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Effects of foliar silicon sprays on leaf photosynthetic performance and grain
yield of summer maize in coastal saline-alkali soil
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Abstract: Silicon is a beneficial element for crop growth and can effectively alleviate salt stress in crops. This study aims to ex-
plore the alleviating effect of foliar spraying of silicon on salt stress in coastal saline-alkali summer maize in China, providing a
theoretical basis for enhancing stress resistance and increasing yield in coastal saline-alkali summer maize. Denghai 605, planted
in the field test, was selected as the test material. A silicon preparation (8 g L™ SiO,) was sprayed at the V9, V12, and VT stages,
while the control group was sprayed with the same amount of water. The effects of foliar spraying with silicon preparation at
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different stages on leaf photosynthetic performance and grain yield of summer maize in coastal saline-alkali soil were investigated.
The results demonstrated that foliar spraying of silicon preparations at different stages significantly increased the activities of
superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) in saline-alkali summer maize leaves compared to the control
group. It also reduced the content of malondialdehyde (MDA), alleviating the damage to photosynthetic organs and the degrada-
tion of photosynthetic pigments. The leaf area index at the R6 stage increased by 6.28%, 7.16%, and 6.66% in the V9, V12, and
VT stages, respectively, while the chlorophyll content at the R3 stage increased by 6.62%, 7.52%, and 7.47% in 2023. Silicon
spraying increased the net photosynthetic rate (P,), transpiration rate (77), stomatal conductance (G;), and intercellular CO, con-
centration (C;) of leaves. Foliar spraying of silicon preparation at the V9, V12, and VT stages increased the P, of the R3 stage by
11.64%, 11.73%, and 16.39%, respectively. The biomass at the R6 stage increased by 8.46%, 8.88%, and 9.67%, respectively, and
there was a significant increase in the number of grains per spike and 1000-grain weight. Ultimately, the grain yield increased by
7.24%, 10.47%, 12.94%, 6.23%, 7.99%, and 11.25% in 2022 and 2023, respectively. In summary, under the conditions of this
experiment, foliar spraying of silicon preparations at the VT stage had the most significant effect on increasing yield in summer
maize production in coastal light to moderate saline-alkali soil. This effect was mainly attributed to the alleviation of oxidative
stress, improvement of photosynthetic performance, and promotion of biomass accumulation and transportation.

Keywords: summer maize; coastal saline-alkali soil; silicon; photosynthetic performance; yield
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Table 1 Effects of different concentrations of silicon preparation on leaf area index, SPAD value, and net photosynthetic rate of

summer maize in coastal saline-alkali soil

SPAD
Treatment Leaf area index SPAD value Net photosynthetic rate (P,)

CK 0.98 ¢ 42.17b 2577 ¢

Sos 1.00 e 4233 b 2593 ¢

S 1.07d 43.60 ab 26.60 be

S, 1.09 cd 44.13 ab 26.63 be

S4 1.14 be 45.13 a 28.17 ab

Ss 121a 45.07 a 28.93 a

Si2 1.19 ab 44.10 ab 28.27 ab

Si6 1.12 cd 42.87b 2543 ¢

0.05 CK: ; Sos: 0.5 gL' SiOy; S;: 1 gL' Si0y; S 2gL"!

Si0,; Syt 4 g L' Si0y; Sg: 8 g L' Si0y; Syz: 12 g L' SiOy; Sy 16 g L' SiO,

Different lowercase letters within the same column indicate significant difference at the 5% probability level. CK: spraying water; Sy s:

spraying 0.5 g L' SiO,; S: spraying 1 g L™! SiO,; S,: spraying 2 g L™! SiO,; S,: spraying 4 g L™' SiO,; Ss: spraying 8 g L™! SiO,; S,: spraying

12 g L' SiOy; Sy4: spraying 16 g L™ SiO,.
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Fig. 1 Effects of foliar silicon sprays on leaf area index of summer maize in coastal saline-alkali soil
V9-W: 5 V9-Si: ; V12-W: ; V12-Si: ; VI-W:
; VT-Si: V9+7d VI2+7d VT+7d R3 R6 7d

7d 7d S: ; P *: P<0.05; **: P<0.01; NS:
V9-W: spraying water in 9-leaf stage; V9-Si: spraying silicon preparation in 9-leaf stage; V12-W: spraying water in 12-leaf stage; V12-Si:
spraying silicon preparation in 12-leaf stage; VT-W: spraying water in tasseling stage; VT-Si: spraying silicon preparation in tasseling stage.
V9+7d, V12+7 d, VT+7 d, R3 and R6 represent 7 days after treatment of the 9-leaf stage, 7 days after treatment of the 12-leaf stage, 7 days
after treatment of the tasseling stage, milking stage, and maturity stage, respectively. S: silicon; P: spraying stage. *: P < 0.05; **: P < 0.01;
NS: no significance.
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Fig. 2 Effects of foliar silicon sprays on chlorophyll content of summer maize in coastal saline-alkali soil

1 V9+7d VI2+7d VT+7d R3
S: ; P *: P<0.05; **: P<0.01; NS:

7d 7d 7d

Treatments are the same as those given in Fig. 1. V9+7 d, V12+7 d, VT+7 d, and R3 represent 7 days after treatment of the 9-leaf stage, 7
days after treatment of the 12-leaf stage, 7 days after treatment of the tasseling stage, and milking stage, respectively. S: silicon; P: spraying

stage. *: P <0.05; **: P<0.01; NS: no significance.

2.3
23.1 AkAEEP)
P,( 3-A,B) 2 ,VT+7d
R3 P, VT
,2022 2023 V9 VI2 VT
P, VT+7d 12.48%
12.39% 15.95%  13.35% 11.74% 14.62%;
P, R3 7.73% 8.00% 14.49%  15.54%
15.46% 18.29% VT P,
232 AWM FE(T) , 2022
VT+7d V9 VT ,
T.( 3-C, D)
, 2022 2023 V9 VI2 VT
T, VT+7d 9.49%
15.88% 8.12%  14.29% 15.10% 20.00%;
7, R3 30.33% 27.10% 27.16%
17.94% 22.91% 26.07% 2022 ,
VT-Si>V12-Si>V9-Si
233 AILFE(G) ,
G,( 3-E,F) ,
2022 2023 V9 VI2 VT

G, VT+7d 22.76% 22.56%
10.84% 16.31% 18.67% 18.61%; G, R3
18.86% 21.40% 37.38%  16.24%
16.88% 19.17% VT-Si>V12-Si>V9-Si
234 M CO, RJE(C) ,
G , )
C.( 3-GH) ,2022
2023 V9 VI2 VT C
VT+7 d 5.65% 11.09% 12.90%
9.39% 11.12% 12.64%; C, R3
12.70% 15.59% 19.79%  11.81% 12.29% 19.52%
2 , VT
2.4
MDA
2.4.1 A HACH (SOD) & B
sop 2022
VT+7d  VI2-Si R3  V9-Si 2023
VT-Si ( 4-A, B) :
2022 2023 V9 VI2 VT
SOD VT+7 d 12.33%
21.19% 18.38% 11.02% 13.67% 20.44%;
SOD R3 25.68% 22.53% 16.12%
7.72% 8.78% 15.31%



2388

50

& 3

Treatments are the same as those given in Fig. 1. VT+7 d and R3 represent 7 days after treatment of the tasseling stage and milking stage,

[ JVvo-W [_JVo-Si VI2-W Vi2-Si RRAVT-W Il VT-Si

50
A 2022 B 2023
% a a b b 2
454 % . %
o
£ _ 40 = N b c
5 N SN\
= 90 o
2 g "% R
< £ A KXY
g 3 35 G .:.j
g E e A
g 32 Y R
2 "% R4
S 30 < R
= K XY
5] KXY KX
z b3 9%
R 5
o 5%
. HEZN:: EERZN:
- VT+7d R3
C 2022 D 2023
a
a
94 EaIN
5 a N a
5o o L ,
= ! C
27 _%g_}% d % % . b Ed b % b
<
£ g % ? 0
g E S %
g e &
s % K&
= 34 K oS
9% R3S
X R
o 008
O <N
5 5
0 e <
200 VT+7 d R3 VT+7 d R3
E 2022 F 2023
a a
T oa S
Sk % % ab Ed b %
i | dB AN
Q A~
g T 0% 958
£ =
£ 'E 400 KA < %%
S — O %
IS K4 3%
S £ 1958 5
= & % X
g = % NS
: %
3 4 X %
g g5 g
5y
<A
3%
XA
3%
0
404 VT+7 d VT+7d
G 2022 H 2023
3 200+
: s a
g 160 a _I__I_sz_%b b b
2 ~ a c c %
o5 2Ry N
R
g £ 120 %7 0
= e3¢
S 000
;2 55
< -
A
0
VT+7d R3 VT+7d R3

e T % 6 ik ) 37 2 S

1

VT+7d

R3

Growth stage

BEME EXRSEZRSERIZ T

Fig. 3 Effects of foliar silicon sprays on gas exchange parameters of summer maize in coastal saline-alkali soil
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respectively. Different lowercase letters indicate significant differences among different treatments at P < 0.05.
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Fig. 4 Effects of foliar silicon sprays on SOD, POD, CAT activity, and MDA content of summer maize in coastal saline-alkali soil

1 VT+7d R3 7d 0.05
Treatments are the same as those given in Fig. 1. VT+7 d and R3 represent 7 days after treatment of the tasseling stage and milking stage,
respectively. Different lowercase letters indicate significant differences among different treatments at P < 0.05.
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Fig. 5 Effects of foliar spraying of silicon on dry matter accumulation per plant of summer maize in coastal saline-alkali soil
1 V9+7d VI2+7d VT+7d R3 R6 7d 7d 7d
S: ; P: * P<0.05; **: P<0.01; NS:
Treatments are the same as those given in Fig. 1. V9+7 d, V12+7 d, VT+7 d, R3, and R6 represent 7 days after treatment of the 9-leaf stage, 7
days after treatment of the 12-leaf stage, 7 days after treatment of the tasseling stage, milking stage and maturity stage, respectively. S: silicon;
P: spraying stage. *: P < 0.05; **: P <0.01; NS: no significance.
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Table 2 Effects of foliar silicon sprays on yield and yield components of summer maize in coastal saline-alkali soil

Year Treatment Ears (x10* ear hm?) Grains per ear 1000-grain weight (g) Grain yield (t hm?)
2022 V9-W 622 a 543.69 ¢ 337.89 ¢ 972 ¢
V9-Si 6.11a 570.05 b 353.26 ab 10.46 b
V12-W 622 a 537.58 ¢ 339.83 ¢ 9.66 ¢
V12-Si 6.22 a 575.64 ab 35393 a 10.77 ab
VT-W 6.33a 54423 ¢ 337.39¢ 9.88 ¢
VT-Si 6.33 a 583.42a 350.81b 11.02 a
2023 V9-wW 6.56 a 508.06 ¢ 311.29b 8.8l c
V9-Si 6.52 a 528.47b 31895 a 9.34b
V12-W 6.59 a 506.77 ¢ 31020 b 8.81c
V12-Si 6.56 a 53423 b 31891 a 9.49 ab
VT-W 6.52 a 506.04 c 312.11b 875¢
VT-Si 6.59 a 543.37 a 321.17a 9.78 a
ANOVA
Year (Y) * % *% *% *%
Silicon (S) NS *E ok *k
Spraying stage (P) NS *ok NS *
YxS NS *x *x NS
Y xP NS NS NS NS
SxP NS wx NS *
Y xSxP NS NS *x NS
1 0.05 *: P<0.05; **: P<0.01; NS:

Treatments are the same as those given in Fig. 1. Different lowercase letters within the same column indicate significance at the 0.05 prob-

ability level. *: P <0.05; **: P <0.01; NS: no significance.
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Fig. 6 Correlation between yield and indexes after foliar application of silicon
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Yield: grain yield: Ear: number of spikes per unit area; GPE: grains per ear; GW: 1000-grain weight; DMA: dry matter accumulation; Chl:
chlorophyll content. P,: photosynthetic rate; 7;: evaporation rate; G,: stomatal conductance; C;: intercellular carbon dioxide concentration;
SOD: superoxide dismutase; POD: peroxidase; CAT: catalase; MDA: malondialdehyde. *: P < 0.05; **: P <0.01.
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