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ABSTRACT : Effects of nitrogen (N), phosphorous (P) and potassium (K) on the shoot and bulb growth of wild garlic (Allium

victorialis var. platyphyllum) were studied by adopting in vitro culture. These macronutrients influenced the growth of both the

shoot and bulb of garlic depending upon their application doses. A minimum of 3% potassium nitrate (KNO3) as a source of

nitrogen was found to be critical for shoot elongation while higher concentrations were inhibitory. Garlic bulb growth was

profuse on the usual KNO3 strength and sucrose (7%), followed by KNO3 (9.4 mM) supplement. On providing 41.22 mM

ammonium nitrate (NH4NO3) as nitrogen source highest shoot growth was observed while 82.45 mM NH4NO3 as a source of

nitrogen supported high bulb growth. With regard to potassium a good shoot growth was observed in medium that contained

0.31 mM KH2PO4 and 3% sucrose, while bulb growth was high on 2.5 mM KH2PO4 and 7% sucrose. These experiments may

thus direct the development of excellent growth conditions for the commercial production of edible wild garlic.
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INTRODUTION

Allium victorialis var. platyphyllum, wild garlic belongs to the

Liliaceae family, and it is distributed mainly in Europe and Asia.

Their leaves and bulbs have been used not only as wild-edible

herbs but also as functional foods for the control of gastritis and

heart failures (Moon, 1984). It was reported that the leaves

contain carbohydrate (2-3%) and ascorbic acid whereas the bulbs

possesses organo-sulfur compounds. This plant species is also

known for its anti-cancer (Lee et al., 2001), ani-oxidant

(Shirataki et al., 2001), and anti-atherogenic (Kim et al., 2000)

activities. 

The propagation of wild garlic is difficult, and its cultivation is

not technically advanced. As of now wild garlic has been

cultivated from seeds and by vegetative propagation (Shigeru et

al., 2003). As an alternative cultivation method an in vitro

method of culture would provide an advantage of controlling the

environmental factors to a greater extent for enhanced yields. At

present the methods that report the rapid propagation of wild

garlic through in vitro methods are scanty (Ishikawa et al., 1997;

Park et al., 2004).

Mineral nutrients are the basic components of any plant tissue

culture medium. Most plant tissue culture media which are in use

are still based on the nutrient composition described originally by
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Murashige and Skoog (1962). MS medium is characterized by

the presence of high levels of macronutrients in the form of salts.

Thus, a great deal of time and effort has been devoted to identify

the optimal concentrations for each of the currently established

14 essential plant nutrients (Marschner, 2003). Macronutrients in

the form of NH4
+ and NO3

− are the dominant nutrients in most of

tissue culture formulations. Macronutrient effects are highly

dependent both on their individual amounts and also on their

proportions. The micronutrients influence a wide range of in vitro

responses including callus formation, shoot and root

organogenesis, embryogenesis, and shoot multiplication (George

and Klerk, 2008). However, the requirements of sucrose and

macronutrient for shoot and bulb growth of wild garlic has not

been reported. Wu et al (2010) reported the effects of light,

macronutrients strength and sucrose in MS medium on the spore

germination and gametophyte development of the endangered

fern Adiantum reniforme var. sinense. The carbon and

macronutrients especially, nitrates are essential for the profuse

growth of wild garlic. Distribution of biomass among vegetative

vine parts is tightly linked to the internal carbon and

macronutrients contents of the plant, suggesting that root-to-

shoot partitioning is controlled by some aspect of plant C:N ratio

(Grechi et al., 2007). We thus conducted experiments to

determine the influence of macro-    nutrients (NPK) and sucrose

on the growth of shoot and bulb of wild garlic (A. victorialis var.

platyphyllum).

MATERIALS AND METHODS

1. Plant material and in vitro culture methods

Healthy 2-year-old wild garlic, A. victorialis var. platyphyllum,

growing in the Ulleung Island were collected. After the

detachment of leaves, garlic bulbs were washed with 0.05%

Tween-20 for 10 min followed by three rinses with distilled

water and surface sterilized with ethanol (70% v/v) for 3 min.

Bulbs were surface-disinfected with NaClO (6% v/v) for 10 min,

and rinsed five more times with sterile distilled water. 

The sterile bulbs obtained from above step were inoculated to

culture bottle containing 50 ㎖ of sterile MS medium of pH 5.7,

supplemented with BA (0.44 µM), sucrose (3% w/v) and gerlite

(0.4% w/v). The cultures were incubated under a photoperiod of

16 h illumination with light intensity of 25 µ㏖ m−2 s−1 and 8 h

dark at 25 ± 1℃.

2. Determination of the effects of macronutrients (NPK and

sucrose) wild garlic 

Individual wild garlic shoots were cut from the multiple shoot

clusters and allowed to proliferate on the basal MS solid medium

free from plant growth regulators for 5 weeks. To determine the

optimal macronutrient and sucrose levels required for shoot

growth, the plantlets were cultured in MS medium supplemented

with varying macronutrients (NPK) and sucrose (3 and 7% w/v).

The NPK concentrations in the culture medium were regulated

by supply of NH4NO3 and KNO3. The macronutrients were

included at various proportions such as 1/4, 1/2, 1 (NH4NO3;

20.61 mM, KNO3 18.79 mM and KH2PO4; 1.25 mM), 2 and 4

into MS medium (Table 1). The medium required for in vitro

analysis was supplemented with MS basal salts except for NPK

nutrients, sucrose (30 and 70 g l−1), and 4.0 g l−1 gerlite. The pH

of the medium was adjusted to 5.7 with 1 N NaOH before

autoclaving at 121℃ for 15 min. All cultures were maintained

under a 16 h light/8 h dark photoperiod, in a growth chamber

fitted with a cool fluorescent light emitting 25 µ㏖ m−2 s−1 of

photosynthetically active radiation (PAR). The shoot and bulb

growth was measured at every 7 day interval for a period of 5

weeks. The growth rate of shoot of wild garlic was represented

by growth index (GI) as calculated using the equation;

GI = (final shoot length – inoculated shoot length) / inoculated

shoot length

Table 1. Nutrient composition of medium for the in vitro culture of Allium victorialis.

Nutrients
Strength of MS medium formula

¼ ½ 1 (original) 2 4

NH4NO3 ㎎/L 412.5 825 1,650 3,300 6,600

mM 5.15 10.31 20.61 41.22 82.45

KH2PO4 ㎎/L 42.5 85 170 340 680

mM 0.31 0.62 1.25 2.50 5.00

KNO3 ㎎/L 475 950 1,900 3,800 7,600

mM 4.70 9.40 18.79 37.59 75.17
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3. Statistical analysis

Data are expressed as an average of five separate experiments.

The bars indicate standard deviation from the mean of each

replicate treatment.

RESULTS

1. Effect of sucrose on shoot growth of wild garlic

When wild garlic was propagated in tissue culture medium the

shoot growth was affected depending upon the composition of

MS medium. Of the various sucrose concentrations employed a

maximum shoot growth were achieved when 3% sucrose was

used, while 1% sucrose produced minimum shoot elongation

after 5 weeks of culture (Fig. 1). 

2. Effect of KNO3 on wild garlic shoot and bulb growth

KNO3 influenced the shoot growth of wild garlic in a

Fig. 1. Effect of sucrose on the shoot growth of Allium victorialis.
Shoots were cultured on modified MS medium
supplemented with various concentration of sucrose.
The bars indicate standard deviation from the mean of
each replicate treatment.

Fig. 2. Effect of NPK macronutrients on shoot growth of Allium victorialis on modified MS solid medium supplemented with 3
and 7% sucrose after five 5 weeks. KNO3 (A and B), NH4NO3 (C and D) and KH2PO4 (E and F) were added at various
concentrations into MS basal medium with 3% sucrose (A, C and E) and 7% sucrose (B, D and F) respectively. Data are
expressed as an average of five separate experiments. The bars indicate standard deviation from the mean of each replicate
treatment.
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concentration dependent manner (Fig. 2A and B and Fig. 5).

Lower concentrations of KNO3 with sucrose (3%) were found to

be critical for shoot elongation, while high concentrations were

inhibitory for shoot growth. Highest growth of plantlet was

obtained after culturing wild garlic in 4.7 mM of KNO3.

However, shoot growth was also found to be more at high KNO3

concentration and sucrose (7%). Among various KNO3 concen-

trations, the concentration (18.79 mM as in MS medium) showed

the best performance with respect to shoot growth.

KNO3 level influenced the growth of wild garlic bulb in a

direct way (Fig. 3). Bulb growth on increased supplementation of

KNO3 and 3% sucrose was not significantly different. However,

bulb growth was more at the original concentration of KNO3

(18.79 mM) with sucrose (7%), followed by 9.4 mM treatment. 

3. Influence of NH4NO3 on the growth of shoot and bulb of

wild garlic 

Shoot growth of wild garlic was dependent on NH4NO3

supplementation along with 3% sucrose (Fig. 2C and D). A

medium containing 41.22 mM and 5.15 mM NH4NO3 was the

best for wild garlic shoot growth. Maximal growth of shoot was

obtained on 41.22 mM NH4NO3 supplement. However, shoot

growth was inhibited at 7% sucrose along with NH4NO3

treatments. When wild garlic was cultured in presence of 41.22

mM and 10.31 mM NH4NO3, the wild garlic shoot growth

appeared higher than those of other treatments.

Fig. 3. Effect of NPK macronutrients on the bulb growth of Allium victorialis on modified MS solid medium supplemented with 3
and 7% sucrose after 5 weeks. KNO3 (A and B), NH4NO3 (C and D) and KH2PO4 (E and F) were added at various
concentrations into MS basal medium with 3% sucrose (A, C and E) and 7% sucrose (B, D and F) respectively. Data are
expressed as an average of five separate experiments. The bars indicate standard deviation from the mean of each replicate
treatment.
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The wild garlic bulb growth was influenced by NH4NO3.

Highest growth of bulb was observed after 82.45 mM NH4NO3

with 3% sucrose treatments (Fig. 3C and D). However, a high

bulb growth was also noted for NH4NO3 with 7% sucrose

treatments. The wild garlic bulb growth was in general high at

original concentration of KNO3 (20.61 mM as in MS medium)

with 7% sucrose, followed by 41.22 mM.

4. Combined effects of nitrogen and sucrose on wild garlic

growth

The effects of two sucrose (3 and 7%) strengths and nitrogen

macronutrients (KNO3 and NH4NO3) on the shoot growth of

wild garlic were investigated (Fig. 4). At a fixed sucrose (3%)

and varying macronutrient treatments, the shoot growth was not

significantly different consequent to increase in macronutrients.

Among the various treatments, the macronutrients when

provided at original concentration showed enhanced shoot

growth. However, when wild garlic was cultured with 7%

sucrose and macronutrients, the shoot growth depended upon the

level of macronutrients. Garlic bulb growth was more at double

strength of KNO3 and NH4NO3 with 7% sucrose, followed by

half strength.

5. Effect of KH2PO4 on wild garlic shoot and bulb growth

The concentration of KH2PO4 

influenced the shoot growth in

wild garlic (Fig. 2 and 3). The highest shoot growth was

observed at 0.31 mM KH2PO4 in the medium supplemented with

3% sucrose, followed by 0.62 mM of KH2PO4 (Fig. 2E).

However, the garlic shoot growth was high at 0.62 mM KH2PO4

and sucrose (7%) (Fig. 2C).

Fig. 5. Effect of macronutrients (NH4NO3 and KNO3) and sucrose on shoot growth of Allium victorialis on modified MS solid
medium after 5 weeks of culture. These were supplemented with 3% (A) and 7% (B) sucrose and each concentration of
macronutrients are in the top panel.

Fig. 4. Combined effects of sucrose and macronutrients
(NH4NO3 and KNO3) on shoot growth of Allium

victorialis. Shoots were cultured on modified MS
medium supplemented with 3 and 7% sucrose, and
various concentrations of macronutrients. (A) 3%
sucrose and KNO3 + NH4NO3 and (B) 7% sucrose and
KNO3 + NH4NO3. Data are expressed as an average of
five separate experiments. The bars indicate standard
deviation from the mean of each replicate treatment.
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The KH2PO4 as a source of potassium influenced the garlic

bulb growth in a concentration dependent manner (Fig. 3E and

F). Bulb growth was noticed to be more on inclusion of 2.5 mM

KH2PO4 and 3% sucrose and at 2.5 mM KH2PO4 with 7%

sucrose, followed by original concentration. 

DISCUSSION

The macronutrients N, P, and K are required essentials for the

growth of wild garlic, but this plant is unique and displays an

optimum nutrient range and a minimum requirement level. Shoot

and bulb growth in wild garlic was significantly influenced by

macronutrient composition of the culture medium. The

nitrogenous inorganic macronutrients are converted to amino

acids and then incorporated into proteins. Macronutrients are

typically included in the plant nutrient media as nitrate ion (NO3−,

oxidized) and/or the ammonium ion (NH4+, reduced), in the form

of inorganic salts in 25-60 mM range. Ruan et al. (2009) reported

that increasing N supply significantly raised total biomass

production and the yield of young shoots, although this was

solely attributed to an increase in the number of young shoots. 

Among three macronutrient sources, KH2PO4 significantly

influenced the shoot and bulb growth compared with other

macronutrients. Monopotassium phosphate, when used in

fertilizer mixtures with urea and ammonium phosphates,

minimizes the escape of ammonia by keeping the pH at a

relatively low level (Lee et al., 2010). Ziv et al. (1983) reported

that potassium phosphate (KH2PO4) at 750 ㎎/L were added to

the bulbing medium to promote bulblet in A. ampeloprasum L.

Lee (1966) reported that high phosphate fertilizers have been

reported to be successful soil amendments for Narcissus bulbs.

Also, potassium (K) is a very important nutrient for increasing

garlic yields (Castellanos et al., 2002). Proper application rates

and timing of these nutrients are critical for generating a yield or

quality response. As crop yields increase, the demand of K also

increases, along with all other nutrients. The amount K applied

ranges from 60 to 150 ㎏ K2O/㏊ (Castellanos et al., 2002). The

physiological functions of potassium (K) in plants include

enzyme activation, osmoregulation, formation of carbohydrates,

nucleic acids, and proteins, photosynthesis and enhancement of

rooting/early establishment (Fageria et al., 1997). Although the

amount of potassium required varies widely among different

species, in media potassium concentration is generally correlated

with that of nitrate and ranges between 20-30 mM. 

N, P and K and their optimal concentration needed is different

for shoot and bulb growth. When cultured on shoot growth

culture media, the shoot growth of plant was enhanced on high

concentration of N, P and K. In onion in vitro cultures, a ratio of

NO3− / NH4+ is 29 mM/8 mM (Dunstan and Short, 1977; Kim et

al., 2007) for optimal yields. Advance garlic clones can be

developed by the use of higher levels of macronutrients supplied

as nitrate (35 mM NO3− : 8 mM NH4+ ratio) and growth regulators

(Luciani et al., 2001). 

Relatively few studies have been conducted on the effect of

altering sucrose (or carbohydrate) concentrations on the initiation

and growth of bulbous plants in vitro (Van Rensberg and Vcelar,

1989; Lee et al., 2011). Sucrose concentration in culture medium

influenced both shoot and bulb growth of wild garlic. High

concentration of sucrose enhanced the bulb growth. However, the

same observation was inverse for shoot growth. This result

suggests that root-to-shoot partitioning of nutrients is controlled

by some aspect of plant C:N balance. A high osmoticum

promoted tuberization in the cultivated potato (Barker, 1953)

bulblet formation in Dioscorea (Asahira and Yazawa, 1979). 

The ratio of the macronutrients and carbon sources are

important for the wild garlic in vitro cultures (Table 2). The

relative rates of shoot and root growth are modulated by signals

related to carbon and macronutrients status of the plant (Stitt and

Scheible, 1998). The distribution of biomass has been related to

the ratio of total carbon to total macronutrients (C : N) within

plants (Reynolds and Thornley, 1982). Many studies on

allocation have also found relationships between levels of starch,

soluble sugars, amino acids and root-to-root ratio when growth

conditions are altered (Saarinen, 1998). 

Cultivation of wild garlic by in vitro or by ex vitro methods

have not been established. Propagation of genetically superior

wild garlic is also less studied. In Korea, cultivation of wild

garlic on forest land is now in progress for obtaining

environmental friendly edible herbs. In vitro culture methods also

allow monitoring of plant responses at biochemical and

physiological level. Thus, it is crucial to establish a relationship

between in vitro and ex vivo responses (Sawwan et al., 2000).

Thus, these results serve to establish nutrient supply required for

cultivation of wild garlic in forest soils. Further the established

conditions can be greatly influential in the production of wild

garlic of high commercial value. 
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