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Effects of fluvo-aquic soil biochar on soil bacterial communities of
different rice varieties in Guangdong Province

DING Wei, YANG Shuying, LIU Yang, ZHANG Yaning, ZHANG Bo
(College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China)

Abstract: [Objective] To discover the effects of biochar on soil bacterial community diversity, abundance and
structure of different rice varieties, and provide a scientific basis for the application of biochar in paddy field.

[ Method] Experiment of split-split plot was designed in the late rice field of Fluvo-aquic soil type in Taishan
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Town of Jiangmen County, Guangdong Province in 2019, treatments were designed with no biochar
application(CK), biochar application of 3.5 t/hm* (Trl) and 7 t/hm’ (Tr2) as the main plots, six different
conventional high-quality rice varieties, including ‘Huanghuazhan’, ‘Wuchangxiangdao’, ‘Xiangyaxiangzhan’,
‘Xiangwanxian’, ‘Nongxiang 32’ and ‘Yuzhenxiang ’, were designed as the subplots in each main plots. 16S
rRNA gene V3-V4 high-throughput sequencing technology analysis was conducted. [Result] Biochar Trl and
Tr2 treatments significantly improved the bacterial community diversity of rice variety ‘Yuzhenxiang’, and
biaochar Tr2 treatment significantly improved the bacterial community richness of rice variety ‘Yuzhenxiang’,
and also biaochar Trl treatment significantly increased the bacterial community abundance of rice variety
‘Huanghuazhan’. A total of 73 phyla, 92 classes, 174 orders, 298 families, 682 genera and 456 species of
bacteria were obtained, mainly including 10 main phyla of Proteobacteria, Firmicutes, Bacteroidetes,
Nitrospirae, Acidobacteria, etc. Among them, the Proteobacteria are the first dominant bacteria (the proportion
of relative abundance reaching 30.0%~61.1%), with y-, -, and a-Proteobacteria as the dominant subgroups.
Compared with CK, Proteobacteria and Bacteroidetes of some rice varieties showed a significant increase in Tr2
treatment, and Euryarchaeota increased significantly in Trl treatment. Biochar treatment caused changes in the
structural composition of the corresponding soil bacterial community at the genus level. Soil bacterial groups
with relatively low or extremely low abundance, such as Acidovorax, Sphingomonas and Pedobacter, were more
sensitive and susceptible to the impact of biochar. The Trl treatment had an effect on the composition and
distribution of soil bacteria compared with CK. [Conclusion] Biochar treatment can affect the soil bacterial
community in rice field to some extent, the soil bacterial communities of rice varieties of ‘Yuzhenxiang’ and
‘Huanghuazhan’ are mostly affected by biochar. Biochar treatment increases the soil bacterial community
diversity and richness of rice varieties of ‘Yuzhenxiang’ and ‘Huanghuazhan’, and the difference between

biochar treatment is mainly reflected in the relative abundance of soil bacterial communities.
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Table 1 Diversity index of soil bacterial community based on OTU

i o QbR FRIBH FE R Chaol¥5 % ACEF& %

Variety Treatment Shannon index Simpson index Chaol index ACE index
AR CK 8.966+0.05abA  0.989+0.006aA  3480.75+517.08bA 3 563.55+537.94bA
Huanghuazhan(Hua) Trl 9.706+0.45aA  0.995£0.002aA  4179.174316.40aA 4 339.96+213.84aA
T2 8.09141.24bA  0.96940.022aA  3490.214836.31bB 3 586.29-830.62bA
ARA32 CK 8.921£030aA  0.979+0.004aA  3866.23+347.77aA 3 951.35:380.68aA
Nongxiang32(N) Trl 9.348+0.04aA  0.984+0.006aA  4044.714157.98aA  4128.83+£192.08aA
T2 8.67140.19aA  0.984+0.006aA  3468.914569.14aB  3538.57+588.43aA
T AT CK 8.683+0.14aA  0.979+40.005aA  3816.22+187.40aA  3946.03+228.30aA
Wuchangxiangdao(Wu) Trl 9.253£0.66aA  0.987+0.007aA  4191.224353.26aA  4300.22+318.69aA
T2 8.52140.70aA  0.986+0.005aA  3235.06£789.02aB  3334.52+839.40aA
K17 CK 8.424+1.89aA  0.976£0.026aA  3518.03+£797.80aA 3655.60744.40aA
Xiangwanxian 17(X) Trl 9.023:0.352A  0.979+0.005aA  4045.54+289.53aA  4121.37+284.28aA
T2 8.93140.64aA  0.983+£0.004aA  3832.92+747.80aAB  3947.94+753.74aA
KA A b CK 8.65141.24aA  0.975+0.021aA  3561.74+695.16aA  3598.914691.79aA

Xiangyaxiangzhan(Ya) Trl 8.988+0.09aA  0.97240.004aA  4074.37+52.38aA 4234.22+5.95aA
T2 8.956:-0.54aA  0.987+0.005aA  3696.074627.56aAB  3787.12+622.64aA
Tt CK 6.708+1.00bB  0.919£0.047bB  3024.95:367.96bA  3169.58+292.43bA
Yuzhenxiang(Yu) Trl 8.682+0.14aA  0.980+0.001aA  3637.90+127.86abA  3735.90+125.70abA
T2 8.738+0.73aA  0.984+0.005aA  4746.21£1530.11aA  4073.96257.00aA

1) A ¥ RIEA-FHMELAREE, n=3; RS RBEE W AR N EFHETE — KGRt ERE L FAMFLET £F5 23,
R F BB 0 R R KB FH k& =Rl — A & B4 T R R K& £ F 22 (P<0.05, Duncan’s %)

1) Data are means+standard deviations, n=3; Different lowercase letters in the same column indicate significant differences of the

same variety among different biochar treatments, different capital letters in the same column indicate significant differences among

different rice varieties under the same biochar treatment(P<0.05, Duncan’s test)

100 [

(=]

80 |

(=]

m LAt Others

® ) 5[] Euryarchaeota
m 2K 1# ] Actinobacteria

- g 60 ® 111 Crenarchaeota
]
%D( é ® 24515 ] Chloroflexi
g2 m [RAT 1 ] Acidobacteria
= § or m EEEANR ] Cyanobacteria
LI | Nitrospirae
20 + m fFF I 1] Bacteroidetes

m JEEE ] Firmicutes

m I HE ] Proteobacteria

0
ol Y& QL&
@Q@&@§$@@
JKAG it Fol B Ab 22 Rice variety and treatment

B2 EYRAREREMECIEAE KT b3t IR ME B RS0

Fig. 2 Effects of different biochar application amounts on the relative abundance of soil bacteria at phylum level

DD P
FELESEGEEE



46

HaEg L K224 (hitp://xuebao.scau.edu.cn/zr/hnny_zr/ch/index.aspx)

43 %

I'] Euryarchaeota. ZHE V& 56 1 PRA KRB NLILH
I, HAE N 30.0%~61.1%, EEMHE 3 NI
Xy (Gamma-proteobacteria). 522 ¥ B
(Delta-proteobacteria) fl a—2FJE & (Alpha-
proteobacteria), T i [ L A7 73 o 9.1%~
52.5% 5.7%~17.9% 1 2.9%~8.6%, HH, PL p-4F
B A AT RN A AN . AN REVE 2 2 R4k
HENEBEGE ], A FJE N 13.4%~30.6%; H.4
KEBG N EEFOFT B 4N Bacillio 4B EEVE S 3 KA 3
RN ], HAR FFEA 3.3%~11.1%, H 3
B U 1% 24X Bacteroidia A # 4N Ignavibacteria.

S VR V& 2L A B R T SR B AE AR ) R AN [
Jit e A B i TG K DX i), AL AR A R AN [ it fin i Ak
] (1 40 T A X T P BT X KRR S Tr2 4k
FRARAER Trl AbFRISAEAR T B T T BAR N 3 5 BT,
HH LR Hua 28468 9 BH 2, §h A Hua 19381 1]
FEXTFEE Tr2 Ab N 53.5%, @21 CK A3 (M
X JE A 31.2%, P<0.05). Trl AbFRFEAS T 5 fh X,
N Yu BARNE R, Horb b Yu (22 T8 B 1 TAR 0T
FFZ Trl 42 (30.0%) BE(KT CK 4 (61.1%,
P<0.05). PR Yu PP B T TAH R B Bl A AR R
) JtE 0N T 32 47 b T, Tr2 AR A AR £ B (11.4%)

100,
80 |
3 60|
< 5
g
EE
g 40t = |
By il
; .7---_
- | B
AL ||-
208§ 0 |
HHIEHT

NP S LD N O N
SRLE IR

5 CK(3.3%) & T (P<0.05). & Hua IR FT
BT AN R Tr2 AR PR (4.5%) % CK(8.0%) & F
B (P<0.05). )" vl B8 11 AR 3 52 DU B 5 A= 0 o 1)
W0, Trl AbEEHE CK B & b TF, Tr2kb 24 CK B
RN BE (P<0.05). JEEER [T AH AL BE BE B [ AE S
sire B e [ RE A AE AR AL B, (R SR 35 2
o KAE T HRAE CK LI IR 25 B A 3 FEAEAE
P g S 2 1 22 S, L, SR Yu PR T TR AR X
FREAE CK AL BRI 535 /& T B b XA I Atk
Bl (P<0.05), LAy~ T8 B AR 3= 52.5% AR HiAth
SRR AEAE AR 2 R (P<0.01); §hfh Hua B4 ALER
JE B T AR 32 B AR CK AL FE A 3 25 v 1 B
Ya M HAR SR (P<0.05), SRt Ya FORS AL I e
I TAHX =F BEAE CK AL FE B 8 3 5 T i Fh Yu(P<
0.05)0 AN [E]AE 45 it i1 2 %o AN [ 181 ol 1) F60 R 6 2
S AN R — 3505 AN [ R B K R T b S8 4t B 1 V& A
XF = BEAFAE R o

AFIE 3 P 2 RO AT 20 J8 40 B P, AR A% Al
BB PN HEA, AR BETE 97% MALE I
4rZEH VA58 Unidentified. BB 3 AT 0L, S 385 @
Massilia M1 FEFE N 1.2%~41.4%. 2 {4 5 8
Bacillus FX 32BN 9.4%~24.1%, YA HFHIE,

= JAth Others
= Candidatus Methylomirabilis
u KT & Aquabacterium
= HEE2 TR |8 Methanosaeta
u KU R 8 Paenibacillus
= AR R Curvibacter
o (B IR Pseudomonas
T HUAT & Pedobacter
= T B @ Sulfuricurvum
= [ #T 1% & Enterobacter
u AP & Thiobacillus
W L B )& Sphingomonas
= SR )E Acidovorax
= FL% KR & Duganella
u K ZE R S Tumebacillus
= ARUEE FIHIRZE AT Unidentified Clostridiales
= R E N WEAN1E Unidentified Cyanobacteria
= HIRHREE Stenotrophomonas
NENFFE & Acinetobacter
= SEAUFT B8 Bacillus
= Y ARH® Massilia

S F

{8 40 4\)

JK A& i b J A B2 Rice variety and treatment

El3 £MRAEMNELIEARKF L3 D RME AT FE R

Fig.3 Effect of different biochar application amounts on the relative abundance of soil bacteria at the genus level
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