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INTRODUCTION (Lalonde et al. 1997, Huang et al. 2000, Lordkaew et al. 

2010). The present investigation was undertaken to fill 

this gap.
Boron (B), copper (Cu), manganese (Mn) and zinc 

(Zn) are known to play important role in pollen fertility 

in several crops. Plants grown in Zn (Agarwala et al. MATERIALS & METHODS
1978, Sharma et al. 1979, 1987, 1990, Pandey et al. 

1995), Molybdate (Graham 1975), B (Agarwala et al. 
The seeds of Capsicum annuum L. var. Pusa jwala 1981, Cheng & Rerkasem 1993, Krudnak et al. 2013), 

were obtained from the Division of Horticulture, Indian Cu (Dell 1980) and Mn (Sharma 1992, 1996) deficient 
Agricultural Research Institute, New Delhi were sown in soils are reported to exhibit reduction in anther size and 
plastic pots containing perlite and nutrient solution pollen viability. Deficiency of boron induces pollen 
prepared after Hewitt (1963) with all the nutrients sterility (see, Shivanna 2003). However, the direct role 
(control), or in the media deficient in either boron, of B in sporogenesis, pollen germination and pollen tube 
manganese or zinc or deficient in different combinations growth is yet to be confirmed (Dell & Huang 1997). 
of B+Mn, B+Zn and Mn+Zn. For preparation of pots the These studies notwithstanding the effect of deficiency of 
procedure used earlier  by Rathi & Rana (2012) was micronutrients on anther development and 
repeated. microsporogenesis have received little attention 
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ABSTRACT

Pollen fertility and anther development in Capsicum annuum L. plants grown hydroponically in the 
deficiency of boron, manganese and zinc was studied. Plants grown in the deficiency of Mn, Zn, 
Mn+Zn, Mn+B and Zn+B exhibited reduction in pollen fertility. Highest pollen fertility (72.5%) 
was observed in plants raised in nutrient medium containing all essential elements. On the other 
hand, least of pollen fertility (32.5%) was observed in plants raised in Zn and B deficient media, 
although anther development was more or less normal. In plants raised in Zn+Mn, Mn+B and Zn+B 
deficient conditions pollen fertility was 38.5%, 35.2% and 32.5% respectively and the anthers were 
indehiscent, exhibited tapetal abnormalities and a thick callose wall around microspore tetrads and 
deformed microspores. However, synthesis of sporopollenin and exine formation was not affected 
in the sterile pollen grains.  
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Pollen viability—Pollen fertility was tested at regular OBSERVATIONS & DISCUSSION
intervals throughout flowering period by flurochromatic 

(FCR) test after Heslop-Harrison & Heslop-Harrison 
The effect of B, Mn and Zn deficiency on size and 

(1970).
number of flowers, and fruits/plant;  number of 

Anther development & Microsporogenesis—For light seeds/fruit and total yield has been published earlier 
microscopy (LM), the floral buds were fixed in a mixture (Rathi & Rana 2012). 
of formalin-acetic-alcohol and 3% gluteraldehyde in 0.1 

Pollen viability—Plants raised in micronutrient 
M PO  buffer at pH 6.8. The floral buds were dehydrated 4

deficient conditions showed significant reduction in 
in ethyl alcohol- n-butyl alcohol series. Infiltration was 

pollen fertility (Table 1). Compared to plants grown in 
undertaken by making three changes in wax and n-butyl 

full Hewitt solution, the fertility is 72.5±12.5% in the 
alcohol. Serial sections 7-12 µm thick and were stained 

latter (Fig. 1a). On the other hand, the plants grown in the 
with Delafield haematoxylin (prepared in 70% ethyl 

deficiency of micronutrient showed marked reduction in 
alcohol) for 30 minutes. The slides were first dipped 10-

fertility of pollen and their size. The plants grown in the 
12 times in 70% ethyl alcohol containing HCl and then 2-

deficiency of Mn exhibited 51.5±11.9% pollen fertility 
3 times in 70% ethyl alcohol containing ammonia. 

(Fig. 1b). On the other hand, pollen viability in the plants 
Thereafter, the slides were given two changes in tertiary 

grown in the deficiency of Zn alone, exhibited 
butyl alcohol (TBA) for 5 minutes each. Then they were 

45.6±11.3% pollen fertility (Fig. 1c). Similarly, the 
passed through a mixture of TBA and xylene and finally 

plants grown in the deficiency of different combinations 
cleared in pure xylene and mounted.

of micronutrients also exhibited marked reduction in 
For transmission electron microscopic (TEM) their pollen fertility.  Pollen fertility of plants grown in 

studies, the anthers from floral buds at different stages of the media deficient in Zn+Mn was 38.5±7.9% (Fig. 1d). 
development were cut into small pieces and fixed in 3% The plants grown in the deficiency of B+Mn pollen 
gluteraldehyde in 0.1M phosphate buffer at 6.8 pH. The fertility was 35.2± 7.2% (Fig. 1e). The plants grown in 
anthers thus fixed were washed and left in the same the deficiency of Zn+B showed maximum reduction in 
buffer for eight hours at room temperature. Post fixation their pollen fertility and it was only 32.5±8.5% (Fig. 1f). 
was done in 1% osmic acid in the same buffer for 4 hours The size of pollen grains in the anthers of plants grown in 

0at 4 C. Thereafter, the anthers were dehydrated in the deficiency of minerals was also reduced (Fig. 1c, 1d, 
alcohol series and left in 100% ethyl alcohol over night. 1e, 1f). Several investigators have reported significant 

0
Transferred to propylene oxide for 30 minutes at 4 C reduction in pollen fertility in plants grown in the 
making one more change for 30 minutes. Transferred to deficiency of B (Cheng & Rerkasem 1993, Huang et al. 
the mixture of 1:1 propylene oxide and epon for 12 h in a 2000, Agarwala et al. 1981, Lordkaew et al. 2010, 
dessicator. The Epon Spurr's low–viscosity embedding Krudnak et al. 2013), Zn (Agarwala et al. 1978, Sharma 
media was prepared by gravimetrically adding 10g et al. 1979, 1987, 1990, Pandey et al. 1995), Mn (Sharma 
vinylcyclohexene dioxide; 6g diglycidyl ether of 1996). Deficiency of boron is known to induce pollen 
polypropyleneglycol, 26g nonenylsuccinic anhydride sterility (see Shivanna 2003).
(NSA) and 0.4g dimethylaminoethanol. Anthers pieces 

Based on the extent of pollen fertility, the plants 
were transferred to pure epon and kept in a dessicator for 

grown hydroponically are divided into three groups 
12 h and embedded in epon. Ultra thin sections (0.75-

namely, a. control (C) plants grown in the Hewitt 
1.5µm) were cut with an automatic ultra microtome 

solution showing 72.5% pollen fertility; b. the plants 
(ultracut E-F 14) and placed on the grids. Sections were 

grown in the deficiency of Mn or Zn alone exhibiting 
stained with uranyl acetate and lead citrate, studied and 

51.5 and 45.6% pollen fertility respectively were 
photographed with a TEM 100S electron microscope at 

designated as semi-sterile a (SSa) type; c. the plants 
80 KV at Department of Anatomy, All India Institute of 

grown in the deficiency of Zn + Mn, Mn + B and Zn + B 
Medical Sciences, New Delhi.
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Fig. 1 a-f — Pollen viability in control and plants grown in the deficiency of micronutrients (X 480). a. Viable pollen 
grains of control plants. b. Viable and non-viable pollen grains of plants grown in deficiency of Mn. c. Viable and non-
viable pollen of plants grown in the nutrient medium without Zn. d. Viable and non-viable pollen grains of plants 
grown in the deficiency of Mn+Zn. Note the reduction in pollen size. e. Viable and non-viable pollen grains of plants 
grown in the deficiency of Mn+B. f. Pollen grains of plants grown in the deficiency of Zn+B showing reduction in 
their fertility and size. (nv: non-viable; v: viable pollen grains). 

2015 41Micronutrient deficiency on pollen fertility and anther development in sweet... - Rana & Rathi 



showing 38.5%, 35.5% and 32.5% pollen fertility becoming round the tapetal cells enlarge radially, divide 

respectively were of semi-sterile b (SSb) type (Table 1). and become binucleate.  

In the following paragraphs the development of anther is At meiosis II, the MMC lose contact with one 
described separately in these groups. another and the tapetal cells. The MMC carry several 

small vacuoles besides other cell organelles. The dense 

tapetal cytoplasm carries large number of ribosomes, 

mitochondria and abundant endoplasmic reticulum 

(Fig.3a). Furrowing occurs after meiosis II resulting in 

the formation of microspore tetrads enclosed in callose 

(Figs. 2c, 3b). Each microspore in the tetrad secretes first 

the primexine then the bacula  and tectum (Fig.3b). The 

callose around microspore tetrads begins to disappear by 

the time rudimentary exine is formed, and the 

microspores enlarge and become round (Fig.2d). 

The tapetal wall degenerates partially and at places 

the densely stained sporopollenin bodies fuse to form a 

layer similar to the primexine of microspores in the 

tetrads (Fig. 3d). As the tapetal cell walls disappear, a 

tapetal coenocytes surrounds the pollen grains (Fig. 3d).

As the microspores are released they enlarge, 

become vacuolate, their exine thickens considerably 

with distinct colpi (Fig.3c). On the inner tangential 

surface of the tapetal cells intensely stained Anther development —
sporopollenin accumulates when the microspore mitosis 

Control—The development  of  anther  and occurs the pollen grains become vacuolate and tapetum 
microsporogenesis in the plants raised in full Hewitt's disappears completely leaving densely stained 
medium is normal and in line with the description given sporopollenin bodies (Fig.3d) here and there, 
by Horner & Rogers (1974), Chauhan (1980a, b), Binh 

simultaneously characteristic fibrous thickenings 
& Hendrychova-Tomkova (1982). Each flower has five 

develop at the radial walls of endothecial cells. The 
tetrasporangiate stamens. The development of anther 

pollen grains are released from the anther locules (Fig. 
wall layers conforms to dicotyledonous type (Davis, 

3c). 
1966). At the sporogenous tissue stage, anther wall 

SSa type — Anther development in plants grown in the consists of epidermis, 2-3 layers of endothecium, a 
deficiency of Mn and Zn is more or less similar to that of middle layer and glandular tapetum (Fig. 2a). The tapetal 
control plants except for the degeneration of tapetum cells on the outer side of anthers of control plants are 
which is delayed. more or less isodiameteric and uninucleate while in the 

region of the septum of adjoining sporangia, tapetal cells SSb type—At sporogenous tissue or microspore mother 
are radially elongated (Fig. 2b). cell (MMC) stage, the tapetal cells enlarge radially, 

become highly vacuolate, remain and stain lightly The sporogenous cells are connected with each other 
(Fig.3e). Before the onset of meiosis the MMCs become and with the tapetal cells by plasmodesmeta. Prior to 
crowded due to radial enlargement of tapetal cells. They undergoing first division of meiosis, the microspore 
undergo normal meiosis and produce microspore tetrads mother cells (MMC) secrete callose around them (Fig. 
enclosed in the common callose wall (Figs. 4a, 4b). At 2b) as a consequence of which the plasmodesmetal 
this stage the tapetal cells are intact but lose their identity connections disappear from the walls of MMC and they 
as their cytoplasm gets highly vacuolated, and their are no longer connected with tapetum. As the MMC start 

Table 1—Pollen fertility and sterility in of the plants 

(n=25) grown in the micronutrients as tested by 

florochromatic reaction (FCR).      

S. No. Media Groups    FCR Test

Fertility (%)

1 Control (H) C 72.5 ± 12.5

2 H-Mn SSa 51.5 ± 11.9

3 H-Zn SSa 45.6 ± 11.3 

4 H-Zn + Mn SSb * 38.5 ± 7.9

5 H – Mn + B SSb * 35.2 ± 7.2

6 H – Zn +B SSb * 32.5 ± 8.5 

H: Hewitt solution, B: Boron, Zn: Zinc, 

Mn: Manganese; -: minus;  

C: Control, SSa: Semi-sterile a, SSb: Semi-sterile b.

Standard deviation;   *significant at 5%, 
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Figs. 2 a-f  Part of T.S. of anthers of control plants under light microscope. a. At sporogenous tissue stage. b. Pollen 
mother cell stage c. Microspore tetrads enclosed in the callose wall. Note the commencement of tapetal degeneration. 
d. Vacuolate pollen grain stage showing degenerated tapetum. e-f. Part of T.S. anthers grown in the deficiency of 
nutrients. e. Microspore tetrads encased in the callose wall, tapetal cells degenerated and at place tapetal cells are 
present in a form of pseudoperiplasmodium. f. Highly vacuolated non-viable pollen grains and intact tapetum. 
(E: epidermis; EN: endothecium; Ml: middle layer; MT: microspore tetrad; PG: pollen grains; PMC: pollen mother 
cell; PP: periplasmodial incursions; ST: sporogenous tissue; T: tapetum). X 710.

—
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Figs. 3 a-f  Transmission electron microphotographs of anthers of control plants. e-f. Part of anthers of plants grown 
in the deficiency of Zn and B+Mn. a. Tapetal cell in the anther of control plant at MMC stage showing well developed 
nucleus, mitochondria, plastids and endoplasmic reticulum b. Microspore tetrad with well organized nucleus and 
primexine. c. Mature pollen grain with organized nucleus, mitochondira, plastid and well developed intine and exine. 
d. Part of mature pollen grain with well developed exine and degenerated tapetal membrane with several 
sporopollenin bodies. e & f. Highly vacuolated tapetal cells at MMC stage showing degenerated nucleus and presence 
of large number of ribosomes in the anthers of plants grown in the deficiency of Zn+B. (Ca: callose;  E: exine; 
ER: endoplasmic reticulum; I: intine; M: mitochondria; MT: microspore tetrad; N: nucleus; P: plastid; PG: pollen 
grain; T: tapetum; Ub: ubisch bodies).

—
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Figs. 4 a-f  Transmission electron microphotographs of anthers of plants grown in the deficiency of Mn+Zn and 
Mn+B. a. Microspores in a tetrad encased in the callose wall showing normal nucleus. b. Microspores in a tetrad 
enclosed in thick callose wall. Note the degenerated protoplast of the microspores. c-f. Part of sterile anthers showing 
intact dark stained band of highly vacuolated degenerated tapetal cells secreting sporopollenin normally at pollen 
grain stage. (Ml; middle layer; MT: microspore tetrad; N: nucleus; PG: pollen grain; T: tapetum; Ub: ubisch bodies; V: 
vacuole). 

—
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tapetum. Presence of a thick callose wall around organelles including nuclei, degenerate (Figs. 3e, 3f). 

microspores in tetrads also lead to sterility (Chauhan However, the walls of the MMC and tapetum remain 

intact. The microspore tetrads produced after meiosis II 2012).   

through furrowing (Fig. 3f) get covered by callose Acknowledgements — Sincere thanks are due to Prof. 
wall (Fig. 4a, b). The thick callose wall encases the S.V.S. Chauhan for his help in various ways.                                                     
microspores in tetrads (Fig. 4b). The tapetum is enlarged 

and highly vacuolated. In few anthers of plants raised in 
LITERATURE CITEDB + Mn deficient conditions, the tapetal protoplast 

enlarges, forms pseudo periplasmodium and invades the 
Agarwala S C, Sharma PN, Chatterjee C & Sharma CP sporangium (Figs. 2e, 4d).  The microspores released 
1981  Development and enzyme changes during pollen from the common wall transform into pollen grains 
development in boron deficient maize plant. J. Plant by developing the exine. The intine is not discernible 
Nutr. 3 329-336.(Figs. 4c, 4d, 4e, 4f). It is interesting to note that 

characteristic fibrous bands on the radial walls the 
Agarwala SC, Sharma PN, Nautiyal BD & Sharma CP 

endothecium fail to appear and make the anthers 
1978 Effect of zinc supply on the growth and activity of 

indehiscent (Fig. 4c). 
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