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FIA PN, BRI EM Rk EMENEHE S = fERE S
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kA, WAL, 2BV IR ARV, Aok, 1 #, kERY,
ﬁz’])‘%ﬁ“, A

(1 B3l R K J [ R N S 5 (P E Rl B o HIERFSRAT), Mat 2100085 2 EEMARERS:, dbat 1000495 3 gtk
REFMREBE, MG 210008)

# = gH ﬁﬁx#iﬁgfﬁ%}iﬂﬁﬁﬁiﬁﬂwﬁﬁﬁ R RE RS R B8 LT P2 A G R AN T 28 ASIRIE A PN, BEbsiE
PET TN ELEEFIRB 7J<%M7ﬁyifﬁﬁ7k$a$nf MKRERE T A B AR, MHERERRZERO~1.1~5.5~15cm)
AUKAEHR A AAC, IFET SR 90 i PCR BEARMIE T L3 S U nifff DNA B RNA JERE . S5RRM . Aok Rk 2 i 242
T S EE A, jEP:JfE%T 1~5cm M5~ 15 em )2 H3EEE R S AR 1 BTk Aok RS ERN) B EE AR RUKAE L
BRAY 10.3 1% KABHERE AW B 2 A G R AR 31.48%; 7E0 ~ 1 em 12, FUKFSALPE S Z4RE T nifd RNA JERECR, 1
%F nif Hf DNA JERBCR AR . AT 0L, SKREFIRE A 34 1 208 (90t R EH I 2t ) R 2 R A K R A K b (2 T [
HR nifH FEF IR, $Ee T AU 0 E A0 P

K4 WA BANTE; R ON, HIERRICE:; nifH RS

PESHES: S51; S-3 XERFRERRD: A

Effects of Rice Planting on Nitrogen Fixation Amount and Activity in Paddy Field Using BN,

Direct Labeling Method

ZHANG Yanhui' 2, HU Tianlong'?, WANG Hui'?, JIN Haiyang'? LIU Benjuan'?, LIU Hongtao'?, LIU Qi*, LIN Zhibin'?,
LIN Xinwu'?, XIE Zubin'"

(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; 3 College of forestry, Nanjing Forestry
University, Nanjing 210008, China)

Abstract: Paddy N, fixation plays an important role for soil fertility maintenance, however, the relationship between rice planting and
activity of diazotrophs to fix N, remains elusive. In this paper the amount of biological nitrogen fixation (BNF) and its distribution in
different soil layers (01, 1-5, 5-15 cm) and rice were measured by '°N, direct labeling method. The abundances of nitrogen fixing
bacteria and active nitrogen fixing bacteria in soil were determined by real-time quantitative PCR (qPCR). The results showed that rice
planting significantly increased nitrogen fixation amount in each soil layer, and also increased the contribution of 1-5 cm and 5-15 cm
layers to total nitrogen fixation. Total nitrogen fixation amount in rice planting treatment was 10.3 times higher than CK. The fixed N,
allocated to rice plants accounted for 31.48% of the total nitrogen fixation. In 0—lcm soil layer, rice planting significantly increased the
number of nifH RNA gene, but did not significantly increase the number of niff DNA gene. These results indicate that rice planting did
not increase the number of nitrogen fixing bacteria. The increase of nitrogen fixation amount in rice field is because rice planting greatly
promoted the expression of nifH gene of nitrogen fixing bacteria, thus improved nitrogen fixation activity of nitrogen fixing bacteria.

Key words: Biological nitrogen fixation; Nitrogen fixation activity; Paddy field; '°N, direct labeling method; nifH reverse
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IKFE SR NI 0 = R EEMR SR — , Al
i, KREFRIE TR 50% . I 85% Ay A EM,
Bl At AN AR iR e T B — A P
1o KRR B AR T2 3RS H A SR B BRI, A AR
FERHEPHEE, KEMEEESEA, S8 5
TR PN A IR BE S e i A 0 E B Y
REWHEY AR, BEAF=EAREE Y mE, [
BEA WSR2 ESREAM EEM AR, iR s
RPN A7 1P, 7E Haber-Bosch & W Tl & i
RINELIHT, /KFEH A ZORR EZ R AEYE A, BT
AR Py [ 2 10 N R = A W A v i A EL A S|
TR AR A,

Tl A 7K e L 2 oA S ) 5 e 10 K R 2 4 ek
e FH - G W A R PR, DA T o0 S T e P
A . R EE SRR T T2 AR AT, L
Vh 2K I L RUBE 1t 2 32 SRR R K R A R i )
1 Yoshida F1 Ancajas!ill i 2 B i JF i 0F 98 & BHL
T AN ELERE, TIgHKLE T 2R,
B MK FE RO RS A HE AR Fh K R Ak B A 4 R
R 2 e 4 . Bei BT PN, HiERRICHE
WFoE R B, {597 70 d MoK REALEE PN [ e B m T
ANFIK ARG AL B o A (] 7K e it ol A1, 25 5 il A D 2 [
R, W RBAAERE A ATY) HE H 28 A8 5 AP (W23)
Xof e FH A 9 ] A 1A R R P10 Teo 25U A b
IKRE AP HEAT KRS, R B [ RS A 223 1A
AL KRS PR 5 5 B JFL i o el e P T 0o A AR R
SZR DRI A Al AR R T, A K
e RIAE AR 0 B L Ah o T FE 1 ARRFIRI Y, 2SRk
R B A 2 T X A= g 1 Rt 1 o R 0 ) R 2
A, BRETEARTEE.

[ 4 B T BRI R ) B D R T R
PEYLSE o DB [ BB R A 1 B 00 nifH R DR E
Bl SR AR 5 i 0B A 2 R A [T 7 0 U i
FRZHEET nifH DNA FEF BT 00T, XKLL 57
PR T A W v A RS T AR 2 A 0 1 Y
i BISlBJEBFGE B, nifH F& K ¥ DS R A&
PRIV AT 3 AR SR T [ SRR S IR DR
I REAFR I A R B, AREE UL S
57 A TN b BRI EC RNA, R
sl cDNA, SRJ5 %t ¢cDNA 1 nifH H:[H ¥Ef 7 E &
i, A nifH SRS DU B REAR R A
Bl i S8

WS A= W 1AL, 6 2 20 A FH ] S g A T 0
FE o HRTFEK RS -4l o [ A 5 s . &

PR JEIEN 20 PN, HAREREEDPY . PN, G R R
RO R OP AR PSR BRI i, Ky
Bl TR U R -, B R AR L A
2R A5 45 P R 3R T AEAEAR R I AN e Pk o DU ] R
e B g PNy RIRARICTE % AT B
e ZE, AZAHMREIE T, DI RE % 0 I o [
AN O e AR T A R R R R %
PR, Hob T Rme H R KR AE R R B AT, SR 20t
FRICARIN COL YR . O, MRJE | TREEFIDG IR SR S50
BSRKEABARM; 555, maiEmEE PN, Kk
Wob& o3 B 5t , X SRR ] 7% 5 A H AR PREE SR
TRz R P

ARG N, bRic s P A KA R4, 7 ]
WHT, AfMBUGET PN, BERCBEANER S,
I 5E A b 22 HAEROK R A FOK R B0 T B9 A9
A4, Jfxf 158 DNA Fil cDNA 1 nifH JER AT
SEIHEGAE B PCR 473, 00 41 80 Ak dat LA B T L
fifg LR ek i, DA T+ T R0 1

1 #RERE

1.1 iR IE b A o - S TR L M R

R TV M T /NE A T e b R A3
(32°35'5" N, 119°42'0" E), % XS M5 44 kg H A1
P A, AEFE/KE 1 000 mm 247, 4FZE LR
KF 1100 mm, 4EESE 15 °C, 4E H BIHE KT 2
000 h, 4FJCFE 220 do ik AR A A FE 22 04
T HERRUN T D2+ kB BB AP £,
2017 4FKFER G, BEALBGRI HIAHEZ(0 ~ 15 cm)
+4E, KTid 4 mm i H. H488pH b 6.1, Wk
it i 7.4%, KRLE G 78.0%, FRLETE S
o 14.6%. 2 3L FE R Wang 2507,
1.2 HE PN iR HIR R

FHIE] N, AR Ak R e it Ak 2018 4F 7 A 23
HZ 2018 4F 10 A 23 H o ik F KA FIA IR AT |
FRICFIARARIC 4 0B, 03 3 IREE . ARichy
3ANEENAE 3 AFicAE T, BIAEANAE T FOi R
1 ANEE ., AFrcAb B 3 ANEERER AN T (TR
R A SR R BRAL B, T AR IS A AR RS
S PN RT3 A PNy ARG A A KA (K x
P& x B =1160 mmx 680 mmx 890 mm) A7 & T
], 3 AR RS 4 1 mo 40 L "N, (99 atom% "°N)
BEARAN 40 L 2SR, [ 3 M TR N FEER
9% Ziti. "N, #R¥E Ohyama il Kumazawa”*"iik
(R 7 I AT il 2 RNl Ak o 6 P TR T Sl A I B TE
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SRMENESE . A PN, EEEbRIC IR FT KRR RGeS P (36 260 12 U0 A 5 741

1 1°C, FEWN CO, MREBLE N 400 pl/L + 20 pl/L, 4
W T ARG A R T A i 224 S 2 B AR 25
R, A3 N B O IR BELERFTE 21% Zifq. HEKT
PN, ARIC A A A K AR BT B AR R R G A R
Ul Bei %81,

TN K AR T KT 07 (<5 mm)J5 FRHC 1.3
kg ZEAZ(K x %8 x =9 cm x 9 cm x 20 cm)H
15 cm &5 fEZATPHRKZES T M 1 ~2 cm, Bl 1
JlfE, HE#EE 116.37 mg AY KH,PO4 fil 32.55 mg
KCI(H24F P,0575 kg/hm* Fl K,0 75 kg/hm?), Wi
AL s SR 5 AR R AR A R W 7K A8 B (Oryza
sativa L., WFhmisiE 2)EET, FER 1,
P G HCEAE P Ab 1, SRR AR S, PR
APRICHIN . B ERFERSFEN 1 om mK)Z (8
HUERAD) o R FREE 1 UCHE NI, T ULINAE N
PN, AR B
1.3 HERER N, FEUE

Zat 90 d 1y PN FEELARIC IS, TR ARICH
R T EFIAEARAE o K FEAE R 20 IR0 R 4R . M
EERCGEM DM T AR o AR LA =
JFO~1, 1~5, 5~15cm)RE, —intHEMER
ff L AR, A IS E R AR -80 CUKAS
R0y T 525 o3 — oy 2REXCT L Al . i
fiti (Retsch MM 400 mixer mill, Retsch, Haan,
Germany), FIC2R 73 B AFI ] 137 2% J5 33 1656 FH S0 s
H 4 A& 8HM N FFF(Thermo Finnigan Flash
EA-Delta V IRMS B¢ 1)

1.4 13 DNA & RNA 25

fé ] RNeasy” PowerSoil® Total RNA Kit(Qiagen)
R &P B8 RNA, Fl RNeasy® MinElute®
Cleanup(Qiagen)Xf & RNA pE—4lifk, ] Prime
Script™ RT reagent Kit with gDNA Eraser(Takara)iz
X RO B RNA #5417 DNA #E—25 ZBRA S
S, FUESRY cDNA fRAFE] —80 CrkAfi# M. ]
RNeasy” PowerSoil® DNA Elution Kit(Qiagen) {7
BRI S DNA, ST 135 DNA A F R L
LA W66 E i (NanoVue Plus, USA)IIE 4E
JERWSE, SRIGIRAFT 20 C# .

1.5 B} EE PCR (qPCR)

SRS Y DNA A2 cDNA 1Y nifH 525 F5 149 polF
(TGCGAYCCSAARGCBGACTC) / polR (ATSGCCAT
CATYTCRCCGGA) #17E & PCR ¥4, By Hh:
95 °C, 10 min; 35 ¥ (95 °C, 30s; 58 C, 35s;
72°C, 455s); 72°C, 10 min,

1.6 HIELESSH
1) HHEAR NP REE AR S KAE-
TR G AR R M HAF](%N  fixation) AT LU &

KI5
atom % °N

%N fixation = 15excess
0
atom % chccss gas

P : atom% “Nexeess samples KARICAR PR S PN
JRTH M8 5 atom% *Neyeess gas FBRICAH A THHY
BN R T H 3 atom% "Neyeess samples= "N, bRic4H
PIRER 1 PN FBE (PN atom%)— FME BEEE SR PN
F (PN atom%). atom% ' Neyeess 2as= N FRiCAH N
RN PN EE AR PN FE R

BAAKB-LEREEA T = HSSAN
mg/7)* %N fixation

R PE= & (mg)/ nifH RNA HE[H 42 01 %

BG4 SCHP TR B YR SPSS
20.0 G AR 2 25001, i Turkey 130T
ZH K,

2 #®R

2.1 PN, iR A EETER

34 PN AR IC 4 P AR A AT B T KRS (R R 1
m), ARICHTEM 2018 4F 7 A 23 H % 2018 4F 10 A
23 H, AKBEAEKAOEERAM . fRicH <k
BN, FEREN 9.37%, &IEH 0.80%, FHHN
3.73%(E 1A). H sl 2 AR AR KA P AT 3
AR5 AR B AR — (A 1B). # CO, EES
if —Be FOKREPFIRAE I R, B dsikd 2 000
w/L, FEL R 1 h BOCATERITERES , W&
W B VEE Y 400 pl/L + 20 wl/L S5, 5 1R — 4
FRfE X B (E 1C) . FHNAHXTIRE A 50%  ~
80%(&l 1D). #PIEEAER™ A1 O, ik e 1 i
FF TR AR BRADTHEBR, WA YRS TE 2.1x10°
ul/L (K 1E).
22 EHIEPFEENERE

2611 90 d PNy ARIiciRE:, FOKAEALEL O ~ 1 cm
+ 2 3 R W T AR OK R A 5 i A+
JE(1~5 . 5~15 cm)d SZAEA B 1E, FlokKFER
AFOKFER AL LAY BRI B ARG D). FERT
BHLJEO~1.1~5.5~15cm)d, FkKREAREH PN
JEF 4R 0 3 R 4 3 s TN FOK R AR B Aok
e Ak B0 A [ /U E R R 4.229 me/dd, KA
TIERG B FE AR 68.52%; 0~1,1~5,5~15cm
2 L JZ R A T S AR 39.91%.

samples <100
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(A: FRICHEASE PNy EEER B, B: ARicA RARA M) 2 SOREE/ AR E, C: FIRBRICAE A COL MRE/INRE(LAE, D: IR

FRICAR AR IR BE N A (A, B ARICARIN O, i BEAZ fL(H)
1 BAKBEKFEE PNAFCERBIZITER

Operation of '*Nj-labelling growth chambers in the whole rice growing season

#z1 PN, FFiCikIE 90d 5, MKEMAHAKELERAEIENEGE. "NEFEIBHNERE

Table 1 Total N, N atom % excess N ﬁxatlon at different soil depths in pots with or without rice in "*N,-labelled chambers after labelled for 90 days

Fig. 1

Qb3 +Z(cm) BAR (¥8) PN T H 43 (%) [ 4 (mg/2)
Rk A 0~1 0.170 + 0.008 bA 0.032 +0.010 aA 1.688 +0.317 aA
1~5 0.269 + 0.052 bA 0.013 + 0.001 bA 0.696 + 0.070 bA

5~15 1.508 + 0.052 aA 0.003 + 0.001 cA 1.845 +0.120 aA

Hit 1.947 + 0.049 A 4229+ 0325A

KRG 0~1 0.081 + 0.010 bB 0.012 + 0.000 aB 0.322 +0.076 aB
1~5 0.190 + 0.021 bA 0.002 + 0.001 bB 0.034 + 0.001 bB

5~15 1.634 +0.071 aA 0.001 + 0.000 bB 0.243 + 0.020 aB

At 1.905 £ 0.063 A 0.599 + 0.069 B

e R A EE AR R2E (n=3); [HFIAR KRS F R R [ — L2 R KRS RN R K RG] 22 535 37K 7 (P<0.05); RIS
[ /NG FhE R Rl Rl BEOR [] 4 3582 2 6] 22 5238 [ 3 7K (P<0.05)
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SRMENESE . A PN, EEEbRIC IR FT KRR RGeS P (36 260 12 U0 A 5 743

16.46% FI 5 43.63%. APk AE b 3% 6 U
0.599 mg/#E, 0~1, 1~5, 5~15cm % +ZHHAE
T3 A R Y 53.76%.5.68% F140.57%.
23 KEPFEEAHERE

KRR AR B G AU I Tl S, T K AR AR R
(N o e T R 2). KRR R
] 2R AR AR TR R Ml S DU 8 A 3 2 5 2B W R
FEREA K AREAERR TP 0 70 L 1.943 me/7d, i FhK A
A PRAKAE -3 R G B A Y 31.48%, Horr, JKAE
AR AR 56.18%, Hi ¥4 5 43.82%.

2.4 FEHELED DNA K cDNA ¥ nifH EEEE

R EREE

H & 2A 7], FOKFRAL R nifH FEH RN
1.25 x 10° 45 D1 $/g T4, & T AFOKREALHAY 0.73
x 10046 /g T4, (A= EZEF KRB B EKFE, T
FlOKFEACERAY nifH SO EFERN R 3.53 x 10* 4%
NH¥e T+, B&EFTAMKBEAIER 1.14 x 10*
Y0l RUe T4 2B)., FhokFE &4 T B ARUE
YT 2 [ 0 M (R 3), G T P R A K R Ak B
() 2.74 1%

F 2 PNy#RIBIKIE 90 d R, FUKTEALIBKTEARFIM FEMEME. RRE. PNETESBHNERE
Table 2 Dry weight, total N, N atom % excess N fixation in rice roots, rice above ground parts and whole plant in '*N,-labelled chambers after
labelled for 90 days

Qb B Fa IR T (g/4%) BE R (g/A) PN R EH ST [ e (mg/ %)
hK A Giss 440+0.93b 0.037 + 0.006 b 0.096 + 0.005 a 1.091 £0.304 a
i 1B 1131+£0.79 a 0.104 + 0.003 a 0.032 + 0.003 b 0.851£0.053 a

LET/S 15.70 £ 0.17 0.140 £ 0.003 1.942 +0.229

T RPN E AR ERZE(n=3), [FIFIAR )/ NG 5 R 7m K RS AN 7] Tz 18] 22 57 3 3] 5 35 K- (P<0.05) .

16
(A)
141 a

121
1.0+ a
0.8} i
06
041
02f
0.0

nifH DNA J:F 31
(x10°¥8 11 /e T 1)

PR A FKA

Qb3

Sr a

(B) [

=~
T

w2
T

nifH RNA JEE g
(<10 ¥ 0Uug 1)
N

—
T

ASFKAR KA
AbFR

(B HR B LR FIRIREIR 22 (n=3), FFIBAE EARIRNG “FRER IS AN R Ak B H) 22 57 .35 (P<0.05); T [A])
2 FOKFERAHOKIERR T 0~ 1em TIEF nifH DNA E[E(A)F0 nifH RNA £ E (B)#% N
Fig.2 Copy numbers of nifH DNA gene(A) and nifH RNA gene (B) in 0—1 cm soil layers in pots with or without rice
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ANFK AR Rk FG
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Fig.3  Average nitrogen fixation activities of nitrogen-fixing
bacteria in 0—lcm soil layers in pots with or without rice

3 ihie

EAFKREALEAA EL , FhoK RS AL H7E T 120
~1, 1~5,5~15cm)¥ B EHmM T EAREGEE 1),
Tofr 7Kk g Ak L P e T SR R AN K R Ak AR 1Y)
10.3 f%5. AEWE R —MRFERE R, BRI —
AT BB TR 22 A AR 00 K R PR 4R e 2 0 R
i, — 7T AT RE SR T KRR R I Y K HLA R
WA R AR T RE R RS Y BUR AU
DAL ] R 0 SR P P2 i A AT 25 S K (R R )
308 328 Sy A TR A= A T 2R TR B A Al Y i 2 R AR
FAM AW [ 52 BB AT AR K —3B 43 B 43 e 1) b 35,
17 40% HIOGCE TR R T AR a b, iH:
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TR O 12% B A AR Sy i B AT AR AR
TG A ™ s 53— in, K AREAR R T
WA E NI [ A GAE A T — 2 R A
Bi, Wb & R KA REAE R
N, %1z BT SRR R, DA AR b [ (5 A
ﬂﬂ[%]o

AN R K AL EL, 38 AN FPKFEALFE,0 ~ 1 cm
T2 NEFESEYEEST 1 ~5em Al 5~ 15
cm, ULPARE B SRR AGT , FAEHRI R, F
IKFEEFEAE O~ 1 em HZHEAERER T 1~5cm
+2, M5 5~15em HEEABEZES, B 0~1
cm 2 BEAREAAME AL, (A2 H I IARBUABR, I
TE5~15cm 12, BARBEZEHAWMO~1 cm JZ5E
B AR R R, e B E A B RE 0~ 1
cm +J20 0 AN, FUKREALBEE) 1 ~5 em HJ2H15 ~
15 cm 2 [ X 3K R8 2R 45 ] 40 10 sk
o PR KREALHE, JEHJE 1 ~5 em )2 FlKFS
AP T ~ 5 cm LR AITIRRN 16.46%, TAFKFELL
YR 5.68%. IX AT fESE R R AR X R 2 3
SIS AR 2R, W SR E AR A O A
RBUR , ZKFE S WA BBV A BT W IELF 4h 72 13X — A5, i
F o 74 R %o S 7 1 SRl 2 0 1) D 0 R 7 1% )23 B T
12T

FhKRR B 3538 50 T nifH RNA FE RIECE 1 % nifH
FEPR B IR B3, DR RE A 25 T 1
AAE R g, R TR AU ) AR
nifH W, BERS T REMEDEMEWE 2.
B 3). X ] RS K R R T S BRI (14 B AR K KA
R R A 5 AP0 AR R A K R+ A [ 45
FCT I A AR BRI R A P A AR R Y
FEYIRR 2 50 WP b B AL B SR P B
AR, SR B TE PERR TR A HERR TR Ak
P B LA B W) - SRR 0 P ) DG, e R
HEAT R, AR B AU AR AL T RB IR, (R T
ABEY R AR nifH HFE9, ik, KREEFE
AR TRAT B N T S0P BB, (R S R T [ U
PRI nif WFRIATE, I &4 T A% AR

4 Z5ig

ARG PNy EREEARICH A E TR H A
B, RIS ZOEE & PCR FARMGE T FAE nifd
FEPR RO 2 S BE TR 4 DB, 25 SRR, FhoK R 2%
M TREEAZEHEO~1, 1~5, 5~15 cm)AY[FE A

o B RE AR KRE A9 151 200 PR R B ek
JZO ~ 1 cm)# Z1, (HJE KRR AR (1 ~ 5 cm
15 ~ 15 cm) [ EAE IR S BEAE FH A & . KA A
AL TSEAT SN 16 v S, T [ i A3 i 2 A oy
IKRERAAR KA BE T T8 R nifH BERRFRIL, 12
[N RE-N: L0l =R

i AATR 0 K WiXIFF 3] T /4 FACE 5
skt R BH LTI EANFY, B3 THT
IR EHE LA EE RIS, £k T
AN

S 30k
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