
___________________
* Corresponding author: e-mail: radziah@agri.upm.edu.my 

ISSN: 1394-7990

Malaysian Journal of Soil Science  Vol. 13: 43-57                                   Malaysian Society of Soil Science

Production of Hydrolytic Enzymes in Rice (Oryza sativa L.) 
Roots Inoculated with N2-Fixing Bacteria

A.M. Asilah1, O. Radziah1* & M. Radzali 2

1Department of Land Management, Faculty of Agriculture,
Universiti Putra Malaysia, 43400  UPM, Serdang, Selangor, Malaysia

2Department of Biochemistry, Faculty of Biotechnology and Biomolecular 
Sciences,Universiti Putra Malaysia, 43400  UPM, Serdang, Selangor, Malaysia

INTRODUCTION
Nitrogen is the most important input required for rice production. In sustainable 
rice cultivation, the strategies are to plant crops which are less dependent on 
fertilizer and to emphasize on the use of plant growth-promoting rhizobacteria 
(PGPR) which can •x nitrogen for the plant, or that can change root morphology 
for more nutrients absorption (Biswas et al. 2000a). The importance of biological 
nitrogen •xation (BNF) technology can play a role in substituting commercially 
available N fertilizer use in rice culture. BNF by some PGPR like Rhizobium sp. 

ABSTRACT
An experiment was conducted to determine the production of hydrolytic enzymes 
endoglucanase (EG) and endopolymethylgalacturonase (EPMG) in rice (Oryza 
sativa L.) roots inoculated with N2-Fixing bacteria. Screening for hydrolytic 
enzymes by N2-Fixing bacteria, using the plate method showed that nine out of 
12 bacterial strains were positive for carboxymethylcellulose (CMC) and pectin 
reactions. Three of the isolates, Sb34, Sb41 and Sb42 were inoculated to MR219 
rice seedling. The bacterial population and the production of hydrolytic enzymes 
were monitored for 45 days of plant growth. The scanning (SEM) and transmission 
electron microscopy (TEM) were used to observe bacterial colonization on plant 
roots.  In general, the populations of inoculated diazotrophs were higher in the 
rhizosphere than the endosphere. There were signi•cant effects of different 
diazotrophs inoculations on the rice rhizosphere and endosphere populations. 
Plants inoculated with diazotrophs showed signi•cantly higher speci•c enzyme 
activities and soluble proteins compared to the non-inoculated control. SEM and 
TEM observations revealed the abilities of the diazotrophs to colonize the surfaces 
and interior of the roots.  Inoculation signi•cantly increased root growth of rice 
with substantial increase in root length, volume and surface area in the inoculated 
plants.
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has been shown to improve the root surface area, root volume and nitrogen uptake 
of rice seedlings (Biswas et al., 2000b). 

 Colonization by the bacteria on the surface and inside of the roots is 
important for plant growth improvement. N2-•xing bacteria (Diazotrophs) 
improve plant growth by several mechanisms such as, increasing availability of 
the nutrients, improving soil structure, inducing plant defense systems, producing 
antibiotics, outcompeting pathogens and providing growth-stimulating substances 
or enzymes (Reinhold-Hurek et al., 1993). The ability to produce hydrolytic 
enzymes is an important mechanism in the entry of bacteria into plant roots. 
PGPR like Rhizobium sp. produce hydrolytic enzymes which cause thinning 
and solubilization of plant •brillar wall, leading to bacterial transition from 
intracellular to intercellular of rice roots (Mateos et al., 1992). Plant cell walls 
consist mainly of cellulose, whereas the middle lamella, which connects the cells, 
consists mainly of pectin (Verma et al., 2001). Endoglucanase (EG) classi•ed 
as cellulases enzymes can hydrolyze the internal bonds of the cellulose chain 
while the endopolymethylgalacturonase (EPMG) classi•ed as pectic enzymes are 
involved in pectin degradation. These two enzymes are called cellulose and pectin 
degrading enzymes. Combination of these enzymes can degrade the plant cell 
walls (Pilnik, 1982).  The enzymes EG and EPMG have been found in maize and 
sorghum roots inoculated with Gluconacetobacter diazotrophicus and AM fungi 
(Adriano-Anaya et al. 2006). These enzymes could be important in assisting the 
bene•cial microbes to enter the plant roots. The objective of the present study was 
to determine the effect of rhizobacterial inoculation on production of hydrolytic 
enzymes and its relationship with root colonization and plant growth. 

MATERIALS AND METHODS

Screening for Hydrolytic Enzymes Production in N2-Fixing Bacteria  
Twelve N2-Fixing bacterial strains were screened for hydrolytic enzyme 
activities. Eleven strains (Sb2, Sb3, Sb6, Sb13, Rhizobium sp. (Sb 16), Sb20, 
Corynebacterium sp. (Sb26), Sb34, Sb35, Sb41 and Sb42) were isolated from 
rice rhizosphere and one strain (Bacillus sphaericus-UPM B10) was isolated from 
oil palm. The enzymes were assayed by dropping 100 µL of bacterial cultures 
on Jensen’s agar medium containing substrates carboxymethylcellulose (CMC) 
for EG, and citrus pectin for EPMG and incubated for 24 hours at 30oC. The 
plates were then stained with Congo red (0.1%). After two to three washes with 
1M NaCl, the appearance of a clear halo zone around the colonies indicated the 
enzyme activities.

Seedlings Germination and Inoculation
Rice seeds (Oryza sativa L. variety MR 219) were surface-sterilized with 70% 
ethanol (AR Grade) for 5 min, and then for •ve seconds with 3% of CloroxTM. 
Seeds were germinated on moist •lter paper in petri dishes and after seven days, 25 
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uniform seedlings were selected and transplanted to pots (17cm x 11cm) containing 
sterilized sand. Three bacterial strains (Sb34, Sb41 and Sb42) previously isolated 
from soils collected from Tanjong Karang paddy •eld in Malaysia were selected 
for this study. Each strain was grown in Erlenmeyer !asks (200 mL) containing 
Jensen’s N-free broth medium. The cultures were shaken (100 rpm) at 37 ± 1 0C 
on the orbital shaker, centrifuged at 4000 rpm for 40 min (Sigma:N 316) and then 
washed with phosphate buffer solution (PBS). Approximately 2 x 107 cfu/mL of 
live bacterial cells were applied to each seedling.

Bacterial Population  
Bacterial population in growth culture was determined by transferring 10 g of 
sand into a conical !ask containing 95 mL sterilized distilled water. A series of 
10-fold dilutions of the suspension up to 10-7 was prepared and population was 
determined using the drop plate method (Somasegaran et al. 1985) on nutrient 
agar (NA) plate. Rhizosphere population was determined by transferring about 
1 g of fresh plant roots into a conical !ask containing 99 mL sterilized distilled 
water and the population was determined as described earlier. For endophytes 
population, fresh roots were surface sterilized with 70% ethanol for 5 minutes, 
followed by 3% CloroxTM for 5 seconds. Roots were homogenized using sterilized 
mortar and pestle, and the bacterial population determined. 

Enzymes Extraction 
The EG and EPMG activity of rice roots were measured as described by Adriano-
Anaya et al. (2006) with some modi•cations. Roots were pulverized in a chilled 
mortar. The resulting powder was homogenized in 100 mM Tris-HCl buffer (pH 
7.0) containing 0.02 g polyvinylpyrrolidone, 10 mM MgCl2, 10 mM NaHCO3, 10 
mM ß-mercaptoethanol, 0.15 mM phenylmethyl sulfonyl !uoride (PMSF) and 
0.3% (w/v) X-100 Triton. Sodium azide (0.03%) was added to all solutions to 
inhibit microbial growth. The liquid was •ltered through •lter paper (Whatman  
No.1) and centrifuged at 20, 000 g for 20 min at 40C. The ratio of root weight to 
volume of solution was 1:5.
 The supernatant fraction was dialyzed using dialysis tubing (Snakeskin 
Pleated Dialysis Tubing: Pierce, MWCO: 7000) against several hundred volumes 
of the same diluted extracting solutions (1:9, v/v) for 18 h at 40C. The samples 
were frozen until used. 

Enzymes Activities 
The activities of EG and EPMG were assayed by the viscosity method (Adriano-
Anaya et al., 2006) using CMC and citrus pectin as substrates with some 
modi•cations. The reduction in viscosity was determined at 0-30 min intervals. 
Approximately 0.5 mL of the reaction mixture was sucked from a 2 mL tube into 
a 1 mL syringe, then allowed to !ow down to the 2 mL tube and the time taken 
for the meniscus to !ow down from the 0.60 to 0.10 mL mark (between 1 and 3 
min) was recorded. The reaction mixture in the 2 mL tube contained 1 mL of 0.5% 
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substrate in 50 mM citrate-phosphate buffer (pH 5.0) and 0.2 mL supernatant. 
Viscosity reduction was determined at 370C. 
 One unit of enzyme activity was expressed at the speci•c activity, U (where 
U=RA mg-1 protein), and RA is the relative activity calculated by applying the 
formula:- 
                  %V = (T0 – TA) x 100 x T0 ; 
          T50  = 50TA %V-1 ;
            RA = T50 x103 
      (Bateman, 1963)
where :                    
 RA = the reciprocal of time in hour for 50% viscosity loss,
  T0  = the viscosity of the reaction mixture at 0 time,
  TA  = the viscosity of the reaction mixture at 30 min,
  V   = the viscosity loss of the reaction mixture at 30 min, and,
  T50 = the time necessary to reach a 50% of viscosity loss of the reaction
          mixture at 30 min. 
Controls for the enzyme assays consist of autoclaved extracts of the enzymes.

Soluble Protein Determination 
Total soluble proteins for the supernatants were quantitatively determined using 
Bradford assay with BSA as the standard (Bradford, 1976). Standard curve was 
constructed to determine total soluble proteins in the samples. The  soluble protein 
reagent was prepared by dissolving Coomassie Brilliant Blue G-250 (100 mg) in 
50 mL 95% ethanol; 100 mL 85% (w/v) phosphoric acid.

Root Growth 
Root morphology was observed by using the root scanner, Win Rhizo STD1600 
WIA - Epson Expression 1680.

Root Colonization
The bacterial colonization on roots was observed by using scanning electron 
microscope (SEM) and transmission electron microscopy (TEM). The seedlings 
(5 days old) inoculated with diazotrophs were cut into 1cm3 for SEM and 1mm3 for 
TEM, pre-•xed with 4% glutaraldehyde, and washed with 0.1M sodium cacodylate 
buffer. For post-•xation, the samples were •xed in 1% osmium tetroxide. Samples 
for SEM were dehydrated in series of acetone (30, 60 and 90%) and then dried in 
a critical point dryer, mounted onto the stub, coated with gold and observed under 
the SEM (Philips XL 30 ESEM). Samples for TEM were dehydrated in series of 
acetone (30, 60 and 90%) and then in•ltrated with resin, embedded into beam 
capsules, polymerized in oven, cut into thick and ultra- thin sections and stained. 
They were then observed under the TEM (Leo 912AB EFTEM).
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Statistical analysis 
The factorial laboratory experiment (4 bacterial strains x 4 time samplings) with 4 
replications was laid out in a completely randomized design and data were analyzed 
using SAS (9.1 version). Treatments means were compared using Tukey test  
(P " 0.05).

RESULTS

Hydrolytic Enzymes Production
The ability of these N2-Fixing bacteria to produce hydrolytic enzymes to degrade 
cell wall is crucial in their penetration into plant roots. Nine out of the 12 bacterial 
strains were positive with CMC and pectin reactions (Table 1). The positive 
hydrolytic enzyme activities were indicated by the appearance of halo zones 
around the colonies (Fig. 1). Two bacterial strains (Sb41 and Sb42) produced the 
clearest halo zones indicating high enzyme activities. 

TABLE 1
Hydrolytic reaction of bacterial strains with CMC and citrus pectin substrates

Diazotrophs Population in Root 
There was signi•cant effect of diazotrophs inoculation on the rice rhizosphere 
and endosphere populations. In general, the populations of inoculated diazotrophs 
were higher in the rhizosphere followed by the endosphere. In the rhizosphere, 
Sb41 population was signi•cantly lower than the other two isolates at the 6th 
day of inoculation. The bacterial strain Sb42 population remained stable after 30 
days of inoculation (Fig. 2a). For endosphere, Sb41 population showed a gradual 
increase from day 6 up to the maximum at day 30 and then decreased slightly at 
day 45. Sb42 remained constant throughout the plant growth (Fig. 2b). 
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Fig. 1: Hydrolytic reactions of bacterial strains with CMC and pectin substrates. 
(a&b) Positive and negative reaction with CMC, (c&d) Positive and negative reaction 

with pectin. White arrows show the halo zones around the colonies

Hydrolytic Enzyme Activities 
The differences in hydrolytic enzyme activities (EG and EPMG) and soluble 
protein content of the three isolates are shown in Fig. 3. Inoculation of diazotrophs 
increased the production of EG and EPMG.  Signi•cant differences (p"0.05) were 
observed for EG found in three isolates over non-inoculated control at days 6 and 
45 after inoculation (Fig. 3a). At the 45th day, the activities of EG for Sb42, Sb34 
and Sb41 increased by 292.33%, 133.30% and 47.09%, respectively, over the 
non-inoculated control. The increase in EG enzymes paralleled the increased plant 
growth. Similarly, signi•cantly higher speci•c enzyme activities of EPMG was 
observed in inoculated plants at 30th day of inoculation. The enzyme activities 
of Sb42, Sb41 and Sb34 increased by 251.81, 221.44 and 170.35%, respectively, 
compared to the non-inoculated control. At the 45th day of inoculation, Sb42 
inoculated plants produced signi•cantly highest (176.90%) EPMG compared to 
other treatments (Fig. 3b).
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Fig. 2: Changes in growth of different strains of diazotrophs at different growth  stages
 of MR219 rice. (a) Rhizosphere, (b) Endosphere. Bars in the line indicate standard

 error (n = 4)

Total Soluble Protein 
Total soluble protein produced by three isolates is as shown in Fig. 3c. Production 
of total soluble protein increased with increased plant growth. The three isolates 
produced signi•cantly higher total soluble protein over the non-inoculated control 
at the 30th and 45th day of inoculation. Percentage increase of total soluble protein 
over the control produced by Sb42, Sb41 and Sb34 at 45 days of inoculation were 
601.62, 509.39 and 437.22%, respectively. Non-inoculated plants showed a slight 
increase in soluble protein at the 30th day of inoculation but decreased at the 45th day.

Hydrolytic Enzymes in Rice Roots

 
Rhizosphere  population

0.0

2.0

4.0

6.0

8.0

0 5 10 15 20 25 30 35 40 45 50

Days after inoculation

B
ac

te
ri

al
 p

op
ul

at
io

n 
(lo

g
10

 c
fu

/g
)

Sb 34

Sb 41

Sb 42

a)

 
Endosphere population

0.0

2.0

4.0

6.0

8.0

0 5 10 15 20 25 30 35 40 45 50

Days after inoculation

B
ac

te
ri

al
 p

op
ul

at
io

n 
(lo

g
10

 c
fu

/g
)

Sb 34

Sb 41

Sb 42

b)



Malaysian Journal of Soil Science Vol. 13, 200950

Fig. 3: Effect of diazotrophs inoculation on speci!c activity of hydrolytic 
enzymes and protein content produced in rice roots. (a) Endoglucanase, (b) 

Endopolymethylgalacturonase, (c) Soluble protein content. Bars in the line indicate 
standard error (n = 4)

A.M. Asilah, O. Radziah & M. Radzali

 
Endoglucanase

0.00

500.00

1000.00

1500.00

2000.00

2500.00

3000.00

3500.00

0 5 10 15 20 25 30 35 40 45 50

Days after inoculation

S
pe

ci
fic

 a
ct

iv
ity

(u
n

its
 m

g
-1
 p

ro
te

in
)

control

Sb 34

Sb 41

Sb 42

a)

 
Endopolymethylgalacturonase

0.00

100.00

200.00

300.00

400.00

500.00

600.00

0 5 10 15 20 25 30 35 40 45 50

Days after inoculation

S
p

ec
ifi

c 
ac

tiv
ity

(u
n

its
 m

g
-

1  
p

ro
te

in
)

control

Sb 34

Sb 41

Sb 42

b)

 
Soluble protein content

0.00

1.00

2.00

3.00

4.00

5.00

6.00

0 5 10 15 20 25 30 35 40 45 50

Days after inoculation

S
o

lu
b

le
 p

ro
te

in
 c

o
n

te
n

t 
(m

g
)

control

Sb 34

Sb 41

Sb 42

c)



Malaysian Journal of Soil Science Vol. 13, 2009 51

Fig. 4: Effect of diazotrophs inoculation on root length, root volume and root surface 
area. (a) Root length, (b) Root volume, (c) Root surface area. Bars in the line indicate 

standard error (n = 4)
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Fig. 5: SEM micrographs showing the location of diazotrophs on rice roots of inoculated 
plants. (a) in disrupted zones of the mucigel (M), (b) through the !ssures (F) at lateral 

root emergence, (c) in the emerging zones (EZ) of the secondary roots

A.M. Asilah, O. Radziah & M. Radzali

AA

B

C

 

 
 

M

F

EZ



Malaysian Journal of Soil Science Vol. 13, 2009 53

Fig. 6: TEM micrographs showing the diazotrophs colonization of interior roots a & b. 
Bacterial cells shown by the white arrow in intercellular spaces, (c & d) Bacterial cells 

in intracellular spaces

Root Growth 
Diazotrophs inoculation signi•cantly increased root length, volume and surface 
area compared to non-inoculated plants (Fig. 4). At 45 days of growth Sb41 
inoculated plants produced the highest root length, followed by plants treated with 
Sb42 and Sb34 (Fig. 4a). Substantial increase in percentage of root volume over 
the control was found for Sb41, Sb42 and Sb34 inoculated plants (107.10, 93.99 
and 61.20%, respectively) (Fig. 4b). The percentage increment of root surface 
area over the control in plants inoculated with Sb41, Sb34, and Sb42 were 39.72, 
30.71 and 27.70%, respectively (Fig. 4c).
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Root Colonization
Roots from •ve days inoculated plants observed through SEM and TEM showed 
that the diazotrophs were able to colonize the surface and interior of the roots. 
SEM micrographs showed that the diazotrophs were localized in the disrupted 
zones of the mucigel on root surface (Fig. 5a). The bacteria also entered the rice 
roots through the •ssures at the emergent point of lateral roots (Fig. 5b). There 
were clusters of diazotrophs colonizing the emergent point of the secondary 
roots (Fig. 5c). The TEM micrograph indicated the intercellular and intracellular 
invasion of rice roots by the diazotrophs (Fig. 6a-d).

DISCUSSION
Nine of the isolates showed the ability to produce EG and EPMG hydrolytic 
enzymes. The evidence of halo zones around the colonies in CMC and pectinase 
media plates, proved that the isolates were able to produce these enzymes (Table 
1). Naher et al. (2009a) also found that some diazotrophs isolated from rice can 
produce hydrolytic enzymes. There were signi•cant differences in the production 
of protein and speci•c enzymes activities among three isolates. At several stages 
of plant development, the N2-Fixing bacteria penetrated the walls of rice plant cell, 
and it has been hypothesized that enzymes of plant or bacterial origin could be 
involved in the degradation of cell wall polymers to facilitate invasion (Callaham 
et al., 1981). Other studies showed that N2-Fixing bacteria produced hydrolytic 
enzymes to assist their penetration into plant (Jimenez-Zurdo et al., 1996; Mateos 
et al., 2001; Mostajeran et al., 2007). 
 The ability of these three bacterial isolates to grow in N-free Jensen’s 
medium showed that they are able to •x nitrogen. These N2-•xing bacteria with 
the ability to produce EG and EPMG hydrolytic enzymes can enter the plant 
roots as endophytes. This is an agreement with other studies which proposed that 
hydrolytic enzymes pectinases and cellulases may play a role in the mechanisms 
by which endophytic bacteria penetrate into and persist in the host plant (Verma 
et al., 2001; Reinhold-Hurek and Hurek, 1998). Diazotrophic plant-associated 
bacteria is bene•cial to the plant via nitrogen •xation. Colonization of diazotrophs 
on surface and inside of roots is important for growth improvement. Earlier 
research also proved that production and activities of plant cell wall degrading 
enzymes are involved in plant growth promotion (Fry, 2004). The increased root 
growth of this plant might indicate the increased of hydrolytic enzyme activities 
as observed for sorghum by Adriano-Anaya et al. (2006).
 The study showed that diazotrophs inoculation in rice can improve root 
colonization, stimulate root and plant growth. The ability to colonize plant roots 
can lead to increase biological nitrogen •xing activity for the plant. Previous 
studies also showed that inoculation with PGPR such as Rhizobium sp. improved 
root surface area, root volume and nitrogen uptake of rice seedlings (Biswas et al., 
2000b; Naher et al., 2009b). Inoculation of plant with Azospirillum sp. has been 
shown to positively affect the root biomass and surface area (Bashan et al., 2004). 
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SEM and TEM observations showed that diazotrophs were able to colonize on the 
roots surfaces and the interior of the roots after •ve days of inoculation. Similarly, 
a number of studies have shown the ability at diazotrophs to colonize the root 
surfaces and survive as endophytes, and subsequently improve plant growth 
(Whipps, 2001; Chanway et al., 2000). This study indicated that production of 
hydrolytic enzymes by the indigenous bacterial isolates and their association with 
rice plant may increase the growth and N2-•xing activity of the plant.

CONCLUSION
Results of this study proved that colonization of N2-•xing bacteria on the surface 
and interior of rice roots is important for nitrogen •xation and plant growth 
enhancement. The association of these diazotrophs with the plants signi•cantly 
increased the production of hydrolytic enzymes in the root system which is an 
important mechanism for endophytic colonization and subsequently nitrogen 
•xation.
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