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# OE: KRS R BN U, BRI, L0 A R B A s S S A P X A [ i S A
KA LUK A BRIt Ak, BRI LY B A BE ST o L0 ARSI TR, DU RER - h2a U, 205 etk
BB, o A WABA AR FE 73R AN TRt 2200 b 20 75 2 0y 10 S P R R 2 RO, SRR T 0. 75, 150, 225, 300
kg/hm* 3t 5 AHEE(LASE N K, Wil T R IR SRS B R4 A B R 2 B . A R R R AR AR P . SR
Ol —HEEUKF T, RS H RN AT 3 5 PR 2% 2 S R0 (i R 0 R . it Uiy 225 kg/hm B5F, e ERRCIR AT S 0o 8 2%
SRR E R, SRR, S0HIIERE T Ik 83.2%. QLT My AL A R K A S A R AN R, B
TSR A0, T SR 0 ] SR A TG, AR HE 300 kg/hm” I BILFRET Ak HRAS I A 0 80 2 B A Bt TR S W R I AN S e b 8 2 1]
TR ELESF . OEGAFEEATIMILY, IR A AR A K R R I R hn, b iUl 225 ke/hm? B /KRS = IR ek, 34
WA 21.2%, £, FEMBAEACMET , A8 HIRMERT B E W HIAS H 2UE 2R mUK R =0, BB MR AN, 20 A AR e i
FAEZAMGIRREE N E . e AR KR BT T, REHFRME TR 75 ke/hm’ OAR2E U, ELAEADH 83.2%M0 A% HH 1% % .
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Influence of Nitrogen Application Rates on Biological Nitrogen Fixation and Ammonia

Volatilization Under Rice-azolla Cropping System

CHEN Ruogu', HU Zhenghua', ZENG Ke?, YAO Yuanlin'®, YIN Bin®*, ZHUANG Jingui®

(1 Jiangsu Key Laboratory of Agricultural Meteorology, School of Applied Meteorology, Nanjing University of Information
Science & Technology, Nanjing 210044, China; 2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil
Science, Chinese Academy of Sciences, Nanjing 210008, China; 3 Jiangsu Harvest Land Seed Industry Development Co., Ltd.,
Yancheng, Jiangsu 224199, China)

Abstract: As an aquatic fern-cyanobacteria symbiont, azolla has strong biological nitrogen (N) fixation ability, thus it can be used
as high-quality green manure in rice fields to partially replace chemical nitrogen fertilizer in order to save energy and reduce N
emissions. However, azolla is sensitive to ammonium concentration in the water, it is still unclear that the response of azolla to
different nitrogen application rates under rice-azolla cropping system. A pot experiment was conducted to clarify the effects of
different urea-N application rates on ammonia (NH;) volatilization, biological N fixation (BNF) of azolla and rice yield, in which
N application rate was setup as 0, 75, 150, 225, 300 kg/hm®. The results show that: 1) Under the same N application level, azolla
in rice field can significantly reduce the daily peak flux of NH; volatilization and the total amount of NH; volatilization. At N
application rate of 225 kg/hm?, rice-azolla co-culture leads to the greatest inhibition of the seasonal NH; volatilization, with a
reduction of 83.2% compared with rice monoculture. 2) BNF rate and the total amount of BNF of azolla are negatively correlated
with N application rate. BNF rate and the total amount of BNF of azolla at 300 kg/hm? is similar with that in no-N without azolla.

3) Rice-azolla co-culture improves rice yield compared to rice monoculture, except no-N group, and the maximal improvement is

OFEWH: EEKARBI2ESEE T H (42007210)% Bl .
* Sl HAE# (002969@nuist.edu.cn; byin@issas.ac.cn)
EERN: BRER(1997—), 5, MIHRERIA, LA, FENFRDSEII. E-mail: 694544246@qq.com
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achieved at 225 kg/hm?, with an increase of 21.2% compared with rice monoculture. In conclusion, rice-azolla cropping system

can significantly inhibit NH; volatilization in rice fields and increase rice yield under fertilized conditions, BNF of azolla is

inhibited with the increase of N application rate. Without sacrificing rice yield, rice-azolla cropping system can replace about 75

kg/hm? of chemical N fertilizer and can inhibit 83.2% of the NH; volatilization.

Key words: Rice-azolla cropping system; Biological nitrogen fixation; Ammonia volatilization

BIER W RARBAR A —FhEE A, 28R
SRR R B 54 Tg, 1A HZ 3 & WK HE
TR, e Ak 2= U BT 15 A AE Y A R TR 11.3
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TR, 2 >S4l i A il e 1) ] A

SN R P 223 22 (IR AR 22 , 445 H 1 7K NH,-N
WREE . KO S50 S 56« SR IR IS He R K
FEVE S, Horp, SR & HE R = E R &R
S HITEI K NH,-N #6JE, A% HE % & 128 %5 1
Tk NH,-N ¥ A bk gt i — 20U, Wik pH
e RS A HE) ) — KEEWNE, F—Eui
W, HTEZK pH Fhm Al e 235 & . Ff 238 & i
e AR HTRART 202 T i AL AN & 2
FAAEAE S T 8™, R SRR . RIEPER L
J7i L T AR | HEZK e FE ORI LA R0 i FH 2
HR X R A 25 1 7= AR L A SR R, et
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Table 1  Test treatments

Jifs 2K HO #41 HO+A 41

(N, kg/hm?)
0 NO: AEZA NO+A: LI+ EN
75 N75: A N75+A: L¥E+ANN
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1.2 MEmMHESAHZX
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Fig. 1 Daily NH; fluxes of different treatment

iR Bl 6 d J5IKE 2 525 FIXTIRA Y 5 5
TUGBIESE, FARALTE NH; 4% % Hal IR E 2
w24 d, FRRE . [FIREE — OB TS 25 it A Ab 34
1) NH, #& His s & TR, ilsEeE &
Ab Y NH; #5 % H i 52 0 8 0 T48 UGB RS . 3 IR
JEAC S, HO 4L N300 AbHH4 ik F i Kig(d, Hik
b HO 41A9 N150 5 N225 ZhBH, 3 N4 HE G e K (H
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W 2 iR, IR LS — ., “UGailE,
25 A B Y S8 A e YA W R R B ni kg, AR
AN Tl il S8 A5 1 T TIOR3 Y B Ak i & %
A RIARRIILE 50% UL E, WAL, N75+A.
N225+A 5 N300+A Kb E ML NH, #4245, %
IR BE 43510 88.7% ., 82.4% Fil 76.3%(P<0.05), 7E
HO 20, N75 Fll NO ZbFE NH; % & w5/, S~ 1.87
432 kg/hm®, B F/NT N300 Fl N225 AbHf
(P<0.05). 7F HO+A 411, N300+A 4bHf NH; # % &
Bk, ik 6.68 kg/hm®, 13 i FH A AL HH(P<0.05),
HUCH N225+A Kb 4.04 kg/hm?, 552 T H:
{1 420 3 (P<0.05)

B—UGEILE, BRiAR 75 keg/hm® 4h, HAbjE
AN WAL BA Y NH, ¥ & 125 5 1835 (P<0.05) . HO
411, N300 4bFEAY NH, 4% % 88 30.35 kg/hm®,
2 e T AN (P<0.05), N75 5 NO Zb#E) NH, #%
J B KT H At 4b H (P<0.05) . HO+A 41 1,
N300-+A Ab 3R I A% & i A AE 2 T HABAR B, Sy
4.48 kg/hm*(P<0.05).

B UGB RS, BUFRLL S N225+A Ab B % %
WA 78.2%(P<0.05). HO+A ZHHT, N300+A b B 1%
R RN 4.46 kg/hm®, B3 = T HAULBE(P<0.05);
MM N75+A 435 NO+A AbF NH, 7 & 85/,

3 WAL S S NH; 44 % SR BRASIE 2 AL
PHAN , FEA AU R AT 44 Al 0 I ) = k=
(P<0.05). JfH HO+A ZHNY5 HO 4N 27 AHE, i
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(P<0.05).

mE 2 firzs, HO ZHAY NH; #& it 5 i R 2k
PEIEMH XX R, ZHXFZAXH »=1.6+0.229x
(R=0.961), HO+A 2% % 5 A L5 Hh 2k
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NH; # & S 34 K H IR AR K.
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Table 2 Ammonia volatilization of each treatment

it AL 1A il i (kg/hm?) HO 24 HO+A 21 P1E SR LR BIERREIR (%)

He 0 1.87b 0.32¢ ns 1.55 82.9
75 432b 0.49 ¢ <0.05 3.83 88.7

150 14.85 ab 0.84 ¢ ns 14.01 94.3

225 22.96 a 4.04b <0.05 18.92 82.4

300 28.22a 6.68 a <0.05 21.54 76.3

UGB 0 0.86 ¢ 024 ¢ <0.05 0.62 72.1
75 2.54c¢ 0.54 ¢ ns 2.00 78.7

150 15.85b 1.39 be <0.05 14.46 91.2

225 19.08 b 2.74b <0.05 16.34 85.6

300 30.35a 448 a <0.05 25.87 85.2

B GER A 0 0.26 a 0.12¢ ns 0.14 53.8
75 1552 0.63 ¢ ns 0.92 59.4

150 485a 2.59b ns 226 46.6

225 573a 1.25 be <0.05 4.48 78.2

300 10.76 a 446 a ns 6.30 58.6

A1t 0 2.99d 0.68d ns 2.31 77.3
75 8.41d 1.66d <0.05 6.75 80.3

150 35.54 ¢ 482¢ <0.05 30.72 86.4

225 47770 8.03b <0.05 39.74 83.2

300 69.33 a 15.62a <0.05 53.71 775

T PEFRRALHES LM AL A X t 428, P<0.05 FOR4lF 2R 8%, ns FoRdIMIERFE2ER; FIAR/NG FREFR

[i] — il A2 199 45 S AU A L ) 22 5 Bl 2 (P<0.05); R Il
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Fig. 2 Fitting curve between total ammonia volatilization and nitrogen application in group HO (A) and group HO + A (B)
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A [ R B R AR L, NO+A AbFEE N75+A AbFEfY R
YRR m H2E R AR E(P>0.05), HEEST
HAKALPE(P<0.05), 1 N300+A b3 A [ £E R 5
Ko aniEl 3 e, e I 20 B 2 ek A I i sl )
THEEBERMEIELR, AT EN )=85.59-0.228x
(R*=0.967).

%3 AHENENERRESRERE

Table 3 Biological nitrogen fixation rate and total nitrogen fixation
of azolla of each treatment

pos:] [P 0 K (kg/(hm?-d)) 2 M A

D17 D55 D75 (kg/hm?)
NO 0.09¢  007c  024c 8.44 ¢

NO+A  090a  143a  15la 82.49 a
N75+A  026b  l44a  139a 75.40 a
NI50+A  0.10c  1.05ab  0.71b 47.17b
N225+A  0.09¢c  0.66abc  0.59 be 34.32 be
N300+A  0.09¢  038bc  026¢ 17.49 ¢

T D17 Fa/KREHHBUGH 17 K; D55 Fom/KREmHE 4
55 K; D75 KK REHBUE S 75 Ko

100 -
% ¥=85.59-0.228x
80T “~o_ R*=0.967
I ~o [ ]
2 60} Tl
iy RN
g 40r S
E =
BE
20 F S w
0 | | | |
0 75 150 225 300
Ha UL (N, keg/hm?)
3 ARLERESERASHNSHE

Fig. 3 Fitting curve between total nitrogen fixation and nitrogen
application of azolla
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N75 Ab B P 2T, o A 27 0 5 U o 2 T AR
K, Bl ANE B = K R o 0 S R S (P<0.05) . TR
INETFERT KR ™ f B 2R it 1 i 3 vt S o
Mt 225 kg/hm? J5, PR, N225+A 5
N300-+A AbBHAY 7= 54 i H 22 80N, 405k 88.07
F1 88.29 g/7 .

i 4 frzs, HO 4Pk FE = 5 &R
a2 R R B y=0.000 269x7+0.037 1x+49.1
(R=0.961); HO+A 21 —H A ML Rk y=
—0.000 465x>+0.296x+43.1(R*=0.991).,
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Table 4 Rice yield of each treatment

b P HO 41 (g/7%) HO+A 4 7= (/) P1A
NO 50.42d 44.12 ¢ ns
N75 50.25d 60.76 be ns
N150 61.75¢ 76.28 ab <0.05
N225 72.67b 88.07 a ns
N300 83.39a 88.29 a ns
100 -
| (B)
90l y=—-0.000465x>+0.294x+43.1
R*=0.984 m_-7Tm
= 80F
1] Rl
fa 701
B .
% .
i ’
T 60 /.
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Fig. 4 Fitting curve between rice yield and nitrogen application rate of group HO (A) and group HO + A (B)
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AWFFEH, R NH; 5 & 70 5 5 20 2R 4
T (P PR g N S A A A, 5 R AR AR
fZE AR, X — MU 5K NH,-N AL
B AR, HEIEARE AL NH; %
AR ] ERE Bl, A2 A NG, 5
B ROPEPIRE NH, # A4 AL, AR
SRS (A AR AR, JEACAY NH; #E& SeRIZl
R - R B BR i o X AT fig 2 i Tl i i AL
MEECAHUIEXTAEH NH; 2 AALH7 A 0 52 0 A 5] i
SFE AR PRSI FE o # A PURE S A 0 AR NE M 4%
K2R, SO ke TR . F
RGP, — i i 3 I AR il A AL
HHEHF R E B2, DR T 3 AT S 2 A %o v T R A
W1 5 — S NE KRG T, X AR E TR
A T H RS R AR R A AR R, AR TR,
AR AE KRS 5 A e, I B AR TSR AR, HA
B, @ERARBRBK, ARFEEL,
ARHFFE R, RIFRL A B IE KA SR R R
PECR IR, M TRLT M A% & 5t R S 48 4
KRR . X ATRER T REA A8 H it & a3,
F I 7K T NH-N I BE R X204 7 A d AR, A
T X 2134 90 ) 24 K B4 i s S i o RS S e 2
HIBFFETE RS 2R L ik it 5 EUI it FH o S 4K
BIR KR AP AE 1, e L A L R
RSN b S A e it 2R 1 1 2 4 A
Kias FRHAHRETS H, FeRS 4w W GEE
JEV 30 B 3 5 it R Bt W R S R T Vlek
SO i 2= AR R, TR =N 30 F1 60
kg/hm? if, 219478 56 451 T 7K A 20/ NH; %
%, AMEBHERBRMN 45% 1 50% & E /b5
20% 1 13%. AWFFES Viek ZLO5E R4 AR,
AR B FAEES FEROR, Hifem i A &k 300
kg/hm? (Y3t & Ut U , 20 MR AR B B E A TR,
17 v B R P ) T AT R AR T3 e R
Wit/ PRIt R R ORI IR LM ZH Y NH, #E%
TSN, HRTA SR i MBI LR S R B
S R AR IR AT G — 25 5L, IX AT e 5 b iy - 4825

AL BHUEREH . RAARS . 358 pH. IR LR
it A S,

AHWFFE KR AR R AL FE T AR LT MERE S 4R  A
FEI 14 A 40 [T 2Rk 3 A 1 R, T e e b B U] 24l
HLLHE A P AR . X 5 R BH AR PSS e i Ae
s R R OPAl b o g R — 20, Ho\ Ot s . #
JEL AT A 4 1 A RN [ R, U8 A 4 i AR
o [, BEEHZEPRETE R, L0AEA Y H
AN 244 kg/hm?, ARG AEYIEE A 90 ~ 100
kg/hm*; Singh ZEPYFIEIN N, REFLHAEYFA
I AT 35 100 kg/hm? ., 3% B625 B s TAHF 9845 1)
T ARMNME GO N REEaFEYEAEY 80
kg/hm? , X A g2 BN AT 3 BBF2E 43 S T v [ 4
LD 3 B LGSR, Y A 2 T IR B S AT ST AH B
Yo, FORTRBRSE R AL 3 S Rl AR R,
Singh POV, W] SR B K I K R B T IR B R AR
B AL G0 S5 (8] FE I J5 TR A B O v ok 128 v R 2R 409 [
Rito ZLMERREARE ) 5 MR MOR A UIAEC
PR FL T AR, A2 IR0 i IR
X BEAEY AN 555 i A s ), JIr LA 2034 i 4 i
(O B4 5T 7 IR B0 4 T 22 S e R,

ARG, FERE H LR AL B K R 7
HAWRMER. ZE2 M ERIREEREY, a3
VE R G M H SRR AR D R 20, 5k 5 PR R T
S, BBk FERS =P Bharati Z5P2HESY
B, EMHRIAEEAZMET, BEFHFARE RN
RALREME G KRG P . ARBFsE, — R A0S0
kg/hm?) if Jilt FE 2T 35 Ak LK R 7= 0 oK 8 T AN N1 34
U AL(300 kg/hmA)AEFRAY =4 LR 1/4 ZUE
B, R R LT3 A 3 A K R ke T AN I it 2L
(300 kg/hm*)AbBRA =1, (HAHFIT IR L0 At
FALH S AN MR AL 75 kg/hm? Kb FE 27 6] | i
FRETFERLANE 75 kg/hm?® Kb 5 AN 21 3 2 it ZUIE
150 kg/hm® AbHEZ 0] JHFRATHMEANL 150 kg/hm?
Ab B 5 R AAT Bt AR 225 kg/hm® B2 8] L ik
FELLHERE AN 225 kg/hm? b BH 5 A I 2L 3 50 &I
300 kg/hm® b B o] 7= AR, BP2T3EnT LR
75 kg/hm® (AR, X A RES S sk R R 2K A
P, Viek SO0 it AR AT A B, EAH R
RN IR A KRG ™ i 0 3% & T
(P<0.05), A5t HENESS , 8 B IR MR T it
Ky Rk RS, (0 R AU 150 kg/hm? B PR
F 7 ] 22 57 8 2 (P<0.05) 1T 6 FH 3R 3 7= 1) JL IR
— LR KR AR KA T R R S0y i
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WFFE AL, A T AR M AL PR IR PR AL BT ™ 18%
ey, REHSRME FE R YOS TR IR E SR, fefl
IKFERE IR Z ),

4 Z5ig

D —iEZKE T, IR L] NH, 5 % /Y H 18
I R S B AR T AR AL, P AU 225
kg/hm?® B}, PI4IACBEAY NH, R 22 R0 B .
1B Wit B LT HET NH; 4% 2 14 A 03 i 7
A BRI o il R AR 2T B A K e R R K 9
AL NH; #&Ian . M E, 20X
FER IR R /N o NH; 44 K 3 S A0 it AL 5 4 51 Y
SxBfpF R I S, R CPRIET Bk CBUE” R,
T “X0E” 2 HBE LAY TR K R AR s
WIE, B, KRR RS S TR, Hit
FEAEHAR) NH; # & ST, ST X s
S, AT D 1 Y AR AR 0 it SR, 9 i R AT 20
e R R S AR AR, WU RTH NH 5 4

)LL) Ay [ R R K T L i S it R
FRAEAR I, BORLL At U A B e 1% 2 4 [
R R, R AR, (H B 2R 1 i R R
R AR, U FA B . iU 300 kg/hm?
B 21947 8 A R A ) T R ) 2352 39— AR B A 4
il LBt 5 28 A ] S0 36 Bt 5 AN it R AS 7 Ak
P )G 2 25 5, AR AU SR i 2D M AR T R R
YER, ma EAE S 208 i A= P 8 B AE T

3) Al R TR LT M 2 D K R P s it i AU
o, AR L, ORLLR A A A B KRS
o A S, Pt U R 225 kg/hm? B KRS P R
It o AR ZMF T, % 300 kg/hm® PYH
LLMEAT LR 2 1/4(75 kg/hm?) Y AE
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