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Increased litterfall regulates fine root biomass and distribution in three typical

forests in subtropical China

WANG Wei'?, WU Xiaogang' ,HU Kai®, TAO Jianping" "

1 Key Laboratory of Eco—environments of Three Gorges Reservoir Region ( Ministry of Education) ,Chongqing Key Laboratory of Plant Ecology and Resources of
Three Gorges Reservoir Region ,School of Life Science, Southwest University, Chongqging 400715, China

2 College of Forestry and Life Science, Chongqing University of Arts and Sciences, Chongqing 402168, China

Abstract; Global change is potentially expected to change the quality and quantity of aboveground litter input, which could
affect belowground processes of terrestrial ecosystems. Root proliferation into the litter layer in subtropical forests
substantially contributes to net primary production; however, little is known concerning how increased leaf litter input
affects the growth of fine roots. A litter manipulation experiment was conducted between August 2013 and August 2014 in
nine stands of three different forest types in subtropical China: coniferous forest ( CF) , coniferous and bhroad-leaved mixed
forest (MF) , and evergreen broad—leaved forest ( BF). Three treatments, including litter removal (LR), litter addition

(LA), and a control (CK) were conducted within 5 m X 5 m plots in a randomized block design in each stand. The
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biomass of fine roots ( <2 mm in diameter) in the litter layer and the 0—15 c¢m soil layer were measured using soil cores;
root morphology was also monitored. The results showed that litter removal significantly decreased fine root biomass in CF
and MF plots by 40.3% and 37.5% , respectively. Litter addition caused a slight decline in fine root biomass in CF and MF
plots, but fine root biomass markedly increased (19.4%) in BF plots. The vertical distribution of fine roots differed
according to litter treatments. Because CF to BF correspond to a successional gradient and increasing tree species diversity
in subtropical forests, forest floor litter mass and thickness in the litter horizon increased, as did the effects of litter quantity
on the vertical distribution of fine roots. Compared to the controls, litter addition plots in the relatively fertile soil of BF,
resulted in a significantly higher percentage of fine roots in the litter layer, but a significantly lower percentage at 7.5—15
cm depth in the mineral soil (increase of 10.6% and decrease of 10.4% , respectively). This suggested that the results were
a response to a more readily available nutrient source rather than an adaptation to nutrient shortage. Root biomass in the
litter layer in the CK and LA plots was strongly related to litter layer depth (R*= 0.742, P <0.01, linear regression) and
total litter biomass (R*= 0.521, P <0.01, linear regression). Moreover, root length density and specific length of fine
roots differed between substrate layers: specific root length was greater in the litter layer than in the mineral soil layer, and
root length density was the greatest in the 0—7.5 cm soil layer. However, fine root morphology did not change significantly
with addition or removal of litter. Therefore, we suggest that fine roots have a nutrient acquisition strategy that allows uptake
of more nutrients from the litter layer or near the surface in shallow soils because of a larger belowground allocation of

biomass and a more active metabolism, not because of phenotypic plasticity in fine root morphology.

Key Words: litter manipulation ;fine root biomass ;root morphology; litter layer ; subtropical forest
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Table 2 Characteristics of litter and mineral soil layers in the three forest types ( mean+SE, n= 15)

- FKE Faxi B A
content/ % (g/em’) (mg/g) (mg/g)
CF L 47.15£4.03 0.30+0.06 145.44+19.58 7.55+1.45 19.86+1.51
M1 19.36+1.73 1.16+0.08 24.26+5.59 1.67+£0.43 14.80+0.54
M2 17.67+1.11 1.20+0.04 15.10+4.03 1.15+£0.35 13.70+1.07
MF L 30.18+1.58 0.34+0.03 163.76+50.17 8.62+2.48 18.84+0.93
M1 17.28+0.69 1.19+0.05 35.90+8.97 2.17+£0.43 16.11+1.33
M2 19.03+2.12 1.29+0.04 17.49+1.33 1.13+£0.12 15.58+0.47
BF L 36.21+4.56 0.20+0.01 230.79+34.35 12.89+1.33 17.85+1.86
M1 18.36+3.28 0.96+0.06 49.96+8.35 3.43+0.34 14.35+1.19
M2 19.03+2.12 1.14+0.07 22.69+4.59 1.75+£0.24 12.69+1.12

CF .54k coniferous forest; MF ; £ 1R 32 #K coniferous and broad-leaved mixed forest;BF;ﬁ?%ﬁ‘ﬁ K evergreen broad-leaved forest;L;Uﬁ%%E
litter layer;M1:0—7.5 cm )5 + )2 mineral soil layer; M2:7.5—15 ¢cm )% 1 )2 mineral soil layer

1.4 Hdhb B

AR BRAARIS A 9% 1 Ak BRGE S ) J2 Ok Hp AR A= W 5 1) 52 W >R FH 5 2 I 4 77 22 93 BT ( repeated measure
ANOVA) , Hrp JBUREJZUCH N AT [m]—ZRAR A ] BRURE J2 U, A [6) 3 v 1 Ak B0 AR A= Wy i AR & A )
FEA S AL S SR R R L 3R 05 2250 11 (One—way ANOVA) | F#E47 ¥ (B A #7122 572 1 36 1% (1SD)
Ko, BE st 2Z 80, A EZ IR A9 B EE 2 Shapiro—Wilk Test A8 5634 iR M 88T (UIEZS 4045 . Rl I 5 2555
PR AR BRI Lo B4 J5 HE0EA T 2007 X TS 2 A IEEBE YR Ve ) B 5 AR K HE AR B AR A= )
7 2 [B] A9 22K H Pearson AT, AT M MAHLE SR FHXUR W B ER T (a=0.05) . B T 255
AR FE v ) 2 Y SRR R BRA AR AR N TR TN I A RGBT SPSS 22.0 B4 (1BM,
Chicago,USA) , Z=EIFE Origin9.1 H15¢ AL,

2 HREHS

2.1 AFRATEYAFKSE T AR A&

TR VR AL B IBURE 2 U S HAS AR F 6 AR A A B 35520 (P<0.05, 36 3) , 5] IR A
L, 875 2Bk (LR ) 3 FEAIR T £ AR (CF) RN R AS AR (MF) w9 20 AR 6 A 9 8 (430l B AIG 40.3% Fl 37.
5%) , JAVEDIASIN (LA ) AT - ARANA W TR S Pk v 0 20 AR A A 0 s A I, (LS 3503 SR AR ( BF) Y
R AR S T 19.4% (K 1),

ANTRJZ R A AR A 2y e 6 b 095 AL B e AR TR) . = FhgRb R 2 B AR A R A LA A
7R, Horh i SR RE AR TS Y B AR A B R 36.27 g/m?, B T CK BEJT ;T LR AR 4040 T 1% 2
Hh R B ) A AR AR ) B (1R (0.69—5.78 ¢/m?*) , AR T CK Fl LA #£J5 (P<0.05, K 2) , #HLL CK HJ7, 7%
WA AN 22 B Ah BT T AR T R SS AR 0—15 em &7 J )2 Hh 40K A 9 1k G I 28 R ) {0 40 o) Ak
SO D3 VR P 2B AL 38 S BRI T R AR ML 2 (0—7.5 em) 4UAR A Y, TR T5 P S i Ak B G S AR
T M2 2 (7.5—15 cm) BOAR AW (F 2¢) .

2.2 R[ENAIE YA KT T B AR Y 3 1550 A

PRVE DI AN 22 SR A — R R b o TR PO R 2 R AR A i (9 20 BE B bR 4% 2 AR 2B 9 o
d YR (AIIE 2 5] 0—15 em G+ 2) 1 E 2 EAEAS R 08 75 P Ab BE K- N A — & B 8h, {B R CK A
FLIC 325 5, T LR AbEE B B 38t IR S Ak M1 ZFIBRAIE M2 2 1) 40AR A= 0 it B 0 B (0 Sl 4 =7 13.25%
FIREAK 11.74%) o XFF LR AR, LA A ERI0 BA B 48 & L 2 A9 iR 2B 9 B b DL G RRAIR M2 J2 I AR 4=
WYyt o (R 10.58% FIREAR 10.43%) (181 3)
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Table 3 Results of repeated measures ANOVA on effects of forest type, litter treatments and substrate layer on fine root biomass

I~ 7 B sk y
Variy;ggrifirce & F P Vari;;iﬁme & F P
SL 2 287.991 0.000 *** SLXLT 4 7.631 0.000 ***
FT 2 58.594 0.000 *** FTXLT 4 2.749 0.031
LT 2 13.736 0.000 *** SLXFTXLT 8 4.245 0.000 ***
SLXFT 4 9.233 0.000 ***

SL. FL 2K Substrate layer; FT : FRAKZEAY Forest type; LT: & PIALHE Litter treatment; * * ,P< 0.01,n=15

2.3 AEPEE YA BIKSE R AR TE &

AR AR FEXT 3 Fh AR AR b AR T 25 1 5 i AN
Wi, ZEPVELBRACE R, 3 AR M EL R 1L 2 A 4
R RLD HY3E K (B R 3 & F CK A LA B 7, 1F
M2 JZH, RLD B34 Ry fe/N  (HAL R B 8T CK F LA
FETT (EFREARERAN) (L 4) o A 75 ) 25 B AR W& 3 &t
FETR A AR M1 JZ40AR Y SRL {8, (84K | SRL X}HH 7%
PIAb BB AR (B 4) , AARTE S48 4R S5 RLD 1
SRL IR B a3 S b i 2 A 6, = M2k
MR L E S B KA SRL H (11.71—27.10 m/
g) M1 2 EA BRI RLD {H(3779.61—7379.03
m/m’) R E YA BRAE —E R FBAE T AR B A T
M H R AR,
24 RAYE S EEY R ER

N ARSI S FE b 8 7 400 J2 1 D2 R 5
Ay R A CK HEJr T MTEZ
JEEE SN 2.4 cm, 3.5 em F1 7.6 cm; P E DAY
H0 8 2403.24 g/m” 2751.33 g/m’ F1 3613.37 g/m’,
3 FPARAR, LA HE 7 PR IE W 2R (6.5 em) FiI

180
LA a
Il cK
[JLr

150

120

60

AR B R
Fine root biomass/(g/m?)
s

30

MF
FRARZAY Forest type

B1 =ZMERLBEPRERAZYLEKRETHARZENE
CPBE bR IEDR  n=15)

Fig. 1 The total fine root biomass in all layers in litter
manipulation plots of three forest types ( mean + SE, n=15)
CF: £ MK coniferous forest; MF : £ F 1R 2 #K coniferous and broad-
leaved mixed forest; BF : % £& [ I #K evergreen broad-leaved forest;
LA JHTEH AN litter addition; CK: X B8 control; LR« 7% 4 25 Bk
litter removal ; L; i 7% ¥ 2 litter layer; M1:0—7.5 em # i + )2
mineral soil layer; M2:7.5—15 em #" i 12 mineral soil layer; /N5

\ . . ‘ S BRI AR AR AR S AL B 0 22 57 (P < 0.05)
THTEY 2 W) (3535.7 o/m?) BB 275 T CK BEJy " ’ s

CEXRTEZIER H 4.5 em, P <0.001 ; EX &Y 2

AP R 2922.6 ¢/m* ;P <0.01) . 7E CK Fll LA B3 YRI5 W12 AE K 4EAR A= W MR P4 ) J2 5 2 2
FEL MO (R = 0.742,P <0.01) ,FF HAWAEY)Z A Y 2 B A (R = 0.521,P <0.01) (E5).,
FAN FETIE DAL BT AARTE DA T )2 0 AR Wi FILE 0—7.5 em B 4 J2 P A9 AR 9 i S0 I 3 TR A G
(r= 0.517,P<0.001) ,({HF1 7.5—15 em H )2 A Y oA M FERVE W) L BR AL BT AR E R I W2 1
AR FIE 0—7.5 ecm [ 7.5—15 em @i+ 2 AP 2 5 — 2 IEAHSE (40 38 r=0.648,P<0.001 ;7 =0.
376,P<0.05) .

3 eSS

3.1 PAVEYIAL BT AN R BRAR ST v 0 HR A 4y B R )

R 5 s N\ O b B ML 4 43 S T AR SR 4 1 R R P TG AR 114 3 A R
ABIFTE HAN R P Ak BES R AR AR ML N R GE AR AR i i 22 5, /s st b 0 v 1 64 e AR A o AR Y B IR 47
AR o AR ARARZE T, A 9 WAk PO ARAR A i B SR A TR, TRl — R AR PE R, AR RS B2 52 W) 4 7
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2 =MHRMEBRDRERZFYLEAFETARERRPHBARENE FIELAREDR n=15)

Fig.2 The fine root biomass in different substrate layers in litter manipulation plots of three forest types ( mean+SE, n=15)

Yy EE R PRV ) 1 B AR A 2 R L 2 R R AN ]
AR RIS BT R A A = R AR RIS AT I Ak F
BRI AR U T 0 2 P VR RN A T ) A i ) e 1
RAB, 5 FT AT A I S AR 5T 45 R — 20 AT
TRASHR S B R AR i 4 B 22 0 HLRR G393 K, HLIW
RS A ) et T RRURI B S 2 R T AR BRI R Y )
W R TE AR, BEERE YR SRR S, —
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