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Effects of Applying Lime and Calcium Montmorillonite on Nitrification Dynamics in Acidic Soil

WANG Mei, JIANG Xian-jun™

(College of Resources and Environment, Southwest University, Chongging 400716, China)

Abstract: Soil acidification is known as a natural and slow process along with clay mineral weathering. In recent years however, with inten-
sive soil utilization in agriculture, soil acidification has increased dramatically and nitrification of ammonium nitrogen fertilizer is one of the
main contributors to soil acidification. Lime application is the traditional practice to improve acidic soils but it often makes the soil acidic a-
gain leading to soil compaction in most cases. Montmorillonite is the main clay mineral component of alkaline or neutral soils, more so it is
known to undergo further weathering processes during soil acidification. The laboratory-based incubations were used in this study, and nitri—
fication was measured while kinetic curves were fitted to check the effects of decreasing soil acidity by lime (Ca-OH ) and montmorillonite
(Ca-M) on nitrification of the acidic soil. The results showed that significant nitrification was observed both in Ca-OH and Ca-M treatments,
and the nitrification process was fitted in the first—order kinetic model, Ny, =N;+N,(1-exp(-kit))(P<0.001). The net nitrification rate
of Ca-OH treatment (3.429 mg-kg-d*) was significantly higher than that of Ca-M treatment(2.381 mg-kg*-d-!). The potential nitrifi—
cation rate(V,) were 6.42, 8.58 mg N-kg-dat pH 5.7 and 6.2 respectively, and the average nitrification rate(V,) of Ca-OH treatment were
2.71, 3.88 mg N-kg-d* respectively, which were significantly greater than those of Ca-M treatment(V, were 3.40, 4.56 mg N-kg™*-d~*
and V, were 2.36, 3.04 mg N-kg=-dat pH 5.7 and 6.2 respectively ). Therefore the net nitrification rate, potential nitrification rate (V)
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and average nitrification rate(V,) of Ca-OH treatment were significantly higher than that of Ca-M treatment, suggesting that the possibili—

ty and degree of soil reacidification by using lime to improve acidic soil is greater than using calcium montmorillonite. This study will provide

a new reference for the improvement of acid soils.

Keywords: soil acidification; net nitrification rates; acidic soil improvement

IR SRS ) A SRR S R SRR
BLF 3 pH R R LA, 2 TAR BT AR, (]
FERRZN A NG B2 T, AR TR AN S A Ib e
it BTS2 T, 123 A PT BB 4 i 28 e R BT AE L ARk,
i R 18 R b AR P G S RN A R it PR Il 17
RIS, FEMIEHIX, RN THRE R0 &,
HANE S A3 T 454 kg-hm2-a, 1 N AR
& 5 (375 kg-hm™2-a)21%09 ) A [E]Fh2EAL AR X R
TEEE i AR — A& FEF) %% B CO(NH,), . ( NH,),S0,
it it FH £ K, pH BT BB K, 430 sk B Ak 3T
F% 0.11~0.43.0.02~0.36 4 pH 2 {7 , i NH,HCO,
W 7E N 150 mg-kg™ if pH R Az K, N 300 mg-kg™
B pH I RS/ o AR it PR S5 3R A 1) JE PRI o G
RIBES, FLRAE TRV E 0 & A SRR £k 1)
Wi © AL 1 mol NH; Sy NOs2: [ FR8 vh B il
XU H B A SRR A AN L3 AR 7™ il 981, i
S EES B VB SRS SR O RS T A DG B Z
i, fEASA ™ i B T R, IF U AL AR AR R A A

g v e AR RS Al R R X pH R R R Y
AU FRMA 20 a2 w) LK, O TR - 5 iy ik
RN BEE DR IR A KA T 8357281k TR
(A A AL BRI IE B A7 AR RS AV e, &8 20 i
0K UERA T R 3 vT BB A s 2L A ARV E R AE
FERA AR F 255 e T A R R 1 it A 1
HFR AR BN , i 223G IAE AR 2R 4 h s Gl =
KT R REWLREA MR, F, TR+
H AR AR 1 3l 727 B FRALR 2 Y
REE s il Ak W A & PR A R0 B T = R
A (NGO ) HE ORI 12 6 I i B2 ARE 38 Ty THT 1) A RUOR
[

XL LI RAFRCAHIRZ , WA K A E
T HAR S Tl ) i 45223 i30T AR S 5 22 1
) 5 I R A S A LI (H B & SRR
S TR = P S AR SRR R . 28T
b B 7 B IR B I B B ol R RCR 2
WK B | AR Ve A A8 7E -5 A KR A it F B 2%

Heardd, BERESR UL 08 i) 53 PR 4G , L RER)T 1k 541k
B R BN AR A TR A HLIRAL | A W o S ) B
Z X ISR Ak ST D KA AR S5 9
SRR LY, PG B REIR S MARAS F kst F e i
SRR A B H B o ASCIESE T A1 KNS A7 X R B
SERSACAE PR SZ IR | FUEE T P2 X BRI - M A9 8 R A%
R N LUS RIS

1 HREF®

11 kS
1.1.1 R+ RS A

A Sy Fir R B R T LR X 4% = 1 H
SRARI X, 32 DX oy TR (1% i 1 ¢ 980 - 398 I b Ay V0>
JdgE A4, B TR AR S S A G A (TX) K
AT YD A - SR SEAPE T . pH (B 5.2, A HLT
ik 38.659-kg™t, 4= N i 1.66 g-kg™, A AT &=
b 8.94 mg-kg™t, i AR N 6.52 mg-kgt, WA R N
5.43 mg-kg™.

WFFENT 5 R 2% 2 1L X 2 800 m &bt 32 % XA
b AL s U b R 23 Ly AR B ik IS NS S
FERT BRI T A0 3 ik 1 3 7R A, X
3 54 AN B I A —

ARSI P S A sl Ca-5 A, &
98%, pH {H 7.58; A L5 A AR 2.
1.1.2 - 458hF il a5 S b 3

THER AT G, ZEREYEN R RS
ZRE At 1.2 mm g . PR R R -4 S L
4y -3 AE o o3 T A AR S (Ca-OH) IS i A
(Ca-M)¥H: pH (B8 2 5.7 F 6.2, 43 53 5%
It 5 AR A 22— pH (BN AR S K 52 s
T IR S, G AR BN (1) - 3EJEAE pH (H
5.2; (2) A AL E5 I L3 pH {H 2 5.7; (3) A AL
P pH (A= 6.2;(4) A8 14 pH (H% 5.7;
(5)Z A TH L pH (H = 6.2; 8 MbHE 3 IRER .

TR T HE2E 28 °C.20% 7 /K B F G AH TS 3% 7 d
J& , BN E VR AR B2 £ , S it 100 mg NHZ-N-kg™ T
+, T 20%3k g 28 CF RS 28d, 4 7d KA1

http://www.aed.org.cn



F M A A RS S SIBAX R M - SE fb 3 2 R A R

2017&E 1 B

I E 3% pH (. AR Z A
1.2 MEFHE

442 pH {5 A 1:2.5 doK A7k, AU H
FRIFFQIA A E, A AL 5T ol FH 4% R 0 75 1 v DU
P2 G R Mol P i T A L R i A R A0 oy
SEGEE B Al R R A 2 R R - (1-%%) &
TR H R R e R
1.3 TESHUENNE

FEFRIIN], - S Ave f b % 1 g S I 1 A
il Y NOs =NV B Bl 335 5 B (1] 22 A b 7 il 3R R, B
VAL R = (B 550 n d ISR AS RS -5 0 d Ay
BARGE)HEFR B
1.4 R E

S2IG FLAI R PR SR A Microsoft Excel 2016 47 4k
P J5 , F A Origin 8.6 Sigmaplot12.0 #4724 43t .
YRR

2 FERG5HMH

2.1 tEFHERELNE

AN TR Ab B - AR S AE 20% 55 K & .28 CR K 5%
28 d 14 NO;-N SRV g AL AN 1 fros, 0~28d,
Xof BAZH F1T AT Rb A 1 NOs-N BRI 434, H A
[l —H ), pH {H i , R R . AH IR pH(pH
B 5.7 F1 6.2) 1 L3 AE 5, AN [F] 4b BEIL NO;-N SRR
25, Ca-OH A B4 1 Ca-M AbFE EFHE 5 ; HH:
2550 pH B S mREK, B pH {E 6.2 2 ALK
pH{H 5.7 2% W, 13 pH (EE)5,5 0~21d
NO;-N 2R K 3 | H7E 21 d Af pH 6.2(Ca-OH)
Ab FELER B1) fp RCV i Ak & (107.5 mg-kg™) , Fe Ik Xof
M+ 58 (545 mg-kg™) . MEEFRHS 0d FF s pH 6.2
(Ca-OH) NO;- N RS, HixX i — B IR K
FREFRLE R (P<0.05), KrFREE opf, % 4 #1 Ca-OH
AbPRZ A3 NOs- N FHER B A FI N, 1 Ca-M

MO . pH 5.2( %18
- -

120k pH 5.7(Ca-OH) :_- .
- k- pH 5.7(Ca-M) -
£ 100} ~c-pH 6.2(Ca-OH) o L
50 ] . i
= -‘.'f-;' "
I

I
N

NO-~N 27

FrFrmfa)/d
BRZELFIRIREZ, T
B 1 #E3REE NO; RSz HFEHME
Figure 1 NO; accumulation and Kinetic curve fitting during 28

days incubation at 28 <C with soil moisture of 20%

A FREH A HERE AT PR G

fii Ca-OH F1 Ca-M &b ¥l K xf HE2H + 3¢, A fk
BEAIAARL FH S Hr R, BT A AR FEE: NO; TR &R
TPl OC R AT A — sl 12

Nyo=Ng+N,( 1-exp(-kit))(P<0.001)

TSAEVE MBI S0 3% 1 BERS L IE 3
ATF 72~184 mg-kg™ Z i), Hix M i 7E pH 6.2(Ca -M)
AbPRAT IR F] , AH AL BRRE &, AL TR (N, (EFERNfL
HOR (Vo) FPER AL 3R (VL) B9 66 pH T & i3 K
HHIE pH(pH 7] 5.7 F1 6.2 i ) A [m] &b 38+ HEAE 5
Ca-M AbBRASIE (N, ¥ Lt Ca—OH Ab &y , (H i 7E
EAL R (V) FIE R AL % (V) , Ca-OH b3
Ca-M Zb3fiE .

2.2 HEHEE

A BEFE TR T 21 d 975 NO;-N FH E K
3 ,21~28 d RN BE , RUIR LSO F 25 H T
HI 21d, & 2 PR R 3% 5% 21 d i A . 248
R 1+ 3 )8 £ [A]— pH (& (5.7)H},Ca-OH AbHiiZH 4

® 1 BERHEESERERN— R NESH
Table 1 Parameters of first-order kenetics fitting nitrate—-N accumulation during 28 days of incubation

Ab PR pH {H N/mg-kg™ ky/d™ R? Vy/mg N-kg™*-d™ V./mg N-kg?-d*
Xt R 5.2 72.0+6.3 0.068 6+0.014 0.991* 4.94 2.00
Ca-OH 5.7 97.2+7.0 0.066+0.011 0.994* 6.42 2.71
Ca-M 5.7 136+2.79 0.025+0.007 0.997* 3.40 2.36
Ca-OH 6.2 149+1.76 0.057 6+0.014 0.990* 8.58 3.87
Ca-M 6.2 184+7.43 0.024 8+0.009 0.995* 4.56 3.04

TE N BT Ko — SRRV, tH—20 30 J15% Vo=koxNp 15 B BT AR AL R Vo SE R R AL R . SRS ERRERE " F0R

P<0.001,

http://www.aed.org.cn



KT FERSMEFIR-F 3455 1 H

EZ%Ca-0OH
i Ca-M

F

SN
-+

7%Eﬁ4£ﬁ$/mg . kg-l od!
N

5.2 5.7 6.2

IR FTRAREZE , AR TR 22 5 (n=3, P<0.05)
& 2 #%3F 21 d Bf Ca-OH .Ca - M 4b 32
SR ERETLESR
Figure 2 Net nitrification rate changes with Ca-OH and Ca-M
treated when 21 days incubated at 28 °C with soil moisture of 20%

fisfbid % (3.429 mg-kg™-d*) B KT Ca-M ib3
(2.381 mg-kg™-d™)4H, H pH {E R4 iE Al 3 22 S
#kBA 5. (pH 6.2 I+, Ca-OH AbFi ¥y 5.238 mg-kg™-d,
Ca-M Jy 3.714 mg-kg™-d™*); XJ T AR RN 1
B pH MBS , 502 Ut BEAR He , v il Ak sk R T
ANHS L2 A pH 5.7 BB T2 (X REAH . ik
PR UL TR AL IS v e & A= o TRl L S 6 45
LW, SEESA I TR ] REVE RS S A K,
BRIV R S R Rt i 0 b 3 ) AR R
R b o kAR, X5 W 4 % B o8 45 SR —
. 7Hh KR pH E T, s bR 38, R
il AR 5 3 pH (EIEAHE,
2.3 pH EZLER

Bl 3 S pH B 8% 5% i 18] 9 28 10 1 100 o B s
FEM AT, pH H Y TR, B pH #E T R
P, B pH (B B A F RS E R EET T, S
NS I — 805 A 25 PR, T
& Ca-M Ab3, Lt Ca-OH b P o 3 2 {H i 234
T {8, RN - PR B A JIC(E, 13RI
RE— R, H pH HiE . (HAMAK I, Ca-M 4bFf
5 Ca-OH Ab38 4 3 RR FE ISR

3 g

THOL RN Y ) L AR DR LA
Py ANE, LR £ )52 il IR A, 2
FBL AR =8 . 2hAF £+ — XA AR R R, 32

52,

sob % -#-pH 5.2(%f 8
4 85 b -~ pH 5.7(Ca-OH)
8k - e,
L g -dc-pH 5.7(Ca-M)
o \% S . -OrpH6.2(Ca-OH)
o 44 i:'\. _--.-. .«% . -#-pH 6.2(Ca-M)
4.0} T, o
| R v
| R e
38} S g— |
3.6}
34f
3.2t
3_05 ....................................................................................... i
0 7 14 21 27
KEFRda)/d

B 3 35 HAE Ca-OH Ca-M AbIE pH EI{LIER
Figure 3 pH changes during 28 days incubation
with Ca-OH, Ca-M treated

FENFBEIX 8, 32K BRI AN ) Ak, DR ke 5
ZA W BEJ; AT b O AR b XA B 4 AR
W5, HERZ A ORI BB S T
AP b D P B XU S A ) I AR 2 AL
S LR W AR AR O, R R 4 U 3= 2800
r AT AR A R XS , S8
SERAC TN , 3T 10 A B % S5 i 2
4 E R R R . BRI TR A 2
— 7l o - IERRAL SR R P U T I U R
JEE HRAL i R A, B — MR AN A AR R
B (0 FARZEAE T A RRAL ERE AR W 208, T 2 BT AR,
MAE NG ST, BRACHERE R KR 3R
oo FECRB AP ESOURIR, Bl ARSI,
AR - SENE 1K, T AR AR ™ LS AR 7™ i i It
TR R 2 e JE AR AL S YA L E R
VA T TN OR B4 R T RN PR Y 13

A5 el A LU, BRI S AN A T AR
YA, AU E YRR R R R AR R
(ELATS A T PR g PR o e o LA R 4, A REG
PUE TR AOAR B THERR Y £ HE b REVEA 75 B 1 i
PEFET. AR E A Bt 2o A s 1, e R
b PR I R R T AN BRI HLAR S A, 2k
TIERRIE TN, RN R B R R TG IR
P S8 rP (R AR AR FH 0 A A R RE 237 A B AR P A i
PSR AETE MR A i 2 4 FRBE (AR
ST IE RN L SR R A T

e ge b, W A IR B R R 3, (B K
RE MR L AR YE 3P i = 1, B KR

http://www.aed.org.cn



F M A A RS S SIBA R M - SE fb 8 2 R A R

2017&E 1 B

it P2 il LR AR T R AL MR S IS, R ik
AR R, (e k3 2:1 RIS 40 Py 1)
1:1 I A Ak, 30 HE PR 25 158 4 i (CEC) U
JNE4A TSR A SR b T — i, S S e
AEA ¢ H S EAROCH, AR iy 2:1 1Y SR 254
pH 7E 8 /&4y, REHR R 1k 1- 4% pH {E, FRARARE . HL
W, S A AN B AT 1) P 5 - 28 48 1 et e o2 ( 1A
HE R REFL) 8l R SRR AR, i A 2]
b RRAR AR M ARy R R R R SR D AR
S 118 N N1/ w3 7 SR e w7/ K {7 -
P AT DR T LGRS e T
PR T8 LAk 2 M 0 Sk 3 AR A | i B Rk 1
B E B, Tl A I 2 R il fin 52 A 5O B KA .
A S8 (R AR 3l 1 2R, Ca-M AR R Y i 1k
WA Ca-OH Ab B AR (3 1), th R B E5 L 52 i A
SR EALEEXT pH (AR B E R AA R i R
MM, Ca-M AZbFHBH & [ Ca-OH AbFRAIK (& 2), Rt
FHSE A o R R - B A AT H e R iR fk
MG KA s B IRAL B KL | R sk
(gt ez 38

ARSI T 25 T o, BEAL PR TR RS AL (V) K
SE RS AL R (V) BB RE pH A TH i i T (36 1),
12 B pH B AR A ) T Ab AR 9 1 AR 4 S AR
14f;Ca-M Ca-OH 4t FRES R BL Ky pH {H 5 (6.2) 1Y L
HERE S NO; PR R eIk pHAE (5. 7) s (1A 1),
Ul B R P 1 SR B A, pH (B T i, X Ak AR A
PESEVE R . HJRREFRRYE 3 pH BT A e, L%
B 5T R A2 B R A ek, AT 52 i) 1) L
HCE g RS RGO WS M AR A A Y
fefEY B9, AT (AOA) FIZ A Ak 40 T4
(AOB) & HAT il AbAE A ) B, R BT oE 3=
HH T M A5 ¢ P e A B 5 R R e AR A=
Y2 R 5 RO AN TG P, 13 pH T S, ACA
AOB )5 f FITE PR 1) S 25 15 -, DA 38 1 e v
TS ARV P S g

AR YE 3Rk R A RIS S S H A g0 I A =
EURI R 52 B A ol R R - B i g 45 /0, Bl = L 1o,
FNSLBRIVED A RO, DL R 4330k B RGO G0 - 39 4%
F SRR AHALVE SRS, JUH R eI i
()36 PR RIS o TR L 52 J Ay ol B )5 B SEBRaUiR B 5
TR A G LIRS R ISR Y ELA, AT AR
WA B R P - i R B L U S AR, L
XA ol Bt IR IR S

http://www.aed.org.cn

4 Hig

(LFRYEBHEAS AT RS AT R R Y 1Y
BT BENAER , B BRr & —sh 12
R

Nno: =No +N,(1-exp(-k,t))(P<0.001)

(2) 47 AL B - SR i B 1 i AL R TR AL
AR (V) FIF- B fE A 3 R (Vo) 3 I35 R T 45 FE 52 it
A AR, BRI IR R E -3 A IR R
] BENE S AR R T35 AT

S E K

[1] Ulrich B. An ecosystem approach to soil acidification: Soil acidity[M].
Heidelberg: Springer Berlin,1991: 28-79.

2] feA=dn, %22, 2 A IR Xk el s iR CEC FTKS - Wy 2 1k

RIS [J]. AR AS PRI A4, 2011, 20(10): 1395-1398.
XU Ren-kou, ZHAO An-zhen, JIANG Jun. Effect of acidification on
CEC and mineral compositions of yellow brown soils in tea gardens[J].
Ecology and Environmental Sciences, 2011, 20(10): 1395-1398.(in
Chinese)

(3] A= 4n. LAl K HR O S ik e 9], 123, 2015, 47(2): 238~
244,

XU Ren-kou. Research progresses in soil acidification and its control[J].
Soils, 2015, 47(2): 238-244.(in Chinese)

[4] Von Uexkiill H R, Mutert E. Global extent, development and economic
impact of acid soils[J]. Plant and Soil, 1995, 171(1): 1-15.

[5] Guo J H, Liu X J, Zhang Y, et al. Significant acidification in major Chi—
nese croplands[J]. Science, 2010, 327(5968): 1008-1010.

[6] Chen F, Lu J, Zhang M, et al. Mulberry nutrient management for silk pro—
duction in Hubei Province of China[J]. Journal of Plant Nutrition and
Soil Science, 2009, 172(2): 245-253.

(7] A& AR, . = Rh R 20 ems A1 FH B I Ak A2 5l 1) i 58
[ Aa8E IR S5 R#4R, 2012, 18(4): 853-859.

TONG De-li, XU Ren-kou. Effects of urea, (NH,),SO, and NH,HCO;
on nitrification and acidification of a red soil[J]. Plant Nutrition and
Fertilizer Science, 2012, 18(4): 853-859.(in Chinese )

[8] VES AR, VFIIZY, TISHE, 55, aen s FR Ak i 3= 24l B Bl R R
FEHERE[). 1+, 2015, 47(4): 627-633.

WANG Ji-dong, XU Xian-ju, NING Yun-wang, et al. Progresses in a—
gricultural driving factors on accelerated acidification of soils[J]. Soils,
2015, 47(4): 627-633. (in Chinese)

[9] De Vries W, Breeuwsma A. The relation between soil acidification and
element cycling[J]. Water, Air, and Soil Pollution, 1987, 35(3-4): 293-
310.

[10] sk EAK, SRR, P, S5 KT AR AN HLIEAE X 8 A e

HYSZIR[J]. 13554, 2008, 39(5): 1221-1223.
ZHANG Xi-lin, ZHOU Bao-ku, SUN Lei, et al. Black soil acidity as
affected by applying fertilizer and manure[J]. Chinese Journal of Soil
Science, 2008, 39(5): 1221-1223.(in Chinese)



KT FERSMEFIR-F 3455 1 H

[11] Strayer R F, Lin C J, Alexander M. Effect of simulated acid rain on ni—
trification and nitrogen mineralization in forest soils[J]. Journal of En—
vironmental Quality, 1981, 10(4): 547-551.

[12] Curtin D, Campbell C A, Jalil A. Effects of acidity on mineralization:
pH-dependence of organic matter mineralization in weakly acidic soils
[J]. Soil Biology and Biochemistry, 1998, 30(1): 57-64.

[13] Noyes H A, Conner S D. Nitrates, nitrification, and bacterial contents of
five typical acid soils as affected by lime, fertilizer, crops and moisture
[J]. JAgric Res, 1919, 16: 27-60.

[14] Heubiilt J. Untersuchungen iiber nitritbakterien[J]. Planta, 1929, 8(3):
398-422.

[15] Walker N, Wickramasinghe K N. Nitrification and autotrophic nitrify—
ing bacteria in acid tea soils[J]. Soil Biology and Biochemistry, 1979,
11(3): 231-236.

[16] Weber D F, Gainey P L. Relative sensitivity of nitrifying organisms to
hydrogen ions in soils and in solutions[J]. Soil Science, 1962, 94(3):
138-145.

[17] Robertson G P. Factors regulated nitrification in primary and secondary
succession[J]. Ecology, 1982, 63(5): 1561-1573.

[18] Troelstra S R, Wagenaar R, De Boer W. Nitrification in Dutch heath-
land soils[J]. Plant and Soil, 1990, 127(2): 179-192.

[19] Pennington P I, Ellis R C. Autotrophic and heterotrophic nitrification
in acidic forest and native grassland soils[J]. Soil Biology and Biochem-
istry, 1993, 25(10): 1399-1408.

[20] Dahlgren R A. Soil acidification and nitrogen saturation from weather—
ing of ammonium-bearing rock[J]. Nature, 1994, 368: 838 - 841.

[21] Stark J M, Hart S C. High rates of nitrification and nitrate turnover in
undisturbed coniferous forests[J]. Nature, 1997, 385(6611): 61-64.
[22] Illera V, Garrido F, Vizcayno C, et al. Field application of industrial by
products as Al toxicity amendments: Chemical and mineralogical impli—

cations[J]. European Journal of Soil Science, 2004, 55(4 ): 681-692.

3] ZIE, T, BRI Tl R o 2O R B B R A 5]
£ , 2009, 41(6): 932-939.

LI Jiu-yu, WANG Ning, XU Ren-kou. Amelioration of industrial by-
products on soil acidity in red soil[J]. Soils, 2009, 41(6): 932-939. (in
Chinese)

4] 4 &, Br &, E B, S EY AR/ SRR K R AR
AR R[], BREERLE SR, 2014, 34(9): 2384-2391.
LI Dong, CHEN Lei, XIA Yang, et al. The effects of biochar on growth
and uptake of nitrogen and phosphorus for Chinese cabbage in poor
quality soil in Ningxia[J]. Acta Scientiae Circumstantiae, 2014, 34(9):
2384-2391. (in Chinese)

[25] LK, L, s, S5 RO T 4 B 25 9 B X 215
PR LIS R A s [9]. L%, 2015, 47(2): 334-339.

LI Jiu-yu, ZHAO An-zhen, YUAN Jin-hua, et al. Amelioration effects
of crop residue-derived biochars on soil acidity and canola yield in red
soil[J]. Soils, 2015, 47(2): 334-339. (in Chinese)

[26] Jelam, e FESE, P B A AR X 2R B Y B R Ak [J]-
+143, 2012, 44(5): 727-734.

LONG Guang-giang, JIANG Yu-ji, SUN Bo. Effects of long-term ap—
plication of pig manure on ameliorating acidity of red soil[J]. Soils,

2012, 44(5): 727-734. (in Chinese)

[27] s 25, AR, F R, SF. IS T R G A AL IR

BrAE R MM oT i R [C]. 5 = 42 E RO AR AR T 4
WA, 2009.
SHI Yi, ZHAO Mu -giu, WANG Jun, et al. Effect of antibiotics from
organic manure on protected vegetable soil-plant system:A review[C].
Proceedings of the Third National Agricultural Environmental Science
Symposium, 2009. (in Chinese )

[28] LI Jiu-Yu, W Ning, XU Ren-Kou, et al. Potential of industrial byprod-
ucts in ameliorating acidity and aluminum toxicity of soils under tea
plantation[J]. Pedosphere, 2010, 20(5): 645-654.

[29] Jayasinghe G Y, Tokashiki Y, Kitou M. Evaluation of coal fly ash -
based synthetic aggregates as a soil ameliorant for the low productive
acidic red soil[J]. Water, Air, and Soil Pollution, 2009, 204(1-4): 29-41.

[30] Jit o5 951 - 3FEAORL 2 17 H 37 % AR M - 3B AL AR FH 5 W) F 200 25 A 52
[D]. T FK : P4 g K2, 2008.

SHI Zhan-ling. A preliminary study on effect of soil surface electric
field on nitrification in acid soil[D]. Chongging: Southwest University,
2008. (in Chinese)

[31] AT ECH. S5 2 1l H AR PRI ORI SR DFSE ). PU R IME R
sy (HSNRREIR), 1991, 16(1): 126-135,

FU Wa-li. Study on yellow soil under various plant communities on
Jinyun Mountain nature reserve[J]. Journal of Southwest Teachers Uni-
versity(Natural Sciences ), 1991, 16(1): 126-135. (in Chinese)

[32] A BT, ERipk, TR LR A =T SRR I M]. Jbat.
Rl ll A 13 Wi, 2008,

YANG Jian-hong, WANG Cheng-lin, DAl Heng-lin. Analytical meth-
ods of soil agrochemistry and environmental monitoring[M] . Beijing:
China Agricultural Land Press, 2008. (in Chinese)

[33] & . -3l A2 434 5 R M. b s o [ ROl B At
2000.

LU Ru-kun. Analytical methods of soil agrochemistry[M] . Beijing:
China Agricultural Science and Technonlgy Press, 2000. (in Chinese)

[34] T Wate, P PCAR, AR [, S5, Wi i L Lt A R0 s ek

5, B K - SRR I B SR (). A E IR S AL KRR, 1999, 5(2):
129-136.
MENG Ci-fu, FU Qing-lin, SHUI Jian-guo, et al. Effect of liming on
acidity and exchangebale calcium and magensium of red soil in central
Zhejiang[J]. Plant Nutrition and Fertilizer Science, 1999, 5(2): 129-
136. (in Chinese)

[35] Ste-Marie C, Paré D. Soil, pH and N availability effects on net nitrifi—
cation in the forest floors of a range of boreal forest stands[J]. Soil Biol—
ogy and Biochemistry, 1999, 31(11): 1579-1589.

[36] Cheng Y, Wang J, Mary B, et al. Soil pH has contrasting effects on
gross and net nitrogen mineralizations in adjacent forest and grassland
soils in central Alberta, Canada[J]. Soil Biology and Biochemistry, 2013,
57: 848-857.

[37] Zhao Q G. Mechanism, temporal-spatial changes and controlling coun—
termeasures of soil degradation in hilly red soil region of southeastern
China[M]. Beijing: Science Press, 2002: 202-204.

[38] Guo J H, Zhang X S, Vogt R D, et al. Evaluating controlling factors to

http://www.aed.org.cn



Mg K S ST R SRR S ) R

2017&E 1 B

Ali/(Ca+ Mg) molar ratio in acidic soil water, southern and southwest-
ern China: Multivariate approach[J]. Environmental Monitoring and As—
sessment, 2007, 129(1-3): 321-329.

[39] De Boer W, Gunnewiek P J A K, Veenhuis M, et al. Nitrification at low
pH by aggregated chemolithotrophic bacteria[J]. Applied and Environ—
mental Microbiology, 1991, 57(12): 3600-3604.

[40] Spieck E, Meincke M, Bock E. Taxonomic diversity of Nitrosovibrio
strains isolated from building sandstones[J]. FEMS Microbiology Ecol-
ogy, 1992, 11(1): 21-26.

[41] FALE. LY IR 00 LA AE M]. JE 5T AU RUR O R 2 AL,
1995,

WANG Jing-guo. Soil chemical of plant nutrition [M]. Beijing: Beijing
Agricultural University Press,1995. (in Chinese)

[42] Alekseeva T, Alekseev A, Xu R K, et al. Effect of soil acidification in—
duced by a tea plantation on chemical and mineralogical properties of
alfisols in eastern China[J]. Environmental Geochemistry and Health,
2011, 33(2): 137-148.

[43] & T, BAPEESEIE A i A5 KON ISR [D]. BT )T RE R,
2006.

WU Xuan. Studies on preparation and application of alkaline Ca-Bent
[D]. Nanning: Guangxi University, 2006. (in Chinese )

[44] Z=35 HF, ARG, E36%4, 55, I+ OREN P RORIFS [I]. R+
32 50K, 2006(3): 27-30.

LI Ji-jin, ZOU Guo-yuan, WANG Mei-ju, et al. Study on the effect of
bentenite improving soil fertilizer-conserving and increasing yields[J].
Soil and Fertilizer Science in China, 2006(3): 27-30. (in Chinese)

[45] 3 5. - B2 17 Hh B R L 9 AL PR OB WD), TR

TR K2, 2010.

http://www.aed.org.cn

ZHANG Wei. Effect of soil surface electric field on nitrification in acid
s0il[D]. Chongging: Southwest University, 2010. (in Chinese)

[46] bk . AR - STEAURL I If] HE 37 % 2 AU Ak AN TR oy TR 9 5 A 11
SA[D]. PR PRI R, 2011,
MA Yong-yu. Effect of soil surface electro-chemical property on com-
munity structure of ammonia-oxidizing bacteria and archaea in an acid
s0il[D]. Chongging: Southwest University, 2011. (in Chinese)

471 F R, E R, EER S5 pH AR AL XT R P T RS M 1 S [J).
H SRS, 2008, 17(6): 2401-2406.
WANG Han, WANG Guo, HUANG Ying-ying, et al. The effects of pH
change on the activities of enzymes in an acid soil[J]. Ecology and Envi—
ronment, 2008, 17(6): 2401-2406. (in Chinese)

[48] Fttts, B E, BRAAE, S5, W AS R 4 pH I F A X
FIE BB I]. 14, 2011, 43(1): 76-80.
WANG Shi-giang, HU Chang-yu, CHENG Dong-hua, et al. Effects of
adjusting pH of tea plantation soil on indigenous microbial fauna and
physiological group[J]. Soils, 2011, 43(1): 76-80. (in Chinese)

[49] Yao H, Gao Y, Nicol G W, et al. Links between ammonia oxidizer com-
munity structure, abundance, and nitrification potential in acidic soils
[J]. Applied and Environmental Microbiology, 2011, 77(13): 4618-4625.

[50] #Hsck, Emise, 58 B, 5. A8l -3 B = BE K 5 R B 5T
[3. ZxM-Flaf, 2013, 33(2): 147-154.
HAN Wen-yan, WANG Wan-meng, GUO Yun, et al. Bacterial abun-
dance of tea garden soils and its influencing factors[J]. Journal of Tea
Science, 2013, 33(2): 147-154. (in Chinese)

[51] Hu H W, Xu Z H, He J Z. Chapter six-ammonia-oxidizing archaea play
a predominant role in acid soil nitrification[J]. Advances in Agronomy,
2014, 125: 261-302.



