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Effects of phosphorus addition on fine root decomposition and enzyme activity of

Castanopsis carlesii and Cunninghamia lanceolata in subtropical forest
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Abstract; It is well known that phosphorus (P ) is one of the most important elements frequently limiting primary
productivity in tropical and subtropical ecosystems. However, the effect of P availability on the decomposition rate of fine
roots has yet to be confirmed by experimental manipulation. In order to examine fine root decomposition in response to P
addition, we conducted litterbag experiments using the fine roots of Castanopsis carlesit and Cunninghamia lanceolata,
which are two tree species typical of subtropical forests. The experimental site is located in Sanming Castanopsis Kawakamii
nature reserve of Fujian. We examined the effects of four levels of P addition: high P (HP, 360 k¢ P hm ™ a™") , medium P
(MP, 240 kg P hm™>a™"'), low P (LP, 120 kg P hm™ a™') , and control (CT, 0 kg P hm™ a™"). During the 2—year

experimental period, it was found that C. carlesii fine roots decomposed faster than those of C. lanceolata, and that the
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decomposition rates were relatively rapid during the initial phase and slow during the later phase. P addition increased the
fine root decomposition rates in both species, although it had a greater stimulatory effect on C. lanceolata fine roots.
However, the decomposition rates did not accelerate with increasing P addition level. During the decomposition process, the
enzyme and accumulated enzyme activities in C. carlesii fine roots were significantly higher than those in C. lanceolata. The
pattern of cellulose—degrading enzyme activity showed an initial increase, but subsequently decreased after reaching a peak.
In contrast, degradation of recalcitrant lignin gradually increased during the decomposition process. There was a significant
correlation between hydrolase activity and the fine root decomposition rate (P < 0.05), and an exponential relationship
between oxidase activity and the fine root decomposition rate. P addition decreased acid phosphatase activity, but
significantly increased the activities of B- 1, 4-glucosidase, cellobiohydrolase, B- 1, 4-N-acetylglucosaminidase, phenol
oxidase, and peroxidase during fine root decomposition. The results show that P is one of the main factors affecting
subtropical tree fine root decomposition, and that changes in enzyme activities during the decomposition process can explain
the observed decomposition rates. The present study reveals the mechanism of fine root decomposition in a subtropical forest
with low soil phosphorus availability, which is conducive to both understanding nutrient cycling and decision making in

forest management.
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em YR YA 1.2 kg/m’

F1 XA EARFENLERE (0—20 cm) BT
Table 1 Basic characteristics and topsoil (0—20 cm ) properties of study site

TR E

e MR35 .. ALK Ko R AR
150 . Soil Bulk . ;
Study site Stand density/ density/ pH (H,0) Organic Total N/ Total P/ P Available P/
y e (stem/hm?) . carbon/% (e/kg) (/kg) (mg/kg)
(g/cm”)
O 1995 1.12 4.04 4.10 1.34 0.39 2.10

Natural C. canesii forest

1.2 Shfifde b IR

2013 4 3 H 76 = B EC#% [ SR ORA IX LUK A Ry =5 AR Tl 1) SR ARG 3T () A2 AR N AR DY, SR A2 B 75
W EERAE A2 (<2 mm) ,#F I E AN XTI IR G355, 2 5L R4S 2£0.005 ¢ 26 A K/ 20
emx20 cm JEFBMFLN 0.2 mm AL A 0.3 mm (2 Je R4S & H e BCEMAR LA L2 2,

F2 KEMZAARVBELZMER (n=3)
Table 2 Initial chemistry of C. carlesii and C. lanceolata(n=3)

Cc/ N/ ps

Wb Species C/N C/P N/P Cellulose/% Lignin/%  Lignin/N Lignin/P
’ (w/kg)  (g/ke)  (&/ke) £ £ g

Kt C. carlesii 443.90a 6.72a 1.15a 60.41b 391.67b 5.93h 22.45a 26.44h 3.94b 23.34b

KA C. lanceolata 421.26b 4.22h 0.33b 101.05a  1264.39a 12.66a 14.90b 37.09a 8.79a 111.29a

[ — 38 5 AN Rl R 22 573 .35 (P<0.05)
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Table 3 The several important extracellular enzymes in fine root, its abbreviation,function and corresponding substrate

EE] ELRes Hifig 27

Enzyme Abbreviation EC Function Substrate

RIS FRRG (Acid phosphatase) AP 3.1.3.2 P cycling 4-MUB-phosphate

B-HI B EE (B-1,4-glucosidase) BG 3.2.1.21  Labile-C cycling 4-MUB-B-D-glucoside
212 Z K ( Cellobiohydrolase) CBH 3.2.1.91 Labile-C cycling 4-MUB-B-D-cellobioside
?g'ﬁﬁifiﬁfffmﬁ dase) NAG 3.1.6.1 N eycling 4-MUB-N-acetyl-B-D-glucosaminide
Ty A LT ( Phenol Oxidase) PhOx 1.10.3.2  Recalcitrant-C cycling  L-DOPA

i EAIEG (Peroxidase) PerOx 1.11.1.7  Recalcitrant-C cycling L-DOPA

4-MUB =4-methylumbelliferyl; DOPA =L-3,4-dihydroxyphenylalanine

1.5 Seitordr

A BRI R T SPSS 19.0 Fll Microsoft Excel 2003 A Origin 8.5 A #7800 M AIVER . SR HA &R
7722538 (One=Way ANOVA) FHICHE /M HT (Pearson 1) Flf /N i 2514 22 575 (LSD ) HE AN ) &5 4 2H [] 1 22
5, MR P<0.05, ASTRAIAR T EER % = X /X, x100% , 2 X W AAR BRI 46 i (g) , X, i
] ¢ I AARGREA T (g) o RN Olson FEECE BRI 5. X /X = exp ™, P & 0%, H
I3 F AT T A B AR S 21 0T (50 %03 ) THE 105 =1n 0.5/ (k) s 58470 1] ( 95 %3 ) X
H itgos=In 0.05/(~k) o FFBHG A ARGERRIE B30k | 1150 Bt 53 Atk ik 18] i 22 i 630 T 0% 4 oty 28 120 1 i A
R0 0 BN HE 10 4 A ST A7 4 BB (L2 A0 ol ¢ b
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HRTRALIMR(14.90 %) (P<0.01) (% 2) .

100 100
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B 1 ARSBTEBRRDE(FHEAREE) (n=9)

Fig.1 Percentage of dry- mass remaining over time in decomposing fine roots (Mean+SD) (rn=9)

2 a MR 25 AR BOR R AR T E AR B R0 B R T A2 R (P<0.05) |, AR 3 fff 22 AT (0—180 d) 73+fift
P, JE I (360—720 d) 7fip e RS A Re L, P AN o 1 AAR A1 JC  (ELAR B R 0 35 25 5% (P >0.05) , 73 fift
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Je WK RE AR 25 S NI & (181 1) o SRR o3 T F 0t R R 1 R IR P BO il #2 (3R 4) , R Olson FEAY
SRAS KA FAZ AR AR 20 285 kKN4 5 MP (0.3811) >LP (0.3771) >HP (0.3655) >CT(0.3549) .MP (0.
3048) >LP(0.2565) >HP (0.2436) >CT(0.2212) , BAHATE 2 a B4 F I, KA 20 AR 20 il R FAZ A0 AR , P 8 Jin
PEiR T AR I o3 iR X i R HEVE T, R TR) P A B DRI gt st ] 1 5, S5 KB AR L, PO inxd P fr 4
TR AR AR (2 VR B3R

R4 TRPKRKFARSBTERRERESBREL (k)

Table 4 Mass loss rate and decay constant (k) of fine roots in different levels of phosphorus

AR ARSLBR

Olson ff o E, - W N 95%%

s SRR TEBKR FTEHR LI oo

) Fel Ib B REO ) it Bt i)

. A R Decay Annual Annual Half decay
Species Treatment Olson negative . 95% decay

tial ati constant/k predicted observed rate/a ate:

exponential equation mass rate/% mass rate/% ralera

Kt C. carlesii cT Y=1.2542¢70-354% 0.9649 0.3549 87.95 81.27 1.673 10.001

LP Y=1.0726e 3771 0.8775 0.3771 73.56 84.57 1.534 9.727

MP Y=1.0711e *3811* 0.8675 0.3811 73.16 84.59 1.519 9.709

HP Y'=0.9443¢0-3655¢ 0.7219 0.3655 70.37 87.82 1.644 9.817

K C. lanceolata CT Y=0.9702¢*1745¢ 0.8505 0.2212 81.48 56.85 1.783 10.161

LP Y=1.0140e0-2565¢ 0.8621 0.2565 78.18 69.29 1.714 9.817

MP Y=1.1005¢ 03048 0.9221 0.3048 81.13 79.46 1.639 9.009

HP Y'=0.9969¢ 24364 0.8861 0.2436 78.14 70.32 1.721 9.913

2.2 P AN AR S fiffach R r o ol 05 2 1)

AR figp T A 5 A AR S R0 s TR S8 25 AH DG (P <0.001) o 2 a ZMIBIIN, UK E 200 A AE R 11
IK A PRI BRI (AP, EEAEMRMEAMF TR R AL P KA nl FIH B TCHL P, S 54 8 R G 0E
BRI TR BoN- 2B SR A AT (NAG, EEM S R RE T AL T FRLE N, 25 R G208
) B SRAE A I B-H AN T ( BG) FNEF4EZ K fi# il (CBH) , 7240 f# W1 191 (90—270 d) BREPE(EA -7t
R TE 270—360 d 43R (A iR B E M E TR, S5 (540—720 d) 43+l B2 Hh s R (A AR b i 2
AR /N TS R 2R AR TR 1) A AL ( 2R C, 2 5 KRG MG IR ) - B A AL ( PhOx ) Flad £k P i
(PerOx ) T P45 b B4 Bt A3 At e B 2 b FHEA A (IR 2—3) o VAR b 45 A BIOK A B9 43 e Bt 6 1 0 8 8 T2 K
P 7N RRR T AR AP A9 TE(P <0.01) 35 T BG .CBH NAG .PhOx Fl PerOx 7% (P <0.01) , IFBfi 5>
RIS ) SR AT AR AR R A — 35, M AL B A2 AR AR PerOx 1R PEA B2 ERYE X (P >0.05) , LI/ 2
2 MEZE A ER B EE R (B 2—3) .

O3 2 a Ji , AIAR BG  PhOx Fl PerOx i MK/ NBUFH4 HP > MP > LP > CT,CBH & HP > LP > MP >
CT, M KAEFIZARLIAR NAG T52E K/ NIUFHIR K LP > MP > HP > CT HP > LP > MP > CT, &3 Hi xf H[m] 4b
PR BURYEZE 5 o AT CT, P B 7408530 AP TG PR RO AR 2R, ST B2 24k B i A GG R
(B4 %) sB{Ei# T BG .CBH \NAG ,PhOx Fll PerOx IGPERIFR R . 5 CT AL, & 403 BG A1 CBH 1 PE 2 I
FI K HP AC PG P BRI 5 TH B4 AP BG . PhOx i PerOx T 1 2 5K V46 BF B 2 IE A0 ¢
(P <0.01) , MAZAANRA CBH Fl NAG 1&PES KAFAIAR NAG FEMER) R RS P AABE R IEM G, HX AR D
(P >0.05) (K4 k),

YR, B BRG] 25 B R ARG W R A A TG SR RO KRR AR o) ik o AR P S BB G e
ZTF AR, P BRS80S M i S B AH 6, U I P a5 1 fE W i B RS S, A b B
PR KAty 4 i e, AR TS AT S 38 25 5 (P <0.05) , 1117 LP F1 MP &b JH ] 8 AZ A 43 e ek 2R il 1% 1 TG B 3. IX 1]
(B4 47) A5 P @IS A LG CT, £ 403 T AZAR S BARERE M 2R 2 TORBEAIAR
2.3 YIRS RS YRR A BOC R

KA TR AR AIAR 73 i % 5 PhOx Fl PerOx (G PEE R B IEAHIE (P <0.01) , 5 AP Jfi M2 3% fpH ¢
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Fig.2 Dynamic of different levels of phosphorus in root enzyme activity ( Mean+SD) (n=3)

S

FRIEBERLAE (AP, Acid phosphatase) ; B-FIZ BT HE( BG, B-1,4-glucosidase) ; £F 4k ZE /K f#fiF ( CBH, Cellobiohydrolase ) ; B-N-Z. 2 3 7 4
M EE(NAG, B-1,4-N-acetylglucosaminidase) ; Wi %8 LHEE ( PhOx, Phenol Oxidase) ; it 48 4bWI ( PerOx, Peroxidase)

(P <0.01) ;35 BG 1 CBH 7E MR IEAMDE, 5 NAG 161 S 756, H KA BG Fil NAG S5 KM BG Fl
CBH 1M 5 HAME R T 2 22 7 (P >0.05) (£ 5) 5 ZHAR 53 Ak 8 58 55 7K A i 1% 1 S A0l 38 1) IR R BSOG
7, G ALEIE PR B TS EOC R (P <0.01) (3£ 6) , EWE 40 £ 232 AL EE 0

R5 ERMBEXRSEBEEMNEXXR

Table 5 Correlation between fine root mass loss rate and enzyme activities

B Ff Species AP BG CBH NAG PhOx PerOx
Kk C. carlesii -0.444** 0.217 0.279 * -0.097 0.763 ** 0.756 **
K2R C. lanceolata -0.405 ** 0.010 0.068 -0.403 ** 0.735** 0.569 **

* P<0.05; * % P<0.01l. 1% 1 T R T ( AP, Acid phosphatase ) ; B—ﬁ%%ﬁ_ﬁ@ (BG, B-1, 4-glucosidase ) ; 2 4k £ K % i (CBH,
Cellobiohydrolase ) ; B-N-Z, Tk 4 L 7 25 1 8 ( NAG , B-1,4-N-acetylglucosaminidase ) ; iy S AL T ( PhOx, Phenol Oxidase) ; i & L ¥ ( PerOx,

Peroxidase )
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Fig.3 Dynamic of different levels of phosphorus in root enzyme activity (Mean+SD) (n=3)
TRYEBETARE (AP, Acid phosphatase) ; B-HIZIHEHHE(BG, B-1,4-glucosidase) ; £F4EZFE /K f#HF( CBH, Cellobiohydrolase) ; B-N-Z Mt 24 34 %
P (NAG, B-1,4-N-acetylglucosaminidase) ; B4 fbMH§ ( PhOx, Phenol Oxidase) ; i LHIME ( PerOx, Peroxidase)

K6 MRNSWBERSEEBTEMEEME

Table 6 Regression fit between fine decomposition rate and enzyme activities

MBS Enzyme Al Species [5] H 77 R? p
MR PEBERRIG AP Kt C. carlesii y=-6.57x*+873.35x-23908 0.52 <0.001
K2R C. lanceolata y==1.312%+109.05x+1122.40 0.79 <0.001
B-HIZ M B BG Kbk C. carlesii y=-0.95x>+136.15x-4053 0.42 <0.01
2K C. lanceolata y==0.45x>+45.90x—-528.27 0.49 <0.001
LFHAEZOK SR CBH K C. lanceolata y=-0.25x%+35.17x—1061 0.44 <0.001
Kk C. carlesti )/:—0.02x2+2.3x+7.276 0.43 <0.001
B-N-Z. B ILH AW NAG KB C. carlesii y==0.522%+70.46x~1866. 1 0.42 <0.01
K C. lanceolata y=—0.04x2+1.70x+346.93 0.55 <0.001
4 fL R PhOx Kbt C. carlesii y=0.798¢%021% 0.73 <0.001
K C. lanceolata y= 1.492¢%011x 0.37 <0.01
ALY PerOx Kbk C. carlesii y=2.237e0022 0.72 <0.001
K C. lanceolata y=6_992e0'010" 0.19 <0.01

# P<0.05; * % P<0.0l. QMWL EE (AP, Acid phosphatase); B-7 % ¥ 1 i ( BG, B- 1, 4-glucosidase ) ; £ 4 & /K fff fif ( CBH,
Cellobiohydrolase ) ; B-N-Z.Bt25E 4 45 4% 1 i ( NAG, B- 1,4-N-acetylglucosaminidase ) ; M} %8 fL i ( PhOx, Phenol Oxidase ) ; i3 % 1k 4 il ( PerOx,

Peroxidase)
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Fig.4 Dynamic of fine root net rate of CT and total cumulative enzyme activity-days( Mean+SD) (n=3)
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