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oo 4 Development of a Plant Culture System for Producing Garlic
Bulbs and Roots as a Food Stuff Containing Medicinal
Ingredients, Ajoenes
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Garlic is one of common vegetables used as a spice and a medical herb in the
world. The medicinal activities of garlic are attributed to ajoene that is a sulfur-rich
compound and derived from heated garlic through the conversion of alliin and
allicin. The objective of this study was to develop a hydroponic system with an
adequate controlled environmental condition for producing garlic and ajoene

efficiently. The results obtained are as followings;

1) A hydroponic culture system was developed for producing garlic and the
growth rate and the ajoene content in plants were compared with those grown in a
soil culture system. Garlic plants in the both culture systems were grown in a
growth chamber under an artificial lighting with white fluorescent lamps at air

temperatures of 25°/21°C (light/dark), relative humidity of 75/90% (light/dark), a



photosynthetic photon flux density (PPFD) of 450 umol m2? s! and a 12-h
photoperiod. Plants were grown on styrofoam boards and hanging in tanks filled
with nutrient solution in the hydroponic culture and on commercial soil filled in
containers in the soil culture. Ajoene content in each plant part was determined
after heated in rice oil. Fresh weights of newly developed bulbs, roots and leaves in
the hydroponic culture were 22.1, 65.8 and 36.5 g/plant, respectively, and were 3.5,
3.1 and 2.3 times, respectively, greater than those in the soil culture two months
after planting. Ajoene contents in bulbs, roots and leaves in the hydroponic culture
were 14.4, 11.6 and 7.8 mg/plant, respectively, and 4.1, 4.1 and 2.7 times,
respectively, higher than those in the soil culture. Garlic plants grown in the
hydroponic culture were more vigorous and contained more ajoene than those

grown in the soil system.

2)  Effects of environmental conditions on growth and ajoene contents of garlic
plants cultured hydroponically were investigated. Garlic plants were cultured in a
growth chamber under artificial lighting basically at air temperatures of 25°/21°C
(light/dark), relative humidity of 75/90% (light/dark), and a photoperiod of 12 hd
for 2 months.

Light Intensities The growth and ajoene contents of garlic plants cultured

with PPFDs ranging from 75 to 450 umol m2s?! were investigated. The fresh and
dry weights of the whole plant increased with increasing PPFDs. Dry weights in
bulbs, leaves and roots at PPFD of 450 umol m2s! were 9.6, 5.5 and 10.0 times,
respectively, greater than those at PPFD of 75 umol m2s1. The transpiration rate,
leaf conductance and the leaf chlorophyll concentration at PPFD of 450 pmol m?2s?
were 1.6, 2.1 and 1.3 times, respectively, greater than those at PPFD of 75 pmol m™
sl. Ajoene contents in bulbs, leaves and roots at PPFD of 450 umol m2s?* were 14.9,
9.5 and 16.7 times, respectively, greater than those at PPFD of 75 pmol m?2 s
Plants at higher levels of PPFD showed greater growth rates and greater ajoene
contents.

Aeration Regimes in Rooting Solution The growth and ajoene contents of garlic
plants cultured hydroponically with different aeration regimes were compared in
order to investigate effects of dissolved O: levels on these parameters. The four

aeration treatments including 12 h dark aeration (12h-D), 12 h illuminated aeration



(12h-L), or 24 h aeration (24h) with air pumps, or without aeration (Control) were
applied. Dissolved O2z concentrations increased in the order, 24h > 12h-L > 12h-D >
Control. Fresh and dry weights, and ajoene contents in plants increased by
increasing the levels of dissolved Oz. The dry weight of bulbs, leaves, and roots in
24h were 2.8-, 4.9-, and 7.7-times greater, respectively, than those in Control. Ajoene
contents in bulbs, leaves and roots in 24h were 6.5-, 5.2-, and 11.2-times greater,
respectively, than those in Control. Garlic plants grown at higher levels of dissolved
Oz showed higher growth rates and greater ajoene contents.

Atmospheric CO2_ Levels The growth and ajoene contents in garlic plants

cultured with atmospheric CO2 levels ranging from 400 to 900 pmol mol! were
investigated. Fresh and dry weights of each parts of garlic plants increased with
increasing COzlevels. Dry weight in bulbs, leaves and roots at 900 umol mol?! were
1.8, 1.6 and 2.0 times, respectively, greater than those at 400 umol moll. Ajoene
contents in bulbs, leaves and roots at 900 umol mol?! were 2.3, 2.6 and 2.6 times,
respectively, greater than those at 400 umol mol!. Garlic plants grown at higher

levels of CO2 showed higher growth rates and greater ajoene contents.

3) The possibility of hydroponic garlic culture integrated with fish culture was
evaluated to increase the food production in a limited space. Three treatments
including garlic culture only (G), garlic culture with tilapia fish culture (GT) and
tilapia fish culture only (T) were applied and growth of plants and fish and water
quality were monitored. Dry weights of bulbs, leaves and roots were 1.4, 1.6 and 1.6
times, respectively, greater in GT than in G. Ajoene contents in newly developed
bulbs, leaves and roots were 2.6, 2.2 and 2.4 times, respectively, greater in GT than
in G. The specific growth rate of fish in GT were 1.3 times greater than in T. It was
confirmed that the fish supplied additional nutrients including nitrogen compounds
to garlic plants and plants kept the water quality suitable for fish growth. Garlic and

fish can be grown well in the integrated culture system with mutual benefit.

In conclusion, garlic plants cultured hydroponically under the adequate



controlled environmental condition grew well and contained high level of ajoene in a
short period throughout the year. The roots of garlic plants cultured hydroponically
contained ajoene, and were expected to be a healthy food, as are the bulbs. It was
also confirmed that the combined culture of garlic with fish promoted food

production in a limited space.
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