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ABSTRACT

Greengram productivity has been improved by application of farmyard manures in the last two decades;
however, these manures are not readily available as at when needed. In some cases, they are available but in
limited supply. Kolgrace bio-fertilizer, a novel commercial product of the Association of Organic Agricultural
Practitioners could serve as a superior alternative to farmyard manures. Hence, a field experiment was carried
out at the Teaching & Research Farm of the Department of Agronomy, University of Ibadan, Nigeria during
the 2015 cropping season to evaluate the effects of five rates (0.00, 0.25, 0.50, 1.00, and 2.00 t ha™) of
Kolgrace bio-fertilizer on the performance of greengram. The aim was to determine the optimum rate of
application of this biofertilizer for greengram production. The experimental design was a randomized
complete block design with four replications. Data were collected on growth and yield traits, and were
subjected to analysis of variance. Results showed that Kolgrace rates significantly (p < 0.01) influenced all
the traits measured with exception of fresh pod yield (FPY). Plant height (112 cm), number of leaves (87),
stem girth (1.43 mm) and number of flowers (10) at 8 weeks after planting (WAP) were significantly highest
with the application of 0.5 t ha™' whereas, 0.25 t ha™' gave best results for number of pods (42) and pod yield
(3.85 t ha ). The application of 0.5 t ha™' is, therefore, recommended if the interest of the farmer is sprout,
fodder or green manure, and 0.25 t ha™' if the interest is for seed production.
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INTRODUCTION
Greengram (Vigna radiata (L) Wilczek), a member
of the fabaceae family with diploid chromosome
number 2n = 22 (Thulin, 1989) is relatively an
unknown and underutilized leguminous pulse in
Nigeria with enormous nutritional, medicinal and
environmental (as cover crops and nitrogen fixer)
potentials that are yet to be fully harnessed. Although
an introduced crop in the region and a minor, it is
fast gaining global recognition as an important food
and cash crop. It is a small, round olive-green peas
with sweet flavour and good texture. It is also known
as mungbean, mungo, golden gram, Jerusalem pea in
India, Philippines and in other regions of the world.
The crop is endeared to farmers owing to its
attributes of short duration, low input requirement,
suitability as a rotation crop in cereal-based systems,
and good performance under heat and drought
stress (Nair et al., 2020). It thrives in poor soils due
to its ability to exist in a symbiotic association with
mycorrhiza fungi (Kasiamdari et al., 2002) and
specific bacteria, and can fix up to 50 kg ha™' N
(Mandal et al., 2009), making it an excellent material
for soil fertility maintenance, environmental conser-
vation, food and income security, as well as in

sustainable agriculture. It often requires less irrigation
and nutrient elements than many other crops to
produce appreciable yields (Kannaiyan, 1999).
Seeds of greengram contain an abundance of
major food nutrients including protein, about 30%
of dry matter (DM) (AVRDC, 2012), carbohydrate
up to 45% of DM, fiber about 6.5% of DM (Heuzé
et al., 2015), and some essential amino acids which
explains its revered position as the most nutritious
pulse known (Anjum et al., 2011). In addition, the
protein, ash, fiber and mineral contents of
mungbean can significantly be improved by
increasing the malting periods (Onwurafor et al.,
2020). Medicinally, mungbean has been used in
China and India in the prevention and treatment of
varied health-related ailments due to the
overwhelming high levels of phytochemicals
including vitexin, isovitexin, total phenols,
flavonoids and other compounds in the grains and
sprouts (Cao et al., 2011; Kim et al., 2012).
Mungbean can be utilized as a pulse, vegetable,
and fodder or green manure. Grains can be cooked
with rice or sugar to make sweet desert soup,
grilled or roasted as a snack. Sprouts are used to
garnish noodles and pancakes, in vegetable salads,
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and in preparing chicken soups. Mungbean starch
is an essential ingredient in making noodles while
its paste is an integral component of sweets. As the
search for cheap, alternative and accessible sources
of affordable food nutrients intensifies in Nigeria
and other regions of the world (Ihejiofor, 2020),
mungbean is fast taking the lead as an emerging
source of easily digestible protein, carbohydrate,
amino acids and fibre that can help diversify food
production in the country, adding new species to
our diets and providing better supply of essential
nutrients. Although, yet to gain full acceptance as a
food source in Nigeria, and some parts of Africa,
its prospective roles in therapeutic medicine, soil
fertility management, environmental conservation,
food security and sustainable agriculture cannot be
underestimated as the growing hunger persist.

Global average yield of mungbean is 721 kg ha™
which is low, although yield of 2.5-3.8 t ha™! is
possible (Sadeghipour ef al., 2010; AVRDC, 2012)
with improved varieties and adequate management.
Ogunwale et al. (2002) reported that low soil
fertility is one major factor limiting crop
production in Nigeria, as is the case with most
tropical and subtropical regions of the world. There
is a preponderance of literature on the effect of pig,
cow and poultry manure on performance of
mungbean (Akinmutimi and Amaechi, 2015;
Mahabub et al., 2016; Gadi et al., 2017; Ajoku et
al., 2019), but these farmyard manures are not
readily available as at when needed. In some cases,
they are available in limited supply. Kolgrace bio-
fertilizer, a novel commercial product of the
Association of Organic Agricultural Practitioners,
contains over twice as much the concentration of
most essential nutrient elements (Table 1) reported
for conventional sources of manure including
poultry, cow dung, pig slurry, rabbit droppings and
compost (Agbede et al., 2008; Adeniyan et al.,
2011; Akinmutimi and Amaechi, 2015; Al-
Jawhara, 2016; Ihejiofor et al., 2020). The bio-
fertilizer is affordable and readily available.
Earlier report by Ihejiofor ef al. (2020) indicated
that 0.5 t ha™' of Kolgrace bio-fertilizer gave best
results for growth and yield traits of greengram
evaluated in the screenhouse. This research was
therefore carried out to investigate the best rate of
Kolgrace bio-fertilizer for greengram production
under field conditions in Ibadan, Nigeria, a derived
savanna agro-ecological zone.

MATERIALS AND METHODS
Experimental Site

The experiment was carried out at the Teaching and
Research Field of the Department of Agronomy,
Parry Road, University of Ibadan, Nigeria. Parry
Road has elevation of 189 m above sea level and
situated at 07°27 N and 03°53E.

Field Preparation, Treatments and
Experimental Design

The field was ploughed, harrowed and partitioned
into blocks. Each block was sub-divided into plots
on which seedbeds were made, with each plot
measuring 1.0 x 1.8 m. The treatments comprised
five application rates of an indigenous bio-fertilizer
(Kolgrace); 0.00, 0.25, 0.50, 1.00 and 2.00 t ha™
arranged in a randomized complete block design,
and replicated four times. The selected treatment
rates were informed by a preceding screenhouse
study by Ihejiofor et al. (2020), where six Kolgrace
rates (0.00, 0.50, 1.00, 2.00, 4.00 and 8.00 t ha™)
were evaluated for growth and yield attributes, with
0.5 t ha™' emerging as the best while 4 and 8 t ha™
seemed wasteful, and repressed growth and yield.
Rates above 0.5 t ha™! were seen to have suppressed
growth and yield, hence the inclusion of 0.25 t ha™!
in the current study. Seeds were planted at a spacing
of 30 cm x 10 cm, with two seeds per hole which
were later thinned to one at two weeks after planting
(WAP). A spacing of 1 m was allowed between
plots, and between blocks. Routine agronomic
practices were carried out as at when due.

Calculation of Manure Requirement per Plot
The quantity of Kolgrace bio-fertilizer that was
applied per plot was calculated as:

Quantity per hectare (kg) X Area of plot (m?)

Area of one hectare (m?)

Physicochemical Analyses of the Soil

Particle size distribution of the soil was determined
using Bouyoucous hydrometer method. Soil pH,
soil organic carbon, total N, available P, contents of
the exchangeable bases and exchangeable acidity
were also determined, adopting the standard labora-
tory procedures used by Obalum et al. (2011, 2012).
Micronutrients (Mn, Fe, Cu and Zn) in the soil was
extracted from the sample using 0.1N HCI. Each of
the elements was read off using atomic absorption
spectrophotometer (Thomas, 1982).

Data Collection

Data were collected on selected growth and yield
parameters such as plant height, number of leaves
per plant, stem diameter, number of pods per plant,
fresh pod weight and dry pod weight, from 3-5
representative plants at weekly intervals. Plant
height was determined as the height from the base
of the plant to the tip; number of leaves per plant
was counted as number of fully expanded leaves;
stem diameter per plant was taken at 2 cm from the
base with a venier caliper. Number of pods per plant,
fresh and dry pod yield per plant was taken as the
average of 3-5 representative plants. The harvested
fresh pods were sun-dried for 14 days to obtain the
dry pod yield. Yield per hectare was calculated thus:
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Statistical Analysis

All data were subjected to analysis of variance
using Genstat statistical package (4™ Edition) and
means that differed significantly were separated
using Duncan’s new multiple range test at p < 0.05.

RESULTS AND DISCUSSION
Physicochemical Properties of the Soil

The result of the pre-planting physical and chemical
analysis of the soil of the experimental site is shown
in Table 1. The particle size distribution analysis of
the soil showed that the soil is a sandy loam. The
soil was slightly acidic with pH of 6.1. Total N,
available P and exchangeable K in the soil
exceeded the critical ranges of 2.1-2.4 g kg!, 3-7
mg kg™ and 0.2-0.4 cmol kg!, respectively. This
shows that the soil is suitable for the experiment
and that the application of Kolgrace bio-fertilizer
would give a measurable response.

Chemical Properties of Kolgrace Bio-Fertilizer
The percentage composition of nutrient elements in
Kolgrace bio-fertilizer are shown in Table 2. The
bio-fertilizer has total N content of 4.6%, P of 1.8%
and K of 5.3%. It is slightly alkaline with pH of
7.5. The analysis shows that the bio-fertilizer can
provide an adequate amount of macro and micro
nutrients for the experiment and may help increase
the pH of the soil to tilt towards neutral.

Table 1: Pre-planting physicochemical properties of
soil used for field study

Properties Soil
pH (H,0 - 1:1) 6.1
Particle size distribution (g kg™")

Sand 786.0
Silt 104.0
Clay 110.0
Texture Sandy loam
Organic matter (g kg ™) 18.7
Organic carbon (g kg™") 10.9
Total nitrogen (g kg™) 32
Available phosphorus (mg kg ™) 11.5
Exchangeable cation

Potassium (K) (cmol kg™) 1.1
Calcium (Ca) (cmol kg™") 2.8
Magnesium (Mg) (cmol kg ™) 3.2

Exchangeable hydrogen acidity (g kg™) 0.6
Extractable micronutrients (mg kg ")

Copper (Cu) 20.0
Manganese (Mn) 352.0
Zinc (Zn) 246.0
Iron (Fe) 43.8
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Effects of Application of Kolgrace Bio-fertilizer
on Growth Parameters of Greengram
The effect of Kolgrace rates on plant height of green-
gram is shown in Table 3. There was no significant
difference (p > 0.05) in plant height at 2 and 6 WAP,
suggesting that the observable variation could be due
to chance. Significant differences (p < 0.05) were,
however, observed at 4, 5, 7 and 8 WAP. Kolgrace
application rate of 0.5 t ha™' consistently gave
significantly (p < 0.05) taller plants than 0.00, 1.00
and 2.00 t ha™' at 4 (49.90 cm), 5 (73.60 cm), 7
(105.70 cm) and 8 (112.90 cm) WAP, but was
similar to 0.25 t ha™!. The similar performance of
0.5 and 0.25 t ha™! of Kolgrace bio-fertilizer, which
were superior to the other rates support the reports
of Rachie and Roberts (1974), Lawn and Russell
(1978), Lawn and Ahn (1985), and Kannaiyan
(1999) who asserted that greengram did not require
heavy nutrient application to produce optimally.
The effect of different levels of Kolgrace bio-
fertilizer on number of leaves is shown in Table 4.
Non-significant differences (p > 0.05) were recorded
at 2 and 4 WAP, even though, 0.25 and 0.5 t ha™
application level recorded the highest mean value
for number of leaves at 2 WAP (9.0) and 4 WAP
(27.0), respectively. However, at 5 WAP, the rate
0.5 t ha™! significantly increased (p < 0.05) leafiness,
as this rate produced the highest number of leaves
at 5 WAP (53.0), 6 WAP (66.0) and 7 WAP (85.0).
At 8 WAP, 2.0 t ha™! gave the highest number of
leaves (87.0) which was similar to 0.5 t ha™! (82.0).
These results show that leave production in green-
gram could be influenced largely by the amount of

Table 2: Analysis of Kolgrace bio-fertilizer versus
chemical composition of commonly used organic manures

Properties Pig Poultry Compost Kolgrace
pH (H,O - 1:2) 7.2 73-83 7.8 7.5
Total P (%) 0.3 09-4.1 0.56 4.6
Available P (%) 0.1 02-1.0 0.26 1.8
Potassium (%) 0.1 04-14 1.15 5.3
Calcium (%) 1.5 32-34 3.77 5.2
Magnesium (%) 0.7 1.0-1.1 0.8 2.2
Sodium (%) - - - 0.1

Zinc (mg kg™") 3320 17.9-1194 361.7 15.3
Iron (mg kg ") 438.0 5.0-39.8 14.0 102.5

Copper (mgkg™) 87.0 25.7-31.1 2450 31.0
Manganese (mg kg™)33.4  121.3 - 333.7405.4 344.5

Chemical compositions of pig, poultry and compost manures were
adapted from Malik et al. (2013); Steiner et al. (2019); Mian et al.
(2020); Omar et al. (2020); Kolgrace chemical compositions were
adapted from Ihejiofor ez al. (2020).

Table 3: Effect of different rates of Kolgrace bio-fertilizer on plant height

Weeks after planting

Rates (t ha™')

2 4 5 6 7 8
0 9.20a 39.00b 57.70b 72.70a 86.70b 97.30b
0.25 10.97a 48.00ab 70.10ab 85.70a 102.80a 109.60a
0.5 10.12a 49.90a 73.60a 89.10a 105.70a 112.90a
1 8.60a 40.60ab 59.70b 76.80a 92.80b 107.30a
2 8.33a 39.60b 57.40b 75.60a 89.90b 104.70ab

Means with same letter (s) are statistically similar to each other at p < 0.05
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Table 4: Effect of different rates of Kolgrace bio-
fertilizer on number of leaves

Rates Weeks after planting

(tha) 2 4 5 6 7 8

0 7.0a  22.0a 28.0b 37.0c 37.0¢c 47.0b
0.25 9.0a 25.0a 40.0b 55.0ab 67.0ab  78.0a
0.5 80a 27.0a 53.0a 66.0a 85.0a 82.0a
1 8.0a 21.0a 36.0b 49.0ab 64.0b 77.0a
2 7.0a 20.0a  36.0b 47.0b 70.0ab  87.0a

Means with same letter(s) are similar to each other at p <0.05

manure or bio-fertilizer applied. It has been reported
severally that growth and yield of greengram
increased with increasing rate of fertilizer application
(Sadeghipour, 2010; Mahabub et al., 2016; Ajoku
et al., 2019). However, such reports did not conform
with the findings of this study, as the highest number
of leaves was recorded at 5, 6 and 7 WAP when 0.5
t ha™! of Kolgrace bio-fertilizer was applied. It is
also noteworthy that though 2 t ha™ produced visibly
higher number of leaves (87.0) at 8 WAP compared
to 0.5 t ha™! (82.0), the difference was not significant
and hence, the former is not cost effective.

The effect of different rates of Kolgrace bio-
fertilizer on stem diameter is presented in Table 5.
Variations observed across the various bio-fertilizer
rates, were statistically insignificant (p > 0.05),
until after 5 weeks. Although not-significant, the
rate 0.5 t ha™! was seen to favour stem diameter
more than the other application rates, as it recorded
the highest stem diameter of 0.22 and 0.71 mm at
2 and 4 WAP, respectively. The highest significant
(p <0.05) stem diameter, 1.17, 1.20, 1.36 and 1.43
mm, were observed in plots treated with Kolgrace
rate of 0.5 tha! at 5, 6, 7 and 8 WAP, respectively.
The significantly higher performance of lower rates
(0.25 and 0.5 t ha™') is a function of the low
nutrient requirement of the crop (Kannaiyan, 1999)
and the rich potential of Kolgrace bio-fertilizer in
releasing essential nutrients (Table 1).

Effects of Application of Kolgrace Bio-fertilizer
on Flowering and Yield Traits of Greengram
The effects of Kolgrace bio-fertilizer rates on
number of flowers in greengram were comparable
(» > 0.05) at the onset of flowering at 6 WAP
(Table 6). Significant variations (p < 0.01) were
observed for number of flowers at the latter weeks.
The rate 0.5 t ha™! of Kolgrace bio-fertilizer gave
significantly (p < 0.05) highest number of flowers
(16.0) at 7 WAP, whereas 1.0 t ha™' was highest at
8 WAP (10.0), 9 WAP (21.0) and 10 WAP (23.0).
Plants that received no bio-fertilizer consistently
produced the lowest number of flowers across the
various bio-fertilizer rates and weeks, suggesting
that flowering in mungbean can be improved by
application of bio-fertilizer. The flowering ability
of a crop is an indispensable component in crop
improvement programmes as it is a major
determinant of fruit-setting in sexually reproducing
crops. Ukwu and Olasanmi (2018) reported
positive correlation between number of flowers
pollinated and number of fruits set in cassava.

The effect of Kolgrace application rates on
number of pods per plant in greengram was highly
significant (p < 0.01) as shown in Table 7. The rate
0.5 t ha! produced significantly the highest number
of pods plant™ at 8 WAP (9.0), 9 WAP (19.0) and
10 WAP (29.0), while application of 0.25 t ha™
was highest (42.0) at 11 WAP followed by 0.5 t ha™
(41.0). Plants grown without bio-fertilizer were the
poorest across the various rates and weeks. The
superiority of lower rates of Kolgrace bio-fertilizer
(0.25 and 0.5 t ha!) for number of pods, over
higher rates (1.0, 2.0 t ha™!) across the four weeks
of data collection supports the notion that greengram
does not require heavy fertilizer doses to produce
optimally, and could be due partly to its inherent
ability to co-exist symbiotically with mycorrhiza
fungi on one hand, and nitrifying bacteria on the
other hand. This report is coherent with the earlier
reports of Kasiamdari ef al. (2002) and Mandal ef al.
(2009). The N-fixing ability of greengram is
abundant in literature (Senaratne and Gunasekera,
1994; Heuzé et al., 2015; Razzaque ef al., 2016).

Kolgrace application rates did not significantly
(» > 0.05) influence fresh pod weight (FPY) of
greengram, although 0.25 t ha™ recorded the highest
mean value for FPY (4.94) in contrast to 2.00
which was the least (3.25) (Table 7). However, the
effect of Kolgrace bio-fertilizer rates on dry pod
yield of greengram was significant at p < 0.01
(Table 7). Application of 0.25 and 0.50 t ha™
produced comparable yields of 3.85 and 3.54 t ha™
respectively, and were superior (p < 0.05) to other
rates. The dry pod yield was statistically (p > 0.05)
similar with no application or with application of
1.0 or 2.0 t ha?'! of bio-fertilizer. A gradual
decrease in pod yield was observed with marginal
increase in Kolgrace rates above 0.25 t ha™,
which suggests that 0.25 t ha™ is the threshold,
below and above which yield decline is bound to
occur. This report is consistent with Thejiofor et al.
(2020) who found 0.5 t ha™' to be superior in
growth and yield indices in the screenhouse.

Table 5: Effect of different rates of Kolgrace bio-
fertilizer on stem diameter

Rates Weeks after planting

(tha™) 2 4 5 6 7 8

0 0.19a 0.52a 0.71b  093b  1.00b 1.03b
0.25 022a  0.70a 1.17a  1l.1la  1.23a 1.25a
0.5 022a 0.7la 1.04a 1.20a 1.36a 143a
1 0.8a 0.58a  0.86b  1.13a  1.23a 1.36a
2 0.18a  0.56a 1.16a 1.12a 1.20a 1.32a

Means with same letter(s) are similar to each other at p <0.05

Table 6: Effect of different rates of Kolgrace bio-
fertilizer on number of flowers

Rates Weeks after planting

(tha™) 6 7 8 9 10
0 2.0a 9.0c 4.0d 16.0c 15.0b
0.25 2.0a 12.0b 7.0b 17.0b 22.0a
0.5 2.0a 16.0a 6.0c 16.0c 19.0a
1.0 2.0a 9.0c 10.0a 21.0a 23.0a
2.0 3.0a 12.0b 10.0a 21.0a 16.0b

Means with same letter(s) are similar to each other at p <0.05
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Table 7: Effect of different rates of Kolgrace bio-fertilizer on number of pods and pod yield on fresh and dry basis

Treatments Number of pods Fresh pod yield Dry pod yield
(tha!) 8 WAP 9 WAP 10 WAP 11 WAP (tha™) (tha)
0 4.0d 8.0e 18.0e 29.0e 3.50a 2.62b
0.25 8.0b 15.0b 26.0b 42.0a 4.94a 3.85a
0.5 9.0a 19.0a 29.0a 41.0b 4.65a 3.54a
1.0 5.0c 13.0c 23.0c 40.0c 3.68a 2.61b
2.0 5.0c 11.0d 22.0d 36.0d 3.25a 2.22¢

Means with same letter(s) are similar to each other at p <0.05. WAP - weeks after planting

Kolgrace application rates did not significantly
(» > 0.05) influence fresh pod weight (FPY) of
greengram, although 0.25 t ha™' recorded the
highest mean value for FPY (4.94) in contrast to
2.00 which was the least (3.25) (Table 7).
However, the effect of Kolgrace bio-fertilizer rates
on dry pod yield of greengram was significant at
p < 0.01 (Table 7). The rates 0.25 and 0.50 t ha™
produced comparable yields of 3.85 and 3.54 t ha™'
respectively, and were statistically (p < 0.05)
superior to other rates. The dry pod yield was
statistically (p > 0.05) similar with no application
or with application of 1.0 or 2.0 t ha™' of bio-
fertilizer. A gradual decrease in pod yield was
observed with marginal increase in Kolgrace rates
above 0.25 t ha™!, which suggests that 0.25 t ha™' is
the threshold, below and above which yield decline
is bound to occur. This report is consistent with
Ihejiofor (2020) who found 0.5 t ha™! to be superior
in growth and yield indices in the screenhouse.

CONCLUSION

The effect of varying rates of Kolgrace bio-fertilizer
was significant in all the traits measured with
exception to fresh pod yield. Application rate of 0.5
t ha™! produced consistently higher results for all
growth traits measured as growth parameters were
significantly retarded with rates less or greater than
0.5 t ha™'. However, 0.25 t ha™! was superior in
yield and yield indices. It was observed in this
study that for any marginal increase in Kolgrace
rate above 0.25 t ha™!, a gradual decline in yield
was observed which suggest that 0.25 t ha™! is the
threshold for yield, below or above which, yield
decline is bound to occur. In addition, the
significantly higher performance of 0.25 and 0.5 t
ha! of Kolgrace bio-fertilizer over higher rates
emphasized the ability of the bio-fertilizer to
provide supplemental nutrients in a balanced
proportion to crops without degrading the
environment or accumulating deposits of chemical
residues in sinks as is the case with inorganic
fertilizers when used inappropriately. As such
Kolgrace bio-fertilizer should be considered as an
alternative to chemical fertilizer and manures for
sustainable agriculture as it contains higher doses
of most critical essential nutrient elements relative
to other conventional manures.

It is therefore recommended to use Kolgrace
application rate of 0.5 t ha™' if the interest of the
farmer is sprout, fodder or green manure and 0.25 t
ha™! if the interest is for seed production.
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