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/NI T 2020 AEAE ) RE 4 W) B T A R UK RS BT (113°32713.11"E,28°13/40.79"N) #E47. 1% f% M +
pH 4 5.2; &% 0.55 g/kg; B4 0.05 mg/kg; B 0.65 g/kg:; A 2UHE 11.63 mg/kg. i {1k F o AR G & 2k
% (Nostoc linckia FACHB104) , iy [ B} 2 B 7k A= A= W0k 78 B S 446 (o BG-11 85 32 b AT e fh i K05 9%
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KRB Ry 28 °C G MR G S e i B o 121+ 12D, 6 BEGR BN 24 I 73 bR 1R 5 B o 15 9% 2 6 BOR 3 6
H AR BG-11 B 5 h 1537 15 d, AR5 35 Ak 2 A8 HL 358 43 A % B CCRO T2 bR G 8 ZR e AL 3 (NI
BB E 3 A EE L RHLHES] T 6 AN IRE /N X AN/ N KRN R 4 mX 5 m NL 2B 2 B2 40k
FUIUR 119 PR EC A 2R B 15 37T, CK AL B4 45 P S AR LAY T 0 BG-11 K5 95 3L B IR R i 295 6.6 X 10" cells/
m? MK ARG 45 2 d BUKRFLBIY 5 15 d 3R 1 U KRS 5 Bl ok 2258 R R A o /K RS 37 B i — J e fin
FERE it FH A PR % 166,67 kg/hm?, SA4LH 166.67 kg/hm® ., idBEFRES 291.29 kg/hm® JHfL 1 A J5 it g
JE L8 A P& SR 100 kg/hm?® , i HEBRES 175.68 kg/hm? /K345 Bl 7 S b &4 B W K.
1.2 HMRERNUE

- HERE S KRR A R IE AR N XCRE E D 5 A 0~20 em HHEZE 3R PR P 5R
IS SR 4 3 e 48— 0 B i A 256 T B D AR T — 80 °C MR VKA it A7 - T 43 A L IR B A= W 43+
ZREME s — 043 W fif 1 e T AT 4 CC¥ i, FH T4 A SIS k. ) —F A FE AR AR T B AT
M B IIE H AR KT B I O S 0 R A A

+ 58 pH SR AEI T R rh A P S R RS A A R A R B T A i B kLT .
- 9 v R Tt SR FH 2R T R SRR B L €8 R D A TR P O R SR PR SRR R L €8 1 A s - AT A R R
T 2 L € 7 D . AR O P LR DU T 1 5 IR SR (08 . 4 498 [T 260l 07 MR 2 st D vk e 1 LK R
BCE S R A5 5 HURE T A K R R R A R R T S A PHOE TR T BT o, I e
1.3 SEENF

YE R 32 DNA 42 BUL I & CR M $R B A 5 & DNALffH 16S rDNA A 54 515F (5-GTGC-
CAGCMGCCGCGG-3) 1 806R(5-CCGTCAATTCMTTTRAGTTT-3) ¥ # 4 H 16S rRNA K H 1y V4~
V5 XU PCR $EHR )7 1% 8 F:95 CHUASPE 5 min, SR )5 A 25 A6 BR 4 19 W BE 451> 10 3R 40 45 25
95 °C 30 s,iBk 54 °C 30 s, %1 72 °C 30 s, &5 T 72 ‘CA%¥E 5 min.PCR §"# ¥ ABI GeneAmp PCR Sys-
tem 9700 (Applied Biosystems,CA,USA) b #E47. i H 2 %6 (it it 43 0 19 B i B 5 e XF PCR 7™ 49 147 FL Uk
K, I8 AxyPrep DNA %k $2 Bl 7 & (Axygen Biosciences, Union City, CA, USA) #E— & 4fi k. {fi
QuantiFluor™-ST (PromegaUSA) X 4lifb P 3% + i 47 1, Bl 25 AW 2R B A FR/A 7 1) Tllumina
MiSeq -5 b 647 i 3 5.
1.4 HEHITHH

RIS F SPSS 13.1 #4788 3T 20 Hr o b B2 R B 20 A% R R EL AR ¢ K 56, p<<0.05 BF R 2 7 1
2 R 2 IR 2R (pearson) AH I M43 BT SR F 57 1 W06 4 5 3 B Ak e B, DL R 0 B AR R A S A g B Ak
JOT 1) AH G
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21 TEBUERSKESE
HIZE 1 AT LUE W P AR [ SR 2 35 P v 1 R B A R o B, S0 IR L, R S R A B
T 27.0 00 MREREEREENS 13 pH LA HLT i 25 50, BHES 1 S B B2 00 A 0 38 AR T R AL B 2 - M
BT PR T 08 IR AL (B GE it o A 45 28 s 28 S R SR B 2 35 R KSR el TRT 1 AT RT b bR P B E
A FE IR AR 7 A KR R 33.7 0.
F®1 TEAEH L EEUEFE
Tab. 1 Physicochemical properties of soil in different treatments

AT R SRR R SR R B T Ao/ BRI B B A O R/

20 51 pH

(g kg (mg * kg™ 1) (mg « kg™ 1) (emol(+) » kg™ D) (g kg ) (mg * kg 1)
CK 5.37+0.10 23.27+£1.05 6.0140.64 2.5040.05 10.3340.97 0.76+0.06 17.77+6.38
NL 5.2240.08 21.56£0.66 7.63.£0.46 * 2.4540.28 9.7940.53 0.6840.02 22.67£10.77

W FoR p<<0.05.¢ K&, T IA.
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Fig.2 Effects of N.linckia inoculation on the activities of soil enzymes

F2 ITEBEESIEEVERNERFHEXESH

Tab. 2 Pearson Correlation analysis between soil enzymes and soil physicochemical properties

it pH A A BA PR S AL

TR 1 5 TR g —0.663 0.082* —0.09 0.767 0.253 —0.603 —0.747
O it 0.072 —0.087 0.355 0.03 0.005 0.03 —0.105
YRl —0.822" 0.959* * —0.079 0.707 0.442 —0.615 —0.534
[iH 48 1t —0.579 0.800 —0.184 0.808 0.253 —0.740 —0.830 *

Wt TR p<<0.05 , 7 Fm p<<0.01, T,
24 TEPHEBFESHEESW
e A ) 4 AR L % R g B AR A TR 3 A T AR JE 1 T (Proteobacteria) | iU 1R 1]
(Actinobacteria) \&¢ %5 B[] (Chloroflexi) . BR #1 & [ '] ( Acidobacteria) \ 7% 5 & | ] (Planctomycetes) , X 5 4~ &
FTR AR XS 325 5t 22 M ik 73.19 %6 ~74.89 % (& 3) o AR T 1R 1] o5 b de i o o0 22,89 %0 ~23.10 %0 Hk o
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TR [T RSB B 1], 30 o e 13,5300 ~
17.22% F 12.42% ~21.72 % . A4 FEBEHTG
FEE P HERE R AR SR T i
P 1] AU 1 1] (Bacteroidetes) | 2 5 i 747 7]
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7 AN I T AR RS R (R 3 4 Fig.3 Effects of N.linckia inoculation on the relative abundance
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LW e T IEBET T AURT R T T b ) 2 S LI pH VB AS A& BBEHEAT 1 B IR AR AR JE 1 43 B (R
22, R B IRPEME T A Chthoniobacterales. ¥ 3 [T H A9 83k 3% H (Synechococcales) #1140 i 22 3% H
(Leptolyngbyales) 5 pH & i 2 1EAH ¢, W UFF B 17 A9 48U 181 H (Bacteroidales) #1 Kryptoniales 5 pH &2
BEAMAL AKERMAHLEA S T REPRSASEE R E M, ML ETh M 2w REH
(Frankiales) , Solirubrobacterales FIUAT R [ TH BT H 5% S A & & 2 B & EMHXPEME T TP Pe-
dosphaerales 5 + 5t S5 7 2 52 W 35 1E A0 OC.
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S PR AT BE A F o A SR A 0 MK RS WS T B 22 A AT i B G I L B R R DT AR Y T AR O L T RE R
e b bR I e g i v K R B Y 5 — PR SR (14 AT 5 7 e T 28 53 T 500 8 2 B X /K R A I ™ B e
R 9 B A R ) 52 A DR T 6 2% PR R 3 SR B vl DA /K R 8 7 25,1 00 o (FL 2 0 - 3 B AR R 1 T
R AR TELE R W, AR bR Q& PR R R 47 33,700, P R B S T B 0 3 T IR AR LA
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PR 2% S EOAS T )6 K A e IR



26 AHEIFERFFRCRHF R 2022 4

®3 TEPITERAERAFEANEES T EBEAEROERRBIEDH
Tab. 3 Pearson correlation analysis between relative abundances of the main bacteria at phylum

level and soil physicochemical properties

r

B pH AR MA §S¥0: AL A BB A
Proteobacteria —0.090 0.055 —0.452 —0.227 0.474 0.594 —0.257
Actinobacteria —0.516 0.772 0.776 —0.841" 0.443 —0.099 —0.638

Chloroflexi 0.591 —0.668 —0.146 0.614 —0.637 —0.405 0.626
Acidobacteria 0.255 —0.467 —0.416 0.767 —0.400 —0.159 0.775
Planctomycetes 0.560 —0.677 —0.042 0.728 —0.829" —0.359 0.406
Firmicutes 0.388 —0.096 0.117 —0.701 0.213 —0.173 —0.319
Verrucomicrobia 0.753 —0.868" —0.305 0.733 —0.856 " —0.365 0.401
Bacteroidetes —0.863" 0.853" 0.164 —0.450 0.695 0.447 —0.458
Gemmatimonadetes —0.579 0.778 0.690 —0.603 0.228 —0.466 —0.418
Cyanobacteria 0.738 —0.838" —0.454 0.478 —0.480 0.147 0.147
R4 BEMMRERENTEPAR o SHEEEHORMW
Tab. 4 Effects of N. linckia inoculation on the oa-diversity of bacterial community in paddy soil
215 Sobs Shannon Ace Chao Simpson Coverage/ %
CK  4275.674189.99 7.1140.13 5874.914+180.38 5 810.77+134.54  0.002 46--0.000 5 96.12
NL 4 464.331+52.28 7.1240.03 6 271.974+118.97 6 177.88+134.74  0.002 7440.000 7 95.75

A STl ) 3 M A7 AR BT Y B2 A WS R WD AR W R T M S A B R AR B SR K
S R AR SR IR ARG A AT S5 3, S A S B S R IR 2 B E O AR IR R RS
- S U O R T R B A RS N AR B SR KO 1 T R S R AR ) B R ) 3 L £ A 3R S T
VPN T HEAE Ty i B AR A 4R R A T R W 2 IR AE A R A Y B R OGRS bR
T A BR MR 5 1 - b 27 A 22 i A 3% M 700 DA B I P %) A R E Y [ R0 B S 2T A R O i TR IR TR
ARG AR L 2 SR AT A4 2 Tl 06 1 ) A 8 5 B e T b [ 8 B B B M08 4 v S AT ) VA8 A SR A1 T [T 0 9
AT DL 38 A A R F A LB SR AR R B0 25 AR L B P ObR G Ak e Ak B A A M g L S X
HERH L JC .35 22 5 D D) ) 4 o ] 0 98 5 2B 0 e A A LB 00335 P 58 A LD 2 e 32 8 41
TH 11 R 6 A 1R T T -3 A A DL I A LT 5 11 R0 0 1 5 W 3 R DG R TE B 1 X — AL

TR ARTE R RRAT T R R R T R R TR S S WA A AR Y AR S A R R L X
5 20 T ARG 3 B R e S AN R ARG 70 %0 X i — 2D T X S A W R Y J A
PERHE N 3 7  HE A AR IR R IS - 9 PO C v 1) AR R = 88 W 3 i T 0 BRI e T R A R b Y
B A YRR X A W) B SR K A LA 43 i e T, — SR 28 A B AR R R TE R A 2
I 43 A 45 R s, R OPR TG 2R e AL BRAH + 8 b i R IRTE 8 (Nocardioides) TR AT J& (Acidothermus)
Fe—A R 38 B )& 1 7 ) IR A H (Gaiellales) B2k B B9 ARXT 42 B2 5 35 i 10 BRI DGR R0 R A4 T X 2F 4E 5%
A ZE Fe 22 P A BL TS Y ) E AT 5058 11 ok ik BB T2 A A = BB I B o nT AR g R T - A BLAR 1Y
T, 33 VT R A 0 A AR I A B g Ak P2 3 b T 4 2R O ik T T v T B AL

- S A W R I 2 S BRI R EORE O R AL B A L i A R pHOX S A W R
T A A S RS R B SR AR AR DG A3 BT 25 A T L T R A S R R R Y B S A S A
S s MTALLFTF B 1T AR T8 1] 9 — S b 28 g AR DO = 32 5 4 8 v B 2 G 1 T 35 T AR OGRS 2 R 0 AR T B
TE R RGN IR T &K ER (Nostocaceae) s R FEAER 73 FE 7K 1O RE T AL o0 45 2R BoR B BR ALY 28
TR0 T 8 1) PP BT o AR X BE 0 EE AR L o BRI OR B 10 %6, Hm (R P BRSSO B BR B (Symechococcaceae) |
HMREREERL (Microcystaceae) FYREE 22 3 R (Le ptolyngbyaceae) AW 5% W A ¥ 22 RE PERE T 19 SR 48 B+ 8] Sy 7K
et JIRA A | B8 T 1 — UOPR TG BR B A I () AT — 2 1 AR IR Bk i MR A A T o A 5 1B ] B 2 3 3
R BB WE R ATORE S AR 0 I L R A 5 R TR YOG R AR O TR AR B A AR A A TR AR XL DL sk
FHiE 3 6], SILAMBARASAN %5 58 25 L i 7R, ¥ v (2 Bk e 0 86 10 =F B K8 3R 40 i A8 AL
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Effects of Nostoc linckia on rice grain yield and the structure and functions of
bacterial community in acidified paddy soil

Shao Jihai, Chen Jiefeng, Hu Ting

(College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China)

Abstract: Long-term excessive fertilization caused acidification of massive agricultural soils in China. The effects of di-
azotrophic cyanobacteria on rice grain yield and the structure and functions of bacterial community in acidified paddy soil remain
unknown. The effects of Nostoc linckia inoculation on rice grain yield, activities of the main soil enzymes, and the structure of
bacterial community in acidic paddy soil were investigated through field plot experiment. The results showed that the content of
NH, -N in paddy soil and rice grain yield in the N. linckia inoculation treatment were significantly higher than those of the
control. The activities of cellulose, nitrogenase and phosphatase were significantly higher than those of the control. The activi-
ties of acidic phosphatase and cellulose were positively correlated with the content of NH; -N in soil. The results of high-
throughput sequencing revealed that N. linckia inoculation changed the structure of bacterial community but did not affect bac-
terial a-diversity. The relative abundances of Synechococcales and Leptolyngbyales, the main groups in Cyanobacteria , were
negatively correlated with the content of NH; -N in soil, while the Bacteroidales in Bacteroidetes, Frankiales and
Solirubrobacterales in Actinobacteria were positively correlated with the content of NH; -N. Besides NH{ -N content, the con-
tent of phosphorus in soil and soil pH were also the main environmental factors affecting bacterial community in paddy soil. The
results presented in this study indicate that application of diazotrophic cyanobacteria could promote rice grain yield and improve
soil fertility.
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