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Effects of Targeted Conservation Tillage on the Distribution of Total
Phosphorus, Available Phosphorus, and Phosphorus
Fractions in Mollisol Sloping Farmland
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(1.School of Resources and Environment, Northeast Agricultural University, Harbin 150030, China; 2.Research Center of Key
Substances Transportation and Regulation in Mollisol (Northeast Agricultural University) , Harbin 150030, China)
Abstract: [ Objective] The aims of this study are to clarify the mechanism by which different targeted conservation
tillage practices on slopes affect the distribution of soil total phosphorus (TP) , available phosphorus (Olsen-P) , and
phosphorus fractions in typical mollisol sloping farmland, providing scientific and technological support for
reducing phosphorus loss and enhancing soil phosphorus availability. [ Methods] Based on a two-year field tillage
experiment on typical mollisol sloping farmland, this research investigated the effects of conventional tillage (CK,
representing local traditional practices) , targeted no-tillage with straw mulching on the middle slope (NTm) ,
targeted middle slope no-tillage with straw mulching combined with biochar application (NTm-+b) , targeted
middle slope no-tillage with straw mulching combined with biochar application and targeted no-tillage with straw

mulching applied on top slope (NTtm), and the combination of top slope NT with middle slope (NTtm—+b). The
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study examined their impacts on the distribution and loss of soil TP, Olsen-P and phosphorus fractions across the
entire slope before corn sowing and at maturity. [ Results ] Compared with the CK treatment, NTm and NTm-+b
measures reduced the contents of labile organic phosphorus, and moderately labile organic phosphorus at the
middle slope position. However, they increased the Olsen-P content by enhancing the levels of labile inorganic
phosphorus and moderately labile inorganic phosphorus at the middle slope, and increased TP content by raising
the stable phosphorus content at the middle slope. Similarly, NTtm and NTtm~+b measures reduced labile organic
phosphorus and moderately labile organic phosphorus contents. They increased Olsen-P content by elevating labile
inorganic phosphorus and moderately labile inorganic phosphorus levels at both top and middle slope positions, and
increased TP content by enhancing stable phosphorus content at these positions. At the down slope position, all
treatments resulted in decreased contents of all phosphorus fractions, TP, and Olsen-P due to reduced external
inputs. At the whole slope scale, NTtm treatment significantly increased the total slope’s TP stock and Olsen-P
stock (p<C0.05) ; while NTtm—+b treatment only significantly increased the entire slopes Olsen-P stock (p<<
0.05). [ Conclusion ] Targeted conservation tillage on the top and middle slopes can enhance soil phosphorus stock
and improve soil phosphorus availability by increasing active phosphorus fractions. Among the strategies, NTtm 1s

the preferred tillage measure for reducing phosphorus loss, improving phosphorus availability, and increasing

phosphorus stock in mollisol sloping farmland.
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Fig.1 Sloping farmland plot treatment distribution map
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Ab R NTm+b 4b #4148 5 H.O-P NaHCO,-Pi.LP
i, HPENTm AT, M2 07 & % H.O-P % &
B 5 49.58% (p<<0.05) (& 3a) ; M1 Hl M2 fif &
) NaHCO,-Pi & it 43 51 i 3 $2& 55 34.73% .26.77 %
(p<<0.05) (& 3¢) , NaHCO4-Po #  43 9l 1B 3% 32 5
18.80% .18.29% (p=<<0.05) (&l 3e) ; £ NTm+b Ab
T, M1 Fl M2 £7 B 1) NaHCO,-Pi & 143 51 . 25 #2 7
33.85% .30.56 % (p<<0.05) (| 3¢) ,NaHCO,-Po %

43 ) 3 B 15.99% . 17.89% (p<<0.05) (FE 3e) o
76 NTm &b P il NTm-+b 4b B F , ¥ F 7 & 0
NaHCO,-Po F1 LP & & % ik T CK 4 # . o H 2
NTmAFEA NTm+b A LP & & 7E B2 M B3 &
FALTF CKALFE(p<<0.05)( 3g) . CKALH NaHCO,-
Pi.NaHCO;-Po LP & & 7E B2 Fl B3 i & W 2 = T3
Hi 3 (p<<0.05), 1fif N'Tm 4b B AT NTm-+ b &b 2 [ 1%
B2 Fl B30 & 5 3 vh 47 B 2 18] R sk Al o i 22 5 (R
3c. &l 3e  3g) o il AL 43 M 2023 4 AN [ 1 Ml 4 43 11
Al E B, 5 CKANPEAH L ,NTm AL # A NTm+b
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Aib 3HAA) T e i A TS MR AL Ay AR Ak i . R AE N Tm &b
PR, M2 7 & 1 H,O-P A8 6 2 5 % 38 in 3.09 mg/kg
(p<<0.05) ; M1 F1 M2 {37 & 1) NaHCO,-Pi 4% 1k 5 43 51l
BN 11.50,13.85 mg/kg(p<<0.05), #E NTm+b
AEFRR M1 AT M2 78 1 H,O-P 28 fb 8 43 51 5 2 36
5.91.4.58 mg/kg(p<< 0.05) , NaHCO,-Pi 48 fk 1 43 5
i AN 18.39.21.72 mg/kg(p<<0.05) . 7E NTm 4b
BRI NTm-+bALBE T, 3 A7 & 0 A B 4l 4 A8 b it
WEAALT CKAAH . HPENTm M NTm+bAH T,
H,O-P NaHCO,-Pi NaHCO,-Po 7£ B2 {3 & ¥ i # ik
F CKALH (p<<0.05); LP & /e B2 M B3 & ¥ i &
T CKALH (p=<<0.05) . CK AbFH B A7 1% P 2 73 28
1k & 7€ B2 il B3 4 &5 B 2w T b B (o<
0.05), 1 N'T'm Fl N'Tm-+b 4b Bt 2 B AR 35 75 20 43
AL i TE B2 I B3O B S AL E 2 A 25 5

2024 4 AE E KR AET , 5 CK A 3 AH 1, 72
NTtm &, T1 A BL AL # NaHCO,-Pi &% i 43 il
W EREAIL 13.21%,44.69% (p<<0.05) (& 3d) ; M1 Al
M2 i & [ NaHCO,-Po & 5 43 1) 8 3 F# 41K 29.25% .
39.55% (p<<0.05) (& 30) s T2 B LP & & B & %
fi£19.15% (p<<0.05) (I 3h) ; 7ENTtm+b b B R, T1
fi & 1 NaHCO,-Pi & & 78 1 3% 4& & 10.71% (p<<
0.05) (I 3d) ; M1 £ E ) NaHCO,-Po 5 H i % F& ik
30.13% (p<<0.05) (&l 30 s T2 fif B B LP 7 & i 2 %
fi% 21.60% (p=<<0.05) (& 3h) o Wl | 5 CK &b B AH
Fo,fENTtm AR F R, T2 M1 M2 {7 8 () H.O-P & &
2y B 3 B R 26.86% . 40.90% . 46.26 % (p<<0.05)
(& 3b) 3 M2 fii & Y NaHCO ;-Po & i it & % {IK
35.40% (p<<0.05) (& 30 ; T1 Al M1 A7 B 1 LP & &
Iy B R 31.12% .17.28 % (p<<0.05) (& 3h) . 1E
NTtm-+b4bH# R, T2 M1 M2 & ) H.O-P & & 5
I 2 4R R 18.96% .42.30% . 43.24 % (p=<<0.05) (&
3b), LP & 43 5l i 3 7 &5 31.29%6.21.98 %6 .14.97 %
(p<<0.05) (& 3h) ; T1HI M1 i & B NaHCO,-Pi &
I3y ) 5B 3 28.95% . 43.56 % (p<<0.05) (&l 3d)
SRIMAE NTtm M NTtm-+bACH R, B2 Al B3 & /Y H
»O-P NaHCO-Pi & & ¥ Ik T CK &k 2 (5] 3b. &
3d) . CK4bH H,O-P . NaHCO;-Pi % & 7 B2 #1 B3
8 B E TP E (p<<0.05) , 1if NTtm Al
NTtm-+b &b B A% B2 A1 B3 {7 & 5 3% F A7 & H.O-
P \NaHCO;-Pi % (19 22 5 (& 3b . K 3d) .

i 3 3 AT 2024 4F AN R 3 PE 8 2 4 09 R Ak i R
B, 5 CKALFEAH H , NTtm Al NTtm-+b &b B8 ¥ 7+ 5
H:O-P NaHCO;-Pi . LP 28 k& . HH7E NTtm 4b 2
T M1 AL E Y H.O-P 28 6 i 1 3538 i 2.79 mg/kg
(p=<0.05) s 3 b Fn gk v v & 1) NaHCO3-Pi 28 fb 7 43

W ¥ JF 5 22.37.9.18,17.67, 11.95 mg/kg (p<<
0.05), LP 78 & 43 ] &k 3% F &5 23.03.12.20,19.26 ,
11.96 mg/kg(p=<<0.05) ; M2 i & [¥) NaHCO,-Po 4£ {1k
L K 3.22 mg/kg (p<<0.05), 7E NTtm+b 4t
PR, M1 H.O-P A8 fb & 535 380 4.00 mg/kg
(p<<0.05) ;3% b Fy v 47 & 1) NaHCO-Pi 48 fb 2 57
W TF G 23.74.9.28.,15.60,13.26 mg/kg(p<<0.05) , P
AR AL i) B 3 T 23.16.11.04.17.99.13.74 mg/kg
(p<<0.05) s M2 fii & i NaHCO,-Po 748 fk & i & [ A%
4.07 mg/kg(p<<0.05) ;. #RTM7E NTtm 1 NTtm+b &b
T, B2 B3 1 A B 4L AR Ak i N F CK Ak
i, HAENTm AT, NaHCOs-PiAgfLHAE B2 47
B FM T CKALH (p<<0.05) ; NaHCO3-Po Fil LP 7%
b 7E B2 A1 B3 B i I T CK AR # (p<<0.05) . 7
NTtm+bAbH T ,NaHCOs-Pi 28 fb 75 B2 (i & i 3
& F CK &b B (p<<0.05) s NaHCO;3-Po 28 b 1 B2 Fll
B34 B W FH KT CK AL (p<<0.05) ; LP A8 4k i 76 B3
P B EMT CKALH (p<<0.05) ., CK &b H fir £ 1% ¥
W20 53 A5 AL 2 7E B2 ORI B340 B Mk 2 3 I T3 o
(p<C0.05), 1fif NTtm Fl NTtm+b &b B 44K T B2 #1 B3
A5 3 7 BT W R AR R 2 R
2.4 ERm R EHEX E L MLP B9
2023 4F  7E EOKFE R AT, 5 CK AL HELAR LE , 3 b
NTm &b H# A NTm+b #4 5 NaOH-Po MLP % it .
HoAPENTm AR, M2 {7 & ) NaOH-Po 7 & i %
P8 14.97% (p<<0.05) C[&l 4¢) ; M1 F1 M2 fii & #Y
MLP & &t 4 5 5 2 48 & 20.16% Fi1 18.21% (p<<
0.05) (El de) o MM, 5 CKALPEAH b, NTm &b 2
NaOH-Pi & & 76 M1 il M2 {7 & 2 3 B F 48 5
25.93% F122.96% ; #£ NTm—+b 4 B F , M2 v & 1Y
NaOH-Pi #l NaOH-Po % #5435l 2 2 $2 55 30.99 % 1
14.91% (p<<0.05) (& 4a) (& 4c) s M1 Fl M2 i B 1)
MLP & & 43 51 5 & 3 18.87 % F117.23 % (p=<<0.05)
(Kl ded o 383 43 #r 2023 48 AN [a] i 45 3% P 8 241 45 1 28
e B, 5 CKAMEAR L, 76 NTm AT, M1 Fl M2
i B 1 NaOH-Pi 28 {1 &t 43 51 W 3 F+ & 14.45,15.93
mg/kg(p<<0.05) ; 76 NTm-+b A BT , M1 F1 M2 f &
i) NaOH-Pi 28 fb i 43 7 i 3 T 5 20.13.20.98 mg/kg
(p<<0.05), JLH NTm-+b &b BEFE M1 47 & 9 42 T i FZ
Bk, HE N & 3% & T NTm &b # (p<<0.05) ; M1 fif
1 NaOH-Po 22 fb i [ 4K 6.03 mg/kg(p<<0.05) . &
I, 76 NTm 1 NTm-+b 4 ¥, B2 f1 B3 {3 & M i A&
B4l 2y 728 Ak B BT CK 4 38 . Hob 78 NTm il
NTm+bAb# T ,NaOH-Pi fil MLP Z5 4k & 7 B2 fil B3
A7 B E AR T CK AL B (p<<0.05) ; NaOH-Po 28 k. 75
B3 KT CK AR P (p<<0.05) (] 4g~&l 41 .
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Fig.3 Differences in soil LP content and variation in 2023 and 2024
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Fig.4 Differences in soil MLP content and variation in 2023 and 2024
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2024 4F fE EORHEFhAT , 5 CK AL B AH 1L, 78
NTtm &b BT, T2 f1 M2 43 & B NaOH-Pi & & 43 7l
AR 13,14 % F1 14.42 % (p<<0.05) (& 4b) ; T1 4
1 NaOH-Po & & It # FE{IK 6.47 % (»p<<0.05) , M1
HI M2 1 1) NaOH-Po 7 & 73 3] 8 3% #2594 % .
36.58 % (p<<0.05) (& 4d) s M1 F1 M2 {3 ‘& il MLP &
T B 8.84% . 11.22% (p<<0.05) (& 40) s 18
NTtm~+b4b# T, M1 Hl M2 {ii B i NaOH-Pi 5 & /3
I 5 2 FEAK 20.35% F115.16 % (p<<0.05) (& 4b) ; T1
£ # 1 NaOH-Po & & 1 % FE K 16.27 % (p<<0.05),
M1 Hl M2 fii & # NaOH-Po & & 43 %I W # & &
20.92% .27.88% (p<<0.05) (F 4d) ., W&, 5 CK
A BEAH LG, 7 NTum &b BT, T2 7 & 19 NaOH-Pi %
R AR 16.69% (p<<0.05) , M1 #l M2 fii & 1)
NaOH-Po % 7 B4 75 16.62% .29.35% (p=<<0.05);
fE NTtm+b ¥R, T1 47 &1 NaOH-Po &5 & i #
B 8.90 % (p<<0.05) (&l 4d) s M1 Fil M2 7 & 1) MLP
8 B FE L 10.90% ., 18.35% (p<<0.05) (&
40 o 38 43 B 2024 45 [ v AR T M 4L 43 1 AR Ak
B, 5 CK AL EEAH b, NTtm A1 NTtm+b &b # )
Jt & NaOH-Pi il MLP 22 fb &, B Ik NaOH-Po 725 {k
o HofE NTwm 40 BT, 3% B A1 b 47 8
NaOH-Pi 2% ft & 43 7] i 2 F+ % 5.53.10.81,14.45,
15.93 mg/kg(p<<0.05) ; M2 {i & 1) MLP & & 5. 35 T}
i 10.65 mg/kg(p<<0.05) ; M1 & ) NaOH-Po A8 b
it 35 PR A% 8.36 mg/kg(p<<0.05) ; 7E NTtm+b 4b 3
T, 8 b AU b B 89 NaOH-Pi 28 46 & 23 51 5 35 T+
5 5.86.15.37.16.17.20.80 mg/kg(p<<0.05) , i H J2&
NTtm-+b4bBEAE M2 {7 B 52 T+ iR 5 o, R i
2 T A YA NTtm 4b B (p<<0.05) 5 T2 £l M2
A7 B 1 MLP A8 4k & 43 1) 2 3% 42 5 16.59,19.94 mg/
kg (p<<0.05) ; M1 i & B NaOH-Po 7¢ fk &t [ fik
8.41mg/kg(p=<<0.05) . #RIfij 7E N'Ttm Al NTtm-+b &b
BN, B2 H B3 B BT Al 2H 43 AR A e k2 IR
F CKALBE(p<<0.05) .

2.5 SEEFRFEREXE T HH i NLP B

2023 4F , 7E B oK A, 5 CK AR FEAR [, NTm
FINTm+b &b B $2 5 HCI-P NLP & & . Hp
NTm 4k # R, M1 Fl M2 {3 & /9 HCI-P & it 4 51 &
FHEN 18.38% . 12.47% (p<<0.05) ; £ NTm b b Hf
T, M1 Al M2 7 B B HCI-P & &8 43 51 8 3 5
14.63% .15.42% (p<<0.05) (| 5a) ; M2 fii & ) NLP
FR P ERE 9.78% (p<<0.05) (&l 5e) . CK kb # i
A E B & R B2 A B3 E Y B E w8
(p<<0.05) , T NTm 1 NTm+b &b 2 [# ik B2 F1 B3

L8 G 8 Z F A LR B A & w27
(1&l 5a. &l 5¢ . &l 5e) o 3 ik 43 BT 2023 4F A [m) o i
o iy A Ak B % B, NTm F1 NTm-+b kb 3 35 7} 5
B A W2l oy A8 b & . E NTm A FE R, M1 fit M2 {7
B HCI-P AZ A6 i 43 ) 2 35 388 Jin 17.18 . 15.96 mg/
kg (p=<<0.05) , Res-P 748 fk fit 43 3] & 2 #2& & 10.23
10.85 mg/kg (p<<0.05) , NLP 48 1k 53 51| 7+ 5 27.41 .
26.78 mg/kg (p<<0.05) ; ¥ NTm-+b 4k # T , M1 Fl
M2 i & () HCI-P 72 fk & 43 ) @ 2 19 in 18.70 . 16.54
mg/kg(p<<0.05) , Res-P 5 {k 1t 43 il | & 4 % 10.47 |
9.64 mg/kg (p<<0.05) , NLP 7% 1k & 4 % 7t %5 28.37 .
27.02 mg/kg (p<<0.05) o #R i , #£ NTm Al NTm-+b
AbFER B2 F B3 A B T A AR A W AL AR A i Y
& F CKALFE . H#E NTm Al NTm+b 4B R, B2
FI B3 A 4 Fe o Wl 2 4 8 Ak B e R T CK
AbHE (p<<0.05) o CK Ab B fir 47 B 5 W 21 43 A5 4 & 75
B2 1 B3 i ¥ W 2 & T 3 47 & (p<<0.05) , i
NTm Al NTm-+b &b 3 B Ik B2 1 B3 i & 5 3¢ b 7
] HCI-P \NLP 48 b &2 1% 22 5+ (&l 5g~ &l 51 .
2024 4F L TE KGR ET , 5 CK 4 #AH 1L, 75
NTtm &b BT, T2 F1 B2 47 & 1) HCI-P 7 & 53 5l i %
B A% 8.35% .11.25% (p<<0.05) , M2 fii & () HCI-P &
B E R 11.40% (p<<0.05) (& 4b) ; M1 fii &
NLP & & W % Jh & 12.31% (p<<0.05) ( [& 4D ; 78
NTtm+b 4, M1 & 9 NLP & & &A% 10.04 %
(p=<<0.05) (4D, Bz, 5 CKALFEAR L, NTtm #
NTtm+b b #4552 & fr A B 20 50 & & . Hop 78
NTtm &b 3T, M1 HI M2 {7 & /) HCI-P & & 5 5] i 3%
7 21.30% .7.50 % (p<<0.05) (& 5b) s M1 7 & ) NLP
B E R 16.30% (p<<0.05) (& 50 ; /£ NTtm-+b
AR PR M7 B A HCI-P A g 3 425 9.04% (p<<
0.05) (¥ 5b) ,NLP 5 #2325 12.31% (p<<0.05) (]
50 . SR NTtm Al NTtm-+b b BT, BT 4 Fa 2 B 4143
R AE B2 A B3 B i 2R T CKAREE(p<<0.05)
(& 5b, [ 5d & 50 . CK 4b B HCI-P il NLP % & 7¢
B2 1 B3 8 1 2K T 3 b A7 # (p<<0.05) , 1 NTtm
A NTtm-+b &b B[ A% B2 F1 B3 {37 8 5 3% {7 & 18]
HCI-P #1 NLP % & 19 22 5 (|8 5b |8 50 . 38 i 50 #r
2024 4F ATl A2 2 Wi 20 43 1) 22 Ak i 3, #E N'Ttm Ak 2
T, M1 F1 M2 {3 & 5 HCI-P 728 4k 5 ¥ 4 51 W 35 T 55
8.79.6.26 mg/kg(p<<0.05) ,NLP A5 {k &t 43 i) (5. & T 5
9.24.10.40 mg/kg(p<<0.05); T1 M1 M2 1 & ) Res-P
AR S 0] B TR 6.59.9.45 4,14 mg/kg(p<<0.05);
T NTtm-+b 4 H R, T1 A M2 43 # i) HCI-P 72 1k &
2y 9 2 TF E 14.59.10.09 mg/kg (p<<0.05) , Res-P
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%5 RT3 46 gl B M A S S e e M Al A ORI B 2L 43 43 A 14 5 ) 247
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