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Heterogeneity in fine root respiration of six subtropical tree species
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YANG Yusheng”? , XIE Jinsheng®"

1 FulJian Forestry Vocationan Technical College, Nanping 353000, China
2 State Key Laboratory of Humid Subtropical Mountain Ecology, Fuzhou 350007, China
3 Institute of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China

Abstract ; It is increasingly recognized that tree fine roots ( <2mm in diameter) are not composed of homogenous units as
traditionally assumed. Instead, they include groups of individuals that differ markedly both in structure and function. Fine
root respiration is a significant component of carbon cycling in forest ecosystems, however, it is commonly measured
according to arbitrary diameter class. To date, few studies have focused on fine root respiration and its relationship with fine
root morphology and nutrients across of different root orders, because of the numerous difficulties associated with its
measurements , especially in subtropical evergreen broad-leaf forest. So in this study, intact fine root segments of six
dominant tree species ( Cinnamomum micranthum; Tsoongiodendron odorum Chun; Cinnamomum chekiangense ; Castanopsis
fabriy Altingia gracilipes; and Castanopsis carlesii) in an evergreen broadleaved forest located at the Wanmulin Nature
Reserve, Jian'ou, Fujian province, were collected by excavation, separated into different root orders, and then measured
for respiration rate by an Li-6400 portable photosynthesis system. We here aimed to examine the following three questions:
(1) the relationship between specific root respiration ( SRR) and root order; (2) the effect of root order and tree species on

SRR ; and (3) the relationship of SRR with specific root length (SRL) and tissue N concentration. The one-way and two-
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way ANOVA revealed that: tree species, root order and tree species X root order all had significant effects on SRR ( P<O0.
01 for all cases). SRR ranged from 0.625 to 1.79 pgC-g'+s™' for the lowest root order, and significantly declined with
increasing root order, which was consistent for the six tree species ( P<0.01). This decline, however, differed among
species,, with SRR decreased most sharply for Cinnamomum chekiangense. The regression analysis showed that SRR changed
systematically with root order, which could be represented by quadratic, cubic, exponential or power functions. Across all
the root orders, SRR was positively correlated both with SRL and nitrogen concentration for each tree species (P<0.01).
Across all the six species, SRR was positively correlated ( P<0.01) with SRL only in the third order, and there was no
correlation between SRR and nitrogen concentration in all the five root orders. When pooled by all the tree species and root
orders, SRR was positively correlated both with SRL and nitrogen concentration ( P<0.01). These means that both SRL and
nitrogen concentration could only reflect the intra-species but not the inter-species variations of SRR. The analysis of
covariance demonstrated that: tree species had significant effected on (P<0. 01 ) the slope of the regression straight line
which between SRR and SRL, but root order had no significant effected on slope and intercept of the regression straight line,
these means the correlation between SRR and SRL was significantly affected by tree species but not by root orders, and the
correlation between SRR and nitrogen concentration was significantly affected both by tree species and root orders. It is
concluded that there existed evident functional heterogeneity among fine roots of different branch orders, and SRL could

reflect this heterogeneity only in specific tree species.

Key Words: subtropical ; natural forest; fine root respiration; heterogeneity
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0.01) , PiKMAELIEE N 0. 108—1. 192ugC g '+s7",
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0.625pgC-g s, BIFHE R 0. 407—1. 654pegC g7, 1;-1 §

IR T B 0. 171—1. 350pgC - g7+ 57, Kbl S8
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WIS T 1pgCrgs™ Ab, AR 5 P 1pgCeg™' +s™ %%

Db RIS B 1. 70ugCe g < T ELHITRERT 3 .,
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ol LR I 32 5 K45 35 /MR L 18 90 K #8883 ) b W;;Mdg v
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Fig. 1  Specific root respiration of the first five root branch

LR 6 AR A 40 AR AR R I 5 e 2% 6% [T 23 By orders for the six free species
ACBL:6 FHRIFY LUARRE B 222 S BT AR ek Y I. VUKHE Cinnamomum micranthum; 1. WIEAK Tsoongiodendron
A4, AT ARRE R EA AR PP BT R 22 = odorum Chuns 1. Wi 9T B Cinnamomum chekiangense; V. % ¥ #
BRECARAY, | B VR A A AR R I 52 B B SRR AL, Castsanopsis fabriz V410G BT T B Aliingia gracilipess VI Kt
T AR P T FH Uk pRSCHRAE , AR T AR LR Castanopsis carlesii
WEA] PR ECR AT RAE (R 1) o BRI R I 220047
IR BRSO AR L AR P I BT A 2 5 0 (P<0. 01) |, FP 0T 6 s B 4 AR LU AR P I 79 52t 259 38 B B B 357K
F-(P<0.01) 3 BUHR 3R J7 22 3 Bt e SRR i S HE 55 1 9 194 528 T AR JH 34 6) BE AR I e HLAA B I 3552 1 (P<0. 01)
(£2),

F1 6 MHHARILRTRSFRZ BHIEIFSFHT(n=15)

Table 1 Relationships of specific respiration with branch order by means of regression for the six tree species (n=15)

FF Tree species [F 9457 Regression model R? P

UUKAR Cinnamomum micranthum Y=0.552+1. 146x-0. 558x*+0. 062" 0.878 <0.0001
WIEA Tsoongiodendron odorum Chun Y=0.435+1.287x-0. 582x +0. 064x> 0.876 <0.0001
WiTTkE Cinnamomum chekiangense Y=0.843-0.234x+0. 025x> 0. 800 <0.0001
B IERE Castsanopsis fabri Y=1.772 x70-%! 0.793 <0.0001
ANARB T AR Altingia gracilipes Y=2.082 exp 44 0.901 <0. 0001
Kk Castanopsis carlesii Y=2.392 571348 0.808 <0.0001

3.2 QIARITINS AR A B R e 2 B, FARETEIERN MR RERE N E A

i%, ff_ % d_ _ﬁ ﬁ‘ ?I‘Xﬁﬁlﬂ Fﬁ‘ ﬁ }? éli Hﬁ )FE ﬂ? % 5 Hﬁ *E JE/Q ﬂ;] Table 2 The effect of tree species, root order, the interaction between
tree species and root order on the specific root respiration
SUEIE (1 2) ORI EPE ST 2 30 45 RN AT AR LLARPE  — : -

P A5 SRR LU AR I
W 55 FEAR A 2 S 1 8 3 IEAH G PE (P<0.01) , 5K Tree species  Source of variation ¢ specific root respiration
B 2 [ A B 2 B AR e (P<0.01) T[] s WA 5 0.001
X 6 B A AR [R] — P 4 HE AR I I T AR K Uik LR 20 0.009
FE I CRE AT R0 TR AR 3 0 LARIR IR 15 [ P Pk 4 <0001
\ - . N R WG A Fre) 4 <0.0001
Z A B A AN (P<0. 05) , o 5 2% 22 [ AH 6 - o A 0.002
HHEIAREE(P>0.05) ; Al — 79 A & &5 AR Wk g 4 0.002
ZIAAHCHERI AN 35 (P>0.05) ;s IR AT MR RIET A b 740 4 4 0.001
G AR T HE MR IR, R BT =22 () 2 B b 3 O TE A K i 4 0.010

KVE(P<0.01) (F£3), P45 R0, [a—RFhgn
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Fig.2 Specific root length and nitrogen content of the first five root branch orders for the six tree species
I YLk Cinnamomum micranthum; 1 MIEA Tsoongiodendron odorum Chun; WHTITHE Cinnamomum chekiangense ; NV % ¥ 4% Castsanopsis fabri;
V 4AAH BT T W Altingia gracilipes ; VIKKE Castanopsis carlesii

x3 B, B—FRRAERMAEFRIRIFR S RKERRENBXES T
Table 3 The correlation between specific root respiration and specific root length , nitrogen density in the same tree species, the same root order

and all the tree species, all the root order

R Fh AR RUSE Ry F AR R E
Tree species Specific root length Nitrogen density Tree species Specific root length Nitrogen density
ikt 0.825 " 0.913** 1 % 0.474 -0.444
WEA 0.820** 0.907 ** 2% 0.031 -0.052
WA 0.917** 0.882%* 3% 0.543* 0.176
BERE 0.808 ** 0.876* 49 0.151 -0.291
ZAARBT TR 0.849 ** 0.802** 5% -0.388 0.043
Kehi 0.965 ** 0.847 JITAT R T AT P 2 0.764 " 0.368 **

* RN RMEIB B B E K- (P<0.05) 5 # * FRRAHCHER B B F KT (P<0.01)

PI7 2253 2R W1 B AT EEAR P 15 AR [0 B R A AR5 B 35 52 (P<0. 01 ), TP 0 [l U L2k
AR TR AR R 42 TG W 2530 ( P>0..05) (R 4) R W HUAR IR 55 HUAR YRR S PEAEAS [R) B Ao 1] BA 22 5%, ELAE
AR PR FR B — 0, AEAORT LR IR IR 55 20 88 T U 2 ) A A A 8 25 R0 (P <0. 01 ) |, 11T 3 8% AR AT
RERBA N R F RN (P<0.01) (35 4) , 3 HOME 0T 55 220 B2 A4 AR 5GP 7 A [ B Aol 60 e 4 1] 24 2 A
—H

R4 B, FRS R INGE IR E X AR L RPE IR 0B 15 05 E 54T

Table 4 The analysis of covariance of the effect of tree species, root order and specific root length, nitrogen density on specific root respiration

AR S AU FEAR IR IR 75 5 R R FEAR I

Source of variation ¥ Specific root respiration Source of variation ¥ Specific root respiration
Al 5 0.069 P 5 0.005
P4 4 0.149 ¥R 4 0.007
R 1 0.958 R 1 0.124
BBl AR I 5 <0.0001 T RV 5 <0.0001
PR 4 0.547 R RAE 4 0.173

4 itig
FHACN R, A SR NS B BRI 98 K 2208 AT A RRAE Mk 2 24 58 55 0 T 2R A 748 7 |, T B 42 e
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