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State of the art 
The climate of continental boreal forests is typically cool and dry with a short growing season. In 
Mongolia, coniferous boreal forest, typically dominated by Larix sibirica, Pinus sibirica and Pinus 
sylvestris, occurs in mountainous regions on north and east facing slopes. The climate of Mongolia 
is characterized by an annual wide range in temperature and precipitation. The extreme minimum 
temperature is -31.1ºC to -55.3ºC in January and the extreme maximum temperature is +28.5ºC to 
+44.0ºC in July. Around the capital city Ulaanbaatar from 2008-2017 average January 
temperatures ranged from -30.3°C to - 19.7 °C, and average July temperatures from 22.2 °C to 
16.5 °C with limited and strongly fluctuating annual precipitation of 200–400 mm. 
(www.en.tutiempo.net). 

In boreal forest, trees are colonized by a community of ectomycorrhizal species (Read et al, 2004), 
and are the main pathways of nutrient uptake for boreal trees (Finlay 2008). Ectomycorrhizas 
acquire mineral nutrients particularly N and P from the soil solution but also by mobilizing organic 
forms (Finlay 2008). To mobilize organic forms ectomycorrhizal fungi produce a large range of 
extracellular enzymes to breakdown a range of organic substrates such as lignin, cellulose, 
proteinsand organic P (Courty et al 2010 ; Pritsch and Garbaye 2011 ;Read et al. 2004 ). 
Measurement of a range of exoenzymes (enzyme profiling) has been used in many studies to 
assess the function of ectomycorrhizas and their potential to mobilize organic nutrients (Buée et 
al., 2007; Pritsch & Garbaye, 2011). Among different species of ectomycorrhizas considerable 
differences in ectoenzyme activity have been shown (Buée et al., 2007), but also considerable 
plasticity within a species (Pritsch & Garbaye, 2011). This technique linked to identification of 
ectomycorrhiza species and exploration types can be used as a powerful tool to link species 
identity to ecosystem processes, and thus function (Pritsch & Garbaye, 2011; Tedersoo et al., 
2012b). 
In forest mineralization of litter and soil organic matter are the major sources of N and P for uptake 
by trees. In Boreal forests, N and P are normally the two most limiting nutrients. Mineralization and 
mobilization of N and P occurs directly at the surface of the roots via exoenzymes or by organic 
matter turnover in the soil. Measurements of the rate of net mineralization of N from litter and soil 
organic matter in forest soils generally aim at providing an index which can be correlated with 
nutrition cycling. There are several methods can be used to determine soil net N-mineralization, 
these included laboratory based methods using incubation under standard (and usually optimum) 
conditions of temperature and moisture (Adams et al., 1989) or In situ methods under field 
conditions using ambient soil temperatures and moisture.

ECTOMYCORRHIZAS AND NITROGEN AND PHOSPHORUS DYNAMICS 
IN BOREAL FORESTS OF MONGOLIA
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Both techniques involve with removal of roots or cutting of roots to prevent plant uptake. The 
covered-cylinder method In situ method uses PVC or metal pipes that are capped to exclude 
rainfall (Hanselman et al., 2004). Ion exchange resin–based techniques are used for measuring 
soil nutrient availability and leaching flux (Johnson et al., 2005), and can provide a quantitative 
estimate of both net NH4+-N and NO3--N production (Hart and Firestone, 1989). These two 
techniques will be used in tandem to estimate N dynamics at the sites. In addition we will 
determine P in the samples to also gain an estimate of P mineralization. 

Background work 
The proposed project is based on background work that has been carried out by the PI and the co-
operation partner. 
Soil temperatures were measured over the winter 2016-2017 and 2017-2018 showed that the soil 
was below 0 °C from 25 October 2016 to 1 May 2017, and the lowest temperature reached was 
-12.5°C. Similarly in the winter 2017-2018 soil temperature was below 0 °C from 30 October 2017 
to 24 April 2018 and the lowest temperature reached was -13.1°C. These data show that as 
expected forest soils in Mongolia undergo strong and long duration freezing in winter. 
Ectomycorrhizal root samples of Scots pine (Pinus sylvestris L) and Siberian pine (Pinus sibirica) 
and their rhizosphere soil were collected from Nukht in Bogd-Khan National Reserve (107°06′65″ E 
and 47°44′970″ N at an elevation of 1700-1800 m) of Mongolia in 22nd of April, 2016. Study site is 
located in the vicinity of Ulaanbaatar city. On fine root tips of Pinus sylvestris and Pinus sibirica 11 
and 15 different morphotypes of ectomycorrhizas could be distinguished, respectively. From these 
18 could be identified to taxa. On Pinus sylvestris the dominant ectomycorrhizal taxa were 
Lactarius luculentus and Helotiales, whereas on Pinus sibirica the dominant ectomycorrhizal taxa 
were Russula olivobrunnea and a Lactarius sp. All of the taxa of ectomycorrhizas were turgescent 
and vital. Only 3 taxa were common to both tree species Lactarius (luculentus), Helotiales and 
Russula nauseosa. Of the taxa detected at Nukht, 7 were dark brown to black in colour. Black 
melanised ectomycorrhizas are associated with harsh environments (Trappe 1964). For example 
one of the most common black fungi Cenococcum geophilum has been suggested to be highly 
drought tolerant (Herzog et al. 2013). The drought tolerance of Cenococcum geophilum has been 
suggested to be due to the mechanical stiffness of the thick-walled hyphae and the ridged hyphae 
mantel structure (Jany et al. 2003, di Pietro et al. 2007). Strong mechanical stability may also be a 
good adaptation to freezing, and may explain the high number of black ectomycorrhizas at Nukht. 
Using a range of exoenzymes all of the ectomycorrhizal taxa were shown to be vital and active. 
This is strong evidence that the ectomycorrhizas are able to survive long periods of soil freezing. 
Our work suggest that winter survival of roots may be an adaptation to the cold dry Mongolian 
climate. At Nukht the soil temperature warmed to ca 5 °C at the beginning of May in 2017 and at 
the end of May in 2018. As soil thawing is associated with a release of dissolved organic carbon 
(DOC), having active root tips during thawing may be an advantage for nutrient mobilization and 
acquisition, particularly for N and P from organic sources in DOC. Acquisition of nutrients during 
soil thawing may be a particular advantage in low rainfall areas with a short growing season like 
Mongolia. In the Ulaanbaatar region the first rain after the end of winter was in 2016 on 21 June 
2016 (40 mm), in 2017 on 23 June (63 mm), and in 2018 on 17 June (18 mm).
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As nutrient uptake is restricted in dry soils having active preformed ectomycorrhizas may be a 
considerable advantage in areas with an extreme climate such as Mongolia. 

Planned project 
The proposed work will be carried out at two sites at Nukht close to Ulaanbaatar and at Udleg 
close to Batsumber. At the Nukht site the focus will be on Scots pine (Pinus sylvestris) and Siberian 
pine (Pinus sibirica), whereas at the Udleg site the focus will be on Siberian silver birch (Betula 
platyphylla) and Siberian larch (Larix sibirica). At these site we will investigate the ectomycorrhizal 
community structure and try to relate this to function in relations to the extreme Mongolian 
environment. We will study the seasonality of nitrogen and phosphorus mineralization from soil 
organic materials. We will test the hypothesis that 1) Ectomycorrhizas in Mongolia are highly 
resistant to soil freezing. 2) Mineralization of nitrogen and phosphorus from soil organic matter is 
restricted to short periods of the year, after thawing and after rainfall events. 
Soil temperature will be measured continuously using iButton temperature sensors placed at 10 cm 
soil depth. At Nukht the temperature sensors are already installed on 5 replicate plots of scots and 
Siberian pine. At Udleg the sensors will be installed on 5 replicate plots of Siberian larch and 
Siberian silver birch. If the weather permits the sensors will be installed Udleg in November 2018. If 
this is not possible then in April 2019. Soil moisture will be measured by taking 2 cm core samples 
during winter using a combination of core samples and portable TDR in summer. 
To determine N and P mineralization and availability isolation cores and resin bags need to be 
installed and removed several times. To estimate mobilization at soil thawing isolation cores and 
resin bags will be installed in November 2018. Should it be impossible to install the isolation cores 
and resin bags before the inset of winter they will be installed in Spring 2019. They will be removed 
and new isolation cores capsules installed in June and September 2019. 
To determine in situ N- mineralization, PVC tubes covered by plastic bags will be inserted to 15cm 
depth soil in 5 replicate plots of each species at each site. The PVC tubes are sharpened with a 
bevel on the outside at the base to minimize soil compaction in the core during installation. The 
incubation tubes will recovered and new cores inserted at intervals. The soil in the PVC tubes will 
be extracted in Mongolia in 50ml 2M KCl, and frozen. The extracts will be transported to Austria 
and NH4, NO3 and P determined in the extracts at BOKU. Net N and P mineralization is calculated 
from the changes in inorganic N and P before and after isolation in the PVC cores. 
To determine availability of NH4, NO3 and PO4 two ion exchange resin capsules (PST-2; Unibest) 
will be installed at the interface of the humus and mineral soil for estimating soil N and P availability 
in each species at both sites in November 2018. The resin bags consist of 25 g anion and cation 
exchange resin beads in a nylon mesh capsule. The bags will be extracted in Mongolia in 50ml 2 N 
HCl, neutralized with 2N NaOH and then frozen. The samples will be transported to Austria and 
NH4, NO3 and P determined in the extracts at BOKU. 
In order to assess the ectomycorrhizal community structure, fine roots will be take using a soil 
corer in November 2018, and May and September 2019. The samples will be frozen in Mongolia 
and transported to BOKU. At BOKU the samples will be washed carefully, and all clearly definable 
ectomycorrhizal root tips from each sample sorted into morphotypes based on the method 
described by Agerer (1997).
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The final identification to genus or species level will be carried out by sequencing of DNA. Briefly 
DNA will be extracted using DNeasy Plant Mini kits (QIAGEN), and PCR reactions run using ITS1F 
and ITS4 primers. The PCR products will be sent for sequencing. The sequences obtained will be 
manually checked and edited using Finch TV_1_4_0 and query sequences compared with 
sequences on the UNITE and NBCI databases to identify the species of ectomycorrhiza. 
Using the data obtained we will estimate if the ectomycorrhizal community structure changes over 
winter and during summer, and if the observed incidence of high number of black mycorrhizas is 
common for all of the tree species.

mailto:eurasiapacific@vetmeduni.ac.at
https://www.eurasiapacific.info/
mailto:eurasiapacific@vetmeduni.ac.at
https://www.eurasiapacific.info/

