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Abstract: Allelopathic compounds are chemical substances produced by weeds, including Imperata cylindrica, 

that can inhibit the absorption of nutrients and cell growth of neighboring plants. Tissue culture technique can be 

used to determine the effect of media composition on morphogenesis and cell proliferation, as indicated by related 

genes. Through the process of somatic embryogenesis, cells regenerate into whole plants via several phases initiated 

by gene expression. Genes are the signal that connects environmental cues and plant cells. The objective of this 

study was to determine the effect of allelopathic compounds from Imperata cylindrica root extract on the 

morphogenesis and cell proliferation of indigenous Indonesian rice plant. The used callus was derived from the 

seeds of Bondoyudo, Caok, Ciliwung and Situbagendit rice varieties. The results of callus induction were selected 

and transferred to regeneration media that had been treated with I. cylindrica roots extract of 2.5 g/L and 5 g/L.  The 

development of callus was monitored weekly for six weeks. As for the molecular analysis, four-week-old callus was 

utilized. The results demonstrated that the root extract of Imperata cylindrica had a specific effect on the 

morphogenesis and proliferation of rice cells depending on concentration and target plant. At a molecular level, the 

expression of the OsBBM, OsLEA, OsLEC1, OsSERK, and OsWOX4 genes was affected differently by the 

administration of allelopathic compounds at a concentration of 5 g/L on a molecular level. 
 

Keywords: Allelopathic compounds, Gene expression, Indonesia local rice, Tissue culture, Morphogenesis 

 

 

Introduction  
 

Tissue culture is the in-vitro or aseptic propagation of cells, tissues, or plant organs on artificial media, resulting in 

the regeneration of entire organs. Initially, tissue culture techniques were used to obtain large quantities of seeds in a 

short period of time. However, the development of tissue culture techniques has been applied to numerous purposes, 

including the assembly of high-yielding varieties. According to (Wahyurini 2009), the role of tissue culture 

techniques is extremely advantageous because it enables the rapid and large-scale production of plants with 

improved properties that are unaffected by environmental factors. Several factors, including sterile conditions, the 

composition of the medium, and the use of plant growth regulator (PGR) and suitable explants, have contributed to 

the success of tissue culture. The optimal combination of basic media and PGR will stimulate cell division during 

the morphogenesis process. Consequently, tissue culture can be used to determine the interaction between the 

http://www.isres.org/
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chemical composition of the media and plant cells. According to (Suparyono & Setyono 1997), tissue culture is an 

effective and efficient method for determining the response of cells to medium content, primarily because 

environmental conditions can be controlled in an in vitro culture setting. In tissue culture, the composition of the 

medium influences morphogenesis and proliferation in plants.   

 

Rice (Oryza sativa L.) is an important and primary staple crop for a number of nations, including Indonesia. Weeds 

are a typical problem in rice cultivation (Zarwazi et al., 2016). The presence of weeds on the field will interfere with 

the growth and development of the rice plants due to competition. Physically, weeds compete with rice plants for 

nutrients, air, and light as well as growing space, because weeds are capable of growing faster than rice plants. 

Chemically, the exudate released by weeds inhibits nutrient absorption and cell division. The exudate released by 

weeds is an allelopathic secondary metabolite. Based on previous research, allelopathic compounds have a profound 

effect on their targets (Narwal & Sampietro 2009). The presence of allelopathic compounds inhibits the growth and 

development of plants. One (Menambah pustaka)  of the plants that contain allelopathic compounds is reeds, due to 

the phenolic substances in the plant. Some of the potent allelopathic chemicals were abscisic acid and methyl 

caffeate which were extracted from cogon grass rhizomes (Suzuki et al., 2015). Another potential allelopathic 

substance produced by cogon were phenolic and aromatic acid (Hagan et. al., 2013). By preventing nutrient 

absorption and inhibiting plant cell growth, these substances could stunt the development of other plants (Kurniati et 

al., 2018). Karmegam et al. (2014) demonstrated that allelopathy could inhibit germination, germination length, total 

weight, and chlorophyll content in three rice cultivars.  

 

During the phases of morphogenesis and proliferation, the application of allelopathic compounds induces the 

expression of a number of genes in rice plants.  Genes, such as OsLEA, OsLEC1, OsSERK, OsBBM, and OsWOX4 

are involved. These genes have an impact on the morphogenesis of rice plant cells. Rice plants that are resistant to 

allelopathic compounds have a chemical defense mechanism, whereas those that are sensitive to allelopathic 

compounds lack a chemical defense mechanism, resulting in retardation of growth and development in response to 

the allelopathic compound (Usman et al., 2016).  

 

Several studies have reported the effect of allelopathic substances on rice plants, but the effect on morphogenesis 

and cell proliferation levels has not been comprehensively studied. Since the differentiation of explants into plantlets 

could be precisely followed and analyzed, this phenomenon could be studied using the tissue culture technique of 

rice callus induction. Therefore, it is possible to use tissue culture method to determine morphogenesis and cell 

proliferation in response to an allelopathic compound. The objective of this study was to determine the effect of 

allelopathic substances in the morphogenesis and cell proliferation responses of indigenous rice varieties in 

Indonesia. This research will provide the foundational knowledge necessary to comprehend the effect of allelopathic 

substance affects the growth of indigenous rice varieties in Indonesia.  

 

 

Materials and Methods 
 

Plant Material and Explant Planting 

 

Rice (Oryza sativa L). seed varieties of Bondoyudo, Caok, Ciliwung, and Situbagendit were used as material in this 

research. The above-mentioned seeds were surface sterilized using 70% ethanol prior to planting. Our study used 15 

rice seeds as explants in each petri dish with two replications. The sterilized rice seeds were then planted on a 

standard Murashige and Skoog (MS) medium (Macronutrients: NH4NO3, KNO3, CaCl2 · H2O, MgSO4 ·7H2O, 

KH2PO4; Iron: Na2-EDTA, FeSO4 · 7H2O. Micronutrients: MnSO4 · 4H2O, ZnSO4 · 7H2O, H3BO3, KI, 

Na2MoO4·2H2O, CuSO4·5H2O, CoCl2·6H2O) containing 30 g L
-1 

sucrose ,
 
3 g L

-1  
GELRITE

 
agar

 
supplemented with 

2 mg/l (2 ppm) 2,4-D (2,4 Doichlorophenoxyacetic acid) (for the callus induction according to Upadhyaya et al. 

(2015). The medium pH was adjusted to 5.8 prior to autoclaving at 120 
O
C and 1.5 atm for 15 minutes. The medium 

containing explant were maintained at growth chamber at 26 
O
C and 20% relative humidity in the dark condition. 

The seed explant was kept in for two to three weeks to observe callus formation. The weekly examination assessed 

the percentage of callus formation (%) and morphology of the callus. Visual observations were made using 

stereomicroscope and the calculations were performed as follows: 

 

Callus Induction Percentage=
Total Number of Callus

Number of Explant
×100% 

Callus size= 
(width+length)

2
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Callus Regeneration 

 

After two to three weeks of incubation, calli from individual varieties with the best growth performance in the 

induction media were then transferred into regeneration media to obtain healthy plantlets and intact plant parts 

consisting of shoots, roots, stems, and leaves that were unharmed. The regeneration medium used MS media with 

the addition of 2 mg L
-1

 Kinetin and 1 mg L
-1

 NAA. Subsequently, sterilized reed extract was then added to the MS 

media according to the treatment. The treatments including control, 2.5 g/l, and 5 g/l of reed extract with three 

replications.  

 

Afterward, we observe the morphological changes of the callus to plantlets. At 2 weeks and 4 weeks of age, the 

following parameters were observed: callus diameter, percentage of green spot, embryogenic callus morphology 

(percentage of callus in globular, scutellar, and coleoptile phases), percentage and number of plantlets formed, and 

plantlet morphology (shoot length, root length, and the number of leaves). 

 

 

RNA Extraction and Gene Expression Analysis 

 

Callus 4 days after planting (DAP) on regeneration media were used for RNA extraction. Total RNA was extracted 

from the callus using the Ribospin™ Plant kit (GeneAll, Korea). The extracted RNA was used as template to 

synthesize cDNA using the ReverTra Ace® qPCR RT Master Mix kit (Toyobo, Japan). To measure the expression 

level of target genes (OsBBM, OsLEA, OsLEC1, OsSERK, and OsWOX4), semi quantitative polymerase chain 

reaction (PCR) was performed using GoTaq® Green Master Mix (Promega, USA). List of primer used in this study 

was listed in Table 1. The PCR products were then separated in a 2% agarose gel stained by EtBr and visualized 

with a UV transilluminator (Bio-Rad, Germany ). The gel image of DNA bands were then captured and classified 

according to their thickness. 

 

Table 1. A list of primers used in semi quantitative RT-PCR 

Gene Primer NCBI reference sequence 

OsSERK 

Forward: 5’ TGC ATT GCA TAG CTT GAG GA 

3’ 

Reverse: 5’ GCA GCA TTC CCA AGA TCA AC 

3’ 

XM_015794373.2 

OsWOX4 

Forward: 5’ CGC TAA CGA AAC CAA AGA GG 

3’ 

Reverse: 5’ GGA AGA GCT CCA GGG TCA CT 

3’ 

XM_015779881.2 

OsLEC1 

Forward: 5’ CGT CGG TGG GAT GCT CAA 

GTC 3’ 

Reverse: 5’ GGT GCT CGA AGT TGA CGG TCT 

3’ 

XM_015769434.2 

OsBBM 

Forward: 5’ CGA TTT ACC GTG GCG TGA CA 

3’ 

Reverse: 5’ CGT GAA GAG CAT CCT GGA CA 

3’ 

XM_026019980.1 

OsActin 

Forward: 5’ TCC ATC TTG GCA TCT CTC AG 

3’ 

Reverse: 5’ GTA CCC GCA TCA GGC ATC TG 

3’ 

XM_015774830.2 

 

 

Experimental Design and Statistical Analysis 

 

This research employed a factorial Completely Randomized Design (CRD) method with two treatment factors and 

two replications. The first factor was rice varieties (Bondoyudo, Caok, Ciliwung, Situbagendit). The second factor 

was allelopathic treatment (control, 2.5 g/l, and 5 g/l) with three replications. The data obtained from the 

observations included both qualitative and quantitative data. Qualitative data were analyzed descriptively, whereas 

quantitative data were analyzed using ANOVA; if the results obtained were significantly different, further analysis 

was conducted using Duncan's Multiple Range Test (DMRT) with a confidence level of 95%. 
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Results and Discussions 
 

Callus Induction 

 

Induction of callus plays a crucial step in rice plant propagation. To regenerate into plantlets, callus must be of high 

quality. A high-quality callus that has a greater potential to regenerate into plantlets callus called embryonic callus. 

Before being transferred to regeneration media, the callus obtained from induction media must undergo a selection 

phase. Induction media (MS medium containing 2,4-D 2 mg/L) containing the explants were kept in a growth 

chamber at 27°C in the dark condition. Then, on day seven, all explants were injured and began to expand within the 

embryo. 14 days after planting (DAP), induction of callus was observed. 

 

 
Figure 1. Callus morphology of Indonesian local rice on MS medium containing 2,4-D 2 mg/L at 14 days after 

planting (DAP). (Bar= 1 mm). A: Bondoyudo, B: Caok, C: Ciliwung, D: Situbagendit. (Bar scale = 1mm). 

 

Figure 1 depicts the calli morphology at 14 days after planting the seed from Bondoyudo, Caok, Ciliwung, and 

Situbagendit rice as explants. The produced callus appear yellowish-white color at 14 DAP. Callus has a crumbly 

appearance due to its brittle nature and nodule-covered surface. This observation follows Minarsih et al. (2016), who 

state that an embryogenic callus has crumbly, nodular, and yellowish-white visual characteristics. Compared to a 

non-embryogenic callus, an embryogenic callus has a greater ability to regenerate into plantlets, making it an ideal 

explant for regeneration. In this study, we discovered that the addition of 2,4-D hormone to Murashige and Skoog 

(MS) medium at a concentration of 2 mg/L is an effective method for inducing embryogenic callus formation in 

Bondoyudo, Caok, Ciliwung, and Situbagendit Rice.   

 

The percentage of explants that were successfully induced to form callus was determined for 14-day-old calluses in 

the induction medium (Table 2). The percentage was calculated by dividing the number of produced calli by the 

number of explants planted and multiplying the result by 100%. The callus diameter was then measured using the 

Imager Raster and Optilab to determine its size. 

 

Table 2. Percentage and diameter of callus formation on MS media containing 2,4-D 2 mg/L at 14 days after 

planting 

Varieties Callus induction percentage (%) Diameter callus (mm) 

Bondoyudo 73.5 ± 4.32
a
 6.61 ± 0.15

b
 

Caok 58.50 ± 0.97
b
 8.2 ± 0.04

a
 

Ciliwung 59.89 ± 2,76
b
 6.45 ± 0.6

b
 

Situbagendit 51.20 ± 4.16
b
 8.22 ± 0.13

a
 

Note: Numbers followed by the same letter showed an insignificant difference on 5% DMRT test  

 

The statistical analysis of the percentage of callus induction variables yielded significantly different results, as 

shown in Table 2. Bondoyudo Rice exhibited the highest percentage of callus formation (73.5%), whereas 

Situbagendit Rice exhibited the lowest percentage (51.2 percent). Similarly, the results for the callus diameter 

variable varied significantly. Situbagendit rice produced the largest callus diameter (8.22 mm), followed by Caok 

Rice (8.2 mm), Bondoyudo Rice (6 mm), and Ciliwung Rice (6 mm) (6.45 mm). The differences in callus formation 

response showed by rice varieties might reflect several factors that influence the callus induction including the 

genotype and composition of the media used (Michel et al., 2008). 

 

Bondoyudo rice responded better in callus formation than the other three rice varieties, although the resulting callus 

diameter was smaller in comparison to Caok and Situbagendit. Caok, Ciliwung, and Situbagendit shared a similar 
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lower percentage of callus formation in comparison to Bondoyudo rice. The callus diameter also varies among the 

rice varieties. The callus diameter of Bondoyudo and Ciliwung shared an almost similar size of ± 6 mm, whereas 

Caok and Situbagendit shared a larger diameter of ± 8.2 mm. Among the 4 rice varieties, Ciliwung rice has a 

relatively lower percentage of callus formation and callus diameter. This phenomenon is presumably linked to the 

genotype of each rice variety. Furthermore, each rice seed used as an explant was already accompanied by 

endogenous growth regulators. The application of the exogenous growth regulator may interact with the plants' 

endogenous growth regulator. This collaboration of exogenous and endogenous growth regulators result in the 

formation of specific organs or tissues when exogenous growth regulators are introduced to shape the direction of 

culture development. Sari et al. (2014) report that the administration of the 2,4-D hormone promoted callus 

morphogenesis.  

 

 

Callus Regeneration 

 

The calli obtained at the induction stage were transferred to regeneration media supplemented with the hormones 

NAA 1 mg/L and Kinetin 2 mg/L, as well as alang-alang root extract as a treatment. There were three types of 

treatment: P0 as control or without the addition of cogon grass root extract, P1 with the addition of cogon grass root 

extract 2.5 g/L, and P2 with the addition of alang-alang root extract 5 g/L. To replenish the nutrients in the media, 

media replacement occurs every two weeks. The transferred calli were incubated for 16 hours of light at 27 
o
C 

(room temperature). During a six-week period, the morphology of a callus was monitored weekly. In the first two 

weeks, the induced calli were transferred to regeneration media using a Petri dish and at the following week, they 

were transferred to regeneration media using a tube to facilitate observation of the newly formed plantlets.  

 

 
Figure 2. Morphological changes of rice calli after 14 and 28 days grown on the MS medium containing NAA 1 

mg/L and Kinetin 2 mg/L. The addition of alang 3a’ytrsIUYTREW-alang extract  of P0 = 0 g/L, P1= 2.5 g/L, and 

P2= 5 g/L. A:Bondoyudo, B:Caok, C:Ciliwung, D: Situbagendit. 

 

Plant regeneration can be obtained by somatic embryogenesis, a formation of embryonic cells from somatic cells. 

Somatic embryogenesis consists of two phases; the induction phase, during which differentiated somatic cells 

acquire embryogenic competence and proliferate as embryogenic cells; and the expression, during which the 

embryogenic cells express their embryogenic competence and differentiate into somatic embryos. After the 

embryogenic induction is completed, the next stages are the globular, scutellar, and coleoptile stage for monocot 

plants (Mastuti, 2017). 

 

There are several stages of embryogenesis in monocotyledonous plants such as rice, including: pro-embryo, 

globular, scutellar, and coleoptile. Figure 2 showed the morphological changes 0, 14, and 28 DAP of callus grown 

on P0, P1, and P2. When the callus was transferred from the induction medium, the surface of each explant was a 

shiny and dry nodule. This indicated that the callus had reached the pro-embryo mass (PEM) stage. After 4 days of 

incubation in regeneration media, all  local Indonesian rice callus developed green spots, with the exception of 

Situbagendit rice on media treated with 2,5 g/L (P2). Greenspot signified an essential stage in tissue culture because 

it is an early indicator of callus regeneration (Artadana et al., 2017).  

 

The progression of green spot formation depends on the viability and regeneration of the calli used. At the time of 

induction, the callus used was two weeks old and was not subcultured. According to Minarsih et al (2016), the long-
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term use of 2,4-D hormone causes genetic variations and inhibits regenerative capacity of plants. In general, young 

explants from meristematic tissue that have undergone dedifferentiation are easier to regenerate into plantlets than 

older explants (Morrish et al., 1987).   

 

On 14 DAP, callus planted on control media (P0) of all rice emerged green and had entered the coleoptilar phase, 

characterized by the elongation of the callus surface nodules. Bondoyudo rice even demonstrated a marginally 

superior performance, as it has been successful in producing plantlets with the appearance of leaves. All rice 

varieties produced shoots when treated with alang-alang root extract at 2.5 g/L (P1) concentration. Bondoyudo rice 

has entered the coleoptilar phase in a solution containing 5 g/L cogon grass root extract (P2). 14 days after planting, 

Caok rice grew more slowly and remained in the scutellar stage. This stage is characterized by the formation of a 

liver-like cell mass in which the cell's center is lower and the right side left protrudes due to faster cell division 

(Yadav et al., 2020). Ciliwung rice has successfully produced shoots at 14 DAP. In the meantime, the Situbagendit 

rice callus had entered the coleoptilar phase despite the absence of green spots and the occurrence of the albino 

phenomenon.  

 

Without alang-alang root extract (P0), Bondoyudo and Ciliwung rice produced shoots after 28 DAP. However, 

neither Caok nor Situbagendit rice had yet sprouted. Nonetheless, the growth progression of Caok and Situbagendit 

rice improved over the previous fourteen days. In contrast, all explants that were exposed to 2.5 g/L of cogon grass 

root extract (P1) developed shoots. Under the treatment with 5g/L cogon grass root extract, Bondoyudo, Caok, and 

Ciliwung were successful in producing shoots, whereas Situbagendit failed to produce shoots. The calli of 

Situbagendit rice appeared albino and underwent browning in certain areas. 

 

The response of callus from different rice varieties to treatment with cogon grass root extract during plantlet 

formation was variable (Figure 2). The genetic factor of the rice calli and the concentration of the cogon grass root 

extract may affect this result. Compared to the control (P0), the administration of 2.5 g/L (P1) of cogon grass root 

extract showed no significant difference. However, callus treated with 5 g/L of cogon grass root extract 

demonstrated a slower regeneration process. According to Yulifrianti et al. (2015), allelopathic compounds inhibit 

the absorption of nutrients in the medium and the division of plant cells. In addition to its inhibitory effect, a 

concentration of 5 g/L of cogon grass root extract caused the callus of Situbagendit rice to become albino. Albinism 

is caused by DNA damage in the plastid or nucleus, or by the addition of chemical compounds to the media (Sun et 

al., 1979). 

 

Table 3. Percentage of callus greenspots during the second and fourth weeks of treatment 

Varieties Treatment 
Green Spot Percentage(%) 

2nd week 4th week 

Bondoyudo 

P0 91.67 ± 8.33
a
 100 ± 0 

P1 91.67 ± 8.33
a 

100 ± 0
 

P2 83.33 ± 8.33
a 

100 ± 0
 

Caok 

P0 91.67 ± 8.33
a 

100 ± 0
a 

P1 91.67 ± 8.33
a 

100 ± 0
a 

P2 83.33 ± 16.67
a 

91.67 ± 8.33
a 

Ciliwung 

P0 91.67 ± 8.33
a 

100 ± 0
a 

P1 91.67 ± 8.33
a 

91.67 ± 8.33
a 

P2 91.67 ± 8.33
a 

91.67 ± 8.33
a 

Situbagendit 

P0 91.67 ± 8.33
a 

100 ± 0
a 

P1 91.67 ± 8.33
a 

100 ± 0
a 

P2 0
b 

8.33 ± 8.33
b 

Note: Numbers followed by the same letter showed an insignificant difference at 5% DMRT test  

 

The two-week-old calli were transferred to the regeneration media containing various concentrations of allelopathic 

compounds and incubated for six weeks at 16/8 hours of irradiation (light/dark). During the second and fourth week, 

observations were performed regarding green-spotted callus. The percentage of green spots in the second week is 

displayed in Table 3. In the second week, all rice in the P0 (control) and P1 (2.5 g/L) treatments produced 91.67 

percent green spots. However, the P2 (5 g/L) treatment reduced green spot appearance on Bondoyudo and Caok rice 

to 83.33 percent, whereas Situbagendit rice had not yet entered the green spot phase. In contrast, the administration 

of allelopathic compounds of cogon grass root extract on P1 (2.5 g/L) and P2 (5 g/L) in Ciliwung rice had no effect 

on the formation of green spots at 2 weeks of age. In the fourth week, the treatment of Bondoyudo rice with 

allelopathic compounds of cogon grass root extract at concentrations of 2.5 g/L (P1) and 5 g/L (P2) did not differ 

from the control (P0). They have all successfully progressed to the green spot phase. This result suggests that the 

allelopathic compounds affect the formation of green spot differently among the rice varieties. This effect of cogon 
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grass root extract was likely to be slightly concentration-dependent as seen in Bondoyudo, Caok, and Situbagendit, 

especially during 2 weeks of culture. Ciliwung, on other hand displayed no apparent effect during 2 weeks of culture 

due to the given treatments. In addition, the effect of P1 and P2 in Bondoyudo also appears to be diminished on the 4 

weeks of culture. This finding highlights the response and sensitivity or tolerance differences shown among 4 rice 

varieties.  

 

Treatment of Caok Rice with 2.5 g/L cogon grass root extract (P1) had no effect on the formation of green spots; 

however, treatment with 5 g/L cogon grass root extract (P2) reduced the green spot phase by in to 91.6%. The 

allelopathic compounds applied at P1 (2.5 g/L) and P2 (5 g/L) in Ciliwung Rice could reduce the green spot phase 

by 91.67 percent. The P1 treatment had no effect on Situbagendit Rice, but the P2 treatment drastically reduced the 

green spot phase by up to 8.33%. The addition of 5 g/L allelopathic compounds to Situbagendit callus caused the 

callus to become albino. The presence of chemical compounds in the medium causes damage to the nucleus or 

plastids in cells, preventing the formation of green spots in an albino callus (Sun et al., 1979).  

 

Due to photosynthesis induction in the regenerated callus by light exposure, the regenerated calli can produce green 

spots. It is important to observe the formation of green spots because they are frequently used as an indicator of 

plant regeneration. The purpose of the plant regeneration parameter is to determine the number of plantlets that will 

develop from the regenerated callus (Nabors et al., 1982). 

 

Table 4. Percentage of calli that entered globular, scutellar, and coleoptilar phases (%) 

Varieties Treatment 
2 weeks 4 weeks 

Globular Scutellar Coleoptilar Globular Scutellar Coleoptilar 

Bondo- 

yudo 

P0 0 6.67 ± 6.67 93.33 ± 6.67 0 0 100 ± 0 

P1 0 13.33 ± 6.67 86.67 ± 6.67 0 6.67 ± 6.67 93.33 ± 6.67 

P2 0 20 ± 11.55 80 ± 11.55 0 13.33 ± 6.67 86.67 ± 6.67 

Caok 

P0 0 6.67 ± 6.67 93.33 ± 6.67 0 0 100 ± 0 

P1 0 6.67 ± 6.67 93.33 ± 6.67 0 0 100 ± 0 

P2 0 26.67 ± 17.64 73.33 ± 17.64 0 20 ± 11.55 80 ± 11.55 

Ciliwung 

P0 0 13.33 ± 6.67 86.67 ± 6.67 0 6.67 ± 6.67 93.33 ± 6.67 

P1 0 13.33 ± 6.67 86.67 ± 6.67 0 6.67 ± 6.67 93.33 ± 6.67 

P2 0 20 ± 0 80 ± 0 0 13.33 ± 6.67 86.67 ± 6.67 

Situ- 

bagendit 

P0 0 33.33 ± 33.33 93.33 ± 6.67 0 0 100 ± 0 

P1 0 13.33 ± 13.33 86.67 ± 13.33 0 6.67 ± 6.67 93.33 ± 6.67 

P2 0 20 ± 11.55 73.33 ± 6.67 0 13.33 ± 13.33 80 ± 11.55 

Note: Numbers followed by the same letter showed an insignificant difference at 5% DMRT test  

 

In Table 4, the percentage of callus that entered the globular, scutellar, and coleoptile phases within two and four 

weeks of subcultivation on regeneration media is displayed. The globular phase is characterized by a spherical 

shape, which is followed by the formation of a scutellar phase embryo, which is the transitional phase to coleoptile, 

or the first young shoots to emerge (Zhao et al., 2017).   

 

The induced callus is embryogenic and has reached the pro-embryonic mass phase. One day after being transferred 

to callus regeneration media, the callus developed and entered the globular phase. All calluses at 2 weeks of age had 

entered the scutellar and coleoptile phases. Even the percentage of callus that had entered the coleoptile phase was 

greater than the percentage of callus that had entered the scutellar phase. At four weeks of age, the callus has 

developed and a greater proportion of callus has entered the coleoptilar phase. According to Table 3, Bondoyudo and 

Situbagendit treated with allelopathic compounds of cogon grass root extract grew more slowly. The phase of callus 

development appeared to be more impeded as the concentration of allelopathic compounds increased. In contrast, 

the growth of Ciliwung and Caok rice treated with 2.5 mg/L cogon grass root extract (P1) did not differ from that of 

rice untreated with allelopathic compounds (P0). However, a concentration of 5 g/L cogon grass root extract (P2) 

prevented callus formation. 

  

The application of allelopathic compounds had an effect on the explants proportional to the concentration level and 

the target plant. Table 4 reveals that 2.5 g/L of cogon grass root extract (P1) exhibited allelopathic properties in 

Bondoyudo and Situbagendit rice, but showing no effect on Caok and Ciliwung rice compared to the control (P0) 

treatment. At a concentration of 5 g/L, allelopathic compounds inhibited the callus development phase in 

Bondoyudo, Caok, Ciliwung, and Situbagendit rice. The allelopathic compounds found in plant cells can inhibit cell 

division and differentiation, thereby impeding the regeneration process (Cheng & Cheng 2015). 
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Table 5.  Rice callus proliferation at 2 and 4 weeks 

Varieties Treatment 
Callus Diameter (mm) 

2-week 4-week 

Bondoyudo P0 7.10 ± 0.05
b
 8.14 ± 0.06 

 P1 6.66 ± 0.19
a
 8.01 ± 0.10 

 P2 6.43 ± 0.25
ab

 7.77 ± 0.11 

Caok P0 7.52 ± 0.06 8.60 ± 0.05 

 P1 7.89 ± 0.02 8.65 ± 0.12 

 P2 7.19 ± 0.06 7.67 ± 0.08 

Ciliwung P0 7.13 ± 0.09 8.28 ± 0.08 

 P1 6.82 ± 0.28 7.83 ± 0.05 

 P2 6.42 ± 0.05 6.78 ± 0.04 

Situbagendit P0 7.11± 0.05 8.03 ± 0.17 

 P1 7.27± 0.07 8.19 ± 0.01 

 P2 6.58 ± 0.14 7.71 ± 0.08 

Note: Numbers followed by the same letter showed an insignificant difference at 5% DMRT test  

 

 

 

 

 
Figure 3. Morphological changes of plantlet emerged from calli at individual explant 42 days of age grown on the 

MS medium containing NAA 1 mg/L and Kinetin 2 mg/L. The addition of cogon grass root extract into the media 

were applied as P0 = 0 g/L, P1= 2.5 g/L, and P2= 5 g/L. A: Bondoyudo, B: Caok, C: Ciliwung, D: Situbagendit. 
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Proliferation is the cumulative result of an individual's cell cycle. Proliferation is the capacity of cells to divide, 

resulting in an increase in cell number. Typically, cells proliferate to increase their number or to replace dead cells. 

In addition to cell differentiation and death, cell proliferation is a growth and development determinant in plants 

(Novikova et al., 2013). In the In vitro culturing condition, proliferation is tightly regulated by the composition of 

the culture medium. There are chemical compounds in the medium that can either inhibit or stimulate plant cell 

proliferation.  

 

It is demonstrated in Table 5, the administration of allelopathic compounds in Bondoyudo rice produced a highly 

significant effect in the second week, with the concentration of allelopathic compounds decreasing callus 

proliferation. The administration of allelopathic compounds to Caok, Ciliwung, and Situbagendit rice was not 

statistically significant, but it was observed that the higher the concentration of allelopathy compounds, the more 

they inhibited the process of cell proliferation. In the fourth week, the progression of callus development in terms of 

cell proliferation is indicated by an increase in callus diameter over the previous two weeks. Similar to the second 

week, the proliferation decreased in the fourth week due to the presence of allelopathic compounds. 

 

Table 6. Percentage of plantlet formation during 42 days of age grown on regeneration media with the addition of 

cogon grass root extract 

Varieties Treatment 
Percentage of  

Plantlet Formation (%) * 
Total Plantlet ** 

Bondoyudo 

P0 100 ± 0
a
 15 

P1 100 ± 0
a
 9 

P2 75 ± 11.18
b 
 8 

Caok 

P0 100 ± 0
a
 6 

P1 100 ± 0
a
 12 

P2 75 ± 7.91
b
 3 

Ciliwung 

P0 50 ± 7.91
a
  6 

P1 50 ± 13.69
a
  4 

P2 50 ± 13.69
a
 3 

Situbagendit 

P0 100 ± 0
a
 5 

P1 100 ± 0
a
 12 

P2 70 ± 9.35
b
 2 

*Average percentage of callus that produced plantlet. Number followed by the same letter showed an insignificant 

difference at DMRT test 5%. ** Number of plantlets produced from callus 

 

According to Table 6, all explants from the varieties utilized in this study are capable of regenerating into plantlets 

regardless of treatment. This indicates that the selected explants can be cultured because they have a high capacity 

for regeneration and plantlet formation. However, when treated with cogon grass root extract at a concentration of 5 

g/L (P2), plantlet formation appeared to decrease.  

 

A 100 percent of the callus of Bondoyudo rice in the control treatment (P0) produced 15 plantlets, indicating the 

formation of plantlets. In the presence of 2.5 g/L of cogon grass root extract (P1), all calli were able to produce 

healthy plantlets. In the subsequent treatment with 5 g/L (P2), 75% of callus has been successfully generated the 

Caok rice in the control treatment (P0) produced six plantlets. In the 2.5 g/L (P1) treatment, all calli generated 12 

plantlets. In contrast, the 5 g/L (P2) treatment successfully induced plantlet development in 75% of the planted 

callus In each treatment, 50% of Ciliwung Rice explants produced plantlets. The control treatment produced six 

plantlets, P1 produced four plantlets, and P2 produced three plantlets. On the control (P0) media, Situbagendit rice 

explants have a 100 percent callus formation rate 75 percent fewer plantlets were produced in the 5 g/L (P2) 

treatment, namely two plantlets.  

 

The effect of cogon grass root extract concentration on callus affects the proportion of plantlet formation. The higher 

the concentration, the lower the percentage of plantlet formation, although no effect was found on the formation of 

plantlets in Ciliwung rice. Rice explants also reacted differently to cogon grass root extract. Bondoyudo and 

Ciliwung rice responded negatively to an increased plantlet. The greater the concentration, the fewer plantlets are 

produced. In Caok and Situbagendit rice, the 2.5 g/L of cogon grass root extract produced a greater total number of 

plantlets than the control treatment. At 5 g/L of cogon grass root extract, however, the total number of plantlets 

drastically reduced. The differential effect of allelopathic compounds on plantlet formation was influenced by the 

target plant's concentration and sensitivity (Gniazdowska et al., 2015). According to Rice (2012), allelochemicals 

can either inhibit or promote the plant growth, depending on certain concentrations. This was supported by a study 

by Yar et al. (2020) that low concentrations of allelochemicals can stimulate germination and plant growth. 
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Table 7. Length of shoot, length of root, and number of leaves of plantlets from each variety from different 

treatments 

Varieties Treatments Length of shoot (mm)* Length of root (mm)* Number of leaves** 

Bondoyudo 

P0 75.99 ± 10.65a 10.67 ± 0.78a 27 

P1 43.92 ± 4.55b 8.71 ± 0.66ab 15 

P2 38.8 ± 10.03b 7.57 ± 1.24b 10 

Caok 

P0 81.69 ± 10.87ab 10.77 ± 1.48a 19 

P1 89.77 ± 26.31a 15.25 ± 2.23a 26 

P2 32.39 ± 5.27b 9.49 ± 2.13a 9 

Ciliwung 

P0 118.34 ± 3.46a 10.74 ± 1.14a 14 

P1 70.58 ± 22.29b 10.37 ± 1.82a 7 

P2 29.20 ± 5,61c 8.36 ± 1.4a 6 

Situbagendit 

P0 38.96 ± 11.67b 7.60 ± 0.38ab 15 

P1 106 ± 33.06a 12.78 ± 3.20a 28 

P2 18.34 ± 1.36b 4.24 ± 0.35b 2 

*Average percentage of callus that produced plantlet. Numbers followed by the same letter showed an insignificant 

difference at 5% DMRT test.**Number of leaves that produced in plantlet 

 

Table 7 demonstrates that each type of rice grown on regeneration media responded differently to the treatments. 

Bondoyudo rice responded negatively to shoot length, root length, and leaf number. The shoot length, root length, 

and number of leaves produced decrease as the concentration of treatments increases (P1 and P2). The length of the 

shoot was 75.99 mm at the control medium (P0), 43.92 mm at the P1 medium, and 38.8 mm at the P2 medium. P0 

root length was 10.67 mm, P1 root length was 8.71 mm, and P2 root length was 7.57 mm. Following a similar trend, 

the leaves of Bondoyudo rice grown in the control (P0), P1, and P2 medium produced 27, 15, and 10 leaves, 

respectively. Figure 3 demonstrates that the plantlets formed on P2 media emerged from a browning callus, resulting 

in inferior growth of shoots and number of leaves compared to P0 and P1 media. Nevertheless, Bondoyudo callus 

grown on P2 showed a dense root growth. Bondoyudo variety appears to be sensitive to the treatment of cogon root 

extract in a concentration-dependent manner. 

 

Caok rice grown in P1 media shown a positive effect on shoot length (89.77 mm), root length (15.25 mm), and leaf 

number (26), compared to control media (81.69 mm, 10.77, and 19 leaves). Meanwhile, the effect of P2 in the callus 

growth seems to be showing an inhibitory effect. The shoot length, root length, and number of leaves were 

decreased in comparison to P0 and P1. Moreover, observation of Caok callus grown for 42 days revealed that on P2 

media, callus exhibited browning and denser root growth than on control (P0) and P1 media (Figure 3). Caok variety 

shown a stimulatory response upon the P1 treatment and inhibitory response upon the P2 treatment. 

 

Ciliwung rice grown in the control medium had the highest values for shoot length (118.34 mm), root length (10.74 

mm), and number of leaves (14 strands). Although P1 showed a decrease in comparison to P0, P2 media showed the 

lowest values for shoot length (29.2 mm), root length (8.36 mm), and number of leaves (6). This indicates the 

sensitivity shown by Ciliwung variety upon the treatment of cogon root extract in a concentration-dependent 

fashion. Based on plantlet morphology, there were several browning calli in each treatment medium after 42 days. 

This result may be associated by the endogenous factors working within the rice callus  

 

In comparison to control media, Situbagendit rice grown in P1 medium produced the longer shoots (106 mm), roots 

(12.76 mm), and most leaves (28 strands). The P2 medium yielded the shortest shoot length of 18.34 mm, the 

shortest root length of 4.24 mm, and few of leaves. Based on the morphology of the callus, Situbagendit grown in 

P2 medium produced white (albino) callus and some browning callus. Albino callus resulted in the development of 

albino plantlets. Albino is an abnormal condition in which plant cells cannot produce chlorophyll pigment and 

disrupt the chloroplast membrane's differentiation process. Therefore, albinism causes insufficient photosynthesis 

and accelerates plant mortality (Kumari et al., 2009). 

 

 

Gene Expression 

 

In this study, the regulatory genes, such as OsBBM, OsLEA, OsLEC1, OsSERK, and OsWOX4 were analyzed during 

the development of somatic embryogenesis using the thickness of the band obtained from electrophoresis and PCR 

results, visualized with a UV-transilluminator. The band was the results of 28-day-old callus RNA from Bondoyudo, 

Caok, and Ciliwung rice on the regeneration media. Because the callus had visually or morphologically matured 

after 28 days, it was easier to compare gene expression and morphology.  
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During the development of somatic embryogenesis, several regulatory genes, including OsBBM, OsLEA, OsLEC1, 

OsSERK, and OsWOX4, were analyzed in this study using the band thickness obtained from electrophoresis and 

PCR results visualized using a UV-transilluminator. The bands were obtained from is the identified RNA of 

Bondoyudo, Caok, and Ciliwung rice callus grown on the regeneration media for 28 days. The 28-day-old callus was 

utilized as it was easier to compare the gene expression with callus morphology. 

 

 
Figure 4. The gene expression of OsBBM, OsLEA, OsLEC1, OsSERK, OsWOX4. The expression of housekeeping 

genes, i.e. OsACTIN, was used as a reference. RNA used for gene expression analysis were harvested from callus 

grown for 28 days on the regeneration media. 

 

Our study reveals that the treatment of 2.5 g/L (P1) and 5 g/L (P2) of cogon grass root extract had no effect on the 

expression level of OsBBM gene in Bondoyudo, Caok, and Ciliwung rice. In contrast, the expression of OsBBM 

gene in the Situbagendit rice was significantly lower in both control (P0) and treatment (P1 & P2) than in the other 

three rice varieties. The effect of cogon grass root extract on the expression of OsBBM was observed at a 

concentration of 5 g/L (P2). The band was significantly less intense than P0 and P1. Rice BABYBOOM (OsBBM) 

gene regulates somatic embryo induction, cell differentiation, and plant development (Jha & Kumar 2018). OsBBM 

stimulates the expression of Auxin biosynthesis genes which is an essential process in somatic embryogenesis, 

especially in callus induction (Khanday et al., 2020). In our study, Situbagendit showed slower progression of shoot 

development at 28 DAP in comparison to the other three rice varieties. Given that OsBBM also induce the somatic 

competence (Khanday et al., 2020), the lower expression of OsBBM might partially explain the slower progress of 

shoot development at 28 DAP. The success of callus regeneration to plantlets is essential, since it demonstrates the 

success of somatic embryogenesis as a cumulative result of the simultaneous collaboration of essential genes in 

plant development (Figure 2 and 3).  

 

The OsLEA gene expression was detected in Bondoyudo, Caok, Ciliwung, and Situbagendit, although the intensity 

of the band differs between rice varieties. The Bondoyudo, Caok, and Situbagendit rice exhibited a slight increase in 

band intensity between P1 and P2 relative to P0. A slight clear increase of band intensity was observed upon P2 

treatment in Bondoyudo, Caok, and Situbagendit. In contrast, the expression of OsLEA in Ciliwung was comparable 

between P0, P1, and P3. According to Hong-Bo et al. (2005), the expression of the Late Embryogenesis Abundant 

(LEA) gene indicates the increased allelopathic content of plant media, associated with the regulation of abiotic 

stresses. According to Cheema et al. (2013), the administration of allelopathic compounds to the growing medium 

can induce abiotic stress because allelopathic compounds themselves can inhibit plant absorption of nutrients. 

According to Hong-Bo et al. (2005), LEA is a protein that protects the cytoplasm from drought conditions. Based on 

our results (Figure 4), we hypothesize that cogon grass root extract can increase the LEA gene expression, when 

administered. Therefore, the addition of allelopathic compounds can inhibit the regeneration of plantlets compared 

to the absence of allelopathic treatment.  

 

Figure 4 demonstrates that the OsLEC1 gene was expressed differently in each treatment and variety. The OsLEC1 

gene controls the somatic embryo development and embryo maturation (Kumar et al., 2020). The OsLEC1 gene 

expression in Bondoyudo and Caok experience an inconsiderable effect among the control and treatments. 

Conversely, the OsLEC1 gene expression was observed at a higher level in P0 and P1 than in P2 in Ciliwung and 

Situbagendit. This indicate there is a slight suppression effect of the treatment of cogon grass root extract to the 

expression of OsLEC1, especially at the concentration 5 g/L (P2). According to our findings, the administration of 

cogon grass root extract has various effects on the expression of OsLEC1 gene in different rice varieties. Our study 

pronounces the application of cogon grass root extract has minimum effect on the OsLEC1 gene expression in 

Bondoyudo and Caok rice, but a suppression was found in Ciliwung and Situbagendit rice under the treatment of 5 

g/L (P2). This finding is in the accordance with Gniazdowska et al. (2015), who stated that the effect of 

allelochemicals is dependent on the concentration and sensitivity of the target plant. The expression of OsSERK 
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gene in Bondoyudo and Caok rice remained constant in control and under the treatment. However, in Ciliwung and 

Situbagendit, the OsSERK gene expression was relatively high in P0 and P1, and lower in P2. These results indicate 

that cogon grass root extract administered at up to 5 g/L concentrations had no effect on the expression of OsSERK 

gene in Bondoyudo and Caok rice. However, in Ciliwung and Situbagendit, the expression of OsSERK gene under 

the treatment of P2 was slightly downregulated. Although the OsSERK gene mainly expressed in callus during 

morphogenesis (Hu et al., 2005), it also regulates root development, immune responses, and cell death (Kumar & 

Van Staden 2019).   

 

The expression of OsWOX4 gene in four rice varieties was depicted in Figure 4. The expression of OsWOX4 in 

Bondoyudo and Caok were distinct in both control (P0) and treatments (P1 & P2). The treatments of 2,5 and 5 g/L of 

cogon grass root extract apparently did not alter the level of OxWOX4 expression in both varieties. Meanwhile, 

although under P1 treatment Ciliwung and Situbagendit showed no difference in expression level with respect to the 

control, the expression of OsWOX4 was significantly reduced under the treatment of 5 g/L of cogon grass root 

extract. This study showed that the treatment of cogon root extract affects expression of OsWOX differently depends 

on the variety used. The OsWOX4 gene has multiple functions, including embryogenesis, root elongation, meristem 

cell maintenance, and early leaf development (Yasui et al., 2018). In addition, the OsWOX4 gene influences cell 

proliferation and root tip elongation, which contribute to the formation of primary root length (Chen et al., 2020). 

 

The gene expression analysis using RT-PCR, visualized in a UV-transilluminator revealed that rice varieties grown 

in vitro and treated with cogon grass root extract express genes at different levels. The expression level of OsBBM 

gene in Situbagendit rice was affected by the administration of allelopathic compounds at a concentration of 5 g/L 

(P2) while the P0 and P1 treatment show less differences. Subsequently, the allelopathic compounds can slightly 

induce OsLEA expression in all rice varieties, with Ciliwung as an exception which has the similar level of 

expression in P1 and P2 treatments compared to the control (P0). Rice varieties differ in their expression of  

OsLEC1 gene. Bondoyudo and Caok rice treated with 2.5 g/L (P1) and 5 g/L (P2) exhibited no effect on the OsLEC1 

gene expression level. In contrast, the expression of OsLEC1 gene was suppressed in Ciliwung and Situbagendit 

under the P2 treatment, whereas under P1 and P0, OsLEC1 expression was maintained at the same level. The 

OsSERK and OsWOX4 genes exhibited identical patterns of gene expression. Bondoyudo and Caok varieties at P0, 

P1, and P2 expressed both genes at a comparable level. Under the influence of OsSERK and OsWOX4 genes, 

however, a moderate to obvious reduction in band thickness was observed. This means that the expression of 

OsLEC1, OsSERK, and OsWOX4 genes responds similarly to the treatment of allelopathic compounds of cogon 

grass root extract, particularly at a concentration of 5 g/L (P2), which caused a significant reduction in expression 

level among the three genes. 

  

 

Conclusion 
 

The administration of allelopathic compounds has a specific stimulatory/inhibitory effect depending on the 

concentration administered and the target plant. In tissue culture, the correct quantity of stimulatory substance can 

promote the growth and development of cultured plant on the media. The administration of 2.5 g/L allelopathic 

compounds stimulated the morphogenesis and proliferation of Caok and Situbagendit rice, except in Bondoyudo and 

Ciliwung rice. The administration of 5 g/L allelopathic compounds inhibited morphogenesis and cell proliferation 

significantly in all four rice varieties. Administration of allelopathic compounds can also have diverse effects on the 

expression of OsBBM, OsLEA, OsLEC1, OsSERK, and OsWOX4 genes at the molecular level. The expression of 

essential genes in morphogenesis and cell proliferation may influence the growth and development of plants in their 

respective media. This research investigates the effect of allelopathic compounds in stimulating or inhibiting the 

growth and development of plant tissue in culture media.  Future research should be carried out to dissect the effect 

of allelopathic compounds on other rice varieties as well as numerous essential genes. 
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