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In organic vegetable production, foliar fertilizer is often applied in conjunction with soil
amended fertilizer to provide sufficient nutrients for the plant growth and development. Liquid
organic fertilizer (LOF) was locally produced using Tithonia diversifolia to improve organically
grown of carrot (Daucus carota L.). This experiment aimed to determine the effectiveness of
tithonia-enriched LOF on organic carrot production was arranged in completely randomized
block design with three replicates. Treatments comprised five levels (0, 25, 50, 75, and 100
ppm) of tithonia-enriched LOF concentrations, Results indicated that tithonia-enriched LOF did
not significantly affect tuber length, tuber diameter, tuber fresh weight, shoot-tuber ratio, and
number of tuber per plot. Future research should be focussed on the use of higher dosages of
solid organic fertilizer and on application techniques of tithonia-enriched LOF.
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Introduction

Tithonia diversifolia (Hemsl.) A Gray, a shrub in the family Asteraceae
and commonly known as Mexican sunflower, is widely distributed along feeder
roads, waterways and farm boundaries as well as on cultivated farmlands in the
humid tropics of Rejang Lebong highland, Bengkulu, Indonesia. Although
tithonia is considered as annual and aggressive weed that harmful to many
vegetable crops, this plant is widely used in traditional medicines, such as
preventing diabetes (Firdous, 2014), malaria (Oyewole et al., 2008).

During the last decade, there has been growing interests to use tithonia’s
green biomass for organic vegetable production (Jama et al., 2000; Nziguheba
et al., 2002; Olabode et al., 2007). The use of local materials, including green
biomass, local waste from animals, and local microorganism is an essential part
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of organic vegetable production practices. The green biomass of tithonia has
aroused research interests because of the relatively high nutrient concentrations
found in its biomass and its ability to extract relatively high amounts of
nutrients from soil (Forth and Ellis, 1997). Research conducted by Jama et al.
(2000) revealed green leaf biomass of tithonia content averaging about 3.5% N,
0.37% P and 4.1% K on a dry matter basis. According to Olabode et al. (2007),
chemical properties of organic matter, N, P, K, Ca, Mg, C and C/N in Tithonia
diversifolia were 24.04%, 1.76%, 0.82%, 3.92%, 3.07%, 0.005%, 14.00% and
8:1, respectively. Furthermore, Olabode et al. (2007) and Pena et al. (2013)
recommended the use of tithonia as a green manure or as a major component of
compost manure for organic crop production. Sudjatmiko et al. (2013),
Setyowati (2014) and Fahrurrozi et al. (2014) introduced the use of tithonia
plants as a source of LOF for vegetable production in closed agriculture system
in humid tropical highland of Bengkulu, Indonesia.

Solid organic fertilizer has been widely applied for nutrient supply in
organic vegetable production. However, it is very often that solid organic
fertilizer takes longer time to mineralize than crop life-cycle. According to
Forth and Ellis (1997) after 90 days application of solid organic fertilizer, there
were only about 50% of its N, P, and K get mineralized. Another report
confirmed that most composts mineralized <10% of initial N content in the 4 to
6 months after the application into the soil (Hartz et al., 2000). This slow-
release characteristic of solid organic fertilizer endorsed the application of
liquid organic fertilizer (LOF) through leaves to fulfil nutrient required for
vegetable growth and development. It is therefore recommended that combined
soil and foliar applications should be conducted to increase both crop
productivity and vyield quality in organic vegetable production system,
including carrots.

Carrot (Daucus carota L.) is an essential root vegetable for human health
due its abundant source of carotene; a precursor of Vitamin A (Zeb and
Mahmood, 2004) and other quantities of nutrients and minerals (Nicolle et al.,
2004). According to Brandt et al. (2004) carrot consumption strengthens the
immune system, protect against cancer, high blood pressure, osteoporosis,
cataracts, atherosclerosis and heart diseases. Meanwhile, demands for
organically grown carrot has steadily increased among the consumers. The use
of tithonia-enriched LOF might be practiced to provide healthier and safer
carrots for consumers. However, the effects of tithonia-enriched LOF in
organic carrot production have not been evaluated in many growing areas. In
addition to crop species, fertilizer form, frequency of application and the stage
of plant growth, concentration of LOF applied to vegetable crops, is among the

1706



Journal of Agricultural Technology 2015 Vol. 11(8): 1705-1712

key factor to determine the successfulness of LOF application (Taura and
Fatima, 2008).

This study is therefore aimed to determine the optimum concentration of
tithonia-enriched LOF on growth and yield of organic carrot production.

Materials and methods

A field experiment was conducted on sandy loam of Inceptisol during
dry season from July to October 2014 at Closed Agriculture Production System
(CAPS) Research Station (950 m above sea level) located in Air Duku Village,
Rejang Lebong, Bengkulu Province, Indonesia. This single factor experiment
was arranged in completely randomized block design with three replicates. The
treatments were 0, 25, 50 75 and 100 ppm of tithonia-enriched LOF.

Tithonia-enriched LOF was produced in CAPS Research Station by
mixing 10 kg cattle’s faeces, 20 I cattle’s urine, 5 kg of topsoil, 10 kg of
Tithonia diversifolia (Hamsley) A. Gray), 20 | solution of 24-hour incubated
20 ml EM 4 + 0.25 kg white sugar. All these materials were then mixed and
added with water in the blue plastic container to reach a volume of 200 | and
incubated for three weeks with daily mixing up to provide sufficient aerobic
environment. After incubation, the mixture was sieved using white cloth and
ready for application.

Experimental plots were located on the site that have continuously been
cropped to organic vegetables since 2011 where organic fertilizer at rate of 15
ton ha™ had been incorporated to soil in each season. No additional synthetic
fertilizer had been applied to soil since 2011. A week before seeding, each
soilbed was fertilized with 7.5 kg of vermicompost (equals to 15 ton ha™).

Seeds of well-adapted carrot variety, Lilin Variety, were directly
planted onto 3 blocks of soil beds that consisting of 15 plots (1 m width, 5 m
length and 0.3 m height) per block. Seedings were manually conducted on July
15™ 2014 in crossing plot-lines which are 0.3 m in distances to form 16 seeding
rows. Carrots were manually thinned in each seeding row on September 12",
2014 to make plant spacing of 0.3 m x 0.1 m. The total number of carrot plants
per plot was 144 plants. Carrots were also manually irrigated every other two
day until the soil reached field capacity and stopped when precipitations took
place. Manual weeding was conducted as necessary. At the time of weeding,
soil around the stem was raised up to prevent tuber from sun exposure.

Each plot received 2000 (August 24™ 2014), 4000 (September 7%
2014), 4000 (September 23" 2014), and 4000 (October 7™) ml of tithonia-
enriched LOF with the concentration of 0, 25, 50, 75, and 100 ppm,
respectively. Application was conducted during calm day and no rain using
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knapsack sprayer. Carrots were manually harvested at 101 days after planting
(October 21%, 2014) and immediately washed with fresh-water. Effects of
treatments were observed on tuber length, tuber diameter, tuber fresh weight,
shoot-tuber ratio, and number of tuber per plot. Data were statistically analyzed
by using PROC GLM in Statistical Analysis System version 9.1.3 portable at P
< 0.05.

Results

Results indicated that tithonia-enriched LOF did not significantly affect
tuber length, tuber diameter, shoot fresh weight, tuber fresh weight, shoot-tuber
ratio, number of tuber per plot, and tuber weight per plot of carrot (Table 1).
Although did not influence all observed parameters, including tuber weight,
Table 1 also implied that carrots sprayed with 0, 25, 50, 75 and 100 ppm
tithonia-enriched LOF produced carrot tubers as much as 11.89, 12.85, 13.15,
7.87 and 9.62 ton ha, respectively.

Table 1. Concentration effects of tithonia-enriched LOF on tuber length (TL), tuber diameter
(TD), tuber fresh weight (TFW), shoot-tuber ratio (STR), and number of tuber per

plot (NTp)
Concentration TL (cm) TD (cm) TFW (g) STR NTp
0 ppm 16.83 2.62 96.69 0.32 82.00

25 ppm 18.45 2.66 97.70 0.38 87.67

50 ppm 18.29 2.50 99.25 0.33 88.33

75 ppm 16.23 2.36 82.93 0.26 63.33
100 ppm 15.25 1.94 81.19 0.27 79.00
Anova (Prob. > F)
Model 0.0016 0.0212 0.0937 0.4452 0.0012
Block 0.0002 0.0071 0.0135 0.3606 0.0001
Concentration 0.1229 0.1248 0.9018 0.4423 0.3373
CV (%) 8.74 13.19 33.06 27.24 18.99
Orthogonal polynomial (Prob. > F)

Linear 0.6234 0.2898 0.5811 0.3377 0.1965
Quadratic 0.0638 0.6247 0.6001 0.1880 0.1190

Our laboratory analysis revealed that this tithonia-enriched LOF
contained 3,36 % N, 146 ppm P, and 0.0325 % K. Nitrogen content of this LOF
somehow comply to the standard quality for organic fertilizer issued by
Indonesian Standardization Board (SNI 19-7030-2004) where total N should be
> 0.4 %, but no the case of P and K which must be > 0.10 % (P,Os) and >
0.20 % (K0), respectively.
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This finding suggested that the use of tithonia-enriched LOF with these
levels of concentration is not enough to promote carrot yields. Similar results
on the use of tithonia-enriched LOF in humid area of Bengkulu were also
previously reported on peanut (Kurniawan, 2015) and in sweet-corn
(Joyosusino, 2015). Less responsive of carrot yield might be related to the fact
that tithonia-enriched LOF used in this experiment had very low content of P
(146 ppm) and K (0.0325 %). This finding confirmed that the use of LOF
Leachate in range of 20 to 60 ppm did not increase growth and yield of carrot
(Mardin and Dewanto, 2011). Although lack of P and K contained in tithonia-
enriched LOF used in this experiment might have presumably limited tuber
growth and development of carrot, such insignificance effects might be due to
less effective of foliar applications for narrow-leaf vegetables, including carrot.
This finding revealed tithonia-enriched LOF used in this experiment was not
enough to complement the application of solid organic fertilizer applied to
growing beds. Higher solid organic fertilizer should be employed for better
yields of carrots. Sopha and Uhan (2013) suggested that the use of LOF should
be combined with higher organic fertilizer (> 15 ton ha™) since using higher
concentration of LOF could delay nutrient uptake by plant.

There are several agronomical explanations, however, why tithonia-
enriched LOF did not improve carrot’s yields. The fact that carrrot variety used
in this experiment was a well-adapted variety to this growing area might be one
of the explanations. This local variety might get enough nutrients from 15 ton
ha' of vermicompost applied to experimental site, thus the additional foliar
application might not been able to improve carrot yields. In the future, research
might be focussed in the management of using LOF through foliar
fertilizations, including dosages, time of application and technique of
applications.  According to Haytova (2013) the effectiveness of foliar
fertilization is determined by the crop species, fertilizer form, concentration,
frequency of application and the stage of plant growth. Inaddition, crop species
and genetic factors are also determined the effectiveness of foliar fertilizations
(Bueren et al., 2011).

Another reason might be related to the absence of surfactant during the
application of LOF. It is generally understood that the use of surfactant was
designed to improve liquid foliar fertilizing (Holloway and Stock, 1990) by
improving LOF adhesion to the leaf surfaces, minimising the loss of LOF
during the application and increasing LOF uptake into leaf cells. The
effectiveness of surfactant in foliar fertilization improve crop yield has been
previously reported muskmelon (Lester et al., 2006). The precense of leaf
surfactant during LOF applications will increase its penetrations into leaf cells
through leaf stomata and hydrophylic pores present on the leaf cuticules
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(Fernandez and Eichert, 2009). In addition, the structure of carrot leaves might
not be suitable for LOF application. According to Hagin and Tucker (1982)
foliar fertilization is more effective in broad leaves than narrow leaves. Pena et
al. (2013) specifically concluded that tithonia-enriched organic fertilizer was
effective to increase yield of leafy vegetables, such as pechay plant (Brassica
rapa L.). Other reports also confirmed that the use of local LOF succesfully
increased yields of broad-leaf vegetables such as lettuce (Surtinah, 2009;
Damayanti et al., 2012), Chinese green cabbage (Nasution et al., 2014),
cauliflower (Gomies et al., 2012), kaelan (Sinaga et al., 2014), potato (Parman,
2007) and tomato (Zhai et al., 2009).

In conclusion, this research demonstrated that tithonia-enriched LOF did
not increase tuber length, tuber diameter, shoot fresh weight, tuber fresh
weight, shoot-tuber ratio, and number of tuber per plot in organic carrot
production. Future research should be focussed on the use of higher dosages of
solid organic fertilizer in combination with present tithonia-enriched LOF.
Research also should be focessed on application techniques of tithonia-enriched
LOF for organic carrot production.
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