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ABSTRACT

Napier grass can be used as feed for livestock and possibly for bioenergy production. 
However, the stimulation of the growth of Napier grass by plant growth-promoting bacteria 
(PGPB) has been rarely found. Thus, this study was performed to investigate the ability 
of Streptomyces spp. PB5, SRF1, St8, STRM104, and STRM302 to support the growth of 
Napier grass (Pennisetum purpureum × Pennisetum americanum cultivar Pak Chong 1) 
under a low water system. Among the five bacterial isolates, Streptomyces sp. St8 was the 
most suitable bacterial inoculant to stimulate the growth of plants grown under a low water 
system. Napier grass grew under a low water system and inoculated with Streptomyces sp. 
St8 had the highest shoot and root weight compared to the other inoculated isolates. The 
shoot and root fresh weights of plants grown under a low water system were 21.3 ± 1.53 g 
and 4.29 ± 0.77 g when inoculated with Streptomyces sp. St8. Moreover, Streptomyces sp. St8 
also stimulated the growth of plants grown under a normal water system: the highest shoot 

length (61.3 ± 5.67 cm), shoot fresh weight 
(26.9 ± 4.07 g), and root fresh weight (4.84 
± 0.54 g) were found in plants inoculated 
with this bacterial isolate. Furthermore, the 
plant’s root-to-shoot ratios grown under a 
low water system were inoculated with each 
isolate of Streptomyces sp. (PB5, SRF1, St8, 
STRM104, and STRM302) were lower than 
for plants grown in the control pots. It means 
that bacterial inoculation under a low water 
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system could protect the efficiency of roots 
from producing shoot biomass in the plants. 
Based on the results found in this study, 
Streptomyces sp. St8, a microbial inoculant, 
can be used with Napier grass cropping to 
produce feed for livestock or bioenergy 
production. 

Keywords: Low water, Napier grass, plant growth-
promoting bacteria, Streptomyces

INTRODUCTION

Napier grass is a fast-growing perennial 
grass usually found in humid soils in areas 
with over 1,000 mm of rainfall per year. 
Napier grass is a stress-tolerant forage 
crop, including plant disease and short 
drought stresses, and it can grow under 
low fertility (Negawo et al., 2017; Odiyi 
& Oludare, 2015). In Thailand, it is mainly 
used to feed livestock, and it is expected 
to be used for other purposes, including 
as a substrate for bioenergy production 
and biomass for electricity generation 
(Nantasaksiri et al., 2021; Osman et al., 
2020; Waramit & Chaugool, 2014). Some 
genotypes of Napier grass can generate 
large biomass and accumulate nitrogen 
derived from biological nitrogen fixation 
when grown under low levels of nitrogen in 
the soil (Videira et al., 2012). Information 
about the possibility of using Napier grass 
as a resource for bioenergy production in 
Thailand is required in numerous areas for 
plantations. Moreover, biomass production 
from Napier grass for bioenergy production 
cannot compete with food or forage crop 
production for arable land. Thus, bioenergy 

crops should be grown on non-fertile 
soils, which are not appropriate for other 
economic crops (Mei et al., 2021). Using 
plant growth-promoting bacteria (PGPB) 
is one way to improve plant growth and 
yield under unfavorable conditions. The 
application of PGPB to stimulate the growth 
of Napier grass has been rarely found, even 
though several PGPB have been isolated 
from Napier grass, including diazotrophic 
nitrogen-fixing bacteria belonging to the 
genera Azospirillum and Gluconacetobacter 
(Videira et al., 2012). PGPB from the genera 
Bacillus, Enterobacter, and Sphingomonas 
can solubilize insoluble phosphate, fix 
nitrogen, produce indole-3-acetic acid, 
ammonia, and siderophores have also been 
isolated from Napier grass, which could 
enhance salt tolerance in hybrid Pennisetum 
(Li et al., 2016). 

The objective of this study was to 
investigate the ability of five isolates 
of Streptomyces spp. (PB5, SRF1, St8, 
STRM104, and STRM302) to stimulate 
the growth of Napier grass under low 
water conditions. The reason for using 
Streptomyces spp. as a model PGPB in 
this study was that many species had been 
shown to alleviate undesirable effects from 
drought stress on the plants in Gramineae. 
For example, Streptomyces coelicolor 
DE7, Streptomyces olivaceus DE10, and 
Streptomyces geysiriensis DE27 have 
been previously isolated from arid and 
drought-affected areas, and they could 
promote the growth of wheat cultivar WR-
544 when grown in water-stress soil using 
the combined effects from phytohormone 
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production and water stress tolerance 
ability (Yandigeri et al., 2012). In addition, 
Streptomyces pseudovenezuelae MG547870 
could produce indole-3-acetic acid and 
ACC deaminase, and it could increase the 
growth and alleviate severe effects from 
drought on maize (Chukwuneme et al., 
2020). Moreover, Streptomyces albidoflavus 
OsiLf-2 increased the osmotic modification 
ability of rice grown under drought and salt 
stresses by increasing proline and sugar 
content in the plant (Niu et al., 2022). Even 
though the five isolates of Streptomyces 
spp. used in this study have never been 
tested to promote the growth of Napier 
grass previously, all isolates have plant 
growth-promoting activities. For example, 
Streptomyces sp. St8, STRM104, and 
STRM302 can solubilize phosphate and 
produce indole-3-acetic acid (Somtrakoon 
et al., 2019a, 2021). Streptomyces sp. SRF1 
has only indole-3-acetic acid production 
activity (Somtrakoon et al., 2019a) during 
Streptomyces sp. PB5 has never been tested 
for plant growth-promoting activity, but it 
was tested in this study. Moreover, these 
five bacterial isolates have not been isolated 
from Napier grass. However, if they can 
stimulate the growth of Napier grass under 
low water, a biofertilizer from bacteria in 
this genus may be developed for Napier 
grass planting in the future. 

MATERIALS AND METHODS

Plant Growth-Promoting Activity

Five isolates of Streptomyces spp., PB5, 
SRF1, St8, STRM104, and STRM302, 
were kindly provided by the Microbiology 

and Applied Microbiology Research 
Unit, Faculty of Science, Mahasarakham 
University. Each Streptomyces sp. isolate 
was isolated from different agricultural 
areas in Thailand. Streptomyces sp. SRF1 
(Sangdee et al., 2016) and PB5 were 
isolated from paddy field and integrated 
agricultural area in Lopburi and Buriram 
Provinces, respectively. Streptomyces 
sp. St8 was isolated from soil planted 
with a mango tree in Kalasin Province. 
Streptomyces sp. STRM104 and STRM302 
were isolated from soil planted with 
tomatoes in Maha Sarakham Province. 
Each isolate of Streptomyces sp. was sub-
cultured in half-strength potato dextrose 
agar (PDA) [potato dextrose broth powder 
(Himedia™, India) 12 g, agar powder 
(Difto, USA) 20 g, distilled water 1,000 
ml, and the pH was adjusted to 7.0]. Then, 
the plant growth-promoting activities 
of Streptomyces sp. PB5 to solubilize 
phosphate, produce indole-3-acetic acid 
and ammonia were tested using the methods 
described in Ahmad et al. (2008), while 
the exopolysaccharide producing activity 
was tested using the methods described in 
Lakshminarayanan et al. (2015). Only the 
exopolysaccharide and ammonia-producing 
activities of Streptomyces sp. SRF1, St8, 
STRM104 and STRM302 were tested using 
the methods described in Lakshminarayanan 
et al. (2015) and Ahmad et al. (2018).

Preparation of Bacterial Culture 

To prepare the bacterial inoculum used 
in the pot experiment, Streptomyces spp. 
PB5, SRF1, St8, STRM104, and STRM302 
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were grown in half-strength PDA, pH 
7.0, and incubated at 37 ºC for 14 days. 
Approximately 2–3 ml of 0.85% sodium 
chloride (NaCl) + 0.1% Tween 80 solution 
were poured onto the agar surface, and 
the cells and spores of each isolate of 
Streptomyces sp. were scraped with a 
loop and re-suspended in 0.85% NaCl + 
0.1% Tween 80 solution (adapted from 
Somtrakoon et al., 2019b). A suspension 
of cells and spores was transferred into the 
culture tube, and the optical density was 
adjusted to be 0.5 at an optical wavelength 
at 600 nm. The initial cell number of each 
bacterial isolate of Streptomyces sp. from 
the culture suspension was serial diluted and 
counted on half-strength PDA by the drop 
plate method before use as an inoculum. 
The initial cell numbers of each isolate of 
Streptomyces sp. used to prepare the bacteria 
suspension in the pot experiment for the first 
and the second inoculations were recorded 
(Table 1). 

Preparation of Soil

The soil used in this study was collected 
from wasteland in Khamriang Sub-district, 
Khantharawichai District, Maha Sarakham 
Province, Thailand. The soil was air-dried 

for two weeks before use. After serial 
dilution, the total heterotrophic bacteria in 
the soil used in this study were counted on 
nutrient agar using the spread plate method. 
At the beginning of the experiment, the 
number of total heterotrophic bacteria was 
5.3×104 CFU/g dry soil. Then, these soils 
were sub-divided into the experimental pots, 
with each experimental pot containing 4 
kg of dry soil. There were 120 pots for the 
experiment. 

Experimental Design 

The ability of each isolate of Streptomyces 
sp. to stimulate the growth of Napier 
grass was determined in a 2 x 6 factorial, 
completely randomized design with ten 
replicates. Two factors were two levels of 
the water system (normal water and low 
water irrigation) × six levels of bacterial 
inoculation (non-inoculation and inoculation 
with PB5, SRF1, St8, STRM104, and 
STRM302). The details of each treatment 
are given in Table 2.

Pot Experiment 

Stems of Napier grass cultivar ‘Pak Chong 
1’ were cut into 13-14 cm pieces, with each 
piece having only one node and then soaked 

Table 1 
Initial cell numbers of Streptomyces spp. used in pot experiments

Bacterial isolates 1st inoculation (CFU/ml)
(14 days after transplantation)

2nd inoculation (CFU/ml)
(31 days after transplantation)

Streptomyces sp. PB5 8.7 × 1010 8.7 × 1010

Streptomyces sp. SRF1 2.5 × 1010 1.9 × 1010

Streptomyces sp. St8 3.5 × 108 3.3 × 108

Streptomyces sp. STRM104 1.0 × 1010 9.3 × 109

Streptomyces sp. STRM302 4.3 × 109 4.3 × 109
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in water for 72 hours. One cutting of Napier 
grass was planted in each experimental pot 
until the young plant was 14 days old. At this 
age, 2 ml of each bacterial inoculum (Table 
1) was mixed with 250 ml of water and 
poured into the experimental pot. Pots that 
did not receive the bacterial inoculum had 
distilled water added as a non-inoculated 
control. The water system was set into two 
patterns; 250 ml of water was added to the 
experimental pot once every three days for 
the normal water system and once every 
six days for the low water system. The 
second bacterial inoculation was performed 
one month after planting. Again 2 ml of 
each bacterial inoculum (Table 1) was 
mixed with 250 ml of water and poured 
into the planted soil. Napier plants were 
grown until they were 49 days old when 
the experiment was terminated. Then, the 
physical and chemical characteristics of 
the soil in a low water system at the end 
of the experiment were analyzed at the 
Soil-Fertilizer-Environment Academic 

Table 2
Details of each treatment

Treatment Water system Streptomyces isolate
1 Normal water Non-inoculation
2 Normal water PB5
3 Normal water SRF1
4 Normal water St8
5 Normal water STRM104
6 Normal water STRM302
7 Low water Non-inoculation
8 Low water PB5
9 Low water SRF1
10 Low water St8
11 Low water STRM104
12 Low water STRM302

Development Project, Department of Soil 
Science, Kasetsart University, Bangkok, 
Thailand. 

Plant Growth Measurement

Plant growth parameters were determined at 
the end of the experiment, including shoot 
length, root length, shoot fresh weight, 
shoot dry weight, root fresh weight, root 
dry weight, and the number of leaves. 
Total chlorophyll, chlorophyll a, and 
chlorophyll b contents in leaves of Napier 
plants were determined according to the 
methods described in Huang et al. (2004). 
The relative water content (RWC) in the 
leaves of the Napier plants was analyzed 
according to the methods described in Sade 
et al. (2015). The specific root length was 
calculated from the root length/root dry 
weight (Calvelo Pereira et al., 2010). The 
root to shoot ratio was calculated from the 
root dry weight/shoot dry weight (Xu et al., 
2018). 

Statistical Analysis

A two-way analysis of variance (ANOVA) 
and least square difference (LSD) tests were 
used for variance analysis and pairwise 
comparison for plant growth. Microsoft 
Excel was used for statistical analysis.

RESULTS AND DISCUSSION

Relative Water Content and 
Chlorophyll Content in Leaves

The growth levels of Napier grass planted 
under normal and low water systems in this 
study were similar. This study did not change 
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Napier grass’s growth under the low water 
system. The RWC confirmed it in Napier 
grass leaves that were not significantly 
different between normal and low water 
systems for the same bacterial isolate 
(Table 3). However, RWC in leaves differed 
between some inoculations within the same 
water system, for example, Streptomyces 
sp. St8 and STRM302 under the normal 
water system, and non-inoculation and 
Streptomyces sp. STRM104 under the low 
water system. Normally, the RWC in leaves 

of plants decreases when encountering 
drought conditions (Machado & Paulsen, 
2001). It may be due to Napier grass being 
tolerant to short droughts. It has been 
reported that Napier grass could survive 
under non-irrigated conditions and could 
generate higher biomass during the dry 
season than in the rainy season (Haegele et 
al., 2017). 

Under the normal water system, 
inoculation of Napier grass with Streptomyces 
sp. isolates PB5, SRF1, St8, and STRM104 

Table 3
Chlorophyll content and relative water content of Napier grass leave grown under normal system and 
low water condition for 49 days [mean ± standard error (SE)]

Treatment Chlorophyll a
(mg/ml)

Chlorophyll b
(mg/ml)

Total chlorophyll 
(mg/ml)

RWC 
(%)

Normal water system
Control 5.09 ± 1.02cA 6.81 ± 0.39cB 11.90 ± 1.42dB 78.2 ± 21.6abA
PB5 12.32 ± 1.13abA 9.84 ± 0.63bA 22.15 ± 0.50bA 58.5 ± 8.5abA
SRF1 10.00 ± 0.29bA 6.85 ± 0.07cA 16.85 ± 0.32cA 51.2 ± 13.6abA
St8 16.14 ± 2.08aA 16.35 ± 1.12aA 32.48 ± 1.14aA 85.9 ± 9.8aA
STRM104 11.80 ± 1.29bA 10.19 ± 0.38bB 21.98 ± 1.06bB 49.7 ± 19.2abA
STRM302 4.09 ± 1.12cA 6.20 ± 0.04cA 10.29 ± 1.09dA 20.7 ± 13.1bA
Low water system
Control 10.85 ± 1.57abA 16.99 ± 0.97aA 27.83 ± 2.36aA 96.9 ± 11.5aA
PB5 14.87 ± 0.29aA 8.17 ± 0.21cA 23.03 ± 0.50bA 57.5 ± 28.8abA
SRF1 8.00 ± 0.53bA 6.81 ± 0.35cdA 14.81 ± 0.24cA 64.8 ± 14.1abA
St8 14.86 ± 3.23aA 13.19 ± 2.33bB 28.04 ± 1.43aB 76.5 ± 9.8abA
STRM104 14.52 ± 0.74aA 14.77 ± 0.20abA 29.29 ± 0.70aA 48.2 ± 22.5bA
STRM302 4.62 ± 0.48bA 5.04 ± 0.15dA 9.66 ± 0.55dA 59.1 ± 6.4abA
Water system ns ** ** ns
Bacteria ** ** ** *
Water system x 
bacteria ns ** ** ns

Note. Different lower-case letters show significant differences between inoculations of bacterial 
isolates under the same water system (P<0.05), and different capital letters show significant differences 
between normal system and low water system with the same bacterial isolate inoculations (P<0.05). 
Abbreviations: ns, *, ** denote non-significance (P>0.05), statistical significance (P<0.05), and high 
statistical significance (P<0.01) for each factor, respectively
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increased the total chlorophyll content in 
the leaves of the plant when compared to 
the control pots (Table 5). The highest total 
chlorophyll content in the plant’s leaves 
was observed in soil inoculated with St8. 
Under the low water system, inoculation 
of St8 and STRM104 could maintain the 
chlorophyll content in the leaves of Napier 
grass because the total chlorophyll content 
in the leaves of plant inoculation with 
Streptomyces sp. isolates St8 (28.04 ±1.43 
mg/ml) and STRM104 (29.29 ± 0.70 mg/
ml) were not significantly different from the 
control pots (27.83 ± 2.36 mg/ml). However, 
the total chlorophyll content in the leaves 
of plants inoculated with Streptomyces sp. 
SRF1, STRM302, and PB5 were lower 
than the total chlorophyll content in the 
plant’s leaves in the control pots (Table 
3). Normally, drought stress decreases the 
chlorophyll content in plants (Chandra et 
al., 2018), but a decrease in the chlorophyll 
content in the low water system was only 
found in the leaves of plants inoculated with 
Streptomyces sp. St8. On the other hand, the 
chlorophyll content in the leaves of plants 
inoculated with Streptomyces sp. STRM104 
and non-inoculated plants were increased in 
the low water system.

Shoot and Root Growth of Napier Grass

The leaf numbers of Napier grass grown 
under the normal water system were similar 
between the control pots and pots inoculated 
with each bacterial isolate. However, 
decreased leaf numbers were found in plants 
grown in the control pots under the low 
water system (Table 4). This phenomenon 

is prominently found in plants grown under 
drought stress because decreasing the leaf 
number is one of the adaptation mechanisms 
in plants. In general, the plant responds to 
drought via many adaptations in the leaves 
to limit water loss, such as thickening the 
palisade parenchyma in the leaf, decreasing 
the leaf area, stomatal size, and leaf number 
(Deblonde & Ledent, 2001; Zhang et al., 
2018). Surprisingly, using Streptomyces sp. 
PB5, St8, and STRM104 could increase the 
leaf number of plants grown under the low 
water system to be comparable to plants 
grown under the normal water system. It 
corresponds to the results of shoot growth 
because increasing shoot growth was also 
observed in the experimental pot inoculation 
with Streptomyces sp. PB5, St8, STRM104, 
and STRM302 under normal and low 
water systems (Table 4). Application of 
Streptomyces sp. St8 under both normal 
and low water systems tended to give the 
highest shoot fresh weight (26.9 ± 4.07 g and 
21.3 ± 1.53 g) and shoot dry weight (3.60 ± 
0.540 g and 2.84 ± 0.190 g) compared to the 
inoculation with the other bacterial isolates 
(Table 4 and Figure 1). Moreover, the highest 
root growth in fresh and dry weight was also 
observed in the experimental pots inoculated 
with Streptomyces sp. St8 under both normal 
and low water systems (Table 4). The root’s 
fresh and dry weights were 4.29 ± 0.77 g and 
0.62 ± 0.099 g when the soil was inoculated 
with Streptomyces sp. St8 under the low 
water system. However, Streptomyces 
sp. SRF1 was unsuitable as a microbial 
inoculant for Napier grass cultivation. This 
bacterial isolate stimulated the growth of 



498 Pertanika J. Trop. Agric. Sci. 45 (2): 491 - 504 (2022)

Waraporn Chouychai, Aphidech Sangdee, Areeya Phunee, Phakamas Senarit and Khanitta Somtrakoon

Ta
bl

e 
4

Sh
oo

t a
nd

 ro
ot

 g
ro

w
th

 o
f N

ap
ie

r g
ra

ss
 g

ro
w

n 
un

de
r n

or
m

al
 w

at
er

 a
nd

 lo
w

 w
at

er
 sy

st
em

s f
or

 4
9 

da
ys

 [m
ea

n 
± 

st
an

da
rd

 e
rr

or
 (S

E)
]

Le
af

 
nu

m
be

r
Sh

oo
t l

en
gt

h 
(c

m
)

Sh
oo

t f
re

sh
 

w
ei

gh
t (

g)
Sh

oo
t d

ry
 

w
ei

gh
t (

g)
R

oo
t l

en
gt

h 
(c

m
)

R
oo

t f
re

sh
 

w
ei

gh
t (

g)
R

oo
t d

ry
 w

ei
gh

t 
(g

)

R
oo

t t
o 

sh
oo

t 
ra

tio

Sp
ec

ifi
c 

ro
ot

 
le

ng
th

 
(m

/g
)

N
or

m
al

 w
at

er
 

C
on

tro
l

8.
4 

± 
0.

40
41

.0
 ±

 1
.5

7b
A

11
.5

 ±
 1

.2
4c

A
1.

25
 ±

 0
.1

50
bA

48
.6

 ±
 5

.6
0a

A
2.

49
 ±

 0
.4

2b
A

0.
23

 ±
 0

.0
42

cA
0.

19
2.

09
PB

5
8.

5 
± 

0.
55

61
.1

 ±
 6

.3
9a

A
20

.2
 ±

 2
.1

9b
A

1.
92

 ±
 0

.3
28

bA
45

.2
 ±

 4
.5

1a
A

3.
35

 ±
 0

.6
0b

A
0.

48
 ±

 0
.0

87
bA

0.
25

0.
93

SR
F1

8.
0 

± 
0.

24
53

.0
 ±

 2
.3

4a
bA

15
.7

 ±
 1

.5
3b

cA
1.

99
 ±

 0
.2

52
bA

50
.8

 ±
 3

.7
0a

A
3.

62
 ±

 0
.7

0a
bA

0.
50

 ±
 0

.1
00

bA
0.

21
1.

02
St

8
9.

3 
± 

0.
42

61
.3

 ±
 5

.6
7a

A
26

.9
 ±

 4
.0

7a
A

3.
60

 ±
 0

.5
40

aA
43

.5
 ±

 4
.3

5a
A

4.
84

 ±
 0

.5
4a

A
0.

76
 ±

 0
.1

19
aA

0.
24

0.
57

ST
R

M
10

4
9.

3 
± 

0.
37

56
.8

 ±
 5

.6
2a

A
20

.3
 ±

 2
.0

9b
A

2.
63

 ±
 0

.4
28

ab
A

47
.9

 ±
 3

.6
4a

A
2.

79
 ±

 0
.2

6b
A

0.
63

 ±
 0

.1
50

ab
A

0.
20

0.
76

ST
R

M
30

2
8.

6 
± 

0.
50

57
.3

 ±
 5

.3
8a

A
19

.6
 ±

 1
.6

3b
A

2.
59

 ±
 0

.3
57

ab
A

50
.6

 ±
 2

.1
1a

A
3.

80
 ±

 0
.4

8a
bA

0.
53

 ±
 0

.0
70

ab
A

0.
25

0.
95

Lo
w

 w
at

er
C

on
tro

l
6.

9 
± 

0.
43

40
.8

 ±
 3

.5
7b

cA
9.

7 
± 

1.
44

cA
1.

17
 ±

 0
.1

94
bA

39
.3

 ±
 3

.1
2c

A
2.

67
 ±

 0
.4

1b
A

0.
13

 ±
 0

.0
49

bA
0.

27
1.

24
PB

5
9.

0 
± 

0.
30

58
.4

 ±
 4

.0
9a

bA
16

.0
 ±

 1
.0

8b
A

2.
24

 ±
 0

.1
65

aA
45

.2
 ±

 2
.5

8b
cA

2.
29

 ±
 0

.2
6b

A
0.

25
 ±

 0
.0

36
bA

0.
11

1.
78

SR
F1

6.
5 

± 
0.

58
36

.8
 ±

 4
.1

1c
A

8.
9 

± 
1.

34
cB

1.
17

 ±
 0

.2
27

bA
57

.8
 ±

 6
.4

4a
A

2.
00

 ±
 0

.2
5b

B
0.

25
 ±

 0
.0

36
bB

0.
22

2.
27

St
8

8.
9 

± 
0.

23
59

.0
 ±

 4
.2

2a
bA

21
.3

 ±
 1

.5
3a

B
2.

84
 ±

 0
.1

90
aA

48
.4

 ±
 1

.7
1a

bA
4.

29
 ±

 0
.7

7a
A

0.
62

 ±
 0

.0
99

aA
0.

24
0.

71
ST

R
M

10
4

9.
3 

± 
0.

17
66

.5
 ±

 4
.9

2a
A

18
.2

 ±
 1

.1
3a

bA
2.

23
 ±

 0
.1

96
aA

36
.6

 ±
 3

.5
3c

A
2.

45
 ±

 0
.2

2b
A

0.
46

 ±
 0

.0
65

ab
A

0.
21

0.
79

ST
R

M
30

2
7.

3 
± 

0.
59

52
.2

 ±
 3

.5
8b

A
16

.6
 ±

 1
.3

6a
bA

2.
16

 ±
 0

.2
54

aA
48

.9
 ±

 2
.9

0a
bA

1.
84

 ±
 0

.3
1b

B
0.

38
 ±

 0
.0

56
bA

0.
12

1.
28

W
at

er
ns

**
ns

ns
*

*
B

ac
te

ria
**

**
**

*
**

**
W

at
er

 x
 

ba
ct

er
ia

ns
ns

ns
ns

ns
ns

N
ot

e.
 D

iff
er

en
t l

ow
er

-c
as

e 
le

tte
rs

 sh
ow

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

s b
et

w
ee

n 
in

oc
ul

at
io

ns
 o

f b
ac

te
ria

l i
so

la
te

s u
nd

er
 th

e 
sa

m
e 

w
at

er
 sy

st
em

 (P
<0

.0
5)

, a
nd

 
di

ffe
re

nt
 c

ap
ita

l l
et

te
rs

 sh
ow

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

s b
et

w
ee

n 
no

rm
al

 sy
st

em
 a

nd
 lo

w
 w

at
er

 sy
st

em
 w

ith
 th

e 
sa

m
e 

ba
ct

er
ia

l i
so

la
te

 in
oc

ul
at

io
ns

 (P
<0

.0
5)

. 
Th

e 
da

ta
 w

er
e 

no
t n

or
m

al
ly

 d
is

tri
bu

te
d 

fo
r l

ea
f n

um
be

r, 
an

d 
th

e 
st

at
is

tic
al

 c
al

cu
la

tio
n 

w
as

 n
ot

 p
er

fo
rm

ed
. A

bb
re

vi
at

io
ns

: n
s, 

*,
 *

* 
de

no
te

 n
on

-s
ig

ni
fic

an
ce

 
(P

>0
.0

5)
, s

ta
tis

tic
al

 si
gn

ifi
ca

nc
e 

(P
<0

.0
5)

, a
nd

 h
ig

h 
st

at
is

tic
al

 si
gn

ifi
ca

nc
e 

(P
<0

.0
1)

 o
f e

ac
h 

fa
ct

or
, r

es
pe

ct
iv

el
y



499Pertanika J. Trop. Agric. Sci. 45 (2): 491 - 504 (2022)

Using Streptomyces spp. for Napier Grass Growth-Promotion

plants grown under both normal and low 
water systems to a lesser extent than the 
other isolates (Table 4 and Figure 1). It 
may be due to no phosphate solubilization 
activity detected in Streptomyces sp. SRF1 
and only a slight level of indole-3-acetic 
acid were produced by this bacterial isolate 
(Somtrakoon et al., 2019a).

The stimulation of the growth of 
Napier grass in this study may be due 
to the plant growth-promoting activities 
of Streptomyces. Our previous work 
(Somtrakoon et al., 2019a, 2021), and 

recent tests on plant growth-promoting 
activity, revealed that Streptomyces sp. St8, 
STRM104, STRM302, and PB5 can produce 
indole-3-acetic acid, exopolysaccharide, 
ammonia, and solubilize phosphate (Table 
5). These activities assist in promoting the 
growth of plants by several mechanisms. 
For example, IAA production supports 
plant growth by increasing root growth, 
which permits the plant to uptake more soil 
nutrients (Goswami et al., 2013). In addition, 
increasing the soil water holding capacity by 
bacterial exopolysaccharides promotes plant 

Table 5 
Plant growth-promoting activity of Streptomyces sp. PB5, SRF1, St8, STRM104, and STRM302

Bacteria IAA production Phosphate 
solubilization

Exopolysaccharide
production

Ammonia 
Production

PB5 + + + +
SRF1 NDA NDA + +
St8 NDA NDA + +
STRM104 NDB NDB + +
STRM302 NDB NDB + +

Note. NDA mean not determined in this study. Plant growth-promoting activity was determined in Somtrakoon 
et al. (2019a); NDB mean not determined in this study. Plant growth-promoting activity was determined in 
Somtrakoon et al. (2021); Symbols + and - indicate positive and negative activities, respectively

Figure 1. The 49-day-old Napier grass grown under a low water system when inoculated with 
Streptomyces sp. SRF1 (A) and St8 (B), respectively
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growth via increasing the nutrient uptake 
and aiding the colonization of PGPB to the 
plant root zone (A. Kumar et al., 2020; Khan 
et al., 2017). Bacterial colonization of plant 
roots is a significant procedure for PGPB to 
survive, grow, and function in the soil (de 
Souza et al., 2015). In addition, increasing 
phosphorus mobilization by PGPB could 
promote phosphorus uptake by plants and 
support plants grown in soil (Pereira et al., 
2020). The ammonia-producing ability of 
PGPB also provides a nitrogen source for 
plants (Goswami et al., 2013), and it can act 
to protect the plants from phytopathogens 
(Fahsi et al., 2021).

In general, indigenous bacteria have 
been proposed to be used as microbial 
inoculants because of their adaptation 
capacity to the environment after inoculation 
into the environment again (B. L. Kumar & 
Gopal, 2015). However, the results of this 
study confirmed that the Streptomyces sp., 
which has not previously been isolated 
from soil planted with Napier grass, could 
promote the growth of plants to an obvious 
extent compared to the control. Streptomyces 
sp. St8 was the most suitable microbial 
inoculant for Napier grass planting based 
on the root to shoot ratio. It is confirmed 
by a similar root to shoot ratio of plant 
inoculation with Streptomyces sp. St8, 
which was similar between the normal and 
low water system conditions. It means that 
growing under a low water system did not 
affect the integrity of the root of Napier 
grass. The root to shoot ratio of Napier grass 
inoculation with Streptomyces sp. STRM104 
was also constant between the normal water 

and low water systems, but the ability to 
stimulate the growth of Napier grass by this 
bacterial isolate was poor. Meanwhile, the 
root to shoot ratio of the plants in the control 
pots was increased under the low water 
system. It means that the roots of Napier 
grass grown under a low water system were 
not healthy. Therefore, using Streptomyces 
sp. St8 is the best to protect the root integrity 
of the plant in this study. However, the 
nutrient elements in all soils planted with 
Napier grass and inoculated with each 
isolate of Streptomyces sp. were lower than 
those in soil planted with Napier grass only 
(Table 6). The soil organic matter, available 
phosphorus, exchangeable potassium, 
exchangeable calcium, exchangeable 
magnesium, and total nitrogen in planted 
soil inoculated with Streptomyces sp. PB5, 
SRF1, St8, STRM104, and STRM302 
were not increased compared to the control 
pots (Table 6). Available phosphorus, 
exchangeable potassium, and exchangeable 
calcium in the control pots were higher than 
those inoculated with Streptomyces sp. PB5, 
SRF1, St8, STRM104, and STRM302. 

CONCLUSION

Inoculation with Streptomyces could 
increase Napier grass growth, and it is 
possible to use it as a biofertilizer for Napier 
grass planting. The different bacterial 
isolates had important factors that affect 
the Napier grass’s growth and Streptomyces 
sp. St8 was the best isolate. The different 
systems in this study did not decrease the 
Napier grass’s growth. For Napier grass 
inoculated with Streptomyces sp. St8, only 
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the shoot fresh weight was decreased in 
the low system condition. Even though 
inoculation of soil with Streptomyces sp. did 
not increase the planted soil’s fertility in this 
study, the nutrient accumulation in Napier 
grass inoculated with Streptomyces should 
be analyzed in further experiments.
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