-biotic interactions from topsoils (0-20 cm) to subsoils 
(20-80 cm). A total of 10 AM fungal morphotypes were documented with Glomeraceae as the dominant AM fungal taxa (9 
morphotypes) and a Glomoid morphotype exists in all soil depths. The number of AMF spores decreased as soil depth increased 

following other environmental conditions such as pH, soil P availability and soil moisture based on the result of Pearson’s correlation 
test. The results showed a moderate-to-low level of biodiversity of AMF based on Shannon’s diversity index. The findings revealed the 
vertical distribution of AMF in a saline environment and supported the planting of C. equisetifolia which successfully recruited the 
indigenous AMF to form a symbiosis to thrive in the stressful environment. 
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INTRODUCTION 

Arbuscular mycorrhizal fungi (AMF) is a group of soil 

fungi forming a beneficial symbiosis to plant roots 

involved in the soil-microbe-plant system that is crucial to 

the soil ecology (Hestrin et al. 2019). AMF belongs to the 

monophyletic taxa or Glomeromycotina and colonized 

most land plants to initiate a symbiotic relationship 
(Spatafora et al. 2016). The role of AMF to the plant 

emerged as a set of beneficial phenotypic alteration of their 

hosts such as improvement in plant productivity (Ishaq 

2017; Begum et al. 2019), improvement of nutrient uptake 

(Wang et al. 2017), the establishment of soil aggregation 

(Leifheit et al. 2014), provision of defense system against 

phytopathogens (Schouteden et al. 2015) and other related 

important features in agriculture. 

AMF and plant symbiosis can be found in a variety of 

terrestrial habitats, although AMF distribution is 

determined by a multitude of ecological processes and soil 

physicochemical conditions (Neffar et al. 2015). The 
distribution of AMF is driven by a range of factors, 

including available nutrient content, particularly P, soil pH, 

soil temperature and moisture, soil disturbances, land use 

type, and vegetation above the soil surface (Treseder and 

Cross 2006; Liang et al. 2016; Liu et al. 2020; Delvian 

2021). Furthermore, AM fungi are known to colonize plant 

species thriving in harsh environment such as saline to 

hypersaline environments (Silvani et al. 2017). 

High soil salinity has a detrimental effect on AMF 

colonization and distribution in coastal areas (Juniper and 

Abbott 1993; Delvian and Rambey 2019). The occurrence 

and role of AMF in salt-tolerant plants in sites with high 

soil salinity have been reported and appreciated, especially 
those colonizing the whistling pine tree, Casuarina 

equisetifolia L (Zhang et al. 2010; Diagne et al. 2017; 

Djighaly et al. 2018). Casuarina equisetifolia is a perennial 

tree, a monoecious and an actinorhizal plant with the ability 

to fix atmospheric nitrogen and is generally planted for 

rehabilitation purposes in coastal areas (Jin et al. 2021). 

Casuarina equisetifolia has been planted to prevent the 

shift of coastal dunes due to afforestation and to maintain 

the soil environment through the construction of stable soil 

aggregates and modification of micro-climate (Dinh 1998; 

Harjadi 2017). 

The majority of ecological studies on the distribution of 
AMF primarily focused on the plant rhizosphere, which is 

located in a 20-cm region underneath the soil surface which 

structures the enormous plant root biomass (Saia et al. 

2011; Becerra et al. 2014; Thiem et al. 2017). Few studies 

have investigated the dispersion of AMF in subsoils (>20 

cm). The physicochemical conditions of the subsoils are 

different than topsoils so the distribution and presence of 
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AMF in the subsoils might be altered. AMF colonization in 

plant roots, the number of infective propagules, and the 

number of spores were all reduced following the depth of 

soil layers (Becerra et al. 2014).  

There has been limited report on the vertical 

distribution of AMF on sandy soils in coastal areas in 

Indonesia. The present study deals with the possibility of 

finding AMF assemblage colonizing the subsoils region 

adjacent to the area inhabited by C. equisetifolia. The AMF 

survey will be critical in improving our understanding of 
dune biodiversity in North Sumatra and to supporting the 

impact of coastal rehabilitation by planting C. equisetifolia. 

MATERIALS AND METHODS 

Study area 

Field sampling was conducted at a tropical dune area 

inhabited by numerous stands of C. equisetifolia in Cermin 

Beach, Serdang Bedagai Regency, North Sumatra, 

Indonesia. The coastal ecosystem is located in the eastern 

part of the North Sumatra Coastline which lies in 2o0′0″ N, 

98o0′0″ E. The average humidity per month was recorded 

at 79%. The precipitation ranged between 120 and 331 mm 
per month with some rainy days per month of 8 to 20 days. 

The average evaporation rate was about 3.9 mm/day with a 

minimum air temperature of 22.2oC and a maximum at 

31.9oC. 

Field sampling 

Soil sampling for AMF spore isolation was conducted 

in Cermin Beach in August 2017 which corresponded to 

the end of dry season. Sampling area was situated in an 

area of 50 × 50 m grown by C. equisetifolia. Five plants of 

C. equisetifolia were considered as replicates while the soil 

sampling was randomly collected at four different soil 
depths, namely 0-20, 20-40, 40-60, and 60-80 cm using a 

metal corer. Soils (100 g) were collected at a distance of 0-

15 cm from the base of the stem (C. equisetifolia) from 

each soil depth. Soil samples were analyzed for the soil 

physicochemical properties and the occurrence of AMF 

spores.  

Soil analysis 

Physicochemical characteristics of sandy soil collected 

from Cermin Beach were analyzed including its pH, 

electrical conductivity, moisture, soil P availability, soil N 

content, and total organic carbon content. Soil pH, moisture 

(%) and electrical conductivity (µS/cm) was recorded in 
situ using a digital instrument. Soil P availability (ppm) 

was determined following the protocol of Bray-1 using a 

series of reactions between HCl, NH4F and molybdate-

ascorbic acid solution. The formation of blue color 

indicated a positive result of P availability measured at 880 

nm using a spectrophotometer (Bray and Krutz 1945). Soil 

N content (mg/100 g dry soil) was determined following 

the protocol of Kjeldahl using a series of steps such as 

digestion with concentrated H2SO4, the distillation of 

ammonia product, and volumetric analysis or titration of 

used HCl using methyl red as an indicator (Wang et al. 

2016). Total organic carbon content (%) was determined 

following the protocol of Degtjareff using a chromic acid 

titration technique (Walkley and Black 1934). 

Isolation and microscopical examination of AMF spores 

AMF spores were extracted from a soil subsample from 

each soil sample by wet-sieving and decanting technique 

(Gerdemann and Nicolson 1963) followed by a 40%-

sucrose centrifugation method (Daniel and Skipper 1982). 

Briefly, 50 g of soil was mixed with 500 mL of water in the 

1 L-conical flask. The soil mixture was agitated vigorously 
to release the AMF spores from soil particles and settled 

from 15 to 45 min. The mixture was filtered using a series 

of sieves of different mesh sizes (450, 150, 45 µm). The 

final filtrate was purified in the 40% sucrose solution and 

then centrifuged at 1750 rpm for 5 min. The supernatant 

was collected and transferred to petri dishes. The solution 

of AMF spores was placed on a clean glass slide stained 

with polyvinyl-lacto-glycerol (PVLG) and Melzer’s 

reagent (1%, v/v) to identify the species under dissecting 

microscope. The AMF spores were documented and 

identified based on morphological criteria provided in an 
online reference at the West Virginia University, USA 

(http://invam.caf.wvu.edu) supported by available 

references (Schenck and Perez 1990; Blaszkowski 2012). 

Data analysis 

All data are presented in means as a result of three 

replication. The effect of soil depth and physicochemical 

conditions of the sand dune in Cermin Beach on AMF 

population was evaluated based on Pearson’ s product 

moment correlation test using Minitab ver. 17.0. Shannon’s 

diversity index (H’) of the AMF community was generated 

using the PAST 4.02 program. Relative abundance and 
vertical profile of AMF isolates were visualized as a 

heatmap using GraphPad Prism ver. 8.0.2. 

RESULTS AND DISCUSSION 

Soil physicochemical parameters were varied among 

soil depths (Table 1). The pH was documented as neutral 

(6.7) at topsoils to alkaline (8.5) at 40-cm depth or subsoils. 

The electrical conductivity remained constant following the 

soil depths as a type parameter which indicated the salinity 

of sandy soils that lay within the range of 86.36-97.24 

µS/cm. Total organic carbon in the soils and N content 

decreased as the soil depth increased. The highest 

extractable phosphorus (P) was documented from the 
deepest soil layer (80 cm) similar to the soil moisture 

profile.  

A total of 10 AM fungal morphotypes were recorded 

with the majority of isolates that could only be attributed to 

the general level of identification namely Acaulospora and 

Glomus (Figure 1). The community of AMF was structured 

by Glomoid morphotypes with an even relative abundance 

recorded in the topsoils (0-20 cm) and altered as the soil 

depth increased. Glomoid morphotypes sp. 3 and sp. 7 were 

recorded from topsoils (0-20 cm) to subsoils (60-80 cm) 

revealing their absolute frequency of occurrence (100%) in 

http://invam.caf.wvu.edu/
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the study region (Figure 2). The highest number of AMF 

spores was recorded at the topsoils and decreased as the 

soil depth increased as presented in Figure 3. The 

biodiversity index for topsoils (0-20 cm) and subsoils at 

20-40 cm, 40-60 cm, 60-80 cm were 2.25, 1.72, 1.52, and 

0.66, respectively. The results indicated a medium-to-low 

diversity of AMF in the coastal region of Cermin Beach. 

Various local environmental conditions, such as climate, 

soil type, and soil depth, inevitably impact on the diversity 

and community assemblage of AM fungal species (Gong et 
al. 2012; Wang et al. 2018).  

Interaction between physicochemical condition or 

abiotic factors in the study site and AMF assemblage in C. 

equisetifolia was weighted based on Pearson’s correlation 

coefficient for each parameter (Table 2). The occurrence of 

AMF in the sandy soils was negatively correlated with the 

soil acidity (r = -0.762), soil P availability (r = -0.936), soil 

moisture (r = -0.978, p < 0.05), and soil depth (r = -0.982, 

p < 0.05). 

Information on the plant diversity and associated AM 

fungal species on coastal dunes is of significant importance 
for their efficient utilization in the rehabilitation and 

management of the marginal ecosystems. The inventory of 

AM fungal species originating from marine dunes in 

Indonesia is scanty. Mycorrhizal symbiosis is a crucial 

facet in helping plants to cope with adverse environmental 

conditions. The occurrence of arbuscular mycorrhizal fungi 

in coastal dunes at Cermin Beach, North Sumatra was 

evaluated at different soil depth to reveal the AMF vertical 

distribution and possible limiting factors in the soil 

environment to the number of AMF spores. Environmental 

differences, on the other hand, have an important role in 

AMF spore production. Fungal species typically have a pH 

optimum that ranges from 5 to 9 pH units without 

substantial growth inhibition with an exception to highly 

acidic soils (Liu et al. 2020). Although environmental 

gradients have been predicted to affect the number of AMF 
spores in our study, other abiotic factors may also involve. 

AMF growth and sporulation require stable conditions for 

example light and temperature variations that could be 

negated at the deeper soil layers and roots which were not 

measured in this study (Brundrett 1991). The results 

showed that the saline sandy soils displayed favorable 

conditions for the initiation and development of AMF with 

plant host since they were deficient in phosphorus (P) at 

deeper soil layers or subsoils (Ranwell 1972). The theory is 

supported by our findings through the negative correlation 

between soil P content and the number of AMF spores in 
the study area and the record of AMF in the deepest soil 

layer. The results indicated the possible contribution of 

AMF in facilitating P transport and assimilation to the host 

although direct evidence must be elaborated by studying 

the root colonization in C. equisetifolia.  

 
 
 
 

Table 1. Soil physicochemical characteristics at different depths of Casuarina equisetifolia grown at Cermin Beach 

 

Soil depth 

(cm) 
pH 

Electrical conductivity 

(µS/cm) 

Total organic carbon 

(%) 

Available P 

(ppm) 

N content 

(mg/100 g dry soil) 

Soil moisture 

(%) 

0-20  6.7 97.24 0.15 9.18 0.22 2.78 
20-40 8.5 87.73 0.10 11.51 0.20 3.10 
40-60 8.3 86.36 0.08 12.68 0.21 3.47 
60-80 8.1 91.34 0.12 17.57 0.17 3.65 

 
 

 

 
 
Figure 1. Spores of AMF found in the saline sandy soils of Cermin Beach, North Sumatra associated with Casuarina equisetifolia. 

Glomoid morphotypes (A-I), Acauloid morphotype (J). Magnification at 40×. 
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Figure 2. Heatmap distribution of relative abundance of AMF spores per fungal morphotype at different soil depths in sandy soils 
associated with Casuarina equisetifolia 
 

 
 
Figure 3. Number of AMF spores at different sandy soil depths associated with Casuarina equisetifolia 
 

 
Table 2. Pearson’s correlation coefficient between AMF population (n/50 g of soil) in Casuarina equisetifolia, soil depth (cm) and 
physicochemical conditions of sandy soils in Cermin Beach 
 

Parameter (s) AMF pH EC TOC P N Moisture 

pH -0.762             

EC 0.627 -0.944           

TOC 0.576 -0.875 0.984         

P -0.936 0.517 -0.316 -0.252       

N 0.843 -0.491 0.217 0.103 -0.946     

Moisture -0.978 0.675 -0.588 -0.572 0.917 -0.763   

Soil depth -0.982 0.632 -0.507 -0.476 0.962 -0.837 0.991 

AMF = arbuscular mycorrhizal fungi population, EC = electrical conductivity, TOC = total organic carbon, P = phosphorus, N = 
nitrogen. Data in bold showed a statistical significance at the 0.05 level (2-tailed)  
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AM fungal spore numbers in subsoils was similar in 

trend to other studies in saline soils. Becerra et al. (2014) 

reported AM fungal spores ranged between 3 and 1162 per 

100 g of dry soils which were decreased in numbers as 

depth increased (0-50 cm). The AM fungal species were 

only identified to a morphotype level of identification 

revealing the dominance of Glomeraceae. Although the 

AM fungal species was recorded for the first time in the 

region, we still need to conduct a comprehensive survey 

and utilize a DNA barcoding technique to obtain a better 
understanding and exact species identification of the AM 

fungal isolates. Sosa-Hernandez et al. (2018) have 

conducted a metagenome analysis using high-throughput 

Illumina sequencing on the vertical distribution profile of 

AMF in 52-year agricultural fields revealing a collection of 

AM fungal species as indicators for topsoils and subsoils. 

The structure of the AMF community altered as soil depth 

increased. Glomeraceae species are the most common AM 

fungal species recorded in harsh habitats including saline 

environments (Djighaly et al. 2018). 

Furthermore, Glomoid morphotypes sp. 3 and sp. 7 
were shown to increase their occurrence or relative 

abundance in deeper soil layers but failed to sporulate 

predominantly in the topsoils (0-20 cm). The results may 

indicate the suboptimality of AM fungal species to survive 

in the topsoils regardless of supporting abiotic components 

and abundant sources of nutrients provided by the host. The 

possible explanation for this was formulated by Valyi et al. 

(2016) through two hypotheses namely abiotic filtering and 

biotic interactions. In this study, the possible biotic 

interaction that occurred in the topsoils was a competitive 

exclusion in which each AM fungal taxa competes to 
obtain access to rhizospheric region of C. equisetifolia 

hence reducing the number population of Glomoid 

morphotype sp. 3 and sp. 7 as a result. 

In conclusion, the occurrence of AMF in the sandy soils 

inhabited by C. equisetifolia revealed the successful 

recruitment of the indigenous AM fungal species by the 

host species. In addition, the AM fungal isolates are well-

adapted to adverse environmental conditions in the coastal 

environment while more exhaustive samplings may be 

considered to obtain a complete picture of AMF in the 

region. 

ACKNOWLEDGEMENTS 

The authors wish to express their sincere thankfulness 

to the Institution of Research of Universitas Sumatera 

Utara for financial support from the TALENTA Research 

Program with contract number: 2590/UN5.1.R/RPM/2018. 

REFERENCES 

Becerra A, Bartoloni N, Cofre N, Soteras F, Cabello M. 2014. Arbuscular 

mycorrhizal fungi in saline soils: Vertical distribution at different soil 

depth. Braz J Microbiol 45 (2): 585-594. DOI: 10.1590/s1517-

83822014000200029. 

Begum N, Qin C, Ahanger MA, Raza S, Khan MI, Ashraf M, Ahmed N, 

Zhang L. 2019. Role of arbuscular mycorrhizal fungi in plant growth 

regulation: Implications in abiotic stress tolerance. Front Plant Sci 10: 

1068. DOI: 10.3389/fpls.2019.01068. 

Blaszkowski J. 2012. Glomeromycota. W. Szafer Institute of Botany, 

Polish Academy of Sciences. 

Bray RH, Kurtz LT. 1945. Determination of total organic and available 

forms of phosphorus in soils. Soil Sci 59: 39-45. DOI: 

10.1097/00010694-194501000-00006. 

Brundrett M. 1991. Mycorrhizas in natural ecosystems. Adv Ecol Res 21: 

171-313. DOI: 10.1016/S0065-2504(08)60099-9. 

Daniel BA, Skipper HD. 1982. methods for the recovery and quantitative 

estimation of propagules from soil. In: Schenck NC (eds). Methods & 

Principles of Mycorrhizal Research. American Phytopathological 

Society, Saint Paul. 

Delvian D. 2021. Effect of land use type on arbuscular mycorrhizal fungi 

diversity in high altitude of Karo Highland. IOP Conf Ser Earth 

Environ Sci 713: 012027. DOI: 10.1088/1755-1315/713/1/012027. 

Delvian, Rambey R. 2019. Effect of salinity on spore germination, hyphal 

length and root colonization of the arbuscular mycorrhizal fungi. IOP 

Conf Ser Earth Environ Sci 260: 012124. DOI: 10.1088/1755-

1315/260/1/012124. 

Diagne N, Baudoin E, Svistoonoff S, Ouattara C, Diouf D, Kane A. 2017. 

Effect of native and allochthonous arbuscular mycorrhizal fungi on 

Casuarina equisetifolia growth and its root bacterial community. Arid 

Land Res Manag 32 (2): 212-228. DOI: 

10.1080/15324982.2017.1406413. 

Dinh LC. 1998. Fixation of shifting sand dunes by Casuarina equisetifolia 

in Vietnam. Bois et Forets des Tropiques 1998 (256): 35-41.  

Djighaly PI, Diagne N, Ngom M, Ngom D, Hocher V, Fall D, Diouf D, 

Laplaze L, Svistoonoff S, Champion A. 2018. Selection of arbuscular 

mycorrhizal fungal strains to improve Casuarina equisetifolia L. and 

Casuarina glauca  Sieb. tolerance to salinity. Ann For Sci 

75: 72. DOI: 10.1007/s13595-018-0747-1. 

Gerdemann JW, Nicolson TH. 1963. Spores of mycorrhizal Endogone 

species extracted from soil by wet sieving and decanting. Trans Brit 

Mycol Soc 46 (2): 235-244. DOI: 10.1016/S0007-1536(63)80079-0. 

Gong MG, Tang M, Zhang QM, Feng XX. 2012. Effect of climatic and 

edaphic factors on arbuscular mycorrhizal fungi in the rhizosphere of 

Hippophae rhamnoides in the Loess Plateau, China. Acta Ecol Sin 

32: 62-67. DOI: 10.1016/j.chnaes.2011.12.005. 

Harjadi B. 2017. The role of Casuarina equisetifolia on micro climate 

improvement of sandy beach land at Kebumen. J Watershed Manag 

Res 1 (2): 73-81. DOI: 10.20886/jppdas.2017.1.2.73-81. 

Hestrin R, Hammer EC, Mueller CW, Lehmann J. 2019. Synergies 

between mycorrhizal fungi and soil microbial communities increase 

plant nitrogen acquisition. Commun Biol 2: 233. DOI: 

10.1038/s42003-019-0481-8. 

Ishaq L. 2018. Short Communication: Presence of arbuscular mycorrhiza 

in maize plantation land cultivated with traditional and improved land 

management. Trop Drylands 2: 20-24. DOI: 

10.13057/asianjagric/g020104. 

Jin Y, Xu Y, Huang Z, Zhou Z, Wei X. 2021. Metabolite pattern in root 

nodules of the actinorhizal plant Casuarina equisetifolia. 

Phytochemistry 186: 112724. DOI: 

10.1016/j.phytochem.2021.112724. 

Juniper S, Abbott L. 1993. Vesicular-arbuscular mycorrhizas and soil 

salinity. Mycorrhiza 4: 45-57. DOI: 10.1007/BF00204058. 

Leifheit EF, Veresoglou SD, Lehmann A, Morris EK, Rillig MC. 2014. 

Multiple factors influence the role of arbuscular mycorrhizal fungi in 

soil aggregation - a meta analysis. Plant Soil 374: 523-537. DOI: 

10.1007/s11104-013-1899-2. 

Liang Y, Pan F, He X, Chen X, Su Y. 2016. Effect of vegetation types on 

soil arbuscular mycorrhizal fungi and nitrogen-fixing bacterial 

communities in a karst region. Environ Sci Pollut Res Intl 23 (18): 

18482-18491. DOI: 10.1007/s11356-016-7022-5. 

Liu X, Feng Z, Zhao Z, Zhu H, Yao Q. 2020. Acidic soil inhibits the 

functionality of arbuscular mycorrhizal fungi by reducing arbuscule 

formation in tomato roots. Soil Sci Plant Nutr 66 (2): 275-284. DOI: 

10.1080/00380768.2020.1721320. 

Neffar S, Beddiar A, Chenchouni H. 2015. Effects of soil chemical 

properties and seasonality on mycorrhizal status of prickly pear 

(Opuntia ficus-indica) planted in hot arid steppe rangelands. Sains 

Malaysiana 44 (5): 671-680. DOI: 10.17576/jsm-2015-4405-05. 

Ranwell DS. 1972. The Ecology of Salt Marshes and Salt Dunes. London, 

Chapman and Hall Ltd. 

Saia S, Amato G, Frenda AS, Giambalvo D, Ruisi P. 2014. Influence of 

arbuscular mycorrhizae on biomass production and nitrogen fixation 



DELVIAN & HARTANTO – Colonization of AMF with Casuarina equisetifolia 

 

2525 

of Berseem Clover plants subjected to water stress. PLoS One 9 (3): 

e90738. DOI: 10.1371/journal.pone.0090738. 

Schenck NC, Perez Y. 1990. Manual for Identification of Vesicular 

Arbuscular Mycorrhizal Fungi (INVAM). University of Florida, 

Gainesville. 

Schouteden N, Waele DD, Panis B, Vos CM. 2015. Arbuscular 

mycorrhizal fungi for the biocontrol of plant-parasitic nematodes: A 

Review of the mechanisms involved. Front Microbiol 6: 1280. DOI: 

10.3389/fmicb.2015.01280. 

Silvani VA, Colombo RP, Scorza MV, Bidondo LF, Rothen CP, Scotti A, 

Fracchia S, Godeas A. 2016. Arbuscular mycorrhizal fungal diversity 

in high-altitude hypersaline Andean wetlands studied by 454-

sequencing and morphological approaches. Symbiosis 72: 143-152.  

DOI: 10.1007/s13199-016-0454-3. 

Sosa-Hernandez MA, Roy J, Hempel S, Rillig MC. 2018. Evidence for 

subsoil specialization in arbuscular mycorrhizal fungi. Front Ecol 

Evol 6: 67. DOI: 10.3389/fevo.2018.00067. 

Spatafora JW, Chang Y, Benny GL, Lazarus K, Smith ME, Berbee ML, 

Bonito G, Corradi N, Grigoriev I, Gryganskyi A, James TY, Donnell 

KO, Roberson RW, Taylor TN, Uehling J, Vilgalys R, White MM, 

Stajich JE. 2017. A phylum-level phylogenetic classification of 

zygomycete fungi based on genome-scale data. Mycologia 108 (5): 

1028-1046. DOI: 10.3852/16-042. 

Thiem D, Piernik A, Hrynkiewicz K. 2017. Ectomycorrhizal and 

endophytic fungi associated with Alnus glutinosa growing in a saline 

area of Central Poland. Symbiosis 75: 17-28. DOI: 10.1007/s13199-

017-0512-5. 

Treseder KK, Cross A. 2006. Global distributions of arbuscular 

mycorrhizal fungi. Ecosystems 9: 305-316. DOI: 10.1007/s10021-

005-0110-x. 

Valyi K, Mardhiah U, Rillig MC. 2016. Community assembly and 

coexistence in communities of arbuscular mycorrhizal fungi. ISME J 

10: 2341-2351. DOI: 10.1038/ismej.2016.46. 

Walkley A, Black IA. 1934. An examination of the Degtjareff method for 

determining soil organic matter, and a proposed modification of the 

chromic acid titration method. Soil Sci 37 (1): 29-38. DOI: 

10.1097/00010694-193401000-00003. 

Wang H, Pampati N, McCormick WM, Bhattacharya L. 2016. Protein 

nitrogen determination by Kjeldahl digestion and ion 

chromatography. J Pharm Sci 105 (6): 1851-1857. DOI: 

10.1016/j.xphs.2016.03.039. 

Wang K, He XL, Xie LL, Zhao LL. 2018. Arbuscular mycorrhizal fungal 

community structure and diversity are affected by host plant species 

and soil depth in the Mu Us Desert, Northwest China. Arid Land Res 

Manag 32: 198-211. DOI: 10.1080/15324982.2018.1425771. 

Wang W, Shi J, Xie Q, Jiang Y, Yu N, Wang E. 2017. Nutrient exchange 

and regulation in arbuscular mycorrhizal symbiosis. Mol Plant 10 (9): 

1147-1158. DOI: 10.1016/j.molp.2017.07.012. 

Zhang Y, Zhong CL, Chen Y, Chen Z, Jiang QB, Wu C, Pinyopusarerk K. 

2010. Improving drought tolerance of Casuarina equisetifolia 

seedlings by arbuscular mycorrhizas under glasshouse conditions. 

New For 40 (3): 261-271. DOI: 10.1007/s11056-010-9198-8. 

 


