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Decomposition of different root branch orders and its dominant controlling factors in four
temper ate tree species

GU Wei-Ping', LIU Rui-Peng', LI Xing-Huan', SUN Tao?, ZHANG Zi-Jia’, ZAN Peng', WEN Lu-Ning', MA Peng-Yu',
and MAO Zi-Jun'"

Key Laboratory of Forest Plant Ecology. Ministry of Education, Northeast Forestry University, Harbin 150040, China; and 2Institute of Applied Ecology,
Chinese Academy of Sciences, Shenyang 110016, China

Abstract

Aims Fine root decomposition is the major pathway of carbon and nutrient input to the soil in forest ecosystems.
However, the patterns and controlling factors of the decomposition of these roots, especially the finest roots, are
poorly understood.

Methods Using a root branch-order classification, we separated the first four orders of fine root systems of
Pinus koraiensis, Larix gmelinii, Fraxinus mandschurica and Betula platyphylla into two classes: first- and sec-
ond-order roots combined into lower-order; third- and fourth-order roots combined into higher-order. We con-
ducted a four-year field litterbag study on decomposition of these four root orders of four temperate tree species in
northeast China.

Important findings The results showed that the lower-order and higher-order roots had a decomposition rate
constant of 0.342 and 0.461 for Pinus koraiensis, 0.304 and 0.436 for Larix gmelinii, 0.450 and 0.555 for Frax-
inus mandschurica, and 0.441 and 0.579 for Betula platyphylla, respectively. We observed slower decay rates in
lower-order than in higher-order roots in all four studied tree species. The root decay constants (K) was signifi-
cantly correlated with both acid-unhydrolyzable fraction (AUF) and total non-structural carbohydrate (TNC).
We concluded that slow decomposition of lower-order roots was mainly driven by their high AUF and low TNC
concentrations.
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TEABRVG P, HE I 50% 1% 4] 2% A8 7 2 il
Tk R A A 2R i (B R T 4 1F) o3 f) E  SXik 4
R (Wardle et al., 2004). [Kt, BHEGIETEY) 53 fE
— FRHLA R T 1 TR0 2 Sk 4= BRAZ AN i M BRI 2
I5) AR LA F B R X (Aerts, 2006; Cornwell
et al., 2008). HHl, FE A& EFvEY o ik
1T TN IZ WG, A JCHL N P8 & P It 7 40
IRD, G 4R Ay e ORI 7 o 8 AR 2 s 25
- S Bk (C) A2 B b 8 75 ) 53 i 1R 45 1% CR AR 55,
2008), 4 AR 75 fif B I A (N) B Hb b5 2
18%—45% (Vogt et al., 1986). A W, ZHH /) fift=CHI
F# 43 VAR 3% ) 3 B8 42 (Dornbush et al., 2002),
RFHISCER A, 4R f L3S DL A )
KZER, SilverfMiya (2001)4F 78 & BLAIAR (1K) 4k 2
W53 A 5 AR 2 iAok 26 s 5 UAH DG IR - HLAth B
FEW, WRVIGENWKST . Calle 5 DL S C:NXH4HAR 2>
i 1 % A5 B4 (Hobbie et al., 2010; Goebel et al.,
2011; Sun et al., 2013a, 2013b). A i, XF T 4R /i
(AL S 5 R i ik = 2 8 D TAR

WM ZB RIOR, R SR A0AR & SN
— B RYGE, AN <2 mmAR7E S5 ) A 1) A
R EEAAH R AR, AR 2 U R R B, DA
X PR — 1RG0 e AR I 7 15 2 T RS 1h
22 UL e A H T 1Y) 22 7 (Pregitzer et al., 2002; Guo
et al., 2008a, 2008b; XI|% 45, 2010; McCormack €t al.,
2015; Xia et al., 2015). LRHTLRIN, FIARRFRZE
A BRI R G (RIARFT), A FR PS5 Ak
WRAEFEASGER L A s A AE B Th R 45 T A7 2
2% 7% 5 (Pregitzer et al., 2002; Guo et al., 2008b). iR &
SRR R WRAIEAR, FHEHR 2801, LAtk
e HE (Pregitzer et al., 2002; AINAFEE, 2016). KU,
ANFRR P E R RN B (INCNL Ny RFTER
P YE R Y RAL SV HIIR FE) AT BRAFAEIR R I 22 5+

WA SR RLER Y, 25 N IECH DR O KR
[ FE B TR TR R MR R. A5
R, REBRBWREFEDER, SERAFR
K EAIE HAR AR, (BARGARTIA LS
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AR R R K (Fan & Guo, 2010; Goebel et al.,
2011; Xiong et al., 2012; Sun et al., 2016). HH 5
KW, ERTR. EFRFEE PRI, JTHZRR,
BHEBENBRABENEY & =, e R A
Ko IXMAES R BR AL G 72 3 BURAR 53
i R A I EE K 3 (Guo et al., 2004; Fan & Guo,
2010; Xiong et al., 2012; Sun et al., 2015, 2016). N T
fERE X LE I L, AR TR BT 2 1) SEUR I AR
WERARGAR T RS ITEEN LA

T RDE R T BRI R 1S B ik
B, AWFFER AR PR o 4IRS R (AR R 14
R, HEHR2HAR, LALEHE), ¥ 1 AR F2904R
TRAARIAR, SBARFIAFARTE A N AR - A5
K AT, X R AR A6 AR AR 4 L
) B B (41 Fa (Pinus koraiensis) . 74 IF #4 (Larix
gmelinii) . 7K il #ll (Fraxinus mandschurica) £l [ #&
(Betula platyphylla))idt 1T % S84 4 (1) 40 AR 4> fift SL 5,
TR A Fh B AS [RI AR P 2 i ol 22 (1) A, DA AR
F YRGS R T AR 3 R R sE e . FRA MBGR
RGAR 7 12, T AR o e, 32 D KRG
PR EH R M RN . AT B 1
T IEATFIRR 7 o0 i 2 S L PR 2, AR 40 AR
X RRARAE RGCHIFR I TE e fEHIR K .

1 HRMEIMARTZE

11 #HHREER

I3 R SEI6RE L BEAE BORTT A R b ML K 2408 L
Ly 52 56 AR 375 22 1L AR AR 52 56 3k (127.50°-127.57° E,
45.33°-45.42° N) 4~ SR (Pl s AR MRV A . tth
A SR A S KB PEZE SR R 52 e, 22 PESR, &
RRK, EREREE, £RKTEEAS. FHKE
730 mm, EEERET. AN . FETFHE28 T,
AP EE =209 °C, AP sk AE-19.6 C.
M EHONR AR O R 3E. ZER-HERR (I 3B Fh N
ti#%(Populus davidiana)fl FI#E) . 74 H- i H-FR (R 34
RNk i, #IRkHk(Juglans mandshurica)). £LH4
N TAREFAF LR ) LA T B A N TAR(E AN
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VIR ) A s ARAR Y 23 e A KA, YR
P LLRAIAEAR A R EAT T 8 BV . ARE Fi 4
AN FRAREAY FHRAE WR 1
1.2 Wt

ARSI R 43 R A IE T S AHAR 73 AR o T-20094F,
FEARH BLIE R 5-8 4K H AR T2 BURAR o 7E B brpd i
P8 548 B EAR, RJENE FRF4P2 mA S
JaE A T A2 R A 7 I JZ S em BIRIREE 2
() A H, MR3AR b AR SRR P 4332, H PR 4
A BARMFIIA0AR . SR 5 /N o b B AR 2R M -
srE R, RERFFR RN, B IR AR R AR b
IR e R I A AR T BRHR . iRAREE
BORHTF L2490 . IGFRIEMR(BUE KW HoIo 1) PA
MARRME 3G, Rz E e =, s 1R 4
17, MESGHAALEE . SR 5 Pregitzers:(2002)4H [ )
RPN 79, R B AT AR o A SRaks
— RN R ANARTR A R AR, = 2R DY e 4R AR TR
HAEPAR ARG F LT ESM ) tH 1004 /2
A, o IR — R A DU AR 1P 3 AR (3R2).

WA AR E T 65 CIEEMMA T =
TE T B PREURE MR S5 R K 29260 mg B T
THIEW Y A (R M, 10 cm x 10 cm, RRAR K/
120 pm). B FEL IR 1558, 255 (M
PARFL AR L3048, 4R R FE12048. 72

RL AR AT AL
Tablel Stand characteristics of the four forest types

Z BN TE D oy i LB, o R AR I IR DK /N
W B8 i (Hobbie et al., 2006) . A= 5206 1% 5 1 43 i 45 94
R /INGE S BH L E | DL e — S6 Al BN TC B MESH )
IREN, DAEFRATT BT 50 5 B X A A e A0 AR 73
fEIER o

T20104E5 H, EELLAARR, TEIAARR. 7K g
AT MEARRE . R DMFE AL ESN3 m x 3 m
WIRETT, BEANFETT N KRS 5-8k H b i, A 77 FE
B15-20 mo BT N2 MR TSR %348,
ST 10 eiR B 2, RIZE SRR, R
BIRE R, DURD R A S fomm . (bR,
DUEHAE .
1.3 HIERERHERNE

A58 73 5 F20104E7 H A0 H . 2011-20134F
10 H ESAEHATEURE, SILEUSUREE S, 23 B4 7
RSZIG T AR 5 I H569 K . 154K 513K, 870K L
B 1228 K o BRIHUFE (I3 R A AR 7 55 2R %53
85, DNOEBRIER 4. RS s r
T, WA R E PR AR R AR B 5 il 48 N,
EAR/R 2RI AR KB T AR N ER . HE T AT
R IEA. 5L EBEAE, FIHE RS
Gk INE R RFE S E T 65 CHFE A ML T
ZAE TR IR E .

TEAR R ARSI TT AR i, T AR T3]

piz%itl T (C)  Wiolggh ke EE DBH (cm) 3= L Fil

Forest type Age (a) Density (trees-hm ?) Dominant tree species

& FA N TR 11.6 0.396 40 1682 18.7 LA PN

Larix gmelinii plantation Larix gmelinii

AR NN N 10.8 0.458 46 2904 16.1 ARV

Pinus koraiensis plantation Pinus koraiensis

WMi-HEpk 12.9 0.552 58 2381 12.9 Wik At

Aspen-birch forest Populus davidiana, Betula platyphylla
[l 12.3 0.579 49 2017 15.6 A HHAI HABRARK

Hardwood forest

Fraxinus mandschurica, Juglans mandshurica

TiofIW, o REFE201 14201 34F AL K Z= ], LRI 10 emb -7~ 2493 B0 35 7K s DBHARR I AZ o
Tio and W stand for the average soil temperature and gravimetric water content at 10 cm depth measured during the growing seasons of 2011 and 2013. DBH

stands for mean tree diameter at breast height.

R2 AN R — Z 2 DR B ELARCP B AR HE R )

Table2 Mean root diameter from first-order to fourth-order roots of the four temperate tree species (mean + SE)

Fh Tree species

HREf Root diameter (mm)

—2 First-order

2% Second-order

=% Third-order VU Fourth-order

214 Pinuskoraiensis 0.29 +0.01
PEHFA Larix gmelinii 0.26 +0.02
/K Fraxinus mandschurica 0.34+0.01
HH#¢ Betula platyphylla 0.21+0.01

0.29 +0.02 0.53+0.03 1.59+0.12
0.28 +0.01 0.46 +0.05 0.85+0.09
0.45+0.01 0.55+0.02 0.89 +0.07
0.26 +0.03 0.27 +0.06 0.43 +0.09
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AR i B 1 5 0 8 A a6 A W o o ) TR 1 -
HER TR A AR 2 CH &, AR MEILIKE
FIENE AN &; AP akille &rPsE;
K KGN TR E A K &, A LT RIC
417373 Hri(Hendricks et al., 2002) € FR A VEMEY)
R (AUF) & ;. AR ¥ Seifter: (1950) (I A 43 #r 7R
RIS ARG M R KA B (TNC) IR FE
14 HiEaeE

K AR AR 51 25k B R ORRAEAR R4 i, BN
BB HIAR R T I TR E R . iR i
R ARSI A (RIA E 55, 1998)K
AT, AR

X=X
e XON A R At (BA7: a)i AR R AR B R (%), Kk
NS R B (kg kg a )

K Origin Pro 8.0%K {4 % kAU A0 5 B 53 75
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(B ) AR FRLEAR 7 AR 25 13 R I IR, 2%
ANTEHFME AR R T $23E36%, 1T = AR T 43 fi
T45%7F A7, KA A MAR AR 7 iR T 45% 4 45,
M 1 AR 43 A T 32 54%, AN Fh ) s AR ¥ Lk
RBARZ 9% A o 1228 KA, 7K TN
MR AR 7 R AR, 23 T I 76%, = ZRAR 43 fi
T 82% A7, WA Fh s AR 5 LUAR AR 2 3 i 6%
LLRMR BRI R T 64%, Lb s Al /b 7 8 20%; 7%
MR AR T 60%, LU D2 #13%.

SR FH O 8 B0 Yl B AR 1 B 45 SR (3R 3) 5 S B
I RREE R (B DAE—E, Fra W Fh (R SR KA L ik
INFEGR, AARKIETEAR 7 (8] 22 57 2 3 (p < 0.01).
Ut B4 PR AR 1 2 i 2R 3K T = AR (1
#3).
22 IREVBUZERS

R R R UR A 25 B3R B 8 A PR TR &R
OISR A FE AR AR AT AR R IOV aR 2 K
IR FELEAFIMR T Z AR 22 T (R d) . MR
ATCLE H, 4RI+ 2] AR N Py KWIURIR
I T3+ AR o [ 1+2) 2R I RN B ) 1
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41t E] Decomposition time (d)
—0—[1+2] —O—[3+4]

B 4DRRAS AR P AN [F) 20 R ] (0 BT ik B R CP I B AR HE IR Z2) o (1272 4R 128UR N5 TF, [3+4124R34ZUR M & JF

A, 4. B, M. C, Kilidl. D, AHE,

Fig. 1 Mass remaining (%) of roots of different branch orders of the four tree species (mean + SE). [14+2] refers to root orders 1 to 2,
[3+4] refers to root orders 3 to 4. A, Pinus koraiensis. B, Larix gmelinii. C, Fraxinus mandschurica. D, Betula platyphylla.
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K3 BAWRRR KR E BRI K R EU(R)

Table3 Decay constants (K) and the correlation coefficient (R?) of root decomposition for each species

352 ZIkA Pinuskoraiensis &S Larix gmelinii JK i Fraxinus mandschurica FIHE Betula platyphylla

Root order K R K R K R K R
[1+2] 0.342 0.983 0.304 0.985 0.450 0.993 0.441 0.987
[3+4] 0.461 0.987 0.436 0.980 0.555 0.995 0.579 0.994

(122 HR 12 R G I, [3+ARFE3—4UR MG I o FON RS 56 s T A W0 Aol i AR LA AR A S i BOKAE (p < 0.01)

[1+42] refers to root orders 1 to 2, [3+4] refers to root orders 3 to 4. Paired-sample t test showed that higher-order roots had higher k values than lower-order roots

(p<0.01) across species.

R4 UL R AR S AR SE IR VIR L A S B CP B [E bR R %)

Table4 Initial root chemistry parameters at the start of the litterbag experiment in the four temperate tree species (mean + SE)

P# Tree Species ZLFx Pinuskoraiensis

FEIFA Larix gmelinii

/KAl Fraxinus mandschurica H#E Betula platyphylla

M Root order [1+2] [3+4] [1+2] [3+4] [1+2] [3+4] [1+2] [3+4]
N (mg-g™) 21.6+0.9 123+05 255+23 13.9+1.2 319+1.8 183+1.3 28.1+1.6 16.7+1.1
P(mg'gfl) 1.9+04 14+£04 2.8+£0.2 1.9+0.2 2.5+0.1 1.7+£0.2 22+0.1 14+02
K(mg-g’l) 44+0.5 29+0.1 5.8+02 45+03 4.0+0.1 49+0.3 53+0.6 3.7+£0.3
AUF (mg-g ) 528.5+40.1  398.6+32.9  5134+387 4358+37.5 401.7+29.6 28934264  397.5+341  302.1+282
TNC (mg-g™) 101.7+10.9 150.2 +18.4 983+9.6 138.0 + 14.1 195.8 +20.6 279.1 +23.5 164.9 +18.3 214.6+21.4
C:N 29.6+ 1.4 482+1.9 23.6+1.8 452 +3.1 144+2.1 23.7+24 18.7+2.0 34.8+3.1

(122 3R 12R 5 IF, [3+412HE3-4BR G I AUF, BRANENEYI; TNC, 43R4 MTEmKIL &9,

[1+2] refers to root orders 1 to 2, [3+4] refers to root orders 3 to 4. AUF, acid-unhydrolyzable fraction; TNC, total non-structural carbohydrate.

0.7 A

0.6 |

* 05

04

l.
250 300 350 400 450 500 550
AUF (mg-g™)

03 1 1 1 1

i B

80 120 160 200 240 280 320
TNC (mg-g™)

B2  FTA R R (k) SR AN TP B (AUF)(A) RIS R PERR K AL A W0 (TNC)(B) Z ] (2R PE B H 56 2R
Fig. 2 Regression relation between root decay constants (K) and root initial acid-unhydrolyzable fraction (AUF)(A) and total
non-structural carbohydrat (TNC)(B) concentrations across all species.

FE[3+A1 S AR I 75 ;100 C:N U 2 B A S il a3
SR, (EFE B I 24 PR IR [14+2]90R H AUF
WRFEURZ R T [3+4) 0, 1Ak, [1+2]4R F HITNC
(AR P i AT [3+4] AR
23 REAPBEESVRUZERSXE

AAN B AR 1+2] FH [3+41Z0AR (k55 BT B AR AR
RUIIHEAUFIKE 5 5 AR AR = 0.945, p <
0.001, K2). KIPAUFHKE ME, Kk, B2 ffiE
FHE o kS HIEATNCIKE B IEHI L5 R (R = 0.756,
p < 0.001), FHIKEETNCHK FE F13 =i A2 K, B4
fif iR A . SR, RS R P [12) R R ATIR

AUF R FE 500 5 T [3+4) HAR (R 4), T TNCIHKE 2
MREH . KWEEIRARKEEN. P. K. CGNZ
[F) 2 25 R AH DG I (B R ) - B R B, AR R W46
PR RSy AUFIR FE R TNCIR 5 2 S AR 2R i i)
BN ZR, HAAUFKREEBA 552 A (E2).

3 it

FEAMR (<2 mm)4 3, A 1 2 2R I ks
EARFUL, HARKT R AR R =
VUZRARNIES 7> DL AR B4k, B Dvas S A0 et 45 T g
(Guo et al., 2008b; Xia et al., 2010; McCormack et al.,
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2015). HHTRGAR A= AR DI Re E AR, SEUR
R A 22 5, 0T REXT AR 3 A 2 = AR
B2 (McCormack et al., 2015). HHFFREH, JEAR
1VEFRFE R, JTHRERE, BARZ A
fif (P AUF o (Rl tE, DORIRR > fR s, =gl o0 fif
B R(Guo et al., 2004; Fan & Guo, 2010; Xiong €t al.,
2012; Sun et al., 2015, 2016). AHF 5T 114 FP AR
AUF R FEE ik w5 70 o 28 G 1 25 SR 5 e A — B (B L
#3). HrFanflGuo (2010858 1 7K HMN AN iH-H2
ANFEAR AR o fiR, 174 B s A1 &2 3 P4
PR — AR 0 T 40 R 3 i T = DU AR . 1
Goebel 55 (2011) Xt 4B R ZEAT T 364 H BB 78 K
I, = A DY AR 1) S5 A K N 20%40%, 1 —
G AR I T 8 R R AN i 20% . SunZE
(2016) X #& I FA I SL IR B FL 7, — DU SRR o =
R — AR 6% 7] WA [FIHE 5 B4R 23
ffd FE R IR AR 7 %, = SR o i
P —rffitash . S0 irR M, BRI
PARAR K7 (B2 J2) L4 T o EL ks ok, AR B 40 i B
BT SR A AR B ) & 28 (Chen et al., 2001;
TKFFUEEE, 2006). AUFEXEARIIAHLE T 450
(25 SE, 2015), WAEAI R 0GR, MR,
WREYR . AHE 45 R RS EUR IR 7 12,
T = AR S FRR LA 2 — AR AR & 2 M5y
fEAUF . th4h, DIEZRI SR R, B
TN, o 2R . R 2R SR (201 7) A 7T AL 4
R R R I, 43R 2I300K (IFHE, B2 N0-0.4.
0.4-1. 1-2 mmi4HMR %50 f# 7 19.8%. 23.5%.
30.5%. DRI, R S5 Z0OBRAG 7 A Bk 12 AL 2 H A2
AR AT FC I L4518

AN, W RSS2 B AR PR 1 52 (Magill
& John, 1998). TE 4 ik FEHh, TAE &R AR R h
IREEMIE, BIULEEHE . FEREFIVER 2 TNC, Fan
FGuo (2010) &I, =2 PUZAR H I TNCIR & L
— N AR 10%-30%, 3 EFH A A JG, TNCIK
FE T B 1 50%-80%, f— AR I TNC K BE 2k A< AH
[F]. TIRER AR LS G BRI TNC B &N
R TEENRE, FREPARFFEE IR 5.
AP FEE R B IRGAR[1+2] 5 A BURIK FZHITNC,
1M AR 3+ & B R (R4), I HKIKSTNC
WEEVIM R (p<0.001, E2). Ft, &HBIKTNC
WP ARIAR[142] 70 FR 18, AH B = R AR [3+4]493
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FREI . AN, FTAEAHAR HNVR B FI NS AN 2 M
YRR R R R R . XiongZ5(2012)F 7T £ W, 48
AR N FE R C:N 38 A 5% M 40 AR 23 it 38 %, AHi
RER G2 —5. MATHSE R EIR, AUFFINKE 2
ARG KR, TR IEAS BEAS 5 AUFFINK & 2 G fr]
ST TR R RE R . EARIRHNE, BT
RN, ARSI AT o A R R S B AR R
PAUFHEATINE . PRIEAHAR A FAUFAITNC A2 75 72
—AMEEARAS SO F 43 At ok 2 (1) ) 75 2R W] R,
BRET S R — PRI . 74b, @ik sr#r, P.
KEKISAFE I o A5 T2 S AR 2R 70 ik 1 i 22
K&K, EE5EMTFH, &R — B T S EE 7
(YA A 55

4 g

ASHIE FERT 44 S I iy R A AR BEAT TR,
i AN [RIAR 39 R S 6 1k — AP B T ARAR [1+2]
oS, R AR+ R PUX A IR
PG 32 R PR AR AR [1+2] & A L 2 K AUF FAL
DHITNG, BURZAR1-+2]7 5 B2 e o it 1 = 2>
TEHM UL RAR B 7 il M REE IR . ARSI
W52 B AL 2 FEARIN Py Ky C:NIJRIA) ik
AR,

st ROt Ak L X Fe I A 2AE . ET
B A I v ra R A A S BT PT84 A A
BEIAPREGHE,

S35 3k
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