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R (WP, =R+ wEA 7 (WBP) 2E77 H ARG ;. FF % WP A WBP b3 - SR s B i o 70 A 7 5 38 o
MFEAHT. [ 455 ] ME T CK ALF, WP, WB Il WBP Ab Bl ] 8 fi ok i3 25 10 i SR S bk T W i 2 &
(P<0.05), {EFFMEMAERKES . BRI, WB., WP Hl WBP &b BRI RER SEA AR R BEA R R, =S
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Effect of Phosphate Liberation Bacteria Added in Biochar on the
Phosphorus Absorption and Soil Bacterial Community
Composition in Winter Potatoes
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Abstract: [ Purpose] To clarify the impact of biochar and phosphate liberation bacteria on potato
growth and phosphorus absorption and utilization, and further explore the application effect of biochar

on the combination of phosphate liberation bacteria. [ Methods ] Using winter potato as the test ma-
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terial, (wheat bran + sawdust) + phosphorus tailings as the control (CK), adding biochar (WB), phos-
phate liberation bacteria (WP), biochar + phosphate liberation bacteria (WBP) respectively for field
experiments; the soil samples treated by WP and WBP and phosphate liberation bacteria were ana-
lyzed by high-throughput sequencing. [ Result] Compared with CK group, WP, WB and WBP treat-
ment increased or significantly increased the dry matter accumulation of potato plants (P<0.05), pro-
moting the growth and development of potato plants. At harvest time, WB, WP and WBP could pro-
mote the uptake and utilization of phosphorus by plants, and the phosphorus accumulation of WB, WP
and WBP group was increased by 53.58%, 45.91% and 90.65% respectively compared with CK. The
addition of biochar and phosphate liberation bacteria increased the content of available phosphorus in
the soil, the increased of WBP treatment was higher or significantly higher than that WB and WP
treatments (P<0.05), with the increase rates of 11.14%-33.22% and 12.11%-30.96%, respectively. The
16S rRNA sequencing results showed that the three strains were Proteobacteria, Bacteroidetes and
Firmicutes. When WP and WBP were applied into the soil, the Proteobacteria and Bacteroidetes were
the dominant bacteria group, while Firmicutes was no longer the dominant bacteria group due to its
weakened activity. Compared with WP treatment, WBP treatment increased the relative abundance of
Proteobacteria and promoted their growth and reproduction, but reduced the relative abundance of
Bacteroidetes. [ Conelusion ] The combined application of biochar and phosphate liberation bacteria
has better effects on the absorption and utilization of phosphorus and maintaining the richness and uni-
formity of soil microbial communities than single application of biochar or phosphate liberation bacteria.
Keywords: winter potato; biochar; phosphate liberation bacteria; phosphorus tailings; soil bacterial

community composition
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916 m, 4R 17 °C, 4EMKEE 2100 mm, ik
IS HIRTEVEY KA . (SR AN 6 5.
1.2 {12

TG AR B TR/ HOSCRAEORAE,
FEGHL 0~20 cm BHZE TR A 050 = [ SRR
TIfak 20 HF 100 HfE, RAeESEH. 28 (L
e Ao ) M AL A . pH 5.94,
AP & 21.85 g/kg, A S & 80.13 mg/kg,
S i 22.45 mg/kg, AT 158.91 mg/kg.
1.3 IR

A= (AR /NZ FEFE, 500 C Rk
SEARME T 3 4 1) H e o S RS R PR
At SRRV E TRERIENIEREY, HITh
PR 0.5~1.0 om P0RL,  BHRCEE H BT 70400 30%
() Tl S ER PR B AR R I, PO i RAE 96% LU
by EERPER GRAA) R —A8AK, itk
PEFP R E B LR, th s b A
B B 9 R & R TR B R 9 40 A 4R
ft, BMBEEAMER I 1,

AR T 2 7 LR 2T 358 v 4 8 O ok 7 31
3 MR RUE B R AR, f# B R 47.08~83.86 mg/L.
PRRRIE JCHEBU ., AT DAIEAT B AR A BC (PR AR 5
E SIS E Y — I T) . BIER A ME

WYy ke TR TP O B R, G 3 BRI
RA MDA, S R % B 10° CFU/mL 34
[Ep
1.4 A5t

FH [R]85 % FHBEAL I 2HHER , AN Ab B 3 v
w12 MRE/NX, BN 7 mx
Tm, WHE 4N, DL GEEHER RSN
XTI (CK), 43 3 2B s (WB). it il 11 5]
(WP) LK A=y e FRfige i B 1 L (WBP) (3% 2).

R F 20174F 12 H 12 H#EFF, 2018 4F
4 716 HIEk . SEEA KRN AENIRE
(N 151.73 kg/hm?), £ A8 4 6 FR 48 (K,0 119.52
kg/hm?), ¥ bR ZAEFERAE Sy 2/3 St , 7
A 13435 F 2018 4E 1 A 22 HFI2 A 10 HE5 &
BHESER; USRS ABEIE, & E A 100 ¢ i
FH 0.5 g A B, $4 3% 53 5o K — ki
fEA, 35 20 cm #H2 BB . BRI LA
1250 W ke, F M AE WP Fl WBP 4b 3 iy
AR (EERMSEAR) b, (EHIRN; Hpaba
Mt it 2 B K . IR IIR] 2018 4E 1 A 11 HmWEtifL
AL AR TR RE G, 7 dJE W 1k 2 A
10 HmSit A 28, PR RFEYIG. SREEFT
Frpr, A Ab B )RR — 2

F1 REMRERMR

Tab. 1 Basic properties of the tested materials

et - EX & RS B/ % EREE/ % SR/ % TR R /(mg- kg )
materials P moisture  content of total carbon content of total nitrogen content of total phosphorus  content of available P
A=W biochar 8.46 1032 35.85 0.67 1.23 125.21
B§ZH" phosphate tailings ~ 7.76  75.00 — — 3.87 77.89
F %k sawdust 6.59 8.96 45.09 0.23 0.74 —
HEK wheat bran 5.25 9.45 39.65 2.65 0.11 —
e I FRIRAZIRIR AR E o
Note: “—” indicates that the index has not been determined.
F2 AR
Tab.2 Experimental treatments
%5 code Ab 3R MEHEC e (P & H) TR RN /%
treatment ratio of material (m © m) inoculation quantity

- SRR .

basic material + phosphate tailings : o
wp SRR +RBE ) . "

basic material + (phosphate tailings + phosphate liberation bacteria) :
WB SR+ R R 1101

basic material + phosphate tailings+biochar T —

LRl 2 A 9] 0% kil

WEP SRR T+ (VSRR 1) R 0

basic material + phosphate tailings + (biochar + phosphate liberation bacteria)

e SRR

Note: Basic material was sawdust and wheat bran.
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1.5 FEACREE
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MK BRI/ XL AT AR M1
SARMERE, BEEARAT M SEIRE, A SRR R T
e, BT, Kb BER . AR (EIEREZEARR) M
WEERESBELLE, T 105 C A7 30 min,
75 C gtE:fEpTR, T2 IE .,

4. FERANRI /N i SRR R R R
2+ (0~20 cm), 2k MY G E T H
B, MEFIPRC, A RIS E S HAART IR
0, T O M E . o WP I WBP Ab B
SHVFNISCAR BT 3B S O —2 43 0 s T e T
Hagr, HEfbRIC, ORAF TR0 vKAS R PR IR 4R
Lt A JE 7 RIAE T80 C ukAR T, HF
16S rRNA (4#) )T . HEIET omA ALY
R TR PO R IR SR 3 PRIEHRIVTR & %
W 7 57 (DB4 43 [A] #% H] T 16S rRNA (4 1#)
DT
1.6 fEbRIE

- 398 AW 7 B R A 0.5 mol/L NaHCO; 7
Pe—EHBRPLLL A, AH PR AR R R
H,S0,—H,0, P& tbaikile . Bk
PRSI (LA ) 1Y,

FHLL T A8 bR 15

W BRIRICE =420 E T iR R =i &
x100%;

WL R=5 2 B R B R/ DR bRk
HRX100%,

1.7 148 DNA P45 mnd s 7
1.7.1 FERZH DNA f$2EL

>k A1 MO BIO 5 /) + 3 DNA #& Bt 57 &
(MO BIO Laboratories, Carlsbad, CA, USA)"*,
XTREAS 3L R 4 DNA #EAT42 00, Z 53R
W E 1 i, 3k A1 Nanodrop 461l DNA f% 4fi B Fl &
i, PGSR AR T RO T, O R K A R
FEANZE 10 ng/ul, T—40 C vKAIRAER
1.7.2 PCR 4

DIAR B S I L PR 2H DNA i, AR P8y
I, i I Barcode 104 551 ) Fl w4
AR B (TAKARA, Ki%) #:47 PCR, #fiff
PR RMER M. 10N X AT 16S V4
X5[4¥) 515F (5-GTGCCAGCMGCCGCGGTAA-3")

F1 909R (5'-CCCCGYCAATTCMTTTRAGT-3'),
1.7.3 PCR P*¥)4i b i€ &

PCR =4 fdt 1 1% B9 B Wi EE e 001 7 FEL VK R
W, #R4E PCR Y it Wk B2 A 745 IR, 7240
TRA S 1% 09 B i ARk 56 e v Uk 45 U PCR 7
Y, X H RS AR T2 w7
% (Sangon Biotech, China, Cat# SK8132) [R[IJi =
Yy, I H Nanodrop #F47% & AT I E . SC
FERG A EALINT . f ] TruSeq” DNA PCR-Free
Sample Preparation Kit # 22 i 7 &5 i 17 SC & #
H, MEE S 40T Qubit A qPCR & fE, X
ARG, R v2 7 0 & (2x250 bp)
Miseq MFALHEA T _EHLINT .
1.8 Stk

P55 £ 45 2 F Microsoft Excel 2010 #4740
FIHPE, SPSS 18.0 HfFitf 17522508, FIH Qiime
At (Version 1.9.0) 5. o ZH1E:45 %L (Chaol F5
% . Shannon $§%(F1 Simpson $§%%), H Origin %X
ez lr R 2 .

2 FER50
2.1 EWR AR T N & R E R T A R

ERing Al

% 3 A fERAEFN, 4D
S R R R e NS s e, FE A
WA RME, HAEY (WB). flBERE (WP) fl
AW R+ TH (WBP) Zb R4 AL R 1
TR (CK), R4 9 44.57% . 32.14%
1 60.56%, WBP AR Al ; MHE T4 H R
R ETHEREN TS, BRI WB F1 WP
AR PRI 22 5 KRG8 W E K AT R R R
Ko B iad, TURINA Bl , L,
WB [t WP 4b 2 1 FH 22 & I =3 i 8.2%, WBP
b ) T R R 430 B WBL WP & CK &b
FH BN 5.32%. 13.98% 1 31.64%, {EEEAS
BN, DRERENTYRAE R R SIE
HRrEE, H TP EEIRK A WBP>WB>
WP>CK AbF,
2.2 AR AR BN A R R R4
bl
221 XORERFEHRRNE

3R 4 A DRk R B S hre
HIG A iE S, Hidr, BRI IS, WBP AbE
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Tab. 3 Dry matter accumulation in different organs of potato plant

e

organs

pusiil

treatments

TP F 2 i/ (kg-hm ) dry matter accumulation

T seedling stage

IR W squaring stage

FEAEH full-bloom stage

3K harvest stage

Hb b

aboveground

CK
WB
Wwp
WBP

345.15£25.00 b
405.18+33.68 ab
400.81+37.02 ab
438.52+26.47 a

575.58+42.46 b
794.35+71.35a
624.52454.15b
809.08+29.34 a

2212.58+60.87 d
3198.62+24.64 b
2923.65+77.80 ¢
3552.48+67.26 a

1539.90+£106.30 b
2 448.50+159.11 a
2 446.70+192.80 a
2 622.26+178.07 a

R

root

CK
WB

WP
WBP

189.12+20.74 b
232.26+20.03 a

235.35+29.15a
245.74+11.80 a

233.17+£13.17b
248.57+25.42 b

249.88+11.09 b
290.57+17.48 a

274.62+24.83 ¢
352.48+5.63 ab

309.19+12.93 be
373.71+38.41 a

217.02£5.21 b
239.7849.97 ab

222.15+14.66 b
258.20+16.19 a

Pzt

tuber

CK
WB
Wwp
WBP

1420.05+367.01 ¢
2 442.154342.70 ab
1700.37+401.38 be
2955.40+481.40 a

4561.82+315.57b
5670.20+237.34 a
4 806.64+219.53 b
5810.26+315.00 a

5869.80+311.53 d
7336.71+151.45b
6779.17+157.57 ¢
7 727.06+154.62 a

L2V

whole plant

CK
WB
Wwp
WBP

536.35£31.28 b
640.95+38.98 a
639.75+40.00 a
685.85+36.20 a

2235.074£203.63 ¢
3491.43+216.81 b
2 595.474347.19 ¢
4071.72£174.78 a

7 053.75+330.52 d
9239.35+193.34b
8049.97+324.85 ¢
9762.85+327.42 a

7 626.93+301.30 ¢

10 244.39+754.68 ab

9 469.80+490.61 b

10 624.23+531.07 a

e RSB R ARG FRFRRZRIE 5% BE K

Note: Data denoted by different small letters in same columns are significantly different at the 0.05 level; the same as below.

N1 o

x4 TRLENSRERRERZRRE

Tab.4 Phosphorus accumulation in potato organs of different treatments

gy S T 22 B L& /(kg-hm ™) phosphorus accumulation
organs treatments T3 seedling stage IFE ) squaring stage AL full-bloom stage 3K harvest stage
CK 9.4840.97 b 19.07+£0.92 d 64.41+£2.00d 43.87+0.99 d
i3 WB 12.16+0.12 a 27.52+0.47 b 104.08+0.05 b 77.86+1.49 ¢
aboveground WP 11.67+0.68 a 21.83£1.52¢ 98.17+0.95 ¢ 80.40+1.05b
WBP 12.81+0.83 a 30.40+0.76 a 126.46+1.86 a 86.22+1.93 a
CK 1.10+£0.03 b 6.46+0.33 ¢ 6.38+0.83 d 5.41+0.01 d
R WB 3.81+0.88 a 8.70+0.24 b 8.58+0.02 b 5.83+0.02 ¢
root WP 1.33+0.03 b 8.40+0.48 b 8.32+0.02 ¢ 5.91+0.02 b
WBP 2.09+0.66 b 10.13+£0.50 a 9.70+0.07 a 6.63+0.05 a
CK — 32.13+1.04 d 123.83+£2.78 d 165.23+£9.61 ¢
Hhzt WB — 45.87+6.08 ¢ 182.77+18.51 b 245.234+23.58 b
tuber WP — 53.42+4.14 b 154.99+18.02 ¢ 226.69+£19.98 b
WBP — 76.06+12.43 a 229.52+8.44 a 316.53+32.64 a
CK 11.22+0.63 ¢ 57.67+2.01 ¢ 194.62+0.70 d 214.5149.24 ¢
Wk WB 15.65+1.20 ab 80.87+£3.89 b 293.13+£22.15b 329.44+422.54 b
whole plant WP 13.00£1.51 ¢ 83.6543.37 b 261.49+18.97 ¢ 313.00+20.53 b
WBP 14.90+2.48 a 116.58+12.04 a 365.35£10.21 a 408.37+£33.55a

MR R R B E S T WB. WP fIl CK b3 ;
AR, WB. WP Hl WBP &b 3 [ 8 b s 25 2
TR CK 34 53.58% . 45.91% Fi1 90.65%.
Hiph R 2R M B4 5er EIHE, HE T HAD

i E TERSAEIRIE T, WBP AR
SR EST WB. WP I CKALFE, 453
T 25.58% . 48.08% Fl 85.35%, Hii I #RHE %= 2
SR ESAEL. 7R WB. WP Al WBP
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AbFR M I EREE R B R 2 AR B K, THEL
AL 2 2 e BRAEIIEY, AL R B
Wik ElEs, H¥EERT CK, WBP AR
WB Fl WP A H 5351 5 23 hin 21.50% F 28.82%.
R I B 2% BB T O Ak R, Bend,
WBP 4bHH B 75T WB. WP I CK AbFf, 4351
L 16.44% . 20.60% F1 56.81%, 1M J& i1 T B
R RN N, B LA, WB. WP A
WBP b #7E 44 2 K R R E KT
CK, WINAYIsIERT A4 B R RAE N
PEHEVE & TR A R a2, Hofr, WBP

100, A M
80 |
60 |

40 =

BER SR %
phosphorus distribution rate

A BRACRIA B A o
222 X SREMMKRER 2 BCIE

WARAE S B B R bR A o0 A Bt 2B PO i e
ol kA28, hIE LA SR EAERKY)
W, BRI AR, T RSO E
R, MEMEKRGAR, I AR
W BNHREEICAURE, Hu b FRZE 0 oHR 23 B W R
IR A E s Fe e BB zE T, T
BREERIE VB FROEAT , BREE B2 IE U]
ZIEINs A TR, AR K

W root OMb % aboveground part  mHLZX tuber

B0

BT AL

CK WB WPWBP|CK WB WPWBP|CK WB WPWBP|CK WB WP WBP|
eS|

seedling stage

squaring stage full-bloom stage
Dis LRy
potato growth period

harvest stage

1 DREERBOERINTEN

Fig. 1

2.3 R[AI LT - S kR
ML 2 AT BERE S et &
Qb 3 AR ) e Y RS IG E R e, A
RIS BB S5 (. A B 23035 1, WBP 4b 3
() e AL i S T WBL WP R CK 4k
B, AR, £ WBP>WP>WB>CK; Ik
REEE, WBP. WB Fl WP &b # ] 1) 22 7 AN ik
F . 1M WP Hl WB ZbHI7E A A F W 22 R R
2. MWE IR, WBP A3 L WB F
WP Ab #1458 AL S A 0 11.14%
18.72%. 16.00%F1 12.11%. 12.16% F1 30.96%.
33.22% Fi1 16.88%, 3 AL % fe AR ILET I 3k
FEME, BLEr, WBP., WP Fl WB 4 FEAK UK b
CK 1 73.50%. 54.76% F149.57%., Mik FF,

WBP b P 5 254 = R %

Dynamic change of phosphorus distribution rates of potato plants

50 -

S
S

A £ i (mg kg ™)
available phosphorus content
W
[

[
(=)
T

10 . . . g
Hi] HE AL W)
seedling squaring ~ full-bloom  harvest
stage stage stage stage
s LN

potato growth period
T RREVNGFRRR2Z5IE 5% REKF .
Note: Different small letters indicate significant difference at the 0.05 level.
2 TIEREMEENTL

Fig. 2 Changes of available phosphorus content in soil
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2.4 AR S SRR G REVE RS TR
2.4.1  FSINARBETE FIAL PN 3940 B 2 A R 20 A
FPD 3 AR BEE P A AR R, 254
Al OTUs XU iR ks -2, et T A,
DI PRt B 5 B, 2 DL S e SRR A ) ) ol
ZREME . BRI, AR B e Ak B Rl
PR TARBIMA YA AL ;1 4% B ok
B, PR R

3000 -

WP-1
—— WBP-1
2500 WP-2
— WBP-2
2000
2 1500}
o
1000}
500 -
0 1 1 1 1 )
0 2000 4000 6000 8000 10000

FEATS

sequences per sample

TR x Bl AR P LA O T SO QT VREE); » . BT
N7 2B RER 21 OTUs £, 1 R 2 43 B DA% S Ak
W T,

Note: x axis. the number of sequences randomly selected from a sample
(sequencing depth); y axis. the number of OTUs that can be constructed
based on the number of sequencing items. 1 and 2 represent the seedling
stage and harvest period of potato, respectively; the same as below.

B3 NIRRT E R A IR ST DR A SRR R
Fig. 3 Dilution curve of soil sample after treatment with
biochar added with phosphate liberation bacteria

H 6 5 AT . 20 P SO Y 7 o R ATk 3
85% AL, Ui BHIa I BT N7 1 SCIE AT DA i
TIATE ZHEAE RS, WP A WBP AL BT 5
B ST BORGIRIY OTUSs %0k 1290~2282, 1
BRI, 5 WP AL, WBP AbH & T
Chaol 484k, ULHIUSINA= Y m¢ Al LU s 1R I
FHEE; TR, VR mGesd s RS
B, VAHIRTEE m YR 2R, (BAESORI, T
R R T 2R AN R
2.4.2 VST Bot BRR 000 AR A R Ak B S 45 A R
WA o7 BT

3 AR Fir 8 A S ) A e R R O 4 2R
7N X 3 R BE AN A AEFE ] (Proteobacteria) |
fUFFIET ] (Bacteroidetes) FERER [ ] (Firmicutes).
PP 4 TR R BN F BE R) S WP T WBP AR
M A 1), P A DL TR R S B

xRS AMBBMEFNNENRKLIEETIR
HE o SRR
Tab. 5 Soil bacterial a diversity index after treatment with
biochar added phosphate liberation bacteria

B FRERE BERETl BRER BRE%

sample ID Chaol OUTs Shannon index coverage
WP-1 1960.95 1290 8.11 93.88
WBP-1 1983.94 1314 8.46 94.02
WP-2 3634.48 2192 9.80 88.23
WBP-2 3807.81 2282 9.75 87.26

e 1M 2 23 BT S R AR
Note: 1 and 2 represent the seedling stage and harvest period of potato,
respectively.

IR NAEIE ] (Proteobacteria) (-4 36.32%) .
WFFE ] (Bacteroidetes) (V3414 32.82%) Flilt 2k
B 1] (Actinobacteria) ((F-44°4 7.63%), 1M J&BE
I'] (Firmicutes) AN P R GRBE . fE BT, AHER
WP b B, WBP &b PR AR T B 1] B R X = A
hn36.71%, BLEAAY R B U Infe AR TR T TR A
KB, MbEER R, R0, R
FET, Wb, WmEYRE, A
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