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Abstract

The study was undertaken to investigate the effect of EM treated animal manures (named as animal manure EM-bokashi) on yield and nutri-
tional composition of seeds of vegetable cowpea (Vigna unguiculata L.). This experiment was carried out with five treatments and 15 repli-
cations. The pots were arranged in a completely randomized way in the net house. The treatments included a non-fertilizer application as a
control, the recommended chemical fertilizer dose and three types of animal manure EM-bokashi (cattle manure EM-bokashi, goat manure
EM-bokashi and poultry manure EM-bokashi). The results showed that application of EM treated animal manures significantly increased
the number of leaves caused greater nodulation, produced higher number of pods per plant, yielded maximum number of seeds per pod,
greater 100 seed weight, higher yield and increased seed quality compared to chemical and non-fertilizer treatments. Among the different
types of animal manure EM-bokashi, goat manure EM-bokashi applied plants produced comparatively higher seed yield with good nutri-
tional value in the present study thus it is most suitable for obtaining higher economic yield and better seed quality of vegetable cowpea on

sandy regosol.
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Introduction

Conventional agriculture is greatly dependant on chemical
fertilizers which cause problems related to human health and
environmental degradation and the problems has motivated
researchers to find alternatives to chemical fertilizer (Chen,
2008). Effective and widespread use of organic fertilizers
has great promise as a source of multiple nutrients and abil-
ity to improve soil characteristics (Moller, 2009). It can sub-
stantially reduce chemical fertilizer use without detrimental-
ly affecting crop yields and can even serve to stabilize glob-
al crop prices (Alex, 2009). Making compost is an effective
way to recycle organic waste into a useful one however, it
takes longer period for full decomposition into available
nutrients to the plants hence. Bokashi (organic matter fer-
mented with effective microbes) is alternative to it (Anon,
1995).

EM-bokashi is an effective organic fertilizer in nature farm-
ing crop production (Kyan et. al., 1999). This type of farm-
ing provides several benefits to the growers and it is an envi-
ronmental friendly method of cultivation. Further, organic
manures contain many plant nutrients (nitrogen, phosphorus,
potassium and many other essential nutrients) and it also
increases infiltration of water and enhances retention of

nutrients, reduces wind and water erosion and promotes
growth of beneficial organisms (Ross, 2008).

Vegetable cowpea is grown by resource-poor farmers (Ano,
2000). It plays a critical role in the lives of millions of peo-
ple in Africa and other parts of the developing world where
it is a major source of dietary protein that nutritionally com-
plements staple low-protein cereal and tuber crops and is a
valuable and dependable commodity that produces income
for farmers and traders (Langyintuo et. al., 2003). Moreover,
pods are a rich source of calcium, magnesium, potassium
and iron and high in nutrients and therefore, nutritionally the
most acceptable for consumption; further, it has one of the
highest levels of any food of folic acid and a crucial vitamin
B that helps prevent spinal tube defects in unborn children
(Omueti et. al., 2008).

EM produces greater quantities of better quality crops and
enhances crop yields in organic systems in most environ-
ments (Kyan et. al., 1999). The research works have been
done by various scientists in different countries in the field
of agriculture using EM technology to various crops.
However, there is limited information on use of EM technol-
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ogy to legume crops particularly vegetable cowpea with ref-
erence to seed production. The growers need quality seeds
for their cultivation therefore, an attempt was made to study
the effect of EM treated animal manure bokashi on seed
yield and quality of vegetable cowpea on a sandy regosol.

Materials and method
Environmental condition

The experiment was conducted in 2009/2010 at the net
house. It is located between 81° 34' latitude and longitude
7° 48' at the Eastern region of Sri Lanka. The soil of an
experimental site is sandy regosol. The area receives a annu-
al mean temperature of 28° to 34°C and the mean rainfall is
1600 mm to 2100 mm and the humidity is 60% to 90%.

Preparation of EM solution

EM super™ (SEEDS Ltd, Sri Lanka), molasses and pure
water at the ratio of 1:1:100 (v/v/v) as recommended by
Kyan et. al. (1999) were mixed and poured into clean plastic
container to prepare EM solution. For the fermentation
process, this mixture was kept under air tight dark condition
for two days before preparation of the EM bokashi.

Preparation of animal manure EM-bokashi

As recommended by the Kyan et. al. (1999), animal manure,
rice bran and paddy husk at the ratio of 2:1:1 (wW/w/w)
respectively were used to prepare EM-bokashi. Different
animal manures such as cattle, poultry and goat manures
were used to prepare different types of EM-bokashi, but
other materials used were same. EM solution already pre-
pared was sprayed onto the dry ingredients (animal manure,
rice bran and paddy husk) and mixed well until the moisture
content reached within a range of 30-40%. Mixture was
heaped on a dry floor to a height of 15-20 cm and covered
with a gunny bag. The temperature was maintained at 40 +
5°C during fermentation and was checked regularly. When
bokashi had a sweet fermented smell it was ready for use.
This was used after ten days of the preparation.

Experimental design

This study was done in a Complete Randomized Design
(CRD) with five treatments and 15 replications. Treatments
included a non-fertilizer application as a control (T,), the
recommended chemical fertilizer dose (T,), cattle manure
EM-bokashi (T3), goat manure EM-bokashi (T4) and poultry
manure EM-bokashi (Ts) application.
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Agronomic practices

Red soil and sandy soil at a ratio of 1:1 were mixed thor-
oughly and it was filled into a polythene bag (25 cm diame-
ter) up to the height of 30 cm. The 75 polythene bags were
filled separately and arranged at the space of 20 cm x 60 cm.
Chemical fertilizer recommended by the Department of
Agriculture of Sri Lanka was used as a basal (0.54 g of urea,
1.56 g of triple super phosphate and 0.76 g of muriate of
potash applied to each bag) for vegetable cowpea cultiva-
tion. The different types of EM-bokashi at the rate of 300
g/m2 was applied 14 days before sowing as basal and top
dressing for field crop in the tropical regions as recommend-
ed by the Kyan et. al., (1999). The bags in all five treatments
were seeded with seeds of cowpea variety cv BS1. At the
30th day after seeding, the same amount of EM-bokashi for
T, T4 and Ts treatments and 0.54 g of urea for each bag in
T; treatment were added as top dressing. After planting,
watering was done regularly and weeds were removed.

Measurements

Number of leaves per plant was counted at regular intervals
and number of nodules, number of yellow pods and number
of seeds were counted. Then fresh weight of nodules, fresh
weight of yellow pods and their seed weight were recorded
separately by using an electronic balance. After drying in an
oven at 105°C overnight, weight of nodules was measured.
Air dry weights of mature pods and seeds per plant as well
as 100 seeds weight were also recorded. Finally seeds were
subjected to proximate analysis for the parameter such as
moisture, ash, crude fiber and protein contents using the
methods described in AOAC (2002).

Statistical analysis of data

The collected data were analyzed statistically using SAS
package. Data were first subjected to Shaio-Wilk test at
p=0.05 for normality before analysis of variance and log and
square root transformation techniques were subjected on
data wherever necessary. The means were compared using
Duncan's Multiple Range Test at 5% significant level.

Results and discussion

Leaf formation

The effects of EM-bokashi, chemical fertilizer and no-fertil-
izer on the number of leaves of vegetable cowpea at differ-
ent week intervals are shown in Table I. Results demonstrate
that the number of leaves increased significantly in all EM-
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bokashi treatments as compared to chemical fertilizer and
no-fertilizer applications. Samina et. al. (2008) reported that
the magnitude of stimulation was the maximum due to com-
bined effect of EM-bokashi and farm yard manure on num-
ber of leaves of radish.

Table I. Effect of different treatments on number of
leaves of vegetable cowpea

Number of leaves per plant

Treatments 3 weeks 6 weeks 9 weeks
T, 42 +0.13d 08.66 +0.21b 4.66 +0.33b
T, 4.6+0.16cd 08.83 £0.16b 5.66+0.23b
T; 5.6 £0.16b 11.16 £0.40a 7.00 £0.57a
Ty 6.8 +0.13a 11.83 £0.16a 8.33+0.33a
Ts 52+0.13bc  10.83+0.30a 6.33 £0.33a
F test * * *
CV% 9.1 7.5 10.6

Value represents mean + standard error of two independent exper-
iments, each having three replicates. F test:-*: P<0.05

Means followed by the same letter in each column are not signifi-
cantly different according to DMRT at 5% level.

Nodulation

The result showed that the number and weights of nodules
varied significantly (P<0.05) among the treatments (Table
II). The greater increase in number and weight of nodules
were observed in goat manure EM-bokashi treated plants
following poultry manure EM-bokashi treated plants. No-
fertilizer application treatment had the low nodule number
and weights. This result agrees with Yan and Xu (2002) who
found that EM-bokashi fertilizer significantly increased the
nodule numbers per peanut plant. Similar response of nodu-
lation to EM has also bean reported by Javaid et. al. (1999)
in Phaseolus vulgaris and Vigna radiata. Sangakkara et. al.

Table I1. Effect of different treatments on nodulation of
vegetable cowpea at harvest

(2008) stated that the EM had a greater beneficial effect in
enhancing nitrogen availability of all composts, thus reduc-
ing C:N ratio to a greater extent. The dry matter yield, nod-
ule parameters and total nitrogen accumulation in the plant
increased with increasing K supply (Premaratne and Oertli,
1994). Potassium is high in goat manure (Hsiech and Hsieh,
1990). It may be the reason for the higher nodulation rate in
goat manure EM-bokabhi.

Number of pods

The effect of different treatments on number of mature yel-
low pods per plant is shown in Table III. The higher number
of pods per plant was recorded in the application of goat
manure EM-bokashi (11) and lower number of pods per
plant was found in non-fertilizer application treatment
(6.25). According to this result, bokashi treatments
expressed the higher pods per plant than chemical and con-
trol treatments. Many workers have reported increase in crop
growth and yield by the application of EM (Yan and Xu,
2002; Khaliq et. al., 2006).

Table II1. Effect of different treatments on numbers of
mature yellow pods and seeds per plant at

harvest
Treatments ~ Number Number 100 seeds
of pods per plant of seeds per pod  weight (g)
T, 06.25+0.75b  08.18 £0.59b 13.28 +0.11d
T, 07.00 £0.81b  08.66 +0.27b  15.34 + 0.04c
Ts 08.50 £ 1.04ab 11.35+041a 17.45+0.65b
Ty 11.00£0.81a 12.00+0.19a 18.74£0.17a
Ts 09.50 £0.28ab 11.77+£0.43a  17.54 £ 0.60b
F test * * *
CV% 19.7 10.7 1.4

Value represents mean =+ standard error of two independent experi-
ments, each having three replicates. F test:-*: P<0.05.
Means followed by the same letter are not significantly different

according to DMRT at 5% level.

Number of seeds

Nodules per plant
Treatments ~ Number Fresh weight (g) Dry weight (g)
T, 09.00 £0.57¢  0.09+£0.01c  0.01 £0.00b
T, 12.66 £ 0.88bc  0.14 £0.03¢  0.02+0.01b
Ts 17.33+0.33b  0.56 = 0.05b 0.06 £ 0.02ab
Ty 30.66 + 2.66a 1.13+£0.082 0.15+0.03a
Ts 25.00+1.00a  0.88 £0.03a 0.07 £ 0.03ab
F test * * *
CV% 10.9 16.1 16.6

Value represents mean + standard error of two independent experi-
ments, each having three replicates. F test:-*: P<0.05.

Means followed by the same letter in each column are not signifi-
cantly different according to DMRT at 5% level.

The plants treated with the EM-bokashi (T;, T, and Ts)
showed the higher number of seeds per pod and were signif-
icantly varied (P<0.05) from the chemical and non-fertilizer
application treatment (Table III). This is in conformity of
repots by Iwaishi (2000) who showed that EM inoculation
increased kernel enlargement after the panicle formation
stage and also increased ear number and length and kernel
number in paddy. In present study, goat manure bokashi
showed highest number of seeds per pod (12) within the EM-
bokashi treatments. This may be due to goat manure applied
plant that formed highest number of nodules than other treat-
ments. Sanginga et. al. (1994) who reported that increased
nodulation give the higher pod yield.
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100 seed weight

Table III showed the 100 seed weight on different treat-
ments. Goat manure EM-bokashi treatment showed high sig-
nificant variation (P<0.01) among the treatments. bokashi
treatments had high mean value from chemical and non-fer-
tilizer application treatments. Non fertilizer application
showed the lowest 100 seed weight. This trend of result is
very much similar with those of Winget and Gold (2007)
who observed that the plants treated with EM-bokashi
showed the heaviest biomass of seed and were significantly
heavier than chemical and control treatments. In the present
study, goat manure-EM-bokashi showed the highest 100
seed weight and they produced high amount of nodules in
the treated plants. It may be due to that consist of more
potassium than others as reported by Hsieh and Hsieh
(1990). Milev and Genchev (1996) showed that the positive
correlation was found between the size of seeds, seed color
and the nodule formation ability.

Yield

Pod yield of the vegetable cowpea after harvesting was
showed in Table IV. Fresh and air dry weights of mature yel-
low pods showed no significant variation among the EM-
bokashi treatments (T3, T4 and Ts), between them T, showed
slightly higher pod yield than Ty and Ts. Therefore, EM-
bokashi treatments expressed more pod yield than chemical
and non fertilizer application treatments. EM was responsi-
ble for much of the yield increase, possibly due to increased
availability of plant nutrients or direct beneficial effects on
plant growth, health and protection (Stolze et. al. 2000).
Many researches reported yield increases due to the use of
EM in combination with animal residues have been reported
on various crops such as onion production (Myint, 1991).

Table IV. Effect of different treatments on yield of veg-
etable cowpea at harvest

Treatments Yield per plal,]t 8) -
Mature yellow pod yield Mature Seeds yield
Fresh weight  Air dry weight  Air dry weight
T, 1596 £231c  09.34+£1.39c  06.90 £ 0.05¢
T, 20.12 +2.58bc 11.98 £ 1.61bc  09.29 +0.01d
Ts 32.64 +1.20ab 19.69 +0.21ab  16.64 £ 0.32¢
Ty 38.60 £2.50a 26.18 £2.66a  24.16£0.31a
Ts 3576 £491a 20.82+£2.12ab 19.26 +0.18b
F test * * *
CV% 16.4 19.5 11.3

Value represents mean =+ standard error of two independent experi-
ments, each having three replicates.F test:- *: p<0.05.

Means followed by the same letter in each column are not signifi-
cantly different according to DMRT at 5% level
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Hlaing et. al., (1996) reported that bokashi with EM or FYM
with EM produced comparable more yield and yield compo-
nents to those of chemical fertilizer treatment hence, bokashi
with EM and FYM was found to produce significantly supe-
rior yield to that of chemical fertilizer treatment in sugar-
cane. In present study, T4 exhibited greater mean perform-
ance for mature pod fresh (38.6 g) and mature pod dry
weight (26.18 g) and dry seed weight (24.16 g) than T, T,
T; and Ts. This is due to high amount of potassium present
in the goat manure. This was supported by numerous
researches who reported that total yield, marketable yield;
commercial fruit yield and total average yield per plant were
increased by increasing application rates of potassium
(Verma et al., 1991; Harneet et. al., 2003).

Nutrient analysis of seeds
Moisture content (%)

Table V shows that there was significant difference (P<0.01)
in the moisture content of seeds among the treatments.
Moisture content of seeds ranged from 10.98% to 12.65%
and vegetable cowpea which managed without fertilizer (T1)
showed highest moisture content, the reason may be the low
accumulation of food in seeds and high uptake of water by
the plants due to lack of nutrients. Quass (1995) reported that
moisture of cowpea is 11%.

Ash content (%)

It was observed that ash content of cowpea seeds were sig-
nificantly varied (P<0.01) among the treatments (Table V)
and it ranged from 3.39% to 3.88%. Important aspect of EM
is that it enhances beneficial microbes in the soil, thereby
developing a conductive environment for the crop (Kyan et.
al., 1999). According to the results, crop fertilized with EM-
bokashi showed the slightly higher ash content than chemi-
cal fertilized crop. Among the EM-bokashi treatments, goat
manure EM-bokashi (T4) showed the highest ash content.
This may be due to high amount of potassium in goat manure
in the form of K,O because the major component of ash is
K,0.

Protein content (%)

Table V shows that there was significant difference (P<0.01)
in the protein content of vegetable cowpea seeds. Synthesis
of proteins, metabolisms of carbohydrates and lipids and
activation of numerous enzymes depend on potassium,
because elemental form of potassium is required to energize
at least 60 different enzymes, which take part in plant growth
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Table V. Moisture, ash, protein and crude fiber contents of vegetable cowpea seeds

37

Treatments Moisture (%) Ash (%) Protein (%) Crude fiber (%)
T, 12.65+0.01a 3.39+0.01d 20.56 +0.02d 6.08 £0.02¢
T, 12.06 +0.01b 3.43+0.01c 20.73 +£0.01¢ 6.25+£0.01d
T; 11.78 £0.01¢ 3.52+£0.01b 20.82 £ 0.01b 6.36 = 0.02¢
Ty 10.98 £ 0.01e 3.88 £0.02a 20.91 £ 0.01a 6.60 = 0.02a
T, 11.44 £0.01d 3.86+0.01a 20.82+£0.01b 6.42+£0.01b
F Value k% k% k% k%
CV% 6.5 3.3 5.1 1.5

Value represents mean =+ standard error of two independent experiments, each having three replicates.F test: - **: P<0.01.

Means followed by the same letter in each column are not significantly different according to DMRT at 5% level

(Alam and Naqvi, 2001) and also it requires for every major
steps of protein synthesis. With increasing potassium avail-
ability and uptake by the plant, the protein content of seeds
increase that was the reason for higher protein content of
seeds in goat manure EM-bokashi (T,4). K,O content of cat-
tle manure, goat manure and poultry manure are 0.1%, 3%,
1.5% (Inckel et. al., 2005) respectively.

Crude fiber content (%)

Crude fiber content (%) of vegetable cowpea seeds also
showed significant difference (P<0.01) among the treat-
ments (Table V). Fiber content of seeds ranged from 6.08%
to 6.60%. Quass (1995) reported that crude fiber content of
cowpea ranged from 5.95 % to 7.3 %. Among the treatments
plant managed without fertilizer showed lowest value in
fiber content and plant fertilized with goat manure EM-
bokashi showed highest value. Mengel (1997) reported that
potassium requires for the production of high-energy mole-
cules (ATP). This promotes synthetic process in plant metab-
olism, resulting in production of carbohydrates, proteins,
lipids and vitamins.

Conclusion

The present study indicates the significant influence of ani-
mal manure EM-bokashi on seed yield and quality of veg-
etable cowpea. Animal manures EM-Bokashi were suitable
to achieve better seed yield. However, among the EM-
bokashi treatments, goat manure EM-bokashi is the best for
obtaining high yield and better quality of vegetable cowpea.
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