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Abstract

Aims  Our objectives were to: 1) examine fine root biomass, morphological characteristics and content of C and
N of Alnus formosana in an A. formosana-Hemarthria compressa composite model in Danling, Sichuan Province,
China, 2) examine the effects of fertilization on each order of fine roots, and 3) analyze the relationship between
soil nutrients and fine root biomass, architecture and content of C and N.

Methods In September 2010, we established two subdistricts, eradicated weeds and planted H. compressa. We
fertilized one subdistrict with N-P-K fertilizer in April, June, August and October and did not fertilize the other
subdistrict. We excavated soil blocks of 20 cm x 20 cm x 10 cm (height) to sample intact fine root branches of at
least the first branch orders. We dissected the intact root branches by orders and measured the diameter, specific
root length, biomass, and C and N content of each order.

Important findings Fertilization reduced fine-root average diameter in soil surface and increased that in soil
subsurface. In fine-root orders 1-5, specific root length increased as root order decreased. Fertilization signifi-
cantly increased specific root length in fine-root orders 1-3 in soil surface and subsurface (p < 0.01). Fertilization
reduced fine-root biomass in all soil layers and significantly reduced the ratio of fine-root biomass to total root
biomass in orders 1-3 (p < 0.05), while fine root biomass increased in orders 4 and 5. The effect of fertilization on
fine-root C content was not significant in all orders (p > 0.05). Soil surface total N content of fine roots of 1-5
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orders was higher than that in subsurface. Fertilization significantly (p < 0.01) increased fine-root N content of
order 1 fine roots in soil surface and orders 1 and 2 in the subsurface, but had no significant effects on orders 3-5

(p > 0.05).
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WREAE RN RG, MERIES RS
WA B e e AR B AR A T R (Guo et al., 2004,
Wang et al., 2006; Li et al., 2010), [m]I 41H ) 31
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¥t in(Majdi, 2001; FEz A%, 2005), (HEA
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BRI MS P ARNM i Je I, 73 i i K (Pregitzer et
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TEREKEE1233 mm, AEEEAHNE EE82%; T Ak
W, EFHARH15.8-17.6 C, A H AR
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13 WRAZE
131 WIRRFESRFERENENE

A5 S 50 25 N AU Sl JSCLE S AT 28 R A ) S 5 a8
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1‘3&5’]*&& ﬁlﬁ*ﬁ X TR B B4
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AR AR AR & (kg-hm™), d AR K (cm), m
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Table 1 Situation of the experimental field vegetation

h A AR T BT () -
132 FEEMNE

W03 5 5 HE M AN 7] 55 2 40 AR S F Epson 257
1k 39 4 1% (Expression 10000XL 110, Seiko Epson
Corp., Nagano, Japan) 1 4%, H WinRHIZO (Pro
2004b)F R 5 3 A R GE A6 AR TE A FEAR g4
KUZR AT E = HT e
133 FHME

MRARMET 5, X F AN IR P 40 AR e 1
mmiii, FREBGE SR IE 2C, &N, 2CRHER
PR S AN INFAE, NSRRI IK e B0
1.4 HUELIBAOG T4

iz FHExcelDR B SR E 1 45ts 70 ) EA T 3 78, >R
PR F 7 %5 43 BT (one-way ANOVA) LSS AN [A] Ab R
F]— L JRR AR A . AARFIEAT . IR L
AL 4R e N/“EE’J%%T&H’H‘??E“*E it
F fe /s Wk 25 225 (LSD)#EAT 2 H L #L . iz 1 SPSS
1609k A 34T el b 3L

2 #ZR

2.1 HEREN &SR ARI-SRMRFSHIEMN

WELFTR, 6 VSRR S R AR B AT R AR
BT, i AR A BEAR Y 88 0 g o e
XS] 38 2 IR A5 R ANAR AR IR 5 AN [, it A e
REERE SRR S HAR AR, T i
WRZ SSRGS HMB EAL. T 200 8w, i
B 3R 2 K W3R 2 TS RE RS A4 AT
A 2 (p < 0.01), X HIEREEL. SHR KR E
1. 2. SR AR MM WA 3 (p > 0.05).

L0 AR, SN T HIERE AR E G
ERASFARM AR K, &SRR =AM

FREIAE Qb e Rl Rl 8 PA B ot 2 BRATHE

Forest-herb mode Treatment Age (a) Average DBH (cm)  Average height (m)  Canopy density Planting distance
or coverage (m x m)

ISR YN 10 17.4 7.3 0.6% 25x25

Alnus formosana

i B R AT ZARE - 0.5 100% -

Hemarthria compressa Fertilizer Perennial

i A AT ZHE - 0.3 80% -

H. compressa No fertilizer Perennial

DBH, diameter at breast height.
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Bl AFKCEN SEREAANFER PR ER R CP bR 22) . RGP ARG 7 RER R Al — 2 AN A b 2 )
ZEF R (p < 0.05), ANFAKE TR R 257 .2 (p < 0.01) (U)o

Fig. 1 Fine root diameter and specific root length (SRL) in different root order of Alnus formosana under different treatments (mean
+ SD). Different small letters within the same root order indicate significant difference between treatments in same soil layer (p <
0.05); different capital letters within the same root order indicate highly significant difference (p < 0.01) (2-tailed).

AR K0 S0 S & 8 I (p < 0.01), FifExT T AR EL
HRAK P 5 U AS f2 2% (p > 0.05) 3 15 B e A AE 184
T SRR R R, ARG TR AR
Ry 3R RE )
2.2 HERRXT A SIS K15 LR & 4 2 B B2

M 2m 4, AR T BV RAS 2SR
MR A, B HIEKE(0-10 cm) &S fEA3-5
PR A 1 Je TP AR 22 (10-20 em) £ VS AE AR 3,
ARAAR LY SR B2 (p < 0.01), Xf IR
R R E GEREARLEMR EY R &P <
0.05), TiXf TR Z 2 MR AW & J W3R 2 1458
2. SPAR AR FZ A 23 (p > 0.05).

FEIA —bRiEb P, SERIAS AR Y Y
B - 2 (3G i gk s, 3T BE AL B TR 2
S 3 )2 A 18 B Ak M o RN 9 40 5 R 1 22 S 3 1)

(FE=IR%E, 2005). S34h, BEEMRITPIORN, Gt
ARAR AP EIE 0, (HE SIS EY) &
R P IR 23 O R A5 AT AR (6 2) o e IE 2 5 B AIG T
EVSFEARHT = WA AW B AR L, 1
WA T 4. SHAMRAD R
2.3 MEARX A EEARI-SRMIRLALC. NS EWE
g

20 50, S REARLIHARECHEH &,
4385.50-429.81 g-kg™', B FIIII N, Fr3L4
PRACH o B AR P (R 386 I i 38 n, 3k aniiis K, A
451.16-506.15 g-kg™, T4 5404 CHr B FER T
(3 FEAG, BB TR RS KT BRI AL, U it
JEXT S IERIAMM G AR ECH R EMB T, &
TS FE AR AN [A) M 5 40 AR 4> C % 18 75 358.50-506.15
gkg™, HEEEEGEBHAZSLMRECHTEAT
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Table 2 Fine root biomass at all levels of Alnus formosana and its allocation in root sequence

TR HM 3 Root order
Soil Sampling plot
layer 1-order 2-order 3-order 4-order 5-order
(cm) Ga7/i S =817 AR =817 YR E&17] as7/ks ERi7] a7k Bl
Biomass Percentage Biomass Percentage Biomass Percentage Biomass Percentage Biomass Percentage
@m?) (%) (@m?) (%) @m?) (%) (gm?) (%) (@m?) (%)
0-10 AL 18+ 5.13 22+ 6.27 6.3+ 17.95 115+ 32.76 133+ 37.89
No fertilizing ~ 0.070° 0.187° 0.027% 0.327% 0.323
JHENE 13+ 2.67 19+ 3.91 24+ 4.94 16.0 £ 32.92 270+ 55.56
Fertilizing 0.234° 0.124° 0.144° 1.253° 1.588°
10-20  Ajitahe 13+ 4.92 16+ 6.06 55+ 20.83 72+ 27.27 10.8 + 40.91
No fertilizing 0.353% 0.127% 0.247% 0.125* 0.536°
L 05+ 191 1.0+ 3.94 20+ 7.87 10.7 £ 42.13 112+ 44.09
Fertilizing 0.065° 0.423° 0.531° 0.437° 1.120°

[FIFIAN /NG T RERR A — o JZAN [ A B ) 22 57

B3 (p <0.05), NFKEFERERRZE R (p <0.01).

Different small letters within the same column indicate significant difference between treatments in same soil layer (p < 0.05); different capital letters
within the same column indicate highly significant difference (p < 0.01).

600 0-10cmi}§ 600 — 10-20cm 12
0-10 cm soil layer 5 o a a 10-20 cm soil layer a
L aa L a
500 a a a 500 % ada
a
400 — 400 a g
£ 300 300 -
&0
O
200 200 -
100 [~ 100
0 ‘ 0 ‘
0 1 2 3 4 5 6 0 1 4 5 6
15 0-10cm L2 157 10-20 cm 2
0-10 cm soil layer 10-20 cm soil layer
12 + 12 - B B
A
To9r ofF [T A a
2 I a
) a
Z 6 6 - a a
a
3 [~ 3 =
0 ‘ 0 ‘
0 6 0 1 2 3 4 5 6
¥ Root order ¥ Root order
X CK I /L Fertilizing
B2 AFHTEERAAFERFHRC. NERECFEELAERNZE) o [FIZMRFAF /NG FREROR R — 4 2 A R AL PR

R ZE S W (p < 0.05), AKS FRER R 22574 535 (p < 0.01) CRUIIAL) -
Fig. 2 Fine root C, N contents in different root order of Alnus formosana under different treatments (mean * SD). Different small
letters within the same root order indicate significant difference (p < 0.05); different capital letters within the same root order indicate
highly significant difference (p < 0.01) (2-tailed).
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WK MEFRR T SVS AR S HARECH &=, H
ST AN 22 (p > 0.05).

E VBB AN AR AN 12 DU SR Ik Bl AR 5 ()38
T BAR, 104N AN bl i, 49.26-13.34 g-kg ™,
S ANK A, 43.68-4.85 gkg™, HHIHERER K
MR NG R ETWERE . HAEX T SRS %
0 R AN B 1 R e ) 2 BRI AR AR -, AR
WG IN T HHER AR AR SR E L 24040
R ANE B (p < 0.01), 1MXF3-5H 4R ANE K
AN 2 (p > 0.05).

3 g

3.1 FRARZBARS 75 3 it AR Y Ml

HARMR LSRN ELESL, G5
W A AR D e, B AEAR R A, T R
SRR AFAE R 2= ) 5 ik, R T B KPR B
SR IR, AR 23X 77 70 (1) 2% [R) S o = 2B 4%
PRy 9 B N, AT A4 [F)— R 3 40 AR E AR AR Ak
PR, X AR ZR 0 ) ] A B A B AR Ak 1 3 B 45 AR
(MRt %%, 2010). AHFSUREY, SRR E17
BEAR T A3 b3 n, SR FLAR S K, X5 RTAX
AR EARWT T 45 K2 (Pregitzer et al., 2002;
SCHRANER K ST, 2008; Uil A4S, 2008; AL AE,
2009; T R4E, 2010), BtUIAKAYNR HARR AR
AR R I AR AT s . AE LAAE A T —
B AR E SO EAR/N T2 mmitie, (B A S256 3%
EVEREARS AR T3 HAR 0 1.33 mm, /T2
mm, Ui AR AR IR, Tt AR R
R B R, DL — 1 EARE N R 3 2R
PP, 0 200 T AN [RTAR 3 40 AR 1 3 B8 7 Tk
FIE, fEARWTTLH, ARG R 2 S SR A%
WA AR, F8E N T HHEW R RS RAR HAE,
XU AT R R AR AR RIS R ], X AT
BE A FH T 20 MR 2 0oF 458 8 AR A0 7= A2 AN [R] 11 i) B
SR, e A B 14 0 LB AT A . VF ST
FW, R A AR NN, 2> IS M N C
B, AIRR 2 30 i 48 AR A 2 U AR R TE AR
I Sk 32 e 6) 1 3438 5% 43 R K 43 1 WU fiE J) (Curt &
Prévosto, 2003; Meinen et al., 2009). H4b, i A2 #i
B R B A AE IR R (E DA%, 2007), X AETG
e 2 G RS G RN SR T 3R I o
G N, R T HHER 2 S IR AR AR S

IK 53 FIFR 53 TR o

FERR A 52 21 AR ) - 35855 0 ISR RE ), A& AT
AR I ISR 9 #E LU AR ¥ $5 A% (Ostonen et al., 2007;
Makita et al., 2009). TIEFEIEIENHRME, B HE
S AIAR ELAR K (Hajiboland et al., 2005), +3ENA
T N 2 T BN AR AR R B Ol 4 AR
2009). AHFFERB, RSN T S VSRR LY
MR, HATRT3ZL AR LUARKC il 2 5 (p < 0.01),
MXTSHAR WA 22 (p > 0.05). Ui Bl AEXHIE K
FR EEARA sE i B8 4 s 2%, 3X n] B2 i TR (1) 4
HR AT s i A AR AR i (Pregitzer et al., 2002; Xia et
al., 2010), HAFUAFE AR (T2 A8 4%, 2007), Xf -+
BRI A AR BUR, 5B, B SRFE
(KRE. BT, HORRK) B Sy ) g IR A ™= A=
A YA [ W (Wang et al., 2013).
32 MAAREYVERHEEZIRE P E X
B 9 Al iz

SR AR 5 (1) 22 b R 85 B A R
(1) 5 I J iy b G G 7= W A T 23 T ) i 24 AR R
(Eissenstat & Yanai, 1997), JifEHIn T 3504
BOPE, TE SN AE AR A = R AR AR B AR R
(Hendricks et al., 1993; Kem et al., 2004; %A 7 Al
JUTEPE, 2007). ABFFTRW], HLE/D> T HHEE)E
ANV RZ GVSRAR SRR Y &, HX GIERA
S AR AE 1) A A5 R R B 43 LA SR R R S AN A
[F], JEAEFEAR T & A AT 3R AR A1 & v Ak
YRR, RN T 4. SZANR AR T S
1], 3K AT e A DAL DA i HE A A Ak 1 I, AR
A A, AR R R IR CR, T3
R A ) & [4AI (Nadelhoffer, 2000). [FIIN, B ARA
AMERIIHE I, R EmBN4. SLAMMREY) &
SRR HEA B A IR S 3 B RS [ A AR, H
CHr e Lt Btz 388 T

PR G AR A 4t 1) T 20 A B AT — 5 (1 A
P, — FBOR BE 2% B 1R S 0 2 W B AR, AR
B I FERE IR, 3X e T K g3 R
T WIBEVEFTGE A HUBBH ) 45) S T KA 4%
DR 22 70 T 20 AT ) 22 e it P (6 e, 2008) . %
R RRWRZSH L Z WA, WEKA
WeEE R R, DR R R ks, A
BEaF, AR T AR 1 AR KRR (RO (A AR A,
2011), 1 NJEM RIEEE ARG, LETHR S, A

doi: 10.3724/SP.J.1258.2013.00070



680 4/ A&244R Chinese Journal of Plant Ecology 2013, 37 (7): 674-683

FIF- 4R 1 2E K (G 2R R 4%, 2007).
3.3 MAMRZRMIREALAC NS = XFHE B AY M [
R R C Bt 1 AR AL R 55 40 AR 1 3 i AH I Y.
AN AR R AR 3 B R HH 3550 5 /K4 R e B g,
TEILTEAR B X CH KRB, RARMRARAR
w1 S i Re ) RPN RE, 7R TR AR K LCH
A = (Eissenstat & Yanai, 1997; Son & Hwang,
2003) o ASHIFFL 1 A Ab FRAR S 5 5 R AR G AR A HLA &5
i 1322-554 g-kg™t (1K12), EbAGZE K AR i Al
ST I A - % 40 A 1 A7 LA 7 I (Pregitzer
et al., 2002), 7 LA Jb X H AT A 5% 2R AN AR AT
MU B (7. 845, 2009). 3% 1] fg & i T HF 50 p
FRANIE]  BIFEDR AalAAB A TE B B3 o 119 2 e DA
IR B FTHEEY) L SBIE 7 2, AR S )
RS R 210 . ANHIFTUH, BEE AR P, &
TEREA S AN AR 5 B0 AT S ANAR A= C 5 = B AR /7
(R34 0 3, 3R AR ACH Rk BB K, A
451.16-506.15 g-kg™, T4 5L A4 CHr SR
(3G It AR, B TR K TR BRIE A, 1X ] RE
el T DMEAESAE T v s Rk, M ks
THRASNET=IIEAR R P o T SR 2) AHF T
4, SANMRMER A5 R I R UL TR, T
Y R AR B K B e B AR 2 (7T 45 SR8 R
RAR), CEANET IR X R 4IHRBE L 1w .
NARN B ] DUE A R HEFR A (I RIR vl 1) — A
Jebro FEMMAZ ARG H, NEFHAE A RHIE
KGR, NZIE A T fE 4 5 80 3P R ik
B, [FIRSEmCE M E, NSRRI, X AR
ARG CHE R AT 25 X AR A ZINIKR S
B > 2 PR 386 KT =25 D/ (B 8 25245, 2010), T it JIE
A PR A A8 5 AR ANIR FE (T2 05, 2009) . AT
RRY, A TE, ERTHI &, 9R4AN
PR, FEAEAE S AR AN S TR
T REAR S, HE BERT 5 VSRR AN E 2 1 52 M (X AE
TR ZIHAMR . LIV RZL. 2R 2 34
% (p <0.01), MxHT3-5204H, ¥t EEp
>0.05). IXA[REREFUNIR R & —A R R RS, 1
MR E AR, KRR/, NI i = (Pregitzer et
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