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Fine root traits of hemiepiphytic and non-epiphytic Ficus tree species. NIU Shan'?, XIA
Shang-wen'” , WANG Gang', YANG Xiao-dong' ('Key Laboratory of Tropical Forest Ecology,
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla 666303, Yun-
nan, China; > University of Chinese Academy of Sciences, Beijing 100049, China).

Abstract; Ficus trees, as a key group in the tropical rainforest ecosystem, play an important role
in biodiversity maintenance. In this study, we investigated nine functional traits of fine root of ten
Ficus species (5 hemiepiphytic species and 5 non-epiphytic species) grown in the Ficus collec-
tion garden of the Xishuangbanna Tropical Botanical Garden of Chinese Academy of Sciences,
including root diameter, root length, specific root length, specific surface area, branching inten-
sity, root tissue density, nitrogen content, carbon content and carbon to nitrogen ratio. To explain
the role of fine root traits in determining the survival strategy of Ficus species, we analyzed the
difference in fine root traits between hemiepiphytic and non-epiphytic Ficus species by comparing
the natural habitats of the species. The results showed that root length and root diameter of the
hemiepiphytic species were significantly higher than that of the non-epiphytic species (P <0.01).
Specific root length and branching intensity were significantly lower in hemiepiphytic species than
in non-epiphytic species, while no significant difference was found for other traits (P>0.05).
Moreover, morphological traits of fine roots in ten Ficus species showed weak relationships with
their nutrient traits. Branching intensity, specific root length, and specific surface area of fine
roots showed significant negative correlation with root diameter. Our findings suggest that the
differences of structure and functional traits of fine roots between two different life forms of Ficus
species are adaptive to the environment. The hemiepiphytic Ficus species that were distributed on
mountain ridge with dry environment exhibited thick and long fine root, but lower specific root
length and branching intensity as compared to non-epiphytic species. These characteristics of
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hemiepiphytic species may contribute to their strong water absorption. These species might have a

close symbiotic relationship with mycorrhizal fungi, allowing their adaptation to relatively dry

environment.

Key words: hemiepiphytic Ficus species; non-epiphytic Ficus species; first-order fine root; fine

root morphology.
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Table 1 Native habitat of five hemiephytic (H) and five non-epiphytic (NH) Ficus tree species sampled

R R T 245 A=A JhR g

No. Species Abbreviation Growth form Native habitat

1 g Fial AR AEL R H AT 100~2000 m (1) 1L 3 5 - L Growing at an elevation of 100—2000 m in
F. altissima the mountains or plains

2 TR Fibe PP AL H Z O3 ATEHEIR 500 ~ 800 m IR IH ) Z¢ A Bk More distributed in the mixed wood
F. benjamina forest at 500—800 m above sea level or near village

3 Fli A Ficu PEAEL R H TR 530~ 1350 m, 1 /KA 1L L Always growing at an elevation of 530—1350
F. curtipes m, limestone mountains

4 PNV Figl AL H L ATTEEFK 550 ~ 2800 m LLI4% K2 P JFUEE AR More distributed in the valleys of
F. glaberrima 550-2800 m above sea level and plain forests

5 NN Firu A2 H ZEAVEER, 134K 650 m, 2 BT %30 A1 1L % Western Yunnan, 650 m above sea
F. rumphit level, mostly on the roadside and ridge

6 AR Fiau EATRA NH - 44 TR 130~2100 m, B4 FACLIA A IR FNAK It is distributed at an eleva-
F. auriculata tion of 130-2100 m, and it is born in the humid rain forest of low valleys

7 Xof Fihi AEMAETRAR NH A AAFE#FR 120~ 1600 m ) Hb X s BT ISR Mainly distributed at an
F. hispida elevation of 120—1600 m above sea level, likely in the damp valley

8 SER Fiol JEMEAETRAR NH - 046 Ti3% 200 ~2100 m,%—ﬁi?{&@ﬂimfﬁiﬁ{lﬂﬂﬂg Distributed at an elevation
F. oligodon of 200-2100 m, especially in low-elevation valleys, ditch and wet soil areas

9 =gV Fira EMAETTAR NH - ALEEIR 130~ 1700 m Hb [X s UL T B 234 Distributed at an elevation of
F. racemosa 130-1700 m, common alongside rivers, streams

10 R Fiva JEMAETIANE L WFACHEERAG A HIX 434 More common in low elevation and gully regions

F. variegata

TE ISR BERAR WA R R R

Note: Native habitats were followed the flora of China (http;//frps.iplant.cn/).
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SRL) ZHZ1% & (root tissue density, RTD ) Fl Lt 3% 1h]
T (specific surface area,SSA) , HiH BT X AIAR 434 2%
J# ( branching intensity , Brintensity ) f*4 1155t FH 2] —
AR I B, BT BT
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(RN) , ZHARIR & &8 (RC) , MR AL (C 2 N) o H
TR AR A/ REAS /b | DR IHORE i AR BB Y
T — B FRAR 2R i 9 T = A AR R R IS AR ( M-
Cormack et al.,2015) , IR A HATIFRTME . RFH
SE7E 60 °C ML+ 2 1H 5, 75 H W X ( Tissuelyser
MMA400, FE = ) Fy i, il 4 B AE &k HIJC R 73 B A
(IsoPrime 100, 5% E ) #17 C N F &3 47,

1.3 Bt

B R RE ] Excel X E T3 FI) 20
I3RS Bl 0 — AR MR LR AR
FRAC FOAR K (ZH U 1 | b 3R AR LA B R AR ) 58
R B R RS E R AS [) AR 1 TR B AR
RIVESTERAIFE 43 5 5 10 LA SR FH BRI R 5 25
IPMTAE R-3.5.0 AT, B E MK P=0.05; 58544
BARHATLEL 10 R % 1Y X B0 4, A AT & RS 4
Ai , AL Pearson E7E SPSS 24 204/ 43 M ZHAR AS[E]
SRR B AR O 5 dieJe , XTIl (8 4 AR T e
ARAE R-3.5.0 b AT R0 Hr (PCA) .

2 ERE5SH

2.1 10 P 4R IE SRR E

LT AT LLF Y 10 FRRA A 1 40 AR TR A5 RRAIE 22
SEANK, Mk 2 B EARAN K ik | LR Al BS54,
IF HIHAR R /R0 B & B — AR K 3 1



718

EEREAE OE30E HE3M

Ll
Ficus altissima

it

Ficus benjamina

oA
Ficus hispida

AR THE

Ficus auriculata

B 1 10 FhEsRe 28R 44

st

Ficus curtipes

A
Ficus oligodon

d
Vaany
;&4 7 4 i
R
Ktk b Lt
Ficus glaberrima Ficus rumphii

£ oy

R

Ficus racemosa

HARKE

Ficus variegata

Fig.1 Morphological characteristics of the fine roots of ten Ficus species

Vs [ ae R MHAERERS 5 PR £ Ik B AR

Note: a-e are hemiephytic; -j are non-hemiepiphytic.

B0 BRI A T AR AUHT 3 AR N R
o PrEA Y 10 ARSI — SRR K KR Z i fE
1~2 em  HHEBE AN 0.5 g em™ ; BARKF , KM
AR (S —HERY 5 A8 R ) 20 R A R i AR R X6 358
1, AR B A AR 1 SR i AR 2R 40 % v T L, 454
RN LA, Ht R B 2B A A A
B AR R JE AR JE A, (R AR RIE S 450
R A —EMES

2.2 YRR AR IR A AR 0 AR R LA

ST LA WoR 2 B AR R R AR B AR AR ) —
BRI E (RTD) | LR M AL (SSA) L BA
(N) MR (C) AR AL (C N APk 3470 8 3%
255 HE 2B AR AA B AR KK (Length ) 1 B4 ( Di-
ameter ) B i 2 5 TR B AR AR, 0 LU AR (SRL)
F53 4 %5 JE ( Brintensity ) A1 1 3 A% T F B 2E #5 W
(F£2 MK 2),

B A AR R B A AR B (0 ZEAR T BE IR A —
EEF (K 2) , FEMRE TR B AR R KA 75 &
2 BAF AR R H RO AR (2,37 40,59 em) FIR K
(0.20 £0.04 mm) , 1M AR R AE AR b 0 X6 A 1) °F- 1
K (12 0.94 £0.06 ¢m) FI1F-) H £ (0.10 +0.01
mm ) 5/ 5 A BE AR A B A S SR O 2 AR K
(3.2243.01 m - g ') FISEH 43 B3 1 (1.06 +0.62

n - em )5, B AERA R R R K (0.38 £
0.28 m + g ') FLLI#E (0.58 £0.09 n - em™ ) F/N;
SR 18 S 357 2 2 28 T ) L~ R A A AR v 1 SR I KA
(0.63 40.13 ¢ - em™) My dge i, - B AE AR H (9.0 i
Faf/IN(0.39 £0.09 g - em™) ;X T H R A&,
e R AR A 2 B AR A A% B 6 A (5.71 £0.63
em® « g7 ) B /NI DA R B AR AR AR A I KA
(2.89%1.18 em® - g™ ) s AFRIF A MR N i
T 1 o2 AE B AR # B e i B R A (18,42 £0.51
g« kg™ BT ER R i R SR e B AR AR AR A AR
(459.33 46.23 g - kg™'),C = N D2 D it Ak Fa b
H AR (33,77 £1.12) ERE .

FR2 FHEBEHAEM ERRERIERO T ESH
Table 2 Variance analysis of fine root traits between he-
miephytic (H) and nonepiphytic (NH) Ficus species

i H Item df F P{a
R Length 1 16.3 <0.01"*
Fi /% Diameter 1 12.64 <0.01**
HEVHEE RTD 1 3.463 0.073
AR K SRL 1 9.528 <0.01**
b F I SSA 1 2.109 0.158
IR Brintensity 1 11.32 <0.01**
fik C 1 2.837 0.103
AN 1 1.771 0.194
BRAL C: N 1 3.659 0.066

* * P<0.01,
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Fig.2 Functional traits of fine roots within ten Ficus species
TE . H, 2R AR NH, AR, N, E & C, k& & Diameter, HZ; Length, R4 ; SRL, FtLAREK ; RTD, LHEU% Brlntensity, Ay A R

B SSA, HeEmEM, TR,

Note; H, hemiephytic; NH, nonepiphytic; N, Root nitrogen content; C,

Root carbon content; Diameter, Root average diameter; Length, Root average

length; SRL, Specific root length; RTD, Root tissue density; Brlntensity, Branching intensity; SSA, Specific surface area. The same below.
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Fig.3 Principal component analysis ( PCA) for root traits
of ten Ficus species using original data
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Table 3 Correlations of fine root traits within ten Ficus species in this study

i H Ttem (i3IS Eﬁé WL LR L 2 1w R ﬁv‘ﬁ%“f;% PER 3 A
length Diametr RTD SRL SSA Brinteny C

4% Diameter 0.584" "

HLVHJE RTD -0.393"

HARHE SRL -0.241 -0.745* " -0.155

L R ML SSA -0.246 -0.747" " -0.460 " 0.823 "~

YKL Brintensity  —0.704 * * -0.555" " 0.250 0.510* * 0.420*

MK C 0.130 -0.028 -0.157 -0.005 0.107 -0.231

MEAN 0.005 -0.289 -0.026 0.392* 0.287 0.145 -0.111

AL C: N 0.070 0.205 -0.069 -0.302 -0.159 -0.242 0.650**  -0.827**

x  P<0.05; * =, P<0.01,

WE T COC R X THAN AR R F R RAHL Fhaf v omg

W RRNE 3) A S SRR LR
TR, BIAR 2R B 28 T RO, HEXT 1 ) 4 AR 2H 21 5%
JE A% (r=—0.460, P<0.01) .
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K AR B 1) — PR B Tt AR R AR
FHIE (Xia et al.,2010; Kong et al.,2014) , H H X3
WA EAFIPTME (Kong et al. ,2014) 5 IACIHTHE A% K
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