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ABSTRACT 
 

Background:  For increasing the productivity of garlic plants, the cloves were soaked in the bio-
regulators of two bio-regulators, indole acetic acid (IAA) and indole butyric acid (IBA) at 50 and 100 
ppm, in comparison to untreated plants (tap water). Results: The number and length of roots and 
blades were increased by the two bio-regulators. The increment of the previous characters was 
increased with increasing the bio-regulators from50 to 100 ppm and was more pronounced when IBA 
was applied rather than IAA. The dry weight of bulb, leaves and plant at 120 DAP were increased by 
61.8, 43.4 and 50.3% and 180 DAP by 43.5, 57.1 and 40.7% respectively in comparison to the 
untreated plants. Application of IAA at 50 ppm and100ppm and  IBA at 50 and 100 ppm resulted in 
the increment of bulb yield/acre by 39.3, 48.1, 63.6 and 71.4%, respectively over the control, and 
enhanced the volatile oil percent from 0.02%  (untreated plants) to 0.058, 0.098, 0.046 and 0.15%, 
respectively. It could be concluded that pre-sowing treatments of garlic cloves by IBA at 100 ppm 
enhanced the quantity and quality of garlic bulb yield. 
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Introduction 

Garlic (Allium sativum, L.) is one of the most important vegetable and medicinal crops in 
Egypt, as to exportation or for local consumption. Evidence has been found to show that garlic was 
grown and consumed in the age of the building of pyramids of Egypt, about 2780-2100 B.C. 
(Yamaguchi, 1983) 

Egypt ranks the fourth leading country in the world for garlic production (234164 MT from area 
estimated by 9304 ha in 2013) after China, India and Korea (FAOSTAT, 2013). Garlic cloves contain 
carbohydrates (28.9%), protein (7%), fat (0.2%), fiber (0.8%) water (63%), calcium, potassium 
phosphorus, iodine, silicon, vitamins and a large number of sulphur compounds which contribute to 
the pungent and taste of garlic (Kilgori et al., 2007; Takagi, 1990) and thus it has been used for many 
medicinal purposes (Ledezma and Apitz-Castro, 2006). Garlic oil (0.5%) had growth stimulant 
(Shafeek et al., 2015), herbicidal (Abouziena et al., 2009), acaricidal (Ismail et al., 2011) and 
insecticidal (Alexenizer and Dorn, 2007; Dauda et al., 2012; Sharaby et al., 2012) properties, with a 
broad-spectrum of activity. The extracts of garlic plant reduced linear growth of soil borne fungs that 
causing damping–off and powdery mildew diseases (Morsy et al., 2009). Also, garlic volatiles oil 
used as bud induction agents in organic farming of table grape (Vargas-Arispuro et al., 2008).Garlic 
has been used for many medicinal purposes (Ledezma and Apitz-Castro, 2006). 

Bio-regulators play essential roles in plant development by influencing various biochemical and 
physiological responses. They have been implicated in the enhancement of seedling emergence of 
tomato (Olaiya and Osonubi, 2009), and increased garlic yield (Memane et al., 2008, Gautam et al., 
2014; Singh et al., 2014; Chattopadhyay et al., 2015) and onion yield (Rashid, 2010). Positive effects 
of bio-regulators IAA and IBA on growth and yield of some vegetables and field crops (Amin et al., 
2007 on onion; Amal et al., 2009 on pea (Pisum sativum L.), Olaiya, (2010) on tomatoes and Bideshki 
et al. (2013); Govind et al. (2015) on garlic were reported. 

 IAA plays a major role on regulating plant growth; it controls vascular tissue development, cell 
elongation, and apical dominance (Wang et al., 2001). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ledezma%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16854181
http://www.ncbi.nlm.nih.gov/pubmed?term=Apitz-Castro%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16854181
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 Therefore, the aim of this study was to investigate the effects of two bio-regulators, indole acetic 
acid (IAA), and indolebutyric acid (IBA) on seedling growth and yield of garlic (Allium sativum L.) 
plants. 

 
Materials and Methods 

A pot experiments were conducted in two winter seasons of 2014/2015 and 2015/2016 in a 
greenhouse of Botany Department, National Research Centre, Cairo, Egypt. Local cloves of garlic 
(Allium sativum L., cv. Balady) were sown on the first week of October in both seasons to examine 
the effect of pre-sowing application of IAA and IBA on the growth and productivity of garlic plant. 

Garlic cloves were obtained from the Horticulture Research Institute, Agriculture Research 
Centre, Ministry of Agriculture, Giza, Egypt. Five cloves were planted in each pot (30cm diameter).  

Soaking garlic cloves as a pre sowing treatment of cloves in a solution containing of indole-3-
acetic acid (IAA: 98% pure, Sigma) at 50 or 100 ppm or indole butyric acid (IBA: 98% pure, Sigma) 
at 50 or 100 ppm. The test solutions of the bio-regulators were prepared by the method described by 
Olaiya (2010 . )  

 
The treatments were as follows: 

1-Soaking cloves in solution of 50 ppm IAA for 6 hours 
2-Soaking cloves in solution of 100 ppm IAA for 6 hours 
3-Soaking cloves in solution of 50 ppm IBA for 6 hours 
4-Soaking cloves in solution of 100 ppm IBA for 6 hours 
5-Soaking cloves in water –treated control for 6 hours 
 

The experiments were carried out under natural day condition, with photoperiod 11 h ± 2 and 
temperature about 25 C ± 2. The plants were watered as required.  All agricultural practices were 
conducted according to the recommendations of the Egyptian Ministry of Agriculture. 

 The plants were fertilized with  phosphorus, nitrogen and potassium at the rate of 75 kg P 
acre-1, 100 kg N acre-1, and 180 kg K acre-1 using calcium super phosphate (15.5% P2O5), ammonium 
nitrate (33.5% N)  and potassium sulfate (48% K2O).  
 
Data recorded 

The percentage of clove germination was recorded at 25 days from planting. At 30 days after 
planting (DAP), five randomly plants were taken from each replicate to determine the number of 
roots/plant, root length, the length and number of blades/plant. At 60 DAP number of leaves/plant and 
plant height (was measured in centimeter from the ground level to the tip of the longest leaf) was 
measured after 120 and 180 days from sowing the  plant length, fresh and dry weight of leaves per 
plant, bulb, and plant were taken from five randomly plants per replicate. Leaves dry weight was 
taken from the randomly selected 5 plants of each replicate after it was dried at 70°C for 72 hr in an 
oven. 

 
At harvest:  

Ten plants were randomly selected from each replicate. The top was removed by cutting the 
pseudostem, and the bulb were weighed (g). 

 
Diameter of bulb:  

Diameters of 10 randomly selected and harvested bulbs were measured by-slide calipers at the 
middle portion and their average was calculated and expressed in centimeter (cm). 

 
Bulb yield of garlic plant:  

All the leaves with the pseudo stem were removed from the plant keeping only 2 cm neck and 
the weight of bulbs was taken by a simple balance in kilogram (g) from each pot and the yield of bulb 
per pot was converted into yield in tons (t) per acre. Also, average weight of cloves and number of 
cloves per bulb were recorded. 
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Chemical Constituents 
Volatile oil of leaves at age of 120 DAP and in the bulb at age of 180 DAP were extracted by 

water distillation of leaves or the outer cloves according to Guenther (1965). 
The obtained Garlic volatile oil was dehydrated over unhydrus sodium-sulphate and then 

subjected for GLC analysis with varian, Vist A ser 6000, FID model. The separation was carried out 
by 2m × 1/8 in O.d. Stainless steel 3% ov-101 column. The carrier gas (nitrogen) to flow rate of 50 
ml/min was maintained, while the column temperature was programmed from 80 to 200 °C at a rate 
of 4 °C/min. The injection port temperature was maintained at 180 °C and detector at 240°C. The 
relative was determined by Varian 4270 integrator (Abouziena and El-Saeid, 2013). 

  
Statistical analysis  

The collected data on various parameters under study of two years experimental were were 
made following standard statistical methods (Gomez and Gomez, 1984), using statistical package 
programs in computer (MSTAT). The means for all the treatments were calculated and analyzed of 
variance for all the characters performed by F-test using the least significant differences (LSD) test at 
5% level of probability (Gomez and Gomez, 1984). 
 
Results and Discussion 
 
Sprouting percentage 

  No significant differences were noticed among the treatments therefore the data was excluded. 
However, Chattopadhyay et al. (2015) reported that the sprouting percent of garlic cloves was 
significantly influenced by different bio-regulators  treatments, and the sprouting was recorded to be 
higher (90.7%) under kinetin 40ppm and the same was found to be lower in control (76.42%). While, 
Ahmed and Hemada (2012) reported that soaking garlic cloves treatment and gloves in solution 
containing GA3 at 5 ppm for 12 or 24 hours showed the lowest values of germination percentage after 
30 and 45 days from planting. The differences between the two findings may be attributed to the 
difference between the bio-regulators used i.e. IAA and IBA and GA3. 

 
Vegetative growth 

Data in Table 1 indicated that pre-sowing treatment of cloves by the two bio-regulators caused a 
significant enhancement the root numbers, blades length and leaves number and the increment was 
more obvious with IBA than IAA.  Number of roots was unaffected and number of leaves/plant was 
significantly decreased by doubling the IBA concentration, while root length was increased at 30 DAP 
(days after planting). Application of indole acetic acid (IAA) increased the root number, root length 
and root weight of onion plants (Abdul Hye et al., 2002). Dipping 8 hrs onion seedling in the IBA at 
40 ppm for 8 hours before planting, gave significant increases in the number, length and weight of 
leaves, the number of roots, the size and weight of bulbs, number of scales present and the percentage 
of grade A (diameter > 4.5cm) bulbs (Nandekar and Sawarkar, 1992). 
 
Table 1: Effect of IAA and IBA on the roots and blades criteria of garlic plants at 30 and 60 days 

from planting (Average of 2014/2015 and 2015/2016 seasons) 

Treatments 

At  30 days  from planting At  60 days  from planting 

No. of 
roots 
/plant 

Roots length  
(cm) 

Blades 
length 
(cm) 

Leaves 
number 
/plant 

Blades 
length 
(cm) 

Leaves 
number 
/plant) 

Control  9.7 10.6 19.3 3.5 33.2 4.0 

IAA 
50 ppm 11.6 11.0 29.8 3.3 37.1 4.0 
100 ppm 22.8 13.4 21.6 3.4 33.7 4.5 

IBA 
50 ppm 28.8 13.5 23.6 4.0 36.4 4.4 
100 ppm 28.8 20.6 26.6 3.0 38.0 4.3 

LSD at 5% 1.2 1.3 2.7 0.3 1.9 0.3 

 
Results revealed that IAA and IBA significantly enhanced the number and length of roots and 

leaves of garlic plants relative to controls, especially at the high concentrations of IAA (100ppm), 



Middle East J. Appl. Sci., 9(1): 17-24, 2019 
ISSN 2077-4613 

20 

while application of IBA significantly increased the number and length of roots than IAA and control 
at two concentration used, but the root length was significantly increased than IAA at 100 ppm and 
insignificant with IAA at 50 ppm (Table 1). On the contrary, Olaiya (2010) revealed that IAA and 
IBA significantly retard the growth of radicles and hypocotyls of all test tomatoes (Solanum 
lycopersicon) genotypes relative to controls, especially at the high concentrations of 125- and 150-
mg/l solutions of the bio-regulators. 

Blades length at 60 DAP was significantly increased by pre-sowing treatments of IAA at 50 
ppm, while the number of leaves was unaffected, while the verse was happened with IAA at 100 ppm, 
where blades length was unaffected but the number of leaves was significantly increased by 12.5% 
relative to IAA at 50 ppm or control. Obvious increments in the blades length and number of leaves 
per plant were recorded with IBA either at 50 or 100 ppm. The present results is consistent with the 
findings of Bideshki et al. (2013); Singh et al. (2014); Chattopadhyay et al. (2015). 

Data in Table 1 indicated that presowing treatment of cloves by the two bio-regulators caused a 
significant enhancement the root numbers, blades length and leaves number and the increment was 
more obvious with IBA than IAA.  Number of roots was unaffected and N of leaves/plant was 
significantly decreased by doubling the IBA concentration, while root length was increased at 30 
DAP. 

Similar finding was obtained with Bideshki et al. (2013) where they found that application of 
IBA at 100ppm increased root and shoot fresh weight of onion plants.  On the contrary, Olaiya, 
(2010) found that that IAA and IBA significantly retard (P < 0.05) the growth of radicles and 
hypocotyls of all test tomatoes genotypes relative to controls, especially at the high concentrations of 
125- and 150-mg/l solutions of the bio-regulators . 

The results in Table 2 indicated that plant length, number of leaves per plant, fresh and dry 
weights of leaves and bulbs of garlic plants were significantly affected by the presowing treatments of 
garlic cloves in the solution of IAA or IBA at both studied concentration (50 and 100 ppm). The 
maximum plant length at 120 and 150 DAP was recorded with IBA at 100 ppm, followed by IBA at 
50 ppm and IAA at 50 ppm and the shortest in untreated plants. Application of IAA at 100 ppm 
increased the plant length than the control, but the plants were shorter than that of the other plant bio-
regulators treatments. Number of leaves per plant was significantly increased by 27.5, 15, 35 and 
47.3% at 120 DAP and by 9.4, 17.3, 22.1 and 18.4% at 150 DAP when using IAA at 50 and 100 ppm 
or IBA at 50 and 100 ppm, respectively in comparison to control treatments (Table 2). 
 
Table 2: Effect of IAA and IBA at two concentration (50 and 100 ppm) on the garlic growth criteria 

at 120 and 150 days after planting (DAP) days after planting (Average of 2014/2015 and 
2015/2016 seasons) 

Treatments 
Plant 
length 
(cm) 

Leaves 
Number 

/plant 

Leaves 
FW  

(g/plant) 

Leaves 
DW 

(g/plant) 

Bulb 
FW 
(g) 

Bulb  
DW 
(g) 

Plant 
FW 
(g) 

Plant 
DW 
(g) 

 At 120 days after planting 
Control   50.6 6.54 35.2 5.94 19.4 10.6 54.6 16.5 

IAA 
50ppm 60.4 8.34 40.4 6.92 25.3 14.8 65.7 21.7 

100ppm 55.2 7.52 40.2 7.81 23.4 12.6 63.6 20.4 

IBA 
50ppm 65.5 8.83 45.3 8.72 25.6 18.5 70.9 27.2 

100ppm 70.7 9.63 50.5 9.61 20.6 15.2 71.1 24.8 
LSD at 5% 3.5 0.64 3.6 0.71 2.0 1.8     5.7      2.9 

 At 150 days after planting 
Control   55.4 8.64 45.5 8.7 25.8 15.6 71.3 24.3 

IAA 
50ppm 65.4 9.45 50.2 9.6 35.9 20.5 86.1 30.1 

100ppm 60.2 10.13 50.3 10.2 38.1 18.2 88.4 28.4 

IBA 
50ppm 70.2 10.55 50.2 9.4 42.1 19.7 92.3 29.1 

100ppm 75.7 10.23 55.7 11.7 44.1 24.5 99.8 34.2 
LSD at 5% 3.8 1.01 2.8 1.1 2.5 2.4      4.2     3.6 

 
Among the treatments, IBA at 100 ppm had the highest fresh weight of leaves/plant at 120 and 

150 DAP, where the fresh weight of leaves was significantly increased by 43.5 and 22.4 % at 120 and 
150 DAP, respectively compared to control (Table 2). The increment in fresh weight of garlic leaves 
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may be attributed to that showed that, IBA increases the photosynthetic pigments in garlic (Bideshki 
et al., 2013). 

The fresh weight of leaves per plant was significantly increased by the application of IAA at 50 
or 100 ppm with insignificant difference between the two concentrations. More or less the dry weight 
of leaves/plant take the similar trend of leaves fresh weight.  Leaf is considered as an important 
functional unit of plant which contributes to yield through its photosynthetic activity (Gautam et al., 
2014). 

With respect to fresh and dry weight of garlic plant after 120 and 150 DAP, the results in Table 
2 revealed that application of IAA and IBA significant increased the fresh and dry weight of plant 
compared to control, however at 120 DAP there were no significant differences between IAA  and  
IBA at 50 and 100 ppm as well as between IAA at 50 and 100 ppm at 150 DAP, while increased the 
IBA concentration from 50 to 100 ppm  enhanced  fresh and dry weight of plant at 150 DAP by 8.5% 
and  17.5%, respectively. 

The maximum plant dry weight at 150 DAP was recorded with presowing treatment of IBA at 
100 ppm which resulted in 40.7, 13.6 and 20.4% increments over untreated, IAA at 50, IAA at 100 
ppm, respectively. Because the leaf is considered as an important functional unit of plant which 
contributes to yield through its photosynthetic activity (Gautam et al., 2014), therefore the dry 
weight/plant was significantly improved by the application of IAA and IBA where they increased the 
number of leaves/plant. Similar finding on the improvement of garlic plant growth due to application 
of IAA or IBA were obtained by Bideshki et al. (2013). Olaiya (2010) reported that presowing 
treatments of tomato seeds with IAA and IBA were effective in enhancing seedling growth and yield 
of tomato, especially at the 100-mg/l concentration. Also, Haque  (2013) revealed that using IBA at 
all the concentrations (25 -100 ppm) produced the highest plant height, number of leaves per plant, 
bulb diameter, mean bulb  fresh and dry weight, and bulbs and bulb yield compared to control plants 
of onion.  

 According to Olaiya et al. (2010) the previous reviews reported that the increase in the growth of 
garlic plants due to application of presowing treatment of IAA and IBA may be attributed to 
improvement of water absorption by the seedlings and a positive influence on cell division, cell 
elongation, expansion, synthesis of amino acids and improved photosynthesis. 

 
Yield  

Using IAA at 50 ppm, IAA at 100 ppm, IBA at 50ppm and IBA at 100 ppm as presowing 
treatments of cloves resulted in significant increments of bulb yield (t/acre) by 39.3, 48.1, 63.6 and 
71.4 %, respectively if compared to control (Tables 3). These results are in agreement with the finding 
of Singh, (2002) who reported that dipping roots of onion seedling in indole-3-butyric acid (IBA) 
solution before transplanting increased average number of leaves and fresh weight of bulbs. 

 Using the IAA increased the bulb diameter and bulb weight of onion, and the highest bulb 
diameter and bulb weight was found at 200 ppm of IAA (Abdul Hye et al., 2002). In the same line. 
Olaiya (2010) reported that yield of tomatoes NHLy13 cv, was increased from 8.66 (untreated) to 
23.3 and, 24.64 t/ha by presowing treatments with 100 ppm of IAA and IBA, respectively. On the 
contrary, Haque (2013) found that the maximum mean weight of onion bulb (44.5g) was obtained 
from the application of IBA 25ppm followed by the treatments IBA 50 ppm (41.7g), IBA75ppm 
(41.3g) and IBA at 100 ppm. He attributed the favourable effect of IBA on onion bulb weight due to 
that the application of IBA (25ppm) produced higher number of leaves which increased 
photosynthetic activities leading to accumulation of photosynthate and production of heaviest bulb.  

Garlic yield increments due to application of plant bio-regulators were confirmed by Govind et 
al. (2015) on garlic. The increments of bulb weight might be due to modification of source sink 
relationship by the use of growth regulators (Gautam et al., 2014). These enhancements in garlic yield 
due to application of IAA and IBA may be attributed to initiate the physiological process such as cell 
division, cell elongation and permeability of cell membrane (Singh et al., 2014). 

Application of IBA at 100 ppm recorded significantly highest values for bulb diameter, number 
of cloves per bulb, cloves weight/bulb and consequently increased the bulb yield/acre by 23.0, 15.7 
and 4.8% over than IAA at 50 PPM, IAA 100 ppm and IBA at 50 ppm, respectively. Similar trend 
was obtained with Bideshki et al. (2013). They found that IBA increased bulb diameter and was more 
effective in clove number. In the same direction, Ahmed and Hemada (2012) found that the highest 
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values of Cured bulb diameter, bulb fresh weight and Fresh and cured garlic yield were obtained from 
plants which soaking in GA3 at 5 ppm for 24 hours. On the contrary, Haque (2013) found that the 
highest bulb yield was recorded as 14.48 ton/ha from the root dipped with IBA at 25 ppm compared to 
IBA at 100 ppm. 

Significant differences were showed among the treatments in volatile oil %, where the lowest 
percent (0.020%) was recorded in the control treatment, while the maximum was found in the IBA at 
100 ppm treatment followed by application of IAA at 100 ppm treatment with significant difference 
between the two superior treatments (Table 3). Bideshki et al. (2013) found that application of 100 
ppm Indole 3-butyric acid (IBA) increased total carothenoid, bulb brix, but reduced anthocyanins of 
garlic bulb.  
 
Table 3: Effect of some growth regulators at two concentrations (50 and 100 ppm) on the bulb yield 

and its quality (Average of 2014/2015 and 2015/2016 seasons). 

Treatments 
Bulb 

diameter 
(cm) 

Cloves 
 no. /bulb 

Cloves 
weight 

(g) 

Bulb weight 
(g) 

Bulb yield 
(t/acre) 

Volatile 
oil  

(%) 
Control  9.6 35.3 2.16 76.3 6.867 0.020 

IAA 
50 ppm 11.6 35.8 2.97 106.3 9.567 0.058 

100 ppm 17.6 44.1 2.56 113.0 10.167 0.098 

IBA 
50 ppm 16.1 48.3 2.28 124.8 11.233 0.046 

100 ppm 22.2 42.6 3.07 130.7 11.767 0.150 
LSD at 5% 1.3 2.9 0.18 5.8 0.342 0.016 

 
Gas Liquid chromatography analysis 

 Essential oils are complex mixers comprising many single compounds. Chemically they rederived 
from terpenes and their oxygenated compounds (El-meleigy et al., 2010, Abouziena and El-Saeid, 
2013). The main compound of the volatile oil of garlic leaves cv. Balady cultivar treated with 50 or 
100ppm of IAA and IBA bio-regulators which were separated by GLC as well as their relative 
percentages are shown in Table (4).  
 
Table 4: Effect of some growth regulators on the relative percentages of the main compounds of the 

volatile oil (by GLC) in the leaves of garlic at 150 days after planting different ages 
(Average of 2014/2015 and 2015/2016 seasons) 

Compounds 

Treatments 

IAA IBA 
Control 

50 ppm 100 ppm 50 ppm 100 ppm 

Propyl thiol 0.05 0.04 0.06 0.07 0.45 

Allyl sulfide 12.04 10.03 20.05 10.07 18.32 

Chiperply disulfide 25.65 27.33 26.64 30.70 21.30 

Allyl methyl sulfide 4.40 5.33 4.40 5.90 2.10 

Dimethyl disulfide 2.81 1.82 2.85 3.00 3.82 

Allyl mercaptam 1.54 2.52 2.00 2.11 9.52 

Methyl allyl disulfide 38.20 40.20 34.20 35.16 27.41 

Diethyl disulfide 0.33 0.34 0.44 0.96 2.50 

Dimethyl trisulfide 4.58 4.56 0.44 0.97 0.90 

Unidentified compounds 10.40 7.83 18.92 11.06 13.68 

 
Nine compounds have been identified out of the 12 major compounds detected the volatile oil 

of garlic cultivars under investigation. The essential oils were analyzed by gas chromatography–mass 
spectrometry (GC–MS).  

Data in Table 4 shows that methyl allay disulfide compound is the major compound, while 
chiperply disulfide compound came in the second order in garlic leaves either in control or in the IAA 
and IBA treatments.  
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In comparison to control, data in Table 4 indicated that application of IAA at 50 and 100ppm 
and IBA at 50 and 100pppm increased the percent of methyl allay disulfide, the main compound by 
39.4, 46.7, 24.8 and 28.3%, respectively. The same trend was noted with Chiperply disulfide. On the 
other hand, application of both IAA and IBA resulted in decrement the concentration of Allyl sulfide 
except with IBA at 50 ppm where it was increased by 9.4% that the untreated plants. 

 
Conclusion  

It could be concluded that the most promising treatment of PGRs for increasing garlic plant 
productivity is the soaking the cloves (as pre-sowing treatment) in the solution containing IBA at 
100ppm, followed by IBA at 50ppm. 
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