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M OE: ARACHMENLOOHE KT LR )R AV S =LA BT WLRED T ENEETRRE, F
FT T NI HL R 21 R e RSO LT R R B PR . S5 RRI, WINE BLRR I T WA I pH, JRHMEE R
PRSI A3 st 49 pH IR FHRCERBHIGIN, WIN 50 gkg & BLRRALFILT G+ ML AP+ 1) 3 pH 23 BB IRAY 4.31 1 4.69 2
FZE 5.91 f15.97, BN BRI T HiF LR pH iz (HBC), WM T HEBRRILEE 1. 515 pH Ay (b 3iAr
o, & HERA +45 pHBC Ay SCR I A 3 NG N . %5 50 g/kg & HERNT, £1%5 - MEIAP + /9 pHBC 4351 %t HE Y
20.73 1 7.78 mmol/(kg-pH) #&#52 35.31 #123.30 mmol/(kg-pH), 7+ FEXFIRARES T 0.70 f5H0 1.99 %, #INE BB AL AT LA
RAERREE, W rT DML IR ILRE . & IR0+ B AL A SRS S R W A X0+

KEEIR: W HER; AR, IR i pH Zip AR

HRESHES: S153.2 XHRARERD: A

Effect of Fulvic Acid on Ameliorating Soil Acidity and pH Buffering Capacity of Two Ultisols
PAN Xiaoying' %, SHI Renyong', HONG Zhineng', JIANG Jun', NKOH Jackson Nkoh'" % XU Renkou' **

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A clay red soil from Anhui and a sandy red soil from Jiangxi were collected for laboratory incubation experiment to
study the effects of applying fulvic acid on ameliorating soil acidity and soil pH buffering capacity. Results showed that applying
fulvic acid increased soil pH, and the ameliorating effect increased with the amount of fulvic acid added. Adding 50 g/kg fulvic
acid increased soil pH from 4.31 to 5.91 for clay red soil and from 4.97 to 5.97 for sandy red soil, respectively. Moreover, similar
to change in soil pH, applying fulvic acid increased soil pH buffering capacity (pHBC), and the more fulvic acid added led to
greater increase in soil pHBC. Adding 50 g/kg fulvic acid increased soil pHBC from 20.73 to 35.31 mmol/(kg-pH) for clay red
soil and from 7.78 to 23.30 mmol/(kg-:pH) for sandy red soil, respectively. In conclusion, applying fulvic acid can not only
ameliorate effetively soil acidity of two red soils, but also increase soil pHBC and thus increase soil resistance to acidification,
and the effect is better for sandy red soil than for clay red soil.

Key words: Fulvic acid; Acidity of red soil; Soil amelioration; Soil pH buffering capacity
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MBI S F AL E DY, AR R
ZAr . W R AAMRER CEC!, SREE . R
PRAE . BRAE . WAERRSERZ AR AR, H
555 R B RE AT RE W8 o A 80 ™ A K U, [
B, LR ELAT i Y B T SRR T AN I R fE

AALBERE I L IR R Ty, R A
JBU, 3 e X R AL i 22 g o). et
= HRE SRS T RAESSERY . & B L
WS ROBURL 25 S T A ILICHL A & e M T A 5 A
FEUS L PR, AT RATSUY) R LIRS AT LA R 4
MRPE, DR LSRR XY BT E , b T LR e
MIPTRRALRE Sy, Xt SRR AL BAT —E B
ARSCHIFTE T8 HLRR XS Hh 26 DU 28 21 % -+ M eR = 28 2100
HORE IR LR p e AR, R b T
LR LA A B AR T, BSE A Rl 21 8
MRACBH PRI A B A SIS % . SR 22 2n gt A
LW S R E LR T B T M Xz 0

fii, HWRNZIEAER RS & . CEC Ml pH 2 vh 48
(PHBC)% J5 I HAT W 1. 25 57, AN SCREHRIX P 38
FF AT

1 MRS

1.1 it tESE R

EANERPAR o A= N OFAR: JCAR - eb P JEk S €-)
BRI HL(31°3'N, 119°5'E), 2 =40L0mbes ki LT
(LI )R AVLVE A JE T T (28°14'N, 116°55'E), T4
KH 0~20cmBHEZE, RERABmERE, Xt
WFEE . 3k 2 mm 0, FHT HHERRIAK . PR LAY
FEARME A T2 1 A HLTCR T AR TR0
HEME, CEC WERABSM &% eH 7.0,
LS13320 4 % ki & 43 1 ¢ (Beckman Coulter Inc.,
Fullerton, CA, USA)MNE + ki BE 4345, FHARYEE kL
(HAE< 2 pm), Brki(EAE 2 ~ 20 pm), WPRI(EAR
>20 pm) i) B0 R 5

F1 FMOEMERMER

Table 1 Basic physiochemical properties of two tested red soils

+45 Hb it Bk Bk bR 14 HHLIT CEC AR
(g/kg) pH (g/kg) (cmol/kg)
Al - TRARE 305 201 494 4.32 18.2 12.5 3.96
b+ PN i 170 51 779 5.01 6.4 4.0 0.77
P LR W F VPG48 ¥ 2 i 40+ M S Al e A 040
FRAF . R A pH HAREL pH i1 (Orion Star A211) 035
SR & BER pH N 4.91(EIW LM 11 25), HILE 0.30}
AT (Vario Max CN)JAS( C Al N & =434 335 sy 0251
Fil 50.5 g/kg. H4 & HLERH HCI-HNOs-HCIO, T #J F & o20f
HPLC-ICP-MS B¢ FH{%(7700x)ill%E P, Ca. Mg. K. 0.15F
Na S0 E &R MHM 1.94, 13.83, 7.46. 79.86 Al 0.10F
0.94 g/kg, FIEH AR LTSN (Nicolet 8700)i 0.05
B BRI, SR TE 1,

1.2 TEEFRERETEpH ZHBIENE
S3MFREL 300 g 4R 2 500 ml — IR PSR
e, 210, 20 F1 50 g/kg 1Y FL B ER AN = HLBREA T
Bk, P 3 WERE  RIEIMAE &5
BFK, Bk A 89 R R K R Y 60%. RFK 4
FEoTRAE 1S R PR 5 ORGSR AR T
FEAEHAAFL 2 mm /NFL DR 28 S A IR 7K
Bk . B RHECEAE 25 °C HIREE R TSR 304,
3~ 5 dBINMEBE FRGRK S A E . 5
FREE G, KRR EGE, KT AR 60 H
i, FHFE 438 pH. 13 pHBC FIHEf TR IR 1k

0.00

3500 3000 2500 2000 1500 1000
WK (em™)

1 i EERRILIIN LR
Fig. 1 ATR-FTIR of fulvic acid used

R, AT MERR A S N B AR SCHER AT
— M ENEE RGN EEY R E 5.0 ~
25.0 g/kg®!, A3 10 F1 20 g/kg BNEES 2 AR,
I R 34 B A i AN I (50 g/kg) T FL AR AR AT

S JF S B 5E 38 pHBC P2, 43 B FREL 4.00 g
FHERER T 104 50 ml BRI T, ARIEIAGE
HNEEFK, FIMAREMREAL 0.04 mol/L(ts
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FE)HCI 8% NaOH, B AMABIAE] 20 ml, HIE K
pH BREE . WAERE H R B TR AR, )
BABEOEPFIMA 1.0 ml 0.04 mol/L CaCl 5 ; &
ANELETIEIA 025 ml B9 LA E Y
B ¥ HERBORCEAE 25 °C BB FIRY 24 h, FOF
fii 6d, WA RIET 2 min. 7dJ5, WEELET
THEE ) pH, 21 pH SERBIINA R Z 8] Y
KARML, 115 1 pHBC,
1.3 RIERL RIS

TR IR A RS, 4 pH 5, UL, 7
AT IR AL, 7522 F Ca(OH), KA s L i
X HE AR PR 4358 pH R B 5 U E B ER AL BEAR LAY
8 ARYE H A5 L3 pH il +3E pHBC 11585875 13 pH
i i) Ca(OH), . Ca(OH), ININZE L5, HPiE
FOMIRA, SR RS WS N s B R A ARy YA 2R 1 T
30 d BREFRIAES . BEIRAE AT, B RIEREA KT
JE4 3 60 H i

FRUL 4.00 g 55575 19+ 1R 5 2 50 ml SRRSO
B, A 20 ml AFEVEEERY HNOs, 7 8% W%, 76
25°C TR 24 h, 74 6 d, WIE%RIRS 2 min
e, JFERT 7 d. 7 dJ5, FH Orion 720 pH 115
AT AUER AT (LACT) 4 3% 355 Fh A R 2 L F AR DU S - 4
0 pH!. SR 54 B E R ERAE 4 500 r/min £544
TFELL S min, 43E LR, KRS T R
ARBCEAE 50 °COFMET, METUREEAE, Jfad 60 H I,
FHFIE - esc e 4n A i . SCIREAR R A 1 mol/L

KCI &=422% . 0.01 mol/L NaOH ¥ & ¥ 5E .
1.4 Zitsah

A BRI LA 3 A & T Y (bR 22 I X
FER o AL PR A 22 S P S AT R BRLIR 3R 25 43 W ik ik
FT(ANOVA), HLHEZ 250415 H1 LSD FIXE 5 4347
7 (Duncan’s multiple range) ¥f 17 & & 1 43 #r ,
(P<0.05).

2 GRS

21 BEEBMARESRABIIERENIIN
M2 2 nIA1, SXTHEAR LG, BERan, e Bk
fHPIFR 145 pH YRE A R, X ATRESE T s R
FRFER ARG H, i 8 pH TR (HEEFRES
WG, WINE BRI s PR L3R pH (P <
0.05), JHEETHRCR B B BLIR A S B 3G i 3
X EERE TR IR R, & BRI A AL
Yiorf, APLBE & AE DR RN B CO,, THAE T
B HY, Sl 43 pH B2 BRI,
I 10 A1 20 g/kg & HERXTLLAN 1 pH AR TR A
Fazht. e, w10 gkg & BRE, b+
pH HXTIREE R 0.55 4~ pH Bz, WiZr%hi 09 pH He
X R R 0.23 4> pH LA 03X R £TRP + 1) CEC,
ANUTTFIR R & 8 0 K T 20 1, I pHBC
W B EACT L 4, 0 LR A5 ol R 790 A4 S o o f
& BRI, & HLRRG PAON [R]RE TR B R 2L R
PIAMRE A RACR, WO+ a0 RACR B

Fz2 AMEERRXLIE pH FLIE pH ZHEEREM
Table 2 Effects of fulvic acid on soil pH and soil pH buffering capacity
T Hh 5 Lb F5F7H0 pH ¥ )5 pH + 4 pH b4 R
(mmol/(kg-pH))

FAR e AR L X Re 431001 a 419+0.03d 20.73+0.29d 0.988 0
10 g/kg & HLFR 4.00+0.01 ¢ 4.42+0.01 ¢ 2441+0.15¢ 0.996 8
20 g/kg & HLR 4.08+0.01 b 4.86+0.01b 27.45+0.37b 0.998 1
50 g/kg & MR 430+0.01a 591+0.01la 3531+0.29a 0.998 1

a8+ VLV J8 T X ] 5.05+0.01a 497+0.05¢ 7.78 £0.26 d 0.989 0
10 g/kg & HR 4.69+0.01d 5.52+£0.07b 10.22 £0.04 ¢ 0.994 4
20 g/kg & HLER 476 +£0.00 ¢ 6.25+0.01 a 13.62+0.09 b 0.994 6
50 g/kg & HLR 4.82+0.00 b 5.97+0.04a 2330+0.30a 0.995 8

T RRFNG F AR 2R [ AR [ Ak ) 22 5 .35 (P<0.05)

2.2 RINERERXT L pHBC BRI

MF 2 AT LIE Y, 544 pH A8 (b AL,
EXTRH L, W0 E BLRR YY) B =5 T 4 1€ pHBC(P
<0.05), Jf FL3 iR RE & B RV i 38 i msgm, X
RTINS 5 3 pHBC b+ 484 HLGT & 3

BRGNS AR, 530 10 g/kg & HLER AL HEAH
Fe, B 20 g/kg Fl 50 g/kg B & HLER X P RhL1 45
pHBC TR B2 . MFIGIE T, & HR
b+ pHBC IR B EMR FLFi . ik
50 g/kg & HLPRALFE, 10+ pHBC Hi X} MR (K
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7.78 mmol/(kg-pH)34 fiN %= 23.30 mmol/(kg-pH),
T 1.99 £%; MFEEmMET, 226169 pHBC H X} HE
i 20.73 mmol/(kg-pH)¥4 il & 35.31 mmol/(kg-pH),
BT 0.70 £, X FLIEH T+ A S pHBC
AR T 1. ERRE-FIER, SFEENAN
HREA, X R PR R LR E
PRI N+ 3% pHBC MY BRI . l b ml 0L, e
HRAUGE R R, O REEE T LT R 1 2%
e s .
2.3 ARMERBRIIEREAIBEERR

— R, TIEGURILRE S5k 1% pHBC Y
HEAMTE A0 o R 1 g b — ik, DR fh a5
WFEE T O I0ES LR R R £ e R A BE 71 A 2 i .
Ca(OH), AU s BLER (X R AL B A 458 pH 1875

HNO; TR IR, 4509 TKI 2 h. LA
L, IMAHFE HNO; BTEOL T, BN E HRR AL BT
L+ pH R REIEEE B /N TN Ca(OH), Zb#
), UL NS B s T bt RRikRe r,
50 g/kg & HMRAAMAHORTE BE . BIE BRRXTLL
i PTIR AL RE A AR EE TR, B 20 g/kg
F1 50 g/kg & HFRAL PR 3% . WS E LR
LA LBtk I AR A RCRIE TR L A
30 mmol/kg HNOs Ji7, L6+ FILIRP LU0 5% & B
Fi% b B %) 38 pH 4351 LS i Ca(OH), A3 Y 55 1.21
A 313 A~ pH Hf7, 35U NG HER X MR £ 1
pHBC W4T —2. L, W BiReea 2
T+ 580 pHBC, MM HIERYHiRRIbaE 1, X+
B pHBC iy 358, & B Hat R 1k sk 1 i3 7+

Z5UINE B R A AT A, SR IAAS R B Y BRI
Al e
50r e .\ 54r 2 o 6.5 2 N
- 1% B R 5 2% R —— 5% R
48t & -+ Ca(OH), 32 -+ Ca(OH), 6.0F ™ -+ Ca(OH),
50 &
o 46f = 48l - 55} .
= = [~ w
B 44t R Lﬂj 4.6f 501 :
H e ' [ ' .
42} =N 44 Hys) .~
T 42+ “e. N
4.0} S a0l . 4.0t \
TS 6 s 0 12 13 383 15 20 25 35710 20 30 40 30 60 70
HNO, 7Nl (mmol/kg) HNO, il (mmol/kg) HNO, i (mmol/kg)
EA R U
6.5r 1% R 701 2% LR 751 —— 5%E LR
| -+ Ca(OH), 6.5¢ -+ Ca(OH), 701 -+ Ca(OH),
6.0F & . 6.5}
6.0} I
554 = sl 6.0F ™
Z = > T 55¢
® 500 B 5.0} 8 5.0f =
H 4t + 45F .
45t - 40f e
Iy 4.0t \“\‘ 35 \\‘\
4.0} - e St -
. 3.5¢ e 3.0 *ie
W5 0 15 %0 305015 20 35 30 35 2 0 10 20 30 40 %0

HNO,Z il (mmol/kg)

HNO,# i (mmol/kg)

HNO, 7N I (mmol/kg)

B2 REEREiES, BHLIRRMNEEE/Ca(OH), A2 1% pH B HNO; IRAZHIE
Fig. 2 pH changes of soils added with fulvic acid or Ca(OH), with increasing HNO; addition during simulated acidification

BT 3 pH RSN, IR — D AL
I SRR G AL, U S P A A
Ao DKL 3 RIFE Y, WA S8 A7 A P P A2 P B
B4 pH RYRERRTZ AT . (255 Ca(OH),
AEFEAH L, AR HNOs IS OL T, Win s B
EEINR] T AR AR N DR A A
Jitn, AN B AU A AR % pH Y
TRE, TR TS R A A, R - S Y
pH SAHAE BRI C R H—TJim, HH
PR3 v R M Iy 2 B AT LR BE AT 5 R e I A

FROESAY, N /b T 3 rpsc bR & . XHer
FEAETE BN 10 A1 20 g/kg & HLER X RS B AR A
HIROR2Z AR, 1B 50 g/kg & HLR A4 A5 R 45 A
P W . e, SR ALIA AL pH B, 5 Ca(OH),
AEBEAA L, 10 F1 20 g/kg B HLRR M 2126 + A etk 4R
ST 60.6% F160.0%, 1M 50 g/kg & HL R + 35
AL T 68.9%. & HERXTLIAD - 2 k45 1)
IHE T 3, AR AR BRIk pH B, %S 10,
20 1 50 g/kg & HLER M + A W PE AR AR L Ca(OH), Ab
PO DT 47.6% . 61.6% Fll 86.8%.
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A1 ok =
2 50, 2 35; B
= 00— 3 o[ 2%Emm 3 25f = SNE R .
E 40l = Ca(OH), E""' g 30f = Ca(OH), . i 2 -= Ca(OH), P
--------- E sl A £ 20|
< 3sf I 25 E F
----------- i { -
Eﬂ o = b2 20f QH 15}
gﬁg S0 * ;j 15+ & %% 1ok
= 15 /_//—’—" 100 & A
5 10 ® S St
i st s
“—% St % E‘% - "
H 0%t i 7 0 5 1o 15 30 35+ 0 10 20 30 40 50 60 70
HNO,# it (mmol/kg) HNO,ZM i (mmol/kg) HNO;ZM Il (mmol/kg)
FAR o
e B N e N
< lr 1% R < 160 w20 M < 16r 5% TR
2 1] = Ca(OH), . S 14} - Ca(OH), . g 14] = Ca(OH), —n
£ 10} - E 121 P E 1} '
Y ’ iz 10} 31—1 10}
Qi 4 L Q1 /s
% ol ? 8 & 8t /
] e T A
ig’% ol j;\\é ol é‘g 0: l'/ & _/n/.
H 0 A6 8012141618202 0540 15 30 35 30 35 05 10 15 20 25 30 35 40 45 50
HNO, Ml (mmol/kg) HNO, 7R It (mmol/kg) HNO, i (mmol/kg)

3 EREE LIRS, B LIERINE 2E/Ca(OH), A I2 +IE X iR 1448 HNO; IMAE ML
Fig. 3 Exchangeable AI** changes of soils added with fulvic acid or Ca(OH), with increasing HNO; addition during simulated acidification
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