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Effects of Calcium Carbonate and Rhizosphere on Abundance of Phosphate-Solubilizing

Microorganisms in Acidic Red Soil

ZHENG Manman®2, WANG Chao'”, SHEN Renfang'?

(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: Maize variety, Zhengdan 958 was used as experiment material, soils were treated with calcium carbonate (CaCO,) at
rates of 0, 0.3, 0.5 g per kg soil while soils treated with no plant were the non-rhizosphere soils, and then the effects of CaCO; and
rhizosphere on phosphatase activity and the abundance of phosphate-solubilizing microorganisms (PSM) associated functional
genes phoC and phoD in acidic red soil were studied. Results showed that CaCO; addition could effectively improve maize
growth and promote the absorption of nitrogen, phosphorus, potassium and calcium in maize shoots. Soil acid phosphatase (ACP)
activity was significantly higher than alkaline phosphatase (ALP) activity, indicating that the dominated effect of ACP in
mineralizing organic P in acidic soils. The ACP, ALP activities and phoD gene copy number in rhizosphere soil were significantly
higher than those of non-rhizosphere, while ALP activity and phoD gene copy number under Ca-0.5 treatment were significantly
higher than those of CK, indicating that rhizosphere effect was stronger than CaCOj; treatment. phoC gene copy number was
significantly correlated with the contents of ammonium nitrogen and nitrate nitrogen, while both ALP activity and phoD gene
copy number were significantly correlated with soil pH and the contents of ammonium nitrogen, nitrate nitrogen, available
phosphorus and exchangeable calcium. It can be seen that both CaCO; and rhizosphere can affect the function and abundance of
PSM in acid soil, but the rhizosphere effect is more obvious, which is closely related to the changes of soil physicochemical
properties.

Key words: Acidic soil; Calcium carbonate; Phosphatase; Phosphorus solubilizing microorganisms; Gene copy number
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TN T AR L U E RN IR AR RS
R EE B R Y, A EME A BT AL R S AL
(= EOR S H O R AR B T R R
Bewhiy— SO0, W S IR, B AAL R
. BEREEHAIUL S Y, BT R R 2 1
BB E YR — A BRI W R R T S
AT HLBE AL T B — A BB AR, ARYE I RS
pH 43 1% 14 Tl 1% s (ACPP) R 1 5 7% il (ALP) )
ACP F1 ALP ZAEFE S VERERR K it , RRfE/KiRIF 2
TE W BAFR (REFRBR /D) AR BUE BER 0. HRTE 28
TEREH T 4iAS ACP YL [N phoClY ity ALP fy3E
[H phoD™, 53 Sb il iv Ak oy B REJE DR 4 7 8 S kG
BT R RN S | FRE | IR 25 AL
AL T UTF B

— SR R, L ANBRER S )2 N TR M 44
ok B2 it R TR 4 05 S ARG e R 1,
ey =4 Wang 250 R, Mtk IR
TIRR R E5 E 1% 1 M AN B 16S rRNA JER 218, &
B R R B R A5 B AIG T  E e # E AUR FE KT
Acosta-Mart iez 1 Tabatabai®'5 H 5 ik 4 it T 7] 448
TN P RN 22 S - SR . 7 R AR
RYerh, BRSO i B AR ) A KRR PRIAER , (6]
FE AR PR A 4 o AE AR P PR A8 AL AT 2 i S A= )
ThEE . R MR AL RO SR, BRI A TR N X R
P e P B R A, R B X PR PR i =
AR S U

YT W A ) A A BB A R AL T T A
HEAEH, AN o B E RIS S IR, 2 Hrie
P - 18 b FOR A PR A AR AR PR R % 4 ). phoC ATl
phoD JEH=FE, JFHRFEANE LIFEIb kA A ¢
P, A ) B A 12 605 AR ARS s 7 FH T 2 &1 498 1l 1 T
PR R B G2 1 = B 5

1 #RFE

1.1 R R

FE RS BT R ML HER VLV S T 1
T IESEARBRAL RN pH 4.38, AHLFE 16.79 g/kg,
4% 0.58 g/kg, 4% 0.39 g/kg, 48 10.62 g/kg,

s 6.37 mglkg. IR AEAE + 1.50 kg, It
JFH 0.20 g/kg Wi R — 40 F10.50 g/kg B BR &% AE M REHE
RIGBEE T RIS ERES (CK) . & T3 % 0.3 g
W25 (Ca-0.3)F1 0.5 g B4 (Ca-0.5)3 Mk FREH 7K
AR, RIS BEE T4 AL B R ) 5 BE (1 R R
WRPr+38), M EHIEE 3 ~EE, KEEATR
e K= Ar, JEIE 14 h(30°C), LI E A
400 pmol/(m? s), A% 10 h(25°C), MXHEE N 65%.
FOR S FREBER 958 ST I A AL, R A A Ak B 2
P10 B7 F KPR T, HIEEKERFFAE 20%(wWiw),
Kb IR E] Loom WHEIET, AAER 3R, H
[z B, #7810 3 R,
1.2 EYHERRXEMTENE

WSO BRI T Kbk R, TR S A SIS HEAR 2R D
Mo 1B, HIZEK MG T 105°CR T, RfijG 70°CHE
TEEE, FRE. M EESBE, £ HS0,-H,0,
W22 5 FELR E AL (Hanon K9860)IE A & ; 4
HNO;/H#& 5, F ICP-AES(IRIS-Advantage, Thermo
Elemental, MA, USA)KGIIEE . S MEE 058,
1.3 TEEREMAREN T EREAERNE

R FHEMR L W AR PR 38, AR FP A K A9 30
MR+ HIEREFCRESS 7 3 I ORAF: TR
DNA () HHERESVICE T —20°C VKA T 5E 1 4%
BERREE TG PR R HECE T 4CUkE ;. HA R LK
T WFES IS B T e A R . 4 pH $E IR+
KL 1 0 254k A, H pH I FI A ; £3E4(TC)
FAZ(TN)RH CNS JTTRE W NE ; HHE A
(NH3-N) A5 25 2 (NO; -N)2R FH &AL IZ #2343
MrAGZ5E 5 3 h AWl (TP) . &40 (TK) A RLHE (AP) |
B (AK) . 3234 (ECa)Il A& J7 i gkl
Pz opb s ) WL - e L R i (ACP) R P
TR it (ALP) T 14 0 5 2 I Tabatabai™ M R 19 7 1
1.4 13 DNA 12EUFNEE * EE

K Jfl DNA i 71 £ (FastDNA SPIN Kit for soil)$#
B+ DNA, B E P i3 4 phoC il phoD 4™
1 58 5194 %k phoc-A-F1(5'-CGGCTCCT
ATCCGTCCGG-3")/phoc-A-R1(5-CAACATCGCTTT
GCCAGTG-3")F1 ALPS-F730(5'-CAGTGGGACGA
CCACGAGGT-3')/ALPS-R1101(5-GAGGCCGATCG
GCATGTCG-3")™, Jep £ fF % H LightCycler 480 52
B} PCR %4t (Roche Diagnostics, Mannheim, Germany)
ME . S E & PCR(QPCR) MR R N 10 pul,
% 1 ul DNA B . 0.4 pl IE[S4H. 0.4 ul
514 . 5 ul SYBR Premix ExTaq(Takara Bio, Inc.,
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Janpan) 1 3.2 pl KK, W AMFMTF: 95 C 30s,
58 ‘C 30s, 72 ‘C 30s, 40 MEK, N T IRIGRE
Mk, HEYFEN phoC F1 phoD KB4y 5l % 5 3
pMD19-T %} {4 (Takara, Dalian, China) -,
Escherichia coli DHS5a 5¢ 54k . 20k . 56 iE
Jo, ROk 2 B A (Takara, Dalian, China)f2
SOk, B B0k T ddH,0 #4710 5B R RE, T
il g bR 2k . 3L phoC i phoD 1) PCR ¥ 18550%
435114 98.2%(R? = 0.99)#1 105.5%(R? = 0.98).
1.5 HiEAESSETSH

Bl Ab PR ] Microsoft Excel 2007, 4531434 fifi
A SPSS20.0, HRFR5AEMR PRz ] b 2k 25 ok
T R s AS[R)Ab PR 2 1] i 2514 2% 572k ] Duncan £

5 PR Pearson J3HT. AR B H A
SigmaPlot 10.0,

2 #R

2.1 FRERESXY B R4 LTI RAIF D
Ca-0.3 il Ca-0.5 AbHH T T KMk i AN Ak 4y i 34
FERET CK, JEWERN T IR B BRRES Y
WS (2 1)o BRPRES VS N i 2 2 mAEAR PR+ pH
A NO,-N. AP, ECa #ik, HFEME NH;-N (%
2). BRPFRESAS N i 2 4 S AR PR 1- 4% NO;-N. AP, ECa
Frir, (HBEFRE NH-N FIAK i, ARER H 3
TC Hl NO, -N & i i 3 = TARMR PR -4, {0 13 pH
FINH;-N. AK. ECa & it it (R TAEMR PR 158

R1 REBRELETEREKEREE LTRSS

Table 1 Maize growth characteristics and N, P, K, Ca contents in maize shoots under CaCOj; treatments

Qb H Bi=i (cm) HE W (9/4) A (mg/4) T 2 B (mo/7%) 55 B (ol 7E) 52 B (Mgl
CK 56.18 +£0.30 b 157 +0.11b 21.27 £2.23 b 1.69£0.18 c 30.37 £3.34 ¢ 3.88 +£0.38 b

Ca-0.3 64.39 +£1.77 a 247 +£031a 37.07 £2.16 a 2.95+0.30b 57.97 £6.11 b 9.32 +0.55a

Ca-0.5 65.57 +3.08 a 253 +0.33a 43.77 £7.28 a 3.44 +£0.19 a 66.47 £2.23 a 11.13+1.63 a

T [FAFEHE G /NG TR Rl A B A 22 57 1K P<0.05 3 KF-

F2 HRERISALIE TARBRANIEAR PR L IRIB LM R

Table 2 Physicochemical properties of non-rhizosphere and rhizosphere soils under CaCOj; treatments

Qb B IRUREAL pH 21k (g/kg) 4% (9/kg) NH:-N(mg/kg) NO;-N(mg/kg)
CK LR PR 4.07 £0.05 b 5.00 +0.18 a 0.67 £0.02 a 57.53 +8.52a 29.94 +0.53 b
HRBR 4,01 001 A 53+0.25A 0.65 £0.03 A 23.85 +1.53 A 42.05+4.26 B
Ca-0.3 LR PR 418 +0.01 a 4.96 +0.10 a 0.67 £0.01 a 47.95 +3.48 ab 31.25 +3.55 ab
MR 4.02 £0.04 A 5.25+0.04 A 0.64 +£0.01 A 17.19+150B 61.76 £3.59 A
Ca-0.5 JEARBR 4.20 £0.03 a 5.05 +0.06 a 0.68+0.01a 39.01+4.60 b 38.3+557a
MR 4.06 +0.04 A 5.39 +0.09 A 0.66 +0.02 A 16.71 +2.30 B 66.59 +3.15 A
b HUREA A 4T (g/kg) A B (mglkg) 4= (g/kg) AL (mglkg) SEARAEES (mg/kg)
CK JEARPR 0.44 +0.02 a 16.76 +0.97 b 10.48 +0.31a 137.51 +9.62 a 218.65 +8.67 ¢
B 0.43+0.01B 15.55 +0.79 C 10.32 +0.48 A 109.31 £13.51 A 181.49 +19.06 C
Ca-0.3 JEARPR 0.45 +0.01 a 19.8+1.05a 10.75 +0.75 a 139.98 +7.07 a 348.69 +£22.92 b
HRBR 0.44 £0.01 B 17.1+0.15B 10.24 £0.32 A 56.67 +3.08 B 300.37 +5.20 B
Ca-0.5 LR PR 0.43 +0.01 a 19.03 +0.68 a 11.08 +0.38 a 137.97 +4.43 a 45592 +17.14 a
HEBR 0.47 +£0.01 A 19.7 +£0.86 A 9.91+0.48 A 57.84 +3.06 B 367.06 +3.18 A

T FPVNE SRS FEEA R 2 7m JEAR PR AR By -+ Ak PR 74 3 8] 25 535 P<0.05 27K -5 SRAREUIE R AR 5 JEAR P 11

ALIH T 72 F3k P<0.05 B /K,

2.2 ERMEREEREE AN IEBEERER I 1T

7E CK. Ca-0.3 Fl Ca-0.5 AbFHKEN, ArAEHRBR 113
ACP JEPECRLE: pNP, mal(kg h))5511k 63.79 +4.42
63.05 +4.87 F157.09 +3.69, I WAL TARFR +3E (535 A
81.46 +3.50, 80.73 £7.58 Fl1 71.01 +9.09), H.7E CK f0l
Ca-0.3 AbHIH 25 73k i /K F-(P<0.01 1 P<0.05)(&l

1A). i, AEMRPRERPR 3% ACP Tl HEAEAR IR
AP A 3G 3 22 5 (] 1A) o ARARPR L3 ALP J 1
Bl R 50 B 3 i, HL Ca-0.5 b3 3 & T
B ERIRES AL BE(& 1B), {EAEARPR L3 A BRIRES
SRR TC i S A5 BRIREG AN HAR PR -1 ALP 4
5 2 TARR PR 1398 (P<0.01 B P<0.05)(/# 1B).
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Fig. 1 Activities of ACP (A) and ALP (B) of non-rhizosphere and rhizosphere soils under CaCOj treatments

2.3 FREERIAEYINEEEE phoC TN phoD ¥ N1E]
B TR 45 VS 0 R S 3 5 R AR B T AR AR B 1 B
phoC JEN#% DB (K 2A). BARARBRAE R T
phoC L5 D18, (ARSI 25 5 AR A5 B K
- [ 2B @R, phoD 3[R #5015 bt sk 2 5 FH A )

WO, Ca-0.5 Ab¥L#E T CK. 3 AMBkik

5 Lb AR B £ 3 phoD 3 K #5 DALY 8 25 v TR AR
Fr+ 4 (P<0.01), ZMERIAAHr &, ACPIGHEY
phoC & [K % D1 £ 7% JE #2 s (P<0.01) Fl 4R 5 (P<0.05)
+ e 4 2 i 2 IEAH G (8] 3A). ALP i 4 5 phoD
SE PR B DL BOR 56 P 7E AR B 4 48 bk B B K OF
(P<0.05) (/A 3B).

== AP —ET
7~ -
Ay A 6 (B)
— . AB
4 oF A o5k A
20 oh ok
o 5L IS
z a A i 4+ B ok
£ 4+
;EE a a = 3k
= = - ek
¥ o3b ¥
= =
= = 2r .
% 2 b b
= £ 1k
“‘ gkl Bsl B0
(] 1 —L 1 L 1 1
CK Ca-0.3 Ca-0.5 CK Ca-0.3 Ca-0.5
kb Fp 4bFR
B2 EREEALIE T HEMRBRANAMRPR £ 12 phoC(A)F1 phoD(B)E:E# Nl
Fig. 2 phoC (A) and phoD (B) gene copy numbers of non-rhizosphere and rhizosphere soils under CaCO; treatments
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Fig. 3 Correlations between soil phosphate activities and phoC (A) and phoD (B) genes copy numbers
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24 TEBEEEENERENHS TERELE
J5azkiEPL i
JEMRPR 48, ACP G TS TK R ETAHX,
i phoC JEPN ¥ DI A0S NH;-N, TP &t 5 & 1IEAH
%; ALP iitE5 +3 pH, ECa & W IEME,

5 NH-N &2 7R, i phoD FEPK#5 D1%L
5 NO;-N . ECa i 52t b 2 IEAHOC (R 3). #MRPR 14
1, phoC JE[H# N1 %0 5 NO,-N & i & W A G,
phoD JE[H ¥ D1 %5 pH J AP, ECa &I & 1E
DG, TS NHZ-N & & 2 B & fAHEDE(EE 3).

Fz3 TIEPBAERESEM . phoC AN phoD EFE#E NI S HIRIB LM R A Pearson X 7347

Table 3 Pearson correlations between phosphate activities, phoC, phoD gene copy numbers and soil physicochemical properties

Vg 2 DA SN (=7 7 pH EX74 2R B A HTEROYA) S AR el BAHR  ACHRESS

EIRiHEN ACP -0.509 -0.395 042 0.545 -0.51 0.593 -0.422  -0.884"  -0.538 -0.535
ALP 0.668"  0.421 -0.009 -0.845" 0.394 -0.532 0.276 0.016 -0.44 0.790"

phoC -0.613 -0.632 -0.127 0.741" -0.21 0.814™  -0.293 -0.61 -0.205 -0.501

phoD 0501  0.426  0.358 -0.663  0.851** -0.31 0.415 0.501 -0.098 0.793"

itton ACP -0.099 -0.083 -0.086 0.232 -0.536 -0.318 0574 0.412 0.275 -0.559
ALP 0.618 0503  0.358 -0.547 0.334 0.471 0.509 -0.381 -0.372 0.426

phoC -0.229 -0.049  0.115 0.355 -0.688* 0456  -0.428 -0.126 0.458 -0.650

phoD 0.779°  0.231 0.029  -0.800™ 0.651 0.557 0.738* -0.321 -0.641 0.699"

3 it

IS 5RO, IR E MG s
fife W G0 A W) B A L S IR IR W 2 5 A LI
fb, $EE LR R A A . Acosta-Mart fiez FlI
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(A 1 FE 2), X AlHe SRS x -5 pH By
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ALP %y WL AEARBR 458 ACP il ALP I 143531
5 pH S G RIEA G ( 3), Fu/HiE X 445
5 Dick 2By —%, BRtELHE ACP IEE B E ST
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B = BEAE 5 S MM ML 28 RN RAE By 4300 e R I A 4
WEFR GG R3S 0, TR R B S 5 158 pH %)
I ALP X B 245 i 157 3 T+ ACP, I HH Bk R 45
REfS (e HF H A W AR K, JEHE phoD JE RAH SC 1Y
AR . XATRRIH T ALP FEASKR A THEY) ,
I A AP EAT, e 4 A U T - 9 4
B i A R TR W A R AR R R
HEPR ALP 41 phoD A48 D14 ECa & & 52t ik
FIEMSG, XM T ALP {5PES phoD JE[H
5 DUBOGH i BR 5 R 07 55 T ACP {iPEA phoC £ M 45
D%, Ak, Zaheer ZERPARFSY e, 455 T-REAS I
& ALP 15PE, USn4SEF(0.5 ~ 2.0 mmol/L)fEfs (i
ALP JH M2 2.5 £ 458 FIAFEEAR KRR EE I
T4 ALP 47 Hofth 42 Jm B FROIDHRIME A , DEIA B R
PR 05 15 A R T R SR AT

R 2 4B ) B it RN oA o 0 BR A DX 8, A
PR 2R T 1445 Tl 43 WA T L 30 9 b S £ 2
FREEAER, b, HEBR G R T ke A P
K AR FIREL IR, B&E6E TR L
ST A W 2 RN R I T AR AR B - 4 281 Hi
PR TRl 2 00 14 2 A 28 B e B AR B 1 P01, A
AT AR 2R 43 WA 8 0 1 5% 43 R WA 44 5 R % i 8L
FR BRI W B s s REIO2T ) FE ARG B A ek B P AR
Fr 1338 phoC . phoD S PX#5 D1 IRl 1R g6 14 44 v
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