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Dynamic relationship between soil active Mn and pH, Eh in acid soils
and its biological response
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Abstract: The dynamic changes of soil pH, Eh, active manganese and their relationship were studied in three
acid soils(brown-red soil, yellow-brown socil and red soil)by contrast with a calcareous alluvial soil collected from
Hubei Province in pot experiment of rape plant. The results showed that pH and Eh of the soils would decrease
sharply within 80 d of the growth of rape. In the brown-red soil and yellow-brown soil with acidification treat-
ment the contents of the exchangeable Mn (EXC-Mn) rose, and it was positively correlated with carbonate bond
Mn (CARB-Mn) during the first 70d in the growth of rape. The increase of EXC-Mn was later than that of
CARB-Mn. During the 30 — 90d, CARB-Mn concentrations were correlated with easily reducible oxide Mn
(ERO-Mn). For every tested soil, the values of pe + pH remained stable with changes of pH and Eh. The
models of soil pH, Eh and EXC-Mn could better reflect the relationship of the three factors in the acid soils with
acidification except the red soil. Electrical pair MnO,/Mn’" in the brown-red soil would be a better description
to dynamic change of Mn oxides to Mn®>* ion. And electrical pairs MnOOH/MnO would be main pattern in pro-
cess of oxidation-reduction in the yellow-brown soil. The dissolution of MnO may be the reason of increase of
Mn’" jon in this soil at the acidification condition. The experiment also showed that the radio of Mn/Fe of the
plant increased significantly with enhancing of Mn toxicity in rape, this change would be more obvious than that
of the radio of Mn/Fe in corresponding soil acidification.
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Table 1 Basic agrochemical properties of the experimental soils

hat: | RERR pH
Soil Locality (H,0)

{(mV)

HEmf AR THEE BRREGEE RAERA

CARB-Mn
(mglkg)

Eh OM ERO-Mn

(g/kg)

EXC-Mn

No.1 $#41 3 Brown-red soil
No.2 ¥#% 3 Yellow-brown soil
No.3 413 Red soil

No. 4 k¥ 1 Calcareous alluvial sail

J& T Xianning 5.41
R B Wuchang  5.61
3% Tongcheng 4.37
X7 Tianmen 7.24

33.15 672.27
61.42 436.01
14.64 7.64
75.67 260.34

587 15.0 0.99
576 15.1 11.66
620 31.6 2.94
502 22.6 0.46

1.2 #RER

Bk 3 AER 4 I IR 3 AL, B IR AR AL AL 3B (HE
A NH,Cl.KH, PO, .KCl % A 3¢ il A 2.82 mmol/kg HCI,
M RL); BRI AL B [ 3 A (NH, ), SO, .KH, PO, . K, SO,
fE2 R ];CaCO, 4bE [ #A (NH,),SO, .KH, PO, \K, SO, £
HEHHE CaCO; 0.5% ] URTTRM L FH ML [HEA
(NH,),S0,.KH, PO, .K, SO, JfExi R, B& %+ 3 kg, 4 &K
X, BLEEARENN.P,O.K,0%0.2 g/kg, F 1999
WA SH-REA HIERE 9995105 6 HEE
WE,I0HA 21 BEE,. E4EH 3%, ARBA,.HHHE
R XRYEK 200mL, BEH G REEK 500mL, IR H RS
HREBMALEK 500mL, + WS KBEERTE 30% &£°H,2000
5 5 ERRERMER.
1.3 RERSHF

RE+HAIELBEE AR, BN, ESHKTP
RET 2 10g, REEE N 0~15cm, B8 10d R—K L8,

704 EEB0dB—K LB, TRETFICKEFRE. ME
TR £ 4 pH.Eh, F M EEHE .

pH.Eh I Z . FAHBBEHEE, — B2 105CHTH
ERTHEKE,S - HHERLHBRENTE UILH
kLt , B PHS-10A ¥ F 8 BE 1M %€ pH # Eho

EHENE  AEZRBENE P 3 EEE,
et 4E (EXC-Mn): #REL 1.00g F# LR FHBLEP, I
pH7.0 B 1mol/L NH,Ac ¥ ¥ 25mL, FEERF I LR G
30min J5 B0 (3000r/min) , L 32, BB AW .

BRI LSS (CARB-Mn)  ER B X HREEHE
ELRMB.LO®E S, pH 5.0 8 1 mol/L NaAc-HAc B #
25mL, FAEKFHL LR 120min S5 B .0 (3000r/min) , 3
BLEBAEN., RRELESTERXMRF A NaAc-HAc B
REWERELTRFED EEAHRNRELHY, A
NaAcHAc BBRBME TR - ML RK S, 81 TX
WREBTRE, AR ERARREE A SERTR,
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BEREAYE(ERO-Mn) ERBERRELE S TR
MR L BHBE.OFS, 0 0.04 mol/L NH,OH-HCl & 25%
HAc %% 25mL, TR ERB P LR 30min /5 B L (30001
min), 338, B AW,

LAk 3 FhIRAR Mn WA R BES A E R WE

19994 12 A 6 HAREMEE P LEMEWE AT
TMAEHEES I, LHERT,0.85mm . LA
0.25 mol/L NaHCO;-0.01 mol/L EDTA-0.01 mol/L NH,F &
RMETR HYRBSRAEHTRE, A 1mol/L HC ¥
KRB, Fe.Mn.Cu.Zn BT X ARFRE S EEHN
Eo

2 ZR5H%
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Fig. 1 Dynamic change of pH in the tested soils during the growing season of rape
(No. 1-#% 4L 3 Brown-red soil; No.2- B #5i¥ Yellow-brown soil; No.3-£L 3 Red soil;
No.4-K # £ Calcareous alluvial soil. T i} Same as follows. )
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Fig. 2 Dynamic change of Eh in the tested soils during the growing season of rape
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Mn)ZERLD, ZRUELHES, L BPREERHE
EHEBATHEENRRELEATETMET RS
POHHEERLMBEENIGR, XHERRABAN
BB, EMRAEKIEE,1.2 5 +RRMALHEN
WMEMFEHR T RBEEERSY, XFHAHLER
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HZBED, -5 pH.Eh M 5T W%
1. Mt + 3% pH.Eh 1 log(Mn*" ) B = & [H1 8
F(R(EDTUER , EHREHET , &5 pe + pH
EARE, Hd pe = Eh(V)/0.0592(25C), Bl—
FHRFELAEE pe + pH HER K, 4 # 0L L 5
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Fig. 3 Dynamic change of active manganese in the tested No.1 and No.2 soils under strong acidification
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Table 2 The relation of pH.Eh and Mn®* in the tested soils(n=8)

Jii¥:: | pH.Eh #1 Mn** £ R

s

No. of sample Treatment pe + pH The relation of pH.Eh and Mn**
No.1 3 BR 1L Strong acidification ~ 15.07 Eh=1.134~-0.019 log(Mn’* )-0.121 pH r=0.9297""
P8R4k Weak acidification 15.27 Eh=1.030-0.036 log(Mn’*)—-0.086 pH r=0.8349"
CaCo, 15.38 Eh=0.147-0.042 log(Mn** ) +0.037 pH 1=0.4743
No.2 MMk Strong acidification ~ 14.8 Eh=0.904+0.002 log(Mn** ) -0.073 pH r=0.9033"
BB Weak acidification  14.91 Eh=0.869+0.017 log(Mn’* ) -0.062 pH r=0.5394
CaCO, 15.50 Eh=0.521+0.005 log(Mn’*)-0.010 pH 1r=0.1183
No.3 3B B 1k Strong acidification 14.52 Eh=0.750+0.008 log(Mn>* ) —0.041 pH r=0.4244
S BRIL Weak acidification  14.98 Eh=0.533+0.013 log(Mn®* ) —0.015 pH r=0.4164
CaCO, 14.99 Eh=0.423-0.011 log(Mn** ) +0.005 pH r=0.0889
No.4 B ML Weak acidification  15.47 Eh=1.399+0.065 log(Mn** ) —0.130 pH r=0.6460

* 95% K BFKF(95% probable level); * * 99% i) B %K F(99% probable level) .

2.5 BRFETHRDE LWMEFEENRE BRUEGATENHIHKERS L REREERER
EWRLEK 60d 24, LB EFE TR BHAVLEI) . I-FRERTROEBFIAHK
ARBREASSENTHERRN, XHEEHHR RAEEELERNRAS—, R3 XY, AEMBRK
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60d 5, Bt 1.2 S L MBEMABEER MR L]
A Mn.Fe.CuZn WA BA LFAHE. RUFEK
HEBLABEERKR, W12 5 LERLLHEE
CaCO,; 4345 LT 125.2 mg/kg #1 170.3 mg/kg,
EABESFIN 184% F1 258%. 3 ELBUERE
REWOE LI RGEFRHE S BBE, HHEA
EERN. ANRIFHVEL, LRPER Fe SR
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MRYOE TR T &R, EhFE HEYETE
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BAMSFEFE(ROTUEH, T HWEK LN
R ML H > SRR AL AL 3 > CaCO, 422, 5
RHERENERLAIITF—8 . EHEKHLHBY
ERIR/DARE, MEEkEAN SR RE T ENRA
BRI REE 2 B REBHHF, HEHT
BRTF L REK XM L, Bk, AHBREY R
FRTEPERS, R LREFRITHR, K
MRS L E M RREE.

Table 3 Content of Mn.Cu.Zn and Fe in the experimental soils under different conditions

®S e oH %‘ﬁ Mn %‘k‘c Cu %‘m Zn 755& Fe
No. of Treatment (H,0) Available Mn  Available Cu  Available Zn Available Fe
sample (mglkg)
No.1 BBRFL Strong acidification 4.05 193.2 3.9 4.3 215.8
M1k Weak acidification 5.06 139.2 4.5 4.2 229.3
CaCO; 7.91 68.0 4.3 3.3 128.8
No.2 SR BR L Strong acidification 4.61 236.2 4.9 2.8 280.3
ML Weak acidification 5.39 131.2 5.8 2.2 287.3
CaCO, 7.89 65.9 3.8 1.9 156.8
No.3 3R B84k Strong acidification 4.04 9.2 1.5 4.0 293.3
B ML Weak acidification 4.26 6.8 1.5 4.1 265.8
CaCO,4 6.83 8.3 1.4 3.4 208.3
No.4 F ML Weak acidification 7.60 68.4 4.1 3.9 56.0

R4 ARFWMLIANAKEERAZKAT FR-ROENR
Table 4 The ratio of Mn and Fe in soil and rape plant at seedling stage and their influence on seed yield

B¥S A + 3% Mn/Fe g3 e R(g/&)
No. of Treatment Mn/Fe of soil Plant Seed yield
sample Mn(mg/kg) Fe(mg/kg) Mn/Fe (g/pot)
No.1 M1k Strong acidification 0.90 209.5 102.8 20.39 1.38

M4k Weak acidification 0.61 495.6 112.5 4.40 2.48"°
CaCO, 0.53 26.2 40.6 0.64 3.22°"
No.2 M M1k Strong acidification 0.84 1877.0 165.8 11.32 1.12
$ BRIk Weak acidification 0.46 212.9 230.2 0.92 2.85""
CaCO;, 0.42 38.7 69.4 0.56 2.52""

* » FABSBRLBERK 9% NBEKE,

* % It attaings 99% probable level in comparison of the treatment with strong acidification treatment
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M3 pH(E 1)+ Eh(E 2) LB H,3
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E = E"-0.059/2log[Mn®* ]+0.059 X 4/2log[H" ]

=1.229-0.0295 log[Mn** ] -0.118pH
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Eh=0.904+0.002 log (Mn®** ) —0.073 pH
r=0.9033"
B T MnOOH—MnO S4B RIE R, B .
MnOOH + H' + e = MnO + H,0
7 25C &4 F , MnOOH/ MnO % i 444 38 JF 8 it
BEHTRE RN
E = E' - 0.059pH
MNUEGERRE BB ERRMAHAEY S
log(Mn®* Y BB K 0.002, pH 18 B R ¥ 0 B
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