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Abstract : The lifespan of fine roots plays an important role in forest productivity. On the basis of minirhizotron technology,
this 'study focused on the annual dynamics of different order fine roots in successive rotation poplar plantations and analyzed
their survival. The results showed that the cumulative survival rates of poplar fine roots were significantly different among
root orders. The lifespan of higher order roots ( 3rd—>5th order) was longer than that of lower order roots ( 1st—2nd order) ,
and their cumulative survival rate was also higher. Furthermore, there was a significant difference in the lifespan of poplar
fine roots between two plantations ( the first and second generations) . There were more live roots, dead roots, and total roots

in the second rotation forest than in the first. The median lifespan of fine roots was 90+16 d in the second rotation poplar
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plantation, whereas it was 102+22 d in the first rotation plantation. The root number and the proportion of roots of each
order in the second rotation poplar plantation were significantly higher than those in the first rotation plantation. However,
the cumulative survival rate of lower order roots was significantly higher, whereas that of higher order roots was significantly
lower, in the first rotation poplar plantation. The lifespan of poplar fine roots was responsive to soil environments, with the
lifespan of the first order roots being significantly correlated with soil available nitrogen (r ==0.861) and that of the second
order roots being significantly correlated with phenolic acid content (r=0.870). The lifespan of the higher order roots also
showed some correlation with soil physical properties and nutrient conditions. The findings of this study indicate that the
accumulation of phenolic acids and a decreased soil nutrient availability might influence fine root lifespan and turnover jof
poplar trees and lead to a loss of net primary productivity in poplar plantations, thereby providing an important insight into

the mechanism of declining poplar plantation productivity.

Key Words: fine root; root order; survival analysis; phenolic acids; poplar plantation
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BRA: 7= R AR R R AR A R R B 2 4, BTN TR PR R BRI
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W 1—2 GAMARER A WSCAR A FRAE | 3—S5 SRANMR A K 2 RN 2k 4 sl 38 55 ik, R R 3 AR 20 g xt
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1 HREXBAHER

RIFEHAL T IR T A B A Sk, B 47 B 35°53'N, 116°50'E, % X & T W i KRt 2=
A AF 3R 13.4°C i dne e A 40.7°C, i e IR - 19.4°C , KT 10°C A2 8L R 5009C
AESEH H BRESBCH 2679 h, CRE] 199 d, 4F B4R SHE 5274 MJ/m® , 447K & 690 mm , [f & WL AL 40 51
BT ) AR AR CID ) A TARA, TR 1.2 hm? | AR+ 3224 A L A0 Rl + | 0k, AR IE A K 1
25, ARG H 2009 A FAE TR, Horp, —RCT) AR ) AR HR 5 A, BRITHE 3 mx5 m,
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PL—AF AR ARKEY O 3 R M BEAR RIS, o, T ARARFEAR 2 LL/INEE ( Chenopodium: serotinum ) R HE B F
W0 (Amaranthus tricolor) . =5 J¥ ( Digitaria sanguinalis) 55 A VALFEFR AR R EE L) 0.6 TR EAJZ R L)
I 5 R AR UM R 5 ( Setaira viridis ) /NS PN AEBE SR B34 0.4, PIREHBAZ AN A 1 5 A7 A 1o 35 22
S, DAUMAZ A B AR e T IAAR I AEAR I 38 S b A - S ) SR M AP 7 — o 25 5, AR T3
PLBT A AR R T 1AM, B AR e iR o it T LAk (3R 1),

F1 X EARER P E bR )
Table 1 General characteristics of two poplar plantation forests ( mean+SE)

MHSH

MRHBAEDL

Forestland profile Darameters of forest land I i
MRITRFE Mt/ em 14.80+1.14a 8.80:+1,02b
Forest characteristics B/ m 11.20£1.36a 6.20+1.22b
TR HHEAE/ (g/em?) 1.46+0.17a 1.63%0.14a
Soil physical properties SALBREE % 46.57+2.45a 49.77+2.77a
pH(H,0) 8.6420.43a 8.26+0.51a
+ 5 % kL (>0.05mm) /% 76.33+3.55a 73.67+3.27a
Soil texture kL (0.002—0.05mm) /% 18.25+1.63a 19.59+1.42a
RkL (<0.002mm) /% 5.42£0:61a 6.74+0.73a
A HEFRIPIRBL BB/ (&/kg) 1.60+0.12a 1.35+0.09b
Soil nutrient HARRS (me/kg) 20.80+1.23a 15.40£1.17b
T/ (mg/kg) 9.15+0.34a 9.48+0.27a
B/ (mg/kg) 22.76£0.59a 22.77+0.62a
- R O FHE/ (/) 10.02+0.33a 10.44£0.57a
Contents of phenolic acids FIERR/ (ne/g) 6.94+0.48a 6.52+0.69a
AR/ (ng/g) 16.12£1.25a 20.67+1.34b
AR/ (ng/g) 0.75+0.17a 1.95+0.12b
X FRIORE R/ ne/g) 44.35+2.74a 152.79+3.68h

ARV FBE R RS bR ) 22 55 | 3 (P<0.05) To — UK, T, 40K

2 WHIRAE

2.1 (AREHE

2013 4 1L HF T JIACEEREH N A BEE 3 4 1000 m® BIAREHL , 764 bRt N 20 510 2 5 BRF R %
B ORAT (N2 6.4 cm, HM2 6.9 em, K BE 100 em, FimEf ) . B Vamerali 25007715 O A5 10 8 107
BB H0.5—1.0 m, B AR (A2 7.0 em, AME 7.2 em) W HBIRT 2 45° 32 f1 4 — A SR & AME
FEIE BOAER R SR P R AT 70 em (T ELIRFEZY 50 em) |, SRR A5 48 BE 55 4 598 R) B A8l o %) D (25 R 2
i) #EA T PN, DAGRIE P 3 22 0] A JC A 16T 1 . (OR35S o0 FH R G Jie vy 4 68, T o o 2 %3 3, 7 1k
LBJRATEN . HMEER] E RUGCR BRI S, DLOR A IR B CR AR I, REAS DRAE XS W] — 0 & AT AR R Bk
FETAEP AP RS LB EARREGCORENZT T 10 A H e a0, RIER R 4B K a2
V0 % o Ak 0 AR T
2.2 hIERE A RAE KN E

FE 1| AT A b N BEAILAI R 6 B2 BEAM T35 0.5 m AL SEMGAETE 4341 5 A HURE A, 1 RN Bl
fif TAF BREAPER Je TR R R ATH BB RS S hmiciy A S % T R H PR | e Bk |+
SR RO S B R Y B B i o B 45 Mk 38 - o Oy i 2 5 b AR N SRR MO AT R ifE LY/ T
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1952—201 1 BRAkA: 25 R Ge K 0 AR ik ) 7 F g, -3 o b R P b BTk i |, - s BRI 2R U095
SE |, SALBUEE SR 2 o 55 RH N 285 B 1 PO AR, T B R 8 R P P 57 125 M0 2 - 38 pHL 5 3 HILBTCR
KGR BT PR A A B | A8 R TR ) IO D00 5, S8t SR PR TR S M DN 7, S50 R P R
Bl JHADGRE VRN SE 5 TSI TR W) 5T 5 R e ARCHRAR €335 (HPLC) J5 A6
2.3 IREIGCRSE

ZAROLINIG[R] A 2014 4F 9 AR % 2016 4F 10 H, #3Fa 2 J& AR B4R 4 R 48 (CI- 600, CID Bio-
Science.Inc., Washington State, USA) X AR & #E47 — Wk G R 4 T AR, R 3R BUECHE 19 RIUR 48 27 D RGE R
21.56 cm x 19.56 cm, /M HER K 300 dpi, REAE TAETELLR 2 d WoER, AR B2 N WinRHIZO 4R & 4>
M7 Z 55 ( Regent Instruments Company, Quebec City, Canada) HEA7ACEE, EUE R AERPIAE 6 % BRAY R 2 LA IE
R K 1 EHUREAAR 22 I 2 RS IR AR E SCOTRAR (181 1) |, 23 B R S Bl i SR 32 20 A R AE . B B
G R AR5 1 UCH B AR JR i Sh A AR R R LU ST AR T, 0 2 A R BT TR 77 1A T 2% BFI s A 3
TORZS ., WARE G D R IEAR RAE KFWUF #4735 902 HAT W R 57 0 BB el AR, HAT 1 S
IR 2 GO, AR TR 22 0 3—5 PORBRIC R PR (I 1) o BER BMRR B bR AR AR i bkt
i BT KR RES MGG S ARRE AAFR S DT AR ROR S B R A AR S oA
2.4 IR A A Al AR

BT XN AR RFAE AN [7) 2595 A0AR A= K 1 22 5 RIRGR AR 545 A 2520 AR
1 BRRABRERKES

Fig.1 The grow status of poplar roots
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2014 4 9 J 2 2015 48 10 J3 i a] X 8] 5 Ao 4 PR o 21 i i B i T AR A fli iz 3, ERAR K
AR WELLE A AT AARATS DR A5 A T RS (RIAIER s ) |, AR 75 S R IR SR 0 A, B A XS PR FHF
Y75 n ZHORME T AR F i B — s i 22, RLCAS IR 92 LA P (i 25 i 4 S A0 AR 7 A Al D ) S 22 288, AP 34 7%
AR AR Al I A4 B 28k . R Kaplan-Meier J5 5347 A 47 200, 43 it 5 s T AOAR | I ACARAY 40 AR
1754 (Mean lifespan) H{E 77 ( Median lifespan) 5 231776 %R ( Cumulative survival rate) , J1-22 ifil] 408 4
2R (Survival curve) o [R] B 40 FREH 1 AR 2 AR M i AR B AR Hfw  h i e 5 27
TR IR AR A AL, Gl B G ( Log rank test) XFEAVEACEL AR HE 5 8] A9 4 KR 75 iy i £ 7 e —
R I H 22 R W EME . SR SPSS 17.0 BAFH ) Correlate 2 FEHEA T4 AR A A7 5f 1] 5 + E PR =y AHOC
PEIIHT, 0 HAR G R B AT B E AT (a0 =0.05) .

3 ZBREHS

3.1 AR R AR A

T AR LI 2 40 AR Sk 572 A, Hrpidi A 524 4, 24 7 SURET) 91.6% 4 THRUMR Hp ot i 2] 40 4R G 5k
1852 A4~ L iE AR 1407 4>, 24 i SUARELT) 76.0% T AUMS T ACAMRAN AR AU A7 Al i 28 22 5, T ARAPR T A
BN TP 2.7 4%, A U0 2 A A0 AR BB T A0AREY 3.2 fif (& 2) .

T AR AL 2 1 AR 304 4,2 ZeAR 181 A, Al 39 A, 43l AR 200 i RS AR ALY 58.1%
34.5% \7.4% ; TARARAP AL OLI 2] 1 AR 479 4>, 2 AR 564 4, B AR 364 4, 435 15 AR 2800 B 5 s AR A
34.0% 40.1% 25.9% ., 1 RS AR 25 90T W faim AU 2 SRS B2 & 1 1 SUR Rl 9
P (K 2) .
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:l — Rk 1 &

— ~ 560 [
1600 | B =k Tl E
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Fig.2 Total root numbers and fine root order distribution in the successive poplar plantation
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3.2 R FAR T AR R AR sl S S H 5

WE 3 PR, A FERR T AR B AR B 225, MPUR BRVEF R 8 3 5 TIRBAR)T, Harii K,
{EJ2: , AN[RIAR PP AR 7 A 76 VB AR B N TR 22 SR THARAR A, DR [RIAR PP 4 AR SRR A: A7 R A7 75 B
FEEF(P<0.05), TRMEP,BHIRTE 1—2 BAME REVEFRE R EE (P < 0.05) 1 1.2 HARFTE
150—350 d JE P Y AIAR BRVEFRZEF AR BE , AN, T 2 HE AR PR b O A e T TG
MR 1T AR AR T (A A A AR Ot 35 (3R 2) o i TREE A IRIRE , T ARAR R d W Bl SR 1 9%
HRFF (0 AR 4k 2 A 4 R B AT A S AR S Btk 11 B R 2 AR P8 28 i AR e, Ul b (B A A e,
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Fig.3 Cumulative survival rate curve of different fine root orders in poplar plantation
IR I AR P BeT 1, 2.3 400K 1| R, 2 PURFANS BN 7 s 7455 O, O, x40 3R7R 1 PR |2 QAR Flim SR BT il 2k

®2 TRRFERBREOFHFEMPAESTG

Table 2 The mean lifespan and median lifespan of different fine root orders in poplar plantation

SR d : I
Lifespan parameter 1% 2% (e g 2% E
First order Second order Higher order First order Second order Higher order
SE34#4ir Mean lifespan 121 £ 24 112 £ 31 184 + 26 56 £ 10 116 = 12 256 + 35
rh 45 {H Ay Median lifespan 102 £ 21 44 £ 8 151 £ 29 28+ 8 60+9 279 £ 26
33 FEAFRI A TARAIR REVE 1 R A 1 ol 1
Gl 4 B BEA QAR AT I DA IS AR R B < “ gIII ;
AT W AUE A RCEITET . T IURAEr I E 0 11 -censored
Ak (123+24) d PR A (102427) A T DARAR 22
HIFCTH 7560 0 (134219) d, HHRHEA AN (90£16) B2 4
d, RREERBH A THARBBVEFRAR & 2 |
150 d AT 2R 5 i 22 5% A 35 WAE 150—300 d wWHl  ©
S g 0
W, AR TTAGE AR TR R A Ar R AP 1 1 . ” - o -

TS TP R RANR BRI T TACHI =

PR BRAEfEREE ST LK(P =0.015),

3.4 IR A SO b K T AR S A
M3 ATRAE H W AR A A7 st 1] 5 358 7 A7

TE—RE TR FE R AR DA | 33 158 A 41 AR 75 37 il T+ 198 4 1

KRR AR, o, A AU ME— 5 1 R

B EMEERN R T (r=-0.861) , ULHH 1 4R

RG] Survival time/d

B4 AEEEREGHARRAEFERL
Fig.4 Fine root cumulative survival rate curve of different
succession poplar plantations
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B, LI e OB AF SR bR HLEA W3 (U ) OGBS R A AR SR S A 2 A
K(r=0.870) X UEH 2 ZLAHHL Y A5 AoRE 52 ] T bk 1 398 5% 92 B2 FBORE 20 A, O BEAE B R R AR, =52
RF AR A A 18] 5 Sy PR AN SR IR B0 A5 B — e R OGHE , A0 S0 T LB AL BB S A e 25 A
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x3 FRERFHMEIREFRESHiE L EEFRXES R
Table 3 The correlation between survival time of different order fine roots and soil properties in poplar plantation
AR P 4UAR Different orders of fine root
1 %M First order roots 2 4R Second order roots 2R Higher order roots

FHEH T Soil properties

+ 475 Soil bulk density -0.671 -0.753" -0.985**
SALBREE Soil porosity 0.606 0.241 0.866 **
pH {8 pH value -0.219 -0.735* -0.100
VPR & Sand content -0.623 -0.442 -0.661
Wik f i Silt content 0.520 0.912** 0.878**
Fiki £ i Clay content 0.431 0.734 " 0.705
FHHLF 5 Organic matter content -0.443 -0.358 <0.535
B A Available N content -0.861** -0.564 -0.339
RIS B Available P content -0.095 -0.681 £0.729"
B A i Available K content 0.672 0.293 0.333
S5 Total phenolic content 0.628 0.870 ** 0.767*

# FERAE 0.05 7K P AR R BN o FIARTE 0.01 K T HIOC R B i 21

4 Ttig

4.1 [RIAR P AR 75 i 2 S 00 5 e PR 3R

AR B AR TR A AT IAPE | A AR R ST M A5 9 [l R AR 5 iy B K 22 57 B B AN AR
J (A AIAR i A ] S B PR B A RAIAR A K R 4 AT S AR A7 L AR IR R B, MR
)AL 2R 75 iy b RBUVEARRAFAE A W8 22 5, m R BBV A R B8 & TIRGUR 7, HAAari K (K 4) .
WZEIE 5 Ao B — 8ok, W, 0F 5% & BBk ( Prunus persica)) 1 MR X524 190 d,2 24 3
PRI T 24 452 7 K IMEN 1—3 AR A7 (e 510—692 d Z[H], 1 4 24 LA 1 A0 5 AR (>
820d) 1 s AR AMARAE o S A A e /e I fh A P A R BT — 5 I 4R iy S R R L R %),
an, H AR A ( Chamaecyparis obtusa ) 32 W AT — oAU A = 50 J5 42 K i ( diarch and triarch protoxylem ) Ff
AR 7B T EAT DU AL A AT (tetrarch protoxylem ) AR i K, 55— D5 T, ZHARAR T 5 3L
FROTAFAE 2 IE ARG, 0 H AR R AR (0 1.2 PR Fram B, M P ARG e I . A [RIAR e 40 AR 734 1Y
22 5T e 5 H Y RE A OC AMIRAR P 7E D e AR T 32 SR IA SR 53R 23 B WM T AR B AR B2 A, 4 AR
FEATEE S AT B Z SE A T O T AR R R IR 0 BRI A R A AR, B AR SR T AR A
JEUO AN AR R BOAR R T BB AN A R BETS RIS R A B AS  Hoh ) Bl R R A AR
BUR S RO (0 2R R . AR R YT, A LU T i BRI AR F5 4w 20% LA b 1728 5, HBR LGB &7, 4 AR 75 4
FRACH AR TR SCRUIATE T O 2 B A 200 AR Al 25 ik R 52 30 M e o ) A T 280 % ik 2 B AR 3 T ek
DRFEHE, CNGEAE 1 AR 2958 20: 1, TI7E 2—5 PR RLAE 30:1 LA L ARBFFEA FAR T 40
F5ir AL 45 5 DATE XA A AN [RIAR e AR Bl L L I IF ST 4508, SCHR A AR R 20 LU 52 i A AR 7 i B B2 1R T

UEAN TEMARIARM T T S 05T v, B 98 2 19 % BT R AR L o IR P AR 2 e R 2 1 ) Bt %
W, PR e U T REIAR B A, WNAIME BR UL S BB RA (Pinus taeda ) AIARFF A BT | 1T AR B AR
H Y FEW (Populus generosa x Americana) AR 7548 P W R FRAEH D R LM F | 24
ik, BFFEN R E AR R A B AE T Z3k 30 RPN AR B 5 R E AR B Y L 7 AR
PET TR BB A [RIAR P A A AR (42 % 00 i ANTE AE 8L TR AR DA 454 1 240 AR 73 iy B9 AIL T AT T R oK ke AR
FAFR BN,
4.2 AR T A A Bs 22 5 0 52l R 3R R S TRRA: 72 0 R BRI G 2

UNAR 5 i 32 PRI IR 28 B R K, 33 R Rt X AR A K & B B RO a0, MR
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o] B AT BRSO A 5 B 2 e AR O s 3 e pE T X B R A R S AR i 2 ) A B DD
Fo N ZRALRBE IR R ZHCA T R —F 3 B A 25 R G U 20 i B P B8R £ HEN
FA RS ARA KRG ZETE ", Nedelhoffer 458 S8R FFEHEFED 40 BIEXHIREH S5 N A
RERREAT T L5088 AR I T 4 PRl : 1) H 38 N ZA X AR A A TE RN, % A AR 77 it S 800, (B, N
FARNESR & AR AR, (B A, S AR ) 52) 3 N S AP X AR A 4 S B A AN, XoF A AR
i 1 IRV (BRI, N ZA AR o, AR T i S A, A Dt (HL AR AR i T ) 53) N3O AL X AR AR
KA 2 SO (B, N SR R4 , AR AR R T, AR i, JRL R D) 54) N 3T 25 M e At 2
KRNZF A B4 TEROW (B, N B RS o, AR A IR, Z e I AR A B T ) o MK A RS i
SR, UM 39857 0 S AT [ AR sl R & R N B8 (3R 1) . XA R IR A2 kA
R S AR L SR R, O T ARBCE 22 19 9% 03, i A AR AR A AN AR A H R 3 IR T
AR (BEANAR A W A ( T AP E A A 43030 102 d 190 d) LR s AR 1 Rl e g )
PRI, 32/ N Az Y 2R AR 7 i ) 2 S T BB I VR P b b B3R 0 A 8P A B IR
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Fig.5 The relationship profile of fine root lifespan and productivity decline in poplar plantation

HEAN  JEAER R A TR S W i o ) SR AR R . A2 31 )2 T AL, ELXF o S v i 1R ) T ) A 00 26 D AR P
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