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Abstract:  Objective The availability of soil phosphorus (P) usually limits the productivity of fluvo-aquic soil. In order to
provide a scientific basis for improving P use efficiency and rational fertilization in fluvo-aquic soils, the adsorption
characteristics of P and its relationship with soil properties under long-term fertilization were studied. =~ Method We selected
seven treatments: no fertilizer (CK), no P fertilizer (NK), no potassium fertilizer (NP), no nitrogen fertilizer (PK), mineral
fertilizer NPK (NPK), half compost plus half mineral fertilizer NPK (1/20M) and compost alone (OM) in a long-term fertilization
experiment at Fengqiu, to determine soil properties and P adsorption capacity. The Langmuir and Freundlich equations were used
to fit the isothermal adsorption curves. Furthermore, the maximum adsorption capacity (Q,,), adsorption constant (K), maximum
buffer capacity (MBC), P adsorption saturation (DPS), Freundlich adsorption constant (a) and adsorption index (b) were
calculated. Correlation analysis and redundancy analysis (RDA) were used to explore the vital factors affecting the soil P
adsorption characteristics. Result The results showed that P adsorption in fluvo-aquic soil fitted both the Langmuir (R*=0.80)
and Freundlich (R*==0.89) isotherms. With the increase of P concentration in the equilibrium solution, P adsorption capacity
rapidly increased at first and then slowly afterwards. Compared with CK and NK, Q,, and MBC of NP, PK and NPK increased by
15.62%-23.60% and 2.94%-23.46%, respectively, however, K and MBC of 1/20M and OM reduced by 39.60%—49.57% and
36.09%—-56.15%, respectively. Correlation analysis and RDA results showed that organic matter (SOM), pH, free Al oxides (Aly)

and C/P were the main factors affecting P adsorption characteristics of fluvo-aquic soil. In addition, the DPS of 1/20M was

30.92% lower than that of OM. Conclusion Long-term combined NPK fertilizer with compost can increase the content of SOM,

reduce P adsorption capacity and reduce the risk of P loss compared with OM.

Key words: Phosphorus adsorption ; Long-term fertilization ; Fluvo-aquic soil ; Soil properties
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PR e e AR RS H 5 N (35°00'N, 114°24°E ),
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44 18.60 gkg ' HAA 9.51 mgkg . BB
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JE (CK ). RAEIE (NK), ZBEiiE (NP ), @4
MEAE (PK). ZBEHIHEA (NPK). 172 AHLAE+1/2
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Fig. 1
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Phosphorus adsorption isotherms under different long-term fertilization treatments
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70 BeAh, A ISR, AT DL A
L 60 7 i FES A 380X 9 2 O A5 0F A 52 ) o A BIF 5 28 ]
:.\: “ Langmuir fI Freundlich S5 i W B 7 B2 4015 45 Ak B
i U RIRE G AN P B EC)
S FEF SR RN B4 419 1 BT , Langmuir
Sy Al Freundlich 2615110 BH 7 Ty AT LA AR A7 ol 5 -8
2, BB R . Langmuir 14 9P E BB R 7E
0.80~0.90 Z [i] , Freundlich 141 R* 7£ 0.89~0.96
105 m 20 30 20 50 Z I, W] Freundlich #RYA] LATE 4 M B4DLH 1 %
WS INBEA 1 Concentration of added P (mg-L™) BTN
T ——— & HEIRAL IR0 SR S R 2 B . 15
Fig. 2 Dynamic changes of soil phosphorus adsorption rate Freundlich *ﬁﬂ '17 s 72‘35& a E/‘J jid\%‘%ﬁ%ﬁﬁﬁﬁ'zfﬁ o
*1 KHATERELEBRERRMAE
Table 1 Isothermal adsorption equation of different long-term fertilization treatments
Langmuir Freundlich
A B
S5 IR R B 7 S5 R B 7
Treatment R’ R?
Adsorption isotherm equation Adsorption isotherm equation
CK C/0=0.004 4C + 0.043 3 0.84 1g0=1.584 2+0.433 4lgC 0.92
NK C/0=0.004 5C + 0.038 7 0.90 1g0=1.621 1+0.414 41gC 0.89
NP C/0=0.003 4C+ 0.035 8 0.89 1g0=1.617 5+0.487 11gC 0.95
PK C/0=0.003 6C + 0.034 0 0.88 1g0=1.633 7+0.472 6lgC 0.94
NPK C/0=0.003 3C+0.033 2 0.90 1g0=1.620 3+0.505 01gC 0.95
1/20M C/0=0.004 1C+ 0.068 3 0.80 1g0=1.359 4+0.566 11gC 0.94
oM C/0=0.004 9C+ 0.084 3 0.86 1g0=1.253 1+0.584 61gC 0.96
x2 KHAFERAELESZZREHSH
Table 2 Isothermal adsorption parameters of different long-term fertilization treatments
iE N/ IR FRHTIHEEL TN RIS T B A 1
pos:l Maximum Adsorption Max buffering ~ Phosphorus sorption
Treatment  adsorption capacity constant capacity saturation ) °
Q./ (mgkg!) K MBC/ (mgkg') DPS/%
CK 229.5+7.7b 0.10+0.11 b 23.05+0.39d 0.54+0.04 ¢ 38.37+0.67 a 0.43£0.00 cd
NK 236.6£16.9b 0.12+0.01 a 27.08+0.58 ¢ 0.58+0.04 ¢ 42.77+£3.07 a 0.41+0.02 d
NP 289.149.8 a 0.10+0.00 b 27.90+0.47 be 2.41+0.26 d 40.87+0.67 a 0.49+0.00 b
PK 280.4+2.7 a 0.11+0.00 b 29.42+0.95 ab 7.32+0.02 a 43.02+0.32 a 0.47+0.00 be
NPK 300.4+7.8 a 0.10£0.01 b 30.12+0.94 a 2.11+0.06 d 35.57+7.80 a 0.50+0.02 b
1/20M 244.7£10.4 b 0.06+0.01 ¢ 14.73£0.88 ¢ 4.09+0.18 ¢ 22.89£1.49b 0.57+0.02 a
oM 204.3+4.1 ¢ 0.06+0.00 ¢ 11.87+£0.29 f 591+£0.21b 17.92+1.35b 0.59+0.01 a

T [FBAS[R) S Bk 3R AN [R] i A 3L 1) 22 5% i 25 ( P<0.05), R[] Note: The different letters within a column indicate a significant

difference ( P<0.05 ) between treatments. The same as below.
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1/20M il OM Ab# i a AR T H A& AL 35 P<0.05 ),
Hrp Ll OM Ab B a fHfR /N, K 17.92, PK ZbHEfY
afHf K, h43.02. S50 b S 1 W B o I BRHAE mii
MIRE R A RRIE) ARBIERY 7 b P, b (HE
0.408~0.585 Z[H], ¥I/NTF 1, ik F BB A7 55 7
ok i NI T = R ETR 2 i O we = 90 R 02410 s
BARL M, LA, Langmuir £ A LA
On. K. MBC #il DPS Y/~ B ARAE S50

O J& HIEBEEA AR, R T HIERE R
B s g 2 A KA O, {HAE 204.3 ~
300.4 mg-kg ' Z A, 5 CK Al NK £k, NP, PK
FINPK AEE O EXEN T 15.62%~23.60%( P<0.05),
OM b FEfY O fEFEMR T 11.00%~13.68%( P<0.05 ),
M 1/20M A3 O, (B 1A W &2k

K Iz e A S8 e A e Tl AR 2 1 W o S 0 T v
R PR . K HBK, RUIFE B, ehe
FI#RE P, peAl, K AR - HERE Z R bR RN Y &
FRRE, K>0 WM BRE B 0 76 T T [ & T,
AfEge, 7 MR K A7 0.06~0.12 Z[A], iX
2 BH A5 Kb 3 19 28O O B 2 T AR IR R B R
7o MIET CK Fl NK AbFE, 1/20M il OM b H ()
KAEFAR T 39.60%~49.57% ( P<0.05 ), CK ZbFH )
K{H'5 NP, PK fil NPK 4b#HJC i Z1E 22 5 0 SR,
NK ZbH K {543 5% NP, PK Fl NPK AZbFE3 i 1
16.26%. 9.06%F1 12.94% ( P<0.05 ),

MBC & R B R 25 A FaAn , [RIa se i T
W% B 75 e RITR o o 8 7 4 R 1 MIBC ok, R
T AERE D RE R . AHES T CK Al NK b3,

NP .PK I NPK 43 () MBC 4 /i T 2.94%~23.46%,
JFLL NPK 2R H G IR B K, 1 1/20M Fil OM Ak #
B MBC [EMX T 36.09%~56.15% ( P<0.05 ),

DPS &I f + HEm 22 0 0 KUK (1 48 45, DPS &
K, TR XS W 2% A W BRI, B B ) DA
T E AR B, TR KSR S R,
[ ol A 2 97 20 XU T 70 AR, CK AR ERAY
DPS %%, PK 4b B i) DPS 5% 55 . 1/20M Ab B ) DPS
{HAHAEST OM AR BRFEMR T 30.92% ( P<0.05 ),

22 WBEEREMSHE T IEERIMWEX R

AN [ il S Ak LT - 4 B A I ) 0 BT 245 SR an
3 fiR. 5 CK fI NK 4b#AHEE, NP, PK fll NPK
AR 4w (TP ) FIEEALHE (Olsen-P ) 547
PIBEIN T 42.00% ~ 65.44%H1 3.52 5~ 15.24 1%
( P<0.05), FFH.LL PK Ab B A8 i e B fe K5 U5
A (AL SR T 7.32%~15.38%( P<0.05 ),
DL NPK &b B384 i f R . NK A0 BRASHR R4S ( CaCOs )
W E T HAK A AT CK M NK ZbH,
120M il OM AFAAHLE (SOM) Fiddm I
67.72%~109.42% ( P<0.05 ); i pH &M% T 0.60%~
3.75% ( P<0.05), C/P T 26.24% ~ 58.06%
( P<0.05 ).

R T E R OO B R AT R s, AR
WS S o RNl 25 W B RRAE S R AT T A G40
Br (B 3) Aottt (E 4). Wi 3 i, TP I
Q. MBC . DPS £ . & 1IEAHI( R*=0.579"" . R*=0.441"
M R*=0.716"" ), Olsen-P 5 DPS Fl b F: 4% i 2 IEAH
X% (R*=0.980""F1 R*=0.612""), CaCO; 5 DPS #1 b

£ 3 KETREHEARLGIE 158 R E 0

Table 3 Effects of different long-term fertilization treatments on soil properties

. 0 A TR 55 iR o S 3 =R s AL
o TP/ Olsen-P/ CaCOy/ Fey/ Aly/ SOM/ pH C/P
Treatment
(gkeg!) (mgkg!) (gkeg!) (gkg!) (gkg') (gkeg!)
CK 0.50+0.02 d 1.27£0.12e¢ 80.47+£2.32 a 4.12+0.15b 0.47+£0.02 b 7.59+0.66 d 8.53+0.10 a 15.09+1.69 ¢
NK 0.50+0.01 d 1.5240.19¢ 78.22+1.74 b 4.33+0.08 ab  0.51£0.00 b 7.54+0.43 d 8.46+0.04 a 14.96+1.08 cd
NP 0.72+0.00b  7.10£1.01 d 80.38%1.75a 4.28+0.05ab  0.54£0.01 a 9.34+0.59 ¢ 8.32+0.03 b 13.03+0.83 d
PK 0.83£0.02a 20.63+0.87a  81.44+0.07 a 4.47+0.11 ab  0.54£0.01 a 8.19+0.68 d 8.50+0.05 a 9.81+0.79 ¢
NPK 0.72+0.01 b 6.87£0.66d 79.25t1.33 a 4.54+0.11 a 0.56+£0.02 a 9.58+0.36 ¢ 8.30£0.01 b 13.35+0.56 cd
1/20M  0.67+0.04 ¢ 9.22+0.87 ¢  80.56*1.79 a 425+0.13ab  0.48+0.03 b  12.73+0.88 b 8.25£0.02bc  19.05£2.26 b
OM 0.67+£0.01 ¢ 12.44+0.71 b  81.59+1.34 a 4.39+0.13ab  0.48+0.02b 15.79+0.75a 8.21+0.02 ¢ 23.64+1.29 a
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41 W 5 KIS [Tt AR 0 - B 3 0 B 5 1053
1.00
TP 070 | 037 | 039 | 062 | 031 004 -0.62 | 059 |-0.046 046 | 070 | 033 | 030
Olsen-P , 065 | 035 | 019 | 0.60 |-047 -013 0022 [-039 -0.084 098 |-0.093 061 0.80
CaCO, ’ 026 | 012 | 035 | -022 00065 -0.028 -036 |-013 | 063 00046 043 0.60
Fe, 066 | 017 |-015 026 | 038 -08 | 026 | 029 -0010 | 024
Aly ’ —012 | 011 |-077 | 082 | 013 | 070 | 0.13 | 043 0.0065 - 040
SOM *7 087 | 048 | -0.17 | -0.71 [-039 | 0.63 | 055 088 L 0.20
H * 047 | 020 | 070 | 043 | -047 | 059  -0.86
p A Lo
C/p ‘ \ * * ~0.77 | -049 | -0.80 | -0.090 -0.68 | 0.35
Q,, | 7 , \ 014 | 079 0021 049 |-0.036 --0.20
K \ ’ * 065 | -034 | 075 | -088 L _0.40
MBC |(* \ , ’ 0066 078 | 043
DPS ’/' ’ * -0.052| 0.57 —0.60
a YA VT V4 066 ~0.80
@@ sNe Naew |l
S 8 o » D 8 s & L Hove
§§C§ Yy TO 0 RUIRS

E: WP ETAIARREMLKR,

FORPAHCICFR, BB, A2 *Ros XN i PR A COC R B3
A AR BT R X B P B E A O R . Note: In the lower-left corner of the figure,

represents a positive correlation,

represents a negative correlation. The darker the color, the more significant the correlation; * indicates that the corresponding two

groups of data have a significant correlation. The numbers in the upper right corner represent the correlation coefficients corresponding to

the two sets of data.

B3 ek S W S O St

0.3

Fig. 3 Correlation analysis between soil properties and adsorption parameters
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Fig. 4 RDA analysis of phosphorus adsorption characteristics and
soil properties under different long-term fertilization treatments
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