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Abstract: An experiment was conducted during three consecutive years 
(2002, 2003 and 2004) to study the effects of season of the year, girdling 
and planting  interval after girdling on rooting of stem cuttings of 
“Baladi” lime {Citrus aurantifolia (Christm.) Swing.}. Three types of 
stem cutting were used; namely, non-girdled and girdled apical and basal 
cuttings. All cuttings were collected from a single lime tree during the 
summer, autumn and winter seasons of each year from non-girdled and 
girdled branches at intervals of 2, 4, 6, 8 and 10 weeks after girdling. 
Cuttings were planted in sand soil in plastic trays and were kept under a 
plastic tent in a lath house. Cuttings planted during autumn and winter 
gave significantly higher percentage of rooted cuttings than the summer 
planted ones. Also, girdled apical cuttings gave significantly high rooting 
percentage compared to the girdled basal cuttings. On the other hand, no 
significant differences were obtained between planting intervals of 2, 4, 6, 
and 8 weeks after girdling, while cuttings taken 10 weeks after girdling 
gave significantly higher rooting percentage than the other intervals. It 
seems that temperature, relative humidity and the accumulative increase 
in quantity and quality of carbohydrates, root promoters and inhibitors 
play an important role, among other factors, in the rooting of lime stem 
cuttings. 
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INTRODUCTION 

 

Lime {Citrus aurantifolia (Christm.) Swing.} is a member of the family 
Rutaceae. It is extensively cultivated in hot tropical and semi- and sub-
tropical regions of the world for its fresh juice and as flavouring for many 
foods. Lime trees can survive on poor soils and are thus widely grown in 
schools, hospitals, houses and other governmental premises in Sudan. 
 

Most citrus cultivars can be propagated by seeds. Seedling citrus trees are 
found in many tropical countries on small scale plantings, but large scale 
plantations generally use budded trees. The budded seedling method is 
usually the most widely used and most practical method for the vegetative 
propagation of large number of trees for commercial citrus plantation. An 
unusual practice of horticultural interest used in the culture of lime, 
however, is the use of seedling trees rather than budded trees in 
establishing large scale plantations. Being a very distinct species, not 
closely related to other Citrus spp., no satisfactory rootstock is known for 
lime, and there has been only limited experience with lime on different 
rootstocks showing signs of incompatibility with other citrus species and 
citrus relatives (Purseglove 1984). The budding method for clonal 
propagation has proved to be impractical for lime. 
 

Many Citrus spp. can be propagated by rooting of cuttings (Platt and 
Opitz 1973; Sabbah et al. 1991), known as own-rooted citrus trees. More 
recently, interest in own-rooted fruit trees has increased for its 
effectiveness in rapid and economic propagation of large number of 
plants, and attaining planting size eight months after rooting compared 
with the two to three years required for budded trees. Cuttings also 
provide a rapid means of obtaining uniform rootstock material for 
budding, especially of selections of short seed supply or varieties 
producing seeds having low viability or a low percentage of nucellar 
seedlings (Platt and Opitz 1973). 
The objective of this research was to develop an easy, quick and simple 
method for the clonal propagation of lime by rooting of stem cuttings. 
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MATERIALS AND METHODS 

 

Experiments were conducted during summer (April-July), autumn 
(August-November) and winter (December-March) seasons of the years 
2002, 2003 and 2004 using cuttings collected from a 10-year-old "Baladi” 
lime  tree growing in the orchard of the School of Gardening and 
Nutrition of the Ministry of Education, El-Dammar (Latitude 1501'N;  
Longitude 3604'E ), Sudan. 
 

Selected branches with uniform thickness were girdled (ringed) at the 
appropriate season of each year. Branches were cut for all 
experimentation above the girdle at two weeks interval (2, 4, 6, 8, and 10 
weeks) after girdling. Stem cuttings of 7 cm length containing 1-2 lateral 
buds were used as planting material. The basal end of all cuttings was 
dipped for few seconds in the commercial rooting formulation (Seradix II) 
powder just prior to planting - a practice commonly used by nurserymen 
for  rooting of semi-hard wood shoot cuttings of various ornamental plant 
species. 
The cuttings were then planted in sand soil in 27x24x7 cm plastic trays 
with nine drainage holes at the bottom. The planted cuttings were kept 
under plastic covered frames (tents) in a lath house. The plastic covered 
frames were made of wood with dimensions of 300x150x23 cm and 
covered with white transparent plastic to maintain high relative humidity 
around the cuttings. Watering was done once every day by spraying. 
 

The treatments consisted of three types of stem cuttings, viz, basal 
cuttings consisting of the part of the girdled shoot proximal to the girdle, 
apical cuttings representing the portion of the girdled shoot distal to the 
girdle and a control from non-girdled shoots. A completely randomized 
block design was used, and the experiments were terminated after 30 
weeks from planting. 
 

The parameter measured in all experiments was the percentage of rooted 
cuttings. All observations were based on 20 stem cuttings per treatment. 
Data were recorded at the end of each experiment, and mean separation 
was performed using Duncan's multiple range test at 5% level. 
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RESULTS 

 
The results of the effects of season, planting interval and girdling on the 
percentage of rooted lime stem cuttings are shown in Table 1. Data of the 
summer season indicated no significant differences between the different 
types of cutting. No significant difference was obtained in percentage of 
rooting among cuttings taken 2, 4, 6 and 8 weeks after girdling. However, 
a highly significant difference was found between these planting intervals 
and the 10-weeks planting interval where the percentage of rooting was 
34.4%. 
 
In autumn, however, no significant differences were obtained in rooting 
percentage between the different cutting types and in percentage of rooted 
cuttings among cuttings taken at the different planting intervals. 
 
The data of the winter season, however, showed significant differences 
between apical cuttings and the other two types of cutting. Although there 
was no significant difference between the rooting of non-girdled and basal 
cuttings, the rooting percentage of non-girdled cuttings was doubled. 
There was no significant difference in percentage of rooting among 
cuttings taken at different planting intervals (Table1). 
 
The effect of season on percentage of rooted lime stem cuttings is shown 
in Fig. 1. Cuttings collected during summer showed significantly less 
rooting percentage than those collected in autumn or winter. Autumn 
cuttings gave the highest percentage of rooted cuttings (47.0%) followed 
by winter (44.8%) and only 10.3% for the summer collected cuttings. 
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Table  1. Effect of season, sowing interval and type of cutting on the         
                percentage of rooted lime stem cuttings   

Season Planting 
interval 

(W) 

 Non-girdled 
cuttings 

      (%) 
 

Basal    
cuttings 

(%) 
 

 Apical         
 cuttings 

(%) 

Mean 
(%) 

 

Summer 2   5.50   5.50   0.00   3.66b 

 4   0.00   0.00   0.00   0.00b 

 6   0.00   0.00   0.00   0.00b 
 8   2.70 39.80   0.00 14.17b 

      10 45.00 23.30 34.90 34.40a 

      Mean 10.64a  13.72a    6.98a 10.39b 

 

Autumn       2 39.80  34.20 60.20 44.73a 

 4 50.00   5.50 34.90 30.30a 
 6 65.10 44.80  61.00 56.96a 

 8 14.60 65.80 55.00 45.13a 

      10 40.00 65.10 70.50 58.53a 

      Mean 41.90a  43.08a  56.32a 47.09a 

 

Winter 2 34.90 19.00 50.00 34.63a 

 4 34.90 50.00 55.30 46.73a 

 6 45.00 20.00 65.10 43.36a 

 8 60.20 19.00 81.00 53.40a 

      10 65.10 11.60 61.00 45.90a 

      Mean  48.02b  23.92b  62.48a 44.80a 

W= Weeks 
Means followed by the same letter are not significantly different at            
         P=0.05, according to Duncan's multiple range test. 
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Fig. 1. Effect of season on percentage of rooted lime 
stem cuttings
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The data displayed in Table 2 indicated that basal cuttings had 
significantly less percentages of rooted cuttings than apical and non-
girdled cuttings. The highest percentage of rooted cuttings was obtained 
with apical cuttings (35.0%) followed by non-girdled cuttings (28.7%). 
Non-significant differences in percentage of rooted cuttings were found 
among cuttings taken 2, 4, and 8 weeks after girdling and also among 2, 4, 
and 6 weeks after girdling. However, cuttings taken 10 weeks after 
girdling were significantly different from all other planting intervals (Fig. 
2). The highest percentage of rooted cuttings (45.6%)  was obtained with 
10-weeks planting interval after girdling followed by 8-(32.0%), 6-
(25.2%), 2-(23.4%) and 4-weeks (18.0 %) planting intervals after 
girdling. (Table 2 and Fig. 2). 
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Table   2.  Effect of planting intervals and type of cuttings on the               

                  percentage of rooted lime stem cuttings 
 

Planting 
 interval 
(W) 

 

Non-girdled 
cuttings 

    (%) 

 

     Basal 
cuttings 

(%) 

 

  Apical 
 cuttings 

(%) 
 

 

Interval     
means 

(%) 

2 24.8 17.9 28.3 23.4bc 

4 21.0 11.4 22.4 18.0c 

6 28.3 15.3 33.3 25.2bc 

8 21.5 40.8 37.2 32.0b 

10 50.1 31.6 55.6 45.6a 

Means of cutting  types 28.7a  22.5b 35.0a  

 W= Weeks  
Means followed by the same letter(s) are not significantly different at        
           P=0.05, according to Duncan's multiple range test. 
 
 

Fig. 2. Effect of planting interval on percentage of 

rooted lime stem cuttings
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DISCUSSION 

 

The season of the year at which lime cuttings were severed and planted 
greatly influenced their rooting ability. The highest percentage of rooting 
was obtained in autumn and winter, declining sharply during the summer 
season in a general agreement with earlier reports on plum (Howard and 
Nahlawi 1969), peach (Issell and Chalmer 1979) and kiwifruit (Caldwell 
et al. 1988). These findings indicate that the difference in rooting ability 
of lime cuttings across season is a reflection of their response to the 
surrounding environmental conditions. The less rooting percentage 
recorded in the summer season is attributable to the hot, dry desiccating 
winds that predominate at the time of planting. The gradual decrease in 
temperature and increase in atmospheric humidity in winter and the rainy 
season are responsible for the progressive increase in rooting percentage 
during these two seasons. Both temperature and relative humidity affect 
rooting through their effects on water loss from the cuttings and/or the 
planting media, confirming the findings of Juma (1994) who attributed 
the high rooting percentage of lime cuttings during autumn to the high 
atmospheric humidity resulting from rainfall. 
 

The ability of cuttings to root is perhaps influenced by the physiological 
state of the lime tree which varies with the prevailing environmental 
conditions. The levels of C/N ratio and other rooting promoters in plant 
tissues vary with season (Cormack and Bate 1976). The lime tree was 
flowering and setting fruits when the cuttings were collected for the 
summer plantings. Most food reserves and growth substances in the 
tissues might have been diverted for flower and fruit formation. Root 
initiation and growth and development can not compete with the process 
of transformation of preformed vegetative buds into flower buds and 
subsequently into fruits. This is in accord with Issell and Chalmer (1979) 
and Thompson (1986) who attributed the lower rooting percentage of 
cuttings collected at flowering and fruit set to depletion of food reserves 
and other rooting cofactors in the tissues of donor plants.  
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The physical removal of a ring of the phloem (bark) from a branch or 
stem blocks the downward movement of photosynthates, hormones and 
other growth regulators synthesized in leaves. The present data showed 
that girdling has no effect on rooting percentage of neither basal nor 
apical stem cuttings during summer or autumn seasons. However, a 
significant decrease in rooting percentage of basal cuttings was obtained 
in winter. This is consistent with the findings of Evert and Smittle (1990) 
and in close agreement with the results of Cormack and Bate (1976) who 
reported low rooting percentages of stem cuttings of peach and 
macadamia, respectively, during winter. The lesser rooting percentage 
recorded with basal than apical or non-girdled cuttings during winter may 
be attributed to the accumulation of high levels of carbohydrates and 
other growth promoters to levels that are inhibitory to rooting. The current 
results deviate from earlier reports (James et al. 1970; Basu et al. 1972; 
Debnath et al. 1986) which attributed the positive effect of girdling on 
rooting to a significant buildup of carbohydrates, root promoters and other 
growth factors above the girdle.  
 

Differences in rooting efficacy across planting intervals may be attributed 
to the accumulative build-up of rooting promoters with time accounting  
for the progressive increase in rooting percentage obtained with 
increasing time intervals between girdling and cutting collection. Again, 
and in agreement with Marini (1983) and Caldwell et al. (1988), higher 
rooting percentage was obtained with apical cuttings than basal ones. This 
difference in rooting ability may be associated with the degree of maturity 
of the tissues of each type of cuttings. Apical cuttings are more juvenile 
and have high rates of cambial activity than basal cuttings. The gradual 
decrease in rooting ability with distance from the apex, however, may be 
due to phase change that progressively occurs along the branches and 
stems of plants. This is in agreement with the report of Hackett (1985) on 
adult/juvenile phases in woody plants.  
 
The endogenously produced auxin, indole-3-acetic acid (IAA), is 
basipetally transported in plant tissues. Thus, the level of this auxin along  
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stems and branches is expected to vary. It might be optimal, sub-optimal 
or supra-optimal for root production in the different portions of the 
branches. The high ability of apical cuttings to root may be due to the 
presence of optimal levels of auxin in their tissues, while basal cuttings 
contained sub-optimal or supra-optimal levels at the time cuttings were 
collected and planted. This speculation agrees with the findings of 
Howard and Nahlawi (1969) who obtained equal rooting percentages of 
terminal, median and basal cuttings of plum when these cutting types 
were treated with varying concentrations of auxins. 
 

In conclusion, these results indicate that the potential exists for vegetative 
propagation of lime by rooting of stem cuttings. The procedure developed 
is inexpensive, simple, repeatable and easier to practice. However, much 
more research efforts are needed to develop this procedure into a 
practical, refined means for the propagation of lime.  
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 م2009، الثالثالعدد  -المجلد السابع عشر: مجلة جامعة الخرطوم للعلوم الزراعیة
 

 

  یةالساق العقلب لیمونثر الاكت
 

  1وعبد الغفار الحاج سعید إیمان احمد صویلح
 

  السودان -وزارة الزراعھ والغابات ، ولایة نھر النیل ، الدامر
 

و  2003و  2002( ی�ةمتتال  س�نوات  ثلاثل  تجربھ  أجریت   :موجز البحث
 عل��ى التحلی��ق  بع��د  وفت��رة الزراع��ة  والتحلی��ق  الموس��م  ت��أثیر  لدراس��ة  )2004
ة ثلاث� س�تخدمت ا. (Citrus aurantifolia) العقل الساقیة للیمون البل�دي  تجذیر
 .وقاعدی�ة  طرفیة  محلقة  وعقل غیر محلقة  ھي عقل   العقل الساقیة  من  طرز

فص���ول الص���یف ، أثن���اء واح���دة  بل���دي لیم���ون   ش���جرةك���ل العق���ل م���ن   جمع���ت
 2  :فت�رات عل�ى  ومحلق�ة  غی�ر محلق�ة  أفرع  من ، والشتاء لكل سنة  والخریف

ف��ي   زرع��ت العق��ل ف��ي ترب��ة رملی��ة  .التحلی��ق  بع��د  أس��ابیع 10و  8و 6و 4و
 أعط�ت .خش�بي  بی�ت  ف�ي كیةیبلاس�ت خیم�ة  تحت   بلاستیكیة ووضعت  صواني

م��ن   معنوی��ا  عالی��ة  نس��با  والش��تاء الخری��ف   فص��لى  المزروع��ة خ��لال  العق��ل
الطرفی��ة   العق��ل  أعط��ت  وك��ذلك  ،الص��یفیة  بمثیلاتھ��ا  المج��ذرة مقارن��ة العق��ل 
م�ن و . المحلق�ة  القاعدی�ة  بالعق�ل  عالیة معنویا من التجذیر مقارنة نسبا   المحلقة

 8و 6و 4و 2ین  فت�رات  الزراع�ة روق  معنویة  ب�ف لم تكن ھناك  ،ناحیھ أخرى
 10  الزراع��ة  فت��رة  ب��ین  امعنوی��  ك��ان الاخ��تلاف  بینم��ا  بع��د التحلی��ق أس��ابیع 
 نس�بة  أعل�ى المعامل�ة  ھ�ذه  أعط�ت  حی�ث  الأقل  والفترات  بعد التحلیق أسابیع 
والرطوب���ة   إن الح���رارة  م���ن ھ���ذه الدراس���ة یس���تخلص  .للعق���ل المج���ذرة  نج���اح

زات  ومحف���  الكربوھی���درات  ونوعی���ة كمی���ة  ف���ي التراكمی���ة  لزی���ادة النس���بیة وا
 تج�ذیر عق�ل  ف�ي أخ�رى،   ض�من عوام�ل  ،ماومثبطات التجذیر  تلعب دورا  مھ

 .اللیمون الساقیة
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