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7980 mg-kg™") MUANUSINBER PIRRALBE 118, FAEDK AT BEAT R IR SR, RIS it PCR (real-time PCR) £ K 7341
TOKRSYBE (RS ARIE 14 &) AR W (RS 22 ) RN 3% (P) A I (CK) Ak BHAR B + B[ 6 A F= ) cbbL | cbbM
accA F aclB BB B9 225, RIBFINSE T L HEBRALETT, IR 04T 1 AN IRk 2107 30T 191 Bk 2 R DY) = B2 5 - HE SR AL P 5t 22 1]
BIKFR. S45RFI, DEENBERTSINER T 4 MBC FINH, -N&&, #2557 13 DOC. Olsen-P il pH; /3 BEW] P AL FENO, -N
L CKARHRAR, T SN b CK ARHE R, SrBEM], B URIN R 4R 1 cbbL | cbbM , accA Fll aclB FEP A9 %L, 5 CK
SEPRREG, S35 156%  99% | 110% F1 193% . i 3R AR NXT 415 0] cbbL | accA HI aclB HEIHBUE Y St A FHIF AT
X} cbbM PRk R A TR L. TCARZM T (RDA) 7R, 23 Olsen-P 5 2520 [ Bk 1 7% G AR 1)~ JE o T 2 G PR IE
SRR R IRBIOKRA L PR Mk AR BCE; ‘ =4
FESES. X172 XHEIRIREG. A XERS. 0250-3361 (2018)12-5672-08 DO 10. 13227/]. hjkx. 201803210 .
Effect of Phosphorus Addition on the Abundance of Autotrophic CO,-Fixation
Microorganisms in Rhizospheric¢ Soil.from a Phosphorus-Limited Paddy Field

BAT Jing', LFYicfeil, LIU Shou-long’; ZHYZhén-ke’ , 11 Ke-lin', PENG Pei-qifi' “; WU Xiao-hong’ ", GE Ti-~
da® ,. WU Jin.—‘s‘hfui“2 ; - J.l ‘ ."'I - 3
(1. College of | Enyironmental Science and Engineeringy) Central, South University of Forestry and Technology, Changsha 4100804,
C}iir.la; 2. Key Laboratory of Agro-Ecological Processes in Subtropical, Regions, Institute of Subtropical Agriculture, Chinese Academy
of Scfvgnce‘; ». Changsha 410125, China; 3. Collegesfof Life” égi,e‘irlce and Technology, Central Sout.}.l University of Forestry and
Technology; Changsha 410004, China) ; "

Abstraclt;“‘ A rice pot .experiment was conducted to investigate the effect of phosphorus addition on the abundance of autotrophic CO,-
fixation microorganisms using phosphorus-limited paddy soil from the Changsha Observation and Research Station for the Agricultural
Environment. Rice seedlings were transplanted in the paddy soil with or without phosphorus addition, corresponding to P-treated-pot
(P) or control pot (CK) , respectively. Rhizosphere soils were collected from the P and CK treatments during the tillering and shooting
stages. The physical and chemical soil properties were measured and the abundance of autotrophic CO,-fixation microorganisms was
quantified with a real-time PCR technique based on four functional genes (cbbL, cbbM, accA, and aclB) involved in three CO, -fixation
pathways (CBB cycle, rTCA cycle, and 3-hydroxypropionate/4-hydroxybutyrate cycle). The results show that phosphorus addition
improves the concentrations of DOC and Olsen-P and the pH value, whereas negative effects on the MBC and NH," -N concentrations
are revealed during the tillering stage. The effect of phosphorus addition on the NO; -N concentration in the tillering and shooting stages
differs. Phosphorus addition significantly increases the abundances of the cbbL, cbbM, accA, and aclB genes, which are 156% , 99% ,
110% , and 193% higher than those of the CK treatment in the tillering stage. However, this positive effect is not notable for the cbbL,
accA, and aclB genes during the shooting stage. Redundancy analysis (RDA) shows that Olsen-P is the environmental factor that most
significantly affects the abundance of autotrophic CO,-fixation microorganisms.

Key words : phosphorus ; phosphorus-limited paddy soil; rhizosphere soil; autotrophic CO,-fixation microorganism; gene abundance
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NER/A-FR5E T R ) 1Y 5 D) RE FE A (cbbL . cbbM |
accA 1 aclB) B 952, FFE40AT T [ak H 52080k
W E B 5 A R 2 10 6 2 LA S R
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1 MR

1.1 P4 RE i R AR

RN L 5 A B R B 2T KR -,
K R K VD AL FREE I 56 1, 1% X IR T
R = RS e, AR 17.5°C, AR K R
1330 mm. SRAHERHIZEL 0 ~20 em R)JZ L1, X

i

FRAED A A TG AR KT, BERs 585 0.25
mm A1 0. 149 mm i, F T 4 BEEE AT AP o I
TR TIENTENEFRLR, R AR rE
[ k. pH 1H 5.43, A AL (SOC) & & 14.26

gkeg™, B (IN) O 1.45 g-kg ™', S (TP) %
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mg-kg_1 , PHES TAc i & (CEC)7.71 cmol-kg_l.
1.2 SRt

Pl 4x HHEE 2 mm 0, 25°C kR 14 d R EM
TR B A AL B N LR, N A K a2 (LI
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FREU 1.0 kg( T 3EHE) RN F PVC Ak ( HE
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%0.5 kg HHACERIRPR HHE. O TR R A%
[l 1 % 0002 B0 T S ), 35 S Tl 2 Ak PR
(P) ARG IR A BEARFR(CK) | AR AR
9AE§,W%UW@:aﬁmﬁﬁmA;P%m
i (AT £31) 4,80 mg-kg ™.
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TR, R R . R KIAAE s
AKUEHE , AT J R 354 2015 42 6 1 29 HLK JeRR
AR N BRICAIE TRRIC. (R38R 2L
S k[ 21]. "C-CO, 3 it "C-NaHCO, (50% atom “C,
100 mL, 1 mol-L™") 1 H,S0, (50 mL, 0.5
mol-L™") I [ gl A:. il il H,S0, AR
HEFRCA N CO, 4EFF7E 380 ~ 400 wmol -mol ~'. #5
TCAE N A2 TR A% 2% () RE 2N 2 4 T
BEFEHI AR, SNT-96S, i), 46 % B 45 i 25
ﬁﬁﬁﬁﬁ¢ﬁﬁﬁ%%?§fﬂﬁimxﬁﬂ
I FE B K AN 7T 25 B K AR 35 - e S ACIR S
(HHERZHERF2 ~3 em KJZ) . BT KFEAKN
SYEEMI (AT 14 d) MBI (BEAUE 22 d) 47
MR PEEURE | SRAE TS I 2 AT B8 Ak B K R AR P 1
e HER 3 . — T 4CRAT, AT IR
Pritte (MBC) W2 ; — W A VRIS T - 80°C f#
e, HTarasiatr; —ENARKT, 1
T A LA TR A TR
1.3 HEaatr

+398 pH R RALEN E , K ok 2. 5:
1, HEREYEA HLER (DOC) R A 0. 05 mol- L~
TR R, IR Wi (MBC) R &2



5674 2N 5%

B 39 %

ZE-TR IR AR B -k F 3 43 BTk, A 209 ( Olsen-
P) K H ok R & A1 - a2, A A
(NH,-N) FIEZS A (NO; -N) K H &b # 2 #2E- F 3h
SR B A AT A

1358 DNA SR Fast DNA®  Spin Kit for Soil
(MP Bio, USA) 7| & HEH, DNA Bk B Fn4li il
1t R 48 A 43 66 BE 1 ( NanoDrop ND-1000) #£47
WMAE. RS9 2 5 PCR 4L (ABI7900, USA)

X ebbL . cbbM | accA F aclB &R ¥E N BOHATE =407
1. cbbL . cbbM . accA 1 aclB &KX PCR ¥ 345|914
Bk K26/V2ri2! | cbbM-f/chbbM-r'®! | Crena_529F/
Crena_981R"* F1 892F/1204R">/ (% 1). ¥ #fAkR
JEHEGI Y 015 wmol-L™', F 514 0.15
pwmol-L ™", 1 x SYBR Premix Ex Taq(Takara)5 pL,
DNA *Mis ng, MICHE KK FEEL AR 10 plL.
qPCR RO FEFF WL 1.

&1 gPCR RE3|¥ERF
Table 1  Primers and thermal cycling conditions for qPCR

A 5191751 qPCR [N 7
K2f; 5'-ACCAYCAAGCCSAAGCTSGG-3' N
cbbL Var. 5'-GCCTTCSAGCTTCOCSACCRO.3" 95°C 30 s; 95°C 30 s, 62°C 30 s, 40 MMEEF; 72°C 20 s
¢bbM-f: 5'-GGCACCATCATCAAGCCCAAG-3’ S
bbM CbbMor. §'-TCTTGOCGTAGCCCATGGTGE. 3" 95°C 30 s; 95°C 30 s, 57°C 30 s, 40 MMEER; 72°C 20 s
Crena_S529F; 5'-GCWATGACWGAYTTTGTYRTAATG-3’ o o A 40 AT T <
accA Crena_981R. 5'-TGGWTKRYTTGCAAYTATWCC-3’ 95°C 30 5; 95 30 s, 50°C 30 5, 40 PH; 72 20 &
892F: 5'-TGGACMATGGTDGCYGGKGGT-3" o o .
aclB 1204R., 5'-ATAGTTKGGSCCACCTCTTC. 3’ 95°C 30 s; 95°C 30 s, 54°C 30 s, 40 MEH; 72%.-%0.-5
~
1.4 e B4 78% , E.%E;HW%*HEL 5y B %nﬁzwﬂ;ﬁ p
% SPSS 16. 0 for Windows F1 Microsoft’ Excel AbFE pH i’{h—;ﬂ: CK, H&T}iﬁﬁﬁifiliﬂ%%ﬁj‘i%
2010 #AFFEAT B b FR AN BT 0 W s AL EEZ MK (P <0. 05)~ \ ¥ J

(] AR A AN [ A ﬁ;’ﬁz@i%ﬁﬂciﬁ%ﬂ@%_d

%ﬁ%ﬁlﬂﬁ%##% SR 0T R A 0 G e ﬂ’ﬁﬁ
Canoco 5. 0 §A1¢U cbbL . cbbM ., aecA F aclB %E] Elf]
$f“ﬁ5j\7”l']ﬁ”£§_, s Uik ﬁﬁ%ﬂfﬁﬁﬁ#ﬁrg
PRI, 4% T LAt fgme
%ﬁ&%ﬁ%M%m /

2 wREsE

2.1 ISR X S PRk T A R

1 AT LU, BN R 5 b T 3
M AFE A . MRS, 13 MBC & &7
BE 30 A4 T 0 4> W) 3K 493.0 mg-kg ™' Al 475.7
, Hb CK AbFRA3 TR 7. 0% 1 30% , H.4%
%ﬂﬁb@lﬁﬂ% ik B EMEKF (P <0.05). P AR
DOC 7 5 78 43 BEHH AN 49 3 43504 50. 3 mg-kg ™
974 mg-kg ™", ¥yt EEANEL, (HOARTR] b HER]
ZF AR, 5 DOC M, PAFENH, -N& &5
BEWIRDIR T 940 91 b CK Ab 3 i 251K 41 9% F1 82%
(P<0.05). Olsen-P F7E P fil CK ZbPH R 22 5 &
F(P<0.05), srBEMIFIER T P AbPE 44 Olsen-P
AT A 18.2 mg-kg ™' 1 6.7 mg-kg™', It CK
AEHAY 5 105% F1 80% . AEAS[E A K AF 3], P
ALFA CK AR FENO, N E R B EMEER (P <
0.05), $hI7i P AL FENO, -N& & H CK AbH g 2%

-"-d-

mg-kg

SR EHINT 94% .

‘al i

[EEERiF S i) g &% , P Ab B MBC NH4 N
NO; =N, Olsen-PFl pH S F RS ifi DOC F e J
%%E)u&?l‘ﬁfiﬁ’]”ﬂhﬂ@ SN BEMIAILL, P ug
MBC, NH,; N| NO; N Olsen-P fil pH 437 tmzm
WK 4%079% . 14% . 63% F11% , 1fii DOC %

CK ﬂ}i‘iﬁ%}i%@ﬁﬁ%%mﬁ
AR IES P ACEURTR], B 55 25 0 (] 09 1
% CK 4b B DOC, MBC Ml pH 1 38 s 5, i
NH, -N, NO; -NAll Olsen-P & f 5 F a3

2.2 USINEEER T [k A S A ) RS

IR e - E R B R R R T
AL (& 2) . TESYEBEMA, P ALBE cbbL , cbbM . accA
aclB FE TR ¥4 DL K043 910 1.93 x 10°, 1.23 x 10°,
1.98 x 107 F13.5 x 10® copies-g~", 43t CK &b
R 156% . 99% . 110% F1193% . {4k T4,
5% cobM FER AN, P AL BREE B T ¢bbL | accA F aclB
LB, /9 CK AbPREE N 16% . 8% F173% ,
L Ah 38 ) 2 5 R 58 b RO

P H1 CK 4b PR [ A H 520802k P8 K g AR K
KB MRS SR EA B — Bk, BE K
AR LT, P CK AbBE cbbL . accA F1 aclB &
DR DB R RRa %Ay, L P AbFR 3 Fob ik (R % 01 %7
IKFEAR TR A A A 9 22 538 W 3E ROk, M, PR
CK AbFH cbbM H DK ¥ DB A K AR A K RIS T
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