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Abstract: [ Objective] This study aimed to elucidate the mechanism by which sorbitol-chelated potassium (SK) promoted nutrient
uptake and utilization in wheat leaves. [ Method] In this study, sorbitol-chelated potassium was used as the test foliar fertilizer and
wheat cultivar Tainong 108 as the experimental material to elucidate the effects of foliar application of different potassium forms on
leaf physiological and biochemical traits as well as phyllosphere microbial community structure. Structural equation modeling (SEM)
was further employed to quantify the contribution of each factor to wheat yield, thereby providing a theoretical basis for the
yield-enhancing mechanisms of chelated potassium fertilizers. [Result] Results from two consecutive field seasons showed that,
compared with potassium chloride (K) and a mixture of sorbitol and potassium chloride (S+K), the SK treatment significantly affected
wheat leaf physiological and biochemical characteristics and bacterial richness. (1) Mean yield increases were 24.74% and 18.76%,
respectively. (2) Grain Mn concentration increased by 16.14% and 12.12%, grain K by 45.68% and 21.96%, late grain-filling stage leaf
K by 81.01% and 24.44%, and maturity satge leaf C by 2.52% and 1.95%. (3) Activities of catalase, peroxidase and superoxide
dismutase were better maintained, while malondialdehyde content decreased by 25.65% and 7.51%; the activities of protein synthesis
enzymes (nitrate reductase, glutamine synthetase and glutamate-pyruvate transaminase) were sustained during mid-to-late grain filling
satge. (4) Relative abundance of Firmicutes rose by 57.36% and 50.00%, whereas Actinobacteria declined by 21.63% and 4.26% and
Cyanobacteria by 36.05% and 62.03%. [ Conclusion] SK treatment enhanced yield and grain quality through the synergistic regulation
of wheat leaf element content, antioxidant capacity and protein synthesis enzyme activities. SEM further demonstrated that all
measured indicators were directly or indirectly linked to final grain yield.

Key words: Sorbate-chelated potassium; Wheat yields; Leaf physiological metabolism; Phyllospheric bacterial community; Structural

equation modeling (SEM)
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Fig. 1 Precipitation and temperature during the experimental periods in 2021-2022 and 2022-2023
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Table 1 Basic physicochemical properties of the tested soil
R Efy
pH EC/(uS-cm™) AHN/(mg-kg?) AP/(mg-kg™) AK/(mg-kg?)
Soil type Year
Bt 2022 6.56 72.10 102.80 73.50 151.60
Lime concretion black
2023 6.44 67.70 119.60 68.07 148.22

soils

: EC: MLSE; AHN: FR#E; AP: EaE: AK: X%, [, Note: EC: Electric conductivity, AHN: Alkali-hydrolyzable nitrogen,
AP: Available phosphorous, AK: Available potassium. The same below.
1.2 50Tt

I H] “ 2841087 At/ AT, BCESMAFRIMIEE, MR, 73 NCK: K. S: 1hiEd
BE. K: SALHE (HHE TS o S+K: IR SEMHIREEY) CGREESH) o SK: DLAELH IR )
AR B S0 (G B E5%98.6%, METTESHICHERBD o Hoh &ALl P bR R4 (K:OKT

http://pedologica.issas.ac.cn



+ g Rk
Acta Pedologica Sinica
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338F (ACTCCTACGGGAGGCAGCA) #1806R (GGACTACHVGGGTWTCTAAT) , X PréiE16S rDNA
FERIVI~VAX #ATPCRY M, HT--F & Illumina Miseqi# 17 PE300X i il - o
1.4 HHEALIE

K H Excel2019 #HATHIEIC S 501088, FIH SPSS 26.0 #E47 # K & 5 Z 04T (One-way ANOVA) &
X3H (Duncan) XET 2 5 ELE A T R4 0] 25 57 B 35 MEAG 3G (P<0.05) » F5 Bl Origin2021 1 -5 fz /R i
(Pearson) AHICHESHTs BFXF IEBROSAE P07 204, FIH R 3.3.1 AT W4T (PCoA) « Gttt
TER; @il Stata EAZ L5 TR (SEMD

248 B

2.1 HEBHEX =2 &R ERN M

VT P it A [ 2 285 KT /N 22 7= i I FE A B TR - R S A N 28 2 BTz« 5 SR 3R B, Wt L) BB 28 54 (SKO
RE R E SR & (P0.05) « SEFEH (K KEAGSH (S+K) AHAHE, SKAHEAE 2022 4455
147" 35.48% 5 27.44%, 1t 2023 4l = 13.99% 5 10.07%; S/~ mA KA TS, Lh 2023 4441, SK
fT-RIE 4 K 5 S+K ALFE /> 51 2 32 v 5.83%. 3.58%, FHURIH /) A N 3.29%. 3.76%. XK 7 Z 0T

(Two-way ANOVA) &7, SEBRAZAL CY ) I [ 5t A B (T O /INZE 7= B % T B 38 W 5 3 52 (P<0.001),

Sf /N RRL AR 3% (P0.05) ;5 BhAh, BRI S T AR EAEH (Y XT) %=, FRiEL.
T Tt 2 48958 1) 55 2 B O 2 KT

PRI 1 7 AR AR — B, 1 2022 45138 77 R (R A 37 B (R RSP BB DAL 2023 41 I 3 (%41 49.14%
o XTI AR 2 e T R TR T SO R AR ST S (1) o BRI S, 2022 R FH M (2 H
TNHZE 3 Hdh A BEKEN 3517 mm, BEET 2023 4EFBIN 11.61 mm; [FRF, 2023 4 RSP SE#
s B R 2208 3.81°C, B WY &/ 5 R BE T iy v Re A /N 22 R T SR 8000 BREK R ke, 3 T 5 i 7
s MIELZ R, 2023 4EMERI (4—5 H) BE/KER: 2022 4E[F I K 3.56 f%, [FINF, 2023 4E4E K7 EE A
A, PR S RRERER T RILZEER, &FEONERE &2 IR HEER R,

R2INEFEREFEWRET

Table 2 Wheat yield and component factors

Ay Qb PR Tk TR B
Year Treatment Yield/ (10°kg - hm?) 1000-grain mass/ g Kernels perspike/ pcs Increasing rate/ %
2022 CK 6.85+0.79b 40.49 £1.84b 29.59 + 3.38b
S 7.79£0.83b 42.29 + 0.38ab 33.35+0.80a 13.72
K 6.82+1.01b 42.36 + 2.03ab 30.76 £ 2.19ab -0.43
S+K 7.25+0.44b 40.53 £1.23b 32.01 £ 2.04ab 5.84
SK 9.24 +1.05a 4439+ 1.42a 33.19 + 1.30a 34.89
2023 CK 3.36 £ 0.15¢ 44.95 + 0.65c 34.19+3.2a
S 3.46 £0.28c 46.68 + 1.34b 3241+ 1.86a 2.89
K 3.93+£0.13b 46.97 £ 1.42b 33.16 + 3.75a 16.96
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S+K 4.07+0.27b 47.99 £ 0.69b 33.01+3.42a 21.13
SK 4.48 £0.23a 49.71 £ 0.99% 34.25 + 2.60a 33.33
ANOVA
F43 Year Hokk —_— *
it Foliar fertilizer Hokk — -
RTINS YearxFoliar fertilizer ** * *x

T xR R FRORAN R AL BELE 0.05. 0.01. 0.001 /K BRI [FBIAF /NG FRERRAH RIS 4 A [F A0 2R E] 22 53 8. 3% (P<<0.05
) o CK: EHESFK: S: AL K. S S+Ke IALRIRA S SK: DLELH AR M L AL B A4, TR, Note: *, **, *** indicates
a significant difference at the level. Different lowercase letters in the same column indicate significant differences at the 0.05 level between different
treatments in the same period. CK: deionized water; S: sorbitol; K: potassium chloride; S+K: sorbitol mixed with potassium chloride; SK: sorbitol
chelated with chloride potassium. The same below.
2.2 AR NEFRT RTES ENEN

TR AN R TR AP AR BT R &8 (R 3) o 5 K ALFAHEL, SK LI 2 8 ok ks v 4
RS E, R IE A 84.12%; 5 S+K ACHEEAHLL, SK ANHEFFRIANS B S E N 28.14%:; i
INALEEALEE (S) AHEL, SK AP EMMUFFRiEr. £, 2R00S &, WIES L 50%. 33.74%F1 27.63%.
5 ER AL (CKO ML, P metiab B2 3 PRAR 1FFRL P A 2 B, [RIR A T 24.88%~32.91%. [AIt,
PREE SR R RLY S R B AR, A2 S A B B BRAROCR I S B2 A B [RI RS, 1
ARITESHE TR T8 BIRFF R AR SR I 8 0
RINZIFNT RTREE

Table 3 Mineral element content in wheat grains

e K/ (g-kg™h) £ Mn/ (mg-kg?) £k Fel (mg-kg™h £ Zn/ (mg-kg™)
Treatment
CK 3.03+0.31cd 24.74+0.86¢ 62.63+2.34b 34.12+1.86a
S 3.40+0.37c 27.89+0.31bc 60.98+1.43b 24.80+1.24b
K 2.77+£0.18d 31.28+1.27b 66.29+1.04b 22.89+1.41b
S+K 3.98+0.10b 32.78+3.39ab 82.10+3.53a 25.63+0.45b
SK 5.101+0.47a 37.30+0.46a 77.83+0.08a 24.25+0.39b

23MEABRENMAHE, k. SRS N

W TP AN [ T &S BT /N 22 E SR B, e RS B R A RN (B 2) o BERER BBt
RO BRE AR RS E RS, T RER S A B, T A S B RE A B R N
ERAINIER A 5 K ARFAHE, SK AbH R 4R S IR 5 01 S s BB, IR 235y 81.01%
55 36.60%; [FIfF, SK AR FFER G AN ik & B R E RS 3.97%, FEXR AN A S EEK 19.96%. 5
S+K ALERAHLL, SK ALFE VR K BRI B B R AR 24.44% 5 18.39%, R I ik S &
P 3.47%, [RINHERER S5 WIH Fr R S B IK T 17.82%. FIEMEHTEE (K 2d) KB, BERATIIH: F 40
SR EREFE ARG, BRI B FE TR 5 PR AT S B R R U k. 4R b,
M5t LA SR B0 g B 1) 1 L e 5 B AT R it L BRI RSO R RIS
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2/NFEN R ()« B (b . BE (o FEAEAMEE (D

Fig. 2 Contents and correlations of potassium, carbon, and nitrogen in wheat leaf (a: Leaf potassium content; b: Total leaf carbon; c: Total leaf
nitrogen; d: Correlation analysis)

2.4 AN ARG REREMRS0

P} T Ve A L T AR N W S b ) 2 il I p 4RI (CAT, POD, SOD) TR T RS (&
3a~[ 3¢) , FEEEFEIMHERBAIH MDA R (K 3d) . #EMI], B (K. S+K. SK) MJRERH K
YeFFCAT. SODRgVEYE, Hor, VISKAMERIAESURREE o AR, SKILMARER T, BRI
CATREE 73 B CKIE 34 $2 i5y 17.76%-5 13.73%; [F]2E & HISODRBEE M 7E SKAL BEIA HIg(H 237.35 U-g?t, &
FARH, SKALEEPODYE M i T K5 S+KALEE, H4IlE 47k 115.53%. 38.86%. g B AR, i
S HR AT )R DMDA S B IR R, BIISKAL B MDA BRI, 4S5 S+KA /- I F# Ik 25.65%5 7.51%.
AT (B 4d) RW, ANEAFRAE W B 7 PUE GG I 2 AR AEAR G SR h M Fy CATRE S
£ 5POD. SODMEgF 4 2 IEAHK (P<0.05) ; HEHHTHHPODMEg I 14 5 SODEHE ME/F 2 IEAHK . th4h, MDA
R 5 HARAHCHE (CAT. POD. SOD) 2 MK KR, RUANBIL S5HEMRE J) Z AAFAE LI K
MARFR, HIFHIERER GBI 53 1 SO e
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Fig. 4 Enzyme activities related to wheat leaf protein synthesis (a. Alanine aminotransferase activity (ALT); b. Nitrate reductase activity (NR); c.
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Glutamine synthetase activity (GS); d. Correlation analysis)
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Table 4 o diversity index of phyllosphereic bacterial community

(Chaol 8 A5 4 Shannon 353 2 R1KiA
, SK AbHFF AR (Shannon) 5E#% (Simpson) FREIINEAR, AWM L BLEE 2 & B0 7 58 = Brd i
A FI S BRSO REE 2 REME . Ak, S 4bFEY) Shannon 5 Chaol FEEIHemr, 156 B BAAHIG: it

K. S+K 1 SK
ERFENT . R ZFEE 7T

QbR Chao 1 #5 %k AR FEARIRE
Treatment Chaol index Shannon index Simpson index
CK 5622 +200b 9.01+0.14ab 0.99a
S 6 628+ 147a 9.26+0.03a 0.99a
K 4 496 +452¢c 9.02+0.10ab 0.99a
S+K 4310+82c 8.95+0.15ab 0.99a
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(Gemmatimonadota) . ERIAAN[FIALERE] 717K P40 R AL RARL, AN FEEAEZER (B 5 . 5 K. S+K
AEEEAAEL, SK AR HE PR LR B T TIARST E B (21.63%. 4.26%) S5HE# T THIXT -/ (36.05%. 62.03%) |,
B0 JERER AN (57.36%- 50.00%) o TEJE/KF L, SKARBEGREE 1A o i & 1 s S VE L v
(KElsb) , Ekid)& (Enterococcus) fEJymt L3 e, AI A . BT EBE E ARG, AR
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Fig. 5 Differences in phyllosphereic bacterial community at the phylum (a) and genus (b) level
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55— AsbRHE (PCOAL) 87K 16.45%1748 5, 25 — 3 Akbril (PCoA2) /R 14.69% 1748 5o BAFEAS 25 ] 7
M E, SKALFETE PCoA =% 8] 1 ) 73 A FA AR i IR RS IRE , 2 IH 12 A BE0T W o 200 T o T8 S 1R 5 VR FHL AL
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BN, FEVE S A ARABLRE AR S o ) A e B/ 3R 43 H (PLS-DA) XA W) = FE AT A it S Tt (&)
6b) , Fsr 1 (COMPL) 740 1E] 9.07% K Z 5, FHir 2 (COMP2) fH/~4H[A] 7.94% K % 5. ALBH[A]FF:
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TR WX Sy, KT AT BRI S AR B R EE R . thAh, S B (T AR,
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ANFETEARHIEALRE (K. S+K. SK) B —E0, (HIEEEES T CK M S 42, Ui BHmE A R &
(RIS T P o 2 B AV () G R 2B, X P A0, S5 3 e T L B PR AL B
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Fig. 6 Bate diversity analysis (a. Principal coordinate analysis (PCoA); b. Partial least squares discriminant analysis (PLS-DA) analysis)
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Fig. 7 Correlation analysis of wheat yield, quality, and leaf physiological-biochemical indicators at different growth stages
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Fig. 8 Structural equation model (SEM) of wheat yield and leaf physiological - biochemical indicators
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