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ABSTRACI' 

The effect of potassium dihydrogen phosphate (KH2PO,,) on callus induction 
and plant regeneration from callus cultures of indica rice (Oryza sativa cultivar Pusa 
Basmati-l) was investigated. Callus was induced on Murashige and Skoog (MS) 
medium supplemented with 11.31 JAM 2,4-dichlorophenoxyacetic acid (2,4-D) and 
subsequent plant regeneration was obtained on MS medium containing 2.68 JAM 0.

naphthaleneacetic acid (NAA) and 8.87 JAM 6-benzylaminopurine (BAP). Both the 
induction and the regeneration media were supplemented with different levels of 
KH2PO" (0 to12.50 mM). The level of KH2PO" in the induction medium influenced the 
percent water content of the callus. KH2P04 was found to be essential for plant 
regeneration as no shoot regeneration occurred in the absence of KH2P04• Highest 
number of shoots per explant was obtained when KH2PO" level in the callus induction 
and plant regeneration medium was 0.625 mM (half of MS level) and 1.25 mM 
(normal MS level) ·respectively. By making amendments and modifications of the 
KH2PO" level in the induction medium, the regeneration increased 2.5 folds. Almost 
similar regeneration frequency was observed from callus induced on lower levels of 
KH2PO". Regenerated shoots were rooted on MS medium supplemented with 2.68 ~M 
NAA. Rooted plantlets were transferred to soil where they survived and set seeds. 
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INTRODUCTION 

Rice is one of the most important staple crops in the world and indica rice 
varieties are the principal food source in most of the world's tropical regions. Since the 
first report of plant regeneration from rice callus (Nishi et aI. 1968), successful tissue 
culture has been reported from various explants including mature and immature 
embryos (Koetje et aI. 1989; Grimes and Hodges 1990; Lee et aI. 2002); proembryos 
(Zhao et al. 1999); leaf sheath (Abdullah et aI. 1986); leaf bases (Wernicke et aI. 
1981); root-segments (Sticklen 1991); young inflorescences (Chen et aI. 1985); 
coleoptile (Oinam and Kothari 1995). The response in terms of absolute number of 
plants regenerated per explant is poor in important indica cultivars. It has been 
suggested that these efficiencies could be increased if appropriate amendments are 
made to the tissue culture medium. Researches in the recent years have shown that 
different cereals require different composition of the basal medium depending upon 
the genotype. source and age of the explant, plant growth regulators (PGRs), and 
culture conditions applied. The composition of the culture medium is conSidered 
important, as tissue culture responses are highly dependent on the interplay of mineral 
nutrient concentrations with other factors (Leifert et aI. 1995; Preece 1995; Ramage 
and Williams 2(02). An optimized concentration of nutrients can even partially 
substitute for PGRs (Preece 1995; Poddar et aI. 1997). Therefore, the composition of 
the basal medium has been routinely modified for different cereal crops (Grimes and 
Hodges 1990; Purnhauser 1993; Sahrawat and Chand 1999; Dahleen and Bregitzer 
2002; Nirwan and Kothari 2(03). Higher concentration of macro-nutrients enhances 
the frequency and development of embryogenic callus in wheat (He et aI. 1989). In 
indica rice also improved plant regeneration has been achieved by optimizing the 
concentration of nutrient salts (Raval and Chattoo 1993; Khanna and Raina 1997, 
1978; Sahrawat and Chand 1999, 2(02). The present investigation was undertaken to 
optimize the KH2P04 level in the basal medium for efficient callus induction and high 
plant regeneration of indica rice to facilitate the regeneration of high number of plants 
after genetic transformation. 

MATERIALS AND METHODS 

Mature seeds of indica rice (Oryza sativa L. cultivar Pusa Basmati-l) were used 
for embryogenic callus induction and plant regeneration. The seeds were procured 
from GB Pant University of Agriculture and Technology, Pant Nagar, Uttaranchal. 
Mature seeds were dehusked, surface sterilized with 0.1 % aqueous solution of 
mercuric chloride for 8 minutes followed by three rinses with sterile distilled water. 
The basal MS medium (Murashige and Skoog, 1962) supplemented with 11.31 J.lM 
2,4-dichlorophenoxyacetic acid (2,4-D), different concentrations of potassium 
dihydrogen phosphate (KH2P04; 0 to 12.50 mM) and sucrose (3.0%, w/v) was used for 
callus induction. The pH of the medium was adjusted to 5.8 before being solidified 
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with 0.8% bacteriological grade agar (Qualigens, India) and autoclaved at 121°C and 
1.06 kglcm2 pressure for 15 minutes. The cultures were maintained at 26±I°C under a 
photoperiod of 16/8 hrs (day/night) and at a light intensity of 25 J.LIIlol m·2s-l • 

Plant regeneration: The calli were transferred on regeneration medium after 4 weeks 
without exerting any visual selection. From each treatment half the number of embryo
derived calli were transferred to regeneration medium consisting of MS medium with 
KH2P04 concentration as per the induction medium (RM medium) and the other half 
were transferred to the MS medium without any modification of basal salts (RN 
medium). Both the regeneration media RM and RN were supplemented with a 
combination of 2.68 J1M a-naphthaleneacetic acid (NAA) and 8.87 J1M 6-
benzylaminopurine (BAP). Regenerated shoots over 0.5 cm in height were counted 
after 4 weeks of transfer. Well-developed shoots (over 1 cm) were transferred on 
rooting medium (0.2% w/v phytagel solidified MScontaining 2.68 J1M NAA). 
Plantlets with good root system were transferred to soil. 

The data were recorded on percent water content of the callus after four weeks 
of incubation on induction medium. The percent water content was determined from 
the difference between the fresh weight and the dry weight, divided by the fresh 
weight. The dry weight was obtained by drying the callus in an oven at 60°C for 24 
hrs. 

Statistical analysis- Data for percent water content were analysed using a one way 
analysis of variance (ANOV A) and comparisons between the mean values of 
treatments were made by the least significantly difference (LSD) test. 

RESULTS AND DISCUSSION 

Seeds inoculated on MS medium supplemented with 2,4-0 and various levels 
of KH2P04 produced creamish compact embryogenic type of callus along with friable 
non-embryogenic callus. The percent water content varied with the concentration of 
KH2P04 in the medium (Table 1). As the concentration of KH2P04 was raised, the 
water content of the callus increased. Calli induced on lower concentration of KH2PO .. 
were relatively dry and compact in appearance. These calli gave rise to larger number 
of shoots on RN regeneration medium as compared to those induced on higher 
concentrations and looked watery. Reduced water content is known to increase 
embryogenesis and plant regeneration in rice (Rance et al. 1994; Jain et al. 1996). In 
the present study, change in the percent water content of the callus was observed by 
changing the concentration of KH2P04 in the callus induction medium. 

Not only the callusing response but also the regeneration was dependent on the 
concentration of KH2P04 in the medium. Plants could not be regenerated on medium 
devoid of KH2P04• The regeneration percentage, average plants/regenerating embryo 
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Table 1. Water content of seed derived callus induced on MS medium supplemented with 
2,4-D (11.31 ~) and different levels of KH:zPO. 

Cone. of KHzP04 in callus induction medium Percent water content· of the callus 

0 81.66±3.29 a 
0.625mM 86. 17±O.46 b 
1.25 mM 86.58±1.73 b 
2.50mM 87.24±1.35 be 

3.75mM 8i.9O±1.35 be 
5.0mM 88.62±1.50 c 
6.25mM 89.10±0.53 c 
12.50mM 91.64±UI6 d 

• Percent water content = [(Fresh weight - Dry weight) I Fresh weight] X 100 
Values followed by the same alphabet are not significantly different from each other (P=O.05) 

Table 2. Regeneration response of callus derived from seeds of Oryza sativa cultivar 
Pusa Basmati-l. 

Cone. of KHzP04 in Regeneration 
callus induction· medium 

medium 

0 
0.625mM 
1.25 mM 
2.50mM 

RN 
3.75mM 
5.0 mM 
6.25 mM 
12.SOmM 

0 
0.625mM 
1.25 mM 
2.50mM 

Riot 
3.75mM 
5.00mM 
6.25mM 
12.50mM 

• MS medium + 2,4-0 (11.31 JIM) 
so: Standard Deviation 

Percentage No. of plants per 
regeneration regenerating seed 

Mean±SO 

80 3.50±1.0 
80 4O:50±5.65 
80 16.75±7.32 
75 7.33±4.93 
50 6.50±2.12 
47 3.0±1.414 

0 
0 

. 

0 
. 

60 3.33±1.52 
80 16.75±7.32 
60 7;0±3.60 

60 6.66±4.04 
50 4.0±0 
40 4.5±3.53 
33 3.0±0 

RN: MS medium + NAA (2.68 JIM) + BAP (8.87 JIM) + KHzP04 (1.25 mM) 

Total plantlets 

Seeds=SO 

140 
1620 
670 
275 
163 
100 

105 
670 
210 
200 
100 
90 
50 

RM: MS medium + NAA (2.68 JIM) + BAP (8.87 JIM) + KHzP041evel as in callus induction medium 
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and total plantlets obtained from fixed number of seeds for each treatment is given in 
Table 2. While calculating average plants/seed, only the regenerating seeds were taken 
into account. This value correlates better with the visual observation of regeneration. 
Total plantlets were counted on the basis of fixed sample size (50 seeds) whether 
regenerating or non-regenerating. Variation in the response between treatments is 
clearly observed when total number of plantlets was compared. 

The regeneration response of calli was better on RN medium, indicating that the 
level of KHZP04 in the MS though optimum for regeneration of plants but is not 
suitable for efficient induction of embryogenic calli. The calli induced on various 
concentrations of KHZP04 had different efficiencies to regenerate plants even on the 
same regeneration medium. The inorganic constitution of the callusing medium 
affected the regeneration response. Of the various concentrations evaluated at the 
induction, 0.625 mM gave the most clear-cut effect. The percentage of regenerating 
calli remained unchanged when the concentration of KHZP04 was reduced in the 
medium but the total number of regenerated plants changed considerably. The callus 
induced even in the absence of KHZP04 showed percentage of regeneration 
comparable to the control i.e. 80%. At 0.625 mM the percentage regeneration still 
remained 80% but the total number of regenerated plantlets was highly increased. At 
higher levels of KHZP04 both the percentage of responding cultures as well as the total 
number of regenerated plantlets was reduced. By making amendments and 
modifications of the KHzP04 1evei in the induction medium, the regeneration has been 
increased by 2.5 folds from an average of 670 plants regenerated from 50 seed explant 
in initial experiment to an average of 1620 plants after optimization. The regenerated 
plantlets had normal roots and successfully survived in the field. 

The results of the present study showed that different levels of KHZP04 are 
required at the induction and regeneration phases. While 0.625 mM KHZP04 was 
beneficial for callus induction, optimum regeneration occurred on 1.25 mM of 
KHZP04• A differential requirement of the composition of basal medium at the two 
phases of development has been previously reported by Khanna and Raina 1998; 
Kothari et al. 2004. 

In wheat, barley, rice and sorghum, optimization of copper sulphate level 
increased the number of green plants (Purnhauser 1991; Dahleen 1995; Sahrawat and 
Chand 1999 and Nirwan and Kothari 2003). A significant enhancement of plant 
regeneration has been achieved by increased l~vels of ammonium nitrate, potassium 
nitrate, ammonium sulphate in rice (Khanna and Raina 1997; Sahrawat and Chand 
2002) and Eleusine (Poddar et al. 1997). This is the first report to investigate the effect 
of KH2P04 on callus induction and plant regeneration in indica rice. The exact 
mechanism for the enhancement of regeneration is not known, however the two 
nutrients - potassium and phosphate are implicated in the osmotic adjustment and 
energy metabolism of the cell respectively. Higher concentration of KH2P04 can also 
limit the availability of other mineral ions such as Fe3+ and Ca2+ (Loneragan and Asher 
1982). 
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The present study concludes that the level of KH2P04 in the MS medium is not 
optimal for rice tissue culture. Furthermore, the requirement for the induction and 
regeneration phases is not the same. Differential optimization of the two phases 
resulted in an efficient callus induction and high frequency plant regeneration in indica 
rice. 
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