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MR TR I, B AE A 8 8 T P N I A L
B, R TR R 92.4%-97.5%. LAk, HRARJE
T — e R R BRI B (IR R . CO,
W 78 55 4% SR Al B KA S A2 40 ) B TR o
RO (150 B 75 55, 2019) . PRk, T AR JE 3% mT Ry
B 5T B b AR S R G IRAE DL S o i A Bk AR AL
& R B AL T 1R 0 4R AN B A 1) SR

AR A S RGN AR, 2R R
KBER 20, 205 2 0EGENES RS, £
PrbEE AR A R ESTHE. 4EFF N 5L
() AR 35 1Al S AR 3 AR ) 22 PR A5 D T B AR AN W] R
(VE o TTRI FEAN [R] A SRS AR AR AR S 5 %o R 7
A RGNV RAE B BRI LHIE E 2 S L.
HAT, &5 SRR A S RGANR A 7 it A R e
F— A RGN UL R AR 7 TH (M 4
2004; Wang et al., 2017; Cai et al., 2019), 7fE4EkK
FE ERIARARAETS R G AAR R i F b .

XRRMAES RGWR A RN ETT L2 W2
FE, o £ U B TV 24k B R AR S R AR
JE #1775 (Vogt et al., 1998; Maijdi et al., 2005). i
A FH B4 R £l (soil coring methods) (Pritchard
and Strand, 2008; Xiao et al., 2008; Zhou et al.,
2014). WA Ki%(ingrowth coring methods) (Xiao et
al., 2010; Liu et al., 2019). (IR & % (minirhizotron
methods) (Trumbore and Gaudinski, 2003; Iversen
et al., 2008; Bai et al., 2010). & T #7%(C and N
budget methods) (Vogt et al., 1998) % [&l{; & C A
'3Ci%(Luo, 2003; Pritchard and Strand, 2008). 11,
FR A2 2 S B -t —Ff 5 ¥ (Pritchard and Strand,
2008; Xiao et al., 2008), tLEWF A RAED = 5~
71 RN JE e Fe b v I T k(RS 2014). %077k
A RS AT AR 25 S AR b Al T H A ™= &, LR [F]I
13 BB AR R A B (H BRI S, 2017), 1E
— LO SR B AR A Y B A T R SR B A
Brunner®(2013)5% Lt 23 A1 1 I & 20 AR i i 22 (AN A
T35, RIAE — 3k 2 1458 Vb A & 2 2 1 AN
B U PR AR A P AR 215 1 P 2 SR T e EL T R
ArbepE . (EARES VAT RS 2 I E, TAER K, 2
2% 77, T HLEUREIS AT e 2 B AR 2R AR W& 1) vy Ve i
KA (MBS, 2017). B T HUE AT S A B 22 18,
A BTN Z T R T AR A ) B e B AR K
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YR & (Brunner et al., 2013).

R EI I T VA B AR A
JE e 2 45 R A A [ (Brunner et al., 2013; REHK
& 2014; HEML, 2017). #ilin, RAFI(2014)
KRN E R EN SR E AR =S R, 4
FHZER K Rk, WA IR AE A D & i R 11
THRETTEBAT G —, ANE L 5 58 1 AR B s o v
BEAT LR b, Wk il — 20 Lo B R [ R -
AR R 1) 5 2R DL B IR A S5 I IR & . D T RER
FH AT NHIE T 5 AT B R AR AR S R G AR A
FEOYHT, AT TN AR R i e ) o B kAT T S,
Gr— e AR S i e n] BT LR AL Sa ok, did Witk
AT ER R SCHRIEE, B 7 AR AE S R G ANARE
HAEM BB R R, AR RS
FRGU AR A AR S B RB R 2 A, I St i i
Hh AR 25 R GUBRAG I AN AR M AR A B2 LRI SR

1 MR55E

1.1 BIETFERE

S G AN [ 5 R I E B R e 2R 2 e, AR AL G — R
PR B A e SR (AR A e R (B @)=
NI A T 71 (BNPP) 41 AR A& 4 8 7 ¥ {H (Bimean)
(Aber et al., 1985), HH1, BNPP=4ilf 44 & i K
1~ A=W B e /M (Vogt et al., 1998)). #7 3k
IR A B R T SO R B v 8, WP BR
FH; 5 SCHR B0 5 AT ST 4EAR i R T VEA
[, UL i0 STk P AR A B AR PR AR AR A A PR 2=
AAER, T AR I i R E A R R NMEAS
BNPP, Fifi#iE ik 2 Uit 5 H AR JE 2R

1.2 BIEWE

R 2 ] 7 22 A s 32 BORIR T D R AT SO
% .7EWeb of Science (http://www.isiknowledge.com/)
T [ %0 09 B3 % (http://wwwe.cnki.net/) 1, % A\ 4H
R A . ARARANZE T AR A S G B] E TR 28 - AA1981—
20164 [A] & R 7R SR RS 700 2t , A
TR 2, 440, rFAeEM . K.
FEPNFIFEMIGIRE 25BN 16. 74 2114 E A
MR SR, k. 4R B (annual average
temperature, MAT). 4°F % /K & (annual mean
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precipitation, MAP). HE# SRR MM A B . BRI
25 24 15 504 A SCRik P ) 1 1515 )2 7E Google  Earth
AR, B AT 38R R B K AE BRI SOk
TR b 1 B 5 A5 R AE R R B (www.worldclim.
org) R EL . 5 2 U 5T [F] — b R AR AR ATAR,,
B — i SCHR R T 7 (A — i R UAS [R) R S AR AR ) 4B AR A
B, USRI R B AR R A P A4

A SCHR P ) EE LRI R T A2 B0, i@ i En-
gauge_Digitizer_(http://engauge-digitizer.soft112.
com/) B A A HR I . BARE R SR G F2 4 T
(1) SAHFRIILE; (2) & ARkRH, 4 BI7E AL b7 b 5
o xR R AE ATy il B KB A iy, E 3L HH OGS R AE
iy N % sl R AAARAE (3) 7E H AR 48 B AT B br i rh
JIT it Bt G (4) DRGSR o AL AR
PE AR TR 2 1(0-30 cm). +iEpHE. HIE%E
H, AN E R, LIEHE 7= (soil cation
exchange capacity, CEC). ¥+ &=, L& EME
&R, WERE S adE R, f£EHWSD V1.2 (Har-
monized World Soil Database version 1.2) (http://
www.iiasa.ac.At/Research/LUC/luc07/External-Wor
Id-soil-database/TML/index.html? sb=1)_I3KHL.

A, B S B T MATHIMAPEE 49 M 55 L.

1.3 iR

i 4t it 28 /FSPSS (IBM SPSS Statistics 19)f:46:
A AT IR E, A0HR 8 3 R B A& IES 70 A,
X E A BEAT A0 RS R H5OUE, o OB 5 7476 1E
Ao AT MR 5 SR S e A 5 1A
KMy Hr A H SPSSHR A [ Pearson 3 #1771 .
VRO (7 DR R 3 A e 5 s ) Ay e
HE (o BCUE 4R 8 % 22 24 ) '3 A\ Orrigin (Orri-
ginLab Origin Pro V9.0.0045)fF %, 2 HilEusE,
HHEAT LRI /34T, #3005 R 7R 3 A o 5L
1551 (AR AR e 2R ) 2 1A F) — 70 bR ok R R RIRP B
FRMAEA R A brve: B S 3% B | AR
S NI S I ST 0 D NES € - N B b i B o3
MN0°-23°19'48", I #vi #x bk N23°19'48"-30°, BE
T AR AR R30°-35°, i ARk 35°—45°, FE i i AR
MR245° 2 J5, HRHERRNRE 5 10 226 B 1A i)
ot 2H BB R S 2, F 30 5 28 Ak T R b 3 4T T R
a5 o LRI AR N ——iy: B mAR, TR

SREEAMEAR, BRIRAT: FErFE Ak, IR BT TR A,
FERAT: VR RN AR . & IR 2R AR AER 2 JE, 15 EI
PR, WA BRAR BRI AR IR AR ZE
T ARAR B 73 7811, 9 13, 30FI74. fEH
SPSSH M B 3R T Z 70 M, e BRSNS AN[H]
T 1 ARR AR A 2 2 A ) %2 5%, i@ id Duncan%
H AT T .

2 GZR5HR

21 FEMESEGARBAZEZELENSTS

A A Hh 2 AT Y N 3°4'17S 3162°46'59"N 2 [,
AFEEI . FEM . BRI FEEPIAIAESEI (R ). H,
P F I IFE 25 (444 T B ARTE R W HLIX, 0 [E
NS PN X A RN 4 R A NG T s A VAR
FEEPNIFE S (161N ) KB A AE AL B PN AR it 5, FE
RATARAE VU R AL SE MR AL & KBS N AT
BRI BRIRE s (7AN) 2 4 A AE P i R 2R X35 6 TR 5%
MMEIRE AT A JEINIIFE SR b, U
A, AL T AEMORRS P8 BRI FLEE N« RS RS
AR A % 2 55 28 P B B S A 2 3 1 BUR 96 5K R (P<
0.01), RIVRtE 26 FE I TF o 4R J 5 S i B (P ) o

2.2 AREEBHFHESRENHEREE

AN [ 2R 20 b A 25 2R 6 O AR JR 155 0 I 2 2 77
S [ BRPR IR (1 0 S B 2 A A 85k 3 72 57 (P<0.05).
P AR AR R e R e, PH91.312 a7 %R
AR A0 B i R R AR, 90.602 @™o BRiELHS fi
A, LR JE I 2 A B G 4 P T T v A A

23 HHESREARMRBEESSERTZER
EFR

b 25 % 0 A s 2 28 0 B A A B
m(F2) (P<0.05). M5t X A 4E T 130 FE A F-1.4—
28.8°C2 If, R ETEE N, FAER R SAIHE
e 2 5 4E 7 S IR I 5L 35 1 IE A 6 6 R (I2A) (P<
0.05), 5 F 5 340 X AR bR AR b . W 9 X
S5 14 - 15 ] 7K it K345 545 mm, 1E 1% K k56
P, FRbk s R AR R 5 A Pk R R
1 1A R (JE12B) (P<0.05), 4 FH Mk i
K X A bR 20 L s
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Table 1 Distribution of study sites (see Appendix 1 for data sources)
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Plot Continent  Country Longitude and latitude Plot Continent  Country Longitude and latitude
1 Asia India 77°15'E, 8°28'59"N 36 Asia China 128°5'40.56"E,
42°23'57.48"N
2 Asia India 76°49'59"E, 9°22'1"N 37 Asia China 128°4'59.88"E, 42°24'N
3 Asia India 77°25'58.8"E, 9°31'58.8"N| 38 Asia China 128°6'29.16"E,
42°25'15.24"N
4 Asia India 79°55'1.2"E, 12°10'58.8"N | 39 Asia China 128°30'E, 43°4'58.8"N
5 Asia China 110°31'19.2"E, 20°1'1.2"N 40 Asia China 127°31'48"E,
44°22'48"N
6 Asia China 112°49'58.8"E, 41 Asia China 88°13'48"E, 44°37'12"N
22°34'1.2"N
7 Asia China 117°18'E, 23°35'24"N 42 Asia Japan 142°6'E, 45°3'N
8 Asia India 91°55'58.8"E, 25°34'1.2"N| 43 Asia China 128°53'13.2"E,
47°10'51.6"N
9 Asia China 117°57'E, 26°28'1.2"N 44 Asia China 127°54'36"E,
47°13'48"N
10 Asia China 110°7'58.8"E, 27°9'N 45 North America Panama 82°15'W, 8°45'N
11 Asia China 119°10'48"E, 27°52'12"N 46  North America Puerto Rico 65°49'1.2"W,
18°40'1.2"N
12 Asia China 113°1'48"E, 28°7'12"N 47  North America USA 84°30'W, 31°15'N
13 Asia China  91°19'58.8"E, 29°40'1.2"N| 48  North America USA 92°W, 32°N
14 Asia China 121°46'58.8"E, 29°48'N 49  North America USA 111°45'W, 35°16'1.2"N
15 Asia China 103°25'1.2"E, 50 North America USA 76°27'43.2"W,
29°58'58.8"N 36°31'58.8"N
16 Asia China 102°48'E, 30°1'1.2"N 51 North America USA 82°22'1.2"W,
39°10'58.8"N
17 Asia China 117°24'E, 30°22'12"N 52  North America USA 78°45'57.6"W,
41°35'52.8"N
18 Asia China 117°43'48"E, 30°22'48"N 53  North America USA 72°11'24"W,
42°31'51.6"N
19 Asia India 79°56'24"E, 30°28'58.8"N 54  North America USA 71°45'W, 43°55'58.8"N
20 Asia China 117°53'24"E, 30°34'48"N 55  North America USA 72°13'1.2"W, 44°N
21 Asia China 117°54'E, 30°34'48"N 56  North America USA 122°13'1.2"W,
44°13'58.8"N
22 Asia China 121°54'25.2"E, 57  North America USA 121°34'1.2"W,
30°52'55.2"N 44°25'58.8"N
23 Asia India 75°40'12"E, 30°54'N 58  North America USA 68°41'6"W,
44°55'19.2"N
24 Asia China 119°13'58.8"E, 59  North America USA 122°W, 46°N
31°58'58.8"N
25 Asia Japan 131°12'E, 32°3'N 60 North America Canada 89°28'58.8"W,
49°32'24"N
26 Asia China 108°7'58.8"E, 33°58'1.2"N| 61 Europe Italy 14°33'E, 41°43'1.2"N
27 Asia Japan  135°37'1.2"E, 34°4'58.8"N| 62 Europe France 3°49'4.8"E,
43°41'16.8"N
28 Asia China 116°49'58.8"E, 63 Europe France 4°37'48"E, 49°45'36"N
35°52'58.8"N
29 Asia Japan  104°7'55.2"E, 36°N 64 Europe Germany 10°26'2.4"E, 51°4'48"N
30 Asia Japan  140°13'1.2"E, 36°6'N 65 Europe Belgium 3°51'E, 51°6'N
31 Asia Korea  127°42'E, 37°30'N 66 Europe Estonia 26°45'E, 58°46'1.2"N
32 Asia China 112°31'1.2"E, 37°39'N 67 Europe Finland 30°58'1.2"E,
62°46'58.8"N
33 Asia China 115°25'8.4"E, 39°57'N 68  South America Brazil 56°58'59"W, 3°4'1"S
34 Asia China  87°51'25.2"E, 69  South America Brazil 47°56'56"W, 1°17'53"S
40°27'57.6"N
35 Asia China 117°15'E, 42°19'12"N 70 Africa Coéte d'lvoire 5°13'1.2"W, 6°16'59"N
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Figure 1 Patterns of fine root turnover rate in forest eco-
systems with latitude
** indicates significant correlation at the 0.01 level.

F2  RIEFRMET AR A %
Table 2 Fine root turnover rate in different types of forest
ecosystem

Forest type Data number Means + SE
Tropical rainforest 11 1.312+0.182 a
Subtropical evergreen 9 0.802+0.161 b
broad-leaved forest

Warm temperate deciduous 13 0.724+0.859 b
broad-leaved forest

Temperate coniferous and 30 0.766+0.995 b
broad-leaved mixed forest

Cold temperate coniferous forest 7 0.602+0.106 b

il Duncan% &\ LKA, NE/NEFRERRE R R E(P<
0.05).

Different lowercase letters within a soil layer indicate sig-
nificant differences (P<0.05), according to the Duncan post
hoc test.

24 FHRESRGHERAESTEBUMRZE
SSEFA

ARAMES RG AR R 5 R 52 2 3 L3 ML
B IEpHE K5 m (8]3) (P<0.05). BIF 98 A 30 443
EHBESESHRESRGMIR AR RERZEMWE
IS & (E3B) (P<0.05), B34 HLAk & Bk,
IR A B b o (B T S pHIE 5 AR 2 RGN
R 2R EN AR R(EIBA) (P<0.05). L3
gy LA EA LN E T E SR ES RS

A
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Figure 2 Relationships between fine root turnover rate in
forest ecosystems and mean annual temperature (A) and
mean annual precipitation (B)

* indicates significant correlation at the 0.05 level.

R e A< 0 8 25 A SR (13 C-G)

25 HBEATFEPERXR

A EPIRE . SRR KE. BIEA K. L
BpHE 5 R AL R GRS 5 R A7 AE AR
PE(#3) (P<0.05), (H I, HIERHE A0k
wtEE, HE5E. FLEEESHRMES ARG
JE 2 20 B AR O (3R 3) o IB AR, ZhFE | AR PR
FEP RS B KRR - HE AR E 2 (AIAFAE 3 A DR (3R 3)
(P<0.05); sz eE, LIEHE Fo#E, WLEE.
e 4 BRI R & R AR AE W3 E A G (R 3)
(P<0.05).
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o . . .
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Clay fraction (%) Silt fraction (%) Sand fraction (%)
G
04 1 y=0.153-0.218x, R?=0.010
' -t B3 AR ARAAR e 1 A R 2 15 R
004 = ' !’i . . CEC: THEPH & FACH i . *F R /E0.05/KF & B %,
~0.4 "::- . . Figure 3 Relationships between forest fine root turnover
- rate and soil physical and chemical properties
084 - . CEC: Soil cation exchange capacity. * indicates significant
1 correlation at the 0.05 level.

12 13 14 15 16 17 1.8
Soil bulk density (g-cm-3)

®/3 AN, ETERE. ETPHREKE. DEAHBSE. H¥pHE. HIEAE. HEARFSRE. DESE. BEEE.

A B SR A R i Pearson i R K &

Table 3 Pearson correlations among latitude, mean annual temperature, mean annual precipitation, soil organic carbon
content, soil pH, soil bulk density, CEC, sand fraction, silt fraction, clay fraction, and fine root turnover rate

MAT  MAP orzglrlmic Soil pH S(jchgﬁ;k CEC friitri‘gn frgc'j‘izn frai't'iton Igu(JfrIEgvrgf t
carbon rate)

Latitude ~0.867** -0.609** -0.164 0.168  0.348** 0.157  0.124  0.097 0.105 —0.367**
MAT 0.576* —0.029 -0.009 -0.332** -0.03  -0.211 -0.011  0.361** 0.233*
MAP ~0.101 -0.094 -0.254* -0.048 -0.167  0.052 0221  0.240*
Soil organic carbon ~0.449*  0.14 0.11 0126 -0.171 0.029  0.254*
Soil pH 0026 0235 -0041 0231 -0.165 -0.297*

Soil bulk density
CEC

Sand fraction
Clay fraction

Silt fraction

—0.464** 0.900** -0.599** —0.852** —-0.098
—0.545"* 0.376* 0.491** -0.071
-0.823** -0.772** 0.038

0.284* -0.146

0.104

MAT: EFI5iR 5 ; MAP: 4P K&; CEC: TS 7 #HE.

*FI** 53 2 7R AE0.05F10.01 7K F 2 AH K

MAT: Mean annual temperature; MAP: Mean annual precipitation; CEC: Soil cation exchange capacity. * and ** indicate sig-

nificant correlation at the 0.05 and 0.01 level, respectively.
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26 Thig54ie

261 FEISEFRHESRENBRAZESH

AN [V 25 BE B DX PR S FORRAR S B AN[R], 2 B2 e o5 Hhy
R A A LB AR R A o FL A B O R S A AR AR
KRR FEM AR ¥ 2E 7= 7 5 AU T 28, 3 1T R e 4 AR
{1 8% (Gill and Jackson, 2000). AHf5e, ARk
ARG A e R B L THE S, SAERE
FAHIGK R Horb, FAGHT BT 0 40 R 4 d p
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Patterns and Influence Factors of Fine Root Turnover
in Forest Ecosystems
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Abstract Root turnover is a key process in the carbon cycle of terrestrial ecosystems, and plays an important role in
studying soil carbon pool changes and global climate change. Various methods for measuring root turnover rate have
been described, from which highly variable results are obtained. Moreover, the studies on root turnover in large regional
scales are not sufficient, making the patterns of root turnover in global forest ecosystem still not clear. This study inte-
grates the fine root turnover spatial pattern of five forest types in the world by collecting literature data and unifying the
calculation method of turnover rate. Combined with soil physical and chemical properties and climate data, several factors
driving the fine root turnover of forest ecosystems are obtained. We show that there was a significant difference in the
different forest ecosystems and the fine root turnover rate almost decreased with the increase of latitude. The fine root
turnover rate of forest ecosystems was positively correlated to the mean annual temperature and the mean annual pre-
cipitation. The fine root turnover rate of forest ecosystems was positively correlated to the soil organic carbon content but
negatively correlated to soil pH. This study provides a model to study the fine root turnover laws and mechanisms of forest
ecosystems.
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