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X AR S HEEMERRE R HIEARMIRAF M

LB L ORI REAL TR EREL, BAEY
(1 BRI ERE G TR, ILARTTFE  266071; 2 JEWFERMEY S, WELEA YO11 3ZB)

%
IS
B
-‘rﬂ%
u\]o\

OE. eSS, B ARRTIR T, FEILZRENARIT R ELE 2 AR T AHALE, BRITA% K A OB BR AT SR A K e S
Wi, ZESRFRH . 5 HUEER R (S)A L, 2% A iR AR i 5 R MR A K, 4R T R Hoh, SERRGACHY 16% ZR1K 41 + 84%
TR PP BCH(SP)AL B i i 5y, WS T S A03H(P<0.05), WIAE-T-3435iEIA 24.00%; 5 SAHLL, Z4iARCiafnRem b —eE B -
PFHRSE VO, TIEMEEIEY . AT TIAMERSE S R b i, (DA RIRZ 27 A B (P>0.05). 5 S A, ZRKAR
JERR BR AN AL A R R - R Ak, HSR - HESRAMILN AR . Hib, SP 5 SPL ARFRGEREAGALIY] 16% Z%pdf4+84% BRAREN AL ML |
ARSI 8% ZRKifT +92% BRERATICHE) LI pH 23 BIFEE3E T 0.32. 0.45 ANEAAT ; SPA AbBE IR 1 A - eSS | 85 51 (P<0.05),
3P 34.97%. 32.10%. 15 S AR LY, SP MR X HIERUAE Y F B B IR, BEE A R A S . Horh, Chaol #5%K . Shannon
BRI 12.15% ., 4.04%, BRFTR T IHINT S BEHE R 7.53%, AT IR £ 5.72%, % 1, SR L, ZxiA
ARG RR AN X B AR SE SR = XSRS P4 s IR A B X, BAFESEREAE Y B L, 16% 2% A1 BN i
RS
KW Jepifr; SER; R HEMbeEER; X R
hE 43S S661.1 XHEPRERRD: A

Effects of Polyhalite Formula Fertilization on Apple Yield, Quality and Typical Soil

Characteristics

ZENG Fanhe!, TAN Huiting?, SHI Xiang!, ZHAO Li?, ZHU Jianlong?!, LIU Kezhong', FAN Xiaohui?, YAN Dongyun'*

(1 College of Environmental Science and Engineering, Qingdao University, Qingdao, Shandong 266071, China; 2 Anglo
American Plant Nutrition, Yorkshire YO11 3ZB, UK)

Abstract: The effects of potassium sulfate combined with polyhalite on apple growth and soil quality were investigated in a field
experiment conducted in Jimo, Shandong Province for two consecutive years under the control of equal amounts of nitrogen,
phosphorus and potassium. The results showed that compared with potassium sulfatealone (S), polyhalite combined with
potassium sulfate significantly promoted apple growth and soil quality. Among them, 16% polyhalite +84% potassium sulfate
combinedtreatment at the basic fertilization stage (SP) had the highest yield, which was significantly higher than that of S
treatment (P<0.05), with an average increase of 24.00% in two years. Compared with S treatment, the contents of VC, soluble
solid, anthocyanin, soluble sugar and other quality indexes were increased to a certain extent in polyhalite combined with
potassium sulfate treatment, but most of the differences among treatments were not significant (P>0.05). Compared with S
treatment, polyhalite combined with potassium sulfate treatment effectively alleviated soil acidification and enhanced soil nutrient
supply capacity. Among them, SP and SP1 treatments (16% polyhalite +84% potassium sulfate combined application in basic
fertilization stage and 8% polyhalite +92% potassium sulfate combined application in fruit setting stage) increased soil pH by
0.32 and 0.45 units on average, respectively. SP1 treatment significantly increased the contents of exchangeable Ca and Mg in soil
(P<0.05), with an average increase of 34.97% and 32.10%, respectively. Compared with S treatment, SP treatment increased soil
microbial richness and changed community structure in root zone. Among them, the Chaol index and Shannon index increased by

12.15% and 4.04% respectively. The relative abundance of Acidobacteria increased by 7.53%, and that of Proteobacteria

OHAWH . 264 15 H (141000-QINGD-141011-20) 5 FH 5 [ SA Rl 5430 H (31972516)%F Bl .
* J#iHFEE (yandongyun666@hotmail.com)
EH I BILES(1998—), B, WWARTFT A, BiLiFsd, By AR SR H. E-mail: zengfanhe2023@163.com
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decreased by 5.72%. In conclusion, compared with the single application of potassium sulfate, the partial replacement of

potassium sulfate with polyhalite has positive significance for fruit yield, quality and soil environment improvement in Jiaodong

apple producing area, and the application of 16% polyhalite instead of potassium sulfate is better in the basic fertilization stage.

Key words: Polyhalite; Apple; Yield and quality; Soil chemistry properties; Root zone soil microorganisms

R (Malus pumila Mill)fE S T E 2 R
— KR, RS 600 ZFMLEY, AN KRR
AR R T Y ARGE TR, A EE LT EN,
FRE SRR AR S P Y R R AL, B R SRR
WA HIAE ™ | R SRR P PR, #R5E
SERFRE R AT, X SEEAR PG R, i
HEERPAE . AR R A S X

PR RARKME TR UAA TR
Z—, JERLERIER . SR Y TR, 7R
SR A=y v 3 A A/ A R A S A AR R R A
P A KT oK A GUR IR PR IL 5 B 2800 AR B -
TS, 45 A SRIREEAAR P A = A B e — e AL,
IR, RGP K LA B . PR TR 2
S | BESE P i e R AR, 5 1R M R 1k
M . AEYIFR KAl | T W) 2 BB AR S ),
FFECT RS TR R LD, A
R, IR EY 7t B SR Ly, P K i
AWEET, BN — B sl ke, Tk E AR Y
JEARXTBE S, AR4F 50% 2247 BB AE AR in 2k
WP W RS IS E RO, CERA T RERL
ML RS R I . I, Akt AT i B . 46 sa s e
R YT oy 2 Sk 1 M 0 05 e e Py 0 B i

2= 1K 41 (K2S04 MgS04 2CaSO4 2H,0) 1 —F
BB, BE BTEM R A, Bt L KO
15.62%. CaO 18.60%. MgO 6.69%. SO353.11%(L)

BG4, 1932 4F FrapsUM& K44 ik 41 B 3]
VELOL H B AE , FR7E FOK kAT A IR skt &
L, BEAH (20 )44 1 A 40 247 80 5 15 G i R A e
FHY . 1974 AEFRE 238 7 WoFEHR I, 7607 A fh T4
B TEREM AR O , 2% 0 A1 2ot (a7 i il e
T T A ER R AT A A AR ALt . AR SR A KT
PEBRIOVEVEY) Ao R W], 2% i A it T XS/ 4 1
FEREIT . ARG B BURECR . 22k A SR
RS BROCER, MG S SE R R, &
B H A E A TR, SRR = AN e e
SEI KA NEAFAE—E .

T UL, ABRLSER NN S, 3R IE L
Ty B AV DX T J [R50, K 2% 14 1 5 1 e o R 4
JE AT — 5 BRI B4 Pt (B — ), A9 AN W) it
J5 3K« AR 2% 1 A B LG SR o A R R
BRI, DAfkRhes G AL, s
R SR 7l e O R AR L R AR A

1 #R57E%

1.1 iRIEHh = R A

2020 4F 11 H—2022 4F 11 A 7E% B BN E& X5
AEFE AR FEAEBLRE (120°617E, 36°53/N)HEAT 4L
ARSI ARG . 12t W TR 2 XA B R S Ak
AR H BRI 2 305.8 h, AR IR K f A R4 R
431.9 mm, 13.9 °C, {5 RIRFEKEMSRME 1

Fig. 1 Average monthly temperature and total monthly rainfall during the experiment period
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Fi7s o b TR AR AR, T IR, SR KA h LAER/NX, 48 B . B CK AbHEAS it A
MEPORERIZ (0~ 30 em) L ERES,, HEEARMEME AN, H A AL B B 35 i A 58 N
JinF: pH 6.73, ML 118.5 pS/em, A ALK 300 kg/hm2, P,0s 150 kg/hm?2, K,O 300 kg/hm?, A~
15.73 g/kg, Tlf# A 77.00 mg/kg, A % 63.28 mg/kg, [ B . WEAE A & St FH 7 v 56 4 — 2, # I
AL 212.55 mg/kg, &HeMEES 4.45 cmol/kg, & A RINE 1 FiR: OCK, T K0; @S, K0 4
PEEE 0.99 cmol/kg, A %H 172.69 mg/kg. TR AL ; QSP, FERIEICH B 16% 1
HER IR SRR G R A I AGE 70% KO Mz 4R AL, HiA 84% 1 K0 i BRI AN
e ERFER—WE 045 L, MikNbET 24t @SPL, HabiEEHNE 16% 1 K0 24K f
(Malusbaccata)., Z iR =it m, PomiFE . Jro€ 124k, AR 84% 1) KO MGt [R5
REJToE, FE4H A, WIS 7 AR, BB N EH TUGEAREYBE 8% B KO HiZ4 kAR, HAY 92%
YR, BRATIE 1.2 m 3.8 m, J& T 1 25 B A AT SR el 1) K0 M T IR e it . 2020 4F 11 A 37 2R08k
P A Z R BT EIRZE (N 460 g/ko) Mz & — T HLE X 5 AT AL, TR @4 A) . Ak
B(N 170 g/kg, P.Os 400 g/kg), Bz ok AT EBRE  REI6 A)RIRIZ A (7 A)Htii1T 3 UGB AL (L
THE(N 170 g/kg, P2Os400 g/kg), B am R SLJita FEE U it (A6 S 100) B B 1547 4% 1 A B AR
A RA AR fE . BPE R B 2414 4 (KO 140 g/kg, FH, JCAp 1 1 30 4 R SR AR it A >0 46T A R 0 A
CaO 170 g/kg, MgO 60 g/kg, SOs 480 g/kg, Z%[E%y P . 2021 4F 11 Aok, R T —4FEEER
S AR AL 28 /) AT B AR 1 (K20 520 g/kg, S= Jite A o, RO A Uit A 2 A S I ) 40%
170 g/kg, Cl<15g/kg, E#EFBBMHIAMEAIRT  20%. 20%. 20%; WK 60%. 20%. 20%. 0%;

(ER/NTEID BRAE Ky 40% . 0%. 40%. 20%. KJHAA57EM T4 .
12 Beigit FERIIAS B 1/ ELA% 15 cm ., I 30 cm IR 5

WIS B 4 AL EE, SERREPLXALHES, A it FrA LR A B TR B A BT AR, angERE . By iR
ALPREE 3 AT PEIBCR B B0 4 BURMIE  MIBREAE, KRS 2 H A R AT

x1 BAEBREESR

Table 1 Potassium fertilization scheme for each treatment

Ab 7 At A B UGB =GB
(K,0, 120 kg/hm?) (K,0, 0kg/hm?) (K0, 120 kg/hm?) (K0, 60 kg/hm?)
CK - - - -
S K,S04 - K,S04 K2S0,
SP 16% Z&pifi + 84% K,SO, - K2S0, K,SO,
sp1 16% Z&I A +84% K,SO, _ 8% ZRIK A+ 92% K,SO, K2SO,
1.3 RIFERMRNE 1.4 TEERLFERNE
S KRR BR AR AR T 2021 4F 11 S3H1F 2021 4F 11 A 6 H, 2022 4F 11 A 15 H

A 6 H. 2022 4 11 A 15 H#tA7, M= my, XM SR 0~30 cm 12 1At SRAERS, W SRR m A et
R IR T TR . R R LR K/NEAT  AMEIRE KL AL GRETF AR X I5) 1% i 2 4 RAE R, B
Gr28). WRHE, JRGETHHR N P L SR SRR 4 HA /NI 8 SR AL, SRR RS I (IR ELA% 6 cm)
ORI TR O BLSE TOE N BN ENXPREAL SRATEORE, REER AR RO R 1 kg, B TR
TEHL 20 ANSERBE T, Horp, SPREEER AKCREEE TEET, BB L 2 mm G, B A, AR C
IL(CY-4)ilE s FRAATIE RIS & R RS geRfbsrdr ) MIBE TS 22 5 = 205k Bl 7
JCI(PAL-101)i2E ; RALEAER C(VO) S S ME  Hrp, Bl ff &R IR D JOE I 2, A 208k H]
BAURY 2, 6- BB E L E ; A PTEMERE 0.05 mol/L HCI+0.025 mol/L 1/2H,SO. M %E , Ak
Z R NY/T2742—2015 I 020 SEP ] i o TR o 2 5 B SRR R ] 1 mol/L 2 R4k T4 , ICP-OES(H,
MKE RN/ B NaOH AR e ke ;s R RS 5 8 FIR 7 & 9otk , Avio200 ,
R w5 Rakak B s/ IS5 5 6 B vk PerkinElmer, E[E)ME; £1E pH(mM 1 : V 4=1: 2.5)
e, K] PHS-3E & pH %2 .
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1.5 R TEREWNE

TEELEMAEEAL AR5, T 20224 9 H 28 H,
K 22 RUIR A BURE I R A2 5 SRR X 398 FH 77000 7 AR
XA Y SREER, DI A, LBribRTE
M AL, SR TC R B2 BOR « PPN ) B 24
50 cm. 0~ 30 cm PREE AT N R HEOST, A% H 1Y 4 g
HBGEAR R, PHER R LG RPN, IR R
B BORCIR OB R TR A TR BN, TN 4
MESIRIX FFEANR G 1 MEEMNA, KR
(40 °OVFTE AT, T UKV iz i b nt BRAEARFE D
B A BR2S Fl2EF T DNA $EHUS IR

iz . PowerSoil DNA 73 & i 7 & (MoBio
Laboratories, Carlsbad, CA) 136 B A R #2 Bt + 3 DNA.,
K 1% TEREAEE RS A1 NanoDrop 2000 43 %G
(ThermoFisher Scientific, Inc., USA): i 5 X 21
DNA fy 4l Bt ff JH 514 338F(5'-ACTCCTAC
GGGAGGCAGCAG-3')#ll 806R (5'-GGACTACHVG
GGTWTCTAAT-3)¥ #4414 16S rRNA FEA 1Y V3 ~
VA4 X A B EIE A 5149 (AL 5T Allwegene
INEIRE)R 5 s 8 1 KBTS, PCR =)
fii 11 Agcourt AMPure XP #% i 46 {7 £ (Beckman
Coulter, Inc., USA)#Efralifh, 7Edbat B4 ZR R
A FRZN A Hlumina Miseq PE300 - & (Illumina, Inc.,
USA) #F 17 IR BE I 5, JIFff A Nlumina  Analysis
Pipeline Version 2.6 47 &5 BT | B3 I8 FH AN 22
it o
1.6 FHFEABEFEITHHF

I P53 () S A K0 (Raw reads) 83 974y . Pt
He | A UEKIE A (<120 bp) . KBRS S AE FRAS B
S, {fFH Vsearch(v2.7.1)4k {414 Uparse 215, LU
97% HYAHLEE WG SA% Y reads TS HPRAEF 80T

(Operational taxonomic units, OTU). i FHAZMEA%L
i PE U H (RDP) 73 28 #% T H AR R SILVA 45 1%
(Release 128/132https://www.arb-silva.de/)¥ T4 51
Ko WA B 2K AR EERFA OTU JAbAy
OTU #HUD4EREDRE /R, BT OTU HEIHHras
H 28 Chaol. Observed_species. Shannon ., Simpson
FEBGHA TR X T A PR I Z R B Pl 3= B 43 -
SR REL, HTHE YA S 5T .

BT A s ¥ & K R J7 2 4 i (one-way
ANOVA), 7£ P<0.05 fy/KF- [-ffi{] Duncan Z &Lt
BT W V22 SR i Excel 2019 G051
¥, A SPSS 26.0 SEATEE AT . E I HE4E AR
=5 (http: //218.2.224.234. 8888/) )z Origin 2019
St R

2 EREHSH

2.1 FXALERERENER=EMIND

PRAET], AS[A] G40 Ab B R = 25 5 i 3, Fpk
SEORBUNAE 2022 AR KRB B EME R, RARAETR
TR (R 2)o Fa A B AR R4 Ab HRAAS jite 40T Ak
HpE AR T R, SPOARBE R R, iR
42.02%; HYk K SP1 b3, SEIHEFE 31.44%, 5 CK
ACFEAH L, SP. SPL AbFETESE 2 I IS S Hkk
S5 0VB H PR B RS R PR Y S A B A i) FRAR
EE/N . B 2021 4F S ARFERAN, 7R E ARG AL
PR IEM IR R, 2022 AESE = i 5 Rk A
WEMT 2021 4, 4r0lF#AL 35.88% ~ 50.46%.
18.66% ~ 53.29%. 2% [xi A1 BC it R BF 7] 0 S
HEAAREE REOR DS, SP AN T REIREE /),
43 HIREAR 35.88% . 18.66%; HKJE SPL ALEE, 435I
WA 36.25%. 19.23%.

*®2 FELEERFERHMRER

Table 2 Apple yields and their components under different treatments

ARy Qb HURH(g) PARREE TR 74 (10% kg/hm?) B R (%) B 1R 4 (%)
2021 CK 273.14 +38.84 a 69+10a 40.65 +0.33 ¢ - -
S 214.47 +£25.41 a 9 +11a 4521 +0.52b 11.22 -
SP 341.90 +62.06 a 70 +13a 50.33 +2.16 a 23.81 -
SP1 313.94 +50.23a 69+10a 46.73 +0.61 ab 14.96 -
2022 CK 260.01 +£19.25 a 37%1b 20.14 +1.69 b - -50.46
S 23411 +7.07 a 45 +3ab 23.61+0.88 b 17.23 ~47.78
SP 248.45 +26.53 a 57 +6a 3227 +110a 60.23 -35.88
SP1 236.71 +11.86 a 56 +8a 29.79 +4.41 ab 47.91 ~41.95

T [AFEHE G ARG T BERR ] — AR O Al b L2 8] 22 53 2. 3% (P<0.05), T Il
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2.2 AR METER X ER MR

AN TR A 38 G 2 S M S SR i T (3R 3). A5 Tt
ARFREAAR T IRSE VO, AIEPERTEY) . RIAETERE S
EPEIR LY, 2% X GBI 4 A B AR T Bt A
FREPLLFR . 2021 4F, 5 CK AbFRAHEL, SP1 AbFR G
PERIRSE VC i 2022 4, AL VC SRR
FESF, {H SP, SP1 Ab¥FE VC &HHEEAR T CK. S

AbHR ., WHAE[R], SP ALFERIVAMEEIEY) G, EEHS
T KPR e, 5 S ARBEAR LA BSE I 8.06%
27.75%. 24.78%; SP1 AbFH#: CK AbF IR ST ATy MEwH
T R E AR 23.04% 5 SRESCATTE E IR & mTE 4.19
~ 6.64 g/kg, FACHRRITCH 2R, 2022 4F, SRAIA]
PEREDEY . iR T 2021 4, SRR .
RV P B i BRI Lb 52 S A R R 3

*3 FELEERRR

Table 3  Apple qualities under different treatments

Ffy A vC(mg/100g)  AIEMEREES(9/kg)  AEE I (hmoliem?)  nliEMEME(g/kg) R E FR(g/kg) WEIR L
2021 CK 1.20 +0.08 b 119.33 +2.33 ¢ 23.99+199¢c 98.90 +£4.18 b 419 +0.04 a 23.67+1.21b
S 1.75 +0.40 ab 129.00 £1.53 b 35.34£0.29b 113.97 #1.62 a 418 +0.12a 26.73 £0.64 ab
SP 1.81 +0.08 ab 137.67 x145a 44,07 £1.05a 120.23 £3.94 a 438 +0.01a 28.73 x156a
SP1 2.28 £0.05a 136.00 +2.08 a 43.57 £3.56 a 115.37 £1.23 a 433 +0.26 a 26.87+1.90 ab
2022 CK 168 +£0.14a 130.67 £4.10b 18.68 +£1.61b 87.37 £11.30 b 6.38 £0.52 a 1412 +2.70 b
S 1.84 £0.04 a 142.00 £2.52 ab 20.00 £2.63 ab 96.60 +0.69 ab 6.64 10. 05 a 1454 +0.21b
SP 2.03+041a 14553 +547a 26.16 +1.98 a 110.33 +4.96 ab 5.36 £0.12 a 20.58 +0.53 a
SP1 2.02+0.29 a 143.33 £2.33 ab 13.68 +1.82 b 113.13 +5.59 a 6.29 £0.72 a 18.28 +1.38 ab

2.3 ZHABERERAX T IELFE RPN
AN [7 it A Ak X6 UAC AR 301 - 498 A 2 e I v S 2
(7 2)., 52021 4EAH L, 2022 4F 13 pH FF% 0.74 ~
0.84 ML, PIAEN], PRI R R S ZbHE pH
A%, A A BCHE AR ERER Y SPL AhFR7E 4k 5+ 3 pH
07 T P P B, HokJE SPARER . 5 S AbFAHEL, SP1.
SP b3 pH 43 HSE IR 7.41%., 5.17%. L4 M4
K, 5 SAHALL, SP, SP1 AbHIA i i 3 rp

R . RO . SCHR RS | SSH BRI i, He
R AR RAE 2021 AF 227 W, ACHRMEES | BE
AR 2022 AE2E S, Hirp, SP1 AR N,
4 TWHEART-45> B R 21.38% ., 21.31%. 34.97%.

32.10%., NP HE s IR A S i, BEE AR
B A, AS R A B A 39 pH | S0 25 SRR
2022 4T, 45 Jiti B Ak B - AR B Y S R T CK
AP FEREAT AL PR, SP1 Ab BRI E BT S, SP AL,

EmCK IS 3SP mmsPl

7.5 20214 20224 1500 20215
70r @ ik 120} b
a i e
H a

6.5 b b ab ? o0 -

aso m ] g o
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= 200f i Ko
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i 100} : Q
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b

(B R [RNG P B R [ —4F AN [ Ak B 7] 22 52 . 3 (P < 0.05),
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Fig. 2  Soil chemical properties under different treatments
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24 ZHAMERERTEIREX T ERAEY S
s

ANFEEAC AL F + R o YRR —E R
Wi, (HARBRIA) 22 RN 25 (R 4). A[RIAb BRAEAS ik
HEVE 25 (1Y Chaol $5%% . Observed_species f54(1F
4 610.40 ~ 5 170.56. 2 801.00 ~ 3 089.00; Jx MiEtyk
ZFEPERY Shannon 5 %1 . Simpson $8847F 9.52 ~ 9.98 .
0.99 ~ 1.00, SP 4-b#! Chaol. Observed_species .
Shannon F1 Simpson 880, S AbHR(E. 5 CK.
S AbBEAHLEL, SP AbFH Chaol FEE/ll4E 5 5.87%.

12.15%, Shannon F5%07r 54 & 1.34%. 4.04%., %%
TRERB, Z% p A OB R B0 AT 4t v IR ) T
MERErE, HAUEE LR AR A2 i A 0 16% (1)
T PR Ak BEASCR A A

AL 2 BE (B 3) - Mr vl LLA IR, 45 Ab PRI AR
MIX +HEREAILAH OTU 2 2294, CK. S, SP Al
SP1 b P R A OTU 433l ok 743, 592, 450, 869
o BHFEARTRAEY A OTU KM —EER
P, U8B AN [R] it A 7 26T AR X - 458 200 TR R 45 4
G- AR

x4 TELETEMEVZHMY

Table 4  Soil microbial diversities under different treatments

Qb3 Chaol 5%k Observed_specie 5%k Shannon $5%% Simpson f5%%
CcK 4883.79 +137.82a 2913.00 £100.30 a 9.78 +0.13a 0.997 +0.003 a
S 4610.40 £278.15 a 21801.00 £237.12 a 9.53+0.34a 0.993 +0.003 a
sp 5170.56 +117.31 a 3089.00 +43.30a 9.92+0.04a 1.00 £0.000 a
SP1 4932.40 +170.22 a 291500 +96.11a 9.77 +0.15a 0.993 +0.003 a
- - JEFE W 15.05%, BRATRATT. ZFEPMmE T 1A 3R
IR 21.24% ., 26.87%.
CK 450 869 S WK (K 4B), v K HE X
" 271 275 (Gammaproteobacteria, 19.05% ~ 29.24%)AH X} - & f%
B, HWE o 728 B 49 (Alphaproteobacteria ,
743 321 314 592 e . N
11.28% ~ 15.51%) . BR T 1% 24X (Acidobacteriia, 7.13% ~
2229 17.17%)., 5 CK 4bFRAALL, S b o B . R
- FETR AR 42 BIRRAIG 26.14% . 36.09%, v AT
PRI ARG = B 5 4 ) 52.88%; SP1 Ab# vy AFIEIA
402

E3 FRERE OTUHELEE
Fig. 3 Venn diagram of the numbers of OTUs under different
treatments

2.5 ZFXAMEHREREXST, FMAKFELRX L5
MEMBTE AR R

AL BAREAAE T TKOT PR 1] R AR
177 (Proteobacteria, 38.20% ~ 44.03%). FRFTHEI]
(Acidobacteriota , 17.39% ~ 27.34%) . 481 4T i ']
(Bacteroidota , 5.28% ~ 8.00%) Fll % A i i 1]
(Gemmatimonadota, 5.35% ~ 7.84%)([& 4A). AS[Aljiti
JIE b XS - SFE AL W RE TR A5 R e e R TR] o b Ak B
Hh, BEAE A4 A O G 22 5, BRI
PRTT L JOUFF TR T T AR D0 3R T TARGT = B 10 I 3l 22 Ak
SP1 b PR -SR] . PR ZFERM B T AR XS
FIER R, TR T TADS R Ik ; SP AbFE S AH
RaH, 5 CKACFIAIH, S AbBRASIE BT 1A AR X 3=

AN FBEHE S 27.75%, TRFTBE ANAE N =F B B 2 1%
1I% 57.99%.

3 ihie

3.1 AEMEEAEIEREH

I S SR PR R ) S i Z AT 1) AR
WFFE L EPUE T2 E5 8 . PARIA], it b R 2 A 350
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Fig. 4 Soil bacterial colony structures in root zones under different fertilization treatments
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