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Abstract 

Field experiment was conducted to study the influence of various silicon sources viz., Calcium Silicate 

(CS) and Fly ash (FA) along with graded levels of nitrogen in rice (TKM 13) on Entisol. The soil of 

experimental field was sandy clay loam with alkaline pH and non-saline in nature. The main plot 

treatments includes different levels of nitrogen viz., 0%, 75%, 100% and 125% recommended dose of 

nitrogen. The sub plot treatments includes CS @ 200, 400 and 600 kg ha-1 and FA @ 10, 20 and 30 t ha-1. 

The experiment was conducted in split plot design and the treatments were replicated thrice. The SPAD 

values and chlorophyll a, b and total chlorophyll content were recorded at tillering, panicle initiation and 

harvest stages. Regarding Si application the highest SPAD value was noticed with FA 30 t ha-1 (29.9) at 

tillering stage followed by FA 20 t ha-1 (28.7) and CS 600 kg ha-1 (27.4) and were found to be significant 

with each other. Similarly application of N levles significantly increased the SPAD values and highest 

was recorded in 125% N (34.3) followed by 100% N (31.7), 75% N (22.8) and 0% N (18.0) at tillering 

stage. The similar trend of SPAD value was followed for panicle initiation and harvest stage. The highest 

total chlorophyll content with regards to Si application along with nitrogen registered the highest value in 

125% N + FA 30 t ha-1 (1.97, 2.33 and 1.40 mg g-1 at tillering, panicle initiation and harvest stage 

respectively). Similar trend was followed for chlorophyll a and b at all the stages. The results revealed 

that application of CS or FA along with nitrogen significantly increased the SPAD value and chlorophyll 

content of rice at all critical stages. 
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Introduction 

Rice (Oryza sativa) is a staple food that accounts for more than 22% of world’s population 

calorie intake (Wailes et al., 1997) [27]. Silicon is an essential component of rice plants and its 

accumulation is helpful in maintaining sustainable production (Yamaji and Ma, 2011) [28]. One 

of the inputs limiting rice production is N (Tirol-Padre et al., 1996) [25]. Nitrogen is essential to 

the rice plant, with about 75% of leaf N associated with chloroplasts, which are 

physiologically important in dry matter production through photosynthesis (Dalling, 1985) [5]. 

Nitrogen contributes to carbohydrate accumulation in culms and leaf sheaths during the pre 

heading stage and in grain during the grain-filling stage by being a component of 

photosynthesis (Mae., 1997) [12] 

Silicon application resulted in an increase of chlorophyll and an improvement in the 

antioxidant system in plants (Al-aghabary et al. 2004) [2]. Silicon nutrition improves the light 

receiving posture of the plants, thereby stimulating photosynthate production in plants (Savant 

et al., 1997) [20]. It improves the leaf angle, making leaves more erect, thus reducing self-

shading, especially under high N-rates (Yoshida et al., 1969) [29]. The effect of Si on leaf 

erectness is mainly due to Si depositions in the epidermal layers of the leaf panicle (Takahashi 

and Miyake, 1982) [24]. So, that objective was made to study the influence of silicon and 

nitrogen on chlorophyll content for rice (Orzya sativa) in Entisol. 

 

Materials &Methods 

The field experiment was carried out at Sugarcane Research Station, Sirugamani, Trichy 

during Rabi season of 2017-18 for the purpose of studying the influence of soil application of 

different source of silicon along with levels of nitrogen in chlorophyll content in TKM 13 

genotypes of rice (Oryza sativa L.). The experimental soil was mixed alluvium soil series 

(Typic Ustifluvent). The initial soil was found to be slightly alkaline with low soluble salts, low 

organic carbon, low available N and low available Silicon, medium in available P and K.  

The rice TKM 13 was used as a test crop in the experimental plot was carried out in Split Plot 

design having four main plot with seven sub plots treatment combinations replicated thrice. 
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The treatment details are: Main plot with different nitrogen 

levels M1- 0% RD of N, M2- 75% RD of N, M3-100% RD of 

N and M4- 125% RD of N. The subplots treatment with 

silicon sources includes Si1 – Control, Si2 - CS @ 200 kg ha-1, 

Si3 - CS @ 400 kg ha-1 and Si4 - CS @ 600 kg ha-1 and Si5 - 

FA @ 10 t ha-1, Si6 - FA @ 20 t ha-1 and Si7 - FA @ 30 t ha-1. 

SPAD Chlorophyll Meter Reading (SCMR) values were 

measured by using a SPAD meter (SPAD-502) in the third 

leaf from the top, in the main culm of tagged hills. The 

Minolta SPAD-502 measures chlorophyll content as ratio of 

transmittance of light at wavelength of 650 nm and 940 nm. 

Three readings were taken from each replication and the 

average value computed using method described by Minolta 

(1989) [14] and Monje and Bughree (1992) [15].  

Chlorophyll content was determined on the flag leaf by using 

the method described by Hiscox and Israelstam (1979) [7] and 

expressed in mg g-1 fresh weight. 100 mg of fully expanded 

young leaf tissue was placed in vial containing 10 ml of 

Dimethyl sulphoxide (DMSO) and chlorophyll was extracted 

without grinding at 65°C by incubating overnight. The extract 

was transferred to graduated tube and made upto 10 ml with 

DMSO and assayed immediately. 

 

Result and discussion 

SPAD Values 

Chlorophyll (Chl) is a photosynthetic pigment and act as an 

essential factor of the plants photo system. Chlorophyll 

content of rice leaves measured as SPAD value was 

significantly influenced by silicon and nitrogen levels at 

different growth stages over control. 

The Chlorophyll content as SPAD values ranged from 18.4 to 

34.3 at tillering stage 19.5 to 36.8 at panicle initiation and 

14.3 to 26.5 at harvest stage. Chlorophyll content markedly 

changed with increasing dose of nitrogen applied. It increased 

linearly and maximum value was noticed with 125% N (34.3, 

36.8 and 26.5 (fig 1) in tillering, panicle initiation and harvest 

stage respectively). It was significantly superior to rest of N 

levels. The linear relationships for chlorophyll content and N 

application rate have been documented by Abunyewa et al. 

(2016) [1]. The SPAD value-based N application can increase 

grain yield and N use efficiency (Peng et al., 1998) [17]. 

 

 
 

Fig 1: Effect of Si and N on SPAD value of Rice in various growth stages in Entisols 

 

Addition of different source of silicon caused slight increase 

of SPAD values. The chlorophyll content increased linearly 

and the highest was noticed with FA 30 t ha-1 (29.9, 32.1 and 

23.1 during tillering, panicle initiation and harvest stage 

respectively). It was superior to rest of silicon levels. 

Similarly application of Si through CS significantly increased 

the SPAD values (27.4, 30.6 and 21.2 at tillering, panicle 

initiation and harvest stage respectively). Increase in SPAD 

value and chlorophyll content by silicon application over 

control was reported earlier song et al., (2014) [23] in rice. 

When silicon and nitrogen were applied together SPAD value 

increased further compared to the individual application of 

silicon and nitrogen. The highest chlorophyll content was 

registered in 125% N + FA 30 t ha-1 (37.3, 39.5 and 28.8 at 

tillering, panicle initiation and harvest stage respectively). 

The maintenance of high photosynthetic activity and higher 

utilization of light and translocation of assimilated product to 

sink (Rani and Narayanan, 1994) [18] due to silicon application 

along with nitrogen could be the possible reason for 

increasing SPAD readings. Si treatments of plants induces an 

accumulation of enzymes involved in photosynthesis and 

detoxification of reactive oxygen species (Schmidst et al., 

1999) [21] and also phytohormone synthesis (Rodrigues et al., 

2015) [19]. SPAD values and net photosynthetic activity 

remained significantly higher in + Si resupplied with N plants 

in –Si with N mature leaves observed by Haddad et al., 2018 
[8]. 

 

Chlorophyll a 

The influence of silicon source on chlorophyll content in flag 

leaf of TKM 13 at the time of Panicle initiation was 

evaluated. FA 30 t ha-1 (1.33 mg g-1) showed maximum 

chlorophyll a content and the minimum in without Si (1.23 

mg g-1). However silicon applied treatment showed maximum 

increase (8.13%) in FA @ 30 t ha-1 and minimum (2.43%) in 

CS @ 200 kg ha-1 where compared to control. Among all the 

Si applied treatments the chlorophyll a content of FA @ 30 t 

ha-1 (1.33 mg g-1), FA @ 20 t ha-1 (1.31 mg g-1), CS @ 600 kg 

ha-1 (1.30 mg g-1) and FA @ 10 t ha-1 (1.28 mg g-1) was found 

statistically significant with respect to each other compared to 

control. Similarly chlorophyll a recorded by the application of 

N @ 125%, 100%, 75% and 0% (1.45, 1.42, 1.29 and 0.98 mg 

g-1) (fig. 2) at panicle initiation respectively, which is found to 

record highest chlorophyll a compare to tillering and harvest 

stage. The highest chlorophyll a content was registered in 

125% N + FA 30 t ha-1 (1.26 mg g-1) at tillering, (1.50 mg g-1) 

panicle initiation and (0.80 mg g-1) harvest stage respectively. 

The results are in line with Ávila et al. (2010) [4] where the 

interaction between silicon and nitrogen as it increases the 

levels of chlorophyll a in Oryza sativa plants. 
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Fig 2: Effect of Si and N on Chl 'a' of Rice in various growth stages in Entisols 

 

Chlorophyll b 
Chlorophyll b content (mg g-1) silicon applied treatment FA 

@ 30 t ha-1 (0.61 mg g-1) showed maximum chlorophyll b 

content and the minimum in CS @ 200 kg ha-1 (0.54 mg g-1). 

chlorophyll b recorded by the application of N @ 125%, 

100%, 75% and 0% (0.65, 0.62, 0.55 and 0.45 mg g-1) (fig. 3) 

at panicle initiation was found statistically significant. The 

interaction between Si and N was found statistically 

significant with respect to almost all the treatments. The 

steady increase of chlorophyll a and b was noticed upto PI 

later slight decrease was observed at harvest stage. The result 

are in line with Liu et al., 2014 [9], where the Silixol in 

different concentration can induced progressive increased in 

chlorophyll a, chlorophyll b, as well as total chlorophyll in 

rice. Silicon helps in increasing the extent of photosynthesis, 

the improvement of performance, the prevention of lodging 

(Jeer et al., 2017) as well as the reduction of the negative 

effects of ultraviolet radiation on the physiological processes 

of photosynthesis and transpiration (Lou et al., 2016). 

Significant relationship between SPAD values and 

chlorophyll content has been reported by Martinez and 

Guiamet (2004) [13].  

 

 
 

Fig 3: Effect of Si and N on Chl 'b' of Rice in various growth stages in Entisols 

 

Total Chlorophyll 

Total Chlorophyll content markedly changes with increasing 

dose of nitrogen applied. It increased linearly and maximum 

value was noticed with 125% N (1.71, 2.01 and 1.26 mg g-1) 

in tillering, panicle initiation and harvest stage respectively. It 

was significantly superior to rest of N levels. Nitrogen applied 

treatment showed maximum increase in 125% N followed by 

100% N where compared to 0% N.  

Addition of different source of silicon caused slight increase 

of total chlorophyll content. Similarly application of Si 

through CS significantly increased the total chlorophyll to 

(1.59, 1.85 and 1.17 mg g-1 at tillering, panicle initiation and 

harvest stage respectively). The total chlorophyll content 

increased slightly and the highest was noticed with FA30 t ha-

1 (1.61, 1.91 and 1.24 mg g-1) during tillering, panicle 

initiation and harvest stage respectively. It was superior to rest 

of silicon levels. However silicon applied treatment showed 

maximum increase percentage in FA 30 t ha-1 and minimum 

in CS 200 kg ha-1 when compared to control. Among all the 

treatments. Similar results observed were Si priming 

significantly enhanced their biomass and improved the levels 

of photosynthetic pigments recorded by Parveen et al., (2019) 
[16] 

When silicon and nitrogen were applied together total 

chlorophyll content increased further compared to the 

individual application of silicon and nitrogen. The highest 

total chlorophyll content of silicon was registered in 125% N 

and FA 30 t ha-1 (1.71 mg g-1) at tillering, (2.01 mg g-1), 

panicle initiation and (1.26 mg g-1) (fig 4) harvest stage 

respectively. The rice seedlings showed that the chlorophyll 

content of leaves decreases during senescence suggesting that 

the loss of chlorophyll is a main cause of inactivation of 

photosynthesis. Silicon uptake leads to stronger straw and 

reduces lodging. It also appears to promote photosynthesis 

through the depression of excessive transpiration (Ma and 

Takahashi, 1990) [11]. By addition of higher Si application to 

the soil, Chl a, Chl b and Chl (a + b) contents in leaves found 

to be increased reported by Verma et al., 2019 [26] 
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Fig 4: Effect of Si and N on total chlorophyll of Rice in various growth stages in Entisols 

 

Conclusion 

The present study concluded that silicon fertilizers along with 

nitrogen were efficiently used by rice for increasing the 

chlorophyll content which converts light into chemical energy 

needed for photosynthesis. Application of Si induced 

erectness of leaves result in the increase of photosynthesis. An 

adequate supply of nitrogen might result in high 

photosynthetic activity. As nitrogen is an integral part of 

chlorophyll, vigorous vegetative growth and gives dark green 

colour. The results clearly indicated that silicon either through 

calcium silicate or through fly ash along with nitrogen is 

required for rice for the growth and development of crop 

which will result in ultimately the yield.  
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