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Original Research Article
Effect of vermiwash obtained from different sourcegneem, rice straw and bagasse) and

standardised hydroponics solution on the growth o€olocasia esculenta (Australian poi) in

Guyana.

ABSTRACT

The chief economic activity of Guyana is agricutuin the agricultural industries, the use of
fertilizers for crop cultivation has been in commpractice and has affected the crop quality
over the years. The use of fertilizers accountafmut 75% of crop cultivation and quantity has
basically become the major concern rather thanitgudlhe present research carried out during
2012-13, indicated that chemical fertilizers impgoguantity but not quality while organic
fertilizers maintain both quantity and good qualifiycrops. The physico-chemical analysis of
vermiwash showed the necessary elements for ptanitly are present in sufficient quantity. T8
(neem + rice straw + cattle dung) followed by T8dm+ rice straw+ bagasse+ cattle dung) and
H (chemical treatment) were the most effective tinests in hydroponics compared to C
(distilled water) and T1(cattle dung) that were mmally effective. This is substantiated by 2-
factor ANOVA, LSD and composite index. Plants growsing different vermiwash in
comparison to hydroponically grown showed less mogs better shoot and root growth, number

of leaves, nodes and resistance to insect damage.

Key words: hydroponics, bagasse, vermiwash, earttavms, Colocasia esculenta

1. INTRODUCTION

The revolution of the agricultural industry has e®e noticeable over the past twenty years.
However seventy five percent (75%) of the agriqaltundustries incorporate fertilizers as a

necessity for production. Fertilizers use have tledhe success in the production of quantity
rather than quality and also distorted the orgamid inorganic components of our environment.
In today’s society, we are faced with the challengeffective waste management and as such

we can utilize vermitechnology [1] to actively mgeaour organic waste disposal crises and
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simultaneously utilize the products of vermiteclugy as a nutrient source for modern

agricultural technique.

Vermiculture is the culture of earthworms and veamsting is the fecal matter released by the
earthworms [2, 3]. Chemical fertilizers are synihéthemical) sources of nutrients {nitrogen

(N), phosphorous (P), and potassium (K)} that h@hnts grow faster and healthier. Fertilizers
must be formulated so that nutrients are easilpresl by crops [4, 5]. Vermicomposting is the
biological degradation and stabilization of orgawiaste by earthworms and microorganisms to
produce vermicompost [4]. The earthworms fragmémet drganic waste substrates, stimulate
microbial activity greatly and increase rates ofhemalization. These rapidly convert the waste
into humus-like substances with finer structurenttiaermophilic composts but possessing a
greater and more diverse microbial activity [6, Vermiwash is a liquid fertilizer which is

collected after it passes through a layer of swith earthworms in it [2, 3]. Vermiwash is

composed of secretions of earthworms and micrantsifrom organic breakdown as nutrients
can be readily absorbed. Vermiwash, if collectempprly, is a clear and transparent, pale yellow
coloured fluid [2, 3]. The regular inputs of feedterials for earthworms can be in the form of
agro waste, kitchen waste and nitrogen rich mdsesach as cattle dung, goat dung and pig

manure [8].

Hydroponics is a useful technology in locations wehthe land areas are minimal or there are
affected by excessive flooding. The process requine use of hydroponics solution which is
composition of plant nutrients in appropriate qutgnts present. This research work was
conducted to compare the growth of Australian pahwhe use of hydroponics solution and

vermiwash produced from different sources (neeoe, siraw and bagasse).

2. MATERIALS AND METHODS

Vermitech units were set up at the University ofy@ua (2011-2012) at the Faculty of Natural
Sciences. Chemical analysis of vermiwash and ddimratory work was done at the Guyana
Sugar Corporation Central Laboratory. Plants wgravn at the University Of Guyana at the

Faculty of Natural Sciences.
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Vermiwash Units

The vermiwash unit was set up using nine buckéte: (415 mmx115 mmx100 mm). A tap was
fixed on the lower side of each bucket. About 25afrbroken pebbles were placed at the bottom
of each bucket. A 25 cm layer of coarse sand wasepl after the pebbles. Water was allowed to
flow through these layers to enable the settlinthefbasic filter unit. A 20-30 cm layer of loamy
soil was placed on top of the filter bed. Earthwsrmere introduced into the soil for seven
buckets. Cattle dung and selected organic matenalpecified quantities were placed on top of
the solil for the buckets with earthworms. One buckatained cattle dung without earth worms
and one with a combination of all organic matenaithout earthworms. Units were watered and
drained at approximately every two days intervahsdo keep moist. Units were monitored and
additional specified quantity of organic materialas added when needed. After about six
weeks, vermiwash from different treatments was ésted at needed intervals and used to grow

Colocasia esculenta, (Australian poi). Table 1 shows the different tneants used for the

experiment.
Table 1. Treatments and Abbreviations

Treatment Symbol
Distilled water C
Cattle dung only (300g) without earthworms T1
Neem (25g)+ Rice straw (25g) + Bagasse (25g) tlecatting (300 g) without
earthworms e
Rice straw (759) + cattle dung (300g) + earthwo(h@ in number) T3
Bagasse (759) + cattle dung (300g) + earthword8 {1 number) T4
Neem (75g) + cattle dung (300g) + earthworms (h0G@umber) T5

Neem (37.5g) + Bagasse (37.59) + cattle dung (30@grthworms (100 in number) T6
Neem (37.5g) + Rice straw (37.5g) + cattle dun@@0 earthworms (100 in number) T7

Rice straw (37.5g) + Bagasse (37.5g) + cattle d(82fg) + earthworms (100 in T8
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number)

Neem (25g)+ Rice straw (25g) + Bagasse (25g)+ecdting (300g)+ earthworms (100 T9
in number)

Standardize hydroponic solution H

For each treatment collected, 500 ml was diluteth wistilled water to five litres and used to
cultivate poiColocasia esculenta (Australian poi) seedlings at three weeks old imag.tEach
tray was drained manually at two weeks intervalclayefully removing the plants and new
treatment of standard measurement was replacdal land final solutions from all trays were
stored for analysis. Observations were recordetvetkly where growth parameters (shoot
length, number of leaves and number of nodes) wemr@rded. Three seedlings were placed in a
tray and supported by Styrofoam around the sterdsshange which allowed expansion during
growth. Styrofoam was used to keep the upper gatieoseedling suspended in the treatments
while the roots were immersed. Three seedlings wkeed in each tray and in duplicate giving
rise to twenty two trays for the nine treatmentengl with two trays containing distilled water
only and two more containing hydroponic solutiomdaF growth parameters (root length, fresh
and dry biomass) of the plants were recorded afterweeks. The Random Block Design
(R.B.D) was used for precision. Physico-chemicahlgsis of vermiwash (pH, Electrical
conductivity, organic carbon, nitrogen, phosphora@ml potassium) were determined using
standard methods [9].

Data analysis

Data recorded were subjected to statistical to&ks Student’s t-test, ANOVA and LSD and
results were interpreted in the light of statidtjoatifications.

3. RESULTS AND DISCUSSION

3.1 Shoot Length

The results obtained showed that all the plantasgron vermiwash had significant shoot growth
(Table 2). The treatment with all combinations fnebagasse and rice straw) showed maximum
growth even above the commercial hydroponic treatnie Other vermiwash treatment with

two combinations and with only one material hadlyatonstant shoot growth although they did



101  not exceeded treatments T9 and H respectively. Wowks of earthworms was proven very
102  effective since the treatments without earthworiis 4énd T2) had poor growth of plants shoot
103 length compared to the shoot of plants grown omueash. The control treatment showed the
104 minimum growth since nutrients were not availabilesufficient quantity for the plants. The
105 results are supported by ANOVA indicating signifitampact of different treatments on shoot
106  growth [Fcal (4.1% 2.03) for treatments and Fcal (29:7840) for time duration]. LSD analysis
107  suggests that progression of growth is not sigaifian Control whereas all the other treatments
108  show significant progression in terms of shoot glow-test analysis suggest that the growth in
109  Control is not significant compared to all the otheatments. Studies show that earthworms’
110  excreta provide plant growth hormones which prongstavth and works as organic pesticides
111 [10]. The casts of earthworm is one of the mostulsend active agents in introducing changes
112 by directly increasing the fertility and crop pradug power in the soil [11].
113
114 Table 2. Shoot length over six the week period (mea: SD) (cm)
Weeks
Treatment
1 2 3 4 5 6 Increase t- test

T1 7.58+0.46 7.98+0.58 852+0.37 8.88+0.19  9.3x0.1§  9.70+0.20 212 S

T2 7.67+0.47 8.06x0.32 8.28+0.28 8.74+0.2f 9.06x0.1f  9.46:0.1% 1.79 S

T3 7.38+0.39 7.7620.48 8.1+0.59 8.94+0.36 9.74%0.3f  10.34%0.27 2.96 S

T4 8.05:0.28 8.47+0.14 8.71+0.12 9.20+0.17  10.0+0.26  10.88+0.30 2.83 S

T5 7.67+0.35 7.97+0.48 8.21+0.66 9.17+0.22 10.05+0.18  10.8+0.36 3.13 S

T6 7424052 7.8£058 8.25:+0.72 9.14+0.36 10.1:+0.2§  10.98+0.1% 3.56 S

T7 7.50£0.33 8.03x0.29 8.53+0.37 9.28+0.29 10.5:0.6§  11.75+0.58 4.25 S




T8 7.33+0.58 7.6£0.62 8.12+0.84 9.55+0.54 9.97x0.29  11.07+0.48 3.74 S

T9 7.75+0.26 8.33x0.28 9.01+0.24 10.13+0.48 12.65+0.58 15.87+0.95 8.12 S
C 7.43+0.27 7.53+0.28 7.58+0.38 8.1+0.28  8.35+0.2f  8.65+0.2% 1.22 NS
H 7.53+0.38 7.85+0.54 8.26%0.84 9.45+0.24 12.82+0.99 14.75+0.48 7.22 S

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138

Confidence level 95%: S {Significant), NS {Not Sigficant}

3.2 No. of Leaves

The combination treatment of vermiwash with all enals (T9) had maximum results for
number of leaves (Table 3). Although treatment ¥&eded the others, there was fairly constant
growth for the other vermiwash treatment when camgbato the commercial hydroponic
treatment (H) which was used. The leaf qualitytfar treatments without earthworms was poor

which again placed emphasis on the effectivenetiseofermiwash.

The results are supported by ANOVA indicating siigant impact of different treatments on
number of leaves [Fcal (8.82.03) for treatments and Fcal (126:63.40) for time duration].
LSD analysis suggests that progression in numblravks is not significant in Control whereas
all the other treatments show significant prog@ssn terms of number of leaves. T-test analysis
suggest that the increase in number of leaves mtrGlois not significant compared to all the
other treatments. Plants grown on treatments T1HT@hd C showed lots of leaf damage by leaf
miners (epidoptera) which fed on the leaf tissues. Both earthwormd #ds body liquid
(vermiwash) are scientifically proving as both ‘gitb promoters and protectors’ for crop plants
[12].
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Table 3. No. of leaves over the six week period (e £ SD)

Treatment

T1

T2

T3

T4

T5

T6

T7

T8

T9

C

H

Weeks
1 2 3 4 5 6
4.33+0.8% 5.5+1.38 7.4+0.55 7.80+0.83 9.40+0.55  10.2+0.45
4.33+0.82 5.3+0.52 6.33x1.08 7.00£0.70 8.80+0.44  9.20+0.45
4.83+0.7% 5.67+1.08 6.83x1.660 8.8+0.84 10.6+0.89 13.00+1.06
5.00+0.06 5.83x0.78 7.33x1.08 8.8+1.30 11.67+1.21 13.17+1.47
45+0.58 5.33x1.08 6.67+1.86 10.25x0.8 11.25+0.95 13.5+0.58
4.67+0.82 5.83+0.98 7.33x1.75 9.00+1.87 11.4+#1.52 13.6+1.67
4.83+0.7% 6.00+0.89 7.33x1.37 10.0+0.7f 11.3+1.2f 13.5+1.0%
4.83+0.78 5.5#1.22 6.8£#1.97 9.5+0.58 11.75+0.5 13.75+0.96
4.33+0.52 6.67+0.8% 8.5+1.05 10.8+0.84 14.33+1.2f 16.33+1.21
45+0.54 4.67+0.82 5.00+0.89 6.50+0.7f 8.00+0.06 8.50+0.7%
5.3+0.82 6.5x1.22 7.00£1.79 10.0+0.82 12.75+0.5 14.25x1.%

Increase

t - test
5.87 S
4.87 S
8.17 S
8.17 S
9.00 S
8.93 S
8.67 S
8.92 S
12.00 S
4.00 NS
8.95 S

Confidence level 95%: S {Significant), NS {Not Significant}

3.3No. of Nodes
Similarly like the number of leaves and growth bbst length, the number of nodes showed

significant increase for the vermiwash treatment(T8ble 4). The hydroponic treatment (H)

showed a significant increase in the number of s@lso while the other vermiwash treatments

(T6, T8) showed consistent number of nodes. Becaliige readily available nutrients present
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in the vermiwash, node increase was successfulighaut the course of the experiment while

the plants grown without the influence of earthwsrshowed poor results.

The results are supported by ANOVA indicating siigant impact of different treatments on
number of nodes [Fcal (9.5&.03) for treatments and Fcal (106:82.40) for time duration].
LSD analysis suggests that progression in numbapdés is not significant in Control whereas
all the other treatments show significant progssn terms of number of nodes. T-test analysis
suggest that increase in number of nodes in Corgrebt significant compared to all the other
treatments. Earthworms restore and improve verstiwfartility and significantly boost crop
productivity [12]. Throughout the experiment foretiparameters that are being influenced by
treatments of vermiwash of both combination andylsirtreatment it can be highlighted that
vermiwash are also enriched in certain metaboatas vitamins that belong to the B group or

provitamin D which also help to enhance plant giroji3, 14].

Table 4. No. of nodes over the six weeks period (lslie £ SD)

Weeks
Treatment Increase
1 2 3 4 5 6

test

T1 467+1.03 6.83+2.04 7.620.89 9.00+0.70  10.2+0.58  10.2+0.44 5.53 S
T2 467+1.03 6.33+1.03 6.5:0.84 8.8+0.45  9.00£0.00  9.6x1.34 4.93 S
T3 5.5¢0.84 7.33+1.22 7.67+1.08 10.2+0.84 11.8+1.48 13.00+1.00 7.50 S
T4 5.67+0.82 7.33#1.09 7.83+1.17 10+1.4f 11.67+1.50 13.16+1.47 7.49 S
T5 5.00£0.00 6.67+1.86 7.17+2.3% 10.5+0.58 12.25%0.8 14.25+1.28 9.25 S
T6 5.33#0.52 7.17£1.47 7.67£1.63 10.2+0.84 11.6+1.57 14.4+1.95 9.07 S

T7 5.5+0.84 7.00+1.09 8.17+1.17 10.3+1.5f 11.83+0.98 13.83+1.33 8.33 S




T8 5.17+0.75 6.50+1.87 7.8+1.64 10.75+0.96 12.5+0.58 14.75+1.5 9.58 S

T9 5.67#0.52 8.00#1.26 9.33+0.82 12+1.4f 15.17+1.47 17.83+256  12.16 S

C 4.83+0.78 5.1720.78 5.33+1.03 8.00+0.00 9.00+1.4%f 9.00+1.4% 4.17 NS

H 5.83+0.97 7.00#1.78 7.67+2.16 11.25x0.8 14.5#1.29 16.75+0.96  10.92 S
163 Confidence level 95%: S {Significant), NS {Not Significant}

164

165  3.4Root Length

166  Plants grown on treatment T6 had the highest meareptage increase while plants grown on
167  treatments T8 followed by plants grown on T9, H @nhldad a significant increase in root growth
168  also from initial to final where the control treant C was not minimal for this parameter (Table
169  5). All treatments used in the experiment had atipesimpact on root growth throughout the

170  course of the experiment. There was significant gpowth for all treatments except C. Even the
171 plants that had poor leaves shoot and node grawded significant root growth and this point

172 out a major flow of nutrients going towards roobwth. The increase in the growth of treated
173  plants is because of the uptake of macro and mitriemts available [15]. T-test analysis

174  suggest that increase in root length in Controhas significant compared to all the other

175 treatments.

176
177 Table 5. Initial and final root length (Mean £SD)
Treatment Initial (cm) Final (cm) Increase t-test

T1 3.10£0.65 34.06+5.81 30.96 S
T2 2.50+0.00 32.30+8.43 29.80 S
T3 2.80+0.45 55.08+21.5 52.28 S
T4 3.20+0.57 45.18+21.76 41.98 S
T5 2.70£0.27 61.85+16.49 59.15 S
T6 2.50+£0.00 100.42+9.85 97.92 S

T7 2.80+0.27 69.48+19.13 66.68 S
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189

190

T8 2.80+0.27 76.72+17.79 73.92 S

T9 2.90+0.22 58.40+£25.58 55.50 S
C 2.90+0.65 45.75+21.28 42.75 NS
H 2.9+0.41 53.37£12.40 50.47 S

Confidence level 95%: S {Significant), NS {Not Sigficant}

3.5 Chlorophyll Content

The reason which accounts for the variation in pbyll content random set up of plants using
diffused sunlight and not direct sunlight. Lightistical for chlorophyll synthesis and because of
the arrangement of the plants chlorophyll variedwlver, the plants grown with vermiwash

(T4) showed maximum chlorophyll content since rautts available in vermiwash, contributed

to healthier plants (Table 6). Studies revealed 1886 vermiwash has potential to be used in
hydroponic culture and also exhibits superioritgmwth as well as in content of photosynthetic

pigments [16].

Table 6. Chlorophyll content (mg/g)

Treatment  Chlorophyll Content (mg/g)

T1 4.40
T2 2.70
T3 7.96
T4 9.57
T5 6.22
T6 6.89
T7 7.35
T8 8.16
T9 8.23
C 8.39
H 9.05
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The results show that the plants grown on treatnkeritad poor quality due to very high

moisture content (Table 7). Presently consumertbonger wish to utilize plants that have been
saturated with fertilizers and pesticides and peceds of agricultural products are being
encouraged towards organic farming [17]. This teeoisupports the theme for better quality
crops and this experiment proves that most cropaigon vermiwash have maintained quality

and quantity unlike the chemical treatment H udeat provided quantity rather than a good

quality crop.
Table 7. Percentage moisture (Mean £ SD)
Treatment Fresh Weight (g) Dry Weight (g) % Moisture
T1 17.42+3.53 8.49+2.66 51.25
T2 13.55+4.10 5.16%£2.94 61.94
T3 30.42+7.05 16.14+4.25 46.94
T4 19.79+5.72 9.71+4.21 50.96
T5 28.59+9.09 15.93+5.59 44.28
T6 24.73+9.69 10.95246.53 55.72
T7 31.20+9.13 17.36+6.37 44.37
T8 24.53+2.69 9.19+1.08 62.56
T9 28.77+6.09 15.93+5.65 44.63
C 26.36+8.52 10.62+4.10 59.71
H 15.41+1.63 5.06+0.39 67.16
Table 8. Composite index based on plant growth pameters
Shoot Root Number  Number Moisture
Treatment Chlorophyll Total Rank
Length Length of Nodes of Leaves %
T1 9 11 9 9 10 6 54 10
T2 10 6 10 10 11 3 50 9
T3 7 10 7 6 6 8 44 7

T4 8 9 8 8 1 7 41 6
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T5 6 4 4 2 9 11 36 5

T6 5 1 5 3 8 5 27 3
T7 3 3 6 5 7 10 34 4
T8 4 2 3 4 5 2 20 1
T9 1 5 1 1 4 9 21 2
C 11 8 11 11 3 4 48 8
H 2 7 2 7 2 1 21 2

From the summary composite index (Table 8) of potvth parameters, vermiwash showed
excellent results because vermiwash improvesitgrahd boost crop productivity (Sinhet,al.,
2010). Based on 2- factor ANOVA conducted on thanplgrowth parameters @olocasia
esculenta (Australian Poi) grown in the experiment, theraisignificant difference between the
different treatments applied on the plant growthapeeters investigated p0.05).According to
[2] and [10] earthworms improves physico-chemicadl diological properties. The research
revealed that vermiwash had favourable influencgield parameters where high levels of bio-

available nutrients in balanced form for plant bareadily obtained [10].

Table 9 below shows the nutrient status for th&aihtreatment given to the plants in study
(Colocasia esculenta, Australian poi). Physico-chemical analysis of the vermiwash (T8, T5,
T6, T7, T8, and T9) shows an excellent contentheffactors that contribute significantly to
plant growth. Earthworms excreta (vermicast) isu&ritive ‘organic fertilizer’ rich in humus,
NKP, micronutrients, beneficial soil microbes, agen-fixing and phosphate solubilizing
bacteria and growth hormones auxins, gibberlinsamakinins [12].

Table 9. Physico-chemical analysis of vermiwash adihed from different sources

Treatment | pH EC (us/cm) | OC (%) | N (mg/l) |P(mg/l) | K(mg/l)

T1 6.22 1.87 0.20 2.90 2.36 64.61

T2 6.65 1.79 0.03 2.64 1.16 54.54

T3 7.20 7.64 0.02 3.04 0.95 254.90
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235

236
237
238
239
240
241

T4 7.07 7.22 0.02 2.60 2.04 226.6
TS5 7.30 7.71 0.03 3.96 0.91 239.2
T6 7.73 5.31 0.02 2.42 3.65 191.5
T7 7.00 5.32 0.04 4.66 0.76 208.2
T8 5.36 7.60 0.02 6.65 1.71 138.4
T9 7.22 6.48 0.03 4.59 0.96 2153
C 6.77 0.11 0.01 4.79 0.40 3.51
H 6.5 0.98 0.03 11.2 1.08 58.00

Most of the elements pH values fluctuated aroumgwatral pH (7) while treatment T8 showed
acidity. Electrical conductivity varied where thélmest values was observed for vermiwash
treatments. Organic Carbon, Phosphorus, Potassidnmitrogen varied for all treatments as the
table clearly indicates that treatments of vermiwlaad significant level of the physico-chemical
properties investigated. The interesting fact abv@uiiwash is that is contains organic nitrogen
that does not accumulate in food products unlikedfgrown on chemical fertilizers. Using
vermiwash may significantly increase nitrogen cahtdue to the presence of nitrogen fixing
bacteria, which increase the nitrogen content ef sbil [10, 13]. The vermiwash becomes
alkaline because of high pH and micro-and macraenis present in the vermiwash which may
become essential source of nutrients that areyemsdlilable to the plants [12]. This concept sets
a strong foundation for hydroponics because ofmilteient rich compounds and trace elements

readily available for plants to thrive.

4. CONCLUSION

This research revealed that vermiwash is an e¥ectreatment which can be used in
hydroponics to grow plants. During this study, iasvfound that growth of plants using
vermiwash had consistency with the growth paramdterestigated. Some of the plants grown
on vermiwash exceeded the growth parameters otgptmown on the commercial hydroponic
solution and this indicates that organic treatm@etrmiwash) maintained both quantity and

quality being eco-friendly simultaneously. Alsoapls grown on vermiwash exhibited resistance
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to insect damage unlike plants grown on chemieadtinent and treatment without earthworms.
Use of vermiwash as feticide in growing plants wibaliminate the use of chemical fertilizers

that remains as residue in the environment. Theipbychemical properties of vermiwash had
significant mineral content to support plant growthere necessary requirements (nitrogen,
phosphorus and potassium) were present in signtfigaantities. Compared to the commercial
hydroponic solution, most treatments of vermiwaBbwed a more significant composition of

nutrients and elements available. Vermiwash waaddo have outstanding properties which is
an asset to organic agriculture and sets a stiaunggfation for hydroponics
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