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Abstract: [ Objective ] Periphyton is ubiquitously distributed in paddy fields, directly affecting nutrient cycles and their
bio-availabilities. However, no study regarding effects of periphyton on rice growth has been reported. [ Method ] In this study,
model paddy ecosystems with three types of soils were simulated under controlled conditions to investigate the effects of
periphyton on rice seed germination and seedling growth. [ Result ] Results show that periphyton of three types of soils was
mainly composed of Proteobacteria, Cyanobacteria and Bacteroidetes, while the diversity of periphyton of the three soils was
significantly different, and that grown in soil from Yanbian (YBP) had the highest OTU number and Chaol index. Furthermore,
there were significant differences in carbon metabolic activity among the three periphyton (P<0.05). The Pearson correlations
indicated that periphyton composition and diversity was positively correlated with soil pH, TP, TOC and Mn contents (P<0.05).
The carbon metabolism activity of YBP was the highest during the whole growth period, while that of soil from Yingtan (YTP)
was the lowest. The presence of periphyton greatly increased the germination index of rice seed (by maximally 18%), and
a-amylase activity in the presence of periphyton was increased significantly (P<0.05). Besides, the periphyton covering on
paddy soil surface from Yanbian (YBP) significantly promote shoot length and its biomass (P<0.05). The Pearson correlations
indicated that seed germination and survival rate was positively correlated with periphyton chemical properties. [ Conclusion ]

To summarize, this study indicates that the presence of biofilm during seed germination period was propitious for rice growth.

Results of this study provided an insight into understanding the periphyton-plant relationships with different soil-types and also

new approaches to controlling plant phenology by regulating the growth of periphyton.
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1.1 FAMEYREFNFERKE

AW NIED (YB ), JEFE (YT ) FET (Z1)
AR FH AR A T BT 1458 (0~20 om ) ( 820 Je
FRALMERT ULER 1), LA = Fp 3808 A JE A A 4 B
HRFEARZLT, 18, K 5 kg B3R RN (B

& 25 em ). SRJT MBS AE BRI A ZE K 2K 2
cm; A, 7EREAXTIEAFIMA 5.0 ¢ SR
(NaN;) ¥ EAEw AR, 5538 2 FE, JFMAE
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Table 1 The types and chemical properties of paddy soil in different sampling sites

SR Hh 5, R
TN/ (gkg') TP/ (gkg') TOC/ (gkg!') pH TFe/ (gkg') TMn/ (mgkg')
Sampling site Soil type
YB WEARELEY  2.02+007a 084+0.09a  35.62+2.65a  7.31+020a 25.71 = 3.04c 553.99 + 82.28a
YT WEHKFFEE?  1.93+£0.03b  0.57+0.03b  18.93+027c  5.00£020c 51.91+1.15a  269.85+ 102.75¢
ZJ Bk FEE®  2.50+0.06a  0.80+0.05a  23.70+£1.89b  6.97+0.10b 32.37+1.45b 47930+ 133.97b

E: YB: $EM, YT: JEE, ZJ: $IT. TN: &%, TP: 28, TOC: SAMLEK, TFe: 2%k, TMn: &%, FrAHUES ¥
PIE £ brmi2E (n=3) . FFIAR/NG FEERRARGHFERE 2R (P<0.05), FF. Note: YB: Yanbian, YT: Yingtan,
ZJ: Zhenjiang. TN: total nitrogen; TP: total phosphorus; TOC: total organic carbon; TFe: total ferrum; TMn: total manganese. All the

values are represented by mean + SD ( n=3 ) . Different lowercase letters indicate significant difference between treatments at P < 0.05 level.

The same below. (D Waterloggogenic paddy soil, @ Submergenic paddy soil, @ Take off the latent paddy soil.
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FH GB8275-2009 W& & 1 7K R b 1 a- b Al TG 110
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(HbTEIAE YISy ) R AEY & (250t A9 8 AR

Ayt ). LI S T P A S 0 A A ) ) B AR P
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KA 2.5 1; BAHE (TOC ) K E#% IR 25 5
BAE; 2R (TN) RAPEREILUREENE ; 20
(TP) M4k (TFe) KA AIARILINE ; 24
(TMn ) R FH KR RIT R B IR A i a2 s 2O
W5 R H Biolog T/ E W % 48 ( Hayward,
CA, EH) MFRAFIKRE 5535 T E Y At
WG PE . Biolog-ECO F-#iid ixf 4341 T 96 LK)
e VR RS W 3k o3 AT VE A SR A A W ik AR i R AE
Biolog-ECO WM &A 31 FARRMmIE (Hoh &
MR 6 T, BEZE 10 Fh . RIR 7R . REW 4 PP M
F2 PRI 2 Bl ). BARERAELLIR N K 2 g JAM
AERIET 50 mL ZERK Y, FE 25 CRYMEE G S48
W 200 rmin ' #£3) 30 min, BES, ¥ 1 mL AME
VI W BE 2 20 mL, JP¥KE 150 uL FioRs i m s wohn
AEALH, T8 25C T HEEFR, & 24 /NIHIE —IREL
P, HLBE3% 168 h, Biolog-Eco fWF-# B — B IR Y
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R FREE B A Y0 s — Bk IR A R FHRE ), R
FHOF ¥ &5 AL 35 A8 4k % ( Average well color
development, AWCD ) Ki#iif. AWCD {H# KFE/R
T B B E ak IE R T RE T o AWCD 1Yt
BAKXWT .

AWCD=3[ (C~R) /31] (1)

K, CoREE P FLIWOGE ; R X L AOGIE .
X (C—R) <0 B9AL, #HARZH 0, BI (C—R) >0,
1.4 PN EY DNAREUK 16S rRNA EEFEE

=2

AMF5EE S Mlumina M 16S rRNA SRAf € Ji A
Y ZREE R AL R . S, H PowerSoil DNA
isolation kit ( MoBio, Carlsbad, CA, [ ) MR&E
) JE AR I RE S v B DN F T 1%350 BB e Fi,
TRAII DNA (4 5¢ R4l |, W] AR F NanoDrop
One #4516 T ( NanoDrop™ One, FEEK K,
2% ORI DNA ¥R FEFSERE 34751 41 16S
rRNA FEH 1 VA~VS5 X Bt PCR ¥ 5% 4R 50
1% 515F ( 5-GTGCCAGCMGCCGCGGTAA-3')
/907R ( 5-CCGTCAATTCMTTTRAGTTT-3' ). PCR
P 1S40 94°C 5 min, 94°C 60's, 55°C 60 s,
72°C 75 s, 30 MEFS, ZJ5 72°C 10 min, PCR X
M=K QIA quick PCR Purification kit ( Qiagen )
BEATAlA . B ARRIRE S A PCR 948 P2 S BE IR IR A
J&i, RH Tllumina /A 7] HiSeq2500 -5 ( 3£ ) 5Ehk
FEHN M (48 7R 3635 AE A PR JIE ).

o 38 I BT AR A He B LLR AP AT A b
RU. (1) XFSIR A FLASH2 #4786, (2) ffi
JH Cutadapt #AFUIERS 1495 (3) KA QIIME (1.91)
FBR B BT 20 A% T 100 bp BT &2 751 5
(4) K JH RDP Bdis Fe s Briie G145 (5) 4520 5 5
#7915k 1] UPARSE HAFTE 97% 917 9 AHALEE T 5
KN EAE S ZE ¥ T ( Operation taxonomic unit,
OTU ). #| ] RDP Classifier 75 44451 OTU Ayt
J¥ %515 Greengenes %4 EHEAT ELXT, ARAF Y Fh T RE
fF R (BE B 5 R BEBA R 0.5 LU 1), MfTik )
T A AR IER H . 4% ( Shannon ) 3§
UM Chaol $5%U/E QUME Hit45 .
1.5 HESITESHF

FiAs A B e = R, HAE R L S+

brifE2E R (n=3 ). RHPEE I 22017 ( one-way
ANOVA ) Hljz /R £k ( Pearson ) A& 4341 X AS [R5
P AT 22 S 10 S PR AR DGR 23 A o Bl Ak S AN A 1]
fdi Fi| SPSS 22.0 Fl Excel 2019 #4547 .

2 4 AR

21 ARLTEBUERESR

mFE 1 pon, HT RS EAEY R 3R i vk
JRAFE2E S . R I 1 pH (5.00) BEKT
BT (6.97) FIZEH (7.31) (P <0.05), MMM
TR A SRS A PR S B T A
PIZHALEE (P < 0.05), BLAk, JETRAS I 3R 48k
SREESTHAMMALE (P <0.05), MHakHs
R R THAAL A EE (P < 0.05), DL EgERE
H AR BFF 5% BT FH = b e S8 A B S A7 A
5.
22 AETEEFNEANLEYHLEESR

e 2 Pin, AN L3RR IR0 R A E P i B4
PERRAETE 2257 . SEh RN 2R (3.75 gkg '),
2 (116 gkg') MUEBEALIK (3414 gkg ') Fit
Py 2 T HARPIALAE (P < 0.05), 144 &
TWFEZES (P> 0.05); HITFENEYN P&
(3248 gkg!) WE R THED (28.83 gkg ') FIEE
A (21.91 gkg ™! ).

AT 30 32 X5 A [i) - 38 85 35 10 R AL B W A T v
T A R, ST SR AR W R AL RN 2 R 25 5
WE 1 FR, . R A A Y 24
WHEEA . ZIEHEI] ( Proteobacteria ) ( AHXT =& 41
B oA 39.7% . 29.3% FI 68.9% ) . W5 4N B I
( Cyanobacteria ) ( FHXSFRE3500 20.8% . 9.8%7Al
8.4% ) MILUIFT ] ( Bacteroidetes ) ( AHXJ 3 435l
1 17.08% . 3.7%H1 3.3% ); {H 2 8 R A A= ) SR R
W17 ( Firmicutes ) AT (35.6% ) BEHT
FEH (0.4% ) FEHIT (2.2%) (P < 0.05), WizE 3
Fiizn, =200 81 T RN W B R AE (k.
Chaol MR ZHEIRE ), KD HNEY
( YBP ) Fh BRI Chaol F8 %% 5 & 75 T EoAth 95 40 &b
H(P<0.05); MEITFEMNEY (ZIP) WFELTEEL
(3.42) BFEm TR (3.00) FFEH (3.11) (P <
0.05 ).
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# T8 1] Planctomycetes A A Z R B AR R R, DT e AR AR S
g 20 UFF# ] Bacteroidetes Ij]ﬁ!é o
h BUEATHIT Cyanobacteca P 2a) BRIl E A BRA R P 77
AR T ;
0- FEBIT] Provobactetn fEGL 25 (P<0.05). oo, HE3 i M/EY) (YBP)
YBP  YTP ZJP Ak A o B 2 .
e FERA BRI AR BNE LS . 6 144 b Bk
FEH (AWCD 2y 1.49), JEEAMAEY (YTP) #Y
E2 DB R (T 112 . ELY \ >
Bl RAEHUHFREES (TTACF) AR P eI, AWCD 2 0.53, T VLA Y
Fig. 1 Microbial community composition of periphyton at = .
phylum level MK AWCD “H 1.24,
F2 AREEBHBAEMRELIER
Table 2 The physicochemical properties of periphytons in different paddy fields (n=3)
JE AA: )
TN/ (gkg") TP/ (gkg') TOC/ (gkg!) TFe/ (gkg') TMn/ (mgkg ")
Periphyton
YBP 3.75 +0.08a 1.16 + 0.48a 34.14 + 1.22a 28.83 +3.87b 589.2 +167.2a
YTP 2.32+0.03b 0.51+0.13¢c 22.57 +5.54b 21.91 +0.96¢ 599.8 +374.2a
ZJp 2.07 £0.03¢c 0.84 + 0.06b 19.31+0.92b 32.48 +2.22a 616.7 + 142.3a

¥ YBP: SEHEMAY, YTP: R EAMNEY), ZIP: SULJAAEY . TR, Note: YBP, YTP and ZJP represent periphyton grown

in soil from Yanbian, Yingtan and Zhenjiang, respectively. The same below.

R3 WMEMSHEDT

Table 3 Diversity analysis of microbial community (n=3)

FE 4 Samples %% Reads YIFEL Observed species Chaol Tk Z 1 Shannon diversity
YBP 11 523 3107 +£98a 5692 +565a 3.11 £0.25b
YTP 11 534 2375+307b 4542 +492b 3.00 +0.16b
ZJP 11 830 2 585 +245b 4 848 +402b 3.42 +0.04a
F4 TIEBUERSAMEMEESHENE RFHEXME
Table 4 Pearson’s correlation coefficients for soil chemical properties and periphyton microbial diversity

pH ™ TP TOC TFe TMn

YrFhs” 0.71" -0.11 0.75" 0.82"" -0.69" 0.70™

Chaol 0.62" -0.13 0.71" 0.77" -0.60" 0.71"

A ZREPE® 0.65" -0.11 0.66" 0.74™ -0.62" 0.52"

TE: *p<0.05, **p <0.01; ***p <0.001, FI[i. Note: *» <0.05, **p <0.01;

(@Shannon diversity.
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Fig. 2 Temporal variation of AWCD of periphyton (a)) and the metabolic utilization of the six main types of carbon substrates by periphyton (b))

HE—2 00T T R NEY X Biolog-ECO 44l
By 6 KZEHRIE ( 2R polymer ., IR amino acid .
lf 2% amine . B fR phenolic acid . &k /K b & W
carbohydrate FI¥&i& carboxylic acid ) BYF| HE M
ik 2b) F7R, TEANFRERIEYI T, =R A0l
RIRF e, 234 1.0 (YBP), 0.9 (YTP)
M 1.2 (ZIP), Xt Z Ryl Hoh, =Fb
Ji DA 0 %68 AN ) e U 40 1) AR P A7 2 22 5 BB
FE AN A EEER (0.8 ) WIF B 3w T HiA
PZLAREE (P < 0.05), TMEETTJENAE XK LG
Y (1.1) FRmR (1.2) MR W & T HAb P 4 Ak
H(P<0.05),
23 FEMEYXKBHFIELZNZMm

mE 3 Frs, JAMNEYRFELER I T KRR T
W &M a-JERBRE M. NSNS, 4
M RN VT AL B K R AR R RS
87% 63%71 63% , #H LA 1 X BRAL 70505400 T 18%
9% 3% (& 3a)). BE—HME THFR 7 d JR7KAE
FhFr o-TERYBERIE M, Z5AERW . AEd . JEVE AN

BT AL B AP OK FEFP T 19 - T8 R BT MRS B 1.6 1.1
M 1.6U-g, imix A5k 1.3, 1.0 f1 1.2 U-g”
(Fl 3b)). B =FhJE A Y2 i T oK FEFD 78 &
FH o-TE R BTG (P <0.05),

AN DR AL . 2 FE M AR R o]
REXS KRG FR 1 & 7= B2, gk 5 i, AW
IYMT T TR N A M BEVE A A S KRS P T & R 56 6
F, R FRUDKFER T KR 5 5 A E Y R A T
(5. SEPREAYER S ). YR REE 2P
BERFIEMIE (P <0.01), FHEMNAEYRRES R
fiE 5K REAhF 0] RAEAE ARG C R
24 BANEYIKBEHEERNZI

JEL N A W ) A B T 5 Wi 7K R Bl 1 A 1 &
oo - Tl TG N, 3 6 4l T A AE S R AR R
WA 4 PR, JE A P06 7K R 40 v A7 106 A5 R[] Y
M JRNE ARG OLT , TR R T KR
P4 RS AR 6T% 1 T8%, 43 I X M g
19%F1 5% 1 ZE 371 KRG - 2l 1 G R 67%,
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Fig. 3 Effects of periphyton on the germination index (a)) and a-amylase activity (b)) of rice seed

£S5 BIAEMEREESKEMN T A RN &SRR RREXE

Table 5 Pearson’s correlation coefficients (r) of chemical composition and community characteristics of the periphyton with germination rate

and survival rate of rice seedlings

TN TP TOC Fe Mn YR Chaol TR ZREEY
W &% 0.94™" 0.67" 0.88"" 0.09 -0.06 0.71" 0.63" 0.66™
AT R 1% 0.54"™ 0.49" 0.36" 0.00 0.52" 0.63" 0.49™ 0.73"

LTI 3R Seeding survival rate/%

(DGermination rate, @Seeding survival rate, @Observed species, @Shannon diversity.
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O %441 Control 117 4 31 FVELTT 6 A A= W) % 40 1 47 0 T L S 5% )
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. . T KRR Z M EFR (£ 5), BIRMMEH
mr OO, E A AL PERR | 2 R
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