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Spatiotemporal variations of nitrification in rhizosphere soil for two different rice

cultivars at the seedling stage growing under waterlogged conditions

LI Yi-Lin, ZHANG Ya-Li, HU Jiang, SHEN Qi-Rong”  ( College of Resources and Environmental Sciences, Nanjing Agricultural University ,
Nanjing 210095, China) . Acta Ecologica Sinica ,2006,26(5) :1461 ~ 1467 .

Abstract : Increasing amounts of evidence is showing that nitrification in the rhizosphere is very significant for the nitrogen nutrition
of rice plants. A rhizobox with three compartments and subsequent soil-slicing after quick freezing was used to measure
simultaneously the spatiotemporal variations of mineral nitrogen, nitrification and AOB in the rhizosphere soil of two rice cultivars
Yangdao 6 (Indica) and Nongken 57 (Japonica) growing at the N level of 30 mg N kg™'. The results obtained can be listed as
follows: the main nitrogen form was ammonium (NH, -N) in flooded paddy soil and NH; -N concentrations in bulk soil showed
almost no changes with incubation time, but NH,' -N concentrations increased with the distance from root zone of both rice
cultivars. The NH,' -N concentration of both Yangdao 6 and Nongken 57 in the zone 40 mm from the root at 51 days after sowing,

i

for example, achieved 13.8 and 14.6 mg kg™ ' soil, respectively. However, the nitrate (NO; -N) concentration decreased

significantly with the development of the incubation time, although the distribution of NO; -N was even in the bulk soil. The
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average NO; -N concentration for both cultivars was 0.05 mg kg™’ soil. When the two varieties were compared, the NH/ -N
concentration was almost the same, while NO; -N concentration was significantly different at every sampling time.

The nitrification activities of both rice cultivars increased with incubation time. Maximal nitrification activities were found in
rhizosphere soil, followed by those in the bulk soil and in the root zone in every sampling. In the rhizosphere the nitrification
activities decreased with increased distance from the root. The maximal nitrification activity measured at 44, 51 and 58 days after
sowing of Yangdao 6 and Nongken 57 rice cultivars was at a distance of 6 mm and 2 mm from root zone, respectively. The maximal
nitrification activity values measured were 0.88 and 0.73 mg kg ™' h™!, respectively. The AOB in the root zone, rhizosphere (0
.~4 mm away from root zone) and bulk soil { >4 mm away from root zone) for both rice cultivars increased during the growth
periods. The AOB in the root zone was always the lowest, while that in the rhizosphere soil was the highest in both cultivars. In
these experiments, the nitrification activities measured were significantly proportional to AOB (r =0.86, p <0.01). The nitrate
concentration, nitrification activities and AOB of Indica were always higher than those of Japonica rice.

Key words: Indica rice; Japonica rice; waterlogged; rhizosphere soil; nitrification microogganisms

ABEREFERSEYZ - HBEEMRLTHEHEBERELEENEM. BMATEMHKRE™
B 2025 E M L 1991 4R8N 64% , M R AE I BN 180%:; I E T R BEHRAFTEHEMNS1. T kg THRE
30.2 kg'' . WESFRT M 270 kg-hm > B AL 7R L35 # B4, — o6 3 X AR 36 FI & 3 = 358 300 kg hm 2,
HREREAAREY RA 30%% ., SEEAREAMUEREFRE, EEENRWR THRBERB R,

HTFEKEET LEMAERABRAME, FUAMENABEEERNARP . EAREESE
(NH; -N)EFHHAR L, AAEEIRF THAKEBARBHESHAAKES A ERABRHEH Y, H#
¥HF—-BIESBHRERE L ERT W AERFAREIPRE, Hit REEBEKKG T, KEH
ARBRLNH, -N R ED HARERDEL TEMBESER . REd T ABBRERAREMILERERY
WAZNO, -NBEEEM B ABEAREFRENEENEAY" ., CHELELETWRERRY, Y KBEEN
BREBREZMET . FERKEHEKEK AR AXRKEBURARNB L ENEZEYHE— N, B
mgler,

WMUERARERAEYHREEBE AP EREEN I A Y. BER MR- SRS EEELLAHE
(ammonia-oxidizing bacteria, AOB) 89/E i T # H L B E M BR tk (NO, -N), R J5 NO; 7E IF 7§ & 1L 40 B ( nitrite-
oxidizing bacteria, NOB){E fI F & 1k % No; U™, Hlt, A NS N 716 L K A 206 F o9 BB TE B S 2h 3t
BRKREF AOB X FZFHEY

MBI RZAR R KBRFAX NO; WWREARR™ , BEUENTREEE, B 6 S (H )R
R SO %8 LA B XA O RT3 R B ST CRORE) B, B I A A 06 52 5 N K R s R BT 5T E AT B AR BR A 1k
fERRFEMHXETF,

1 HE5HE
1.1 H¥

AT ERATHF AR GERBRENKEL, EBAERI AV H 289 mg- g . 28 1.2 mg g™,
NH; -N 1.2 mg-kg™' \NO; -N 7.4 mg-kg ' JKiBi( < 10um)26.4% .pHK L H 1:2.5)6.1, 7K 8 & F 1 A 5 b i
HMEANEGEc SHERLMEER 57,

1.2 ¥

FRBRAMNBENAENFEBEHRABIK 12em % 8 om . B 8 cm) , TR F B Bk 300 B B &M #
BEIBI—TREAR I LZE RMEESHNELDIHIN2 co F 5 cmo KBEHETFRES, KBREHERET
REFAK, KSS5FATUERESHANAAEZMAHED, ,

RBFAKBEERATET 1 mm i, B85 600 g +(BE 100, HREE250g). +HFREGOmg Nkg™'
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+) M KH,PO,(93 mg kg ' LR GEABRBE R, HITK. REWA30% H,0, HEIKWKEMHT(EX
FHEBTHRZET . S&% R, AEREBEE 3K, £ /N MENE,FEAREETAIRBZE (BER
28C), R 1 cm BKE,

KRR R K R IE RS 44 .51 d FIS8 d, BI/K MR 5I A 7 1 10 8 M LA 9 IE 1.0, TEBUCRH
R — RIABK, RENBESHKBER6 &, HP3EREE T -20CKATREHE2 h 5, HHLER
BREM2,4.6,8.10.20.30 mm F1 40 mm BEE Y, A F B BSEMHARENNE, B3 EHEH
FWAEEEREN 4 mm &Y 5, AT AOBHENE, ZARKXRPHEKBHRE LEFEEXIRK LT
BN EEREN 4 mm LR E3E X ARPR B (ER 0~4 mm), AZEER M 4 mm DISME T E
XAt R E(ER >4 mm),

1.2.1 NH;-N.NO; -NEEBWNE T3EFEZ2 mol L' KCl B (KL 10:1)IR% B 30 min J5, Fi%E
223l 53 HT AL (AA3, Bran Luebbe /A &)Wl & NH, -N & NO; -N & &,

1.2.2 HEREMIE EHMAREER AT RIE L IEHIKRE, A XE5% Berg M Rosswall'"® (9 5 & , H
HESBEN KBRS g LHE3IH, FHNET 100 ml ZAFF, I 2.5 ml NaClO,; (75 mmol - L"), KB4 &
25CTF % 24h, B — M BT - 20C KA P 24h fEX B, HBHREREEBMHMW S ml £F TF7/K.10 ml KC
(2 mol- L"), 58 &4E A L BN ;L 8 s I S ml WK AKXEF, 0 3 ml NH,Cl & b % ¥ (0.19 mol L', pH
8.5).2 ml BAERAN ,ESEEETHE 15 min,520 nm WK T, HAREHRTIHIARNIE:

(W NO, -N ¥R JF - X BB ¥ NO, -N ¥R )(mg-L™") x12.5
5 x dwt x 24

KA, 12.5 HEMARFIMEBR,S AFBRBREENER, v RRAEBRE L TE, 24 KT HFEFRME.
k5% FE F B L B [B] P9 P2 AE 9 NO; -N B RR o
1.2.3 HEMMEITE KA MPN ¥, P lkEEa45: (NH,),S0, 0.5g° L' \NaCl 0.3 g+ L™' ,FeSO,*
7H,00.03 gL' \K,HPO, 1 g*L™' \MgSO, *7H,0 0.3 g-L™' 1 CaCO, 7.5 g-L"' .pH 7.8, 25C 1B 5 14d. R
7k R B Y R B A,
1.2.4 FESHT FTABIEHR A SPSS it w#1T I 2 0t o
2 ZRESN
2.1 NH/-NMBRZ=ZR

METATUE S BEKEETHNEK, BB 6 S LENH, -N S BILF AL, HRR 57 LR EEK
NH; -N & BN pant S8 0w F B, EkKFEEMG 44.51d F1 58 d, BEHFE 6 SHRX 14 30 mm 4 NH, -N & &
5519 10.7.12.2 mg- kg™ F 11.3 mg-kg™' (B 1A), R E 57 W44 13.6.10.3 mg-kg™ ' 1 6.7 mg-kg™' (&
1B), XUIRER B AR NH, -N RYBE N & THIRE. BRUKRE R ZE LK NH -N S E7ERER 44 .51 4 0
S8 d /A B R BB AL, AV FEBEREE B A N T3 n . 3 KEUEEH , RX L3 NH, -NEHEF R, HF6 5
FRRSTHHHN3.8 mgekg ' M 2.4 mgrkg™ ;ARFF L NH, -NFHEE, B 6 SHKRE 57 258 4. Tmg:
kg 'F14.5 mg-kg ' ;M7EBEMR 40 mm A K+ 3 NH, N FHEE, BB 6 SHKRE 574510 12.9 mg*
kg 'FI11.6 mg-kg ' (B 1), LI EZ5RFFKREX NH, -N KR ZIR K SBRFERTHRE
2.2 NO, -NHHZEZR

ME2ATEE FKEETHNEKLENO, NEEHBEE TR, HKBEMGE 4514584, 586
S+ NO;, NFEHEEDHN1.86.0.43 mg-kg ' 1 0.06 mg kg™ (B 2A) ;KB 57 W4r31K 1.67.0.25 mg*
kg '$10.03 mg-kg ' (B 2B), WM /KREHLE NO, N EHYEEAEEMS M dMSBIATHT 97%H 98%,
MHEHEKBERMG 58 d N0, -NHESRBIEHMK, XRIKBHEEFT M NO, -N R EBEEM. NE 2
BAE W, 1% No; -NSRESESMAELHEBHETL, XFTERERE N NO, BABETARZ LREAKK R

NO; -N (mg-kg '*h™") =
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Fig.1 NH{ -N measured at different distance from the rice root in the flooded paddy soil growing Yangdao 6 and Nongken 57 rice cultivars at different
sampling dates; (A) Yangdao 6; (B) Nongken 57
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Fig.2 NOj -N measured at different distance from the rice root in the flooded paddy soil growing Yangdao 6 and Nongken 57 rice cultivars at different
sampling dates. (A) Yangdao 6; (B) Nongken 57

2.3 EMWABRENS TR

ME3ATEN, TRMAREMKEETPERTNE, HF N KBEHAREYIRELHEE, KK
KALETEMBRX+E, EABEKPN . BB EMKESTHABERRES S HEBAEER 6 mm A
2 mm4k , B KAE 53514 0.88 mg-kg ' F1 0.73 mg-kg™'-h™' s MR X LR EE B/, 6 EFKRE ST 48N
0.30 mg-kg™ '#M0.08 mg-kg™'-h™'c FEFLAKLIEPRHIBEMERXEREMTRL, EERRPE—-IF
BRSNS REM AL EHEL, TR RHF6 SR REKRE STRE LML RE B, X T REMARS
R ARSI ERX + 3% pH ETFHEL R K NH, -N & &E"™ (B 1), SBR K A0B HBKA X (F 1),
RXPHAKENE, ERRX LB B BECR LA LE G SHMABRELRES TRE 57(H 3),
2.4 AOBHENZEZR

EERGBOSERRESTEBINEN  LLEBRX LR, ARBFLEPERK 4 mm IR ML &+
WMEMRX >4 mm), + 1 AOBREERFHKBATHEKMHEM, RX L1 AOBHERBKTMBHELELE
B(ED. AR 1TH, 586 S+ HABEELERBETRE ST, HF A6 SRX L AOBREEKRE 57
ERBE(p<0.05);RELBEERME MI _EERAEE MARBMHS1IdANSIBFEREE(p<0.05);
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Fig.3 Nitrification activity (short-term estimation) measured at different distance from the rice root in the flooded paddy soil growing Yangdao 6 and Nongken
57 rice cultivars at different sampling dates. (A) Yangdao 6; (B) Nongken 57

M E T ER SRR EAR  DEENE Md —EEREE, MEEBHSIdMS8dEERAEE
(p<0.05), BliN, ZE6SHEBH M IEHREFTIE AOBEER KR STH 1.1 /8, MAEEME S1dFf58d

AOBHEZANEBHEMIN2.4FM2.6F, FIARFPHABREMAOBREEZETFMHEXRXE(r=0.86,
p<0.01),

3 itig %1 FHEMRA ST AOBERAMTES
3.1 ﬂhﬁ—lﬁﬁﬁxf NO; -N B‘Jﬂ&l& Table 1 AOB abundance of Yangdao 6 and Nongken 57 in root zone,
. . . ~ ) rhizosphere and bulk soil after incubation of 44, 51 and 58 days
HIER NH -N IR NO; -N # B # K 75 TR HOF o HmxetE MR L BELR  LéEtm
*'J m[m,n] il El‘t‘ﬂ(ﬁﬁ rh , NH; BZzEAUE NO; Treatment Incubation time Root zone soil Rhizospheric soil  Bulk soil

- (d) (10° g dry soil)

b ) [19.20] - g
REROMCEBRI o R NO; -NZE# KK - 44 3.5:0.7 10.6x1.0 8.9+0.5
BrEPSEBIK, B NO;-NMHABEKFERE Yangdso 6 s1 5.9:0.6 25.1:2.3 10.5£0.5

.11 e (13] T N o i 58 6.1+0.8 27.4%2.6 10.7£1.1
BT o IR " BHIT 40 KAk XS " 44 2.1:0.3 9.8:0.6 7.2£0.7
NH, -N fl NO, -N B mp , Z R X BB AR KB & Noik: 1 2.5:0.3 19.421.2  9.5:0.4
ﬁE%\mﬁ%gﬁupﬁiﬁﬁﬁ?%ﬁ%ﬁ,ﬁm% 58 3.3+0.5 20.5+1.2 9.9+0.5

FEAHEBEFEP, EHE KBS AEREREM, EERMBRERKEHIEAERSE, 3 EM 202 F, RE
REARBERNRBRELF KR ZHEMRE, RFRAA MBHTBECE TER-E UWEBHE=TES
H5t NO; -NWRWBEHNERA X, EZ S RAKIEFEHAHE 6 SRR 57 (58 E R BEE#
(NRA) Z B, RUFS PR NRA LLIERS &, P AR M 4 B9 NRA HUBERS 5 S8.7% o TEBESFES ™ L HMZE]1 mmol- L™’
NO, &RUT, 4758 6 SR MM A7 3R B NO, WARLLLARE 57 3%, WIAEX NO, -N RAHRWENFE
REAFEKBERTH(20d), B EAREH Vmax, MI7ZEHA K FH(50d) , M8 NO; EHZE AT NO; FHM
HEBR™, KERFEZREH B No; NHEBEAERMRAMAREN"™, £EAKRBT,HB6
SHRE ST EHEMIS 44 F| 58d Z 8] ,NO; -NEBROHI TR 96.5%M98.1%., ERE 1 KRHEP, HHF6 5
MR 57 FH NO; -NSEAFFIHN 0.065 mg-kg™' 1 0.031 mg-kg™' (B 2), NH; -N @I W4b/EFA—BER
NO; -N, M B KBRAERKRZRET HAX T BEMSAEKBHEFNIGNER LI H
i, ARBREZERBRIEHLES(E 2),
3.2 HiRENTETR

FRBARRAFHKE L EMARERKEERARIGZERTHRE3), XRS5 KERRAWERE
AT MR AR R W MAE X, BT KBRABBEESIRE M, AOB H &30, sk
REERE IR, BT LKA TRAERF4/ NO; N BEH¥EL, B TFTEAKELEFH NO, NI E
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RS REEKBREANEKES L RA BB NI -N AT RK7>, B AR 4638 B Bl K RS
A F A T 38 3 K T BB R K RS S A B9 A KR BETE £ 89 NO; -N,

FEAE P KRR HARE TR SKERRWER ST X, AURRY, 200 A & REREAR KRB
Wi A, FEBEAR R 30 ~ 60mm £b A B /MEM™ o B F/KRER R Kk NH; -N, B iR % pH AR 3 RS, WA
KRERE NH, -NETR(E 1), 8T ERFEEFEHRX AR E RERA L&+ REREE 3), REA &
MABHAREEZRMS , EKEHEFRNEIN, HFB6 SHHRR 7R, MAHR 6 SHKE 57 MR
BEEXESHHRAAEERK 6 mm F 4 mm 4 (E 3), IMERAREH FAREEMABRAVERIR
R =L E™ , B XMERATHEUERRURE V. LERE HEHR,
3.3 AOBHESMULBREZBIHXF

B KT AOB R FERATHRAMKBRABERARSFERABEAEIRAAXR™ . FREHH
WIREF AOBREE R EEMKX(r=0.86, p<0.01), ETFKABRLEF,A0B HEMMILBRELIEH
%P, Ghosh ™ BFFL T 3 MUK R 7L BIMAK &M, MAEL A LER S AOB B E B EEHX
(p<0.05), MARMACH X Wb Bh , —EMEREKXR, ERXEERIEATHAMEREER -HLEAF
R WE NH, ARREMMEBRBANREIRAERTIBHORESR . R, BT A0B, &
EEFUARBENALFIRAMEMRE NH, B4R NO, ,MAKEFREFRWTHAAEELENBE
Wi E P SE - EWE , MEESFEHRBEREMALBOTFRFHHATERANTE,
4 it

EBKFHT . B8 6 S (HH)EMRE L EMABRERTRE ST(EE) . ¥ TFRXBENSFHAR, Mk
SBER/N RS> TR R SRE LR, HARBERKBHAKTHEER, BXRERK REFEERE &K
TR AOBPEE B FEMKRFR(r=0.86, p<0.01). EHk, ARMLERLK NO; -N M KBEEER
BREIEFEENER.
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