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Effects of intraspecific competition and litter coverage on fine root morphological traits of
Cunninghamia lanceolata and Loropetalum chinensis. WANG Jun-long"*, WANG Hui-min",
FU Xiao-li'" ", YANG Feng-ting', CHEN Fu-sheng’ (' Qianyanzhou Ecological Research Sta-
tion, Key Laboratory of Ecosystem Network Observation and Modeling , Institute of Geographic Sci-
ences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China;
*University of Chinese Academy of Sciences, Beijing 100049 ; ° Jiangxi Agricultural University
Nanchang 330045, China). Chinese Journal of Ecology, 2015, 34(3) : 596-603.

Abstract: Fine roots play a key role in soil nutrient cycling. Most studies of fine root plasticity
have focused on tree species in forest ecosystems, however, there is limited understanding of fine
root plasticity of understory species. In order to understand the effects of intraspecific competition
and forest management measure ( litter covering) on fine root morphological traits and nutrient
uptake strategy, a root-bag method was employed to investigate the effects of intraspecific compe-
tition and litter coverage on fine root morphological traits ( specific root length, diameter, and
branch ratio) of Cunninghamia lanceolata (tree species) and Loropetalum chinensis ( shrub spe-
cies). We found that litter coverage and competition had no significant influence on fine root mor-
phological traits of C. lanceolata. However, litter coverage significantly improved the first two or-
ders fine root branching ratios of L. chinensis. Litter coverage, intraspecific competition and their
interaction effect significantly decreased the diameters of 1- and 2-order fine roots of L. chinensis.
These changes of L. chinensis fine root traits might increase the fine root nutrient absorption rate.
Our results indicated that litter addition to C. lanceolata forest might help to improve the nutrient
absorption ability of L. chinensis by influencing its fine root morphological traits and thus would en-
hance the nutrient competition between the overstory and understory species at the same soil depth.

Key words: litter coverage; intraspecific competition; fine root morphological traits; understory
species.
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AR (fine root ) JER AW WK 73 FIFE 4 1) F2 2L
e, A MR T AR AR BRI PSR AR S T
U AR R TERRPRAE 28 R GE 55 430106 2 v 473 e o 22
ff1{0,( Pregitzer et al. ,2002) , #45, R4 Y& 4l
R JRV G TS 53 1] FH 25 % 145 1038 LE 3 BURK , AR 3
XTI AL B AT H A H8 R EHT (Vogt et al.
1993) . LGB K BHAR <2 mm B E X
N (Finér et al.,2011) , B BFFERATRAM R
RGNER BRI 22 1 W57 T 46 R FH AR 43 0
TR GEAR 22 4548 F1 DI BE ( Pregitzer et al. ,2002;
Guo et al. ,2004) , Pregitzer 252002 ) K ARl A< g 1%
Ao S HARFR R 1 AR, 1 ARG R AIAR S 2
PR MR35 AR AFEAR AR TE A S R
GEFR MR P RIE IR 1 AR EAR AN, UAR
£ (specific root length, SRL) % K, 3= 2K 0 75 5 F1
IK TR RE | T = AR e B ROH, 29 5%
3 7K 431932 §i ( Eissenstat et al. ,2000; Guo et al. ,
2004) . PRI, SR AR B 23 9009 7 ¥ 0T 58 4R B AT
B, AUFRERY]L L2 HAMRIERRRGE P A
EEA E . Huang 55 (2010) & BRI VR HE K
1.2 FARA Y & 5 AT 4 AR 63% LA L, N
F(2013) KB 0~20 em + )28 ( Populus eu-
ramericana ) 1 .2 FOREE S AT 5 AR B =M 95%
DAL, FAriE.(2006) BIBFFEE R /R 0~20 em )=
i HARTE S (Larix kaempferi) 1.2 HABR K L
1~ SYURIF B EER) 75% L) 1

AR 2 S H AT SRS A ) 107 ) 58 4 1 3 57
53 5 ) — P [ AL ] (Ostonen et al.,2007)
AHARIE ST B84 (fine root morphological plasticity ) &
TR AR 25 32 BR BT 52 0l iy R 1) — R 21 R Al
84k ( Novoplansky ,2002) , 24 + 38 7 YUK O & A A8
AR AP 20 AR 2 T T )8 4 G 20 R 235 4 R ) i LA 4
%ﬁ%ﬁcﬁ“,ﬁ?ﬂﬁﬁﬂﬁﬁ*ﬁbﬁ% B ( Pregitzer et
al.,2002) . AHYIAR Z 6T B IR B SE e A AR R
R A X P 4 2 LA ) B SE g R
FU(Wilson, 1988) , AHY) Z[H] 7 A= 35 i), A ) 258
R AT AS ( 3248 548 K2R SRL) Fith)
T FZHR B W A A B ) R
2 [1] 3 A 4 5 2 D e R IR 2 b ) 9 9 g T 3k
M55 4 (Rubio et al.,2001; X 4:52,2008) , 374
JERRMAES RGN W), B TE W) G RE % 52 ) - 0
FRIZK AN I3 5 1 (R ZESE, 1998 ; Lindahl et al.
2007) , T A2 A0 AR 1955 4 R, A0 AR 38 S R B

8728 e SLRE A AR 28 X5 37 23 FHK 23 B WM, DA T 52
MR R A K R B e H T BE k(R N A
2002) .

AR AR DI BRAR AR 2 R G0 00 H S A R ) 7R
HEBRGFTIEIR PG AT 2 VE T, el B
AR S R G 2 R AR E PR TN E ( Ya-
rie,1980; £ B 2% 2012) . AR B AHRER R R
Girp R LB, Chen 55 (2004) OBIFSE 2
IF 2 ACEARAR AR T AE B4R (<2 mm) AW 5
SAIRAEYI R 50% . Bakker 55 (2006) %& 3R, 1
PUREHB IR 7 4 ( Pinus pinaster ) R BRT 3 52 410 AR
(<2 mm) A=W 5 S AR Y LB 2k 70% , 285
w TIRRAAR A i, SR, HOETR T AR AE S
RGEANR T IBVE RG22 56 b T AR B A, 0 3
YNSRI

AR ( Cunninghamia lanceolata ) EREE T
FEEN T AR B 2 — | 2405 3 BN T ALY
24% , 2T R, 2 e R AT RO D0 R 3 AR A i
M, MK (Loropetalum chinensis) /& A2 AR T & UL
AITEAR BRI ABIFSE LI AR FIHEA I BIFTE R 52, R
FHRR A AT Fh N 55 4 PSR VR W) A w2 % 2 W 1 9%
12 AMARIEAS 8 P (SRL A E AR ) A8 & v (4
RCLE) BYSEI , F7n Ml A 58 4 KPR T A8 B it ( Bk 7%
WL ) RAZ AR FIME AR AR A G5 K S 14 LA S 5% 43
A WA G W 1 52 M B A, S 11 R 6 B 1) AR AR B i
PR
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ML AYZT e Fr e M3, TBRTE 100 m Zidq 48 H IR 4K
1229 h,4E¥ SR 17.9 °C AER R K &N 1485 mm,
A R P Z AR AE . 2 R SRR 2T
BN R 2 AL AR A R A B S, A
FZERILAN AR 3, FER MO AZ AR IR HAL (Pi-
nus elliottii ) F1 55 FEHA ( P. massoniana ) %5 ; KR #EA
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A AR FIREAAE D H FRAR R, 72 B AR ik 32 1 B i
0~10 em LEHFEH 1 R (CO) B#F 2 #(C1, [F—
PP R ERR IR ) 548 58 5 AR 2R (BLFERT 4 HAR) ,
FABY TIRIBRTT 3 HAR R, PRIE 4 HR 5 H bR ik iy
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Table 1 Basic traits of Cunninghamia lanceolata and Loro-
petalum chinensis fine roots

T} el M HiE SRL N:C
(mm) (m-g™h)
N 1R 0.65£0.04  19.32+1.05  0.02420.003
2 PR 0.70+0.04 15.14£1.75
HEA 1 AR 0.34+0.01 58.23+2.28 0.024+0.000
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Fig.1 Fine root ( <2 mm) distribution of Cunninghamia
lanceolata and Loropetalum chinensis
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(Hoekstra et al. ,2014 ) , BA HAR A0 FR i 185 g
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iy B A ) AR AR AE F% O3 R WCRE ) ) — > FE A, 2013
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30 mL A9 0.2 mol - L™ 4 SrCL, % ¥ ( Casper et al.
2003) .
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HRZR /IO A 338 vh 7y B R AR ] — b Ak
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AR 1 2R 2 AR 5385 T R IFHE FZAR R 11
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(branch ratio) . W73 255 1Y & PR 43 AT BTG 7K
OFE £, HEBR <0, I Epson 207 10 49 6 X
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m)) #EA7 I, SR )5 B WinRhizo ( Pro 2004b, fill 5k
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AR BT TR B, BT ARE S S bRid i i A
Y 1 90 2 GARRIRG, THBREEAGHA TR 0 FHH,
P TIH # , 12 F 1CP-OES ( Optima 5300DV, 32
[ PerkinElmer 23] ) il 22 #2 R A% it Sr ST R AUk
FE, 3R 4 A 31k 2 43 BT AL Smartchem 300
(EE AMS A\ e S AR S A S =,
1.3 B

iz Ffl SPSS 20.0(IBM) | Origin 8.0( 3& [ Origin-
Lab 23 ) ) #1 Excel 2010 ( Microsoft ) #5245 %F £ 45 #E 17
SIHTACIR . TS REAS T A6 58 o3 B 5% 7% ) 7 i A
B XS - S 2 IR BE RN 5 7K DL S AR IR 3 W
(52 5 ISR 28 7 22 43 B (two-way ANOVA) £ 56
V5 W 55 -5 R0 N SE A AR TR S 1 22 BAE s
PRI E T 2245007 (one-way ANOVA ) A6 56 45 4b B XG4
HRIE AR B2 5 Y d5e /N i 2 22 5515 (LSD) K 3 A [F)
AR FEIKER B 28 5 M WK P<0.05,
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2.1 BRIEWETES HIERIEER

BRIV G R T )2 R R R R AR
(K2), sEYESMEHEEEFY LT T 0.5
C,BRT 4 A 16 HA7 A 8 HAN, FRIEWHE 35X+
BRI IR R T WK FRIE Y w0
BRI T 3.3% , LS5 (5 H 27 HEL
J5 ) BT W B 2 RS KR S Ak B T
KF

BRIE Y w0 RO LA S B B (E
3). FRIEWE A TCHLA & kD 53.5% , A
R IR 61.0% X W45 m 3% ; i H S A
/0 40.1% (A IE B 7K
2.2 BRVEYE S RN N TE AL AR AR A AR T
SRR AR

BRI5 IR B RPN 3 G S PR 2R 19 28 BLVE R
AR .2 AR 43K b B4R F SRL 470 i 5%
Wi, BRVE W) w5 RN TE I A EAE X HEAR 1 21
R E RN 3 (P<0.01) ; BRIEYI BT S5 0T HEA 1,
2 G AR A3 LU R 52 T S 3, (MR AR 20 e
BT 51.47% SRR 1.2 SR AR 19 5 e A
(P<0.01) , ffifE A 1.2 2 40AR B 42 20 W B AR T
17.09%F1 21.27% ; e Fr AL FRXTHE AR 1 AR H AR5
Mt &t 2 (P<0.01), (A AR 1 9L HARREAR T
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Fig.2 Effect of litter coverage on soil temperature and soil
water content
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Fig.3 Effect of litter coverage on soil inorganic nitrogen

concentration
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Table 2 Two-way ANOVA of effects of litter coverage and competition on fine root morphological traits of Cunninghamia
lanceolata and Loropetalum chinensis

gl YR A FFIE L2 TG BRI < T G
F P F P F P

AR R 0.247 0.622 0.091 0.764 0.927 0.342
1 AR SRL 1.422 0.267 1.091 0.327 0.859 0.381
2 94 SRL 1.041 0.337 3.769 0.088 1.187 0.308
1 BAREAZ 0.074 0.792 1.599 0.242 0.781 0.403
2 PAREAE 0.705 0.425 3.649 0.093 3.300 0.107

HEAR SR 6.617 0.018* 0.955 0.340 3.778 0.066
1 9448 SRL 0.504 0.498 1.777 0.219 1.102 0.325
2 AR SRL 1.258 0.295 0.111 0.748 0.738 0.415
1 AR EHE 42.643 0.000 * * 17.699 0.003 * * 25.576 0.001* *
2 PR ERZ 23.889 0.001* * 1.430 0.266 4.617 0.066

# P<0.05; % * P<0.01,
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Fig.4 Fine root morphological traits of Cunninghamia lanceolata and Loropetalum chinensis under different litter coverage
and competition treatments

LOCO.LOCI \L1CO L1CI 20 B F/R IFRTE TGTE g Tk WA TaF A TG ICTE S A IRTEWA TG T, a Al d R [R5 R 20R A [ b 2
()50 A e 22 57 35 (P<0.05) 3b e e Al £ FHANIR/ING T (MRS T4 ) Fn A RILLBRIE] 1| Z0HR (51 2 AR B 2257 3% (P<0.05)

AR 1 2 R AR, X 3 MEEEHEAR 1 R B 2.3 BRIEWIE 35 X2 AR M A 40 MR 3% 43 W g ikt %
IR T 21.62% 27.05% 1 25.06% ffitEA 2 9% (52

AR AR T 13.58% 28.55% 1 24.68% , i, KA St bRIg T, SERFE HUAE Y AR Sr T
Rk S AN M T E N BN R E BER 13.29 mg - kg ARG SE AR Sr & EFHF
FEAR T HEARAIAR AR 7659.45 mg - kg™, ZE R T (P<0.01) , HIAE
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Fig.5 Effect of litter coverage on fine root Sr absorption
rate of Cunninghamia lanceolata and Loropetalum chinensis
ANF TR R 22 5 3% (P<0.05)

PIANRR Sr i B9 48 AL 1T AR AR 40 MR 77 23 W iR
AR, BRIE YA S XA 1.2 G R 4 Wi
RIS TAAR (K 5) . FRysPEmINEZA 1.2
LA Sr WIS FE T 50, TR AR 1.2 Z A
R Sr WIS A& 5 0] 8, (M R AR S IRz g i AR
i 8.85 #m % T 14.69 mg - kg™ - h™',

3 1 it

AR 252 M i AR 2R 3R 03 AR 3 MR WL E g )
BHEDR, AR S T (AR R AR A 1) 3R
5 11 B 19 3% 53 4 4K 98 P (Hodge, 20045 il 4%,
2012) , — MM, AR B AR /N SRL HOKHT, HgR
AW W RE 77wk 5% ( Fitter et al.,2002; Cruz et al.
2004) o Bl w5 FIRP PN S 4 T8 5 e AR AR TR 25
T AR ) 1) 35 0 RBUR G
3.1 FhNTEXT A2 AR FIMEA 4R E A REAE 52 1)

H TR AR Z E] 58 o R AIARE S8 1k A
Yy os il ik R AR AR A 7 ) A8 RN 23 (8] 43 A1 45k
e KRR B2 b A1) %€ U5 LA 3E B 55 4+ (Rubio et al.
2001) . Guo 55 (2004) M WF5E R B, A [A] A )7 4 AR
DRI ARGAR > 3222 17 57 37 43 FK 43 WL 1T 5
PP FEORMIZ R IIEE . B R AE ) AR
(1) LI SRR AR AAR A AR R0 T 4561 5 AR
XFFEA IR AT B LA B i 53 BE 1 45 4i ( Eissenstat et
al. 1997 ) o 3 LU R AH ) A AR 43 AR 1 o 0 WL 1Y)
PRBE, T LIRS i 5 40 AR 95 U5 R HT 68 0 iy 6 bR, A
PN B 2 XA AR RIS A 1) 4 A 3 A L 52 e S I 2
SRL 2 A 4 AR B I F) I RE 1 89 55 — 4> B 248 45
SRL B, 4 AR /Y 57 43 F1 7K 43 W S0 80 23 ot i e
(Berntson,1994) , A5, Fif P 5 4 X A2 K At
ARYIM SRL SE M XA B3 (R 2) , AL 2
Z FITEG IR ( Curt et al. ,2005; Bolte et al.,2006;

JEE5E,2012) , Bl N T 4 X AZ A FIAE A AR 43 4% L
H1 SRL 5% 0 34 AN 5k 3 1T BB 2 B T AR 4 o OSUR Ak 2
T LAY 58 S 5m FE AN RT3

TEMRIE e, LR S 52 W 4 AR 75 i A1 5E
TR — OGS 2, FLAR A K/NDE T R AR 3 %)
R IR A FHRCR , ELAR B AN AR X 7 40 Fl K 43
W RE 8 T ELAR B AR (de Kroon et al.,
2003) , PP TE X A2 R 4 AR AR TG i 35 RZ ) i
RN THEAR | GAR B (B 4) , ZEER—
U BARR P 58 4 4 5 1 M A AR X - B U5 A A
3, T3 — 7 T B M A 200 AR L A% 98 P 0 5 4 i A
S T4 B LA SRL,

3.2 FRYEYIE TR XA AR R AR AR TE A R AIE S 37
53 W WS RR A 52 i)

DMERFFEIA N 5% 3% V)2 e R IIK T R A 42
WK SN e KR (SRR AR 1998 T2/,
2012) , A 5% Ve ) A f 4 SR R W
T, HE R AT BB Fk v W0 31 w2 5 T RS KR
(E2) b T H Koy 78 Kk (RARZESF,1998) il
o IR R R BUR SZBH, TS B - SR 5
Kl 3, Bk W 7 e ol b I A A T RAIG (i 2
RS TCHLE W35 B, TR T - 49 AU A 2K
P X AT RE AR AR W 6 3R 43 1 1 R R
1R+ S 30 30 TR e B 7 DAL 03 w0 3 8 A R
A R BRI YA DLk LA 4ERE B B R 007
i, TRV A TERRVE | (e v P R i 38 -3 b iy
FOARD s 53—, AR BRI R R B AT
WehtE EAEY) , I — 22 28 R 2 BRI (Moore
et al.,2006; Lindahl et al., 2007; Manzoni et al.,
2010) ,

AST5] H0 P ) 240 A 3 A B XoF 7 4 Ak B8 1) i) T AN
[f, Drew %( 1975) ROBF 5T 2 1A ,ﬁt”ﬁﬁ%%ﬁﬁfﬁi
% ( Hordeum vulgare ) IR AR 7 M AR (4 A <, b 35 14
12 AR EGE . i (2013) KB, Jit AT .
EHEE TN HIERZ AR R L, IR 1 R
MG IR R Ik 23.84% , HUA RIS T AR Z5E,
Tar A (2006) &, it I8 X H A 3 it 48 ( Larix
kaempferi ) /N [AIHL Y A0 AR B SE M AN 3 Fitter 55
(1991) TEWTFEFR I3 a X 13 X5~ MR8 8 Fh
A AN AR A B ) 5 0] N B, SR 3 R I RLT
HAE AR R RIS AR NI E (4 O 2 )
T B AS A ) AR 3 B R B A W R A2 4k, A WFoE
H BRVE D S AR T IR A R (B 3) [l
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ARTIRE W3 B3

AR ER = (] 4) 3% T RE R HE AR AR XS +
SR R, 534S F HE A T s A AR SR 3
THARRE ST . AN, R 7% W BT 5 RE A8 £ 1= HE A A AR 4
FELE, XTAZ AR AR 534 b TG 18 25 52 e, 18 P A 448
FRAPAS LU - SRR 458 28 A 1) o 1 5 T AZ R A 4 4%
TEUEA BRI A 4R AR 28 M i 22 Ak AT BB 23 5 42
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