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Abstract- Carbon occlusion refers to the process by which carbon dioxide is incorporated into the silica structure of phytoliths during their 

formation. Microscopic silica formations called phytoliths develop inside plant cells. Phytoliths are microscopic, silica-based structures that 

develop inside plant cells. These silica bodies are deposited in various parts of the plant, such as leaves, stems, and reproductive organs. Carbon 

occlusion within phytoliths can potentially act as a long-term carbon sink, aiding in the mitigation of greenhouse gas emissions and climate change. 

They are commonly found in various plant species, including rice. This study focuses on investigating how the growth stage of rice crops affects 

the process of carbon occlusion within phytoliths. Phytoliths play important roles in plant structure, defense mechanisms, and carbon storage. The 

research study aims to examine how different growth stages of rice crops influence the formation of phytoliths and the extent to which carbon is 

occluded within them. It may involve conducting experiments or observations at different growth stages of rice plants, such as the seedling stage, 

vegetative stage, flowering stage, or maturity stage. The findings of this research could contribute to our understanding of the carbon sequestration 

potential of rice crops and how it varies throughout their growth cycle.  

Keywords: carbon occlusion; phytolith organic carbon; below-ground biomass; above-ground biomass; phytolith morphotypes. 

 

1. INTRODUCTION 

  Rice (Oryza sativa) is not only a staple food for a 

significant portion of the world's population but also a crucial 

crop in global agricultural systems [1]. As the global 

population continues to grow, the need for sustainable rice 

production becomes increasingly urgent [2]. Examining 

agricultural methods that aid in carbon sequestration and 

greenhouse gas emissions reduction has recently attracted 

more attention [3][4]. Among the potential strategies, the role 

of phytoliths, silica bodies formed within plants, has garnered 

attention due to their capacity for carbon occlusion and long-

term carbon storage in agroecosystems. Phytoliths are 

produced through biomineralization processes, where silica is 

taken up from the surrounding environment and deposited as 

silica dioxide (SiO2) within plant cells [5]. Besides their 

structural functions, such as providing support and defense 

against herbivores and pathogens, phytoliths have emerged as 

an intriguing component in the carbon cycle [6][7].  

 Recent research suggests that phytoliths can act as a 

carbon sink by occluding carbon dioxide during their 

formation [8][9]. This process, known as carbon occlusion, 

has the potential to contribute significantly to carbon 

sequestration in agricultural systems [10]. Several factors 

influence the formation and carbon occlusion capacity of 

phytoliths, including plant species, environmental conditions, 

and developmental stages. In the context of rice production, 

understanding the effect of the crop growth stage on phytolith 

formation and carbon occlusion becomes particularly relevant. 

Different growth stages in rice plants exhibit distinct 

physiological characteristics, such as leaf development, root 

system establishment, and grain filling [11][12][13]. These 

variations can potentially influence the quantity and quality of 

phytoliths formed, ultimately impacting their carbon 

occlusion capacity. Investigating the relationship between 

crop growth stage and the formation and ability of carbon 

occlusion within phytoliths is essential for optimizing carbon 

sequestration strategies in rice production systems. By 

identifying the growth stages that offer the greatest potential 

for enhancing carbon storage, researchers can develop 

targeted approaches to maximize carbon sequestration in rice 

crops.  

 This study aims to examine the influence of the crop 

growth stage on the formation and ability of carbon occlusion 

within phytoliths in different rice varieties. By analyzing the 

phytolith content and carbon occlusion capacity at various 

growth stages, we seek to identify the optimal stage for 

promoting carbon sequestration in rice plants. Additionally, 

we will assess potential variability in phytolith characteristics 

and carbon occlusion capacity among different rice varieties, 
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considering their implications for crop management and 

breeding programs focused on improving carbon sequestration 

efficiency [14][15]. The paper is organized as follows: The 

review of the paper is covered in Section 2, the materials and 

models for the rice variety are covered in Section 3, the results 

of the Phytolith Concentration, Carbon Concentration, 

Phytolith Concentration, Phytolith Flux Production, and 

Phytolith Production Rate are covered in Section 4, and the 

discussion of Phytolith and its Morphotypes is covered in 

Section 5, and the paper is concluded in Section 6. 

 

2. LITERATURE REVIEW 

 Sun et al. 2016 [16] evaluated the carbon bio-

sequestration within the phytoliths generated in the rice seed 

husks of 35 different rice cultivars to pinpoint rice cultivars 

with comparatively higher phytolith carbon sequestration 

efficiency. 

  Zuo et al. 2014 [17] looked at how soil PhytOC was 

distributed in the Chinese Loess Plateau (CLP). Higher plants 

produce minute particles called phytoliths, also known as 

silica(si) bodies, which accumulate inside their cells and cell 

walls.  

 Ru et al. 2018 [18] studied the formation of 

phytoliths and PhytOC, as well as the contents of phytoliths 

and PhytOC, in sandy grassland with varied vegetation 

covering in eastern Inner Mongolia, China. 

 Yang et al. 2015 [19] calculated the production of 

PhytOC in the forests of northern China by measuring the 

Silica levels of 108 plant species from Inner Mongolia and 

Hebei, China, to demonstrate the relationships between plant 

Si content and other phylogenetic and ecological features. 

 Yang et al. 2020 [20] evaluated the long-term effects 

on labile Si fractions in paddy soil and subsequent plant Si 

uptake of groundwater table control and phytolith-rich straw 

return. Si et al. 2018 [21] showed that the presence of Si in 

the medium had an impact on the uptake of lanthanum (La) by 

rice seedlings, and that phytolith was essential for the bio-

sequestration of La and for mitigating the harm that La caused 

to rice seedlings. 

 Anjum and Nagabovanalli 2021 [22] collected 

ground-level biomass samples from 22 ecosystems of highly 

farmed rice to assess the rate of carbon sequestration by 

phytoliths. A significant source of long-term C storage in 

agroecosystems is the carbon that is stable and occluded in 

phytoliths. As a crop that accumulates silicon (Si), rice 

produces a lot of PhytOC, which is essential for the coupled C 

and Si biogeochemical cycle.  

 Wang et al. 2019 [23] assessed the long-term impacts 

of tillage strategies on aggregate-associated carbon (C), 

aggregate-associated water-stable aggregates, and C storage in 

a double rice production system in southern China. climate 

change mitigation. Farmland soil conservation, nutrient 

supply potential, and are all significantly influenced by soil 

structural stability and carbon (C) storage. 

 Weisskopf et al. 2014 [24] concentrated on analyzing 

archaeobotanical assemblages using contemporary analog 

phytolith assemblages of companion crop weeds seen in 

cultivation regimes as well as in wild rice stands. 

 

3. PROPOSED METHODOLOGIES 

A. Materials and Methods 

1. Collection of Rice Crops 

The study region consists of the dominating rice-

growing areas in Tamil Nadu. Samples of 1009 and CO 51 rice 

varieties were collected from Thanjavur and 50/16, ponmani, 

and thuyamalli from Nagercoil. Figure 1 shows the study 

region where the rice varieties were collected. Three replicates 

of each of the five rice kinds were randomly selected at 

different growth phases, i.e., first stage = 40th day, second 

stage = 80th day, and third stage = 120th day. This crop sample 

was carefully cleaned with distilled water before being rinsed. 

The cleaned samples were dried in an oven at 75°C to a 

constant weight. The crop samples were crushed and put 

through a 0.25 mm sieve for further analysis. 

 

Figure 1: Map showing the Study Area 
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B. Extraction of Phytoliths 

To extract phytoliths from crops, a combination of dry ashing 

and acid extraction methods was employed. In a muffle 

furnace, 1 gram of dry plant material was heated to a certain 

temperature to start the process. The material was subjected to 

a temperature of 500°C for eight hours. After cooling, the 

ashed material was transferred to test tubes. To initiate the acid 

extraction, 20 ml of 10% hydrochloric acid (HCl) was added 

to the test tubes containing the ashed material. The mixture 

was then centrifuged at 3500 revolutions per minute (rpm) for 

5 minutes, and the resulting supernatant was discarded. 

Subsequently, this mixture was placed for 20 minutes in a 

water bath with a temperature of 70 °C. Afterward, the 

remaining material was rinsed with distilled water, followed 

by another centrifugation step at 3500 rpm for 5 minutes. Once 

again, the supernatant was discarded. To continue the 

extraction process, 20 ml of 15% hydrogen peroxide (H2O2) 

was added to the test tubes, and for 20 minutes, the mixture 

was heated in a water bath at 70°C. The supernatant was 

removed after 5 minutes of centrifugation at 3500 rpm. The 

remaining material underwent another centrifugation step at 

3500 rpm for 5 minutes, followed by washing with distilled 

water and removal of the supernatant. Finally, to complete the 

extraction procedure, 1 milliliter of 100% ethanol was added 

to the test tubes containing the remaining material. The 

ethanol was allowed to evaporate, leaving behind the extracted 

phytoliths. This method provides a systematic approach for 

extracting phytoliths from crops, involving the use of heat, 

acids, and centrifugation steps to isolate and purify the desired 

phytolith samples [25]. 

C. Preparation of slides  

In the study conducted by [26], the process of 

analyzing phytoliths involved several steps. Firstly, the 

extracted phytoliths were carefully placed on a clean glass 

slide. To ensure proper visualization, the slide was mounted 

on Canada balsam, a transparent mounting medium 

commonly used in microscopy. A needle was then used to mix 

the phytoliths on the slide, ensuring even distribution across 

the surface. Afterward, the prepared slide was left to air-dry. 

To examine the phytoliths, an automated fluorescent 

microscope called EVOSM 700 was employed. This advanced 

microscope allows for high-resolution imaging and was set to 

a magnification of 1000x, enabling detailed observation of the 

phytoliths. The resulting images were used to analyze and 

identify the phytoliths based on the International Code for 

Phytolith Nomenclature 1.0 and 2.0, which provide 

standardized naming conventions for different types of 

phytoliths [26][27][28]. This meticulous process ensured the 

accurate identification and classification of the phytoliths in 

the study. 

D.  Extraction of PhytOC 

To dissolve the dried, extracted phytolith samples, 

they were treated with a solution of hydrofluoric acid (HF) at 

a concentration of 1 mol/L. A temperature of 55°C was used 

for the entire 60-minute therapy. The organic carbon produced 

by the dissolved phytoliths after the HF treatment was then 

dried at 45 °C. To analyze the organic carbon content, a TOC 

(Total Organic Carbon) analyzer, specifically the 

SHIMADZU SSM-5000A, was used. This instrument allowed 

for precise examination and measurement of the organic 

carbon in the samples [8][29]. 

E. Data Analysis 

In SPSS (“Version 21, SPSS Inc., Wacker Drive, 

Chicago, USA”), the means were compared using the LSD test 

to determine the average difference between the contents of 

phytolith and PhytOC in the rice crop sample data (p b 0.05). 

In addition, a correlation analysis was performed to investigate 

the phytolith content of the crop sample, C concentration, and 

PhytOC. The definitions and the associated formulae are as 

follows [19]: 

F. Phytolith Concentration 

Phytoliths are microscopic, silica-based structures 

that are hard and can be found in various plant tissues. They 

are formed when plants take up silica from the soil and deposit 

it within their cells. Phytolith concentration is the number of 

phytoliths per unit volume of soil. It is expressed as grams per 

kilogram (g/kg). It is calculated by dividing the weight of the 

phytoliths in the sample by the weight of the dry plant 

material. 

𝑃ℎ𝑦𝑡𝑜𝑙𝑖𝑡ℎ 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑔/𝐾𝑔)  =
 𝑃ℎ𝑦𝑡𝑜𝑙𝑖𝑡ℎ 𝑤𝑒𝑖𝑔ℎ𝑡(𝑔)

𝐷𝑟𝑦 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 (𝐾𝑔)
                                        

(1) 

G. Carbon Concentration in Phytolith 

 Carbon concentration in a phytolith can be defined as 

the amount of carbon in a phytolith per unit mass of the 

phytolith. Phytoliths are silica bodies that are formed within 

plant cells. 

𝐶 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑝ℎ𝑦𝑡𝑜𝑙𝑖𝑡ℎ (𝑔/𝐾𝑔)  =

 
𝐶 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑖𝑛 𝑝ℎ𝑦𝑡𝑜𝑙𝑖𝑡ℎ(𝑔) 

𝑝ℎ𝑦𝑡𝑜𝑙𝑖𝑡ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 (𝐾𝑔)
                            (2) 

H. PhytOC concentration 

 PhytOC concentration is the mass of organic carbon 

(C) in a phytolith divided by the mass of the phytolith in 

kilograms. PhytOC stands for phytolith organic carbon. 

Phytoliths are silica bodies that are formed within plant cells. 
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Organic carbon is a form of carbon that is found in living and 

dead organisms. 

𝑃ℎ𝑦𝑡𝑂𝐶 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑔/𝐾𝑔)  =
 𝐶 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑖𝑛 𝑝ℎ𝑦𝑡𝑜𝑙𝑖𝑡ℎ(𝑔)

𝑑𝑟𝑦 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 (𝐾𝑔)
                                      

(3) 

 

 

I. PhytOC flux Production 

 PhytOC flux production is the rate at which phytolith 

organic carbon (PhytOC) is produced by plants. It is a measure 

of the amount of organic carbon that is stored in phytoliths. 

PhytOC flux production (Kg/ha/yr) is the rate at which 

phytolith organic carbon (PhytOC) is produced by plants per 

hectare per year. 

𝑃ℎ𝑦𝑡𝑂𝐶 𝑓𝑙𝑢𝑥 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝐾𝑔/ℎ𝑎/𝑦𝑟)  =

 𝑃ℎ𝑦𝑡𝑂𝐶 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑔/𝐾𝑔) ×

                                                                                  𝑁𝑃𝑃 (𝐾𝑔/ℎ𝑎/

𝑦𝑟)  × 10−3                              (4) 

J. PhytOC production rate 

PhytOC production rate is the rate at which phytolith 

organic carbon (PhytOC) is produced by plants. It is a measure 

of the amount of organic carbon that is stored in phytoliths per 

unit time. PhytOC production rate is the amount of PhytOC 

produced per year in an area. It is measured in kilograms per 

year (kg/yr). 

𝑃ℎ𝑦𝑡𝑂𝐶 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (𝑘𝑔/𝑦𝑟) =

 𝑃ℎ𝑦𝑡𝑂𝐶 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑓𝑙𝑢𝑥 (𝐾𝑔/ℎ𝑎/𝑦𝑟)  ×

                                                                 𝑎𝑟𝑒𝑎 (ℎ𝑎)                                                       

(5) 

4. RESULTS 

A. Results on Phytolith Content 

The phytolith content of the different rice varieties, 

namely AGB and BGB, exhibited a wide range from 0.9325 

to 136.725 g/kg at various stages of growth (Figure 1). In 

AGB, the highest accumulation of phytoliths occurred during 

the second stage, while in BGB, the highest levels were 

observed during the first stage. The phytolith concentration of 

various rice cultivars is shown in Figure 2 at various growth 

stages. 

Figure 2: The phytolith content of the rice types AGB (A) and BGB (B) during various growth stages.  

 

The least significant difference (LSD) test indicated 

significant differences at the P = 0.05 level with various 

lowercase characters; error bars depict standard error (n = 3). 

B. Results on Carbon (C) Content of Phytoliths. 

The carbon (C) content of phytoliths showed 

variations from 0.0086 to 1.4056 g/kg across different growth 

stages (Figure 2). Generally, in AGB, the C content was 

highest in the third stage, whereas in BGB, it peaked during 

the second stage. Figure 3 shows the carbon (C) content of 

phytoliths. 
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Figure 3: The carbon content of the phytoliths in the rice types AGB (A) and BGB (B) during various stages of growth.  

Different lowercase letters exhibit significant 

differences at the P = 0.05 level, according to the least 

significant difference (LSD) test; error bars reflect standard 

error (n = 3). 

C. Results on PhytOC Content  

The PhytOC content of the different rice varieties 

ranged from 0.0025 g/kg to 0.07 g/kg (Figure 3). The highest 

concentrations of PhytOC, measured in terms of dry weight, 

were found during the second stage in AGB and the first stage 

in BGB. Figure 4 shows the PhytOC content at different 

growth stages of rice varieties. 

 

Figure 4: The PhytOC content of the rice types AGB (A) and BGB (B) during various growth stages.  

 

Different lowercase letters indicate significant 

differences at the P = 0.05 level, according to the least 

significant difference (LSD) test; error bars show standard 

error (n = 3). 

D. Results on PhytOC Flux Production Rate 

The annual production of PhytOC by the plant is 

measured by PhytOC production flux. PhytOC flux 

production rate refers to the rate at which carbon is sequestered 

into phytoliths. Understanding the PhytOC flux production 
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rate is important for understanding the potential of phytoliths 

as a tool for carbon sequestration and climate change 

mitigation.  Therefore, the study revealed that ranging from 

0.124 to 0.8361 Kg/ha/yr in the 1st and 2nd stages ponmani 

produces more PhytOC than the other rice varieties, and in 3rd 

stage 50/16. Figure 5 estimated the PhytOC Production Flux 

and rate of Rice varieties at different growth stages. 

 

 

Figure 5: Estimation of PhytOC Production Flux (A) and rate (B) of Rice varieties at different growth stages.  

 

  Note: error bars represent standard errors. (n = 3) 

 

 

E. Results on PhytOC Production Rate 

PhytOC production rate is the total PhytOC 

production of an area ranging from 899.64 to 1375.09 Kg/yr 

in the 1st and 2nd stages ponmani produces more PHTYOC 

than the other rice varieties and in 3rd stage 50/16. Combining 

AGB and BGB. The carbon occlusion in phytolith per year for 

a hectare of rice can be 1375.09 Kg/yr. Therefore, upon the 

crop's demise, when released into the soil, the PhytOC present 

in these crops’ aids in long-term terrestrial carbon 

sequestration. 

F. Distribution of phytolith 

The distribution of phytoliths refers to their 

occurrence and abundance in various parts of plants. 

Phytoliths are microscopic silica structures that can be found 

in different tissues, including leaves, stems, roots, and 

reproductive organs. Their distribution provides insights into 

the deposition patterns and accumulation rates of phytoliths 

within different plant species and varieties. Phytoliths can 

exhibit diverse morphotypes such as bilobate, elongate, 

lanceolate, cross, trapeziform, rectangular, and more. 

Throughout the growth of the rice crop varieties in AGB, the 

dominant morphotypes were bilobates, elongated, bulliform, 

and rectangular, while in BGB, polyhedral morphotypes 

prevailed (Table 1). Acicular morphotype and husk phytoliths 

were only observed during the third stage of crop growth. 

Understanding the distribution of phytoliths is valuable for 

studying plant evolution, ecological interactions, and 

environmental adaptations. 

G. Distribution of phytolith in AGB of Rice Variety 

The distribution of phytoliths in the above-ground 

parts (AGB) of rice focuses on understanding the pattern and 

abundance of phytoliths in the aerial parts of the rice plants. 

The analysis reveals a diverse distribution of phytoliths within 

the AGB, including different morphotypes such as bilobate, 

elongate, lanceolate, cross, trapeziform, rectangular, and 

more. This distribution provides insights into the deposition 

and growth of phytoliths in various parts of the rice plants, 

contributing to our understanding of their role in plant 

physiology, growth, and environmental adaptation. 

 

 

TABLE 1: Distribution of various phytolith in AGB of Rice varieties at different Growth stages 

Crop Variety Age Phytolith Morphotypes 

Ponmani 1AGB Bilobate; Elongate 
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2AGB 
Arcuate scrobiculate; Bilobate; Rectangular crenate; Rectangular nodulate; Cross; 

Rectangular Gibbate; Rectangular papillar; Amoeboid; Geniculate; Rugulate 

3AGB 
Rectangular; Rectangular gibbate; Elongate psilate; Elongate crenate; Rectangular 

psilate; Elongate echinate 

50/16 

1AGB Bilobate; Cross; Spheroidal; Bulliform Epidermal sheet 

2AGB 
Acicular aerolate; Bulliform; Cross; Bilobate; Papillar; Tuberculate; Bulliform 

Epidermal sheet 

3AGB 

Bilobate; Cross; Polyhedral; Elongated crenate; amoeboid; Elongated echinate; 

Elongated Papillate; Elongated Gibbate; Ovate; Elongated aerolate; Elongated 

Scrabiculate; Carinate; Trapiziform Sinuate; Elongate; Acicular; Arcurate 

1009 

1AGB 
Arcuate; Epidermal flat sheet; Bulliform; Elongated crenate; Bilobate; Elongated 

echinate; Spheroidal; 

2AGB 
Saddle; Elongate; Hair base; Elongate Papillar; Elongate Baculate; Bilobate; Elongate 

Scrabiculate; Vessel and bundle sheath cell; Elongated Gibbate 

3AGB 

Bilobate; Arcuate; Elongate Gibbate; Rectangular Striate; Vessel and bundle sheath cell; 

Ovate; Flabellate; Amoeboid; Elongate; Parallepipedal bulliform dentate; Elongate 

echinate; Acicular; Clavate; Elongate Echinate 

CO 51 

1AGB Bilobate; Elongated with bilobate; Elongate Sinuate; Flabellate; Oblong 

2AGB 

Arcuate; Elongate Columellate; Elongate Gibbate; Bilobate; Parallepipedal bulliform; 

Elongate Echinate; Elongate Verucate; Elongate Scrabiculate; Flabellate; Acicular; 

Amoeboid; Arcuate; Globular Granulate; Cylindrical; Elongate Sinuate; Oblong 

3AGB 

Bilobate; Elongate Papillate; Vessel and bundle sheath cell; Elongate Gibbate; Elongate 

with Ovate; Elongated crenate; Oblong Crenate; Elongate Dentate; Elongate 

Tuberculate; Elongate Echinate; Flabellate; Cross; Acicular 

Thuyamalli 

1AGB 
Bilobate; Elongate Papillate; Elongate Echinate; Rectangular; Elongate Psilate; Elongate 

Crenate; Cross; Cylindrical; Circular; Ovate 

2AGB 

Bilobate; Elongate Baculate; Cross with Elongate; Elongate Psilate; Elongate Papillate; 

Cross; Elongate Dentate; Elongate Sinuate; Parallepipedal bulliform; Ciricular; Elongate 

Scrabiculate 

3AGB 

Bilobate; Elongate Castellate; Elongate with Ovate; Spheroidal; Parallepipedal 

bulliform; Elongate Baculate; Flabellate; Cylindrical; Elongate Tuberculate; Elongate 

Pilate; Acicular; Rectangular; Elongate Sinuate; Elongate Dentate; Spheroidal Psilate 

Table 1 describes that the Crop variety 

"Ponmani" displays bilobate and elongated phytolith 

morphotypes at 1AGB. At 2AGB, it develops additional 

morphotypes including arcuate scrobiculate, rectangular 

crenate, cross, and amoeboid. By 3AGB, it exhibits elongate 

psilate and rectangular gibbate morphotypes. The crop variety 

"50/16" at 1AGB has bilobate and spheroidal morphotypes, 

while at 2AGB, it shows acicular aerolate, papillar, and 

tuberculate morphotypes. At 3AGB, it includes elongated 

crenate and amoeboid morphotypes. Crop variety "1009" 

presents arcuate, bulliform, and elongated crenate 

morphotypes at 1AGB. At 2AGB, saddle and vessel and 

bundle sheath cell morphotypes emerge, while at 3AGB, 

elongate gibbate and flabellate morphotypes are observed. 

Crop variety "CO 51" exhibits elongate sinuate and elongate 

gibbate morphotypes at 1AGB, elongate columellate and 

acicular morphotypes at 2AGB, and elongate papillate and 

oblong morphotypes at 3AGB. 

H. Distribution of phytolith in BGB of Rice Variety 

 The distribution of phytoliths in the below-ground 

parts (BGB) of rice examines the presence and abundance of 

phytoliths in the roots and other below-ground structures of 

rice plants. The analysis reveals a varied distribution of 

phytoliths within the BGB, encompassing different 

morphotypes such as elongate, tuberculate, polyhedral, and 

more. This distribution provides valuable insights into the 

deposition and accumulation patterns of phytoliths in the 

underground parts of rice plants, shedding light on their 

potential functions in root development, nutrient uptake, and 

plant-soil interactions. 
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TABLE 2: Distribution of various phytolith in BGB of rice varieties at different growth stages 

Crop Variety Age 
 

Phytolith Morphotypes 

Ponmani 

1BGB Acicular Crenate; Bilobate; Lanceolate; Cross; Trapeziform; Rectanglular; Polyhedral 

2BGB 
Arcuate crenate; Bilobate epidermis sheet; Reniform; Oblong; Elongate; Tuberculate; 

Circular 

3BGB Polygonal 

50/16 

1BGB Elongate; Bilobate; Polyhedral 

2BGB Ovate granulate; Orbicular; Bulliform epidermal Sheet; Rectangular; Polyhedral 

3BGB Bilobate; Cross; Polyhedral; Elongated crenate 

1009 

1BGB Elongated Psilate; Elongate; Polyhedral 

2BGB 
Elongate Crenate; Cylindrical; Arcuate dentate; Epidermal flat sheet; Elongate with 

cross 

3BGB Polyhedral 

CO 51 

1BGB Bilobate; Elongated; Polyhedral 

2BGB Elongate crenate; Parallepipedal bulliform; saddle with the sheet; polyhedral 

3BGB Bilobate; Polyhedral; Ellipsoidal; Acicular 

Thuyamalli 

1BGB Bilobate; Polyhedral; Rectangular 

2BGB Bilobate; Polyhedral; Parallepipedal bulliform; Elongate gibbate 

3BGB Bilobate; polyhedral 

 Table 2 depicts that the crop variety "Ponmani" at 

1BGB displays various phytolith morphotypes, including 

acicular crenate, bilobate, lanceolate, cross, trapeziform, 

rectangular, and polyhedral. At 2BGB, it exhibits arcuate 

crenate, bilobate epidermis sheet, reniform, oblong, elongate, 

tuberculate, and circular morphotypes. As it reaches 3BGB, 

polygonal morphotypes are observed. "50/16" at 1BGB shows 

elongate, bilobate, and polyhedral morphotypes, while at 

2BGB, ovate granulate, orbicular, bulliform epidermal sheet, 

rectangular, and polyhedral morphotypes are present. At 

3BGB, it includes bilobate, cross, polyhedral, and elongated 

crenate morphotypes. "1009" exhibits elongated psilate, 

elongate, and polyhedral morphotypes at 1BGB, while at 

2BGB, it shows elongate crenate, cylindrical, arcuate dentate, 

epidermal flat sheet, and elongate with cross morphotypes. At 

3BGB, polyhedral morphotypes are observed. "CO 51" 

displays bilobate, elongated, and polyhedral morphotypes at 

1BGB, elongate crenate, parallelepipedal bulliform, saddle 

with a sheet, and polyhedral morphotypes at 2BGB, and 

bilobate, polyhedral, ellipsoidal, and acicular morphotypes at 

3BGB. "Thuyamalli" exhibits bilobate, polyhedral, and 

rectangular morphotypes at 1BGB, bilobate, polyhedral, 

parallelepipedal bulliform, and elongate gibbate morphotypes 

at 2BGB, and bilobate and polyhedral morphotypes at 3BGB. 

I. Matrix on Pearson Correlations  

The Pearson correlations matrix explores the 

relationships between phytolith, PhytOC, and C (carbon) 

within the phytoliths of AGB and BGB at different growth 

stages. This analysis provides insights into the associations 

between these variables. By examining the correlations, we 

can better understand the interplay between phytolith content, 

PhytOC, and carbon within the phytoliths as the plants 

progress through different growth stages. There was generally 

no correlation between phytolith and PhytOC contents during 

different growth stages, except in the third stage of BGB 

where a strong positive correlation was observed (R2 = 0.944, 

p < 0.05) (Figure 4). However, a significant negative 

correlation was noted between phytoliths and C during the 

second stage for both AGB (R2 = -0.880, p < 0.05) and BGB 

(R2 = -0.911, p < 0.05). Furthermore, a strong positive 

correlation was found between PhytOC and C during the first 

stage of AGB (R2 = 0.987, p < 0.05). Figure 6 gives the 

Pearson correlations matrix between Phytolith, PhytOC, and 

C within phytolith AGB and BGB. 
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Figure 6: Pearson correlations matrix between Phytolith, PhytOC, and C within phytolith AGB and BGB at different growth stages 

(significant correlation p< 0.005). 
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J. Phytolith Morphotypes Images on different rice 

varieties 

 

Figure 7: Phytolith Morphotypes of different rice varieties: 1 Arcuate, 2 Arcuate Dentate, 3 Arcuate Scrobiculate, Arcuate Crenate, 

5 Acicular, 6 Acicular Aerolate, 7 Amoeboid, 8 Bilobate, 9 Bilobate epidermis sheet, 10 Cylindrical, 11 Cross, 12 Cross with elongate, 

13 circular, 14 Elongate with bilobate, 15 epidermis Flat sheet phytolith, 16 ellipsoidal, 17 Elongate crenate, 18 Elongate echinate, 

19 Elongate papillate 20 Elongate psilate, 21 Elongate Baculate, 22 Elongate gibbate, 23 Elongate scrabiculate, 24 Elongate dentate, 

25 Elongate sinuate, 26 Elongate castellate, 27 Elongate pilate, 28 Elongate columellate, 29 Elongate verucate, 30 Elongate aerolate, 

31 Elongate tuberculate, 32 Elongate papillar, 33 Elongate nodulate, 34 Elongate with cross, 35 Elongate with ovate, 36 flabellate, 

37 geniculate, 38 husk phytolith, 39 hair base, 40 lanceolate, 41 oblong, 42 ovate granulate, 43 orbicular, 44 polyhedral, 45 

parallepipedal bulliform, 46 parallepipedal bulliform detate, 47 rectangular, 48 rectangular striate, 49 reniform, 50 spheroidal, 51 

spheroidal psilate, 52 saddle, 53 saddle with sheet, 54 trapiziform sinuate, 55 trapiziform, 56 Vessel and Bundle Sheath Cell. 

 

5. DISCUSSIONS 

A. Phytolith and its Morphotypes in AGB and BGB 

The phytolith content was found to be consistently 

higher in Below-Ground Biomass (BGB) compared to Above-

Ground Biomass (AGB) across all growth stages in various 

rice varieties. Among the AGB samples, the rice variety CO51 

exhibited the highest phytolith content, with values of 12.07 

g/kg in the first growth stage (1AGB) and 22.34 g/kg in the 

second growth stage (2AGB). Another variety, 1009, had a 

phytolith content of 4.11 g/kg in the third growth stage 

(3AGB), while the lowest values were observed in the 50/16 

variety (1AGB: 0.93 g/kg; 2AGB: 3.56 g/kg) and Ponmani 

(3AGB: 1.82 g/kg). In contrast, within the BGB samples, 

CO51 displayed the highest phytolith content (1BGB: 136.7 

g/kg), followed by 50/16 (2BGB: 31.53 g/kg; 3BGB: 15.7 

g/kg), while the lowest values were recorded in Ponmani 

(1BGB: 66.62 g/kg; 2BGB: 7.5 g/kg) and Thuyamalli (3BGB: 

6.49 g/kg). These findings are consistent with previous studies 

conducted on plant species from the Poaceae family, such as 

bamboo, buckwheat, grasses from grasslands, and steppes 

[30][31][32]. Rice crops belong to the monocot group, which 

exhibits a significantly higher accumulation of phytolith 

content in their living tissue compared to dicot plants due to 

differences in their root structures, as described in previous 

studies [5]. 

This study provides evidence that the maturity of the 

plant plays a role in phytolith formation in crops. Phytolith 

accumulation is a gradual process that occurs throughout the 

plant's life cycle, and therefore, phytolith formation generally 

increases with plant age [33]. 
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The current investigation examined the phytolith 

morphotypes (microscopic silica structures) produced by 

different varieties of rice at various stages of growth. The 

study found that each rice variety exhibited a diverse range of 

phytolith types during different phases of growth. The number 

of distinct phytolith shapes increased as the rice crops 

matured, with the variety BGB displaying fewer shapes than 

AGB in the later stages. During the initial stage, BGB 

showcased a high degree of phytolith shape diversity. The 

prominent types of phytoliths observed in BGB included 

polyhedral, elongated, and AGB shapes. Notably, the varieties 

Thuyamalli (AGB) and 50/16 (BGB) accumulated a wide 

variety of phytolith shapes, while Ponmani (AGB) and 1009 

(BGB) exhibited the lowest diversity in this stage. Moving to 

the second stage, AGB demonstrated a greater array of 

phytolith types compared to BGB. Ponmani and CO51 (AGB) 

as well as Ponmani and 50/16 (BGB) displayed a high 

abundance of phytolith types, whereas 1009 and Thuyamalli 

(AGB) and 1009, CO51, and Thuyamalli (BGB) had the 

lowest diversity. In the third stage, the phytolith types in BGB 

notably decreased compared to the earlier growth stages. The 

study observed a significant reduction in phytolith 

morphotypes as the crops aged. Among the varieties, 1009 

(AGB) and 50/16 (BGB) exhibited a high abundance of 

phytolith types, while Ponmani (AGB) and Ponmani and 1009 

(BGB) had the lowest diversity. 

The most common phytolith shapes observed were 

elongated, bilobates, rectangular, and bulliform. Interestingly, 

the acicular shape was exclusively found in the seed stalk of 

all rice varieties and only on the 120th day of growth. These 

findings align with previous studies, including the works of 

[33][34], which also reported changes in phytolith 

assemblages throughout the rice growing season and their 

correlation with the age and maturity of the crops. The study 

on crop varieties revealed a distinct pattern in terms of their 

growth stages and the presence of phytoliths, which are 

microscopic silica structures found in plant tissues. During the 

first stage, the crop known as BGB exhibited higher levels of 

PhytOC and aboveground biomass (AGB) compared to the 

second and third stages. Among the AGB crops, Thuyamalli 

displayed the highest phytolith content, with values of 0.022 

g/Kg in the first stage, 0.07 g/Kg in the second stage 

(Ponmani), and 0.042 g/Kg in the third stage (50/16). On the 

other hand, the lowest phytolith content was observed in 1009 

(0.003 g/Kg) in the first stage, Thuyamalli (0.029 g/Kg) in the 

second stage, and Thuyamalli (0.011 g/Kg) in the third stage. 

Regarding belowground biomass (BGB), CO51 exhibited the 

highest phytolith content at 0.046 g/Kg in the first stage, 

followed by Thuyamalli (0.020 g/Kg) in the second stage, and 

50/16 (0.006 g/Kg) in the third stage. Conversely, the lowest 

phytolith content was found in Thuyamalli (0.022 g/Kg) in the 

first stage, CO51 (0.011 g/Kg) in the second stage, and 

Thuyamalli (0.002 g/Kg) in the third stage. 

Recent investigations have shown the crucial part 

that BGB plays in the sequestration of PhytOC in various 

ecosystems such as bamboo forests, grasslands, and steppes 

[29][30]. However, in this particular study, the highest 

PhytOC content was only observed during the first stage, 

potentially due to the early growth phase of the crop. As the 

crop biomass increased in AGB, there was a corresponding 

increase in the PhytOC content. To enhance PhytOC 

production in crop tissues and achieve the maximum PhytOC 

sequestration potential, intensive management practices like 

fertilization and tillage can be employed [35]. These measures 

promote the accumulation of PhytOC and contribute to carbon 

sequestration in agricultural systems. 

The findings of the study revealed various 

relationships between phytolith and PhytOC in different 

growth stages of the plant. Moderate negative relationships 

were observed in 1AGB, 2AGB, and 2BGB, indicating that as 

the phytolith increased, PhytOC decreased. Conversely, weak 

and strong positive correlations were found in 1BGB, 3AGB, 

and 3BGB, suggesting that higher phytolith deposition was 

associated with higher PhytOC content. These results suggest 

that the relative yields of PhytOC are influenced by both 

phytolith deposition and the effectiveness of C trapping inside 

phytoliths as opposed to the amount of phytoliths absorbed by 

plants. Previous studies by [36-37][16] support these findings. 

Furthermore, the relationship between phytolith and carbon 

(C) content displayed a strong negative correlation across all 

growth stages. This implies that the effectiveness of C 

occlusion in phytoliths when plants are growing affects the 

carbon sequestration potential. This finding is consistent with 

the study conducted by [36]. Notably, the correlation between 

PhytOC and C content within phytoliths highlights the 

significant role of phytoliths as a tool for carbon sequestration. 

Several studies, such as those by [9][38][28][22], have also 

indicated a positive correlation, emphasizing the importance 

of phytoliths in carbon sequestration. In this study, the results 

align with previous research, demonstrating a strong positive 

correlation between PhytOC and C content within phytoliths 

in 1AGB and 2AGB. Moderate positive relationships were 

observed in 1BGB and 2BGB, while weak positive and weak 

negative correlations were found in 3AGB and 3BGB, 

respectively. These findings suggest that as the crop ages, the 

efficiency of C sequestration within phytoliths decreases, with 

the third growth stage exhibiting lower efficiency. It is 

noteworthy that AGB displayed higher efficiency of phytolith 

carbon sequestration compared to BGB. Overall, this study 

sheds light on the relationships between phytolith, PhytOC, 

and carbon content within phytoliths at different growth stages 

of the crop. The results emphasize the influence of phytolith 
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deposition and the effectiveness of C capturing in phytoliths 

on the relative yields of PhytOC. Furthermore, the study 

underscores the potential significance of phytoliths as a tool 

for carbon sequestration, with varying efficiency observed in 

different growth stages. These findings contribute to our 

understanding of carbon sequestration processes and emphasis 

the significance of taking phytoliths into consideration as a 

carbon sink in agricultural systems. 

6. CONCLUSIONS 

 This research looked into the impact of crop growing 

stage on the formation and ability of carbon occlusion within 

phytoliths in rice varieties. The findings revealed significant 

variations in the formation and carbon occlusion capacity of 

phytoliths at different growth stages. As the rice plants 

progressed through growth stages, there were notable changes 

in the quantity and quality of carbon occlusion within the 

phytoliths. This indicates that the growth stage plays a crucial 

role in shaping the carbon occlusion process in phytoliths. 

Understanding these dynamics is essential for comprehending 

the C sequestration potential of rice crops and developing 

strategies to enhance carbon storage in agricultural systems. 

Further research is warranted to explore the underlying 

mechanisms driving these stage-dependent changes in 

phytolith formation and carbon occlusion in rice varieties. 
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