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1. Introduction 

The rapid advancement of agricultural technology has made it possible to enhance production 

and productivity through the integration of modern farming practice, biotechnology, and 

precision agriculture. Among these innovations, tissue culture enables mass propagation of 

uniform, disease-free citrus plants under controlled conditions, overcoming environmental 

limitations. This technique addresses critical challenges in citrus cultivation-from combating 

devastating diseases like Huanglongbing (HLB) to preserving valuable genetic traits. By 

enabling year-round production of high-quality planting materials, tissue culture supports 

sustainable citrus farming and meets growing global demand. Its precision and efficiency make it 

indispensable for modern citrus industries facing the dual pressures of climate change and 

disease outbreaks. 

Major role and responsibilities assigned for the Biotechnologists to effectively operate the 

tissue culture laboratory are as follows: 

 Facilitate the mass propagation of healthy citrus rootstocks using optimized tissue culture 

protocols. 

 Maintain strict adherence to laboratory safety protocols, while overseeing the smooth and 

effective functioning of the tissue culture laboratory. 

 Continuously improve protocols to enhance plant regeneration, rooting, and survival 

rates. 

 Conduct molecular diagnostic tests for major citrus diseases, including Citrus Greening 

(HLB) and Citrus Tristeza Virus (CTV), to support early detection and disease 

management. 

 Collaborate and coordinate closely with the National Centre for Fruit Development 

(NCFD) and farm centers, Nepal Agricultural Research Council (NARC), Universities 

and other stakeholders to align research and technical practices. 

 Provide technical guidance and awareness to local farmers and nursery owners regarding 

Citrus Greening Disease (HLB), emphasizing its impact on citrus production and the 

broader industry. 

Importance of Tissue Culture in Citrus Development 

a) Mass Propagation: Enables rapid, year-round production of genetically uniform and 

true-to-type plants. 

b) Disease Control: Generates pathogen-free planting material through meristem culture 

and thermotherapy, critical for managing diseases like citrus greening (HLB). 

c) Genetic Preservation: Conserves rare/elite cultivars through cryopreservation and in 

vitro gene banks, protecting genetic diversity. 

d) Breeding Advancements: Facilitates somatic hybridization, genetic transformation, and 

gene editing (e.g., CRISPR) to develop improved varieties with enhanced traits. 
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e) Commercial Viability: Supports trade through the supply of certified, disease-free 

plants. 

 

2. Activities conducted 

We had successfully completed the various task assigned to us during the agreement period. 

Among them some major activities are described as follows: 

A. Tissue Culture Laboratory 

I. In vitro tissue culture of different varieties of citrus 

 Various combinations of initiation, multiplication, rooting along with MS media (without 

any hormones) were prepared during the FY2082/83. The details are listed below. 

Table 1. Summary of different media prepared 

S. No. Media type Volume (in liter) 

1 MSCW (without hormones) 90 

2 Multiplication 32.5 

3 Rooting 33.5 

4 Initiation 3 

5 HMS 6 

Total 165 

 

Figure 1. Media preparation 

 

 

 Subculture of Poncirus trifoliate spp., Carrizo citrange, Palpa sthaniya, Khoku, Nagpure, 

local mandarin cultivars of Dadeldhura, Salyan, Jajarkot, Dailekh, and Myagdi inside the 

laboratory. The details are listed below. 
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Table 2: Subculture of citrus rootstocks and local varieties of mandarin  

S. No. Scientific or local name No. of jars No. of test tubes 

1 Poncirus trifoliate spp. 72 - 

2 Carrizo citrange 369 - 

3 Palpa sthaniya 92 7 

4 Khoku 377 25 

5 Dadeldhura local mandarin 16 2 

6 Salyan local mandarin 40 - 

7 Jajarkot local mandarin 34 - 

8 Dailekh local mandarin 31 1 

9 Myagdi local mandarin 42 - 

10 Pyuthan local mandarin 15 - 

11 Nagpure 54 2 

12 Doti local mandarin 3 - 

13 Pyuthan local mandarin 10 - 

Total 1159 37 

Note: Each jar contains 2-5 plants 

 

 

 

 

Figure 2: Culturing citrus species in culture jars and test tubes 

 

 Node culture of P. trifoliate and Palpa Sthaniya (local mandarin variety) was performed. The details are 

mentioned below. 
 

Table 3: Node culture of P. trifoliate and Palpa Sthaniya 

S. No. Plant name No. of test tube 

1 Trifoliate 64 

2 Palpa Sthaniya 55 

Total 119 
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II. Micro-grafting 

 Most published protocols recommend the use of young citrus seedlings seedling 

(approximately 2–3 weeks old) as rootstocks for in vitro micro-grafting. However, due to 

the unavailability of seedlings of the recommended age, older in vitro-grown rootstocks 

were used in the present study. In vitro-grown shoot tips measuring 5–10 mm in length 

were used as scions. All micro-grafting procedures were performed under aseptic 

conditions using stereo dissecting microscope. 

 Healthy in vitro-grown rootstocks with a stem girth of approximately 2–4 mm and a well-

developed root system were selected. The shoot portion of each rootstock was excised, 

leaving a basal stem segment of approximately 0.7–1.4 cm. A vertical slit was then made at 

the cut end of the rootstock using a sterile scalpel. 

 Young shoot apices (5–10 mm long) bearing approximately three leaf primordia were 

excised from in vitro-grown scion plants. The basal end of each scion was trimmed into a 

V-shaped wedge and carefully inserted into the slit prepared on the rootstock, ensuring 

proper alignment of the vascular tissues. To maintain close contact between the scion and 

rootstock, a small amount of semi-solid agar medium was applied around the graft union. 

 The grafted plantlets were subsequently placed on M-strip Whatman filter paper supported 

by liquid Murashige and Skoog (MS) medium supplemented with 7% sucrose. The cultures 

were incubated at 25 ± 2°C under appropriate culture room conditions for graft union 

formation and subsequent growth. 

 
 

 Table 4: Plant list regarding micro-grafting of local mandarin cultivars 

 

  

 

S. No. Rootstock Scion No. of micrografts 

1 Citrange Palpa Sthaniya 9 

2 Citrange Dailekh local mandarin 3 

3 Citrange Khoku 4 

4 Citrange Nagpure 4 

5 Citrange Myagdi 2 

Total 20 
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Figure 3: Performing micro-grafting under stereo dissecting microscope 

III. In vitro establishment of dragon fruit, lily, African violet and Epidendrum orchid 

In order to study and maintain optimal growth conditions for in vitro establishment of citrus, 

including the regulation of temperature, humidity, and light intensity, selected non-citrus, non 

woody species having faster growth rate, such as dragon fruit, Lilium bulbiferum (lily), African 

violet, and Epidendrum were also established in the laboratory. By utilizing available facilities 

and resources, efforts were made to culture and maintain these species alongside routine 

activities. The details of these activities are presented below. The details are listed below. 

Table 5: Non-citrus varieties established at the laboratory 

S. No. Scientific or local name No. of jars 

1 Dragon fruit (Hylocereus spp.) 44 

2 Lily 9 

3 Epidendrum orchid 10 

4 African violet 4 

Total 67 

 

IV. Acclimatization of different varieties of Citrus and other species 

 Efforts have been made to ensure the successful establishment and survivability of in vitro 

propagated citrus species. Various citrus rootstocks, including Poncirus trifoliata, Carrizo 

citrange, and Citrus jambhiri, along with several local mandarin varieties, were rooted and 

subsequently subjected to primary hardening. For this purpose, various substrate 

combinations, i.e. mixtures of sand, soil, and coco peat in different ratios, were used. The 

details of the plants subjected to primary hardening are presented below. 

Table 6: Plant list that have undergone primary hardening 

S. No. Plant name No. of plants 

1 Trifoliate 91 

2 Citrange 408 

3 Khoku 297 
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4 Palpa Sthaniya 153 

5 Myagdi local mandarin 29 

6 Salyan local mandarin 44 

7 Dailekh local mandarin 26 

8 Nagpure  8 

9 Jajarkot local mandarin 13 

10 Pyuthan local mandarin 7 

11 Dadeldhura local mandarin 17 

Total 1093 

 

 

Figure 4: Pictures of various stages of acclimatization 
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   Table 7: List of successfully acclimatized citrus rootstocks 

S. No. Plant name No. of plants 

1 Citrange 19 

2 Trifoliate 2 

3 Rough lemon 2 

Total 23 

Note: Ten dragon fruit saplings have been successfully acclimatized, while 50 saplings have recently been subjected 

to primary hardening. 

Plants that are likely to survive from the 1093 plants that have undergone primary and/or 

secondary hardening are listed below. 

 

Table 8:  List of Plants with High Survival Potential under Primary Hardening 

S. No. Plant name No. of plants 

1 Citrange 51 

2 Khoku 76 

3 Palpa Sthaniya 54 

4 Doti local mandarin 2 

5 Salyan local mandarin 17 

6 Jajarkot local mandarin 4 

7 Trifoliate 10 

8 Nagpure 2 

9 Pyuthan local mandarin 11 

10 Myagdi local mandarin 2 

11 Dailekh local mandarin 1 

12 Dadeldhura local mandarin 3 

Total 233 

No. of plants that are likely to survive from B1-B7 batches = 233 

Total no. of plants from B1-B7 batches = 559 

Survival rate of plants from B1-B7 = 41.68 %  
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Most probable reasons that most of the plants failed to acclimatize in the natural 

environment: 
a) Lack of facilities to regulate humidity and temperature during the critical primary 

hardening stage. 

b) Limited effectiveness of fungicidal treatment due to absence of optimized protocols and 

controlled conditions, allowing fungal contamination to persist. As a result, most of the 

B1 and B2 plants failed to survive due to the frequent fungal infection combined with 

other abiotic stresses such as high temperature and low humidity during acclimatization. 

c) Sudden exposure of saplings to ambient conditions due to absence of gradual 

acclimatization setups. Most of B3 and B4 plants probably suffered from cumulative 

plant stress when we transferred the pots from the culture rack of the primary hardening 

section to the temporary hardening area outside the laboratory. 

d) Unavailability of essential infrastructure, misting systems, shade nets etc. 

V. Procurement and Installation of Laboratory Equipment and Chemicals 

Acquisition, inspection, and setup of essential laboratory instruments and chemicals were 

carried out, including pipettes, agar, sucrose, MS macro elements A, formaldehyde, 

potassium permanganate, surgical gloves, surgical blades etc. 

VI. Laboratory Procurement Planning 

Preparation of a detailed purchase plan for laboratory consumables, equipment, and 

chemicals to ensure smooth and uninterrupted laboratory operations. 

VII. Current Status of culture room 

The current status of cultures maintained inside the culture room, including multiplication 

and rooting stages, is presented in the table below. 

 
Table 9: Currently maintained culture jars and test tubes inside incubation room  

S.N. Plant name 
Multiplication Rooting 

No. of jars No. of test tubes No. of jars 

1 Trifoliate 26 6 - 

2 Citrange 86 48 60 

3 Khoku 132 18 63 

4 Palpa Sthaniya 63 - 9 

5 Myagdi local mandarin 15 - 22 

6 Salyan local mandarin 3 - 11 

7 Dailekh local mandarin 13 1 9 

8 Nagpure  31 - 8 

9 Jajarkot local mandarin 4 - 14 

10 Pyuthan local mandarin 3 - - 

11 Dadeldhura local mandarin 5 1 7 

Total 381 74 203 
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Figure 5: Culture jars of various Citrus species inside incubation room 

 

 The current status of micrografting experiments, including rootstock–scion combinations and 

the number of micrografts, is presented in the table below. 

Table 10: Micrografting-related culture jars and test tubes 

S.N. Rootstock Scion 
No. of micrografts 

In jars In test tubes 

1 Citrange Palpa Sthaniya 3 6 

2 Citrange Dailekh local mandarin 2 2 

3 Citrange Khoku - - 

4 Citrange Nagpure - 4 

5 Citrange Myagdi - 2 

Total 6 14 

 

 

 

 

 

 

 

Figure 6: Micrografted plants in test tubes and culture jars 

 Node culture was initiated for selected citrus rootstocks and local varieties, namely Poncirus 

trifoliata and Palpa Sthaniya, as part of in vitro propagation efforts. The cultures were 

maintained in test tubes on a culture medium supplemented with growth regulators such as 

kinetin, NAA, and GA₃. However, challenges related to endophytic contamination were 

observed during the culture process. Details of the cultures are presented below; 
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Table 11: Node culture jars and test tubes 

S.N. Plant name No. of jars No. of test tubes 

1 Trifoliate 6 12 

2 Palpa Sthaniya 1 44 

Total 7 56 

 

 

 

 

 

 

 

 

 

 Some non-citrus species such as dragon fruit, Lilium bulbiferum (lily), African violet, and 

Epidendrum are established as well. The details are;  

Table 12: Culture jars of non-citrus varieties 

S.N. Plant name No. of jars 

1 Dragon fruit 25 

2 African Violet 3 

3 Lily 9 

4 Epidendrum 11 

Total 48 

 

Figure 8: Culture jars of non-citrus varieties 

 

 

 

 

 

 

Figure 7: Node culture of trifoliate and Palpa Sthaniya in test tubes 
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B.  Molecular Biology Laboratory 

I. Detection of Citrus Greening Disease (Huanglongbing, HLB) 

 Conventional PCR based identification of Candidatus liberibacterasiaticus (causal 

agent of HLB) from local varieties of Citrus reticulata Blanco (leaf samples collected 

/received from both within and outside the farm). 

II. Detection of Citrus Tristeza Virus (CTV) 

 DAS-ELISA (Double Antibody Sandwich Enzyme-Linked Immunosorbent Assay) 

based identification of CTV disease from the 30 samples of Citrus aurantiifolia 

collected from the CDC farm. 

 

III. Optimization of Molecular Diagnostic Protocols 

 Improved DNA extraction and PCR testing protocols for efficient and accurate 

detection of citrus greening disease. 

IV. Installation of Elisa reader (PHOMO) instrument and AUTOSoft software 

 The ELISA reader (PHOMO) instrument is installed by first placing it on a stable, 

vibration-free surface in cool place (no sunlight interference), and ensuring proper 

power supply. The accompanying AUTOSoft software is then installed on a 

compatible computer system following the manufacturer’s guidelines. After 

installation, the instrument is connected to the computer via the appropriate interface 

(USB or serial port), and communication is verified through the software. 

V. Procurement of ELISA kits 

 The ELISA kit, sufficient for 480 assays, was bought from BIOREBA company. 

VI. Procurement and Installation of Equipment and Chemicals 

 Acquisition, inspection, and setup of essential laboratory instruments and chemicals, 

such as; centrifuge machine, pipettes, micropipette tips of varying volume range, 

reagent reservoir for CTV detection via serological method such as ELIZA, and PCR 

mini cooler, centrifuge, Tris base, RNase A (Ribonuclease A), chloroform, DNA 

extraction kit etc. for the Citrus Greening (HLB) detection via molecular methods 

namely conventional PCR. 

VII. Collaboration with Research Institutions 

 Coordinated with the Warm Temperate Horticulture Centre (WTHC) and Nepal 

Agricultural Research Council (NARC) to implement as well as update molecular 

and serological diagnostic methods for HLB and Citrus Tristeza virus(CTV).

 Training and Capacity Building on PCR based HLB Sample Collection. 

 

 For the effective implementation of PCR based Huanglongbing (HLB) detection, 

farmers and technical personnel were demonstrated and guided on standardized 

methods of sample collection, handling, and laboratory operational practices. 
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 Conducted iodine scratch tests for preliminary starch accumulation analysis, 

indicative of HLB infection. 

 
Figure 9:  Demonstrating iodine scratch test to the farmers 

VIII. Citrus Greening Test Summary 

 A total of 325 citrus samples were screened for HLB using conventional PCR, 

Table 13: Citrus greening (HLB) test summary 

S.N. 
Sample collection/ 

received date 

Sample collected/received 

from 

Total samples 

submitted 
Positive Negative 

1 2025/11/05 

,09,15,25, 30 & 

2026/01/20,21 

CDC, Palpa 179 91 88 

2 2025/11/14 Satyawati rural 

municipality, Gulmi 

15 2 13 

3 2025/11/24 Panini Rural Municipality, 

Arghakhanchi (DOAD, 

Lumbini Province) 

24 13 11 

4 2025/11/24 Farmer, Gulmi 1 1 0 

5 2025/12/07,08 

&2026/01/04,05 

NAMP, PIU, Palpa 60 29 31 

6 2026/01/09 Madane  Rural 

Municipality, Gulmi 

5 2 3 

7 2026/03/20 NAMP, PIU, Kawasoti 

municipality, East 

Nawalparasi 

30 8 22 

8 2026/04/06 NAMP, PIU, Salyan 11 3 8 

Total 325 149 176 
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Figure 10: Leaf sample collection for HLB diagnosis via conventional PCR 

Figure 11: DNA isolation and PCR of the citrus samples for HLB diagnosis 

 

IX. Citrus Tristeza Virus (CTV) test summary 

 Altogether 30 citrus samples were screened for CTV using DAS-ELISA. The test was 

performed using ELISA kit from Bioreba company. The CTV result is listed below. 

Table 14: Citrus Tristeza Virus (CTV) test summary 

S.N. 
Sample collection 

date 

Sample 

collection site 

Positive 

sample 
Negative 

Total 

Samples 

1 
2026/04/28 and 

2026/07/13 
CDC Palpa 28 22 50 

2 2026/07/13 Tinahu-6 0 10 10 

Total 28 32 
60 
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Figure 12: Pictures of ELISA test for CTV diagnosis 

3. Achievements 

 Successful establishment of optimized protocols for micropropagation of different plant 

species inside the laboratory. 

 Maintained in vitro cultures of diverse citrus varieties along with media preparations 

according to the need. 
 Screened 325 citrus samples for HLB using conventional PCR, identifying 149 positive 

samples. 

 Installed ELISA (PHOMO) system, procured diagnostic kits, and conducted training on 

sample collection and preliminary testing of HLB disease. 
 Screened 30 citrus samples for CTV using DAS-ELISA with 20 of them being tested 

positive. 

 Performed micro-grafting of various local mandarin cultivars while using citrange as 

rootstock. 

 Training programs were conducted for farmers, nursery owners and technical personnel, 

covering early disease identification, sample collection, and prevention strategies, while 

also providing hands-on support through field visits for PCR sample collection and 

demonstrations of iodine scratch tests for rapid field screening. 

 Successful collaboration with other labs/institutions for updated procedures for the 

detection of deadly citrus diseases. 

 

 

4. Challenges 

 Contamination issues in tissue culture. 

 Equipment malfunction (automatic light system in the culture racks) in the incubation room 

 Lack of hardening infrastructure as well as essential equipment to regulate temperature, 

humidity to ensure plant survivability during the critical primary hardening stage. 

 Scarcity of the distilled water. 

 Unavailability of the liquid nitrogen. 
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5. Future Plans 

 Ensure more successful hardening for the mass production of healthy saplings of various 

citrus species. 

 Establishing optimized protocol for the successful production of micro-grafted saplings. 

 

6. Conclusion 

While notable success was recently achieved (41.68 % survivability) in plant hardening of 

selected species, further modifications are required to improve the plant’s survival rate as the 

challenges in acclimatization (particularly in Poncirus trifoliata) highlight the need for improved 

protocols. The establishment of ELISA and PCR facilities, along with training and institutional 

collaboration, provides a strong foundation for future large-scale disease management and 

production of quality planting materials. 

Also, through PCR-based diagnostics, we identified HLB infection in 45.85% of tested samples 

(149/325), providing crucial epidemiological data for disease management. Additionally, DAS-

ELISA assay detected CTV in 46.67% of the citrus samples (28/60). Moreover, collaborative 

efforts with research institutions have enhanced our technical capabilities, and targeted training 

programs have effectively translated these advancements into practical field applications. 

Looking ahead, we remain committed to scaling up production of certified planting materials, 

implementing micro-grafting techniques, and expanding diagnostic services to include CTV 

detection.  

 

Being biotechnologists, we are enjoying serving the citrus industry of Nepal in the area of plant 

propagation and associated parts. We sincerely express our gratitude to the Citrus Development 

Centre and its staff for providing us with the opportunity to contribute in this sector. We highly 

value this opportunity and look forward to continuing our contribution and engagement in the 

future. 
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Figure 13: In Vitro Propagated Local Mandarin Cultivars from different districts and some rootstock varieties 

 

 


