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Abstract

The demands placed on global agricultural production arising out of population and income has grown almost tripled. In
order to meet the increasing demand, it is mandatory to elevate the production by avoiding the usage of chemical fertilizers
that makes the soil barren, unfertile and pollutes the environment as well as harmful to the consumers, where the biofertilizers
came in to play. Microalgae can be played a pivotal role in building and maintaining soil fertility, subsequently increasing
the growth as well as yield of several agricultural crops. But the reports on production of black gram were found to be scanty
and thus this study focuses on its possible role. Algal extracts of varying concentrations were used as foliar sprays treatment
and growth parameters; number of root nodules, yield attributes and quality parameters were measured. The implication of
green algae as biofertilizer not only increases the yield characters but also improvises the soil physico-chemical properties.
In addition, there was a subsequent increase in number of root modules, pigment compositions and yield attributes. Thus, the
microalgae benefit the consumers by increasing the proximate composition and a mineral constituent is an added advantage.
The results clearly depicted that the treatment of Chlorella vulgaris resulted in the identification of economically feasible,

ecofriendly foliar spray treatment for the augmenting the maximum yield in black grams.
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Introduction

Black gram is the third important pulse crop in India. It is
an annual pulse crop and native to central Asia that is also
extensively grown in West Indies, Japan and other tropics/
subtropical countries [1]. Among the total pulse produced,
black gram occupies a cultivated area of 3.25 million hec-
tares with production of 1.45 million tones in India [2].
Black gram (Vigna mungo L. Hepper) has a high nutritive
value, which contains about 26% of protein, and also rich in
potassium, phosphorus and calcium with substantial amount
of sodium besides having elevated vitamin A, B1 and B3.
It possess medicinal properties like healing diabetes, nerv-
ous disorders, hair disorders, digestive system disorders
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and rheumatic afflictions. In India, pulse production is very
low due to the several factors but most important factor is
nutrient management. The nutrient requirement of crop is
met by the chemical fertilizers. Nevertheless, addition of
fertilizers alone cannot meet the requirements of productiv-
ity in modern farming. Similarly, nutrient supply through
organic manures and biofertilizers can hardly fulfill the need
of a crop. Therefore, an integration of organic and inorganic
nutrient sources sustains the productivity and may improve
the soil properties [3].

Among the members of Chlorophyta, Chlorella strains
are considered as competent candidates, which promoted
plant growth when used individually as in lettuce [4]. In last
few decades, some researchers conducted studies on poten-
tial uses of green algae as biofertilizers [4, 5]. Dry biomasses
of green algae contain high percentage of macronutrients,
considerable amount of micronutrients and amino acids [6,
71.

Liquid biofertilizer is increasingly available in the market
as one of the alternatives to chemical fertilizer and pesticide.
Traditionally liquid biofertilizer produced from fermentation
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of effective microorganisms was recommended to be used
within 3 months. Nowadays, the production of ready to use
liquid biofertilizer from microalgal cell extract is readily
available in the market as it comprises the requirements to
preserve organisms and deliver them to the target regions to
improve their biological activity [8].

The combined treatment of Chlorella vulgaris and Spir-
ulina platensis as effective biofertilizer were evidenced in
terms of improvement in plant growth, yield and seed qual-
ity in rice [9] and maize [10]. Though the microalgae were
proven to benefit the growth of several agricultural products,
limited studies were carried out on black gram. Hence, this
work concentrates to study the effect of liquid biofertilizer
on green microalgae Chlorella vulgaris on growth param-
eters and to determine the importance of liquid biofertilizer
application in order to improve the yield attribute and seed
quality and productivity and avoid environmental pollution.

Materials and Methods
Experimental Site

The experiment was conducted during May 2017 at experi-
mental field of CAS in Marine Biology, Faculty of Marine
Sciences, Annamalai University, Tamil Nadu, India. The soil
samples from 0 to 30 cm depth were collected randomly
from different plots, prior to biofertilizer application to
determine the textural class and fertility status of the field
soil.

Experimental Design

Soil was collected from farmer’s field which is located in
Aalapakkam, Cuddalore. The collected soil was filled in 5 kg
capacity soil pots. The pots were arranged in completely
randomized design and treated with 10 different concen-
trations of C. vulgaris extract by foliar spray method with
three replications. The seed of green gram (Vigna mungo L.)
were procured from the Tamil Nadu Agricultural University,
Coimbatore, Tamil Nadu, India. The seeds, after thorough
cleaning and removal of broken seeds, foreign materials and
immature seeds and stored in airtight plastic jars at 25 °C.
Before sowing, seeds were washed in running tap water and
about five seed were sown per pot. Watering was done regu-
larly upto 15 days, after that, watering was done at regular
intervals (5 days).

Preparation of Algal Extract
The concentrated slurry of the microalgae, Chlorella vul-

garis (contains about 10% water) was washed with distilled
water, re-concentrated by centrifugation, frozen and then
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remelted at the room temperature. The melted slurry was
then centrifuged at 5000 rpm for 15 min, the resulting super-
natant was used for foliar spray treatment.

Application of Microalgae Extract as Liquid Fertilizer

The black gram was treated with foliar sprays treatment three
times. The first spray was done at 10 days before blooming
(first week or first month), then after berry sitting (first week
of second month and) and the last one at 21 days later (the
last week of the second month). One liter of algal cell extract
solution was sprayed till run off.

1. Control: Tap water
2. 0.5 ml Chlorella vulgaris cell extract in 100 ml tap

water.
3. 1.0 ml (v/v) Chlorella vulgaris cell extract in 100 ml
tap water.
4. 1.5 ml (v/v) Chlorella vulgaris cell extract in 100 ml
tap water.
5. 2.0 ml (v/v) Chlorella vulgaris cell extract in 100 ml
tap water.
6. 2.5 ml (v/v) Chlorella vulgaris cell extract in 100 ml
tap water.
7. 3.0 ml (v/v) Chlorella vulgaris cell extract in 100 ml
tap water.
8. 3.5 ml (v/v) Chlorella vulgaris cell extract in 100 ml
tap water.
9. 4.0 ml (v/v) Chlorella vulgaris cell extract in 100 ml
tap water.
10. 4.5 ml (v/v) Chlorella vulgaris cell extract in100 ml
tap water.
11. 5.0 ml (v/v) Chlorella vulgaris cell extract in 100 ml
tap water.

Sampling the Plant Material

Since it was not possible to study all the plants of experi-
mental population at the successive stages of growth, hence
only 5 plants in each plot were randomly selected and tagged
properly for detailed studies such as growth parameters;
number of root nodules, yield attributes and quality param-
eters were measured.

Growth Parameters

Plant height (in cm), shoot length (in cm), root length (in
cm), fresh weight (in g) and dry weight (in g) were recorded
in each treatment at 30 days and flowering stage with the
help of centimeter scale and electronic balance.
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Root Nodules Per Plant (Number)

The numbers of root were recorded in each plot at 30, 60
and 90 days. The plants were uprooted carefully and root
nodules were separated after washing from the roots and
counted the numbers.

Analysis of Physical and Chemical Properties of Soil

Before and after flowering stage experiment, the soil sam-
ples were taken from each treatment in major root zone
(0—60 cm depth). Soil samples were analyzed by Govern-
ment of Tamil Nadu Soil Analysis Centre Cuddalore district,
Tamil Nadu, India.

Chlorophyll Content

Chlorophyll was estimated by the method of Holden [11].
0.5 mg of black gram fresh leaf was ground in a mortar and
pestle with 20 ml of 80% acetone. The homogenate was cen-
trifuged at 3000 rpm for 15 min. The supernatant was stored.
The pellet was resuspended with 5 ml of 80% acetone each
time, until it become colourless. All the supernatant were
pooled and utilized for chlorophyll determination. Absorb-
ance was measured at 645 and 663 nm in Spectrophotometer.
The chlorophyll content was determined by the following
formula

Chlorophyll ‘a’ (mg/g fr.wt.) = (0.0127) X (OD663)
—(0.00269) x (OD645)

Chlorophyll ‘b’ (mg/g fr.wt.) = (0.229) x (OD645)
— (0.00488) x (OD663)

Yield Attributes

The observations on yield attributes of black gram were
recorded at the time of harvesting. The total numbers and
weight of pods and seeds were counted.

Proximate Composition

The proximate components such as moisture [12], crude pro-
tein [13], crude lipid [14], ash content [12] were estimated.
Total dietary fibre (TDF) was estimated by the non-enzy-
matic-gravimetric method [15]. The TDF was calculated by
the following formulae

Wr — [(P + A)/100] Wr

TDF% = 100 x
? Ws

where, Wr is the mg residue, P is the % protein in the resi-
due; A is the % ash in the residue, and Ws is the mg sample.

Mineral Analysis

The mineral analysis of the black gram seed was determined
by Khalil and Mannan [16] Calcium and magnesium were
determined by Atomic Absorption Spectrophotometer [17].

Statistical Analysis

The values reported are the means and standard deviations
(Mean =+ SD) of three replicates.

Results

Effect of Algal Cell Extract on Growth Parameters
of Vigna mungo (L.) at 30th day

The growth parameters of black gram treated with C. vul-
garis at different concentration treatment at 30 days were
shown in Table 1. The growth parameters such as plant height
(33.6+£0.90), shoot height (7.8 +0.88), root height (6.4 +0.83),
fresh weight (29.2 +0.80) and dry weight (8.0 +£0.88) were
found to be higher in plants treated with Chlorella vulgaris
at a concentration of 4.5 ml cell extracts in 100 ml tap water
followed by 5, 4, 3.5, 3, 2.0, 2.5, 1.5, 1.0, 0.5 of cell extracts
in 100 ml tap water and control plants.

Effect of Algal Cell Extract on Growth Parameters
of Vigna mungo (L.) at Flowering Stage

The growth parameters of black gram at flowering stage
with different treatments were shown in Table 2. The growth
parameters were recorded with increased values in plants
treated with Chlorella vulgaris. The maximum plant height
(39.4+0.88 cm), shoot length (11.9+0.85 cm), root length
(9.8+0.55 cm), fresh weight (28.4 +0.80 cm) and dry weight
(9.5+0.65 cm) were recorded in plant treated with C.vulgaris
cell extracts at a concentration of 4.5 ml cell extracts in 100 ml
tap water followed by 5, 4, 3.5, 3, 2.0, 2.5, 1.5, 1.0, 0.5 of cell
extracts in 100 ml tap water and control plants.

Number of Root Modules of Vigna mungo (L.)
at Different Days

Table 3 shows the number of root nodules of black gram
treated with C.vulgaris cell extract at different concentra-
tion. The number of rood nodules found to be higher in
C. vulgaris treated plants (4.0 ml and 4.5 ml concentra-
tion). The maximum number of root nodules (37, 71, and
98/4.0 ml and 42, 75 and 85/4.5 ml cell extracts in 100 ml
tap water) were recorded in black gram at 30,60 and 90

@ Springer



1282 Waste and Biomass Valorization (2020) 11:1279-1287

Table 1 Effect of algal cell

Treatments Plant height Shoot length Root length Fresh weight Dry eight

e)ftract on growth parameters of (cm) (cm) (cm) © (©

Vigna mungo (L.) at 30th day
Control 28.3+0.83 5.8+0.50 4.8+0.78 12.8+0.40 5.1+0.55
0.5 ml 28.9+0.65 6.0+0.48 5.0+0.20 13.6+0.65 5.4+0.227
1.0 ml 29.3+0.33 6.2+0.90 5.1+0.35 14.5+0.36 5.7+0.95
1.5 ml 29.6+0.40 6.3+0.74 5.3+0.43 15.8+0.5/8 6.0+0.84
2.0ml 29.7+0.56 6.5+0.80 5.7+0.55 18.1+0.50 6.5+0.18
2.5ml 29.9+0.96 6.7+0.70 5.5+£0.90 20.3+0.26 6.8+0.40
3.0 ml 30.6+0.73 6.9+0.33 5.6+0.55 22.8+0.15 7.1+0.76
3.5ml 32.8+0.88 7.1+0.42 5.8+0.85 242+0.25 7.4+0.65
4.0ml 33.0+041 7.0+0.63 5.7+0.35 28.6+0.55 7.8+0.35
4.5 ml 33.6+£0.90 7.8+0.88 6.4+0.83 29.2+0.80 8.0+0.88
5.0ml 32.6+0.65 7.3+0.55 6.0+0.80 28.1+0.95 7.8+0.65

All values are of means of triplicate determination expressed on growth parameters basis +denotes stand-
ard error

Table 2 Effect of algal cell

Treatments Plant height (cm) Shoot length Root length Fresh weight Dry eight
extract on growth parameters of

Vigna mungo (L.) at flowering (em) (em) © ©

days Control 32.3+0.65 8.3+0.72 5.7+0.25 20.8+0.88 7.3+0.90
0.5 ml 32.8+0.29 8.5+0.55 5.9+0.65 21.4+0.57 7.5+0.88
1.0 ml 33.4+0.46 9.1+0.95 6.3+0.81 22.3+0.24 7.8+0.64
1.5 ml 33.7+0.55 9.4+0.30 6.7+0.76 23.7+0.95 8.0+0.38
2.0 ml 34.2+0.88 9.7+0.43 7.0+0.34 24.5+0.73 8.6+0.27
2.5ml 34.8+0.16 9.9+0.25 72+0.15 24.8+0.18 8.7+0.15
3.0ml 37.5+0.45 10.8+0.80 8.4+0.28 26.1+0.45 9.1+0.43
3.5ml 38.6+0.95 11.3+0.99 9.2+0.75 27.6+0.35 9.3+0.18
4.0 ml 38.9+0.90 11.6+0.95 9.5+0.95 28.0+0.81 9.4+0.25
4.5 ml 39.4+0.88 11.9+0.85 9.8+0.55 28.4+0.80 9.5+0.65
5.0 ml 38.6+0.80 10.9+0.75 9.3+0.66 27.8+0.95 9.0+£0.35

All values are of means of triplicate determination expressed on growth parameters basis +denotes stand-
ard error

days followed by 5, 4, 3.5, 3, 2.0, 2.5, 1.5, 1.0, 0.5 of cell

extracts in 100 ml tap water and control plants Table 3 Number of root nodules of Vigna mungo (L.) at different

days
Treatments Number of root nodules (plant™ b}
Soil AnaIYSis 30 days 60 days 90 days
Before and after flowering stage of the experiment, com- Control 8 26 43
. . . 0.5 ml 10 35 52
posite soil samples were analyzed and results of various
. . . . . 1.0 ml 13 42 59
physico chemical properties of soil were presented in s ) s
Table 4. The higher amounts of physical and chemical 1.5 ml o
. . . 2.0 ml 21 53 75
properties were recorded in treatment with 4.5 ml cell
. . . 2.5 ml 28 58 81
extracts in 100 ml tap water concentration C.vulgaris
3.0ml 33 66 86
extracts.
3.5ml 29 69 92
4.0 ml 37 71 98
4.5 ml 42 75 85
5.0ml 38 70 80
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Table 4 Effect of algal cell extract on physio-chemical analysis of soil before and flowering stage of Vigna mungo (L.)

N (mg/kg) P (mg/kg) K (mg/kg) Ca (mg/kg) Mg (mg/kg) Zn (mg/kg) Cu (mg/kg) Fe (mg/kg) Mn (mg/kg)

EC

pH

Treatments

(ds/m)

20.4 382 11.8 1.42 3.08 0.85 5.42 1.02

1.2

0.46

7.6

Before sowing

Flowering stage

0.66 5.57 1.06

1.08
1.19

2.13 391 12.2 1.47 3.16

1.8

22
2.4

29

1.48

7.8

Control

1.05
1.08
1.11
1.14

1.17
1.19
1.20
1.23
1.25
1.27

5.64
5.18
5.71
5.75
5717
5.79
5.82
5.86
591
5.94

1.22
1.27
1.33
1.38
1.44
1.56
1.62
1.74

3.23
3.29
341
3.45
3.55
3.62
3.69
3.74
3.82
3.88

1.53
1.57
1.63
1.65
1.68
1.72
1.75
1.77
1.81
1.85

12.6
12.8
13.4
13.7
14.1
14.5
14.9
15.3
15.7
16.4

403
407
419
426
431
434
439
441
446
452

2.18
224
22.6
22.9
23.3
23.9
24.1
24.7
254
26.2

3.12
3.18
3.26
3.39
3.50
3.56
3.42

1.52
1.55
1.58
1.61
2.02
2.03
2.18
2.24
2.29
2.18

7.83
7.91
7.95
7.98
8.0
8.2
8.3
8.5
8.6

8.1

—_— o e e = —

Lead Pigments in Vigna mungo (L.) at Flowering
Stage

The pigments composition of black gram leaves at flower-
ing stage were presented in Table 5. The pigments such as
chlorophyll ‘a’ and chlorophyll ‘b’ content were recorded.
The maximum chlorophyll a content (1.39 +0.95 mg/g)
and chlorophyll b content (1.37 +0.90 mg/g) were
observed in Chlorella vulgaris at 5.0 ml cell extracts in
100 ml tap water concentration treatments followed by 4.5,
4,3.5,3.0,2.0,2.5, 1.5, 1.0, 0.5 cell extracts in 100 ml tap
water and control plants.

Yield Attributes of Vigna mungo (L.)

The yield attributes of black gram plants are given in
Table 6. The seed yield characters include number of
pods per plant, number of seeds (g) seeds per plants and
weight of seed per plant (g), weight of seeds (g) were
noted in superior values than that of C.vulgaris cell extract
untreated plants control. The maximum number of val-
ues pot plant (55 in 4.5 ml and 52 in 5.0 ml) number of
seeds per plants (206 in 4.5 ml and 201 in 5.0 ml) weight
of pods per plant (23.8 +0.88 g in 4.5 ml treatment and
23.1+0.65 g in 5.0 ml cell extracts in 100 ml tap water)
weight of seeds per plant (27.2+0.94 g in 5.0 ml and
24.6+0.65 g in 4.5 ml cell extracts in 100 ml tap water)
and weight of 100 such seeds (47.2+0.15 gin 4.5 ml and
46.5+0.18 g) were found in 4.5 ml and 5.0 ml cell extracts
in 100 ml tap water followed by 4, 3.5, 3.0, 2.0, 2.5, 1.5,
1.0, 0.5 ml cell extracts in 100 ml tap water and control
plants.

Table 5 Leaf pigments in Vigna mungo (L.) at flowering stage

Treatments Chlorophyll ‘a®  Chlorophyll ‘b”  Total Chlorophyll

(mg/g) (mg/g) (mg/g)

Control 1.03+0.25 1.08+0.80 2.11+0.43
0.5 ml 1.07+0.61 1.13+0.75 22+0.63

1.0 ml 1.19+0.60 1.15+0.35 2.34+0.25
1.5 ml 1.23+0.42 1.18+0.16 2.41+0.55
2.0 ml 1.26+0.57 1.23+0.83 2.49+0.35
2.5ml 1.28+0.95 1.25+0.97 2.53+0.92
3.0 ml 1.30+0.80 1.27+0.55 2.57+0.65
3.5ml 1.33+0.65 1.31+£0.42 2.64+0.74
4.0 ml 1.35+0.88 1.33+0.25 2.68+0.88
4.5 ml 1.37+0.73 1.35+0.16 2.72+0.96
5.0 ml 1.39+0.95 1.37+0.90 2.77+0.25

All values are of means of triplicate determination expressed on pig-
ments basis +denotes standard error
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Ta.ble 6 Yield attributes of Treatments Number of pods Number of seeds Weight of pods Weight of seeds Weight of

Vigna mungo (L.) per plant per plant per plant (g) per plant (g) 100 seeds

(9]

Control 13 52 9.8+0.21 4.5+0.65 21.2+0.43
0.5 ml 19 87 16.3+0.74 10.6£0.81 28.3+0.85
1.0 ml 23 95 16.7+0.65 11.7+£0.37 31.4+0.80
1.5ml 27 113 17.9+0.37 14.3+£0.95 35.6+£0.95
2.0 ml 33 140 19.1+0.15 18.9+0.25 38.1+£0.96
2.5ml 36 148 19.3+0.85 19.1+£0.43 38.6+0.28
3.0 ml 42 157 19.7+0.48 19.9+0.18 39.9+0.55
3.5ml 57 172 20.3+0.75 20.5+£0.52 41.7+£0.96
4.0 ml 51 189 21.4+0.96 22.8+0.33 44.6+0.35
4.5 ml 55 206 23.8+0.88 24.6+£0.65 47.2+0.15
5.0 ml 52 201 23.1+0.65 27.2+0.94 46.5+0.18

All values are of means of triplicate determination expressed on yield attributes basis+ denotes standard

€rror

Table 7 Proximate composition

- Treatments Moisture Crude protein Crude lipids Total fibre Ash

of Vigna mungo (L.) seed flour (e/100 g) (¢/100 g) (¢/100 g) (/100 g) (£/100 g)

(g/100 g)
Control 8.23+0.08 24.06 +£0.33 2.72+0.05 3.37+0.06 2.83+0.03
0.5ml 8.25+0.02 24.63+0.45 2.79+0.08 3.59+0.05 2.85+0.05
1.0 ml 8.27+0.01 2498 +0.28 2.83+0.02 3.83+0.02 2.88+0.07
1.5ml 8.30+0.11 25.18+0.53 3.08+0.03 4.16+0.05 2.94+0.09
2.0 ml 8.38+0.09 25.26+0.60 3.25+0.05 4.29+0.06 3.064+0.03
2.5ml 8.42+0.07 25.33+0.88 3.52+0.09 4.38+0.04 3.164+0.05
3.0ml 8.49+0.05 25.38+0.73 3.64+0.08 4.49+0.03 3.21+0.05
3.5ml 8.53+0.08 25.46+0.90 3.824+0.05 4.58 +£0.05 3.27+0.08
4.0 ml 8.65+0.09 25.51+0.65 4.03+0.12 4.61+0.02 3.32+0.06
4.5 ml 8.76+0.05 25.62+0.83 4.08+0.16 4.72+0.07 3.39+0.07
5.0ml 8.84+0.06 25.96 +0.60 4.13+0.09 4.83+0.09 3.45+0.09

All values are of means of triplicate determination expressed on dry weight basis +denotes standard error

Proximate Composition of Vigna mungo (L) Seed
Flour

The proximate composition of black gram seed flour
treated with C.vulgaris cell extracts in different concentra-
tion were shown in Table 7. The proximate compositions
were found to be higher in plant treated with 4.5 ml and
5.0 ml of C.vulgaris extracts. The maximum moisture con-
tent (8.76 +£0.05 g/100 g and 8.84 +0.06 g/100 g), crude
protein (25.62 +0.83 g/100 g and 25.96 +0.60 g/100 g),
crude lipid (4.08 +0.16 g/100 g and 4.13 +0.09 g/100 g),
total fibre (4.72 +0.09 g/100 g and 4.83 +£0.09 g/100 g)
and ash (3.39+0.07 g/100 g and 3.45+0.09/100 g) were
found in 4.5 ml and 5.0 ml treatments. The moderate val-
ues were observed in 4 ml cell extracts in 100 ml tap water
treatments followed by 3.5, 3.0, 2.0, 2.5, 1.5, 1.0, 0.5 ml
cell extracts in 100 ml tap water and control plants.
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Mineral Composition of Vigna mungo (L.) Seed Flour

The mineral composition of black gram seed flour with dif-
ferent concentration of C.vulgaris cell extract were shown in
Table 8. The minerals composition viz sodium, potassium,
calcium, magnesium and phosphorus were recorded in high
amount with 4.5 ml and 5.0 ml treatments treated plants.
The maximum values of sodium (2.99.52 +0.63 mg/100 g
and 313.64+0.68 mg/100 g), potassium
(1679.48 £0.90 mg/100 g and 1688.22 +0.92 mg/100 g), cal-
cium (443.7+0.88 mg/100 g and 496.38 +0.90 mg/100 g),
magnesium (292.11 +0.44 mg /100 g and 295.38 +0.63 mg
/100 g) and phosphorus(4.81.26 +0.90 mg/100 g and
4.88.48 mg /100 g) were recorded in plants treated with
4.5 ml cell extracts in 100 ml tap water and 5.0 ml cell
extracts in 100 mL tap water C.vulgaris cells extracts. Only
calcium and magnesium content has slightly increased in
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T?b‘lf"s Mineralchorr‘lp(:isiéions Treatments Sodium Potassium Calcium Magnesium Phosphorus

?g/l(’)%"g)m””g" (L.} seed flour (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)
Control 23.81+0.52 1603.55+0.88 383.73+0.89 228.31+0.16 418.63+1.43
0.5 ml 236.65+0.43 1607.82+0.62 404.33+0.90 231.86+0.33 424.18 +155
1.0 ml 243.32+0.65 1609.32+0.53 411.83+0.55 238.32+0.42 432.73+1.19
1.5 ml 256.11+0.62 1613.64+0.41 418.73+0.88 24491 +£0.66 436.63+1.06
2.0 ml 266.18 +0.60 1639.81+0.33 422.63+0.40 247.73 +0.80 445.18+1.09
2.5ml 267.41+£0.71 1643.22+0.28 428.18+0.60 256.46+0.60 452.38+1.11
3.0 ml 269.26+0.80 1652.82+0.63 448.08 +0.55 261.56+0.55 460.56+1.23
3.5ml 276.35+0.88 1658.51+0.60 493.71+0.88 292.11+0.44 469.12+1.18
4.0 ml 285.83+0.90 1672.73+0.73 496.38+0.90 295.38+0.63 477.35+1.33
4.5 ml 299.52 +0.63 1679.48 +0.90 473.28 +0.60 263.13+0.88 481.26+1.69
5.0ml 313.64+0.68 1688.22+0.92 483.51+0.53 268.14+0.90 488.48+1.55

All values are of means of triplicate determination expressed on dry weight basis +denotes standard error

3.5 ml cell extracts in 100 mL tap water and 4.0 ml cell
extracts in 100 mL tap water treatments.

Discussion

Application of C.vulgaris cell extract is an acceptable
approach for obtaining high yield with good quality products
that are safe for human consumption. The results showed
that C.vulgaris cell extract at different concentration resulted
in positive response to the studied parameters. The yield
attribute characters recorded in this study including the prox-
imate composition and minerals composition are in same
line with those obtained by Mohamed.et al. [18].

It was evidenced from the present study that bio-fertilizer
of C.vulgaris cell extract improved the growth of black gram.
The effective performances on growth of black gram plant in
terms of plant height, shoot length, root length, fresh weight
and dry weight were enhanced by C.vulgaris cell extract as
bio fertilizer. All these growth parameters have an effect
on yield quantity and quality which also relies on culture
practices and agriculture inputs as well. Plant height, shoot
length, root length, fresh weight and dry weight were the
significant growth parameters. In the field experiments, the
growth parameters of black gram were registered with the
application of C.vulgaris cell extracts in 30th days and flow-
ering stage. Similar results were reported earlier by Singh
et al. [19]. These results were also supported by Thakur and
Panwar [20] who reported an increase in plant height by seed
inoculation and fertilizer application. The microalgal treat-
ment mixed with cow dung manure increased plant height
growth, yield characters, biochemical and mineral compo-
nents as well as the germinability of the seeds produced [10].

Nodulation is an important character of pulses crop which
is directly proportional to the number of pods formation per
plant and ultimately the productivity of black gram. All

the different concentration treatments were found to dif-
fer significantly with varying concentrations of C.vulgaris
cell extract with respect to formation of nodules per plant.
Nodule number has significantly increased by treatments
of either of the 4.5 ml and 5.0 ml treatments (42, 75, 85
plant~! and 38, 70, 80 plant™") with C.vulgaris cell extract
amendment. Nodule biomass was also remarkably enhanced
in treated plants. As a consequence of improved nodulation,
a similar significant improvement in grain yield was also
evidenced. Earlier, Dubey [21] obtained highest grain yield
in soybean when host plant was inoculated with Bradyrhizo-
bium in combination with N P K fertilizer. The inoculation
with Bradyrhizobium increased 57% effective nodule, 77%
dry mater production, 64% grain yield, and 40% hay yield
over uninoculated control.

The physio-chemical properties of soil before and in flow-
ering stage were presented in Table 4, where the plots treated
with microalgae cell extract C. vulgaris at 4.0 ml and 4.5 ml
concentration treatments showed higher available nutrients.
It is obvious that application of microalgae extract favored
the growth parameters in black gram which eventually get
decomposed and mineralized and contribute for the available
nutrient. Naseby et al. [22] reported that N mineralization
was decreased when Pseudomonas strain were applied with
organic manure.

The maximum values of chlorophyll ‘a’ and ‘b’ were
observed in C.vulgaris cell extract in different concentra-
tion treatments. The pigments (Chlorophyll ‘a’ and ‘b’)
were increased after flowering stage in the lettuce plant
treated with C.vulgaris as biofertilizer and this report of
Pervez et al., [23] was found to be similar to the present
investigation.

Distinct positive effect of C.vulgaris cell extract was
noticed on yield attributes characters viz. number of pods
per plant (55), number of seeds per plant (206), weight of
pods per plant (23.8 +0.88 g), weight of seeds per plant
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(24.6 +0.65 g) and weight of 100 seeds (47.2+0.15 g)
in 4.5 ml and 5.0 ml concentration treatments. The yield
obtained after the seed inoculation with Rhizobium
increased due to higher number of pods/plant, grains/
pod, that are the major parameters in assessing the yield
of black gram [24]. Shaheen and Rahmatullah [25] and
Tariq et al. [26] also observed similar types of results
in their findings with different treatment of phosphorus
with Rhizobium. The proximate composition of black
gram seeds in different concentration of C. vulgaris cell
extract treatments showed maximum yield values after
treatment. The major findings of the study were as fol-
lows: crude protein ranged from 20.2 to 29.3%, crude lipid
6.3-7.4%, total dietary fibre 8.7-10.5%, ash 3.3-5.5%
and carbohydrates 49.9-61.2%. The energy level of the
seed (1562-1597 kJ 100 g~! DM) was comparable with
commonly consumed Indian pulses. Mineral profiles,
viz. sodium, potassium, calcium, magnesium, phospho-
rus, iron, copper, zinc and manganese ranged from 43.1
to 150.1, 778.1-1846.0, 393.4-717.7, 174.9-387.6,
98.4-592.1, 10.8-15.0, 0.9-2.2, 5.0-10.9, 3.9-4.3 mg
100(—1) seed flour, respectively [27-31].

The mineral composition of the investigated black gram
seeds has maximum concentration of sodium, potassium,
calcium, magnesium and phosphorus when compared with
other legumes Phaseolus vulgaris, Vigna unguiculata,
Pisum sativum and Lens culinaris [32]. Food legumes are a
good source of minerals such as calcium, iron, copper, zinc,
potassium and magnesium. According to Salunkhe et al.
[33] the lentils had the highest ratio of cooked weight to dry
weight, 2.94, and chickpeas had the lowest ratio, 2.07. Pro-
tein, fat, and ash values were generally in good agreement
and moisture data were higher, and crude fiber values were
much higher. In the present study, higher levels of minerals
composition were observed.

Conclusion

Chlorella vulgaris cell extract of various concentration were
used in the medium of foliar spray treatment method. The
parameters like growth parameters, number of root nodules,
yield attributes and quality analysis of seed were measured
among which 4.5 and 5.0 ml concentrations provided with
better results. C.vulgaris biofertilizer not only increases the
yield characters but they also improve the soil physical and
chemical parameters. They rejuvenate and cause no harm
to the soil. Thus microalgae are eco-friendly and economi-
cally feasible bio-fertilizer meanwhile producing good qual-
ity seeds. Hence our results will be very useful to the farmers
for a better livelihood in a sustainable way.
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