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•  Irrigation:		
During	the	growing	seasons	since	2003	

•  Doubling	of	precipitation:		
From	520	to	~	1100	mm/yr	
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RESULTS

Fine-Root Biomass
The fine-root biomass of the Scot pines, as recorded with soil
coring over more than a decade, changed considerably over the
duration of the experiment (Figure 1A). Under the dry (control)
condition, biomass varied from 87 to 311 g m�2 in the first 10 cm
of the soil. In the first 2 years after the beginning of irrigation
treatment, no significant change in the fine-root biomass was
measured. Only when fine-roots were recorded again after a
gap of 7 years in 2012, did they show a significant di�erence,
with a biomass increase of approximately 50% in the irrigated
compared to the dry plots (Figure 1B). This di�erence between
treatments increased steadily over the following years (2014,
2016) resulting in the fine-root biomass of irrigated plots being
more than 50% higher than in controls, with amaximum biomass
of 411 g m�2 in 2012.

FIGURE 1 | Fine-root biomass of the topsoil (0–10 cm) under dry and irrigated
conditions of the Scots pine forest for the years 2003 to 2016 recorded by soil
coring. (A) Course of biomass (±SE). Repeated measures ANOVA, significant
effects (P < 0.05) are shown in bold; One-way ANOVA, significant effects
(P < 0.05) are indicated with ⇤. (B) Relationship between the biomass ratio
(irrigated/dry) and the sample years, a significant effect (P < 0.05) is shown in
bold.

Repeated measures ANOVA revealed that the biomass
increase in the irrigation treatment was statistically significant
over the 13-year period (Figure 1A). Considering the ratio of
biomass from the irrigated plots to dry plots, it is evident that over
the years there has been a steady increase in the biomass ratio
with a high coe�cient of determination R2 of 0.95 (Figure 1B).
We found no indication for a slowdown or reversal of this
increase over time.

Fine-Root Production and Turnover Rate
Comparing the 2005 fine-root production with that of 2016
reveals that values in general can be highly plastic, ranging
from 33 to 66 g m�2 year�1 (Table 1). The data also show
that production in 2005 was not significantly a�ected by the
irrigation treatment. In contrast, in 2016, fine-root production
significantly increased by a factor of 2. However, the turnover rate
in 2016 was only slightly influenced by the irrigation treatment
(Table 1) because the biomass recorded through soil coring had
also greatly increased due to irrigation (compare also Figure 1A).
The lifespan of the fine-roots, as calculated from the turnover
rates, was from 1.4 to 1.6 year in 2005, whereas in 2016 it was
found to range from 3.0 to 3.3 year (Table 1).

Fine-Root Traits
Analysis of ingrowth cores sampled in 2005 showed that the
fine-root traits measured were not significantly influenced by the
irrigation treatment after 2 years of growth (Table 2). However,
when the traits were again measured in 2016 from ingrowth
cores, significant increases were then recorded for the biomass,
length, and frequency of forks, but not for the average diameter
or frequency of root tips, SRL, or RTD (Table 2). The strongest
e�ects due to irrigation were recorded for root biomass, which
grew 1.9-fold, and for overall root length, which increased 1.8-
fold. When the 2016 soil coring samples were evaluated, only
root biomass and overall root length increased significantly, 1.6
and 1.8-fold, respectively. This is slightly lower compared to the
ingrowth cores (Table 2). Overall, fine-root architectural traits,
such as the frequency of tips and forks, and morphological traits,
such as average diameter, SRL and RTD, were not significantly
influenced by the irrigation treatment (with one exception,
namely, the frequency of forks in ingrowth cores in 2016).
However, traits varied considerably across survey years and the
method applied. Specifically, average diameters ranged from 0.7
to 1.1 mm, root tips from 1.1 to 3.4 cm�1, fork frequency from
1.1 to 5.9 cm�1, that of SRL from 7.2 to 13.3 m g�1, and that of
RTD from 0.17 to 0.32 g cm�3 (Table 2).

Soil Cores vs. Ingrowth Cores
When fine-root traits from both ingrowth cores collected after
two-year of growth and soil cores were sampled and analyzed
in 2016, significant di�erences between irrigated and control
samples were obtained for biomass, length and forks, but not
for other fine-root traits (Table 3). A significant e�ect for the
sampling method (ingrowth cores vs. soil cores) was observed for
almost all fine-root traits, except for root length (Table 3). The
greatest significant di�erences were recorded for fine-root tips,
forks, average diameter, and SRL. Interactions between the two
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Soil	coring	vs.	ingrowth	cores:	
•  No	influence:	all	root	traits	
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Results:	
Long-term	irrigation:	
•  Increase:	biomass,	length,	production	
•  No	influence:	SRL,	RTD,	diameter,	tips,	
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