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pH 2L &+ hiHLIER
S5t MEYRS N

o #, ERFE, F4h, #EKk, #BAZF

P K% TRIRIASE 448, TR 400716

HBE: MUERRN pH B EHBAN A AN FIE ALEBAETRATANE pH=3.8 8 ¥ & L AR £,
pH=6.5 %#& A8, BdFTARBRERMALT LEMLH AR, FRAELEHZ T PCRFERT LR
A H (AOB) A AL EH(AOA R F. R 2 7. pH=3.8 W% & L 5Lk £ 4 0.56 mg/ (kg ) (L4 XH
AN REHH), M pH=6.5 ¥ & Loy aitik % pH=3.8 ¥ & £69 12.84%, 4 7.14 mg/(kg+ ). AR B
HAARR pHM R EL AR S —BANFHTR, IAFNELB AN pH GO L ELAH 250 % £k K,
FACE B B NHy RF 0 %M L3 pH ¥ m 2 R TR/, 24 pH=6.5 ¥ & £+ NH, HFH %% 1.08X
10 ' mg/kg, & pH=3.8 % & £(2.46X10 ' mg/kg) 49 439 45, L3 ¥ AOB,AOA F Zm & %+, pH=3.8 ¥
& L4 AOB,AOA 85 &, 5% m 88 (amoA) A B H N 4 4 #1 4 3.23X10°,7.17X10° /g F £, @ pH=6.5 89 ¥ &
+F AOB,AOA % amoA LB ¥H N5 A A 3.58X107,1.67X10°% /g F . RRXLEEF pH=6.58%&LFP
AENHMAEDEENE ST pH=3.8M ¥ &L, {2 pH=3.8 W L &L P RAANBEN P HEEZ G MK A, &
Wik, pH £ Bt Hm ik NH, RESH M ABH h % E Lo MR E

X 8 . A AF; FHRELE PCR; amoA AR

hESEKS: S154.3 XEARERD: A MEHS: 1673 -9868(2017)03 - 0142 - 07

fils Al A Rk pH B SRR SR AR 2 B L P A R AU e AR B T A& (NH) A Ak,
AR B A (NH DA™ mimdtk -5 NH, S 4 BURIE . B A— B DOk B KA1 R fisfk
1 AR R BETE B PE b e AT (i R R A 22 U 2 R 1 - AE e S AR E ST 20 400K, Dahl-
gren, Stark fll Hart 43 7F Nature & RIS 30, 1 K LU % UE 48 UE W R 7 4 38 v 77 e s 20 A s A A AT,
5, VR 2 Wt R R B AR AR A AR R TESE

AL (AOB) R a A A T T (AOAD #B LA BE ™ A& i Ak 2 S8 Ak i R 1 220 B 480l CAMLO) R PR, 31X
TR EAITER L R P 2 O B ME AT (H S S0k 40 BR1 R oy A B T A s AV PR b B A X BT kAT
FETE4r . Tourna 212 F1 Offre Z U HF5E B AOA £ + 5 ms Ak VE H b ile & S VE T, i 78 42l 4= 380 A
HoAth N REF YRR LB h AOB H AOA HA B & iy & S A6 . ;X EeF e 45 R X L £ 8, AOB,
AOA % B Z 5 4 R BT S Hb 2% 1 DI AR D&

L+ EREM T EENRELIRZ —, EWI, BEME®E 3 ME TSGR, FaE%E 18

O WHHB. 2015-01-05
HEAWH. BEARBEESIHE (41271267).
EZEIA . 95 #1989 -, Lo, W %N, Wit , EEMF B 54 S F .
WEIEE . W, H¥, WA R,
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UG 74.9%. Hp@tk e+, HemEEampin42. 2%, A 9.22X10° hm™'" . + 5k + HER
FEILA, 5 RECH A ) RO FRAIR. T 20 4R ) E PCHE X Z FRUTFESZ I, 58 (0 4 2 kA K E AU
AR U F K ST P X - R Ak Y S R G T RRDCRE T S L SRR . By AR, A R R R R
SN B IR ER KR R AR ISR B T AR AT, T LA 5 R 1k 5% €0 4 38 P i A VR, IR R Al 52 e b 5 B JIES A
i v EUE A R BT e /5, LTy /K PR3 5T 4 i 2 3t 2 25 K A0

1 #R57RZE
1.1 fHt t1E

DL PRTT AKX (29N, 105°E) SR e . i £ @ oy W By 1 00 2 XU A0, F B S, 487 2 <R
17.7 °C, JToFEM 320d, FEE/KE 1 033 mm. T34 52k A A& X 2R el bR A b b (pH =
3.8 MR ) AR 2 4H e b P ok b (pH=6. 5 M@ 1), HHESAI MWL E 1. RHZARE
KA RERZEO0~20 cm) 3, BT 3 DEE. HIORE LRI . KT, SIBRI A e FOR 5544
Y. 3% 2 mm Ti45 .

F1 TEERBUER
AL/ & N/ £y @ K/ AR/ NH, -N/ NO; -N/

pH

(g+kg™) (g+kg) (gekg') (g-kgH (mg* kg™ ") (mg * kg™ (mg * kg™
3.8 24. 8 1.50 0.515 9.53 136 36. 1 4.53
6.5 20. 1 1. 43 0.975 23.8 106 31.9 28.6

1.2 EFIE

SRR pH=3.8, 6.5 KT L H# 250g FHFM A (3 AFEE ), &5 & K8 R W & KR K E
(WHO ) 60% . BT 28 CHEEA R HEFE 1 42 . BiEREMRYE L ZE NO; -N FEEH/MNT 10 mg/ke.
s Bl R 25 FH O

RIFRBCH S T 20 ¢ T EiR HFET 150 mL B9 = MR 3 ANEE), 3 LS /KE N WHC B
60% . % 5 mmol/kg AR IH(NH,), SO, ™, f#4E N EFE 2. R 2B sE 0401, A 28 CHE
R FR A B T 0,1,3.7,10,13 REURED E 138 pH., TEAE . BA4A.
1.3 MEFHE
1.3.1 RZAERZ pH @l &

pH &R HBREITAE 1+ 2.5 F K H 2 il 2548 Tl . 95 2 H Bremner 32 B, BIH 2 mol/L Y
KCHFEWAE /KR 15 10, F3°8 200 v/min FHR% 1 h, KR 5 09 B b il i A3 2R 4R . IR $290h
1 NH -N,NO; -N J5i 5 438055 1% F e B 5 67 0 R 58 A0 4 ol B vk I o
1.3.2 EHEREMNDEFRENETE amoA HAR T EHH

D A Y S DNA $2 5

% H Fast DNA SPIN Kit For Soil(MP Biomedicals, LLC)i& 7] & 1 Fast Prep 24 bead-beating instru-
ment(Qbiogene, Inc. ) 20 g 24 f# {42 B 4 5 DNA. FREL 0. 5g HIEREF (3 ANER) , il H & BAE UL H 42
I A HE A W) B DNA, AR 77 T —20 CH#M. A Nano DropND-1000 UV-Vis 4366 B i1 5 FF $2 DNA i
e, pH=3.8, 6.5 t4E DNA Jii k¥ FR1{E 4> 5 K 27. 36.32. 27 ng/pl.

2) B AN B A E A B P amoA HE K SISO E B PCR 20 #r

FHREFAY TEARA M SYBR Premix Ex TaqTM Perfect Real Time il 5] & 5 CFX96 Real-
Time PCR System 4" #4537, 2 A A4 R ATl 8 2 it PCR 23 87 09 43 b 88 JE B 19 51 4900 0 90 B e g 72 Oy
WK 2 iR, SERF9E0E & PCR 44T DA - 8 R 32 B DNA SR, ROBAR R Ry 20 pL, A45 1 pL DNA £
. 10 p. SYBR Premix Ex TaqTM Perfect Real Time. Hf. J5 5445 0.5 pL.(10 pmol/L) & 8 pL YK
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XUFE K. 5256 % B KB SR K AR DNA AR by i o B4R

Z MR He ST I8 1Y 7 . 7 S0 A A0 20 T AN B I AR ok il 2. DL E SR 0 DNA Sh AN i 17 2 4
AL AN AT B amoA FER K PCR ¥4, P8 &3 2 s, ¥ PCR F=9 v & S AL 41 3H Mt B amoA HE
491bp F1 635bp J B AT BT A H 41 JF U0 fy . HE 28 BRI O 45 2R A3 0 5 40 B (EU697770. 1) FiIR A
(EU667887. 1) amoA 3k A b xt, & A R JR M 15 99 %0 A 5 41 50Kz 7F b bR v DNA. 5K € B 2R A Nano
DropND-1000 UV-Vis 48 Y66 BE T e . AR5 3 (D 20 B8 & S AL A0 B A T amoA JER 5 D8, B4
AR A: o 200 PR . G vl A A R R TR R L BORE MR B 43 S 5. 46 X101 ,8. 21 X 10" cells/pLl. LA 10 %
o6 B 96 o SR A AN TR Ry TR ammo A TR FE 2 R, 3l o 9O S A dE PCR 3R A5 &0 4 Ak 41 B ATy T 1
Fr o il 2.
amod S VB = [ e R B + 7+ BT £V
Krp: VRRAARTR 8K 7 BEKEE R 2 736 bps BT 270 F 5 324, 55 N o R BTARANFE L 4.

R2 AOA 5 AOB EE PCRE|¥MFFI K R IIERF

X Na @)

3K 44 R 519 %3 b B EE /bp € B PCR J W 72 7
95 °C, 2min; 40 * (95 °C, 45 s; 54 C,
amoA-1F GGGGTTTCTACTGGTGGT 45 s; 72 °C, 45 s, )3 Melt curve 95 C,
AOB amoA H#:H 491
amoA-2R CCCCTCKGSAAAGCCTTCTTC 15 s3 55 C, 15 s;3 95 °C, 15 s, incre-

ment 0.5 ‘C, 0 : 05+plate read
95 °C, 30 s; 40 % (95 °C, 45 s; 54 C,
Arch-amoA FSTAATGGTCTGGCTTAGACG 45 53 72 °C, 45 s, ); Melt curve 95 C,
AOA amoA A 635
Arch-amoAR GCGGCCATCCATCTGTATGT 15 s; 55 C, 15 s; 95 C, 15 s, incre-
ment 0.5 ‘C, 0 : 05+ plate read

1.4 HESH

P sh S BT — R R R S O R LE T R R

N =N, + N, (1 —exp(—k;t)) N =N, + k¢ (2

K N AEFE ¢ REF NO; -N Bt 7040 ¢ AIGFHRREG No AR NO; -N it 4040 N, A EGE L
SREE ;s ko M ko 205 RN — BME RS S E o B R — R I ER AR Ve =k, x NP R
PIg bR V, = (N —N,) /1.

Bt b 2R S B FR 2 i >R Sigmaplot 8CPF. Bl 19 5 2 PEAS 59 >R FH SPSS BR 4 i B R O 2% 40 i
(ANOVA), Z & R/ i 3 22 802 (LSD) K 56 (p<<0. 05).

2 ER55MH

2.1 AEpHEGBITHBELIHEDTRE

ATl pH R PR 28 6 R AE S R b NO; -NLNHY -N Br i B2 & 1 s, pH=6.5 -4
NH,-N JE &0 5B, o KM 69.1 mg/kg FREFE 13 XM 1. 89 mg/kg; 1Mi pH=3.8 £ +
NH, -N B82S B8 E X (p=>0.05). HFEdHREd, pH=3.8, 6.5 +F NO; -N i
WA BE BT, BN 3,92, 4,55 mg/kg EFFHF] 11,2, 97. 3 mg/kg. pH=6.5 1 FH NO; -N 3
B KT pH=23.8 L.

A pH 26 sk s i ma mE 1(b) iR, B EG —%sh s h . aS8mE 3 fix,
pH=6.5 % + WTERIfL K N 6. 63 mg/(kg » d), & pH=23.8 £ + (0. 63 mg/(kg * d)) K 10 fi5;
pH=6.5 %@ L5 L %R 7. 14 mg/(kg + ), f& pH=23.8 ¥ 1 (0.56 mg/(kg « ) 12. 8 f.
pH=06. 5 58 {4 4 1Y W5 76 i 1k 3 S8 A i Ak B R #0] i m T pH=3. 8 584 1 (p<<0. 05).
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R3 WUBNEUESH

Tt 1 g Np/ ki/ Vp/ V./ ,
pH  ffksh Ji 2 X - B - R?
(mg kg H) d [mge(kged '] [mge(kged ']
3.8 —#g It 56. 07 0.0112 0. 628 0.56 0.968"
6.5  —&ah i 159.1 0. 0417 6.63 7.14 0.984"

E: D Np RRBLEMANE ; £y R EREE WEMUEREV, =k * Np ;s Va RIRGHAER. 2) * RIRAE 5K T

AT AR SR X
100 - 100
- pH3.8 -+ pH3.8
—o—pH6.5 —o— pH6.5
80 [ 80
—_ 1 —_
- X -
on T on
=60 ~ 60
on on
g g
Z 40 Z 40
o &
z z
20 20
q 1 1 1 1
0 0 1 4 7 10 13
FEFRAT(E)/d FEFRAT(E)/d
(@) )

1 13 NO; -N,NHY-N RES H R F R BT

2.2 HEFUEEPEELT pH TR

0 Kt B+ pH 4390 3.8.6.5. W&l 2 s, BEH R I 0947 H4E pH # FRE. 55 0 K5 13
K pH HILLHE, pH=6.5 2+ W FFE(p<<0.05), 1fif pH=3.8 M@+ 2R oM ERiTHE X (p>
0.05). X/ T pH=6.5 5@ 317 T ZUHILEN . IR KRR RT3 pH E T 1.
2.3 AEpHEBITEEUHAERNSECETETFE

FO P AEY AOB,AOA 1 amoA B FE DA A 3 . pH=6.5 5 @ -1 AOB, AOA
1 amoA & H ¥ V43518 3. 58X 107,1. 67X 10%/g T+, AOA ) amoA FEH# N HUE AOB 1 4.7 f%;
M pH=3.8 % - AOB, AOA 1 amoA JEH+5 DL 7358 3.23 X 10°,7.17 X 10°/g T4+, AOA Y
amoA FERFEIEZE AOB M 2.2 1%, BH NFE— pH Z64 1 AOA ) amoA D #2 U1 58] & & T AOB
(p<<0.05). AfF pH @+, pH B+ AOB.AOA B amoA FEPRHE DK 512 pH K A9 28 0+ 1Y
11,23 /5. pH=6.5 %6+ 1 AOB,AOA FEH W & & T pH=3. 8 B2+ (»<<0.05).

.

1 —e— pH3.8 200
T —o— pH6.5 & = pH3.8
6r =4 == pH6.5
¥ o1sof
sk B~
o ot
= S
o S £ % 1001
-~ 23
Z<
3 S S0
as}
2 1 1 1 1 1 O
0 1 4 7 10 13 <
. AOB AOA
A E/d
B2 +iEpH B 3 AOB,AOA £
A A
3 W i

ALEERKRY] . pH=6.5 RO L kA T A ALAERT, T pH=3. 8 %6 Laifb/E RS AR
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pH %68 1 B AR (s Ak 3l 12 B8, 85 & — sl J1 2 1.

LAY 2 50 A At B RS RN 158 — 2, R BREE AR, 2R AE I 0 o3
TRE LRI HEE TR NHOS, H IR m NH, 51 o5 800 A5 10 A= 90 19 B2 30K 52 i
Akt . A SCI AN 5 mmol/kg, 435 pH=3.8, 6.5 B @+ NH, F&0550 90 2. 46 X100,
1.08X10 ' mg/kg(NH,+H"NH, ; pKa=9.25). pH=6.5 2+ NH, /%2 pH=3.8 £ +
() 439 A% W) BTt 4 B0 S AL B BE Z RIAAAE B OC &R . pH B S A AL si . R[] pH 5668 -k 3h ) 2%
RS AF G — G 3h T 2% 05 B — O S W o 4 43 5O T A8 L BB 0 B . iS4k 3 ) SRR AL S — 9 g
JIE TR A AR DA — G 3h Sy LA, W R OR 2 SN TR A2 IS W) R A B S e R UL,
PRI (NH,) J5t 5 43 B8R 52 Wi A S 56 v i Ak 3 555 09 AR R it R i A 2 480 00 A 0 7 26 1 280 50 480 g 0%
PR, B AR BB R, pH AR R HERS AR AR, o R a bR B R B AR B AR
SCEFR M, pH S a5 S ALY NH, BT it o3 $ni s i 55t s Ak AR . 5 pH IR P i 43 £
i, A A AR s

pH 52 4 R ALV FH A S R T BB A pHBR 1 T il Ak A i AR KL A SR AR R W A e
TR EACE — 5 R ) E AN R amoA ,amoA FE R AE & A AL B 3% i 77 76 5L nl 1 b & &AL 4 5
B 5> FARIC . SERE P8O E B PCR AR E B9 AOBLAOA B amoA FEPR ¥ IACH 0 T 3 AOB.AOA
FRE, SLIREE R R, pH=3.8, 6.5 &+ AOA FE B EE T AOB. Fli A= 75 R 48 b & A1kl B A9 5L
A AR A E AN Ew Y R AL pH T AOA R BE LA AR 58 A4 il £0 75 PR AR ok — s
WFoE R, ik pH 3P & S L ER L AOA S 57 ATHT M B 7s £ 01 . ZE MR MK R £ AOA 78
TEACVE I G S A, A KM KRS Al & AOB 5 S, Ascie ., pH=23.8 B2 ik
A AOB,AOA £E B ZEMT pH=6.5 M@+, K pH #H T AOB, AOA WA K. (HiX 2 %2 pH
50 i b R Y 32 B R AR IR 0T R S A AOB, AOA w2 5 i 480 il - 35 2 Sk i R &Y
40 fmol/(cell « DM 1 AOB,AOA FJF (R —1 amoA FENE I HA T — D) H8H T4, pH
=3. 8 B VAL AN 5. 82 mg/ (kg + ), pH=6.5 5 14 114 mg/ (kg « &), #FIL TP
G SRS AL R (0. 56, 7. 14 mg/ (kg « d)). BEM pH 18 (pH=3. 8) F &AL LL AOA Ky
Feew el MR R AR ARG T, pH=3. 8 % (& - 1 g AL s 3 ] DLk B 4. 02 mg/ (kg » D), T T
Brl 2 e A . DR, IR pH SRR TR AL BZE M AR B AR TR Y AOBL AOA =F B2 YRR
IFAIE J2 PR i b 3 4 1 S S A

4 & i

SRR PE S (A 1 (pH=3. ) i AL A Il 55, pH Xb 58 4 R AL A1 AR A B A ) BT B 3558 iy, 82
AR NH, B o» 0% iR 5 0 i f R, e sh, R pH ] T8 0L e AOB, AOA A K,
EIFARIEAR pH e A0 A1 T i3t A 32 25N
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Effects of pH on Nitrification and Nitrifying
Microorganisms in Acid Purple Soil

SU Jing, WANG Zhi-hui, LI Shi-wei,
XIE De-ti, JIANG Xian-jun

School of Resource and Environment, Southwest University , Chongqging 400716 s China

Abstract: Nitrification, a typical biological process, is highly sensitive to pH. Purple soil samples with a
pH value of 3.8 (the experimental group) and 6.5 (the control group) were collected from Yongchuan,
Chongqing. Soil nitrification kinetics processes was studied by indoor incubation, and the abundance of am-
monia-oxidizing bacteria (AOB) and ammonia-oxidizing archaea (AOA) were determined by quantitative
real-time PCR. The results showed that the net nitrification rate in purple soil with pH=6.5 was 7. 14 mg/
(kg * d) (calculated by N content for the article) , being 12. 8 times higher than that in the soil with pH=
3.8 (0.56 mg/(kg * d)). The study also found that these two purple soils of different pH were with the
same nitrification kinetics model- the first-order kinetics equation. Dynamic fitting parameters showed that
the purple soil with a higher pH had a higher potential nitrification rate. The concentration of NH;, which
is the substrate of the nitrification reaction, increased by order of magnitude with the increase of soil pH.
The mass fraction of NH; in soil with pH=26.5 was 1. 08 X10 ' mg/kg, 439 times higher than that in soil
with pH=3. 8. The copy numbers of AOB and AOA amoA genes were 3. 23X10° and 7. 17X 10°/g dry soil
in the soil with pH=3. 8, respectively, and 3. 58X 10", 1. 67 X10%/g dry soil in the purple soil with pH=
6.5, respectively. The abundance of ammonia oxidizing microorganisms was significantly higher in purple
soil with pH=6.5 than in soil with pH=3. 8, but the quantity for ammonia oxidizing microorganisms in
the soil with pH=3. 8 still had considerably high nitrification potential. It is concluded from the above re-
sults that pH directly affects nitrification intensity in purple soil mainly by the change of the concentration
of NH; the substrate of nitrification.

Key words: nitrification kinetics; real-time fluorescent quantitative PCR; ammonia monooxygenase gene
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