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Abstract
The application of fertilizer is an essential factor for improving plant growth.
This study was carried out to investigate the effect of Chlorella vulgaris
(bio-fertilizer), NPK and poultry manure on the microbiological, biometric
and biochemical properties of Telfairia occidentalis and its rhizosphere soil
after forty days of planting. There were significant changes in the microbiological and physicochemical characteristics of soil in the various treatments
administered. Maximum bacterial and fungal counts of 2.6 × 1010 and 3.8 ×
105 cfu/g were obtained in soil treated with poultry manure and Chlorella
vulgaris respectively whereas; maximum nitrogen (0.85%) and potassium
(13.6 mg/ml) contents were obtained in NPK treated soil. Soil amended with
Chlorella vulgaris showed maximum organic matter (9.48%) and phosphorus
(8.55 mg/ml) concentrations. The amendment of soil with Chlorella vulgaris
also speeded up germination of the Telfairia occidentalis to 5 days while,
maximum plant length, number of leaves and fresh weight of the fluted
pumpkin were obtained in Chlorella vulgaris amended soil and seed treatment
pot. Total chlorophyll, carbohydrates, proteins and lipids were also increased
on application of Chlorella vulgaris to soil or seed. Generally, application of
Chlorella vulgaris to either seed or soil before planting resulted in increase in
plant growth characteristics. Results of this study thus suggest that Chlorella
vulgaris (bio-fertilizer) is a veritable biotechnological agent for improved cultivation of Telfairia occidentalis.
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1. Introduction
Telfairia occidentalis (fluted pumpkin) is a leafy vegetable of cucurbitaceae family which is used in Nigeria for both culinary and medicinal purposes [1] [2] [3]
[4]. Fluted pumpkin is highly nutritious and is the most favourite vegetable for
many Nigerians. It contains calcium, potassium, magnesium, iron and folic acid.
It also contains vitamins A, C and, K [5] [6] [7] [8]. There are also reports suggesting that the vegetable’s seed and leaf helps prevent cancer, reduce cholesterol
levels and improves blood count [9] [10] [11].
In the cultivation of Telfairia occidentalis, fertilizer is a very key factor required to boost its yield and nutritional content. NPK fertilizer is popularly used
for this in Nigeria however, it has detrimental effects such as the accumulation
of toxic substances in soil, contamination of ground water, enhanced growth of
resistant pest and spread of diseases, inhibition of essential microorganisms
needed for nutrient cycling and the immobilization of chemical phosphate fertilizer in the soil, thus, resulting in insufficient availability of phosphate to plant.
These challenges with the application of NPK fertilizer have fuelled the search
for an appropriate alternative fertilizer for cultivation of Telfairia occidentalis
[12] [13].
Bio-fertilizer may provide that alternative to NPK fertilizer. It contains living
organisms capable of improving plant growth [14] [15]. Its cost of production is
low and it causes no harm to the environment (air, soil and even ground water).
It enriches the soil by fixing atmospheric nitrogen either freely or symbiotically,
solubilizing unavailable phosphate, producing of growth promoting substances
and increasing organic matter content of the soil as a result of high population of
microorganisms [16]. Most of these bio-fertilizers are present and predominant
in the rhizosphere where they effectively enhance plant growth [17] [18]. Bio
fertilizers could be bacteria, fungi, cyanobacteria or microalgae. Microalgae have
been used as bio fertilizers in agriculture. They are organisms that use light and
CO2 for massive unlimited growth. They produce organic matter, oxygen, and
extracellular metabolites by fixing CO2 in their environment [19] [20]. In a previous report, the growth of Zea mays was improved with two strains of Chlorella
sp. [21]. However, there is dearth of information on the enhancement of growth
and yield of Telfairia occidentalis using microalgae as bio fertilizer. Earlier studies only dwelt on the use of organic fertilizer for improving its growth. For example, Olaniyi and Oyerele [22] conducted a field test to find out the effect of
various organic fertilizers on Telfairia occidentalis growth and results showed
that the application of Neem compost and tithonia compost resulted in maximum growth and fresh shoot yield. In another study, Habibi et al. [23] determined the combined effect of various fertilizers (bio, organic and chemical) on
pumpkin features. Results indicated that inoculation of pumpkin seed with
free-living nitrogen fixing bacteria, phosphate solubilizing bacteria and 50%
organic fertilizer led to maximum oil and fruit yield with no significant effects
on seeds weight and fruit number per plant. Idem et al. [24] also showed that
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combined NPK and poultry manure increased number of leaves per plant, vine
length, branches, and pod yield of fluted pumpkin. It is obvious from previous
studies that improved growth and yield of Telfairia occidentalis was achieved
mainly by combining various fertilizers which increases the cost of agricultural
inputs needed for the cultivation of this plant. Considering the importance of
this vegetable as a source of essential nutrients for the teeming population in Nigeria, it has become imperative to search for a cheap, effective and non-deleterious
fertilizer for improved production of Telfairia occidentalis. Hence, in this study,

Chlorella vulgaris was used to determine its biofertlizer potential and efficacy for
low cost cultivation and improved yield of Telfairia occidentalis.

2. Materials and Methods
2.1. Seeds of Telfairia occidentalis
The seeds of Telfairia occidentalis (fluted pumpkin) used in this study were obtained from Rumuokoro market, East-West Road, Port-Harcourt, Rivers State,
Nigeria.

2.2. Soil
The soil used for the experiment was obtained from a garden soil (Latitude
04˚50'4.98N and Longitude 007˚1'1.50E) in Rukpakulusi, Obio-akpor Local
Government Area, Rivers State

2.3. Microalgae Isolation
Microalga (Chlorella vulgaris) was isolated from fresh water pond at Aluu, Rivers State, Nigeria. It was cultured on an agar plate containing a synthetic medium according to Agwa and Abu [19]. Incubation of plates was at 24˚C for 7
days. The microalgae was identified using a wet mount method under the microscope at ×40 objective magnification and further bloomed using sterilized
poultry manure for 7 days. Thereafter, the microalgae cell pellets were harvested
by centrifugation.

2.4. Cultivation of the Plant
The experiment was conducted using different treatments consisting of potted
plants in triplicates. The soil was analysed before planting as bulk soil (BS) while
potted plant without any fertilizer was the control (PA). The treatment options
are as indicated below:
PB1—seed alone inoculated with Chlorella vulgaris;
PB2—soil alone inoculated with Chlorella vulgaris;
PB3—soil and seed inoculated with Chlorella vulgaris;
PB4—Chlorella vulgaris inoculated on seed after germination;
PC—NPK fertilizer alone applied to soil;
PD—poultry manure alone applied to soil.
DOI: 10.4236/ajps.2018.93031
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2.5. Biometric and Biochemical Analyses
The germination time, number of leaves, fresh weight of plant and plant height
were ascertained according to Kavitha et al. [3] at two-week intervals (2nd, 4th
and 6th week). Moisture, crude protein, lipid, total ash, carbohydrate, chlorophyll
a and b, of the fresh vegetable plants were ascertained at 6th week of growth according to method of AOAC [20].

2.6. Microbiological Analyses
The rhizosphere soil of all the treatments administered and the bulk soil samples
were aseptically collected into sterilized tubes, serial dilution of one gram (1 g) of
the soil sample was carried out, and one milligram of 108 and 109 dilutions were
cultured on nutrient agar (NA) by pour plate technique and incubated at 37˚C
for 24 h. Distinct colonies were further subculture by streaked method to obtain
pure colonies which were then cultured in agarslant for further characterization.
Characterization was based on their morphological (colonial and microscopic)
and biochemical characteristics using biochemical tests: gram staining reactions,
production of catalase, coagulase, indole, utilization of citrate, fermentation of
sugars, urease test, starch hydrolysis, triple sugar iron agar test, mannitol salt
agar, methyl red and voges proskauer test. Further identification was carried out
using characteristics of known bacteria according to Bergey’s manual of determinative bacteriology [25] [26].
Fungal isolates were obtained from the rhizosphere soil of the treatments by
pour plate techniques. One millilitre (1 ml) of 104 dilution of one gram of soil
was cultured using sabouraud dextrose agar (SDA), the plates were then incubated at 28˚C for 48 - 72 h for fungi growth, and distinct colonies were further
subculture to obtain pure cultured colonies which was then cultured in agar
slant. Wet mount of the fungi isolate was carried out using lacto phenol blue and
viewed at microscopic magnification of X10 and X40, the isolates were characterized based on the colour of aerial, substrate hyphae, type of hyphae, asexual
spores, spore head, sporangiophore and conidiophores the characteristics types
and shapes which were further compared using Domsch and Gams [27] scheme.

2.7. Physicochemical Analyses
The pH, organic carbon, organic matter, nitrogen, potassium, phosphorus and
moisture content of all the treatments were determined according to methods of
International Institute for Tropical Agriculture IITA [28].

2.8. Statistical Analyses
Data obtained were analysed using the one way analysis of variance ANOVA to
determine if the variation in data obtained from various treatment are statistically different. The differences between treatment means were compared using
significant different at 5% level of probability with SPSS 15.0 package.
DOI: 10.4236/ajps.2018.93031
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3. Result
Table 1 shows the physicochemical characteristics of the rhizosphere soil of
fluted pumpkin in various treatments and the non rhizosphere soil after 40 days
of planting. There were significant differences (P < 0.05) between the data obtained for nitrogen, organic carbon, organic matter, phosphorus and potassium
contents of the treated soil and that of the control (PA); data obtained for control (PA) in nitrogen (0.3%), organic carbon (2.57%), phosphorus (4.15 mg/ml)
and potassium (10 mg/ml) were also significantly higher (P < 0.05) than that of
the bulk soil (soil before planting) except for pH and moisture. Table 2 shows
the bacterial and fungal counts of the rhizosphere soil of the fluted pumpkin in
all the treatments and the bulk soil after 40 days of planting. The bacterial and
fungal counts of rhizosphere soil in all treatments were significantly higher than
Table 1. Physicochemical characteristics of rhizosphere soil of fluted pumpkin after 40 days of planting.
Treatments

pH

Nitrogen
(%)

Organic carbon
(%)

Organic matter
(%)

Phosphorus
mg/ml

Potassium
mg/ml

Moisture
(%)

PA

6.640a ± 0.06

0.300a ± 0.057

2.570a ± 0.06

4.440a ± 0.06

4.150a ± 0.06

10.000a ± 0.045

1.150a ± 0.06

PBI

6.860b ± 0.05

0.500b ± 0.06

4.790b ± 0.048

8.290b ± 0.06

6.950b ± 0.053

12.600b ± 0.06

1.550b ± 0.05

PB2

6.900c ± 0.06

0.580c ± 0.06

5.480c ± 0.056

9.480c ± 0.06

7.500c ± 0.06

13.400c ± 0.057

1.790c ± 0.05

PB3

6.890c ± 0.06

0.700d ± 0.057

4.390d ± 0.046

7.600d ± 0.05

8.550d ± 0.06

12.400d ± 0.06

1.900d ± 0.06

PB4

6.900c ± 0.06

0.620e ± 0.06

3.660e ± 0.056

6.320e ± 0.06

6.800e ± 0.06

12.700e ± 0.05

1.900d ± 0.06

PC

6.490d ± 0.057

0.850f ± 0.06

3.790f ± 0.06

6.560f ± 0.06

5.980f ± 0.05

13.600f ± 0.06

1.150e ± 0.06

PD

6.780e ± 0.05

0.800g ± 0.048

4.510g ± 0.051

7.800g ± 0.06

8.000g ± 0.06

12.000g ± 0.06

1.500f ± 0.06

BS

7.490f ± 0.06

0.150h ± 0.05

1.700h ± 0.06

2.950h ± 0.057

3.090h ± 0.05

9.000h ± 0.06

1.400g ± 0.06

*Values are mean ± standard deviation for three replicates (n = 3); *Values with no common superscripts were significantly different from each other at p <
0.05; PA (control)—no fertilizer; PB1—seed alone inoculated with Chlorella vulgaris; PB2—soil alone inoculated with Chlorella vulgaris; PB3—soil and seed
inoculated with Chlorella vulgaris; PB4—Chlorella vulgaris inoculated on seed after germination; PC—NPK fertilizer alone applied to soil; PD—poultry
manurealone applied to soil. BS—soil before planting.

Table 2. Total culturable heterotrophic bacterial counts and total culturable fungal counts of rhizosphere soil of fluted pumpkin
for the various treatments at 40 days.
Treatments

Total heterotrophic bacterial count (Cfu/g)

Total Fungal Count (Cfu/g)

PA

80

17a

PB1

110b

30b

PB2

100c

24c

PB3

180d

38d

PB4

130e

31b

PC

110b

25c

PD

260f

34e

BS

3g

5f

a

*Values with no common superscripts were significantly different from each other at p < 0.05; PA (control)—no fertilizer; PB1—seed alone inoculated with
Chlorella vulgaris; PB2—soil alone inoculated with Chlorella vulgaris; PB3—soil and seed inoculated with Chlorella vulgaris; PB4—Chlorella vulgaris inoculated on seed after germination; PC—NPK fertilizer alone applied to soil; PD—poultry manurealone applied to soil. BS—soil before planting.
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the counts in control (PA) soil which in turn, was significantly higher than that
of the bulk soil (BS). The population of bacteria (2.60 × 1010 Cfu/ml) in soil
treated with poultry manure (PD) was significantly higher (P < 0.05) than in the
treatments with Chlorella vulgaris and NPK while fungal count (3.8 × 105
Cfu/ml) in the soil and seed inoculated with Chlorella vulgaris (B3) was significantly higher (P < 0.05) than fungal count for soil applied with NPK and poultry
manure alone. Table 3 shows the biochemical characteristics of the fluted
pumpkin in all treatments after 40 days. The highest moisture content (85.12%)
was obtained in soil and seed inoculated with Chlorella vulgaris before planting
(PB3). The maximum crude protein (2.03%) and crude lipid (5.48%) in fluted
pumpkin were obtained in PB2 while the highest crude fibre (6.46%) and total
chlorophyll (2.43%) were obtained in PB4 and PB2 respectively. Figure 1
Table 3. Biochemical characteristics of fluted pumpkin after 40 days of planting.
Parameter

PA

PB1

PB2

PB3

PB4

PC

PD

P-value

Moisture %

81.86 ± 0.021

83.42 ± 0.01

80.23 ± 0.01

85.12 ± 0.01

83.95 ± 0.01

84.36 ± 0.01

82.41 ± 0.01

0.000

Crude protein %

1.78a ± 0.023

2.030b ± 0.058

1.90c ± 0.006

2.07d ± 0.115

1.79a ± 0.023

1.91c ± 0.01

1.92c ± 0.015

0.000

Crude lipid %

0.30a ± 0.006

0.40b ± 0.006

0.37c ± 0.006

0.42d ± 0.006

0.42d ± 0.01

0.39e ± 0.006

0.30f ± 0.006

0.000

Crude fibre %

2.80 ± 0.006

3.96 ± 0.01

4.61 ± 0.01

4.79 ± 0.006

6.46 ± 0.006

4.31 ± 0.01

4.15 ± 0.006

0.000

Total ash

6.09 ± 0.01

6.46 ± 0.006

5.68 ± 0.006

2.76 ± 0.01

6.22 ± 0.01

6.09 ± 0.006

2.90 ± 0.006

0.000

Carbohydrate %

7.12a ± 0.01

3.74b ± 0.006

7.21c ± 0.01

4.92d ± 0.01

1.16e ± 0.01

7.94f ± 0.01

5.66g ± 0.01

0.000

Chlorophyll a

1.53a ± 0.006

1.77b ± 0.01

1.74c ± 0.01

1.68d ± 0.01

1.18e ± 0.01

1.23f ± 0.01

1.61g ± 0.006

0.000

Chlorophyll b

0.91 ± 0.01

1.04 ± 0.01

0.74 ± 0.01

1.02 ± 0.015

0.68 ± 0.01

0.75 ± 0.006

1.02 ± 0.006

0.000

Total chlorophyll

2.17 ± 0.01

2.29 ± 0.01

2.43 ± 0.01

2.39 ± 0.006

1.67 ± 0.015

1.76 ± 0.006

2.00 ± 0.006

0.000

a

a

a

a
a

b

b

b

b
b

c

c

c

c
c

d

d

d

d
d

e

e

e

e

e

f

f

a

c
f

g

g
f

d
g

*Values are mean ± standard deviation for three replicates (n = 3); PA (control)—no fertilizer; PB1—seed alone inoculated with Chlorella vulgaris;
PB2—soil alone inoculated with Chlorella vulgaris; PB3—soil and seed inoculated with Chlorella vulgaris; PB4—Chlorella vulgaris inoculated on seed after
germination; PC—NPK fertilizer alone applied to soil; PD—poultry manurealone applied to soil. BS—soil before planting.

Figure 1. Morphological status of the potted fluted pumpkin after 2 weeks in different treatment pots; From the right: PB2 at the
right end of the plate, PB3 is next to PB2, PB1 is next to PB2, PA is next to PB1 while PC and PD showed no growth when NPK
and poultry manure was added before sowing.
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represents the morphological status of the potted fluted pumpkin after 2 weeks
in different treatment pots. Figures 2-5 show the germination time, height of
plant, number of leaves and weight of the plant for the various treatments. The
shortest germination time (5 days) of the fluted pumpkin was obtained in PB2
whereas, the highest plant height (200 cm), the highest number of leaves (100)
and the highest weight (80 g) were obtained in PB3, PB4 and PB3 respectively.

Figure 2. Effect of various treatments on germination time of Telfairia

occidentalis.

Figure 3. Effect of various treatments on the weight of Telfairia occi-

dentalis after 40 days of planting.
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Figure 4. Effect of various treatments on the height of fluted pumpkin during the course
of growth.

Figure 5. Effect of various treatments on number of leaves of fluted pumpkin during the
course of growth.
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Microorganisms isolated from Chlorella vulgaris treated soil include species of

Bacillus, Citrobacter, Micrococcus, Pseudomonas, Fusarium, Aspergillus and
Penicillium whereas, in the control (soil without fertilizer), the following microbes were isolated: Bacillus sp., Citrobacter sp., Fusarium sp., Aspergillus sp.
and Mucor sp.

4. Discussion
The application of Chlorella vulgaris on soil, seed or both enhanced the growth
and yield of Telfairia occidentalis. There were significant difference (p < 0.05)
between the data obtained for nitrogen, organic carbon, organic matter, phosphorus and potassium content in treated soil and the data obtained for same parameters in soil of the control (PA). However, data on physicochemical characteristics in control soil were significantly higher than that obtained in bulk soil
except for pH and moisture and this may be attributed to nutrient enrichment
due to the application of NPK fertilizer. This observation is in consonance with
the report of Taher and Mohammed [29] who made a similar inference. Significant differences (p < 0.05) were obtained in bacterial and fungal counts of
rhizosphere soil obtained from various treatments including the control and
bulk soil. The highest bacterial count was obtained in soil treated with poultry
manure while the fungal count was highest in soil treated with Chlorella vul-

garis. The high bacterial count obtained in soil treated with poultry manure may
be due faecal and organic nature of poultry manure which encourages the rapid
proliferation of microorganisms involved in decomposition activities. Moreover,
root exudates, mucilages, mucigel, lysates, secretions and slough off cells may
have contributed to the higher nutrient levels attained in the rhizosphere which
facilitated rapid increase in numbers of the microorganisms and their activities
[30]. In addition, Chlorella vulgaris, being a green microalga, contains high
amounts of macronutrients, micronutrients, protein, antioxidants and amino
acids that would have resulted in the higher population of microorganisms [25].
The bulk (non-rhizosphere) soil had the lowest bacterial and fungal counts
probably arising from the non-application of fertilizer and lack of plant roots
[31]. Telfairia occidentalis seeds sown in PB2 soil (amended with Chlorella vul-

garis alone) had the lowest germination time (5 days). Likewise, relatively lower
germination times were obtained for seeds amended with Chlorella vulgaris before sowing and in treatment pot where both the seed and soil were amended
with Chlorella vulgaris. This observation suggests that Chlorella vulgaris enhanced the germination of Telfairia occidentalis seeds after sowing unlike NPK
fertilizer and poultry manure which also agrees with the report of Doolototkeldieva et al. [18] that Streptomyces fumanus used to treat wheat and soybeans
before planting increased average germination of wheat and soybeans by 1.5
times. More intriguing is the observation that NPK fertilizer and poultry manure
inhibited the growth of Telfairia occidentalis when applied to soil before sowing.
However, when applied to the soil after germination of Telfairia occidentalis
DOI: 10.4236/ajps.2018.93031

411

American Journal of Plant Sciences

O. K. Agwa et al.

seeds, both nutrient applications enhanced yield and nutritional content of the
plant; this is similar to the result of Guuroh [32] who reported that 6 g of N.P.K
resulted in 100% mortality of the Diospyrosmespili form is seedlings. The height
and number of leaves of Telfairia occidentalis obtained after 6 weeks were more
than were obtained in the control (PA). Telfairia occidentalis in PB3 (soil and
seed inoculated with Chlorella vulgaris) had the highest fresh weight and this
may be attributed to the high moisture content in soil of that treatment pot.
Similar observations to those of this study have been made by Rao et al. [21] who
reported that Chlorella vulgaris enhanced the growth of Cyamopsis tetra-

gonoloba. Orluchukwu et al. [30] also reported great increase in vine length,
number of leaves and shoot yield of fluted pumpkin treated with spent mushroom substrates when compared to the control without the substrates. Idem et
al. [24] showed that combined NPK and poultry manure increased number of
leaves per plant, vine length, branches, and pod yield of fluted pumpkin. Beliva
[33] reported that inoculation of Chlorella vulgaris on grape seedling spositively
affected its height, root length, fresh weight of leaves and root another study,
seeds inoculated with free living nitrogen fixing bacteria, phosphate solubilizing
bacteria and organic fertilizer resulted in maximum seed yield, oil yield and fruit
yield [14].
In this study, various treatments with Chlorella vulgaris resulted in relatively
higher contents of different parameters in soil such as moisture, crude protein,
lipid and chlorophyll; an observation in line with Rajasekaran et al. [16] who
posited that mixed bio fertilizer administration achieved higher chlorophyll and
carotenoid content in paddy seedlings. Bacillus, Citrobacter, Micrococcus, Pseudomonas, Aspergillus, Fusarium and Penicillium species isolated from Chlorella
vulgaris treated soil play significant roles among others in plant growth such as
nitrogen fixing, phosphate solubilisation and increasing organic matter of soil
[14] [18] [34].

5. Conclusion
The use of Chlorella vulgaris in the cultivation of Telfairia occidentalis enhanced
germination, yield and nutritional content of the plant. There was shorter germination time, more increase in height, number of leaves and fresh weight of

Telfairia occidentalis treated with Chlorella vulgaris than that of chemical fertilizer and poultry manure. There was also significant difference (P < 0.05) in the
microbiological, biochemical, and physicochemical characteristics between the
treatments administered.
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