T B (N RR), 2021 £, 55 19 45, 55 9 58, 55 1-9 |

W e
Reaserch Report

M it A [ 94 8 A B 8 3 T KOG B I S R 20 AR R B s i

gRERA D RETC B B E Y XERE Y P& fRIRE M EEE D AR =S

1 BT\ — R B RF R, KIK, 163319; 2 BT A AL BRI B A L EY Ak R # i sEit E, KUK, 163319; 3 dLRFEHARLL
FARE F B W RAH L, KK, 163319; 4 BT A LR, B, 161435; 5 BRITH R IR, BT, 161444

* JE{E1E4, byndykj@163.com; byndzyf@163.com

W E REEREY R g O R T SRR AR R E AR 8 R P R L B, D T R T
O FE b T RGBT HEE TR0 B 5 L SRR = B2, A T DL SE K 3357 ARIE AR, 7E K &4 T 4
VB 5 AN REAE K T Ab 3 : 0.4.8112 1 16 /L, 83 FL i 20 #r & B, P T Wt pe I AL B i, 7 R K O
A B I B F P CisGs A4 3 S B8 DL 4~16 /L ACFH G =y, i B HLFa i 1 280 18 F - Al AR < ALk
PR ZE G T 2 o ], R B 45 TR A B RO R PR SRS B S 5 v T O /L A, RN 12 /L 5 0 /L Ab3i
ZE S5, SRR DA 8~16 g/L A FER I, H B3 & T 0 Fl 4 g/L b P 16.58%~27.86%-20.46%~32.12%
H124.34%~36.37%. A1, 2 FEFFRI= B4 LA 12 g/L AR5, 9 11 485.68~12 331.69 kg/hm?. 25 FJTiR, 8~12 g/L
P THT AR AL B T (R R R 7 A FH 720 BRI s 2K, PT R R T T G 3 e 2 X TR A it PR PR e A /K
KER FOK; mHIEENE; Jaatett; RO R, e

Effects of Different Concentrations Foliar Silicon on Photosynthesis,
Nutrient Accumulation of Maize in Cold Region

L3 Liju Tianhao' Sun Yishan' Xu

Zhang Jinsong' Zhang Yifei "* Wang Huaipeng ' Yang Kejun
Ronggiong' DulJiarui' Peng Cheng® Gao Shijie’

1 College of Agriculture, Heilongjiang Bayi Agricultural University, Daqing, 163319; 2 Heilongjiang Provincial Key Laboratory of Modern Agricultural
Cultivation and Crop Germplasm Improvement, Daqing, 163319; 3 Heilongjiang Province Cultivating Collaborative Innovation Center for The Bei-
dahuang Modern Agricultural Industry Technology, Daqing, 163319; 4 Qixingpao Farm in Heilongjiang Province, Heihe, 161435; 5 Jianshan Farm in Hei-
longjiang Province, Heihe, 161444

* Corresponding author, byndykj@163.com; byndzyf@163.com

DOLI: 10.5376/mpb.cn.2021.19.0009

Abstract Silicon plays an important role in promoting crop yield, improving quality and enhancing resistance to
biotic and abiotic stresses. In order to investigate the effects of silicon fertilizer foliar application on photosynthetic
characteristics, nutrient accumulation and distribution, and grain yield of maize in cold region, maize varitey 'Xianyu
335" was used as experimental material, and five concentrations of silicon fertilizer foliar application such as 0, 4, 8,
12 and 16 g/L were set up under field condition. Through comparative analysis, the results showed that under 4~16
g/L spraying silicon fertilizer treatment, value of leaf Pn, Ci, Gs and chlorophyll content at the critical growth and
development period were higher than that under control treatments. It was suggested that the regulation effect of
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silicon on leaf transpiration is not through promoting stomatal closure to reduce transpiration rate. Meanwhile, at

maturity period, plant nitrogen accumulation under silicon treatments were significantly higher than that of 0 g/L

treatment. however there was just only significantly difference in plant phosphorus accumulation between 12 g/L and

0 g/L treatment. And plant potassium accumulation of 8~16 g/L treatment were best, they were 16.58%~27.86%
20.46%~32.12% and 24.34%~36.37% higher than 0 and 4 g/L treatments, respectively. Moreover, the grain yields of
12 g/L treatment were the highest in two years, ranging from 11 485.68 kg/ha to 12 331.69 kg/ha. In conclusion, the

treatment of 8~12 g/L foliar silicon fertilizer could promote maize yield increase and high efficiency of farmland

nutrient resources, which can be used as the best level of foliar silicon fertilizer application in the semi-arid area of

the Western Songnen Plain.
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Figure 1 Effect of different concentrations of silicon fertilizer on photosynthetic parameters of maize by foliar spraying

Note: LCK: water treatment for control check; LS1: 4 g/L SiO, treatment; LS2: 8 g/L SiO, treatment; LS3: 12 g/L SiO, treatment;
LS4: 16 g/L SiO, treatment; V12: bellmouth period; VT: tasseling period; R2: filling period; R6: maturity period
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Table 1 Significant difference analysis for maize leaf net photosynthetic rate under different concentrations of silicon fertilizer foliar

spray treatments

AP Pn (wmol COy/(m?*s))
Treatment
V12 VT R2 R6

LCK 24.28+0.64d 30.35+0.77d 17.58+1.11d 14.48+0.20e
LS1 26.41+1.37c 31.61+1.43¢c 19.91+0.89¢ 15.98+0.28d
LS2 29.68+0.86b 35.06+0.77ab 21.97+0.81b 18.23+0.28b
LS3 28.18+0.64a 34.21+0.86b 23.57+1.27a 18.71+0.25a
LS4 29.75+2.04a 35.75+£2.07a 20.45+0.85¢ 17.51+0.15¢

VE: LCK: JE /KX B AL EE; LS1: 4 g/L SiO, Ab¥E; 1.S2: 8 g/L SiO, 4b#E; L.S3: 12 g/L SiO, 4b#; LS4: 16 g/L SiO, 4bHE; V12: K
W\, VT R R2: E I, R6: B, Po: 0 A 3R FBIEIR ARG FRERRZE RIS 0.05 BEKP
Note: LCK: water treatment for control check; LS1: 4 g/L SiO, treatment; LS2: 8 g/L SiO, treatment; LS3: 12 g/L SiO, treatment;
LS4: 16 g/L SiO, treatment; V12: bellmouth period; VT: tasseling period; R2: filling period; R6: maturity period; Pn: net photosyn-
thetic rate; values followed by different small letters in the same column are significantly different at the 0.05 probability level
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Table 2 Significant difference analysis for maize leaf transpiration rate under different concentrations of silicon fertilizer foliar spray

treatments
Qb Tr (mmol H,0/(m?+s))
Treatment

V12 VT R2 R6
LCK 7.99+0.43a 8.86+0.39a 6.57+0.09a 14.86+0.02a
LS1 7.86+0.16a 8.68+0.21a 6.59+0.22a 4.32+0.02b
LS2 7.61£0.29b 8.74+0.44a 6.50+0.24ab 3.78+0.02d
LS3 7.14+0.12¢ 8.15+£0.31b 6.44+0.08b 3.85+0.06¢
LS4 7.24+0.23¢c 7.23+0.13¢c 6.14+0.11c 3.79+0.04d

VE: LCK: JE /KX B AL EE; LS1: 4 g/L SiO, AbHE; 1.S2: 8 g/L SiO, 4b#E; 1.83: 12 g/L SiO, 4b#E; 1L.S4: 16 g/L SiO, 4 #E; VI2: K
WO\ A VT: s, R2: MR, R6: B, Tr: Z&ME A [FFHURE 5 A F/NE TR RORZ 715 0.05 B & K

Note: LCK: water treatment for control check; LS1: 4 g/L SiO, treatment; LS2: 8 g/L SiO, treatment; LS3: 12 g/L SiO, treatment; LS4:
16 g/L SiO, treatment; V12: bellmouth period; VT: tasseling period; R2: filling period; R6: maturity period; Tr: transpiration rate; val-

ues followed by different small letters in the same column are significantly different at the 0.05 probability level

2R 3 AN [ R P P Ak I A B TR] £ SRR I i TR] CO, IR B2 22 57 2 5 20

Table 3 Significant difference analysis for maize leaf intercellular CO, concentration under different concentrations of silicon fertil-

izer foliar spray treatments

Qb3 Ci (uL/L)
Treatment

V12 VT R2 R6
LCK 127.89+8.92¢ 110.27+8.87d 99.15+9.81c 109.21+7.25d
LS1 128.92+6.91bc 116.20+3.06¢c 100.26+5.68¢c 116.93+2.03¢
LS2 130.68+7.90bc 123.38+0.83b 118.36+2.65b 125.48+0.48b
LS3 139.48+4.86a 132.40+5.75a 124.83+11.55a 129.67+4.04a

LS4 135.03+10.80ab 120.70+4.91b 113.28+10.84b 123.77+3.63b

VE: LCK: JE /K I AL FE; LS1: 4 g/L SiO, AL B ; LS2: 8 g/L SiO, 4b#; LS3: 12 g/L SiO, 4 Ff; LS4: 16 g/L SiO, 4 #; V12: K
W\ U VT SR R2: WES ] Re: B, Ci: 1] CO, WRE; [FIBIEHE J5 AN A /NS F R IR Z 75 0.05 BEKF
Note: LCK: water treatment for control check; LS1: 4 g/L SiO, treatment; LS2: 8 g/L SiO, treatment; LS3: 12 g/L SiO, treatment; LS4:
16 g/L SiO, treatment; V12: bellmouth period; VT: tasseling period; R2: filling period; R6: maturity period; Ci: intercellular CO, con-
centration; values followed by different small letters in the same column are significantly different at the 0.05 probability level
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Table 4 Significant difference analysis for maize leaf stomatal conductance under different concentrations of silicon fertilizer foliar

spray treatments

GOl Gs (wmol/(m?*s))
Treatment
V12 VT R2 R6

LCK 0.30+0.01c 0.33+0.01d 0.20+0.02¢ 0.10+0.01b
LS1 0.30+0.02¢ 0.35+0.01c¢ 0.23+0.02d 0.09+0.00c
LS2 0.31+£0.01c 0.39+0.02b 0.24+0.02¢c 0.11+0.00a
LS3 0.36+0.01a 0.44+0.02a 0.31+0.02a 0.11+0.00a
LS4 0.33+0.02b 0.40+0.02b 0.26+0.02b 0.11+0.00a

VE: LCK: JE /KX B AL 2 ; LS1: 4 g/L SiO, &b #E; 1LS2: 8 g/L SiO, 4b#; 1.83: 12 g/L SiO, 4 #E; 1L.S4: 16 g/L SiO, 4bH; V12: K
W\, VT AR, R2: BESRIY); R6: Y] Gs: AL T FZIEU G A F/NE 7 REROR 2 5715 0.05 2% /K 1

Note: LCK: water treatment for control check; LS1: 4 g/L SiO, treatment; LS2: 8 g/L SiO, treatment; LS3: 12 g/L SiO, treatment;
LS4: 16 g/L SiO, treatment; V12: bellmouth period; VT: tasseling period; R2: filling period; R6: maturity period; Gs: stomatal con-

ductance; values followed by different small letters in the same column are significantly different at the 0.05 probability level
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Figure 2 Effect of different concentrations of silicon fertilizer on

chlorophyll content in maize by foliar spraying

Note: LCK: water treatment for control check; LS1: 4 g/LL SiO,
treatment; LS2: 8 g/L SiO, treatment; LS3: 12 g/L SiO, treat-
ment; LS4: 16 g/L SiO, treatment; V12: bellmouth period; VT:
tasseling period; R2: filling period; R6: maturity period; values
followed by different small letters in the same sampling period

are significantly different at the 0.05 probability level
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Figure 3 Effects of foliar application of silicon fertilizer on the absorption of nitrogen, phosphorus and potassium in mature maize
Note: LCK: water treatment for control check; LS1: 4 g/L SiO, treatment; LS2: 8 g/L SiO, treatment; LS3: 12 g/L SiO, treatment;
LS4: 16 g/L SiO, treatment; different small letters are significantly different at the 0.05 probability level
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Table 5 Effect of different concentrations of silicon fertilizer on maize yield composition factors

F 4k 2R B (ears/hm?)  H KL H(g) AT RIEK FEATHL TR %y 7= & (kg/hm?)
Year Treatments Effective ear 100-grains  Kernel number Row umber Kernel per Yield
number (ears’/hm?)  weight (g) per row per ear spike (kg/hm?)

2017 LCK 66 923.07a 27.76¢ 35.13b 16.10a 565.68a 9192.21c
LS1 66 667.67a 28.73bc 35.30b 15.67a 552.99a 9536.30c
LS2 67 692.31a 29.51ab 37.60a 15.60a 586.56a 10868.97b
LS3 67 820.50a 30.47a 36.85ab 15.53a 572.40a 11485.68a
Ls4 68 076.92a 28.49bc 36.30ab 15.70a 569.65a 10658.79b

2018 LCK 65134.62a 29.65b 30.17a 16.33a 492.47a 9681.84b
LS1 65334.61a 29.70b 30.47a 15.73a 478.87a 10819.07ab
LS2 65516.92a 31.73ab 31.93a 15.50a 495.49a 11393.68a
LS3 66030.00a 33.30a 33.00a 15.40a 508.40a 12331.69a
LS4 67173.84a 30.93ab 32.07a 15.67a 502.37a 11206.64ab

Significance (F-value)

G 3.024 62.850**  102.468** 0.000 17.810%*  10.460%**

Year (Y)

Jiti e 7K S 0.435 11.547**  4.129* 0.397 0.267 13.695%*

Si concentrations (SC)

T <t AT 0.057 8.409**  0.455 0.025 0.068 0.434

(YxSC)

VE: LCK: JE /K5 RRALEE; LS1: 4 g/L SiO, 4b¥E; LS2: 8 g/L SiO, AbFE; LS3: 12 g/L Si0, 4L #; 1.84: 16 g/L Si0, A HE; [F %1 & [F]
FHEJE AN NG T REROR 22 51K 0.05 KT AR 0.01 BEKCE, * 3R 0.05 BEKT

Note: LCK: water treatment for control check; LS1: 4 g/L SiO, treatment; LS2: 8 g/L SiO, treatment; LS3: 12 g/LL SiO, treatment;
LS4: 16 g/L SiO, treatment; values followed by different small letters in the same column and year are significantly different at the
0.05 probability level; **: significant difference at the 0.01 probability level; *: significant difference at the 0.05 probability level
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