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Effects of alkali—activated magnesium—loaded orange peel biochar on soil improvement after phosphorus
absorption

WANG Bo', LUO Ting', GOU Xi', TANG Yong', JIANG Fei', WU Tong', XIE Yan—hua'*"

(1.College of Environmental, Chengdu University of Technology, Chengdu 610059, China; 2.State Key Laboratory of Geohazard Prevention
and Geoenvironment Protection, Chengdu University of Technology, Chengdu 610059, China)

Abstract: Modified biochar, which is a type of environment—friendly material, is often used in sewage adsorption to remove phosphate.
However, if the biochar modified after phosphate adsorption is not treated properly, it can cause secondary pollution to the environment. In
this study, to increase the number of resources for and to promote the harmless utilization of post—adsorption biochar, post—adsorption
magnesium—carrying orange peel biochar (KMg—BC/P) was used to study improvements in soil conditions and to cultivate soybean. The
results showed that the addition of KMg—BC/P in the appropriate quantity could significantly improve soil pH, organic matter content,
cation exchange capacity, available phosphorus content, total phosphorus content, phosphorus release, and water holding capacity.
Meanwhile, the contents of the high—efficiency phosphorus source and slow—acting phosphorus source increased, and the alkaline
phosphatase activity in the soil also improved. KMg-BC/P also contributed to the conversion of inorganic phosphorus and low—activity
organic phosphorus to high—activity organic phosphorus. In addition, KMg—BC/P promoted the growth and reproduction of soil bacteria and
reduced the number and diversity of fungi. Cultivation in soil enriched with KMg—BC/P could promote soybean growth. This was indicated
by the fact that the germination rate, plant height, root length, number of leaves, plant fresh weight, and stem thickness of soybean in the
treatment group were better than the corresponding parameters in the control group. Therefore, KMg—BC/P may serve as a potential soil
amendment.
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AT AL, 1 A BEHE A [ AR KR 2 S EUK R &
B, BRT, XA R B KRR A
DUVE L AR W5 52 00 TR B3k A0, v, R o
AR R — A 7 5 %) v R BR B B R HL R B R
Tl 9 2 o 70 5 A R B Bl A LA S5 T, e
VB Ay AR 8 4 3004 7 A 3 B A5 A0 B A B AS |, BRI ik
AR e - — R B P Ak A g Ok 8 B B ol I %) P 5
MR T 2B A

AW SR ) B B P A ) S AR A, BT 2R THT
FUR FLBRZ5 44 & 36 L FH B 72 gk o5k VB REFL =F
YRR AT S A RS H AR, g+
PR AL RN P A K AR LA SRR IR ), B
Bz RN T RS S AR R, AR
Yy S PR LB = 428 PH 1, S SO i R £ B
B IR B BE 0 AT BRI, AR B A R 4 R P
PRI 0 A R T K B, BB R B T AP
FeBRMERRUO, {EK R B Bl S 00 PR R W R
S R R HEA T B IR AL R A A s . A SRR I
B BRI 1) AT K2 A= 9 e (KM g—BC/P) F T 38
KRR, 2 H 3 H b ME T 45 ARS8 =
A= IR S5 R TS P DA AR A R s, DAY Sy
W 56 I 8 i 1 86 50 1% 9 A R G 5 Ak R R R 2
Heds

1 MBETE

1.1 RBa A
111 55t

ARG B A A =K L 2 DU 2R A JE K
S BRI BRI AR VA R A | AR # L AL
B R RACER ATETREN IR = AR R
ARG VO ER AN SRR P OR B AR R S5
B SAlB S BT
1.1.2 5% T3 KA

TR R B O )48 RS T A DX S A AR Y
)2 1(0~20 em) B L IEFE 5L B AR XCTBFRE L 100
H i f5 , 4% BRI A 43 B )1 e 14 7 30 g A
PRk 5T

TR Y R, A K2 F= P
TR B X B8 0 2R RO R TR SR A
1.2 R AH*
1.2.1 KMg-BC/P i3RI

T BB R VT2 1 emx 1 em A/, 258
TR VEEHET 5 SR 5 HERR PRI 10 g s K 31) 250 mL

e, I B TR E A 25 °C 3 200 r-min™ AR
it MK A 100 mL 5t i 734k 2.5% 19 KOH 39 1
100 mL 0.012 5 mol - L™ i MgCL % X Hoit 172 h 1)
5 O 5 BE S U BT LA TR AE 60 CTRHET 12 by
B Ja AR BT 53R, DL 10 Cmin™ (3R
FHiE 2 600 CHE LK 2 h, ¥ H) 5 BFES i 80 H i il
P0G Ak R BE A Bz A= W) ik (KMg—-BC) o SR — &
Y KMg-BC 8 im Z ARk 150 mL (4 1 35 i, B
JE A 100 mL 5 22 /K (R U5 T8 4k T Al 28 /i 15
AFR G ) A K, Ho RS YN B R,
HAT 2R 1000 mg- L' Fl60 mg- L"), K5 Hoi AR
J&E k25 °C EE 3R 200 1 min” (KB TE IR IR ¥ 28
P 1 b, SOSZ5 S i A R T A T AE 60 °C
FHET 12 h 3545 KMg-BC/P.,

F 1R R E R M BAFE

Table 1 The basic properities of the experimental material

WatE b AP £ X0 Bl
Test pH om/ Total N/ Total P/ Total P/
indicators (g-kg’l) (g-kg’l) (g'kg") (g-kg")

KMg-BC 9.7 72.56 11.99 5.35 23.44

KMg-BC/P 10.5 54.57 15.21 233.58 21.89

122 HHEERRIAE

KAEAR 12 em 5 12 em B OIGHBHL, B35
4200 g, SRJ5 F #8 10 g+ kg™ FE 143 B Am A KMg-BC
M KMg-BC/P It 5 L3 7 /MR &, IR IS KT
22% Fity Bl IS HE IR A S R R A i s J
MR SR 3,y Jy # [F] B fF 58 KMg—-BC/P 2k
R 338 5 % - R Y 52 ), — ik B 3 A
20, A2 O R 2 | 3+ KMe-BC 4l 358+
KMg-BC/P 2, B2 % & 4 MR, — AR AR — 4
BRFRmt ] . BT 0T B G 7 2 i I == iR A T R
F%, B R I B R 60 d, A 15 d WSCER AR N 15 77 15 (]
R - SRR A, T A I 3 IR E
1.3 A%

- AR AR BT A 22 R AR AL BT ),
AR R A TC AL 5 0 I SR B 4 ) S
& A0 RAE L ETCHLE 0 S5 s, A PO TR T
A WL B I 2 2 IR Bowman—Cole 71", + 3404
P 8 O R PP B A P A U A VA1, SRl T
W7 2 BEOC PN TS0 1 o
1.4 R IE

BUHE Ab FE R FH Microsoft Excel 2010 4, %
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Origin 8.5 B oE4 722 I, R T SPSS 11.5 Ge it 73 M ¥k
PEX B A T 22 5 VAR I

2 HFHR5E

2.1 KMg-BC/P Xt 132 28 {1 14 Ji Y 25 i

2 2 7[5, A KMg-BC il KMg-BC/P Ji -+ 4
B pH AT HLTE & i L PH S sc i A 00 7 i L
it BER B DL K BE T RN LR 8 5
s ) A 185 3 A~ 56 2 - 458 1 BH 2 - sc e i A AR
Tl E Rl 2 R A S AN TR/ N A e X RT g 2
TEBRA MR B AN DL, R AR W HAE -
B RA S LI pH WA L IEN E AR,
22 2 [ 1, KMg—BC il KMg—-BC/P i i ACKs £ 3 th
S5 TRPE Y B P A s v, kg T 3 pHEDIR DL
iX 5 Zhao SF" R A R —F, K2 KMg-BC Fll KMg-
BC/P A B it 5858, - HLiA T LL3E 3 $i vy 4= e ma ik
T RAARR T S 8 A K S AR R b R AR
T pH . TIERH & Ac i 1 R/ NE IR - IR
NEfE 7 o R - 3 A B IR Y SRR, i A
KMg-BC Fll KMg-BC/P gk 38 | 1 58 A] 48 i fap AR IC , 184
T R PR A, E SR O AR R A B B
A 07 P A 2R T A — 2 1Y BH B - RE AT T KMg—BC/
P AL EA A=W s 5 0 e 5, LIS 5 R 1

R Eh , Hos7E - B rp Rk th R Y S i B B L 175
- 8 A W o 45 Al BH B 1 R G RIS, L e
AR AR E SRR R 2 AT E
A KMg-BC J& -3 1A 00 . SO A 2 e i AT
B, 5 AU I T ) SR L 43 S3E n T 10.66%
9.25% 1 33.33% , FEJ& i Tl £ 1) KMg-BC A7 K &t
(R AT IR PE W R R 7% B H KMg—BC R4 5 (19 B AR i &%
SR PR RE T ORIE 1R A i 3R AR
1 3 FP RN KMg-BC WA SR £ 3 i 2% 1 2K, 32
T+ HERE R (O BICRE 15 1 A KMg-BC/P Ji5 113
SRR A SO R 2 RO RS I AR, B ARSI
Yy 514 - HEAH EL 43 B3 T T 10 346.59% ,340.28% Fil
6 588.89% , X F B S [H iy KMg-BC/P AV H A KMg-
BC AR, [RIBT IR W B T K K i ek o i
A 3825t KMg-BC B 558 25 b 1 i - 38l 22 1) R
FRURIHR T 2B CRE /1. KMg—BC 1 KMg-BC/P il A
T HEE RO R T R AL SR ARKEE ) X
ik R SEPIE 5E 45 R — 2. O KMg-BC fil KMg-
BC/PAG S —Em AR, HEAF &ML,
2.2 KMg-BC/P X £ 3% s i 22
2.2.1 Xt - HETCHLRE A5

HH & 3 AT, ] 4 38 TP s i KMg-BC &, 7E 60 d
P35I N, 3 & S LR & AR R AN K, BRI

F2 AEIAEEXT + 2R 1014 B 2 N

Table 2 Effects of different treatments on soil physical and chemical properties

AR 52 R 5K PERE
pgeimenat 0 on - maeasa (GRER 0 gm REERR S PEEE
- Time/d O/(geke") CEC/emol-kg ) (PRS0 Total Pimgekg ) (o
+ 4 0 6.13:0.04g  28.47:024f  3.92:0.06bc  16.61+0.27¢ 605.25:0.86h 0.09:0.0le  31.15£0.27c
Soil 15 6.42+0.02f — 3.78:0.04cd  21.51=1.63¢ 508.81:1.48h 0.070.03¢
30 6.47+0.10f — 3.7420.15cd  25.32+0.14e 525.95:2.97j 0.06£0.01¢
45 6.47£0.24f — 275:0.15¢  21.58+0.34e 496.21:0.74k 0.05£0.01e
60  6.700.0de  32.02:0.5le  2.44x0.08f  18.65:0.l4e 468.7+2.231 0.06£0.01¢
FHEKMg-BC 0 7.02¢0.07d  74.33x035b  4.09:0.06b  18.38=1.65¢ 661.26:2.97f 0.12£0.03¢  39.28+0.36a
Soil+KMg-BC 15 6.93+0.12d — 3.8150.13bed  27.00+2.79 633.51+1.72¢ 0.11+0.04e
30 6.85:0.13de — 3.94:0.19bc  26.27+1.23e 620.12+3.74g 0.08£0.01e
45 7.26+0.06¢ — 292:0.12¢  23.69+2.65¢  598.31x3.10h  0.07:0.0le
60  7.03:0.11d  78.86:0.73a  2.85:032¢  20.51+0.28¢ 584.4422.27i 0.07+0.01e
FHEAKMg-BC/P 0 7.57:0.12ab  44.16£0.75d  4.58:0.01a  1735.18+34.04a 2664.78+13.41a  6.020.14a  38.48:0.17b
Soil+KMg-BC/P 15 7.50.0.10b — 445:0.12a  401.58+12.99h  1635.94+1136b  3.62:0.46b
30 7.51+0.13b — 4.40£0.06a  394.32:2421bc  1526.88:8.59¢  3.23+0.33c
45 7.76+0.03a — 3.6120.04d  368.45:20.48c  1484.75:14.87d  3.10£0.25¢
60 7.76x0.0da  47.39+047c  3.58+040d  287.68x4.16d  1432.71+7.43e  2.43:0.19d

T PN R PR IR AR PR A S 25 25 Sk (P<0.05) . R AL.

Note: Different letters in the table indicate significant differences among treatments (P<0.05). The same below.
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KMg—BC 948 I 9 A dnb 2538 in 4= 38 v & Fh IS WL 1)
R SR P N B RS A W IR O R (el
REZ I TU A Y s i B/ HEFRit 4 . 1+
HE R i KMg—-BC/P 1535 60 d ), T3 H Y Car—P
Cas—P Al-P Fll Fe-P & R # A 054w, 0 5l A AR
T3 13.22.27.82.5.91 A5 1 2.05 %, J& U5 il KMg—
BC )5 311 14.07 .23.94 .6.38 {55 A1 1.99 1%, iX F-F &
T KMg-BC/P Hr Mg B 1 R i, 5 T+ A TR &
Jii KMg—BC/P H W Bt i) g X i B c e A 38 9T AR 55
S Ik 1] N B BE AL AL T Car—P | Cas—P  Al1-P Fll Fe-P,
AT S 230 T - 8 P S AR ( CaP) PR AU R
(Cas—P Al-P Fl Fe-P) Y& 5t 10 5/l KMg—BC/P 55
7760 dJi , -3 ) O-P Fll Cai—P A 1 5 HAM B2
FH AR & AR A S 1 A8 4k, 3 AT BB H 45 s PR ik
A DR W A, HL 3% % B ) 5 e, LA TR 285 A ol A e
B LA RE /9 O—P fil Cai—P. ¥ KMg—BC/P ff 1 12
FE 0~60 d 15 77 2 72 1 = 6 1 9 Cao—P 3 i AT 148 T
TR Ra 3, 1T Cas—P  Fe—P Fll Al1-P 15 #0547 % i 7+
AR DR A S TG T Y Car-P FERE SRS R 2>
AL AR XS E ) Cas—P \Fe—P Fll A1-P,,

2.2.2 Xf A BB R )

FH 2% 4 AR, Bl A 55 25 i) ] A3, 3 1S3 4 1)
TEYEA HLBE (LOP) AT H 2536 PG HLEE (MLOP) 75 534
A —E S, = R E YA LB (HROP) A5 — 22 I
Ao HEGET A, JE SR 60 d i, A | 11+
KMg—BC 2H F1 14+ KMg-BC/P 26 t () LOP 43 51 4% fin

T 33.27%. 24.40% H1 56.06% , MLOP 43 5| 3 fi 1
114.55% . 136.60% #1 207.05% , HROP 43 51l J /> T
29.60% .43.41% F151.01%. X J& i FHEY e &
BEABE S s AR h S5 A MUY A, X LT A 1
32 LOP (1Y 3540 43 , e MR A o Ak L FE v A )
RN B ZTE SRS & ARk, RIS it KMg—BC Al
KMg-BC/P A B 4541 1 38 LOP % &t ; KMg—BC Al
KMg-BC/P & 45 & 485 BEn 2, Hre L U
AR F L SATE, BNS SRR 5 HF A
MLOP F AR P, I AR 5 5% 5% Bsf (] g 166, 38 43
A BRI R AR FR AR K AR Tl R Tl O 3
W AR FIm SR , 2 iR FeUE (1 HROP 3% Ak R 1 M 5 e
9 LOP Fl MLOP®, DU I &7 4 v A A= ) A= K il
Wio A KMg-BC/PJ5, -5 LOP #l MLOP 19 7% &t
KF AP, X 7] GE 2 [ KMg-BC/P A 5 % 47 1Y
K i JCHLEE AT LA 43 5% A6 S LOP A MLOP™, it A
KMg-BC Fl KMg-BC/P Ji5 i) 158 HROP Jli /b i K Tk
U IRA LY 83X R i T KMg—-BC Al KMg-BC/
P BEAE DE G P R P AR 2R 14 A2 4 AT NG X HROP
T AEE R . ZEREFRET N, 1 BE 4L A0+ 8+ KMg—
BC 2H 59 a8 P A FLEE (MROP) & 2 Sl /i 34, i
A B PR Ry T HE A - A R R AR R
FEAE 2508 MROP AN W% Ak S 3 M0 1 AT AL
ifif 15 +KMg-BC/P 41 MROP & & Wik fin , % 2
Hi T 78 i KMg—BC/P 1) + 3 v Jo L 4% 1k i MROP
R R T B AR ) K SR R X MROP #9471k

R3 BAETELAREELNBERE (mg-kg")

Table 3 Variation of inorganic phosphorus content in different treatments (mg-kg™)

Soil+ KMg-BC/P

15 368.03+7.69d
30 460.42+38.48b
45 401.63+18.167¢

60

331.08+20.16e

285.69+8.25h
286.71+6.24b
324.27+14.63a
346.11+8.52a

185.07+5.82¢d
188.16+7.601c

229.15+10.20b
247.63+6.13a

165.78+23.58b
232.01+10.38a
235.01+3.74a
238.93+7.92a

154.59+3.50cd

142.83+2.57gh
170.27+5.40a

151.23+6.79def

IR 4H Experimental groups  Fif 8] Time/d Ca-P Cas—P Al-P Fe-P 0-p Cai-P
+ 4 0 32.6242.00  10.11:1.53¢  49.40£323efg  93.12+4.15f  172.51:6.05a  85.02+2.00f
Soil 15 28.92+1.01f  9.77+1.0lc  44.19+3.02fgh  115.43+0.42cd  143.11:0.84gh  86.87+3.52
30 33.96:1.01f  9.27:050c  36.88:1.76h  116.15£0.52cd  138.07+2.52gh  90.90+3.53cf
45 4041£1.76f  9.89+0.0lc  37.39+0.25h  96.75:0.73¢f  145.63:1.68cfg  89.90+0.50ef
60 25.05:151f  12.44x151c  41.9242.77gh  116.47+1.56cd  135.55£6.72h  103.50+1.01be
4+ KMg-BC 0 27.58:0.58f  12.46£0.58c  54.60+1.90cf 111.45:7.06cde  162.43+1.68b  90.40+2.02cf
Soil+ KMg-BC 15 3228+4.54f  9.10x1.54c  59.64:10.69¢ 108.34x8.95cdef 152.35:1.68cde  87.38+2.67f
30 37.66:2.09f  10.78+1.74c  35.79:391h  115.95+1.0dcd  154.03+4.44cd  98.13+1.54cd
45 3545:227f  1241:051c  36.63x4.48h  102.46:4.52def 159.63+4.23bc  93.76:0.58de
60 23.53:2.61f  14.46:133c  38.81x1.62gh  120.10:3.74c  144.51:5.40fz  101.82+2.10bc
-4+ KMg-BC/P 0 1969.02+25.36a 284.8016.78b  175.04z0.77d  151.25:1.04b  174.77+3.85a  100.95:2.91hc

91.07+6.86ef
102.83+4.07bc
106.19+3.82ab

111.90+2.10a
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R4 BABTERRESENHESE (ng-kg')

Table 4 Variation of soil organic phosphorus fraction contents in each treatment (mg-kg™)

R s 1] T PEAT BLAE AT A DL R A HLEE TR R AT DL
Experimental groups Time/d LOP MLOP MROP HROP
+ 45 0 11.21:0.21g 45.29+2.09i 15.77+1.56de 17.87+2.02ab
Soil 15 13.31+1.85¢f 59.65+8.46h 14.85+0.96def 15.92+0.55bed
30 13.04+0.70f 90.313.58¢f 13.810.95(¢ 14.84+0.58cde
45 13.030.85f 96.79+8.23de 12.91+0.66¢ 14.25+1.83de
60 14.94+0.01de 97.17+0.72de 12.110.95¢ 12.58+2.17¢f
- HE+KMg-BC 0 12.87+1.03g 42.92+4.79 15.96+0.77d 17.76+1.06abe
Soil+KMg-BC 15 14.97+1.87de 73.88+0.50g 14.92:+0.78def 16.081.49bcd
30 15.8120.13¢d 86.03+2.23( 15.94+0.56 14.94+0.63bede
45 15.58+0.65¢d 99.61+5.15d 13.97+0.66efg 13.49+1.07de
60 16.010.35bed 101.55+1.43d 13.24+0.81(g 10.05+1.83f
46+ KMg-BC/P 0 12.880.05fg 45.26+0.05i 12.57+0.11g 19.78+0.21a
Soil+ KMg-BC/P 15 17.81£0.51b 114.41£5.72¢ 22.78+0.11¢ 17.50+1.89abe
30 19.98+0.93a 123.64+5.66b 34.84+0.31h 16.12+0.53bed
45 16.82:0.64be 134.38+1.25a 38.16+1.54a 12.47+2.67ef
60 20.10+0.65a 138.97+1.45a 38.27+1.38a 9.69+0.89f

YEF, T B MROP (1) 25
2.3 KMg-BC/P 3% T 1&g & MR #2 0

- ST B R U ) SR S — e R B RN T
T IEREZOIR DL B L IR &l 1, KMg—-BC/P (1)
T AT A B v b R R N . 3 iR A
PR P 0 A T A i A 5% 5 P ) 198 16 0 T A T 1 i
FEIE D R A B SR ] 340, SR RUE YRR B
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Table 5 Effects of different treatments on soybean growth
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