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Effect of intercropping on balancing effect of absorption and desorption
characteristics of phosphorus in red soil
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Abstract: The migration and environment effect of phosphorus in soil are affected by its” adsorption and desorption. Although the ex-
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cessive application of phosphorus fertilizer causes phosphorus fixation and loss, reasonable intercropping promotes the absorption and
utilization and decreases fixation of phosphorus. This study investigated the adsorption and desorption of phosphorus in red soil un-
der intercropping and phosphorus application, it is signicant for promoting the efficient utilization of red soil phosphorus and balan-
cing environmental effects. In this study, a two-factor split-plot block experiment was adopted through field trials, in which the first
factor was the planting pattern, namely maize||soybean intercropping and maize monoculture; the second factor was phosphorus ap-
plication levels: PO (0), P60 [60 kg (P,O5)-hm *], P90 [90 kg (P,Os)-hm*], and P120 [120 kg (P,O;)-hm *]. This study aimed to ex-
plore the effects of intercropping and application of phosphorus on the adsorption and desorption of phosphorus in red soil, and to
quantitatively analyze the relative contribution of intercropping and phosphorus application to phosphorus adsorption and desorption
by using the structural equation model, and to reveal the key intercropping effect factors on the adsorption/desorption of phosphorus
in red soil by using the aggregated boosted tree methods. Results showed that: 1) the Langmuir isothermal adsorption equation was
most suitable for fitting phosphorus adsorption in red soil. The adsorption amount of soil phosphorus increased first and then tended
toward saturation with the increase in phosphorus concentration in the equilibrium solution, while the adsorption amount of phospho-
rus decreased gradually with the increase in phosphorus application. 2) Phosphorus adsorption and desorption in red soil were signifi-
cantly affected by planting pattern, phosphorus application, and the interaction between planting pattern and application of phospho-
rus (P<0.01). Compared with monoculture, the maize||soybean intercropping increased the adsorption and desorption of phosphorus
by 22.9% and 9.2%, respectively (P<0.05). Under four application rates of phosphorus, compared with monoculture, the adsorption of
phosphorus in intercropping increased significantly by 13.0%, 19.4%, 41.5%, and 23.9% (P<0.05), respectively. The desorption of
phosphorus increased significantly by 90.2% and 194.4% in PO and P60 intercropping (P<0.05), but decreased by 52.1% and 34.1%
in P90 and P120 intercropping, respectively (P<0.05). 3) Under different planting patterns and phosphorus application levels, the ad-
sorption of soil phosphorus had a significant negative correlation with soil pH, organic matter, resin phosphorus, available phospho-
rus, total phosphorus, and degree of phosphorus saturation (P<0.01), and a significant positive correlation with free iron oxide, free
alumina, and phosphate sorption index (P<0.01). However, the desorption of phosphorus from red soil had a significant negative cor-
relation with a standard phosphorus requirement (P<0.01). The adsorption and desorption of phosphorus in the red soil were mainly
affected by pH, organic matter, and free iron oxide. Intercropping of maize and soybean changed soil pH and contents of organic mat-
ter and free iron oxide, resulting in differences in the phosphorus adsorption and desorption from that of maize monoculture in red
soil, improving the soil phosphorus buffering capacity. At a low phosphorus level, intercropping can accelerate a large amount of
phosphorus desorption for plants to absorb and utilize; at high phosphorus levels, intercropping can promote phosphorus adsorption
and effectively slow down the loss of phosphorus.

Keywords: Phosphorus; Adsorption; Desorption; Intercropping of maize and soybean; Phosphorus application level; Red soil
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Fig. 1 Field design diagrams of maize-soybean intercropping (IM) and maize monoculture (MM) systems

1.3 HmRERNE

FOR WO 5 i 4l R AR R Z RS, [aIE
Ak FREORE SR oK S R AR 45 ], S A 3
FE K5 TR AR 4 251 T ], 25 BRI A7 BE BILI%E HL
3ANECRERZE (0~20 cm) HIERE S o B T BURE SL IR
Sl E ki B A L RS AEAe W I8 i Y A AR
W 300 g 2 A7 A e e T 3F BSR4 vy [m] S5 =, KL
T B4 5 Ay it 0.25 mm 1 1 mm 545 7 -

- A b e RS kb T Oy e R AT R, A
pH R LA (BK A 12 2.5), A LR H H4%
TR B AN I HRGE , i R A I (46 mm=20 mm)
$& B Murphy-Riley 35 0 &2, 38 %% >R FH 5% iR
ERE-FH AL L (7%, 2% H] NaOH 4 fl-FH B i 1L
ok, U RN pH U i 2k 1 mm 0 38, 20k
AP E A 0.25 mm i o

- Bl A R B 56 Y B 18 £33t 0.25 mm
HEXT + 1.25 ¢ T 50 mL 2.0, ma o8
By Hm A (mgL) 0. 5. 10, 15, 20, 30. 60,
75 F1 100 AS [ 25 B B A T 25 mL (0.01 mol-L

NaCl Ji il % %), [F B i A F 2 2~3 3 (il B A= 4
6 8h), Nk )5 & T AE (25+1) C 1H kR A T AR 5
24 h (180 rmin '), it} J5 % 0> (8000 r'min ') 10 min,
FHARBAL L ik D 105 VB vk B, o ~F- 15 )5 Vi AR
Wk BE, 22 W T I B O AR R
Langmuir, Freundlich A1 Temkin 3 i &5 i& W B 5 2
R
- AR A %ﬁﬁfﬁiﬁ%%ﬁm:ﬁ%t
THWOITINA 25 mL #0F1 NaCl %5, #7575 8000 r-min”"
B0 5min 3 BIHW, HERE FiRRAE 1R, K5
A I AR BER 0.01 mol-L™' NaCl ¥ 25 mL,
TAH 2K 2~3 7, #21 )5 (25+1) C HHE =R w A h iR
¥ 24 h, BUHJF B 0 10 min (8000 r-min "), | i ¥ H
FHBR BT LE A7 D e ol 7 a0 B I o
14 HEXUHESZItSH
1.4.1 Langmuir ;8 W} M 77725
C/Q=C/Qn+1/(KiXQn) )
e C Ry W B0 P i v B W, mg L O O £
HE B % B i, merkg s O, o HE R R B L B

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

1870 o E A AR A () 2021

% 29%

mgkg ' K, 5455 REA S I W IR o5 A R R

+ 8 £ K 2% i 4% & (maximum buffer capacity,
MBC,mg-kg™") = K; x O, )

+ 3 ¥5 1 75 #% & (standard phosphorus require-
ment, SPR, mg-kg ") f# FF Wi i 3 56 - A 5 Y b 9 I
WeRE A 0.2 mg-L " B Rl W B ok R AIE

1% % 5 758 %X (phosphorus sorption index, PSI), &
SR B 1.0 ¢ BRI 1.5 mg B Ik 2P
i, -SRI A X, mg:(100g) T 5 RV (C,
umol-L™") X%k (1gC) 1 e

PSI = X/1gC 3)

+ BB W B 48 FIE (degree of phosphorus satura-
tion, DPS, %) $& 1 147 %W (Olsen-P) 5 i K W i 12
Zl.

DPS = Olsen-P/Q,,100% )
1.4.2  Freundlich %8 W% M{75 #2F0 Temkin 55 W% B
g
Freundlich %5 iz W ¥ 7 -
Q=K,xC'" (5)

Kb K, A28, AR 50l 0 W B
mgkg ' Un Jy W BRHSRE R %L, Lkg s
Temkin 55 i W B 7 ¢
QO=a+K;InC (6)

b K AR SR, 1R O B T B R
mgkg ' a ML HTRIE REL Lkg o
143  HIERERRULEIS R HD™

HI = (Qui = Que)/ Qus (7

A Qo H Que 739011 D09 — 5 T BE AR JEE T - HE XS

700
600
500
400 |f*
300 §
200
100

[ P60

AMM A
w IM

V18 TR 5 ek R i % o, mgrkeg ' HIT i /S T 3 A R R 14
TR BR, HI B A M BRI fifp W aod A AH 22 1Y KL
PR
144 HtHE
+ 3% % 7% 1k & %4 (phosphorus activation coeffi-
cient, PAC, %) #& + A5 % W % & (Olsen-P) (5 4=
(total phosphorus, TP, mg-kg ") 7 & [ b {9, & 1 HEw
RARNER ELESE .
PAC = Olsen-P/TP ®)
—+ $9E # /% . 2R (phosphorus desorption rate, PDR,
%) 45 L IR WA (Qu) 7 T IR R (Q.0) HULE
1], A A 55 1) Lt e
PDR = Q4./ Q.4 X 100% 9
K Ml Excel 2013 747 %545 4k 24, IBM-SPSS 24.0
AT Ab B[R] 22 S5 W 2 P A 9% A8 HLAE H 73 B, Origin
2018 F TAE I . 4544 J7 58 (Structural Equation
Modeling, SEM) iz 17K | Amos 24.0, ] A 3 b5 &
PR TN T W= 5 TR < S 3 VT 2 A2 T R (2 AN
RXRY RIES B “gbmplus” T A0 #4148 4%
Wk (aggregated boosted tree, ABT) 73 #T, RAE 24~ H
5% e — PR B o R

2 FBR59H
2.1 [B)EXTET R AN B A9 S 0

(] 2 T 7 A A () Ach 348 - S5 ol 7 FF £ -5 1 A 5 TR
BRI E R I 2 ]/ B, ASTE] B AE FiE 85 b
UL S5 U5 R BTt S A28 Ak R A — Bk, - SRR B 4 B
S5 i YRR T A R ) 398 i 2 e R L T RS 8 in
TR R STl Ay R BfF i A - T ol vk
JE/NTF 20 mg L' B b, 4% A B AR IR 4R 1 R

[ P90 [ P120

0

A STEX A B
Phosphorus absorbed in soil (mg-kg™)

0 20 40 60 8 O 20 40 60 8 O 20 40 60 8 O 20 40 60 80 100

ST R Phosphorus concentration in equilibrium solution (mg-L™")

2 AEIRE#KETERIKZEE AM) F1EKEE (MM) B9 188355 R R Mish sk
Fig.2 Adsorption isotherms of phosphorus in soil of maize-soybean intercropping (IM) and maize monoculture (MM)
systems under different phosphorus levels
PO N AJiti i, P60 it - [60 kg(P,05)-hm ], P90 >y # ML B I [90 kg(P,05)-hm ], P120 Jy i Wi i F [120 kg(P,05)-hm ], PO is no phosphor-
us fertilizer, P60 is low-level phosphorus fertilizer [60 kg(P,Os)-hm*], P90 is conventional phosphorus fertilizer [90 kg(P,05)-hm ], P120 is high-level phos-
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Table 1 Equations of adsorption isotherms of phosphorus (P) in soil of maize-soybean intercropping (IM) and maize monoculture

(MM) systems under different phosphorus levels

Temkin 75 f# Temkin equation

Langmuir J5## Langmuir equation

Freundlich /7% Freundlich equation

i

Treatment CIQ=CIQ,+1/K, %O, R O=K,xC" R O=a+K,InC R
PO IM  (C/Q=0.001 30C+0.025 29 0.990” 0=233.560C"* 0.932° 0=227.585+92.4259InC 0.948"
MM  C/0=0.001 60C+0.004 295 0.990" 0=73.682C"" 0.993" 0=—58.744+151.8457InC 09717
P60 IM  C/0=0.001 60C+0.022 52 0.940" 0=146.870C""" 0.981" 0=132.150+85.2624InC 0.966"
MM  C/0=0.001 85C+0.010 81 0.980" 0=54.640C"" 0.945" 0=—-102.068+130.4687InC 0.935"
P90 IM  C/0=0.001 66C+0.023 42 0.990" 0=91.126C"*" 0.963" 0=4.501+116.5802InC 0.988™
MM  C/0=0.001 70C+0.022 94 0.990" 0=31.421C"" 0.986" 0=—48.210+97.3087InC 0.883"
P120 IM  (C/Q=0.001 73C+0.053 17 0.990" 0=81.520C"*" 0.952" 0=-33.856+119.6437InC 0.970"
MM C/0=0.001 67C+0.029 91 0.960 0=48.804C"*" 0.962" 0=-114.631+120.6803InC 0.991”

PO, P60, P90, PI20BEWIWLIE2EGIE T . CHRFHRAIRIRK L, O T HEXT B B, O, Wi R B, K AR R A WA, Ky KoM A
F8hR, Un. a WL FH5RE 250, Description of PO, P60, P90, P120 are shown in the note of Figure 2. C is phosphorus content at equilibrium solution; Q is

phosphorus adsorbed capacity; Q,, is phosphorus maximum adsorbed capacity; K, is adsorption affinity constant; K, and K; are adsorption capacity indexes; “1/n”

@ %

and “a” are adsorption strength coefficients.
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16.4%~43.8% (P<0.05), U B 1f0 F1EE B 3514 182.4%~
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F 2 TRIBEBIKFE TER|AZEE AM) FERB/E (MM) B TIRBR M ERFRRMHSH

Table 2  Soil phosphorus (P) absorption and its isothermal adsorption parameters of maize-soybean intercropping (IM) and maize
monoculture (MM) systems under different phosphorus levels

% Btk S ON R WRRFI R ORGE R T afe it B RIS RC WA
Qb3 Treatment Absorption Maximal Adsorption affinity Maximum buffer Standard P P sorption  Degree of P
(mgkg™") adsorption (mgkg ') constant capacity (mg-kg") requirement (mgkg ') index saturation (%)
PO M 387.68a 768.04a 0.051bc 39.55¢ 7.75¢ 18.48ab 0.379f
MM 342.98b 626.47b 0.172a 132.85a 43.38a 19.73a 0.455f
P60 M 334.75bc 625.15b 0.071b 44.41c 8.75¢ 15.25bc 1.528d
MM 280.34d 541.67¢ 0.171a 92.50b 17.91b 13.89¢d 1.285¢
P90 ™M 309.90¢ 601.15bc 0.071b 42.70c 8.42¢ 14.69¢ 1.652cd
MM 219.06f 588.42bc 0.074b 43.60c 8.58¢ 11.09¢ 1.720c
P120 M 310.97¢ 579.09d 0.032¢ 18.81d 3.68d 15.46bc 2.229a
MM 250.96e 598.97bc 0.056bc 33.43¢ 6.63cd 12.28de 1.997b
AL Planting pattern (Pp)  ** ok ok ok ok ok *
fj‘&,‘@‘%% P leVel (P) k% kK kK ok kK k% kK
prP ns sk sk sk sk ns sk

PO. P60, P90, P120%d A WLIEI204 F: o [RIBEE 5 A W) bk 2 A FR ) 24 5758 P<0.05 8 35 7K -5 * i+ 43 5| 367 35 P<0.05 1 P<0.01 . 7K, ns
FRAIE B 3E K. Description of PO, P60, P90, P120 are shown in the note of Figure 2. Data followed by different letters in the same column are
significantly different at P<0.05 level. * and ** denote significant difference at P<0.05 and P<0.01 levels, respectively; ns denotes not significant.
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T #Ae W B 2 A g v BORT A AR I Wl i AR A4
w5 S 1Y IS R AROEE B, 7R AR b S A T R AR
k0

AN ()il B8 7K ST o 52 X5 ) - S 2% o o
DL K Langmuir 5 805 THE A S8, B4R |,
(] VF b A PR B 2R WG B o . e KRB o . WCRRAR
ORI W R 0 E 43 B 22.9% . 9.3% . 18.3% Al
6.1%, W B 26 #0100 W 8. e RE P s . RS W
B W AR 52.4% . 51.9% F 62.6%. H:rb, TA]4E X}
W2 FRF 40 0 BE B 52 W ZE P60 T P120 Ab 3 ik B 3 7K F
(P<0.05), XF W FFH8 £ 52 75 POO A1 P120 ZbHik
FIKAF (P<0.05), X 55 K B 1 A e K 2% vh 45 1 1 52
M 7£ PO, P60 Fil P120 ik & 2 7K F- (P<0.05), X M fff
2 R BORN - S AR U T B 1 1Y 52 I FE PO Fl P60
ik K (P<0.05),
2.2 [EMEXTLLIE SRR IR A2

A S Tl i A Ay A S8 e R B ) R S 0 A O T Ok
Wyt B 3 N [E AN EE T 4 3w R W h 2. R

[vi) A AR AR T, it 8 7K 1 1, - S e e 2
IaH . BE - SR I R B340, 7E PO Al P60 Ab FE,
(] A - Sl e i £ v T PR, {HAE P90 T P120 Ab 34
T, BV A B - R e v IR E, ELBE 3R
B e 398 T, BT A 22 S MK . e K| K L]
VX - S 8 B R A e EL A R 1 % ol e T, AR
KT AR R 2 A A WA A A ORI, R K
ST R % Ml 2 A WA S A AR

S e W R A A R o o - SR
(O E 43 L, RAE AL RERE 01, B WORE R, +
LB B B, TR IR OR) A B S R 2
S22 IRERE . S TR A B A S R A W8 SR AR A AE
Pl 4 JIt 7, BN A 39 v g S e 3 4 8 AN [ ol
PR IR /K 7 2T i R B W . AN [F)
FRAE AL, BE AR AT 3G 0, -+ SR A I % 52 34 o
L B 2T S5 o R BE 3 in, 7E PO il P60
b PR, TR VE A R R TR, {HAE P90 1 P120
AEFRR, PRV A B - R R B T IRIE, BE N ALT

200 X - -
go PO %M P60 P90 . P120 .
- |
i g 150 + i
o / !
ég ] |III ,‘ .! L
23 100 It . a4
' I w r . ¥
oy " / ! i
-% 3 30 | / .-".‘ i A '|l
’g Ak 9# “ A/.“&/ ac '/,l/* _‘_.-‘ .III
% 0 At o, n g AW N N !r!.‘" . N N .4":_..-{. n N N
) 0 150 300 450 600 0 150 300 450 600 0 150 300 450 600 0 150 300 450 600 750

T KB £ Phosphorus absorbed in soil (mg-L™")

B3 FEHEBKET EXK|XZEE AM) MERKEE MM) B TIRBER B

Fig. 3

Isothermal desorption curves of phosphorus in soil of maize-soybean intercropping (IM) and maize monoculture (MM)

systems under different phosphorus levels

PO. P60, P90, P120 Ui ULIE 2 &1 . Description of PO, P60, P90, P120 are shown in the note of Figure 2.
S
< 50, ' ' '
= PO & MM | P60 P90 P120
) = [M A
£ 40 | i
X 30t -
] 20
% é 20 + -—" « -\ f /
H-s Vel || P
§ 10 | ;ﬁ- /// A [%aaa i memesg | ‘--" /
2‘ 0 oy R R R R R R . R R R R L R R R
= 0 20 40 60 80 100 0O 20 40 60 80 100 O 20 40 60 80 100 0 20 40 60 80 100

JIAB 7 27 B Concentration of added phosphorus (mg-L™)

4 TEMEBKETERIXZEE AM) FERLEME MM) B TR RRIRETLEHE
Fig. 4 Characteristics of desorption rates of soil phosphorus of maize-soybean intercropping (IM) and maize monoculture (MM)
systems under different phosphorus levels

PO. P60, P90, P120 ¥iHH WLIF 2 AYIEYE . Description of PO, P60, P90, P120 are shown in the note of Figure 2.
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STl IO Vi B 3 0, B TR] ol 3R A T R 2 R U
K. R RELEARBEAKCE T o] Kt B R k45
O WS P T A s WK S T TR R i el
ff I, AT RO 2R 2 W RO o 3K T BB ZE AR
KT T TRIE R R] 56 44375 S AR A Y (R L AR ZR BRI
MR M) ZABE | MR WHETELY BT (5T .
AHLER . BERR NS AR U R R, MiAE R K
ST ] B A R A R e SRR

& 3 R[] iR AR 2R B /K7 T 4R R Y
ffE i i . RUCR A S RBCTFME . R 3 ATE H,
PR ASE 2 (O A I ) o it Al 7K S A B P A =X 5 it
W 7K P 19 38 A P AR S 35 5% ) 21 3 15 38 1% i IO
i W R R 2 e R0 (P<0.01) B L, [A]fE4b B
e B W 2R A I R TS AR B0 B i 9.2% Al
3.2%, FAAR i 2 M 2 % 18.4%. AN [l i W /K - T, 1]
VEXT 8 22 19 A W A MR TR], b B A 2 A PO A
P60 4b 3 [ A 45 541 5 3 35 0 90.2% Fl 194.4%, T
£ P90 F1 P120 Ab 3 ] AR R FAAE I 52.1% F1 34.1%;
] VE W i W2 R 7E PO FIl P60 Ab B 4% 84 B 35 19
68.1% F1 148.1%, 1fi ££ P90 A1 P120 kb B 45 A [ A%
66.5% A1 46.7% (% 3).

W T AL (HI) Ry — o 1 B ANk B T 3 xs
T8 O o 55 A O ) 25 1L 5 DAV o, VS AN ]
300 TR R 0 T e, E (R A AR R A R e T
TR 32 A DR 2R A P AR it e 1
i, AS TR R AR AR R R R S R B R R A
AN, 1T A 22 B AV A 3, 3 P v ol i P 485 o - 3
TR TR S, B TR R BRI . AN R K OF
T, MEVE#E 0 5 22500 PO FI P60 Kb B4 BANE 1 3%
WL 5.4% F1 11.8%, i £E POO F1 P120 4b FR 4% HfE i
I 19.4% F1 14.3% (P<0.05).
2.3 (B4 N £ 1% R O BT A IR BT A < 52 BB 7 R EL 4

Xf ST ik

R E— 25 T figt - A X T R R A O A
W52, iz 3R N - CBOHE SR 91 1) 5 40 1wk
W o8 R A W B R AT A G A T, S SRR (3 4), £+
HEwEW S g pH L AL . BEAREE . RO

®3 AREIFEBKTE T EX|KXEZEME M) FIEKBEIE (MM)
RO IREERRIN B KT IE R
Table 3 Desorption and desorption hysteresis coefficients of
phosphorus in soil of maize-soybean intercropping
(IM) and maize monoculture (MM) systems under
different phosphorus levels

Tréftfent Desorptif])n Desorption Hysterc‘:sis

(mg'kg ') rate (%) coefficient
PO ™M 45.11bc 11.68¢ 0.88b
MM 23.71d 6.95d 0.93a
P60 ™M 58.72a 17.55b 0.82¢
MM 19.94d 7.07d 0.93a
P90 IM 24.43d 7.86d 0.92a
MM 51.04ab  23.45a 0.77d
P120 ™M 37.82¢ 12.19¢ 0.88b
MM 57.41a 22.89a 0.77d
FE#EL Planting pattern (Pp) ns ok ok
Jifi 5 Phosphorus level (P) ok ok ok
PpxP *% sk *x

PO, P60, P90, P120U W WLIEI2 I . [RIFAMEL A AN IF) 7B 2R
Aib 38 B) 22 5735 P<0.05 W /KT #4315 P<0.05F1P<0.01 1 3%
IR, nsFeR Ak i E /K. Description of PO, P60, P90, P120 are shown
in the note of Figure 2. Data followed by different letters in the same column
are significantly different at P<0.05 level. * and ** denote significant
differences at P<0.05 and P<0.01 levels, respectively; ns denotes not
significant.

Tl DA R Bt W R R B2 S 0 i 2 B R OG (P<0.01), 5
Ui B Ak L T B AR AL AR RN B RS B AN B IE
AHIE (P<0.01); - S8 ol ik WAL ot 5 s o 0 0 o S 0 Bl 2
FAHE (P<0.01), HABFEFRAH A 2

SRR AR B A [F) PR AR X 5 i /K 7 45 2 Ak
PRI - 149 52 e, 3 177 ) FD D) R0t Al 7 S % gt 2% W
e g W o 0 S IR T, AR 9 3 45 ) T R A AR
(SEM), X FiAE AR X 5 8 K7 T & F8 b5 74041 . ol
VA 5381 LA B2 B AR 53 BT 205 A RO A, 87 S [R] Ao
AR TRl A28 7 T T 3R R B R R 1 R R G R
(& 5). SEM L1 A AN ] Fft A ASE =X AN 5 /K OF F £
HEpH. AHLT. WeEs Rkt W Rk . WIRE .
SRALCHE . AR Y b S R S R R Y T 2% 22
HEFREAEE YA B ((=57.70, Df=17, P<0.01), M
HR] s AR RS 3O A Sl R B ) R ) T B
W Ak TR ARASR . PR . A
ATl 0 IR, XoF S e 2 o ) 5 ) RS ok

T4 ER|AEEEMERBELDRME RS BN RRIFES HA0EX T
Table 4 Relationship between red soil properties and phosphorus (P) sorption-desorption parameters of maize-soybean intercrop-
ping and maize monoculture systems

Ei=gan - AL RS AR ER AR WAERE A ek PRk A B RHE AL I B A i
Index p Organic matter Free Fe,0; Free ALO; Resin-Pi Olsen-P Total P Standard P requirement P sorption index Degree of P saturation
% Fff-H Absorption —0.645"  —0.609" 0.678" 0.692” —0.886" —0.612"—0.735" 0212 0.9317 —0.645"
fi# 0% it Desorption  0.232 0.278 —0.121 -0.200  0.189 0372  0.394 -0.518" -0.276 0.302

4 TR D I (P<0.01); * 7R . 35 A (P<0.05), ** represents significant correlation at P<0.01 level; * represents significant correlation at P<0.05

level.
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5 HMRBEFESMAERBKTET EX|XZEMEMEREMELIRMY RSN MMERMAERX R

Fig. 5 Structural equation model analysis of causal relationships among soil properties and phosphorus (P) adsorption, desorption of
maize-soybean intercropping and maize monoculture systems under different phosphorus levels
UL . ALSTER AR R AT KRR B (P<0.05), W (P<0.01) AR 5L (P>0.05) 4%, o7 =57.70, DE=17, P<0.01. The thin lines, thick lines,
and dotted arrows indicate significant (P<0.05), very significant (P<0.01), and no significant (P>0.05) path. y* =57.70, Df.=17, P<0.01.

e B AR L TR R Al 1 0 s WK
At 2 o %) 52 Wi = A g %of S A AR L
BAEARSE  WRREE . AR R A B R R, X 4
8 o VA e 114 5 W) 8 2 3 3 O U0 AR L A Rk
AW IS .

Ry B — 2D AN [ AR A AR U I A AR AR
5 1l 2R W BF e R W T OC R, SR FH AR 3 BT
7 (aggregated boosted tree analysis, ABT) 43 #7 1 1 #f
A g X T STl IR S5t R R A P AR X T . A
Kl 6 Al i, S K| R AR . TR AR 0
Rt R o 1) 7 DXL 520l 2 pH LA ML, AH XS DTk
AT 37.58% Fil 47.49%, 5 ) /E AN 54 + SRk
fiffe W 1 B B TR B D A BILJTE, AR R BTk R 43

48.67% 1 41.58%. KA I, 21 HER 25 (%) W% B D ik W%
ANETERNEL & AR, 252 pH. AHLEIM
T 5 A AR Bk 5 e, KT ] AR RS 12 B 4 1) A X T
iR 238 DL K fife W i 1 AF X6 BT R 5 43 0 R TR 87.61%
88.66%. 88.05% Fil 86.44%, A~ [F] A A A5 =X, g 2% - I
(1) pH . A AILBT RN 5 A A Bk B ik i s B (A A 21 1 g
W T R e AL i ) 22 7

3 iTig

Tt g o T 48 Al IR A o2 UL 36T Rz B 2 M)

- 558 vl 2R I R B Ao e e W R AE R A
Kbk, —F AL - R R (bR g Y A
TG, TR R A8 Ak R0 5 T O o o 2k 722 £ R 1R

3.1

FHXT BT Relative contribution (%)

0 20 40 60 0 20 40 60 0 20 40 60

pH oM OM oM
OM pH pH pH
Fe,O, Fe,0O, Fe,0, Fe,0O,
Resin-P Resin-P Resin-P AlLO,
TP Ava-P AlO; TP
Ava-P TP Total P Resin-P

AlLO, IM-Absorption AlLO; IM-Desorption Ava-P MM-Absorption Ava-P MM-Desorption

6 ETARIERE S ERI|AZEE AM) F1EKE4E (MM) 1% & F X505 M (Absorption) F1#EIR (Desorption) H948
STHER

Fig. 6 Aggregated boosted tree (ABT) analysis for relative importance of soil chemical properties for phosphorus absorption and de-
sorption of maize-soybean intercropping (IM) and maize monoculture (MM) systems

OM N AT HLJE, Fe,05 J i B8 AL 2k, Resin-P A IR B, TP 28, Ava-P i B, ALO, MilF B % 1L4 . OM is organic matter, Fe,0, is free
Fe,0,, Resin-P is resin phosphorus, TP is total phosphorus, Ava-P is available phosphorus, AL,O; is free AL,O;.
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