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Abstract:  Objective Biochar loaded bacteria is a practical application of microbial immobilization. Biochar is considered as the
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ideal carrier of microorganisms in recent years because of its large specific surface area, pore diameter and good absorbability.
Biochar loaded with Bacillus and other exogenous functional microorganisms can increase crop yield, improve root activity, and
improve soil enzyme and microbial activity. However, In the process of gradual potassium deficiency, it needs to be further
explored that the impact of biochar-loaded potassium-solubilizing bacteria on soil enzyme activity and microbial community
structure. Therefore, this paper aims to explore the effect of potassium-solubilizing bacteria-loaded biochar on soil microbial
characteristics. Method Based on pot experiment with ryegrass and five treatments: control (CK), chemical potassium fertilizer
(KCl), inoculation of potassium solubilizing bacteria (KSB), application of biochar (BC) and potassium solubilizing bacteria
loaded biochar (BC-KSB), it was analyzed that the change characteristics of soil urease, acid phosphatase, invertase and catalase
enzyme activities and microbial community structure, also the effects of biochar-loaded potassium solubilizing bacteria composite
materials on soil nutrients, soil pH, microbial biomass carbon, microbial biomass nitrogen and ryegrass yield were discussed.

Results The soil urease and acid phosphatase activity increased first and then decreased while the soil invertase and catalase
activity decreased with an increase in the number of harvests for treatments with microbial agents or biochar. Compared with
other fertilization treatments, BC-KSB was more conducive to the increase of soil urease, invertase, acid phosphatase and catalase
activities. In terms of soil bacterial community, BC-KSB improved the species diversity and flora uniformity of soil bacteria,
increased the abundance of soil beneficial bacteria (Chloroflexi, Actinobacteriota, Bacillus and Bradyrhizobium), and inhibited
the reproduction of soil pathogenic bacteria (Proteobacteria and Rhodobacteria). Compared with CK, all fertilization treatments
significantly increased the dry weight of ryegrass and BC-KSB treatment showed the largest increase. Also, compared with CK
and KCI, BC-KSB treatment can significantly increase the contents of soil microbial biomass carbon, microbial biomass nitrogen,
organic matter, total nitrogen and available potassium. However, the content of soil total potassium and total phosphorus in
different treatments showed no significant difference. Furthermore, BC significantly increased soil pH compared to other
treatments. Redundancy analysis showed that soil organic matter, available potassium, acid phosphatase, urease and microbial
biomass nitrogen were the main influencing factors of bacterial community structure, whereas the growth of ryegrass was mainly
affected by Burkholderia and Rhodobacteria. Conclusion KSB loaded biochar has a positive impact on ryegrass yield, soil
nutrients, soil enzyme activity, and bacterial community structure, which provides profound significance for fertilizing soil and
improving soil ecological environment.

Key words: Biochar; Potassium solubilizing bacteria; Microbial community; Soil enzyme activities; Soil nutrients
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JTCEARHN C 76.72% ., 0 15.78% N 4.73% . P 2.5%.
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FEAU4E: 95°C 5min; 95°C 305, 58°C 30s, 72°C
45s, 25 MEH; 72°C 10 min, PCR F=¥14: 5 4lifk
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TE: CK: AHEARILA 2 A I KCL: L2800 ; KSB: $EFMRERE; BC: MAn4¥Bise; BC-KSB: it AWy B £ i 4
WEAME. BHRARR/NG FREARFANFE R EON RAE B R 22 5 82 (P<0.05), R, Note: CK: control; KCI: chemical potassium
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bacteria loaded biochar composite. Different small letters in the figure indicate significant differences among different treatments with the
same number of harvest ( P <0.05) . The same below.

BT ARG Ak BT A SRR P B A R s A5 A2 1

Fig. 1 Dynamic change characteristics of soil enzyme activity with the harvest number under different fertilization treatments

F1 FREMELETHIRMEE o ZHEMEY

Table 1 The o diversity index of soil bacteria under different fertilization treatments

Qb FR Treatment FRAEE Shannon index A FE %L Simpson index Chaol #§%% Chaol index ACE #5%( ACE index
CK 9.80+0.45a 0.0054+0.0017ab 3 349+1 360a 3321+274.1a
KC1 9.76+0.81a 0.0050+0.0022ab 3 249+789.0a 3 485+721.0a
KSB 9.36+0.37a 0.0101+£0.0051a 2 710+46.09a 3 725+161.7a
BC 10.23+0.46a 0.0028+0.0009b 3200+186.1a 3965+176.3a
BC-KSB 10.09+0.27a 0.0036+0.0006ab 4 061+847.5a 4 303+1 267a

¥: ACE: ZEEBNYMATTHE . WA R/NE FREFRIR N FAL B 2 5 5.3 (P <0.05), NIA. Note: ACE: abundance-based
coverage estimator. Different lowercase letters in the same column indicate significant differences among different treatments( P < 0.05 ).
The same below.
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Fig. 2 Effect of different fertilization treatments on soil bacterial community composition at the level of phylum
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(1) AN A P A T BAR ST, A4 8 A BHITAT
W& ( Rhodanobacter ). 1A 5 [KE & ( Burkholderia ).
TR T 1 JE( Acidobacteriales )F Occallatibacter TH )& .
Gemmataceae W J& Fl Isosphaeraceae & .JG30-KF-
AS9 T JEF WPS-2 g . BAKIMIE, ARt 2
W02 -3 2 T AT 1T AR R B R AR TR R
B (1 3b), HFNEEGREZ N : BC-KSB>BC>KSB.
PR AT T i I WPS-2 TR J A T 3= B2 118 e A8 e 3448 Ry —
B, ¥4 KSB ¥ F CK, HHAR = A HALT
CK. ANIA] 4k B F A 5 IG5 Ja 09 A %k 3= B2 I 2
BC-KSB>KCI>CK>BC>KSB. JG30-KF-AS9 B )&
XFEEEE BC AL, 7E BC-KSB 2b B A% .
Isosphaeraceae T J& F Occallatibacter T J& B AT 5
A A —2L, 3470 BC HIl BC-KSB 421
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5 R Gemmatimonadaceit g
PR : |

KCl KSB BC BC-KSB
QbR Treatment

T B a) HEAATT 30 20 B0 358 70 A 5 it AL AR 35T 9 =2 BE SRS H PR 5 181 b ) AN [ i AL Ak 2415 200 1 410 580 F) 499 oo oz 56 2R 181 o Note:

Figure a) abundance clustering heat map of the top 30 bacterial dominant genera under different fertilization treatments; Figure b)

corresponding relationship between different fertilization treatments and species of bacterial dominant genera.

B3 Ao e 7 e S TR0 - SRR W T A AR B R )

Fig. 3  Effects of potassium solubilizing bacteria loaded biochar on soil microbial community structure

25 AV RRGBBRHENEZREFEMTEE

WE L FEERA MW

K MEAE AN FEAR L CK ¥ R T T RE T+
JFfE (P <0.05), {HEL BC-KSB &b % 55 B = i
R TR (£ 2). MHEL CK fil KC1 4b¥, BC 4k
PR ERE T T pH (P < 0.05), fH5 KSB Hl
BC-KSB 4bHETC %2 5 KSB Ab¥ B ER S TH
HLEA & it (P < 0.05), AHLEL CK Al KCI Ab FH
39K 75.40%H1 62.96%; BC il BC-KSB Ab B 14 fig
BEREEI . SR A Yk Y

MED YRR S E (P <0.05); HE-HELH
4 B 0 45 it AU A B ) G I 2 5
266 TEMEME. TEEVSKFERMEZE
FESTEMAREEEEMNXR
FIHICAR IRV T ieJs —3E 13 M7
(RMEG . FEMERG . PRUERERRREG . o S ERE . Uk
YA ER . BUED A RA . pH. AN . A
Sl . B RRE T YR ) 55
HILHBRER . 450 (K 4) £, RDA BRI
AR T B 2R 78.49%F1 16.48%, LA

x2 ARERAETEREBZETYREMTIREMSHLFEMER

Table 2 Dry mass of ryegrass and soil biological and chemical properties of the fifth crop under different fertilization treatments

Ab PR Y oM TN TP TK AK MBC MBN
Treatment /g i /(gkg') /I (gkg') /(gkg') /(gkg') /(mgkg") /(mgkg') /(mgkg!)
CK 0.42+0.01e 4.32+0.16b  3.54+0.31c 0.88+0.06c 0.31+0.0la 5.79+£0.01a  7.13+£1.39¢ 53.87+6.21¢c 13.72+1.08¢
KCl 0.68+0.01d 4.24+0.01b 3.81+0.51c 0.89+0.07¢c  0.32+0.03a 6.11+£1.34a 10.37+0.02bc 71.63+6.47bc 18.92+2.32b
KSB 0.94+0.03¢ 4.47+0.22ab 6.20+0.36b 0.98+0.04bc 0.31+0.07a 6.17+0.51a 13.71+1.41b 69.49+3.79bc 19.92+2.48b

BC 1.68+0.07b 4.59+0.09a 7.00+1.22b
BC-KSB  2.14+0.16a 4.46+0.07ab 11.35+1.89a

1.03£0.05b  0.34+0.01a 5.87+0.90a 26.63+5.08a
1.18+0.05a 0.38+0.02a 6.63£0.45a 15.72+4.24b

86.96+13.83ab 27.39+2.11a

104.3£11.77a 30.19+£2.51a

W Y: BEERTYFE; pH: HERME; OM: AHLFE; TN: @%; TP: &#; TK. &#; AK. #i4H; MBC: 4y
LWk, MBN: fZEY A= % . TR, Note: Y: Dry mass of ryegrass; pH: soil pH; OM: organic matter; TN: total nitrogen;

TP: total phosphorus; TK: total potassium; AK: available potassium; MBC: microbial biomass carbon; MBN: microbial biomass nitrogen.

The same below.
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RDA?2 (16.48%)

-0.2 0.0 0.2
RDAL (78.49%)

H: Ace: MPEWEIREG; Sue: HELEE; Ure: IKEH;
Cac: HEWERG; Rr: PWAHTHIE; Ba: AXIKEE; As: BRITH
J&; Or: Occallatibacter )& ; Ge: Gemmataceae )& ; Ie:
Isosphaeraceae T )& ; 19: JG30-KF-AS9 T J& ; W2: WPS-2_norank
WE. BEKFJMEAEL WA T, KEKFERBEDHF.
Note: Ace: Acid phosphatase; Sue: Sucrase; Ure: Urease; Cae:

Catalase ; Rr : Rhodanobacter ; Ba : Burkholderia ; As :

Acidobacteriales; Or: Occallatibacter; Ge: Gemmataceae; le:
Isosphaeraceae; 19: JG30-KF-AS9; W2: WPS-2 norank. Black
lines indicate environmental impact factors, gray lines indicate

microbial species.

B4 TIEMETES R E R TT AR T
(RDA)

Fig. 4 Redundancy analysis ( RDA ) of soil bacterial community
and soil biological and chemical properties
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MR RUE PR T F 5 BRI, I B AW R A
BB ST BROCER 1 A A TR A R B AN B AR
G Ak, ARWF5TA K BC-KSB ZhHEXT +
AN o ZREMERI B REEER (£ 1), X
ARES AV RA GG EEWERYTAE L, 17E
FFRY TR MRS T . KSB 5 T MU Wi 3 4
YERIDES , X A 33804 A W 0 R 2 i FICKS o
33 TEMAEEESEMNEYRRABBEEN

M) 2

A HETR AR B L R n AR DL K
T HEP AR S DR (HRR A ) T R [
WA S RGO R T . AT ST I N A E
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BT TR AEF I e rp e 3 e 1T, (0 KSB A9
AR P R FH 3 AR T AR TR AT T R AR R R BEC 18T 2 ),
BT TRR KR, S8 KBTE . YT
PGP DA B 2 LI P 25 2o S oy, LA X 2 B
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