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W OE: EEARIRE, R Hedley % £L1R 4R L BF 5T A [l A4 49 AR St FH BEAR T (CK: 0 t/hm®; Bio: 12 t/hm’; Big: 36 t/hm®)
X REARL T R . Z5R M. 5 CK AL, X35 180 d J5 Buo Al Bae AR T2 56 S0k & 1 2 BN T 8.7% ~
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70.2%, AW At X 456 HLBE A 43 72 S HLBE P 0 L B2 4R 35, AR Bae BT, HHERHLBEh 5 S e A vh 48
Dy IRAS U A W AR TUR TR, AR S A I A R W E EMISE R R, SHEIBH 2 B MR R,
JE R+ HERE A AR SRR

KR AR, NTAR; 85415 A

FESZES: S156.2; S714.6 XERFRERD: A

Effects of Biochar Application on Soil Phosphorus Fractions of Cunninghamia lanceolata

Seedlings

SONG Kaiyuel’z, MA Yapeil’z, LI Yuxuan’, XIE Huan'?, YAN Daihongl’z, CHEN Yuemin'?, MA Hongliangl‘z, GAO Ren'?,
YIN Yunfeng'?

(1 Institute of Geography, Fujian Normal University, Fuzhou 350007, China; 2 State Key Laboratory for Subtropical Mountain
Ecology, Fuzhou 350007, China; 3 Microelement Research Center, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Using the Hedley sequential extraction method, the effects of biochar application rate on soil phosphorus (P) fractions
of Cunninghamia lanceolata seedlings with a pot experiment were evaluated. Three biochar application rate treatments were
performed with 0 (CK), 12 t/hm*(B,,), 36 t/hm*(B;s). Results indicated that the contents of total P (TP) and available P (AP) in
B, and B;¢ treatments were increased by 8.7%-26.0% and 24.0%-101.7% in relation to CK after 180 days, and the proportion of
AP in TP also was significantly increased. Among P fractions, residual P represented 48.5%—51.1% of soil TP and 58.7%—68.3%
of soil inorganic P. B;¢ treatment significantly increased the contents of inorganic P fractions, and the proportion of labile P and
moderately labile P as inorganic P forms, while significantly reduced the percentage of occluded P and residual P to inorganic P.
The proportion of moderately labile P in total organic P was the highest, accounting for 69.3%-70.2%. Biochar application had no
significant influence on the proportion of organic P fractions in total organic P, and B4 treatment significantly decreased the
contents of labile P and moderately labile P as organic P forms. Redundancy analysis revealed that soil total carbon was
significantly positively correlated with soil inorganic P and negatively correlated with soil organic P, which was the key factor
influencing the changes of soil P fractions.

Key words: Biochar; Plantation; Phosphorus fractions; Cunninghamia lanceolata
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i Hedley Z:1'1 % Wang 25U Y (1) 3% S22 32
CBZ T R A 5T . Gao SR B Y IR
Bt A A T 1398 AP R W) A W i Bl (MBP) & i
HALHEAEM . Chathurika S/ B &, A=) it
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# M. B R 4R (TC) 16.51 g/kg, 2% (TN)
1.71 g/kg, 4Wi(TP) 0.53 g/kg, pH 4.49. fiix 1 4F
ARG A = B A S M . A 9 e (oK
F&FE, 450°CHil#)M B 1L 7 4 AR R BHE R A
FRZNT], TC 442.91 g/kg, TN 7.97 g/kg, TP 2.94 g/kg,
pH 10.17,
1.2 Rt

BB ST B XK 2 FE (26002
11"N, 119°18'03"E) . ¥ 6.24 kg #rt + (FH 4T 5.00 kg
M+ A UK S AR I — R LR A Y25
B AHAR 25 em, {5 25 cm ORI, SRR S
IR ARAZL o FAE F 58 : CO(NH,), 50
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HEEN 0. 1% M 3%, 5lic/EabEE CK. B,
By, BEANEE S RESR ., H 201944 H 1 HilZ,
REAEY ARG, IR S, *hFEK Y,
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TR 180 d J #EA TR IR BORE , R T DU 20 vE B A
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VCPH/CPN, Shimadzu, H )il & Bk % 1
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#2128 Fan %2R Wang 250706+ SEREE 2580 23
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PL#%E (Po) 5 @ 45 5 43 fift A5 W (moderately labile
phosphorus, ML-P, fJ#5 NaOH-Pi, NaOH-Po), H[!
FIH NaOH ¥t — B4 I THLBE A HLBE; B
FaE &M (occluded phosphorus, OP, fUf§ NaOHs-Pi,
NaOHs-Po. Dil.HCI-Pi), H:#' NaOHs-Pi. NaOHs-Po
J=2 NaOH ¥ B2 A 75 A0 3L 1) JC LI A AT AL
i, DiLHCI-Pi & % HCLIZAR M TCHLEE; @FAZS
W% (residual phosphorus, RP), Bl f| H H,SO, F1 HC1O,4
e it T S DA A 5 BA AE - R il S P E S TEAL
Wl o AR - 3B TE AR T fh 55 25 A IUF B E,
PSR 8l 73 i (Skalarsan++, i 22 )il 2 1 w4
i, LI TP CAEGEEA A, L3 AP
Resin-P+NaHCO;-Pi+NaHCOs-Po, 5 HL#E(TPo) N
NaHCO;3-Po+NaOH-Po+NaOHs-Po,
1.4 HHEAbE

Bdiiz F Microsoft Excel 2013 33, G104
FVERIR ] SPSS 25.0 1 Origin 2017 #44F, SCrh%k
WA EEIME + brifEiR2E. SRR ZR 7 22500k,

S HE AR R AR B R 45 35 bR 0 22 5 35 M (LSD K56

P<0.05); AP AR AT + 353
JT . BE MGUAE Y AR R A O s s
CANOCO 5.0 #AFHATTUA T (RDA).

2 HBREHSH

21 MEREWRRIT T IEE AR

Wz 1 P, 5 CK AL#AHLEL, B, Fll By b B
WERE T 3 pH K TC. MBC. MBP, TP fll AP
T E(P<0.05), pH 4r3l#EE T 0.19 1 0.62 A~ A,
TC &P ANT 38.1% H1 95.5%, MBC &%)
WIS T 55.9% F1 50.4%, MBP &4l E T
28.6% #140.3%, TP & &5l 1 8.7% F126.0%,
AP SR RS T 24.0% F1101.7%, AP {E TP f
I L IR B 35 R S (P<0.05) . Bae A B I ZE BN
SWC. DOC & (P<0.05), {H B, 4bH 5 CK 4bHi2
IR LA, AR A 15 MBN & &/
MBC/MBP HAE S TC i35 2 5%

x1 FRELEMTIRERMER

Table 1 Basic properties of soils under different treatments

Eizg 0 CK B Bss
pH 4.55+0.06 ¢ 474+0.03b 5.17+0.06a
TC(g/kg) 18.18 £ 0.34 ¢ 25.11+1.13 b 35.55+0.93 a
SWC(%) 28.28+0.05b 32.36+0.07 ab 38.98+0.03 a
DOC(mg/kg) 752+147b 7.73£1.17b 1729+ 130 a
MBC(mg/kg) 227.44 +34.65b 354.53+47.26 a 342.03 +85.80 a
MBN(mg/kg) 27.49+4.59 a 30.73+8.70 a 36.55+7.24 a
MBP(mg/kg) 36.66+2.52b 47.16+6.97 a 51.44+10.15a
MBC/MBP 6.21+0.95a 7.62+131a 6.89+233a
TP(mg/kg) 634.40+13.17 ¢ 689.44 +10.91 b 799.49 +20.12 a
AP(mg/kg) 43.92+330¢ 54.48 £2.06 b 88.58+2.24a
AP/TP(%) 6.92+0.47 ¢ 7.90£0.26 b 11.08+0.17 a

T RPFEATAR/NG 552 7R A B E] 22 53 13 (P<0.05); T l.

2.2 MEREWRRI TIEBESRIE

i 2 FIE 1 RIAL, CK AL B A 3R R 5w
34 30 RP>ML-P>0P>LP, Jf i TP {535l
H 51.1%. 33.6%. 8.3% FHl 6.9%. A4 mwiti 5
+IETHLHE T Resin-P, NaHCO;-Pi, NaOH-Pi,
Residual-P & i, HACPEH 225 3% (P<0.05).
[i] CK AbFEAHEL, Bse 40 13 OPi(NaOHs-Pi.
Dil. HCI-Pi) & & i #3401, LPo Fl ML-Po(NaHCOs-
Po. NaOH-Po) & &t i & T B (P<0.05), 1 By, AbFETC
Wl AR 4 o Bse Ab 3 4= MR 4 43 S AR S0 A S R

RP>ML-P>LP>OP, fif 5 TP KN 48.5%.
33.1%. 11.1% 1 7.4%.

MFE 2 5KE 2A AU, - RP/TPi HLfiH
58.7% ~ 68.3%, W RP J& TPi [ F&EHB5. 5 CK
ARFEAHEL, By Al By AbFHYY W EHES T LPYTPL I
ML-Pi/TPi (1 1 f5] , {6 RP/TPi . i & A% (P<0.05);
1M By ALFLH) OPY/TPI JRA 1 FEAK(P<0.05), +1#
Ht ML-Po/TPo il K, 4 69.3% ~70.2%, I HAE
Yy 5 i FH - Wb 25 52 e & A HLBEZH 3 HE. TPo Ty
Ll (1 2B).
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Table 2 Contents of soil P fractions under different treatments
BT A W > CK B Bis
LP Resin-P 324+0.25¢ 8.40+0.56b 26.70 £ 0.47 a
NaHCO;-Pi 17.30+0.87 ¢ 24.60+3.22b 4357+031 a
NaHCO;-Po 23.38+2.65a 21.48 £2.27 ab 1831 £2.07b
ML-P NaOH-Pi 101.72+£3.34 ¢ 125.08 £7.85b 166.40 £ 1.60 a
NaOH-Po 111.76 £8.14 a 106.04 £4.47 a 9798 +£2.46b
OP NaOHs-Pi 1545+1.16b 17.80+1.54 b 20.52+0.80 a
NaOHs-Po 2455+1.89a 2540+ 1.17 a 2348+493a
Dil.HCI-Pi 12.60 £ 0.64 b 13.14+1.36b 1494 +1.51a
RP Residual-P 324.40 £ 6.54 ¢ 347.50 £3.28b 387.60+ 1532 a
Am“ [ Residual-P Z 8L &% NaHCO;-Po 5 Dil.HCI-Pi 2 [i] T i 241 5
€ al D hEAb, A B AL 2 ] R R R 1 A
= c b a | [0 NaOHs-Pi %, M Resin-P. NaHCO;-Pi, NaOH-Pi. NaOHs-Pi.
= 60 L_] NaOH-Po ) . IR
i I N2OH-Pi Residual-P Z [AIfF7EAR i 3 AH G OC R (P<0.01),
e [ NaHCO;-Po \ o "
a1 dop ] NaHCO.-Pi PLA3ERAME T (pH . SWC, TC. DOC)FIfA:
;@ 2l I Resin-P YrE YR (MBC. MBN, MBP)/E Nz, +I
b g BRLILAH A L AE (A i B2 A RDA. 497 (P
0 SEE— 3). RDA H%5 1 HIURIES 2 4R SRR AL 19 93.82%

b3

(P f /NG FHE R A R b B R 2% 74 P<0.05 K23, FIR)
1 AELETHIEBESESBEPALLG

Fig.l1 Percentages of soil P fractions to total P under different
treatments

23 TEBAS EEUERMERFRHEXE
t# 3 A, 13 AP &5 TOHLBELL /> A
FIEARE LR (P<0.01), H5HPLBELLS A9 NaOH-Po
W B U 56 2R (P<0.01), 5 NaHCO;-Po & i 3
1A 56 K 2 (P<0.05). & NaOHs-Po 55 HiAth 4% 2H 73 i

(A)

_ 100 [ JRP/TPi
S = OPi/TPi
2 gl [ ML-Pi/TPi
= B LPi/TPi
I a b C
£ 60l
=
R
B 40 B
Sl =———
KR a
§ 20 [~ c b
g ee——— e -
2 0

CK BIZ B}(w

AbFR

M 1.18%, Hrp, TC Wz, R T HIEpEdl
DAL 92.0%, TC 5+IETCHLBE S &5 5 & 1EA
FRFR, SHEAIBSEREBEAHLLR,

3 hie

3.0 YRR L EE IR
AWK, Resin-P i TP HHiIL 0.5%, AL
Pt 3 0 DN I ) DA K &y WSO )
AR, BeAk, B A R B RS T 3 TP Al
AP i, HANF AW it FH A 3 B A7 7 3 2

(B)

S 100 [ OPo/TPo
= a a a [ ML-Po/TPo
2 gk I 1.Po/TPo
Sy
B
:
5 60
& a a 2
40 -
4
R
= 20
i - - B
Z 0
.1;1 CK Bll 836
L3R

(A Bl TPi: RTCHLEE; LPi: Bl ; ML-Pi: S 0MASTHIEE; OPi: RESTHLEE; RP: RASHE; B EH LPo: 5
SHBESAYIBE; ML-Po: RS EASAILEE; OPo: REEAIBE; TIRH)
E2 ARETHIEHAS & LB PR LG

Fig. 2 Percentages of soil P fractions to total inorganic P and total organic P under different treatments
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Table 3 Pearson correlations between soil AP and different soil P fractions

TeHLBEL 53 LB 55
Resin-P NaHCO;-Pi  NaOH-Pi  NaOHs-Pi  Dil.HCI-Pi RP NaHCO;-Po  NaOH-Po  NaOHs-Po

NaHCO;-Pi ~ 0.988"
NaOH-Pi 0.975™ 0.992"
NaOHs-Pi 0.857" 0.894" 0.909"
Dil.HCI-Pi 0.665" 0.653" 0.644" 0.598"
Residual-P 0.935" 0.937" 0.940™ 0.795™ 0.655™
NaHCO;-Po  —0.697" —0.734" -0.747" -0.864" —0.457 —0.584"
NaOH-Po -0.735" -0.757" -0.730" —0.683" -0.575" —0.734" 0.671"
NaOHs-Po -0.218 -0.198 -0.180 -0.129 -0.362 ~0.024 0.246 0.143

AP 0.994" 0.989" 0.976™ 0.838" 0.660" 0.947" —0.640" -0.724" -0.192

e e s BIFEIRAE P<0.05 Fil P<0.01 7K 5 24,

MBN

0.8

s

*

It

:

o TC: 92.0%

- N F=149

S P=0.002

-0.8 RDAI (93.82%) 1.3

3 HIEMASEMERM RSN
Fig. 3 Redundancy analysis (RDA) of influencing factors on soil P
fractions
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FOBMER P2 AR, L AP SRR
P55 135 pH S A Y. f Fan S5YBF5E R B, pH
55 R S Z IR 53 AR DG s Hou EPIRfFEIA
N, pH WRJZ LA NI S CHEEEAER]; Zhai
SEPOIIRR I, FORFEFF A S0t IS 213 pH A
PR T AP S T AR BRI O S
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Mk 14 pHP, SRR e Wyl 4 R B T Y4
EER R A, WM E R R A L B R
W T RERAE P E D AW LR E S
WAL, RDA SptrdRit—2 %W, L5 pH 5CHLIE
Aor s B IEAG, SA PR &8 20,

MBP & T ih E S AIE R, REFE— R
bR e - SRR E 7, i MBC/MBP 2 £ £ + 1 MBP
AR F B AR, — R HUAE N WAL M i
TR AR, peAh, Gul ST R, e
MBC &SR E B B R AR5,
MBC/MBP WAE# /N, HAY) st G 14 MBC.,
MBP & B3R, AW F A L3, MY
AL T RRVR, R T R FE A, AR
AT T, I R M A Al Cn R M B R )
HEI4 = e R0 2Rl S PYIR L,
AT & B MBP & &3 i £ 20k A TR aksh T
A HLBEFI L T A ICHLEE Y R4 AR o A 9 5 it 1
AT DAY R A A v il 0 AR 1, 30T BE R A 5
AR i 4 AP I X — R FEARIFSE Y, i
AW B ekt +HE AP (22 B K F TP, X 5 Yang
OB IR S5 — 80, AT R A W 5 e i FH JS 15
AP N EBH N F RN IEBE I AL, R
Wy I e R R R, A ) i o R HEE A A X AR FH 1
WAL g AT R R, RE A = 2 R S
3.2 YRR ERAX L ERA SRR m

AHIFSE I, AE 0 it P 3 2 AR T e A
Oy e AL AE TP i He ], -3 R AR o
S F e oy A B 5 R TR B2 A3 IR M A O TR ISR
T, AALED 4 RP EE S, Ad TP —2F,
A AT SER A Y G, o, BalE
W WAk I R A OBORI L, R T
iR 2 R AR 0 T ¢S AR RP o
Jn, {H RP 7€ TP J& TPi iy tufi f 2 A, AHOC O3
MR, RP 5ICHLBEAL 38 2 B IEAH KR,
X 0] g5 AR et AR E T B Yok 1 4% RP
MR R RRER A S, S R RP () AL
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LP(Resin-P, NaHCO;-Pi, NaHCOs-Po)H' Resin-P
S5 U AL T IR S A 4 39 AR LD
NaHCO;-Pi & Fh ARk A5 40 2 181 55 W B 5 19 336 P4 TE L
%, NaHCO;-Po £ B A7- 1 T AREA WAL G P B,
PG, R AR Y e 11 JE AR LP e /2 14 m
BB R, (A7E R XL 4, LP Btk
Y B 52, ML-P(NaOH-Pi. NaOH-Po)5 LP #f
o, SRR AN B R T Y], YR
+ 3 LP VAl Sk, A AR LPi T Tk
JRBY . AR5, Resin-P. NaHCO;-Pi, NaOH-Pi
Hl NaHCO;-Po . NaOH-Po Z [RI¥JfF 76 B E A K R,
X 5 HAMBIFFE 5 XA R - S A — B, A
Bt i E 4 e 1 st LPi Al ML-Pi 5 i M H:
FE TPi H 1 H BB, 58 oo A 40 o o vt P 2 Ak B 1 = 48 v
LPo Fll ML-Po % it AL, (H 45 A HLBE L /3 7E TPo
Y E B AR, X SRR PORRF R4S AL
b e S S IR R B, A W S it FE I 1 1R
P + € Resin-P . NaOH-Pi HYIEI % , W55 T XF
NaHCOs-Pi i %, % NaHCOs-Po 135 & %4 b7 i
IR PR AECORE I R B, SRS R A
TIEABE(pH FIFRGT), AR T 0 K B
A7 A B R 3 I (AR 2 T AT LR, AT 5E
1L A S eV FH 55 5 1 MR 5 4 - 18 J0R 2 1 ) B 5
T B A, A A 55 W B D A e TE ML R
X A]BE A AR B 5 TG M TC P B B A R A
Maranguit 2575, A Yt H9EE DLBE AL 2
AP FEAb AR . IR R, 11 NaHCO;-Po
HEs 4L MBP JERXAELERY, L LPo Al ML-Po &
i AL AT A DR Ay A 40 S5 it FH B 58 1 Tk W
KB -5 5 0 A DL LPi Fl ML-Pi % 4biy it
e, sipti G gkmilE ik MBP. BbAh, 7
of B K it FF A 40 05 e ) T A A B -39 MIL-Po
TPo tLBilHR K, Wu P RA IR, RIZL15
b B XT R B AR, R D E s B A s
Mo ARG OP AW i A5 fe /o
DilL.HCI-Pi & &AL, ER 545G WIEAT VS
B, A e R R AR Y TR AN B R R R
XPTREH T 3 pH THim, SR EE S, 45
VA, {2k T DILHCI-Pi BRI,

ARHIFGE S BR TC 25 1 - i 41 7078 A i) A [
T, TC STHUBEA /> & i B IEAHSG, SH ML
Sy EAASE, Hd TC XF 44 LPi 1 ML-Pi
S K (F 3). X5 Maranguit ZFP SR 45 R4,

MATIFGE T ) A8 Al %ok T SRl 20 43 A S0, K 3R
5 LB L0 LP 5 TC & B3 IEAH,
T W - AT WL A 4 Rl A 5 P ke 2 S SRR
Frizano %55 VX 7 FAGHE 18 398308 bt R A A2 et At o 1
WA A RIS, AR s XUk g TC R
BN 4 AP FER AR R CEE, HEYER T A
PLUBEH b A B e 2 1 e B A . eAb, A
W TR (4 22 FLES HA e 8 GBI WU B RS ,
T 5 1) e ) it A I E X AZ A A ) I
HE ) 56 i R A A 9 e o HE IR S b 2 B, A e v
TC S TIEY, HAEYFRYEFiaE, 79t
B, A R E T ERE S TC &, S
A, AR S 2 —80 Wik, T8,
BRG] BEAFAER B DGR L Bl 0o i ) 75 oK [ Bt
Ml A AL, I 52 ) - Sl 2 AR Ak

4 #ie

1) A58 R A5 EZ LIRS B (RP)
F, G WAL SCR FH B T ARAIL, JCHLu
4153 T T o B B s AT SRR SR A A , T A LB
g3 BT L8 B e 1 TR AR 5 3 i A8 A HLEE (ML-
Po),

2) MHINAY it B EY S T 3 TP M
AP i, ST AR AL B BT S L, R
o 2 v A 0 I it P AR B M B

3) EW A T R T TC AR
pH, H TC 252 3R AR SRR
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