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Traits of fine roots and composition of microbial communities of
Abies beshanzuensis at different altitudes
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Abstract: Studies on the variation of plant traits and plant-associated microbiomes at different altitudes will contribute to understanding
the adaptation of plants to climate change. In this study we selected three extant adults of A. beshanzuensis at 1 750 m and other adults
from artificially cultivated seedlings at different altitudes (951 1400 and 1 590 m) and investigated their differences in root traits
and microbial community compositions in the rhizosphere soil and roots. We used a root scanner and high-throughput sequencing to
explore these differences at different altitudes. The main results were as follows: the nutrient availability around A. beshanzuensis was
low. There were significant differences in physicochemical properties at different altitudes except in ammonium nitrogen and
pH value( P<0.05) . The fungal and bacterial communities in the rhizosphere soil and roots at different altitudes have obvious variance.
In order to adapt to the variation in soil biotic and abiotic factors across altitudes A. beshanzuensis adopted different fine root foraging
strategies. The fine roots of A. beshanzuensis showed high plasticity and could effectively cooperate with ECM fungi to increase fitness.
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Table 1 Basic information on sampling sites of A. beshanzuensis
Sampling site Altitude/m Number Average height/m Average DBH/cm
Yuanshengdi 1750 3 11.90 35.53
Baishanzhan 1 590 27 3.65 7.52
Chamuyu 1 400 5 4.23 7.26
Menlinhou 951 11 6.04 15.92
13
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Table 2 Soil physicochemical properties around A. beshanzuensis at different altitudes

Altitude Total phosphorus Available phosphorus Total nitrogen Ammonium nitrogen Nitrate nitrogen ~ Organic carbon pH Water content
/m (gkg™) /(mgkg™") Mgkg™)  /(mgkg™) /(mg-kg™') k) P 1%

951 0.76+0.10a 19.54+13.94a 0.35+0.03b 24.00+3.34a 7.16 £1.98a 3.86+0.31b  4.74+0.23a 21.63+0.84b

1 400 0.32+0.05b 6.26+1.31b 0.45+0.07a 40.56+12.85a 2.72+1.18b 6.43+1.04a  3.97+0.58a 34.45+5.58a

1 590 0.60+0.13a 33.44+9.68a 0.24+0.04¢ 22.35+7.46a 2.84+1.70ab 3.10+0.72b  4.85+0.82a 29.22+2.63a

: + ( P<0.05) , Note: the values are

meanzstandard error. Different letters in the same column indicate significant differences in soil physical and chemical properties at different altitudes
( P<0.05) .
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Root traits of A. beshanzuensis at different altitudes

P<0.05. Note: the shade of color indicates the degree of correlation. * P<0.05.

Figure 2 Correlations between root traits of A. beshanzuensis and soil physicochemical properties

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Figure 3  Differences in the relative abundance of dominant microorganisms ( phylum level) between the rhizosphere soil and roots of A. beshanzuensis
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Table 3  Correlations between soil physicochemical properties root traits and alpha-diversity of microbial communities of A. beshanzuensis
Bacteria in rhizosphere soil Fungi in rhizosphere soil Bacteria in root
Indexes Shannon Chaol Shannon Chaol Shannon Chaol
Shannon index Chao index Shannon index Chao index Shannon index Chao index
Available phosphorus 0.57" -0.04 -0.30 -0.45 -0.15 0.06
Total nitrogen -0.64" 0.01 0.34 0.52" 0.27 0.09
Ammonium nitrogen -0.59" -0.16 0.06 0.45 0.42 0.01
Organic carbon -0.71" -0.22 0.13 0.48 0.29 -0.07
pH  pH value 0.50 0.48 0.24 -0.24 0.21 0.56"
Root diameter -0.16 0.12 0.20 0.30 0.44 0.64"
Specific root length 0.17 -0.18 -0.05 -0.25 -0.31 -0.58"
: . P<0.05 ** P<0.01. Note: only indexes that are relevant to microbial communities
are shown. * P<0.05 ™ P<0.01.
233 Beta ( P<0.001)
( P<0.001) ( P<0.01) (4. 4 .
. (P<0.01) pH (P<0.05) : ( P<0.001) .
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Table 4 Differences in microbial community structure of A. beshanzuensis in the rhizosphere soil and roots at different altitudes
Compartment Microbial community R? P
Bacterial community 0.39 <0.001 ™
Rhizosphere soil .
Fungal community 0.37 <0.001 ™
Root Bacterial community 0.30 <0.001 ™
o0 Fungal community 0.25 <0.002™

D P<0.01 ™ P<0.001, Note: ™ P<0.01 ™ P<0.001.
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Figure 4  The relationship between soil physicochemical properties root traits and the variation of

microbial communities in the rhizosphere soil and roots of A. beshanzuensis
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