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(I B EHRFHERA S TR, IWRHD 2660715 2 SESEHTIERIEYIE SR, FELRHE YOIl 3ZB)

HOE: 7RISR B, PTORTIR T, TEILZR BRI R EL: 2 AE WAL, FRIT A i AR R AT XS AR I e M A AR
Wi, Z5IREHH . SRR AN (S)M HL , 2% i A FCREBR R AT B (e SR A, BT R, Hoh, JERIFEAEH 16% 22T + 84%
BRI (SPYb ™ b 5, W T S ALFR(P<0.05), WHAR-T-YIEIRIA 24.00%; 5 S ALHUAHLL, Z%pd A ECiiAi PRI AL #— e 12
JERIRTHRSE VO, WIEHEETEY . AEEEE . ANAMEREER TR A R, (AR K Z 2 F AR E(P>0.05), 5 S ABALL, e
A BCH AR R AL T R T IR AL, S8R ISR AN AR T . o, SP 5 SP1 ARFRCEERNEACI 16% 4215 f1+84% )L@/z%ﬁﬂﬂlﬂ@a
Jitl . AeSRH 8% A + 92% BRFREMICHE) 138 pH 4R F 032, 0.45 AHi7; SP1 AR N s Egs | B E
(P<0.05), 7 HPFHHRE 34.97% . 32.10%, 5 S ALBEAHLL, SP ARBHEARIX 3Rt w R e, BRES WA AU, H, Chaol
$5%. Shannon FEEL/MIEEE 12.15%. 4.04%, FRATE T TAEN RS 7.53%, ﬂ‘iﬁﬁﬂrﬁﬁxﬁﬁﬁﬂé{t& 5.72%. b, SR
BRFE L, 2= AR AR BRI o B AR X SR S PR T L B R B U S, EAAE R IE BB L) 16% 2=
AR B R i P R Ao
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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 YOI11 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 sulfate alone (S), polyhalite combined with
potassium sulfate significantly promoted apple growth and soil quality. Among them, 16% polyhalite +84% potassium sulfate
combined treatment 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 (16% polyhalite +84% potassium sulfate combined application in basic fertilization
stage and 8% polyhalite + 92% potassium sulfate combined application in fruit setting stage) treatments 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

OILTH . W% H (141000-QINGD-141011-20)5 [F 5 A AR 22 3417 H (31972516) % 1 .
* L{)ﬁ‘ﬁf%(yandongyun666@hotmailicom)
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http://soils.issas.ac.cn



910 AL

21% 51 A THE 7 G A S 58 7 o R gt

MR A 52 59

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
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Fig. 1 Average monthly temperature and total monthly rainfall during the experiment period
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JioR o b IR AR, I IAHT, SRR
A R AEFR)Z(0 ~ 30 cm) HIHERE S, HIEEA LA
JitnF: pH 6.73, HLFFE 118.5 pS/em, A HLE
15.73 g/kg, TS 77.00 mg/kg, A3 63.28 mg/kg,
BT 212.55 mg/kg, SCHRMERS 4.45 cmol/kg, A
PEEE 0.99 cmol/kg, A %R 172.69 mg/kg.

HEIRE I SRR o SRR T BUE 70%
B E - RER— “HE 07 aE L, ARNLET
(Malusbaccata). ZEa PR i, Do RE . PLIE
fEJI00R, 02102 R, MR 7 4F, BB H B
Y, RATIE 1.2 m x 3.8 m, J& T %5 B FiAe SR il .

PHAEZOR AT IRER(N 460 g/kg) FITERR 2 —
BE(N 170 g/kg, P,0s 400 g/kg), BEzK A T DR S
BN 170 g/kg, P,05400 g/kg), W=/ = RILA
WA BRA R HE . #HZk B 24X 41 (K0 140 g/kg,
CaO 170 g/kg, MgO 60 g/kg, SOs 480 g/kg, Fi[E#)
TERREPAE A v AT B A B R 1 (K0 520 g/kg, S=
170 g/kg, CI<I15 g/kg, EHHFIRP MIAMHART

EAFED
1.2 Rt

IR 4 AR, SEREPLIXALHES, B
Wb 3 ANEA  ERUR BIEA —EUY 4 BRI

N LAEENX, I 48 BURM . B CK AU
NEAb, HE A4y 25 4k BEE R 3R 3 il A& 43 0 N
300 kg/hm®, P,0s 150 kg/hm*, K,0 300 kg/hm*. A
[ Ak PG L WA it A S St vk e A — 3, it
%% 1 s : MCK, T K05 @S, K0 23
M R IR AR AL, RSP, LRGN EE 16% (1
K0 iy i At , HiAY 84% B K,0 m i B A i
$Eft; @SP1, FEREIEALH B 16% 1Y KO 22X A1
PRAL, A 84% 1Y K,O H B B AT R4, [FlA 5
TUGEIEHE: 8% Y KO HiZg A ERAEE, HAx 92%
1) K,O M & SRR A4t . 2020 4F 11 A SERGR |
T HLE XS A TR EAL , TUAETR A4 A). 2k
F4I(6 )RR A (7 AT 3 UGB, (L
5 it o0 575 VR it (A SR DT B Bt A T 2% o A A
FH 38 M Ao 0 38742 R SR At A > 15 LA R 4 Ay
P . 2021 4F 11 Ak, AR T ~EENES
Tt HE 35, ey, R Bt A £ A St A 1 1Y 40%
20%. 20%. 20%; WEAEHR 60%. 20%. 20%. 0%;
BIAE N 40%. 0%, 40%. 20%. FJHHA57EM T4 .
PO A-EREL 1 DNEAR 15 em. 8 30 cm BYIR 4T 9T
Jith o FTAT G0 A 35 (R HH A BT AR, AN . Bl
FIBR A BRI 24 R SR A7 o

x1 ZLEBHAE

Table 1 Potassium fertilization scheme for each treatment

Ab FER AL UGB el Gi=Y i} g = was e
(K,0, 120 kg/hm?) (K,0, 0kg/hm?) (K,0, 120 kg/hm?) (K,0, 60 kg/hm?)
CK - - - -
S K,SO, - K,SO, K,S0,
SP 16% 24 f1 + 84% K,S0, - K,S0, K,S0,
SP1 16% Z4XKiA + 84% K,SO, - 8% Z4KA +92% K,SO, K,SO,

1.3 RIF=RMENE

SRS = SR S SR TAE 5 2021 4F 11
H 6 H. 2022 4F 11 A 15 Hgkfy, Mp=mf, xHaeE
RIS T AR . R (R R AR KNI T
32%) . PREE, FFGETH AR R IR 2SR
BRI AL R RS B W AR B /N X B AL
PEHL 20 A E AT Horb, SR PRIASE SR K A
AL(CY-4)5E 5 SR AT i I 4 5 R PR 485 54T
JEA(PAL-101)7E ; RALEER C(VOF RS
R 2, 6-SEE B E TR SRR TR
SR NY/T2742—2015" 152 s SRA R ER SRS
Mk AR AN/ NP NaOH AR 2 1 5 5 R
B A A A RS IRakR )2/ N P 4o B ik
Mt

1.4 TEERYZERME

AYIF 2021 4E 11 A 6 H. 2022 4E 11 A 15 H
KA 0~30 cm )2 1A, RAERS, TR B
AN BT 7K 2R A GRETF It IE DX I 156 8 2 AN SRbE s, B
HA /N 8 AR AL, SRS (MR A ELA2 6 cm)
PEFTHURE , REEM HAEF U MEIREE 1 ke, B T HI0E
THRAE T, BB 2 mm i 9, B4, ARE(+
Btk oy ) UIREAT IS 22 - 1 F EAL AR R
o, B A AR R SOk I, AT A SR
0.05 mol/L HC1 + 0.025 mol/L 1/2H,SO, ¥ 5E , %L
B SEHPEESEE R ] 1 mol/L ZLIRER 1R, ICP-OES(H,
B A EFE TR T R, Avio200 ,
PerkinElmer, JEED)ME; +3E pH(m + : V=1 : 2.5)
% F PHS-3E AU pH il 5E .

http://soils.issas.ac.cn



513

B PUES S % i A TC 7 N RS 92507 i B - S i R PR B 520 61

1.5 WREXTEREMNE

TEELEPAF AL ARG, T 202249 H 28 H,
K22 R A BURE 2 R A2 S SRR DX 438 D00 7 AR
X EIERHEY) . RAERE, LIRS R, 2B Ry
M R, SR HIC 2 HUR « AP 10 B R4
50 cm. 0~ 30 cm WREEAYAT A 13000 A2 i 45
IGEAR R, BHER R I I RPUER., IR R
A BORCREUR IR R AR EAE, TR 4
MERIR X FREANRA R 1 DEEANA, KR
(40 CYHEIRAE, TIKAHHEH 2 b ARSI
B A BR A Al 21T DNA $2HCS Y .

¥ BB PowerSoil DNA 43 & i 7 & (MoBio
Laboratories, Carlsbad, CA) Ui B 25 TR #2 B 13 DNA
KH 1% B FHEE I A1 NanoDrop 2000 430606 EE it
(ThermoFisher Scientific, Inc., USA)A il 3 A £
DNA [ 4li i F i it 514 338F(5-ACTCCTAC
GGGAGGCAGCAG-3")#1 806R (5'-GGACTACHVG
GGTWTCTAAT-3") Y B4 41T 16S rRNA FEH 1) V3 ~
V4 X B HHERE S EIE R 510 (AE 5T Allwegene
AFFRHIY 57 SN 8 fLAIEISF . PCR -4
i Agcourt AMPure XP iR 41k i 7] & (Beckman
Coulter, Inc., USA)#Fr4ifk, 7EIbat B4 REH
£ FR A 7] Illumina Miseq PE300 {5 (Illumina, Inc.,
USA) #F 47 B B2l J7 , JF fff /1 Illumina Analysis
Pipeline Version 2.6 #F47 EIZ 3 AT | GlEE I A5 22
it o
1.6 HB\LAEBE5ZITHH

A5 2 Y IR K (Raw reads) 225 97 s) . BF
Bz . S UEKEA (<120 bp) . KBRS ARG A HAS B
5 . {8 Vsearch(v2.7.1)8 4 Uparse B s, LU
97% WAL R S H5) reads I NEAE/HIEHIT

(Operational taxonomic units, OTU). ffi AL
#fi P2 75 H (RDP) 43 26 &% T H AR 4l SILVA ¥4 /&
(Release 128/132https://www.arb-silva.de/)K; fr f5 ¥ 5]
o3 AR 7260 AR A OTU MAbf
OTU X HUERERE R, 22T OTU R4l
L, 2 M Chaol . Observed_species . Shannon , Simpson
TRECHATIR X B E YRR Z AR XA E 5 5T .
LEEMR O RER, TR A oA

BT A BRI R U5 22 53 BT (One-way
ANOVA), 7 P<0.05 f7KF L{fif] Duncan £ [t
BOEHAT B V22 A5 ff ) Excel 2019 1281050
Bt IFRI SPSS 26.0 HEA TR /34T 3 ik B4k AR
= F- 5 (http://218.2.224.234:8888/) J Origin 2019 5¢ i,
(AL

2 HEREHN

201 ZNARERERANERSENEI

PRARTE], AN [RGB 25 S B 3, Rk
ZERBANAE 2022 AR B EMER, HRELE
FREF(R 2)o F4 A BB TR AR Ab R AN it 4 A b
HpE AR T W, SP oAb BH PR R R, P Hy e
42.02%; H:¥k g SP1 ACFE, XM= 31.44%, 5 CK
ACFEAH L, SP. SP1 AbEEAESE — 2 i E 4 s L bk
SEOVEL H LB RR S R PR Y S Ab B AT ] B
TN B 2021 4F S AbHEAL, 7= R0 Bk 4 LA
PIRIEM IR, 2022 4RI 5 5 ke A0y
WEAMT 2021 4F, 4 AIREAL 35.88% ~ 50.46%.
18.66% ~ 53.29%. A%< 1 FCHtim MR 4 nl el S0 21
FLARREE AR DS, SP AL T REIREE e/
I3 MFRAG 35.88% ., 18.66%; HiKJE SP1 ALEE, 433
F#AIK 36.25% . 19.23%.

x2 TRLEBERFEREMWNESR

Table 2 Apple yields and their components under different treatments

Ay Ak AT () LRGSR AL 7k (107 kg/hm?) HEFEAR (%) BRI AR (%)
2021 CK 273.14+38.84a 69+ 10a 40.65+0.33 ¢ - -
S 214.47£2541a 96+11a 4521+0.52b 11.22 -
N 341.90 + 62.06 a 70+ 13 a 50.33+2.16a 23.81 -
SP1 313.94+50.23 a 69+ 10a 46.73 +0.61 ab 14.96 -
2022 CK 260.01 £19.25a 37410 20.14+1.69b - ~50.46
S 234.11+7.07a 45+3ab 23.61+0.88b 17.23 —47.78
N 248.45+26.53 a 57+6a 3227+ 1.10a 60.23 -35.88
SP1 236.71+11.86 a 56+8a 29.79 +4.41 ab 47.91 —41.95

T FFER S A /NG B ] — 4 AN [ b B2 i) 22 5

L3 (P<0.05), FH.,
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AN [RY i S Ak AR b S S i S SR S BT (R 3). A5t
ARFRSR T IRSE VO, AT YRR . AT
T SOMETR LY, 44 A OB R HR Ak B A T Bt A
FREPALER, 2021 4F, 5 CK AbFfAHEL, SP1 AbFR G
PERRSE VC i 2022 4, A[FEGFE VC SRR
F#£5, {H SP, SPI1 kb VC EHEEMAET CK. S

OB, PIAEMR], SPARMRIAVERIEY S AEHE
PR s, 5 S ANHIAE H A3 BPE AR R 8.06%
27.75%. 24.78%; SP1 Ab¥EE CK AbHIR SR HE

TR 23.04%; RATEHERR G RAE 4.19 ~
amg@,%&@@%ﬁ%ﬁﬁomni,%iﬂ%
PEETEY) . AT R m T 2021 48, SRIEFH T, 7]
VST B i SOME TR LU 52 30 A S i 35

F3 TEALEBERMR

Table 3 Apple qualities under different treatments

Ay AEEE VC(mg/100g)  FIEPERIESI(g/kg)  AEF T (amol/em®)  FIEMEME(g/ke) W ERR (z/kg) BHIR Lt

2021 CK  1.20+0.08b 11933 +£233 ¢ 23.99 +1.99 ¢ 98.90+4.18 b 4.19+0.042 23.67+1210
S 1.75 + 0.40 ab 129.00+ 1.53 b 3534+029b 113.97 £1.62 a 418+0.12a  26.73+0.64 ab
SP 1.81+0.08ab 137.67+1.45a 44.07+1.05a 120.23 +3.94 a 438+0.01a 2873+ 1.56a
SPI  228%0.05a 136.00 +2.08 a 43.57+3.56a 11537+ 1.23 a 433+026a  26.87+1.90 ab

2022 CK  1.68+0.14a 130.67+4.10 b 18.68+1.61 b 87.37+11.30b 6.38+0.52a 14.12+2.70 b
S 1.84+0.04 2 142.00 +2.52 ab 20.00 + 2.63 ab 96.60 = 0.69 ab 6.64£0. 05 a 1454+ 021 b
SP 2.03+041a 14553+ 547 a 26.16+1.98 a 11033 £4.96ab  536+0.12a 20.58+0.53 a
SPI  2.02%029a 143.33 +2.33 ab 13.68+1.82b 113.13£5.59 a 629+0.72a  18.28+1.38ab

2.3 FxARERBREANTIELFE RN TR . AR . ATHRAERS | SRR O, B

A [ it I Ak 36T g 5 39 1 438 A 2 P 5 i i
(K 2), 52021 4EAHLEL, 2022 4F 43 pH R 0.74 ~
0.84 ~HfL, PRARN], FRAMMEGT IR FIILAY S Ab3H pH
A, 7 A PR AR ER Y SP1 AbBRAE4E 5 14 pH
5 B R b, Hok e SP ARRE ., 5 S AbBEAHEL, SP1 .
SP 4B pH 5344 7.41% ., 5.17%. ZEBPIAE

R AW RTE 2021 AF2E 5 B, HERs | B
AR 2022 4E 2R W, Hr, SP1 ARFECNR T,
4 TSR B 21.38%. 21.31%. 34.97%.
32.10%. JtuEPEm T R EALE i, B AL AR
FRAY3E N, AS[FI LD R) 1458 pH SRR 25 5 4R v
2022 4F, £ Tt AR AL A+ e AL B R S T CK

KFE, 5 SAFHALL, SP. SP1 AbIEA Rl s 4 e RO ZERGAR AL, SP1 AbFH IR 35 T S SP AbFH
B CK 3S =3SP mmSPI
751 2021’rl‘ ! 20224 150 - 20214 a | 20224 20214 a | 20224
7.0 ! i T !
Gslﬂﬂla | i
T 6.0 | ’—x—‘ 1 i
= o | i
05} I I | I I ! i
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Fig. 2 Soil chemical properties under different treatments
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24 ZRAREHERPNRE T ERMEDSHNE

afA )

ARl AL AL X AT o SRR —E
Wi, (HALPEE] 22 AN B GR 4). AR FFEAS S
V% 35 (%) Chaol $5%X . Observed species 15 %U7E
4 610.40 ~ 5 170.56. 2 801.00 ~ 3 089.00; [z W%
Z AP Shannon $5%( . Simpson $84(7E 9.52 ~ 9.98 .
0.99 ~ 1.00, SP 4b¥ Chaol ., Observed species .
Shannon Fl Simpson $6 % f% i, S ML, 5 CK.
S AbFEAHLL, SP AR Chaol FEEU/THI4ER 5.87%.

12.15%, Shannon F8%053#& 1.34%. 4.04%. %5
T, 2% b A BC AT R mT 4 o I E )
M RErE, HAUEESERIE AR L2 i A 108 16% 1)
T PR Ak B ASCSR A

AR (E 3) AT LAR IR, A5 b S R
X L EREAIES OTU 2 2294, CK. S. SP il
SP1 AbBEH B HEA OTU 434l 743,592, 450, 869
Ao HBREARAYREA OTU RIH —E 25
P, U BN [ it I XX AR DX - S5 40 TR A 7 454 7
AR

F4 FRELELTIENENS HHE

Table 4 Soil microbial diversities under different treatments

Ab TR Chaol T84k Observed_specie F5 41 Shannon F5%§ Simpson F5%X
CK 4883.79+ 137.82 a 2913.00 + 100.30 a 9.78+0.13 a 0.997 £ 0.003 a
S 461040 +278.15 2801.00 +237.12 a 9.53+034a 0.993 +0.003 a
SP 517056+ 117.31 a 3089.00 = 43.30 a 9.92+0.04 a 1.00 + 0.000 a
SP1 493240+ 170.22 a 2915.00 + 96.11 a 9.77+0.152 0.993 % 0.003 a
op - JEAR S 15.05%, BRATIE]. ZFERMIR T BN 425
O3 BIREAR 21.24% . 26.87%.
cK 450 869 S TEHKE [-(F 4B), y ZTE #4A(Gammaproteobacteria,
0 271 275 19.05% ~ 2924%)FX F Ry, HIKJE o BB HH
(Alphaproteobacteria, 11.28% ~ 15.51%). FRAT B 44
™ > 314 92 (Acidobacteriia, 7.13% ~ 17.17%). 5 CK AbHAf I,
2229 S KbFE o ARTE RN . AT LA X B 4y ] A
386’ o N 26.14% . 36.09%, v A& TG AR X 4= B O B
52.88%; SP1 AbFE y AR T B AAH T F2 BE 3 5 27.75%,
402

3 FEAE OTU HE4H BE
Fig.3 Venn diagram of the numbers of OTUs under different
treatments

25 ZHAGREREREEXTIT, NAFEERX 15

LA 49 B T 2H R B B2 i

B IREATEN 1K ERPEFAR T AR
(Proteobacteria , 38.20% ~ 44.03%) . PR AT & ']
(Acidobacteriota , 17.39% ~ 27.34%) . LT & ']
(Bacteroidota , 5.28% ~ 8.00%) Al % ¥ g B 1]
(Gemmatimonadota, 5.35% ~ 7.84%)(& 4A). el
JIES Ak 33 X6F 3 A P B Ve S5 R S e AN (] o i Ak 3
o, BEE A i O R 22 5, R
BT BURT TR T TSRS T AR =F B2 1 e s 22 Ak
SP1 AbFE -3 ARIE TR ] . SATRAT ] ZF BB T TR XS
FREER R R, BRATR T R Ak, SP AbFH A4
R, 5 CK ARFAIEL, S AbBRASTE B 1A

PR AT TR 4 AH X =F B 1 & B 57.99%.
3 ihie

31 AEHEEAEINER=EM I

P S SR PR P R SR iz AT AR
UL ENIE T 2AULEIE o PHARR], it A B84 5508
ISR, R B TR 38 A RO A Ak
R AR R T AUK RS A B AT, mg e
T Ak 7= 1 ) B R R [ SRS Az S, g R v R S
FRE . A AT AR BRER B ) SP. SP1 AR 3T
¥ 0 AT A AR RR R (1) S AbFR(ER 1), — I
JER A iAo EHER AR | 5 B SR C Rl
5 4, SRR AR K AN AR i Y i i
WA AR ) 75 A3 WA . ik R A A i AR ) R e
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Fig. 4 Soil bacterial colony structures in root zones under different fertilization treatments

e PR AT RRS B 3R o B A R U R TR A
RIS AR AT R o VE R 4, A4
AL | BRAETR Y 2 LRSI A, W it
FEAAED PR oA, Rk, 5 SP A HA L,
SR SIS SR AR B R W B it 2% 14T 43 19 SP1
AE PR AT TR . RIET AT AR 3R, L2 £
BRYE, JLAEALS B A 2 T O, B
WA UERR . 85 . BERIER 7 I ACRE R P AR
g, WA A SRR P A A R B T LA A
Ot RS o 6 H IEAEESRE AR ) A0 S0 5
HYOCHERT ], 75 B 35 45 DA BT 1 AR SR VR SR .
2022 4E 6 ARFKRIFE 2021 4E 5 £5 04 (& 1), H
FAEESEAN R, FEEESRBEKRR, F,
TLFH A2 . SRR RS 0, S5 25 ) A
=P QM A K R AR CR/NE” A
T E IR AR RN S T, 5 | REAE 2R oA B Y
Z5, SEPER R 2ZRP JexiaREA
SO R AU MERARE, nONEY R A Ry,

ic it A PR 40 AL FRLAE 2022 4 BEAG 25 H) 553 40 it ¥4 W B S
RE“R/INET A SR i £ TS )
3.2 AREEEAIENER MR

BRREE R E IR P B TR, A B n]
B E GRS R ARBET A A B ek
R VO, ATEENE . AT EDE Y AR S R b
X5 ETATESE SR Ao 245 R — 20 B S AR
WA B VIOCR , BEAT B HE A S P 1 e B 1) A
Fefk, R R S AR Y g it A R
b FEAH B, 2% 10 A BC AR R4 A 3SR S T B 4
Fh, K528 E SR . BT R A, SRl
PEBE B AR A . SRR 3, AR
(i EZ =0 RSB 4> EEORIR T RO A ER
FEA AR, ) B AR AR BIR S, JRAEAH DG Y
VER R o0 AT A 0 . SR A RO B a3
(R R T, B B ) 6 A AR o R 4 TR
B R POE I MK Fru-1, 6-bisPase(GRBE-1,
6- MR ) . WS SPSOREWE-VE R Qi OC S B i R

http://soils.issas.ac.cn



513

B PUES S % i A TC 7 N RS 92507 i B - S i R PR B 520 65

B TG PE LA R A P-AE 1 e A AR AR TR Bk
A A HABIEIESE, E5EEE R i 1E e
W, SRS R SRR 4 T A4 TR AR T e i
F, SCBFORE A AT Ve R R 2RO g Ak E
PR bR R N A # SRS 55 A LAY B TRE A
2, RO R . R RS 2R
B B 8 £E 3 A A AR Al i U A R 3R 42 X AN ]
AR A JRSIE A0 BT A S, B 2 BOPT A (] T [
Yo, aristeRE . AT E R S AR I B E S
3.3 AEFEREANEE X + I F R R

TR HE AR A= 7= rh kb FEFR S5 14 B SR it , )2
FHT P e 3 s FE = 6, ) e s )+ 3
PR, A EFRTRFEE, EY R
BERAFIE K IAEE, $ HEnTRREE = 1w A
5T 2R, 240 A 51 G R RHEC G 7T A 3 2% A 39T
1k, AN RR  8S  BEA SR S R GE L
R, AR, Jek A ECBERR S Y SP. SP1
AbPEEE R T 3 pH KA RGE S B o BRIRER Sk A B
FRIPENERL, HEAJG 145 pH T F&, 220 A1 ek,
J A1 BC AR BR B B 2% whx 3% pH USRS 55 41,
Fepd A0 e A YRS  BETT R O IR S 2 A e B
B, ATLABR B R AL, R R R
H', M 458 pHPY . R, 150Kt A e
bR SRR, 7 D B AR FHE I A R A 2R AT
s A HA R, FRo RIS, AT AL
Peim RHEP SR RS | BEEE. AWP, ARk AR
BRRR N AL B o] + 4R AL A0 E, 1A A 0S
O TEAL T R BEeRPY, (SRR X 11
WA AR AR T
34 AFEHEELEIRX TIEMEDNEZEHN

M

T A RS N 2R R LIRS R AR
ZIReNE, BRI LA B A HRET R R Ty, X
HEFEHHEAE T | R E AR 2 O E PP, A
JOES 05 3 ek A A 0 A5 R S R O T 2 ) - 38
Tl A= W B R TR LS 2R Y i o o T i A R
Ak R A W) AR PESE B0 T L AC AL B, X2 th
TR Y TR R AR S R
AAE T AT IURR I SRS S5 A SR 2 R 3R 4
AR, (R T SRRSO R, i
B H AR . 735k, TR s e
39 pH RS2 i 2 1 R RIS R,
MBI Y a5 8k FE R B, AR TE TR T
BRERTAT] | BRAT TR 1] 25 Sy 2R el AR B G 2E W A A0 T

FIBY ) ARSI S Z ML, SP1 ARBIASTE BT HE
PCEP RS P T, IR ] R R SR R A
Y, XFRRERUR, HERTFEORE. &K
A1 BC i TR R S i, WARTR R T IAER
PO RAERM Ry R, X R SP1 4b
AP EREIT S EROREZ — o AR ZIA
h BRFTRE TN B S 1 pH 2 A e R P,
AWFSEH, SP1 AL B30 45 5, H SP 4b
R 25 A5 2Z A, 3 322 UH P AN [ 3E AE s 30
F i A B it A AS )P 8 T EL AR BT A A TR AT B
HRIETR , SP AL BRI T MRAF B 11 5 pH 2 IEAH X
AR 125, Bbah, HHEA PR G RER RN 2ES
2 %) 240 R RV S5 A 7 A s ) 45 R R R 2R AR
B[R] b BT AT A0 S 5 pH G
RMES.

4 #ie

SR A KR AE A CR/MET BLg, B
FENE A VIR O o KA A SRR P C It , 3228 1 i
EPETE, R A T e S A i R AR
2 ) A1 RO SRR TR B T S B R Rl AR ik 41
[ i R S (71 o8 NONIS) &8 ST D o] i A
AN A AT R Y, S R R,
E DAL TG Wy HELE A o 2% b 1 A TR Bt 75 X
PR BUCRAFAE 22 57, S PR AR 7 T AR Tt S AL I A
Mz AU 16% HIBRRRFFHEATHEAL, DASEBLpR
A3

S 3k

[1] Milosevi¢ T, Milosevi¢ N, Mladenovi¢ J. The influence of
organic, organo-mineral and mineral fertilizers on tree
growth, yielding, fruit quality and leaf nutrient composition
of apple cv. ‘Golden Delicious Reinders’[J]. Scientia
Horticulturae, 2022, 297: 110978.

(21 BRLH, KR, TIOr7E, . JEARR 3 B0 X iR 1k
SR 9 R A IR B 3P 2R e R SRS e (] o,
2019, 51(1): 83-89.

[3] HRLLEE, [FSEZE, SR, S5 PR ACE A A S R
PR AR AR [T]. PHALAMBLE R 2223 (A 24 R
2FRR), 2007, 35(5): 169-172.

(4] EEREE, PME, HEM, & M RIRIDR S Ak i
FF% BRI, JEHLER Tk, 2022, 54(6): 23-30.

[5] AL/, shRbE, SRR, AEPA DU % FH ALY 4
bel SRy . BRI R R R[], B 22T, 2024,
51(5): 1099-1112.

[6] TanHT, CuiY Z, Liu C, et al. Toward the replacement of
conventional fertilizer with polyhalite in Eastern China to
improve peanut growth and soil quality[J]. Chemical and

http://soils.issas.ac.cn



66 + i 557 &
Biological Technologies in Agriculture, 2022, 9(1): 94. Polyhalite as a potassium and multinutrient source for plant

[7] Fraps G S. Availability to plants of potash in polyhalite[J]. nutrition[J]. Archives of Agronomy and Soil Science, 2020,
Texas Agricultural Experiment Station Bulletin, 1932. 66(5): 667-678.

(8] ULFF. AN A B A [0]. AL TH IIEAR, 1974, (23] #3CEE, Lok, BIGE, 5. PEIETTERE AR R
3(6): 47-58. TP S ARHED]. T ELL BEIE 5 XA, 2022, 43(6):

[9] BRIEYE. AR S TIER O HC it 2% pd A 0 oK AE R L MR BRER 81-91.

B+ SRR AR mI[D]. B5EE: LR K27, 2023, [24] Guitton B, Kelner J J, Celton J M, et al. Analysis of

[10] XM, Z%pd AN Im LR ARETRE X ARk 7 5 . b o transcripts differentially expressed between fruited and
I RS2 [D]. 8% ILERAK L K%, 2023. deflowered ‘Gala’ adult trees: A contribution to biennial

[11] mRR. HY AR s M), et BEEE R bearing understanding in apple[J]. BMC Plant Biology,
*t, 2006. 2016, 16: 55.

[12] s NRAFNELOER. A B o] s e 3, [25] B¥e, £5), BRA. PRIAERERMOLTHG ™ P
5 - YK AR A NY/T 2742—2015[S]. dbst: FEFI]. RAELFE, 2000, 17(4): 309-313.

Al 1 it 2015. [26] 4Rbeds, skait, Emmm, 5. M las st A AE A i

[13] RER, 207, YA SM]. dbat: &5 AR 7 i RO R BT AL D]. R A AR, 2020,
HH M, 2016. 56(9): 1974-1984.

(14] f+H. HHALMDHrM]. dbat: d E AR R, [27] SBAERI. B8 - e SR X T S SRR R A G 4 Bl
2009. FEAFSE[D]. 22 HR ARl K%, 2021.

[15] Mt BRo, sKEWE, S5, BET o )y BoR 19 7 4% [28] EARAN, Ain, HER, . PSR
BRI AR Z RN )], s ARR FH BRSNS it OB G PR R 2 R (1], PRl Ry
FeER(E SRBRE), 2020, 35(3): 392-400. i, 2024, 15(2): 217-223.

[16] B&ACH, B5EI, 224, 5. AR H0 I X 20 5 45 [29] Elk. KWL T 4edb 4k 2 I g HE b5 PR 7 4 i
SR A TR SZ I (0], R AR SRR, 2015, 26(4): A8 s B 2R A (D], dbat: b E R RRBE, 2020.
1179-1185. [30] MXmEJy, TSR, PR, 4. LR B S A YU BCE

[17] Srivastava A K, Shankar A, Nalini Chandran A K, et al. TRPRLT IR b SRR A 5 B b B RCR [J]. VTRl
Emerging concepts of potassium homeostasis in plants[J]. Bl 2022, 63(11): 2692-2695.

Journal of Experimental Botany, 2020, 71(2): 608-619. [31] SRIRE, XIWkREL, B, 4. WASM T MRS R

[18] Trinkner M, Tavakol E, Jakli B. Functioning of potassium X 4R . WAL P2 R (0], JEBHAD 224,
and magnesium in photosynthesis, photosynthate 2023, 54(6): 662—672.
translocation ~ and  photoprotection[J]. ~ Physiologia [32] FLEWN, 248, REA, 5. LHERAE Y m + R
Plantarum, 2018, 163(3): 414-431. B VE ML AF 5T 0 R (D). - HE R IR, 2024, 61(2):

[19] Li T S, Wei Q Q, Sun W, et al. Foliar application 331-347.
of organic sorbitol[Ichelated calcium promotes peanut [331 PME, sk, BRA5HE, 4. i w1 B B A A0 X
(Arachis hypogaea L.) growth and changes phyllosphere AR 7 d AR PR A W RE I fse i [J]. A,
bacterial community structure[J]. Journal of Soil Science 2024, 61(4): 1099-1110.
and Plant Nutrition, 2024, 24 (1): 561-571 [34] $Bh, F=M, BRGUE, 4. F5FF 5 PLICHLIE BC i XT

[20] Z=3Fefi. MEEEXISER C. N WRIBORI T By g it BT (¥ 5 1l W O E ) SO N P . AR, 2024,
[D]. Z&2¢: 4K, 2020. 61(4): 1134-1146.

[21] Li JY, Liu Y, Tang Y F, et al. Optimizing fertilizer [35] fEMRIM, R, TR, . IRIRDHE AL AL 2T AR
management based on controlled-release fertilizer to i+ e L M RE 2R A (0], ARdb AR 44, 2018,
improve yield, quality, and reduce fertilizer application on 33(5): 195-202.
apples[J]. Journal of Soil Science and Plant Nutrition, 2022, [36] EBE, XNTFHS, 2=, 55, PR R 53T IR 1k 37 R
22(1): 393-405. + HEER BT RO R A K B [J]. 1, 2024, 56(1):

[22] Dal Molin S J, Nascimento C O, Teixeira P C, et al. 112-119.

http://soils.issas.ac.cn



