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 Nitrogen is essentially required for the plant growth as well as productivity. Plants 
take nitrogen in the form of ammonia or nitrate either from soil or fertilizer. There are nitrogen 
fixing bacteria plays a vital role to supply atmospheric nitrogen to plants where plants do not 
obtain from soil. Apart from soil bacteria, endophytic bacteria which living inside the plant 
tissues can improve crop productivity and soil health sustainably through biological nitrogen 
fixation and act as a potential replacement for chemical fertilizers in agriculture. This study 
was conducted to determine the nitrogen fixing activity of isolated endophytic bacteria from 
Kalanchoe pinnata (Lam.). The isolated endophytes were subjected to molecular confirmation 
and evaluated for ammonia production, Acetylene Reduction Assay (ARA), nif gene amplification 
and analysis of growth parameters in Zea mays using pot culture assay. The data were analyzed 
using SPSS ver.16. In this study, Bacillus thuringiensis, Bacillus paranthracis, Staphylococcus 
xylosus and Bacillus cereus were isolated from the leaves of Kalachoe pinnata (Lam). They were 
confirmed using 16SrRNA sequencing. All the endophytic bacteria were positive for ammonia 
production and ARA. The percentage of nitrogen produced was 32.8 % (B. thuringiensis), 
65.7% (B. paranthracis), 80.7% (S. xylosus) and 45.2% (B. cereus).The presence of nif gene 
was confirmed through the PCR amplification of a 550-580bp fragment of the gene. Pot culture 
assay of Zea mays were observed with significant improvement in S. xylosus followed by B. 
paranthracis inoculated pots. The presence of the nitrogenase enzyme and the nif gene in these 
endophytic bacteria allows them to fix atmospheric nitrogen to meet plant nitrogen demands, 
resulting in a symbiotic relationship with agricultural crops.
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	 Nitrogen	fixation	 is	 the	most	 important	
biological	nitrogen	cycle.	The	presence	of	nitrogen	
in	molecules	other	than	N2 is	frequently	the	limiting	
factor	for	plant	growth.	Fixation	takes	place	through	
industrial,	atmospheric,	and	biological	processes.	
In	 the	 atmosphere,	 nitrogen	 is	 converted	 into	
nitrogen	compounds	for	biochemical	processes.	

	 Biological	nitrogen	fixation	is	seen	to	be	
the	most	 promising	method	of	 supplying	plants	
with	fixed	forms	of	nitrogen.	It	occurs	through	the	
conversion	of	N2 to NH3,	NH4+,	or	organic	nitrogen	
under	 the	 influence	 of	 an	 enzyme.	 In	 general,	
prokaryotes	 and	 archaea	 are	 the	only	organisms	
capable	of	fixing	nitrogen	but	many	research	works	
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stated	that	endophytic	bacteria	work	in	symbiosis	
with	them	and	can	uses	the	nitrogenase	enzyme	to	
fix	atmospheric	nitrogen	 into	ammonia1,2.	 It	was	
noted	 that	 ammonia	 production	 test,	nifH gene 
amplification,	 and	Acetylene	Reduction	Assay	
(ARA)	help	to	confirm	N	fixing	ability3.
	 In	 recent	 years,	 the	 application	 of	
endophytic	bacterial	 inoculants	 supplying	N	has	
drawn	 attention	 for	 increasing	 plant	 yield	 in	 a	
sustainable	manner	in	various	crop	plants.	Besides,	
endophytes	were	claimed	 to	 increases	 the	 insect	
resistance,	stress	tolerance,	synthesize	enzymes	or	
peptides	providing	nutrients,	as	well	as	replacing	
the	chemical	 fertilizers	because	 it	producing	 the	
plant	 growth	 hormones	 such	 as	 indole	 acetic	
acid	and	cytokinin4,5.	Nitrogen	fixing	endophytic	
bacteria	was	present	in	agricultural	crops	as	well	
as	medicinal	plant	parts	such	as	roots,	stems,	fruits,	
and	 leaves6.7.	Pseudomonas,	Microbacterium,	
Firmicutes,	Proteobacteria,	Actinobacteria,	
and	Bacteroidetes	 are	 few	 endophytic	 bacteria	
identified	for	nitrogen	fixing	activity8.
 K a l a n c h o e  p i n n a t a 	 b e longs 	 t o	
Crassulaceae,	 commonly	 known	 as	 miracle	
leaf	 and	 life	 of	 leaf	 distributed	 in	 tropical	 and	
subtropical	regions	of	Asia.	The	elliptic,	20	cm	tall	
leaf	or	leaflets	have	a	notched	border	that	generates	
plantlets9.	This	plant	is	a	medicinal	plant	that	has	
normally	been	used	in	ayurvedic	medicines	since	
ancient	times.		Despite	their	medicinal	importance,	
many	 studies	were	not	undertaken	 in	evaluating	
the	endophytes	associated	with	this	plant.	In	this	
regards,	our	study	aims	at	i)	Isolation	of	endophytic	
bacteria	 associated	with	 leaves	 of	Kalanchoe 
pinnata	(Lam.)	ii)	Characterization	of	endophytic	
bacteria,	 iii)	Determination	 of	 nitrogen	 fixing	

activity	and	iv)		Study	of	growth	promotion	activity	
in Zea mays (figure	 1). Overall,	 this	 research	
provides	 valuable	 potential	 information	 about	
nitrogen-fixing	endophytic	bacteria	that	could	be	
used	 for	 producing	 bio-fertilizer	which	may	 be	
effective	in	agriculture.

MATERIAS AND METHODS

Collection, Identification and Sampling of Plant 
material
	 The	plant	 samples	were	 collected	 from	
farms	in	and	around	Coimbatore	district	and	the	
plants	were	 identified	 using	 the	 service	 of	 the	
botanical	 survey	 of	 India,	TNAU,	Coimbatore,	
Tamilnadu.	Fresh	leaves	were	collected	in	a	Ziploc	
cover	under	aseptic	condition	and	washed	3	times	
with	 running	 tap	water	 to	 remove	 surface	 soils.	
Surface	 sterilisation	was	 performed	 using	 70%	
ethanol	 for	 5	min	 and	 2%	 sodium	hypochlorite	
for	1	min,	subsequently	the	samples	were	washed	
3	times	with	sterile	water10,11.
Isolation, Morphological and Biochemical 
Characteristics of Endophytic Bacteria
	 Fresh	leaves	were	ground	in	2%	saline,	
serially	diluted,	and	plated	in	LB	agar	for	isolation	
of	 nitrogen	fixing	 endophytic	 bacteria.	After	 24	
h,	morphologically	 diverse	 bacterial	 colonies	
were	 chosen,	 and	 streaking	was	 repeated	 until	
pure	culture,	andthe	same	were	stored	at	4°C	till	
further	 use12.The	morphological	 characters	 and	
biochemical	parameters	were	assessed13.
Molecular identification of endophytic bacteria
	 Genomic	DNA	was	isolated	from	selected	
endophytic	strains14	and	the	amplification	of	16S	
rRNA	 sequencing	were	 performed	 using	 27F	

Fig. 1. Nitrogen	Fixing	Activity	of	Endophytic	Bacteria
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Table 1. Molecular	identification	of	strain	with	Gene	Bank	Accession	No.	and	Morphological	Characters	of	isolates

No	 Strain	 Name	of		 Gen	Bank		 	 	 	Morphological	Characters	of	Isolates
	 	 Isolates	 Accession		 Gram		 		Shape	 Form	 Surface	 Colour	 Margin	 Elevation
	 	 	 No	 staining

1	 EB1	 Bacillus  OM349623	 Positive	 Rod	 Irregular	 Rough	 Cream	 Lobate	 Flat
  thuringiensis
2	 EB2	 Bacillus  OK135976	 Positive	 Rod	 Circular	 Smooth	 Cream	 Entire	 Raised
  paranthracis
3	 EB3	 Staphylococcus  OM350007	 Positive	 Round	 Smooth	 Shiny	 Orange	 Undulate	 Flat
  xylosus
4	 EB4	 Bacillus cereus OK135977	 Positive	 Rod	 Circular	 Smooth	 Cream	 Entire	 Raised

Fig. 2.	Ammonia	Production	Test
C:	Control	(Un	inoculated	Broth)	shows	Negative	test,	B. thuringiensis,	B. paranthracis,	S. xylosus	and	B. cereus	shows	orange	
colour	indicating	positive	results

(AGAGTTTGATCCTGGCTCAG)	 and	 1492R	
(CGGTTACCTTGTTACGACTT)	 primers	 to	
amplify	 approximately	 1500	 bp	 of	 16S	 rDNA	
gene15.	PCR	results	were	viewed	and	purified	using	
a	 kit	 from	Gene	Aid16.	Then,	 the	 products	were	
sequenced	at	Biokart	India	Pvt.	Ltd.,	Bengaluru,	
India.			
Ammonia Production Test
	 The	isolates	were	tested	using	qualitative	
method	 for	 the	 ammonia	 production17.	 Fresh	
culture	 of	 Bacillus thuringiensis,	 Bacillus 
paranthracis,Staphylococcus xylosus	and	Bacillus 
cereus	 were	 inoculated	 in	 peptone	water	 and	
incubated	at	30°C	 for48	 to	72	h.	The	 formation	
of	a	brown	to	yellow	colour	on	Nessler’s	reagent	
indicates	a	positive	result18.
Determination of Nitrogenase Activity
	 Nitrogenase	activity	of	isolates	was	tested	
using	 acetylene	 reduction	 assay.	The	 isolated	
endophytes	were	 incubated	 at	 30°C	 for	 48	 h	 in	
semisolid	nitrogen	free	media	sealed	tubes.	After	
48	h	of	incubation,	the	tubes	were	added	with	10%	
acetylene	 and	 the	 tube	without	 acetylene	 serves	

as	control.	After	24	hours,	0.25	ml	of	gas	sample	
was	collected	and	used	for	assessing	the	amount	of	
ethylene	formed	using	Gas	chromatography	fitted	
with	Poropak	R	column	at	the	flow	rate	of	2.5ml/
min	using	Flame	Ionisation	Detector19,20,21.	
Nitrogen Estimation
	 The	 endophytic	 cultures	were	 collected	
from	nitrogen	free	media	containing	0.05%	malate	
as	carbon	source	 incubated	at	30°C,	centrifuged	
and	supernatant	was	separated	for	the	estimation	
of	nitrogen	using	Kjeldal	method22.	
nifH Gene Amplification
	 The	 DNA	 isolated	 from	 endophytic	
bacteria	cultured	in	nitrogen	free	media	and	was	
used	 for	assessing	amplification	of	nifH	quality.	
PCR	was	performed	using	primer	 sets	 of	 nifHF	
(5'-	GGCAAGGGCGGTATCGGCAAGTC-3')	and	
nifHR	(5'-	CCATCGTGATCGGGTCGGGATG-3').	
The	 nifH	 quality	 amplification	was	 done	 in	 a	
complete	volume	of	25	µL	containing	Ultrapure	
water,	5x	Taq	buffer	,	50	µM	of	each	primer,	25	mM	
MgCl2,	100	µM	dNTPs,	5U/µL	Taq	polymerase,	
and	DNA	 template.	The	PCR	conditions	was	as	



166Renugadevi et al., Biosci., Biotech. Res. Asia,  vol. 21(1), 163-174 (2024)

Ta
bl

e 
2.

 B
io
ch
em

ic
al
	te
st
s	f
or
	is
ol
at
es

S.
	

N
am

e	
of
		

	
	

	
	

	
	

	B
io
ch
em

ic
al
	te
st
s	f
or
	is
ol
at
es

N
o	

Is
ol
at
es
	

In
do
le
		

M
et
hy
l		

Vo
ge
s		

C
itr
at
e	
	
C
ar
bo
hy
dr
at
e	
	
Tr
ip
le
		

U
re
as
e	
	

C
at
al
as
e	
	

H
2S
		

Sp
or
e	
	

EM
B
		

M
ac
C
on
ke
y	
	S
al
m
on
el
la
		

B
lo
od
		

M
an
ni
to
l	

	
	

te
st
	

R
ed
		

Pr
os
ka
eu
r		

U
til
is
at
io
n	
	fe
rm
en
ta
tio
n	
	

Su
ga
r		

te
st
	

te
st
	

pr
od
uc
tio
n	
	
St
ai
ni
ng
	

ag
ar
	

ag
ar
	

Sh
ig
el
la
		

ag
ar
	

Sa
lt	

	
	

	
te
st
	

te
st
	

te
st
	

te
st
	

te
st
	

	
	

te
st
	

	
	

	
ag
ar
	

	
ag
ar

1 
B

ac
il

lu
s 

 
-	

+	
-	

+	
+	

-	
-	

+	
-	

+	
-	

-	
-	

-	
-

 
th

ur
in

gi
en

si
s

2 
B

ac
il

lu
s 

 
+	

+	
-	

+	
+	

+	
-	

+	
-	

+	
-	

-	
-	

-	
-

 
pa

ra
nt

hr
ac

is
3 

St
ap

hy
lo

co
cc

us
  

+	
+	

-	
+	

+	
+	

-	
+	

-	
-	

-	
-	

-	
-	

-
 

xy
lo

su
s

4	
B

ac
il

lu
s 

ce
re

us
 

+	
-	

-	
+	

+	
-	

-	
-	

-	
-	

-	
-	

-	
-	

-

follows	 as:	 initial	 denaturation	 at	 95°C	 for	 90	
sfollowed	by	30	cycles	of	denaturation	at	94°C,	
for	60	s;	annealing	at	57°C,	for	60	s;	elongation	at	
72°C,	for	60	s	and	final	extension	at	72°C	for	5	min.	
PCR	products	were	resolved	on	a	2%	agarose	gel.	
Gel	was	stained	with	ethidium	bromide	solution	
(5µg/mL)	for	30	min,	washed	with	1X	TAE	support	
and	 the	DNA	bands	were	 visualized	 under	UV	
transilluminator23.
Effect of Plant Growth Studies
Seed preparation and Inoculumn coating on 
Zea mays for Plant Growth enhancing property
 The	seeds	of	Zea mays	for	the	tests	were	
purchased	 from	 a	 local	 farmer	 in	 Pappampatti,	
Coimbatore,	 and	 surface-sterilized	 using	 75%	
ethanol	(v/v)	for	30	seconds	and	0.2%	of	freshly	
prepared	mercury	chloride	for	three	seconds	and	
three	washes	with	sterile	distilled	water	was	done	
to	 remove	excess	mercury	chloride.	0.1ml	of	an	
overnight	 grown	 culture	was	 applied	 as	 a	 seed	
coating,	dried,	and	sown	as	a	carrier	 into	sterile	
soil.	The	experiment	was	carried	out	in	triplicates	
for	each	isolate	and	twelve	seeds	were	sowed	in	
each	pot	at	an	equal	distance.	As	a	control,	seeds	
without	 coating	were	 used.	Every	 15	 days,	 the	
length	of	shoots	and	roots	were	measured,	 fresh	
and	dry	weight	was	noted,	flowering	stage	and	corn	
formation	were	observed	24.

RESULTS AND DISCUSSION

Collection, Identification and Sampling of Plant 
material
	 The	plant	sample	was	collected	from	farm	
in	 Sulur,	Coimbatore,	 identified	with	 botanical	
survey	of	 India,	TNAU,	Coimbatore,	Tamilnadu	
and	it	was	identified	as	Kalanchoe pinnata	(Lam.).	
Isolation, Biochemical and Morphological 
Characteristics of endophytic bacteria
	 In	total,	twenty	seven	bacterial	endophytes	
were	isolated	from	the	leaves	of	Kalanchoe pinnata 
(Lam).	After	 the	 preliminary	 screening	 test,	we	
have	 selected	 4	 isolates/strains	 named	 as	EB1,	
EB2,	EB3	 and	EB4	 for	 further	 study	 based	 on	
biochemical	and	morphological	characters	(table	
1	and	table	2).	In	a	similar	study,	Mokhichekhra	et 
al.,	(2021)	isolated	7	strains	from	different	parts	of	
Kalanchoe degremona	including	roots,	stem,	and	
leaves25.	
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Fig. 3. Nitrogenase	activity	by	ARA

Fig. 4. Percentage	of	nitrogen	(%)

Molecular identification of endophytic bacteria
	 Among	the	four	strains,	EB1,	EB2,	and	
EB4	were	categorized	as	Bacillus sp	and	EB3	as	
Staphylococcus sp	 based	 on	 their	 biochemical	
and	morphological	 characteristics.	 For	 accurate	
identification,	 16SrRNA	 sequence	 analysis	was	
done.		Clustal	X	was	used	for	multiple-sequence	
alignment26	and	sequences	have	deposited	in	the	
GenBank	database	which	were	designated	under	the	
following	accession	numbers:	OM349623	(EB1-	

Bacillus thuringiensis),	OK135976	(EB2-Bacillus 
paranthracis),	OM350007	EB3-Staphylococcus 
xylosus)	 and	OK135977	 (EB4-Bacillus cereus)	
given	in	table	1.	The	family	members	of	Firmicutes,	
Bacteroidetes,	 and	Actinobacteria	 are	 generally	
reported	to	be	the	most	frequent	and	predominant	
endophytes	 associated	with	 plants27.	Our	 results	
similarly	 revealed	 that	Firmicutes	 (Bacillus sp.)	
are	predominantly	associated	with	this	plant.	
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Fig. 5. Characterization	of	nif	genes	of	endophytes	using	nif	H	Primer
Lane	M:	Marker,	Lane	1:	Bacillus thuringiensis,	Lane	2:	Bacillus paranthracis,	Lane	3:	Staphylococcus xylosus	and	Lane	4:	
Bacillus cereus

Ammonia Production Test
	 The	production	of	ammonia	is	considered	
to	 be	 an	 indirect	 factor	 of	 growth	 promotion	
by	 endophytes	 in	 plants	 and	 also	 indicates	 the	
capability	of	endophytes	 to	offer	nitrogen	 to	 the	
plants28.	The	formation	of	orange	to	brown	colour	
indicates	a	positive	result	for	ammonia	production.	
A	 study	 by	Borah	 et al.,	 (2019)	 for	 instance,	
observed	 the	maximum	ammonia	 production	 in	
Brevibacterium sp	 visibly	with	 brown	 colour18.	
Here,	B. thuringiensis, B. paranthracis, S. 
xylosus,and	B. cereus	were	showed	positive	result	
to	 ammonia	 production	 (table	 3	 and	 figure	 2).	
These	isolated	nitrogen	fixing	endophytes	shown	
maximum	ammonia	production	in	2nd	and	3rd	day	
compared	 to	 the	 1st	 day	 culture	filtrate.	 Similar	
results	were	also	reported	by	Kang	et al.,	(2020)29 
that,	highest	level	of	ammonia	was	observed	in	the	
2nd	and	3rd	day	culture	of	Klebsiella pneumoniae 
than	first	day	culture	filtrate.	
Determination of Nitrogenase Activity
	 All	 four	 endophytes,	B. thuringiensis, 
B. paranthracis, S. xylosus,and B. cereus	showed	
positive	for	nitrogenase	activity;	the	results	were	
expressed	in	nm/h/v	(table	3	and	figure	3).	Similar	
to	our	results,	previous	research	study	also	stated	
that,	Pseudomonas sp,	Bacillus sp,	Klebsiella 
sp,and	 Paenibacillus sp	 shown	 maximum	
nitrogense	activity	using	ARA1,2..	As	well	known	
the	 nitrogen	 fixation	 is	 generally	 catalysed	 by	

enzyme	 nitrogenase	which	mainly	 governs	 the	
ATP-dependent	 reduction	 of	N2	 (dinitrogen)	 to	
NH3	 (ammonia)	and	are	encoded	by	nif	genes

30.	
It	was	 noted	 that,	 evaluation	 of	N	fixation	was	
done	frequently	in	free	living	bacteria	as	well	as	in	
endophytic	bacteria.	In	addition,	in	situ	acetylene	
reduction	method	was	 adopted	 to	 determine	 the	
nitrogenase	activity31.	Here,	we	followed	acetylene	
reduction	assay	for	nitrogenase	activity,	S. xylosus 
produced	higher	amount	of	ethylene	(227.3nm/h/v)	
compared	 to	B. paranthracis	 (167.2nm/h/v)	 and	
B. cereus	 (91.1nm/h/v)	whereas	B. thuringiensis 
produced	loweramount	of	ethylene	(82.6nm/h/v).		
Nitrogen	 fixation	 is	 an	 ecologically	 important	
process	 as	 an	 input	 for	nitrogen	 into	 the	habitat	
and	equally	 representing	 the	promising	alternate	
for	chemical	nitrogen	fertilizers32.
Nitrogen Estimation
	 Kjeldahl	 method	 is	 commonly	 used	
for	 nitrogen	 estimation.	 Previous	 study	 stated	
that,	Bacillus subtilis	 was	 prominent	 nitrogen	
fixing	endophytes	in	saline	condition	and	shown	
to	 contain	 highest	 nitrogen	 content	 in	 chickpea	
leaves33.	 It	 was	 noticed	 that	Herbaspirillum 
frinsingense	 and	Pantoea dispersa	 strains	were	
actively	participated	in	nitrogen	fixing	activity34.	
This	study	showed	that	B. thuringiensis	produced	
32.8%	nitrogen,	B. paranthracis	produced65.7%	
S. xylosus	produced	80.7%	and	B. cereus	produced	
45.2%	of	nitrogen	based	on	Kjeldahl	method.	S. 
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Table 4. Effect	of	endophytes	on	shoot	and	root	length,	fresh	and	dry	weight	of	Zea mays

Days	 Name	of	the	isolate	 Shoot	Length		 Root		 Fresh		 Dry	
	 	 (cm)	 Length	(cm)	 Weight	(g)	 Weight	(g)

15	 Control	 16	±0	 3	±0	 2.1	±0		 0.3	±0	
 B. thuringiensis	(EB1)	 26.25	±0.49	 8.05	±0.09	 3	±0	 0.85	±0.09
 B.Paranthracis (EB2)	 38.15	±0.29	 10.1	±0	 4.05	±0.10	 1.20	±0.01
 S. xylosus (EB3)	 30.5	±0.98	 9.05	±0.10	 3.15	±0.09	 1	±0	
 B. cereus (EB4)	 30.5	±0.98	 9	±0	 3.1	±0	 1	±0	
30	 Control	 35	±0	 5.1	±0	 5.05	±0.09	 0.92	±0.01
 B. thuringiensis (EB1)	 45.05	±0.10	 9.1	±0	 7.1	±0	 1.59	±0.02
 B.paranthracis (EB2)	 75	±0	 13.05	±0.09	 12.15	±0.10	 2.41	±0.01
 S. xylosus (EB3)	 65.05	±0.10	 12	±0	 11.1	±0	 2.05	±0.09
 B. cereus (EB4)	 63.9	±0.19	 10.15	±0.09		 11	±0	 2.1	±0
45	 Control	 44.15	±0.10	 8.05	±0.10	 7.1	±0	 1.49	±0.01
 B. thuringiensis (EB1)	 52.15	±0.09	 14.15	±0.09	 9.1	±0	 2	±0
 B.paranthracis (EB2)	 83	±0	 21	±0		 17	±0	 2.65	±0.09
 S. xylosus (EB3)	 75.45	±0.09	 20.15	±0.09	 12.1	±0	 2.41	±0.02
 B. cereus (EB4)	 72.95	±0.09	 20	±0		 9.1	±0	 2.45	±0.09
60	 Control	 74.95	±0.09		 15.1	±0	 10.1	±0	 2.31	±0.01
 B. thuringiensis (EB1)	 82	±0	 21.15	±0.09	 11	±0	 4.05	±0.09
 B.paranthracis (EB2)	 104.9	±0.19	 28.1	±0		 25.1	±0	 6.51	±0.01
 S. xylosus (EB3)	 97.95	±0.09	 28	±0	 16	±0		 5.85	±0.09
 B. cereus (EB4)	 94.75	±0.49	 23.05	±0.13	 14.15	±0.09	 5.6	±0	
75	 Control	 75.15	±0.09	 20.05	±0.09	 15	±0		 2.53	±0.06
 B. thuringiensis (EB1)	 86	±0		 25	±0		 15.1	±0	 4.32	±0.01
 B.paranthracis (EB2)	 112.05	±0.09	 32.1	±0	 30.05	±0.09	 6.7	±0	
 S. xylosus (EB3)	 104	±0	 33	±0		 25.15	±0.09	 6.05	±0.09
 B. cereus (EB4)	 96.95	±0.09	 28.1	±0	 23	±0	 5.31	±0.01
90	 Control	 75	±0	 20.1	±0	 15.15	±0.09	 2.49	±0.01
 B. thuringiensis (EB1)	 85.95	±0.10	 25.15	±0.09	 15	±0	 4.29	±0.01
 B.paranthracis (EB2)	 112.1	±0	 32	±0	 33.15	±0.10	 6.71	±0.02
 S. xylosus (EB3)	 104.05	±0.09	 33.1	±0		 28.05	±0.09	 6.25	±0.09
 B. cereus (EB4)	 97.1	±0.19	 28.05	±0.09	 23	±0	 5.31	±0.02

Table 3. Ammonia	Production	Test,	Nitrogenase	activity	(ARA),	and	Percentage	of	Nitrogen

S.	 Name	of	Isolates	 Ammonia		 Nitrogenase		 Percentage	
No	 	 Production		 Activity(ARA)	 of	Nitrogen	
	 	 test	 nmole/h/vial	 (%)

1 B. thuringiensis Positive	 82.6	 32.77	±0.07
2 B. paranthracis Positive	 167.2	 65.73	±0.06
3 S. xylosus Positive	 227.3	 80.63	±0.07
4	 B. cereus Positive	 91.1	 45.2	±0

xylosus	produced	a	higher	percentage	of	nitrogen	
compared	 to	B. thuringiensis,	B. cereus,and	B. 
paranthracis	(table	3	and	figure	4).
nifH Gene Amplification
	 The	nifH,	an	important	part	of	nitrogenase	
protein	complex	II	which	is	the	most	commonly	
used	biomarkers	for	detecting	the	nitrogen	fixing	

endophytes35.	Genomic	DNA	 (30ng)	was	 used	
for	PCR	amplification	fornif	gene	sequence.	The	
primer	was	designed	to	amplify	600bp	of	nif	gene	
fragment.	Amplified	 nif	 gene	was	 550bp	 in	B. 
thuringiensis,	580bp	in	B. paranthracis,	590bp	in	
S. xylosus,	and	580bp	in	B. cereus.	All	the	active	
N2	 fixers	 carry	 this	nifHgenes	 encoding	 various	
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Fig. 6. Effect	of	Endophytes	on	shoot	and	root	length	of	Zea mays	in	a)	15	days,	b)	30	days,	c)	45	days,	d)	60	
days,	e)	75	days	and	f)	90	days

Table 5. Effect	of	endophytes	on	flower	and	corn	appearance	of	Zea mays

S.No	 Name	of	the	isolate	 Flower	Appearance	 Corn	Appearance

1	 Control	 75days	 77days
2 B. thuringiensis (EB1)	 70days	 72days
3 B.paranthracis (EB2)		 68days	 69days
4	 S. xylosus (EB3)	 69days	 71days
5	 B. cereus (EB4)	 70days	 72days

nitrogenase	complexes36.		Our	results	confirmed	the	
presence	of	nifH gene	in	all	the	isolated	endophytes	
(figure	5);	however	the	expression	levels	need	to	
be	evaluated.	
Effect of Plant Growth Studies
	 The	 effective	 study	 of	 endophytic	
inoculum	on	growth	and	nutrient	performance	were	
studied	in	various	research	fields.	Chickpea37,	rice	
seeds38,	Zea mays39,	groundnut	and	tomato40	were	
used	for	plant	growth	studies	like	the	shoot	and	root	
length,	weight	of	dry	and	fresh	plants,	number	of	

fruits,	flowers,	and	nutritional	content.	This	study	
also	focused	on	the	effect	of	nitrogen	fixation	of	
endophytic	bacteria	to	improve	the	growth	of	Zea 
mays.	The	length	of	root	and	shoot,	weight	of	fresh	
and	dry	plants,	flowering	days,	and	corn	appearance	
were	noted.	All	four	isolated	endophytes	showed	
positive	 significance	 in	 the	 promotion	 of	maize	
growth.	 Previous	 similar	 study,	YSD	YN2	was	
treated	with	green	grocery	 showed	 an	 increased	
level	of	chlorophyll	content41.	
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Fig. 7. Effect	of	Endophytes	on	fresh	and	dry	weight	of	Zea mays	in	a)	15	days,	b)	30	days,	c)	45	days,	d)	60	
days,	e)	75	days	and	f)	90	days

	 The	 isolated	 endophytic	 isolates	were	
treated	on	Zea mays	seeds	for	growth	promotion,	
growth	effects	were	studied	in	every	15	days	for	
90	days.	B. thuringiensis		has	increased	the	shoot	
length	gradually	from	26.25	±	0.49	to	85.95	±	0.09	
cm,	root	length	from	8.05	±	0.09	to	25.15	±	0.09	
cm,	fresh	weight	of	the	plant	from	3	±	0	to	15	±	
0,	and	dry	weight	from	0.85	±	0.09	to	4.29	±	0.01	
gm,	B. paranthracis		were	shown	to	increased	the	
shoot	length	from	38.15	±	0.29	to	112.1	±	0	cm,	
root	length	from	10.1	±	0	to	32	±	0	cm,	fresh	and	
dry	weight	of	the	plants	from	4.05	±	0.10	to	33.15	
±	0.10	cm,	and		1.20	±	0.01	to	6.71	±	0.02	gm,	S. 
xylosus		have	increased	the	shoot	and	root	length	
from	30.5	±	0.98	 to	104.05	±	0.09	cm	and	9.05	
±0.10	 to	33.1	±0	cm	respectively,	and	fresh	and	
dry	weight	from	3.15	±	0.09	to	28.05	±	0.09	gm	
and	1	±	0	to	6.25	±	0.09	gm,	and	B. cereus	shown	

to	increased	the	shoot	and	root	length	from	30.5	±	
0.98	to	97.1	±	0.19	and	9	±	0	to	28.05	±	0.09	cm,		
fresh	and	dry	weight	of	the	plants	was	increased	
from	3.1	±	0	to	23	±	0	and	1	±	0		to	5.31	±	0.02	
gm.	It	was	observed	that	in	all	isolates,	shoot,	and	
root	length	significantly	increased	from	15	to	75	
days,	but	only	slight	changes	or	no	changes	were	
noted	after	75	to	90	days	once	flowers	and	corns	
appeared	compared	to	the	control	(table	4,	5	and	
figure	6	&	7).	Previous	research	reports	stated	that	
Mixta theicola	strain	was	isolated	from	the	roots	
Solenostemma argel,	the	root	and	seedlings,	fresh	
and	dry	weight	of	Zea mays	was	shown	to	increase	
significantly	compared	to	the	control42.	This	study	
concluded	that	all	four	isolated	endophytes	were	
effectively	 involved	 in	 nitrogen	 fixation	 and	
influences	the	growth	of	Zea mays.
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CONCLUSION

	 Nitrogen	 fixation	 is	 considered	 as	
important	biological	process	where	nitrogen	gas	
is	 transformed	 into	 ammonia	 and	 nitrogenous	
compounds	that	plants	and	other	microorganisms	
can	 use.	 Endophytic	 microorganisms	 live	
asymptomatically	inside	their	hosts	and	aid	plant	
growth,	development,	fitness,	and	diversification	
by	solubilizing	macronutrients,	fixing	atmospheric	
n i t rogen, 	 synthes iz ing	 phytohormones ,	
siderophores,	 and	 ammonia	which	 acting	 as	 a	
biocontrol	 agent.	 In	 this	 study,	B. thuringiensis,	
B. paranthracis,	S. xylosus,	 and	B. cereus	were	
isolated	from	leaves	of	Kalanchoe pinnata	(Lam.)	
and	 identified	with	 16srRNA	 sequencing	 and	
submitted	sequence	in	GenBank.	All	the	isolated	
endophytes	were	positive	to	ammonia	production	
and	nitrogenase	activity.	The	nitrogen	quantity	was	
found	maximum	in	S. xylosus and B. paranthracis 
whereas	minimum	amount	in	B. thuringiensis	and	
B. cereus.	Amplified	nifH	gene	was	present	in	the	
ranges	of	550bp	to	580bp	in	isolated	endophytes.	
These	 endophytes	 shown	nitrogen	fixing	 ability	
and	 growth	 performance	was	 carried	 out	with	
Zea mays.	The	 isolates	were	 shown	 improved	
shoot	and	root	growth,	appearance	of	flower	and	
corn	were	early	compared	 to	control	 through	 its	
biological	 nitrogen	 fixation.	These	 endophytes	
were	used	to	fix	nitrogen	sustainably	in	agricultural	
crops	and	proved	to	an	excellent	alternative,	eco-
friendly	 fertilizer	 rather	 than	 chemical	 fertilizer	
for	 the	 benefits	 of	 farmers.	 Further	 evaluation	
of	 phosphate	 solubilization	 activity,	 siderophore	
production	and	plant	growth	promoting	activity	of	
these	endophytic	bacteria	will	credit	their	benefits	
in	employing	as	efficient	candidates	 in	effective	
agricultural	practices.
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