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Temporal dynamics and influencing factors of fine roots in five Chinese temperate

forest ecosystems

LI Xiangfei, WANG Chuankuan*, QUAN Xiankui
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract: Production and mortality of fine roots ( diameter < 2mm) and influencing factors are important to energy flow
and nutrient cycling in forest ecosystems, but remain poorly understood mainly due to the limitation of methodology. In this
study, we used a minirhizotron technique to investigate the temporal dynamics in fine root length production ( FRP) and
mortality (FRM) of five representative forest ecosystems in Northeast China during the period between May and October of
2010. Soil temperature ( Ts) , soil moisture (Ms) , and leaf area index( LAI) were simultaneously measured for each stand.
The stands were aspen-birch forest dominated by Populus davidiana and Betula platyphylla, hardwood forest dominated by
Fraxinus mandshurica and Juglans mandshurica, Mongolian oak forest dominated by Quercus mongolica, Korean pine
( Pinus Koraiensis) plantation, and Dahurian larch ( Larix gmelinii) plantation. The experimental design included five
forest types, three 20 mx30 m replicate plots in each forest type. The results showed that the FRP and FRM were
significantly (P < 0.001) affected by forest types, sampling times and their interactions. The FRP was (13.34 + 0.90)
pmecm >d”' (mean + SE), (13.04 + 0.82) um-cm>d™"', (8.74 + 1.14) pm-cm™>d™", (8.02 = 2.77) pm-cm>>d™",
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and (7.59 £ 0.82) pwm-cm>d™ for the aspen-birch, hardwood, larch, pine, and oak stands, respectively; and the FRM
was (5.02 £ 0.36) wm-cm >d™", (6.85 £0.32) pm-cm >d™", (5.05 £0.61) wm-cm>d™", (3.88 +0.35) wm-

em>d™', and (3.88 = 0.61) wm-cm™>d™", correspondingly. The FRP showed a unimodal seasonal pattern with peaks
varying with forest types. The FRM increased gradually as the growing season proceeded, and reached its maximum at the
end of the growing season for all the stands except for the aspen-birch and hardwood stands where it peaked in early August.

Ts, Ms, and LAI all exerted significant positive effects on FRP and FRM (P < 0.05), which, together, explained more
than 68% and 53% of variability in FRP and FRM, respectively. These results illustrated that the temporal dynamics of
fine root production and mortality in these temperate forest ecosystems were jointly influenced by changes in soil

temperature, moisture and leaf area index.

Key Words: fine root production; fine root mortality; seasonality; soil temperature; soil moisture; leaf area index
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Rupr. ) FIEABEM ( Juglans mandshurica Maxim. ) (503 HERR (LALLAG ( ( Populous davidiana) F1FAKE ( Betula
platyphylla) SEE) SEHHE( Quercus mongolica) Mk 244 V& WA ( Larix gmelinii ) N T AR PRI 322 AR 4D
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AEEL 40—45 T Ao SR RootTrack #44:( Duke University Phytotron, Durham, NC, USA) X} FT R 4E 5215 0E
FTAbHR 072 A AR A AR R, AR S AAR B A 25 X 43 S SEAR RN AR 220 3153045 31 oo s ] |
B AR B T AR A R AR KR AR R RISE T i e R N AR ZE KB (FRP, wm-em ™ d™") FIFET i (FRM,
pmeemd™")

FERR R IOR A 2GR AR I RIS I - B8R (Ts) -8R IE (Ms) Mt AR S0 (LAL) . FE AR AR AR 45
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#15°% H Digital Hemispherical Photography #Xf4:( DHP ; Canada Centre for Remote Sensing, Ottawa, Canada) 73
Hrib B, I Photoshop #AFXF A BT M HEATILIE, A4 LA JyA7 840 T A
1.3 Hdlorbr

LAREHL A G 7 A T 5 S FhAR AL FRP A0 FRM, K Ts Ms F1 LAT £F S Hp 25 &, SR HI B Oy 22 43
(ANCOVA) K 3ok RAERT H] B HAZ BAEF AT FRP Fil FRM (520, SR — o4tk | 2 e et R 2 vk [l
U353 8T FRP FRM 5 Ts Ms LAT Z A 5C &, Fr A7 %8s 24 % ] SPSS17. 0 (SPSS Inc. , USA) #il SigmaPlot
10. 0( Systat corporation, USA) #7411 HrFIZ &,

2 #R
2.1 RHEREE R T AR A AR AR A R A T R A AR ] 25 5
FRP A1 FRM Sl (AP PRI 7 AU 2 24 (ELAE MR R A7 A R 32253 (P < 0..001 5 3R 1 R 1)
F1 5 MHRBMREKE(FRP) HARFETE(FRM) (THRE (Ts) (THERE (Ms) MM ERIEH(LAD FHE (FRER)

Table 1 Means ( standard errors) of fine root production ( FRP), fine root mortality (FRM) , soil temperature ( 7s) , soil moisture ( Ms), and

leaf area index ( LAI) for the five forest types

o AR ARRIET R R /0)s R 10314 LINTIEA

. in ) FRP FRM Ts Ms LAI

orest types /( }Lm’cm’z 7! Yy /( pdmw:m’z 4! ) /C /% /( m2/ mZ)
WHERR P. davididiana-B. platyphylla forest 13.34 (0.90)A  5.02 (0.36)B  12.59 (0.09)B  32.36 (2.45)B 1.16 (0.04)B
Tifi i - Ak Hardwood forest 13.04 (0.82)A  6.85 (0.32)A  12.52 (2.25)B  41.71 (6.23)A 1.10 (0.25)B
MAZTEM AN T AR L. gmelinii plantation 8.74 (1.14)B  5.05 (0.61)B 11.30 (0.19)D  28.53 (0.54)B 1.25 (0.08)B
LIMA N THK P. koraiensis plantation 8.02 (2.27)B  3.88 (0.35)B  11.91 (0.11)C  32.20 (1.18)B 1.79 (0.02)A
S HRAR Q. mongolica forest 7.59 (0.82)B  3.88 (0.61)B  14.18 (0.14)A 25.21 (1.36)B 1.10 (0.13)B

Fd il A B .C.D Fm HSD K i FPE22 R A (a= 0.05)
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D). s FMRELE FRP AL KRR | e T e
FLURA A IR — (8 1d) o HERRI 2422 75 14 O eyt aeantd
RERP B/MASHIAE 122d, WRERIE MR ZLARARAISE - KA R A ORI E ARG R K BT
AR S BRAE 291d (BB 0—1.83 um-em™ rpmssas
d™") . FRP S fE H B0 A I EIAR Y Ry o i & i AK 182d . Fig. 1 Seasonal dynamics of soil temperature ( 7s) , soil moisture
STRAMR A2 AR AR 200d A AERK 228d 2222 9% Hf Fs bk (Ms) , leaf area index (LAI), fine root production (FRP), and
250d s AL EITUT g« FHERE (31,85 pm-em > d ™) > fine root mortality (FRM) for the five forest types
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Bl AR (26. 60 pm-cm™d ™) > ZEEBRAR(17.28 pm-cm™d ™) > 2ZVEMAA(17.04 pm-cm™>d ™) > £T#
M(16.86 pm-cm™>d™')

5 FibkE FRM e/ MES I EAE 122d (K 1), Z46EFH 0.26—1. 16 pm-em™d ™', AR KRR FRM
AN, B AR RIAZAERR FRM 75 228d HBLIEAE , BE IS T 1% 11 HE 3 ARG FRM W (B 2 H BR7E A K
ZARIE) 291d, ZABIE IR 6. 07 pm-em > d ™ (ZEHERM) —12.51 wme-cm™d ™ (BEFEIFAK) |

F2 MBMREHETERERKE(FRP) HARTETE(FRM) M HATESTE
Table 2 The ANCOVA table of effects of forest types and sampling times on fine root production and mortality

AR AR i 75 5 R A E ¥ % P P

Root variable Source of variance df SS MS

AR AR I Forest types 4/87 370.59 92.65 14.71 < 0.001

FRP/(pm-cm™2d") FRERT ] Sampling times 8/87 384.77 48.10 7.64 < 0.001
PRI xRAERFA] Forest types XSampling times 32/87 1406. 74 43.96 6.98 < 0.001

HHRAET PRI Forest types 4/87 42.64 10. 66 7.09 < 0.001

FRM/(pm-cm %d™") KAEHFE] Sampling times 8/87 310.04 38.75 25.77 < 0.001
WA xRALRF] Forest types XSampling times 32/87 194.35 6.07 4.04 < 0.001

VA M RE | 98 B A - i AR A S A
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HAS X FRP A8 S ME A B 5 T X FRM AR
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3.1 AURAEKEMBET - w T S R HE W T

Pt 0 NS S Rt W 21 P . 7/ 5.5 R 9 [T 1 8 O 1 B2 NP i sB iy 8= X S 2 4 O Sl ) PSRN N
MR EER W , Ts Ms Al LA A VERZ I 5 il SR S R G AE K 5T M ZE A (F 1,5
3) . KREBURWHRMETAMRAE K NP 20 — R AR T K (2 95 i kg Ah) | 3 7% 228 A
—AERHAR S RROK AL B s R AR S [P A (2 R g et iR ) LURIR M 38 e 6 74
S F 0 AR AR A KK, BAR KR B KIS N T Ms, {2 FRP SR ARAR (1) , X i
BRAY Ts JEAAR AR A B PR G F1  mAmAR AET- T R SRR A T i Re A 7 RS
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Fig.2 Fine root production and mortality versus soil temperature, soil moisture and leaf index area

P. koraiensis plantation
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FEZ RS, R T AR A R R P OSHRLEE i S BRI . AR 9 5 FhbR B AR AE K R 1R 3
AAEYE I 3.24—6.98°C , 55 Burke %7 Fil Webb 45" 5545 - —%0, MXTT FRP,FRM 5 Ts LAI [1]I55¢
A58 (5 Ms 2 R Tierney 25 P S LA L FRM 5 Ts fAAES9 IEAHOG, TR, HF5E 45 S %0 FRP Al
FRM % 3 09 U AR AR ] 3 5 DAAEBIFE 45 SEARRLS | AR A FE T2 A 2= 9 A A S B Bk T b
AR AR I FE B R (BRI S LS ) B ZLE & AUAR M BET-1 L AN FE R IR 2 WA E 2 i
R R SR SE R AN Sa i RIS R SR AR I PR AIAR A FE TS IR A SE T e Rl R IR BT W IR A 25
[] S PR AT O
®3 WIREKE(FRP) ML TE(FRM) 5HERE (Ts) (T EHEE (Ms) M ERIEH(LAD M Z TEIF S 4

Table 3 Multiple regression of fine root production (FRP) or mortality (FRM) against soil temperature ( 7s), soil moisture (Ms), and leaf

area index (LAI) for the five forest types

s H A5 & Independent variable 745 & Independent variable
Dependent LS — ki MS” — fox s+ LAI
variable Forest types WERK BRRAW HyE WERK  BRFER  HhE
R? cv MSE R? cv MSE
MRA K LMK P. koraiensis plantation 0.75 47.20 3.78 0.85 39.49 3.17
FRP DLGIEMFAMR L. gmelinii plantation 0.60 44.79 3.91 0.68 44.17 3.86
SR Q. mongolica forest 0.81 37.07 2.81 0.86 35.35 2.68
WHEMK P. davididiana—B. platyphylla forest 0.74 38.82 5.18 0.79 38.26 5.10
i & K Hardwood forest 0.76 36.22 4.72 0.78 38.17 4.98
YHRFET i LMK P. koraiensis plantation 0.73 27.65 1.07 0.88 20.43 0.79
FRM PLGIEMFABR L. gmelinii plantation 0.53 36.35 1.84 0.73 29.98 1.51
SRR Q. mongolica forest 0.60 29.77 1.16 0.74 26.51 1.03
Witk P. davididiana-B. platyphylla forest 0.29 47.31 2.38 0.53 42.66 2.14
fifi iF 14k Hardwood forest 0.55 40.39 2.77 0.60 41.92 2.87

JTA B RN AT 38 R 3 (N =27, P<0.05)

3.2 AURAKEFGET H 21 Sl A AR R] 22 5%

5 FpARALE FRP A1 FRM 2= 15 shaS YA B 2e 5 (3R 1 A 1) IR AR [ B LRI I 1225 /E
Ags FE e AR N PN AR R I A YA A B AR 22 5 T X A ObR TR 2 S It 25 A K 2 A R R T S B
ANTA] R X U AR S 8 AR A KB T ) 22 T B 2 R 3, EL7E AR A= K FIBE T A [ B3 HL A AN [
FORCURRERE R R AR FRP WA BRISHE]AE Ts R0 LAT 281, 32 H AR P 8 22 0 b o A K 4 AS Tl A 3 i
1, JEH AR T BEAR AR AE R S 2 T A A 4 PRI A% B 2H WA 157 B, FRP UL 3 BRI TR U] 5 T
A LAT [R5 SR G 5 [R) B, B i AR FRM DA (MR B0 A% B ]t g B LA JURAR AR, e A, 78 A 8] <A 4
T, RIEIARRLE] Ts Rl Ms F74E 835255 (% 2) , H. FRP F1 FRM )5 Ts Fl Ms B FME(E 2) , WFFEas R R
AN FIAR G AR AR FIFE T X 7K A 25 1) URRRR BE AN [R], Ts A Ms SE R BE T FRP A8 51 1) 60% —81% Fil
FRM 78 5 VE1Y 29% —T73% ,iX 2530 FRP Fll FRM 1215240 sh AR AR A [a] 25 55 ACBiEoe b, 6l i it AR FRP
5 Ms 55FAC | 3 2 PR 2R i A b 57 G2 F 43 sy, 2 BRUK T8 AN R AR AR BRI R M, 56
TR HEAREE HAL T 1L rp B30, e 52 KA BRI T HAIMR A A, Pregitzer 5574 AR A [ 37 1L
S DA B A A 2R N B K R S5 A 2 S 5 B Ml e A AR ) A RBE T AR P 45 SR AE A g B 5 b A T A
B2 VARG B, A AR AR A K FR B TS B A PR AL Y S A R
AL B UIA G , A8 & 8 FRP FRM $45 LAL 1 EAHC (K 2) , HARARLE] LAL fA7E 1 3% 22 5% ALt LAT
A% Sl 2 20 FRP M1 FRM AR[E] 22 S R R 22—, LB B 8ERIE B 5 v] UL [F] @ B FRP A1 FRM A% 54
1) 68% —86% 1 53% —88%

4 it
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