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Abstract: [Objective ] A long-term field experiment was conducted in a typical black soil area in Northeast China

to study the changes in soil colloidal phosphorus content in the 0-100 cm profile under no tillage (NT) and
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traditional tillage (CT). The purpose was to explore the effect of conservation tillage on the content of colloidal
phosphorus and analyze the distribution pattern of colloidal phosphorus in soil under different tillage measures.

[Method] The research area is located at the National Field Science Observation and Research Station of Hailun
Farmland Ecosystem, Chinese Academy of Sciences (47°26'N, 126°38'E), where corn soybean rotation is
implemented. After the corn harvest, the soil profiles of farmlands were collected and divided into eight layers: 0-5,
5-10, 10-15, 15-20, 20-40, 40-60, 60-80 and 80-100 cm. The contents of colloidal phosphorus and soil physical
and chemical indicators in each soil layer were determined to study the variations and distribution patterns of
colloidal phosphorus content in the 0 - 100 cm soil profile under straw mulching no-tillage (NT) and conventional
tillage (CT). [Result] NT significantly increased the content of colloidal phosphorus (P < 0.05), with an average
increase of 33.40%. In the same soil layer, NT significantly increased the contents of total phosphorus and
available phosphorus, and the average contents of colloidal molybdate reactive phosphorus (MRP) and colloidal
molybdate unreactive phosphorus (MUP) (P < 0.05). Among them, MRP increased by 18.44% and MUP increased
by 49.19%, but NT significantly decreased the proportion of MRP in colloidal phosphorus in the surface soil by
12.21% (P < 0.05). TPcoll (colloidal phosphorus) and colloidal MRP were mainly carried by fine particles of
1-220 nm. The average proportion of FPcoll (1-220 nm colloidal phosphorus) in each soil layer under NT
treatment was 73.47%, and that under CT treatment was 74.34%. The proportion of FMRP (1-220 nm MRP) was
59.64% under NT treatment and 63.22% under CT treatment, and the average proportion of FMRP in the surface
soil under NT treatment was 5.66% lower than that under CT treatment. The content of colloidal phosphorus was
affected by soil physical and chemical properties, showing a significant negative correlation with bulk density and
a significant positive correlation with field capacity, soil porosity, total phosphorus content, available phosphorus,
total carbon, and total nitrogen. [ Conclusion] In conclusion, conservation tillage generally increases the contents
of colloidal phosphorus, total phosphorus, and available phosphorus in each soil layer. This change might be due
to the influence of NT on soil physical and chemical properties, and the increase in colloidal phosphorus content
might increase the risk of phosphorus loss.

Key words: Conservation tillage; Colloidal phosphorus; Black soils; Soil profile
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Table 1 Basic physical and chemical properties of different soil profiles under conservation tillage and traditional tillage

g
Ab3 BD MC FC CEC TN TP Olsen P TC
Soil profile pH
Treatment om /(g-em™) 1% /% / (cmol-kg™) N(gkg™") /(gkg™") /(mg-kg™) /(gkg™")

NT 0~5 5.63+0.02¢B 1.194+0.01dA 33.21+£1.73aA 39.37+1.69aA 39.07+0.24bA 3.004+0.52aA 0.98+0.002aA 51.5940.98aA 37.3013.60aA
5~10 5.73+£0.01dA 1.3240.04cA 30.75+£1.32abA  32.37+0.95bA 42.13+0.80aA 2.68+0.47abA 0.8710.011bA 39.2242.14bA 34.75+£4.29abA
10~15 6.03£0.01cA 1.324+0.00cA 30.22+1.70abA  31.51+£0.94bA 38.68+0.36bA 2.33+0.23bcA 0.75£0.026cA 26.17£2.32cB 31.63£2.30bcA
15~20 6.06+0.01cB 1.324+0.06cA 30.76+£2.51abA  31.68+1.73bA 36.444+0.46cA 2.03+0.32cdA 0.7210.006dA 19.6710.46eA 27.47+£3.24cdA
20~40 6.06+0.05¢cB 1.46+0.08abA 20.28+6.85cdA  25.47+3.79cA 34.86+0.38dB 1.84+0.23cdeA  0.69£0.014eA 23.451+0.16dA 24341+ 1.55dA
40~60 6.25+0.04abA  1.36+0.03bcB 25.72+3.98bcA  29.88+2.62bA 32.744+0.37¢B 1.59+0.19deA 0.59+0.014fA 16.43£0.54fA 19.60+1.69eA
60~80 6.224+0.02bA 1.52+0.10aA 14.544+2.87dA 25.00+2.54cA 37.16+1.01cA 1.46+0.15deA 0.5940.008fA 22.17%+0.63dA 16.18+1.78efA
80~100 6.30£0.04aA 1.50+0.11aA 15.77+4.71dA 24.55+2.26¢cA 32.854+0.54eA 1.2940.10eA 0.55+0.012gA 22.72+1.40dA 14.68+0.36fA
CT 0~5 5.73£0.01eA 1.23+0.08cA 29.55+2.03aA 35.26+3.77aA 33.62+0.15dB 2.184+0.45aA 0.8240.022aB 39.72£0.70aB 28.70+4.17aA
5~10 5.81+0.03bA 1.37+0.03bA 28.45+1.96aA 30.01£1.53bA 34.61+0.43dB 2.13+0.31aA 0.81%0.002aB 36.8710.04bA 28.41£3.89abA
10~15 5.88+0.04dB 1.37+0.03bA 28.09+£1.64aA  29.10+0.80bcB 34.07+0.15dB 2.04+0.33abA 0.76£0.002aA 33.9942.49cA 25.374£2.90abB
15~20 6.22+0.01cA 1.35+0.01bA 28.06+£1.16aA  29.18+0.83bcA  39.12+0.81abA 1.80+0.38abA 0.65+0.020bB 14.51£1.02¢B 23.821+2.88bcA
20~40 6.37+0.01bA 1.50+0.01aA 23.23+£0.78bA  25.21+1.37cdA  38.66+0.47bA 1.57+0.11bcA 0.55+0.001eB 11.46£0.09/B 19.831+0.78cB
40~60 6.44+0.06aA 1.51£0.01aA 23.12+1.72bA 24.10+1.72dB 39.99+0.75aA 1.2640.06cA 0.49£0.010fB 11.05£0.27fB 14.73+£1.31d B
60~80 6.24+0.01cA 1.54+£0.07aA 18.524+0.50cA 23.38+3.36dA 36.15+0.78cA 1.21+0.11cA 0.57£0.001dB 18.28+0.30dB 13.95+£0.99dA
80~100  6.40+£0.03abA  1.54+0.05aA 18.38+1.33cA 23.11£3.03dA 31.67+0.17¢A 1.20+0.01cA 0.49£0.010fB 15.07£0.76eB 13.04£0.73dB

I NT AR ES B CT NfeGibifE. BD ALIEAE, MC NFEE/KE, FC AMIERI/KE, CEC NMHETAHE, TN &%, TP A4®E, Olsen P HAHRBE, TC A%ik. AR/NGFRERRE—H
{E7 A )2 122 7 B35 (P<0.05); AFKE 7 RER SRR T2 AN F#HE 77 20 2 7 .35 (P<0.05). Note: NT is no tillage, CT is traditional tillage. BD is bulk density, MC is mass moisture content, FC is field capacity,
CEC is cation exchange capacity, TN is total nitrogen, TP is total phosphorus, Olsen P is available phosphorus, TC is total carbon. Different small letters indicate significant differences between different soil layers in the same tillage

method (P<0.05). Different capital letters indicate significant differences between different soil tillage methods in the same soil layer (P<0.05).
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B 63.70%, CT AHRZEK 61.80%) , BFK TIRZHIARLE (NT 7£ 20~100 cm 74
JZ TPcoll & & FEAK 45.45%, CT IRZBEIK 51.22%) , RIEZEIELI K TIHRZ . NT ARk
TELE 0~5 cm &b (6.64+0.35) mgkg!, 1E80~100 cm 4K (1.04+0.01) mg-kg!, FFMK
84.35%; CT MBS ARMBE &&= 7E 0~5 cm A2 (3.90 £0.02) mg-kg!, 7E 80~100 cm &> (0.63
+043) mgkg!, FEIK 83.82%, ik L3y RHIBE - E R T REM#EE. TEEL
B, NT A2 TPeoll % =M1 T B MR BER BN, 10 CT Ab3 T R h &g, 78 0~15 cm
T2 RN, ALK 9.54%, 15~20 cm AR 57.77%.
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1 d £

0~5 5~10 10~15 15~20 20~40 40~60 60~80 80~100
T 1 &M Soil profile/cm
Ve BRSO, TR AREVNG R AR & B R —BHE 7 R AR LRGSR (P<0.05) 5 AR
K5 AR RN AR & B AE W) — T N A BHE S 2 Z 5 (P<0.05) . Note: The error bar is the standard deviation. The same
below. Different small letters indicate significant difference between different soil profiles in the same tillage method of colloidal
phosphorus at 0.05 level. Different capital letters indicate significant difference between different soil tillage methods in the same soil
profile of colloidal phosphorus at 0.05 level.
B SRR 20 3 e A o
Fig. 1 The content of colloidal phosphorus in soil profiles under different tillage methods
2.2 HIERSIRTERI LA X
H P 2 AT%0, NT Al CT 4LFEAY FPeoll (1~220 nm FBARRE) & & A K FLAE e A b 1)
i EL 34328 15T LPeoll (450~1 000 nm ¥ 244 ) A1 MPcoll (220~450 nm ¥ A4 ) (P<0.05),
NT 4b 2 FPcoll -7 (5t oA 73.47%, CT 2N 74.34%, H 34K MPcoll (5 ELEAK(NT 4 10.40%,
CT 7 9.30%) o 3 FRiARR AR & &I ARZ S TIRIE, NT #i07 LPcoll. MPcoll Al
FPcoll &, FIZMKIRIEIN 13.25%. 148.62%F1 28.22%, IRIZMIKIE N 29.58% 4.35%
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A1 41.34%, HAE MPcoll 7ERJZIF1 H LR Z IR A T 82.60% (P<0.05) o 7EMMHHE T
N, LPcoll fERZM T 5 IR ER TIRE (P<0.05) , CT A3 MPeoll 7E7K)Z 1134
5 R E T 129.76% (P<0.05) , FPcoll fEIRZ I3 5 LR Z1K 19.62% (P<0.05)
1M NT AbH# G R EER (P>0.05) .
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¥: FPeoll A 1~220 nm ISR RAKRE, MPcoll 4 220~450 nm ) 7155 R BE AR, LPcoll A 450~1 000 nm 19 K R~ e
W ANFEKS FRERHFE L ZEARFEBE T ROZEFE (P<0.05) . Note: FPeoll is fine particle colloidal phosphorus of 1-220 nm,
MPcoll is medium scale colloidal phosphorus of 220-450 nm, and LPcoll is large size colloidal phosphorus of 450-1 000 nm. Different
capital letters indicate significant difference between different soil tillage methods in the same soil layer at 0.05 level.
B 2 REBHET R T SRR A& &
Fig. 2 The content of colloidal phosphorus at different particle size under different tillage methods

2.3 TIERIREEM

WK 3 fizR, NT ACEEEAR 3907 MRP il MUP (P& & (P<0.05) , " MRP
N 18.44%, MUP M5/ 49.19%, {H NT {32 L35 MRP 78 Al b i o LU W2 PRI T
12.21% (P<0.05) .

MRP [{J & BEERZAIRE K (NT KK 73.93%, CT MK 78.14%) , IREBMRE
/N (NT MK 47.62%, CT £ 19.29%) , {H MUP [ FRE#EEAR—3, NT RZE MUP & &
AR 51.92%, TRIZF#K 41.62%, 1 CT 2K 41.33%, RIZFHK 62.85%.

4 4 MRP S§EAEZRATH G, NT A CT 4G FMRP && SN, &
Z 315 2y 5N 59.64% (NT) Fl163.22% (CT) , MMRP (220~450 nm [¥) 440 W 2 B
) (HHEMK (NT P8 13.92%, CT P38 9.94%) « NT 3T, 3 Fkifd MRP 5Lk
7E 5+ 2RI IE KT CT, LMRP (4 500~1 000 nm FRAREH 15 S Nl A1 MMRP
5 L4 0 117.19%F1 78.14%, FMRP (1~220 nm FIRAREATE S N 7 LIRSy
24.85%; CT 1 LMRP HI MMRP 1] 5 Eb 4 350 289.26% 11 279.90%, FMRP (& LUF#iE 9
45.53%. NT A HEERJZE 3% FMRP [1J°F3 &7 ELER CT A EEF#(K 5.66%, 1T MMRP [1)°F35) (5 X
I 40.04%.
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T - MRP S A%H W 52 S, MUP B4R 4H 15 35 5 B % . Note: MRP, colloidal molybdate reactive phosphorus; MUP, colloidal
molybdate unreactive phosphorus.
B3 ARIRBHE 7 2R A S (MRP) RIS HH 5 AR RN % (MUP) & &
Fig. 3 The content of colloidal molybdate reactive phosphorus (MRP) and colloidal molybdate unreactive phosphorus (MUP)
under different tillage methods
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VE: FMRP N 1~220 nm ff) MRP, MMRP >4 220~450 nm [{] MRP, LMRP >} 450~1 000 nm [{] MRP. Note: FMRP is MRP of
1-220 nm, MMRP is MRP of 220-450 nm, and LMRP is MRP of 450-1 000 nm.
B4 AEBHET R SRR RSB (MRP) £ 8K 5 H

Fig. 4 The proportion of colloidal molybdate reactive phosphorus (MRP) in different particle size under different tillage methods
24 RIABHSE

MBS TR, NT AEERGE E4Em 7R AR Sk (NT 58 0.19% ~
0.67%, CT H 5N 0.13% ~ 0.48%) , % T2 VI35 30.49%. TPcoll/TP fEK 2K I
B TIRZ, NT AL TPeoll/TP fER ZF#(K 0.341%, FFlE 50.54%, IRJZFEAK 0.087%,
R 31.47%. CT AbHE TPcoll/TP 1ER ZF4MK 0.247%, IFIZF#K 0.105%, {H 0~15 cm [
2 TPcoll/TP 5 b i AN E (0.46% ~ 0.48%) , 15~20 cm +)Z HELIEE 0.23%, [%
& 50.31%. NT F1 CT &FRrh TPcoll/TP B 45 7% 5 (48 e 4k B R PR it

ME] 6 143, NT {32 13% MRP FIG 800 1 LU N 6.22%, {HE A FAHRZE Ligd
[ EAB PG 11.51% (NT ACFE EUAE S 1.84% ~ 6.89%, CT Ab#E 1.84% ~ 6.85%) - NT AL
MRP/Olsen P &% L JZ IR PR, CT AP LUAEBEIRE AL A 15, RS T,
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KEMELZE & TIRE (P<0.05) .
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Fig. 5 The proportion of colloidal phosphorus in total phosphorus in soil profiles under different tillage methods
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