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T 66.80% F137.36%. ST, W FHATEEE U 40 AT LU 30% AUIE, BRRE4ERKAE =6, CRERRR L3l ik, #
FEAEFI %,

B EEWEANGE; KA R EHER; REFAIAR; RAFAE

RESES: S142; S-3 XERFRERD: A

Impacts of Nitrogen-fixing Cyanobacteria on Rice Yield, Ammonia Volatilization and

Nitrogen Use Efficiency in Phaeozem Paddy Field Under Nitrogen Reduction

ZHANG Jingru'?, WANG Hui'?, ZHOU Rong'?, JIN Penghui'?, LIN Xingwu', ZHAO Xuegiang', MA Jingjing®, JIA Zhongjun®,
XIE Zubin'*

(1 Key Laboratory of Soil and Sustainable Agriculture, Chinese Academy of Sciences, Nanjing ~ 211135, China; 2 University of
Chinese Academy of Sciences, Beijing 100049, China; 3 Key Laboratory of Black Soils Conservation and Utilization, Northeast
Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China)

Abstract: In this study, the effects of the application of nitrogen-fixing cyanobacteria under nitrogen reduction on rice yield,
ammonia volatilization loss and nitrogen use efficiency in Phacozem paddy field were studied by pot experiment, which
included five treatments: ON(no nitrogen fertilizer), 0.7N(70% nitrogen application rate), 1N (full nitrogen application), 0.7NDB
(high temperature autoclaved nitrogen-fixing cyanobacteria combined with 70% nitrogen application rate), 0.7NB (fresh
nitrogen-fixing cyanobacteria combined with 70% nitrogen application rate). The results showed that the grain weight of 0.7NB
was not significantly different from that of 1N treatment, but 23.32% higher than that of 0.7N treatment. The apparent nitrogen
use efficiency and agronomic nitrogen use efficiencyof 0.7NB were 1.2 times and 1.78 times higher than that of 0.7N, and
increased by 48.00% and 35.57% than IN treatment, respectively. At the level of 0.7N, the application of fresh nitrogen-fixing
cyanobacteria decreased the ammonia volatilization rate and cumulative ammonia volatilization, while the application of high
temperature autoclaved nitrogen-fixing cyanobacteria significantly increased the cumulative ammonia volatilization. In contrast

to 1N, the ammonia volatilization rate and cumulative ammonia volatilization of 0.7NB and 0.7NDB decreased significantly, and
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the total cumulative ammonia volatilization was reduced by 66.80% and 37.36%, respectively. The results suggested that the

application of fresh nitrogen-fixing cyanobacteria could replace 30% nitrogen fertilizer, sustain rice yield, reduce soil ammonia

volatilization loss and improve nitrogen use efficiency.

Key words: Nitrogen-fixing cyanobacteria; Rice yield; Yield components; Ammonia volatilization; Agronomic nitrogen use

efficiency; Apparent nitrogen use efficiency
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R T Z Rl A TR B EA R NH; # & JE A8 A
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FERAAE A = A, I8 251 A5 % AL . NH;
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B NH; 34 A LA 2 0 REAE AR [0 i i F 22 K
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AR it FH 1t RE A 412 = R AR /KR 7=k AR FH rh
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AR, X FEA 3 A HEER . ORFA
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d389-10 X % H NH; #5 & K A EFI R M50, S
FEA [ BB it FH K BRI GE B AT B

AR SCUAT MR 4 % B KRR oA 4, I Z AR
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S, A E S Aliinostoc sp. d389-10 4 BRI
PR/ Fe H AR 28 3R G0 0 1 A O B Rk A

1 #REFE

1.1 A

A R IR A AR KA T SRR IXOKR VD )
B PNE 2 0(44°11'N, 125°28'E), - HERLAC: i
FHLEE 17.18 g/kg. A& 1.06 g/kg. W 0.56 g/kg.
4281 7.00 g/kg. TRARA 86.33 mg/kg. i AW 4
TN R RS EEBE Aliinostoc sp. d389-1017, B 4eqE s
FEAAN A ORI TR T, FER B O A RS SR
AT RMBLRE SR . TCASEFRWCN : K,HPO,0.04 g/L,
MgS0,-7H,0 0.075 g/L, CaCl,-2H,0 0.036 g/L, ¥4
i 0.006 g/L, FrifRikER 0.006 g/, EDTANa, 0.001 g/L,
Na,CO; 0.02 g/L, A5 EICEIEAW 1 mL, pH 7.1,
A5 WIEICRIBA W : H3BO; 2.86 g/L, MnCly-4H,0
1.81 gL, ZnSO,7H,0 0.222 g/L., Na,MoO,2H,0 0.39 g/L,
CuSO,45H,0 0.079 g/L, CO(NOs),-6H,0 0.0494 g/L.
IKAG SRR R 15 5
1.2 Rt

RIS T 2023 4F 6—10 ATEIL A M/
BRI AT, G I AR 11~ 35 C. 1l
B 5 AL, RiEEAEON), 70% it & & (0.315 g/
%5, it 105 kg/hm*; 0.7N), 2R E(0.45 g/%%, it
150 kg/hm?; 1N), 70% it %20 0 Fict it e 3 2308 il Ui
YT (0.7NDB) . 70% Jifi 24 it e it A e [ 260 W 4t 7T
(0.7NB), FMb3 3 ANEE L B H PVC 4, K 20 em,
BE 15 cm, 20 em (N1%), FUKHEAHAKIL. 78
% T Z A5 PR TR A 280V FR A Th 2 2 , ST AE I
Pl —)2 30 HJE i . —J2 1 om JERYA 50D —
230 HJERIEM INUF 61 3 J2 . HIBRAHUFIR 5
JrfEaAet 4.95 kg(BET3E), AT 1.1 gem’, 3
+ 15 em &R TR AR S — B, AR S em,
53 3 Yk o TETCRIEFR M TR 100 g i fif [ 2 240
W, BKJETE 70 °C MR A, A [ R
B )5 KRN 83.77% ~ 86.76%. B EE [ E i 4
J A S it 38 - e i, it Rl 2.17 g/ (it
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WA 45 B0 2 e, 75 7 H 2 HAB i BEAL,
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1.3 HRFEESUE
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1.4 HEAXEHES T
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NH, = Ny = CxV x1sx10000/ (T x Ax10°)
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21 KBEFEESFEHRK

XPIKFE = A AT A R (R 1), BEEA
JE it FH 2 A9 385 0, A R R S 2 4 hn (P<0.05) .
0.7NB b BEFEEL 2 3 % T 0.7N Ml 0.7NDB 4b 3, 5
IN AbBEAH HE G 5 3% 2% 5% 5 0.7NDB &b AR £ (1%
T IN AP, BEmT ON LM, (55 0.7N 43
BEXEF . TR0 b i AR 080 B BRI
0.7NB #bFEE) TR F 5 ON, 0.7N 4b3AH L JCHA
R, BEST IN A, HEFET 0.7NDB 4
M., 5 07N, IN 4b#AHLIL, 0.7NDB #il 0.7NB 4t
P E R E KRS L%, RIA 0.7NB>0.7NDB>
IN>0.7N 7K A K7L 5 i 25 it 20k 04 185 o v 184 0
5 0.7N AL FEAH 1L, 0.7NDB Ab B 7K A KR G i
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Table 1 Effects of nitrogen-fixing cyanobacteria on yield composition and grain weight of rice under nitrogen reduction

Lt FEHL (/30 (BT YT TR E (g) ESPE FPRLE (2/40)
ON 12.00 +0.00 ¢ 105.44+1.86 b 25.33+0.07 ab 0.79 + 0.001 ab 29.80 £ 1.27 ¢
0.7N 1533+0.33b 105.74+0.81 b 24.47+0.18 ¢ 0.69 +0.004 d 34.25+2.33 be
IN 1733£0.33 a 110.03+ 140 a 2333+0.24d 0.74 % 0.005 ¢ 4288+120a
0.7NDB 15.00£0.00 b 105.84+£0.25b 25.73+0.13 a 0.78 +0.005 b 36.59+1.65b
0.7NB 17.00 +0.00 a 104.18 £0.12 b 24.93+0.13 be 0.80 +0.002 a 4221+0.12a

H: ON, ANiiEl; 07N, 70% Mi%&lm(N 0.315 g/4h); IN, 2mJiZ&N 0.45 g/#%); 0.7NDB, 70% jifli % 2 Ficith i i 2K 7% [ L i
YiTE ; 0.7NB, 70% Jife S0 Fic it B ff [ RS AN B . RIS B /NG A AN [R] e/ b B 22 57 4 35 (P<0.05). TR,
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Wi 5 it 2R ) BE0, ZRKORE AT AR 280 3 A R R R T
Wik N (P<0.05, £ 2). 5 07N AFAHLI,
0.7NDB Fi1 0.7NB 4b /K AR 2t A 2
HRER; W5 IN A, 0.7NB ZbHUKREE
7 R AR R R R A 3 2 5 RS AR R
i it SR BN T S R0 5 0.7N b ERAR
0.7NDB #1 0.7NB 4t BRI A4 A A = T0 &5 5

xR2

IN KEEAIEE, 0.7NB Ab B K R At A1 S0 5 B 2 A1 .
AR P 2 2 i 5 e 2 1) 18 T 250 . 0.7NB Ab
PR A A B T IN Ab3E, B 0.7N 4k
FRAR L TG %25 5. 0.7NDB 1 0.7NB &b ¥R () A 04
SRR MEWAHEEE ST 07N A, 5 IN
AEFEAAEE, 0.7NB AbH RN A 24 ) FH S RN 2 R FH 2%
AR T 48.00% 1 35.57%; 0.7NDB 4bBEAU A
SRR B EIRT IN ACH, i R R
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Table 2  Effects of nitrogen-fixing cyanobacteria on nitrogen uptake and nitrogen use efficiency of rice under nitrogen reduction

Ab 3 AR (mg/ ) RIEARAMA RIBFROA A
FrkL AT R SO H(g/e) (%)
ON 227.51£0.90d 154.07+4.87 ¢ 95.33+2.83a 476.91+3.76 d - -
0.7N 27029 £2.35¢ 201.61£3.56 b 77.82+0.55b 549.72+4.00c  14.15+7.40d 23.11+0.01d
IN 356.09£2.71 a 214.80£0.95a 61.26+1.81d 632.14+2.86a  29.07+2.68b 34.50+0.0lc
0.7NDB 336.12+3.03 b 207.96 £ 1.26 ab 68.73+3.32¢ 612.80+725b  21.56+524c 43.14+0.02b
0.7NB 362.42+524a 199.39+1.94 b 75.94+1.34b 637.75+598a  39.41+0.39a 51.06+0.02a

23 NH;#EXR

XPANFIAL . NH; $#54& F2hA8 WM& B, NH; #
R 3 ANIEE, BEhBOR, (BHGEFHAIE
1) e H NH; ¥ % 2Z BICE A0, 7t 200 5
HIEE 1 RIKEIE(E, BES R TR, 215 5 K NH;
P 3o R AR 2 A it A BEOKSF- B it U 1
i, NH; #7 & 3 R 2 W 5 . 5 07N Zb3HAH L, 0.7NB
ARFE NH; ¥ & HF#EK, 1 0.7NDB AbH NH; %
HREEE , FEA A BN, NH, #8502
FROINER 3). 5 IN AL EL, 0.7NDB 1 0.7NB 4b
PRAE W RER NH; # % 6 R U (P<0.05), 1M HUBrfif
] 2208 240 T PV P k2 R T e TR T [ R A R . 5
0.7N AbBEAH L, 0.7NB AbPEfY NH; 8% M RFEA
TR, HRERARE; 1M 0.7NDB 4B
NH; # & G BB N SR, WA kA ,
T+ 4 NH; #5 & £ 24 h e SLNE A BEAC I . Horp,
ATENEFE T, NHy #8 F2 R AEERY, 823

NH; % i 5 6 B NH; 2K 1 89.36%; MM etk
REMT, HEER B NH; ¥4 m K TRAR,
FERE R 43 BE A I 43 ) NH, 48 & S B RUE 1Y
31.34% ~ 43.07% #i1 56.44% ~ 68.66%(F 3).
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1 FERBEREMENTIE NH; ERRENF N
Fig. 1 Effects of nitrogen-fixing cyanobacteria on soil ammonia
volatilization rate

*3 EAEREARMKELRNERERELIE NH; ELRRENTM

Table 3 Effects of nitrogen-fixing cyanobacteria on cumulative soil NH; volatilizations after N fertilization at different stages of rice

Jis: | HARI SrEERE T NH, 5 % 4 SR
NH,; & 2R HERBE NmEE2eE  SEREBE Nm s ERE SRR (kg/hm?)
(kg/hm?) B LB (%) (kg/hm?) B LB (%) (kg/hm?) B LB (%)

ON 0.42+0.01 ¢ 89.36 0.05+0.01d 10.64 0.00+0.00b 0.00 047+0.12d
0.7N 0.87+0.06 b 43.07 1.14+0.38 ¢ 56.44 0.01 £0.002 ab 0.50 2.02+0.27 ¢
IN 1.37+0.04 a 33.83 2.66+0.25a 65.68 0.02 +0.003 ab 0.49 4.05+0.42a
0.7NDB 1.29+0.14a 41.61 1.77+0.14 b 57.10 0.04 £ 0.009 a 1.29 3.10+£0.26b
0.7NB 0.42+0.05¢ 31.34 0.92+0.10¢ 68.66 0.00+0.00b 0.00 1.34+0.11 ¢
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Fig. 2 Effects of nitrogen-fixing cyanobacteria on soil nutrient contents
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REAR

UL 30% et B f 1 20 40 4 o I R %
VR FH S 2 DK it FH o T8 G T L A R (3% 2) it
FHAT e [ 2 A0 7 I R RE B v, KRR AU Y
AP , SOt FH s, KRR R R Wi
AR R, 5 IN AFEIAH, 0.7NB 2bREfE
i 4 2 16 0 ZEUNE R FH 23R (RO AR 27 ) FH S5 R 2 R
Ry, DR TR KRR K AT, IN 3R Pk 5
fift, RGP A /N T IR BB A, S8
FARSIEIN, A A A RSN, FEK
Fei A= R i 1 SRR i RV K R R ORI o ZE AR5
Hr i T [ G A A 0 - NHG-N 7
FEARSE2E 7 K T HAWANEE(E 2A), xR E A
BRI E KA AR KR I 22 1 R AT T e L, SOk
ARITR AL, 25 T 2R HZCE.
3.2 MmABEREAENTERSSENEN

FEKFEA K AT (G A AN 2 BERDT), 0.7NB 4b 3
+-4E NH,-N &&= T 0.7NDB &b#, 764K G0k
T AN 0.7NB AbBEE T 0.7NDB AbH, X JE
PR Ay i[9 260 i A B 5 e YR 0 [T SR A P A L, 7
IKFEAE K AT RE S 76 T /K2 B A 1, RERE A1k 145
PR, MBEE H S AN ERHE RSP AR
FEAR A P A i R T 0 T R A P AN R 4
DCEEVEFT s FEaK R A K5 10, e [ 4005 40 A 1 5
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0.7N AbHEAIHL, 0.7NB Ab#7E i F 43 G AL A REAR 5
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FERTALTHE KBS, + 8 NOs-N b Tk
I, HAREASK (& 2B), Jiti i [ 2 40 R4 458 NOs-
N A K,

I8 2606 A P S G A ) — b, RS R A
TR, BENS B U MR R AR R B, B IR H
HEAVUT S, EEAVRE . BT E A
BT OB DA ER B E CO,, FH COy HFRY, 4
TNRS A A B2 PR A T 2 B SR A
MEAREIET T, BEE HAR IR A, Sikib
BYE R MR e, LTS R,
AT FE A, it P A [P R A0 P L P PR 2R fik - g
AR AR A TV PERR S I3 A0 7.63% 1 241.14%Y
AW AT 0.7NDB AbHL) A L & &1L T
0.7NB b3 (& 2D). SRR, A5 it 2008 4 e
RES I N 418 4 FURG AT & i, FRAR/K RS AR K i
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