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Influence of earthworm activities on phosphorus availability of red
soil and activated mechanism induced by earthworm

LIU De-Hui's HU FEHgl, HU Pei® (1. College of Resources and Environmental Sciences» Nanjing
Agricultural University. Nanjing 210095, China; 2. College of Chemical and Life Science,Sichuan Normal University,
Chengdu 610066 .China). Acta Ecologica Sinica,2003,23(11) :2299~ 2306.

Abstract : The influence of inoculating earthworm (Pheretima Pingi. ) on phosphorus availability in red soil
was studied by conducting pot experiments. Various aspects including decomposition of organic materials
(rice straw. peanut residue and rape residue). soil total phosphorus and available phosphorus, soil
carbohydrate content and soil phosphatase activity were taken into account. In this paper, the effect and

mechanism of increasing phosphorus availability in red soil due to the inoculation of earthwormwere mainly
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explored. The main results were summarized as follows;

(1) Earthworm activities accelerated the decomposition of organic materials and the biological
returning of phosphorus in the soil ecosystems, which made phosphorus in the organic materials a direct
part of soil available phosphate. Significance on the decomposition of organic materials is in the descending
order of peanut residue 2> rice straw > rape residue. (Z} Variance analysis showed that the avatlable
phosphate for all the treatments increased significantly during a 150-day incubation. Differences of the soil
available phosphate contents between the treatments with organic materials plus earthworms and the
treatments with organic materials but earthworm free were significant. (3) There was a tendency of
improving red soil acidity by earthworm. As compared to the soil pH value (pH (H,()=4.34) at the
beginning of incubation, the pH values increased 0. 17 for the treatment with rice straw plus earthworm.
0. 35 for the treatment with rape residue plus earthworm and 0. 44 for the treatment with peanut residue
plus earthworm, respectively., (4) Earthworm activities increased the content of soil carbohydrare.
Statistical analysis indicated that the carbohydrate contents in the soil with organic material and earthworm
increased significantly. (5) Inoculation of earthworm enhanced soil microbial activities and soil
phosphatase activity. The physiological processes of earthworm’s swallowing and excreting changed the
population types and the quantities of soil microbe. Improvement of the soil phosphatase activity by
inoculating earthworm increased the soil organic phosphorus and thus the soil available phosphorus content
was raised. The integrative aspects of earthworm activities and its special physiological process enhanced
the content of available phosphorus and the phosphate availability of red soil.

Key words ;earthworm activities ;red soil sphosphorus availability ;activated mechanism

ST SRR 1000-0933(2003)11-2299-08 BB XB.5154 XWEFIAB A

MABMERERY IRTHERLIRER., i TKHEMIRERENASHNR SR LRIES FTRHA
AR, TRESBAAERINBEANEBRREOREATHN— T FETERE . CEIOARE®N
THEATERMBFZ -, aERBREEMBLRAIEHAIARD, LEME L RNBREASTSHH &0,
MAMFAXBAEAEREERFRELGFAL N TREARIFEZARAFAEEHEL, T RPEURIE
R RERETFLREWHFBEERD. ESETRP-RTEN ELRBULVAFNRELPERR
R . CREREBNFTRESHALAVMHEME N BT HEOINEYHE . AT EH . REE
HERBTIREN FLRPERERES N EHMNTEORAZEREFTAMNIRSHRE S EH XL SHE
MO MREAENEYEE NI RANRSE LY, BN PR EENEER. AVEEREOE-A
HRHEANT . ZESERARDNFHMBE TS, RIGETA TEMEE 0 W3 KA Bk A ERET
ZAWR HERA AL R REPRENRCIRESRAEMNTIREKEE LN 2KE.

1 ¥E5hH%
1.1 il

MPRATENERMAIBESKBRERS BRIV ENLOE L, RERE 0~20cm, il -1
B pHOK®@)4. 34, T AP 11. 7g/kg 2% 0. 92g/kg . £ 8% 0. 52g/kg A B¢ 16. Smg/kg.,

HLRAE # H B R IA B (Pheretima Pingi. ). SR BB SBE LER WK . FO40 R RS
HR B FEAFRERINETH RS,

1.2 MEMEE

T BEE  RAKIRERNT B lem B REZAY.BEI¥RE. BEEART L lkg.
EHREMEKIL LR B EE L LB HR .

MBS WRENESIZT RAXYERENE R, RFES . EEE R, REIR,. L]
HREANNEYE  OEEERF FALERAR A MERN—4H, BRAS KRN WP,
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ENDRLE BREEHEERER lom A6 K HEEHBENTR 2em ZHBER 2 H1KEM
L AEL AN, BEERANKE MA—ERNRRZAVHNAYHRE C/N KRB FEH 1A.HT

FRTSCHATTHR 12 FA.
1.3 BHFABEE

WA K B EY LA KR Y 25% B 2d b T MPHMEYBULEL. SEER 2 REH
GtRAEMEED HEC AT AN AR IBEY 15g. HAERME 20g. MRHH 20g, F1T
MHEEIR.ZO0RELTSRMILF LUBEEMN L OER HE 25CHREAEN. KBTEFHEHK
DUMRHEE YT IEAE. RS H 25.50,100,150d AFRE, RREMEEKXATOH LY fFAL T 118
RPEBARRAEIL DN, SR E. ATHIRAT. B . ER. I . KotrMeEZA.
1.4 SHhFEk

+ 4 H HCIO-H,S0, ¥k st Aakiel; L 1E ¥#A 0.05 mol/L HCI-0. 0125 mol/L
H,SO, # B (UM EIMED!, + Mk K1LES P A Dubois 5 (B} -G B L )M EM; L%k ¥ 8% (Biomass-
P)H CHCl, M#%J5 .3 0.5 mol/L NaHCO,;(pH8. 5)# B B MM AL M ¥ _ L kM E"LH
Pl M P 28R H.SO-H,0, B E . AR waENE",
2 BR5itit
2.1 EEEINHEHILDR TR ERHEW
O OEBIFEAMEAENRNEAMBRGR ). EEAS S0 Xe EAR A S B IR R R
+ AR R 58.0%.32. 7Y% 25.5% . L B AR KT BAL BRI AN 80. 7%, 13. T A
36.4%., ATRERBEAIDHIRTERNRABENRAEER. SHERERN . EERH _4BZRNH
NYHIRBHEREBBEKTE . HHEHE LB ANENDEBENZREBEKF. BHA
CHBEZEANENDRARENEREAMBASTREBEAF AEIREN SRR S MBENFE
WAER.BACHENMDRESETIRREHLZ50d BRATENIMERZRLFEREEFER, THRR
RORFRAEESBE>MEL . ZTESKENDROC/N KRR BAA X SRR
HENYEOAIR. SESHESEENORAENY R ESMEDHFEX R S5ESX Tl
W RERG X A RBE RS Mitchell 1955 B N5,

R KEFEDIEFTURESOMEEHEW IR 504

Table 1 Effect of earthworm activity on decomposition rate of organic materials (after 50 days incubation)

MAHFLBERGE FHHPEHIBEERGR HOPH amPEOD £ 8 8

i Weight of Weight of decompostion Rate of decomposition
Treatments . . . . : ) S8R -
organic material of organic material of organic material

1t 4 #& + 4 8 Peanut residue + 20. 00 (1. 60 58. 0 . A
earthworm :

1t 4 ¥ 3 B Peanut residue 20. 00 6. 42 32.1 b B
i B & d §| Rice straw + 15. 00 4. 91 32.7 b B
earthworm

BE A R Rice siraw 15. 00 4. 32 28-8 be B
M 3 K5 4 4k 8l Rape residue + 20. 00 5. 10 25. 5 c BC
earthworm

M B 0 B Rape residue 20. 00 3. 74 18. 7 d C

» AFIKABRAEESSGIEBRSUMIVAKTENEEHESR Different small letters and capital letters mean

significant at P=5% and P=1% level, respectively

2.2 WEBIEFHVOBLEBIEHNY R
Zah IR 25.50.100,150d MM BIRIILZ 2. AR 2EEXRE.CMELHeR TR
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(519. 2mg/kg) AE EH—BREEE B THIYHG R SR LHERSTBARRABRENEMN. | F
00 2 L 2 0] 4 R B8 00 3 2R &b FE AN A o RS BR AL TR 1B) + M BE A B AL KRR B B F K P
N2 AXBHIMERTE
Table 2 The contents of total P in the soil of different treatments (P, mg/kg)

Yh 7B Bt #5285} 8] Incubation time {d) 240 17

Variance analysis

Treatments 0 o5, 50 100 150
RS US| Rice straw + 19 90 183 517.7421.9 532.8+25.6 548.5417.0 543.5+13.4  Fa=3.82
earthworm
Fb=1.27
8 8 % M8 Rice straw 519.2+18.3 520.11+3.-8 521.5%+12.5 519.8+10.3 523.6126.3

12 'Hi ¥ + 98 %| Peanut 519.24+18.3 529.2+8.7 52%.94+11.8 558.1x2.7 546.6%x13.9 Fa=4.08
residue + earthworm Fbh=0. 64

& £ R X B Peanut 0 o083 525.0%11.4 5240 1419.0 519. [+12.7  515.747. 0

residue

MR E + 48 Rape 510,183 508.549.2 525.8+4.8 523.845.6 525.444.8  Fa=6.03
residue + earthworm Fb=2. 08

M A X M Rape residue 519.24+18.3 508.1+%3 514.7£15.3 508.93+12.2 514.0+4.8

» FHAKIENY XOFHE) £Se(SrMEE)Fa HIBEAEN FE . Foo=771,Fun=21.20; Fb Ry et a H R
B F . Foos=6.390,F000=15.98, LA P (3 3.4.5.7); The data in the tatle stand for X (average} = Se (standard
error); Fa F values between every two treatments{Fg o5s=7. 71, Fo.o1 = 21. 20); Fé& F values among incubation time

(Ko.05=6.39,Fp.01=15.98); Table 3. Table 4 ,Table 5 and Table 7 were same as Table 2

2.3 NSO A R E R

TIMAEEHE TN TIMEREINEERF.CS5EPT-RERFPWEMARKR. T RAEABIH A2
BAMPRE—-HEEESNR. B ETAN iR L ROEBRAT. NBARMNAENER— 18,5 L
BIAFREHA SRR BT MEEBEKERE - PMHENIER, ERAROLED, L1 — BT EBIH I,
RETHBEMEBRTAAAS . HLIRAYBIBRIEFBRABEARBAER 3D, HPLUELTE Hu6L
R ZA BB #E 25.50.100,150d M A UBE T BRI LB R H M0 28.520.48.54.63. 00 0
75.- 2% AEXEFE ] 100~ 150d BF AR S + s S A T ICE B X B 23X B 26. 9mg/kg M 28. Img/kg. X
SEEES.AVORNOIMEFEUREAFPFIAREHRE (198mg/kg, B THRER 140mg/kg 1 3

F 49 68mg/kg)H XK.
x3 E4BPMIMEAELIE
Table 3 The contents of available P in the soil of the different treatments(FP, mg/kg)

4 1% £ 8¢ [8) Incubation time (d) K E B
Treatments 0 o5 £Q 100 150 Variance analysis
ﬁi+ U Bl Rice straw + o o153 10.741.1 22.842.1 23.8+1.4 25.8+2.0 Fa=38.99"
eartnworm Fb=276.16%"
B 88 Rice straw 16.5x2.3 18. 5+3.3 22.3x1.3 23.3+1.5 25.14+2.3
#E R+ M B Peanut oo, 5 21.241.9 245415 26.941.4  28.942.0 Fa=10.41"
residue + earthworm
. Fb=39.82""

£ £ 7 ¥ B8 Peanut residue 16.5 +£2.3 19.6+3.1 22.7+3.1 24.2+1.% 25.3%0.8
MRAG AW Rape residue (0 0\ ) 0 1g 9400 225413 22.7+1.0  24.0%3.4 Fa=12.24"
+ earthworm Fb=11.71"

1 3 ¥4 AT B Rape residue 16.54+2. 3 16.140. 3 18.2+0.8 20.1+2.0 2.L6+0.2

R IPEFTFUARHERRV . ERFDRFALEN T RAARSENBIRFARBER
s HF ALY EMAESE) 3 ML Ba S KARMES LB LI RTBRIBZEERYEZE
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K¥F.
2.4 SEYIESHRR LMK EA LS
2.4.1 WEERSCET LM pH . ERREF RN KBRERERY EBEHHRELRRE

REMBE (RO, SAELNSE LK. pHEKEHEREBRERES, BN RAG R RN
pH 8 b FH i 08 B 7 T A LR p b 38 . LRI AT iR (R L 8 £ pH(H,0) = 4. 34) ERR R R A
1.3 Fob YR R I £ pH(HLO A 4 BB B T 0. 44 BT (GEA RS MR 840 ). 0. 35 By CGHRRE
PR AL 0. 17 A GER B A E LD, FRESRER 26 A 5 48 7 Ab B JE) F0 R R S A B A B
AL R pH ENEEXPBEKE SEAMNLEEMNEREABE KT, 7 150d FIFEFBIR.3FHE
B4 00 B ol 4 48] 1) b 3B 15 JUOR B2 8 051 60 A T80 G AR B L 1R pH (O R ELA T B EKOF . ESIEF ALY

HITFSE SRS S M AR (MEBIOPH ERBEIHE . a k8 1. 2 M RGEOKED.
X4 ZAWHLTNeH HOKR)
Table 4 The pH(H;O) in the soil of the different treaiments

Y | 1Z /A Incubation time {(d) ¥ & 4B

Treatments 0 25 50 100 150 Variance anal}rsis

- a0 4. 46 4.49 4. 45 Fa=2.87
. 62 4. 01 4. 49 4. 47 F&E=10.19"
Bl 4. 46 4. 46 4. 54 Fa=17.88"
. 66 4. 69 4.61 4. 78 Fb=7.64"
. 54 4. 49 4. 44 4. 51 Fag=%.76"
. 64 4. 69 4. 61 4. 59 Fb=6.95"

. 34
. 34
- 34
.34
. 34
- 34

5B - 47 %8 Rice straw 4+ earthworm
B R i1 M Rice straw
14 ¥ + 35 %) Peanut residue + earthworm

2L 4 #4 %1 BB Peanut residue
3k 445 %) Rape residue 4+ earthworm

M 3 %5 14 M8 Rape residue

[l . A -
N N N S -

+HpH M L AHEH OB FERXE NN LRE, DA ILYERAEA LN ALY EKR
seyE b RS LM pH 3T, QNN BRIBRPEENANERYRFE T HPHX RRILD S

P3F B, K T 0NV WP B T4 4 3 pH (R R

pH F A L IMBA A ZEER.D. Lopez-Hernandez! "¢ fB i& o] LA{E 1 @ 8 . OpH W08 T £+
196 5 B 0 R B I TR 3 250 B T R IR B K R I T B e oH AR E T L MPE
FALA YR AT T A E Bt . ©pH WM/ B2 MM E W SEE AN RIMIFOR 5
HE MY AR AR, X B S MR R IR B A R IR R BRI R . pH MR AT LIER
EESNEFIBBESTEL.
2.4.2 EEEHMMTENBEKELESYNSR HEET LRNNEREN EHIBORBREERENS
B AR LAERARSEAREHAEN . AIREOEHREAROBREMEE. UL TR LR
REERBAREN. SRLRMERKLEYHRELLEN. L REALEDHNIRLINGMDRERS,
FMREE =, rHEAWEALLBNBEXAEYRNIBRYBARBERA:; BN - EEHAPLE LR
MEEARA R ARALE Y RGERELER MEREAPL B AR KALEYNERENBEEL
B. X5F0RNMEREX.

RS WO, TERSBREESHEALADOEAS. XN BORAENRATRAAHRE
F. D. Lopez-Hernandez 8 f9 & 0 AT T — M EFMMR . B THEXRMESR . X LN K
HEERNBRAKEAYNRER BEMF T R TEF

NS FRBR RN A TRERE R AT BN EARENSE. SBXETFARHR
THESNANMREERN ARSI HEIH)NEERLER L PRREENERE, TEREMAT
OB WEHETT LRMPRENES. S — Mt SO AR L i AR BB (Quercus sp.)
BEDH =B (Trifolium pratense))q » B4 W bi (Phytolacca americana) W 1 2% ¥ B BE - M e, of o
— B TR RBTHESR EREN. XEFNPEAI UL RIREFENES. EREX
i am Lt ki Sy (AERENES®RAGPEZY. LMY REDHRB=DFAILRD IR



2304 2 S = - 23 &

FETE AT LA 75 7 8070 21 S0 IR L Sk B L N7 32 e 1 SR8 R A1
x5 timmkiaswnai

Table 8§ The concentration of soil carbohydrates (mg/g)

gk ¥8 ¥& FE (8l Incubation time (d) I ELS
Treatments 0 oF 50 100 150 Variance analysis

B2 4 A % Rice straw + 0 605 1514002 2.504£0.04 2.5440.02 2.4640.04  Fu=9.05"

earthworm Fb=285.98" "
FE B B Rice straw 1.40+0.05 1.43+£0.14 2.304+£0.01 2.35+£0.06 2.171£0.05
4 :
B+ MK Peanut residue ) o0 05 1.7540.14 2.4940.12 2.4940.12 2.4840.01  Fa=11. 26"
+earthworm )
Fb=46.46" "
7L 4 k5 %% BR Peanut residue 1.404+0.05 1.57+0.09 2.21+0.10 2.304+0.05 2.12%0.08
N .
3R + WG Rape residuet 00 0 1 g0 1021 2.5640.08 2.5440.01 2. 31+0.08 Fa=5.34
earthworm y
Fb=28.60" "
i ¥ H X R Rape residue 1.40%£0.05 1.42£0.04 2.31£0.05 2.36x£0.05 2.26+0.12

SRR AKLEYERAMLMABBRTENBEHATHX 2T SRIE 6. TR WAL ESN,
HEABEBEA T LMEAESODSAVAZIAFERENEMHRKE.
2.4.3 ENFENMEBRTHEDHEE A LHAREXABEER LRANEYN LRGP BRAEERET
WREAIBE . EANMEEAEDEBRATHEFREEL. MEDNEROMESGRRA . EFIH
FeE BB SE B FEF T . 2 A WA R & B A S O i B el i 461 A b 2EB b AR A B ot R Ak B 9 B AR
VAR & B, 3 9% 100d B, i oo 98] i b B b AR 26K S B AL S o) 4 A ) A LB S U 9 T B8. 904 R
). 62. 5% (TR AL 7XCGEAER) . HIAESIENEMTRHEYHRE. MEVBIHRKE S M
B LAE A o R BB B RURR R, B L P BRI R L U W B A R R

HRRABRPERR . OFFMER/R+ESEHE  BREAN FRE. @QILFHHE S 5, EHfFL &5 —
Bt BKEAGEE KA VREEOEE. U T R2Ta8IMHEALEE . RN R R
BRBEETEL, BTEFAYHARBIELEREX LW IBFXET HRBEEYOHHARER
WK
2.4.4 MCMIEHNMETLRFREN LML AME
TRBRERERSE LRPERENEABREH
HErRR.LTEERRBERTI L AP XHIER

o6 LTHRAKEEWMEARRPXCR
Table 6 Relationship between soil carbohydrate and

available phosphorus

KABREOH LB REB A RACHIF . BB o FERE HRRE
WERE. AR T NEHNEESEHZ—-. BT Treatments Regression Rel‘atred
R EMEAREHRAN L AR ROERS Y:“-‘O‘f“l‘"’;;;{_ coetficients
WROO, AERIESNEBE T LRBRMA A LE Dy carthworm 1. 0304 0.912°
HilE R T LR R H B £5 8 %4 B Rice straw 3}’_—&2{};91209}(-— 0. 902
F SR04 B 5 B, 48 A 0 061 10 4b 3B 5 40 1 A % B ¢

20 BAMEENES BT BERT, g Tt M Peanut residuc TR YT 0 gz
1 381 (25~ 50d) 3 5 3¢ J5 i (100~ 150d ) 9 Y & 3 | Y 0. 1045 —

B AE {0 A 00 SN R N TS L 5 G 45 0 b J gy FEERRATIR Peanutresidue -, 4, 0.924°

BT 39 B X U B 1 SR AR AR IR YA I 5 M 9575 B MRS 4 45 %) Rape stem+ Y =0.1469X — .

4] 4 earthworm 0. 9352
2.4.5 SEGIHESNIRMA LYK SRR DI T B8R UT i RAE R Rape residue 0 ol 02X 0,836

EBER AN P BEEYAREREIR.

RESRALDSORE R R GEEN 140 mg/kg,
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1A 7 9 198mg kg - M1 H5 4 68me/ke) FIHEFF 50d HEANYBHIRERE D TLOTEEARL

HT.3MEILIHNBERITERR .
7 THREEREH(ng /g 120
Table 7 Soil phosphatase activity (mg phenol/g. 12h)

4b y@ = ¥ it 3] Incubation time (d) 2 4

150 Variance analysis

Treatments 0 2 50 100

FEEL + SE %l Rice straw + ., 0 L0 614 0.66640. 036 0. 678+0.048 0.738+0.013 0. 698+0.028 Fa=10.85x
earthworm Fh—5. 49

S & %) B Rice straw 0. 61040. 014 0.627+0.013 0.617£0.021 0.660+0.014 0.660£0. 039

R+ B Peanut ) 046014 0.72040. 040 0. 756+0. 068 0. 764 4 0. 047 0.730£0.060  Fa=7.82
residue + earthworm Fb=3.12

* ] t
Eifm% ¥ R Peanut ) o006 014 0.59740. 051 0.636+0.031 0.707+0. 042 0. 700+ 0. 041
ros

WO H AL M Rape 00014 0.79140.014 0. 7660062 0. 7600, 045 0.718+0.048  Fa=7.92
residue + earthworm Fb=1.63

5 3L #5 % 18 Rape residue 0.610+0.014 0.61810.038 0. 634+0.045 0.682+0.022 0. 67110. 024

%3 BESKEANWAGREOTRE, ng)

Table 8 The P returning quantities of organic material after 50 days’ incubation

+ + +
RTINS it R+ K 15 27 TR A + M o S RS ) B
Peanut residue -+ . Rice straw + . Rape residue + .
Peanut residue Rice straw Rape residue
earthworm earthworm earthworm
23. 0 12. 7 6. 9 6. O 3.5 2.5

TR eSS A A SR AR E R i T H - A RERRRAREM. ERILEH TR
BREAR EHARRG—Bo AR T LRREF R

LHERRRE A HANEE. CHARE LR BTSN ME-RILGONAST. F
FREE EENERAESHERERT, LRFH KBS RN E U ESE B RRTRIENA
MR, BEESIATRORRERELYN 2SR EEEEE IR GRS ARENRTREX

BRAIfE .
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