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A coordinated decomposition between leaf litter and absorptive roots across eight

temperate and subtropical tree species in China
FAN Pingping” , LV Meirong, LI Xueying, SHI Xiaomei, LV Jing

Institute of Oceanographic Instrumentation, Shandong Academy of Sciences, Qingdao 266061, China

Abstract; Leaves and fine roots (<2 mm) account for the majority of annual litter production in forests. Whether their
decomposition is coordinated would largely influence species effects on terrestrial ecosystem C cycling. Currently, the
relationship between leaf and root decomposition is still highly uncertain, which may be caused by the ambiguous and
arbitrary definition of fine roots. Within fine roots, only the distal root tips (R1) or root branches (R1-3) are functionally
comparable to leaves as resource acquisition organs ( absorptive roots). Here, we investigated decomposition of leaf litter
and absorptive roots usign litter bags for two years across eight temperate and subtropical tree species in China. results
showed that decay rates k (a”', negative exponential model) were positively correlated between leaf litter and absorptive
roots when all eight temperate and subtropical trees were examined in combination, but when tree species were separated by
climate zones or growth forms, the correlation was influenced by the soil depth at which leaf litter decomposition occurred,
and the type of absorptive roots. N remaining in the leaf and root was not correlated when all eight trees were examined in
combination. However, N remaining in the leaf and root was highly and positively correlated between leaf and R1-3 among

subtropical trees after one year of decomposition, and between leaf and R1 among temperate trees after two years of
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decomposition. Here, the correlation between the decomposition of leaf and root was mainly influenced by whether both leaf
and root decomposition were controlled by the same or related litter chemistry. In this study, all litter decay rates were
positively related to acid soluble C fractions, but negatively related to acid insoluble C fractions. Summarizing results from
our study and other studies, we found that the relationship between leaf and root decomposition was largely affected by
species. Therefore, species composition dynamics due to climate change would largely affect above — and below —ground

relationships and thus ecosystem C cycling.

Key Words: climate zone; fine root; litter chemistry; litter decomposition; plant economics spectrum
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BHRE SR 2.0, XH, FZA( Cunninghamia lanceolata) . =5 JE¥A ( Pinus massoniana ) . V4 B faf ( Schima
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Table 1 Taxonomic list of 8 tree species in this study

R Bt A i A
Species Family Growth form Abbreviation Site
12K Cunninghamia lanceolata R Fl Curn T
Pl Eucalypuus citriodora B4 At ek Eucal A B
WM Juglans mandshurica BB Feut et Jugla R
TS Larin gmelinii AR EFobyEnE Larix "
P Phellodendron amurense =R I Phell PR
k2 Picea koraiensis AR EFIR 2 Picea R
Iy EHA Pinus massoniana FARE s g Pinus T
PG Schima wallichi WLZER W Schim W

31T 2007 4F 10 A 20 HA12007 48 11 F 12 H  ZENE UL ARARAE 25505 RS L AR AR AR 2R3 1Y 4 SRR Y
gk AL AR s A SR R SR AR DI, IR AR 2a AR, H R TR R A A
FRIIHBMER AR | T LA Sl i U i 4 1a A0 . AR S B 3L 3CFE 1398 Sem v, A OR4SAH [R] 9 23 i A B,
ST FRALABIAE 38 Sem T [RIE AL 1) F AR A0 RS o R IR A R TS ) F B3 2 ( 3 Oem)
A3 AD I Y 203 K (2008 4E 5 H 10 H) 274 K (2008 47 H 20 H) 357 K (2008 4 10 H 11 H) 566 K
(2009 4E 5 H 8 H) 725 K (2009 4F 10 H 14 H ) BARME JL L BRARAE 25085 1Y 3 4, 43 BIHE 152 K (2007 4 4
H 12 H) 259 K (2008 47 H 28 H) 367 X (2008 411 H 13 H) 516 X (2009 44 H 11 H) 747 X (2009
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K2 FWHRE S ORI MBBIRN S REE (k, a™')

Table 2 Decay rates (k, a™') of leaf litter and absorptive roots in 8 studied tree species

IEEY 4 o MVEEN 4 S
i s 2 of the ﬁﬁ%f A sk 2 of the 5;\?%?;
Species Organs regression Decay rates Species Organs regression Decay rates
model model

RN EN 0.97 0.30 A REM 0.92 0.55
Larix gmelinii +3gE g 0.98 0.29 Cunninghamia e Ly 0.96 0.46

1 9043 0.83 0.09 lanceolata 1 iR 0.66 0.02

AHIARARASL 0.88 0.12 AHARARAL 0.77 0.10
=k N 0.92 0.30 SN KEM 0.99 0.45
Picea asperata + e 0.86 0.22 Pinus T IgErhnt 0.99 0.41

1 AR 0.93 0.16 massoniana 1 AR 0.94 0.07

AIARAR AL 0.71 0.17 AR AR AL 0.64 0.18
WS EN 0.93 2.01 PG Al 0.82 0.49
Phellodendron A 0.84 1.08 lanceolata d-3grpat 0.97 0.60
amurense 1 AR 0.91 0.41 1 AR 0.63 0.11

YHIARAR AL 0.89 0.47 AR AR AL 0.76 0.28
EABEARK N 0.88 0.43 Fr s IR 0.91 0.39
Juglans T+ 0.83 0.35 Eucalyptus gt 0.89 0.71
mandshurica 1 FR 0.95 0.22 citriodora 1 AR 0.87 0.29

YIARAR AL 0.78 0.22 ANARAR AL 0.92 0.30

SR I I AR IR AR 114 A AR B ) R, XS5 AR I i R L IR S e R —
H(E 1), MHILERZ AN, 26 I i S BOR F A DCREOR (B 1) AL 1 AR, 40ARAR KL 5
I 1) i A D R EICE R 2 (18 1) o BRIk, 3 v it 55 AR AR A 1) 40 A R AE 2 KOF B B IE A
X(H 1d) , i 8 M FHEEAR /M (7 =0.75,P=0.01) , IS & X 4S5 (AT .r° =0.85,P=0.06; W . r” =
081,P=0.02) B AL A8 35 80 (B MRl .2 =0.91,P=0.02) . AT UL, AR i B8 5 10 ISOARE A 26 180 B 52 i S -
Mol R
2.2 AR R

R N IR ARFSE, 4t 1a 950, M FIIRSCHR ) N A 7E B8R EICHI G R (K 2) , A,
ARG (RS L) Y 4 AR R, I AR AR A ) N k038 80 B IEAH G (T 2¢-d) . 2R 2 4R (43, i N
Rl SR B9 N SRR BRG] 3) (HR il Y 3 SRR TE], )25 1 SURE N R R
WEEEIEAK(E 3)

2.3 SEMR SRR AR I Y

8 7 ) W ISR AT B R I T R AL 43 RIS AL 50 A /N, A BRI IR A A A M N &8 (R 3).,
RS PRV AL 53 Je N i S BEIEAR DG (R 3) o BEAM, 5 1 SR C/N IEARDE, 5 4R AR AS ) R AN
WP IEMR(FK3),

HTRRIA 5> N & AR T Y B 5 o0 R B UI AR DG (3R 4) , 10 8 AR IR A& S BT i AR | i (19 i 4
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Fig.1 Relationships of decay rates between leaf litter decomposed at different soil depth and absorptive roots
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Fig.2 Relationships of N remaining after 1y between leaf litter decomposed at different soil depth and absorptive roots
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Fig.3 Relationships of N remaining after 2a between leaf litter decomposed at different soil depth and absorptive roots
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Table 3 Initial chemical traits ( means+SE) for leaf litter and absorptive roots and their ANOVA results and Pearson correlations

N -1 ARAED AR ARD
iy it VEAR(RD) - ATRAREL (RI-3) Leaf-R1 * Leaf-m-aaé
Chemical traits Leaf First order roots Fine root branches o ’ .

correlations correlations
TR Extractives/ % 19.7+2.0a 11.3+1.2b 11.9+1.0b -0.63 -0.49
FRIAZH 5> Acid soluble fractions/ % 54.9+2.7a 40.9+2.1b 45.0+3.1¢ 0.72* 0.83*
iz AN 2H 53 Acid insoluble fractions/% 25.6+2.6a 47.8+4.7b 43.1+3.3¢ 0.62 0.92*
AL C/N 36.6x2.8a 23.8+2.2b 27.4%3.1b 0.78 " 0.58
A& N content/ % 1.68+0.10a 2.24+0.22b 2.00+0.25ab 0.91** 0.85""

# P<0.05, " P<0.01; MU (7)) AR 28 80 (i (1 AR AIARARASD) T 22 5 /NS 88 (a b o) FR

F4 REM . TEPH LR ARREHSBEESNEREUFZEREXXR

Table 4 Coefficients (r>) of Pearson correlations between litter decay rates and their initial chemical traits

v HR -t herhnf g AR R
2L, . . i .
Chemical trait Leaf litter at Leaf litter at First order Fine root

2MI1CE raits

cmical tra litter layers soil depth of 5¢m roots branches
[ $EHY) Extractives/ % 0.13 0.18 -0.10 0.27
BRI ZH ) Acid soluble fractions/% 0.66 0.69 0.88 %" 0.93**
R A AL S Acid insoluble fractions/% -0.62 -0.67 -0.77* -0.94*
WAL C/N -0.31 -0.26 -0.56 -0.67
A& N/ % 0.56 0.48 0.58 0.64

* P<0.05, ** P<0.01

2ot 1A N AR 53X 5 MATEYIIEARHIDE, 1 2R N B4 BE SIRIEH D I N S B EER
MR (r>0.70,P<0.05, 3 5) , M AR R AL 5 8 ANV 2H 4 i BE IEAH O (r=0.80, P<0.05, % 5) . &0t 2 4F 14y
fife I N R Ay 50X 5 N RVEYITE BT AS A DG  (H S5 Bk nT 42U 2 A 4 AT PR B A O R B K, B
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25 N FEEEAHIE(r>0.70,3 6) ;1 ZAR SBRATHERY) Z AN 4 S8 75 P01 B0 AHOC R B AR K, B3
XX R E A (S C/N BEEEIEMAE,r=0.80,P<0.05,% 6) ; AIARMAEAY N Fl 4R 51X 5 MEKY
PERRANFE S AHIE (R 6) ot TR ol [R) i N7 4 it AR N 60 4% o v 32 8 38 A DG 1 U % 1k T S
], R R A8 N TR AR IR ARG (81 2,18 3) .

x5 REM . TEPIH LR ARREESR la BRI NFKESNSEUFERBBERXR

Table 5 Coefficients (r?) of Pearson correlations between N remaining after 1y and their initial chemical traits

. . = gt 1 A YRR AL
fLrm wa ol . I £
. . Leaf litter at Leaf litter at soil First order Fine root
Chemical traits .
litter layers depth of S5em roots branches
T $EHY) Extractives/ % 0.50 0.27 0.13 -0.61
BRI 4H 53 Acid soluble fractions/% -0.23 -0.36 -0.74" -070
RN ZH 57 Acid insoluble fractions/ % 0.01 0.21 0.64 0.80*
AL C/N -0.01 0.01 0.65 0.60
A N/ % -0.24 -0.26 -0.71* -0.65
* P<0.05
x6 FREM TERM1RRARRKESIHE 220 U NRRESFNEEMFZEARNEXXR
Table 6 Coefficients (72) of Pearson correlations between N remaining after 2y and their initial chemical traits
o e + #g it 1 AR AR
fezau wRIT ol . I £
. . Leaf litter at Leaf litter at soil First order Fine root
Chemical traits .
litter layers depth of S5em roots branches
A HLEY) Extractives/ % -0.13 0.01 0.10 0.03
BRI 53 Acid soluble fractions/% -0.65 -0.55 -0.81 -0.71
FRANTEZH 53 Acid insoluble fractions/ % 0.61 0.48 0.72 0.66
WAL C/N 0.62 0.44 0.91" 0.17
AEH N -0.86 -0.71 -0.85 -0.38
* P<0.05
3 g

3.1 MR-MAER R

A 2 AR AR ST R I, RO 9 53 A 38 (ko™ TR EIORE Y ) {UAE 8 /s IRt A I By
PEFPRL R AT, A BT IEAH G K R, X5 Freschet 25 AYL5 R —30"' ) Freschet 4545 H, 78 2Bk B [, AR-nT
IR R IEA DG AR/ R R b (R — RS R G0 FEARMIZES M8k s seBi e A BRIR . e s
T Fp AR B 5/ N SRy i RUBE L AR 3ok 336 S B IE A OGO 2R, ANk 1 1) S0 A R AR 72 AR
W T ARAK S I A S AR I A0 56 R0 R B SIR R I A S RGN TR FER IR RS REEN R
A s RN O (R AR5 o, B T AE TR AR S R G0 (B L) AR AR T 8% B 3k 4~ 43 A DIkt 1 A
T, FEORBFG AT A2 25 2R G0 5L PR P43+ 1836 10 A 5%, T 76 37 BSR4 (B 1 ) o i D AR -1 43 R 1E
PGS . X SZE SR R FI T TR - 43 DG R 2R

ARG AR - 3 R OC R I R A 4 AR B2 5 BT B, it RSO 1 ik 88 g BE A DG (HAS
W3 (r°>0.85,P>0.05, & 1) , JEAFFFAR-M A M A E O R FEORIE T H Y, HIE P N0 doR W T
HAbFp, B HRCRRIR B E H 0, ORI P A e ce T HPR s o il (R AIE . FEASHIF 98 1Y
8 AR FIeh I I ELAT S R RV A o AR B R ANV 2l 43 (6 7)), LR SO (%) TR 17 4 Al 2 i A5 L
WSOAR P g TR AN VA 0 U P A RSO R e AR ) (3R 7)), SR SRR IR IR E T B & 02 8 W Aol v o fit e R
), TCie R SR (L 1) o BEAh , FRATTIA e 390 ] P A A ) AR - 23 B9 LE A G 56 R AN IR Dy 2 il (R P
P % T (L 1d) AR M T 150 BH B0 20 AN 2 5, U BRI

http ; //www.ecologica.cn



38 %

RT7 FHRR 8 MHFE I FIREARMAIE NS (FHEARERE ) RAEYM BN FZEARES
Table 7 Initial chemistry (Means + SE) of leaf litter and absorptive roots in the studied 8 trees and their difference across species
WIEA 240 Y, Concentrations of initial chemical traits/ %

5 T 7% 4 )K?j! R YR IH 4 B AR IH 4
G e RGO e O '
Extractives fractions fractions
PN Larix gmelinii n 21.2+0.7abe 40.5+7.1a 38.3+6.9a 30.2+1.8a 1.72+0.11ad
Tz Picea asperata 25.20.7b 54.7+2.6bc 20.1+1.8b 34.5+1.7ab 1.51£0.07ab
WP % Phellodendron amurense 22.0%1.7abe 69.3+0.9d 8.7+0.9¢ 21.5+1.2a 2.3820.15¢
BBk Juglans mandshurica 16.3+0.9a 62.6+1.4cd 21.1£1.4¢ 23.1+1.6a 2.22+0.16¢
12K Cunninghamia lanceolata 17.5+3.2a 48.9+2.1b 33.6+1.2¢ 28.3%2.1a 1.90+0.14d
TN Pinus massoniana 15.5+1.2¢ 52.020.3bc 32.5+0.8¢ 81.8+10.7¢ 0.69+0.09¢
VAR faf Schima wallichii 15.9+4.0ac 52.8+3.1bc 31.3£3.5¢ 33.6+1.3ab 1.69+0.07ad
Fi#538 Eucalyptus citriodora 23.9+2.1ab 59.942.4bed  16.2+1.5b 44.9+3.0b 1.28+0.07b
TEWH Larix gmelinii 1 AR 13.5+0.4ac 33.4+0.7a 53.1+1.0a 21.6+0.3a 2.30+0.04a
T2 Picea asperata 4.4+0.6b 30.9+4.5a 64.7+4.6b 25.8+0.4b 1.98+0.02b
BB Phellodendron amurense 11.8+1.5ac 60.6+0.2b 27.6+1.6¢ 16.0+0.3¢ 3.2020.04¢
BABKI Juglans mandshurica 13.8+0.5¢ 49.9+0.8c¢ 36.2+0.3d 15.10.1¢ 3.00+0.01d
12K Cunninghamia lanceolata 12.4+0.7ac 31.7+0.7a 55.9+1.3a 26.6+0.3b 2.12+0.01e
A Pinus massoniana 12.2+1.1ac 29.3+1.0a 58.5+1.5a 31.3+0.6d 1.61+0.04f
VGG Schima wallichii 13.3+0.4ac 44.6x1.7¢ 42.1+1.3d 26.4+1.4b 1.79+0.04g
Fr&$% Eucalyptus citriodora 10.5+1.0b 48.4+4.6¢ 41.1£3.9d 28.3+0.2¢ 1.73£0.01g
A Larix gmelinii AR AR A 8.4x1.1a 40.7+5.4a 50.9+4.3a 25.9+0.7a 1.90+0.03a
A2 Picea asperata 12.2+1.1b 46.5+1.0a 41.3+1.1bd 30.2x1.1a 1.65+0.07b
HU B Phellodendron amurense 12.9+0.1cd 59.5+0.1b 27.6+0.5¢ 16.7+0.2b 3.01£0.01¢
BABEMK Juglans mandshurica 15.3+0.2d 46.9+0.6a 37.8+0.9b 16.7+0.5h 3.04+0.03¢
2K Cunninghamia lanceolata 12.1+0.1bc 31.3+0.3¢ 56.6+0.4e 28.2+1.0a 1.78+0.05ab
L Pinus massoniana 9.6+0.3ab 40.70.1a 49.7+0.1a 35.9+3.1¢ 1.40+0.08d
VG RGfaf Schima wallichii 15.1+1.9d 42.9+1.9a 42.0+0.6bd 27.9+1.0a 1.78+0.04ab
Fr&HE Eucalyptus citriodora 9.7+ 0.1ab 46.3+0.8a 44.0+0.8d 35.4x1.7¢ 1.47+0.03d
BRI TP (I 1 PR AR ) AR R () 12 8 AR 22 53 /N E 558k (a b e d e ) TR
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