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The Phosphorus Storage Capacity and Phosphorus Loss Risk of Red Soil
Profiles in Sloping Farmland
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Abstract: [ Objective ] The study aimed to assess and determine the P loss risk in red soil profiles of sloping upland and paddy
fields based on the variation of soil phosphorus storage capacity (SPSC). [ Method ] The soil samples were collected from
different pedogenic horizons in peanut uplands and paddy fields which were located at the top, middle and bottom of the slope in

Sunjia small watershed, Ying tan, Jiangxi province of China. The profile variation characteristics of total P(TP), soil available
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P(Olsen-P), P saturation rate (PSR), P sorption index (PSI) and SPSC of tested soils were analyzed. Also, the effects of soil total
carbon, total nitrogen, iron-aluminum oxides, pH, Eh and bulk density (BD) on the P loss risk of red soil profiles at different slope
positions were evaluated. [ Results ] Soil TP and Olsen-P of the surface layer in peanut uplands and red paddy fields were
significantly higher than those in the bottom layers and the profile variations of TP and Olsen-P in paddy fields were significantly
higher than those in peanut uplands. Compared with the Apl layer, the PSI of peanut upland in the subsurface soils increased
significantly by 33.1%~146%, and the PSI decreased with the increase of profile depth, but the PSI of paddy fields increased
significantly with the increase of profile depth. The soil PSR of peanut upland and paddy field(except PF-M)decreased gradually
with the increase of profile depth, while the variation ranges of SPSC were —89.2~298.3 mgkg ' and —138.1~101.1 mg-kg ',
respectively. The SPSC values of PU-T and PU-M were all positive, and they decreased with the increase of profile depth. Also,
the SPSC value of all pedogenic horizons in PU-B(except Ap2)were all negative. The SPSC values of pedogenic horizons in PF-T
(except Brs), PF-M (except Apl), and PF-B were negative, and they changed significantly with the increase of profile depth.
[ Conclusion ] Based on the assessment of soil phosphorus storage and its environmental loss risk in sloping red soil profiles by
SPSC theory, the migration and transport signs of soil P in peanut upland along the profile and slope position are obvious. Once
soil Olsen-P > 27.6 mg-kg ™', the risk of soil P loss in the peanut upland profiles will increase sharply, and control measures should

be taken in time. The risk of P loss exists in each soil profile of the paddy fields, thus, proper management practices should be

implemented during the application of P fertilizer.

Key words: Sloping farmland; Red soil; Soil phosphorus storage capacity; Pedogenic horizon; Peanut upland; Paddy field
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W R FAEAE SR (PU-T, 20~30a), b4 5
i (PU-M, 20~30a). ¥ F{EA S (PU-B, 20~
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Table 1  Application amounts of fertilizers in peanut uplands and paddy fields of Sunjia small watershed
+ A = it HEL s ) AN W P,0s A K,0
Land use Fertilization time / (kg'hm?) / (kg'hm?) / (kg'hm?)
1A B 144 4 1 28.4~43.8 16.7~25.0 19.7~31
Peanut upland ( PU) 4F 6 H 8.0~24.8 3.3~8.3 33~83
i 144F 4 1 13.7~27.4 12.7~22.3 12.7~25.3
Paddy field ( PF) fAE T H 6.4~16.1 1.7~6.7 1.7~6.7
*2 HERHMEHIIRIBAERER
Table 2 A brief description of the pedogenic horizons in peanut uplands and paddy fields
Yehi (f5)  FIHIAERR
R LV W RER i Pl ik
Slope position Cultivated
Land use Depth/cm  Pedogenic horizon Soil profile image Description
( Code ) years/a
LS W 20~30 0~15 HHERZ (Apl) ML, MRISSH, 1 BTRER
Peanut upland (PU-T) 15~30 HHEZ 2 (Ap2) TGertn, F9E, L PRHR
(PU) 30~60 Fifb)Z 1 (Btl) ML, 553, FRIERIRE
60~90 k)22 (B2) LrkRfe, ik, FRERRZ
90~120 B2 (C) LLkRfn, ik, LB
P 20~30 0~15 BrER)Z (Apl) WL, BIRIEEH, LR
(PU-M) 15~30 BHEZ 2 (Ap2) LLRRfh, BB, LB
30~60 FifbZ 1 (Btl) LLRRML, BB, SERIAAEL
60~90 Fi1k2 2B02 LIRRE, T, ZYRRAEL
90~120 BEFZ C LIARE, rhi, 4550
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Yty (85 FIHAMR
+ W 7 2 W KR il ik
Slope position Cultivated
Land use Depth/cm Pedogenic horizon Soil profile image Description
(Code) years/a
piAass ) AN 20~30 0~15 BHELRZ Apl fbartn, HIRZE, L RisER
Peanut upland (PU-B) 15~30 BHER 2 (Ap2) T, Fi, L IEm
(PU) 30~60 FALZE 1 (Bt1) fbatn, b, FbPEHEZL
60~90 1L 2 (Bt2) ke, Wk, FREHREZ
90~120 BEFZE (C) fbarta, Wb, HERELS AR
e A 50~60 [ERER (] R g S R TA iUE i S Y
0~20 K#FERZ (Apl)
Paddy field rhI A =
(PF) (PF-T) 20~25 AR)ZE (Ap2) WEEE €0, 2540 IRl
25~50  FAfLEEE 1 (Brl) kR, A RKEREES
50~60 FAfLEJEE 2 (Br2) TRERGS, Z5AMAEL, KIS
TR, Z5WANEL, KRk,
60~100 SAfbif)5)Z 3 (Brs)
&4
Wi 20~30 Bl st, LREks, AR
_ 0~15  JKBEESE (Apl) N
Frfem R
(PF-M) 15~20 AR)ZE (Ap2) Bl B iR, TR
FELrfn, SEHRAHL, 7Kk
20~40  FALiLE)ZE 1 (Brl) N
(AR AL /N SN o e
40~80  FALiL)E)ZE 2 (Br2) N
80~120 BEE C kR, FEE G - HRRES
W >200 0~15 KHFEZE (Apl) TEIRAL, s
EREH 15~30 AR)E (Ap2) VAL, S IR A
(PF-B) 30~60  FAAEJE)ZE 1 (Br) TR, SEMINEL, B E
WAk, WBUZ, Bk, s
60~100 Ffbit)s)Z 2 (Brs)

I\
=}

1.3 HEMNKBREREBEN GRS

3w (TP ) RHHBRR- = 5 ( H,S04-HCIO, )
T, 5845 %09 ( Olsen-P ) SR R R dR Ak 4% ( 0.025
M HCI + 0.03 M NH,F, pH=12.7) ¥, +HK
WPERE (CaCly-P) 2R 0.01 mol- L™ CaCl, i i =42
B EER 10 2 1), i S 3 BB v 1 1l FH R 6
Pk, HEAE (BD) RAMIIENE ;
148 pH R AL E (WA 2.5 1); 2hi
(TC). HIELR (TN) KA (C/N) A
JCE T ( Vario EL cube, Elementar, f&[E ) il
o AR E DY) (a-Fe,05, a-ALO;) RH

FRPER IR IR (pH = 3.17) $REL, M EEsA
¥ (f~Fe 05, f~ALO;) KM DCB (## — Wi fig
-y e T - L TR SN ) TR AR, R IBUA P A
R B R B A 45 B O & A2 X (ICP-OES)
E o LA EIHE A i BRI E LIRS IR (1
Hege b sy ) B I 4 ) 1 LA A R AN 2R
3R
1.4 TEBATZE(PSR) 5HEEFESE (SPSC)
FNESI+E
FREGE 2 mm FiERT L 1.00 ¢ F =M+
(100 mL), SRJFHA 0.2 mol-L™" AYHL iR &% 42 UK
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x3 HERMMEATRIEERBUMER

Table 3  Soil profile basic physical and chemical properties in peanut uplands and paddy fields

R
TR H BD/ TC/ TN/ a-Fe,05/  a-ALOy/  fFe,0s/  f-ALOs/
Pedogenic pHgxa C:N
Land use (grem™) (gkg!) (gkg!) (gkg!) (gkgt) (gkg!) (gkg!)
horizon
1A Apl 3.85¢  9.44a 1.28b 7.87a 0.83a 2.02bc 3.55¢ 36.0b 11.8b
el Ap2 3.90d  6.37b 1.40a 2.73b 0.43b 2.16ab 4.14a 41.6a 12.8ab
(PU-T) Btl 3.97¢  5.42¢ 1.19¢ 2.53b 0.47b 2.22ab 4.10ab 43.5a 13.5a
Bt2 4062  4.68cd 1.30b 2.17bc 0.47b 25la 3.91b 44.4a 12.7ab
C 401b  4.09d 1.29b 1.68¢ 0.41b 1.71c 3.22d 44.6a 11.9b
1A Apl 3.90c  9.07a 1.44a 8.17a 0.90a 1.76b 3.53b 38.0b 11.3a
Yerp Ap2 3.91bc  6.03b 1.40a 3.23b 0.53b 2.13a 3.95a 42.5a 11.9a
(PU-M) Bt1 3.94b  4.47c 1.18¢ 2.20c 0.50b 2.31a 3.95a 41.5ab 11.3a
Bt2 4.02a  4.23c 1.33b 2.07¢ 0.50b 2.27a 3.39b 40.4ab 10.2b
C 40la  3.83c 1.41a 1.69¢ 0.44b 1.49b 3.00¢ 41.8ab 10.0b
A Apl 3.80c  8.0la 1.48a 5.87a 0.73a 1.24a 2.56abc 32.4¢ 8.44b
R Ap2 379 3.96b 1.40b 2.47b 0.63bc 1.18a 2.74ab 40.4¢ 9.90a
(PU-B) Btl 3.81c  3.94b 1.44ab 1.93¢ 0.50abc 1.00a 2.86a 42.0b 9.18ab
Bt2 3.88a  3.93b 1.48a 1.37d 0.37¢ 0.93a 2.36¢ 46.5ab 9.00ab
C 3.84b  3.07b 1.47a 1.34d 0.46bc 1.04a 2.43bc 48.1a 8.94ab
G Apl 40lc  9.62a 0.87c 25.57a 2.67a 3.26a 3.92b 21.6¢ 11.0¢
ek Ap2 432b  8.79a 1.38b 7.97b 0.90b 1.89¢ 3.22b 55.2a 15.5b
(PF-T) Brl 476a  8.78a 1.52a 3.77¢ 0.43¢ 1.74c 2.33b 41.5b 14.5b
Br2 472a  7.89ab 1.50a 4.97c 0.63bc 2.45bc 3.69b 39.1b 15.19b
Brs 420b  6.33b 1.33b 5.74bc 0.91b 3.06d 5.39 50.6a 21.8a
e Apl 4.06a 8.87a I.1lc 9.73a 1.10a 542a 3.05a 36.8ab 10.4bc
Perp Ap2 4.09a  8.69a 1.69a 4.93b 0.57b 4.22b 2.42b 39.6a 11.2a
(PF-M) Brl 4.06a 82la 1.57a 3.33bc 0.40b 1.52¢ 2.51b 34.3b 11.2a
Br2 391b  5.22b 1.41b 1.57¢ 0.30b 1.09¢cd 2.62ab 33.7b 10.7ab
C 3.84c  4.17b 1.46b 1.23¢ 0.32b 0.65d 1.75¢ 40.8a 9.81c
FeEH Apl 4.02b  9.60a 1.27ab 24.70a 2.57a 3.63a 2.76b 16.8d 7.34¢
YR Ap2 400b  9.55a 1.56a 6.97b 0.73b 3.64a 2.36b 43.6b 14.1b
(PF-B) Br 401b  8.04b 0.93b 5.87b 0.73b 4.30a 3.44a 39.0¢ 13.2b
Brs 4652  6.2lc 0.96b 4.68b 0.76b 2.53b 3.60a 52.3a 18.4a

H: C:NRiRAL; BD LA, TCH LM, TN B HIWELE; a-Fe,05 NAEMBUEAER; a-ALO; Jy Ak & B AL 5
J-Fe 05 il B S8 AL 5 f~-ALOs Ry Ui B S AR 40 o AN TR 21 38 7R [R] —# R [R] & 2B 2 [ 25 57 8. 35 ( P < 0.05 ). Note: C : N, Carbon to nitrogen
ratio; BD, soil bulk density; TC, soil total carbon; TN, soil total nitrogen; a-Fe,O3, amorphous iron oxide; a-Al,O;, amorphous aluminum
oxide;f~Fe,0s, free iron oxide;f~Al,Os;, free iron oxide. The different letter means significant difference between different pedogenic horizons

in the same profile ( P <0.05) .
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Apl JZHEL, A 505 M AR 2 R TP
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AR = FE R A TP SR EER, M
M2 Apl )2 TP St s 2, K/NEAi
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Fig. 1 Profile changes of soil total P and available P in peanut upland ( PU ) and paddy field ( PF)
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Y576 2 5 R PR A T SR R R A, ARk
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Fig. 2 Profile changes of P sorption index in peanut upland ( PU )
and paddy field ( PF)
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Fig. 3 Profile changes of P saturation ratio in peanut upland ( PU )
and paddy field ( PF)
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R4 HERMEFRHEREUMERS SPSC BIHEXM
Table 4 Correlation between basic physicochemical properties and SPSC in uplands and paddy fields of red soil
SPSC BD pH Eh TC TN TP C/N
AeE B SPSC 1 -0.75" 0.59" -0.59" 0.04 -0.18 0.07 -0.07
Peanut upland BD 1 -0.53" 0.53 0.06 0.11 -0.03 0.12
pH 1 —-1.00" -0.32 —-0.42 -0.13 -0.51"
Eh 1 0.34 0.44 0.15 0.54"
TC 1 0.95" 0.98" 0.94"
TN 1 0.90" 0.93"
TP 1 0.86"
C/N 1
fEH SPSC 1 -0.12 0.18 —0.18 -0.24 -0.21 -0.10 0.01
Paddy field BD 1 0.02 -0.05 -0.48 -0.54" -0.66" 0.10
pH 1 -1.00" -0.20 -0.19 -0.19 0.31
Eh 1 0.21 0.20 0.20 -0.31
TC 1 0.99" 0.88" 0.43
TN 1 0.88" 0.42
TP 1 0.06
C/N 1

. SPSC N IEBEETF4 & ; BD N EIERE,; TC HEWEM; TN WHI|WEE; TP M LB, C: N ARAL., "FRE
0.01 /K | EAHSE, "RARTE 0.05 K B FHH K., Note: SPSC, soil phosphorus storage capacity; BD, soil bulk density; TC, soil

total carbon; TN, soil total nitrogen; TP, soil total phosphorus; C: N, Carbon to nitrogen ratio. “"represents a significant correlation at 0.01

level, "represents a significant correlation at 0.05 level.
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Fig. 6 Correlation fitting relationships between SPSC and Olsen-P
in peanut upland
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