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B4R B A5 Ar 43 R (125 £47) d (158 £16) d.(248 +18) d FI(272 £53)d;90 /LR AR AN THREAE d<0.3 mm F10.3 <d
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TERANE T 50% , 18 AR A1 90 AR AEAZ K 5 P L AR BRI R0 38 = T — R, — AR (B 75 43 1 (180 £ 13) d Al
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Influencing factors of fine root lifespans in two Chinese fir plantations in

subtropical China

LING Hua'?,YUAN Yiding', YANG Zhijie'* ,HUANG Jinxue'* ,CHEN Guangshui'>** ,YANG Yusheng'~

1 School of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China
2 Key Laboratory of Humid Subtropical Eco-geographical Processes ( Fujian Normal University) , Ministry of Education, Fuzhou 350007, China

Abstract; The influences of root diameters, branch orders, seasons of birth, soil depths and stand ages on fine root
lifespans were studied using minirhizotrons in the 18- and 90-year-old Chinese fir ( Cunninghamia lanceolata) plantations in
Nanping, Fujian Province. The median lifespans ( ML) of fine roots increased with the diameter, with the corresponding
ML of (125 +£47) d, (158 £16) d, (248 £18) d, and (272 £53) d for roots of <0.3 mm, 0.3 —0.6 mm, 0.6 —1.0
mm, and >1.0 mm in the younger stand, and of (95 +20) and (200 +£17) d for roots of <0.3 mm and 0.3 —0.6 mm
in the old-growth stand. Roots of 0.6 —1.0 mm and >1.0 mm in the old-growth stand had the accumulative survival rates
over 50% at the end of the experiment. The accumulative survival rates of high order roots were significantly higher than
those of the first order roots in both stands, with ML of (180 £13) d and (200 £ 18) d respectively for the first order roots
and with the accumulative survival rates over than 50% for the high order roots when the experiment was over. In the
younger stand, roots born in the autumn had significantly higher accumulative survival rates than those born in the summer,

while those born in the winter and autumn had significantly higher accumulative survival rates than those born in the spring

BEETH . HF ARREE4ATH (30972347) #8848 HRBHF 5455 H (2008]J0124 )
s B #1:2009-12-30; &1T H#1:2010-07-03
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and summer in the old-growth stand. The ML was (216 +16) d, (248 +12) d, (172 +6) d, and 125 d respectively for
roots born in the winter, autumn, spring and summer in the younger stand, and was 383 d, (127 +23) d, and (106 +19)
d respectively for those born in the autumn, spring and summer in the old-growth stand. Roots born in the winter in the old-
growth stand had an accumulative survival rate over 50% at the end of the experiment. The accumulative survival rates
increased significantly with soil depths for roots of the old-growth stand, with ML of (156 +14) d and (241 +24) d
respectively for the 0 —20 em and 20 —40 cm depths and an accumulative survival rate over 50% for the 40 —60 cm depth
at the end of the experiment. There was no significant difference in the accumulative survival rates for roots of the younger
stand among soil depths, with ML of (187 £19)d, (216 +28) d, and (120 +47) d, respectively. There was no
significant difference in the survival curves between the stands for roots with the same diameter class, root order, season of
birth or soil depth, except those born in the summer and those inhabited the 40 — 60 c¢m depth for which significant

differences between stands were found.
Key Words: fine root;lifespan; Chinese fir;minirhizotron ;survival analysis

AR SR B A AT 1) MR S A A WL o B AR 50% e B AR S R SE C M SRR
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AREER ML RAICARE S FR TR b b3 T B AR 2 Bl 45 & A AR AR | 53 (R 20 ] RERY i 21 20
R A= BT RE A K AL A P LR 175 0, SE I 52 ) B ANAR (0 F iy, SRV I AIAR 5 e ik o2 JL-T- 350k A F 3 —
RIS, 7 RIS X AR F7- A (52 ) AT A DLARGE o TR AIE 9 Z0AR 40 AR 75 iy B AR A5 16, % IR A48 7 Ak
B X5} BRARBI M S 52 e B - BBV o TP X 40 R 75 i 14D 52 Wi S0 A0 AR 1R 77 i AN ) 240 AR
IRFF A L, WG s M LB ] BB A AR 22 55, DRI AR %o 4 AR 7 i 1) 32 i) B ML 3L 22 93 ) DA 200 AR 1A
R R AR FEAAR 9 K - IF

A ((Cunninghamia lanceolata) P23 [ ma 1 SRR X 5 B 22 A 7 SR — | THIRA 1239, 1 x 10%hm* , &
Rl R 47357.33 x 10*m*, 2051 7 2 N TARTRRURIES BT 26. 55% F1 46. 89% , 76 & B T AR b i 45 3 %2 b
fr? SRR E B AR AN TGRS HSE R R 2 X TR A RS AR TR A 72 7 4ER5 0L
il P G PR 5 DA S WA ) S BB L, PR TR BB 2 S B 18 A (A B B
190 4FAE (MY BE) 2 ARMCHRFZE T 42, il R AN AR $e AR JE S A IE (R R AT ) AT R+ 2016
153 BEAS [) AU AR B A | B A5 480 7 A Xof AN ) AR B AR 14 5 A R
1 R bR

I A T4 A R Pl E ARG A W R (26°28'N, 117°57'E) , Ja 3y 2 XU, 451 35 S0
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L 2R AR S K, IR LE 200 m 22 s R A L0 B = B h AiRE AL a8 & B R L S 208, T3
JEFEAE 100 em D b, IR HAA HE S — & B4 0k, BT BRI 1

WFFEXF G N 18 AEAE AN 90 AR AR N TR, Hrh 18 AEAEAZ AR bR ) NW25° 38 34° 2 1991 4£5¢
A= AR R, 98 A bR 5325 BE S 3875 Fk/hm? | SF- BB 5 AU AR 5351 11, 8m Hl 11. Ocm, A JZE LUAE 2K 1L
(Maesa japonica ) . %€ %F ( Rubus buergeri ) . ¥ #5 ( Ficus hirta) 55 & 32, ¥ A 2 DL 4 B BR ( Parathelypteris
glanduligera) 1 Y11 35 Bk ( Athyrium iseanum Rosenst ) | 8§ & Bk ( Dryopteris austrtiaca ) | 51 & ( Woodwardia
japonica) N F , FFEZ90% , 90 FEAEAZARN T MY ) SW80° 3 & 30°, 4 1919 44 Z5 38 bR ifiy 1l , V8 2 Bk Ak 43
W N 750 KR/’ P EA AR 200K 32, 2m 132 8em,, AR HEAJZE LAM 2510 FERE AL R T
A2 LITEH ( Dicranopteris dichotoma) . JK ¥ ( Polypodiodes niponica) J& R+, %21 100% . WIFIARZHY 4
HERAL T LR 1,

F1 18 FAEM 90 FELARN T HFEU MR
Table 1 Soil properties in the 18- and 90-year-old Chinese fir plantations

RNt Tz AHE A LB £ X e
Age Soil depth Bulk density SOC Total N Total P Total K
/a /em /(g/em®) /(g/ke) /(g/ks) /(g/kg) /(g/ke)
18 0<D<20 0.98 £0.10 15.01 £0. 81 1.80 +0.10 0.28 +0.03 50.96 +7.06
20 <D=<40 0.94 +£0.07 8.39 +4.14 1.10 £0.17 0.24 +0.04 54.29 +8.59
40 <D<60 0.95 +0.04 3.65+1.26 0.89 +0.11 0.26 £0.05 52.60 +7.08
90 0<D=<20 1.10 £0.03 18.56 £1.37 1.68 £0.27 0.30 £0.07 44.57 £4.31
20 <D<40 1.14 £0.07 6.17 £0.89 0.98 +0.09 0.23 £0.04 47.95 +3.44
40 < D<60 1.30 £0.07 3.19+0.18 0.83 +0.10 0.22 +0.02 47.43 +2.91

2 MRAZE
2.1 FEHLE SiXEREA

TE 18 4EA H1 90 AR AR N TARN 2 341 3 > 20m x 20m [ EARAEHRL T 2007 4F 5 A K, fE AR bR
HEHL N AL Z %6 5 AR PVC(RE L) BFEDEAE (RIAR AR ) | He22 28 15 DM RURE . MRS AN Sem, K
FEA 90 em, B H AL, AL 180°, FLIY KR /IS hR & T4 B4 11K /IN— 2, DLORIE &R IR BURE (R 52 AR
A, ZEFERE T 0.5—1.0 m PAEEALE b i IARSE S 4k, AR AL B — 1 5B B E T, 5
TR 5 M T 450 R SR O A RHA ST, T A ROR A K EE AN 70 em (FEERE N 60 em ££47) o
R B 1R K B i A E N RIOCZE A | T S N a5 5 5, A0 FH R (A 78 55 1 = DB iR A8 41, e
VR A AT B 55 FR 1T, LUSCE K BA 67 1k W A 487 PR BE k8, 00 NS A P 0 o, S e 4R RF 1 s i JEIR
EZS A
2.2 HURESEED

M 2007 4510 Ak, FaH TR AMREMEZEL NS RS (ET-100, Bartz Technology, Santa Barbara,
CA, USA)REMRZLR, BUCRER A TE 1d W5E R, 2801 a1 % N IR R 537 & 48 (WinRHIZO TRON MF
2005 4 UG ik Ar) AT 00T, LAAS B4R TE SR IE AR I 4605 B, 18 SCR A B EdiE A 15] 4 2007 4F 10 H
%2009 4E3 H
2.3 HdEabB S orHr

AR iy SRS — Uk BB 2 R B [ Tl B, RDDA S A= BIAE T s B psf 1] B AR B — Uk LRSS 1) T4
VEN S HTAR ZR ISR A B4R 2 M I B AR R A0 4 D B B d<0.3 mm 0.3 <d<0.6 mm 0.6 <d
<1 mm Al d >1 mm, MR Fitter ™ XM Z8 434 AR 5% SEATAR 5 20 9 B4 SR A 52 4% P 1 S A0 R B A 0k 7
MR A AR 2 SR — G, 4 B S T UL A ELA — 2E 0 37 A A AR o SO A F T AR A L 1) DX 3l )
=D, FARECE B BT D R B AR SRR S AR

KA Kaplan-Meier J5 3% #4742 47 50 81 , Al T8 40 AR A7 36 2R S P 7% /iy (MRL) |, I A8077 35 il 28 (Survival
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curve) . HFHIRFG AT RIEIES A0, AR B AE HAEZET ORTR 42 KO RS 2 B AR A A7 i 2 00 2=
SR R ECRRAE B8 ( Log-rank test) 5 TR E42 (X BEE G ) AFFA IES A0, M 40AR BRI 25 5
SR I ST A A 2 80K 35 ( Kolmogorov-Smimov Z J5 %) o it A %45 ¥4 & ] SPSS 13. 0 for Windows #l
Microsoft office Excel 2003 S840 i MR- 347 7081 B R4 51 15 AH ,ﬁ%‘f@bk%iiéﬁg P=0.05,
3 &R
3.1 HHARFRGURIT GG AR 5 iy 1) 52 ]

18 AR ARYMIE T 0.6 <d<1.0 mm Fld >1.0 mm A Z ], LIS d<0.3 mm F10.3 <d<0.6 mm i
R 2Z 18] A7 TG A B 22 A (P >0.05) , R BRI I AFEIG th &k 2 [ A B E 25 (P <0.05)
(E 1), M0 4EERKRAMRIE T 0.6 <d<1.0 mm Fld>1.0 mm ZA/EfFI&2ZE R AR EINP >0.05) ,4%
R AR A i Z BBFAE B E2E (P <0.05) (K 1), AN A o E 75 Ay B AR S0 A 58 0 4E K, 18
R AERE d<0.3 mm 0.3 <d<0.6 mm.0.6 <d<1.0 mm fl d >1.0 mm 40 P{E 4510 (125 £47)
d. (158 £16) d.(248 £18) d Fil(272 +53) d(F£2) ;90 4R K d<0.3 mm F10.3 <d<0.6 mm HIR P {EHH
A (95 £20) d (200 £17) d(F2),MM0.6 <d<1.0 mm Fl d >1.0 mm ZHHRZENLIN A ZE o, H 2R
FEIE AT T 50% (43R 51.02% F165% ) (1),

—e— d<0.3mm —&— (0.6<d<1.0mm
—— 0.3<d<0.6mm —A— d>1.0mm

100 100

80 80

60 60

Cumulative survivorship/%

40 40

20 20

1 1 1 1 ] 0 1 1 | 1 ]
0 100 200 300 400 500 0 100 200 300 400 500
1735 i) Survival time/d

E1 18 FAMI FEMKFRERARMFFEML

Fig.1 Survival curves for fine roots of different diameter classes in the 18- and 90-year-old Chinese fir plantations

18 AFAE I 90 AR AR —HAR B REUAG RIGLAE TR R (B 2) , H—2R 5 S R i £7 16 th e 22 5
Pk B i K (P <0.01;Py, <0.001) , 18 441190 4FE A AZ AR — AR A o (8 43 0 (180 = 13) d
F1(200 = 18) d; M PAFIAR S5 5 GO ZE W 45 R b, L RFRAA TR AT R T 50% (£ 2) . J34h, IR bR 3 i —
R FRHERBEZENTEHIMR (P <0.01; Py, <0.001)

3.2 AR AR ZEAT XTI AR A 5

18 AELEAZARKZE AR R AR BARAATE R L = T H 2 (P <0.05) , ML B 205 AL M AR AE T i 2 2 1)
2T R E (P >0.05) (K3) ; & ZMEkZ A AR P E A (439000 (216 £16) d F1(248 +12) d)
WU & THREME (5 (172 £6) d FM125d) (£2),

90 AFEA FZ A FIRK 2 s A O AR BRBUE IS R I i = T A B MEF (P <0.001) , M&F5KE &
5 7 A AR Z A i EREIE R 22 R AR B E (P >0.05) (K 3) , B2 AR 4048 rh (75 4 (383d)
T THZE(127 £23) d MIE (106 +19 ) d (K 2) , M4 2= H A 1Y 240 AR 78 0000 35 25 s ik 2R 7 0% A5 7
50% Ll E(F3),

3.3 R YIRS
ISFELARIN L EZMBAHMEY LR FEEZR(P>0.05) (K4) ,H EZ(0<D<20cm) fIH 2
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K2 1BFEMI FELKAIHRAREL FRHESTHLIENAREHERNPESS
Table 2 Mean diameter and median lifespan of fine roots for different diameter, root order, season and soil depths in the 18- and 90-year-old

Chinese fir plantations

18 4E4: 18-year-old 90 4£4: 90-year-old
MRS , ,
Root classification FHEEE mm AR/ d AL/ mm A5/ d
Mean diameter Median root lifespan Mean diameter Median root lifespan
HR%H d<0.3mm 0.28 +0.02 Aa 125 +47 0.24 +0.05 Aa 95 +20
Diameter class 0.3 <d<0.6mm 0.46 £0.08 Ab 158 £ 16 0.40 £0.08 Bb 200 £ 17
0.6 <d<1.0mm 0.74 0. 11 Ac 248 18 0.73 £0.11 Ac —
d>1.0mm 1.28 £0.22 Ad 272 £53 1.44 0.5 Ad —
T — AR first order 0.61 £0.28 Aa 180 13 0.51+0.22 Ba 200 £18
Root order 2R higher order 0.75 £0.32 Ab — 0.64 +0.34 Ab —
Z=77 Season # Spring 0.63 £0.30 Aa 172 +6 0.49 +0.19 Ba 127 +23
5 Summer 0.60 £0.25 Aa 125 0.54 +0.30Aa 106 =19
Kk Autumn 0.58 £0.30 Aa 248 £12 0.57 +0.26 Ba 383
& Winter 0.71 £0.33 Ab 216 £16 0.51+0.16 Ba —
TEREE 0 <D<20cm 0.61 £0.29 Aa 187 +19 0.52+0.19 Ba 156 14
Soil depth 20 < D<40cm 0.62+0.29 Aa 216 £28 0.50 +0.20 Ba 241 24
40 < D<60cm 0.65+0.29 Ab 120 =47 0.58 +0.40 Aa —

SCRBAE A IME + b2 ; [ — AT A M F KRS TR R AR E R 225 (P >0.05) , 75U
R EEME/NE FRFRR TR EET (P >0.05) , HNFATE R 2R (P <0.05)

=

TR F 22 R (P <0.05) ; [7—%1 1y 4H [F)

—— i —e— ER

100 1844 100 904E A
S 80 80 |-
Q.
£
ﬁg 60 - 60
Eo
Z 40 + -
B £ 40
=
g
S 20 20
0 ! 1 1 1 ] 0 | ! ! I ]
0 100 200 300 400 500 0 100 200 300 400 500

236 R4, Survival time/d

B2 18 FAE 90 FEMKREIRFHRNFFHLE

Fig.2 Survival curves for fine roots of different root orders in the 18- and 90-year-old Chinese fir plantations

(20 < D<40 cm) 4IH BB A (435910 (187 £19) d F1(216 +28) d) ML T T2 (40 < D<60) cm 2
(120 £47) d(F£2), 90 FERAYNM RFULNG 3R Bl - ST RE 3N 17 8 25 3800, 4% 1 )2 AR A7 36 Hh £k 22 5 48
KB B EKF(P<0.01) (Kl 4); EZ(0 <D<20 cm) A JZ (20 < D <40 cm) 4IAR o (8 75 A 43 51N
(156 £14) d F1(241 £24) d(FR2), FJZ(40 < D<60 cm) AL T BUAE I R 76 0L 191 48 TR i )5 5 T 50%
(El4),
3.4 PRI XS AS R AR TR T i 1) 5%

SRR AR [0 0 807 R AR B A6 I B TE 8 35 25 57 (P > 0. 05) |, R B A RRAIE 2] 43 () Al AR B A4 7
ANTRI AR [R] ELA AR ARLY 5 A 4 s AL

Br T ERAN(P =0.198) AR 2245 AR A ) A ARBE A2 5 38 iR AE R AR Z R B B 25 25 7 (P <
0.05) , F AR X He 40AR HH AE 2545 80) 2 1) [R) A ARARE 1) 75 AT SRl
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100 184E4 100
L 80+ 80
[=9
£
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‘ﬂ§ 60 60
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=4
}f,fgé 40 1 40
=
=
=
O 20 20
0 1 1 1 1 J 0 1 1 1 | |
0 100 200 300 400 500 0 100 200 300 400 500

T#IEIF ] Survival time/d

B3 18 F£AEF 90 FEMAREZET RERIREHTFE Lk

Fig.3 Survival curves for fine root cohorts of different seasons in the 18- and 90-year-old Chinese fir plantations

—e— 0<<D<20cm

—&8— 20<D<=40cm —A— 40<D<60cm

100 M

1844 904E 4
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Fig.4 Survival curves for fine roots of different soil depths in the 18- and 90-year-old Chinese fir plantations
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