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Mature cotyledons of three species of Citrus were cultured on different fortifications of MS 
media to assess their in vitro response. Induction medium MS5D.5B (MS+ 5.0 mg.l-1 2, 4-D + 
0. 5 mg. l-1 BAP) proved well for callus initiation (84.18%). Nutrient medium MS4B.5N (MS + 
4.0 mg.l-1 BAP + 0.5 mg.l-1 NAA) performed convincingly for formation of morphogenic calli 
(31.89%) as well as regeneration of plantlets (79.09%). Higher root proliferating efficiency 
(77.64%) was recorded on rooting medium MS.5I (MS + 0.5 mg. l-1 IBA). Roots in higher 
numbers (3.53)were documented on culture medium MS2I.5Kn (MS + 2. 0 mg. l-1 IBA + 0. 5 
mg. l-1 Kn), while culture media MS.5I.5B (MS + 0.5 mg. l-1 IBA + 0. 5 mg. l-1 BAP) enhanced 
mean root length (3.55 cm). In terms of interspecific in vitro response, in general, Acid lime 
followed by Mandarin and Sweet Orange responded determinedly for the most of the culture 
phases. The in vitro raised plantlets were acclimatized and established successfully in the field. 
 
Key words: Citrus, mature cotyledons, callus, morphogenesis, plant regeneration. 
 
Abbreviations: MS- Murashige and Skoog's medium; WP - Llyod and McCown medium; BA- 
6-benzylaminopurine; TDZ-Thidizuron; NAA- α-Naphthalene acetic acid; 2,4-D- 2,4-
dichlorophenoxyacetic acid; IBA-Indole-3-butyric acid 
 
Introduction 
 

Among the fruit crops, the genus Citrus and its relatives are 
horticulturally important. This group is highly popular and commercially 
cultivated for its processing quality, fresh consumption and aromatic flavor. In 
Citrus, most of the collections are conserved in field gene banks in different 
citrus-growing countries. Such collections are vulnerable to different biotic and 
abiotic hazards (Damania, 1996). Traditional genetic plant improvement offers 
limitation for the production of new varieties of scion and root stocks, and the 
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new varieties produced so far were originated form natural selection and 
mutation. The first barrier met by researcher was related to the complex citrus 
biology, which has high nucellar polyembryony, high heterozygosity, auto-
incompatibility and a long juvenile period (Gmitter et al., 1992). Advances in 
biotechnology have generated new opportunities for citrus genetic 
improvement. In vitro propagation has therefore been a great potential tool to 
overcome problems related with the field culture for such species (Hidaka and 
Omara, 1989). Techniques like in vitro culture made it easy to improve citrus 
against different biotic and abiotic stresses, low yield and conserve important 
citrus genotypes; however, these techniques requires the presence of highly 
responsive regeneration protocol.  

Although, all plant cells are derived from the fertilized egg cell and 
contain identical information, callus derived from somatic cells varies in 
competence to express totipotency (i.e. their genetic ability to produce plants). 
Mostly, explants that contain immature, meristematic cells develop callus, 
which are competent to express totipotency. In Citrus, previously diverse 
explants have been used to obtain proficient and reproducible regeneration 
system including mature cotyledons (Gill et al., 1995; Miah et al., 2002; 
Ramkrishna and Singh, 2005; Rashad et al., 2005; Saini et al., 2010) with 
varying degree of success. 

This study was conducted with the aim to explore regenerative ability, 
appropriate media from the cotyledonary explant excised from mature seeds of 
three species of citrus viz: Acid Lime (Citrus aurantifolia), Mandarin (Citrus 
reticulata) and Sweet Orange (Citrus sinensis L.). 

 
Materials and methods 
 

Three species of citrus viz: Citrus aurantiafolia, Citrus reticulata and 
Citrus sinensis were chosen for the in vitro studies. Seeds were collected from 
4-5- years-old trees planted at local areas and Sewage Farm, KNK, College of 
Horticulture, Mandsaur (M. P.). 

To begin with a preliminary experiment, two dissimilar fortifications of 
basal media viz: MS (Murashige and Skoog, 1962) and WP (Llyod and 
McCown, 1980) were recognized to find out better in vitro response. During the 
preliminary investigation, MS basal medium was found more receptive than 
WP medium (data not presented), consequently, for subsequently 
experimentations basal MS medium was employed. Three different sets of plant 
growth regulators were added to fortify MS basal media. In first set: two 
different auxins, namely: 2, 4-D and NAA (alone), in second set: two diverse 
cytokinins viz: BAP and TDZ (sole) and in third set: different auxins (2,4-
D/NAA) with a cytokinin (BAP) in varying concentrations and combinations 
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were supplemented.  All media were supplemented with 3% sucrose and 
solidified with 0.75% agar. Before autoclaving (121°C for 20 minutes), the pH 
of the medium was adjusted to 5.7±0.1 and 30 ml aliquot was poured in 100 
x17 mm Petri dishes. Readymade MS basal medium, plant growth regulators 
and other ingredients were procured from Hi-media Laboratories, Mumbai, 
India. 

Seed were collected from fruit and kept for 24 hours for draying. Dried 
seed then washed with 2% Tween 20 (v/v) (a commercial detergent) for 15-20 
minutes and then washed thoroughly with running tap water for 20 minutes to 
remove dirt and residues followed by a treatment with 70% (v/v) ethanol for 1 
minute. Then seed were subjected to treatment of 1% Bavistin® (BASF, 
Germany) for five minutes followed by 0.2% HgCl2 for seven minutes. Finally 
seed were rinsed 4-5 times with sterile double distilled water and inoculated in 
culture tubes containing agar gelled water (7.5 g.l-1 agar) and kept under 
diffused luminance of 16  mol m-2 s-1 provided with white fluorescent lamps. 
Mature cotyledon was obtained from 7-10 days-old germinated seeds. Zygotic 
and nucellar embryos were removed aseptically and cotyledons separated out 
with minimum damage. In 100 x 17 mm glass petridishes, 6-8 pieces of mature 
cotyledons were plated. Petridishes containing cultures sealed with Lab film 
(Para film®) were incubated under complete darkness at 25 ± 2°C for one week. 
Later in vitro cultured explants were subjected to photoperiod regime of 16 
hours light and 8 hours dark at an intensity of 2000-lux luminance provided by 
PAR lamps. After 4-5 weeks of initial culturing, calli were subcultured on same 
medium (initial medium) for regeneration of plantlets. Cultured baby food 
bottles /culture tubes were subjected to 25 ± 2oC temperature and photoperiod 
regimes of 60  mol m-2 s-1 luminance provided by cool fluorescent tubes for 16 
hrs. When root formation was not obtained on regeneration medium, plantlets 
were subsequently transferred to MS rooting medium amended with different 
concentrations of IBA, NAA and Kn (alone) as well as IBA in combination 
with BA and Kn, 15.0 g. l-1 sucrose and 7.5 g. l-1 agar powder. For rooting, 
reduced level of sucrose was used on the basis of work conducted by various 
scientists as well as preliminary experiments conducted in this laboratory. 
Rooted plants were thoroughly washed with running tap water to remove the 
adhering agar and were planted in 2.5 cm root trainers filled with 1:1:1 sand, 
soil and FYM sterilized mixture. Root trainers with transplanted plants were 
placed under 30±2oC and 60±5% RH for 15-20 days in a green house for 
acclimatization. Finally, acclimatized plants were transferred to field. The 
experiment was laid out in Factorial Completely Randomized Design. 
Experiment had two factors, first species and second different culture media 
combinations. Design was used to find out the significance of species, culture 
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medium combination and their interactive effect. Each treatment was consisting 
of two replications. Per replication approximately 80-100 mature cotyledon 
segments were excised and cultured on each media. The arc-sine transformation 
was made before the analysis of data, since all data were in percentage. The 
data were analyzed as per method suggested by Snedecor and Cochran (1967). 

 
Results and discussions 
 

Major factors that produced considerable variation in the pattern of 
development in culture were nature of explants, species and culture media 
combinations. The constituents of culture medium play an important role in the 
process of tissue differentiation. During present investigations, basal MS 
medium was used throughout the experiment, as this has been found more 
responsive than WP in course of beginning experiments. During present 
investigation, three different sets of culture media were formulated by 
amending two different auxins (alone), two cytokinins (sole) and two different 
auxins (2,4-D and NAA) in combinations with a cytokinin (BAP) to basal MS 
media to achieve the best in vitro response. 

Cultured mature cotyledons followed mostly indirect pathway of plantlet 
regeneration (via callus formation). The first response of cultured mature 
cotyledons was similar after 7-10 days and mostly independent from explant 
and culture media. All explants became swollen and no callus proliferation was 
evident during first few days. Callus initiation was usually started from cut 
portions not in contact with the culture medium and callus proliferation started 
usually from the edges (Fig.1A). Cultured mature cotyledons followed either 
indirect somatic embryogenesis or organogenesis route. In indirect 
embryogenesis, embryoid formation started approximately 10 days from initial 
culturing on callus surface (Fig.1B-C). However, the duration varied from 
culture to culture and in a few cases embryoids developed after 35-40 days of 
apparently undifferentiated growth. The embryoid like structures were rounded 
with irregular out lines usually appeared in clusters (Fig.1B). These somatic 
embryos germinated after transferring into regeneration medium (Fig.1D). In 
indirect organogenesis, shootlets developed from the buds arising on the 
surface of the callus (Fig.1E-F). Shoot formation started approximately 15 days 
from initial culturing. However, the duration varied from culture to culture and 
in a few cases shoots formed after 45 days (Fig.1G). Most of the calli, after 
prolonged culturing on the induction media gave rise to plants (Fig.1G). 

Various shoot forming calli were able to produce one (Fig.1G) or many 
plantlets (Fig.1H) at a time. Complete plantlets regenerated via embryogenesis 
and shoots developed via organogenesis were counted as regenerated plantlets. 
Regenerated shoots alone were also counted as plantlets, since they gave rise to 
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complete plants after rhizogenesis on rooting medium (Fig.1I). Root trainers 
with transplanted plants were transferred for 25-30 days in the glasshouse 
conditions (Fig.1J) and field (Fig.1K) for acclimatization. The plants, after 
survival, were evaluated visually on the basis of appearance. Although the traits 
were not scored quantitatively, regenerated plants were phenotypically normal 
and true to the type. 

 

 
Fig. 1. Plant regeneration from mature cotyledon culture of citrus: A. Cultured mature cotyledons after 10 
days in culture; B. Initiation of globular somatic embryos; C-D Germination of somatic embryo; E. 
Initiation of protuberances on surface of callus mass; F. Multiple shoot initiation via indirect 
organogenesis; G. Formation of shootlet; H. Elongated shootlet; I. In vitro rooting of regenerants; J. 
Hardening of regenerants in Green House and K. Plant transferred in Field.  

 
The analysis of variance presented in Table 1-4 revealed that there were 

highly significant (p<0.01) differences exist among the response of species, 
culture media combinations as well as their interactions in terms of overall 
callus induction, formation of morphogenic calli, plantlet regeneration, root 
proliferating efficiency, number of root (s) and mean root length. It indicates 
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the presence of the considerable amount of variability amongst the species and 
culture medium as well as their interaction.  

For growth regulators, large variations have been found in our 
experiment, where some combinations led to morphogenesis from cultured 
explants, while other produced only callus with high or low growth rate. Not all 
the cells within an explant or callus raised from them went on to form organs or 
embryoids. Also, not all the explant responded equally to conditions congenial 
for morphogenesis. For mature cotyledon cultures, higher concentration of an 
auxin (2, 4-D/NAA) in combination with lower concentration of BAP (a 
cytokinin) facilitated higher degree of callus initiation. Higher callus initiation 
frequency was observed on culture media MS5D.5B / MS5N.5B as compared 
to MS5B.5D / MS5BN that suggested that relatively higher concentration of an 
auxin in combination with a lower concentration of a cytokinin is required for 
this purpose. Similar results were also reported by Gitarani et al. (2003), Haoa 
et al. (2004) and Ali and Mirza (2006) in citrus for different explants cultures. 
Much lower results with 2, 4-D, NAA or BAP alone on Media MS5D, MS5N 
or MS5B (even in higher concentrations) as compared to combination of 2, 4-D 
/ NAA with BAP revealed that cytokinins as well as an auxin (alone) were 
insufficient for higher degree of callus initiation. However, culture medium 
fortified with auxins (alone) initiated calli in higher frequencies (more than 
60%) when culture medium supplemented with NAA in range of 0.5- 4.0 mg.l-1 
and 2,4-D in range of 1.0- 5.0 mg. l-1  as compared to culture medium 
containing a cytokinins (alone). Among different cytokinins tested, BA induced 
calli in maximum numbers (~20%) in range of 0.5 -1.0 mg. l-1. Similar results 
were also reported by Parthasarathy et al. (2001).  

A higher concentration of a cytokinin (BAP) in combination with lower 
concentration of auxin (NAA) was supported for formation of higher degree of 
morphogenic calli as well as plantlet regeneration. Higher morphogenic calli 
formation frequency was observed on culture media MS4B.5N/MS4B.5N as 
compared to MS4D.5B/ MS4N.5B that suggested that higher concentration of a 
cytokinin in combination with a lower concentration of an auxin is required for 
this purpose. Moreover, higher morphogenic potential as well as plantlet 
regeneration was investigated on culture media MS4B.5N / MS3B.5N as 
compared to MS4B.5D / MS3B.5D that  suggested that only higher 
concentration of BAP in combination with NAA instead of 2, 4-D enhance in 
vitro morphogeneic potential. Much lower results with 2, 4-D (5-8%); NAA 
(10-11%) or BAP (5-12%) alone even in higher concentrations as compared to 
combination of BAP with NAA revealed that a cytokinin as well as an auxin 
(alone) was insufficient for higher degree of morphogenic callus formation 
when supplemented in culture medium as solely. Moreover, among different 
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tested auxins and cytokinins, only NAA and BAP were found responsive for 
promoting in vitro morphogenesis. Similar response of plant growth regulators 
were observed for regeneration of plantlets, where, lower plantlet regeneration 
efficiency was documented with application of 2, 4-D (40-50%), NAA (~ 55%) 
and BAP (~70%) as sole. The beneficial effect of BA has been reported in the 
production of shoot bud primordia in different crop plants (Lesham, 1973) 
which may be due to more synthesis of nucleic acids and proteins required for 
morphogenesis (Torres, 1988). The cytokines are generally added to induce 
shoot formation and to inhibit root formation. In citrus also the role of 
cytokinins in shoot regeneration has been well documented (Gill and Gosal, 
2002; Rashad et al., 2005; Jajoo, 2010; Saini et al., 2010). However, during 
present investigation mature cotyledon cultures responded better on 
combination of an auxin with cytokinin. Similar results have been obtained by 
various other scientists for mature cotyledon culture (Ramakrishna and Singh, 
2005) nodal segment culture (Usman et al., 2005; Murkute et al., 2008) shoot 
tip culture (Murkute et al., 2008) and ovule culture (Vijayakumari and Singh, 
2001) in citrus.  

During present investigation, in vitro rooting frequency was found to be 
higher after transferring shootlets into rooting medium. Auxins play 
multifarious role in rhizogenesis, which includes division of meristmatic cells, 
their elongation and differentiation into root primordia (Nanda, 1979). In 
Citrus, auxins like IBA (Syamal et al., 2007; Murkute et al., 2008), IAA 
(Jameel et al., 2001) as well as NAA (Starrantino and Caruso, 1988) were 
found effective for inducing in vitro rooting. In present study, full strength MS 
medium supplemented with either IBA alone in range of 0.5-2.0 mg.l-1 or in 
combinations with cytokinins (Kn/BA) at the concentration of 0.5 mg.l-1 was 
found to be optimum for enhancing in vitro root proliferating ability. Higher 
root proliferation efficiency was exhibited by culture media MS.5I and 
MS.5I.5B as compared to MS3I, MS3Kn or MS3N suggested that auxins 
(especially IBA) required in lower concentration for this purpose. The number 
of roots increased when higher concentration of IBA (2.0 mg.l-1) in 
combinations with lower concentration (0.5 mg.l-1) of a cytokinin (Kn/BAP) 
was added into rooting medium. The root of higher length was recovered from 
medium fortified with equal proportion of IBA (0.5 mg.l-1) and 0.5 mg.l-1 

cytokinin (BAP/Kn). Similar results were reported by Gill et al. (1995) and 
Syamal et al. (2007) in citrus. Culture media supplemented with IBA responded 
better as compared to culture media fortified with other auxin (NAA) even in 
higher concentrations suggested that IBA promotes in vitro rooting of shootlets. 

Among auxins, IBA was the most effective than any other plant growth 
regulators in the most of the cases, apparently because it is not smashed by IAA 
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oxidase or other enzymes and thus persists longer. The above results are in 
agreement with the earlier findings of Rana and Singh (2002) and Kumar et al. 
(2001) for diverse explant cultures of citrus. However, in some other reports the 
maximum rooting response was recorded with application of NAA in case of C. 
sinensis (Rashad et al., 2005) and Pectinifera root stock (Gill and Gosal, 2002). 

During present investigations considerable variability for in vitro 
response was observed among three species. In general, Acid lime species 
followed by Mandarin and Sweet orange responded well for the most of the 
culture phases which is due to differences between the endogenous hormone 
levels (Norstog, 1970) amongst the species. In Citrus, interspecific differences 
have also been reported for various explant cultures by Parthasarathy et al. 
(2001).  

During present investigation interactions of species with culture media 
also varied considerably. Species on either MS5D.5B or MS5N.5B or in both 
induction media induced more than 80 per cent callus. Interactions of all 
species with medium MS4B.5N and MS3B.5N also exhibited similar results for 
formation of morphogenic calli (more than 20% explants induced morphogenic 
calli). For regeneration of plantlets, either regeneration medium MS4B.5N or 
MS3B.5N or both were found more responsive (More than 75% plantlets were 
regenerated) from all species. This revealed that in addition to different 
responses of species for culture medium, particular species does not necessarily 
respond in the similar manner to each of diverse culture media combinations 
investigated. This suggests that a particular species selected for advance work 
can be cultured on the most suitable medium to obtain maximum response. 
Also, the possibility exists for improvement of in vitro efficiency of a particular 
species by further modifying the culture medium. 

It was concluded from present study that under appropriate conditions 
mature cotyledon explant cultures of Citrus in contrast to other fruit crops gave 
rise to higher number of shoots. Higher plantlet formation was recovered via 
indirect organogenesis as well somatic embryogenesis; therefore, organogenic 
route of morphogenesis can be used to obtain multiple plants and germplasm 
conservation. The embryogenic frequency and the conversion rate of embryoids 
into plantlets obtained by our process were also higher than that described by 
earlier findings, which can be used for Agrobacterium-mediated genetic 
transformation and studying the possible role of plant growth regulators and 
other addenda on in vitro morphogenesis. A system for plant regeneration in 
Citrus is thus available, which has potential to improve this species via 
breeding and biotechnological means. 
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Table 1. Effect of different auxins (alone) on in vitro response of mature cotyledons 
 

Culture 
media  
 
Species 

Callus initiation (%) Morphogenic calli (%) Plant regeneration (%) 
Acid 
lime 

Mandarin Sweet 
orange 

Mean Acid 
lime 

Mandarin Sweet 
orange 

Mean Acid lime Mandarin Sweet 
orange 

Mean 

MS.5N 65.17 62.10 68.10 65.12e 10.96 10.53 10.62 10.70b 54.11 52.23 54.44 53.59b 
MSN 64.33 72.11 71.02 69.15c 13.32 10.52 11.52 11.78a 54.51 54.11 53.09 53.90a  
MS2N 71.62 69.12 75.12 71.95b 12.20 11.22 10.30 11.24ab 50.35 52.06 52.41 51.62d 
MS3N 58.12 53.31 72.35 61.26h 10.53 10.00 10.49 10.34bc 47.41 48.11 49.39 48.30f  
MS4N 61.01 58.11 56.12 58.41i 5.99 6.01 6.11 6.03h 47.05 44.00 44.41 45.15h 
MS5N 45.21 43.32 48.37 45.63j 4.91 5.98 5.65 5.51i 42.11 31.21 38.10 37.14j 
MS.5D 65.11 68.30 65.65 66.35de 7.50 8.65 7.93 8.02e 54.45 54.06 53.12 53.87b 
MSD 73.09 72.35 74.18 73.20b 8.86 8.59 7.93 8.46d 52.31 53.11 53.06 52.82c  
MS2D 78.52 74.35 70.88 74.58a 9.72 8.56 8.03 8.77c 50.11 51.06 52.06 51.07de 
MS3D 62.33 72.59 64.18 66.36d 6.50 5.50 6.98 6.32f 48.09 49.11 50.05 49.08e 
MS4D 62.05 65.70 60.66 62.80f 5.01 6.87 6.65 6.17f 47.12 48.30 47.06 47.49g 
MS5D 60.32 65.12 59.12 61.52g 5.33 5.96 5.08 5.45i 44.11 43.25 42.05 43.13i 
Mean 63.90c 64.70 b 65.47a  8.40a 8.19a 8.10a  49.30 48.38 49.09  
CD 0.05             
Species    0.66    0.59    NS 
Media    1.32    1.17    1.16 
S x M    2.28    2.03    2.01 

Values within column followed by different letters are significantly different at 5% probability level. 
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Table 2. Effect of different cytokinins (alone) on in vitro response of mature cotyledons. 
 

Culture media  
 
Species 

Callus initiation (%) Morphogenic calli (%) Plant regeneration (%) 
Acid lime Manda

rin 
Sweet 
orange 

Mean Acid 
lime 

Mandarin Sweet 
orange 

Mean Acid 
lime 

Mandarin Sweet 
orange 

Mean 

MS.5B 32.39 28.52 30.20 30.37a 12.12 11.50 10.33 11.31a  67.22 62.10 70.11 66.47b 
MSB 27.12 28.95 30.88 28.98b 10.95 9.53 9.86 10.11ab 72.31 65.42 62.44 66.72b 
MS2B 28.01 26.50 27.53 27.34cd 9.98 9.53 9.01 9.50b 68.01 67.13 69.09 68.07a 
MS3B 30.01 28.05 26.37 28.14bc 7.31 6.93 6.77 7.00d 64.12 65.01 66.02 65.05c 
MS4B 24.06 25.19 27.39 25.54e 5.53 6.76 6.90 6.39e 57.71 67.25 64.33 63.09d 
MS5B 20.51 18.99 22.68 20.72g 5.60 5.50 5.75 5.61h 60.11 62.01 60.06 60.72e 
MS.1Td 28.12 26.23 27.93 27.42c 9.60 9.59 9.33 9.50b 52.06 46.15 46.10 48.10i 
MS.2Td 26.92 26.39 24.64 25.98d 8.88 8.73 8.01 8.54c 55.04 46.23 50.12 50.46h 
MS.3Td 25.02 23.96 22.25 23.74f 5.43 6.01 6.98 6.14f 60.01 56.30 62.11 59.47f 
MS.5Td 22.17 21.66 20.55 21.46g 6.66 5.60 5.99 6.08g 57.02 60.42 55.32 57.58g 
MSTd 20.63 19.89 21.73 20.75g 5.01 4.93 4.97 4.97i 55.11 60.06 54.06 56.95g 
MS2Td 27.98 18.86 16.01 20.95g 5.93 4.01 4.19 4.71j 40.11 36.11 42.14 39.45j 
Mean 26.07a 24.43b 24.84b  7.75a 7.38b 7.34b  59.06 57.84 58.49  
CD 0.05             
Species    0.69    0.57     NS 
Media    1.37    1.15    1.22 
S x M    2.38    1.99    2.12 

Values within column followed by different letters are significantly different at 5% probability level. 
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Table 3. Combined effect of different added auxins and cytokinins in varying concentrations and combinations on in vitro response of cultured 
mature cotyledons 

 
Culture 
media 
 
Species 

Callus induction (%) Morphogenic calli (%) Plant regeneration (%) 
Acid lime Mandarin Sweet 

orange 
Mean Acid 

lime 
Mandarin Sweet 

orange 
Mean Acid lime Mandarin Sweet orange Mean 

MS.5N.5B 62.10 72.66 68.33 67.69h  8.33 9.05 8.85 8.74j 79.06 75.07 76.08 76.73b 
MSN.5B 65.05 68.23 68.30 67.19h  9.92 8.03 8.64 8.66j

 77.34 75.35 71.18 74.62b 
MS2N.5B 68.32 68.59 69.01 68.64g 8.93 10.53 10.60 10.02h 77.09 74.15 72.05 74.43b 
MS3N.5B 82.59 80.77 76.36 79.90c 15.32 14.98 14.01 14.77f 70.15 74.23 65.44 69.94c 
MS4N.5B 83.33 79.12 82.53 81.66b 17.02 17.32 17.11 17.15de 63.32 63.34 64.00 63.55f 
MS5N.5B 80.11 82.09 85.03 82.41ab  9.43 10.01 10.76 10.06h 68.11 67.10 54.16 63.12f 
MS.5D.5B 69.93 66.52 63.22 66.55i 5.90 6.19 5.65 5.91l 64.47 61.31 58.11 61.29i 
MSD.5B 67.33 71.03 61.11 66.49i  6.69 6.64 5.99 6.44k 62.16 66.01 56.05 61.40h 
MS2D.5B 84.13 80.15 81.16 81.18b 9.23 9.48 9.50 9.40i 60.30 63.12 63.15 62.19g 
MS3D.5B 79.25 78.52 77.31 78.36d 11.30 12.30 12.54 12.04g 64.28 60.11 61.48 61.95g 
MS4D.5B 82.18 83.39 81.13 82.23b 16.93 16.01 16.05 16.33e  54.06 53.16 54.01 53.74l 
MS5D.5B 85.23 84.10 83.22 84.18a 14.01 14.95 14.26 14.43f 58.54 56.45 53.11 56.03k 

MSBN 75.29 79.22 70.88 75.13e 16.93 17.55 14.79 16.42e 78.11 74.06 77.26 76.47b 
MS2BN 75.09 73.12 73.32 73.84ef 17.32 18.50 18.19 18.00cd 77.09 78.19 76.06 77.11b 
MS3BN 69.55 65.21 66.96 67.24h  22.52 24.59 23.06 23.39b 75.06 77.04 80.01 78.03ab 
MS4BN 67.10 65.66 63.20 65.32j 32.12 33.01 30.56 31.89a 80.13 79.05 78.11 79.09a 
MS5BN 59.12 57.33 59.02 58.49l 16.50 18.97 16.56 17.34d 74.13 73.31 72.15 73.19bc 
MSB.5D 82.19 79.31 77.11 79.53cd 12.90 14.95 14.53 14.12fg 62.05 60.33 58.10 60.16j 
MS2B.5D 75.10 71.52 69.10 71.91f 15.02 14.35 14.98 14.78f 70.05 66.31 64.05 66.80e 
MS3B.5D 73.22 72.20 59.32 68.24gh 16.92 15.58 16.03 16.17e 70.05 68.06 68.16 68.75d 
MS4B.5D 71.33 60.12 65.22 65.55j 18.10 19.63 19.90 19.21c 66.16 60.06 60.11 62.11g 
MS5B.5D 63.98 61.91 58.22 61.37k 15.02 14.93 14.36 14.77f 57.10 67.33 63.16 62.53g 
Mean 73.70a 72.75a 70.86b  14.38a 14.88a 14.39a  68.35a 67.87a 65.72b  
CD 0.05             
Species    1.25    0.66    1.95 
Media    3.39    1.80    5.28 
S x M    5.88    3.11    9.14 

Values within column followed by different letters are significantly different at 5% probability level. 
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Table 4. Effects of different plant growth regulators on in vitro rooting of shootlets 
 

Culture media  
▼ 
Species ► 

Root proliferating shootlets (%) Number  of roots Root length (in cm) 
Acid 
lime 

Mandarin Sweet 
orange 

Mean Acid 
lime 

Mandarin Sweet 
orange 

Mean Acid 
lime 

Mandarin Sweet orange Mean 

MS.5I 82.12 77.15 73.66 77.64a 2.99 2. 07 2.37 2.47b 3.33 3.30 3.34 3.32a 
MSI 76.09 71.32 72.09 73.16cd 2.18 3.10 3.33 2.87b 3.19 3.15 3.19 3.17b 
MS2I 71.22 69.12 66.33 68.89e 3.19 2.29 2.93 2.80b 2.99 2.31 2.25 2.51bc 
MS3I 61.32 62.05 60.12 61.16g 1.12 1. 08 1.29 1.16b 2.12 2.30 2.02 2.14c 
MS.5N 75.12 71.19 74.04 73.45c 2.20 3.12 3.98 3.10b 3.20 3.39 3.12 3.23ab 
MSN 70.66 70.60 71.10 70.45de 1.98 1.58 2.22 1.92b 2.12 2.30 2.02 2.14 c 
MS2N 69.52 68.12 69.16 68.93e 1.10 1. 09 1.87 1.35b 3.09 3.19 3.03 3.10b 
MS3N 61.33 59.72 58.79 59.94h 1.20 1. 07 1.10 1.12b 1.78 1.70 1.01 1.49c 
MS.5Kn 79.12 75.10 76.66 76.96b 3.19 2.29 2.93 2.80b 3.59 3.23 3.08 3.30a 
MSKn 67.03 61.01 65.10 64.38f 2.19 2. 09 2.10 2.12b 2.97 2.78 2.12 2.62b 
MS2Kn  75.42 77.03 72.33 74.92b 3.33 3.13 3.27 3.24ab 2.11 2.61 2.03 2.25c 
MS3Kn 58.17 60.66 56.10 58.31i 1.20 1.97 1.33 1.50b 1.99 1.60 1.49 1.69c 
MS.5I.5B 79.10 77.32 75.12 77.18ab 2.91 3.22 3. 06 3. 06b 3.60 3.78 3.29 3.55a 
MSI.5B 75.22 75.10 71. 09 73.80bc 3.71 2.97 2.77 3.15b 3.53 3.33 3.45 3.43a 
MS2I.5B 72.10 75.11 70.33 72.51d 2.11 1.81 2. 03 1.98b 3.12 3.03 2.99 3.04b 
MS.5I.5Kn 70.11 71.92 73.10 71.84d 2.91 2.92 2.98 2.98b 3.47 3.52 3.42 3.47a 
MSI.5Kn 73.01 71.34 75.91 73.42c 2.98 2.22 2.87 2.69b 3.42 3.49 3.39 3.43a 
MS2I.5Kn 79.12 75.10 76.66 76.96b 3.97 3.12 3.50 3.53a 3.59 3.23 3.08 3.30a 
MSI.5Kn 67.03 61.01 65.10 64.38f 1.13 1.19 1.93 1.41b 2.97 2.78 2.12 2.62b 
Mean 71.90a 70.35b 69.69b  2.38 2.24 2.52  2.95a 2.89a 2.65a  
CD (0.05)             
Species    1. 07    NS    0.40 
Media    2.69    2.32    1.00 
S x M    NS    NS    1.74 

Values within column followed by different letters are significantly different at 5% probability level. 
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