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Abstract 

Walla patta (Gyrinops walla Gaertn.) belongs to family Thymelaeaceae, is a valuable 

endemic plant in Sri Lanka. Recently, this species has become a topic of wide interest 

due to its ability to produce highly valuable agarwood resin. Commercial cultivation 

of the species is yet to start, thus natural habitats are tremendously under pressure 

due to illegal harvest. The seeds of G. walla are recalcitrant and loose the viability 

within a shorter period of time. Due to the limited availability of information, the 

present study was aimed at evaluating the effect of plant growth regulators on seed 

germination. The experiment was conducted in a protected plant house at the Faculty 

of Agriculture, University of Ruhuna from September 2019 to January 2020. A 

completely randomized design (CRD) was used with three replicates. The influence 

of gibberellic acid (GA3), indole-3-acetic acid (IAA), and indol-3-butyric acid (IBA) at 

800 ppm, 1000 ppm, and 1200 ppm concentrations on seed germination of the G. 

walla were investigated. Seeds soaked in nine different hormone solutions for 24 

hours were placed in disinfected sand media and germinations were recorded daily 

up to 60 days. Seeds treated with water served as the control. Final germination 

percentage, mean germination time, mean daily germination, germination rate index 

and average time taken to start the germination were recorded. Hormone treatments 

except IBA at 1000 ppm, significantly increased (p<0.05) the seed germination, when 

compared with the control.  GA3 at 1200 ppm showed the highest (65%) germination 

followed by IAA at 1000 ppm (53.33%) and 800 ppm (50%). GA3 treatments showed 

a significantly (p<0.05) faster germination rate than IAA and IBA. Based on the 

results, GA3 at 1200 ppm can be recommended to enhance the seed germination of 

G. walla.
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1. Introduction 

Walla patta (Gyrinops walla), belongs to family 

Thymelaeaceae is a valuable plant endemic to 

Sri Lanka. It is known as “Sri Lankan Agar”. 

The G. walla tree grows up to 15 m height with 

small, rounded crown and distributed in the 

lower elevations of wet and intermediate 

zones in Sri Lanka (Subasinghe 2013; Alwis et 

al. 2016). With the discovery of highly 

valuable resin called “agarwood”, the species 

has gained amplified attention (Alwis et al. 

2016; Mohamed and Lee 2016). Dark colour 

resin agarwood (Subasinghe and 

Hettiarachchi 2015) is found to form in the 

heartwood of certain genera (Aquilaria, 

Gyrinops, Aetoxylon, and Gonystylus) of the 

Thymelaeaceae family as a self-defence 

mechanism (Alwis et al. 2019) in response to 

biotic and abiotic stresses (Singh and Sharma 

2015). Agarwood is widely used as 

therapeutic perfumes, traditional medicine, 

and aromatic food ingredient and for religious 

purposes (Liu et al. 2013). The attractive 

aroma of agarwood, which receives high ritual 

and social significance in Asian, Indian, and 

Middle Eastern cultures, is released once the 

piece of heartwood is gently burnt (Alwis et al. 

2019). Gyrinops genera has eight species 

including G. walla, which is the only species 

naturally found in Sri Lanka (Alwis et al. 

2016).  

The agarwood resin produced in G. walla is 

chemically similar to that of produced by 

Aquilaria species (Subasinghe et al. 2012; 

Mohamed and Lee 2016), thus the species 

gained high recognition among traders and 

consumers. The best quality agarwood is 

generally guaranteed a price over US$ 30,000 

per kg, thus placed among the most expensive 

natural raw materials in the world 

(Subasinghe 2013; Abdin 2014). The annual 

global market for agarwood is estimated to be 

increased steadily (Akter et al. 2013). Illegal 

harvesting of G. walla from natural habitats is 

frequently reported as commercial 

plantations are yet to be established. Due to 

limited natural distribution of the species and 

overexploitation, there is a high threat on 

natural stock of G. walla. Convention on 

International Trade in Endangered Species of 

Wild Fauna and Flora (CITES) has listed 

Gyrinops and Aquilaria species under 

Appendix II for the conservation (Mohamed 

and Lee 2016). 

G. walla mainly propagated by seeds which, in 

fact, is the most reliable method of 

propagation. However, the seeds of G. walla 

show low natural germination as observed by 

the present study, which might be due to 

rapid decline of viability after shedding from 

the trees.  As stated by Alwis et al. (2016), 

who studied the effect of storage time on 
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germination and concluded that G. walla seeds 

cannot be stored for a long period. Plant 

growth regulators (PGRs) have been widely 

employed in enhancing seed germination of 

many crops (Unal 2013; Han and Yan 2015; 

Vishal and Kumar 2018). External application 

of PGRs to seeds could enhance seed 

germination and seedling establishment of 

many aromatic and medicinal plants (Ali et al. 

2010; Gholami et al. 2013; Singh et al. 2014). 

The present study was carried out to 

investigate the effect of gibberellic acid (GA3), 

indole-3-acetic acid (IAA), and indol-3-butyric 

acid (IBA) on seed germination of  G. walla. 

2. Materials and Methods 

Seed collection 

Mature fruits were collected from fifteen well 

grown G. walla plants in Yagirala forest 

located in the low country wet zone of Sri 

Lanka. Seeds collection was done in 

September 2019. The length and width of 

fruits of five samples having randomly 

selected 100 fresh fruits were measured using 

a vernier caliper. The fresh weight of selected 

fruits was also measured using an electronic 

balance (model BS 1100H+). 

Collected fruits were placed on trays and kept 

under room temperature until rupturing. 

Prior to treatment application, the length and 

diameter of seeds of five samples each 

contained randomly selected 100 seeds were 

measured for using a vernier caliper. 

Similarly, the seed weight was also measured 

using an electrical balance. Uniform seeds 

were screened and randomly selected five 

samples each contained 20 seeds were tested 

for viability using Tetrazolium test.   

Treatments and experimental design 

The experiment was conducted in a protected 

plant house at the Faculty of Agriculture, 

University of Ruhuna, from September 2019 

to February 2020. A Completely Randomized 

Design (CRD) with three replicates was used.  

Analytical grade gibberellic acid (GA3), indole-

3-acetic acid (IAA), and indol-3-butyric acid 

(IBA) were used in preparing 800 ppm, 1000 

ppm and 1200 ppm concentrations. Which 

were based on similar studies (Rojas-

Are´chiga et al. 2011; Guney et al. 2017). Seeds 

were soaked in relevant hormone solution 

(T1- IAA at 800 ppm, T2- IAA at 1000 ppm, T3- 

IAA at 1200 ppm, T4- IBA at 800 ppm, T5- IBA 

at 1000 ppm, T6- IBA at 1200 ppm, T7- GA3 at 

800 ppm, T8- GA3 at 1000 ppm, T9- GA3 at 

1200 ppm), containing a fungicide (Captan 

75% WP @ 1.5 g a.i L-1) for 24 hours. 

Similarly, seeds soaked in water with added 

fungicide were used as the control (T10).  
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Preparation of seed trays and seed sowing 

Germination trays were filled with disinfected 

sand (Thiram 75% WP @ 1.5 g a.i Kg-1 sand) 

and seeds were sown by placing tail-like 

structure above the medium following the 

method described by Alwis et al. (2016). 

Seeds were allowed to germinate under 50% 

shade. Trays were irrigated twice a day and a 

fungicide (Captan 75% WP @ 1.5 g a.i L-1) was 

sprayed as necessary to avoid fungal 

contamination. 

Data collection 

Germinations were recorded daily up to 60 

days. Seeds with about 2 mm protruding 

radicle were considered as germinated. 

At the end of the germination period, the final 

germination percentage (FGP), mean 

germination time (MGT), germination rate 

index (GRI), mean daily germination (MDG) 

were calculated using equations below 

(Aravind et al. 2019). 

𝐹𝐺𝑃 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑠𝑜𝑤𝑛
 × 100   …… (1) 

𝑀𝐺𝑇 =  
∑ 𝑁𝑖𝑇𝑖

𝑘
𝑖=1

∑ 𝑁𝑖
𝑘
𝑖=1

       ……………………………..(2) 

Where; 

Ti = Time from the start of the experiment to 

the ith observation, 

Ni = Number of seeds germinated in the ith 

time (not the accumulated number, but the 

number corresponding to the ith observation), 

k = last time of germination. 

𝐺𝑅𝐼 =  
𝑁1

𝑇1
 +  

𝑁2

𝑇2
 +  

𝑁3

𝑇3
 + ⋯ +  

𝑁𝑛

𝑇𝑛
      ……………(3) 

Where; 

N1, N2, N3, ……, Nn are the number of 

germinated seeds observed at a time (days) 

T1, T2, T3, …, Tn after sowing (not 

accumulated/cumulative number, but the 

number of seeds that germinated at the 

specific time). 

𝑀𝐷𝐺 =  
𝐹𝑖𝑛𝑎𝑙 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒

𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠
     ………… (4) 

Statistical analysis 

Data were subjected to Analysis of Variance 

(ANOVA) using SAS Package version 9.1. 

Percentage values were arcsine transformed 

as appropriate before subjecting them to 

ANOVA. The Least Significant Difference Test 

(LSD) at a probability of 5 % was used to 

compare means. 

3. Results and Discussion 

As shown in Table 1, the average fresh weight 

of fruit and seed of G. walla varied within a 

range of 648–822 mg and 65–95 mg, 

respectively. The average size of a fruit was 

about 30.34 mm in length and 10.60 mm 

width (Table 2). Yellowish green colour fruit 

contained two tadpoles-like seeds as stated by 

Mohamed and Lee (2016). 
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Table 1: Average length, width and fresh weight of fruits and seeds 

 Length (mm) Width (mm) Weight (mg) 

Fruit 

Seed 

30.34 ± 5.46 

16.45 ± 2.34 

10.60 ± 2.21 

5.01 ± 1.24 

735 ± 87 

80 ± 15 

 

 

Final germination percentage 

Table 2: Effect of different concentrations of PGRs on final germination percentage 

Treatments T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

FGP 50.00b 53.33b 40.00c 36.67c 26.67de 33.33cd 36.67c 35.00c 65.00a 21.67e 

Means with the same letters are not significantly different at α=0.05 (n=3). CV%=11.22 

For brevity; T1- IAA at 800 ppm, T2- IAA at 1000 ppm, T3- IAA at 1200 ppm, T4- IBA at 800 ppm, T5- IBA at 1000 ppm, 

T6- IBA at 1200 ppm, T7- GA3 at 800 ppm, T8- GA3 at 1000 ppm, T9- GA3 at 1200 ppm, T10- Control 
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Plate1: Botanical features of G. walla. (A) Tree canopy, 

(B) Flower, (C) Leaves, (D) Fruits, (E) Ruptured fruit, 

(F) Seeds. 
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highest final germination (65%) was observed 

in GA3 at 1200 ppm, which was significantly 

higher than the rest and was 43.33% higher 

than the control (Table 2). Previous studies 

have also highlighted the germination 

promotive effect of GA3 on seed germination 

of Mentha piperita, Ocimum basilicum and 

Coriandrum sativum (Elhindi et al. 2016), 

Asparagus sprengeri (Dhoran and Gudadhe 

2012), and Withania somnifera (Khanna et al. 

2013) than IAA and IBA. In same studies, GA3 

treatments reported an increase of seed 

germination by 52 %, 32.6%, 25.3%, 45% and 

43% respectively, when compared with 

respective controls. 

GA3 increased seed germination in 

concentration-dependent manner as reported 

by Koyuncu (2005) for Morus nigra, Kumar et 

al (2014) for Coriandrum sativum and 

Demirsoy et al (2010) for Arbutus unedo, 

which was in agreement with present results 

as GA3 at 800 ppm and 1000 ppm showed 

significantly low germination rates of 35% 

and 36.67%, respectively compared to 1200 

ppm (Table 2). However, Das (2015) reported 

that GA3 at 500 ppm could result 77% of 

germination in Aquillaria agallocha seeds, 

where control showed a germination of 

49.5%.  

IAA at 800 ppm and 1000 ppm resulted in the 

second highest germination 53.33 % and 50 

%, respectively; though, the values were not 

significantly different. However, these two 

germination values respectively 31.66 % and 

28.33 % were higher than the control. 

According to Maku et al (2014), IAA was the 

most effective plant hormone for enhancing 

germination in Tetrapleura tetraptera seeds. 

The PGR IBA showed comparatively higher 

FGP (36.67 %) in seeds treated with 800 ppm 

followed by 1200 ppm (33.33 %) and with the 

lowest germination of 26.67 % was recorded 

in 1000 ppm. However, the values of FGP of all 

IBA concentrations were higher than that of 

the control (21.67 %). According to Elhindi et 

al (2016), IBA treatments were less effective 

than IAA and other plant growth regulators 

such as NAA, and GA3 for Mentha piperita, 

Ocimum basilicum, Coriandrum sativum seeds. 

Dhoran and Gudadhe (2012) also reported 

similar results with Asparagus sprengeri. 
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Mean germination time 

Table 3: Effect of different concentrations of PGRs on mean germination time 

Treatments T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

MGT 40.05cd 38.27d 39.41cd 42.35ab 38.63d 43.20a 35.53e 34.96e 34.94e 40.82bc 

Means with the same letters are not significantly different at α=0.05 (n=3). CV%=11.22 

For brevity; T1- IAA at 800 ppm, T2- IAA at 1000 ppm, T3- IAA at 1200 ppm, T4- IBA at 800 ppm, T5- IBA at 1000 ppm, 

T6- IBA at 1200 ppm, T7- GA3 at 800 ppm, T8- GA3 at 1000 ppm, T9- GA3 at 1200 ppm, T10- Control  

Generally, the lower mean of germination 

time indicate a faster germination of seeds. 

The lowest MGT value (34.94 days) was 

recorded in GA3 at 1200 ppm followed by 

1000 ppm (34.96 days) and 800 ppm (35.53 

days) (Table 3). However, three MGT values 

were not significantly different. According to 

the Elhindi et al. (2016), when compared with 

auxins (IAA and IBA), GA3 boosted early 

germination of Mentha piperita and Ocimum 

basilicum seeds. Asparagus sprengeri seeds 

also showed early germination with GA3 

(Dhoran and Gudadhe 2012). The highest 

MGT value of 43.20 days was recorded with 

IBA at 1200 ppm, while IBA at 800 ppm and 

1000 ppm resulted in MGT of 42.35 and 38.63 

days respectively and MGT values of all IBA 

concentrations were significant to MGT values 

of GA3 (Table 3). 

 

Mean daily germination 

Table 4: Effect of different concentrations of PGRs on mean daily germination 

Treatments T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

MDG 0.94b 1.01b 0.75c 0.69c 0.50de 0.63cd 0.70c 0.66c 1.23a 0.41e 

Means with the same letters are not significantly different at α=0.05 (n=3). CV%=1.91 For brevity; T1- IAA at 800 ppm, 

T2- IAA at 1000 ppm, T3- IAA at 1200 ppm, T4- IBA at 800 ppm, T5- IBA at 1000 ppm, T6- IBA at 1200 ppm, T7- GA3 at 

800 ppm, T8- GA3 at 1000 ppm, T9- GA3 at 1200 ppm, T10- Control 
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The highest MDG value of 1.23 % was 

recorded in GA3 at 1200 ppm, which was 

significantly different from all the other 

treatments. 

 The second highest MDG value of 1.01 % was 

recorded in IAA at 1000 ppm followed by IAA 

at 800 ppm (0.94 %) (Table 4). 

Germination rate index 

Table 5: Effect of different concentrations of PGRs on germination rate index 

Treatments T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

GRI 0.26b 0.29b 0.21c 0.18cd 0.15de 0.16d 0.21c 0.20c 0.39a 0.11e 

Means with the same letters are not significantly different at α=0.05 (n=3). CV%=10.54  

For brevity; T1- IAA at 800 ppm, T2- IAA at 1000 ppm, T3- IAA at 1200 ppm, T4- IBA at 800 ppm, T5- IBA at 1000 ppm, 

T6- IBA at 1200 ppm, T7- GA3 at 800 ppm, T8- GA3 at 1000 ppm, T9- GA3 at 1200 ppm, T10- Control  

Germination rate index values indicate the 

number of seeds germinated per day, thus 

higher GRI values indicate higher and faster 

germination. The GRI value of 0.39 observed 

in GA3 at 1200 ppm was significantly higher 

than any of the other treatments. The second 

highest GRI value of 0.29 was recorded in IAA 

at 1000 ppm followed by IAA at 800 ppm 

(0.26) (Table 5).  

Average time taken to start germination 

 

Table 6: Average time taken to start germination 

Treatments T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

Average 

time (days) 

 

30 

 

28 

 

28 

 

31 

 

28 

 

34 

 

27 

 

27 

 

24 

 

32 

Means with the same letters within each column are not significantly different at α=0.05 (n=3)For brevity; T1- IAA at 

800 ppm, T2- IAA at 1000 ppm, T3- IAA at 1200 ppm, T4- IBA at 800 ppm, T5- IBA at 1000 ppm, T6- IBA at 1200 ppm, 

T7- GA3 at 800 ppm, T8- GA3 at 1000 ppm, T9- GA3 at 1200 ppm, T10- Control  

The Table 7 presents the average time taken 

to start germination of G. walla seeds. The 

lowest time (24 days) was recorded with GA3 

at 1200 ppm followed by GA3 at 800 ppm and 

1000 ppm (27 days). The highest time (34 

days) was taken by IBA at 1200 ppm, while 

IBA at 800 ppm and 1000 ppm showed 31 and 
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28 days, respectively. In the case of IAA, the 

lowest time (28 days) was observed at 1000 

ppm and 1200 ppm, while IAA at 800 ppm it 

was observed in 30 days. 

The seed germination capacity of a species is 

dependent upon many factors including 

abiotic and reproductive such as phenology, 

pollination, and fertilization (He et al. 2005). 

Tabin and Shrivastava (2014) stated that 

despite the recalcitrant nature, the species of 

Aquilaria could regenerate freely under 

natural conditions in the forest probably due 

to availability of necessary moisture and light 

under the shaded canopy, which enhance seed 

germination. Accordingly, the fleshy covering 

of Aquilaria fruits also provides some 

moisture ensuring the survival of seeds until 

commencing the germination. According to 

Soehartono and Newton (2001), natural 

regeneration of Aquilaria is moderately higher 

though seed productions and dispersion 

under natural habitats are poor as stated by 

He et al. (2005). The present study also 

noticed that despite the recalcitrant nature, G. 

walla was enabling to regenerate through 

seeds under natural conditions, if ample 

moisture and shade is available as in rain 

forests. Due to continuous metabolism of 

recalcitrant seeds (Tabin and Shrivastava 

2014), viability is lost when the moisture 

content drops below a certain critical level 

before the initiation of germination. 

Therefore, in the present study, measures 

were taken to use fresh seeds for the PGRs 

treatments to ensure adequate germinability 

of seeds.  

A wide range of applications of PGRs is found 

in Agriculture and Forestry. GA3 is known for 

its ability to break dormancy and enhance 

seed germination (Bentsink and Koornneef 

2008; Finkelstein et al. 2008). GA3 is involved in 

increasing the expansion of embryonic cell 

and inducing the hydrolytic enzymes that 

weaken the tissues surrounding the radicle to 

overcome the mechanical resistance due to 

the seed coat. In addition, GA3, mobilizes the 

seed storage reservoirs (Miransari and Smith 

2014; Rami and Patel 2014). In the present 

study, GA3 at 1200 ppm showed significantly 

higher germination percentage as well as 

fastest germination (Table 2, 4 and 5). This 

might be attributed to the functions of GA3 

that leads to gradual softening of seed coat 

facilitating the respiration of seeds, uptake 

oxygen and water easily, and to protrude the 

radicle easily into the ground.  

The hormone auxin is important in regulating 

several aspects of growth and development of 

plants through the transport inhibitor 

response1 (TIR1)/Additional F box protein 

(AFB)-Aux/indole-3-acetic acid (IAA) –AUXIN 

RESPONSE FACTOR (ARF) signalling system 
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(Chapman and Estelle 2009; Vanneste and 

Friml 2009). Auxins enhance seed 

germination by involving the activities of 

different enzymes and may increase the cell 

growth and development. Furthermore, 

auxins enhance the rate of metabolism during 

germination and enhance the cell elongation. 

The promoting effect of auxins on germination 

may be attributed to their indirect effect 

through changes in the membrane 

permeability and solubilization of 

carbohydrates through the synthesis of 

different enzymes responsible for promoting 

effects and production of some precursors 

needed for germination (Venkatesh et al. 

2000). In the present study, higher 

germination percentage showed in IAA at 

1000 ppm (53.33 %) followed by IAA at 800 

ppm (50 %) might be due to the above 

activities of auxin (Table 2).  

4. Conclusion 

GA3 at 1200 ppm was found to be the most 

effective hormone treatment for enhancing 

seed germination of G. walla. The treatment 

also showed the highest germination and the 

fastest germination. Hence, this can be 

recommended to enhance the germination of 

G. walla seeds in mass scale establishment 

protocols 
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