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Abstract; Litter and understory vegetation play important roles in soil carbon and nitrogen cycles in forest ecosystems.
However, the mechanism of the effects of litter and understory vegetation on soil carbon and nitrogen hydrolase activities
remains unclear in subtropical Chinese fir forests. In this study, four different litter and understory treatments ( litter and
understory vegetation removal ( LR+UR), litter removed but understory vegetation intact (LR+U), litter doubled and
understory vegetation intact (LD+U) , litter doubled and understory vegetation clipped but left in situ (LD+UC)) were
established in subtropical Chinese fir plantations. We studied the effects of litter and understory vegetation on soil
environmental factors (soil temperature (ST) , soil moisture (SWC), soil acidity (pH) , soil nitrate nitrogen (NO;-N),
ammonia nitrogen (NH,-N), and dissolved organic carbon (DOC)) and soil carbon and nitrogen hydrolases (-1, 4-
glucosidase (BG) and B-1, 4-N-acetyl-glucosaminidase (NAG) ) activities in order to reveal the mechanism of the effects
of litter and understory vegetation on soil carbon and nitrogen hydrolase activities. The results showed that; (1) litter
addition increased soil pH, NH}-N content, and hydrolase activities compared to the LR+U and LD+U treatments, although
the effects were not significant (P > 0.05). (2) A comparison of the LR+UR and LR+U treatments showed that understory
clipping significantly decreased the DOC content and BG activity (P < 0.05) and tended to reduce SWC, pH, NH,-N, and
NAG activity. (3) Litter addition with intact understory significantly increased SWC, pH, DOC, and NH}-N content, and
enhanced BG and NAG activities ( P < 0.05). The understory clipping in situ treatment was even more effective at
increasing BG activity, NAG activity, SWC, and DOC than the understory unclipped treatment. However, neither LD+U
nor LD+UC treatment had a significant influence on ST and NO;-N content compared to the LR+UR treatment. (4) Soil BG
and NAG activities had significant positive correlations with SWC and DOC contents (P < 0.01). In conclusion, litter and
understory vegetation affected G and NAG activities by regulating SWC and increasing DOC content. The enhancement of

BG and NAG activities may in turn increase DOC content by stimulating decomposition of soil organic matter.

Key Words: litter; understory; Chinese fir; soil environmental factors; B-1, 4-glucosidase activity; B-1, 4-N-acetyl-

glucosaminidase activity
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Yok NS AR B, I 7R 55 J6 1 [B) 9 TR J A 252 RUBE I HLERAF o . 1 8 4 N0 BE . RBRIRIE Y + L BR MR
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LR+U . AUE BRAETT TR RE 7 N IAR N AU R, (o) LD+U 85 A2 BR VA 75 P s SO 4R 1) RV
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Fig.1 Different litter and understory treatments
LRI+ BB AR (LR+UR) | RBRIATEY +OR BEAK T RIBE(LR+U) (JRTEHINAE + (8 B AR T A (LD+U) 35 7 s + B (0404 T A
W JFE R (LD+UC)

(Redundancy analysis, RDA) PEU B 15 HHEREE R IO . R SigmaPlot 10.0 3k R 14011422,
2 BERSH

2.1 JATEYIRIAR T R 0 RS R TR MR

BALFEX; ST B4 W E MW (F£ 1), BR T LD+UC AP LR+UR BT 10% ( P<0.05) 4h, HAb Ak
FHSWC Z A3 g2 5 (£ 2) . LD+U F1 LD+UC 4L FAY +3 pH 439 e LR+UR W& 48401 0.15 F1 0.
16(P<0.05) , ST .SWC 1 pH #RAFAEI S 115454k (P<0.01) (£ 1) ,ST K7 H>4 H>11 H,SWC # pH.
11 A>7 A>4 A(F3),

R BEFEWIR TR A RN SRAE B B X L IR F F AR KRB RN E EFES N
Table 1 Two-way ANOVA of litter and understory treatments and sampling times on the soil environmental factors and the carbon and

nitrogen hydrolase activities

[F % Factors ST SWC pH NO3-N NH-N DOC BG NAG
b Treatment 0.41 0.07 0.04* 0.82 0.09 0.00** 0.00"" 0.00**
SKAEHF ] Sampling time 0.00"* 0.00*" 0.00*" 0.00"* 0.00" 0.00"" 0.00"" 0.00**

T R PEUE W E R 7 220010 P e, HoP )+ FRALBITE P<0.05 KT R REEME 2T + « R P<0.01 /K FRY B EEE R
ST: £HERSE oil temperature; SWC : £HEE 7K soil moisture; pH ; HYERRIE soil acidity ; DOC ; e 6% dissolved organic carbon;NO3-N: A&
nitrate nitrogen ; NHZ—N; £ 25 % ammonium nitrogen; BG: B- 1, 47 % BE 1 g 4-glucosidase; NAG: B- 1, 4-N-& % 5 b 2O T 4-N-acetyl

—glucosaminidase

HALIXS -3 NOS-N &30 R B3 (£ 1), LD+U Al LD+UC ZbFRH - NH-N & [t LR+UR b ¢
LEREAN T 26%H130% (P<0.05) (% 2) . ALFEXT DOC &34 BB 50 (P<0.01) (£ 1), DOC &4 LD
+UC>LD+U> LR+U>LR+UR,LR+U .LD+U HI LD+UC AbFE/> 51t LR+UR BT 16—38% ( P<0.05) (£ 2) .
14 NO;-N \NH;-N . DOC & & HA M B AT EH (R 1) :NO-N F &N 7 >4 JI>11 A NH;-N & &
F11 HA>4 >7 A,D0C F8R 7T H>11 H>4 A(%£3),

2.2 JAVE RN ARG 3R UK A B 1 1 52
BAEFEX; 13 BC NAG BEEMEREMIN & (% 1), BC NAG iGMEAE I A LD+UC>LD+U>LR+USLR+
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UR,LR+U LD+U Il LD+UC Zb¥Ef% BG 14> e LR+UR 438 T 46% .63% Fl 85% ( P<0.05) ,NAG {1 [t
LR+UR 458 T 26% 43%F1 106% ( P<0.05) ., BG Fl NAG G HEES AW BET AR (£ 1), WEH 11 A
>7 H>4 A (P<0.05)(E2),

x2 ABEMIATEFALE T ERE R TR

Table 2 Effects of litter and understory treatments on the soil environmental factors

b - .
Trf; fim ST/C SWC/ % pH (N;);li/) (Nj;i/) (Eg/cl; )
LR+UR 20.4+0.08a 18.720.51b 4.7+0.05b 9.6+0.63a 7.420.60b 25+1.03¢
LR+U 20.5+0.08a 19.8+0.51ab 4.8+0.05ab 10.4+0.63a 8.9+0.64ab 29+1.11b
LD+U 20.3+0.08a 19.7+0.51ab 4.9+0.05a 10.1+0.61a 9.220.62a 30+1.03b
LD+UC 20.5+0.08a 20.67+0.51a 4.920.05a 10.2+0.63a 9.4+0.62a 35+1.07a

KBRIITE Y+ L BRI HEE litter and understory vegetation removal ( LR+UR) ; 225 I8 75 4+ {4 B8 AR T AE8% litter removal but understory vegetation
intact(LR+U) ; FEPIINAE+FR B3 #KF 8% litter doubled and understory vegetation intact ( LD+U ) ; #f & #1435 + 1 B AR T A2 94 5 38 JEAE 3 livter
doubled and understory vegetation clipped but left in situ ( LD+UC) s R BUE I bR R YRR NG FREF R AR I 22 8] 22 57 5.3 ( P<
0.05)

R 3 OREER E X IR E F H 30

Table 3 Effects of sampling times on the soil environmental factors

SR B - +_ ~

::f:‘ﬁ;ﬁmc ST/C SWC/% pH (Nn?;li/) (I\I:;li/) (r]zg/i; )
PUA April 19.320.07b 15.420.45b 4.7+0.04c 9.6+0.54b 7.6+0.54b 2420.94¢
£ H July 25.920.07a 21.720.45a 4.8+0.04b 11.8+0.55a 6.1x0.55¢ 37+0.94a
+—A November 16.2£0.07¢ 21.920.45a 5.0£0.04a 8.7+0.54b 12.420.54a 28+0.87h

2.3 FEWMUHIHT(PCA)

- EEREE R A ZUK SR TE 1 PCA R B, 55 — 043 (PCL) FIEE W5 (PC2) 43l fff B 1 A8 1t
TT 22109 36.1% 1 27.7% , 8750 VKT AR T - 8 PRI DR 7 e 50K it Bl PR A S2 s 45 PC1 RN PC2 R
BB A L, LD+UC ZbBETE PC1 A1 PC2 fli I B 55 X 41 - SR 85% R 1 e S K gt TG 4 4 (4 I 1Y
LR+UR LR+U A3 (K 3) . H,PC1 %5 BG(r=0.95) NAG(r=0.91) SWC(r=0.88) 413 ;PC2 5 ST(r
=0.86) NO;-N(r=0.74) .DOC(r=0.64) NH}-N(r=-0.62)#i3%,
2.4 JURSPHT(RDA)

- R UK F S S EEREE T RDA S5 3 R, 28— bRl (RD1) 1SS —hRuifl (RD2) 43 5 e
IR AR T 74.19% 1 0.9% (K 4) , Horb 38R UK i BTG 4 5 SWC . DOC 4 2 3 IEAH G (P<0.01) , 5
ST .pH \NO;-N I NH;-N #H5HEA B3 (P>0.05) .

3 it

el 5 AR Z MR AR EAE Y . IR R R R A IR S AR AR A R B A e R A
W% Bl B B T 5 A () R ) SRR R T T B R B AN SR A AR BR SRS T G bR TR
PR AR B 50 78 A 2330 4 AR %43 RUHE At E M Rl R AL B, R - SRS 1 B LA e

SRR —F, AT TS PG A BN 43 BG NAG 1 PR3 (B AT B E K, BG . NAG I
PE5 13 SWC . DOC &4, FyEPALFEX) SWC . DOC & 52 A & IR B 25 2028 ik BUK i B 15
P, X AT AE- S EFAMZ AR T RS A 5, AR R AR B i ) ol 3R B R E A LE &
W), 550 R T A PR AR 2 7 A AN R AR 2 RS T AR 0 A A 8 RS R R M B e A U
P BG R YER R R R R, S5 RGN, AR P, BB T AR T L
BG I, rTREFIALEE DOC & FREA &, B W0 VIR I & BUAR BR 20 W 0 E 1 SOM. I /= il
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Fig.2 Effects of litter and understory treatments and sampling time on soil B-1, 4-glucosidase ( BG) activity and soil B-1, 4-N-acetyl—
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Fig.3 Principal component analysis of soil carbon and nitrogen hydrolase activities and soil environmental factors
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