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Effects of Long-Term Successive Biochar Amendment on Soil Fertility, Wheat Production and

Microbial Community Structure

CHEN Zhe'?, JIN Penghui'?, HU Tianlong"?, WANG Hui'?, ZHOU Rong'? ZHANG Jingru'?, LIU Qi*, ZHANG Yanhui®,

LIN Xingwu'?, XIE Zubin'"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 College of Forestry, Nanjing Forestry
University, Nanjing 210037, China; 4 School of Geography Sciences, Nanjing Normal University, Nanjing 210023, China)

Abstract: A field experiment started in 2010 was conducted to examine the effects of successive maize straw and its biochar
amendment on soil fertility, wheat production and microbial community structure. There were 5 treatments: CK (no straw
and no biochar), 6 t/(hm?-a) maize straw (Straw), 2.4 t/(hm?-a) biochar (BC1), 6 t/(hm?-a) biochar (BC3), and 12 t/(hm*a)
biochar (BCS5). The results showed that BCS5 significantly increased wheat yields in 2021, compared with CK, wheat yields
with biochars averagely increased by 15%. After 11 years of continuous addition, soil bulk density decreased from 1.06
g/em® (CK) to 0.73 g/em® (BC5), and total carbon increased from 14.9 g/kg (CK) to 83.8 g/kg (BC5). Soil available
nitrogen, available phosphorus and available potassium increased with the application rates, following the order of
BC5>BC3>BC1>Straw=CK. No significant change was found in the diversity of bacterial communities under different
treatments, while BCS5 slightly increased fungal diversity. PICRUSt2 results showed that biochar addition significantly
increased the abundance of C-fixation related functional genes, while decreased the abundance of C-degradation related
functional genes.

Key words: Long-term field trials; Biochar; Soil fertility; Wheat production; Microbial community structure
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A= 5 i (A 400 0 3 0 1 TG A PR A 4 1 T A
it i AR P AR B B I kS EL A 38 0 - S
RS MR AR AT ST I, b, AW A Bl
R SRR s AR AR 7 00 A BN (B 5 T ) e
AR 220 A W 5 X A A 7 A R i S
SR, AR A it 2 SRR E =l i,
Mia %5 A\ Pl o 2k R & B Y — Uk kit FH 120 t/hm?
T AT, B BRAL T B . Baronti 4§
TR G AR o R BT — MRt 60 t/hm® AR b4 A=
YR B E B T Lolium perenne W 4 W) ar,
it F AT 100 t/hm? B TEHE =208, FE 2 78t
120 t/hm’ Bt 15 QT SR, 7ELA%EZE 2.25 1 22.5 thm’
A= ) I e A 2 it FH 0 2 AR R 06 UL S /N 7 e
Sefm, (RGO TR SO, Hit, @k
FE i) 328 5960 DA AF 9 A 400 I e 325 6t R 9 A 7= 1) 5
i HL AT H R

I Y R IR B S R AR
HHEAE A E R X RS R FORTS A 4 5 e A
oA FEE B it 25 oA - A BT, R - SRR R
UL, ZER R 2R, I s I R TR 1 )
RECY, BT 48 pH. BEAHLER(SOC) MR A HL(C/N)
SRR R AR, 75 55 R K R - Hp it F A= 4 T e 3

RO T A0TR Alpha Z2AREME R T REVE AN, R
TR 78 oK/ INEE R G — R it
IR 4 a J5 B E AR T A0 R FE 9% ~ 36%.
RS T, il AR BUIRAY Chloroflexi ZEREAIXT
S INBN R TG T 4 ea i e Ry A U gk
1T, BCEERTHA R . — U B N 2B 49 Bk I A RE TR
T SFEHAE WRE T G AR R DI RE XS 22 Y 6% it FH A il )i
o LA R 350 A BIF 9 A W I il FH % - 398
YIRETE I

AR FE BT KA FF S H A ) o e 14 it FH 1)
K ke, 454 16S BB A RNA K (16S
rRNA)FINFE SEEIFE X 1ATS )@l r A, &
RULREE TR AN A W 5 A FOG IR PR R R N
PR T DA SR P A T S A R TIRE () 5 )

1 RS

1.1 R XHER

TR G A T VL IRA $ M TH TEAR X /N i R
HHEHI(119°42'E, 32°35'N), I X JE T 2 K
S, AR 147 °CL, PR K 1140 mm.

HHIRNRE B 2010 4F, £/ NX BN 10 m® (4 m x
2.5 m). IR+ AR NP2 (P E R AR
AR (GEE RIER G 28, IR HhRL
FIERA>9M 20% . 58% 1 22% IRXEEIFHATT 0 ~ 15 cm
ISR T | A T KRS R R AR 0 5 e
W& 1,

F1 HiALE, EXRERANERBTEDRROELRER

Table 1 Basic properties of tested soil, maize straw, and biochar derived maize straw

HER ) pH ¢ N TK AP AK CEC
(g/kg) (mg/kg) (cmol/kg)

it - 458 6.8 16.8 1.9 0.64 15.2 13 49 12.4

FARFEFF - 412.0 8.5 1.04 13.5 - - -

A= e 9.6 597.7 13.4 2.47 29.8 1281 12371 17.0

H: TP, &#f; TK, 281, AP, HARHE; AK, #HEH; CEC, MHE FicHht,

1.2 RIgit

RIS E 5 A LB AN FORAEFE LAY
JFi(CK), 6 t/(hm*a) T RFEFFIA H (Straw), fHKH] &
(2.4 t/(hm*a)). FIHEE(6 t/(hm*a)) FIEFIE(12 / (hm*-a))
FOKRFEFA= Y it B (43 5)id > BC1.BC3 1 BCS).
BAAEEE 3 AN, T 15 AV, SRAIBEPLSE 42X 20
B AR IS (S F] S 21200920232191.9)1
FE 400 CHAFIRE T 47~ . BC1 AP A AH 2 T4
6 t EARFEFFEB A AL 400 CEAE T Fmm R4 K
40%) o i FF 1A ) 5T A A B AT /N FE AR A RTS8 5 B

A0~ 15 em £JZ2H, #RE 2021 F/NEWR, FEFF
WAL 11 W, MR, FEFhiR 200 i/
A7, ATHE 25 em, £5 AL FE Y b > AL, AIE(
N i1)180 kg/hm?, % 3 : 4 : 3 A9 HL G435 1 4%
Fir L Ay BEIBIRAR MG T s BEIE (LA P,Os3) . #1
HE (LA K,0 )38 50 kg/hm? 18 5 & 4 A8 L) AR
(14 5 2t A o H Al B R R BT R S A i Y S
4 b A ]
1.3 HmERESTEBEAERNE

2021 4F 6 H/NERMEAE, AN AR
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Wkl 347, Wik, W ERRE .

INEWGRIG, TEEA/NX AR “S” B A
%5 em AR O~ 15 em HIEREN 54, RERR
B A SRR AL BT IR 2 mm G, —FB
SHRAET —40°C VKA T 14 DNA 23, HARH
53 FAR K T R AR AR M Bl 5

13 75 5 (BD) R B U1 3k, Rl 45 K &
(WHC)R HBUR B sE kil , pH LA 1 2.5 HW
(m : V) pH it (Mettler-Toledo Inc, Columbus, OH,
USA) M7 . T-3E2HR(TC)RAZ(TN) & S it TR
43 #r AL (Perkin  Elmer 2400, Series II CHNS/O
analyzer, Perkin Elmer Inc., Waltham, MA, USA) Il
S, AH(TP)E T HySO,-HCIO, & 4HHT He ik
M5, 2FN(TK)RH HySO4-HF IH & — KDL R
TE B R (AN) SR B Okl 5, A Ak (AP)
FH 0.5 mol/L pH 8.5 NaHCO, IR REHHT L (532
S, MR AK)R IR R E Rk
1.4 TEDNARHEHEENF

FREL 0.5 g B+ 4E, f#iJH] FastDNA Spin kit for
soil(MP Biomedicals, Cleveland, OH, USA)J%EEEX:I:
R AL DNAL liid ND-1000 UV-Vis i3t 2e4h/a]
UL 43 9% % B 71 (NanoDrop ND-1000 , NanoDrop
Technologies, Wilmington, USA)M%E DNA 4 Fl
W, SRIGHG A H B DNA 17T 20 CH .

FHE @S 515F (5’GTGCCAGCM
GCCGCGGTAA-3)/907R (5'-CCGTCAATTCCTTTG
AGTTT-3") X}ZHE 16S rRNA K (V4 ~ V5)IX, FlHE
ELE 19 ITSIF (5-CTTGGTCATTTAGAGGAA

GTAA-3")/ITS2 (5'-GCTGCGTTCTTCATCGATGC-3")
X EBE ITS1 FERHEATY 1 . I barcode . #Z R 44k

WEER AL I S R BEIR A )5, i3 Tllumina Miseq
PE250 il & *F 4 (Illumina, San Diego, CA, USA),
2 x 250 bp 3L I 5 54 W Xof SCE AT o

JEAR P A 4% barcode 771, 22 BT FIPHE S 3R
o AR A CF 38 B i 43 4>25 HUF 81K BE>200 b))
B 81 S A QIIME2(https:/qiime2.org/)H, £
it “q2-vsearch” #fifF2HEE . 97% HMMLIYE de-novo
KA BRI AIKREIRME OUT RAEMEF,
i “q2-feature-classifier” fdi {4l k52548 I X0 F%
PEFF NI TR RS, Z/DTE 20% LLR BUREAZ
HELE RS Fl=5 () OTUs T FilFobr o ek,
—3L3RA5 6 128 A4 OTUs Al 1221 ~ELR# OTUs.
1.5 Rz mEEsE

fif /H PICRUSt2 (Phylogenetic Investigation of
Communities by Reconstruction of Unobserved States)
BALL KEGG B X AL A Y REVE D REEA T
TOUI, A5 R 2 ) BLAT W3 22 5 (P<0.05) ) D RE R A
AT IREL5 1T .
1.6 HHEAbiE

A B 53 BT 7E R 4.0.4 th i {8 H] “microeco”
AT RER AN, o B B ZHEES T 18
- “agricolae ™ {4 fu #E 47 K K U 22 43 B 5L
Kruskal-Wallis £55; 2T “ggplot2” HAF 174k
P rT AL

2 #®R

21 MEFESTHEBRUER

AR AL BR/INZ P N3 2 o o e ) e A 0 I e
WFH(BCS) W T /N =it . AR L, Ak
BN S /N PR i 15%

x2 TELENEFSMLIREBAMER

Table 2 Wheat yields and soil physiochemical properties under different treatments

Eistan CK Straw BCl BC3 BC5
Yield(t/hm?) 3.69+0.26 b 4.15+0.43 ab 3.99+0.42b 4.00+0.20 b 47440352
BD(g/cm?) 1.06 +0.03 a 1.07+0.01 a 0.98+0.02 a 0.86 % 0.06 b 0.73+0.08 ¢
WHC(%) 46.70 +3.39 ¢ 46.65+2.07 ¢ 51.65+1.74 ¢ 61.73+£4.55b 72.97+9.44 a
pH 5.96+0.08 a 5.69+£0.26a 5.60+£0.19a 5.99+041a 6.18+0.52
TC(g/kg) 1494+ 1.11d 18.37 £2.03d 2658 +2.1¢ 55.06+ 1.85b 83.75+6.85a
TN(g/kg) 122+0.1¢ 1.44+0.04 d 1.62+0.05 ¢ 2.12+0.11b 2.60+0.27 a
TP(g/kg) 0.58+0.03d 0.65 + 0.06 cd 0.71+0.05 ¢ 0.82+0.07 b 1.26 +0.06 a
TK(g/kg) 7.81+0.26a 7.84+0.09a 7.89+0.27a 7.79+027a 7.88+0.17a
AN(mg/kg) 117.5+6.0d 1328 +43cd 139.9+6.2¢ 168.0+59b 250.1+18.8 a
AK(mg/kg) 32.0+2.1d 498+ 11.4d 925+157¢ 141.8+15.7b 273.6+27.0 a
AP(mg/kg) 394+3.4d 46.0+£7.4d 75.8+29¢ 98.9+63b 180.9+13.9a

. Yield, 2021 4F/N#rj=&; BD, LIEAH; WHC, HFKE; pH, +H pH; TC, &#k; TN, £4%; TP, £#; TK: &
By AN TRRAE AK: B8UN; AP: M. R BIENIE « AEXE0=3); RATEURE/ NG TR R R A0 PR 2 2% 5 (P<0.05).

IR
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Scaling, NMDS)ZRM, 1 84 P& ¥ 9% FEC IR #F V5 45
FAAEAS [R) b B 6] 22 57 5 3 (Stress < 0.2)(K 2). X} F+
HEANTEREYS . CK AN Straw b3 R AE 54 Y R IR
hnabBERA & X 4307, H BCl., BC3 #il BC5 4bHyy
NMDS 1 Bk 4345 (8 2A) 3 T HHEE R R, CK
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140 a a 70 @

6.0 -g'aibl b

Firmicutes

?ab b 13.0} a ®
b ?é 1207 |a 50r ¢
. 1o 401 ==

280 ¢ i 00f ¢ 16.0 1] of ﬁ :
S 26.0 -i?l 18.0 i | 100 ;g _
o L oLl v . . L Ok v v v 0
#+ Nitrospirae Planctomycetes Gemmatimonadetes Bacteroidetes WS3
= [a 427 Ma Lip a
= O50r
= ab 4.0} 2.8 -é

45 é ) P ab " L
40t §$$ﬁ 3.5$ ? 2l

é
g T 2.5—b abé = 09F$$é

20r l?l 0.8

Lt 200 15F 0.7k
&N DS S {- 5 5 «y 5 {- &
Caf e SO SR SYE SR SYE R
iy i i i fhFe
(B) Ascomycota Zygomycota Basidiomycota Glomeromycota
a a a 12.5 a +&j_ b
. 70.0 a 20.0 30.0 [ \/{HL\,
S 150 10.0 > T5%5H %L
oy 60.0 : a
2 é a 200 75 é > ik
g 30. 0 il 10.0 é 10.0 a 50 a l > 25% i AT
Z 40, o 50 $ $ =) —> W/ME
cl» 605 cl» Q,c"ﬁ Q,c‘ﬁ cé 603%05 605
iy i i fhFe

(B R[] /NE 1 38 77 b ) 2% 5+ 8. 25 (P<0.05))
E1 FARLETAEQIEEB)ETEZYMEITKELYENEE

Fig. 1 Relative abundances of main taxes within bacterial (A) and fungal (B) communities at phylum levels under different treatments
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Table 3  Alpha diversities of soil bacteria and fungi under different treatments

b3 U A

Observed Chaol ACE Observed Chaol ACE
CK 3713+ 181 a 5099+ 111a 5264+ 164a 485+31a 522+46Db 523 +34b
Straw 3759+37a 5166+57a 5329+42a 517+53a 571 + 44 ab 564 + 36 ab
BCl1 3741+149a 5203+ 138 a 5372+ 144 a 497 £ 15a 539 +£37 ab 538 £37 ab
BC3 3738+ 18a 5167+68a 5317+62a 511+22a 551+37ab 551 +36ab
BC5 3693+228a 5038+ 100 a 5196+£112a 535+21a 597+27a 598 £30a

e [FFIER /NG TN 7] 273 A 21 H] 22 53 3% (P<0.05) ..

0.4

(A) : stress = 0.09 (B) : stress = 0.13 Kb¥p
: : ® CK
0.1+ BCl | BCS I A Straw

i a X BCl1
& &
S S * BC3
z z

B BC5

7O.I25 O.I()O 0.125 0.150
NMDS1
B2 TEARQFEEB)EHEFEEZSHRESN
Fig. 2 NMDS analyses of soil bacterial (A) and fungal (B) communities
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Fig. 3 Relative abundances (min-max standard) of functional genes of soil bacterial communities predicted by PICRUSt2 under different
treatments
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