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Effect of biochar on phosphorus forms and phosphatase activity in red soil under different water conditions
XIA Li—dan'?, CAO Sheng'?, ZHANG Hong'?, HU Hua—-ying'?, ZHOU Chui—fan"*', MA Xiang—qing"?

(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. National Positioning Observation and Re-
search Station of Red Soil Hill Ecosystem in Changting, Fujian, Fuzhou 350002, China)

Abstract: We undertook this study to explore the effects of biochar on the morphological transformation of phosphorus and phosphatase ac-
tivity in red soil under different water conditions, and to provide a reference for soil phosphorus management and rational utilization of bio-
char. To test for effective phosphorus and phosphorus forms, soil with different water content (33%, 66%, 100%) and biochar addition (0,
0.5%, 2% ) were set up. Available phosphorus and various phosphorus forms (Al-P, Ca—P, Fe—P, and O—P) in soil and the activities of soil
acid phosphatase and alkaline phosphatase were measured. The results showed that the application of biochar significantly increased the
available phosphorus content in the soil; in the early stage of cultivation, biochar mainly increased the insoluble Al-P content in the soil,
which was mainly caused by the movement of soluble phosphorus from the biochar into the soil. In the later stages of cultivation, both water
and biochar can activate Ca—P, Fe—P, and O—P in the soil to release more phosphorus. Biochar itself is alkaline and when added to the soil,
it effectively neutralizes the acidity of the soil, so that the pH of the soil increased, (the pH was increased by 2.82~3.13 units ), and the soil
acid phosphatase activity decreased. In addition, the soil under flooded conditions showed reduced acid phosphatase and alkaline phospha-
tase activities. Although the addition of biochar can effectively increase soil pH and the available phosphorus content, it reduces the soil ac-
id phosphatase activity. Compared to biochar, the amount of soil moisture content has less effect on the available P in the soil.
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Table 2 Basic properties of biochar

1

4ot Total P/ 45 %W Available P/ KAy YER Ay 1/
mg kg™ mg- kg™ Ash/% Volatile matter/% C/%
4717 3247 21.95 25.82 52.23

F1 TEEAHER
Table 1 Soil physical and chemical properties

0 4 Total K/ 48 Total P/ 4% Total N/ HAH Available K/ AN Available P/
P mg- kg™ mg kg™ mg-kg™! mg kg™ mg- kg™
4.99 10.77 42.58 500 0.59 2.61
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Table 3 Dynamics of soil pH over time with different

water and biochar content

UL

Treatments 8d 15d 30d 60 d
CoWss 5.06+0.04d  5.01+0.01d  4.97+0.02d  5.03+0.01d
CosWss 6.73+0.07b  6.75+0.14b  6.23+0.19¢  6.14+0.24c
CWss 7.92+0.03a  7.93+0.05a  8.03+0.06a  7.85+0.06a
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CosWes 6.52+0.03b  6.18+0.56b  6.30+0.47b  6.15+0.29b
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CosWino 6.58+0.02¢  6.49+0.11cd  6.49+0.10cd  6.40+0.12d
CaWigo 7.88+0.04b  8.03+0.06a  8.10+0.10a  8.01+0.04ab
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2 A~6 AT AN R/ING TR R IR TE Wee /K 43 AL F 46 40 212 55 i
L TR IR/ING FBE FIRAE Wioo /K 40 A0 BN 45 40 7 2 5 1 35
(P<0.05).

Note: The different lowercase letters in lines 1~3 indicate significant
different under W3; water treatment, and the different lowercase letters in
lines 4~6 indicate significant different under Wgs moisture treatment, and
the different lowercase letters in lines 7~9 indicate significant different
under W o water treatment( P<0.05).
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Figure 1 Dynamic changes of soil AI-P content over time with different water and biochar contents
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Figure 2 Dynamic changes of soil Ca=P content over time with different water and biochar contents
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Figure 3 Dynamic changes of soil Fe=P content over time with different water and biochar contents
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Figure 4 Dynamic changes of soil O—P content over time with different water and biochar contents
0 #8d 20r H15d
18 r 187 a
16 16 3
F r b ¢
Tbn 14 : Tbo 14 j .
o2 a T onr :
£ 10p ' £ 1or d
& 87 b + 8T e
6 c T 6 f
4 . . e ; 4r h gh g
2r 2F |—l—|
i ] ] S
C§ * (,Q.gh3 C)§ ® ()§ ¢ (‘)QS&&‘ [¥) bb@§ \0‘(» Qﬁ“ﬂ; C,QSX{: Qﬁl@ Q§ ¢ Qm§ ¢ (V) be§ \““()bgl - Q§ .
Ab B Treatments Ab B Treatments
~ ~ a
20 530d 20 ; 560d
18 | 18
)
16 1 161 b
T, 41 1 n, M4 °
fb 12 fo 12 1
£ 10f £ 10f
T st T gl d
< i d < [ T
6 6 R
4r e ° f ¢ e 4r o ! g
2r 27 h
2 (e 1 2] RN
N

> Y o © 6 o
NIV RN N MO LIS L e

0

Kb Treatments

Bs5 RMARKSSEMRETIEA-PEERATEEHIHT

Figure 5 Dynamic changes of soil A—P content over time with different water and biochar contents
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Table 4 Correlation coefficient between available phosphorus and

soil pH and phosphorus form

A-P pH Al-P Ca—P Fe-P 0-p
A-P 1
pH 0.588%* 1
Al-P 0.371%  0.756%* 1
Ca-P  0.501** 0.560%* 0.477%* 1
Fe-P -0.095  0.178 0.260 0.007 1
0-pP 0.040 0.006 0.248 0.234  0.381* 1

T2 RIRTE 0.05 /K- ORI BB EARIE . #* RIRTE 0.01 K
Os) R EARR . R,

Note: * Indicates significant differences at P<0.05 level.
Indicates significant differences at P<0.01 level. The same below.
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Figure 6 Dynamics changes of soil acid phosphatase activity over time with different water and biochar contents
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RS AHEE T IEREIEARE I BIEREE X R
Table 5 Correlation coefficient between available phosphorus and

soil acid phosphatase and alkaline phosphatase

A-P ACP ALP
A-P 1
ACP -0.430%* 1
ALP 0.328 0.070 1

K(P<0.01) ,AHX R EGEH0.929, A, 11 ACPIE
PR 8 AL-P B AR R 3 TR 56 (P<0.01) |, A1 6
RN 0906, 5 L5 0-P & 55 IE A G (P<
0.05) , FHKE R EH 0.690,

3 g

PR R E R T KB LR 2 —, 2 51
PR A i Z R Al 2 2R, T S RAR Y P i R R
HL B A B RO U, ST A BRI B AL A 2R
TP BRI AL A —E R, o,
IR S 5 TR B B R B e A
Y ES E PRIE Zp S S NI 4 SN S SN R /3]
TR B2 TS G BRI 2 T T A AR AT

FEABEFE Y AHFIK A3 2500 F , L3RR A-P 5 it
FEARK A HE it A R BEITTA $8 0, 3% 5 50 A
ZER—B, CAVIEE AR 2 L RE S AR
TR R AR (D EYIRA G & — w0, X
2 KR A 00 5 1 AR 5 20 2 A e A 2o A P R T i TR
b, [ ) A 2ok v SRR L 8 LT St R
FEAE R X SO B A A e S 0 2] 3 v sk £
S I BRI (2) A= W 0k W it AU T - R AR
JE T MR pHAE, M AE R E £ HE T, pH AR 6L
A AL HR s B30 BE S AR Fe I TTTE , T 45 /5
T B R A T, BAN, R BN E
T H AR Z e U RS T A R R
(Burkholderia ) % i il 1 11 3= B2, [R] ), 3¢ 6 figt fl
TR W 3 1 ) R T 5 8 MILIRR PT LA - oA
MUBE 5% AL AT Zms™ s (3) A= W1 ¢ 5 7K 4 9 U it £k
T AP EE S K AL-P Ca—P 5 Fe-P, [d] B FEAK T
O-P Iy M,

FEAMEGE Rl — B R K 0 260 F , AL-P %
e Fifi o A W kB e BB RGN , X B R o A
A B Bl R0 VSN B 3 v e bl AL E R
o, T I [) — A BB 5 15 25 B[R] (4 A K, AL-P 5 o 5
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Table 6 Correlation coefficient between biochar phosphorus fractionation and soil phosphorus fractionation
pH A-P Al-P Ca-P Fe-P O-pP ACP ALP CAI-P CCa-P CFe-P CO-P
pH 1
A-P 0.222 1
Al-P 0.9297#* 0.031 1
Ca-P 0.234 0.500 0.192 1
Fe-P -0.099 -0.545 -0.007 -0.333 1
0-pP -0.426 -0.282 -0.380 0.344 0.350 1
ACP -0.838**  -0.094  -0.906%* 0.014 0.020 0.690* 1
ALP -0.384 0.326 -0.623 0.030 -0.524 -0.009 0.535 1
CAI-P 0.980%* 0.260 0.923 %% 0.322 -0.125 -0.394  -0.823**  -0.371 1
CCa-P  0.980%* 0.259 0.9237%%* 0.322 -0.125 -0.395 -0.823**  -0.371 1% 1
CFe-P 0.980%** 0.259 0.9237#%* 0.322 -0.125 -0.395 -0.823**  -0.371 1% 1% 1
CO-P 0.980%** 0.259 0.9237%%* 0.322 -0.125 -0.395 -0.823**  -0.371 1% 1% 1% 1

[ :Al-P Ca~P Fe-P 0-P R LIEMBER LA , CAI-P ,CCa-P .CFe-P .CO-P R ALY RINBERIELS .
Note: Al=P, Ca=P, Fe=P and O-P represent the phosphorus form of soil, and CAl-P, CCa~P, CFe=P and CO-P represent the phosphorus form of

biochar.
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