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Effects of Blochar Appllcatlon on SOll ‘Bacterial Con}mumty Diversity and Wlnter

Wheat Growth‘ in Wheat F 1elds J

YAQ Jgn , /LI Wei, ZHU Yuan- zheng, PUBU! Cang -Jue, HAN Juan
(College of Agronomy ;" Northwest A&F University, Yangling712100, Chmcf)

Abstract: A'long-term field“experiment was conducted to study the div G‘NHV of %011 bacterial communities and the response of crop growth to biochar application, in order to
provide a §¢ientific basis for the rational application of biochar in agricultural fields. Four treatments were applied at 0 (BO blank), 5 (B1), 10 (B2), and 20 t-hm ~*(B3)
to investigate the effects of biochar on soil physical and chemical properties, soil bacterial community diversity, and growth of winter wheat using [llumina MiSeq high-
throughput sequencing technology. The results showed that soil water content, pH value, soil organic carbon, total nitrogen, nitrate nitrogen content, winter wheat biomass,
nitrogen uptake, and yield showed an increasing trend with the increase in biochar amount. The high-throughput sequencing results showed that the B2 treatment significantly
reduced the alpha diversity of the bacterial community at the flowering stage. The overall response of soil bacterial community composition to different application rates of
biochar and phenological phases was taxonomically consistent. In this study, Proteobacteria, Acidobacteria, Planctomycetes, Gemmatimonadetes, and Actinobacteria were the
dominant bacterial phyla. The relative abundance of Acidobacteria decreased, but the relative abundance of Proteobacteria and Planctomycetes increased with biochar
application. The results of redundancy analysis, co-occurrence network analysis, and PLS-PM analysis indicated that bacterial community compositions were closely associated
with soil parameters such as soil nitrate and total nitrogen. The average connectivity hetween 16S OTUs was higher under the B2 and B3 treatments (16. 966 and 14. 600) than
under the B0 treatment. The variation in soil hacterial community (89.1% ) was regulated by biochar and sampling period and partly explained the changes in the growth
dynamics of winter wheat (0.077). In conclusion, biochar application could regulate the changes in the soil bacterial community and promote crop growth after seven years of
application. It is suggested that 10-20 t-hm ~> biochar should be applied in semi-arid agricultural areas to achieve sustainable agricultural development.

Key words: biochar; bacterial community diversity; crop growth; winter wheat; soil physicochemical properties
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Table 1~ Basic physical and chemical properties of biochar applied for the first and second time
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Table 2 Effects of biochar application on soil physicochemical properties

Al =L G b IS IS5
A ihrm K ol “’ff:?’i%) ‘}’ﬁf? ‘"ﬁ:ﬁkfﬁ) “’ﬁi;‘fh )
BO 13.03 £0. 64a 8.31 £0. 04a 16.06 £ 1. 88¢c 1.31 £0. 09b 2.33 +0.26d 4.22 +0.35a
i B1 13.21 £0. 69a 8.44 +£0.01a 20.72 £2.41b 1.42 £0. 06ab 3.67 £0.73c 3.70 £0.21b
B2 13.63 +1.41a 8.34 £0. 10a 23.72 £2.69b 1.45 £0.05a 5.03 +0. 13b 2.62 +0. 15¢
B3 14.13 £0.61a 8.44 £0. 12a 34.06 +1.37a 1.54 £0. 13a 7.61 +0.38a 1.55 +0. 08d
BO 11.41 £0.47b 8.35 £0. 04a 17.13 £1.75¢ 1.24 £0. 04c 3.72 £0.71c 2.87 £0.17a
] Bl 11.46 0. 40b 8.24 +0. 04b 17.28 £0. 60c 1.34 0. 07bc 6. 15 +0. 86b 2.64 0. 40ab
B2 11.89 £0.95ab  8.29 +0.02ab  22.28 +1.38b 1.46 0. 07ab 6.65 0. 62b 2.17 £0. 21bc
B3 12.97 £0. 56a 8.23 +£0.03b 29.55 £2.75a 1.57 £0. 06a 9.81 +0.77a 2.07 £0. 43¢

1) BB + bRz, [R5 AN RN 7 RE 7R 6] — AL T I I A A BR IR A 590 K F 285 3%
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Table 3 Effects of biochar application on crop growth and yield

A =i 7zl 3% = =

LRI AL /liL uﬁi&z ﬂiz& gﬁli /g #ffz /kg-}i 2~

BO 99.73 £7.94b 0.44 +0.04b 5999.02 396, 89h o~ :.;-,f-"? .":'_J
p— B 120.70£1.62a_ 0.530.01ab 6 542.16 = 166. 18ab i/ L

B2 126.28 £17.58a , 4 0.56+0.08a 6 753492+ 452. 65ab i

B3 127.33 18.44a & 0.56+0.08a 6_661;; 75 +687. 85 rd /

BO 233.45%2.01b 1.03 £0.0lc 17912.04 £745. 86b 6734.32 +478. 2_;.5
S ,/’f -B1 247. 57 i6 24a" ‘f* 409 0.03be 18 390. ,}d+1 1!706 05b 7077.21.4825 4 43ab
s a2 258 561,»4,3 55,.3, 40.06ab [18878. 70291 758hs  7051.01 £335. 8’25%
¢l s 274.941419: 9855"' 1.21 £0.09a 25490 =128 7 7798.48 +375.82a |

1>ﬁ%ﬁjﬁﬂ3{a J&«Eé #1919 A A b;éﬁéé'%miﬁm 4t F ) 5%”@%%% a4 ' -_ ""'J

n- [ s i
i ﬂﬂi %JJ\ztz%rﬂ;aatfwﬁrﬁﬁﬁa% ? I 4 ﬂrﬁ]ﬁ@ﬁiﬁ E1(b)] ,/\#ET
()] A T 89201 OTUs,,ﬂE’mes@r 80314 OTUs, 20 OTUs 474 117; 4 4b B4 47
4114y ﬁ&}f}ﬂaﬁ OTUs {9 %icht % 9 GBO }@%‘f'/ OTUs f % & 2 B4 MBO > MBI > MB3 > MB2;
> (;133*’ > GB2; GBO. GBI, GB2 Hll GB3 ¥4y  MBO., MBI, MB2 F1 MB3 ¥45 iy OTUs 3 5IH 597 .
OTUs ﬁ%ﬂﬁ 606, 394 . 488, 441 A, 4y B b B 466, 362 Fl 434 A4, 43 )5 B OTUs $0hY 7. 43%
OTUs %0/ 7. 46% . 4.85% . 6.01% . 5.43% . Z/NFE  5.80% ., 4.51% F15.40% .

(a) GR2 GB3 (b) MB2 MB3

GBO 488 o GBI MBO 362 yzg MBI

606 394 597

(a) %16 AN 2H 6] OTUs %%, GBO ., GB1., GB2 1 GB3 2 MR BO . B1 . B2 1 B3 &b,
(b) B AR ZH ] OTUs Fbd, MBO . MB1 . MB2 F1 MB3 43326/ i AY B0, B, B2 1 B3 b3, KAl
E1 TEEMEAEE OTUs tbE

Fig. 1 Comparison of OTUs between soil bacterial groups

2.3.2 A RN FIEMERE o 2NN W NEH LN, B2 AR E KT Chaol |
A Shannon #8& # l Simpson 8 %4, % BO 43 I FEME T

WA T MRS « 2R 6.55%. 1. 13% ., 0. 04% , i AE 7% 10 t-hm 2
PE(P <0.05,%K4). BT B Coverage 188Xy Je/NEAEI - S8 240 T oA FE 2 FEMERRAIR. 2/ NEE
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Table 4  Effect of biochar application on « diversity index of soil bacterial community
A =NinE ] g Chaol $5% Shannon $§%% Simpson FH%% Coverage T840/ %
BO 9976.49 +403.42a 10.64 +0.02a 0.9979 £0.000 10a 97.45 +0.15a
B Bl 9775.91 £272.94ab 10.64 +0.04a 0.9979 £0.000 1a 97.07 +0.21ab
B2 9323.33 +468.77b 10.52 +0.03b 0.997 5 £0.000 12b 97.24 +0.53ab
B3 9672.42 £79.17ab 10.69 +0.03a 0.9979 +£0.000 14a 96.76 +0.21b
BO 9 644.96 +268.37a 10.67 +£0.02ab 0.998 0 £0.000 04a 97.51 £0.36a
e B1 9507.07 £327.45a 10.70 £0.03a 0.998 1 £0.000 06a 97.17 £0.32ab
B2 9 189.04 +328. 86a 10.63 +0.03b 0.998 0 £0.000 10a 97.04 +0.52ab
B3 9430.19 £551.46a 10.70 £0.05a 0.998 1 £0.000 08a 96.87 +0.30b

1) BE NI MH + ruE2E , R I A [l /NG 5 B3R (] — A I S A AL BRIEITE 5% 7K T2 53 i 2%

WA BEMEZESR (P <0.05) {H Bl Al B3 4bHi4s B2
AbBE 5 2P T Shannon 541
2.3.3 YN R EREE B ZREER A
BT OTUs F AR & 248/ an &l 2 Jir
TN TENZ AR AR A R B 55 2 ) B At
/N 43 T NMDST Rl 22 0. B2 1 B3 4b 35 BO
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Fig. 2 NMDS plot based on Bray-Curtis distance
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Fig. 3 Effect of biochar application on relative abundance of soil

bacterial community at phylum level
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Table 5 Topological properties of co-occurrence networks obtained in winter wheat soils under biochar treatments

Qb B BO Bl B2 B3 BC
REPER 64 62 58 60 61
AL 472 402 686 472 467

M/ % 98. 41 89. 57 100 80. 59 96.79

A/ % 1.59 10. 43 0 19.41 3.21
R 13.781 12. 065 16. 966 14. 600 15.311
FHIRAREL 0.730 0. 693 0.783 0.720 0. 689
ik 0. 407 0.593 0.520 0.878 0. 561
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Fig. 6 Soil bacterial community co-occurrence network analysis
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