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Among the total six isolates, isolates LAIS-21, LAIK-06 and LAIJ-04 were more potential regarding 
nitrogen fixation and fixed 19.2 mg, 14.9 mg and 11.0 mg N g

-1
 malate, respectively. Out of these three 

isolates, isolate LAIS-21 recorded higher plant height (45.5 cm), number of fruits per plant (36.2), fruit 
diameter (4.8 cm), fruit weight (57.9), root length (10.3 cm), fresh root weight (23.7 g), yield per plant (2.1 
kg) and N content in leaf (58.8 g kg

-1
), in comparison to other isolates, and also recorded 31.8, 54.7, 23.7, 

9.2, 60.9, 23.7, 110.0, 34.6% increase in aforementioned parameters over control under green house 
conditions. Isolate LAIS-21 also recorded highest yield (808.3 q ha

-1
) of tomato under field conditions 

with 92.4% increase over control. 
 
Key words: Azospirillum, nitrogen fixation, tomato, yield and yield attributing characters. 

 
 
INTRODUCTION 
 
The use of fertilizers, including chemical fertilizers and 
manures, to enhance soil fertility and crop productivity 
often negatively affect the complex system of the biogeo-
chemical cycles (Perrott et al., 1992; Steinshamn et al., 
2004). Use of fertilizer has caused leaching and run-off of 
the nutrients, especially Nitrogen (N2) and phosphorus 
(P), leading to the environmental degradation (Tilman, 
1998; Gyaneshwar et al., 2002). Approximately, 216019 
thousand tones of fertilizers are being used all over the 
world (FAO, 2008). Beside chemical fertilizers, amend-
ments such as organic manure, compost, compost 
extract and compost tea are also used in many parts of 
the world to enhance crop production and/or control plant 
pathogens. In the last five decades, use of nitrogen, 
phosphorus and potassium (NPK) fertilizers has in-
creased tremendously. Among the chemical fertilizers, 
nitrogenous fertilizers constitute major part of the crop 
cultivation. Industrial nitrogen based fertilizers are beco-

ming expensive and, to combat with this problem, it is 
necessary to develop an alternative method of supplying 
nutrients to plants. Biological sources are recommended 
to replace the nitrogenous chemical fertilizers for the sus-
tainable crop. Microbial inoculants improve plant growth 
and soil fertility as well. 

Bio-fertilizers are cost-effective and eco-friendly 
compared to the chemical fertilizers. With this view, an 
attempt was made to screen out local effective isolate(s) 
to be used as substitute or integrated part of nitrogen 
supply to tomato crop. 
 
 

MATERIALS AND METHODS 

 
Estimation of nitrogen fixation potential of different isolates 

 
Amount of nitrogen fixation, by various isolates of Azospirillum, was 
assessed through Micro Kjeldhal method (Jackson, 1973) by
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Figure 1. Nitrogen fixing potential of different isolates of Azospirillum. 

 
 
 

growing the isolates in semi-solid N free broth malate medium 
supplemented with L-glutamic acid at 100 mg l

-1
. Triplicate samples 

were used for each isolate. Seven days old culture, incubated at 28 

to 30°C was homogenized well and, after that, 5 ml culture was 
taken in test tube and digested with 5 ml of (concentration) H2SO4 

along with 5 g of digestion catalyst K2SO4 and CuSO4 (10:1 ratio). 
The whole content was exposed to digestion unit till the culture 
became clear. After cooling, added 10 ml aliquot of NaOH (40%) in 
the same test tube and then test tube was transferred to Micro 
Kjeldhal unit for distillation. In a flask, with capacity of 250 ml, boric 
acid 10 ml (2%) along with mixed indicator (83.3 mg bromocresol 
green + 16.6 mg methyl red indicator dissolved in 10 ml 95% 
alcohol) was taken. Steam evolved distilled ammonia was collected 
in this flask. Fixed nitrogen, in vitro, was calculated and expressed 
in nitrogen fixed g

-1
 malate supplied. 

 

Green house experiment 
 

Best three isolates (LAIS-21, LAIK-06, LAIJ-04), out of total six 
isolates were selected, on the basis of in vitro nitrogen fixation 
potential, and further evaluated for their potential against yield and 
yield attributing characters of tomato along with nitrogen fixation 
under green house conditions with comparison to one local (LAIB-
A) and one standard check (MTCC-C). Experiment was designed 
under complete randomized design (CRD). For the green house 
experiment, pots with 30 cm diameter were used with 04 kg (auto-
claved) soil in each pot. In the pots, fertilizers were applied at 
100:50:40 kg NPK. Seven days before transplanting; total 80 g 
sterilized (autoclaved) FYM, for each of the pot, was well dried, 
finely powered and freed from dust. This FYM was inoculated with 
Azospirillum, grown on nitrogen free broth medium, to maintain 10

5
 

CFUs per pot. Tomato (cv. Laxmi) seedlings (15 days old), raised in 
autoclaved soil, were transplanted in the pots and irrigated regularly 
on need based. All the packages of practices were adopted to raise 
good crop along with need based fungicidal and insecticidal spray 
to manage the diseases and insects, if any. 

Data were recorded on plant height (cm), number of fruits per 
plant, fruit diameter (cm), fresh fruit weight (g), root length (cm), 

fresh root weight (g), yield per plant (kg) and total nitrogen content 
in leaf (g kg

-1
). Data were analyzed through analysis of variance 

(ANOVA). 

Field experiment 
 
A field experiment, with aforementioned isolates along with two 

checks (one local LAIB-1 and another standard MTCC-C), was de-
signed under randomized block design (RBD) with four replications 
having 3 × 2 m plot size at the spacing of 50 × 50 cm. In the plots, 
fertilizers were applied at 100:50:40 kg NPK ha

-1
 by throughout 

mixing in the soil at the time of last ploughing during the preparation 
of field.  

Seven days before transplanting; total 12 kg sterilized (auto-
claved) FYM (at 20 t ha

-1
) for each of the plot was well dried, finely 

powered and freed from dust. This FYM was inoculated with 
Azospirillum on Nfb medium to maintain 1.2 × 10

8
 CFUs per plot (2 

× 10
11

 CFUs ha
-1

). This heap was covered with jute bags and watered 
regularly to maintain proper moisture for growth and multiplication 
of bacteria. Total 0.5 kg inoculated FYM per plant was spot applied 
at the time of seedling transplanting. Tomato seedlings, 15 days 
old, were transplanted in the plot and irrigated through drip 
irrigation. All the packages of practices were adopted to raise good 
crop along with need based fungicidal and insecticidal spray to 

manage diseases and insects. An observation was recor-ded on 
per plot yield. Data were analyzed by analysis of variance 
(ANOVA). 

 
 

RESULTS 
 
Nitrogen fixation potential of different isolates 
 
In present study, the total nitrogen fixed by different six 
isolates (including one local LAIB-A and one standard 
check MTCC-C) was measured by Micro Kjeldhal method 
(Jackson, 1973) and the results are presented in Figure 
1. The total fixed nitrogen has been expressed as mg N 
fixed g

-1
 malate utilized. Results indicate that all the iso-

lates were able to fix nitrogen. Nitrogen fixation (in vitro), 
by all the tested isolates (LAIA-1, LAIJ-4, LAIK-6, LAIS-
21,  LAIB-A  and  MTCC-C),  ranges  between 6.1 to 19.2  



 
 
 
 
mg N fixed g

-1
 malate with maximum nitrogen fixation by 

LAIS-21 (19.2 mg) followed by LAIK-6 (14.9 mg), LAIB-A 
(11.5 mg) and LAIJ-4 (11.0 mg). Lowest nitrogen fixation 
was observed in LAIA-1 (6.1 mg) followed by MTCC-C 
(8.9 mg). Thus, for the further studies in green house and 
field conditions on the nitrogen fixation and its effect on 
yield and yield attributing characters of tomato, best three 
local (LAIJ-04, LAIK-06 and LAIS-21), out of four isolates 
were selected. 
 
 

Effect of nitrogen fixation on the yield and yield 
attributing characters of tomato 
 

Green house experiment 
 

Best three isolates (LAIJ-04, LAIK-06 and LAIS-21) were 
selected on the basis of in vitro nitrogen fixation potential 
and further evaluated for their performance against yield 
and yield attributing characters under green house con-
ditions as well as with comparison to one local (LAIB-A) 
and one standard check (MTCC-C). Nitrogen is one of 
the 17 chemical elements required for the plant growth 
and reproduction. Azospirillum are free-living plant-
growth-promoting rhizo-bacteria capable of affecting the 
growth and yield of numerous plant species. It is 
assumed that the bacteria affect plant growth mainly by 
nitrogen fixation. 
 

Plant height: Plant height was significantly increased by 
all the isolates over control with maximum increase in 
isolate LAIS-21 (45.5 cm) closely followed LAIB-A (40.8 
cm), MTCC-C (40.2 cm), LAIK-06 (40.1 cm) and LAIJ-04 
(39.6 cm). All the Azospirillum isolates were significantly 
at par with each other except isolate LAIS-21 that recor-
ded significant increase in height of plant even in com-
parison to rest of the isolates. Isolate LAIS-21 recorded 
31.8% higher increase in height 13.2 and 11.5% over to 
local and standard check. Other local isolates LAIK-06 
and LAIJ-04 were significantly superior to control but at 
par to other isolates except to LAIS-21. 
 

Number of fruits per plant: Number of fruits per plant, in 
the vegetable crops, is a major yield attributing character 
and it plays a deciding factor to increase the yield per unit 
plant/area. Azospirillum isolates LAIK-06, LAIS-21 and 
LAIB-A affected significantly to increase the number of 
fruits per plant of tomato with maximum increase in 
isolate LAIS-21 (36.2) followed by LAIK-06 (29.1) and 
LAIB-A (29.0), respectively but isolate LAIJ-04 and 
MTCC-C remained at par to control. Isolate LAIS-21 
recorded 92% increase in number of fruits, over control, 
followed by 54.7, 54.2, 13.8 and 7.4% in LAIK-6, LAIB-A, 
MTCC-C and LAIJ- 04, respectively. 
 

Fruit diameter (cm): There was statistically not much 
variation in the diameter of fruit due to nitrogen fixation by 
different isolates of Azospirillum in comparison to control 
but all the isolates increased the diameter of fruits, but 
not  significantly,  except  LAIS-21,  over  control. All the  
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isolates were statistically at par to each other regarding 
increase in fruit diameter. Isolate LAIS-21 recorded 
maximum increase (23.7%), in comparison to other 
isolates, followed by LAIK-6, LIAB-A, LAIJ-4 and MTCC-
C (7.69, 7.69, 5.12 and 5.12%), respectively over control. 
 
Fruit weight (g): Fruit weight of tomato is an important 
yield attributing character and remains positively 
correlated with diameter. Similarly, to fruit diameter, fruit 
weight was also remained statistically un-affected by 
nitrogen fixation by different isolates of Azospirillum 
except LAIS-21, over control. Among all the isolates 
(being statistically non-significant to each other); only 
LAIS-21 recorded significantly higher (9.2%) increase in 
fruit weight, over control, but rest of the isolates were 
remained at par even to control also. In other isolates, 
increase in weight was 2.2, 3.5, 4.1 and 5.4%, over 
control, in LAIJ-04, LAIK-06, LAIB-A and MTCC-C, 
respectively (Table 1). 
 
Root length (cm): Root, being the most important yield 
attributing character, development (length and fresh 
weight) helps in the more and more nutrient uptake from 
the soil leading to the major contribution in yield of the 
plant. The data (Table 1) indicates that, like fruit diameter 
and weight, root length was also remained statistically 
un-affected due to nitrogen fixation by different isolates of 
Azospirillum except isolate LAIS-21. Isolate LAIS-21 
recorded significantly higher root length (60.9%) over 
control. In other isolates as LAIK-06 (15.6%), LAIB-A 
(12.5%), LAIJ-04 (10.9%) and MTCC-C (9.3%), increase 
in root length was statistically at par to control. 
 
Root fresh weight (g): In contradictory to other yield 
attributing characters like fruit diameter, fruit weight and 
root length; there was statistically much variation in the 
different treatments regarding the root weight. All isolates 
of Azospirillum significantly increased the root weight, 
over the control, with maximum in isolate LAIS-21 (23.7 
g) followed by LAIK-06 (20.0 g), LAIB-A (18.2 g), MTCC-
C (17.5 g) and LAIJ-04 (15.9 g), respectively over control 
(10.0 g). Isolates LAIS-21 recorded maximum increase 
(137%) and minimum in isolate MTCC-C (75%) over 
control. 
 

Yield per plant (kg): Result data (Table 1) indicates that 
fruit yield per plant was higher in all the isolates but 
statistically non-significantly, except in isolate LAIS-21 
over control. Isolates LAIS-21 recorded significantly 
higher yield, over control, and even over other treatments 
also. Yield in isolate LAIS-21 was 110% higher over 
control and 60.0, 60.0, 20.0 and 10.0%, respectively, in 
LAIK-06, LAIB-A, MTCC-C and LAIJ-04. 
 
Total nitrogen content in leaf (g kg

-1
): All the isolates, 

tested in the experiment, significantly affect nitrogen 
content of leaf over control. Leaf nitrogen content, in all 
treatments, ranged from 43.7 to 58.8 g kg

-1
 with maxi-
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Table 1. Yield and yield attributing characters of tomato as affected by nitrogen fixation by different isolates of Azospirillum. 
 

Isolate 
Plant 

height (cm) 
Fruits 

per plant 
Fruit diameter 

(cm) 
Fruit 

weight (g) 
Root length 

(cm) 

Root fresh 

weight (g) 

Yield per 
plant (kg) 

N content in 
leaf (g/kg) 

LAIJ-4 39.6 20.2 4.1 54.2 7.1 15.9 1.1 51.9 

LAIK-6 40.1 29.1 4.2 54.9 7.4 20.0 1.6 46.9 

LAIS-21 45.5 36.2 4.8 57.9 10.3 23.7 2.1 58.8 

LAIB-A 40.8 29.0 4.2 55.2 7.2 18.2 1.6 50.2 

MTCC-C 40.2 21.4 4.1 55.9 7.0 17.5 1.2 51.4 

Control 34.5 18.8 3.9 53.0 6.4 10.0 1.0 43.7 

CD 2.52 3.17 1.57 4.87 2.80 3.52 0.56 3.17 
 

 
 

 
 
Figure 2. Yield per plot by the different isolates. 

 
 

 

mum in isolate LAIS-21 (58.8 g kg
-1

) followed by LAIJ-04 
(51.9 g kg

-1
), MTCC-C (51.4 g/kg), LAIB-A (50.2 g kg

-1
) 

and LAIK-06 (46.9 g kg
-1

). Isolate LAIS-21 recorded hig-
hest increase (34.6%) of nitrogen, over control, in compa-
rison to other treatments as LAIJ-04 (18.8%), MTCC-C 
(17.6%), LAIB-A (14.9%) and LAIK-06 (7.3%). Thus, iso-
late LAIS-21 is best among all the isolates regarding the 
nitrogen content of leaf. 
 
Field experiment 
 
Yield: Experimental data on yield traits (Figure 2), as 
affected by different isolates of Azospirillum, conducted in 
RBD, expressed much variation according to treatments. 
All the isolates significantly increased the yield of tomato 
over control but at par to each other except LAIS-21. 
Isolate LAIS-21 recorded the highest yield (808.3 q ha

-1
), 

among the treatments, followed by LAIJ-4 (653.3q ha
-1

), 
LAIB-A (650.0 q ha

-1
), LAIK-6 (575.0 q ha

-1
) and MTCC-C 

(566.6 q ha
-1

). Highest percent increase (92.4%), in the 
yield, was recorded in isolate LAIS-21 over control (Table 2). 

DISCUSSION 
 
Nitrogen fixing potential of isolates of Azospirillum 
 
Nitrogen is the most significant yield-limiting factor in 
many agricultural production systems. BNF provides a 
substantial amount of nitrogen required by plant. Nitrogen 
accumulation in inoculated non-legumes may be results 
of BNF (Boddey et al., 1995; Elbeltagy et al., 2001; 
Oliveira et al., 2002) or the increase in nitrogen uptake 
from soil (Yanni et al., 1997; Prayitno et al., 1999; Subba 
Rao, 1980). 

In the present study, in vitro nitrogen fixation by all the 
tested isolates (LAIA-01, LAIJ- 04, LAIK- 06, LAIS-21, 
LAIB-A and MTCC-C) ranged between 6.1 to 19.2 mg N 
fixed g

-1
 malate with maximum nitrogen fixation by LAIS-

21 (19.2 mg) followed by LAIK-06 (14.9 mg) while lowest 
nitrogen fixation was observed in LAIA-01 (6.1 mg) 
followed by MTCC-C (8.9 mg). Variation in nitrogen fixa-
tion by various isolates of Azospirillum has been reported 
by several workers. Lakshmi et al. (1977) and Okon et al.
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Table 2. Effects of different isolates of Azospirillum on the yield of tomato under field 
conditions. 
 

Isolate Yield/plot (kg) Yield (q ha
-1
) % increase over control 

LAIJ-4 39.2 653.3 55.6 

LAIK-6 34.5 575.0 36.9 

LAIS-21 48.5 808.3 92.4 

LAIB-A 39.0 650.0 54.8 

MTCC-C 34.0 566.6 34.9 

Control 25.2 420.0 - 

CD 6.20 - - 
 
 
 

(1977) reported that nitrogen fixation values, by different 
isolates of Azospirillum, varied from 12 to 36, 20 to 24 
and 3.6 to 5.26 mg N g

-1
 substrate. Khan et al. (2001) 

reported that nitrogen-fixing potentials of different isolates 
of Azospirillum, isolated from wheat field of Dhaka, 
ranged 15.12 to 22.16 mg N g

-1
 substrate. 

Similarly, Jolly et al. (2010) from Bangladesh, and 
Kanimozhi and Panneerselvam (2010) from Thanjavur 
showed that the nitrogen-fixing potentials of Azospirillum 
isolates, isolated from taro and rice rhizosphere, ranged 
from 2 to 16.6 and from 3.3 to 15.6 mg N g

-1
 substrate, 

respectively. 
 
Green house experiment 
 
Azospirillum are free-living plant growth promoting 
rhizobacteria and capable of affecting growth and yield of 
numerous plant species. Azospirillum affects plant growth 
mainly by nitrogen fixation and production of various 
phyto-hormones which lead to an improvement in root 
growth, adsorption of water and minerals that eventually 
yield larger and, in many cases, more productive plants 
(Mehry et al., 2008). In present study, plant height, fruits 
per plant, diameter of fruits, yield per plant and nitrogen 
content in tomato leaves were significantly increased by 
all the isolates over control with maximum increase in 
isolate LAIS-21 (45.5 cm, 36.2, 4.8 cm, 2.1 kg and 58.8 g 
kg

-1
, respectively). Increase in fruit weight and root length 

was in the similar fashion as to increase in fruit diameter 
while root fresh weight was significantly higher in all the 
Azospirillum isolates, over control. Fruit yield (q ha-1) 
was increased by 92.4% in isolate LAIS-21, over control, 
in comparison to other isolates LAIJ-4 (55.6%), LAIK-6 
(36.9%), LAIB-A (54.8%) and MTCC-C (34.9%). Signi-
ficant increase in plant height may be attributed to more 
nitrogen fixation (because of diazotrophs ability to trans-
form atmospheric nitrogen into ammonia) by Azospirillum 
isolates that can be used by the plant (Rodrigues et al., 
2008) and production of phyto-hormones like indole-3-
acetic acid, indole-3-butyric acid, gibberellic acid and 
Cytokinin (Fallik et al., 1989; Tien et al., 1979; Bottini et 
al., 1989). Nitrogen is the chief constituent of protein and 
essential for the formation of protoplasm that leads for 
the cell division that ultimately results in increased plant 

growth. Increase in number of fruits per plant may be 
attributed to the production of various endogenous hor-
monal levels in the plant tissues that may enhance the 
pollen germination and tube growth which, ultimately, 
may increase the fruits set per plant (Balasubramanian, 
1988). Azospirillum facilitates increased uptake of nutri-
ents in the plants leading to enhanced chlorophyll content 
and carbohydrate synthesis and increased activity of 
hormones produced by Azospirillum (Jagadeesha, 2008); 
consequently, this may be attributed for the increase in 
fruit tissues (diameter and weight). 

Azospirillum releases the hormone(s) that causes 
changes in the root length (Kolb and Martin, 1985; 
Morgenstern and Okon, 1987), produces more root hairs 
(Kapulnik et al., 1985) and branching of root hairs (Jain 
and Patriquin, 1984), produces more lateral roots 
(Barbieri et al., 1986) and enhances the rate cell division 
and differentiation in meristematic tissues that conse-
quently may be attributed for the increased root length 
and root weight of tomato plants in the present study. 
Azospirillum also stimulates mineral uptake (Jain and 
Patriquin, 1984; Barton et al., 1986; Sarig et al., 1988) 
that may be regarded for the increase in fruit yield per 
plant in the present study. Further, application of 
Azospirillum may promote availability of ions in the soil by 
helping the plant scavenge limiting nutrients (Lin et al., 
1983) that may also explain the accumulation of nitrogen 
compounds in the plant without any apparent nitrogen 
fixation. Significant increase in plant height, in case of 
brinjal, has also been reported by Amburani and 
Manivannan (2002) and Wange and Kale (2004). 
 
Field experiment 
 
The effect of inoculation with Azospirillum isolates on field 
on cultivated plants showed that all the isolates signi-
ficantly increased the yield of tomato over control but 
significantly at par to each other except LAIS-21. Isolate 
LAIS-21 recorded the highest yield (808.3 q ha

-1
) among 

all the treatments. Application of Azospirillum facilitates 
uptake of nutrients (Jagdeesha, 2008), produces hor-
mones to cause root length (Kolb and Martin, 1985), sti-
mulates the mineral uptake (Jain and Patriquin, 1984; 
Sarig  et   al.,  1988)   that  consequently  increases  plant 
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height, number of fruits, fruit diameter leading to increase 
in fruit weight and consequently increase in yield per 
plant. Terry et al. (1998) reported 6% increase in yield of 
tomato and Saad et al. (1999) recorded 74% increase in 
yield of sweet potato while Kholi et al. (2004) recorded 
11.10% increase in sugarbeet yield through the applica-
tion of Azospirillum. 
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