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Abstract 
 Effects of different dosages of potassium silicate fertilizer on photosynthetic characteristics and yield of 
winter wheat under field conditions were studied. Four different dosages: 0, 45, 90 and 135kg/ha were 
applied. Results showed that the chlorophyll content, net photosynthetic rate of wheat flag leaf firstly 
increased and then decreased with the increase of levels of potassium silicate fertilizer. By the change of 
SPAD values after flowering, when the application of potassium silicate fertilizer was 90 kg/ha, the existence 
time of chlorophyll in flag leaf was significantly long, and the net photosynthetic rate was significantly 
increased. The 1000-grain weight of winter wheat significantly increased and the yield the highest. Overall, 
when the applied amount of potassium silicate fertilizer was 90 kg/ha, the performances of winter wheat were 
best. 

 

Introduction 
 The content of Silicon (Si) on the earth is second only to nitrogen. Controversies of Si in plant 
growth are large, because Si has not been classified as an essential nutrient for higher plants. Si 
only works under certain conditions (Coskun et al. 2019). In some special conditions, the Si will 
enhance the yield by affecting physiological processes (Korndörfer and Lepsch. 2001). Only 
silicic acid in the form of molecules dissolved in water, can be absorbed by plants, such as the 
grower decisions on optimal N rate will have more impact than cultivar selection (Liang et al. 
2014). The silicon fertilizer application increased leaf area, specific leaf area, and pigment 
concentration (chlorophyll a and carotenoids) as well as photosynthesis and transpiration rates of 
well-watered potato plants (Pilon et al. 2013). The slag-type silicate fertilizer could be the soil 
amendment for reducing CH4 emissions in rice paddy soil (Ali et al. 2008). When adding 
potassium silicate to the strawberry solutions, the growth and yield of strawberry can be 
maintained under salinity (Yaghubi et al. 2016). The silicate can increase the strawberry’s 
resistance against powdery mildew and improve the hardness of leaves (Kanto et al. 2004). Si is 
the most important component of wheat ash (Terzioğlu et al. 2013). The research showed that the 
reasonable proportion of fertilizer can not only effectively inhibit leaf senescence, but it increased 
the photosynthetic capacity and yield of wheat, and also effectively improved the utilization rate 
of fertilizer nutrients (Wang and Shi 2020). 
 In the whole period of wheat, the demand for silicon is relatively large. However, there are 
few reports of the application of silicon fertilizer in winter wheat production. Potassium silicate 
fertilizer is a common mineral fertilizer. Whereas, there is poorly research on the effect of 
potassium silicate fertilizer on the photosynthetic characteristics and yield of winter wheat. Thus 
the present study aimed to investigate effects of potassium silicate fertilizer on the photosynthetic 
characteristics and yield of winter wheat after flowering and also to find out the most appropriate 
amount of potassium silicate fertilizer and provide relatively reliable theoretical basis for the 
potassium silicate fertilizer.  
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Materials and Methods 
 The field experiments were carried out from October 2013 to June 2015 in the experimental 
base of Qingdao Agricultural University where a warm temperate monsoon continental climate 
with an annual average temperature of 12.6°C prevails and the annual average precipitation of 
about 700 mm. The variety of winter wheat is Jimai 22 The potassium silicate fertilizer was 
produced by Sinopharm Chemical Reagent Co., Ltd, its K2O content is 47.0~51.0%, the ratio of 
K2O: SiO2 is about 1.49~1.65, and the compound fertilizer is potassium sulfate compound 
fertilizer (N-P2O5-K2O: 17-17-17). 
 There were 4 different treatments in this experiment (Table 1): Control (CK), Treatment 1, 
Treatment 2 and Treatment 3. Compound fertilizer and potassium silicate fertilizer were mixed 
evenly according to the corresponding quality, and they were applied to the land by furrow 
fertilization. The ditch depth was about 20 cm. The winter wheat was sown in the middle of 
October, and the sowing of winter wheat was at the rate of 112.5 kg/ha. All treatments were 
randomly selected the block area, each block area was 2.5 m × 50 m. Each treatment was 
repeated 3 times. In addition, all fertilizers were used as the base fertilizer. The water needed for 
winter wheat growth only came from the natural precipitation. Table 1 shows the fertilization 
dosages of each treatments. 
 
Table 1. Details of fertilizer of each treatment. 
 

Treatment Compound fertilizer 
(kg/ha) 

Potassium silicate fertilizer 
(kg/ha) 

CK (Control) 750 0 
T1 750 45 
T2 750 90 
T3 750 135 

 

 The data needed to be measured included the relative chlorophyll content (SPAD values) and 
the indexes of photosynthetic characteristics of flag leaf. The present data were recorded at 
flowering of winter wheat (0d), and measured every 7 days. SPAD values were measured using a 
chlorophyll meter (SPAD 502, Konica Minolta, Japan). The indexes of photosynthetic 
characteristics were determined by LI-6400 (LI-COR, America) and measured 3 times in flag leaf.  
 Data processing and chart drawing were performed in Origin 2019, and statistical analysis of 
data and significant test of differences were performed with DPS v7.05. 
 
Results and Discussion 
 Results of the effects of Potassium Silicate Fertilizer on SPAD Value of flag leaf showed that 
SPAD values of the treatments with potassium silicate fertilizer were higher or significantly higher 
than CK at 7, 14, 21 and 28 days after flowering (Fig. 1). At 28 d after flowering, the differences 
in the SAPD values of T1, T2 and T3 increased by 23.82, 41.53 and 25.33%, resapectively than 
CK (Fig. 1). The differences of SPAD values among T1, T2 T3 and CK were significant at 14, 21 
and 28d after flowering. Above all, with the longer of the number of days after flowering, 
treatments and CK became more different. Especially, the SPAD value was higher than others 
when the application amount of potassium silicate fertilizer was 90 kg/ha (T2), even significantly 
different.  
 Effects of potassium silicate fertilizer on net photosynthetic rate (NPR) of flag leaf showed 
that each treatment was different in different periods (Fig. 2). Net photosynthetic rates of T1, T2 
and T3 were higher than CK as the days after flowering. At 14, 21 and 28d after flowering, the 
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treatments and CK showed significant differences. Specially, the NPR was significantly higher 
than the other treatments when the application amount of potassium silicate fertilizer was 90 kg/ha 
(T2). 

 
     Fig 1. SPAD values of different treatments.         Fig. 2. Net photosynthetic rate of different treatments. 
 
 As shown in Fig. 3, with the day after flowering was increasing, the change of stomatal 
conductance among the treatments were generally of the same trend. The stomatal conductance of 
T2 was higher than CK at 7, 21 and 28d after flowering, though the differences were only 
significant at 14 and 21d. The stomatal conductance of T2 was higher than the others. The highest 
value of stomatal conductance was found in T2. 
 The intercellular CO2 concentration of different treatments were different after application of 
potassium silicate fertilizer (Fig. 4). At 28 days, the highest values were at T2 and compared with 
others, the difference was significant. Intercellular CO2 concentrations of T1 and T3 decreased 
significantly. 
 

        
Fig. 3. Stomatal conductance of different treatments.     Fig. 4. Intercellular CO2 concentration of different  
            treatments. 
 
 The transpiration rate of potassium silicate fertilizer treatment was significantly higher than 
CK after application of potassium silicate fertilizer (Fig. 5). However, the transpiration rate of T1 
was not significantly lower than CK at 21d after flowering. At 7d after flowering, T1 was not 
significantly higher than T2. In general, the transpiration rate increased with the increase of 
potassium silicate fertilizer application. Nevertheless, the transpiration rate decreased when the 
potassium silicate fertilizer was over 90 kg/ha. 
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 Table 2 showed the yield and its components of different treatments. The number of spikes 
between treatments was T2 > T3 > T1 > CK; the grains number per spike of was T2 = CK > T1 > 
T3; the 1000-grain weight showed T2 > T1 > T3 > CK. 1000-grains weight was the key reason for 
increasing yield.  

 
Fig. 5. Transpiration rate of different treatments. 

 
Table 2. Yield and its components of different treatments. 
 

Treatment Spike number 
（106/ha） 

Grains number 
per spike 

1000-grains 
weight(g) 

Grains yield 
（kg/ha) 

CK 5.60a 26.00a 36.95c 5214.00c 
T1 5.62a 24.76a 39.11b 5279.55b 
T2 5.63a 26.00a 40.39a 5685.45a 
T3 5.62a 22.67b 37.46c 5197.95c 

 

a,b and c represent significant correlations at the 0.05 level. 
 
 Results showed that the number of spikes and grains did not increase effectively after 
applying potassium silicate fertilizer. Among the components of winter wheat yield, there was no 
significant difference in the number of spikes among the treatments. However, the difference of 
1000-grain weight among the 4 treatments was significant, and the yield among 4 treatments was 
significant. The maximum value was reached at the fertilization rate of 90 kg/ha. T3 yield was not 
significantly lower than CK. The results of this study showed that the application of potassium 
silicate fertilizer can increase the 1000-grain weight of winter wheat, thereby increasing the total 
yield of winter wheat. The present investigation revealed that chlorophyll content in the 28d 
experimental group was still significantly higher than CK, which indicated that potassium silicate 
fertilizer could effectively prolong the existence time of chlorophyll in winter wheat. In the early 
stage of flowering, the chlorophyll content and net photosynthetic rate of flag leaves have shown 
differences, T2 was the highest level, but it had not reached the significant level. At 28d after 
flowering, the net photosynthetic rate of the experimental group is higher than CK, almost at the 
same time, the transpiration rate of flag leaf was higher. This may be related to the larger stomatal 
conductance. It was worth mentioning that the increase of intercellular CO2 was an important 
condition to increase the photosynthetic rate of flag leaf. The experiments had shown that the 
overall photosynthetic characteristics of winter wheat reached the highest level when 90 kg/ha 
potassium silicate fertilizer was applied.  
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 Silicon can moderately affect the net C assimilation and transpiration rates (FÉLix et al. 
2018). Si is known to effectively mitigate various environmental stresses and enhance plant 
resistance against both fungal and bacterial pathogens (Wang et al. 2017). Si application decreased 
transpiration, specific leaf area, petiole length, and promoted the flowering, fruit firmness, 
leaf/crown number, fresh and dry weight of shoot and root and water use efficiency 
(Dehghanipoodeh et al. 2016). The added Ca-silicate increased photosynthesis, transpiration and 
stomatal conductance significantly over the non-amended treatment (Bokhtiar et al. 2012). The 
proper application of silicon fertilizer can improve the net photosynthetic rate of crops. With the 
growth of winter wheat, there was a significant difference in chlorophyll content between the 
experimental group and the control group, which indicated that potassium silicate fertilizer could 
effectively improve the chlorophyll content. The reason might be that potassium silicate can 
promote chlorophyll production. More or less similar observation was made by Asmar et al. 
(2013) who reported that by the addition of CaSiO3 the production of chlorophyll in banana plants 
in vitro can be increased. The practical application of Si-rich products provides for an increase in 
plant productivity and the reduction of nutrient leaching (Matichenkov et al. 2020). Use of 
phyllosilicate via seed coating increased the production components and yield of the second corn 
crop (Rodrigues et al. 2019). The selected plant growth, yield and biochemical parameters of P. 
vulgaris were efficiently increased by combined PGPR and silicon fertilization under saline stress 
in which the marketable value of the crop can be improved (Kumar et al. 2020).  
 From the present study it may be concluded that 90 kg/ha potassium silicate fertilizers and 
750 kg/ha compound fertilizer were the best for wheat production.  
 
Acknowledgements 
 The present research was supported by the Program - Shandong Modern Agricultural 
Technology & Industry System (SDAIT0107) and The National Key Research and Development 
Program of China (2016YFD0300400) and Major Agricultural Applied Technological Innovation 
Projects in Shandong Province and the Key Research and Development Projects of Shandong 
Province. 
 
References 
Ali MA, Lee CH and Kim PJ 2008. Effect of silicate fertilizer on reducing methane emission during rice 

cultivation. Biol Fert Soils. 44(4): 597-604.  
Asmar SA, Castro EM, Pasqual M, Pereira FJ and Soares JDR 2013. Changes in leaf anatomy and 

photosynthesis of micropropagated banana plantlets under different silicon sources. Sci Hortic-
Amsterdam. 161: 328-332.  

Bokhtiar SM, Huang HR, Li YR and Dalvi VA 2012. Effects of silicon on yield contributing parameters and 
its accumulation in abaxial epidermis of sugarcane leaf blades using energy dispersive x-ray analysis. J. 
Plant Nutr. 35(8): 1255-1275. 

Coskun D, Deshmukh R, Sonah H, Menzies JG, Reynolds O, Ma JF and Belanger RR 2019. The 
controversies of silicon's role in plant biology. New Phytol. 221(1): 67-85. 

Dehghanipoodeh S, Ghobadi C, Baninasab B, Gheysari M and Bidabadi SS 2016. Effects of potassium 
silicate and nanosilica on quantitative and qualitative characteristics of a commercial strawberry. J. Plant 
Nutr. 39(4): 502-507.  

Epstein E 1994. The anomaly of silicon in plant biology. P Natl Acad Sci USA. 91(1): 11-17. 
Félix A, Mello P, Felisberto G, Fernandes D and Lima Do 2018. Effects of soluble silicate and nanosilica 

application on rice nutrition in an oxisol. Pedosphere. 28(4): 597-606. 
Kanto T, Miyoshi A, Ogawa T, Maekawa K and Aino M 2004. Suppressive effect of potassium silicate on 

powdery mildew of strawberry in hydroponics. J. Gen. Plant Pathol. 70(4): 207-211.  



1132 LI et al. 

Korndörfer GH and Lepsch I 2001. Effect of silicon on plant growth and crop yield. In: Datnoff L. E., Snyder 
G. H., and Korndörfer G. H. (Eds.), Stud. Plant Sci. 8: 133-147. 

Kumar V, Kumar P and Khan A 2020. Optimization of PGPR and silicon fertilization using response surface 
methodology for enhanced growth, yield and biochemical parameters of French bean (Phaseolus 
vulgaris L.) under saline stress. Biocatal Agric Biotechnol. 23: 101463-101501. 

Liang ZJ, Bronson KF, Thorp KR, Mon J, Badaruddin M and Wang GY 2014. Cultivar and N fertilizer rate 
affect yield and n use efficiency in irrigated durum wheat. Crop Sci. 54(3): 1175-1183. 

Matichenkov V, Bocharnikova E and Campbell J 2020. Reduction in nutrient leaching from sandy soils by 
Si-rich materials: Laboratory, greenhouse and filed studies. Soil Till Res. 196: 104450-104457.  

Pilon C, Soratto RP and Moreno LA 2013. Effects of soil and foliar application of soluble silicon on mineral 
nutrition, gas exchange, and growth of potato plants. Crop Sci. 53(4): 1605-1614. 

Rodrigues LA, Oliveira IC, Nogueira GA, Silva TRB, Candido ACD and Alves CZ 2019. Coating seeds with 
silicon enhances the corn yield of the second crop. Revista Caatinga. 32(4): 897-903.  

Terzioğlu P, Yucel S, Rabagah TM and Özçimen D 2013. Characterization of wheat hull and wheat hull ash 
as a potential source of SiO2. Bioresources. 8(3): 4406-4420. 

Wang M, Gao L, Dong S, Sun Y, Shen Q and Guo S 2017. Role of Silicon on Plant–Pathogen Interactions. 
Front Plant Sci. 8: 701. 

Wang Y and Shi Y 2020. Effect of different fertilizer ratio on senescence of flag leaf in winter wheat. 
Bangladesh J. Bot. 49(1):85-90 

Yaghubi K, Ghaderi N, Vafaee Y and Javadi T 2016. Potassium silicate alleviates deleterious effects of 
salinity on two strawberry cultivars grown under soilless pot culture. Sci Hortic-Amsterdam. 213: 87-95. 

 
 

(Manuscript received on 23 June, 2020; revised on 24 November, 2021) 


