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ABSTRACT

Boerhavia diffusa Linn. (Nyctaginaceae) is an important medicinal plant rich in various flavonoids used in cure of several 
diseases including rheumatoid arthritis, eye and heart diseases. Present study has been undertaken to examine the influence 
of various physical and chemical parameters on in vitro pollen germination in B. Effect of physical factors as temperature, 
relative humidity and pH and chemical factors as varying carbohydrates and their concentrations, media salt concentrations, 
and were examined on pollen germination of B. diffusa and the results are discussed in the light of the available literature. 
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Medicinal plants are one of the major groups in the forest the cell apex via an extreme form of polar growth, known as tip 

that provide non wood products. Nearly 80% of the population growth, producing uniformly shaped cylindrical cells 

in the developing countries depends directly on plants for its (Cheung et al. 2010). 
Pollens normally germinate on stigmata of plants, in medicines. More than 7,500 species of medicinal plants grow 

some plant groups they germinate in anther loculus (Dane and in India which is considered as the botanical garden of the 

world. In India about 2000 drugs used are of plant origin. More Meriç 2005). Pollen germinate in vitro in basic medium 

than 70% of India’s 1.1 billion populations still use herbal containing 10% sucrose and 0.01% boric acid only (Dane et al. 

drugs (Ayurveda, Yoga, Unani, Sidha, Homeopathy and 2004) while pollens of other species need more complicated 
Naturopathy). However, most of these plants are at the verge media (Çetin et al. 2000). The required environment for pollen 
of extinction because of over-harvesting, destructive germination in vitro is related to genetic composition and also 
collection techniques and conversion of habitats to crop-based the quality and quantity of nutrient reserves of pollen (Baker 
agriculture. Therefore, there is a need to understand and Baker 1979).
morphology and reproductive biology of these medicinal To promote in vitro pollen germination in a large number of 
plants. Reproductive biology of plants involves sexual and unusual compounds have been used. Shivanna and Sawhney 
asexual processes or mixture of both and is an integrated (1995) found various concentrations of Polyethylene glycol to 
system where changes at molecular level are reflected at be beneficial for in vitro pollen germination of Brassica. Growth 
morphological level (Fan et al. 2008). Transfer of pollen regulators have been found to promote pollen germination in a 
grains and their germination on the stigma surface are large number of species (Vitagliano and Viti 1989).
governed by differential enzymatic activities. Receptivity of Present investigation has been undertaken to study 
stigma for pollen varies from one hour to several days influences of several physical and chemical parameters on 
depending on the species (Heslop-Harrison 2000, Sanchez et the in vitro pollen germination in Boerhavia diffusa L. an 
al. 2004). Pollen tube germination occurs in an influence of important medicinal plant.  
both pollen coat secretions and stigmatic exudates (Lord 

MATERIALS AND METHODS2000). During pollen tube growth pistil plays essential role 

with a close cell-cell communication between pollen-pistil as Plant Material—Boerhavia diffusa L. plants growing in the 
reported in tomato (Shivanna and Johri 1985, Higashiyama Agricultural Experimental farm of Dayalbagh Educational 
and Hamamura 2008). Institute, Agra were used in the present study.

In vitro pollen germination is one of the most convenient Collection of pollen grains—Pollen grains were collected 

and reliable methods used to test the viability of fresh pollen. from the freshly dehisced anthers of 25 marked plants of 

It is a valuable tool for understanding the complexities B. diffusa between 06.00-07.00 h and placed in a desiccator to 
maintain the relative humidity. underlying the germination process. Pollen tube elongation is 
Preparation of culture medium—Brewbaker and Kwack’s a dynamic process in which pollen tubes navigate and respond 
medium containing sucrose (10 g), calcium nitrate (30 mg), to female tissues to accomplish their mission of delivering the 
magnesium (20 mg), boric acid (10 mg) and potassium nitrate sperm cells for fertilization. Pollen tubes extend exclusively at 



(10 mg) at pH 7.5 was used for in vitro pollen germination concentrations was required for optimal pollen 
(Brewbaker and Kwack 1963). Effect of different germination (Fig. 1 & Table 1).
concentrations of sucrose, calcium nitrate, boric acid, 
magnesium sulphate and potassium nitrate supplemented  
with the medium was also studied. Hanging drop culture 
method as described by Shivanna and Rangaswamy (1992) 
was used to study in vitro pollen germination.  
1. Interaction of sucrose with temperature : Interaction of 

temperature and sucrose was studied by using six sucrose 
concentrations (6, 8, 10, 12, 14 and 16 %) at five varying 

o temperature (25, 30, 35, 37 and 40 C). 
2. Interaction of pH with temperature : pH of the medium 

was adjusted to 5, 6, 8, 9 and 10. pH 7.5 was used as 
control since pH of original Brewbaker and Kwack’s 
medium. The experiment was conducted monthly from 
July to November since pollen are subjected to varying 

Fig. 1—Effect of temperature on in vitro germination of pollen of 
environmental conditions, and the temperature was 

B. diffusa in B & K medium at room temperature performed during 
recorded to understand interaction of pH and temperature different months of the year.*Data pooled from three replicates. 

on pollen germination.
Table 1–In vitro germination of pollen of B. diffusa. Interaction of 

3. Interaction of sucrose concentration with RH : The sucrose and temperature *#
desired relative humidity was obtained by using 1L 

  Sucrose                          Temperaturestorage desiccator containing saturated solutions (i) CaCl  2   conc. (%)
to provide 35 % RH, (ii) Ca (NO)  to provide 53 % RH, 3

 25oC 30oC  35oC  37oC  40oC
(iii) (NH ) SO  to provide 80 % RH, and (iv) deionized 4 2 4

Per cent pollen germination water to provide 100 % RH. At each of the RH five 
6 2.66a 3.66a 3.33a 47.33d 44.33esucrose concentrations (6, 8, 10, 12 and 14 %) were used 

(Burke et al., 2004).. 8 4.33ab 5.66b 8.66c 35.66c 40.66d
4. Salt concentrations of the medium : The effect of 

10 14.66d 23.33d 43.33d 38.33c 26.33c
varying concentrations of on germination was studied. 

12 13.6c 9.21c 10.66c 19.66b 12.66bAll salts were used at 0, 50, 100, 150, 200 and 300 mg/l. 
14 5.33c 4.66ab 5.33ab 17.33b 11.33bOnly one salt was varied at a time keeping the 

concentration of others constant. Concentration of each 16 3.33ab 4.33ab 5.66b 4.33a 3.66a

salt that supported the optimal pollen germination was 
*B & K medium was used; # n=480. Values in a column were 

combined to develop a medium that supported the best compared by Duncan’s Multiple Range Test and those followed by 
pollen germination. different letters are significant at P=0.05

Data Presentation—Data collected on various experiments Table 2–In vitro germination of pollen of B. diffusa. Interaction of pH 
were presented in the tabular form and also represented in and temperature*#

graphical form. 
pH Temperature

Statistical Analysis—The data was statistically analyzed by 
30oC 32oC 35 oC 37oC 40oCDuncan’s Multiple Range Test and those followed by different 

letters are significant at P=0.05. Per cent pollen germination 

pH 5 8.33a 30.66b 14.66a 24.33c 35.3eRESULTS

pH 6 14.33c 41.66d 34.66c 41.66e 14.66aThe pollen grains of B. diffusa germinated through one of 
the germ pores or apertures. The pollen tube curled up as it pH 8 14.66c 51.66d 25.66b 35.33d 24.33c

elongated.
pH 9 11.66b 33.33c 34.61c 18.33b 18.66b

1. Interaction of sucrose with temperature—Optimum 
o pH 10 44.33d 22.66a 35.33c 13.33a 31.33dgermination (43 %) was obtained at 35 C temperature. 

10% sucrose was necessary for optimum pollen * B & K medium was used; #n=180; Values in a column were 
germination at all the temperatures. At higher compared with Duncan’s  Multiple Range Test and those followed 

o otemperature (37 C and 40 C) best occurred at 6 % sucrose. by different letters are significant at P=0.05 # Control pH 7.5, per 

cent pollen germination in each control = 42.62%It was observed that at lower temperature 10-12% sucrose 
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2. Interaction of pH and temperature—Temperature 4. Salt concentrations in the media—The presence of salts 
appears to be a more important factor for pollen germina- was found necessary for pollen germination (Tables 4, 5). 

o otion than pH (Table 2). At 32 C and 35 C, irrespective of The combinations  of boric acid at 50 mg/1 (37%), 
pH pollen germination was high. The highest pollen calcium nitrate at 150 mg/1 (37%), magnesium sulphate at 

ogermination (52%) was recorded at pH 8 at 32 C. 200 mg/1 (33%) and potassium nitrate at 150 mg/1 (30%) 
in 10% sucrose were the best for germination. The 

Table 3– In vitro germination of pollen of B. diffusa, interaction of RH 
modified medium supported 54% pollen germination as and sucrose*
compared to 42 % in the standard BK medium. The salts 

Sucrose concentration (%) that required for this were KNO  from 100 mg/l in BK to 3#RH (%)   6     8     10     12    14 150 mg/l; Ca (NO )  from 300 in BK to 150 mg/l, and boric 3 2

acid from 100 mg/l to 50 mg/l in the modified medium, Per cent pollen germination 
magnesium sulphate was not required to be changed.

a c d d b
77 (Control) 3.33 8.66 21.33 19.66 5.33

a c b ab DISCUSSION
35 0 5.7 2.58 1.56 0

b c b b a In vitro pollen germination studies in B. diffusa 53 8.73 14.28 7.7 7.5 2.22

c bc b a conducted during the present work have yielded interesting d80 8.88 15.59 6.62 6 2.29
results. Reproductive phase of angiosperms is highly affected 

c d c b a
100 14 24.44 12.00 7.1 2.63 by changing temperatures, which is one of the reasons for 

* Control : 43% pollen germination in BK medium; All experiments spatio-seasonal distribution of plant species. Studies have 
were carried out 37oC; Values in a row were subjected to Duncan’s shown that germination response of pollen was greatly 
Multiple Range Test and those followed by different letters are influenced by temperature as in apricot (Pirlac 2002), 
significant at P=0.05; # see M & M for maintenance of RH

Dimocarpus (Pham et al. 2015) and sweet cherry (Milatovic 
3. Interaction of sucrose with RH—None of the combina- and Nikolic 2017). In present study, pollen germination in B. 

tions of sucrose concentration and RH yielded good results. diffusa was highly affected by temperature. In the presence of 
At 100% RH and 8% sucrose there was only 24% pollen 10 % sucrose and minerals the most optimum temperature that 
germination as compared to that obtained (43%) under supported maximal pollen germination was 35ºC. Higher or 
normal conditions where RH was not controlled (Table 3). lower temperatures also supported good pollen germination 

Table 4–In vitro germination of pollen of B. diffusa. Effect of varying with increased pH of 10 and the sucrose concentration was 
salts of BK medium*# reduced to 6% especially when temperatures were low. In 
Chemicals Salt concentration (mg/l)# Pyrus pyrifolia pH was found to influence pollen germination 

(Shaoling et al. 2005) as was observed in the present study. In 0 50 100 150 200 300
litchi increase in humidity and temperature adversely affected 

Per cent pollen germination 
pollen germination in Litchi chinensis  (Matsuda and Higuchi 

ab b b ab a
Potassium nitrate 11a 24.8 26.5 28.9 22.75 1.2 2017). During present study it was observed that increased RH 

a bc ab abcd dMagnesium nitrate 7.75 20.65 14 30.3 33.3 20.5 reduce pollen germination. However, in Prunus higher 
a a b b a a humidity supported better pollen germination (Güçlü and Calcium nitrate 5.87 6.55 36.8 36.5 11.5 9.5

Koyuncu 2017).a b ab a a a
Boric acid 4.23 37.25 19.75 15.9 14.5 11.3

A new medium modified from Brewbaker and Kwack’s 
composition was developed which supported 54% pollen * Control: 43% pollen germination in B & K medium; # only one salt 

was varied at a time keeping the concentration of others constant. All germination in B. diffusa as compared to 43% in the standard 
media were supplemented with10% sucrose and pH 7.5. All 

Brewbaker and Kwack medium. Similarly, modifications in experiments were carried out at 37oC. Values in a row were 
the salt composition of the standard Brewbaker and Kwack subjected to Duncan’s Multiple Range Test and those followed by 

different letters are significant at P = 0.05 medium improved pollen germination in Cajanus (Jayprakash 

Table 5-  In vitro germination of pollen of B. diffusa: Modified medium#

Salt Modified medium BKmedium Percent pollen germination in Percent pollen germination 
(mg/l) (mg/l)         modified medium           in BK medium

Potassium nitrate 150 100

Magnesium sulphate 200 200               54.3 + 2.1            42.43 + 3.10

Calcium nitrate 100 300

Boric acid 50 100

n = 380; Mean + S.D; #Salt concentrations that supported maximum per cent germination (see Table 12) were used to compose the modified 
medium 
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and Sarla 2001) and Jacquinia (Pal and Mondal 2016). Heslop-Harrison Y 2000. Control gates and micro-ecology: 
Carbohydrates in the germination medium are a source of The pollen-stigma interaction in perspective. Ann. Bot. 
energy, osmoticum and signaling. The type of carbohydrate 85 5-13.
used greatly influence pollen germination in vitro. In most Higashiyama T and Hamamura Y 2008. Gametophytic pollen 
media sucrose is normally used as a carbohydrate source tube guidance . Sex. Plant Reprod. 21 17 - 26. 
but experiments with different species have shown that 

Jayprakash P and Sarla N 2001. Development of an improved carbohydrates other than sucrose have shown improved pollen 
medium for germination of Cajanus cajan (L.) Millsp. germination.  
pollen in vitro. J. Exp. Bot. 52 851-855.Acknowledgement—Sincere thanks are due to Director of 

the Institute for providing facilities. Thanks are also due to Lord E 2000. Adhesion and cell movement during  pollina-
University Grants Commission, New Delhi for the award of tion: cherchez la femme. Trends Plant Sci 5 368-373.
the Rajiv Gandhi Junior and Senior Research Fellowship.
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