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Abstract 
 

Kinnow mandarin (Citrus reticulata) and Musambi sweet orange (C. sinensis) are the 
predominant citrus fruits cultivated in Pakistan. Citrus species are highly vulnerable to many types 
of pathogens. Among the viruses, Citrus tristeza virus (CTV) is the most devastating which can 
cause the death of millions of citrus trees if once established. CTV is a graft-transmissible and can 
be inadvertently propagated through infected budwood. The production of certified and CTV-free 
citrus plants could be helpful to restrict the widespread of CTV. The study was designed to 
optimize the micrografting technique for the propagation of CTV free Kinnow mandarin and 
Musambi sweet orange plants under aseptic conditions. The MS medium supplemented with 5 
mgL-1 BA was found better for successful micrografting of both citrus cultivars on rough lemon 
seedlings. The survival rate of micrografted citrus plantlets was 88% when transferred to soil. The 
ELISA results showed that more that 90% Kinnow and Musambi plants either grafted on rough 
lemon or sour orange rootstock were found free from CTV. The foundation block of mandarin and 
sweet orange free from CTV was successfully established using shoot-tip micrografting technique. 
 
Introduction 
 

Citrus represents one of the most important and a widely grown fruits in the world 
and Pakistan is one of the major citrus producing countries. Citrus was cultivated on 
192274 hectares with annual production of 2458381 tonnes during 2005-06 (Anon., 
2006). Since the introduction of Kinnow mandarin (Citrus reticulata Blanco.), its 
production has been increasing steadily to fulfill the growing demands in the country and 
abroad (Khan, 1992).  

Citrus species are highly vulnerable to many types of pathogens. The citrus groves in 
general are facing a serious problem of decline that is attributed to different causes. The 
major cause, however, is the prevalence of citrus virus and virus-like diseases which have 
a significant impact and often become a major constraint in citrus production. In 
Pakistan, the citrus plantation has had shorter productive life which culminates in low 
yields and deterioration in fruit quality. Chapot (1970) reported viral diseases in Pakistan 
for the first time and observed dieback and decline symptoms in large number of citrus 
trees but he was not sure about the cause of these symptoms. Later on subsequent surveys 
of citrus groves at number of locations revealed the presence of several virus and virus-
like diseases of citrus in Pakistan (Catara et al., 1988; Bove, 1995). Anwar & Mirza 
(1992) confirmed the presence of Citrus tristeza closterovirus (CTV) in citrus trees on 
the basis of survey and the enzyme-linked immunosorbent assay (ELISA).   
*Corresponding author: mumtaz59pk@hotmail.com 
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The strategies to control CTV may differ according to the incidence and severity of 
its strains in each area and with the cultivars and rootstocks used. There is no single 
control strategy for the CTV that will be applicable in all situations (Garnsey et al., 
2005).The approach to use CTV tolerant rootstocks can also help to control the CTV 
induced losses. Tolerance to CTV is seen in the ability of rootstock phloem to withstand 
the presence of the virus without adverse effects on normal cellular and physiological 
functions (Bordignon et al., 2004). The most effective means of limiting CTV-induced 
disease is through a certification programme in which bud wood source trees are tested 
and maintained free of CTV (Garnsey et al., 2005). 

The shoot-tip micrografting is known technique for the potential elimination of virus 
and viroid pathogens from citrus germplasm. It is generally utilized in quarantine and 
certification programs using small trees maintained under glass or screenhouses (Krueger 
et al., 2003). Micrografting technique is important mainly for woody species because in 
such plants meristem-tip culture is often difficult (Faccioli & Marani, 2005). This 
technique was used for elimination of different viruses from citrus species (Murashige et 
al., 1972; Navarro et al., 1975). The aspects of shoot-tip grafting and its application on 
citrus virus research were comprehensively reviewed by Navarro (1981). The procedure 
consists of preparation of rootstock and scion materials, grafting, culture in vitro of 
grafted plantlets and transfer to soil. The study has been taken up to standardize the 
different factors affecting shoot tip grafting in C. reticulata cv. Khasi mandarin (Madhav 
et al., 2001). Higher rate of success (60%) was obtained in shoot tip grafting when a 2-
week old etiolated seedling of trifoliate orange was used as a rootstock. Scion size of 0.2-
0.3 mm (meristem dome plus three leaf primordial) was found to be optimum for 
grafting. The successful grafted plantlets were subsequently transferred to soil and 90% 
plantlets were established in the soil. These plantlets were maintained in aphid proof cage 
to prevent re-infection of virus through aphids. Preliminary results of indexing indicated 
recovery of plantlets free from CTV and exocortis. Similarly, the shoot-tip grafting 
technique was also found 100% efficient in eliminating the CTV, Citrus exocortis viroid 
(CEVd) and cachexia-xiloporosis viroid from varieties of the citrus germplasm bank at 
the Centro de Citricultura Sylvio Moreira CCSM-IAC (Carvalho et al., 2002). However, 
60% efficiency was observed in eliminating the citrus psorosis virus complex. The use of 
micrografting alone without indexing will not guarantee freedom from viruses in 
propagative budwood. This can be ascertained only when the techniques of pathogen 
elimination are combined with a comprehensive indexing programme (Roistacher, 1988). 
The present study was designed to optimize the shoot-tip micrografting technique for 
rapid propagation of citrus plantlets in vitro to establish a foundation block of certified 
citrus plants of Kinnow mandarin (C. reticulata) and Musmabi sweet orange (C. 
sinensis). The indexing of STG plantlets were conducted through direct antibody 
sandwich enzyme-linked immunosorbent assay (DAS-ELISA).    
 
Materials and Methods 
 
Shoot-tip micrografting: Micrografting was employed for the production of CTV-free 
citrus plants to develop a clean foundation block for future propagation. Shoot-tip 
grafting was used as described by Navarro et al., (1975) and Navarro (1981). Rough 
lemon (C. jambhiri) and sour orange (C. aurantium) were used as a rootstock, and scions 
were taken from CTV-infected tissues of mandarins and sweet oranges.  The sterilized 
seeds of rough lemon and sour orange were germinated in test tubes containing MS 
medium (Murashige & Skoog, 1962) solidified with 1% bactoagar. One seed was sown 
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per tube and maintained at 25±2oC for two weeks under continuous darkness. The shoot 
tips were obtained from axillary buds of CTV infected Kinnow mandarin (C. reticulata) 
and Musambi sweet orange (C. sinensis). The leaves were removed from twigs which 
were cut into sections containing 2-3 axillary buds. The sections were rinsed with 95% 
ethanol followed by washing under running tap water to remove dust. Then dipped for 10 
minutes in 0.5% Sodium hypochlorite (NaOCl) followed by 3 times washing with 
sterilized distilled water. The scions were excised from these sterilized sections. Two 
weeks old rough lemon and sour orange rootstock seedlings were removed from test 
tubes and decapitated to remove all leaves. The cotyledons and their axillary buds were 
also detached. The upright cut was made on the central part of the rootstock and the scion 
with a V shape base excised from the sterilized twig sections was fit into the cut. The 
grafted plantlets were cultured in MS medium supplemented with different levels (0, 1, 3 
and 5 mg) of Benzyl Adenine (BA). The grafted plants were exposed to 16 hour daily 
1000-lux illumination and maintained at the temperature of 25±2oC.  

The grafted plants having at least two expanded leaves in the scion were transferred 
to plastic pots containing a medium of garden soil, sand and compost (3:1:1). The pots 
were covered with polythene bags to maintain humidity and to avoid any damage from 
desiccation. One week later the bags were opened and after second week bags were 
removed. The grafted plants were allowed to continue growth under glasshouse 
conditions (25±2oC). The successfully established plants were transferred to plastic 
containers, filled with garden soil only and after hardening the plants were transferred to 
screenhouse.  
 
CTV indexing: The grafted plants in screenhouse were assayed through double antibody 
sandwich enzyme-linked immunosorbent assay (DAS-ELISA) for CTV infection. The 
leaves of survived citrus plants were harvested at the age of 4-6 months for virus 
indexing. The ELISA procedure using CTV specific polyclonal antibodies (Catalogue 
No. 1102, Adgen, UK) was performed as described by Clark & Adams (1977). The 96-
well microtiter plates were coated with 200 µl of antibodies (diluted at 1:200). The plates 
were then covered and incubated at 4oC in refrigerator for over night. The plates were 
washed with PBS-Tween buffer three times at five minute intervals using ELISA plate 
washer (Model: ELX 50, BIO-TEK® USA). The tissues were extracted in extraction 
buffer and 200 µl of plant extract was added to duplicate the wells. The plates were 
incubated over night at 4oC and washed accordingly. After washing wells were charged 
with 200µl of alkaline phosphatase enzyme conjugate and the plates were incubated at 
4oC for over night. After washing the plates 200 µl aliquots of freshly prepared substrate 
buffer were added to each well and the plates were incubated at room temperature 
(25±2oC) for 30-60 minutes. The reaction was stopped by adding 50 µl of 3M NaOH in 
each well and the absorbance was measured at 405 nm in Universal Microplate Reader 
(Model: ELX 800, BIO-TEK® USA). The absorbance value recorded three times higher 
compared to healthy tissues was considered as CTV positive (Lbida et al., 2005).  
 
Data collection and analysis: The data was collected for successful grafts, days to 
establish union, days to sprout 1st leaf and percent of CTV elimination (ELISA). The 
experiment for shoot-tip grafting was laid out under completely randomized design and 
three replications (100seeds/repeat) with four treatments were used for each rootstock. 
The data collected was analyzed statistically and means was compared using Duncan’s 
Multiple Range (DMR) test (Steel et al., 1997). 
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Results 
 
Micrografting success: Highly significant (p<0.05) difference were observed among the 
treatments for micrografting success of mandarin and sweet orange scions on rough lemon 
rootstock (Fig. 1). The results revealed that MS medium supplemented with 5 mgL-1 BA 
varied significantly (p<0.05) from the remaining treatments for successful micrografting of 
both citrus cultivars on rough lemon seedlings. Among other treatments, MS medium 
supplemented with 3 mgL-1 BA was found statistically significant (p<0.05) for micro-
grafting success compared to other treatments (Fig. 1). The MS media supplemented with 1, 
3 and 5 mgL-1 BA were found statistically similar for sweet orange scion grafted on sour 
orange but showed significant (p<0.05) difference with control (Fig. 2). The results were 
highly significant (p<0.05) for micrografting success of mandarin scions grafted on sour 
orange rootstock seedlings (Fig. 2). The grafting success was significantly (p<0.05) high in 
MS medium containing 5 mgL-1 BA for mandarin scions grafted on sour orange. The 3 
mgL-1 of BA in MS medium was found second best treatment for successful grafting of 
mandarin scion on sour orange rootstock seedlings (Fig. 2).  
 
Days to establish union of scions on rootstock seedlings: The results were statistically 
significant (p<0.05) for the number of days taken by sweet orange scions for a successful 
union with rough lemon rootstock seedlings (Fig. 3). The MS medium without BA 
(control) significantly (p<0.05) took higher number of days for successful graft union of 
sweet orange scions with rough lemon. The scions taken from sweet oranges also took 
more days (statistically similar with control) for successful union with rough lemon 
rootstock, cultured in MS medium containing 5 mgL-1 of BA. The sweet orange grafted 
plantlets took less number of days for successful scion-stock union when cultured in MS 
medium supplemented with 1 and 3 mgL-1 of BA (Fig. 3).  The results were non-
significant for number of days taken by scions of both cultivars when grafted on sour 
orange rootstock seedlings (Fig. 4).  
 
Days to sprout first leaf of scions grafted on In vitro grown rootstock: The results 
showed highly significant (p<0.05) differences among the treatments for days taken by 
scions of both cultivars micrografted on rough lemon rootstock to sprout first leaf after 
successful union. The grafted mandarins cultured in MS medium (control) and MS medium 
supplemented with 3 mgL-1 of BA took maximum days to sprout first leaf (Fig. 5). The 
grafted mandarins took minimum number of days to sprout first leaf cultured in MS 
medium containing 5 mgL-1 BA. The sweet orange scions grafted on rough lemon rootstock 
seedlings took minimum days to sprout first leaf when cultured in MS medium 
supplemented with different concentrations of BA. The culture media supplemented with 1, 
3 and 5 mgL-1 BA showed significant (p<0.05) difference from control (Fig. 5).      

The results were highly significant (p<0.05) for the number of days taken by scions 
of both cultivars grafted on sour orange rootstock to sprout first leaf. The mandarin 
scions took maximum days to sprout first leaf when cultured in MS + BA (3 mgL-1) and 
MS + BA (5 mgL-1) media (Fig. 6). The mandarin plantlets cultured in MS medium 
(control) and MS medium containing 1 mgL-1 BA took minimum days to sprout first leaf. 
The differences were highly significant (p<0.05) for the sweet orange scions grafted on 
sour orange rootstock seedlings to produce their first leaf (Fig. 6). The in vitro grown 
sweet orange plants took higher number of days to sprout first leaf after successful graft 
union when cultured in MS medium (control) and MS medium containing 3 mgL-1 BA. 
The sweet orange plants cultured in MS medium supplemented with 1 mgL-1 BA took 
minimum days to sprout the first leaf (Fig. 6).  
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 Fig. 1. Successful grafting of both cultivars on Rough lemon rootstock. 
 

Bars with different letters are significantly different by DMRt (5% level) 
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Fig. 2. Successful grafting of both cultivars on Sour orange rootstock. 

 

Bars with different letters are significantly different by DMRt (5% level) 
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Fig. 3. Days to establish union of both cultivars micrografted on Sour orange. 
 

Bars with different letters are significantly different by DMRt (5% level) 

0

5

10

15

20

Control MS+BA(1 mgL¯¹) MS+BA(3 mgL¯¹) MS+BA(5 mgL¯¹)

Treatments

N
um

be
r 

of
 d

ay
s

Mandarin Sweet orange

 
Fig. 4. Days to establish union of both cultivars micrografted on Rough lemon. 
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Fig. 5. Days to sprout first leaf of both scions grafted on Rough lemon rootstock. 

 
Bars with different letters are significantly different by DMRt (5% level) 
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Fig.  6. Days to sprout first leaf of both scions grafted on Sour orange rootstock. 

 

Bars with different letters are significantly different by DMRt (5% level) 
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Table 1. Status of CTV in shoot-tip micrografted citrus plants under screenhouse. 

Scion Rootstock No. of micro-
grafted plants

No. of 
survived 

plants 

Infected/ 
Examined 

Percentage 
(%) of CTV 
free Plants 

Healthy       
(micrografted 

plants) 

Infected   
(scion tree) 

        
Mandarin 
(Kinnow) RL 200 185 11/185 94 0.173-0.191 0.419 -

1.542 
 SO 100 89 8/89 91   
Sweet orange 
(Musambi) RL 100 80 4/80 95 0.187-0.201 0.453-

1.732 
 SO 50 42 3/50 94   

Total  450 396 (88%) 26/396 93.43   
* Absorbance value recorded on ELISA microplate Reader 
RL: Rough lemon 
SO: Sour orange 

 
Indexing of micrografted citrus plants through ELISA: The micrografted citrus plants 
with seven to nine fully expanded leaves were transferred in insect proof netted 
screenhouse. A total of n=300 in vitro grown citrus plants grafted on rough lemon 
rootstock comprising of mandarin (n=200) and sweet orange (n=100) were transferred to 
soil under screenhouse. The in vitro grown citrus plants (100 mandarin and 50 sweet 
orange) grafted on sour orange rootstock were also transferred to soil under screenhouse. 
Out of 450 transferred citrus plants 396 were survived which showed survival rate of 
88% (Table 1). The survived citrus plants were indexed for CTV through ELISA. The 
results revealed that more than 90% mandarin and sweet orange plants either grafted on 
rough lemon or sour orange rootstock were found free from CTV. The overall percentage 
of CTV-free citrus plants was 93.43% (Table 1). The foundation block of mandarin and 
sweet orange free from CTV was successfully established using shoot-tip micrografting 
technique. 
 
Discussion 
 

The present study was designed to optimize the micrografting technique for the 
propagation of CTV-free citrus plants under aseptic conditions. The objectives of 
optimizing this technique were to produce virus free citrus plants, establishment of 
foundation block of healthy plants and to provide healthy budwood to citrus growers, as 
reported by Navarro et al., (1975) and Navarro (1976).  

The shoot-tip micrografting protocol was standardized keeping in view the limited 
available resources (chemicals and tissue culture facilities). Two rootstocks (rough lemon 
and sour orange) and two scions (kinnow mandarins and musambi sweet orange) were 
evaluated for micrografting technique. The results suggested that increasing 
concentration of BA in MS medium significantly effect the micrografting percentage of 
mandarin and sweet orange scions grafted on rough lemon rootstock. The grafting 
success was significantly increased with the increase of BA concentration in MS medium 
for the mandarin scions grafted on sour orange rootstock. However, micrografting 
success was not considerably affected by different concentrations of BA in MS medium 
in case of sweet orange grafted on sour orange rootstock. The results reported in this 
study for micrografting success in mandarin grafted on rough lemon and sour orange and 
sweet orange grafted on rough lemon are contrary to Navarro et al., (1975). However, in 
the present study, BA did not influence the grafting success in sweet orange grafted on 
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sour orange which is in accordance with Navarro et al., (1975). The micrografting 
success percentage reported here was high in sweet orange compared to mandarin grafted 
on rough lemon rootstock and this is in accordance with Vijayakumari et al. (2006) who 
reported the maximum grafting success in sweet orange followed by mandarin.  

The present findings suggested that addition of BA in MS medium did not 
significantly affect the number of days taken by both cultivars either grafted on rough 
lemon or sour orange. However, minimum days were taken by mandarin and sweet 
orange grafted on rough lemon to sprout first leaf with the increase in level of BA in MS 
medium but when mandarin scions were grafted on sour orange number of days taken to 
sprout first leaf were increased with the increase in BA concentration. Many factors 
affect the grafting success, days to establish graft union and sprouting of first leaf in 
micrografetd citrus plants. The frequency of grafting success and other factors can be 
affected by type of scion and rootstock used. The grafting success also depends on 
rootstock age and on extent of tissue differentiation. All these conditions can be varied 
with different rootstocks used in micrografting of citrus plants (Navarro, 1981). In 
addition genotype can also significantly affect the successful micrografting of citrus 
plants which ranged from 5-40% (Murashige et al., 1972). In this study, the concentration 
of BA significantly effect the days taken by scions to produce their first leaf and it has 
been well reported that cytokinins like BA are often used to stimulate growth and 
development of in vitro grown plantlets (Chawla, 2000).  

The micrografting technique was successfully applied for the elimination of CTV in 
mandarins and sweet oranges. This technique was successfully and efficiently used for 
elimination of different viruses from citrus species (Murashige et al., 1972; Navarro et 
al., 1975; Naz et al., 2007). Similarly, Vijayakumari et al., (2006) used micrografting in 
quarantine greenhouse to produce the clean stock of diverse citrus germplasm to 
strengthen the citrus gene bank. The shoot-tip grafted citrus plants were found 76 and 
86.95% negative for CTV and greening disease, respectively. However, percentage of 
CTV free citrus plants reported in this study was 93.43%. The present study suggested 
that 88% micrografted citrus plants were successfully established under screenhouse 
conditions, theses results are contrary to Madhav et al., (2001) who reported 90% 
micrografted mandarin plantlets were established in the soil. Recently, Reza et al., (2007) 
reported that 100% CTV elimination in sweet oranges and 90% survival rate when 
transferred to greenhouse. In present studies less success rate for survival of transferred 
plantlets was observed, which suggested that the utmost care should be taken at the stage 
of acclimatization and adoption under screenhouse conditions. Similarly, our results are 
similar to Carvalho et al., (2002) that the micrografting technique was found efficient to 
successfully eliminate CTV. They reported that 100% micrografted plants were CTV 
free, however, in our case this percentage was 93.43%. This is because the shoot-tips 
used in this study were of large size, which can affect the percentage of virus elimination 
in micrografted plants (Suarez et al., 2005). The reason for use of large size shoot-tips is 
that it enhanced the bud uptake with better micrografting success rate for the people who 
are less experienced in this technique (Sharma et al., 2007).  

The CTV was successfully eliminated through this technique without the 
combination of thermotherapy with micrografting. However, it is well reported that the 
process of elimination of some viruses and viroids can be improved by using 
thermotherapy coupled with shoot-tip grafting. The combination of thermotherapy and 
shoot-tip grafting (STG) is recommended for the elimination of all known major citrus 
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pathogens (Roistacher, 1988). The re-indexing of 427 plants recovered by shoot tip 
grafting associated with thermotherapy showed 100% success in eliminating Citrus 
tristeza virus, exocortis, psorosis and cachexia/xyloporosis (Carvalho et al., 2001). 
However it is important that budwood be thoroughly indexed before and after therapy.  
The results are also similar to Sertkaya (2004) that is a good number of citrus plants 
reached to the size of indexing for virus diseases in a short time by micrografting method. 
Many techniques besides micrografting are now available which can efficiently be used 
for the propagation of virus free citrus plants. Microbudding technique was also found to 
be efficient for production of CTV-free sweet orange (Abbas et al., 2006). However, 
percentage of virus free citrus plantlets is low because the scion wood used in 
microbudding was of large size. Ghazvini et al., (2001) produced CTV-free citrus plants 
using unfertilized ovules of suspected CTV-infected plants by under aseptic conditions. 
The In vitro citrus plants when budded on lime (indicator host) did not show any CTV 
positive reaction. Similarly, somatic embryogenesis was found to be a very promising 
technique for the production of virus-free citrus plants (D'Onghia et al., 2001). Citrus 
psorosis virus CPsV was not detected in any of the mandarin and sweet orange plant, 
obtained using somatic embryogenesis even after 24 months regeneration. 

The use of thermotherapy or STG alone without indexing will not guarantee freedom 
from viruses in propagative budwood. This can be ascertained only when the techniques 
of pathogen elimination are combined with a comprehensive indexing programme 
(Roistacher, 1988). The shoot-tip micrografting (STG) is a well established technique for 
the potential elimination of virus and viroid pathogens from citrus germplasm. It is 
generally utilized in quarantine and certification programs using small trees maintained 
under glass or screen (Krueger et al., 2003). Shoot-tip micrografting technique was 
successfully optimized and employed for the rapid propagation virus-free citrus nursery 
plants. This technique successfully produced the CTV-free citrus plants for the 
establishment of foundation block of healthy mandarin and sweet orange plants to 
provide healthy budwood to citrus growers.  
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