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Introduction 

In forest ecosystems, fine roots play a significant role in carbon (C) and nutrient cycling and 

allocation, since up to 75 % of the carbohydrates produced by forest trees can be allocated 

below ground for growth and maintenance of fine roots (Keyes and Grier 1981; Vogt et al. 

1996; Helmisaari et al. 2002), which roots are one of the main factors affecting the soil C 

pool (Clemmensen et al. 2013, Kriiska et al. 2019). This is of special importance, as boreal 

forests account for approx. 50% of the world’s forest ecosystem C (DeLuca & Boisvenue 

2012). Root-derived inputs, e.g., through decomposing litter and root exudates, represent 

a significant C flux in forest ecosystems (Silver & Miya 2001) and a major C flow into the 

soil (Leppälampi-Kujansuu et al. 2014, Kögel-Knabner 2017). 

For getting an overall picture of plant roots and their effects on soil C sequestration and C 

cycling in a changing climate, it is very important to know the longevity and annual 

turnover of roots and how these are affected by environmental factors. Future climate 

scenarios for the boreal zone project increasing temperatures and precipitation, as well as 

extreme weather events such as heavy rain during the growing season (Kreuzwieser & 

Gessler 2010, IPCC 2023). This can result in more frequent short-term waterlogging (WL) 

leading to unfavourable conditions for tree roots. For the future management and 

sustainable use of boreal forests, it is crucial considering the tree responses to an elevated 

soil water table and the concurrent oxygen limitations, especially in peatlands. In addition, 

there are indications that root-derived C is much likelier to contribute to long-term soil C 

than aboveground plant C (Sokol et al. 2019). Due to the laboriousness and difficulty of the 

work and methodology related to plant roots, observations on root growth, dynamics and 

longevities are scarce. This results in scarce data of root traits and limited understanding of 

their relationship with soil properties and, consequently, that soil C models are focused 

more on aboveground plant parts. Annual fine root turnover is difficult to estimate as 

production and death occur at the same time and place. One alternative for studying and 

following the growth of tree roots are minirhizotrons (Cheng et al. 1991, Johnson et al. 

2001). 
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Approach 

The Joensuu Root Laboratory (aka dasotrons) is a unique research facility for studying the 

effects of environmental conditions on above- and belowground plant processes under 

controlled conditions, especially in the context of climate change. The experiments 

conducted in the Joensuu dasotrons include a large variety of plant morphological, 

anatomical, physiological, and phenological measurements. In a broader context, the 

general framework of studies in the Joensuu Root Laboratory are linked to plant 

acclimatisation and adaptation to varying and changing weather and climate conditions, 

effects of environmental conditions on plant growth and production, and C and nutrient 

cycles of trees and forests. The research facility allows studying mechanisms connected 

with responses of root and shoot growth, allocation patterns and C sequestration to 

changing environmental factors. The special feature of the facility is that air and soil 

temperatures can be controlled independently from each other (soil temperature below 0 

degrees), and that the annual plant cycle can be accelerated. This allows a faster realisation 

of experiments, that specifically aim at assessing plant mechanisms, and how they are 

affected by environmental conditions. One advantage of the facility is that all kind of plants 

can be studied, like cereals, pasture plants, perennials or tree seedlings and saplings. Using 

a minirhizotron camera, we can study root growth and how it is affected by environmental 

factors. The root research team at Luke Joensuu has long experience of conducting 

experiments, and the facility has been used for extensive studies into about the effects of 

extreme conditions on boreal forest tree seedlings, e.g. low soil temperature, soil frost 

conditions, WL during the dormancy or growing season, or soil drought conditions. These 

environmental factors will have an increased importance in a changing climate, and in this 

respect the Joensuu dasotrons offer a valuable research platform. 

For studying constraining effects of adverse soil conditions (here soil WL) on tree fine root 

survival, results from four different experiments were combined in this work (Roitto et al. 

2019, Domisch et al. 2020, Repo et al. 2020, Repo et al. 2021). They differed in duration and 

tree species, but they had a common treatment (WL) with different timing and duration. All 

treatments comprised also a control (CTRL) treatment without any constraining factor. 

Using this approach, we can compare different treatments withing the same tree species, 

or different tree species with a similar treatment. All experiments assessed the effects of 

WL of different timing and length, three of them with Scots pine (Pinus sylvestris L.) and 

one with silver birch (Betula pendula Roth.). We conducted survival analyses of short (i.e. 

first order) roots from the minirhizotron images, using the time frames of individual short 

roots from appearance to disappearance as previously identified and analysed (more 

details in the respective publications). We used the ‘interval’ package in R, and survival 
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analyses with right censored data for assessing differences, either between different types 

of WL (treatment data) or between tree species (CTRL data). 

 

Results and Discussion 

Our results showed that birch roots had a significantly shorter lifespan than pine roots, as 

the estimations for median survival time, when 50% of the respective roots still are alive, 

were clearly lower for birch than for pine both in the CTRL and WL treatments (Figures 1–2, 

Tables 1–2). This is in accordance with previous studies indicating shorter longevities of 

roots of deciduous trees compared to conifers. (e.g. Hansson et al. 2013, Huang et al. 

2024). 

Waterlogged soil conditions during the dormant season did not have any clear effects on 

root survival, whereas WL significantly decreased the median survival times when the WL 

treatment occurred during the growing season (Figs. 1 and 2). The longer the WL 

conditions lasted, the more detrimental effects were observed. Thus, elevated water tables 

during the growing season can have severe effects on the fine roots of Scots pine. This 

obviously depends on the duration of the exposure and can lead to decreases in C 

assimilation and allocation to the roots (Repo et al. 2016, Domisch et al. 2020). 

 

Table 1. Statistical results of Kaplan-Meier estimated survival analyses (asymptotic logrank test) of pine and 

birch short roots in CTRL and soil waterlogging (WL) treatments of different timing and duration in four 

experiments (total length of experiments are shown). D: waterlogging treatments during plant dormancy, GS: 

waterlogging during growing season. The number of weeks refers to the duration of the waterlogging 

treatment. Positive score statistics imply earlier failures than expected (shown in bold). 

 

 CTRL WL Length of experiment 

Experiment Score Statistic N Score Statistic N days 

PINE_D_6 weeks -78.8 1354 -47.0 1168 248 

BIRCH_D_6 weeks 390.5 1238 158.9 1423 222 

PINE_GS_5 weeks -200.9 507 -82.0 520 369 

PINE_GS_2 weeks -110.7 1639 -29.9 3472 378 

Chi Square 1034.6  156.7   

P-value <0.001  <0.001   
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Figure 1. Kaplan-Meier estimated survival probabilities of pine and birch short roots in waterlogging (WL) 

treatments of different timing and duration in four experiments. D: waterlogging treatments during plant 

dormancy, GS: waterlogging during growing season. The number of weeks refers to the duration of the 

waterlogging treatment. The dashed vertical line depicts the median survival time. 

 

Figure 2. Kaplan-Meier estimated survival probabilities of pine and birch short roots in CTRL treatments in 

four experiments. The dashed vertical line depicts the median survival time. 
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Table 2. Median survival times (days) of pine and birch short roots in CTRL and water logging (WL) 

treatments of different timing and duration in four experiments. D: waterlogging treatments during plant 

dormancy, GS: waterlogging during growing season. The number of weeks refers to the duration of the 

waterlogging treatment. Lower and upper limits of 0.95% confidence and numbers of observation (N) are 

also shown (NA = not applicable, in cases when survival curves did not each 0.5). 

 

 CTRL WL 

Experiment Median, days 0.95 CL N Median, days 0.95 CL N 

BIRCH_D_6 weeks 188 126 – NA 1238 227 210 – NA 1423 

PINE_D_6 weeks 248 226 – NA 1354 248 NA – NA 1168 

PINE_GS_5 weeks NA 354 – NA 507 315 271 – 354 520 

PINE_GS_2 weeks 389 346 – NA 1639 326 263 – NA 3472 

 

Conclusions 

By combining results from different experiments conducted in the Root Laboratory, we can 

provide new information for a better understanding of processes. Here we showed effects 

of soil waterlogging of different timing and duration by combining data of four 

experiments. 

Our data clearly shows adverse effects of soil waterlogging on tree root growth. Because of 

the high importance of fine roots for tree growth and C sequestration in forest ecosystems, 

their responses to elevated water tables should be considered in sustainable use and 

management of boreal peatland forests, for example, by continuous cover forestry and (or) 

ditch network maintenance. 

 

Learning objectives 

The Joensuu Root Laboratory platform can be used for a large variety of experiments for 

assessing effects of environmental factors on plant growth, physiological traits, 

acclimation, and survival. Also, data from previous experiments can be used for obtaining 

new information when field data are scarce. On the other hand, data from laboratory 

experiments should be validated under field conditions but laboratory experiments can 

contribute to a better understanding of mechanisms as such and can improve models in 

absence of real-world data. 
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