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Abstract: [ Objectives ] Comparison of P adsorption-desorption characteristics in long-term soil treated with
and without P fertilizer can provide a theoretical basis for P management in black soils. [ Methods ] The long-
term field trial on black soil started in 1990 in Gongzhuling City, Jilin Province. The four treatments were no
fertilizer (CK treatment), nitrogen (N) and potassium (K) fertilizers (NK treatment), NPK fertilizers (NPK
treatment), and NPK + manure (NPK+M treatment). We analyzed soil physicochemical properties. Soil P
adsorption-desorption characteristic parameters [maximum adsorption capacity (Q,,), adsorption constant (K,),
maximum soil P buffering capacity (MBC), degree of P sorption saturation (DPS), maximum desorption capacity
(D..), and desorption ratio (D,)] in different soil layers were determined using isothermal adsorption and desorption
experiment. [ Results ] The adsorbed and desorbed P increased initially and stabilized with increasing P
concentration in the equilibrium solution. Compared to the untreated soil, the adsorbed P decreased, and desorped
P increased in the soil treated with P fertilizers. Compared to the untreated soil, Q,, and MBC decreased by
4.94%—-63.46% and 15.90%—75.18%, while D, increased by 8.52%—474.0% in the 0—60 cm soil profile. Notably,
the most significant changes were recorded in the NPK+M treatment. The long-term P input increased total P and
soil organic matter (SOM) by 34.40%—145.5% and 12.77%—50.07%, decreased the free iron and aluminum oxide
(Fes+Aly) by 5.14%—11.35% in different soil layers compared to the soil without P fertilizer. SOM, Fe +Al,, and
total P in the soil without P fertilizer (P<0.05), as well as Fe,+Al,, organic-bound iron and alumina oxide
(Fe,+AlL), pH, and SOM in the soil with P fertilizers were the main factors influencing the differences in
the characteristic parameters of P adsorption and desorption. The main factors explained 77.59% and 90.62% of
the total variation in the soil without P and with P fertilizers, respectively. The correlation between Olsen-P and
DPS showed that the DPS threshold value for environmental purposes was about 8%. The DPS,,; (calculated by
Mehlich-3 extractable P, Fe, and Al) and DPS, . (calculated by Olsen-P and Q,,) ranged from 7.77% to 25.96%
and 17.24% to 24.75%, respectively, in 0—60 cm soil profile in NPK+M treatment, which far exceeded the
threshold, increasing the risk of P loss. [ Conclusions ] Our research suggests that long-term exogenous P input
decreases adsorbed P and increases desorbed P, respectively. SOM and Fe,+Al, are the main drivers of P
adsorption and desorption characteristics in soil without P fertilizer. In the soil treated with combined P fertilizer,
especially NPK fertilizers and manures, Fe,+Al,, Fe,+Al,, SOM, and pH were the main factors affecting the P
adsorption and desorption characteristics.

Key words: black soil; long-term fertilization; phosphorus adsorption-desorption; phosphorus loss potential
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Table 1 Physiochemical properties of black soil at the establishment of a long-term experiment

+JZ (em) W (gom’) AU (gkg)  2F (gke) Wk (gke) M (gky)  ARHE (mgkg)  HERH (mgke)
Soil depth pH Bulk density ~ Organic matter Total N Total P Total K Olsen-P Available K
0—20 7.6 1.19 20.00 1.34 0.61 16.36 11.80 190
20—40 7.5 1.27 14.40 1.02 0.59 14.94 6.77 181
40—60 7.5 1.33 6.30 0.58 0.44 15.94 3.14 185
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FRENTS W (pH=8.5) 124, FHHLBHRG w55 5 11k
REPGIEE (ICP-AES) #EATIE, +4 R TIBIR
FHRAM BRI e 2,
1.4 BASFRIN - IR R I8

B, BUE A KH,POMRE RO, 5. 10, 20,
40, 80. 120 mg/L M RINEW, BMHEWPIMA
3R DA HAE WG S, H 0.01 mol/L NaCl i
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Fig. 1 Phosphate isothermal adsorption and desorption curves of black soil treated with and without P fertilizers
in 0—60 cm profile
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Note: CK—No fertilizer input; NK—Applying N and K fertilizer; NPK—Applying NPK fertilizer; NPK+M—Applying NPK and manure.
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Fig. 2 Soil properties with and without P application at three soil depths in black soil
BT BT BdE M Rt (CK 5 NK) Aiti#f (NPK 5 NPK+M) Ab B3 . M3-Ca. M3-Mg. M3-Fe fil M3-Al #§ 1 Mehlich-3 ¥l %

PERUAS . BE . BRI T, HBARIRE FRRR R — O ER R + 2 h 22 7 B3 (P<0.05); AR/NG FREFR R — + 2 AR B 5] 2
B3 (P<0.05).

Note: The data for statistics is the average of CK and NK, and that of NPK and NPK+M; SOM—Soil organic matter; Fe, + Al, is the sum of free iron
(Fe) and aluminum (Al) oxide; Fe, + Al, is the sum of amorphous Fe and Al oxides; Fe, + Al is the sum of humus complex Fe and Al oxides; M3-Ca,
M3-Mg, M3-Fe and M3-Al are the Ca, Mg, Fe and Al extracted by Mehlich-3 solution, respectively. SSA—Soil specific surface area. Different

uppercase letters beside the bars indicate significant difference among soil depths of the same treatment, and lowercase letters indicate significant

difference among treatments in the same soil depth (P<0.05).
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Fig. 3 The relationship between soil property indexes and P adsorption and desorption parameters
of black soil treated with and without P fertilizers

W QMR KMt Ko—BEMEE B 184 MBC—REY I KEE 45 & ; DPS,,—VA Mehlich-3 RHEAGHE . Bk, #5115 0 W B AR A
J£; DPS,,—LA Olsen-P Al Q,, WAL MM MHOANEE ; D, —BEM IR D—BRIR . SOM—IALE FetAl —F BB AL
Y5 FetAl, —EILEB ALY ; FetAl —4ASEEAAY); SSA—HIEHEMA; M3-Ca, M3-Mg, M3-Fe fil M3-Al 3% i Mehlich-
3R IEIAS . BE . BRFERE .

Note: Q,—Maximum P adsorption capacity; K,—P adsorption constant; MBC—P maximum buffering capacity; DPS, ,—Degree of P sorption
saturation calculated with Mehlich-3 extracted P, Fe and Al; DPS,,—Degree of P sorption saturation calculated with Olsen-P and Q,;; D,—P
maximum desorption capacity; D—The P desorption ratio. SOM—Soil organic matter; Fe, + Al, is the sum of free iron (Fe) and aluminum (Al)
oxide; Fe, + Al, is the sum of amorphous Fe and Al oxides; Fe, + Al is the sum of humus complex Fe and Al oxides; SSA—Soil specific surface area.
M3-Ca, M3-Mg, M3-Fe and M3-Al are the Ca, Mg, Fe and Al extracted by Mehlich-3 solution, respectively.
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Fig. 4 Effects of soil property indexes on P adsorption and desorption parameters of black soil treated
with and without P fertilizers
T QBB KM i, MBC—BEMRC K W45 8t ; DPS,,—Lh Mehlich-3 RH2MBE . k. MBI MHEFIE; DPS,,—L) Olsen-P Fl
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B, BE. BRAIRE T

M3-Ca, M3-Mg. M3-Fe il M3-Al $& i Mehlich-3 #8712

Note: Q,—Maximum P adsorption capacity; MBC—P maximum buffering capacity; DPS,,,—Degree of P sorption saturation cAlculated with

Mehlich-3 extracted P, Fe and Al; DPS,,—Degree of P sorption saturation cAlculated with Olsen-P and Q,;; D,—P maximum desorption capacity;

D,—The P desorption ratio. SOM—Soil organic matter; Fe, + Al, is the sum of free iron (Fe) and aluminum (Al) oxide; Fe, + Al, is the sum of

amorphous Fe and Al oxides; Fe, + Al, is the sum of humus complex Fe and Al oxides; SSA—Soil specific surface area. M3-Ca, M3-Mg, M3-Fe and
M3-Al are the Ca, Mg, Fe and Al extracted by Mehlich-3 solution, respectively.
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Fig. 5 The relationship of the degree of P sorption
saturation (DPS,, DPS,,;) with Olsen-P of soil
#: DPS,, fil DPS,, 43548 i Mehlich-3 E42 (981 Olsen-P 11455
PRI BT R AN
Note: DPS,.; and DPS,,; refer to the degree of P sorption saturation
calculated by Mehlich-3 extractable P and Olsen-P, respectively.
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