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Fertlllzers on Nutrients and PhoSphdrus Forms in Purple Smls

XIANS; Shu fjang" | YU Luo? XIONG Zi-yi', LUO Dong- flal WANG Ylng yan' | DENG Zheng-xin' | WANG Zi-fang' , GAO Ming'

(1. Col Iege of Resoum!s and Env1r0nment Southwest University, Cﬁongqmg 400-7‘r5 China; 2. Flood Control and Drought Relief Dispatching Center, Bishan District,
Chongqing Clty Chongqing402760, China)

Abstract; This study investigated the changes in purple soil nutrient content and different forms of phosphorus content under the treatment of biochar combined with chemical
fertilizers and organic fertilizers and explored the effects of different fertilization methods on purple soil nuirients and phosphorus forms to provide a scientific basis for the
rationality of using biochar in the purple soil area. Using the pot experiment method, we established the following treatments: control (CK), traditional fertilization (F),
chemical fertilizer +20 t+hm ~> 2 tice husk biochar +10 t-hm >
t-hm =2 rice husk biochar (PP) , and fresh organic fertilizer +20 t+hm = rice husk biochar (NPP). The change in soil nutrient content and the conversion between different

rice husk biochar (FP), chemical fertilizer +10 t+hm corn biochar (FPM), organic fertilizer +20
forms of phosphorus were analyzed to identify the effects of chemical fertilizer and organic fertilizer combined with biochar on purple soil nutrients and phosphorus forms. The
results showed that; () The application of biochar can increase the pH value of the soil. Among the treatments, PP and NPP had the greatest effect on pH. The pH of the
thizosphere soil increased by 1.78 and 1. 87 units, respectively, compared with that under the F treatment. @) Compared with the F treatment, the combined application of
biochar (FP, FPM, PP, and NPP) significantly increased the content of soil organic matter, total nitrogen, total phosphorus, and available phosphorus, showing an obvious
thizosphere effect and significantly reducing the content of available potassium. (3) Compared with the F treatment, the PP and NPP treatments significantly increased plant
biomass, plant total phosphorus, and total potassium content and significantly reduced plant total nitrogen content. @) The most important phosphorus occurrence form in the
soil was moderately active phosphorus, which accounted for 46. 64% to 57.46%. The application of biochar can promote the conversion of soil insoluble phosphorus to
available phosphorus , increase the ratio of active phosphorus to moderately active phosphorus, and show obvious rhizosphere effects. &) The application of hiochar is beneficial
to the mineralization of soil organic phosphorus and can promote the conversion of NaHCO,-P | to NaHCO,-P, , with the mineralization under the PP treatment being the most
apparent. The combined application of biochar can improve the soil phosphorus status and promote the conversion of soil insoluble phosphorus to available phosphorus and the
mineralization of organic phosphorus; among treatments, the PP treatment had the greatest such effects. Therefore, biochar combined with decomposed pig manure is the most
effective nutrient management strategy in purple soil areas.

Key words: biochar; purple soil; organic fertilizer; soil nutrients; phosphorus classification
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Table 2 Basic properties of biochar
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Table 3 Fertilizer amount in each experimental treatment

o m(fLIE) /g AP FEANUE  RSERRR BRI T

IRZ RS A /g /g /g /g /g
CK — — — — — — — —
F 5.70 21.87 3.05 — — — — 2. 16
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NPP — — — — 337.12 133.35 — ——
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Fig. 1 Effects of different treatments on soil pH and organic matter
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Fig. 2 Effects of different treatments on total phosphorus and available phosphorus in soil

2.2 AKAEAUAE B O i AE 9 e Xof 48 40 4 52 0 5
b=

M4 ATHL o (2R ) ZTE 0.56 ~0.85
g-kg™', 7E AR PR £ b CK &b B B K (0.56
g-kg™), 5 FACEEAH H, BC it AR ) % (FP, FPM |
PP F1 NPP) &b FRAG AR bR - 3 4 R & & W E I (P
<0.05) KK E 16.67% , 21.21% . 7. 58% Al

28.79% ; w(i£ R #) M 152.07 ~ 616.10
mg-kg ™', 7E ML BR 1 4 b F &b B B (61610

mg-kg "), it AE 1 e Ab B0 AR B 1 AL A
HEF AR FFEM(P <0.05); o(&H) M
o (B ) 43 8.67 ~ 11. 16 g-kg ™' F1 50. 70
~69.16 mg-kg ™", Fijiti A= H s Ak P AR Py 4 3
RO R P A BRFRME AN 3 (P >0.05). Bk
T A ) i Ak B )RR B A R IR 4 i R B
) 308 8 AR B 30

2.3 ARHEAA HUAL B A P o XA R A= ) e AR
O3 E I

ANTR] A B X AR v AR ) (R S I AN R 3
7. A HLAEEC it A= 4 s AL BR (PP AT NPP) FRK = 88 F
LB BIEEI 30. 46% F1 40. 40% . LEFFAEE |3t B
W PP AL TR R 153.5 g, NPP AR FRE AR N 112 g
e A= 4y A BE (FP . FPM . PP 1 NPP) 4 b3 T
i F Qb BRAR B 23.96% ~ 47.92% , H:vh PP I NPP
AbFRA T . A HUIE it A= 4 oAb B F AL B I
EPEE TR AR A AR T E (P <0.05), H
PP AbFRACR A

ANTRL A BT A A 2R Bl R 5 o 1 5 e L R 4
s, o(FRRAA) H 13.99 ~20.59 g-kg ™', Hr
Ficita 25 4 e Ab B 5 E AR T F ARFR (P <0.05). PP AN
NPP b o (FEHR 2 W) B E &S T F AR (P <
0.05) KUK HER 91. 13% 1 93.97% . PP £ NPP Ab
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Table 4 Effects of different treatments on soil nutrient content
el 4 i fE R IS A AR R
Kk e :I:Ekl) i%fPl) w(ﬁﬁk%fi) o(FH )ijl) o(# )ijl) w(:_xﬁzﬂll)
/g kg /g kg /mg-kg /mg-kg /mg-kg /mg-kg
CK 0.62 £0.03¢ 11.16 £1.29a 58.57 £8.75hbc 23.62 £1.08e 10.81 £3.43b 223.30 £1.81d
[ F 0.76 £0.01a 8.67 £0.04b 75.14 £0.23a 269.21 +24.36a 24.64 £4.91a 573.86 +4.88a
?;]% FP 0.64 +£0.01bc 9.41 £1.70b 50.70 £2.13¢ 234.76 +14.32a 9.67 +6.66b 273.12 0. 64c
:E FPM 0.67 £0.01b 9.66 +0.47bc 66.68 +5.25ab 141.03 £0.02¢ 8.92 £1.75b 280.80 +0.72¢
H PP 0.63 £0.02¢ 9.88 +£0.87bc 49.15+0.0lc 197.45 £6.77b 3.07 £0.49b 323.18 £9.14b
NPP 0.61 £0.01c 10.19 £0.45bc 50.71 £2.33¢ 84.60 £1.35d 4.16 £3.71b 311.84 £4.35b
GCK 0.56 +0.01f 10.48 +0.71ab 51.10 £4.78b 53.04 £2.71d 4.56 +0.63b 152.07 +3.63f
i GF 0.66 +0.00e 11.78 £1.86a 69.16 £0.61a 385.87 +27.01b 13.19 +£3.86a 616.10 £9.04a
£ GFP 0.77 £0.01¢ 9.97 £0.04ab 68.36 £0.07a 391.61 £2.65b 7.29 £7.22b 426.62 +3.24d
ij";g GFPM 0.80 £0.01b 9.24 +£0.42b 62.14 £2.70ab 450.94 +18.91a 18.34 £0.07a 485.33 +4.22¢
GPP 0.71 £0.01d 9.97 +£0.50ab 58.47 +7.77ab 207.97 +15.18¢ 3.82+1.12b 351.9 £4.12e
GNPP 0.85+0.0la 9.72 £0.25ab 66.11 £6.18a 85.55 £16.23d 6.29 £3.50b 521.51 £2.52b
D) AN [RING PR R R AN [RIAL BT [l — X8 ) (9 1 2 25 5 (P < 0. 05)
1401 (a) Hib kit a (b) Hikk: it
120
a
100 _‘Ii_ =1
5 ab ab '-'51.
'hz 80 L b —E— ﬁ
E H
= 60 f ﬁ
40 +
-
20
0 - 2
CK F FP FPM PP NPP J:ﬂwiﬁ éﬂs Fili HIGBEER B TR
AT d> *%ﬂ/\%%ﬂ%@rﬁlﬂkiﬁﬁﬁeﬁw&j BHEE5 (P <0.05) ; (b) TRRUNE 745
/. 0 R T ) D VTR L i ) 55622 52 (P <0, 05)
” B3 REAEIHE GBS B R
i Fig. 3 Effects of different treatments on plant height and biomass
25 0.6
a () fidk2 R 6 (b) Hitk2i% a (c) Hitk=H a  a
- p - —- 05
e 20 F ab be W 5t o b .
= be cd o < 04 d
=5t d 2ty & 0 ¢
Eﬁ E‘L 3l be be E 03t
g 10 ® f &
= 2 2 = 02
3 st 3 3ot
0 0 0
CK F FP  FPM PP NPP CK F FP FPM PP NPP CK F FP  FPM PP NPP
ARG FREFR R AN R AL BT MR IR 43 B i =2 (A1 b 25 5+ (P < 0. 05)
4 REREXHEHES & BB
Fig. 4 Effects of different treatments on plant nutrient content
) o (FERREH) BT FAFI(P <0.05) 4k FP, FPM, PP Il NPP i Ab BEABEIE 25 5 L3R

AT 91.13% F193.97% .
2.4 AKAEFIA HLAE B i A= 4 o % 46 6+ 9l A7
il

W OE & R B4 o 0 MBS (H,0-P I
NaHCO,-P) 1 IEPE#E ( NaOH-P Al HCL-P) FlERZS
B (hHCI-P 1 0-P) "'t 5 nI 1, F b P A 8 E
B (o) PEEEVER > W PERE > RS T

HRRETE MR > RS > IETERE. 5 CK AbBRAH LL i
JIE Ak 3 34) i 6% B8 ey 1% P gl AR b R 0 Ml L A7) R AT

B e W& & L, Bl Y ik (FP, FPM |
PP 1 NPP ) A3 1% 3 Pl 0 v B 3 P il 75 i 34 e
T CK AbEE (BAGF F ARE, o g HLAR B G A= 4
2 (PP NPP) Ab 350 5 47 —F A0 B e it A5 4 ¢ (FP
FPM) Ab 3.
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Table 5 Proportion distribution of different phosphorus forms

e fGRER PP RV VR e
Hi/mg-kg ™! it/ % H/mg-kg ™! i H/ % i/ mg-kg ™! /%

CK 53.13 13.00 190. 62 46. 64 164. 99 40. 36
F 279.05 30.43 448.03 48.87 189.78 20.70
Fp 95.46 16. 12 340. 19 57. 46 156. 39 26.42
FPM 109. 72 18.30 333.03 55.55 156.73 26. 15
PP 155.62 21.23 388.59 53.02 188.72 25.75
NPP 129.90 19.78 355.87 54.18 171. 04 26.04

2.4.1  [RIARBEXS - HEVE PR AT A S iR 152

RS mTn, AEAR PR 43 o (35 PR ) TE R
26.30 ~ 187.92 mg-kg ™', CK Ab A%, F Ab 3 &%
s ARBR o (75 PEBE) YUY 26.83 ~ 95.65
mg-kg ™', CK ZbFEFAK , PP Ab ¥ i 5, AL AR e jiti A 4
e (FP Fl FPM) Kb BREE F AL BRI /D T 24.70% F11
26.97% , 4 HLAC L A= 4 5 (PP il NPP) Ab BEAH H
T F AP AT B . B 2R ¥ e (FP FPM |, PP Al
NPP)m&ﬁ@*&%ﬂ%%ﬁf@%ﬁ%&%gﬂyﬁﬁ
(P<0.05). #t— L W HAKBES SR EN, 5
CK AL FHAR LE , HALAE (F) uﬂnﬁ@mi%ﬁuﬁ

(AR f: £ 8¢ ﬂlﬂfﬁaﬁco -P, 1 585 G
0. 05) }VaHCﬂ ~P,U ﬁaﬁﬁﬁﬁ“ﬂiﬁ ﬁﬁlﬂ F W fPP
ifﬁﬁﬁ’]'ﬂl%%ﬁ% . T/ Y ,-:r"'_'
T - [ NaHCO3-P,
180 | X [ NaHCOs-P; ‘
T, 160 F - B H.0-P &
2140 b
@ 10t
B
ﬁ 100 | al s s
5 T . B 3
g of o BB e
S af H “I ﬂ o
D €
20 T3 -
ey H H e |

A NG FRER R AN FIAL B ) — X 2 (0] 4% BAA BT & 5
M M2 5 (P <0.05) , ANFIRE FREFR R AR AL 2T 7 —
D2 [ 37 P A A1 8 35 P 22 57 (P < 0.05) 5 CK Fermxf
AYAEARBR XA, GCK ZR/R T BRAL A AR BR IX 3585 7 1]
Bs5 ARENTEEERPERSSENHMN
Fig. 5 Effect of different treatments on active

phosphorus content in soil

2.4.2 AR A3 EEE R AR A S &
P52 ]

M6 AT %, AEMR bR + 3 o (BTG PR ) 7E
81.03 ~265.27 mg-kg "', Hi CK ZbFRAAR, F Ab 3
5 PR 8 o (PR PERE) 7E 109. 59 ~226. 53

mg-kg ', HH CK b B AIK, PP Ab 305 5 , i Jiti 2E

YWY (FP, FPM, PP Fil NPP) 4b B F 4k #LES N T

6.46 ., 14.89  43.77 F132.28 mg-kg . MAMiD i
Yy Ab R A AR PR b 8 1S PR R i 0 3 S T HEAR PR

(P<0.05). Har BAARBSE A 00 & B L P, ik i
(F) FOHC A= 4 % A BE Y NaOH-P, A1 HCI-P, % &
B CK A HA R (P <0.05) T NaOH_—_EO il

HCI-P, F AL (P>0.05)w Ty o
300 _
A [ JuCl-p, [ NaOH-P,
150 —;— [JHCI-P; [ ]NaOH-P,
Tj&b - & T AB
50
E . 3 :I:
;% 200 | a|c BC BC = |
=) i K3 B
£ 150 BC [Eb) 5 2 “
5 - = C )
& B, Ee b |2
3"",'_5 cd b
£ 100
e S .}'.
H 4
1 a
50 a
a a a b a
be
cd pe
0
S 5

El6 TEAGERNTEREFERPERSLSENIM
Fig. 6 Effects of different treatments on the content

of moderate active phosphorus in soil
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- 100 [AB
80 F | p AB
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&
&4
r = |
g
_ I
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-
-
& =
I

a —1 aly E
3 40 b [
A
20
0
$% 5 Bf ZZ EE &%
&) = 3 5
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Fig. 7 Effects of different treatments on the steady-state

phosphorus content in soil
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66.74 ~110. 71 mg-kg ™', H:p FP Ab PR A, F 403
i s MRPR T o (FRASHE) W HIY 73. 06 ~ 96. 53
mg-kg ™', H 1 CK BRI, NPP 4b B f . d8 i L
WAABEA R, S HEA O-P S REFARE
(P>0.05); fEAEM PR 58 rp P st A= 9 ¢ (FP
FPM . PP FI NPP) kb FEAY hHCI-P, & 48 F ALFH
FERRAC(P <0.05) 5 7EARBR A3 it A= 4 o B
% B E RN hHCI-P, &8 (P <0.05) , Hrh PP 4b B
BN F AN FERE T 22.03%.

3 itig

3.1 ARMEAA HUIEHCAEAE 4 50k 53 pH A HLIR
Y& ass AL

T4 pH , A HLIT | A BRI 0 o B e
B R () 7 B AR M AR B
B, A [ ARy 20 S PR TR 50 5, 5 A B
FUAE R —E RIS R W LI (F) 2
WIS L8 pHL, Wi ACHEA: 05 (FP . FPM . PP REFNPP)
A T pH X 5 AR 41 O BFTE4s s 3,
DR B ) O FLAR St ) K s
%ﬁﬁﬁ%@%ﬁ@%ﬁ$m%¢mﬁ¢9ﬁ§%
— AR A AR R A X IR e A
IR H B BTN LRI UL A

WS Xk S pHL RS0 | S W T )

BB 2 Gk e b LI 22 el s it iR

AR I, BV A HLAE (PP ORI NPP) R
pH 1B B AR AT, R A LA o B B
B AT X 14 H T AL % B PR 7 HE 4
FIEIC L - S AL A 72 v, A HLAE 2 5 e
i JE— AT R 2

A PG A 52 S - A LR A 9 L
A WL 5% (PP AL NPP) &b B fr 388 1230 £
B B, 5 3R 27 R e 2 ) IR 4 SR — B
PR — 7 A HLAE B 0 ) 9 | e+
M AL o iy 57— A M 1 B B
B 1 AN 5 AT DR T ek A LR
FFRE ST, LR AT AT LA T, 380 ik 22 T P 05 1 £
BN TR AT RAHUR, #E— 38 906 DU
PrEET A AbTRAORR IR I WU A AR R
B, B A AR BRALURE | DA s T L A
PEHUIR R R H AR AR R R R R
3T 22 (9 43060, 4R 7S AR B 5 1 AT LR
FEUO LRI 2240 W RE A S0 2 R 3
S B8 T R R A 1 S, 0E— 2 35 A AL
Tt T LA 4 o KRR E B R BT et 48
FRCRH A

TE X - HE A BRI RO (MBI 5T o | G 2
Wy BB CK A FETT L 35 4 8+ A B A
WS i, X 5 Enders 257 A WA 25 A9 9 45
S, — 7 T DR A A T R 2
PR | T A0 LT 58 Ao B T/ i,
I LRI S3 LA TT ¥ M 1 B R RS A4 2, 5 LA
TR, T L B - R Y 5 — Ty
T J2 A A ) SR A R 25 508 pH, Bk
A LB A5 R AL A TR AR g
et 2 W A BT R R CK b T A 4 7 e
AR 2808 O ik AELATS A% T BP0 A ( ) b 38, L5
P T B4t A I 40 16 - i A Kk R
O S LAEE S0 Y RS 005 AL 5 -l O i, Rk
R R SRl U 5 1 DU , 6 )
MU, ATl 260 T 5 5 % T A 5 R i
DA 15 5 A 1 B, 5 AR K g 40 75
YA WA R 105 e K, DRt R A 4 e
SO A6 A D, HE P LA B 4 56 PR A
NPP) 4b 3 (RO % 2557 AR Y
BF5E B LM 43 40 B — o ) P LR 1 ¢
SO, BIVRRPR 8 (Rggae a5 53 W) 80 T A AR PR
M, AL G5 R~ B, SN, A S R LRSI 4
ﬁﬁﬁ%ﬁg;ﬁéﬁﬁﬁﬁFﬁﬁﬁ%%MJX
5 5 UL DA B S 5, R R A A
BT LA 3R RO RE B AL LS OB R ST 42
AU AR T i R AR, LR
12 05 R B8 85 402 0 0 0 15 W ), AT £
TSP A S A
3.2 ARAEAE B B it A 45 0k 2 kA 3
Vs (AT

AT 5 Bt A W) ok Ak R (FP, FPM, PP A
NPP) iy bk #5%E F AbFRI A5 45 5 , JLrh FPM, PP AN
NPP 4b 3R B 4, 35 5 FEA 2 OB T2 45 SR ).
BRARSE 2 BT 58 2 UG 1 0. 5% 17 5 R 4
SRS SRR RO BRI R BUTE LM i
FHAE W5 ) LA 3 S5 ke 5, LB it 45 A 0 3¢ it )
BRI L. 53 AMERCHE A DR | ROBRAR 2 Py it
5053, Forh PP b FIF IR AL, B h TR
BN AL R THIPIAR R A K IR A 4
S A B B A B - K PR,
AR 28 9 22 5 0 6 05 T 2% 1 , IRk 8 9 1
KLY 457537 Sigua %5 BIBFIE & BLER /)N
FETERAE A SRR A A ) e B AR 2R A K433
KM 36% FN 44% X 5 AR LS RARL.

ABGEH, 5 AR AR H , RO 5 Sk
5 WA AU ATT b 4 0 2 ik, A2 224 1) S A
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BB U Sy RNk s e ALES AT
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VAL A B 0 05 5 W P 204, Al 2 08 o
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L4 LR . B A
th NgHCO, -Ped i BT HE I, NaHCQEP, i il 5
(P <0.05) , FIRUE T AE AR A 5
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i 2 A FE Iy o PR o R
B e T 2 28 0 - 4 0 T A B IR AT A, i
TR IR B A ] o ) (T R — B AR
U SRR FE Y, TGS A 40 i T LA 8 39 o B 0
) LT 3, SRR ) A T 5 2 i -
BEIEAS LA 25 e —B, o PP AR B R R b, O
LS R AR B 2 H e o B 1 M
fry ELARBI 25 5% B0, TR0 MG 2 490 H A B F) NaOH-P, Al
HCI-P, S ik CK Ak F 4 555 B3, 356 138 B Lt 24
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FEAEYIRE S AL Fe S5 EHLGE™ , H A &
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