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Effect of plant residue degradation on purple soil phosphorus availability

GUO Tao'** , ZHANG Silan'
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2 The National Monitoring Base for Purple Soil Fertility and Fertilizer Efficiency, Chongqing 400716, China

Abstract; Phosphorus (P) is essential for plant growth and crop production and quality. Much information is available on
the effects of plant residue quality on rates of decomposition and N mineralization, but fewer studies have evaluated the
relationship between residue quality and P release during decomposition. It has been suggested that plant residues may play
an important role in this effect due to the P added to soil by residues. However, little is known about the changes in P pools
during legume residue decomposition. Residues from Vicia faba L.and Brassica campestris L. with varying P concentrations
were added to two kinds of soil with low available P concentration, and the concentration of various soil P pools were
assessed by soil P fractionation on days 0, 14, 28, and 56. In this study, P speciation was determined using solution *'P
nuclear magnetic resonance (NMR) spectroscopy to understand the potential fate of residue P in soils. The results showed
that residue addition significantly increased cumulative respiration. The size of the P pools changed over time and was
affected by both residue P concentration and soil type. For all plant samples, orthophosphate produced the most intense
resonance in each spectrum and was the most abundant P species detected in shoot residue, which appeared to be related to
their total P concentrations. For crop residues with higher total P concentrations, the greatest proportion was present as
orthophosphate. More than 90% of the phosphorus detected in the plant residue was found to be orthophosphate and
phosphate monoester. However, increasing plant concentration of total P did not affect pyrophosphate concentration. Olsen—
phosphorus was highest when the experiment began (day 0) but decreased as the experiment progressed. The increase in
residual P found in all residues indicated that part of the mineralized P was converted into stable organic and inorganic P,

which occurred mainly in the initial phase. These changes were generally more pronounced in high— and medium-P residues
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than in low-P residues. More Resin-P, NaHCO,-Pt, and cumulative respiration was detected in the acid purple soil than in
the neutral purple soil, which may be attributed to the high Ca® concentration in the neutral purple soil. This study
demonstrated that changes and transformations in soil P pools over time depend on residue P concentration and soil type,

and that they have the potential to be delivered to soil in a form readily available to plants and soil microorganisms.

Key Words: plant residue; purple soil; orthophosphate
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1.1 43
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PR PR 250 4ok B PR T VLR X 0y B PR AR TR B R i el X7 iZoR 8 X T 2010 48 12 H IEUS gl
B, TITHIX R S A SR VLR B A 7™ D SO X, H B 0l 106°11227E,29°03'N, #E4K 270 m,
AESEHS R 18.2°C , 24E MK 1034.7 mm, H 18 1207.9 h, R0 i 28 RS 3 R VMR i 4 48 (0 Rk 2K
BAL KR B MR KRG £, H 3SR SR A LS A R & i, A AU e = | R b R o B Sk — 2
FEH (A —Zrh A A RINE )

HE 2R R T R T LR X PE R K 2F 2R AR N« B R R+ B0 7 5 MRS a5 W I S ™ |, M
FRAE A 106°26'E,30°26' N, 4K 220 m, 4340 18.4°C , 47K 1105.5 mm, H 18 1276.7 h, A4
FWAE, PHOR R RS VR R R AT TUA KRB MR EA LK) R TR KEEET L
J& , 295 S0 2R 40% , ARE R A B v S 60 1 A A THERD B T IR PRI AL 3

THERAET 2013 4F 10 HKFEWCHS , < S” AU s vk 5, HAE T /S 3 2 mm G AR AR 48 T, AL
SPERT LR 1, FFRIEFHRIHT B K& AR AE 70% MEFKRE D) T, TikE 5% 14 K, LIl 3
A PE S AR IR A B — 1k
1.2 ik

RAE P R KR8 H 1) %5 55 ( Vicia faba L.) FIHZE ( Brassica campestris L.) FEHAE K25 vk T4 /5 T 105°C
T AT 30 min, 7 60 CHEIR A THLT, BEANIT 0.25 mm 05 5 SRAF &, Horb AR B & 58 1.72 ¢/kg, WP
BRI TS & 0.91 g/kg  (RBEAEAREE &0 0.33 o/kg, BB BE & IR, MR C/N I C/P B¥ s, 3
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Table 1 Basic agrochemical properties of experimental soil

HHLB st Ca* A8k Mg

Siu ﬁf):ﬂ pH Tm%alﬁl\l/ T(i?i/ Avg:ﬁlﬁ? P/ Avﬁﬁfw ::‘i‘::r‘/“ EX"hZfﬁcable EXCh;q‘;g/cable
(ko) (#/ke) (meke) (me/ke) (g/kg) (cmol/kg) (emol/kg)

i’%%iﬁfwl 4.46 1.45 0.51 5.12 84 19.64 4.34 1.39

MHEREL 6.7 1.21 0.45 4.08 74 20.67 13.83 14

Neutral purple soil

®2 HEHREREERER

Table 2 The basic characteristics of experimental plant residues

W B2 RS FERRFRAL Az P/ N/ ¢/

P content Plant species Plant parts Growth peorid (g/'kg) (g/'kg) (g/’kg) N P

Fi# High P content e e THAEH 1.72 20.49 366.50 17.89 212.50
Fi Medium P content HEH ES A 0.91 16.52 407.51 24.67 448.91
i Low P content i E JEAIH 0.33 10.17 396.10 38.94 1198.42

1.3 5kt

B 3 FPOERREARIR AR L 20 o/kg A9 HER SN B L3 rp |, 5 HFEFE /0 TR AT , FRyfEx] B £ 38 h A i
PR A Z DL R A 20 -8R AT FREUR TR 1 4F 35 ¢ T 500 mL AT FUHCAR, 7K 432 i AR 5 o H ()
FEKERA 70% 76 28 C B AT 43 0(IRINFR Y 3 /N ) , 14 .28 .56 d 3537 , B4 Ab BRFNES 75 s [A) 150
4N, FERGFRIIN] e I R R, DAORIE TR K, BESR A S MR Tiessen #5730 9%
PRt L R AT R AN E | [RIRHIE 14 d Bio7 i B2 v i SRR G5 B | DURA G2 AEAR BRI 22 18] 7 il 26 1 22 5=
(AN IR IR B AR J 100 T 0 ), IO O 38 3 e v, 5 A L) 0 e 6 22 S I B B ) 5 O 17 i — 25 B AR AR 7 1 8
X e R A AR X R AR T P AR IR B AR BT
1.4 FESHT

MR IR ARG 22 R FH* P-NMR BEA N 408, FREL 2.0 o HERREE 352 I8 M(RIRRER ) - V (FREGR)) = 1:20 )
Fefi], A 40 mL NaOH-EDTA 25, JR3%H#EHL 16 h, 7E 1400 g 554 F 5.0 10 min, B 20 mL _EiE R T &0
B R AR ARG VR T OR A2 L BB A R TR AR A% T 2 mL A BB AN S K v 800 J5 B T
i, EAHLIGE 245 RGN a=0.246,

A ER A2 5 B8 Tiessen B2 k1 5 SRR F AR 0.5 mol/L NaHCO, ,0.1 mol/LNaOH .1 mol/
LHCL & HCL $2 3¢, Ff 1 w43 104 + 580 22 43 A HE A8 4 (- Resin-P) \NaHCO, 42 U ( NaHCO,-Pt) |
NaOH HEHUE ( NaOH-Pt) 5 £h 2 #2 OB ( D HCI-Pi) | ik R R $2 B ( C.HCL-Pt) F1%% B 5% ( Residual-P) .
Resin-P \D.HCI-Pi 2% FH4H 5 H (89 B2 %E , NaHCO,-Pt . NaOH-Pt  C. HCI-Pt % FH iz B 92 i 114 i -40 5 He (2.3
W5 , Residual-P >R FH ik 40 S0 T8 A -4H 08 HE 2l

-SRI R 5 R SR P AR MR AT S P e, BRI R R BT T AR B E R B — SRR, R
A 3 mL 0.5 mol/L NaOH 1A LA 4 3ERE I BT Y CO, . SRR AR o NaOH I BE 15 75 52 30 TF 4R I (1 Rip
4 REREH H 4 KGR RESHR —K, I T CO,H NaOH A 0.1 mol/L HCI ¥R AERMIH 2 , [F A i
25 M, T E THAE HCL s H55 I CO, Bl

2 HREHS

2.1 FHARFRIA P-NMR Z3#7
FHPP'P-NMR 23 b xt 3 FhAlkRER A1) NaOH-EDTA ZE B 45 Wk AT T =04, B 1 B[Rl Al AR 1A
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PR AR A T, A B SRR AR R 5 W e IR PRI L ERERR SR . thIE 1 AT LLA Y, NaOH-
EDTA FEBORAEE b 4 IR 3 2 IEWERR £r , = Wl | rh Wl IR AR R 10 TE iR 6 43 3114 66.30,33.10,11.16 mg/
kg, 7091 WS TP (9 L1 23 91 A 71.89% (71.38% 66.80% ; HL VR - B IR B TR 1) LU 045 v, e e PP AR
FE PR B R LR 4371 F 24.60,10.41 ,4.61 mg/kg, 730 G VAR TP 1 LB 533k 26.68% ,22.32% ,27.61%
R A LR 11 L T R 19 PR 5 i (8 o T P (IR , IE B R R 2 i IR AL AR 11 2.3 1 5.94 % B
iR LR 23 S IR B AR 119 2.36 1 5.34 4 ;3 Pl v AR AR BR A IO B IR IR R AR Bl R 5k 1 L 93N, s A
FRIOBERE 5 &0 0.82 mg/kg, FEBERREL S HN 0.50 mg/kg, TPl MREEAL R O BERR —He & 2500 0 2.94
0.93 mg/ ke, FEREIRER AR )
2.2 A3 BT B ) 25 57

FEIE B K 3 551 T, 3 B MR AN s 27 2E CO, , A T3 b i i R SR A4 e AR R
BRARSSHEAE IRV E T T R AR BEARAE T, - S3En W VE P [ of o 25 39 5, AR IAFEAR B A4 I AT ], ke A= 0 3
TR F R ARG E T 14 d (19138 ERFMSREE | IR AR IRTERT 14 d iR 225 K
2 AT VA WS IIAERR GRS, W 55 €0 - 1Y) SRRRUVT IR 5 J35 357 4 25 1 o0 LA B L v ol A 1L Yy 2 BN R o
BT PR A PR - R A SRR R FE K 5 1.30 mg COP-C/g -, HP R+ BB
A BRI IR BE Y 1.13 F1 1,74 4%, k560 1 S il 0 501 2 T (IR AL B 1.28 1 2.59 4% 5
SO AL TR 6 1 RS RIS A B R AR I A, o i e S e 19 1,13 1.5 f%
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B 1 #E#REEEY P-NMR 547
Fig.1 3'P-NMR analysis of plant residues
AN K R 3 7R (R — i R 3 R AR % R AS R B T 25 ) 1 22 5

2 AEALE 14 d W HIERRFRGEE
Fig.2  Soil cumulative respiration intensity over 14 days of

different treatments

B RN SRR ) BT A7 7 B 1 R 7% s LTI 4 L B ] EL O 0
5 - ‘2" F|+’_ =
W25 B (P<0.05,n=3) PR 2 552 R/ R 7] o B 5 Ak B ) - b

AU ) FRBHIFR 5 2 7 25 5 8. 3 (P<0.05,n.=3)
2.3 133 Olsen-P Fifid% 352 5 A 25 4k,

Olsen-P 23R AME T3R5 A 30 B ZFE bR, 38 3 B8 T AP 45 (0 - I A MR R4S Olsen-P Bifi 5 5% B (1]
HAREAE D, % 3 ATLAUE Y BEE 5552 S I R 84 PIr A AR B 18 Olsen-P % i 24 S I PRI R 3 ) P p 5%
4 SRR BE AL O d(IRINFR Y 3 /NS ) B Olsen-P 34 1 5 55 T 14 .28 .56 d, 557 14 d U5
Olsen-P F i AR fb it S5 BH 5 | 08 BH V38 AR AR A% (A 0T 4 39w 28 HLAT J A SR 00T . AEAR TR A 5 SR B (R 7, %
TAEARER AR IS , AN E2 48+ 19 R AL B Olsen-P 5 &34 12 28 v T REAL B P MUIKBE AL BRI Olsen-P 58 5
X 22 SN I 3 A5 R S A Y 338 Olsen-P 25 28 K/INIUT by > e > (N8 | 5 &R 5% (K 19 NaOH-EDTA
AR U A 0 0 LE Bl R R 43 A AF DT 7, 156 BH RELBR 9l 2 285 76 A A 58 i o 2 X -3 Olsen-P 198 fb 5 T2 5E
Wi, K PN - EA T FL AT ol DA B 52 €8 70 45 355 37 R 0 RIS () il o 22 b P AP A Olsen-P 2485 T
HE SR | X 5 R A OB A S RN R — 0
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3 LI Olsen-P FEIEFRAT EIBYZ/L 1B S ( mg/kg)

Table 3 Variations of Olsen-P of experimental soil at different incubation time

e i 1] [0 R TRk xR
Soil type Incubation time High P content Medium P content Low P content Control
[[3d% S 0d 18.19 Aa 12.15 Ab 7.89 Ac 4.71 Ad
Acid purple soil 14 d 13.92 Ba 6.38 Bb 5.09 Bb 4.84 Ab
28 d 13.12 Ba 6.19 Bb 5.11 Bb 4.48 Ab
56 d 13.15 Ba 6.41 Bb 4.67 Bb 4.54 Ab
g Sk 0d 16.96 Aa 6.68 Ab 4.2 Abc 3.26 Ac
Neutral purple soil 14d 11.68 Ba 4.48 Bb 3.52 Ab 3.07 Ab
28 d 10.81 Ba 4.38 Bbc 2.98 Ac 2.7 Ac
56 d 10.78 Ba 4.41 Bb 3.47 Ab 2.7 Ab

AN R 7 BE R () — 28 38 [R] — b e v AR R SR MACAS [) 5 7 I 1) Ak BB ) 1) 22 e 385, AN ) /NS S B 3RS () — Y - 3 ] — 5 5= ) [
[ Bl e JE AL A PR Ak B ) B4 2 57 S35 ( P<0.05 ,n=4)

24 TIEEBERITHNEN

R T HE— T IR AR R AR (A 6] 25 €8+ B A M RS2 e, ASBIF 9T R Tiessen 73 G0 % I 28 8, 1
PEAT T W E 3 9058, ¥ 85 2 50 A Resin-P  NaHCO,-Pt, NaOH-Pt D. HCI-Pi , C. HCI-Pt I Residual-P , H:
Resin-P \NaHCO,-Pt fAERIE PERE , NaOH-Pt A0 Hifi ¥E8% , D.HCI-Pi ,C.HCI-Pt 1 Residual-P {UFRAEE MRS, &
4 FR 5 50502 T IR MEAN b 2R A A [ SR R R U O

FERRR A3 TR P, 55 0F B Ak SR B, V3 IR Aok 2 A4S 118 2 A4 R v 28 28 €8, 3% P 5 ( Resin-P . NaHCO, -
Pt)  H G PEME (NaOH-Pt) 1R 1% MR ( D.HCL-Pi ,C.HCI-Pt  Residual -P ) 2174 A [ RLFE A0, HL s B Ab 2 () 35
PR A b P R T P (B A B (3 el v R Ak L ) fr) A TP B 2 S AN S O A A R AR A
Xof iR R0+ A ARV B S, FLARDRE S 1 St b sy | A o -+ 1l 2 Al

F4 BUZEBIEFRBEFRPHHEESRIER (mg/ke)

Table 4 The acidic purple soil phosphorus fractionation at different incubation time

ffbjiii e E:ﬁ%i Resin-P NaHCO;-P, NaOH-Pt D.HCI-Pi C.HCI-P, Residual-P
0d ik H-P 21.17 Aa 39.67 Aa 93.32 Ad 17.57 Aa 61.50 Be 84.38 Aa
i M-P 8.66 Ba 28.39 Ba 90.49 Aa 15.90 Ab 65.34 Aa 85.42 Aa
K% L-P 7.29 Ba 24.01 Ca 63.97 Be 18.20 Aa 61.50 Bb 83.68 Ab
Xt HE Control 4.47 Ca 24.01 Ca 56.28 Cd 16.95 Aa 62.54 Ba 76.39 Bb
14 d i H-P 15.74 Ab 34.66 Ab 109.31 Ab 17.15 Aa 68.48 Aa 87.50 Aa
i, M-P 6.67 Ba 29.85 Ba 83.81 Ch 15.27 Bb 64.64 Aa 84.72 Aa
fiHs , L-P 4.12 Bb 24.84 Ca 72.67 Db 14.23 Bb 67.09 Aa 89.93 Aa
it &, Control 4.47 Ba 24.84 Ca 89.07 Ba 14.44 Ba 56.95 Bb 77.78 Bb
28 d R H-P 17.46 Ab 38.41 Aa 100.61 Ac 20.08 Aa 68.06 Aa 85.76 Aa
i M-P 8.32 Ba 30.48 Ba 91.70 Ba 16.53 Bab 63.54 Ba 87.85 Aa
I8 L-P 6.05 Bhe 24.22 Ca 79.96 Ca 19.04 Ba 63.54 Bb 87.15 Aa
Xf & Control 4.81 Ca 25.89 Ca 72.06 De 16.53 Ba 61.46 Ba 85.76 Aa
56 d R H-P 16.15 Ab 35.07 Ab 119.43 Aa 18.20 Aa 64.93 Ab 85.42 Aa
i M-P 8.25 Ba 28.81 Ba 68.22 Ce 19.25 Aa 64.58 Aa 81.60 Bb
I8 L-P 5.70 Bhe 21.50 Ca 64.17 De 16.74 Aab 64.58 Aab 81.94 B
%t 8 Control 5.29 Ba 23.80 Ca 80.77 Bb 18.20 Aa 59.38 Bb 86.11 Aa

AR K A e [l — B A5 ) — 35 55 S0 309 PR S [ e e kv A A 3 ) 1) 25 5 S 38, S IR/ 2R 3R [ — T 25 Wl I — W e 3 R e 3
PR ) B 5% JRL A AL 34 ] 14 22 57 2 35 (P<0.05,n = 4) ; Resin-P—# I 384t \NaHCO;-Pt —NaHCO, $2 B , NaOH-Pt—NaOH 423t | D. HCI-Pi -7 £
R PR | C.HCL-PL—V 3h R U | Residual-P-5% B8 A
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Table 5 The neutral purple soil phosphorus fractionation at different incubation time

ﬁ(ﬁﬁfﬁ time ﬁji;fyi Resin-P NaHCO;-P, NaOH-P, D.HCI-P, C.HCI-P, Residual-P
0d = H-P 13.76 Ab 41.17 Aa 69.93 Aa 253.65 Ab 70.31 Ab 60.44 Bb
i M-P 10.84 ABa 26.04 Ba 57.95 Bb 250.17 Ab 62.33 BCc 55.82 Cb
{# L-P 7.58 Ba 25.41 Ba 57.95 Bb 255.73 Ab 65.10 Be 64.36 Ac
X} B8 Control 10.84 ABa 21.63 Cb 46.19 Cb 252.26 Ab 59.20 Ce 60.80 Bb
14 d =% H-P 16.75 Aa 28.35 Ab 71.68 Aa 251.91 ABb 69.27 Ab 60.80 Bb
gk M-P 6.33 Bb 30.24 Aa 68.63 ABa 253.30 Ab 67.19 ABb 68.28 Aa
# L-P 8.41 Ba 27.30 Aa 66.88 Ba 247.05 Bb 70.83 Ab 59.73 Bd
X} B8 Control 7.02 Bb 26.67 Aa 51.85 Ca 246.01 Bb 65.45 Bb 62.22 Bb
28 d i H-P 17.92 Aa 23.67 Ac 54.66 Ab 281.57 Aa 79.83 Aa 74.13 Aa
g M-P 8.48 Bab 19.29 Bb 47.54 Be 269.77 Ba 69.73 Bb 72.43 Aa
i# L-P 7.16 Ba 18.24 Bb 40.86 Cd 274.98 Ba 80.18 Aa 69.05 ABb
X} B8 Control 6.33 Bb 16.15 Be 43.45 BCb 270.12 Ba 70.08 Ba 66.68 Ba
56 d g H-P 17.23 Aa 25.55 Abc 57.46 Ab 280.53 Aa 78.44 Aa 74.80 Ba
g M-P 9.66 Ba 17.20 Bb 50.13 Ac 273.94 Ba 77.05 Aa 72.10 Ba
ik# L-p 6.12 Ba 17.82 Bb 47.54 Ac 270.12 BCa 72.52 ABb 80.56 Aa
X H8 Control 7.23 Bb 17.61 Be 39.35 Be 265.95 Ca 70.43 Ba 63.97 Cb

AFRE F B R [F] — TE A5 W ) — 45 7% S 00 P AR (R AR S e AR Ak R ] 4 22 e W8 35, R Tl /N 5 B s () — T 2 ) — e A R 2
PRAS T B 7 Jo 3 Ak B i) ) 22 5 .35 (P<0.05,n=4)

[Fi] — Wk BE AR R SR AR AL 3L, B 15 5% R ) S84 55 68 - iR RDE S Bk i A2 ks #oR TR, 76 0—14 d
A, PRS0 1 1 S NG VR RRAIR , rh il PR = a3 78 14—28 d Y RTS8+ B IS PRI 1y
BT PR SR 0 - A TR BRI FE 28—56 d P, Rt 55 €8 b A TR PR RN P M R SRR AR JR TR S T
R, mirb ke o G P PSRV PR G TR R AIE EE AR B RT DUAE A SR 7R
IS INAE R GRS B AR AR A — 30, LRG3 15 3% R I 0 B4 | 5560 1 rh % T BB S AH B A% Ak, R ATA40 H 2ok 7 v
IO E T PR A A B BE AR AR VR , B R IR R AR R

X LA AT PRI 25 60 - B 3R PR R IR PR 25 (0 R TR S8 T 5 L BT 24 Residual-P>NaOH-Pt>C.
HCI-Pt>NaHCO,-Pt > D. HCI-Pi > Resin-P, 4 70 4K Ky 25. 18%—32.96% , 23.39%—32.21% , 19. 14%—
25.99% 8.44%—12.49% .5.15%—7.11% 1.51%—6.67% ; F1 5 (0 +- A [FIIE 2505 7 o LU T 4 D.HCL-Pi>
C.HCI-Pt>Residual-P>NaOH-Pt> NaHCO,-Pt> Resin-P, Hb il K K K 49.819%—57.25% .13.13%—16.35% .
11.87%—16.28% .8.33%—14.37% .3.429%—8.08% .1.24%—3.37% ., HItHE H  BRYEM b2+ 9w R o
AR R KA, H % 0 4 1035 YW (Resin-P \NaHCO,-Pt) fT (5 Fo @il g5 T rp 2 0+ | X 5 9 37 43
oA LA G,

3 iTtig

3.1 AEARERAARE X A A SO )

FoT et R W], Fe e+ P IR IR R IR RS , B B 14 d 38 BBUFILSREE B 3 02Uk & P 16
PEBEY) b 25 0T BRAL B H R AL B A R AkO0] i T P IR AL B AR B AL I A A PR R I
PEBE 50T AL BEVAT 35 25 55, HLAE 14 d R 56 d B, PRI IR P 55 40 - IRl Ak BB 94355 14 88 ( Resin-P \NaHCO,-
Pt) £ AL T 0 BAL B 50 I AERS AT I F B AR PR R AR (A ve i e 22 + S0 3 8k ) — A B R 22 1ELA
ARMA 7 -1 e [ 2 R0 i O I STk BEAEAS B PR BB AR I ok A T i — D 5T . White FYBIFFRF8 A PR B
E 5 R A I TR Ry 2.4 g/kg! ™ YAEMRBEVR BE K T 2.4 g/ kg AT LIS I+ 3805 MR8 & &, 11K
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T 2.4 o/kg F ISk A 498 18 0 A A0 A 5O AR AT HILAN TCATL | AR S rb 14 B i AEL AR SR AR i v Sy 1.
72 g/kg, [RIREAT 385 P 25 A SOChE AU VE A, DR L A 9 0 — 2B JE 1 S A AR B TR A5 107 PR G LR (NMIR)
I3t

AGREE P-NMR S3 MRl 1 R R A (A b (9 I W R R B IR ST | R R AR R L, IE IR R S TE
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