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Effects of litter and root inputs changes on soil phosphorus fractions in a

subtropical natural forest of Castanopsis carlesii
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Abstract: The detritus input and removal treatment is an experimental design to study the effects of aboveground litter and
plant roots on soil nutrient cycling process and mechanism. In June 2012, we set up five treatments, viz. control (CT), no
litter (NL), no roots (NR), no input (NI), and double litter (DL), in a natural evergreen broad-leaved forest of
Castanopsis carlesii in Sanming, Fujian Province. Soil phosphorus fractions and their influencing factors in different soil
layers (0—10 cm and 10—20 cm) of each treatment were studied in December 2018. The results showed that; (1) in the
0—10 cm soil layer, the total phosphorus content in DL treatment was significantly higher than that in NL treatment. The
inorganic phosphorus content in NI treatment was the lowest, The organic phosphorus content in DL treatment was

significantly higher than other treatments in 10—20 cm soil layer; (2) The contents of easily-available phosphorus fractions
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(Resin-P, NaHCO,-Pi, NaHCO,-Po) in DL treatment were significantly higher than those in other treatments in 0—10 cm
soil layer. In 10—20 cm soil layer, the easily-available phosphorus and moderately-available phosphorus in NR treatment
were significantly higher than those in NL treatment. The content of residual-P was the highest, but there was no significant
difference between the treatment and soil layer; (3) The change trend of acid phosphatase in 0—10 cm soil layer was
obvious among different treatments. CT treatment had the highest activity and NI treatment had the lowest activity. The
difference between NR and NL treatments was not obvious in 10—20 cm soil layer. Redundancy analysis showed that the
changes of soil phosphorus fractions were mainly affected by acid phosphatase, soil moisture content, dissolved organic
nitrogen, and total nitrogen. Adding litter could mineralize organic phosphorus by increasing soil microbial biomass and
enhancing soil acid phosphatase activity, promote the transformation of soil organic phosphorus to inorganic phosphorus, and
improve the availability of soil phosphorus. However, root system could absorb soil active phosphorus and mineralize other

phosphorus fractions. It had positive significance to improve the structure of P in soil.

Key Words: soil phosphorus fraction; microbial biomass phosphorus; litter; root system; carbon input
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(Acid phosphatase, ACP) &/ 25 RGBEIE IR 8 K 1, & A dF T3 b A HLIE A9 o3 i i 4L | B8 il =45 40
PES S SRR R A P AR FR AT A D K e T R R A ORI 3R AT AL Ak R T BB, A A R
Kotroczo %5 A TITA Ay 8 V& ) VA AR Z2 A4 | S 3982k 0 B B 4t 1 7 JE i R, DAL T 2 3 1 P W 1
itF S5 M A 7 A R HEBR R AT, EL T, Bhnd 6 7 W RAR 2 i A A8 o S P 8L e 2 SRR A
SRS X ) SE M AR BEA TS R . PRt , R 28— DR VR W) S AR AR Z00 - S R A S A

— PO ER 73 A L S TOHLEE  (H HIEThBERIE S 2R 2 A O ERRIE S Z B 7] LA B 4% 4k, BT
TR WA ZF o Hedley ¥ S0 4805 AR AS W) B 2R 0 V4 it 18 22 5 % R 3R EA T 4L 40y
G ZIT T AR 1 R AN TR B 4 20 25 A8 A B DA S R R R i A5 30 3z i L o v e
BN R SR BELH 53 T B TG BRI R A3 5 v S50 P R B 40 vh e e R TS PE B Y DG 20 3 22—, SR AE ) W SOR T 1
JE BRI A SR (Fe) R (AL S5 JTIT W s B 25l A gk B A5 B £ P B RRUE MBRE S
T BN ME LA Y RSO ] o TS R 25wl 2 A8 A B A EL A 2 P o 22 R, T AR [ i 70 %o U %
Py R AR 2 i A2 A 1 o o A B 1] BEAT BT AN [

KA ( Castanopsis carlesii) FIRMRT V2 43 Ar T3 [T AR5 X A9 L 3t e by | S i X IR RS . ETF
YRR TSN T TR KR LA R 47 b DX A 25 - B A OCBEAE F . DRI AR 5 7 MU AR KA R SRR P 15 0
VEYIRIRR Z2 S N 5 25 Bk, R T Hedley SRR 0BT )2 (0—10 em 10—20 em) 3R
O3 VAR - SRR T | A SRR M PR T AT 1l DX SR A Sk S R e ER 3R T R VR ) S AR AR R A
PRI 7, 71T Ay B [ T Aty s, DX R AR AT B S HZ e pL R O 58 S i S 22 K A
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1.1 WX

WFFE DXL T AR A4 — BT A ERPs AR IR IX (117°287 E,26°11" N) ¥R 305—315 m, I 15°—20°,
PZORAPT D Hh AT Z XU, AV B KB R) I 83 22 T 45 A, 78 1956—2006 45 [8] , 45 F- X <l A
19.5C, HHENP AL B HILMLIIE AR5 X BRAE R AR MARES 29 200 45, A THe84>,2012 4F A9 REVE
VA FE0H B BEFR A KA ( Castanopsis carlesii) , KT A 8% 3 2 1811 32 (Alpinia chinensis ) R AR (Ardisia
crenata) FFALEE Sk ( Millettia dielsiana) JEAUARZEF (Litsea subcoriacea) FNH ( Woodwardia japonica) 5 .
1.2 DIRT FHhi s

ST T 2012 4F 6 H  FEAKBE R IR BIFEHLAT R 3 B 20 mx 20 m bRifERE b, 7 RF bR ERE b Y BEL
A S A1 mx 1 m BRERE/NX, 3115 FAbPR, 3 ANEE, i E 15 MR/, 46 X B ( Control ,CT) | 22
FRARZ (No root, NR) \ZBrH 875 %) (No litter, NL) | BRI 7% % 5 M & (No input, NI) G H1AURE L T 98 7%
P (Double litter, DL) , M TR &R By F2frab #LUR RIS /NMX E FTZE 1m RISV IFHA 0. 1mm LAY )E e M
DABR 2t AR R B05 A . Va0 2 BR AR U AR /N X B D7 A Tmm FLAR Y JE e I 98 T I AE | LA 4 b,
AR PR NL 56N D 7 PUAE Hh 8V ) 2 518 T DL g/ NX N LIRS B L BRI 754
XU IR
1.3 IEREACREE

2018 4F 12 J (12) , FEA AL F/INX N AT« 87 s BRI AT IBORE , I AR R 3 em 19 R EEHC0—10 em
510—20 em )2 14,5 RN E T OBRE Y H B4R G450 5 0 A7, B sk A [m] 52 56 5 25 5k R IR AT 0 i) ik
ARBIRE IR, B LR = — &R A A T - S M DA K IR E Y AR Y e i
43 AR 2 mm G R T EEEA T, O — Ry EAEE N ARSI 0.149 mm G, W5 13w 43
SEFRIR .
1.4 HERARFE M B E

T KRMGE R M T3k £ 105°CHET 24 b JEFRE ; pH (A FK L (1:2.5) il R pH
71 (STARTER 300,0HAUS, 3 ) il & ; 2% ( Total nitrogen, TN ) 5455 ( Total carbon,TC) Fid 0.149 mm fiii ¥
AT L, R FH L8585 T 2R 7347 ( Elemental Analyzer Vario ELIL, $8[ ) Ml & , B0 g/kg; 43 Al PEATHL
A ( Dissolved organic nitrogen, DON) DA K +3E [ %445 #LAk ( Dissolved organic carbon,DOC) LAZK [ (1:4) K
PRIE, R37 B 0oid 0.45 wm JEME, SR ELE T 340 BT A (Skalar San++ , fif %) M5E DON W | B0 mg/kg, R
FH TOC 434742 (TOC-VPH/CPN , Shimadzu , H A% ) il %€ DOC ¥ | 507 N mg/ kg ; IR SRR A A (NH]-N
FINOS-N) M5 AZK 4 He (1:10) obnifi, 435 8903 0.45 wm SEAR, i FH % S35 81 43 BT ( Skalar San++, fif 22)
ZE BN me/kg, 2R 1 I /INX P 25 Ab BEERALPE 5T
1.5 IERUE Y A Wy s ik W R WA A TS 1A 0 o

TR A Wi (MBC) I SR S 07 B8 -BRRR IR 415 , >R TOC 207X (TOC-VPH/CPN, Shimadzu,,
HA)WMSE , +3EE 9 A4 Y i B (MBP) SR FH 07 B 28Rk R VMR 4 vkt | R 3% 82 0 3 43 M 3 ( Skalar
San++, fif 22 ) Ml & . THEAX N

MBC=AE /K,
MBP=AE,/K,

ToHLwE & 2218, K, i MBP iR R %0k 0.40,
T IEFRVEBEBA B ( Acid phosphatase , ACP) 2 I Saiya-CorkrlSr B EERE SR E . BART R B 1.00 ¢
ff -+ J1 125 mL 50 mmol/L (U ESFRERZE Wil (pH = 5) 2, JHRE I P &3 7 Smin IR G5, RrEWRIETE
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J&i , RS AR 200 pL W T 96 FLIMALAR . HARJERE ( MUB, Methylumbelliferyl) /A IEMIAR/R o FEiFLAR
TE RS IR S B R A N 2t 20°CfH IR S 3% 4 h {fi FH 2 D1 RE B PR 1Y ( Spectra Max M5, Molecular Devices , 3¢
) W PR

R1 AEVERFHANTUTIEERELGER

Table 1 Basic physicochemical properties of soil under the different carbon inputs

FHORE Ji3: ! e i NH;-N/ NO3-N/ DOC/ DON/ ™ ¢/ N

Depth/cm Treatment (mg/kg) (mg/kg) (m/kg) (mg/kg) (g/ke) (¢/kg)

0—10 cr 0.29£0.02Aa  4.15£0.02Bb  12.99:1.57Ca  2.19:0.52Aa  34.63:5.90Aa  1.85:0.13Ba  1.49:0.03Ba  23.77+0.11Ba 16.00£0.29Ca
NR 0.26£0.01Aa  4.25:0.07Aa  19.00:1.13Ba  0.7320.31Ba  27.05:5.64Aa  4.35:1.05Aa  1.4420.01Ba  25.72¢1.124a 17.92+0.86Aa
NL 0.25£0.02BCa 4.31£0.024b  13.09£1.15Ca  1.30£0.36ABa 19.29+2.51Ba  2.02+0.88Ba  1.2840.06Ca  20.88+0.07Ca 16.300.80BCa
NI 0.25¢0.01Ca  4.28+0.06Aa  13.83£1.84Ca  0.92¢0.84Ba  18.28:2.99Ba  2.690.49Ba  1.3420.05Ca  23.4120.91Ba 17.420.60ABa
DL 0.26£0.01Ba  4.240.01Ab  27.85:0.01Aa  2.12:0.01Aa  28.70£0.01Aa  5.50£0.01Aa  1.7740.01Aa  26.90.01Aa 15.1720.01Ca

10—20 cT 0.25¢0.01Ab  4.42:0.01Aa  11.63£0.01Ba  2.28+0.01Aa  17.63:0.01Cb  1.660.01Ba  0.97+0.01Bb  13.58+0.01Bh 13.96+0.01Ab
NR 0.22¢0.02Bb  4.33+0.07Aa  11.15¢1.30Bb  0.7120.81Ba  23.95:0.99BCa 1.61£0.73Bh  0.84£0.04Ca  12.010.32(a 14.36+0.68Ab
NL 0.23£0.02ABa 4.39+0.03Aa  1149£1.24Ba  0.8120.48Ba  26.29+7.27Ba  1.4820.18Ba  0.94+0.03BCh 14.08+0.90Bh 14.8920.51 Aa
NI 0.22¢0.01Bb ~ 4.37:0.02Aa  9.23£0.57Ch  1.79:0.3Aa  23.11:2.31BCa 1.56£0.81Ba  0.97+0.12Bb  12.07+0.02Ch 12.62+1.55Bb
DL 0.25£0.01Ab  4.36:0.01Aa  15.48£0.01Ab  13620.014a  39.50:0.01Ab  3.1320.01Ab  1.65:0.01Ab  15.8620.01Ab 9.60+0.01Ch

SWC. &7k Soil water content; NH4 N, AR ; NO3-N: A% DOC: AR HLBK Dissolved organic carbon; DON TAMAHLA Dissolved organic nitrogen; TN A Total nitrogen;
TC: B Total carbon; 3 (H+brifE ; AR j’ﬁ?ﬂﬁﬁfﬁﬂlﬁ@?ﬁ#ﬂ% ARG FRFRRAR L ZEEZR L3 (P<0.05)

1.6  LIEEELA I E

- HEREZH S 5 R FH 1982 4F 1 Hedley' ™ 42 | Tiessen" ' SR IEAYBE 2020 074, FREX 0.5 g i 0.149 mm i
FYRT T 50 mL 25008 g G PR B, e R AR U 32 O A B S -4 BRS¢ A5 0.5 mol/L NaHCO, (pH =
8.5) .0.1 mol/L NaOH 1 mol/L HCL, FEM AR Z)G 44 &4 1 IBER0R R B 08 & THEIRE G0 78
25°C F LA 250 Hz/min #£E7%7% 960 min 2 Ji5 LA 8000 r/min &5.0> 5 min, ¥ FIH T 0.45 pwm BENES I8 £ .
I JE B B O T A R BT A N, AR B R DA B s SRR R AT = TR R, E R TS BV W
M, 4 0.5 mol/L NaHCO, 0.1 mol/L NaOH 32 &2 /0 G /0 & 1 i e K B B N TH i I, X3 o iz iz 2
BE A0 B, B — 0 E T EOE T, INAMELE , LA 6000 r/min &0 10 min, X #5502 L8 2H 53 1) TCHL
B (Pi) Ry, BB S TCHLBE R 2208, B iz 415 A HLBE (Po) .

R HE 40 X 2R A W A 55 ) P ) M 2 R B 40 M 76 P ( Resin-P . NaHCO,-Pi ,NaHCO,-Po) , {7 % i 1
(NaOH-Pi \NaOH-Po ,NaOHu.s-Pi ,NaOHu.s-Po) , fa 8 58 ( HC1-Pi) , 7% B 758 ( Residual-P) . MRIEEEZE Y4
YA SO W 43 S A HLBE ( NaHCO,-Po, NaOH-Po Fl1 NaOHs-Po) . JC#L #% ( Resin-P . NaHCO,-Pi, NaOH-Pi
NaOHs-Pi \HCI-Pi 5 Residual-P) , R8I % 220 8l 70 T ( Skalar San++, fif 2= ) P2 SRR AR % i, &L
B AL Z
1.7 Hdabs

Bt 280 Excel 2010 #AALEE  F SPSS 24.0 AT 5 10T, R K (one-way ANOVA) 43#7 X
H K50 (Duncan ) K 36 AN [R) A B2 (8] 458 45 1 22 57 0 M (P=0.05) o R E (two-way ANOVA) J5 2
ST HIWT 1 2 S AR R AETEACH AN . RIS AEA T K 50 0 A [A] 42 2 2Z 18] 1Y 45 F8 An AT il B PR 55
KR E N P=0.05, SR Canoco5.0 B KA ] )2 4338 Sl L Rl 4 A Ay e 1o A% o, 38R
PRI  ACP \MBC 1 MBP AE i #1885 R 7 547 T0 AR 40 AT BB 25 (RDA ) . AR BB B Origin 2018 #14
e,

2 HR545%H

2.1 JHIEP AR F S AR AT 1 e A 3 15 )
A1 AT, RS A 0—10 em L)Z AR, CT Sl & i =i 188.93 mg/kg, DL A3 5
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B R UR T CT 43 NR 5 NL ZbHEBE % i 25 5 1 25 NT ARSI 2 551K (157.07 mg/kg) o #E 10—
20 em 2 A ACER RN A B E 25 (P>0.05) . £ 0—10 em £2H, CT 4B LA PLEE (K1) SEBFER
FHABALHE(P<0.05) , HAKC ) A i & 22 5%, 76 10—20 em +Z2 A HBEEIE 0—10 cm HAS R AYAE
feia, DL AbHIAE AU & i 0 5 K T AR B AR P > () A 3 22 5%, AN )2 2 0] e B AL &
HEFARE(P>0.05), £ 0—10 cm H3Er NI AFRTCHLEE & iR AR A 2 20T oAb 2 ( P<0.05) 5 T
10—20 cm 121, DL AFTCHLEE R & w5 i, CF 107.13 mg/kg.

o)
_ =< 80
on 20
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mE 100 b Te
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H g =S
s 50t HE 20t
3 &
2 5
- <
3 0 3 0
wn =y
= ¢ 2 5 2 H 2 2 5 2 = H x 2 =5 4
Oz zZ 4 1A Oz ZzZ %A 3 Oz Z % A
] 150 - A FIAL PR Treatments
33 Aa Aa Aa Aa
* ~ 1 Ba ABa ABaBb
1 § + %
$85 1907 AR om
i ]0—10
Reg g Y 10—20
pic) §o<
® s 50
H g
g
%
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= U e . | = [ I e B |
§£22%zZ2a GCZz2%aza
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B1 BEUSREDANTHLBEBE (TP) RATHBE (TP) (BEHEE (TP) &8
Fig.1 Soil total phosphorus (TP), total inorganic phosphorus ( TPi) and total organic phosphorus ( TPo) contents in the Detritus Input
and Removal Treatments ( DIRT)
CT: XTI NL: ZBRUSHEY  NR: ZBRARAR NI LBRIEVEY SRR DL BIWAEEY)

£ 0—10 cm £)22,CT 5 DL Zb3 [ Resin-P 7 i i 2% K T H Al 403 ; NI 4b 3 (1) NaHCO,-Pi ,NaOH-Pi Fl
HCI-Pi( & 2) & 5038 5 % T HoAth AL B, 76 NL Zb B d NaHCO,-Po 5 54 4.95 mg/kg, B A% T FHo At Ak B
NaOH-Po 7E CT Kb B 3 & 5 T HA AL 38, & 54 45.71 mg/kg; NL AbFE NaOHu.s-Po & & i 2 5 T Hifh 4b
B HHAAEHE] JE B2 2% 5 (P>0.05) . 7E 1020 em 12, Resin-P & & 764% &b 3 18] It ] 2 25 4k, ; NaHCO, -
Pi {E CT Ab3rp & i % KT NR NL NI 2B ; NaHCO,-Po 7 DL 4k 3 i & i 35 Kk T HA AL 38 ( P<0.05) 5
NaOH-Pi & 7E CT AP P i &y, M7 NR 55 DL AR FH I ; NaOH-Po & 57 NI AP P AL ; NaOHu.s-Po £
b PHAAT B Bk 25 5 s HCL-Pi & 5 7E NR B iR s, MIAEAS R )2 Z M Resin-P 22 5 i 2, AR BEZH 73
A BA(E 2) , X8RS Resin-P HABSRAFSIMEA X,

HRAE A5 B L A3 AN RGP 4 A G Pkl b T PR R S A KR B ASHE, kR 2 iTAEM L2 5k
AT e S LR e, TRARIE MR 2, TS P S AR A i S LU AR, BR NL AR SR AR, 25 Ab 5 M
FEANE] )2 0 W35 25 5 M4 A PO B S EAN R 12 Z YA B 255 . 76 0—10 em 2, 7 PERE
B R4S b L E] 22 5 .35 (P<0.05) , 52 3 DL>CT>NR>NISNL B84k #a 3 s &8 MR 7E NL 5 NI b3
Frg i I, DL & fdi e s FoU A BEAE NI AbHE B 25 (IR F A B . 7 10—20 em )2 TG PERE & & 7E DL 4b
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Fig.2 The contents of soil phosphorus fractions in the Detritus Input and Removal Treatments ( DIRT)

PRIR R T HAAC B, HAAE PR R 22 58 8 25 (P>0.05) 3 TG PEBE & B 7E CT A3 & 3% & T NI ZbF, NR Ab
FHFUE BN B 2w T H AL A #E ( P<0.05)

K2 BAEVSREAAANTUTHEBASSEURFSILH

Table 2 The content and proportion of phosphorus in soil under the changes of litter and root inputs

+Z Wi oy i Content/ ( mg/kg)

Soil layer/cm P fraction CT NR NL NI DL

0—10 TV 23.25+0.26ABa 22.10+1.05Ba 15.88+0.28Da 18.20+1.05Ca 23.70+1.08Aa
rh 8 T M 64.35+4.74ABa 64.05+4.18ABCa  58.20+1.37Ca 59.62+1.71BCa 67.05+1.96Aa
FE A 15.30+0.09Aa 13.50+0.90Ba 16.50+0.52Aa 11.25+0.45Ca 15.30+0.90Aa
Bk B8 A 74.00+2.00Aa 70.00+4.00Aa 69.33+3.06Aa 68.67+3.06Aa 72.67%3.06Aa

10—20 TP 13.00+1.91Bb 11.50+1.65Bb 14.20+1.48Ba 13.90+1.21Bb 18.20+3.35Aa
rh 8 T M 58.50+0.90Aa 51.3+2.51ABb 54.9+5.90Aba 49.80+2.26Bb 52.05+5.87ABb
T e A 14.10£0.52Ca 22.20+1.37Ab 13.95+0.45Ch 15.9+0.52Bb 12.60+0.90Ch
BN 68.67+3.06Aa 63.33+3.06Aa 71.3322.31Aa 64.00+6.00Aa 62.67+6.43Aa

+Jz WL 53 i GV L Percentage of TP/ %

Soil layer/cm P fraction CT NR NL NI DL

0—10 TP 13.330.15 12.67+0.60 9.11x0.16 10.4420.60 13.59+0.62
rh 8 T M 36.90+2.72 36.73+2.4 33.37+0.79 34.18+0.98 38.45+1.12
FaE S 8.77+0.52 7.74+0.52 9.46+0.30 6.45+0.26 8.77+0.52
Bk B8 A 42.43+1.15 40.1422.29 39.76+1.75 39.37x1.75 41.67+1.75

10—20 TP 7.45+1.09 6.59+0.95 8.14+0.85 7.97+0.70 10.44+1.92
rh AT P 33.5420.52 29.42+1.44 31.48+3.38 28.56+1.3 29.85+3.37
FoE A 8.08+0.30 12.73£0.79 8.00+0.26 9.12+0.30 7.22+0.52
% B8 A 39.37x1.75 36.31x1.75 40.9+1.32 36.7+3.44 35.93+3.69

CT: XM NL: RERIIIEY ;NR: RBRAR AR NI KERIHIEY SRR ;DL ISR 754
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Fig.3 Soil microbial biomass carbon and phosphorus contents and their ratio in the Detritus Input and Removal Treatments ( DIRT)

MBC . WYk Microbial biomass carbon; MBP; 4= ¥4 )&% Microbial biomass phosphorus

AR LJZE ACP WEHEZER B2 ,0—10cm £)2 ACP {8 KT 10—20em 1) (P<0.05) . [FEF, [A]—
+ 2R AR ACP 15125 B3 (P<0.05) , 76 0—10cm + 2 ACP G M8k #a# ok CT > DL>NR>NL>
NI, 1fi7E 10—20 cm + /2 ,NR 5 NL AbF ACP 7GRS A 3% 225 NI AL F (24.25 pmolg/h) 7if A%, DL
AFRIE MR T NL ARHL ([ 4)
2.3 JIVEYIRR R AR T IR S AR AR s e PR 2R

1 0—10 cm 5 10—20 em 4 J2 TIEBRA 5353 0 E g g K5, 3R SEAC TR AL BT  ACP \MBC #1 MBN
VERFRE R I H e T STRRE AT I 1 PR 5E R 217 T 20 BT (RDA) o 45 5 17 JUr A7 b B 5 1 )23 ] 3%
AR ELEI(ES), 7£0—10 cm HZH(ES) , ACP XHHEZH 70 1) it B Fe i 24.70% (P=0.008) , H:
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Fig.4 Soil acid phosphatase activity in the Detritus Input and
Removal Treatments ( DIRT)
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Fig.5 Redundancy analysis (RDA) of soil phosphorus fractions in the Detritus Input and Removal Treatment ( DIRT)
SWC: %7K Soil water content; DON; R[4 HLA Dissolved organic nitrogen; TN : Fi%( Total nitrogen; ACP: FRVEBFARERF Acid phosphatase

MBC: ¥ Yk Microbial biomass carbon
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