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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 JResults 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 stage 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: Sorbitol-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
e =] G0)
pH EC/ (pS-em™') AHN/(mgkg') AP/ (mgkg') AK/ (mgkg')
Soil type Year
[UE L S 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: 9%, AHN: Bf#A ; AP: A3 ; AK: HAH . TR, Note:

EC: Electric conductivity, AHN: Alkali-hydrolyzable

nitrogen, AP: Available phosphorous, AK: Available potassium. The same below.

1.2 iRigt
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ME LS IR [ 8 1), Horp & b8 iy ih e 1A
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MR . AL BERENLIE B AR 15 Bk, &
B3WEL CREFHEE FRIEHR T, R, 2k
M R, BT 105 CAF 30 min, 45 CHt
ZfEE, BHEREE T 100 IR, SEMELEE .
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3.76%. WHZE 28 ( Two-way ANOVA ) 7R,
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TR A L E R (P<0.001 ), X /N2 FURT 4
MR (P<0.05); ULAh, AFRBRAR L5 v it Ak
PR HAEH (Y x T) X /=it Bk EU TR E
S T A e S

http://pedologica.issas.ac.cn



6 4] FRERN A - W 1L B2 S BT /INAE Ik A B A= Al R PR 2 R 7 B9 52 2029

PRI = B A A — 3, {H 2023 473
i (AP E AR ) B 2022 4F AR
49.14% X Fp 5 25 A AE PR 25 5 R TR 1 1 A iES
WIRRAERME S (1), BRI, 2022 4FiR
W (2 AFAE 3 Ada)) BEKESy 3517 mm, 53
T 2023 AE[RIY 11.61 mm; [FEF, 2023 4F R

PR RE s, e HIRBE 2536 3.81°C, BEm a5
TRLEE T e TR /N 22 3R 75 I 300 BER I 1, 2F
M= MLz T, 2023 4EH#EM (4—5 H)
Rk AL 2022 4RI K 3.56 %, [, 2023 4E4
KR AR AL, Bk S5 ARSI N T2 A 1R
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Table 2 Wheat yield and component factors

Ay b 7o T hiE TR g
Year Treatment Yield/( 10°kg. hm™?) 1000-grain mass/g Kernels per spike/pcs Increasing rate/%
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
2022 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 44.39 + 1.42a 33.19+ 1.30a 34.89
CK 3.36 +£0.15¢ 44.95 + 0.65¢ 34,19+ 3.2a -
S 3.46 £0.28¢c 46.68 + 1.34b 32.41 + 1.86a 2.89
2023 K 3.93+0.13b 46.97 + 1.42b 33.16 £ 3.75a 16.96
S+K 4.07£0.27b 47.99 + 0.69b 33.01 £3.42a 21.13
SK 4.48 £0.23a 49.71 £ 0.99a 34.25 + 2.60a 33.33
ANOVA
AEA) Year EEES seskok *
I T Wit Foliar fertilizer ook ook *
LRy < THIEH YearxFoliar fertilizer ok * o

e * ek e R ROR AR BETE 0.05. 0.01. 0.001 /K LR BE . FFURRE/NG FRER IR [FAE G A [ 0 3 ) 25 7 8 2
(P<0.05). CK: £ FK; S: (AR, K. S8 ; S+K: IIAUEEIR G50 H; SK: DAL AR IR A LAY B2 58, T IR Note:

*, *¥x *** 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 MEBEXNEFRT RTESEMF M
I T e A [ T 25 0 5 W AR 5 0T 2R 1Y 75
(£3). 5 K LA, SK Ab B G 3 8 hokpks A |
BRI S, KPR s 84.12%; 5 S+K
AbFEAA L, SKAbBEFFRLER G i 0 AR 28.14%;
5 AL AbEE (S) AL, SK AL 5 ZE G AT
RRER B BRI SR, IR IR 50% . 33.74%
il 27.63%. 525 FAXTRBALEE (CK) AL, Frfami
Jiti Kb BE Y B EREAR T AFRL A S R, RIEA T
24.88%~32.91%. I, #AIEEE R 5
RN FERNZR, LRSI M. Zayk

W B 2 A PR R RN, TS [RDJE 2540 7 5 i A b
FrIE R I W W IR A PR
23 MEBEXNHFH, . RSENZN

T TR AN ) R 285 o) /0N 22 S 3 e A e
R EA BRI (& 2), R B A,
MR RS R EAR TR, I TERE
WA SN ;T R S B AR T R
TR, BRCAARIRAL. 5 K AbBAHLL, SK Ak
0 S VI I B I i, AR )
W 81.01%5 36.60%; [AIM}, SK AbFE T 3 5
MRS AR T 3.97%, WM R A S B
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Table 3 Mineral element content in wheat grains
b N
MK/ (gkeg!) 5 Mn/ (mgkg™) #: Fe/ (mg'kg") # Zn/ (mg'kg ')
Treatment
CK 3.03+0.31cd 24.74 + 0.86¢ 62.63 +2.34b 34,12 + 1.86a
S 3.40 £ 0.37¢c 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 5.10+0.47a 37.30 + 0.46a 77.83 £ 0.08a 24.25+0.39b
I CK s I K [ s+K[_IsK
500
b
20t a :
Ton ‘} 4501
ééo be b T:D —%—
S 15t . ) @ bo 2B
5 < 400} 2 aaaaa ° ab a
g i E b p bed o bab b=
51 bb agda d a £
£ 10t b b b 54
2 be.b 3 350+
2 ¢ °
. -
g Of 5
&1
=
0 0
EGF MGF LGF MT EGF MGF LGF MT
A48 Period 54 Period
sol 9 a) EGF K o S SR
aa N EGF C|oss EGr ‘.-ﬂ
= 40 2 a aapgah . EGE N 031 EGFN -
§ i B b aaba MGF K |04 (047 MGF |
\E_, % 2 MGF C 085 1.0 031 047 MGF¢C .
e i MGF N MGEF N **
.g LGF K |o61 044 4 0.44 LGF k-
= 20 LGF Closs 10 11047 | 1.0 44 |LGF C
r S 0 0. 3F C *
§ LGF N 2 LGF N
I adag, 7 - -
ﬂ‘ 10+ MT K [0.69 064 0.64 0.71 |0.64 MTK
MT N 0.65 MT N
0 MT C |043 031 039 |03 34031 0.62
EGF MGFTHﬁ LGF MT ¥ O z 2 O zZz 4 O zZ 2 z O
[} Period o B B R B B B B B = =
553588888555

IE: EGF, MGF, LGF . MT 7350 #E R . Hp . e, e, JRTiag Ko C. N ZRlIRR el . BRRIA. *, **, **%j}
HFR AR AFLAE 0.05, 0.01, 0.001 K - BFEHM K, FIA, Note: EGF, MGF, LGF and MT stand for early, mid, late grain-filling,
and maturity stages, while the following K, C, and N denote potassium, carbon, and nitrogen, respectively. *, **, and *** indicate significant

correlations among different treatments at P < 0.05, P <0.01, and P <0.001, respectively. The same below.

B2 NER AR (a). Bk (b). BA (c) & KIS (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 )
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dismutase ( SOD ) activity; d. Malondialdehyde ( MDA ) content )
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Enzyme activities related to wheat leaf protein synthesis( a. Alanine aminotransferase activity( ALT ); b. Nitrate reductase activity( NR );

c. Glutamine synthetase activity ( GS); d. Correlation analysis )
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Table 4 a diversity index of phyllosphereic bacterial community
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Fig. 5 Differences in phyllospheric bacterial community at the phylum (a) and genus (b) levels
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Fig. 6 Bate diversity analysis ( a. Principal coordinate analysis ( PCoA ); b. Partial least squares discriminant analysis ( PLS-DA ))
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