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7% 63.4% . L5 F TR i H AR DR SRS, Je I AE A W s it F B, AT DA G 35 O W TR 0 K Bl R A i, Tk A K+
R O AR, 4 0 1 BT L b A T bR b A 2 R P BB

KEIR A K R AR S B D PR TR

Effects of biochar-based fertilizer on phosphorus content of karst calcareous soil
ZHU Qian, ZHOU Zhidong, Shi Yi, WU Yongbo, XUE Jianhui "

College of Biology and the Environment, Nanjing Forestry University, Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing

210037, China

Abstract; This study conducted a pot experiment using karst calcareous soil from Guizhou province, focusing on the effects
of biochar-based fertilizer ( made from rice-husk-derived biochar, pig manure compost, and NPK fertilizer) on the contents
of various types of soil phosphorus, soil alkaline phosphatase activity, and biomass of black locust seedlings. Ten treatments
were set up; CK, M, F, MF, RHIMF, RH2MF, RH4MF, RH8MF, RH4M ,and RH4F ( CK is control, M is compost, F
is NPK fertilizer, RH is rice-husk-derived biochar and the number is the amount of biochar in the treatment based on the
ratio of biochar to soil). Our results showed that the application of bhiochar-based fertilizer could significantly increase the
contents of soil total phosphorus, available phosphorus, organic phosphorus, microbial biomass phosphorus, and seedling
biomass, with the strongest effects with the highest biochar application rate ( RH8MF ). The above 4 different types of
phosphorus showed highly significant positive correlations ( P<0.01) with each other. The soil alkaline phosphatase activity
was highest with the treatments with the medium biochar application rates ( RH2MF and RH4MF') , at 82.7% and 63.4%
higher than CK respectively. In conclusion, biochar-based fertilizer application, especially at higher biochar addition rates,
significantly increased phosphorus content of karst calcareous soil and improved the low-content status, so as to improve the

effects of ecological restoration of young artificial woodlands in karst areas.
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LA R A AN RIS 25t 3R 5 o MVl P TR TR P ) R ), 20 A7 2% R b 2 TR A AR S i 8 - el S 3R
AEBIBILER X1 i 28 1 Fo i 1)t S o SR A0t P, A e S8 e LU M 2 bk 1k 52 4 BE 225 i

1 #MR57EE

1.1 S AR

TR HIEE SR B AR BEA AR (105°27'—105°58'E, 26°9'—26°31'N) , & BJE T
BT (R TR XX R SR A R -, R REE 25 em! L ARUGREE - HERBEIR BE N L FHEE 2
0—20 cm PN, it 2 mm GTH BRI 45, SEAHEME RN . pH=7.72, %510 1.48 g/cm’ A HLT & 14.44 ¢/kg, Bl
fi# A, 65.81 mg/kg, EHE 502.96 mg/ kg, £ %W 5.40 mg/kg, F HLHE 319.45 mg/kg, WUEWHE 1.37 mg/kg.,

RGBT FHAE Y R A RE Sk, WA T2 BOF R AR AR R A IR A B AR A MUIE ARG 25T W T i iR AR
VIR ABRA F sNPK AL IR ZE (N i 46.7%) B2 —%% (N-P,0,-K,0:12.2-61.7-0) , AL (K, 0 7 i 63.
2%) . I FERE R B R B A TS50 2 [ L NPKIERIERE 7 T — e AR BB 4l K i A R 1]
AW, SRS G T 24 h, BT 60 °C MR T 2, i E YR FAE , B8 T 1 A PR AE A
SRR SRR 1.
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Table 1 Physical and chemical properties of rice husk and pig manure compost

s - , . . N HeR AR
D/ KA AR AL i ELfif Total B ikl Specific
. o2 Total Available Organic Ash - Total Available peaiie
Rice-husk- pH carbon . . surface
derived phosphorus  phosphorus ~ phosphorus contents /o nitrogen potassium/ area/
/% /(mykg)  /(g/ke) /% ’ /% (&/ke) )
biochar (m”/g)
9.41 0.13 21.31 0.52 13.5 46.3 0.6 2.54 91.45
LR AR AL ' - . IS8 i
Tota‘; Ava)lflabTe Orvaniz AR BR A Nutrient
TR pH i ° Organic Total Total ’
C phosphorus/  phosphorus/  phosphorus/ atter/ % i+ /o (assium// %% content
ompost % (e/ke) (e/ke) matter/ % nitrogen/%  potassium/ % (NPK) /%
8.5 4.28 3.57 26.46 82.3 1.71 0.86 6.85
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éféﬁéﬁ‘&i‘ﬁﬁ&%ﬁéﬁiﬁ,ﬁﬁiféﬂf%ﬂﬁ%*ﬁﬂ%ﬁﬁ?%?ﬁa?% 18 em, 42 15 em , F4% 12 em WIAEZET,
R+ 2 kg, LRI 10 NEBE, 435108 1) XFIRAL, AE AT AL BE CK52) FUbt A b 38, M ;3) Hiti fin
NPK JEALFE, F;4) it nHEAEFN NPK JEALRE, MF;5) Tt il 19% fd 76 i (o 1B e, T [\ +HEIE+NPK B AL 3,
RHIMF;6) i il 2% F& 75 ¢ + EAE+NPK JEALFE  RH2MF ;7)) it i 4% Fg 5% ¢ +HEAE +NPK AEALFE  RHAMEF ;8) jife
i 8% FE5T i+ HENE+NPK JEAL B, RH8MF ;9) Jiti /il 4% 576 o< + HEAL AL B, RHAM 5 10) it Il 4% 5 76 7% + NPK AL
AbFE RHAF ; B~ Ab B R NPKOAE FE AL CRUE S5 AU, 25 A 2t AR RS g m 51 738 2, B 4b 3 15
Fh, AL, ALY RIS AT A BIR . T 2017 A 4 A OREAFBER LR ZSIRA L4,
B REIRBEPLIEE 3 D akE R 3 A,
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Table 2 Types and quantities of fertilizers in different fertilizer treatments

AT 5 s
JLEL IR Mofif:lmu%(ium Pfjfjfm IR Riﬁfk
Treatments Urea/ phosphate/ chloride/ Compost/ derived biochar/
(i) (/) (/) (i) (/)
CK — — — — —
M — — — 60.4 —
F 1.6 12 0.8 — —
MF 0.8 0.6 0.4 30.2 —
RHIMF 0.8 0.6 0.4 30.2 20
RH2MF 0.8 0.6 0.4 30.2 40
RHAMF 0.8 0.6 0.4 30.2 80
RHSMF 0.8 0.6 0.4 30.2 160
RH4M — — — 60.4 80
RH4F 1.6 1.2 0.8 — 80

CK ;X # Control ; M ; JEHE Compost; F; B BEHIAL NPK fertilizer; MF ; HEAE + B4 AL Compost & NPK fertilizer; RHIMF ; 1985 5¢ + i A + ZU 40
Al 1% Rice-husk-derived biochar & Compost & NPK fertilizer; RH2MF ; 2% A& 5% ¢ + HE AL+ A B 41 I 2% Rice-husk-derived biochar & Compost & NPK
fertilizer; RHAMF . 4% F8 5% ¢ + HE AL + U 40 AL 4% Rice-husk-derived biochar & Compost & NPK fertilizer; RHSMF : 8% F& 5% #i¢ + i AL + & W 2 A 8%
Rice-husk-derived biochar & Compost & NPK fertilizer; RH4M : 4% R 5% ¢+ HEHE 4% Rice-husk-derived biochar & Compost; RHAF ;4% R 5% i+ R BT AL
4% Rice-husk-derived biochar & NPK fertilizer

1.3 e FEbRS ik

VB I0) 2 SRe FH B —— BB T e 6 B 1 A R DN 22 SR NaHCO, R HE——H B P YOt A
ML A 5 2R R, BRI 1 mol/L i H,SO, 324248 550 °C M Abeny L AR LB L IRt ik e , %
TR 7R FIIFF 5 mol/L Y NaOH 815 V45 W 2 €6 2= f v €2, B In A BH BB b 8 50, 50 8 5 5 e e e I b
700 nm &b L6 A A R Re )R R I B B 5 R K Be R B 251 TR ) R R
FHE K ——NaHCO, BEEGE" ! s Bl i W B 5 M 1) 0 SR B B i it ™
1.4 HdEab

K H SPSS 19.0 Fll Excel 12.0 #4741 500 AEE], W25 47 50 1 R J7 225387, R H Duncan 172 8
HA

2 HREH

2.1 it FHAE PSSR K £ TS R A 2 S A IR
211 HELDBESEER

A1 AT R [RVA: P e SR A B S A K b B B B S T CK(P<0.05) o BV & 5 K/INIBUT
4 : MF>RH8MF>RH4M>RH2MF>RH4MF>RH4F>F>RHIMF>M>CK, 43 5l [, CK 4555 45.0% 44.3% ,40.6% .
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E1 AEERLAEFANARLHEBHSENFN
Fig.1 Effects of different fertilizer treatments on the content of total phosphorus in calcareous soil
CK : X} B Control ; M ; HEJE Compost ; F: ZBEHT AL NPK fertilizer; MF ; HEAE + Z B AP AL Compost & NPK fertilizer; RHIMF ; 19785 7% + HE AT + & B 47
B 1% Rice-husk-derived biochar & Compost & NPK fertilizer; RH2ZMF ; 2% F5 5% 4% + HE AL + R B A AL 2% Rice-husk-derived biochar & Compost &
NPK fertilizer; RHAMF ;4% R 5% ¢+ HENE + A W4T AT 4% Rice-husk-derived biochar & Compost & NPK fertilizer; RHSMF ; 8% 5 5% 7% + HE T + &L W 41
It 8% Rice-husk-derived biochar & Compost & NPK fertilizer; RH4M : 4% F& 55 5 +HET 4% Rice-husk-derived biochar & Compost; RH4F ;4% f5 5%
e+ BHEHIE 4% Rice-husk-derived biochar & NPK fertilizer. ASAl/ING FHEFoR 58 V2% 5 (P<0.05)

212 TIEAWEEEEES

FH L 2 AT A R A 3 o B N A B A A v oA sl & S B S 15 343K B 3K OF (P<0.05) o A A
AR/ K . RHSMF>RH4MEF>RH2MEF>RH4M>RHIME>MF>RHAF>M>F>CK, HoAr | Bl & A= ¥ 5 it FH 55 1)
Hahn A R A R R s B R B, HLIG I A I RHAME Ab P4 RHAM  RHAF A4 R0k & &2 4 i3
N 21.99% %11 45.8% , B A #Ws & i 45 TXF IR MF M F .CK Zb38 . fyie ] W A= 4 + HE R +NPK AR TR it [t
B S HENE B NPK ATt FH R8RSy R A= W vl Al kA K b R i Y Ak B e A R 1 1
213 HHEAVIBES EZER

FHE 3 A, A A0 B - A ALBE S RS T CK, B RH4F A1 F ARBRAN , HoA 45 Ab B 5 CK AH HL 3435 31
FMEIKF (P<0.05) o AR FEA HLESE & B K /NIF 2 . RHSMF>M>RH2MF>RH1MF>RH4MF>RH4M>MF>F
>RH4F>CK, 7305 b CK #2755 T 43.6% .27.3% 27.3% 26.2% 25.1% 24.1% 22.2% 14.1% 4.8%, Hitna] U,
RHSMF A3 H I A DL S 3 i 2 . RHAMF AbFR4 RH4M \RHAF AbSRAG HLBE & 1 5, R 2R 1 e +
HE+NPK AR AR T A P e spoph S HE AR B NPK AE R AL B, M AL BRAGA MLBE & B KT F AbPE ) W3k
NEXT - A HLEE R VR FH R T NPK IE,
214 HMAEYEBES RS

FH L 4 AT R R AE ) EE NS AL B S A K - A e i ) B e 2 i 2 S T CK(P<0.05) o Tl i il
SEKU/NIFE N . RHSMF>RHAMF>RH4AM>RH4F>M>RH2MF>F>MF>RHIMF>CK . H AT W, A 3K + i i A
Y BB A B B A it FE R RGBS N3 N, 554, RHAMF AL P4 RH4M  RH4AF Ab P A4 A= ) & il 75 &
151, 22 B AE W+ HE A+ NPKIE TR it X i A 4y e ol 7k 9 42 /3 O T A 0 e Bl 5 M A s NPK B VR i ; [ s, M
SEFRSCRAR T F ARBR Bt ME N P2 = i A i e 5 = VR FHOL T NPKIE
2.2 it A e BENE A BT A R A e w1 T 2 ) 5

LS AT A [R)AR 9 M A B 5 K - rh i PRl PR I TS 1 5 CK AR LU A T s . BR RHIMF Ab 3
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Fig.2 Effects of different fertilizer treatments on the content of available phosphorus in calcareous soil
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Fig.3 Effects of different fertilizer treatments on the content of organic phosphorus in calcareous soil

DI £ AL BRIBIR B 1 2 P25 7 (P<0.05) o BRPERERRBEE PE R/ NIUY 2y . RH2MEF>MF>RH4MEF>RH8ME>
RH4M>RH4F>M>F>RHIMF>CK, Hi RH2MF MF  RH4MF A3 505 1 CK #2478 T 82.7% \75.3% 63.4%
P O T AL 78 R R R A AR % BEAE AL B ( RH2MF F1 RHAME ) X6 A7 K - B B 12 i 0% 2 1 2 1 P 2
Ut ven A W it e 0 R - B W R il T R 2 R VR A . RHAME AL L RHAM  RHAF A0 38 e i 1
g P v, FEWHERE S NPK AETR it LU Bt M AE sl NPK AT o il ol 1 it 0% A B 02 0 4 FH B 0, ELME AR L NPK
NSRRI
2.3 il FH A W SR A Ak T SRR 4 v A R A R )

12 3 W A (Rl it AT AL 35S SRR 40 v AR i 5 CK AR Lo 38 it vy, HL 45 A 38 2 ) b b A 4 i F S AR
YHERE T B FEEER (P<0.05), HA RH4M AbFRAIFLN b b bR A= 98 K i A Wik ) die R
3l b CK 85 275.2% ,139.8% ,204.8% . FH AT UL, A= 99 ¢ 5 3 JIES YR8 it % R A9 403 1 A= 40k %) 388 80 0 e -
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Fig.4 Effects of different fertilizer treatments on the content of microbial biomass phosphorus in calcareous soil
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Fig.5 Effects of different fertilizer treatments on the activity of alkaline phosphatase in calcareous soil
FAI, B A Wy it e A SRR ) e A ) B 2 A U A e e it P T XA AR K A R
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F3 AEIMGABALIE RS RI#R 4 & £ E RN

Table 3 Effects of different fertilization treatments on biomass of black locust seedlings

Jit AT b 3 M AR WY O, T AE Ak # M AR Yy MR AR [P
e Amélimi e s /m\i%z
Fertilization Aboveground Underground . Fertilization Aboveground Underground .
. . Total biomass/g . . Total biomass/g
treatments biomass/g biomass /g treatments biomass/g biomass /g
CK 2.22+0.75a 2.36+0.78 4.59+1.51a RH2MF 5.78+1.57cd 4.31+2.82 10.09+4.37bed
M 3.48+1.42ab 2.45+0.79 5.93+2.05abc || RH4MF 5.84+2cd 4.54+2.17 10.38+3.48cd
F 2.87+0.97ab 2.69+2.04 5.56+£2.99ab || RH8MF 7.51+1.07de 5.38+0.91 12.89+1.73d
MF 3.6+0.46abc 2.93+0.89 6.53+1.26abc || RH4M 8.33+1.6e 5.66+0.98 13.99+2.58d
RHIMF 3.77+0.79abc 2.5+0.58 6.28+0.76abc || RH4F 4.79+0.43bc 4.96+1.61 9.75+2.02bcd

BHIAIR/NG PR R M2 (P<0.05)

2.4 AFEPJEEBES BRI B
AN S0 & RARAR AR SCHE A TR B (3R 4) , BBk 5 A AU AT HLBE 3 W i il | s T il 2 i) 22
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B IEAH OC (P<0.01) s A 3B 5 A HUBE ICE P il O BRI il = () S A S 3 IEAH OC (P<0.01) , Ho A 3%
W5 T W s A S Pk i, MO R BCR 0.774 B HLBES 004 W0 Bl s P i R il = (] 2 3 38 AE M % ( P<O.
05) ; FIMR B A Y5 4 MR RS & &2 W32 8 2 1EAH5C (P<0.05) .

R4 BEFZENEXESTE

Table 4 Correlation analysis of each index

AR AHUBE A TP 2 il

bij} SAYR

. Available Organic Microbial biomass Alkaline EE%EE

Items Total biomass

phosphorus phosphorus phosphorus phosphatase

S5 Total phosphorus 0.699 ** 0.443 " 0.526 " 0.683 ™" 0.527"*

A %W Available phosphorus 0.730 ** 0.774** 0.573** 0.775**

A HL#E Organic phosphorus 0417 0.414~ 0.418 "

[pGR7E R0 .
0.270 01 "

Microbial biomass phosphorus 0.701

R PEBERAEE Alkaline phosphatase 0.271

#* Fe78 P<0.05, * * Fsn P<0.01
3 itig

B KT TS TR 22—, I B B —fE 0.02—0.2% 2 [ | ARSCHFgT 4 R EW A4
Wy ¢+ HENE +NPK AL TR it ] 1 14 2 A e B A T dd 3 4t e W ST ke A K b S it OQIE BR SRR R A= W ik
SR it L St AR AR = T R A AR R — B, T RE SR RN A Wk A B S — R
MR ZR , Hoii FH B e A - SRR SR A et sy T RE S 3 48 v S S Y B i, IAh AR SRS 2
W, AR W B E LM PR A 2R W i S AE AL B ( RHSMF) AT LA S Hit v H A HLE & &, HIEA DL 2
S B A RO, — B S 0 20—80% ' A Wk MERR ARAEAE A NP S5 SR M R R TRt A
3 AT ARSI A 3 S R A LB e AR SRRt A 3 AR W e 1Y) 2o F LA I Ol 3R A R AR
RAF ARG SIREE 8Nk Py, 1 om0 Ak Wi v 5 IR Y il 2 B B I RIS IR L R Sk I 2
— RS R R Y R S A SO 2 IR A A S AR DG R S T LA O - S LR 1 A
AR AL, DTS 0 - 498 oA 2kl &

+ e RENS AR Y B WOSORI FH BB A A, 3 B — /Ny, LS S RN TR A
KPR, A SCHIFGESE SRR W G A ) i SR A 2 e A 40 o it FHTTC LU RS0, A K b v A 2580 5 kAl S 4
SR 3 5 i AR FE S5 R — K, B A= P it FE L B vy, e A s S s Y AR LA A W
VEF, 7T 052 B - Sl 22 A s/ Hkvs 515 ) s o — D i, A= 9 e ml ot H: 1 B A B R S B A i i R
M5 858 S5 1 ) B 5 A S0 B 19 A 80, AT STl P Rz o, DA T 2 i - Sl 1) A 00k 3 = 198 A el
0TI AR R A R — iR R R A HLRR , A ST LR B B P, 3 T LS I 4 AR
fift A D SR P b 9 e g O, DT 4R S i G A AR AR SO SRR W] RHAMF Ab 3 4 e 54wk
i T RHAM H1 RHAF, BB HENE +NPK AETR T H B RO b, HE R Al BB A HLIE o &8 09A HLB AN
25 53 R, RIS A MLA it 28 A A 38 I B8 A A AL 5 6T - B %) & 1 W B 57 500 B i 5 5 4, DT
0 A w0 RHE B A S Y L R B S A N, B S EORI M A A R T 2
HET RIRRL T AR K ARSCIFST 45 S 2 B R AR W i 5 DU RO A T R % 2 2 R) 22 W 35 IR A G

- SRR R A MLBE R R A A 0], PR B B A B T A R S A N, - R R
TEPE R/ INBRAE S AT AU 1) A SO AL R BE T o AR SCRIFSR 25 R B, Bl Wl R 1l -5 A S5l 22 [ A7 AR AR I 3 1Y)
IEA e X S AR FE AR — 8 SRR it T B AR 0 5 IR AR ( RH2MF  RHAMF ) Ah 2R 1 1 il
PRI P A v e it P 2 e S T A )T e 1l I I ) T 1 L X TT BB S R pH (B O, i 5 R W L ek
FRBGETE A7 396 pH SEmAAR K T AR (B S, A e it P e (o 18 pH (B, i 0kl T
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SIS AT R R xSRI E R RO AR AR A B 2R P AR SR AR B ( RH2ZMF A
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