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Effects of Different Conditioning Agents on Phosphorus Uptake and Form Changes in

Phosphorus-rich Soil
GUO Liuming, LU Shuchang”
(College of Agronomy & Resources and Environment, Tianjin Agricultural University, Tianjin 300392, China)

Abstract: In order to solve excessive accumulation of phosphorus in the soil of intensive facilities, this study conducted a
pot experiment to explor the effects of different types of soil conditioners on dry matter accumulation, phosphorus uptake
and changes in soil phosphorus forms of waxy maize. The results showed that maize grew best under biochar 70% + alum
30% treatment with the highest dry biomass of 44.6 g/plant, increased significantly by 19.57% than control treatment. The
application of conditioner decreased the contents of total phosphorus and water-soluble phosphorus to varying degrees. In
terms of changes in soil inorganic phosphorus composition, 100% alum and 100% biochar treatments increased the
content of slow-acting phosphorus sources, and 70% biochar + 30% alum treatment significantly increased the content of
fast-acting phosphorus sources. Biochar 70% + alum 30%, biochar 30% + humic acid 30% + alum 30% treatments
effectively inhibited the activity of soil alkaline phosphatase and the mineralization of soil organophosphorus. On the
whole, biochar 70% + alum 30% treatment has good comprehensive performance in releasing soil potential phosphorus
sources, improving soil available phosphorus sources, promoting crop phosphorus absorption, and improving crop dry
matter quality accumulation.

Key words: Soil conditioner; Phosphorus-rich soil; Phosphorus uptake; Phosphorus form change
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VA TRV, A7 2548 1 e it P - 39808 JHE R 5 v ofe e
R el R RPN

SRR BE R A B b M rh R R e B
PR | A PR B LR BAE YT R R 5, BT s £
BOARDL | 398 - e T Rr2b DD RE | 05 1 iR
i BE RARAOVERT, $ - S BRI BLIAT Lo
FERUPHEEA | DM | BRI =T
A= W) ST BAT A 22 LA LU SR TR B R AL, Xk
5 R AN R AE AT Bl AR, T DL gt A as
BRI, BEATORE 2  Je U P A e R B,
W BRI o S M ke 1) S G WAL, Ik B Bl
IR A A, DTS 7 S P I PR 5 R
7RIS (] I T o/ N = L0l b S e 1 KB
Bz, B . RERAE AL, Ry 15
1 — B o3 R FRBE WA 22 A g U BRI,
HRLT AT AT Al - b [ 25l 15 i, iy R Ak
P, ARBEAEPIXT 1R R A ORI T,

Zia EANAMIE T RE A B, H AT T
SRV B X 4 e R o B BB O oY R A A
B — 1 A IR B, A [ 4 AL B ) 25 24 45
it BB A o R, ASBIE ST 1k T A W B e
BRI . AR TR 3 Fb AR OB W) B 8 300, WF5E
A5 15 TC e FH X w9t Ml 2R Wl R I 258
R R, 5 7E o B 5 e 2K 0 B R RS R
Pt T o B 9 e 4 R B A, LB 1k
VA= SIS T2/ 3/38

1 #RERE

1.1 RIEH A
HERAEY ARG ER QR 60), AH W12 85 d.
PR 5 SR [ KT RE XK AR S 4
V18 152 it s = 4 o 3% DRI AR 1 B DA TR b L B ISR SR
K-S E, RS, KRR, A
AR AR T L 1

F1 I HIEEARE USSR

Table | Basic physiochemical properties of tested soil

FHLF(g/kg)  &Wigke) 2% (gke) A 3 W (mg/kg) pH ik (g/kg) FH &% 32 e B (CEC)(cmol/kg)
29.60 493 2.94 487.18 7.75 0.57 27.61

3 A VR SR o P AR T L SRR R .
B, ELARBEEHR L 2, 3R HR F B 2
2.4 x 10 kg/hm* 18, FHow MR R4 918 10.0,
0.63. 0.94 g/kg T 1.
F2 iR tiEiEETERELEIK

Table 2 Basic physiochemical properties of tested soil conditioners

AL pH  HA(gkg) E#(gke) AHLFE(gke)
EYIFR 8.30 2.87 5.90 85.37
HTEL 2.50 - - -
JEHIRR  4.85 473 437 70.96

1.2 Rt

IR R R B R = P it T, ik 7 A b
TIC REAR B, JCIBER) . T2(EW ik 70%+HIHN
30%). T3CEYITR 50%+HIHL 50%). T4(EY) TR
30%+IEFERR 30%+IIEN 30%) . TS(WHHL 100%) . T6(JE
HEFR 100%) . T7(CEYIFR 100%), FEARHE 3 REK .
PR RS AR T JE i 5 mm B, 2 G IR 5
FREORH R 9 BE I B R I L S RS R A
22 cm, [F04£30 ecm, FH4E 18 cm WL %L,
T+ 5 kg, VHHER— MR o REAERE RN 3 RAh
T, FRH R BRI S) B EOK 2 k.

RIET 2022 4F 5 H 9 Hib A5/ BAIEF, 5 H

15 B, 8 H 6 HIEE K 11 ~ 12 MEafilciR, & 1~
2 KB4 8:00—9 : 00 FEK—IK, BIRAEFHEK 600
mL, VKRR S K R LA T Y, T
BRBEER R, AIHOmEK S, RSB 900
mL. 356 (B AN it P AT Al AE AR

1.3 X5

131 REMR  FOKRTEREFE 30 d Fil 60 d XFH
A RAF LA TS , JHE b i SR AN A ROt K AR
I 2 T s (A R, ZEHH R AR R RO Ml 158 — )
(] S 25 (i R AR Tl &, i fE.(SPAD fH)2R H
SPAD-502 A4S 7 TH S () = - 18y i s B R i - 432
GRS

132 YT S IR R R e R
LRI EAR . 250 b SREERAT), T
Jo R B R A A SO R e R R () AT A T TR A
FORM R B U TR RS, SR HaSO4-
H,0, &AW sk e 1Y 2w =5 2
TH R R <

1.3.3  HEEEEENE RIS, SR LHER
v o AT SR Ve L R — e U T A i Lt )
SE , R R PR T VANV OR AR W H vkl
IR HERER F EALES A BOR P b e ke, 6
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BILA2H 53 AR 5 A P It e 90 () A6 A B 3 O
P, A S B R R P B R OR AN L ik
W5E, Lh24h J5 1 g HEEroReO My Y 22 e 8K s
ST A R A A 9 PRV b AL
Cay-P, Cag-P, AI-P, Fe-P, O-P, Ca;-P 6 FHEATT
PLBE A SR, A MLBE & o 138 Sk 5 B L
ZE,
1.4 HELIE

IR E K Excel 2019 #E474b 3, SR SPSS
22.0 BAFFATGE 43T, W Duncan 31 LSD it
T2 R EERR .

2 HEREHSWH

2.1 ARAEFAER TRHEERKERA
AN [V AE PR F KA AR DL IR 30 K F KA K 1

(60 d) 1) Bk r=i 76 Jiti 217 8 B 70 9 b B b e 3o
T2>T3>T4, Forf T2 Ab#EEFXTE T1 4b3 5.88%; ifi
FHEA— BRI B, BRI DL TS AR, B3
e X HR AL B 15.84%, T6 AMFHIRAG . WA FKZEHIK
F, dIAVAHEG0 T2, T3 AbBEAERAR T 30 d F160 d
PIRAREE RS A BA— R B AY To AbFHAE 2 4% vl
60 d FAR ERAZEAACK, X IRALEE 16.31%. M
R ORI BRI BB, B4k 30 d IURGE
e KRR K 30 d 60 d (B FE A A BR AT
WA BEES RN 60 d Pk E KA - $rE i
FHZHA VBRI BB LA T3 &50F, T4 bR, (KT
X HEALEE 14.44% ; PR— PRI AL H R T6 At A iU
Ko AR EARMKIATE , TR X oK
MR 2R MR AR A R RREE G, HP L TS,
T2 AT, HUOE T3, T7 b3,

x3 FRLEFERKERKR

Table 3 Waxy maize growth statuses under different treatments

b B B (cm) 254 (mm) % it,(SPAD 1)
DAS 30d DAS 60d DAS 30d DAS 60d DAS 30d DAS 60d DAS 30d DAS 60d
Tl 77.0+33a  1105+£3.7bc  11.97+£2.02a 11.65+045b 53+1.7a 9.0+08ab 282x1.1a 378+l6a
T2  773+38a  117.0£83ab  1253+1.54a 1247+073ab 67+09a 87=12ab 273+54a 33.0+32a
T3  713+19ab  1165+9.4ab 12.77+144a 1293+1.14ab 73+05a 93+05ab 273+46a 367+0.6a
T4 740+49a 99.7+9.7¢ 943+1.01a 1140 £0.36 b 63+05a 7.7+0.5b 27.1+35a 423+19a
TS 76.0+28a 1280+ 4.1a 12.43+1.39a 12.93 £ 0.05 ab 63+05a 9.0+0.8 ab 245+2.1a 404+28a
T6  63.0£24b  113.5+3.7abc 1034+0.77a  13.55+029a 50=14a 97+05a 29.1=43a 37.6+08a
T7  685+69ab  117.5+29ab  1221+134a 1220+£098ab 6.7+£05a 9.0+08ab 21.1+44a 40.0+09a

4 : DAS30d. DAS 60d 5 HF/R A% 5 30 d #1160 d; RIS ER /NG F AN [R] w4 BE W) 22 57 8 3% (P<0.05), T,

2.2 AREEAEF X EE KT YRR E 0

ER RN

1 it FH 26518 B A Ak B HORE T OK 0 T 4 TR
S0 5 0] MR A BEORH B I AT O TR BE A 3 = (B 1A,
ol T2 A BT A R, W e A
P 19.57%, HRSE T3 AbBH; Jiti FH S — B A4 b
HL L T6 A FRES AR, 5 %) B AL HRAH LA T 8.79%,
RS TS A3 SARRT , Jiti FH 215 8 250 b 2 1Y)
G 2K W T R BRR 0 AR bt P B — 9 ) A
B, Horp LUt AL A R Y T2 AbH 4 R R
15, M 44.6 g/plant, MKE T KA B H K E (B 1B),
T Jiti FF 225 98 ER 790 A9 Ach B AR T2 A O R Tl e
B A RAL T 115.50%, HORGE T4 AbFE, T2
b 3R B OK TE W B i IR SR 2 5 it FH R — A
PR FE DL TS Ab ARG FOK W il i e ey, W
X RRALHE 61.83%, HUKJE T6 4B, T7 4bFHAYHE

TR iR b BRKE it ALA IR R A 2
T, REE R B AR T — R B A, B
W T2 Ah PR R, R 0.119 g/plant, B3 E T
X R A B
23 AFEBAEFER T TEBREEETHREME

BEER AR T L

Jiti FH b SR B 5 4 v S K U R A
5 LRE AR A AR TR (& 2A. 2B). TE)fE
LA TR AL B, 3R LA T3 Ab BRIk
%, SIREM IR T 4.01%; T4 ZbBEA K7
B I BCEARMEA L B E PR T 22.99%. Jifa R —
JHERR AL E R, TS AbEE MRS R IR,
IHERBERAR T 4.54%, HWOR T7 408 ; + 3K
PERE SR T I, T6 ALMFRARE I W, L IEa e
TRET 20.96%, HKIE TS5 Ab3, SARE, HEH
BT Ab B T4 b BT AR - b oK 7 Ml A i
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Fig. 1 Effects of different conditioners on dry matter accumulation and phosphorus uptake in waxy maize
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BERRART 30.43%; it FH S — VR BE ] (4 Ab B
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Fig.2 Changes in soil phosphorus forms and alkaline phosphatase activities under different conditioners

24 AEPAEFEATLIEINBASSE

2 R I AT Ry BT LCKE - TG AL 4 503 50
BAPERIR (Cay-P) . ZZAMEWER (Cag-P ., Al-P, Fe-P),
TRIEVER R (Cayo-P F1 O-P). H1 &l 3 A1, Xt T Ca,-P,
PR AL VBRI AL B, R T3 B00) R AL FHEA T

A5, HAbA PR AR B 3 T S, Hop T2
Ab PR B A, O REAL B BN T 29.46% ;
Jiti JF) B F ) b B (4 Can-P 5 12 55 0] BR AL A L34
AR R, Hrp 76, TS A5 53 FRET
37.51%. 36.48%. MZAMHEBEIEATE , T4 Lb3 14
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Cag-P Fim i F K T HAWAL B, TS AP Cag-P &M
EE R T7 AbERAKT IR AR P = T 8 ALP
ik, HUOE T3 408 T5 ZEFRXTE & 14 Fe-P &
RARCR R B, WO T2 AbH. B IR
(Cag-P+Al-P+Fe-P)[) B & oK E , 414 THHER b 2
o T4 T2 AbPAE T RE AL BRI AT R IRIFRE A R e, 3
H L T4 Ab A0 B/ 22, T3 b BEASOGE IR A0 20
AN, BA—JERIA) TS, T7 AbFREST IR A FRAA
ANTRIRR B 34, T6 AbBRIIAT I FAIK . B T4 AbBE4),
HALABESS R RI R i T 38 O-P i, Hrpl
T7 KRR AT 5 TS AbPE Cao-P 5 5 3 = T HHb
AbEE, HIRIE T7. T3 AbBL. ZEAWEEREERRE ,

it 20 A VR B AL B R T3 T2 Ab B AR ) IR Ab BHAH L
YA ARG, Hr T3 MKz, T4
Ab 355 6T B AR BEORH L AT BT RRANR 5 it FH o — 8 B A
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oL
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o BAKE, T2 AbHIHE & e v B IR Y 5%
JAhY, IR R B R XHE B HER BE T, Rl
AT DA — s R B 4 o T TR IR o i IR B R
(R IR Tt 2 ARG
25 AEAEFERATIELXIBSEIBSE
bk %%
AN A B A 3 e TOHLBE S5 A U & B e an
% 4 PR i AL E TR B R R R RS T 10
SEPUER G L, Hord T4 AbBE 3 R WU 5 e
by 48.98%, LU T2 AbBE; Jits FH s— IR BRI Ab
TIESANBE S L T M ES, SAgEHE
39.86%, T7 AbFHEAHLEE I Lk 28.85%. iAok
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Fig. 3 Soil inorganic phosphorus contents under different conditioners

T4 FELETEEVNBSENHES

BB

Table 4 Comparison of soil inorganic phosphorus and organophosphorus contents under different treatments

Ab S TCHLEE & it (g/kg) AL (g/kg) MBS R L (%)
Tl 2819.97 + 88.89ab 132523 = 135.11¢ 3193 = 2.77cd
T2 2838.80 + 108.12ab 2079.95 = 117.71 ab 4228 + 224ab
T3 304428 + 78.45a 1483.48 + 361.68c 3235 + 529cd
T4 2506.64 + 138.26¢ 2409.04 + 179.04 a 4898 + 3.24a
TS 3086.44 + 128.03a 1616.69 + 278.16 bc 3422 + 4.80bcd
T6 261824 = 13934 bc 174486 + 251.75bc 39.86 + 4.72bc
T7 3085.19 + 106.60a 1252.53 = 142.49¢ 28.85 = 3.03d
3 Wi WS IR R AR PR DTE T, RIS S )

FACBTFE R, 3 P oSN 2 1) AR B v LA

7o kL S Bt R B AT A1), Al
X 25 i A5 PURIF 5T 2 W AR R T DA i R A g Ak

http://soils.issas.ac.cn



534

SR A« AN [l ] B X0 o 0 Sl 3R e S B A A i 493

i $ e IR R A RO L WO R . EE R
IR -39 v A B AL . B RRLC G £ 49 T 2 1T DAAS ]
e AR IR, AR EFE YN SR TR
M R RS P e P2 AR e A T AR 4
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FRTY R B A — @ EAH 2SR, £
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FELERME A AN, AT BE R PR —2E AR A e ) 45
i, VHERRVE R AN TR A3 o VR BE A it A R X
REEY TR R A — A, FEE T2 bk
YA 70%+EHAIL 30%) AR50 B o B, [ i) X2 i
4 2R R MSCRIC SR A, B b - Bt A 4 I e g b 3 5
U T3 A FR (Y % 50%+WIHL 50%), T4 ZbFR (4
Yk 30%+EHERR 30%+IAHH 50%) YRR 2% . X
5 IR ET AT EE FE AL, AT UL E B A4 45 T it
FHAE 2 R S A [R5 R 53 179 VA B0 o
Z5 . WIRLAE R - SR RS0 B o e EEASTR AL, FTE
JE PR FELO A A A B 2 ) 9 5k v A A 855 XU
TSN VEY I IE R AR R WL it 5 A
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B R (W DTVE R W LA SR LI B Ak
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