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Abstract: [Objective] The objective was to investigate the functional traits and potential absorbing
capacity in fine roots of liana (woody climbing plants) in temperate forests. [Method] We sampled three
typical temperate liana species in northeastern China, including two twining climbers (Actinidia kolomikta
and Schisandra chinensis) and one tendril climber (Vitis amurensis). The anatomical, morphological, and
branching traits, as well as the composition of absorptive roots were examined for the grade 1-5 fine roots in
the three species. [Result] The results showed that the cortical thickness of Actinidia kolomikta and

Schisandra chinensis increased by ascending branch order, while that of Vitis amurensis decreased. The stele
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diameter of all three liana species significantly increased with increasing branch order, but the ratio of
cortical thickness to stele diameter significantly reduced. In term of the status of cortex appearance, the
proportion of roots with absorbing function apparently decreased with ascending branch order across all
three species, with the grade 1 fine roots as typical absorptive roots. From grade 1 to 5, specific root length
significantly decreased, but root diameter and tissue density increased. The decline in root branching ratio
associated with increasing branch order was only found in V. amurensis. Those root functional traits in liana
were significantly influenced by tree species, but showing significant interaction with branch orders.
Compared with two twining climbers, tendril climber of V. amurensis had wider stele, lower ratio of cortical
thickness to stele diameter, and much higher branching ratio to the grade 2 and grade 3 roots. In comparison
to other woody plants and herbaceous ferns at the same study site, mean root diameter of three liana species
was thicker but mean specific root length was lower, with intermediate mean tissue root density.
[Conclusion] Although the interspecific differences in root anatomical and morphological traits exist in
three temperate liana species, the variation patterns of those root traits associated with increasing branch

order are consistent with other woody plants. The morphological traits of the grade 1 roots in these lianas

display distinctive characteristics compared with other plant taxa in this region.

Key words: root order; woody liana; fine root; functional trait; resource acquisition
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Tab. 1 Proportion of absorptive fine roots of grade 1-5 in three liana species %

W Ff Tree species

1R Grade 1 root  2Z%AR Grade 2 root  3Z%AR Grade 3 root  4Zi#R Grade 4 root  5Z¢#R Grade 5 root

PRk Actinidia kolomikta 100 96.43 91.80 45.45 2.94

b FH KT Schisandra chinensis 100 97.22 34.55 6.82 0

Wi %] Vitis amurensis 100 86.76 7.55 0 0
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Fig. 2 Variations of cortex thickness, stele diameter and their ratios in the grade 1-5 roots in three liana species
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Tab. 2 Two-way (species and root order) factorial ANOVA of tree spscies and root order on
root morphological, anatomical characteristics and branching ratios

7 S5 RV i KRR  hHERE KEEEMPHER HER WRK  HHARE i st

Source of d fx Cortex Stele Cortex thickness/ Root Specific Tissue d fx Branching

variation thickness diameter stele diameter diameter root length  density ratio
HFh Tree species 2 <0.001 <0.001 <0.001 <0.001  <0.001  0.001 2 <0.001
#2 ¥ Root order 4 0.057 <0.001 <0.001 <0.001 <0.001 <0.001 3 <0.001
B < A7 7 <0.001 <0.001 <0.001 0.004 <0.001 <0.001 5 0.001

Tree species x root order

T ML T RN R 5 s L G TR (994 SRR IR 0 43 B U2 2 B AR, R BT SRR 1) S S JELE | 6 S JBLJRE P R AR HEAT T B it 4
HTo Notes: values in bold type indicate significant effects. Only the cortical thickness and cortex thickness/stele diameter of the first three grade roots are
analyzed by ANOVA due to most cortex tissue disorganizes in grade 4 and grade 5 roots in Schisandra chinensis and Vitis amurensis.

2.2 IR ZHFIE

P B AR 7 %o AR T A R AE 35 2 3 52 A, Tf
REFPFIRL T BAE FAE A AR ELAR (M AN i 2 (3R 2) 6
3 Fofr e A R AR LA B AR 384 I T 3, 1 SR B4R
DAL FL R T i K €0.31 + 0.003)mm, 702 S A
Bk (0.26 + 0.004) mm, 111 % &% 7 (0.25 £ 0.003)
mm. HARKBEAR P AR 5 B A &, BEAR T
(16 AT/ o AR TE], 1 2R 0 EEAR K R BN 73
S % (125.97 + 4.19)m/g. J 2 BRIERE(91.69 +
6.91)m/g. It FLWE T (56.88 £ 2.91)m/g. 3 N EAE
IRR2H 2% B B 5 AR 3 3G K. JE R 1 4
MR 42335 1 i K (0.23 £ 0.01) g/em®, F 7K 52 4 AUk

l1é6r

HAE
Diameter/mm
(e} —
) o
r

<
~
T

Tk JeTik T L%

Actinidia kolomikta Schisandra chinensis Vitis amurensis

0.6

=]
~
T

HPHERE
Tissue density/(g-cm™)
=
)

TR RRAR Bk

Actinidia kolomikta Schisandra chinensis Vitis amurensis

LR T 1L

s | AR Grade 1 root

Bk C0.22 £ 0.02) g/em’®, 1136 % F¢/8 (0.17 + 0.004)
glem’ (& 3) . LEEKE, 5HAR 2 MYES K RAE
VIAHLL, &R A AT 4 1. 2 SR BLARAE X
B, FERRKIBOR, T 2% FERUIG, (A2 3 ~ 5 4R
TSI TR SRR . BB AR R DL & 3
A HAE RN o SCHE R s ma 2 35 (3R 2) o Ll &I 2.
3RS R T H AR 2 AR, Ha2 405 R
43 L UAE Fh e 8 2T . 433 LU BEAR 7 1 A4k
ABONE S, SWRE . ERTE R H, Jb kT
VLA A 1Y) 2 GO 23 S b e s T 40 AR B 0 2
5 PR o3 S E R

150

100 +

50+

HAR
Specific root length/(m-g™")

TR Bk LTk T 1%

Actinidia kolomikta Schisandra chinensis Vitis amurensis

o]
T

Ba Aab

Vs A
Branching ratio
N

PR Ti 7 d JLHkF

|

Actinidia kolomikta Schisandra chinensis Vitis amurensis

| 240 H Grade 2 root mmmm 3% M3 Grade 3 root mmmm 44%4R Grade 4 root mmmm 5%44R Grade 5 root

3 3 PhERAEY 1~ 5 BB, LUK, HEVE LR S AR AL

Fig. 3 Variations of the diameter, specific root length, tissue density and branching ratio in grade 1-5 roots in three liana species
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Tab.3 Comparison in grade 1 root morphological characteristics between lianas and
other plant taxa in Maoershan Region of northeastern China
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