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ABSTRACT

Screen house experiment was carried out to study the effect of other microorganisms besides rhizobial living
in the root nodules of cowpea plants, (Non-Rhizobial Microorganisms (NRMs)) The NRMs used include
Agrobacterium spp, Pseudomonas sp. Paenibacillus sp and Azotobacter spp. Treatments included 9 strains of
rhizobial applied singly and also co-inoculated with NRMs applied to cowpea (Tvx 3236) in four replicates
using block design to observe the effects of NRMs on leaf chlorophyll content and also on the nodulation of
cowpea. It was observed that nodulation was significantly affected by the presence of a consortium of
Agrobacterium spp, Pseudomonas sp. and Paenibacillus sp while it was not affected by the presence of
Azotobacter sp. On the other hand chlorophyll was significantly affected by the presence of a consortium of
Azotobacter spp. and a consortium of Agrobacterium spp, Pseudomonas sp. while Paenibacillus sp did not
show significant effect on the leaf chlorophyll.
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1. INTRODUCTION

Nitrogen (N2) constitutes about 78 % of the atmospheric gas; it is an essential nutrient required for plant
growth as it is a prominent component of amino acids, nucleic acids and chlorophyll. Deficiency of nitrogen
results in chlorosis which is characterized by yellowing of leaves, stunted growth, slow growth, etc. Despite its
abundance in nature, N2 it is unavailable to plants because of its inert nature. Legumes with the help of
nitrogen fixing bacteria especially members of the family Rhizobiacea (3, 4), fix nitrogen within their nodules in
friendly symbiotic relationships termed Biological Nitrogen Fixation (BNF) (1, 2). Nodules are the site of
nitrogen fixation and their colour is used to classify their effectiveness. Nodules harboring efficient rhizobia are
usually large and they contain leghemoglobin and are colored pink, brown or red and a green and a black
coloration (may be observed when they are effective but have begun to degenerate). Nodules formed by
inefficient rhizobia are small and white (4). Several authors have reported the presence of other bacteria in the
nodules of legumes such as Agrobacterium, (5, 6, 7), Burkholdera and Cupriavidus (8), Azotobacter (7)
Clostridium spp and Azospirillum sp (9) Paenibacillus pabuli, P. amyliticus and Methylobacterium mesophilium
(10) which we have called Non- Rhizobial Microorganisms (NRMs).

Numerous studies have indicated that co-inoculation of Bradyrhizobium and certain Plant Growth Promoting
Rhizobacteria (PGPR), can positively affect symbiotic nitrogen fixation by enhancing both root nodule number
or mass (11, 12) and increasing nitrogenase activity (13, 14). Chlorophyll is a major requirement for
photosynthesis and biological nitrogen fixation which are two key metabolic processes for legume growth,
development and yield. It has been reported that there is a close relationship between nitrogen supply, net
leaf photosynthesis and measurement of chlorophyll content in leaf thus the supply of Nitrogen through
nitrogen fixation can be a rate limiting process for photosynthesis as well as yield formation (15).
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The determination of leaf chlorophyll concentration with hand-held chlorophyll meters has been widely used in
recent years (16), as it is a rapid and non-destructive technique and can be easily applied in field experiments.
This is because of the close relationship between chlorophyll content and nitrogen concentration which can be
interpreted as reflecting the plant’s nutritional status. The chlorophyll values obtained are highly correlated and
can both be used for measuring chlorophyll content (17).

Cowpea is an annual herbaceous plant (18, 19) and about 7.56 million tonnes of cowpea are produced
annually on about 12.75 million hectares of land (20). More than 5.4 million tons of dried cowpeas are
produced worldwide, with Africa producing nearly 5.2 million. Nigeria, accounts for 61% of production in Africa
and 58% worldwide. This research was carried out to study the effect of co-innoculation of rhizobial with
NRMs on nodulation and chlorophyll in cowpea.

2. MATERIAL AND METHODS

2.1 Sample site: Nodule samples were collected from three sites in Nassarawa State which are Shamage
Local government [N 080 37'47.7'E 007° 46' 48.4! Elevation 244 m], Ogba/ Ubbe Egon local government [N
080 51'55.4' E 080 25/34.5' Elevation 399 m], Mandara Kokona local government [N 08°50'29.8' E 008 12!
37.1! Elevation 364 m].

2.2 Sample collection : A hand trowel was used to mark a circle with a radius of approximately 15 cm around
the plant. This section was cut out to a depth of about 20 cm. A spade was then used to slowly lift out the
clump. A sieve of 0.5 mm size and mesh was placed under the root sample to collect nodules that may
become detached from the root of the plant (28). The samples were then wrapped in Aluminum foil paper and
transported by road to Ibadan.

2.3 Sample preparation: The roots were carefully washed under a gentle stream of water from a tap in a
bowl (27, 24). The nodule samples were transported to the laboratory and stored in at 8°c in a fridge until they
were to be used. Microorganisms were isolated from nodules on Congo red agar (21, 22, 23) using spread
plate method.

2.4 Isolation of microorganisms from root nodules and their characteristics: Five (undamaged) nodules
samples were picked randomly from each site. They were placed in sterile water for about 15 to 20 mins to
rehydrate them after which they were surface sterilized using 3 % sodium hypochlorite for 3 minutes. The
nodules were rinsed with sterile water after which they were further sterilized with 95 % ethanol for 30
seconds and rinsed with six changes of sterile water. The nodules were then transferred into sterilize petri-
dishes and crushed with flamed glass rod. A few drops of sterile water were added to the crushed sample. A
loop full of crushed nodule was streaked on congo red agar and then incubated at 28 C for 5 - 7 days (24).
After the incubation period identified isolates were selected, Rhizobial isolates were differentiated by their
ability to absorb congo red dye (white colouration) media (24). Isolates were labelled, purified and stored on
yeast mannitol agar slants. The pure isolates were inoculated on Yeast Mannitol Agar slants (23), slants were
placed in an incubator and allowed to grow for 7 days before they were stored in the fridge to restrain growth
of the rhizobium. Others suspected not to be rhizobial were stored on nutrient agar slants. The isolates were
identified using biochemical test (25, 26).

2.5 Determination of Chlorophyll: Leaf chlorophyll content was determined using a chlorophyll meter from
the fourth to the seventh week (16). The measurments were recorded in spad units. This was done by placing
he leaf in-between the teeth of the meter which has a sensor the measures the chlorophyll based on the
colour and transpiration rate.

2.6 Experimental design/ Setup:The Complete Randomized Block Design (CRBD) was used in carrying out
this research experiment. 20 treatments were used each having four replicates. Peat mixed (evenly) with sea
sand and crushed gravel in a ratio 6:6:1 was sterilized at 121°C and 1.05 kg cm™ for 15 mins. This mixture
was used in place of soil was filled into 500 ml Pots (sterilized using 3 % w/v sodium hypochlorite) after which
it was thoroughly rinsed six times with sterile water to ensure complete removal of all traces of sterilizing
agent). Four cowpea seeds were planted in each pot; kept in a screen house and allowed to germinate.
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Table 1: Peat properties

Properties Units Values
Water holding capacity 33.38
Moisture content Y% 4.3

pH - 6.14
Organic Carbon % 88.8

Cowpea Tvx 3236 which is a fast maturing variety was used for this experiment. Pure cultures of the rhizobia
isolates were introduced into 100 ml Erlenmeyer flasks containing 50 ml of yeast-mannitol broth, also a
second set of pure rhizobia cultures co—-inoculated with Non- rhizobial microorganism were applied as
treatments see table 2. Inoculated broth solutions were incubated at room temperature (25-30°C) on a Rotary
shaker for 7 days. One week after planting (WAP), the cowpea plants were thinned leaving one viable plant
per pot. Inoculum (of 1ml containing about 1 x 10° cells mI'"), was introduced into the cowpea plants using
sterile pipette. Control treatments were also used the KNO3; (N*) and those planted in unsterilized normal soil
(NST) to which no treatment was applied. Plants were allowed to grow for 8 week during which two replicates
were given nutrient solution weekly. The plants were watered daily using sterile distilled water. The nutrient
solution was made up of micro and macro nutrient (28, 29). Leaf chlorophyll content was measured from the
fourth to the seventh week (16).

2.7 Harvesting and preparation of sample: Cowpea plants were harvested 8 weeks after planting (WAP)
using a secateur to cut the stem close to the base. The shoots and root were collected and wet weight was
taken. The nodules were detached from root and placed in labelled envelops. The shoot and roots were dried
in an oven at 68 C for 3days and dry weight was taken. The nodules were allowed to dry naturally and then
placed in labelled bottles containing dehydrated silica gel and stored away (27).

3. RESULTS

3.1 Isolates obtained

A total of nine rhizobia isolates were isolates from the samples, three rhizobia isolates were obtained from
nodules gotten from Shamage local government, four from Ogba/ Ubbe Egon local government and two from
Mandara Kokona see table 2. The other microorganisms (NRMSs) isolated include Azotobacter spp, ,
Panibacillus sp, Agrobacterium spp, Pseudomonas sp .

3.2 Effect of co-inoculation of rhizobial with NRMs on nodules

The nodule mass of the treatments with NRMs were higher than their counterpart with only rhizobia except for
Rhizobial sp 8 which was lower, and Rhizobial sp 1 and Rhizobial sp 5 which had almost similar value with
each other. Those with the N* treatment had no nodules. Nodule color were mostly pinkish indicating that they
were actively involved in fixing nitrogen. they also had higher nodule numbers than those from NST except
Rhizobial sp 3, Rhizobial sp 3+ consortium A, Rhizobial sp 2 + consortium A, Rhizobial sp 9 although it was
observed that their nodules were large and had a higher average mass per nodule compared to those from
the NST experimental plants which were small. The percentage increase in total nodule mass ranged from
69.39% to 44.26% while the percentage increases for the mass per nodule ranged from 10.31% to 329.59%
(see table 2)

3.3 Effect of co-inoculation of rhizobial with NRMs on chlorophyli

The chlorophyll value for all the treatment were higher than that of the N* treatment, while some were higher
than that of those in potted plants. Rhizobial sp 1, Rhizobial sp 4, and Rhizobial sp 5 had higher chlorophyll
reading than their counter parts containing NRMs (non rhizobial microorganisms). It was observed that the
chlorophyll content increased steadily from 4 WAP to 7 WAP indicating that over time more nitrogen was
being fixed in plant nodules.
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Fig 2. Chart showing weekly average chlorophyll readings of plants.

4. DISCUSSION

The nodule mass of all experimental plants which were subjected to treatments was higher than those of the
plants in potted non sterile soil. This indicated that therhizobia strains were more effective in fixing nitrogen
than the ones in the unsterilized soil. Their mostly pink colour indicated they were actively involved in fixing
nitrogen. The treatments with NRMs had higher nodule mass and average mass per nodule than their
counterpart with only rhizobia except for treatment with consortium ¢ (Azotobacter spp.). This correlates with
the work of Polonenko et al.,, 1987(11) and Yahalom et al., 1987(12) which concluded that co-inoculation of
Bradyrhizobium and certain PGPR, can positively affect symbiotic nitrogen fixation by enhancing nodule
number, nodule mass and increasing nitrogenase activity.

The chlorophyll reading for all the treatment were higher than that of the N* treatment, while some were higher
than that of those in potted plants. Rhizobial sp 1, Rhizobial sp 4, and Rhizobial sp 5 had higher chlorophyll
reading than their counter parts containing NRMs (non rhizobial microorganisms), this showed that the
consortium of Paenibacillus and Azotobacter sp did not significantly improve the chlorophyll content but were
able to affect the nodulation of the plant, while rhizobial strains 6, 7 8 and 9 when co-inoculated with
Azotobacter showed higher chlorophyll this showed that Azotobacter spp. contributed significantly to the
increase in chlorophyll content although they did not improve the nodulation of the plant. Nitrogen was being
fixed by rhizobia sp. in plant nodules as was observed by the chlorophyll content which increased steadily
from week four to week seven.
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This is similar to the findings of Eutropia et al., 2013 (30) where rhizobial inoculation significantly increased
leaf chlorophyll content and the work of Zerpa et al., 2013 (31) and Lambers et al., 2006 (32). The consortium
of Agrobacterium spp, Pseudomonas sp. and Paenibacillus sp. were able to significantly affect both the
chlorophyll nodulation and nodule mass.

5. CONCLUSION

Application of consortium C which contained only Azotobacter spp. alongside rhizobia did not enhance total
nodule mass or the average mass per nodule of experimental plants although chlorophyll values where
significantly affected by their presence. Application of consortium A(Agrobacterium spp, Pseudomonas sp.
and Paenibacillus sp) and B (Paenibacillus sp and Azotobacter sp) on the other hand contributed significantly
to the increase in nodule mass and average mass per nodule of experimental plants and chlorophyll values
were also significantly affected showing they positively contributed to nitrogen fixation. They should therefore
be considered for use along-side rhizobia in commercial inoculant.
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Table 2: Average total nodule mass, average nodule number and the percentage increase

Treatment Ave. total % Ave. % Ave Site
Nodule mass Increase mass Increase Nodule source
(mg) in total per in mass Number
nodule nodule per
mass (mg) nodule
Rhizobial sp 1 102.25+8.70 122.95 4.88 118.83 21 + Shamage
9.06
Rhizobial sp + 249.00 + 44426 9.58 329.56 26 + shamage
(consortium A) 33.20 11.39
Rhizobial sp 2 78.50+21.50 71.585 4.08 82.96 19 + shamage
14.41
Rhizobial sp 2.+ 94.75 £14.95 107.10 7.9 254.26 12 + shamage
(consortium A) 4.24
Rhizobial sp 3 95.25 +16.79 108.19 4.65 108.52 21 + shamage
6.14
Rhizobial sp 103.00 + 125.14 9.2 312.56 11 + shamage
3+(consortium A) 19.90 2.36
Rhizobial sp 4 82.5 +£6.80 80.33 3.15 43.49 26 * mandara
9.07
Rhizobial sp 4+ 93.25+16.20 103.83 3.11 38.12 30 * mandara
Consortium B 3.20
Rhizobial sp 5 106.00 + 131.69 4.08 82.96 26 * mandara
26.50 15.73
Rhizobial sp 5 + 100.30 + 119.23 4.36 10.31 23 * mandara
Consortium B 18.90 1.57
Rhizobial sp 6 82.25 +1450 79.78 2.46 95.52 34 ogba
19.47
Rhizobial sp 6 + 93.25+12.00 103.83 3.45 54.708 27 + ogba
Consortium C 13.22
Rhizobial sp 7 75.75+£24.74  65.57 2.46 10.31 31 + ogba
28.46
Rhizobial sp7 + 83.50 +8.50 82.51 3.09 38.57 27 + ogba
Consortium C 4.51
Rhizobial sp 8 101.50 + 121.86 5.41 142.60 19 * ogba
21.67 9.07
Rhizobial sp 8 + 77.50 £6.40 69.39 2.74 22.87 28 + ogba
Consortium C 11.68
Rhizobial sp 9 112.70 + 146.64 5.73 156.95 20 + ogba
18.00 12.97
Rhizobial sp 9, + 89.50 £19.60 95.63 3.38 115 27 + ogba
Consortium C 4.58
Potassium Nitrate - - - - - N+
Non sterile soil (NST) 45.75 +3.80 2.23 21 + CONTROL
3.11

KEY - N+ : Nitrogen treatment, Wap: week after planting,
Consortium A: Agrobacterium spp, Pseudomonas sp , Paenibacillus sp.

Consortium B: Paenibacillus sp, Azotobacter sp

Consortium C: Azotobacter spp.
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