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ABSTRACT 

A study was conducted on litchi semi-hardwood cutting to find the effects of different root promoting factors like IBA and 
sucrose and their interaction with stem girdling. The cuttings were prepared and were subjected to varied doses of IBA 
and sucrose. Various rooting attributes like rooting success percent (%), days taken for sprouting, number of sprout, 
number of leaves, developing shoot length (cm), root length (cm) and root diameter (cm) were evaluated. Maximum 
rooting percentage was observed in the treatment consisting IBA @5000ppm (58.33%). IBA @1000 ppm (23.33%) has 
the maximum effect to induce earliest sprouting. Number of sprouts per cutting is maximum in case of T8 (Sucrose 
@10%) which was 2.93. T8 – Sucrose @10% showed maximum number of leaves per cuttings (5.12). The interaction 
effect between 10% sucrose × girdling showed maximum shoot length of 2.34. T8 – Sucrose @10% have the highest root 
length (5.23 cm). Interaction effect between Girdling × sucrose @10% was maximum (5.57) followed by Girdling × IBA 
@3000ppm (5.09) and Girdling × IBA @5000ppm (5.09). Maximum root diameter of 1.01 cm in case of T6 – IBA 
@5000ppm and T8- Sucrose @10%. However root diameter was not influenced by any of the factors like growth 
regulators or girdling. It can be concluded that the cutting treated with a mixture of sucrose and IBA coupled with 
girdling can be very much effective in providing a higher rooting success in litchi semi-hardwood cuttings. 
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INTRODUCTION 
Litchi (Litchi chinensis) is an important fruit crop of the family Sapindaceae. It is estimated that its area of 
origin is between 23ON– 27ON, in the southern subtropical zone of China [12]. Currently, the largest 
producer of lychee is China, with 1,300,000tons [15]. Litchi is a well-established crop worldwide. In India, 
it is being grown intensively in north India including Bihar, Jharkhand, Uttar Pradesh, West Bengal, 
Haryana and North East India as well. Air layering is an established method of commercial propagation in 
litchi. Air-layering is by far the most successful commercial method of litchi propagation. The biggest 
disadvantage of litchi propagation is the lack of number of shoots that can be air-layered successfully. 
From a tree, only few branches are there that can be air layered. Hence, there is always a shortage of 
standard planting material. Seed propagation slows down production, due to the throughout the 
unproductive period caused by juvenile also the disadvantage that the seeds of this species lose 
germination. Seedling trees usually have a very high juvenile period of growth. In addition, many plants of 
seed have small production, and such factors disadvantage of greater interest on the part of fruit growers 
[1, 5, 7, 10, 20].Rooting of cuttings is therefore the best alternative to propagate litchi. This is because it 
not only allows the start of production in a smaller area and the seedlings produced are having true to the 
type characteristics same as the mother plant. The biggest drawback with such technique is difficulty in 
rooting and time-consuming process. Very often the litchi cuttings are poor in root regeneration. To 
accelerate and promote the rooting of stakes, are usually employed as growth regulators of the auxin 
group, which leads to a higher percentage of roots, better quality of roots and uniformity in rooting [9]. 
The IBA is considered the most efficient auxin for this purpose, stability to the action of light, greater 
adhesion to the stake and greater resistance to attack by biologicalaction [9].This can efficiently help to 
reduce the shortage of quality planting material all over the nation.The production of seedlings through 
cutting may be an alternative and more practical than the traditional ones, and the of seedlings on the 
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market will contribute to higher lychee production and expansion of culture [14]. The use of auxin growth 
regulator like IBA can play a critical role in adventitious root development of cuttings [2, 13]. The effect of 
IBA was found to be more pronounced in case of ornamental plants and fruit crop [3]. It is also being 
proved that the efficacy of growth regulator in correct proportion and right time is mandatory. Girdling 
removes the bark and phloem down to the youngest xylem and stops the flow of carbohydrates 
belowground while maintaining soil temperature and moisture. Girdling has been effective in increasing 
the rooting of cuttings [21]. Girdling is thought to increase root initiation by blocking the downward 
movement of carbohydrates and other root-promoting factors [9]. Total starch, total sugar, and rooting 
cofactor of Hibiscus tissue increased above the girdle [21]. Wounding has been shown to increase the 
rooting of stem cuttings of jackfruit [4]. Wounding is believed to stimulate cell division, production of root 
primordia, and greater absorption of water and applied growth regulators [9]. The type of cutting can 
also influence their rooting [9]. For effective rooting of cutting it is very important that the stem has 
sufficient carbohydrate reserve so as to sustain it during the period before the cutting start synthesizing 
its own photosynthate. High carbohydrate levels in shoots are thought to be conducive to root formation 
[9]. Carbohydrates may serve as a source of energy and of carbon for the synthesis of other substances 
essential for root initiation. Starch accumulation at the base of avocado (Persea americana) cuttings was 
highly correlated with the number of cuttings that rooted [18]. Hence, the addition of carbohydrate 
source like starch or sucrose would therefore improve the rooting efficiency. Stoltz and Hess [21] 
reported that girdling increased the total sugar and total starch of cuttings of Hibiscus. This is therefore 
very much in consideration that more thicker the stem higher would be the stored carbohydrate that 
would be essential for the cutting to sustain its rooting activities. But it is also true that more the thicker 
the stem higher would be the lignification of tissue and lesser would be the chance of rooting. Considering 
all these facts, an attempt has been made to study the efficacy of rooting of cuttings under different 
concentration of IBA and sucrose both before and after girdling. 
 
MATERIALS AND METHOD 
Site of experiment: The experiment was performed in the nursery, Department of Pomology and Post 
Harvest Technology, UBKV, India. The entire set of experiment was performed on healthy litchi trees cv. 
Bombai, of age in between 15-25 years. Basically the experiment was performed in 2 sets of branches. 
The 1stset of branches was not at all girdled. The 2ndsets of branches were girdled 15 days prior the 
cutting was done. Semihard wood cutting of shoot maturity 4-6 month was prepared using a sharp 
secateur. The entire set of experiment was performed during the month of July-August (monsoon). 
Treatment of the cutting: The cuttings were prepared by ensuring the presence of minimum 2-3 buds. 
The cutting taken was about 20-25 cm in length. It was also ensured that the base is a nodal cut where 
there is a healthy bud just above the cut portion. Then the cuttings were dipped with carbendazim (2%) 
for 2-3 minutes. After fungicide treatment the cuttings were washed with distilled water and kept in 
shade for 10 minutes.IBA with different concentration 1000 ppm, 2000 ppm, 3000 ppm, 4000 ppm and 
5000 ppm solution was prepared. The cuttings were treated with the following IBA solution and were 
placed in a polythene bag containing 2:1:1 mixture ratio of sand, soil and FYM. So in this study, there were 
16 different treatment combinations consisting of 8 treatments with root promoting factors (T1 – control, 
T2 – IBA @1000 ppm, T3 – IBA @2000 ppm, T4 – IBA @3000 ppm, T5- IBA @4000 ppm, T6- IBA @5000 
ppm, T7- Sucrose @5% and T8- Sucrose @10%)and 2 Treatments consisting (S1- girdled stem and S2 – 
non-girdled stem). A total of 3 replications were performed for each treatment. Each replication had 20 
cuttings. 
Observations recorded: The observations were recorded at 45th day of placing the cutting into the 
rooting media. The following observations were recorded at the given date: 
Rooting success percent (RSP):It was calculated by using this formula,  
RSP =  (Total number of cutting success / total number of cutting placed)   × 100 
Days taken for sprouting: The treated cuttings were observed daily under each treatment for its 
sprouting. The number of days required for first sprouting was recorded. 
Number of sprouts: The number of sprouts in each cutting on the 45th day after planting in the polybag 
was recorded. 
Number of leaves: The number of leaves in each cutting on the 45th day after planting in the polybag was 
recorded. 
Developing shoot length (cm): The total length of the shoot per cutting in each treatment was recorded 
by vernier calipers on 45th day after planting. 
Root length (cm): The total length of the longest root per cutting in each treatment was recorded by 
vernier calipers on 45th day after planting. 
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Root diameter (cm): The diameter of the root per cutting in each treatment was recorded by vernier 
calipers on 45th day after planting. 
Experimental design and statistical analysis: The experiment design was 2 factor -Completely 
Randomized Design (CRD) with 3 replications. Analysis of variance (one way classified data) for each 
parameter was performed using OP stat software (online version). The statistical analysis was done by 
following Completely Randomized Design (CRD) as per Gomez and Gomez [8].  
RESULTS AND DISCUSSION 
Rooting percentage of litchi semi-hardwood cuttings: Table 1 shows the effect of rooting factors like 
sucrose and IBA on the rooting percentage of litchi cuttings prepared from girdled and non-girdled 
branches. It can be very clearly observed from the table that the maximum rooting percentage was 
observed in the treatment consisting IBA @5000ppm (58.33%) followed by Sucrose @10% (50.50%), 
sucrose @5% (49.17%), IBA @3000ppm (48.33%). From this it can be concluded that the treatment 
consisting higher amount of IBA showed maximum rooting percentage followed by the treatment in with 
sucrose was added. IBA is the auxin best known to promote wound induced rooting and in cuttings as 
well. The response of IBA could be that it is slowly degraded by the auxin degrading enzyme linked 
system [19]. Deepika et. al., [6] suggested that, since IBA gets translocated poorly, it is retained near the 
site of application and is therefore very effective. The application of IBA might have an indirect influence 
by enhancing the speed of transformation and movement of sugar to the base of cuttings and 
consequently rooting as mentioned by Torkashvanda and Shadparvar [22] in hibiscus. Also the 
production of adventitious roots in plants is controlled by growth substances and auxins play a key role in 
this process. On other hand sucrose treatment was also effective in litchi rooting. The rooting in woody 
cuttings is chiefly influenced by the concentration of carbohydrate. Sucrose is good source of 
carbohydrate which gives direct energy to the cuttings. High sugar level affects rooting by reducing the 
level of nitrogen which is essential for rooting process [23]. This might be the reason due to which 
sucrose produced higher rooting percentage compared to control. The interaction effect of girdling and 
rooting promoter treatments is not significant in case of rooting percentage increment.  
Number of days taken for sprouting in litchi semi-hard wood cutting: Table 1also shows the effect of 
sucrose, IBA and girdling of stem on the number of days taken for sprouting of the litchi cuttings. It can be 
clearly observed from the table that IBA @1000 ppm (23.33%) has the maximum effect to induce earliest 
sprouting) followed by IBA @5000 ppm (23.17 days). This can be attributed to the fact that IBA 
@5000ppm and IBA @1000 ppm was able to induce rooting at earliest possible hence the earliest 
sprouting occurs. Girdling have no significant influence on the number of days taken for the sprouting of 
the litchi cuttings. The interaction effect of IBA-sucrose and Girdling is also no significant enough. 
Number of sprouts in litchi semi-hard wood cutting: Table 1 represents the effect of rooting factors on 
the number of sprouts per cutting. It can be clearly observed from the table that the number of sprouts 
per cutting is maximum in case of T8 (Sucrose @10%) which was 2.93 followed by T7 (Sucrose @5%) 
which was 2.63. T6 (IBA @5000 ppm) is at par with T8 which was 2.28 sprouts per cuttings. The reason 
can be attributed to the fact that higher the sucrose content in the stem cutting, higher would be the 
available stored carbohydrates in the stored cutting and higher would be the photosynthate materials for 
promotion of the vegetative buds to germinate. IBA not only have a positive role in root induction but also 
have a significant role in the germination of the dormant buds present in the stem cuttings. The better 
performance with the use of sucrose could be explained by the larger carbon skeleton provided by this 
carbohydrate, resulting in higher availability of biosynthetic building blocks. Number of sprout per 
cutting is slightly influenced by girdling yet then the interaction effect of root inducing factors and 
girdling is not significant enough to increase the number of sprouts per cutting. 
Number of leaves in litchi semi-hard wood cutting: Table 1 represents the effect of root promoting 
factors and girdling on number of leaves per litchi cutting. Clearly it can be observed that the root 
promoting factors shows a huge influence on the number of leaves per cutting. T8 – Sucrose @10% 
showed maximum number of leaves per cuttings (5.12) followed by T7 – Sucrose @5% (4.63). The 
maximum number of leaves developed in case of sucrose can be attributed to the higher amount of 
carbohydrate present in the cutting portion. The more number of leaves with sucrose might be because of 
more number of sprouts with same treatment. Rapidly developing buds sometimes tend to promote root 
formation, whereas buds in the rest period may inhibit root development [6]. There is a slight effect of 
girdling on the number of leaves per litchi cuttings. Clearly it can be seen that girdling help carbohydrate 
accumulation in the vascular tissues of the cutting due to which there is more number of leaves per 
cutting on girdled branches as compared to the non-girdled ones. However the interaction effect between 
the different root promoting treatments and girdling is non-significant. 
 

 

Mani  et al 



RJCES Vol 6 [1] February  2018                     87 | P a g e      © 2018 AELS, INDIA 

Table 1: Effect of root promoting factors and girdling on rooting percentage, number of days taken 
for sprouting, number of leaves in litchi semi-hard wood cutting 

NS – Non significant; S- Significant 

Developing shoot length (cm): Table 2 represents the effect of different rooting promoting factors and 
girdling on developing shoot length of litchi cuttings. Clearly it can be observed that there is a prominent 
influence of sucrose on the developing shoot length of the cuttings. T8 – 10% sucrose showed maximum 
shoot length (2.29 cm) followed by T7 – 5% sucrose (2.06 cm). Other IBA treatments also have a 
significant role on enhancing the length of the developing shoot, till then it is much lower as compared to 
that of the sucrose treatments. Sucrose have a prominent role to provide additional carbohydrate for the 
growth and development of the meristematic cells. IBA treatments have a significant role in shoot growth. 
The effect of IBA is known to stimulate both cambial activity and xylem development in many woody 
species and is required for formation of the primordium initial cell. The increase in shoot length might be 
attributed to the well-developed root system in such cuttings which might have tended to promote shoot 
growth by ensuring adequate mobilization of water and nutrients from the soil or substrate to the 
growing apex. Consequently, there is a faster growth rate of the newly emerged shoots as reported by 
Pratima and Rana [17] in Kiwifruit. The better performance with the use of sucrose could be explained by 
the larger carbon skeleton provided by the carbohydrate present within it, resulting in higher availability 
of biosynthetic building blocks. The effect of girdling was found a significant role with the above 
treatments as compared to the non-girdled ones. 
Root length (cm): Table 2 depicts the effect of root promoting factors and girdling on root length of litchi 
cuttings. It can be clearly seen from the table that T8 – Sucrose @10% have the highest root length (5.23 
cm) followed by T4- IBA@3000 ppm (5.12 cm), T6 – IBA @5000 ppm (4.92 cm), T2- IBA @1000 ppm and 
T7 – Sucrose @5% (4.52 cm). In this case also, girdled stem have a prominent effect on root length as 
compared to the non-girdled ones. The increase in length of roots in cuttings treated with growth 
regulators may be due to the enhanced hydrolysis of carbohydrates, accumulation of metabolites at the 
site ofapplication, synthesis of new proteins, cell enlargement and cell division induced by the auxins 
[20]. Kesari et al., [11]  studied the investigative effect of auxin on rooting of Pongamiapinnata and 
concluded that auxin concentrations affects the beginning rooting, number of roots and length of roots. 
On other hand the better response of sucrose might be because carbohydrates are necessary ‘building 
blocks’ and energy source for plant tissues. The availability of carbohydrates is often considered 
exclusively as an energetic requirement and carbon skeleton source to drive root development. 
Root diameter (cm): Table 2 shows the effect of root promoting factors and girdling on root diameter 
(cm) of litchi cutting. It can be clearly seen that maximum root breadth of 1.01 cm in case of T6 – IBA 
@5000ppm and T8- Sucrose @10%. Clearly it can be concluded that no root promoting factors or girdling 
have any effect on rood breadth. 

 
 

Treatment Rooting 
percentage 

Number of days taken for 
sprouting 

Number 
of 

sprouts 

Number of 
leaves 

Root promoting factors 
(A) 

Mean 

T1(Control) 17.50 21.33 1.78 2.77 

T2(IBA @1000 ppm) 30.83 23.33 1.73 3.17 

T3(IBA @2000 ppm) 36.67 19.67 1.88 3.23 

T4(IBA @3000 ppm) 48.33 20.67 1.8 3.13 

T5 (IBA @4000 ppm) 42.50 19.83 2.18 3.3 

T6(IBA @5000 ppm) 58.33 23.17 2.28 3.27 

T7(Sucrose @5%) 49.17 16.17 2.63 4.63 

T8(Sucrose @10%) 50.50 13.67 2.92 5.12 

SE(m) 2.084 0.97 0.23 0.1 

C.D. 6.031 2.79 0.68 0.29 

Girdling (B) Mean 
T1 (non-girdled) 39 20.04 2.08 3.31 
T2 (girdled) 44.46 19.42 2.2 3.85 
SE(m) 1.042 0.48 0.12 0.05 
C.D. 3.016 NS NS 0.14 

Interaction 
Root promoting factors 
× Girdling 

NS NS NS NS 
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Table 2: Effect of root promoting factors and girdling on developing shoot length (cm), root length 
(cm), root breadth (in cm) in litchi semi-hard wood cutting 

Treatment Shoot length (cm) Root length (cm) Root diameter (cm) 

Root promoting factors Mean 
T1 (Control) 0.95 4.03 0.92 
T2 (IBA @1000 ppm) 1.09 4.84 0.98 
T3 (IBA @2000 ppm) 1.27 4.34 0.94 
T4 (IBA @3000 ppm) 1.47 5.12 0.97 
T5 (IBA @4000 ppm) 1.44 4.21 0.97 
T6 (IBA @5000 ppm) 1.52 4.92 1.01 
T7 (Sucrose @5%) 2.06 4.52 0.95 
T8 (Sucrose @10%) 2.29 5.23 1.01 
SE(m) 0.05 0.09 0.04 
C.D. 1.14 0.25 NS 

Girdling Mean 
T1 (non-girdled) 1.41 4.48 0.97 
T2 (girdled) 1.62 4.82 0.96 
SE(m) 0.02 0.04 0.02 
C.D. 0.07 0.13 NS 

Interaction 
Root promoting factors × Girdling S S NS 

NS – Non significant; S- Significant 

Table 3: Interaction effect of root promoting factors and girdling on developing shoot length (cm) 
and root length (cm) in litchi semi-hard wood cutting 

Interaction  
(Root promoting factors × Girdling) 

Developing shoot length (cm) Root length (cm) 

Value 
Control× Non-Girdled 3.96 0.82 
Control × Girdled 4.10 1.08 
IBA @1000 ppm × Non-Girdled 4.58 1.03 
IBA @1000 ppm × Girdled 5.11 1.16 
IBA @2000 ppm × Non-Girdled 4.21 1.25 
IBA @2000 ppm × Girdled 4.47 1.30 
IBA @3000 ppm × Non-Girdled 4.75 1.25 
IBA @3000 ppm× Girdled 5.50 1.70 
IBA @4000 ppm × Non-Girdled 4.27 1.38 
IBA @4000 ppm × Girdled 4.16 1.50 
IBA @5000 ppm × Non-Girdled 4.76 1.45 
IBA @5000 ppm × Girdled 5.09 1.60 
Sucrose @5% × Non-Girdled 4.44 1.84 
Sucrose @5% × Girdled 4.60 2.28 
Sucrose @10% × Non-Girdled 4.89 2.24 
Sucrose @10% × Girdled 5.57 2.34 
SE(m) 0.12 0.07 
C.D. 0.36 0.19 

NS – Non significant; S- Significant 

Interaction effect of root promoting factors and girdling on developing shoot length (cm): Table 3 
shows the interaction effect of the different root promoting factors and girdling on developing shoot 
length of litchi cuttings. It can clearly be seen from the table that the interaction effect between 10% 
sucrose × girdling showed maximum shoot length of 2.34, followed by 5% sucrose × girdling (2.28),  10% 
sucrose × non-girdling (2.24), 5% sucrose × non-girdling (1.84). Lowest interaction effect was seen in 
control treatment (0.82). This clearly suggested that girdled stems supplemented with extra 
carbohydrate can turn too good for the vigorous development of young shoot in cuttings. 
Interaction effect of root promoting factors and girdling on root length: Table 3 shows the 
interaction effect of the different root promoting factors and girdling on root length (cm) of litchi cuttings. 
Clearly we can find that the interaction effect between Girdling × sucrose @10% was maximum (5.57) 
followed by Girdling × IBA @3000ppm (5.09) and Girdling × IBA @5000ppm (5.09). The interaction effect 
between Non girdled × Control was minimum (3.96). 
 
CONCLUSION 
Maximum rooting percentage was observed in the treatment consisting IBA @5000ppm (58.33%) 
followed by Sucrose @10% (50.50%), sucrose @5% (49.17%), IBA @3000ppm (48.33%). Clearly, IBA 
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@1000 ppm (23.33%) has the maximum effect to induce earliest sprouting followed by IBA @5000 ppm 
(23.17 days). Number of sprouts per cutting is maximum in case of T8 (Sucrose @10%) which was 2.93 
followed by T7 (Sucrose @5%) which was 2.63. T6 (IBA @5000 ppm) is at par with T8 which was 2.28 
sprouts per cuttings. T8 – Sucrose @10% showed maximum number of leaves per cuttings (5.12) followed 
by T7 – Sucrose @5% (4.63). The interaction effect between 10% sucrose × girdling showed maximum 
shoot length of 2.34, followed by 5% sucrose × girdling (2.28),  10% sucrose × non-girdling (2.24), 5% 
sucrose × non-girdling (1.84). T8 – Sucrose @10% have the highest root length (5.23 cm) followed by T4- 
IBA@3000 ppm (5.12 cm), T6 – IBA @5000 ppm (4.92 cm), T2- IBA @1000 ppm and T7 – Sucrose @5% 
(4.52 cm). interaction effect between Girdling × sucrose @10% was maximum (5.57) followed by Girdling 
× IBA @3000ppm (5.09) and Girdling × IBA @5000ppm (5.09). Maximum root breadth of 1.01 cm in case 
of T6 – IBA @5000ppm and T8- Sucrose @10%. However rot diameter was not influenced by any of the 
factors like growth regulators or girdling. Hence, it can be concluded that the cutting treated with a 
mixture of sucrose and IBA coupled with girdling can be very much effective in providing a higher rooting 
success in litchi semi-hardwood cuttings. 
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