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Abstract

Purpose Liquid organic fertilizers produced from agricultural residues and industrial wastes are becoming increasingly
popular. This study aimed to examine the effect of liquid organic fertilizers produced from waste molasses, distillery slop
and sugarcane leaves on the growth of Green Cos Lettuce (Lactuca sativa var. longifolia).

Methods Six formulas of liquid organic fertilizers were produced with different ratios of substrates (molasses, distillery slop
and sugarcane leaves). The measurements of chemical, microbiological and germination index of fertilizers were studied.
Hydroponic using nutrient film technique system was used to grow vegetables with fertilizers.

Results Fertilizers showed the ranges of chemical parameters as follows: pH 4.5-7.8, EC 25-33 dS/m, total N 0.14-0.33%,
total P,O5 0.002-0.017%, total K,0 0.81-11.8%, OM 0.26-3.25%, OC 0.26-3.20% and C:N ratio 6.14—17.92. Microbiologi-
cal analysis indicated total microorganism of 9.99-9.05 logCFU/ml. Nitrogen fixers, phosphate and potassium solubilizing
agents were found in all formulas. IAA concentration was 1.13-59.53 mg/1. The fertilizers produced after 30 days of fermen-
tation and used at a dilution of 1:100 gave more than 100% germination index showing non-phytotoxicity characteristics.
The results for the hydroponic system showed that liquid fertilizer formula 3 (distillery slop: sugarcane leaves: filtrate water
1:0.1:0.25 v:w:v) and formula 5 (distillery slop: sugarcane leaves 1:0.25:0.25 v:w:v) demonstrated the best growth perfor-
mance, which was similar to plants treated with liquid chemical fertilizer.

Conclusion This study showed that organic liquid fertilizers formulas 3 and 5 had similar growth promotion properties as
chemical fertilizers with Green Cos Lettuce. Moreover, our products are organic and serve as a rich nutrient source for the
plant.

Keywords Bio-based - Green Cos Lettuce - Sustainable - Agricultural residues - Waste

Introduction

In Thailand, liquid organic fertilizers produced from agri-
cultural residues and industrial wastes are becoming increas-
ingly popular. These fertilizers are produced by simple
fermentation processes using organic wastes as carbon sub-
strates. Liquid organic fertilizers consist of essential plant
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nutrients and beneficial microorganisms, which recycle
organic matter. Microorganisms have an important role on
the degradation of substrates in the fermentation process. At
the end of the fermentation process, phytohormones such as
auxin and cytokinin, organic acids and plant growth promot-
ers are present in the liquid organic fertilizers. Molasses and
distillery slop are carbon rich wastes from agro-industry fac-
tories. Molasses is a dark-colored, sweet and syrupy byprod-
uct of sugar extraction from sugarcane and sugar beets and
contains concentrated levels of vitamins and minerals. It is
an important carbon source for microbial growth. Distillery
slop, which contains high levels of organic pollutants, is a
waste product of the distilling process at ethanol factories. It
is usually costly to treat wastewater contaminated with dis-
tillery slop. However, it is a rich source of nutrients (nitro-
gen, phosphorus and potassium). Sugarcane leaves, which
provide a source of organic matter, are a waste product of
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sugarcane harvesting. In Thailand, the leaves are usually
burnt (Sangla and Suppadit, 2005) to facilitate the harvest.
This practice causes serious air pollution and destroys organ-
isms and microbes on the surface of the soil. All the organic
residues mentioned above have the potential to be used as
substrates for liquid organic fertilizer production.
Hydroponics is the soil-less cultivation of plants using
mineral nutrient solutions (Sardare and Admane 2013). In
this method, nutrients are fed directly to the roots. It is a
highly precise and demanding method that requires a greater
amount of production knowledge, experience, technical skill,
and financial investment than many other greenhouse sys-
tems. There are many advantages of growing plants under
soil-less culture over soil-based culture (Savvas 2002). Five
types of hydroponics systems are recognized including NFT
(Nutrient Film Technique), NFLT (Nutrient Flow Tech-
nique), DFT (Deep Flow Technique), DRFT (Dynamic Root
Floating Technique) and FAD (Food and Drain). Hydroponic
lettuce is commonly produced using either the nutrient film
technique (NFT) or the floating raft method, both as closed
systems. This means less water is used when compared to
ground cultivation. While hydroponics is an excellent tech-
nique for the cultivation of vegetable crops and other plants,
organic fertilizers cannot be used in conventional hydroponic
systems, which generally utilize only inorganic fertilizers.
These chemical fertilizers are a major constituent in hydro-
ponics, but using high concentrations of chemical fertilizer
may pose a risk to consumers due to the accumulation of
toxic chemicals in vegetables. NH,* and NO;™ are benefi-
cial nutrients for plant growth, yet when chemical fertilizers
are used, long-term nitrate accumulation occurs. Nitrates
are a naturally occurring form of nitrogen and an integral
part of the nitrogen cycle in the environment. As a result
of fertilizer use, nitrates tend to accumulate in vegetable
leaves, and this is true of lettuce (Gent 2003). High levels
of nitrate accumulation in plants are harmful to both human
health and to plant growth (Anjana and Igbal 2007; Ikemoto
et al. 2002; Ishiwata et al. 2002). Therefore, the use of liquid
organic fertilizer as a replacement or supplement to chemical
fertilizer is an attractive solution for hydroponic planting.
Moreover, according to Hadad and Anderson (2004), many
farmers have an interest in using organic fertilizers for veg-
etable transplant production. Organic fertilizers are gener-
ally insoluble in water, and nutrients are available slowly
as they are converted to soluble from by microorganisms.
Because the abundance of macro- and micronutrients for
plant growth is in liquid organic fertilizer, it has been widely
applied to hydroponic plants. Plants can efficiently absorb
components dissolved in the liquid fertilizer as growth nutri-
ents. In a previous study, Nasir et al. (2012) used the waste
product bio-slurry as a nutrient source for growing hydro-
ponic plants. Bio-slurry is the byproduct of an anaerobic
fermentation of organic matter released from biogas reactors
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after completing methane production. The aim of this study
was to use agricultural residues and wastes from factories
to produce liquid organic fertilizer and to evaluate the effec-
tiveness of the fertilizer on the promotion of plant growth in
a hydroponic system.

Materials and methods
Liquid organic fertilizer preparation

Organic substrates used for the production of liquid organic
fertilizer included molasses, distillery slop and sugarcane
leaves collected from agro-industry factories. Fresh sug-
arcane leaves were cut into 2 cm pieces. Molasses was
obtained from a sugar factory, and distillery slop from an
ethanol factory. The raw materials were analyzed for pH,
electrical conductivity, total N, total P and total K, organic
matter; organic carbon, C/N ratio and Escherichia coli were
detected in molasses and distillery slop.

Liquid organic fertilizer production

The liquid organic fertilizer was produced using distill-
ery slop, molasses, and sugarcane leaves as substrates.
The six formulas of liquid organic fertilizer were pro-
duced with different ratio of substrates as follows F1
(distillery slop:filtrate water 1:0.25 v:v), F2 (distillery
slop:molasses:filtrate water 1:0.1:0.25 v:v), F3 (distillery
slop:sugarcane leaves:filtrate water 1:0.1:0.25 v:w:v), F4
(distillery slop:sugarcane leaves:molasses:filtrate water
1:0.1:0.1:0.25 v:w:v:v), F5 (distillery slop:sugarcane
leaves:filtrate water 1:0.25:0.25 v:w:v) and F6 (distillery
slop:sugarcane leaves:molasses:filtrate water 1:0.25:0.1:0.25
v:w:v:v), respectively. The mixture was contained in plastic
cans and incubated at ambient temperature for 30 days. The
mixture was stirred every 7 days during fermentation pro-
cess. Liquid organic fertilizer was sampled at day O, 15 and
30 for chemical and microbiological analysis.

Chemical and microbiological parameters
measurement in liquid organic fertilizer

For the chemical parameters such as pH and electrical con-
ductivity in liquid organic fertilizer were measured by using
a pH meter (OHAUS, starter 2100) and EC meter (MET-
TLER TOLEDO, FiveEasy FE30-1), respectively. Total
nitrogen was determined using Kjeldahl method (Kjeldahl
1883). Total phosphorus was analyzed by wet digestion
spectrophotometer method at the wavelength of 420 nm
(Barton 1948). Analysis of total potassium was performed
using Flame photometer (Hesse and Hesse 1971). Organic
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matter and organic carbon were determined using wet oxida-
tion (Black 1965).

For microbiological parameters, samples of liquid organic
fertilizers were taken to measure Nitrogen fixation using
Ashby’s nitrogen free medium (Atlas 2004), Phosphate dis-
solution was determined using Pikovskaya medium (Surange
et al. 1997) with added tricalcium phosphate, and potassium
dissolution was determined using Aleksandrov medium (Hu
et al. 2006) with the addition of potassium aluminum sili-
cate. Total microorganism was evaluated by plate count agar
(PCA) and E. coli was screened on MacConkey agar.

Indole acetic acid (IAA)

The IAA content in the liquid organic fertilizer was meas-
ured using a modified method of Sarwar et al. (1992). L-try-
tophan was used as a precursor in the auxin production assay
which was composed of 3 ml of liquid organic fertilizer,
6 ml of phosphate buffer (0.2 M, pH 7.0) and 4 ml of a
L-trytophan (5.3 g L-trytophan kg~ liquid organic fertilizer).
The mixture was incubated on a shaker set at 150 rpm at
35 °C before being treated with 2 ml of 5% trichloroacetic
acid and 1 ml of calcium chloride (0.5 M) and then filtered
through Whatman filter paper No.2. The filtrate (3 ml) was
collected and transferred with a tube containing 2 ml of
the Salkowski reagent and allowed to stand in darkness for
30 min. The absorbance of the mixture was then determined
by measuring absorbance at 535 nm and the IAA content
was determined from an IAA standard curve.

Germination index

In this study, the vegetable seed was grown in liquid organic
fertilizer diluted with distilled water to various concentra-
tions (non-dilution, dilution 1:10 and dilution 1:100). Green
Cos Lettuce seed (Lactuca sativa var. longifolla) was used
for this test. The seed was dipped in sponge and transferred
to float in the liquid organic fertilizer. Seed germination was
counted after 5 days of cultivation. Finally, the germination
index was calculated following the method of Zucconi et al.
(1981).

Growth of Green Cos Lettuce in hydroponics
cultivation

The experiment was conducted between June 2015 and Janu-
ary 2016, in a greenhouse with 45 blocks at KSL Green
Innovation Public Company Limited (Khon Kaen, Thailand)
factory, Khon Kaen, Thailand. Cultivation was performed
in an NFT hydroponic system. Green Cos Lettuce (L. sativa
var. longifolla) was chosen as a representative vegetable for
this study. Seeds of green Cos-Tiberius RZ for hydroponic
cultivation (Rijk zwaan distribution B.V, the Netherlands)

were obtained from a local supplier. The experimental
design was a completely randomized block with 7 treatments
and five replications. The following seven treatments were
performed on Green Cos Lettuce:

T1—Iiquid chemical fertilizer A and B.
T2—Iliquid organic fertilizer F1.
T3—Iliquid organic fertilizer F2.
T4—Iliquid organic fertilizer F3.
T5—1liquid organic fertilizer F4.
T6—liquid organic fertilizer F5.
T7—Iiquid organic fertilizer F6.

Before use, liquid organic fertilizer was diluted with
dechlorinated tap water in the ratio 1:100 (v/v). The propor-
tion of liquid chemical fertilizer A and B (hydrowork, http://
www.higreenfarm.com) per tap water was 1:1:200 (v/v).
All nutrients solutions were adjusted to pH 4-5 and EC
2-3 dS/m by dilution with tap water. The seeds were placed
in a seed sponge and moistened with water for 10 days. After
10 days, the seedlings were transplanted into the hydro-
ponic system containing nutrients (T1-T7). The nutrients
were automatically fed by a closed-loop system. Fertilizers
were applied every week until harvesting at 28 days after
transplanting (DAT). The hydroponic system was placed
in a greenhouse lined with blue net to protect from direct
sunlight. The effects of each treatment on the growth of
Green Cos Lettuce were recorded by measuring plant growth
parameters as follows: shoot fresh and dry weight, length of
leaf, number of leaves, root length biomass and chlorophylls
content (Arnon 1949).

Statistical analysis

Analysis of variance (ANOVA) was performed using
STATISTIX 10. Significance of means was analyzed with
least significant differences (LSD) between treatments
means at P <0.05 and P <0.01.

Results and discussion
Liquid organic fertilizer production

pH, EC, total N, total P and total K, organic matter organic
carbon, C/N ratio and E. coli in the original substrates (e.g.,
molasses, distillery slop and sugarcane leaves) were meas-
ured and the results of chemical properties of the original
substrates are shown in Table 1. The average EC values of
molasses and distillery slop were 39.10 and 32.86 dS/m,
respectively. These values are extremely high, indicating a
large salt content.
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Table 1 Chemical
characteristics of the original
substrates (molasses, distillery

Characteristic

Kind of substrates

slop and sugarcane leaves)

Molasses Distillery slop Sugarcane leaves

pH 6.69 7.14 Nd

Electrical conductivity (dS/m) 39.10 32.86 Nd

Total N (%) 0.92 0.15 1.12

Total P (%) 0.04 0.08 0.08

Total K (%) 5.25 1.1 2.45

Organic matter (%) 75.47 3.39 88.0

Organic carbon (%) 43.77 1.97 51.04

E. coli 0.00 0.00 nd

The values shown in this table were the mean

nd not determined

Fig.1 pH (a) and EC (b) of a
liquid organic fertilizers (F1-F6

were liquid organic fertilizer 3
formula 1-6) (all values were

mean n=3 and SE bars were 6
showed)

@15 days
030 days

B1S days
030 days

F3

F1

F2

The pH (Fig. 1a) of liquid organic fertilizer formulas 1
(F1), 3 (F3) and 5 (F5) proved most suitable, whereas
those of F2, F4 and F6 were slightly acidic. These results
were similar to those of Saelee (2004), who found that
most liquid organic fertilizers suitable for agricultural pro-
duction had pH in the range 3-5. These acidic pH values
were due to the amount of sugars in the substrate which
are converted to lactic acid or acetic acid by the activities
of microorganisms. All formulas had very high values of
EC (Fig. 1b) due to the high levels in the natural substrate
such as molasses and distillery slop. Good quality liquid
organic fertilizers should normally have a pH less than 5
and an EC value less than 20 dS/m. Such values are the
standards for liquid organic fertilizer in Thailand (National
Bureau of Agricultural Commodity and Food Standards,
Ministry of Agriculture and Cooperatives 2005). The val-
ues reported here were consistent with those recorded by
Saouy (2002), who showed that some liquid organic ferti-
lizers had high electrical conductivity (0.03-93.1 dS/m).
The results of the chemical analysis of liquid organic
fertilizer after periods of fermentation are presented in
Table 2. After 15 days of fermentation, liquid organic fer-
tilizer formula 4 (F4) had the highest content of total N
(0.21%), total P (0.015%), total K (1.08%), OM (5.89%),
OC (3.43%) and C/N ratio (16.41). After 30 days of fer-
mentation, the highest total N (0.33%) and total K (1.18%)
were found in F6. In contrast, F3 had very high of C/N
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F4
Liquid organic fertilizer

F5

Liquid organic fertilizer

ratio (17.92) compared to all other formula. Total N con-
tent increased with time of fermentation due to the activ-
ity of nitrogen-fixing microorganisms. The microorganism
decomposed organic nitrogen materials in the fermentation
process (Moonrat 2010). The results showed that the disso-
lution of phosphate was high due to the large population of
phosphate dissolving microorganisms which had an impor-
tant role in mineralizing P (Sureshkumar et al. 2013). The
total K content, however, mostly remained stable. Liquid
organic fertilizer had low nutrient content due to decom-
position by microorganisms converting the substrates to
nutrient content. The total amounts of N and P were lower
than those present in the liquid organic fertilizer standard
of Thailand, which are greater than 0.5%. However, total
K showed higher value than the standard (0.5%) as the
substrates used in this study contained large amounts of
phosphorus. The organic carbon content decreased when
the fermentation process was complete. During microbial
fermentation, microorganisms used organic carbon as a
source of energy and nutrients (Yusran 2008). Organic car-
bon was converted to carbon dioxide, resulting in reduced
carbon content due to loss of atmosphere (Alexander
1977). Measuring C/N ratio in liquid organic fertilizer
during fermentation found that the C/N ratio at 30 days of
fermentation showed the C/N ratio value was lower than
20. According to the report Leblanc et al. (2007), if the
C/N ratio of a fertilizer was lower than 20, the substrate
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Table 2 Chemical composition in liquid organic fertilizer after 15 and 30 days of fermentation

30 days fermentation

liquid organic 15 days fermentation

fertilizer

Total K (%) Organic Organic C/N ratio

Organic C/N ratio Total N (%) Total P (%)

Organic

Total K (%)

Total P (%)

Total N (%)

carbon (%)

matter (%)

carbon (%)

matter (%)

1.20° 7.73:1°

3.20°

2.05¢
5.46*

0.814

0.002°
0.014°

2.02¢ 1.18° 7.54:1% 0.16"
3.04°

0.80¢

0.0034
0.011°

0.16°
0.17°

F1

17.32:1°

1.06"
0.82¢

0.18"

18.39:1%

5.23b

1.02°
0.844

F2

0.004¢ 5.04° 2.93b 17.92:1*
5.59* 3.25%

0.017?

0.16"

3.09° 16.92:12

5.31°

0.007¢
0.015*

0.18"

F3

16.50:1¢
6.14:1F
8.75:14
<20:1

1.08¢
0.96°

3.432 16.41:12 0.20°
8.05:1°

5.89*

1.08?

0.21*

0.264
0.55¢

0.46%

0.95°

0.004¢
0.016°

0.006° 0.92¢ 0.89° 0.54° 0.14°
0.33?

0.015*

0.12¢
0.15°

F5

1.18%
>0.5
ek

7.88:1°
<20:1

0.70¢

1.214

1.08?

F6

>0.5
kek

>05

>0.5
kek

>0.5
ook

>05

Standard
F test

ks

sksk

*%
3.06

sk

ok

ok

2.69

6.18

2.17 4.23

30.26

5.49 7.84 225 2.49 223 8.16

%CV

The values shown in this table were the mean

**Means with different letters indicate significant differences, LSD test (P <0.01); *means with different letters indicate significant differences, LSD test (P <0.05); (F1-F6 were liquid organic

fertilizer formula 1-6, respectively)

was easily degraded, initially immobilized by microbes.
In addition, the C/N ratio is an important requirement for
microorganisms, which use carbon as an energy source and
nitrogen as a basic element for the formation of protein
and other constituents of the cell protoplasm and microbial
and organic carbon. This activates microbial cellulolytic
and microbial proliferation which immobilize N (Satisha
and Devarajan 2007).

A nutrient solution is used in normal hydroponic cul-
tivation for plant nurseries and commercial greenhouses.
This commercial nutrient solution consists of two con-
centrated solutions, namely “solution A” and “solution
B”, which is typical of any hydroponic recipe (Jones
2016). The chemical composition of the liquid chemi-
cal fertilizer (A and B) used in this study has the pH:
6.20-6.41, EC: 3.01-3.25 dS/m, Total N (0.139-0.198%),
P (0.005-0.310%), K (0.002-2.530%) (Table 3). This
shows that the nitrogen, phosphorus and potassium con-
tent in chemical fertilizer was higher than in the liquid
organic fertilizer product. Furthermore, nitrate levels were
also higher in chemical fertilizers (32,240 mg/l). These
nitrates accumulate in the plant and consequently can be
harmful to both human health and plant growth (Ikemoto
et al. 2002; Ishiwata et al. 2002; Anjana and Igbal 2007).

Change of microbial population in liquid organic
fertilizer during fermentation

Molasses or sugar was used as raw materials for the fer-
mentation of liquid organic fertilizer utilizing the plas-
molysis process. The plant cell was autolysis in this con-
dition and released organic matter such as amino acids,
and carbohydrates inside the cell. These substances were
degraded by microorganisms with natural contaminates
in the substrate, producing amino acids, hormones, and
enzymes (Wiparwin 2006).

The process of producing organic fertilizer was directly
related to microbial decomposition of the substrate. The
population of plant growth-promoting microorganisms in
liquid organic fertilizer was determined for all formula-
tions. The results showed that plant growth-promoting
bacteria (such as nitrogen fixer bacteria) were present in
the system and led to an increase in biomass yield. Phos-
phate solubilizing bacteria and potassium solubilizing
bacteria were also present in the fertilizer. Plant growth-
promoting bacteria assist plant growth, and the inclusion
of such bacteria in liquid organic fertilizer could increase
organic N and nutrient content. Ratneetoo (2012) reported
that microbes were beneficial to plant growth, helping to
circulate nutrients to plants. F6 has the highest in total
bacteria in the sample as compared to other liquid organic
fertilizers (P < 0.05) (Fig. 2). The beneficial microbes in
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Table 3 Chemical composition of liquid chemical fertilizers A and B used in this study

Liquid chemical pH EC (dS/m) Total N (%) Total P (%) Total K (%) Organic mat-  Organic NO;™ (mg/l)
fertilizer ter (%) carbon (%)
A 6.41 3.01 0.139 0.005 0.002 0.277 0.160 32,240
B 6.20 3.25 0.198 0.310 2.530 0.132 0.076 27,115
Fig.2 Microbiological analysis 12.00
of six formulas of liquid organic
fertilizer after 30 days of =
fermentation. Different letters _§ 10.00
indicate significant difference E @BF1
values at P <0.05 by LSD (all &) AF2
values were mean n=3 and gp 800 -
SE bars were shown) (F1-F6 :c, @F3
were liquid organic fertilizer 2 £00
formula 1-6) E ™ @F4
=
oFs
& 4.00 - -
=
2 % % BF6
5 ﬁ %
= 2.00 . o’
= ; :
0.00 4 AEE

Nitrogen fixer

the fertilizer could improve product quality, through the
application of a sustainable fermentation process. All fer-
tilizer standards were tested for human pathogen contami-
nation and importantly E. coli was not found in any of the
liquid organic fertilizers.

Indole acetic acid (IAA)

Pizzeghello et al. (2001) and Glick (2003) explained that
plant growth hormones are produced within the plant
through synthesis of the microorganism in the fertilizer. At
the end of the fermentation process, microorganisms play
an important role producing phytohormones such as auxin
and cytokinin, organic acids and plant growth promoters
which appear in liquid organic fertilizers. Therefore, the
plant growth-promoting activity of microorganisms can
be related to the production of auxins (Ortiz-Castro et al.
2009). The microbial population produces auxins as part
of their metabolism including indole-3-acetic acid (IAA)
(Patten and Glick 1996). According to Lwin et al. 2012,
IAA hormone was detected in 80% of bacteria isolated
from the rhizosphere. Consequently, IAA production was
a determinant trait both for plant growth-promoting rhizo-
bacteria (PGPR) (Patten and Glick 1996, 2002). The assay
of indole acetic acid (IAA) in liquid organic fertilizers

o’
’r @ Springer

Phosphate Potassium

Total bacteria
solubilizing solubilizing
bacteria bacteria

Table 4 Indole acetic acid in different formulas of liquid organic fer-
tilizer

Liquid organic TIAA (mg/)

fertilizer ; -
15 days fermentation 30 days fermentation

Fl 4.27+1.42° 8.08+0.16¢

F2 11.68+0.09* 34.75+0.91°

F3 7.12+0.46 9.28+0.15°

F4 5.42+4.00 4.51+£0.22°

F5 0.90+0.32° 1.13+0.05"

F6 11.29+0.12° 59.53+0.97*

Standard > 0.1 mg/l

F test *ok *oE

%CV 25.82 2.87

The values shown in this table were the mean

**Means with different letters indicate significant differences, LSD
test (P <0.05) (F1-F6 were liquid organic fertilizer formula 1-6)

found that all formula contained IAA (Table 4). The IAA
in liquid organic fertilizers was significantly different
(P <0.05). After 30 days of fermentation, the IAA content
values increased in all liquid organic fertilizers. Accord-
ing to Kamla’s (2007) research on bio-extract fermenta-
tion, such bio-extracts might serve as a food source for
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microorganisms in the process of plant hormone synthesis.
These plant hormones were then able to stimulate plant
growth. Standard liquid organic fertilizer (National Bureau
of Agricultural Commodity and Food Standards, Ministry
of Agriculture and Cooperatives 2005) requires a content
of more than 0.1 mg/l of IAA and our fertilizer had an IAA
content greater than 0.1 mg/l which is the standard level
of Thai fertilizers.

Germination index

Determining the quality and maturity liquid fertilizer is
important. The presence of phytotoxicity substances in the
product would render it unsafe for use. Immature fertilizer
is often contaminated with intermediate compounds such
as ammonia and organic acids that cause toxicity in the
plant. These compounds inhibit germination of root length.
Fertilizer maturity can be evaluated in many ways, such as
by detection on C/N ratio, NH4+/N O;™ ratio humicfication,
Cation Exchange capacity (CEC), and germination index
(GI) (Yang, and Chang, 1998). However, GI is the only
means to easily measure, through a simple process to yield
fast and reliable results. This method aims to measure toxic
(phytotoxic substance) in plants resulting from incomplete
maturity of the fertilizer by extracting the organic matter in
fertilizer with a melting texture, organic acid salt group, phe-
nolic group and other toxins (Tiquia et al., 1996). If the ferti-
lizer is toxic, these elements will have a direct effect on seed
germination and plant root length (Wong et al. 2001). Under
Thailand’s standards for liquid organic fertilizer (National
Bureau of Agricultural Commodity and Food Standards,
Ministry of Agriculture and Cooperatives 2005), maturity
is indicated by GI value which is greater than 80%. Accord-
ing to CCQC (2001), a GI value higher than 90% indicates
the phytotoxic-free property of the tested fertilizers which
could then be safely applied for plant growth. The effect of
liquid organic fertilizer on the seed germination of Green
Cos Lettuce is presented in Fig. 3. The liquid organic fer-
tilizer samples, such as non-diluted and those diluted with

Fig.3 Germination index of 160.00 1
Green Cos Lettuce in different
formula of liquid organic ferti-
lizer. Different letters indicate
significant difference values at
P <0.05 by LSD (15D—15 days
fermentation, 30D—30 days
fermentation, 1:100—ratio of
liquid organic fertilizer: water,
F1-F6 were liquid organic
fertilizer formula 1-6

140.00
120.00
100.00
80.00
60.00
40.00

Germination index (%)

20.00

0.00
1

=

D(1:100)

distilled water in the ratio 1:10, showed lower germination
index values (data not shown), as high concentrations of fer-
tilizer had negative effect on seed germination. The inhibi-
tory effect of liquid fertilizer on germination and growth of
young seedlings was probably due to the high EC and heavy
metal content (Lwin et al. 2012), and other toxic compounds
such as ammonia (Ells et al. 1991), ethylene oxide (Wong
et al. 1983) and phenolic compounds. Liquid organic ferti-
lizer obtained at 30 days of fermentation and diluted at 1:100
gave a germination index greater than 100% which indicated
that diluted liquid fertilizer of all formulas were without
phytotoxicity to seed germination. The value of germination
index was found highest in F3 (147.9%) and was signifi-
cantly different (P <0.05) compared to that of the control
(Fig. 3). Our result yielded data similar to that of Malaviya
and Sharma (2011), who worked on the impact of distill-
ery effluent on seed germination of Brassica napus L. They
found decreasing values of germination index when diluted
samples of fertilizers were used. Ramana et al. (2002), stud-
ying the effects of distillery effluent on the germination of
some vegetable seeds, showed similar results, and in their
findings the germination index was lower when the concen-
tration of effluent was higher.

Growth of Green Cos Lettuce in the hydroponics
cultivation

In this experiment, liquid organic fertilizer contained only
small amounts of total N and P, which was lower than the
Thai agricultural standard. However, it was a rich source of
total K due to the substrates used in production. Moreover,
the liquid organic fertilizer contained micro and supplement
nutrients and also beneficial microorganisms such as plant
growth-promoting rhizobacteria (PGPR) not found in chemi-
cal fertilizers. Most importantly, hormone TAA product was
found in the liquid organic fertilizers. The IAA content was
59.53 mg/l. This hormone was produced by microorganisms,
with some found in the plant substrate. IAA stimulates the
growth of root hairs and increases the root surface area. This

E Control
BF1
BEF2
BF3
BF4
aFs
OF6

§
N\
\
.

30D(1:100)
Days

o’
’r @ Springer



376 International Journal of Recycling of Organic Waste in Agriculture (2019) 8:369-380

advantage was unique to the liquid organic fertilizer, as these
nutrients are not found in chemical fertilizer. Increased root
growth means that the plant can better absorb water and
nutrients. The combination of chemical fertilizer and organic
fertilizer indicated a possible decrease in the population of
beneficial microorganisms in hydroponic systems (2006).
These microorganisms (such PGPRs) have been used in
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Fig.4 pH (a) and EC (b) of hydroponic solutions containing different
liquid organic fertilizers used to culture Green Cos Lettuce

agriculture as biofertilizers, bio-control agents, and biore-
mediations. PGPR have been introduced into both soil and
hydroponic systems with positive effects on plant quality
and quantity (Kidoglu et al. 2009; Lee and Lee 2015). PGPR
act through: N, fixation, control of plant stress, extracting
nutrients from soil, competition with pathogens, production
of various kinds of plant hormones and biological controls,
and promotion of plant growth (Bull et al. 1991; Freitas
et al. 1993; Gaskins et al. 1985; Kloepper 1993; Lugtenberg
and Kamilova 2009). The result from this work indicated
that hydroponic systems that used liquid organic fertilizer
were a suitable medium for observing interactions between
rhizobacteria and roots. After the germination experiment,
an experiment was carried out to confirm the effects of the
liquid organic fertilizer on the growth of the vegetable. The
optimum dilution ratio (1:100 ratio liquid organic fertilizer:
water) for organic fertilizers, which was indicated by the
above results, was used in this experiment. Hydroponic cul-
tivation (NFT) was selected for growing the lettuce. The pH
(Fig. 4a) and EC (Fig. 4b) values of diluted (1:200) liquid
organic fertilizers (T2-T7) and diluted (1:200) liquid chemi-
cal fertilizer AB changed slightly from day O to day 28 of
planting. The highest electrical conductivity was found in
T1 (chemical fertilizer AB) (Fig. 4b). Chemical fertilizers
A and B were fed to the plants as a control treatment. Effects
of liquid organic fertilizers (T2-T7) and liquid chemical fer-
tilizer AB (T1) on the growth of Green Cos Lettuce varied
according to the treatments (Tables 5, 6, 7). After 14 days
of cultivation (Table 5), T1 (chemical fertilizer AB) showed
the greatest plant height (11.60 cm), leaf length (10.33 cm)
and leaf width (4.66 cm). However, T6 (F5) gave the highest
Green Cos Lettuce growth among the liquid organic ferti-
lizer treatments. The highest growth parameters of lettuce

Table 5 Effect of liquid chemical fertilizer (T1) and six formulas of liquid organic fertilizers (T2-T7) on the Green Cos Lettuce at 14 DAT

Treatments Number of Root length (cm) Plant height (cm) Length of leaf Width of leaf  Shoot fresh Shoot dry
leaves (cm) (cm.) weight (g) weight
(2)
T1 6.00 18.00° 11.60° 10.33% 4.46° 2.33° 0.10°
T2 (F1) 2.00 5.00f 1.50¢8 1.00° 0.86° 0.10° 0.01f
T3 (F2) 4.00 430 5.00 1.22f 0.84¢ 0.23¢ 0.01f
T4 (F3) 5.00 20.73° 8.20° 6.80° 3.30 1.04¢ 0.07°
T5 (F4) 4.00 10.169 5.76¢ 5.33¢ 2.76° 1.03¢ 0.03¢
T6 (F5) 6.00 2403 11.06° 9.80° 436 2428 0.15
T7 (F6) 4.00 8.16e 5.43¢ 4.33¢ 1.50¢ 0.27¢ 0.02¢
FICSI ns sk sk ek skek sk ek
%CV 0.00 5.98 1.33 4.09 4.16 3.17 8.18

The values shown in this table were the mean

ns non-significant differences

**Means with different letters indicate significant differences, LSD test (P <0.05), (T) were as follows: feed liquid chemical fertilizers A and B;

(T1), feed liquid organic fertilizers F1-F6 were T2-T7, respectively
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Table 6 Effect of liquid chemical fertilizer (T1) and six formulas of liquid organic fertilizers (T2-T7) on the Green Cos Lettuce at 21 DAT

Treatments Number of leaves Root length (cm) Plant height (cm) Length of Width of leaf (cm) Shoot fresh Shoot dry
leaf (cm) weight (g) weight
(2)
T1. 10.00 29.46" 16.66* 7.76% 18.73% 19.72° 1.26*
T2 (F1) 3.00 9.33¢ 9.00% 2.802 1.50° 0.12° 0.01¢
T3 (F2) 6.00 24.00° 9.66° 4.00¢ 12.00° 2.73¢ 0.13¢
T4 (F3) 9.00 37.66% 17.33% 7.00° 18.83% 21.65% 0.93°
T5 (F4) 5.00 22.66° 7.50¢ 3.50° 9.26¢ 1.99¢ 0.11%
T6 (F5) 9.00 31.33% 13.50" 5.60¢ 14.53% 11.71¢ 0.70°
T7 (F6) 5.00 19.90¢ 8.23¢ 3.00f 9.83¢ 2.103¢ 0.09¢
FICSI ek ke ek ke ek ke ke
%CV 0.00 4.85 443 0.45 453 5.51 7.92

The values shown in this table were the mean

**Means with different letters indicate significant differences, LSD test (P <0.05)

(T) were as follows: feed liquid chemical fertilizers A and B (T1), feed liquid organic fertilizers F1-F6 were T2—T7, respectively

Table 7 Effect of liquid chemical fertilizer (T1) and six formulas of liquid organic fertilizers (T2—T7) on the Green Cos Lettuce at 28 DAT

Treatments Number of leaves Root length (cm) Plant height (cm) Length of Width of leaf Shoot fresh Shoot dry
leaf (cm) (cm) weight (g) weight
(&)
T1. 15.33° 10.00" 23.26° 21.33° 9.93% 88.28% 3.43°
T2 (F1) 3.00f 11.33¢ 1.83¢ 1.35" 2.50f 0.12¢ 0.02f
T3 (F2) 11.00¢ 21.83¢ 14.13° 12.43¢ 4264 7.92¢ 0.38¢
T4 (F3) 18.00% 33.66% 24.00% 19.33° 8.26° 69.32° 2.43°
T5 (F4) 5.00° 11.26° 8.50¢ 7.50° 3.50° 1.67° 0.15¢f
T6 (F5) 12.00° 27.10° 14.50° 12.36° 5.16 13.88¢ 1.03¢
T7 (F6) 11.00¢ 15.664 12.33¢ 10.10¢ 4.00¢ 7.32¢ 0.32¢f
Ftest skk sk skk skk *kk skk Kk
%CV 4.06 3.46 3.50 2.88 3.61 9.63 8.98

The values shown in this table were the mean

**Means with different letters indicate significant differences, LSD test (P <0.05); (T) were as follows: feed liquid chemical fertilizers A and B

(T1), feed liquid organic fertilizers F1-F6 were T2—T7, respectively

grown in T6 (F5) were root length (24.03 cm), leaf width
(4.36 cm), shoot fresh weight (2.42 g) and shoot dry weight
(0.15 g) which were significantly different (P <0.01) from
those of other treatments. However, after 21 days of cultiva-
tion, T4 (F3) gave the highest growth parameters, including
root length (37.66 cm), plant height (17.33 cm), leaf width
(18.83 cm) and shoot fresh weight (21.65 g) (Table 6). After
28 days of cultivation, T4 (F3) still gave the highest growth
among the liquid organic fertilizers. Plants cultured in T4
(F3) had a significantly higher number of leaves and greater
root length than those grown with T1, whereas all other
growth parameters were similar to or lower than those in T1
(Table 7). The liquid organic fertilizer was without pathogen,
indicated by a negative result on detecting E. coli. The study
of Shinohara et al. (2011) presented a novel and practical
hydroponic culture method using microorganisms to degrade

organic substrate and utilizing fish-based soluble matter in
the hydroponic solution which has been developed as an
organic fertilizer. In addition, this research found that the let-
tuce seedlings grew well when the microbial culture solution
was used. Nelson (2013) compared organic and inorganic
fertilizers for hydroponic lettuce production. In this study,
it was found that liquid organic fertilizer formula 3 and 5
showed no significant difference in all growth parameters
measured when compared to the results using chemical fer-
tilizer as a treatment (Fig. 5). Nitrate content was determined
in the liquid organic fertilizer formula 3 which was sampled
at 15 and 30 days of fermentation. It was found that the
nitrate contents were 19.07 and 19.95 mg/l, lower amounts
than in the chemical fertilizer AB (type A 32,240 and type
B 27,115 mg/l, respectively). The inorganic fertilizer was
found to contain more nitrates. However, it was discovered
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Fig.5 Effect of liquid chemical fertilizer and liquid organic fertilizer
on the Green Cos Lettuce. 1=T1 (liquid chemical fertilizers A and
B), 4=T4 (liquid organic fertilizer F3) and 6=T6 (liquid organic fer-
tilizer F5)

that the amount of nitrogen must be in a balanced form. In
this research, toxins and heavy metals in liquid organic ferti-
lizers of all formula were below the limits mandated by Thai
Agricultural standards. The research of Mavrogianopoulos
et al. (2002) used wastewater for hydroponic cultivation and
examined the efficiency of giant reed (Arundo donax L.)
as a source of biomass production and bio-based filtering
device for sewage effluents. Giant reed populations showed
a positive response to wastewater applications, in terms of
growth and biomass production and gave no visual sign of
detrimental or toxic effect. It can be concluded that organic
hydroponics based on this method is a practical solution
using organic sources as a fertilizer (Shinohara et al. 2011).

Chlorophyll content

Chlorophyll is essential to photosynthesis and plant leaves
with high chlorophyll content will gain energy and produce
food more efficiently (National Bureau of Agricultural Com-
modity and Food Standards, Ministry of Agriculture and
Cooperatives 2005). The main nutrients required are nitro-
gen, phosphorus, and potassium. Nitrogen is an important
nutrient for chlorophyll production (Tancho 2013). Leaf
chlorophyll content is related to the amount of nitrogen,
which is a component of the chlorophyll structure. Cabrera
(1998) found that the nitrogen content of a leaf was related
to its color. Chlorophyll is the main pigment in plants and
a greener leaf indicates more pigment and, therefore, more
nitrogen. According to Lesing and Aungoolprasert (2016),
organic fertilizer was the source of nitrogen, and similarly it
presented higher chlorophyll content in kale leaves. Previ-
ous research showed that the pigment in green cos lettuce
contained the chlorophyll A, B and total chlorophyll. In
general, leaf chlorophyll content is affected by environmen-
tal conditions such as light volume and salinity changes.
According to Romero-Aranda et al. (2001), as the value of
the EC of the solution increased, the amount of chlorophyll
within the leaves of the tomato also increased. The effects of
liquid chemical fertilizer and liquid organic fertilizer on the
chlorophyll contents of Green Cos Lettuce are presented in
Table 8. The variation in chlorophyll content was found to be
significantly different in all treatments. The highest chloro-
phyll a, chlorophyll b and total chlorophyll were found in T6
which were similar to T1. The lowest chlorophyll contents
were found in T2.

Table 8 Effect of various

Treatments ~ Chlorophyll content (mg/0.1 g of FW)

treatments on chlorophyll

content of Green Cos Lettuce Chlorophyll A Chlorophyll B Total Chlorophyll

14day 2lday 28day 14day 2lday 28day 14day 21day 28day

1 1.12% 1420 1.64% 0.40° 0.57®  0.63 1.53° 2.00* 2.282
2 0.42° 0.18¢ 0.28° 0.18° 0.18° 047 0.61¢ 0.36° 0.76%4
3 0.83%¢  1.09° 0.774 0.29% 030"  0.26" 1.13° 1.40° 1.03°
4 1.26° 1.07° 1.26° 026" 049"  046®  1.52° 1.56° 1.73%
5 0.93%¢  1.42° 0.37° 0.27°  0.67° 0.34° 1.21%  2.10° 0.724
6 1.65 1.60* 1.55 0.84* 0.60* 0.59* 2.49* 2.20° 2.15*
7 0.67%  1.13¢ 1.14° 0.23% 044 0.34° 0904  1.57° 1.48°
Ftest ek ek ke ke ES * ek ke ek
%CV 1858  5.55 6.40 33.84  33.86 28.14 1392 1146 11.44

The values shown in this table were the mean

**Means with different letters indicate significant differences, LSD test (P <0.05); (T) were as follows:
feed liquid chemical fertilizers A and B (T1), feed liquid organic fertilizers F1-F6 were T2-T7, respec-

tively
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Conclusion

In this study, organic residues from agro-industry factories,
distillery slop and molasses, and sugarcane leaves were used as
substrates for the production of liquid organic fertilizers after
30 days fermentation. Six formulas (F1-F6) of liquid organic
fertilizers were produced with varying ratios of those three
main organic substrates. Liquid organic fertilizer had an [AA
content greater than 0.1 mg/l which is the standard level of
Thai fertilizer. The liquid organic fertilizers produced were
used to grow Green Cos Lettuce in a hydroponic system. The
most important step for organic fertilizer production is check-
ing fertilizer maturity before commercial distribution. A seed
germination test was used to detect phytotoxicity substances
contained within immature fertilizer. The germination index
of the lettuce seeds was greater than 100%, which indicated
that all formulas of liquid organic fertilizers were free from the
phytotoxicity substances which cause problems for seed ger-
mination. The effects of liquid organic fertilizer on the growth
of Green Cos Lettuce in hydroponic culture using nutrient
film technique (NFT) system showed that the plants cultured
with F3 (distillery slop: sugarcane leaves 1:0.1:0.25 v:w:v)
and F5 (distillery slop: sugarcane leaves 1:0.25:0.25 v:w:v)
had the highest growth parameters. These included the high-
est chlorophyll a, chlorophyll b and total chlorophyll content,
levels similar to those found with chemical fertilizers. This
indicated that organic liquid fertilizers Formulas 3 and 5 had
effects comparable to chemical fertilizers on growth promotion
of Green Cos Lettuce. Moreover, our products are environ-
mental friendly as they utilize and effectively recycle waste
products, while serving as a rich nutrient source for the plant.
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