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LET MMEL WAL (radial oxygen loss, ROL) DL AR T FARPE + FERi Lok BE 22 5% 25 R0 Bk RE#% fl 40 d B —H MR 5L
AR T ETLEEZ5FM, ZH M ER MEERMR TEHRES T HS, “HEZR U HRMERREYRES WK R F
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0.05) ,ZH Fpk  Hf Bt DU HAR ROL ¥ 035 T HS(P<0. 01) o WA KA it o i £ 52 49 2 BB AR B 4 Mtk 35 v AR 3R
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Relationship among rice root aerechyma, root radial oxygen loss and

rhizosphere nitrification

LI Yilin~

Key Laboratory of Soil Environment and Pollution Remediation , Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China
Abstract: A soil culture experiment with rhizobox was carried out to study the difference of rice root growth, aerenchyma
development, root radial oxygen loss (ROL) and root surface and rhizosphere nitrification activities. Two Indica varieties
with different yield potentials, Zhonghan 22 (ZH, high yield) and Hesheng 10 (HS, low yield) were used and the samples
were collected at 40, 50 and 60 d after sowing. The results showed that root diameter, root number and root dry weight of
ZH were always significantly greater than those of HS, expect for the root number and root dry weight at 40 d after sowing.
The radial-arrangement aerenchyma tissues were examined at 20 mm behind root tips. The parenchyma cells of ZH entirely
collapsed and the radial cell wall aggregated together to form a gas-filled space connected the stele and exodermis, while the

parenchyma cells of HS partially collapsed and a gas-filled space connected the stele and exodermis was formed with the
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residual parenchyma cells and aggregated cell walls. The volume of porosity of root (POR) of ZH was significantly higher
than that of HS, indicating better developed aerenchyma for ZH. The cortical prothenchyma cell (ROL barrier) size of ZH
was relatively small and closely arranged, and the thickening effect for the cell wall was obvious, whereas that of HS was big
and loosely arranged, suggesting that a strong ROL barrier effect is important to provide sufficient oxygen for rice root
growth. Except for the difference of ROL per root between ZH and HS at 40 d after sowing, the ROL per plant, ROL per
dry weight and ROL per root measured at 40, 50 and 60 d after sowing for ZH were always significantly higher than those for
HS (P< 0.01). Rhizosphere nitrification activities of both varieties were 3 to 6 times higher than those measured in the root
surface soil. Although there had no significant difference of root surface soil nitrification activities between these varieties,
the rhizosphere nitrification activities for ZH were generally twice as high as those for HS, and appeared to be significantly
correlated to rice ROL per plant, POR, root diameter, root number and root dry weight (r= 0.803, 0.808, 0.637, 0.646
and 0. 696, respectively, P< 0.01). Because the nitrification prefers aerobic environment, the rice variety with well-
developed root system and aerenchyma as well as correspondingly high ROL allows relatively high oxygen entering

rhizosphere soil, which might improve rhizosphere nitrification activities.

Key Words: rice; aerenchyma; radial oxygen loss; rhizosphere; nitrification

Rt HH 8l THIAL THEACIRES , S B384 rh AU RS I, PR b R A 7 An i A T S5 e o 2
T TR p T e Aol 5 9 24 v AR T R R A A, S ORI R ST B B L O T R A UK
i, VFZ KA TR AE R WK R AEAR 2R B BB AR 8L R U Y R 4 20 ) — SR s el s A
A KRR R A LUE BT I, B 56 B 2 A A K4 0k, A IRl BRI K 3 35 I E AN 2 2 R R
A AU, N B R s S R AR I Ok | B T2 AL B WA PR, S 200 B PR 5 43 2K, R 1S 4 L ) 3%
AN BE B A, 7 P TE IR AR SR R A B s I REAR B AL U8 iU 7 SRR B 2 A T A
VAR BRY R ARG . 38 LRTE AU AR 22 0oz P Bid i, i AR SR I 7 22 R |y 7K
T HERE LN (4 SO T AR R R IR AR L Pl b A A 4 4 1 T A B ) A —
R BIARPR - b AR BRIE B AR AR A — 63 T Py %o R 2R 1 2 A ) el 2 s
TRAVE SR G R A IR PR R R R 2 EZ A 2 7 DA AR5 S B K A A R 2 WO
SR PR ARV E DA A0 3 i B B RS ] 7= KRS R, B 9 AR R B A4 4L, ROL AR
PR fbom B 22 5 B 7E /s WE /KRS H -3 oK R AR 0B R ZUL B 5 ROL FIARBRAS AL/ FH =3 Z M 1 ¢
F , NI R K A e P e BRI AR
1 MBEFZE
1.1 sk 5ab 2

FEARRIS T B R B B ot RIS TR S SR T, R0 R A AR I (R4 1120 317 487, b4
30° 15" 36") , J&@ W HHE 2 KU X AR R 16. 1 °C AR FFFN R 1050 mm, {458 R 03 vh B & 5 1K
fEt R H @ ERVERE H (FF R 50a) , HIRILPETCA . AHLE 27. 3 mg/g. 2% 1. 49 mg/g NH;-N
1. 46 mg/kg NO3-N 0.48 mg/kg F5Ki(<2 pm)12.7% pH {H 8. 05 (KLt 2.5:1) o R56 /KA & Fl ok 4
ORI S A P 5L 22 (ZH &7 SRl SRR P B 10000—11000 kg-hm ™ a™ ) FIREE 10 5 (HS, K72 A i)
ZRE 7 i 6500—7500 kg-hm™a™)

AT SR AR BR B TR A0 B S KA ARG A HLIES TS0, A% 12 emx8 emx8 em, HIPIEE 400 HJE T2 M
K RAR B 1 AMARER 2 M E RESHERDFNN2 em A5 em™, KRR THRE B KRER R
I FREFARK K ESFRSTUARE S 2 M EZE A @S, W8 HKE TR 1 mm 5§, 54
HRAR%E 600 g + (MR% 100 g, N E K 250 g) . HIESHIRE (4R 120 mg/kg 1) Al KH,PO,(93 mg/kg 1) iR
S EHAMRAG T BBk, SRER 30% H,0, HEE KM (28 H) B8 TRE T B4Rk 6
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w1 SRS AR 3 BRI TERED IR R R R DK R T em HEK)Z

RAERF R K FERE RIS 40 .50 d F1 60 do SRAFE N K MRAE A /KAE M A& 6 D5 7R, RIFEITI
HRAE T e 6 R o0 A b FE I, 2 R R s ) 285 A KR AR AR 1 g8 O I JE B8 14 K R AR B E 1Y +
B (el T/KAERE R 40 d JE/K AR R ILT Feil B R 5 DRtE SO AR R MG 5 TR 58 ) /ORI BR
RGP R 2 mm JERA LIS A (K 8 em, ¥ 8 em) B A2 ik &AM N BEGZ 245 A, LB H TARA Y +
B2 BN A% TN T ARAR A e A L IR 0 R D0 i b E S DRI AR 3R 0—4 mm LIEAE & (BEAR R
0—4 mm 3w SOMMRPRA3) , W7 B 247 W 2 BEAR SR 0—4 mm 2Z [A]FE 25 0% R 5 TR AT AR
FAAR PR S RE 0 F R IEA TR AR B2 IS B RIERAESE RS 25 B85 K /N OB AR R gt 0, IR
TR AR e T (8 /K A AR 3R T B B KT
1.2 W5 R Bds o b
1.2.1 METL

FeoK RE R MR R TR LN OBR 55, S M A RAKCRAR R R T Ak B e 25 AR5 1 25 B 7 /KR AR 2
Ve e ORI TR MG KTy, BB P b B b S oK RS e AR, 152 3 Ok, BRI AR R
RO 2 g R /K e B A 00 e 34) 308 BB 2 A JE AR R BB R AT I S A e a2 KR R UM [R] A S AR 20—30
R, B E S 3 W, SRR R S B E, [FIPF AR R T 105 °C 2589 30 min J57E70 °C T 72
h EEFEIFARE,

JKAEHRFLBRE (porosity of root, POR) M2 J5 % 2 MR I sl ik Kludze 551 (535 o H4 /K FEAR I 25 B 17K o
VETE T HOK 0K R K /- IR+ RO H K AR, 8 B R AR DI 2—2.5 em /N Z I 4%
Mo #4550 mL FEHCRRE 2 B KR FRE, FREL 0. 5 g Ze A7 AR, SRS B T2 K A9 LU B e IR, R
AR EfR A B S 2 h SRR & T T i B T S AR KRR L (0 AR T A L EO R T
PRE, POR AT

POR (% ) = [(Pgr —Pr)/(r+P-Pr)] 100
A, POR AL (% ) , Per A BFEE 5 B MR RN 7K A9 LE SR S B 1 () , Pr AR 2 AF S (4 AR RN RE i 7K
R A B (g) ,r WIRE (g) , P A SR K A EEE 2 (g) o

K el L A B T /K AR A S 50 d #EAT . R KRR A 25 B 1K i e T 5, WK 006 H 36 T
IR T, EBCHH R 1Y 3—5 em 224K BE KRR, JRR B AR DI AL 5 mm /NEZ J5 45 1. K FEAR &
F4#5 H15% ( scanning electronic microscope , SEM ) £ &l 5 )7 122 18 David 1 Olga' "' 5 15 . Bt Bl 45 41
L ZHE & T SEM ( Model-3000N, Hitachi Inc. , Japan) WML .

SR ) 4R i (radial oxygen loss , ROL) M % 772 2K FH A 5 82 K Fo g F17.7 g FrE R M
AF] 300 mL A Z B F /K TP LA AS 0. 2 mol/L AP RN ML . I 30 mL 1. 16 mol/L TiCl, WA FIE
il 28 4 AT TR NI WO, R ARRN NaCO, RO pH (E 2 5. 6 D& BIREKIA T . #4 40 mL 10% 18
B 22 EFRWMAZE 50 mL X8 AR5 RHA R R AR 30 min DUEE IS h 2 28, B RRNKRER R H L
BT K e T S A I PR AR R AR G 5 T WA U RN RIS NI EE A 2 em £
WM AR (U RS . SRR TS 8 5 mL il i AT R BT WO ARV b Horboxd BRIUAS S R
IAOKFEAERR IR . TEMAFFERRERIEI 6 h 5, B P AR5 FH R S R 3048 b AT A2 R B V8 R T
527 nm FHZPECEETFILE . ROL AT .

ROL =1000C(Y-Z)/ T - W
A, ROL N2 W4 & (wmol 0,/h/g) , C NEATINAFN 48 th A B IREAA R (L) ,Y 24 6 h 5 4 figab
ORI REAEAR) AP FR BRI JE (mmol T /L), Z 24 6 h J& ¥ 1 7K A8 HE i Ab B b 52 R BK V& B ( mmol
T /L), T RN (h) , W B REAR R TH (g) .
ST A Ak B A R TR AR SRS AL R ,j—‘j(é‘%ﬁi&lﬂ: Berg F1 Rosswall!' Bk, HTE AR R .
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FRILS g fE KL 3 6y, 20 B E T 100 mL =AM F, i 2.5 mL NaClO,(#l14 NOS #4524 NO3 ,75 mmol/L) ,170
r/min #2% 30 min J5 , AP WIOTE 25 CTFHiFE 24 h, 55— BT -20 C VKA 24 h /EXTRE, 8538455
345 mL 2 85F7K 10 mL KC1(2 mol/L) ,170 rpm $&3% 30 min J& 57 B 0E ; W 5 mL JERAGLE S, hn 3
mL NH, Cl Z& %9 (0. 19 mol/L,pH {5 8.5) .2 mL i , #4715 IR FAUE 15 min, 520 nm K R A,
stk B T oA a5
NO3-N = (UE NO;-N Y B2 ] AU NOZ-N ¥REE ) x12.5/(5 - dwt+24)

Ao 12,5 R K AR (mL) ,5 A FTAREILEFER T & (o) , dwt M AR £ R9MET 24 EFERE SR
BFMRI(h) o A AR B B0 B ] P9 P2 AR 9 NOS-N B (mg-kg™“h ™) R,
1.2.2 HdEmr

45 R B A B R HER R R E 25 R ARG % B (X£S. D. ) o R SPSS v 13. 0 #5873 A 45
TTPPRSIAEA T RG99, two-way ANOVA , Person FHICHE M AT4E TAE
2 GHRE5SW
2.1 AFEKFESFR R K LS5 25

TR FEAR 72 B 1 SR ) ] S TG A 1, TSR R AR AR B I AR T EE Y B () S 2 i , e R )
HRABEW R (B 1,% 1), AREUKRESFR R E K AN S S MAN O R B EESF (B 1,
1), BRoKFERE RN 40 d B E R AR TR E 2R (E 1), &7 A ZH R E A AREGE FIAR T &
BB E R TS MF HS, RN HRINAER RAEY R 25 (F H4 47.8,P<0.01) , WK FEREFS 40,
50 d F160 d 7= R AR F A A A= SRR Y 1,19 1.47 581 1.29 5 (& 1),

1.6 - 120
100
g
E < o I
‘6 5]
: g |
kS = 60
2 g
(=4 -4
N} w40
: : T
= = 0k T
o=l |
40 50 60

11320 6] Incubation time/d

0.4 |-

bt

03

——

02

ML Root weight/(g/kk)

40 50
34 3% 5 ] Incubation time/d

1 AEKEGMBRRAERKER
Fig. 1 Differences of rice growth between high and low yield potential varieties

* P<0.05, * % P<0.01
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F1 FRKBRMAERENERAER RAREN EERERTIEHNLREREBXIER two-way ANOVA 185
Table 1 Two-way ANOVA for rice root growth, root morphology, ROL, rhizosphere nitrification activities and related parameters for both

rice cultivars (ZH and HS) at different sampling times

PR Parameter i B Hi i R
Variety Incubation time Variety Xincubation time
AR 34.062 52.655"" 0.838 NS
HRFLBREE 40.572** 39.953 ** 0.592 NS
i3 es 25.639 %" 85.350 ** 1.512 NS
R 47.815*" 184.935** 6.710"
Hpk ROL 115.055 ** 66.575"" 21.787**
Hf; T ROL 115.995 ** 26. 144 ** 12.938 **
AR ROL 38.299 ** 2.457NS 7.556 %"
M2 L e b e 5.919" 0.012NS 0.375NS
HEBR - JEAH Al i 2 58.542** 5.673" 1.295NS

NS FRESFAEE, = Fl = = HIFR0.05 F0.01 KM FEFEE, RPEMEN FE

2.2 AREDKFEMSFMESLNLE 257

M2 0] LA A /KR S R e BEAR R 20 mm b ¥ 0] BB ZE 50 5 AR 0 4 SRl A< 4 2, T 3 il
ALK FEE AR D E 25, K2 RUE P A ZH 7ERERR AR 20 mm &b | 2 2 B 258 4 i i
iff | F B3 A 200 R R g A i) R T 5 A ) R 200 B e 2 PR R A B U2 SO, i NI 2 1T DR A
fi Rl HS FEFEARS 20 mm &b 7 2 RE A MR & A 58 4 B i, QT BE RS ) B I i) 2 2 R A R b B 2 I A ) <
Jis B TR R, LA FR A% 40 AT B TR 0 i B T 2 O A 40 B AR FLBLBE ( porosity of root, POR ) ZAF AR < 4
U A B REEE , POR KERT ] 2 E 1N (P<0. 01,3 1, & 3) , UK Rl AL UK A A= Kz 4 & B 56 3%
&1 3 W A POR (34 1035 & TR il , BAEREAN S 60 d —3% 22 iR B B 5 /K7 (P<0.01) o 7K7Hd
FEFE 40 .50 d f160 d ZH POR {43 A2 HS 19 1.35.1.22 f5F1 1. 29 £5 (& 3), Pt HHHR LR & POR
4k R R P A SR T RS SRR N g

ML 2 T80T LA H e = R A1 e 2 IR RE AN M AR RN HES ) X 2% AN i e s JRE R K (T 2 A Py Sk A 1l
Ak 5 AR St o A g 2 T g A AR R G A, HE Sy , 200 b e 3 JRE R R ARG 5 /N (IR 2B i sk A8 Il i)
PRI LHG P LA T i 7 i A2 1] 6 46057 B3 ( ROLL barrier ) S 2 DI T it A, 4855 2 8 7 dl b 0 /K R AR 3R 42 ) 40
% 10 o A FH A ™ A B B R

B2 AEAERMRBRABESERLEER
Fig. 2 Difference of rice root aerenchyma development (35 mm long, measured at 20 mm behind the rice root tips)

A: ZH, B: HS; a fREPIRIE AL, p SRANEZ MREANML , s TAE, 3 Sk A 1) A1 B 22 JE B 201
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2.3 I ACH I 0 92 5 0
TKFE BRR AR R A28 7] W6 %A (radial oxygen loss, ROL) ﬁlg
BRI W (3 1, 16 4) s s
WAEE A T 0l T ROL R ROL - 2 59| :
BT AR AL (F4) , Jnger i ZH S = |
Tkt ROL B I 2 B SE BT i ket (1 4), 5200 ) ]
XFEIEHR T ZH 5 2 YORMEWIN (50 d) IRA T ol
SR R (T 1), AP 4 RTLA L, B T KR4

5 40 d P ZH A1 HS B4R ROL LR E 224N K 4) 0

P A AR PR B R DL AR ROL 2 5 3% = IR $i3#B{ 1 Incubation time/d
PR HA R T M B FH KB (P<0.01, % 1, 4) . B3 FAREKESMBEILREEZE

Horp 5 bk e B R R ROL 2 33 % (F {H. Fig. 3 Difference of rice root POR between high and low yield
S5k 115 FI 116, P<0.01,35 1), —3% ROL 22 5LHfiff  potential varieties

o] B AN, B K REERE RIS 40 .50 A1 60 d mf gy P<0.05, % P<O.01

A AR AR R ROL 23 2 A1 7™ i A i 1. 621,95 F1

2.63 f5(F4) , BERRKRER R ROL KRR R A4 K DL S 2 % 5 R AR B A AR B AR T8 &% POR
PR B EAHE R (P<0. 01,3 2) , TS #f ROL AL ROL WAL FI8ARTE B EF LR (F£2),
AASEME AT 45 R AR 2R K3k il A ZUR B I /KRB R, ROL 4, DRI mT A 2 7 i Ff AR B - 45 v

R B 2

3000 7000 -
=
= 2500 - T 6000 -
= 5
D g L
= 5 5000
. = 2000 QOK‘E/
= = L
23 iy 4000
3ﬁ\a 1500 W =
p g ﬁ £ 3000
(=9
E‘ 1000 1 g 2000
= —
S s a
500 | 3 1000 -
&
0 e
40 50 60
Br BeFER ] Incubation time/d
~ 30 *k
o
% 25
e
S i
BS zH
=S
# 3 1 ms
g,
—
o)
&

50 60
B:FEWF ] Incubation time/d

E4 AEAERMEEDDEEER
Fig. 4 Difference of rice root ROL between high and low yield potential varieties

* P<0.05, * * P<0.01
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F2 FRKBRMRAERK RREH EOWIEFTEHAEREEREEXEHREXES T
Table 2 Correlation matrix among rice root growth, root morphology, ROL, rhizosphere nitrification activities and related parameters for

both rice cultivars at different sampling times

) L <RivA R W+
_ % " ] ROL .
b MU e e BT BHROL e T por W i
Parameter . POR Root number . v pe ROL per  ROL per root Root surface
diameter weight plant . e ..
dry weight nitrification activity
HFLBRE 0.860 **
Litkiac 0.904 ** 0.912**
WTH 0.870** 0.911** 0.950 **
¥k ROL 0.799 ** 0.921** 0.876** 0.834
i H A ROL 0.144 NS 0.308 NS  0.120 NS —0.026 NS 0.505 *
HR ROL 0.223 NS 0.384 NS 0.250 NS 0.156 NS 0.625** 0.877**
MR - T Lo 0.319NS  0.146 NS  0.072 NS  0.078 NS 0.144 NS 0.267 NS 0.115 NS
MR PR - e A5 T 0.637** 0.808 ** 0.646 " 0.696 ** 0.803 ** 0.499 * 0.579* 0.313 NS

NS FEREFARBE, =l + = 4R 0.05 F0.01 4T L7 0%, R hEUE MAHERE(r 8)

2.4 ARIEKRS SRR 5 FIAR BT SRS L 3 22 5 . -
LI Y 0 P BB 2 7 IO K TS5 s .

*%

W
T

AR LS RE F] JC 2k (£ 1, 5) . HmAok
FERAh IR 3 0 A 90 L 40 2 8 g T AR
(P<0.01) K& KA H I 3—6 1, PRI
TR SR T 2 T AR R 2
SR (R 1, ES) o w7 AR B SR AR 2
F AR R B 22 R AR R R S 50 d G5
WK (P 5) . B ZH RS SR LIE o

AL

Nitrification activity/(umol-kg™"-h™")
=)
T

W

40 50 60 40 50 60

TEREFP IS 40,50 d F1 60 d J3 3 2 1% 7 & Al i 2. 02, HEFFRIM Incubation time/d
2.47 iR 1.86 i MAETS fhnl LI HAR b S 4L B5 REABRMRENRR RN LEEES

o FEARAL A S AR KA ROL 2P IE W S A0 —2%0  Fig. 5  Differences of root surface soil and rhizosphere
P AHIETE A BT 4E 5 22 BH K R AR s - BE A4 4L 55 B F13% nitrification activities measured in paddy soils grown with high
H@Kﬁﬁ ROL Egﬂiﬁgﬂﬁ‘ﬁ%ﬁ\é% ( r=0.803 ,P<O. 01 ) , and low yield potential rice varieties
KRS POR 152 UMY 35 IE MG KR (r=0.808, P< 0 m 0
0.01) , [ AR 8 ELAR | B50Es: 01 F 249 £ A 8 25 1E A
KKFR(P<0.01,382) , AR TIERALRERLL FARPRIGTOAHC KRR (R 2) o I TAHAE R Sl e,
PRI e 7 it B R T ROLL SR AU B - 338 400 Bt , DT P RE  B8ORR oo - SR A 5 B 0 385 i T i e
3 iFie

W H N R K AR S A LR R R X IF G -, FECA X TR A, TEREIN A5 Sl i K B & 31,
FR/KFEAT (28 d) #R220—10 mm A FI 15 mm 23 SHLURAR Y K E , AR 25 mm 20 AT UL & 38 <,
HAUE M, WL D B L BURIAE S A (A6 6 5,7 d) il A GTERIS 15 mm ATFER L . FRATLAAEY
W R AR LR AR AT B AR R B R E 25 R (R 6 5,51 d) 7EFHRAR 10 mm &b 7] ULl <40
LT RS , MR (R R 57,51 d) A WBH Sl A ZUY B, MIZEREARZR 15 mm Ab i =25 35 ] UL 58 36 119 38 /<,
LU RRE AL R FRE, RS LIN MR AT LU POR R, A &
BEPIASANTR] P K R i il (50 d) ZEEEARZR 20 mm AbAF AT VLGRS, H =& K RN, 7™ 7K A i il
WAHAE RIE (B 2,18 3), ATUKAEAR 2208 A AUk B AR A W 1 R 22 5, HOAS ) A & i S A
TR ZE S
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Kludze %5 X /K A I RIF ST 25 5L 0 | 8 AL 243 ) o) AR s R IS0 00 o 538 AL AL 8L R A R JEE 22 T A
o, G S LUR H RAFRY KRS SRR Y ROL 3k K . Huang 55 OBFST B ZEFE K 510 R /NZEAR
WIE S AU K B FEEE ™ Al S 2L e 7 A7 W Sl g R A8 2 S i EL X i 22 S5 55 /N2 BB 1k % VDA
R BB SR Y /N B AL BRI AR, AR IR 5 R IR IR AT A S5 R, POR 5 ROL 541 i 25 1EAH
KRKFR(P<0.01,7R2) , RIGELH LU & K | A A2 0] I8 4 i L BROK

T /KRR 2R B AR PR RIS WA SR D RE , TR 2 5 BUR N USRIl 7 /IR 2 | T 7K R 55 W KA 4 Sb
B 2B R RE 2 ML, RE A8 e KRR FE Y BRAIRAR 32 ROL, SRAIEAR P A0 UL R Al AR R A AR G DRI I 3 )23 ) B 4
Jfl FR R ROL B (ROL barrier) ' 5 570 % 7 3@ i /K BFR BB IT S Fh 36 A AU KRS (F BURERS |3 BLRIAS 2258
FEAE 2 S AAR AR AR ) |, 25 SRR WK FETEREAR SR 10 mm AbE 5 Fh 5L ARVTE B 20 S b 34 2 90 B ik fy JEE
YA, F 122 20 M AE S FURE AR A RURIAS Z R R B I 8 IR 28 2 22 S RUBE A B )25 R 1 240 PR AR FRU/ N HLHE
GG T IR 122 A AR ELHES ik . AR 25 R 3R BN ] 7 B K R i AP EFEAR 22 20 mm
A g T UL B b JEERE 240 BT 1, L v 7 i e A e TR BE AR LA RN HES) B A i B TR AR B O 5 A
A A e 22 JEERE 2R AR BRI B HEB AL, | 4 L 1 JEE R 2 AR 2 /N (TR 2) o PRI G AT DA B o 7 o R A2
1) W5 R A LA™ it P B R | RE 8 AR R B A 0 5 A 48U UHE R SRR R AR (T 1)

TRAE AT SR 32 38 ot i R IR s S R AR ARG 3 5 AV R SR, 468 F I RN 2R A 1 0l
AL BINR AR AR R0, R K2 30% 5] 40% RS BEIARPR 13224 p ' FE pl— sk i« 4
AERE” o TRAEAR PR 3 AR B 5 20 A — O TR T K REAR R ISR ), 75 — D7 ThI b 55 13 S TR AR (Uil
et 72 ) B IR G S — N AWE M FE . A R R ARG 2 e 2 — AP IR . 1 &
TEE SA AL AN B (ammonia-oxidizing bacteria, AOB) FJAE T 8% 58 AL M WA , 2R J5 A 76 VAl FR S8 AL 40 BT ( mitrite-
oxidizing bacteria, NOB) -] T #l S8 b iR £h . b 2 S Ak 2 PR3 AR |tk B RS Al Ak i 2 R AT A
BEUS T AOB AR AP, I AOB AR 5 UK B IE L ™™ Jensen %570 BF TR 4 AL, 24
VAR 7K A S 285 R T AN IR A S A 200 T 0 P - S A 5 o 1S 7K 2 S e i S B i TR FH R K
B A3 i U SR BEAE AN 08 B SR SIHAE R EAL b — 5 T 5 A IR i A B A G, D) — T B R
TIKFMR AR ROL mifl, AR S0 45 R R IR K T R 1L 5 2 5 5 bk ROL 1A W E AR E R (P<0.05, %
2) , AR TSRS LR BE 5 Bk ROL 2 IEAHSCE R (P<0.01,82) o i1 T/KFEAR FR 0 B S A i
I, FEOR e AR I S R T X R AR R R R T e LY, S BO — Oy LR
FRT PR (B S5) , 7 — ) I AR & RIEAS AR 5 ROL TCA R (K 2) . MIARER TR fb R
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FARE FARBR + 8RS A, UL S BOUR PR 58 B 425 . Ghosh Al Kashyap ™' 78 [ 2 4 FHFSE T 3
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