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M OE: NEATREREFRER, ER A EE RN AR . ARSCRUNE (TR 108) M HHAIEY), R E it
FBETFRECK). IALELCS). K, IIFERA I (SHK) . INALEEEE A EALET(SK) 5 MbH, T 2021—2023 /R Lt T
R BREY, HE R BN FERE_E i I AS R it Ak B AL 5 /N2 M RSOR IS . 455388 O5 CK B, Pi4FEE SK
REFR/NZE S 34.89% . 33.33%, 25 ; QSK ARFRM/NEMR . 25 0, A BN T H A 4 b3, f%
MR R 3IH CK, S, K., SHK ZEFRIEAN 48.3%. 58.1%. 34.2%. 48.3%; @5HAL 4 MLFIAHI, SK AbTH 25 M0 /NAz I
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Effects of Sorbitol-chelated Potassium Through Foliar Spraying on Wheat Yield, Potassium

Availability, and Rhizosphere Microbiome
HAN Chuanhao, ZHANG Huanyang, ZHAO Li, ZHU Jianlong, SHI Xiang, ZHANG Ziqi, LIU Kezhong, YAN Dongyun*
(College of Environmental Science and Engineering, Qingdao University, Qingdao, Shandong 266071, China)

Abstract: Potassium demand is high in the middle and late stage of wheat growth, and foliar spraying potassium can effectively
relieve soil potassium deficiency. In this study, wheat (Tainong 108) was used as the test crop, and two consecutive field
experiments were conducted from 2021 to 2023, in which a completely random block design was set up with five treatments:
deionized water (CK), sorbitol (S), potassium chloride (K), sorbitol mixed potassium chloride (S+K), and sorbitol-chelated
potassium chloride (SK). On the basis of conventional fertilization, potassium uptake and utilization of wheat after flowering
under different spraying treatments were investigated. The results showed that: 1) SK significantly increased wheat yield by
34.89% in 2022 and 33.33% in 2023, compared with CK. 2) Potassium contents in roots, stems, leaves, and spikes of wheat under
SK were higher than those of other treatments at the maturity stage, resulting in an increase of accumulated potassium in the
whole plant by 48.3%, 58.1%, 34.2% and 48.3%, respectively, compared with other treatments. 3) Compared with the other four
treatments, SK significantly increased soil peroxidase and sucrase activities in the milk filling stage and the end of milk filling
stage, as well as soil urease and acid phosphatase activities at the maturity stage. 4) SK enhanced the relative abundance of the
phylum of Actinobacteriota. Correlation analysis indicated a significant positively correlation between wheat yield and bacteria
p-Actinobacteriota. In conclusion, foliar spraying sorbitol-chelated potassium after wheat flowering can significantly increase
wheat yield by promoting the comprehensive availability of potassium.

Key words: Sorbate-chelated potassium; Wheat yields; Potassium utilization; Soil enzymes; Rhizosphere microorganisms

ORAETWH . ERARPFESTH (31972516)H 11 448 T A BFE TR H (2017GNC11116)% B,
* L{)ﬁ‘ﬁf%(yandongyun666@hotmailicom)
EE RN e 1998—), 5, INRFTA, BLosd, FEMFHEES + 852058, E-mail: hanchuanhaol1@163.com

http://soils.issas.ac.cn



5 2 39

SRS AT I TR L AR A B /NS P L AR R SR B A WA 291

ERG R E AR, 2021—2023 43K E/
FAFEI TR 5 692.35. 5766.3. 5 788.05 kg/hm’,
(] B 1A /N 3 11 o T R Y 7.5% . 7.74% .
8.86%. HE/NEEKIIT M KEILRZ —, fELH
A=A I 2 R EE AR T SRR AR G AR T DA S A
RN, SRR AR AP AR, R RE AR, AE
GERAMR R BRI MR Z AR TS AR, B HAt
Bl DA AP, FRES 13 Bk b, 2
HA H A0 RIS b T O RS, A I E
SEIARAR M AT D (R it R P O R
Z, A 2021 Lk 3 AR 0 RS 3 b R 2
H1 52.2%., 51.6% . 68.1%, Xt FEUAE = AN
] 1 — 2 v B 4 AR A% 0 2R B R A I 0
() s 22 4, R AR T /N2 A 7 TR 2 SR ) SR 2L
s,

FHECA BRI, N AR B T 2 2 R
A FEl, S MR L, e A A
kb e, FLR D DL . PR ALY, AT LR
VeV R AR T NI ), e s e #hse .
FZLLA BT AU RO, A -1 25 5
FEEUR , FERMRAR N TSN RS AT, B PRI AR IR
AN T B PR B3 B IR T R R T i P LAY
BEAE ROV E BRI =4, A B B 5 A R
FVER, 50 T o FEAE AR AR NSRS e L g 1 4
SR PRI, AR SCRISERY A [ AT A LI AL R
AEP, N A E R R R R,
INFE AR S B D B MRS v AR X R
Y= AR RE R, s G ik o b ikt
P 5 /NZ P A OGRSt/ N A 1 = B At
B2

1 #REREZE

1.1 RIE X R R i it

REET 2021 4F 10 H—2023 4F 6 HEILARA
577 B A8 X5 AE B A (36°3520”N,  120°3108"E) ik 5
FEHbIEAT o /N B A AN IS X B K i 53R
TANE 1 PR o b SRS LS PR, Ja i R
BREME B —EPIZE, NS FoREEAE . /)
R ZEA 108, 435I 2021 4F 10 H 4 H . 2022
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H. 2023 4 6 J 10 H™ sk, ik A il
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Fig. 1 Precipitations and average temperatures in test site from
November 2021 to June 2022 and from November 2022 to June 2023

* 1 i HIRERBUMR

Table 1 Basic physicochemical properties of tested soil

gy pH EC WA AREE BARA
(uS/em)  (mng/kg)  (mg/kg)  (mglkg)
2022 6.56 72.10 151.60 73.50 102.80

2023 6.44 67.70 148.22 68.07 119.60

K FBEALIX A 51T, JLi 8 5 A b B Wil s
FK(CK), IIALEES). AMFI(K) . ILALER A A fk
BI(SHK) . IIALEEES & AP (SK) . B b3 3 4>
INXAERER, 315 AKX, BAYNXEFL 30 m*(5 m
x 6 m), ACBREIBAA 1.5 m {54747, K. S+K. SK 3
AN b PRI A S — (L KT i), WK 9 g/L;
S. S+K., SK 3 ~ubHR LAY I —3L, ¥h 21 g/L.
AN ARSI IRt , FRmEiE 3 Y, AR 5 ~ 10
d, Wit 750 L/hm®. BT Wb B 7 i B e X
BT Z ™R LA 8:00—10:00 #47. %Ml
HRICIKUR , o HR 3 S IR > b L () LA LR A 7
1.2 #E#k. TEFRRXEMNE

2023 AFSMNTERES BT . HERO L ORI
FBAIA A TR/ N RE TR AR, R b B 103
P15 BR/NE A IS, AR, 25 b BRI E T
SR, ETHEAN 105 'C A 30 min, 45 C 4t
FIEE, AR £ EHIIORE R BHE R BRI 5 A
SN, T ERHE R EAS T, A K
BRI, JFET 40 °C 517, HT L
MSE o I = . B ENX i FEIX R, 7R ST L
FR ) — 07 B IE KR XUFT" BYBURE 7 ik AT EURE
FHE 3 FA 80 HMYLMArbricHr msishas, A
R, REIL™,
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IINFE B A B iR HNO-H, 0, it T i
(Touchwin 2.0, B RANEFARAF, HE)HA,
HL R 5 45 B IR 1 A B 51 (ICP-OES, - Avio
200, PerkinElmer, Massachusetts, USA)ME ., 13
I A . TREREEG . DRI . R R T 43 R
FHE AR TRAIE B . 3,5- RS SR IR L (B . 2R
BI-E RN H 3k | IRMEBR RN &t & T
TR FRA v TN E -

1.3 RETEMEYSEENF

WSS T 01 Xk, BEAILIEER 3 BR/INAZ , bk
Pt RBRROR e Ak SRl sl RIS B%
THEMRRE THA 15 mL EREKNEOE D, &
BRSSP - (PR AR R S 0 ~ 2 mm), 37 RBI%
N VKGR G40KA , IR D BRE R 3 B —4
INKFEA MR iz B EFE T 40 °C UKERE
17, T VK5 A7 75 2% 28 B2 AR SE R B A RS m)
A . SR 16S rDNA =38 5 5 7 1 E AT
A MR TE 25 F 43T o OMEGA +HE 7 & Xt i
KFEAFEAT DNA $25C, jfiid Nanodrop 2000 435t
FETFRN 1% BB WG I v A ) G o £ 2 e vk
FIFH59 338F: ACTCCTACGGGAGGCAGCAG &
806R: GGACTACHVGGGTWTCTAAT, Xf + e
16S rDNA F£[H V3 ~ V4 X7 PCR 784, FFF &
[lumina Miseq #£17 PE300 ¥ .

1.4 HIELERSH

PR LR T (mg/ M= bR 25 25 B T B x A
HEMEHR &

51 FIH Excel 2019 %5 45, SPSS 26.0
HEATBUE /0 M, Origin 2021 BEATLK L 398 i
Circos-0.67-7 %l Circos FEASHIFERR, R 3.3.1
AT EAARIIT(PCA) . FHICHIAEI ST B AIPEIA,
YrFh 2= 5O HT(LESe) A T 2 2= 4051

2 HEREHSWH

21 MEBEN/NEFERFEMREZNZMN

T S i L B P S B P RO W AR
TR (R 2), 20224F, 5 CK. S. K. S+K #H
kb, SK AbBHy= 543 S HE R 34.89% . 18.61% ., 35.48%
27.45%, 2E5 s P A R TR E S R Y
fEEZESME. 2023 4, 5 CK. S. K. S+K Lk,
SK AbFHr=E A4 E 33.33%. 29.48%. 13.99%.
10.07%; FFkL T-ki A & AU, 5 CK Ab3HAH
b, SK AbBETRI 4L M 10.6%, 2505, &A4bH
()RR 22 A . SZAEPRASL S, 2023 4F

PR 2022 AR BT 49.14%, EEZ A ZE K%
AT K IR, 2023 4E/NEE IR T I B/DRERT, K
AEE A EE; MRERY 4—s5 ARWER
2022 AE[R A i & H AR IRE IR (A 1),
K2 AEERLEMNEFEREMNEZNZMN

Table 2 Effects of different fertilization treatments on wheat yield
and component factors

MY AE R (10°kg/hm?)
2022 CK 6.85+0.79b
S 7.79+0.83 b
K 6.82+1.01b
S+K 725+0.44Db
SK 924+1.05a
2023 CK 336+0.15¢
N 3.46+0.28c
K 393+0.13b

THhHE(g)  FRE(pes)
4049+ 1.84b 29.59+3.38b
4229+ 0.38ab 3335+0.80a
4236 +2.03 ab 30.76 £ 2.19 ab
40.53 £ 123 b 32.01+2.04 ab
4439+ 142a 33.19+1.30a
44.95+0.65¢ 34.19+3.20a
46.68+1.34b 32.41+186a
4697+ 142b 33.16+3.75a
StK  4.07+027b  47.99+0.69b 33.01+3.42a
SK 448+023a 49.71+099a 3425+2.60a
T : FFVEEE /NG AN R 227 [ — 4 AR [ A 3 22 5 6
#(P<0.05), T,

22 AEAEEHNEZREHIENTET

AN [) 5 it Ak 3 Gk 2 5 e AN ) 26 7 B /N2 4%
B AR SRR R (A 2). S, S+K. SK 4bH
HRFRER B i 7 AR Bl i il 5k 25.76.
24.92., 26.67 mg/g. SK AbFHE CK AbFEAH HL7EHESK
GIECIND 8 1E-Soiken ST e 51y | W o [kt &4 ip ]
KON 22.46%, WCAIHIEIN 49.10%, AT . B
WS R R SK>S+K>K>S>CK; 5 CK. S
AFRAR LY, SK A FH#E J i S0 o9 ik 031 i 2
17.45% . 8.92%. SK AhHHAZ FHAR & B AE RS OR I
Fim T S AFE, 7R R T K AR, AR,
SK AbHEAERERAR . 25, if . BRAGER S E S T AL
AbPE, FLHAR | ZEBERN S CK b B[R] 25 50K B K
V-, T E T ST L B P S B AT LUK i A N2
AR T BR A . FE PRI R T 1HT, BRVE S rh Ak 3
2R AR, HA4y 3 ARHY SK AbHE B E T
CK. S+K Ab3, UiRAZ GG F T/ N EHE kA
B IR IR GE
23 INEAREBEHIEEEREHETE

AN [) 5 it Ak 31 ik 2 52 W) /N 22 A AR 25 2B 4 g
ISP (] 3)o /NEHER I . HESRORI . iU &
b P A L A A AU TR PR 22 R 3, I HESh SK Ak
PR, SO BE A R R 14.2% ~ 34.2%.,
6.6% ~20.2%. 17.3% ~ 60.3%. SK &bFf + I3 b il
TR /N2 HESR P I S5 R M 3 v T A b B
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Fig. 2 Effects of different fertilization treatments on potassium contents in roots, stems, leaves, ears, and potassium accumulation in the whole
plant of wheat in various stages
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Fig. 3 Effects of different fertilization treatments on soil catalase, sucrase, urease, and acid phosphatase activities of wheat in various stages
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Fig. 4 Relative abundance of dominant species in wheat rhizosphere at bacterial phylum level (A), significance analysis of Actinobacteria (B),
and principal coordinate analysis of soil bacterial communities under different fertilization treatments (C)
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Fig. 5 Evolutionary branching diagram (A) and LDA distribution histogram (B) of LEfSe analysis of wheat rhizosphere soil microorganisms
under different fertilization treatments
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Fig. 6 Correlation heat map of yield and its components, potassium distribution, soil enzyme activities (A), and correlation heat map between
the above elements and dominant species at bacterial phylum level (B)
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