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ABSTRACT 
 
Effect of indole acetic acid (IAA) on the establishment of stem cuttings of 
lemon (Citrus limon L.) was studied in the Department of Crop Sciences, 
Faculity of Agriculture, Eastern University, Chenkalady, Sri Lanka during the 
year 2009. The treatments included five IAA concentrations (500, 1000, 1500, 
2000 and 2500 ppm) alongwith a control (distrilled water). Lemon cuttings 
having three nodes were dipped in IAA concentrations and distilled water as 
control. Then these cuttings were planted in polythene bags (12 cm long and 
6.5 cm wide) containing soil and cow manure with ratio of 2:1. IAA treated 
cuttings performed better in all growth parameters compared to control. It was 
further noted that after 8th weeks of planting, shoot length (5.73 cm), rooting 
percentage (73.33%) and survival rate (90.0%) of cuttings were significantly 
higher in cuttings dipped in 2500 ppm IAA concentration than other 
treatments. The data also showed that growth parameters were gradually 
increased with increase in IAA concentration from 0 ppm to 2500 ppm. The 
exogenous supply of IAA had a positive effect on the establishment of stem 
cuttings of lemon and application of 2500 ppm IAA prove to be the best 
treatment for better root and shoot formations. 
 
KEYWORDS: Citrus limon; stem cuttings; IAA, vegetative propagation; Sri 

Lanka. 
 

INTRODUCTION 
 

Lemon (Citrus limon L.) is an important plant of citrus species used for 
culinary and nonculinary purposes throughout the world. Its juice containing 5 
percent citric acid is used primarily in cooking, baking and drinks. Many 
lemon-flavored drinks and candies are available in the market. Citrus 
occupies a prominent position in fruit industry of the world and Pakistan being 
a major citrus growing country earns substantial amount of foreign exchange 
annually (2). Citrus is a part of a healthy diet and is the best source of vitamin 
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C, sugar, amino acids and other nutrients (9). In Sri Lanka, the citrus 
breeding programme at Fruit Crop Research and Development Center was 
initiated to develop high yielding and good quality varieties for table and 
industrial purposes. Citrus is not usually propagated by seeds for commercial 
planting because these seeds do not produce true fruits. Therefore, it is 
advisable to avoid seedlings for commercial plantation (15). Vegetative 
propagation is vital to produce citrus plants having desirable characters as 
mother plant and they are propagated true-to-type from cuttings, budding, 
grafting, layering, etc. Stem cutting is a fast and efficient method for 
propagating some citrus species such as Tahiti lime (12).  
 
Establishment  and growth rate of cuttings depends upon many factors such 
as age and mother plants vigour, woodiness and location of the stem cutting, 
growth regulator, environment, nutrient  and genetic factors related to the 
genus or species of  interest (1). Among these factors, plant growth regulator 
is an important factor to determine the plant growth and their development. 
The scientists greatly contribute in horticulture and the practical gardener 
with plant growth substances to enhance the rooting of cuttings (13). Auxins 
are very effective for root initiation in many plant species and among the 
auxins, IAA is typically the principal auxin used for rooting of cuttings (6). IAA 
is available in the market for commercial use and research studies related to 
propagation of lemon from stem cuttings by using growth regulator is limited 
in Sri Lanka. 
 
The present study was carried out to select the optimal concentration of IAA 
for better root and shoot growth of stem cuttings of lemon.  
 

MATERIALS AND METHODS 
 

This study was conducted in the net house of Department of Crop Sciences, 
Faculty of Agriculture, Eastern University, Chenkalady, Sri Lanka during the 
year 2009. Layout system of the experiment was CRD with three replicates 
for each treatment. Different IAA concentrations i.e. 500 (T2), 1000 (T3), 1500 
(T5) and 2500 ppm (T6) were prepared alongwith a control (T1) having distilled 
water only. Lateral branches were collected from five years old lemon plants 
and then cuttings (5 mm thickness) with three nodes were obtained. The 
basal part of each cutting was immersed in different concentrations of IAA for 
15 seconds. In control treatment, cuttings were dipped in distilled water. Then 
these treated cuttings were planted in polythene bags (12 cm long and 6.5 
cm wide) containing soil and cow manure with ratio of 2:1 and kept in the net 
house. Water was sprayed over the cuttings daily. Subsequently the stem 
cuttings were carefully maintained and examined during the experimental 
period. There were 15 cuttings per treatment and the experiment was 
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repeated in the same year 2009. The growth parameters (shoot height, 
number of leaves, leaf area, number of roots, length of the longest root and 
fresh weight of leaves, shoots and roots) were measured after 8th week of 
planting. Leaf area was measured by using portable leaf area meter (LI 
3100). Further, survival and rooting percentages were also recorded. The 
collected data were analyzed statistically using SAS package. Data were first 
subjected to Shaio-Wilk test at p=0.05 for normality before analysis of 
variance and arcsine and square root transformation techniques were applied 
wherever necessary. The means were compared using Duncan’s multiple 
range test at 5 percent significant level. 

 

RESULTS AND DISCUSSION 
 

Shoot length 
 

The data (Table 1) showed significant variation (P < 0.05) among the 
treatments pertaining to shoot length of cuttings. IAA treatment of 2500 ppm 
(T6) significantly differed from other treatments with maximum shoot length 
(5.73 cm) against minimum length (0.77 cm) in control (Table 1). The similar 
findings were reported by Reddy et al. (14) who found that maximum 
cumulative shoot length was recorded in application of auxin at 2000-2500 
ppm in scented geranium (Pelargonium graveolens) cuttings and auxin cause 
increased linear growth of stem by way of cell elongation. 
 
Table 1. Effect of different concentrations of IAA on shoot formation of lemon stem 

cuttings at 8th week after planting. 
 

Treatments (IAA 
ppm) 

Shoot  length (cm) Number of leaves Survival (%) 

T1  (0) 0.77 ± 0.34 b 2.00 ± 0.88 40.00 
T2  (500) 0.87 ± 0.42 b 1.33 ± 0.33 53.33 
T3  (1000) 2.17 ± 0.73 b 1.67 ± 0.88 60.00 

T4  (1500) 2.23 ± 0.74 b 1.33 ± 0.88 66.67 
T5  (2000) 2.33 ± 0.84 b 1.33 ± 0.88 70.00 
T6  (2500) 5.73 ± 0.46 a 3.67 ± 0.88 90.00 
F test * Ns * 

Value represents the mean ± stand. error of two independent experiments, each with 15 
cuttings per treatment., F test: *P<0.05; NS = Non-significant. Means within a column followed 
by different letters are significantly different according to Duncan’s multiple range test 
(P<0.05). 
 
Number of leaves 
 

There was no significant difference (P>0.05) in number of leaves per primary 
shoot among the treatments. Mean value ranged from 1.33 to 3.67. 
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Maximum number of leaves (3.67) per primary shoot was recorded when the 
cuttings were treated with 2500 ppm IAA (Table 1). The average number of 
leaves per cuttings has earlier been reported to be gradually increased with 
increase in auxin concentration i.e 100 mg in Damask Rose cuttings (10). 
Increase in leaf number may be due to presence of auxin that induced 
vigorous rooting system by growth regulators thus enabling the cuttings to 
absorb more nutrients and produce more leaves as reported by Stancato et 
al. (18). 
 

Survival percentage 
 

The data (Table 1) further indicated that survival rate was significantly 
(P<0.05) influenced by different treatments (Table 1). Survival percentage 
increased when IAA concentration increased from from 0 ppm (control) to 
2500 ppm in this study. Maximum survival (90.0%) was recorded when the 
cuttings were treated with 2500 ppm IAA against minimum survival (40.0%) in 
untreated cuttings. IAA may have induced favourable environment for root 
and shoot development and enhanced survival as compared to control. 
Constanzi et al. (4) support the present findings. 
 
Leaf area 
 
All treatments did not significantly influence (P>0.05) the leaf area in lemon 
cuttings (Fig. 1). Mean value ranged from 0.75 cm2 (T1) to 1.45 cm2 (T6). 
Maximum leaf area (1.45 cm2) was recorded in 2500 ppm  IAA  concentration 
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Figure 1. The leaf area of lemon stem cuttings treated 

with IAA at 8th week after planting. 
 

(T6). In a previous study (17) leaf area was found to be directly related to 
rooting. Leaves are the primary photosynthetic organ which captures sunlight 
for the process of photosynthesis towards the growth of stem cuttings. 
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Number of roots  
 
The analysis of variance for number of roots per cutting revealed that 
different treatments had significant effect (P<0.05) on the number of roots 
per cutting. The average number of roots per cutting ranged from 2.0 (T1) to 
7.67 (T6) (Table 2). Number of roots per cutting gradually increased with the 
increase in IAA concentration. Christopher et al. (3) also observed that root 
production increased rapidly to an optimum and then continued to increase 
slightly with increase in auxin concentration in virginia pine stem cuttings. In 
another study (7) increased rooting in cuttings treated with auxin has been 
considered due to enhanced hydrolysis of nutritional reserves under the 
influence of auxin (7). Xian et al. (19) mentioned that stem cuttings 
pretreated with indole-3-butyric acid (IBA) in quick-dip method got the best 
rooting traits (rooting 86.7%, root number 23.1 and root length 6.4 cm) in 
Paeonia cuttings.  
 
Table 2. Effect of different concentrations of IAA on root formation of lemon stem 

cuttings at 8th week after planting. 
 

Treatments (IAA ppm) Number of roots Length of  longest root 
(cm) 

Rooting (%) 

T1  (0) 2.00 ± 0.70 b 1.70 ± 0.40 c 20.00 
T2  (500) 3.00 ± 1.00 b    1.90 ± 0.33 bc 33.33 
T3  (1000) 3.33 ± 0.88 b 2.93 ± 0.37 b 36.67 
T4  (1500)    4.33 ± 1.76 ab     3.50 ± 1.62 ab 40.00 
T5  (2000)    4.67 ± 0.88 ab     3.90 ± 0.49 ab 53.33 
T6  (2500) 7.67 ± 2.33 a 4.40 ± 0.41 a 73.33 
F test * * * 

Data based on 15 cuttings per treatment in two independent experiments. F test: *P<0.05, 
Means within a column followed by different letters are significantly different according to 
Duncan’s multiple range test (P<0.05). 
 

Length of the longest root 
 

There was a significant difference (P<0.05) in length of longest root among 
the treatments. Mean values ranged from 1.7 cm (T1) to 4.4 cm (T6) (Table 
2). Maximum length of longest root (4.4 cm) was recorded in the cuttings 
treated with 2500 ppm IAA (T6) against minimum (1.7 cm) in control (T1). IAA 
played a significant role in the stimulation of rooting characteristics in cuttings 
of different plant species (8) and the highest length of roots per cutting in 
Gardenia lucida was noted when treated with 2000 ppm IBA (16).  
 

Rooting percentage 
 
The results showed significant (P<0.05) difference between the treatments 
(Table 2) for this trait. Maximum rooting (73.33%) was recorded when the 
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cuttings were treated with 2500 ppm IAA (T6) against minimum (20.0%) in 
control (T1). These results have supported the findings of Cooper (5). 
Cuttings treated with auxin produced larger root systems (11).   
 

Fresh weight of developed plant 
 

Statistical analysis of data related to fresh weights of leaves, shoots and 
roots showed no significant differences (P>0.05) among the treatments (Fig. 
2). Maximum fresh weights of leaves (4.21 mg), shoots (0.76 mg) and roots 
(0.43 mg) were recorded in cuttings dipped in 2500 ppm IAA concentration 
(T6) and  minimum  weights  of  leaves (1.25 mg), shoots (0.09 mg) and roots 
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Figure 2. The fresh weights of leaves, shoots and roots of lemon 
stem cuttings treated with IAA at 8th week after planting. 

 

(0.15 mg) were observed in control. Auxin increased the fresh weight of the 
plant by virtue of production of more number and lengthy roots. As the roots 
grew, these absorbed water and nutrients from soil leading to more growth 
adding to increased weights of leaves, shoot and roots. These results confirm 
the findings of Sharma et al. (16) who recorded the highest fresh weight of 
roots per cutting in Gardenia lucida when treated with auxin. 
 

Dry weight of developed plant 
 

No significant differences (P>0.05) were observed among the treatments for 
dry weight of plant (Fig.3). Mean dry weights of leaves, shoots and roots 
ranged from 0.167 mg (T1) to 1.33 mg (T6), 0.027 mg (T1) to 0.102 mg (T6) 
and 0.065 mg (T1) to 0.112 mg (T6), respectively. Maximum dry weights of 
leaves (1.33 mg), shoots (0.102 mg) and roots (0.112 mg) were recorded in 
cuttings dipped in 2500 ppm concentration of IAA against minimum in control 
(leaves 0.167 mg, shoots 0.027 mg and roots 0.065 mg). Dry weights of plant 
increased with increase in concentration of auxin (IAA). These results agree 
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to those of Reddy et al. (14) who recorded highest dry weight of roots with 
the application of auxin. 
 

 
 

CONCLUSION 
 

The results indicated that IAA treated cuttings gave better results as 
compared to control in all agronomic parameters. The vegetative propagation 
of citrus through stem cuttings under IAA treatment can be applied on 
commercial scale for rapid multiplication. IAA at 2500 ppm gave maximum 
rooting (73.33%), root length (4.4 cm), root number (7.67) and minimum in T1 
(control). Similarly maximum length (5.73 cm) of shoot and survival 
percentage (90.0%) were also recorded in 2500 ppm concentration of IAA 
(T6).  This study concludes that application of auxin had potential effect on 
establishments of stem cuttings of lemon and 2500 ppm IAA concentration 
proved to be the best treatment for this purpose. 
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