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ABSTRACT

Foliar sprays with aqueous solutions of 0.2 and 0.3% (v/v) ethephon (2-chloroethyl phosphonic acid) effectively induced 100% 
pollen sterility in Cicer arietinum L.  lasting throughout flowering period. LM and TEM studies on anther development in male 
sterile plants exhibited abnormal behaviour of endothecium and tapetum.  Development of endothecium was inhibited as the cells 
in this layer failed to produce fibrous bands. The cells in the glandular tapetum failed to degenerate and persisted throughout 
anther development. The intact tapetal cells exhibited degenerated organelles including mitochondria and disorganized 
protoplast. These observations lend support to a hypothesis that the abnormal behavior of tapetum in sterile anthers is not only 
responsible for pollen abortion but also secrete a substance which inhibits endothecial development. The second part of this 
hypothesis that the tapetal cells failed to degenerate due to continued sporopollenin synthesis is also supported by present 
findings. It is evident by the presence of sporopollenin on the inner tangential walls of intact tapetal cells and formation of more or 
less normal exine even in sterile pollen grains. 
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Pollen fertility of treated and control plants was tested at Ethephon or ethrel (2-chloroethyl phosphonic acid) is an 
regular intervals throughout flowering period with 1% ethylene releasing synthetic compound that acts as a plant 
tetrazolium chloride solution in 0.15 ml Tris-HCl buffer at 7.8 growth regulator. According to Cross and Schulz (1997) it is 

  pH and FCR Test (Shivanna and Rangaswami 1992). Data on an inhibitor of microspore development. There is extensive 
pollen fertility, number of flowers and fruits/plant, and total literature on ethrel as a potential male gametocide in different 
yield/plant in treated and control plants were collected and crops (Foster et al.1991, Chauhan and Kinoshita 1982, 
statistically analyzed by analysis of variance.Colhoun and Steer 1983, Kaul 1988, Cross and Schulz 1997, 

The anthers of plants sprayed thrice with 0.3% ethrel Chauhan and Chauhan 2015).  According to Keys and Sorrells 
(exhibiting 100% pollen sterility) were fixed in 3% (1990) ethylene is known to perturb normal reproductive 
glutaraldehyde in 0.1M phosphate buffer. Post fixation was 

development in wheat particularly the development of 
done in 0.1% osmium tetroxide in the same buffer. These were 

functional pollen. However, use of ethrel as a gametocide in 
dehydrated in a graded ethanol series and embedded in Epon. 

chickpea has not been studied so far. Present investigation was 
For LM studies, semi-ultra thin sections were cut at 0.5-20 µm 

undertaken to study the efficacy of ethrel as a potential 
and stained with a solution of 0.5w/v toluidine blue in 1% w/v 

gametocide and its effect on anther development and sodium borate. For TEM studies, ultra thin sections were cut at 
microsporogenesis in chickpea (Cicer arietinum L.). 0.75-1.5µm and stained with uranyl acetate and lead citrate 

and observed under Phillips (CM-10) transmission electron MATERIALS AND METHODS 
microscope at EM Facility, All India Institute of Medical 

The plants of Cicer arietinum L. var. Rachna grown at the Sciences, New Delhi.     
Botanic Garden, School of Life Sciences, Dr. B. R. Ambedkar 

RESULTS AND DISCUSSIONUniversity, Agra.  Foliar sprayed with aqueous solutions of 
0.1, 0.2 and 0.3% (v/v) ethrel by Automizer at different stages Induction of male sterility— Foliar applications of different 
of development. A group of 120 plants were sprayed a week concentrations of aqueous solutions of ethrel effectively 
before floral bud initiation (T ). Leaving forty plants after first 1 induced pollen sterility ranging between 92-100% in Cicer 
treatment (T ), the other eighty plants were sprayed again at arietinum lasting throughout the flowering period. Ethrel is 1

the time of floral bud initiation (T ). Leaving forty plants after known for effectively induce pollen sterility to considerable 2

T  and T  treatments, the other forty plants were sprayed again extent in large number of crops (Chauhan and Kinoshita 1982, 1 2

at the time of anthesis (T ). 15 ml of each concentration was Kaul 1988, Cross and Schulz 1997, Chauhan  and Chauhan 3

2015).  Chauhan and Gupta (2005) by treatments with surf sprayed on one plant to run off.  Simultaneously another group 
excel a detergent and Chauhan et al. (2005) by ethephone have of ninety plants was treated with distilled water to serve as 
induced male sterility in Cicer arietinum. Significantly high control (T ). A drop of liquid soap (Ezee) was added in each 0

extent of pollen sterility in several other crops is known to be solution to act as a surfactant. 
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caused by the detergent surf excel and ethrel  (Chauhan and the foot layer (Fig. 3b). However, it was feebly developed at 
Singh 2002,  2003, Chauhan and Chauhan 2003, Agnihotri the aperture site (Fig. 3 c).  The aperture consisted of a colpus 
and Chauhan 2005, Gupta and Chauhan 2006).    with marginal thickenings and a small slit like furrow. The 
Anther Development in male fertile (control) plants— The intine was well organized and consisted of accumulated 
anther wall formation in C. arietinum is of dicotyledonous lamellations The pollen cytoplasm contained a large 
type (Davis 1966).  The wall layers of an anther differentiated vegetative cell with round nucleus, a generative cell and well 
before meiosis. The primary parietal cell layer divides once organized cell organelles (Figs. 3b, c). 
periclinally. The outer secondary parietal cell layer divides Anther development in treated male sterile plants—Early 
further periclinally to produce the endothecium and middle anther wall development is similar to that of fertile plants. The 
layer. The tapetum is of dimorphic in nature as the outer cells in endothecial layer till the formation of vacuolated 
tapetum towards the epidermis is formed from the inner pollen stage were thin walled and tangentially elongated. 
secondary parietal layer. On the other hand, inner tapetum Later the cells in this layer elongated radially but characteristic 
develops from the cells of the connective tissue. At fibrous bands failed to develop on their radial walls and made 
sporogenous tissue stage, anther wall consisted of an anthers indehiscent (Fig. 1d).        
epidermis, a single layer of endothecium, a middle layer and a  At sporogenous tissue stage, the outer tapetal cells were 
secretory and dimorphic tapetum (Fig.1a). The cells in middle radially elongated (Fig.1b). Their cytoplasm and small the 
layer degenerated at microspore tetrad stage (Fig.1c). The nuclei were smaller in size and their nuclei were more 
endothecial cells elongated tangentially and remained thin intensely stained as compared to other wall layers and PMCs. 
walled and narrow up to early vacuolate pollen stage (Figs.1c, The PMCs undergo normal meiotic division to produce 
2a,b). However, during the subsequent stages of development, tetrahedral micropsore tetrads enclosed thick callose envelope 
the cells in this layer elongated radially and at late vacuolated (Fig.1 d). At the microspore tetrad stage, the tapetal cells failed 
pollen grain stage, their enlargement reached the peak (Figs. 1 to show signs of degeneration and remained intact and 
e, 2c). The characteristic fibrous thickenings appeared on their elongated radially. However, their cytoplasm showed signs of 
radial walls at this stage, but this happened only when tapetal degeneration (Figs.1d, f). On liberation from a common thick 
cells were completely absorbed (Figs.1e, 2d). callose wall, the non-viable microspores became over 

The tapetal cells at the time of commencement of meiosis crowded in the anther sac surrounded by intact tapetum (Fig.1 
in pollen mother cells (PMCs) were similar in appearance to f).  The tapetal cell organelles including mitochondria and 
those of PMCs (Figs. 1a,b). The taptum was of dimorphic cytoplasm were in degenerated form (Figs. 2e, f). Similar 
nature as the cells in this layer towards the epidermis were abnormal degeneration of tapetal mitochondria associated 
more or isodimeteric and meristematic in appearance. On the with pollen abortion has earlier been observed in surf excel 
other hand, the cells in this layer towards the connective side treated male sterile plants of Cicer arietinum (Chauhan and 
were radially elongated and vacolated (Fig. 1a).  They were Gupta 2006a), in bezotriazole treated male sterile anthers of 
uninucleate, and a prominent interphase nucleus with a single Cyamopsis tetragonoloba (Chauhan and Nisha 2006), in 
nucleolus was present. Small vacuoles appeared in the ethrel induced male sterile Lycopersicon esculentum, 
cytoplasm around the nucleus (Fig. 2a). At microspore tetrad (Agnihotri and Chauhan 2007), and in ethrel induced male 
stage, the tapetal cells more or less degenerated leaving a sterile Raphanus sativus (Chauhan et al. 2007). At vacuolated 
narrow band (Figs.1c, 2b). Extensive endoplasmic reticulum pollen stage, the tapetal protoplast was more or less 
(ER) and numerous dictyosomes existed throughout tapetum degenerated with feebly stained cytoplasm, degenerated 
(Fig. 2a). On the liberation of the microspores from the callose nuclei and several large sized Ubisch bodies were present on 
wall, the tapetal cells became more vacuolated and their radial their inner tangential walls (Fig. 2f). Differences in 
walls started to break down (Fig.2b). At late vacuolate pollen mitochondrial genome are well known for their association 
stage, tapetal degeneration was more or less complete leaving with the mitochondrial degeneration leading to cytoplasmic 
degenerated protoplasmic fragments at places (Fig.2c). The male sterility (CMS) is well known in several plants (Levings 
inner tangential walls were convoluted with most of the 1990, Balk and Leaver 2001).  
plasmalemma intact. Tapetal cell cytoplasm was more or less The non-viable pollen grains in the sterile anthers were of 
disappeared by late vacuolated pollen grain stage leaving a various shapes and sizes (Figs.3d, e, f). The exine in the sterile 
thin layer of plasmalemma on which a large number of Ubisch pollen grains was more or less normal and similar to that of 
bodies was present on their inner tangential walls (Figs. 1b, c). fertile pollen grains. It was differentiated into tectum, baculae 

The pollen grains were spherical, triaperturate with and foot layer (Figs. 3e, f). The nucleus was not discernable 
reticulate exine and were engorged with reserves (Figs.1e, 3b, and the cytoplasm consisted of several vacuoles (Figs.3d, e). 
c). Their cytoplasm consisted of mitochondria, numerous The cell organelles are degenerated form (Figs. 3 e, f).  
vesicles, several vacuoles, lipid bodies and dictyosomes (Figs. Malformed tapetum in the anthers of several male sterile 
3b, c).  The exine was distinguished into tectum, baculae and plants is known to inhibit the development of fibrous 
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Fig. 1a-f. Light microscopic (LM) photographs of T.S. part of anthers of male fertile (MF) and 0.3% ehrel treated male sterile (MS) plans. a. MF anther 
at sporogenous tissue stage showing a single layer of epidermis, endothecium, middle layer with outer and inner tapetum; b. MS anther at 
sporogenous tissue stage. Both sporogenous and outer and inner tapetal cells showing sign of degeneration; c. MF anther showing various wall 
layers, endothecium and degenerating tapetum and the microspore tetrads enclosed in the callose envelope; d. MS anther at microspore tetrad 
stage showing an endothecium, degenerated cytoplasm of intact tapetum. The microspore   tetrad enclosed by thick callose envelope; e. MF anther 
at pollen grain stage showing presence of the fibrous thickening in endothecial cells and complete disintegration of tapetum; f. MS anther showing 
intact tapetum at  pollen grain stage and poorly developed endothecial cells. (E: epiderms; EN: endothecium; IT: inner tapetum; ML: middle layer; 
MT: microspore tetrad; OT: outer tapetum; PG: pollen grain; ST: sporogenous tissue; T: tapetum).
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Fig. 2. Transmission electron microphotographs of part of anther wall layers of male fertile plants (a-d) and male sterile plants (e, f).  a. young anther 
at sporogenous stage showing endothecial and tapetal cells with a large nucleus, small vacuoles and organized protoplast; b. tapetal cells with 
degenerated protoplast and large number of sporopollenin bodies (arrows) at pollen grain stage; c. mature anther at mature pollen stage showing, 
radially enlarged endothecial cells, degenerated taptum with large number of Ubisch bodies in the anther locule; d. endothecial cells with fibrous 
thickenings; e wall layers of sterile anther at vacuolated pollen stage showing degenerated tapetal protoplast and mitochondria and Ubisch bodies 
on their inner tangential walls; f. wall layers of sterile anther at pollen grain (PG) stage showing disorganized tapetal (T) protoplast large sized Ubisch 
bodies (U) on their inner tangential walls. (EN: endothecium; N: nucleus; PG: pollen grains; T: tapetum; U: Ubisch bodies; V: vacuole).
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Fig.3 a-f. Transmission electron microphotographs of pollen grains of fertile (a-c) and sterile (d-f) plants. a. single celled fertile pollen with a single 
nucleus, large vacuole, exine and intine; b. part of vacuolate fertile pollen with well organized exine with bacula, tectum and foot layer and small 
vacuoles and well organized mitochondria; c. fertile pollen engorged with reserves and a large nucleus; d. sterile pollen with a large nucleus (N) and 
thin exine broken at places; e and f. single celled sterile pollen grains with developed exine and thin intine. (B: Bacula; EX: exine; F: foot layer; I: intine; 
M: mitochondria; N: nucleus; V: vacuole; T: tectum).  
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thickening on the radial walls of endothecial cells (Chauhan Chauhan Seema and Chauhan SVS 2015. Sterility in plants. 
1977, 1979, 2001, Chauhan and Singh 2002, Chauhan et al. In: Kapoor R, Kaur I and Koul M (eds.)  Plant 
1982, Chauhan and Chauhan 2003, Chauhan and Gupta Reproductive Biology and Conservation.  I.K. 
2006 b). The concept of programmed control of tapetum on the International Publishing House, Pvt. Ltd., New Delhi. Pp. 
development of endothecium was proposed by Defossard 141-205. 
(1969). According to his hypothesis, a product produced by 

Chauhan SVS 1977.  Dual role of the tapetum.  Curr.Sci.tapetum inhibits endothecial development during the major 
46 674-675.course of anther development. According to second part of the 

hypothesis is that only after sporopollenin synthesis in the Chauhan SVS 1979. Development of endothecium in relation 
tapetum is ceased, tapetum breaks down and consequent to tapetal behaviour in some male sterile plants.  
cessation of inhibition of the endothecium occurs. This Phytomorphology  29 245-251. 
hypothesis has been supported by the above mentioned authors 

Chauhan  SVS  2001.  Endothecium: Development and and the findings of present authors suggesting that tapetum has 
Function. The Botanica  51 91-99 dual function (Chauhan 1977). On one hand, the malformed 

tapetum results in pollen abortion, while on the other, it inhibits 
Chauhan SVS and Chauhan S 2003. Evaluation of three 

the development of endothecium in the anthers of male sterile 
chemical hybridizing agents on two varieties of broad 

plants. These observations on male sterile lines also lend 
bean (Vicia faba L.).  Indian J.Genet. 63 128-131. 

support to the second part of Defossard’s hypothesis that 
tapetal breakdown occurs only after cessation of sporopollenin Chauhan SVS and Gupta HK 2005. Detergent induced male 
synthesis in this tissue. The synthesis of sporopollenin in the sterility in Cicer arietinum L. Indian J. Genet. 65(3) 215-
malformed tapetal cells of ethrel treated male sterile anthers of 216.
C. arietinum continued and consequently, they failed to 

Chauhan SVS and Gupta HK 2006a. Abnormal tapetal breakdown and remained intact throughout the course of anther 
mictochondria associated with pollen abortion in the development. This is supported by the facts that a large number 
anthers of Cicer arietinum L. plants treated with a of ubisch bodies though small in size accumulated on the 
detergent-surf excel. International Chickpea & tangential walls of tapetal cells facing anther locule and the 
Piegenpea  Newsletter  13 13-15.  development of  exine in non-viable pollen grains was more or 

less normal except that there was no differentiation of tectum,  
Chauhan SVS and  Gupta HK 2006b. Suppression of 

bacules and foot layer. Thus, intact tapetal cells in the ethrel 
endothecium development by malformed tapetum in the 

treated plants of C. arietinum seems to continue sporopollenin 
anthers of chemically treated Lens culinaris. 

synthesis consequently, tapetal cells failed to degenerate, 
Phytomorphology  56(1-2) 10-16.

endothecial development was arrested but  the exine formation 
in sterile pollen grains was more or less normal.  Abnormal Chauhan SVS and  Kinoshita T 1982. Chemically induced 
degeneration of tapetal mitochondria in the anthers of male sterility in Angiosperms-A review. Seiken Ziho   30 
chemically induced male sterile plants seems to be the cause of 54-75.
pollen abortion as is well known in large number of CMS 

Chauhan SVS and  Nisha 2006. Abnormal behaviour of plants. However, analysis of mitochondrial DNA in induced 
tapetal mitochondria leads to pollen abortion in male sterile plants is called for.                  
benzotriazole treated Cyamopsis tetragonoloba L. J. 
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