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Marketable Pod Yield of Vegetable Cowpea (Vigna unguiculata) as
Influenced by Organic Manures Fermented with EM Solution
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Abstract: An experiment was conducted at a net house in the Eastern region of Sri Lanka to study the influence of or-
ganic manures with EM (effective microorganisms) on marketable yield of vegetable cowpea (Vigna unguiculata) cv BS1.
The treatments included different fertilizer applications from three sources of animal manures viz: cattle, goat and poultry
manures separately mixed with rice bran and paddy husk then fermented with EM solution (EM-Bokashi fertilizers) while
unfertilized plot and application of recommended chemical fertilizer both served as first and second controls respectively.
Each EM-Bokashi fertilizer was applied as basal and top dressing applications at rate of 300 g/m* which was applied 14
days before planting and 30 days after planting respectively. The results revealed that EM-Bokashi significantly (p<0.05)
increased the number of nodules, length and number of marketable (green) pods, dry weight of plant parts, marketable pod
yield and harvest index compared to chemical and non-fertilizer applications. Plants fertilized with goat manure EM-
Bokashi had highest number of nodules (31), fresh (174.3 g) and dry (22.8 g) weights of marketable pods per plant and
harvest index (70.2%) compared to those with cattle or poultry manure EM-Bokashi. In summary, application of organic
manures fermented with EM solution especially goat manure EM-Bokashi fertilizer was more effective in improving
growth and marketable pod yield of vegetable cowpea compared to chemical fertilizer and unfertilized plots in vegetable

cowpea cultivation.
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INTRODUCTION

Vegetable cowpea (Vigna unguiculata) is grown by poor
farmers those have insufficient resources and information on
the agronomic practices for crop cultivation [1]. It is a good
quality protein source and an important component of the
human diet in developing counties. The pods of vegetable
cowpea are good source of calcium, magnesium, potassium
and iron and also contain high in nutrients as a result most of
the people use for consumption [2]. It is usually cultivated as
an intercrop with major cereals mainly in developing world
[3]. The increase in the world's population leads to greater
need to increase the produce yield therefore farmers have
adopted the strategy of increasing crop yields by applying
large amounts of chemical fertilizers and pesticides however
the excess applications of chemical inputs are being a
negative effect on environment and crop quality and also
reduced crop yield [4]. In addition, the increasing cost of
agricultural chemicals has direct impact on farmer’s profit.
To overcome these problems, researchers suggest
alternatives to chemical based conventional agriculture.
Effective use of organic fertilizers can lead to significantly
reduce the application of chemical inputs without affecting
crop yields in a sustainable way [5].

Organic fertilizers are prepared from animal waste or
green waste with the other ingredients such as paddy husk
and rice bran [4]. Paddy husk is added to compost as a
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carbon-rich substance and as a porous material which in-
creases the nutrient holding capacity, improves soil structure
and acts as harboring place for the microorganisms [6]. Rice
bran is a good stimulant for the fermentation and contains
excellent nutrients for microorganisms [7]. Generally the use
of at least three types of organic matters is employed in pre-
paring organic fertilizers in order to increase microbial di-
versity [8]. Microbial fertilizers can be efficiently used by
farmers to increase yield and quality of crops and this prac-
tice can more or less clean the environment and lead to be
productive land [9]. EM application showed beneficial ef-
fects on crop growth and yield of rice [10] wheat [11] mung-
bean and vegetables [12]. Therefore in this study, an attempt
was made to study the effect of organic manures fermented
with EM solution (EM-Bokashi) on marketable pod yield of
vegetable cowpea in the Eastern region of Sri Lanka. The
objectives include to study the response of animal manures
EM-Bokashi in cowpea cultivation and to select most suit-
able organic manure for better green pod yield of vegetable
cowpea.

MATERIALS AND METHODS

The experiment was carried out in 2009-2010 as a net
house trial in the Eastern region of Sri Lanka which locates
in the latitude of 7° 43’ and the longitude of 81° 42°. It comes
under the agro-ecological zone of the low country dry zone.
The annual mean temperature is 30+2°C and average rainfall
is around 1600 mm. The relative humidity is 70+10%. The
chemical and physical properties of soil used in this experi-
ment are 6.3 pH, 31.8 us/cm electrical conductivity, 0.65%
organic matter content, 0.014% N, 0.12% K, 0.06% P,
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26.4% water holding capacity and 43.4% porosity. EM (ef-
fective micro-organisms) solution was prepared by mixing
240 ml EM super™ (SEEDS Ltd, Sri Lanka), 240 ml molas-
ses and 24 L distilled water at a ratio of 1:1:100 (v/v/v) as
recommended by Kyan et al [8]. This mixture was fer-
mented under air tight condition for two days, before being
used for preparation of EM-Bokashi (organic manures fer-
mented with EM solution). Three different types of EM-
Bokashi were prepared using different animal manures such
as cattle; poultry and goat manures but other materials (rice
bran and paddy husk) used were same. Each EM-Bokashi
was separately prepared using 5 kg animal manure, 2.5 kg
rice bran and 2.5 kg paddy husk at a ratio of 2:1:1 (w/w/w)
and EM solution (6 L) as recommended by Kyan et al. [8].

Soil was filled into each polythene bag (40 cm height and
25 cm diameter) and arranged in a completely randomized
design with 15 replications for each treatment at spacing of
60 cm X 20 cm. The treatments were non-fertilizer (T)),
chemical fertilizer (T,), cattle manure EM-Bokashi (T;), goat
manure EM-Bokashi (T,) and poultry manure EM-Bokashi
(Ts). Two vegetable cowpea seeds of high yielding variety,
BS1 which is an annual herb, were seeded in each bag. As a
basal application, recommended chemical fertilizer (0.54 g
of urea, 1.56 g of triple super phosphate and 0.76 g of muri-
ate of potash applied to each bag) was applied two days be-
fore seeding while 0.54 g of urea as top dressing was applied
at the 30 days after seeding to T, treatment. As recom-
mended by Kyan et al. [8] for field crop in the tropical re-
gions, each animal manure EM-Bokashi at the rate of 300
g/m* was applied 14 days before seeding and 30 days after
seeding as basal and top dressing applications to Tz, T4 and
Ts treatments, respectively.

Plants from each treatment were uprooted at 3", 6™ and
9™ weeks after planting to count the number of nodules and
also to measure leaf area (cm?) which was measured using
portable leaf area meter (LI 3100, LI-COR inc., USA). At
harvesting time, plants along with marketable (green) pods
were uprooted thereafter number, length and fresh weight of
green pods were recorded. Subsequently leaves, stem, roots,
nodules and pods were separated and their dry weights were
recorded after drying in oven at 105 °C over night. Finally
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harvest index described as the cumulative edible biomass
expressed as a percent of total plant biomass was calculated.
The collected data were analyzed statistically using SAS
package. Data were first subjected to Shaio-Wilk test at
p=0.05 for normality before the analysis of variance and log
and square root transformation techniques were subjected on
data when necessary. The means were compared using
Duncan’s Multiple Range Test at 5% significant level.

RESULTS AND DISCUSSION
Leaf Area

The result revealed that plants fertilized with goat ma-
nure EM-Bokashi had significantly (P<0.05) higher leaf arca
(330.4 cm®) compared to other treatments at 3" week
(Table 1) but there was no significant difference in leaf area
between T4 (goat manure EM-Bokashi) and Ts (EM-poultry
manure) at 6™ and 9™ weeks while lower values were re-
markably recorded in other treatments. However, all animal
manure EM-Bokashi fertilizers gave relatively higher leaf
area than non-fertilizer (T,) and chemical fertilizer (T,). This
is supported by Sahain et al. [13] who stated that in general
EM biostimulant significantly increased leaf area in radish.

Number of Nodules

Significant differences (P<0.05) were found in a numbers
of nodules recorded at different weeks (Table 2). Goat ma-
nure EM-Bokashi (T;) showed remarkably (P<0.05) higher
number of nodules compared to other treatments at 6™ weeks
but at 9" week, T, significantly differed from other treat-
ments except Ts. This result is endorsed by Yan and Xu [14]
and Javaid et al. [15] who found that EM-bokashi fertilizer
remarkably enhanced the nodule numbers in groundnut. De-
gree of atmospheric nitrogen fixation in legume crop de-
pends on quantity of rhizobia available in the soil [16]. EM
application boosted rhizobial population subsequently it in-
creased nodule number in bush bean and mung bean [12].

The results indicated that number of nodules in T, was
recorded higher mean value compared to other treatments at
each growth period of vegetable cowpea. This is strengthen
with the previous report [7] that poultry manure has a higher
amount of nitrogen than cow and goat manures but goat

Table 1. Effect of Different Organic Manures with EM on Leaf Area of Vegetable Cowpea
Leaf area (cm?)
Treatments 3 weeks 6 weeks 9 weeks
Unfertilized plot (T)) 138.7 + 8.0c 470.3 +3.5¢ 473.7 +17.0b
Chemical fertilizer (T,) 153.5 + 6.4¢c 651.8 £5.0b 666.1+12.1b
Cattle manure EM (Ts) 202.3 +£0.6b 709.2+1.2b 700.0 £ 04.8b
Goat manure EM (T,) 330.4+0.8a 972.1 £8.5a 904.7 + 12.7a
Poultry manure EM (Ts) 228.4+6.8b 909.6 +0.7a 895.1+15.1a
F test * * *
CV% 5.7 4.5 11.1

Value represents mean =+ standard error of three replicates. F test:-*: P<0.05; Means followed by the same letter in each column are not significantly different according to DMRT at

5% level.
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Table 2.  Effect of Different Organic Manures with EM on Nodulation of Vegetable Cowpea
Number of nodules
Treatments
3 weeks 6 weeks 9 weeks
Unfertilized plot (T)) 06.7 + 0.6b 120+ 1.1¢c 08.7 +0.9¢c
Chemical fertilizer (T,) 08.3 + 0.6ab 13.7+0.8¢ 123+ 1.2¢
Cattle manure EM (T;) 10.3 + 0.4ab 17.0+ 1.7¢ 16.0 £ 0.6bc
Goat manure EM (T,) 11.7+0.4a 33.7+0.8a 31.0+3.0a
Poultry manure EM (Ts) 08.7 + 0.8ab 25.7+1.4b 243+2.1a
F test * * *
CV% 14.6 11.8 159

Value represents mean =+ standard error of three replicates. F test:-*: P<0.05. Means followed by the same letter in each column are not significantly different according to DMRT at

5% level.

manure had high amount of potassium than cow and poultry
manures. K fertilization enhanced the number of effective
nodules per plant in most of legume crops tested [17] and the
dry matter yield of soybean [18].

Marketable Pods

All three animal manure EM-Bokashi fertilizers gave
similar results in length and number of harvested marketable
pods (Fig. 1) and significant varied (P<0.05) from the
chemical and non-fertilizer treatments. There were remark-
able variations (P<0.01) in fresh and dry weights of market-
able pods per plant among the treatments. Yan and Xu [14]
reported that the pod dry weight of groundnut fertilized with

EM-bokashi was significantly higher than that with chemical
fertilizer. In the present study, T, exhibited greater mean
fresh (174.3 g) and dry (22.8 g) weights of green pods than
other treatments. This may be due to the high amount of po-
tassium presented in the goat manure as reported by Inckel ez
al. [7].

Plant Biomass

Biomass is an important parameter that has direct influ-
ences on crop yield. The EM-Bokashi treatments (T3, T4 and
Ts) significantly increased (P<0.05) dry weight of pods than
those in chemical and non-fertilizer application (Table 3).
This result proved with the findings of Yan and Xu [14] who

14 = 30 -
a a
12 a a 25 a a
3 b
310 1 b 5 b
8 b ~20
o °
« 819 °
o
2 S5
o 6 1 o
g £10 1
5 41 2
=z
2 1 - 51
0 T T T - 0
NF RF CMm GM PM NF RF cm GM PM
Treatments Treatments
200 1 25
a
180 | a
S 160 1 c b 20 2
§ 140 : _é» .
120
= 215
S 100 5
5 =
S 80 1 5 .
Q
2 e0d d SEs
s " = d
g 40 3
20 5
0 1 T T T L]
NF RF cMm GM PM 0 T T T T
Treatments NF RF CM GM PM
Treatments

Fig. (1). Effect of different animal manure EM-Bokashi fertilizers on marketable pods of vegetable cowpea. Vertical bars show standard
error of means. Values with different letters at their top show significant difference (P = 0.05) between treatments according to DMRT. NF:
Non-fertilizer application, RF: Chemical fertilizer, CM: EM-cattle manure, GM: EM -goat manure, PM: EM-poultry manure.
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Table 3. Effect of Animal Manure EM-Bokashi on Dry Weights of Plant Parts of Vegetable Cowpea
Dry weight (g) per plant
Treatments Stem Leaves Root Pods

Unfertilized plot (T;) 2.5+0.6b 1.3+£0.3b 0.4+0.1b 07.1+0.1e
Chemical fertilizer (T,) 3.4+0.6b 1.7+0.1b 0.4+0.1b 07.1+0.1e
Cattle manure EM(T5) 4.9 +0.2ab 2.2+0.2ab 0.8+0.1ab 16.8 £ 0.3¢
Goat manure EM (T,) 5.4+0.6a 29+0.2a 1.1£0.2a 22.8+0.2a
Poultry manure EM (Ts) 5.1+£0.2a 2.2+0.1ab 0.7 +0.1ab 20.7 £ 0.4b

F test * * *K

CV% 17.8 6.7 5.4

Value represents mean + standard error of four replicates. F test:-**: P<0.01; *: p<0.05. Means followed by the same letter are not significantly different according to DMRS at 5%

level

noted that dry weights of stem, leaves, root and pods of
groundnut grown in EM-bokashi were significantly higher
than those in chemical fertilizer. Zhao [19] reported that the
EM-bokashi treatment increased germination, yield and total
biomass of groundnut as compared to control. The results
observed in the present study showed that increase of bio-
mass was higher in goat manure EM-Bokashi than that in
cow or poultry manure EM Bokashi fertilizers. This effect
may be due to high level of potassium available in goat ma-
nure as stated by Inckel ef al. [7]. Potassium is needed for
the production of the energy carbohydrate, protein and lipid
which express the higher plant biomass [20].

Marketable Yield

The pod yield response showed that T4 gave significantly
higher pod yield followed by the Ts and T; (Table 4). The
lowest yield was recorded in T,. The result indicated that
animal manure EM-Bokashi fertilizers produced more pod
yield in plants than obtainable with chemical and non-
fertilizer application. This result is confirmed by previous
research worker who reported that commercial fruit yield per
plant increased with increasing rate of potassium application
[21-23]. Higa [24] reported that EM has the ability to accel-
erate the decomposition of organic materials thereby released
additional available nutrients which provided favourable
conditions of rhizophere for significantly increased crop
yield in EM-Bokashi fertilized plants than in those with
chemical and control treatments.

Harvest Index

The highest harvest index was recorded in the application of
goat manure EM-Bokashi (T,), followed by poultry manure
EM-Bokashi (Ts) (Table 4), while unfertilized treatment
showed the lowest harvest index. Harvest index described as
stated earlier. The application of EM and organic manures
increased crop yield and improved physical characteristics of
soil on rice-wheat rotation [25]. Also Bokashi with EM or
Farm Yard Manure (FYM) with EM produced more yield
and yield components comparable to those of chemical fertil-
izer treatment [26].

Table 4. Effect of Animal Manure EM-Bokashi on Market-
able Yield and Harvest Index of Vegetable Cowpea
Treatments Pod yield (kg/m®) | Harvest index (%)
Unfertilized plot (T;) 044 ¢ 60.0e
Chemical fertilizer (T,) 0.67d 63.0d
Cattle manure EM (T5) l.11¢c 66.2¢c
Goat manure EM (T4) 145a 70.2a
Poultry manure EM (Ts) 131b 69.2b
F test wox wE
CV% 4.1 1.1

F test:-**: P<0.01.Means followed by the same letter are not significantly different
according to DMRS at 5% level.

CONCLUSION

The results revealed that the plants fertilized with animal
manure EM-Bokashi had significant improvement in leaf
area, number of nodules, length and numbers of green pods,
fresh and dry weights of marketable (green) pods, plant bio-
mass, marketable pod yield and harvest index compared to
chemical and non-fertilizer treatments. Among the different
types of organic manures with EM, plants treated with goat
manure EM-Bokashi recorded highest marketable pod yield
and harvest index. According to the results obtained, it can
be concluded that application of organic manure treated with
EM solution was an effective organic fertilizer than chemical
and non fertilizer application. However, among the EM-
Bokashi fertilizers, goat manure EM-Bokashi gave better
marketable (green) pod yield of vegetable cowpea grown on
sandy regosol.

CONFLICT OF INTEREST

The author(s) confirm that this article content has no con-
flicts of interest.

ACKNOWLEDGEMENT

Declared none.



Marketable Pod Yield of Vegetable Cowpea (Vigna unguiculata)

REFERENCES

(1

[2]

B3]

(4]

[3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

Ano AO. Effect of vegetable cowpea population on component
crop yields and productivity of yam, minisett based system. Nige-
rian J Agric 2006; 37: 81-4.

Omueti O, Ojomo OA, Ogunyanwo O, Olafare S. Biochemical
Components and Other Characteristics of Maturing Pods of Vege-
table Cowpea (Vigna unguiculata). Exp Agric 1986; 22: 25-32.
Singh BB. Advance in cowpea research. Proceedings of the second
world cowpea research conference held at Ghana, 3-7 September
1995. International institute of Tropical Agriculture, Ibadan, Nige-
ria; 1997; pp. 375.

Nishio M. Microbial fertilizers in Japan. Food and fertilizer Tech-
nology Center for the Asian and Pacific region, Taiwan 1996 [cited
2012 August 23] Available from http://www.agnet.org

Alex G. Organic alternatives to chemical fertilizer. In: Haimovich
A, Ed. Catalyst vol. I. USA: University of Colorado. Colorado,
2009; pp. 33-40. 1996 [cited 2012 August 23] Available from:
http://www.rooseveltcampusnetwork.org.

Jensen H, Guilaran L, Jaranilla R, Garingalao G. Bokashi Nature
Farming Manual. National Institute on seed and sustainable agri-
culture, Philippines and Resource efficient Agricultural, Canada.
PABINHI Philippines 2006; p. 39.

Inckel M, Smet de T, Tersmette T, Veldkamp T. The preparation
and use of compost. 7" ed. The Netherlands: Agromisa Foundation,
Wageningen 2005; p. 64.

Kyan T, Shintani M, Kanda S, et al. In: Sangakkara R, Ed. Interna-
tional Nature Farming Research Center (INFRC), Atami, Japan and
Asia Pacific Natural Agriculture Network (APNAN), Bangkok,
Thailand 1999; p. 44.

Pham DT. FNCA (Forum for Nuclear Cooperation in Asia). Biofer-
tilizer Newsletter No. 4. Japan Atomic Industrial Forum, Inc.2004;
p. 8.

Ahmad R, Hussain T, Jilani G, Shahid SA, Akhtar SN, Abbas MA.
Use of effective microorganisms for sustainable crop production in
Pakistan. In: Sharifuddin HAH, Anuar AR, Shahbudin MF, Eds.
Proceedings of the 2™ Conference on Effective Microorganisms
(EM) held at Kyusei Nature Farming Center Saraburi, 17-19 No-
vember, 1993 Thailand 1995; pp. 15-27.

Ibrahim M, Avais MA, Ahmad N, Khan A. Effect of EM on wheat
yield. In: Proceedings of 1* National seminar on Nature farming,
28 June, 1993, Faisalabad, Pakistan: University of Agriculture,
1993; pp. 50-3.

Sangakkara UR, Higa T. Effect of EM on nitrogen fixation by bush
bean and mungbean. In: Parr JF, Hornick SB, Simpon ME, Eds.
Proceedings of 2™ International Conference, Kyusei Nature Farm-
ing, Oct. 7-11, 1991, Washington: U.S Department of Agriculture,
Dc, USA 1994; pp. 111-7.

Sahain MFM, Abd EI-Motty EZ, EI-Shiekh MH, Hagagg LF. Ef-
fect of some biostimulant on growth and fruiting of Anna apple
trees in newly reclaimed areas. Res J Agric Biol Sci 2007; 3(5):
422-9.

[16]

[17]

(18]

[19]

[20]

[25]

[26]

The Open Horticulture Journal, 2013, Volume 6 23

Yan Pei-Sheng, Xu Hui-Lian. Influence of EM Bokashi on nodula-
tion, physiological characters and yield of peanut in nature farming
fields. J Sustain Agric 2002; 19(4):105-12.

Javaid A, Bajwa R, Ahmed Q, Rabbani N. Effect of EM applica-
tion on growth, yield, nodulation and nitrogen nutrition in pea
(Pisum sativum L.) in heat sterilized and unsterilized field soil. Sci
Int (Lahore) 1997; 9: 307-9.

Beck DP, Roughley RJ. Biological nitrogen fixation as a limitation
to food legume production in Asia. In Blair G, Ed. Food Legume
Improvement for Asian Farming Systems, Australia: ACIAR 1987;
pp. 121-7.

Cadisch G, Sylvester R, Nosberger J. *N-based estimation of ni-
trogen fixation by eight tropical forage-legumes at two levels of P:
K supply. Field Crops Res 1989; 22: 181-94.

Premaratne KP, Oertli JJ. The influence of potassium supply on
nodulation, nitrogenous activity and nitrogen accumulation of soy-
bean (Glycine max L.) Merrill grown in nutrient solution. Nut Cy-
cling Agroecosy 1994; 38: 95-9.

Zhao Q. Effect of EM on peanut production and soil fertility in the
red soil region of China. Proceedings of 4" International Confer-
ence on Kyusei Nature Farming. 19-21 June, 1995, Paris, France:
1995; pp. 99-102.

Mengel K. Impact of potassium on crop yield and quality with
regard to economical and ecological aspects. In: Johnson AE, Ed.
Proceedings of the IPI regional workshop on Food security in the
WANA region, the Essential need for Balanced fertilization, held at
Bornova, Izmir, Turkey, 26-30 May 1997. International Potash In-
stitute, Bern, Switzerland 1997; pp. 157-74.

Verma SK, SinghSS, Awasthi CP. Effect of potassium fertilization
on the yield and quality of tomato (Lycopersicon esculentum mill.).
Prog Hortic 1991 (publ. 1993); 23(1-4):110-3.

Gupta CR, Sengar SS. Response of tomato (Lycopersicon esculen-
tum mill.) to nitrogen and potassium fertilization in acidic soil of
Bastar. Veg Sci 2000; 27(1): 94-5.

Harneet K, Thakur JC, Chawla N. Effect of nitrogen and potassium
on growth, yield and quality of tomato ((Lycopersicon esculentum
mill.). cv. Punjab Upma. Haryana J Hortic Sci 2003; 32(3/4): 286-
8.

Higa T. Studies on the application of microorganisms in nature
farming. II. Practical application of effective microorganisms.
Paper presented at the 7" IFOAM Conference, Ouagadougou,
Burkina, Faso 1988; p. 5.

Javaid T, Hussain T, Jilani G, Jamil M, Abbas MA. Research and
extension activities for the development of EM-Technology in
Pakistan. Proceedings of 4™ Conference on Effective Microorgan-
isms (EM). 19-22 November, 1995. Saraburi, Thailand 1995; pp.
119-31.

Hlaing WW, Kyaw TY, Lwin TH, et al. Effect of effective micro-
organisms and organic amendments on crop production and on
properties of cultivated soils. Thesis. Yezin, Myanmar: Institute of
Agriculture 1996.

Received: May 31, 2013

© Seran and Shahardeen; Licensee Bentham Open.

Revised: July 15,2013

Accepted: July 22,2013

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/-

licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.



