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to environmental changes

Zhang Liyu'? Zhang Junhui' Zhang Lei'? Chen Wei'? Han Shijie'
(1. Key Laboratory of Forest Ecology and Management, Institute of Applied Ecology, Chinese Academy of
Sciences, Shenyang 110016, Liaoning, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [Objective] Fine root is the primary organ for trees to absorb nutrients and water, and plays a
significant role in the nutrient cycling and energy flowing of terrestrial ecosystems. Despite our
understanding of the importance of fine roots for carbon and nutrient cycling, lack of understanding of
acclimation and adaptation mechanisms of fine roots under different environmental conditions is a key
shortcoming in the future projection about the consequences of climate change. The purpose of this paper is

to compare the plasticity of fine root morphology under different environmental conditions and the

s EHA: 2018-12-18 f&[E H#A: 2019-03-24

ELTWR: HK HAR RS E S0 H (413305300, H K HRRFAIE G _E T H (41575153).,

E—EE: WM T . FEHRITH: RS RGRIEIL . Email: 787086561@qq.com  Hihik: 110016 3L 54 L FH T ILIA X SCAG#% 72 5oL FH
LA AT TR .

FEEE: WA L AR FEIR T &A% . Email: hansj@iae.ac.on  Hidik: [F I,

5T RI4IE: http://j.bjfu.edu.cn; http:/journal.bjfu.edu.cn


http://dx.doi.org/10.13332/j.1000-1522.20180396
http://dx.doi.org/10.13332/j.1000-1522.20180396

16

= N AN

FELY A0 5 A0 R 3 B o 47 K YD 70
(<2 mm) XS VR I ST A 2 2%, HEATATRE &

morphology of fine roots of two tree species, and to analyze the effects of environmental factors and
ectomycorrhizal colonization on fine root morphology. [Method] This paper takes the dominant species of
Larix gmelinii and Betula platyphylla in the permafrost regions of the Xing’an Mountains (Yichun

permafrost degraded area, Nanwenghe permafrost degraded sensitive area, Mohe permafrost area of
northeastern China) as the research object, the intact root segments were sampled by excavation method in
the growing season. We measured the diameter, specific root length, specific surface area, tissue density and
ectomycorrhizal colonization rate of primary development roots (1st and 2nd root). [Result] Soil available
nitrogen, soil total carbon and monthly mean temperature of growing season were the main factors affecting
the morphology. The fine root morphology of Larix gmelinii differed little (P > 0.05) among the three
research sites, and the ectomycorrhizal colonization rate made significant difference (P < 0.05). For Betula
platyphylla, the diameter, specific root length, specific surface area and ectomycorrhizal colonization rate
were significantly different (P < 0.05), but tissue density did not differ (P > 0.05). The diameter of fine root
of Betula platyphylla was the smallest in the Nanwenghe permafrost degraded sensitive area, but specific
root length and specific surface area were the largest; the morphological characteristics of fine roots and the
colonization rate of ectomycorrhizal fungi exhibited different between two tree species; and the colonization
rates of Larix gmelinii and Betula platyphylla were significantly positively correlated with fine root diameter
(r=0.64, P<0.01; »=0.61, P <0.01). [Conclusion] The soil nutrient and the monthly mean temperature
of the growing season are the main factors influencing the morphology of fine roots. Larix gmelinii mainly
relies on ectomycorrhizal fungi to adapt to environmental changes, while Betula platyphylla is adjusted by
fine root diameter, specific root length and specific surface area and ectomycorrhizal infection rate in
response to environmental spatial heterogeneity and the existence of ectomycorrhizal fungi is a crucial
alternative absorption strategy.

Key words: permafrost degraded region; fine root morphology; ectomycorrhizal colonization rate; Larix

gmelinii; Betula platyphylla
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®1 TEHARMSPELES
Tab. 1 Basic information of different study sites
R S DI=] A\K::E /,*A }\‘E|
. . - Mean annual Mean annual Monthly mean temperature
Site Latitude Longitude o S . . o
temperature/ C precipitation/mm in growing season/C
4 Yichun 48°0722" ~48°08"23"N  128°38'16" ~ 128°3925"E 1.92 693 17.27
P Nanwenghe  51°07'20” ~ 51°07'27"N 125°08'19" ~ 125°08'21"E - 1.37 643 14.79
] Mohe 53°28'14" ~ 53°28'14"N  122°19'51" ~ 122°19'53"E —-2.78 518 14.46
x2 AEMARERE T IEEAMER
Tab. 2 Basic properties of soil for different forest types in varied sites
ML Larix gmelinii F¥E Betula platyphylla

+IFEME T Soil property

%5 Yichun #4457 Nanwenghe

7" Mohe % Yichun R4 357 Nanwenghe 7] Mohe

R &S

Soil water content/% 253a(0.42) 172b (1.72)
pH 5.42a (0.09) 5.38a (0.06)
X8

Total carbon content/% 15.05a (1.54) 9.95b (1.08)
SRR

Total nitrogen content/% 0.98a (0.09) 0.70b (0.09)
LA RAEE

11.90ab (2.29)  14.58a (1.13)

Soil available nitrogen content/(mg-kg ')

3452 (0.41)  537a(0.44) 232b (0.30) 354b (0.29)
534a(0.05)  4.65a(0.04) 5.66b (0.06) 5.16¢ (0.03)
16.61a(1.97)  26.57a(0.51)  1426b(1.04)  21.33¢(1.37)
1.16a(0.09)  1.55a(0.04) 0.96b (0.11) 1.27¢ (0.11)
7416 (0.90)  17.94ab (1.66)  21.23a(2.63)  12.23b (1.65)

T A5 S NEE IR R, FAT AR RO 2 5
indicate significant difference (P < 0.05).
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2 1 B A ST (AN [FRIF 7T DX bR (1) <4 AN -
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ANEWEFCHL A AT L, ZEE AR 3 AN AT X S N 3
T ML VEMFA—5 B (Carex spp.)~ FIME—& 5
PR 3 A T R o TEREANIE FTHE AT 43 5
B34 10m x 10 m FEdh, AR 2R AL R 18 $1
FEHL
1.3 MEFHE

2018 4 7 A, TE B MFEHL P IE SR 3 FRAE KR

3% (P <0.05). Notes: data in parentheses are standard errors, and different letters in the same line

(3 B BT AR R/ DB — B 2% 22 v A B e
VERBEFERT R, N TR H B IR B2 3 T 1642 408,
M AMEME] 0.5~ 1.0 m 247, BUH — B 2 BIR R,
FeNBERA . [FILE R — B AR 8 FEIH 0 ~ 20 cm
LA, AR FR AN IR A B4 COPRAF T Bl 5K
W=, & .
1.3.1 oAk 5n 2

Ve BT A1 HTB] (%) 4 AR 56 P ARG IR 25 B8 1 K B A
Ve, ZBRAR FR R ) R . AEARIR A S TKE,
XT AR AT 53 9, A TRl fze i PRI AR O A 1 AR
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Fig. 1
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4 Yichun #9357 Nanwenghe 75y Mohe
O FHE Betula platyphylla

AMETER{Z YL Colonization rate/%

=]

PLAIENTHRS Larix gmelinii

B2 DeszyimtFa il FRES N AR AR e
Fig.2 Ectomycorrhizal fungal colonization rate of Larix gmelinii and
Betula platyphylla

P RART AR BLA LEARG, LEAR TRIRL AN 2% 2

Fine root diameter, specific root length, specific surface area and tissue density of Larix gmelinii and Betula platyphylla

TR, &R ATUEN, @RESS LA
BN AR E BT E UG, S A KA
T AR EA 52 (r = 0.58, P<0.000 1. EARK 5
A RO T A R R B A S (r = 0.57, P <
0.000 1), bR AR5 38 R UR 358 4 Al i 2
IEAIK(r=0.48, P <0.001), HL% F 545 ML K
7= H YRR E A (r=0.42, P<0.01). #MEHR
WRR PR ZIHE WA I, 5 A A K
H YR SRR EAG, 5 pH [EF 1158 5 /K S 2
A (r=0.75, P < 0.001), K th, 20 & TE &%
B2 4IRS ALK

®3 ERFESHENEXES T EEIREREN BRI M

Tab.3 Correlation analysis of fine root morphology and the effects of ectomycorrhizal colonization rate on fine root morphology

AT FHE SRR R G
Fine root morphology Ectomycorrhizal colonization rate
Tl H Item )
ERISIS eI HIPTE AT I
Specific root length Specific surface area  Tissue density Larix gmelinii Betula platyphylla

AR EL4% Fine root diameter —0.68%* —0.59%* -0.18 0.64** 0.61%**
LR Specific root length 0.82%* -0.34 0.06 -0.46
Et 3R THI# Specific surface area —0.41* 0.27 -023
Y U8 Tissue density —0.48* -0.20
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Tab. 4 Regression analysis between environmental factors and fine root morphology

RIS

[l =17 2

XA

Fine root morphology Regression equation Multiple correlation coefficient P
AR EL42 Fine root diameter ¥ =—10.003x; — 0.001x, + 0.008x; + 0.177 0.58 <0.000 1
HEAR K Specific root length ¥, =0.367x; +0.149x, + 5.547 0.57 <0.000 1
LL R AN Specific surface area ¥y = 1.364x, +0.912x, + 59.889 0.48 <0.001
LU Tissue density ¥4 =—0.359x, — 0.107x3 + 3.929 0.42 <0.01
AME AR IZ Y43 Ectomycorrhizal colonization rate  ys = 0.011x, — 0.079x5 — 0.034x, + 0.056x; — 0.121 0.75 <0.000 1

W RE LA YES R, ,REEHREE, ,REEKFHR, x,RELETE, xREpH, x¢LEK T FI/KZE . Notes: x| represents soil

available nitrogen content, x, represents total carbon content, x5 represents monthly mean temperature in growing season, x4 represents total nitrogen

content, x5 represents pH, x represents soil water content.
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