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Influence of application of rice straw and Chinese mile vetch on the

species and ecological effect of added copper in two soils
WANG Guo,CHEN Jian-Bin,.GAQ Shan,XU Guang-Ming .HUANG Gong-Biac  <Deps. of

Land & Enwvironmental Science, Fujian Agricuitural Universitys Fuzhou, 350002, Chine)

Ahétract:The effecr of application of rice steaw and Chinese milk verch on the species and ecological effect
of added copper 1n a red soil and a {luvo-aquic soil was studied by pot experiments. The two orgamic mate-
rials both significantly reduced the content of exchangeable Cu while increased stably organic-hound Cu
and amorphous Fe-bound Cu. The contents of exchangeable Cu were negatively correlated with pH and the
contents of stably orgenic-bound Cu. Rice straw and Chinese milk vetch significantly inhibited the Cu ahb-
sorption of rice root whereas enhanced the migration of Cu {rom roor to stem and leaves, and from stem
and leaves to grains to some extent. Cu contents in grains were decreased by applying rice straw. Applying
Chinese muk vetch did not affect Cu contents in grains by red soil treatmenrs while lowered those by fluvo-
aguic soil treatment.
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1.2 WRKIE

1.2.1 A% KXo e gt 4 5T 3
B .AZ0HEF 6. 3EMAT+E 1 2keg. FHYLA N
ARBHLEM2%.CutyimABEE 100me/kg . ¥+
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%1 HETRAEREER
Table 1 Basic properties of the soils studied *

LatEAR 13 )

Sqil propernes Red sl Fluvo-aguic soil

pH(H:O) 5. 01 5. 78
£ Clay (g /kg) 137. 0 138.9
FHYLE O M. (g/kg? 15.3 11. 4
CEC {cmol/Kg) 6.13 5. 67
HrHEk Free Fetplkg) 27. 94 20. 87
44 Total Culmg/Kg? 23. 20 22.15 '

e

» RPEEE<Amm LR R, The data

in this table were those of </1lmm {ractions. ¥7 ¥k Clay

0. 15g/kg; P= 0. vidg/kg K = 0. 185g kg ) 4 §§ 2~  <0-002Zmm.

3em F1KIR ISR 1 B G IEBR(1996-08-06 # B ALK 63, P HEL. B asd) . R 2 B, WA EHFHBAE
BT KR HEERIF 2~ 3em KB, SAESFES BB A EaMAREa1 B L9 &R
HFETIREASEESERESRIESW . HARREEA.

1.2.2 THEHIEESN BRGERF L ¥2: HEWANGETEETE ]
BZEA - EIRUBESA—THRE&T. ) Table 2 Contents of some clements of the organic materials
#HiMSBEREsE. IR -8B T.HHAS FHEE Cu Cd Zn Fe Mn Ca C N

AsH—kRF—FRART HLMAREY  Omne (g /g (g k)
ARG BRSSP RADFE
A . BRELCHEBEKRS: BAXE-BTER ﬁce srrgw 1029 . 99.730.26 0. 87 3.12385.27. 90

Kekrp. ZHEARERER BAKE BT gou

Tk R AHEFEARSD. . FHAXKIE - Chinese mulk 23.381.53102.90.28 0. 17 5. 86 435. 340, 9
WSk, FRaMEREEE 0C T4 Yoh

T &0, HTHRAFHESE. &0,

TRWMAEER AR LRET. BRRTORSE IR ASKRAY 0K RESAEHRTE
HRNES KR ATAESRNENE T ESHSE. TR (SKESE. A 1mol/L MeCL, i
(pH7. R BGHEBVIEE S %M. H 0. Imol/L Na,P:0,+0. 5mol/L Na,SO, 1B &5 #k (pHY. 5MHER  #ik
HEAEEMW. A 0 1mol/L NH,OH. HCl(pH2. DRI, E BB E & 58 . F Ik H.0: (pH2. 0V R EE
& E4AE, A 0. 175mal /L (NH, ),Cp0.+0- 14mol /L HeC,0 ) (pH3. 25V RE RAe S (S L B&EE 2 5)
HARE L HH T .WE . HEH)S  HCI-HNO,-HCIO, Bz . BESFRFE R s], BESESH
HNO,-HCIO, b/ ME. BARARFRE X ITNE. S FASN S AMRER SRR, B
HoHRKER ., WEASITHE SAS i LU,

2 HRS5it

2.1 TRPREESA

2211 FRYTMEEEST AXEITH.ERFENENONEST OKU &8, 45 WL HEER
THEEMBRANAGEEE - HKEZAE BHYAA4E REREE SN ERSE. X HEH
FRIESEHMEAANEINYRECER BRI EI-BESY. AREEENEIHNRET
(XKU &8 . FE SRR R . XRS5 >R N4 > A e RS S5 > EaV 845> ibeE
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BaA. ¥ XKU A JKU WA LBr A AR MRS RIS ES  BANSG BR R ER &
SGEFTRYFAEDTESER. XKU BT HERAHILEESMERIS S EA R LM E (B
TRENTERESEGIMEFAMNEE tE, AE 1 TH EIRERFIAL B EHAR. MiM&Sn &
BRETLN HEERMAILESSERTES ML pH A% 8 - B md pH HEET AL
WM A, MM CEC IR T BEE T L (R D SETRM RS T E BRESS B W oA
HEMETEL. SMERENEEGUDU 48 RENHSESHRITRBETR MEAILEASHUREE
AR XEAREAM I PANNTEANSSSEMELR. (DWEMBEE XDU 43 0 H LA G E#
- FEMEAEAE EANECERMEEAR. TAREEAH PR ERRET EHLL G EWOE
AN B EES SENERMERH TR HRE X TR ESEEERR RS TR TERA
¥, BEREHRT TH L PAEEEESAEN IR LA BREMRBRT YT LB HEELE G SHN
SRR X — HE B FI R A YL AR DR T B ES AT AR e, RNEEH AT
AEHEESEHARMATLBEEWH. RMECZXMBAESEAMERSBERRAFRE. MERO
MENEZAG XHSHHEEBETR. ZFVLZREREERF AHREIREHATR. BINR=
EEMtREYES S . EHIESANRERGESSHI RN EEAR MM REILES SR
ERSEE T SEHEERE. ARITRL. BEMEZXN ERESMNANSSTSHIRVRARERER.

%3 HRHRNIREREEER (mg/kg) "
Table 3 Cu contenis of various formxs of fresh soil samples in tillering stage

- ZHRE HE EHH E AT i HiEE rH
HEE thER ®E Hek
Treat ment Exch, Lob. Sob. Am Fe, Mn. (Hz (>
JKU 27. 39bB 41- 90bB 22.01cC 7. 304C 0. 84abA 5.05
1DU 14. 47c¢C 20. 37eE 47. 03aA 17. 77abA 0.96aA 5. 84
J2U 4. 78dD 46. 56aA 34. 24bH 16, OTabAB 0. 37bB h. 86
XKU 35. 0dah 28. 23cC 10. 34dD 1B. 96aA 0. 96aA 5. 39
XDuU 17. 59¢C 31. 36cC 39. T1IbAB 10. 54dcBe 0. 47abA a. 44
X220 3. 794D 24. 34dD 49. B0bA 14. 17bcAB 0, GdabA 6. 23

+ EEWSTH Duncan . PEFER B 0.05 BEAE, KEFGH 0.0l BEAT. 2B AHHRAEGEERT
B ¥. Duncan’s Multiple Range test was used to determine differences among treatments. All values in the same column
with the same capital or small letter are not significantly different at the 1% or 5% level of significance . respectively.

s » JKU: 81 +4 {luvo-aguic soul+ Cuy JOU : 31 + B2 + 4R Tluvo-aquic soil +rice straw+Cu: JZU ML+ ¥ =
# + 4 {luvo-aquic soil + Chinese milk vetch+ Cus XKU , £0 30 + 4 red soil +Cu: XDU 4T 3% + 8 & + 46 red sol +rice
straw 4 Cuy XZU LT M+ =% 4+ 48 red sol+Chinese milk vetch+Cu.

FIWEREERN, ARPTBRAESEANLESEFARBEMNTRR. BRAVSE G SMERIE
AESHEISHTET MTRAMSEASHLERRE S SERFMAHEX. XERWETNHE LY
AT SRSHENERSANSHLEBEERERMNHRAERENHXE. AR BATES
BeRERE B EIES R4 Y0 o S Y S % m L 2 R 098 5 4B T AR T
TaEE AT EAN.CEC LEREL By R Ot na ks EA ST HAEN SR TR EE
WMTWELSRMBEESRDY. F4WERERW, PN HRENTHRS o HEBERMX. MEIH
FSTHEMENYEEET LN pH H., pHHARRATHPAR AXRENIBTE.

2.1.2 HBEEIRENESSE WESTR.JKU M EESFSBEFR: EHIAGE>REA
NESE>RAERGEASE>TRE>AREBEESS. SARMHE . ZREMBDANEFESENIT L
HEEREK. EHVBHAESHSLEASNIREABEAR. ERTUHERENER B TEaEW
EHAEEAIVNSESSHAEREXS SR RENSES SN T gE2 FORSS B M e M H 6
HESUEFAESHEES EEERRYEANSASNARL. IDULRSHRMHEL. ZRES
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ERFRR 2RSS BB ERS . dU N U REFACHACERES S . REg s
EHERNESSTATAETEEZET B LT RE R R — s M SRR

AWM. ZU BB ESEHLAR RS . EANGS S ERNEEREEFALBEERS RENZSE
SRR AT EMEE LSS SHESNRMERIE S SR ECEEE L. 5

SRR XKUY ERS WA AL E RS S S A B EREN. SIS STHY
FEMCEEAR (R ILE D, EREANES. ARTHEEFNEAFNE SSH#E. 5 XKU HE . XDU

TR E RHIE S SALE TR MEANRASHAERER S SHAERMA R, SHh8an

HH. BN XDU AN SR SR AN SR AR ERER. PSS S E AT .M ~
ERRESTHNITRUBEAN. SHEHHLE . XZU 4ABRNRENASSHERINSSHN SRR

EFlER. MLeBEad s s@y TR AKES. EnAiifsl -y SHE ST ERMBREINSESE

. AREEER AL EERESERLE. AE TR ERREFANE S AN ER LR R
HHEREARE. KRR IR S TR SR EANNES BN EE SN EMERIEN SR fHiX
FrEFRAEAHENEMRE. NE4TA. ABEH TR SHN TR S TSR aEEDE M
EORFIMSGRBBARN, CRSEHOAK S LERSS SERENEETYNE. F45H5H. RB M E
BREFESYBSpH ERBEMHX. 500 —# D HY T EEARESBRTEB RO EEEHEE.

x4 IETBREASHKERSHIRE pH ZRHEESHTER "
Tabie 4 Regression analysis between Cu contents of exchangeable form and other forms and pH

£ B # - F F N
Stage Regression equation

S Y=40. 1587 — 0. 6961X, 7. 10 0. G568 B
Tiliering T=193. 7630—90. 9133X" — 1. 1 946X, 28-34 n.0l1L &
Y=160. 3542 —23. 5260pH 7-75 0.049 5

biog 8 ¥=37.6795—1.1657X; 1E. OB 0.013 5}
Marture ¥Y=237. 6795— 1. L657X, 1&. 08 4. 013 3]
Y=179. 3812—28. 1016pH 41. 54 0. G03 B

* Y= exchangeable Cuy X\ = H HLE5 A 5 loosely organic-hound Cus X = & & 853 7 stably organic-
bound Cuy X, = JEREBEE amorphous Fe-hound Cu; X,= ¥ {L4E Mn oxide-bound Cu X' =R EHH S =+ EHHE
&35 Lob-Cu+Sob-Cuy * » FIF £ Wl A EE3 8040 5 pH 2 A0 3% B HEFT 04 o 1 4 B 7R 45 B H 3 (stepwise regression)
B T4 47 . Stepwise regressicn was used to determine the relationship berween exch-Cu and othet farms of Cu while linear

regression was used to determine that between exch-Cu and pH.

TS AMKENINAFESALE (mp/ke)

Table 5 Cu contents of various forms of fresh soil samples in mature stage

4hF8 pr:c ¥ BHH BEH TR i pH .
ga% HEE B ge%
Treatment Exch. Loh. Sob. Am Fe, Mn. ({H.O)
IKU 18. 70aAB 24, 87aA 30, 25cA 20. 41abAB 1. 208A 5. 61
DY 1- 76bC 18. 54bcAB 50. 94aA 30. 41aA 0. 52bDC 5.23 i
JZU 4. 726C 13. 76cB 44. 59abA 31. 34aA 0. 36cD 616
XKU 24. 6124 25. 75aA 29. 39cA 11. 98kB 0. 71bBC 5.53
AL 4. 05bhBC 20. 63ahBC 41. §5abeA 24. 5Cab AB 1. 02s AB 6. 32
XzZU 8. 26LBC 17. 33B 33. 72bcA 22.032AB 0. 98sAB £ 14

2.2 BEMARIENENRURLEHENEN
BEMK S i 8 X M 5 KBRS E R (R 6 XMk BRES LN
FHEREIREEMRERE D. S RIBEESES LARFIES A SR ER AL SHEREERER
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HIE RA G REAT BN R ERSHACHABEEE FMEX BN EHEZRIETE T S8
HENSHIE . RETXHEEIE ATHE L TRKERENEAT . BT —E £ B w8 .
TREMRASRSTREESSEORENBEHX ZARSESEMR I EX. AAERSRERSHILE
FBEEHXBRTHERF FAX (R RUTHEFNK LSS S TR KAREAN T, THGLR
EFT FAKBRANFATZD FEFTHRETE. AR 7S ENMBEERNESEEBEFTELLEAEN
KEARBEENDEEMEEANNIR. A THEMEZEXEEROH TR ATHNRW XA L
BANAHSBENADERMEFHEGH RO, AFNERERY A . EYRETHARESMAIR
BEZHHNEETHAFEZHNIBE FEMES KAERT EHEREFRNIE. BEDEEKINE
IREHER MEZRWADECHEREARN KT (RS, FHEASHEN BEHFRSEINETR
STy =6. 3174+0. 1265X,.F=28.8B.P=0.006, Y. @B &R . X .EHETE).

¥6 HENEREAESSCAS R (e e
Tabie § Cu contents of root. stem and ieal . and grain of rice in tiliering stage and mature stage(mg/kg)

3 4 43 BEHA Tillering stage & ¥ B Mature stage

Treatment £ Root Z H Stem-leaf £ Root Z M Srem-leal ¥Eh: Gran
JEU 405.0 aA aT. 92 bB 231. 9 bA 48. 59 bABC 14.13 abA
DU 51. 55 eD 14.75dD 27.10 dC 14. 60 cC 7-60 cA
JZU 116. 7 dDC 17.78dD 58.89<B 18. 18 <C 7.37 cA
XKU 310.2 bB B3, 39 aA 254.-1 2A B3. 78 aA 15-48 aA
XDu 159. 4 C 28.53 cBC 106. 3 <B 26. 22 cBC 10. 30 beA
XZu 103. 6 dDC 27. 38 cC 120-8<B 57. 68 LAB 14.52 abA

X7 A EBTORREAEE. T THANE R RN BN E L
Table 7 Cu enrichment coefficients ( EC} and concentration ratios {CR of different parts of rice in both Hilering and

mature stages

HERRRE W GCRY -

b7 5+ BEHR g Yo el Lt gLt/ Lk HR/EH

Tresument Tiilering Mature Leaf/root Leal/root Grain/root Grain/leal
tillering mature

JEU 3. 32 aA i- 90 aA 0.09d 0.21b 0.06d 0- 29 be

DU 0. 42 ¢E 0-22 bB 0.2%a 0.54a 0.28a 0.52 8

JZU 6. 95 dDC 0. 48 BAB 0. 15 de 0.3l b 0.13b 2.31b

XKU 2.52 bB 2.6 aA 0. 21 be 0.23b 0.06d 0.19 ¢

Xpu 1.29 ¢C 0. 86 bAB 0. 18 ¢ 0.25k 0,10 ¢ .3%b

X7u 0. 84 dDE 0. 58 bAB 0.25 ba 0. 48 a 0.12h 0.20 b

+ WREN=—EBHFHESE/THE# & Enrichmen coeffictent—Cu concentration in one part/Total Cu concen-
tratioh in soif. * *» IR = (¥ )H 5K HH 5 B Concentration ratio=Cu concentraran in one part/Cu con-

centration 1m root

%3 APUELELESIREBEMALRZAGES DI NER"
Tabie 8 Stepwise regression analysis between Cu contenis of different rice parts and different seli forms

bah 3 EXEETE F P N
Swages Stepwise regression equation
SRR Y=657. 0716—7. 6766X:— 14. 51B4X; 26. 25 0.012 é
i . 8- B ¥Y=—17.2458+8. 8572X,+71. 6851 Xs 105. 94 0. 002 6

2 Y=H4 S & Cuin roory X1=3# % exchangeable Cui X =¥H YL & 7 loosely organic-bound Cu i X, =EHHL
4 &% stably organic-bound Cuy X, = £ B E & H & % amorphous Fe-bound Cus X = {LES &7 Mn oxide-
bound Cu; D Tillering stage 12Mature stage
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11 HABENMEZEMORAN LI EHNEEHESF SR EERE TSRS E . TEFRS T

AN T SHEERES S, BN E R A s SEMN EmAe KB ENRABE %W

EARERAELN B 5 EE T HHlE S BE /.

3.2 BEMEZFMMEEESHR AR (ETE. AKES BRI KSR FErA LN

THREHSBEFE L HEZELTN ERNEHSBUEHRITR - FEF N EEn I RREIE S

EEAR S EEHHASERERIE AERRES TR EFS,

33 FREHSESpHERAHNSASHARERB FNMAX . ZHLREREHAS BN TS 1% pH -

HUEAISEHSBRNTEEFEETTINXE.

314 BENEZEYIRABRENESHEEEEE R, CEXBERME T KRR AMEABEN.H

E-EREREHHERET U AZEMHR SRS, SERBERETRAPHIR KA E L4

HEATHESBERBEDEER. ANBREN. HF LB TREERNEAESE BELE S KERAN.
EREREWR, UEHNIAGTIYEFSHUATIREHF R ESEERA YRS IR

MR EREFSEN, FEHFANLEYN . 2 REF R RIEAFURFRERESEESE. A

HARERETENERRE TR . EHEENSE R EERF,

t o pd ¥
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