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Effects of nitrogen reduction combined with rice straw biochar on rice yield traits and soil bacterial

community structure and function
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Abstract: The effects of chemical nitrogen reduction and combined application of rice straw biochar on crop productivity and soil microbial
community was investigated in a rice paddy system. A field positioning experiment was designed with six treatments : no nitrogen (CK),

conventional nitrogen (N100), 20% nitrogen reduction (N80 ), 20% nitrogen reduction combined with biochar (N8OBC ), 40% nitrogen
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reduction (N60), and 40% nitrogen reduction combined with biochar (N60OBC). Nitrogen reduction combined with biochar did not reduce

rice yield and significantly increased soil pH and organic carbon (TOC) content. The results of soil microbial sequencing showed that none
of the treatments had no significant effect on « diversity index of soil bacteria community. In general, Proteobacteria, Chloroflexi,
Acidobacteria, Actinobacteria, and Gemmatimonadetes were the dominant bacterial phyla in paddy soil. Proteobacteria,
Gemmatimonadetes, and Actinobacteria increased by 36.8%, 40.7% and 11.3% in N60BC treatment compared with N100 treatment. At the
genus level, Sphingomonas, Massilia, and Gemmatimonas increased by 68.6%, 54.0%, and 49.2%, respectively, in N6OBC treatment
compared with N100 treatment. Based on the results of KEGG analysis, we determined that N6OBC treatment significantly increased the
amino acid metabolism, carbohydrate metabolism, lipid metabolism, and energy metabolism of soil microorganisms in comparison with
N100. The contribution rates of soil total nitrogen (TN), TOC, and pH to bacterial community were 19.4%, 7.4%, and 6.8%, respectively.
Pearson analysis showed that soil pH was positively correlated with the relative abundance of Acidobacteria, TN was positively correlated
with Proteobacteria and Gemmatimonadetes, and TN was negatively correlated with Chloroflexi and Verrucomicrobia (P<0.05). In
conclusion, appropriate nitrogen fertilizer reduction combined with biochar can improve the structure and function of the soil bacteria

community and promote the growth of rice; therefore, this combination is a viable management measure for chemical reduction and

production stability in paddy fields.

Keywords:rice; nitrogen reduction; biochar; yield; bacterial microbial community
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Figure 1 Effects of nitrogen reduction combined with biochar

application on aboveground dry matter accumulation of rice
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Table 1 Effects of nitrogen fertilizer reduction and biochar application on yield traits of rice

Rkt 21y JbF (VA Vi FRRERIEL BESR TR SR
Planting season ~ Treatment  Panicle per hill  Spikelet per panicle Filled grain percentage/% Thousand—seedmass/g  Actual yield/(kg-hm™)
2021 17 CK 6.1+0.9h 191.4+44.6a 91.242.0a 17.4%1.2b 4763.9+335.8¢
Eairlllyzsoe;fon N100 8.3+1.0a 182.0+40.1a 91.4+4.2a 18.9+1.8ab 5398.6+515.8ab

N80 8.0+0.7a 184.5+22.9a 91.5+3.6a 18.7+1.0ab 5 151.7+147.1abe
N8OBC 8.4+1.0a 180.8+19.5a 93.3+2.0a 18.8+1.4ab 5599.7+226.9a
N60 6.8+0.4b 174.0+20.9a 94.3+1.0a 18.9+2.1ab 4927.1£121.2bc
N60BC 8.0+1.0a 172.7+27.1a 92.1+2.7a 20.5+2.0a 5437.1187.0ab
2021 M2 CK 9.6+2.5¢ 163.3+27.9a 87.124.2a 18.4+0.5a 5208.0+521.0c
"ﬁ‘i‘f;g;"“ N100 14.242.9a 190.2+8.1a 89.8+3.4a 19.3+0.9a 5 895.4+157.5ab
N80 13.4+2.1ab 183.9+17.9a 88.0+5.0a 18.5+0.9a 6 344.3+202.8a
N8OBC 13.9+1.5a 202.0+32.0a 87.1+2.3a 18.6+0.8a 6 174.1+202.8ab
N60 11.3+1.2bc 187.8+19.3a 86.7+3.3a 18.4+1.1a 5733.8+386.1hc
N60BC 12.2+3.1ab 187.9+35.9a 87.2+3.7a 19.0+0.6a 6 068.9+167.8ab

T ANEVINE FREFOR AL H R 25 57 8 35 (P<0.05) o T[],

Note: Different lowercase letters indicate significant differences among treatments at P<0.05. The same below.
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Table 2 Effects of nitrogen reduction combined with biochar on soil physical and chemical properties of rice
At H Electricfiﬁuclivil / =R AR WAL 5t Gl
Treatment o (e )' Y Total N/(g-kg™") Organic C/(g-kg™) C/N Total P/(g-kg™) Total K/(g-kg™)
CK 5.6+0.0b 42.9+8.2a 1.37+0.01abe 20.04+0.15b 14.66+0.13bc 0.58+0.05a 12.16+1.06a
N100 5.5+0.1b 47.4+4.3a 1.25+0.02¢ 20.44+0.70b 16.30+0.28b 0.54+0.08a 11.49+1.37a
N80 5.7+<0.1ab 48.0+4.4a 1.48+0.04ab 20.16+0.35b 13.63+0.29¢ 0.56+0.09a 11.74+1.14a
N8OBC 5.8+<0.1a 48.9+0.9a 1.42+0.09abc 30.19+1.75a 21.27+1.05a 0.65+0.04a 10.73+1.30a
N60 5.6+0.1b 43.9+3.8a 1.31+0.06be 20.14+0.57b 15.46+0.64bc 0.64+0.03a 10.01+1.50a
N60BC 5.8+0.1a 47.1+£3.4a 1.55+0.08a 32.65+0.23a 21.25+1.30a 0.60+0.02a 11.76x1.41a
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R3 FELGE T EAERHFLENE o ZHETE
Table 3 Effects of nitrogen reduction combined with biochar
application on alpha diversity of rice soil

bacterial community structure

4b3 BRI Chao f5 %X ACE#RH
Treatment Shannon Chaol ACE

CK 9.2+0.1a 3 158.9+53.8a 3319.3+39.7a
N100 8.8+0.7a 3 152.9+215.3a 3321.5+216.1a
N8O 9.3+0.2a 3 273.6+95.0a 3 450.3+86.0a
N8OBC 9.4+0.1a 3 350.6+71.6a 3497.7+66.1a
N60 9.2+0.1a 3232.1+68.9a 3 408.4+66.1a
N60BC 8.9+0.6a 3273.9+147.1a 3441.9+142.8a

B2 REEEEMRIKE DIEAREE M EYMHEENR N
Figure 2 Effects of nitrogen reduction combined with biochar
application on the number of unique species

in rice soil bacterial community

[ (Nitrospirae ) DB B 14 AT 2 B2 b N100 &b 38 53 5]
WA 19.4%~32.5% . 12.8%~13.7% . 36.9%~49.9%, L)
KA N6OBC Ab B 7 77 5 11 1 AH X = B EE N100 4k 73
FEAIK 28.62% FEAH [R] (147t 220 7K ~F- &, N6OBC &b B 1Y
ARTE B L 2E SRR B A A X = B N6O Ab B 43 51 14 0

www.daes.org.an




NES 1988 ZAESERERaIE Y 4258 9
100 T (a) TR 100 ¢ (b) J@KF
8 M N . . () asified N
8 nclassifie N I [r—
2 90 | — e ey ) g %0 —— . B Jnirasporangium
= 80 = 801
3 B Patescibacteria = _— - - Leptothrix
E 70 7] Firmicutes ) E 07 - . Anaeromyxobacter
2 60 F Verru( ()ml(‘r()bla = 60 . . . Luteimonas
o o
E 401 | ] Cemmatil)lrlonadetes g 40r B Anaerolinca
30 B Actinobacteria 30T | (:'andidazustdaeobacter
.,-Hi_ 20 M Acidobacteria ﬁ 20 | Streptom.yces
EJZI 10 Chloroflexi g‘é | Gemmatimonas

M Proteobacteria
CK NI00O N80 N8OBC N60 N60BC
Kb B Treatment

B Sphingomonas
CK NI00 N80 N8OBC N60 N60BC
AP Treatment

B3 ®ALBEFE YR B EXT 78 T A E A S AR R0

Figure 3 Stacking diagram of bacterial species distribution
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Figure 4 RDA analysis of soil bacterial communities and

environmental factors
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Table 4 Effects of nitrogen reduction combined with biochar application on rice soil bacterial community functions

— R INRE Z e

Function level 1 Function level 2 X WY WD N8OBC IED N6OBC
A A KB AL Amino acid metabolism 265 292.0ab 261976.4b 272263.0ab 270291.6ab 268 135.6ab 277 676.4a
Metabolism KA G 1 Carbohydrate metabolism 268 313.7ab 264 861.7b 270 688.5ab 268 915.8ab 269 140.3ab 274 033.9a
AHBI IR g AE 2 A0 254 571.6ab  250254.8b 259 833.0ab 258 439.0ab 254 830.9ab 264 432.4a
Metabolism of cofactors and vitamins
A28 Lipid metabolism 133572.4ab 129 553.1b 138 370.1ab 134 856.7ab 134 651.6ab 139 436.3a
fie B Energy metabolism 108 369.1ab 106 815.3b 110 752.2ab 110 060.5ab 109 141.2ab 112 644.8a
R ORI 63113.9ab  61919.2h 64 800.7ab 64 488.9ab 63 051.4ab 66 222.8a
Glycan biosynthesis and metabolism
RS Nucleotide metabolism 33920.8ab  33796.7b  34527.3ab  34473.9ab 34 176.lab 35185.9a
S AR PR A it 118 786.1a 108 920.6b 118572.1a 116 110.3ab 116 294.1ab 122 657.4a
Xenobiotics biodegradation and metabolism
oAl 2 o S i 1t 61048.1ab  63868.2a  58096.2bc  62445.5a  55296.6c 56 193.2¢
Biosynthesis of other secondary metabolites
EAALA P AR A AP At 212978.6a  211255.5a 211095.4a  208381.6a 212847.0a 211210.7a
Metabolism of terpenoids and polyketides
AL AF H AL S| B S Replication and repair 108 722.8ab 107 107.4b 110 084.3ab 109 563.1ab 108 786.0ab 112 023.2a

Genetic information

) P& S F RS 72232.4ab  714824b 73 171.4ab  72974.4ab 72 088.4ab 73 968.4a
processing Folding, sorting and degradation
%% 53t Transcription 19096.4bc 19 131.6bc¢  19096.0bc  19222.1ab  19017.5c 19 355.0a
#11% Translation 63386.2a  63454.6a  63531.0a  635082a  63220.4a 63 989.2a
2 if0 R 032 50 Cell motility 51027.7b  46877.6d 492722bed  47913.6¢cd 50 552.3bc 54 756.3a
Cellular processes gy gt K FIBE T~ Cell growth and death 31 843.7abe 30 814.7¢c  32139.8ab  32010.1abc 31 408.7be 32 660.7a
& B 3 A Transport and catabolism 6 589.2be 6072.5d 6 613.0ab 6259.8¢d  6413.4bed  6936.5a
YAV JE A% R ) 3537.8b 3243.9¢ 3443.2b 3 407.9b 3421.4b  3771.4a
Cellular community—prokaryotes
REEAR HAL B Jl53Z 43 Membrane transport 33359.1ab  33091.4b  33925.6ab  33718.2ab 34 016.6ab 35018.4a
E?;f‘;:;‘;‘f:;"l {5 544 % Signal transduction 9 620.0b 8873.4d  9309.1bc  9088.5cd  9343.7bc¢ 10 083.9a
— fH 50T HMEIEM 2.562 5a 2.484 6a 2.940 5a 2.919 la 275582  2.2851la

Signaling molecules and interactions
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Figure 5 Correlation analysis heatmap between soil bacterial communities and environmental factors
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