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A study was conducted to investigate the effect of plant beneficial bacteria (Bacillus subtilis) with 
combinations of NPK green fertilizers on the growth of pegaga (Centella asiatica). Six treatments (6) 
were designed in this study:- 1) without plant beneficial bacteria and NPK fertilizer (control), 2) 10 g/ L of 
plantbac, 3) NPK fertilizer, 4) NPK fertilizer and 8g/L of plantbac, 5) NPK fertilizer and 10 g/L of plantbac 
and, 6) NPK fertilizer and 12 g/L of plantbac. The nitrogen and phosphorus concentration in the leaf, 
petiole and root were increased after incoporation of plant beneficial bacteria and NPK green fertilizer in 
the soil media. Similarly, fresh weight (FW), root length (RL) and root volume (RV) recorded also greater 
than the control set. The usage of plantbac either with or without incorporation of NPK potentially to be 
promoted for sustainable pegaga cultivations. The best treatments were recorded as follows:- NPK 
fertilizer and 12 g/L (T6) > NPK fertilizer and 10 g/L of plantbac (T5) > NPK fertilizer and 8g/L of plantbac 
(T4) > NPK fertilizer only (T3) > 10 g/ L of plantbac only (T2) > without plant beneficial bacteria and NPK 
fertilizer (T1). 
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INTRODUCTION 
Centella asiatica is herbal plant grown in Asia and 
East of Africa which covers India, Sri Lanka and 
Madagascar regions. In Malaysia, Pegaga as 
locally called are well consumed by Malay, 
Chinese and Indian ethnics. This plant is said to 
have various health benefits and recommended 
by World Health Organization (WHO) an important 
medicinal plant species to be conserved and 
cultivate for benefits of mankind (Indu, 2000).  
Locally, malays consumed pegaga in fresh as 
„Ulam‟, the Chinese used as a body cooling agent 
whilst the Indians used as a brain tonic 
(Leeuwenberg, 1987).  Most centella species 
grow in open areas which can be found in wild 
and moist landscape especially near river 
streams. Morphologically, the stems are creeping 

in nature; grow laterally on the ground and 
interconnected from one plant to another 
(Abdullah and Sadi, 2004). The shape of the 
leaves looks like kidney with smooth or jaggy 
edges. The flower usually comprises 3 to 4 buds 
of petals either white or pink in color. In Malaysia, 
the popular cultivars usually found are “Pegaga 
Nyonya”, “Pegaga Kampung” and “Pegaga 
Salad”. Mostly, it is planted on a small scale and 
sold directly at local market such as night market 
or agro-products market. Even so, small number 
of farmers cultivate this herb commercially and 
distribute the products to the wholesale market 
(Hassan, 2005). Since the supplied usually do not 
meet the existing demand, most pegaga planting 
are conducted through contract farming by joint-
ventures with local farmers. Furthermore, some 
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producers also import the raw material from 
Indonesia and India to cater for local market. In 
order to obtain desirable yield, sufficient 
fertilization regimes should be imposed as its will 
influenced plant growth, yield and bioactive 
compounds produce by pegaga (Devkota and 
Jha, 2012). Fertilization process able to increase 
the fertility of soil and availability of nutrients  for 
maximum uptakes by crops (Siddiqui et al. 2011).  
It can be conducted via organic or inorganic 
fertilizer ways or in mixed of both (Hassan, 2005).  
But, limited literatures reported plant beneficial 
bacteria roles as replacement or to be used 
altogether with standard NPK regimes. 
Amelioration of soil beneficial bacteria potentially 
to improve soil fertility and its productivity (Hayat 
et al. 2011). Gray and Smith (2005) reported that, 
soil bacteria families such as Azobacter, Bacillus, 
Enterobacter, Rhizobium and Serratia have been 
found to display benefits outcome on various type 
of crops. Elevation on the crop growth, nutrients 
enhancement as well as disease resistant are 
said to be among positive outcomes (Brierly, 
1985; Ehrlich,1990). Moreover, it may help to 
optimize the nutrient cycle in the event of stresses 
due to the unsuitable weather or soil conditions 
(Hayat et al, 2011). Reviewing the pegaga 
economically aspects and importance and limited 
information regarding the influences of plantbac 
on its production, therefore this study aims to 
determine the effect of plant beneficial bacteria 
and NPK green fertilizer on growth performance 
as well as nutrients uptake of pegaga. 
 
MATERIALS AND METHODS 
     The experiment was conducted at the 
experimental farm of Universiti Teknologi MARA 
(UiTM) Arau, Perlis, Malaysia. The randomized 
complete block design (RCBD) with six treatments 
(6) and five replications were used in this 
experiment. The treatments designed were as 
follow: - (T1) control (no NPK green fertilizer and 
no plant beneficial bacteria) ; (T2) plant beneficial 
bacteria (10 gm/ 1L/polybag) ; (T3) NPK green 
fertilizer (1.56 g/polybag) ; (T4) NPK green 
fertilizer and plant beneficial bacteria (1.56  
g/polybag and 8 gm/1L/polybag) ; (T5) NPK green 
fertilizer and plant beneficial bacteria (1.56 
g/polybag and 10 gm/1L/polybag) ; (T6) NPK 
green fertilizer and plant beneficial bacteria (1.56 
g/polybag and 12 gm/1L/polybag). Plant beneficial 
bacteria were sprayed 5-7 days before 
transplanting into the polybag.  

           Morphological traits were recorded during 
flowering stage as well as at fully matured. Root 
volume (RV), root length (RL), fresh weight (FW) 
and dry matter partitioning were measured on 75 
Days after planting (DAP), at maturity stage. The 
leaf, petiole and root part of plants were selected 
for nitrogen and phosphorus contents 
determination. Percentage nitrogen in the plant 
was determined by CNS Analyzer (LECO CNS-
2000) while phosphorus concentrations were 
analyzed using Auto Analyzer (LACHAT 
Instrument, QuickChem FIA+ 8000 series).  
 
Statistical analysis 
The data was analyzed using analysis of variance 
(ANOVA) procedure using SAS 9.0 statistical 
package. The means separation was carried out 
using Tukey (HSD) test at P ≤0.05. 
 
RESULTS AND DISCUSSION 

Dry matter (DMW) accumulation as influenced 
by plant beneficial bacteria  

Plants applied with NPK green fertilizer along 
with 12 g/L of plant beneficial bacteria shown high 
significant difference (p ≤ 0.05) in terms of the 
FW. It is indicated that with higher concentrations 
of plantbac, the DMW recorded higher too. 
Violanta et al, (2007) reported that the yield of 
tomato increased by 25% with incorporation of B. 
subtilis. Similarly, Yu et al. (2010) found that the 
yield of pepper increased by 64% with B. subtilis 
application. Based on the results, the 
incorporation of plant beneficial bacteria only (T2) 
has no significant difference (p ≤ 0.05) in terms of 
fresh weight with NPK green only (T3) treatment, 
suggesting a potential replacement. Shaharoona 
et al, (2008) reported that plant growth promoting 
rhizobacteria (PGPR) enables plants to maintain 
its productivity by reducing the rates of fertilizer 
application.  

 

Inducing the roots volume (RV) and density 
(RD)   

Root volume (RV) of plant varied significantly 
across treatments, with greater RV was reported 
in T6 (1.56g of NPK green + 12g/L of plant 
beneficial bacteria) at 77.4 cm

3
 as compared to 

T4, T5, T3, T1 and T2 at 13.60 cm
3
, 12.00 cm

3
, 

11.40 cm
3
, 7.40 cm

3
 and 5.40 cm

3
 respectively. 

This was associated to Bacillus subtilis abilities to 
promote root development and enhance its 
volumes and densities.  
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Figure 1: Root volume of pegaga as effect of NPK green fertilizer and Plant beneficial bacteria. 
Values with different letters are significantly different a 5% level according to Turkey’s multiple 
range test at each observation. 

 
T1 – Without NPK green fertilizer and plant beneficial bacteria, T2 - 10g of plant beneficial bacteria 
T3 - 1.56g of NPK green fertilizer, T4 - 1.56g of NPK green fertilizer + 8g/L plant beneficial bacteria 
T5 - 1.56g of NPK green fertilizer + 10g/L plant beneficial bacteria 
T6 - 1.56g of NPK green fertilizer + 12g/L plant beneficial bacteria 
 
Figure 2: Root length of pegaga as effect of NPK green fertilizer and Plant beneficial bacteria. 
Values with different letters are significantly different at 5% level according to Turkey’s multiple 
range test at each observation 

 
 T1 - without NPK green fertilizer and plant beneficial bacteria, T2 - 10g of plant beneficial bacteria   
 T3 - 1.56g of NPK green fertilizer, T4 - 1.56g of NPK green fertilizer + 8g/L plant beneficial bacteria 
 T5 - 1.56g of NPK green fertilizer + 10g/L plant beneficial bacteria 
 T6 - 1.56g of NPK green fertilizer + 12g/L plant beneficial bacteria 
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Hayat et al. (2011) demonstrated that B. 
subtilis synthesizes and produces indole-3-acetic 
acid (IAA) and cytokinin hormones which later to 
be taken up via root hairs. These hormones able 
to promote root development and alters root 
architectures. The NPK green fertilizer and plant 
beneficial bacteria application at the rate of 12 g/L 
(T6) and NPK green fertilizer with 10 g/L of plant 
beneficial bacteria (T5) application showed high 
significant different for the root length at 13.140 
cm and 10.06 cm in compared with control set 
(T1) at 4.98 cm. The results supported by 
Hoertencia et. al (2007) which suggested that the 
root length increase significantly by application of 
plant beneficial bacteria. 

 The N and P accumulation in leaf, petiole and 
root of pegaga 

Results demonstrated that, N contents in 
leaves ranged from 2.46% to 3.94% accordingly 
whilst petiole from 1.75% to 0.81%. Whilst, the N 
contents extracted from the root ranges from 
0.77% to 2.02%. This ranged was found higher 
than reported by previous study at 1.46% to 2.11 
% (Devkota, 2009). For leaf, T6 gave the highest 

percentage of N at 3.94% as compared to other 
treatments. Whilst in petiole, T5 shown 
significantly higher N percentage followed by T6, 
T3, T4, T2 and T1 at 1.88%, 1.75%, 1.74%, 
1.67%, 0.98% and 0.81%, correspondingly. 
Meanwhile, for the root parts highest mean 
percentage of N was recorded for T5 which was at 
2.03% as compared to T6, T2, T4, T1 and T3 at 
1.60%, 1.43%, 1.19%, 1.08% and 0.77%. Greater 
percentage of N in T6 suggested that higher plant 
beneficial bacteria application will results in more 
N uptake by the leaf (Table 1). The Bacillus spp. 
able to fix nitrogen and contributed significantly to 
the uptake of nitrogen by crops (Zaidi et al. 2006). 
Plant and bacteria interact correspondingly by 
interchanging nodes to form close association. 
The latter also induces an increase in NO3

- 
 

uptake rate via stimulating shoot growth rate. 
Percentages of P in the plants were significantly 
higher in all parts of the plant. Treatment T3 has 
the highest percentage of P at 0.17% in the leaf 
part.  

 

Figure 3: Fresh weight of pegaga as effect of NPK green fertilizer and Plant beneficial bacteria. 
Values with different letters are significantly different at 5% level according to Turkey’s multiple 
range test at each observation. 

T1 - without NPK green fertilizer and plant beneficial bacteria  
T2 - 10g of plant beneficial bacteria   
T3 - 1.56g of NPK green fertilizer   
T4 - 1.56g of NPK green fertilizer + 8g/L plant beneficial bacteria 
T5 - 1.56g of NPK green fertilizer + 10g/L plant beneficial bacteria 
T6 - 1.56g of NPK green fertilizer + 12g/L plant beneficial bacteria  
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Table 1: Percentage of Nitrogen (N)  and Phosphorus (P) in the leaf, petiole and root as affected by 
plant beneficial bacteria application. T1-control (no NPK green fertilizer and no plant beneficial 
bacteria) ; T2- 10g/L of plant beneficial bacteria only; T3- 1.56g of NPK green fertilizer only; T4-
1.56g of NPK green fertilizer + 8g/L plant beneficial bacteria; T5-1.56g of NPK green fertilizer + 
10g/L of plant beneficial bacteria; T6-1.56g of NPK green fertilizer + 12g/L of plant beneficial 
bacteria. 

Part Treatment N (%) P (%) 

Leaf T1 2.54
cd

 0.13
d
 

 T2 2.46
d
 0.13

c
 

 T3 2.96
cb

 0.17
a
 

 T4 2.94
c
 0.11

e
 

 T5 3.41
b
 0.12

d
 

 T6 3.94
a
 0.15

b
 

Petiole T1 0.81
e
 0.12

f
 

 T2 0.98
d
 0.15

d
 

 T3 1.74
b
 0.16

b
 

 T4 1.67
c
 0.13

e
 

 T5 1.88
a
 0.15

c
 

 T6 1.75
b
 0.18

a
 

Root T1 1.08
e
 0.09

e
 

 T2 1.43
c
 0.10

d
 

 T3 0.77
f
 0.12

b
 

 T4 1.19
d
 0.11

c
 

 T5 2.03
a
 0.12

b
 

 T6 1.60
b
 0.14

a
 

 Noted: Means within a column followed by the same letter are not significantly different at 5% 
level by Turkey‟s. Data are expressed as mean value of 5 polybags. 

 
While in petiole part, T6 was higher at 0.18% as 
compare to T3, T5, T2, T4 and T1 at 0.16%, 
0.15%, 0.15%, 0.13% and 0.12%, respectively. 
Higher P status in the petiole and root part 
showed that the strain of Bacillus spp have ability 
to solubilize insoluble inorganic phosphate for 
better plant uptake (Rodriguez et al. 2006). The 
insoluble phosphate compounds must be convert 
in forms that can be taken up by plants, HPO

-
4
2
 or 

H2PO
-
4
1
 (Rodriguez et al, 2006). In the soil, 

soluble P usually in has low rate at 1 ppm or less 
(Goldstein, 2007). 

CONCLUSION 
Based on the results, the N and P contents 

show significant increase in the Centella asiatica 
root system which indirectly reflects on its robust 
growth performances. The application of plantbac 
can be commercially used for production of 
pegaga either as fertilizers or soil conditioners. 
Despite that, it is recommended that more 
extensive studies should be assessed particularly 
focused on bio-active compounds presence of 
pegaga under different fertilization managements. 
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