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Effects of long—term wheat and maize straw incorporation on phosphorus fractions in lime concretion black

soil

XU Yue', CHEN Xiang?, WANG Qingyun', LUO Laichao', ZHANG Chaochun"’, LI Jincai’, YE Xinxin', GAO Hongjian', CHAI Rushan'’
(1. College of Resources and Environment, Anhui Agricultural University / Anhui Province Key Laboratory of Farmland Ecological
Conservation and Pollution Prevention/Key Laboratory of Jianghuai Arable Land Resources Protection and Eco-restoration, Ministry of
Natural Resources/Anhui Engineering Research Center for Intelligent Manufacture and Efficient Utilization of Green Phosphorus Fertilizer,
Hefei 230036, China; 2. College of Agronomy, Anhui Agricultural University, Hefei 230036, China; 3. College of Resources and
Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract: In order to provide reference for optimal management of phosphorus levels under straw return in typical wheat—maize rotation
systems, inorganic and organic phosphorus forms of lime concretion black soil were analyzed with Jiang Bofan—Gu Yichu's method and
Bowman—Cole’ s method under five treatments selected from a long—term field experiment located in north Anhui. The five treatments
included no fertilization (CK), conventional fertilization (F), conventional fertilization plus wheat straw return (FWS), conventional
fertilization plus maize straw return (FMS), and conventional fertilization plus wheat and maize straw return (FWMS). Correlation analysis
and path analysis were applied to examine the relationships between soil phosphorus fractions and available phosphorus. The results
showed that wheat and maize straw return significantly increased the contents of total phosphorus and available phosphorus in lime
concretion black soil and soil phosphorus activation coefficient. The contents of soil inorganic phosphorus (Ca,—P, Al-P, and Fe-P) and
organic phosphorus components (labile, moderately labile, and moderately resistant organic phosphorus) were significantly increased by
straw return. The soil Ca,—P contents under the FWS, FMS, and FWMS treatments increased by 32.3%, 28.4%, and 43.8%, respectively,
compared with those under the F treatment. Soil Al-P contents under the three treatments (FWS, FMS, and FWMS) increased by 15.3%,
10.7%, and 13.4%, respectively. Wheat and maize straw incorporation had no significant influence on soil O-P contents in the lime
concretion black soil. Furthermore, in comparison with the F treatment, the soil Cas—P contents under FMS and FWMS treatments
significantly increased, while the contents of Ca;;—P and highly resistant organic phosphorus decreased. Besides, the proportions of Ca.—P
in lime concretion black soil were significantly elevated by wheat and maize straw return, while the proportions of O-P, Ca,—P, and highly
resistant organic phosphorus decreased. Correlation analysis showed that soil Al-P, Fe—P, Ca,-P, and moderately labile organic
phosphorus were significantly positively correlated with the soil available phosphorus content. Path analysis indicated that soil AlI-P, Ca,—P,
and moderately labile organic phosphorus were the major direct contributors to soil available phosphorus. On the basis of these results, it
can be concluded that wheat and maize straw incorporation is an effective way to promote the conversion of unavailable phosphorus into
available phosphorus and slowly available phosphorus in lime concretion black soil. There were no significant differences among single—
season and double—season straw return treatments in terms of soil phosphorus activation.

Keywords : straw return; lime concretion black soil; inorganic phosphorus fractions; organic phosphorus fractions
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1.2 R
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8.1% ; A HLBE B & 2 7 N T 9.6% . 14.9% F19.1%;
A AR S ARG I BE K, 43 N 17.6% . 16.4% Fi
21.6%. FWSHIFWMS 4b 3 () + 3 L B2 5
PLBE SR S FARHICI .25 5% . FWS FMS &
FWMS 4b 11 3 16 b R A 2% & T F AR, 4y
FIEINT 13.9% .20.4% F114.0% . X 3% B F5 FFi4 H
AT E A 498 v Al ) AT OB RO AL AT B AR v g
PR R o ASIRIRS FFAR FH AL R E) 4 3 O LR AT
HILBE L R A o i RS L RO B & 225
22 AEIRMEMBEERZ T THBAESSENHIN

5 CK AL FRA FE , F AL BRR A9 1 24 T HLBE 2 4
TR EA T AR AR, Hop Al-P Fe-P I
Car—P (75 5 B3 (P<0.05) , Cas—P 1 O-P 75 1%
AHGIN, Can-P & EWEA FRE(F2) . 265 Bt AL Y

FWMS b HE1 Cas—P & 53 5 F F B, 2 BI3m T
19.0%.91.7% #1 61.4% , H:th FMS F1 FWMS 4 3 5 F
AbPRAH H 25 S B 2 . REAF AR B AT 4 R 3L
W20 23 1 6 ok 3 5 HEF N Ca,—P>Al-P>Fe—P>Cas—P,
AT 1 i HEJF ) 4 Cag—P>Car—P>Al-P>Fe—P, /N3
FOKFEFFIE XT38 O-P S f R AN 8.3 5 5 F Ak
FHAHHE , FMS FlI FWMS 40 B ) - 38 Cao—P 5 1 TR
23 ARAEMNHEZTFHBAS =M
M2 3T, 5 CKANBRAH e, F AL B+ g e
ML s P MLBE R R A AL 5 o0 ) ik 1
T 110.8% .43.2% 1 32.0%, + 3% = fa VA ML &
THAEF LB N A TR, FWS . FMS FWMS b2 + 58
TEPEA LS  h IS PEA LB A TP AR A DL & 21 B
T F AR o A EE A HLBE S R e T

R3 AELETHEZRLANBHETSE (ng-kg')
Table 3 Contents of organic phosphorus fractions in lime

concretion black soil under different treatments(mg-kg™)

bR EVEAPLEE PIEMEAPUEE R ILEE IR YL

4+0.6¢ T+7. S#2.1c .0+6.8a
BeFe-P i, 13 FALFLARLL, FWS FMS AL FWMS 46 52 F 15.6+4.8b  115.6+4.6c  23.1+6.0b  23.3%7.4ab
Car=P F A S SN T 32.3% . 28.4% H1 43.8%, Al-P FWS  20.0+4.0a  127.3:2.0b  28.5+2.5a 18.9+5.6h
TR HIE T 15.3% .10.7% F1 13.4% , Fe—P 75 71 FMS  183#4.la 1427¢156a  322:15a  10.9+2.4c
B IE BE 4351 A 14.6% .9.2% F19.6% . FWS FMS Fl FWMS  182+1.3a  137.247.3ab  29.9+0.7a 8.4+1.5¢
Rl FRELETHIERRSEMBEURY
Table 1 Contents of soil phosphorus and phosphorus activation coefficient(PAC) under different treatments
JOBL] e TCHLE% A ML AR WIS AL R
Treatment Total P/(mg-kg™") Inorganic P/(mg-kg™) Organic P/(mg-kg™") Available P/(mg-kg™) PAC/%

CK 403.8+9.0e 251.8+4.4¢ 130.7+7.3¢ 9.8x1.1¢ 2.42+0.25¢

F 582.5+10.3d 360.5+£21.5b 177.6+7.9b 42.6+4.2b 7.00+0.76b

FWS 656.1+14.0b 397.6x13.5a 194.6+5.3a 50.1+4.8a 7.97+0.89a

FMS 626.4+8.0c 380.6+20.5a 204.0+14.8a 49.6+6.3a 8.43+0.98a

FWMS 679.0+6.8a 389.8+15.1a 193.7+£10.0a 51.8+7.5a 7.98+1.07a

T A SUAN )N SRR RR AR R 22 57 ik 25 (P<0.05) . R IAl.

Note : Different lowercase letters in a column indicate significant differences among treatments at P<0.05. The same below.

R2 AELETHWEZZRLINBEESSE (ng-kg')

Table 2 Contents of inorganic phosphorus fractions in lime concretion black soil under different treatments (mg-kg™)

AL B Treatment Ca,—P Cag—P Al-P Fe-P 0-P Ca-P
CK 21.72.1¢ 5.76+0.78b 15.4+0.9¢ 35.6+5.3¢ 44.2+0.8a 129.1x13 4a
F 44.3+7.4b 6.16+0.12b 68.1+4.6b 71.0+1.2b 48.1+2.7a 122.1+19.6ab
FWS 58.6+3.4a 7.33+1.92b 78.5+3.0a 81.425.8a 45.8+1.6a 126.1x15.7a
FMS 56.9+4.0a 11.81+1.86a 75.4+8.8a 77.5+6.4a 48.9+1.8a 111.2+10.6¢
FWMS 63.7+7.7a 9.94+1.52a 77.2+13.0a 77.8+5.2a 44.2+2.7a 116.0+13.7he

WWW.QEs.0r9.CN
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A B 22 TR A AT AL 2 4 v 2 DL T A L
BERY 5 i, N 61.8%~70.8% (& 1) , CK b B 1 2
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MLBE 443 o7 B DA s B HE 7 4K R Ry v 3 A AL
(65.4%~70.8% ) > P2 A B (14.6%~15.8% ) > T 1
AL (9.19%~10.3%) > = Fa kA AL (4.39%~9.7%) -
AT F AL IR FEFF IR R ARG MLsE s e
HLBE K8 AT LA 1) o AT AN TRD R B A ] B v
A PB4 5 B 3 R FMS A FWMS 4b
PR S P ML 3 o E S e T A HE R R T
T 7.1% F18.5%, At A LB 4 43 o Eb 43 53] J 25 4

W S HAHLEE LOP O A% A #LEE MLOP
O FRtEA P MROP O mfatA YL HROP

(h) 1001 /] ] ] ¢ [c]
. . b C —
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3 ab
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E ab — Bl
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.
4_:[%
@é 60
) 2 ab
ﬁ: g, b
S 40r |©
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%
£ 20k
(=9
2
" m @ B E H
0 - . .
CK F FWS FMS FWMS
Kb P Treatment

RIRIING PR Ab PR TR) 22 57 42 3% (P<0.05)

Different lowercase letters indicate significant differences among treatments at P<0.05

B 1 AEAENRER T TSI ANEBIAS & BRI

Figure 1 Proportions of inorganic and organic phosphorus fractions in lime concretion black soil under different treatments
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T 21.5% F118.5%.
25 BEEIBAS SBERHMNX RSN
FHOCPE BT 45 S 3R W, S0 22 8 A ol i A
KeMEE R I ZH 53 £ 3% Al-P . Fe—P . Car—P  FP G TEA
MLBE & A LB RS A LB RN s s e A LR (3R
4), Hrp Al-P Fe—P Fll Ca,~P 3% 3 P ICHLBELH 43 LU K2
oG YA ALBE TS A ML R AR A DL X 3 A
MLBEL o 5 98 S0l 5 i SR B 3 IEAH G R (P<
0.01), M s A MEA MLBE S5 1 38 2ok & i 2 B
KR (P<0.05) o FH LRI, b2 P8 4 A7 30wl 7 it
K5 Al-P Fe—P  Ca,—P FIH G P HLBE & 26 &=
OB WA, PIE A LB /5 Ca—P  Al-P
Fl Fe—P X 3 FpICALBE L /33 B B 35 IEAH G E R (P<
0.01),Fe—P Fl Ca,—P 2] 5 Al-P 5L 1 [ 25 IEAH K R

(P<0.01),

WA EE LW (R 5) WP 2 B+ b X A 2o
HLHER WK B4 7R Al-P(0.63)>Ca,—P(0.38)>
Fe—P(-0.28)>H & A HL#E (0.20) , fh b o] 51, % b
Z2 PR A O B E ) SRR K B2 4k A1-P A
Car—P, HUCH G A MLBE . Fe-PXTRPZ2 B A3
B B HE AR RO U, BT @ L Al-P #l Car-P
X A O 7 A R A ) (R R [RI S, Can—P %
S A AL RS A AL 3 AL-P 52 A R Y
IE M Al REOIER . MRt MLEE X A o
() L4 TR A S RO, T L AR A LB L A1-P
Car—P K I A AL B XA 5 1) ] 230 A% R 4038
FEER B TE . LR T SR AR BT 25 5, T
PN AW G 2 B 4 Al-P Ca,—P . Fe—P S P 15

x4 BERLARBHES SEVEHHBEXLXE

Table 4 Correlation between phosphorus fractions and available P in lime concretion black soil

Car—P 0.95%
Cas—P 0.48 0.59*
Al-pP 0.987* 0.93%* 0.49
Fe-P 0.96%* 0.93%%  0.51*  0.96%*
0-P 0.32 0.19 0.11 0.30 0.34
Cay—P -0.28 -0.41  -0.53*  -0.29 -0.32 -0.27

A HLEE LOP 0.83%* 0.75%%* 0.45 0.83%%  (.87%* 0.27 -0.20

HIE A PLBE MLOP 0.927 0.93%%  0.64%%  0.90%%  0.90%* 0.22 -0.41 0.74%%

At A HLE MROP  0.80%* 0.81%%  0.74%  077%%  0.76%* 0.30 -0.16 0.70% 0.81%

FfatEA LB HROP -0.60% -0.67%% —0.72%%  -0.51%  -0.56*  -0.02 0.28 -0.50% -0.64% -0.71%

T 2 A I F R 7E 0.01 F10.05 /K- F B A .

Note: ** and * indicate correlation is significant at the level of 0.01 and 0.05, respectively.

x5 WEBLARBES WA UHNEZRRY

Table 5 Path analysis of phosphorus fractions and available P in lime concretion black soil

B4 E-}ﬁﬁﬁé%ﬁ I‘Eﬂ?ﬁﬁf}t%ﬁ‘lndirect pafth coc:fficient ‘ - ‘
Phosphorus fraction ?f:fgf::: CaP CaP Al-P  Fe-P  0-P  Cay-P ﬁﬁ;gflw c}nyﬁﬁfpﬂ% *i’%ﬁf})ﬁlﬁ ’%%ﬁﬁfﬂm
Ca-P 0.38 -0.07 059 -026 0.03 -0.04 0.10 0.19 -0.08 0.10
Cas—P -0.11 0.23 031 -0.14 001 -0.05 0.06 0.13 -0.07 0.11
Al-p 0.63 036 -0.06 -0.26 004 -0.03 0.11 0.18 -0.07 0.08
Fe-P -0.28 036 -0.06 0.60 0.05 -0.03 0.12 0.18 -0.07 0.09
0-P 0.14 0.07 -0.01 019 -0.09 -0.02 0.04 0.04 -0.03 0.00
Cai—P 0.09 -0.16 006 -0.19 0.09 -0.04 -0.03 -0.08 0.02 -0.04
A AL LOP 0.14 029 -005 052 -024 004 -0.02 0.15 -0.07 0.08
s A HLBE MLOP 0.20 036 -0.07 056 -025 0.03 -0.04 0.10 -0.08 0.10
rhAE A HLEE MROP -0.10 031 -0.09 049 -021 004 -0.01 0.10 0.16 0.11
F Rt YLBE HROP -0.15 -026 008 -032 0.15 000 0.02 -0.07 -0.13 0.07
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AR A FE AL, B i RS W I LE M R
WEAh , R AT IE S 728 o 7 vh 2o A HLIR 26 )
Jit, A TSR AR PIAR 22 00 WA b A HILIR S R ARG
FRa FHR B T2, X 2 R A — R b2 8K
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s - 538 JOURE R 1T R R A7 A AR AR AR Y WA O
UL A LB 1k e U s Ak AR L
Wl 1) P P TS A ML ALy i R P
YERP, A AR AT A s 45 R R W b2 R
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DI 245 5 5 A SO AR I 35 T A G i AL A
53 Car—P . Cas—P Fll Fe—P [ % &, X O-P 1% &5 0 i
FR MR, ARWFIT A R R, 5N AR AL B EE, H
Fijits A AL PR Bb 22 B 4 O-P & 0B & ARk, Al-P,
Fe—P Fl Ca,—P % it i 23, 3 3R Wit A 338 v A 1
B 3= B4y LA X 3 A2 4 v o RS AT A FHAE RS AF
BEVEACRFH S B A b 77 0 — i B i, %) - SRS TE
DAL PR HA FEE W, AR N ok
AR R NI R A5 R B, F RS FF4
T - BETCHLBE 2 53 h SRS Cas—P 1% 1 ST o
EC B T, XA P TC RSB Cane-P B 5 1R
Fo R, b2 B AR FAE T 10 3 a R FFIE HE 47
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