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Carica papaya(L.) is infected by a number of diseases caused by fungi 

,bacteria and viruses. Among these ring spot disease caused by Papaya 

Ring Spot Virus (PRSV) is common and most serious disease 

recorded from several part of the country. The deviations in meiotic 

studies specially microsporogenesis leads to infertility of pollen due to 

deviations in meiotic and post meiotic behaviour of cell division 

processes that leads to chromosomal aberrations most commonly as 

sticky chromosome, laggerd chromosome and deviations in meiotic 

index. This reduction in gametic fertility causes loss in quantity of the 

fruit. The present study deals with comparative study of post meiotic 

behaviour between healthy and diseased plants that shows deviations 

at different stages of microsporogenesis that leads to pollen sterility. 
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Introduction:- 
Papaya (Carica papaya L.) is a tropical and subtropical crop widely cultivated for edible fruits belonging to the 

family Caricaceae. The exact area of origin is unknown; the papaya is believed to be native to tropical America, 

perhaps in southern Mexico and neighbouring Central America. The papaya is regarded as a fair source of iron and 

calcium; a good source of vitamins A, B and an excellent source of vitamin C (ascorbic acid). In India it is 

commercially grown in many states either as commercial crop or as kitchen garden plant. 

 

Papaya is one of the few rapidly growing and heavily yielding fruit trees. In the peninsular region it bears fruits 

throughout the year, while under north Indian conditions it is in fruit for about four month beginning from January. 

Papaya plants are affected by some fungi from seedling to fruit, that reduces the viability of plant and fruit numbers 

and quality. Except fungal diseases viral diseases also affect from foliar to fruiting stages (Leaf curl and ring spot 

diseases). Trees affected do not die immediately but their fruit bearing capacity is diminished. 

 

Papaya (C. papaya (L.) is an important fruit crop whose knowledge is still incipient in some areas, specially the 

basic research that can contribute to its genetic breeding. One of the major problems of this crop is its susceptibility 

to mosaic virus.  

 

Plants infected by PRSV develop a range of symptoms including ringed spots on the fruit, for which the virus is 

named. Other symptoms include mosaic colouration and chlorosis of the leaves, streaks on petioles and the upper 

part of the trunk and shape distortion of young leaves. The plants grow more slowly and become stunted. Plants 

infected within a few months of planting usually do not produce mature fruit, but those infected later can produce a 

smaller yield of lower quality papaya. 
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Materials and Methods:- 
The papaya seedlings will be raised from the seed of different varieties of papaya taken from NBPGR New, Delhi. 

Seedlings were raised in earthen pods of 6 inch diameter filled with mixture of soil and farm yard manure (1:1 w/w). 

The soil mixture will be sterilized before raising the plant in it. All the experiment will be conducted in a insect 

proof chamber under normal day light. The plants were grown in a greenhouse in the campus of Botany Department, 

M L.P.G.College Balrampur. 

 

Virus inoculum taken from virus maintained in the green house of the Botany Department by trituration of frozen 

leaves of papaya plants seedlings showing mosaic symptoms. Inoculation of leaves was carried out by rubbing with 

finger after their being dusted with carborandum as described by Rawlinsand Tompkins, (1936). The two month old 

plant will be sap inoculated the plant showing typical diseased symptoms will be selected after 25 days of   

inoculation.  

 

At flowering, male plants were identified and labelled for the study. To study the chromosome association, chiasma 

frequency and meiotic abnormalities,young flower buds of suitable sizes from both normal and viral infected plants 

were collected from 9.00 a.m. to 11.00 a.m. These were fixed in 1: 3 acetoalcohol to which a small amount of ferric 

acetate (1 g in 500 ml acetoalcohol) was added imparting a straw colour. After 48 hours of fixation young flower 

buds were rinsed with distilled water and they were preserved in 70% ethanol and kept in a refrigerator till used. 

Temporary slides were prepared from suitable anthers with 2% acetocarmine by using smear technique. 

(Alexander, M. P. (1969).  

 

To study pollen sterility, the mature anthers of both normal and virus infected plants were collected at the time of 

anthesis. The anthers were fixed in 70% ethanol directly and kept in refrigerator till used. Temporary slides were 

prepared from mature anthers by using 1% acetocarmine smear technique The slides were prepared by squashing the 

anthers in drops of 1 % acetic carmine solution, the debris were removed and the slides sealed for observation 

 

Results and observations:- 
Carica papaya (L.) has 2n = 18 chromosomes and no unpaired chromosomes were observed. Thus, there is no 

evidence of sexual heteromorphic chromosomes. The different meiotic stages were observed, paying particular 

attention to the prophase I stage and to possible irregularities. Any abnormalities such as lagging chromosomes, 

sticky chromosomes, and precocious segregation, among others, were registered.   

 

The chromosome pairing studied in pollen mother cells (PMCs) at diakinesis in diseased and healthy plants at 

different intervals. Both diseased and healthy plant showed normal pairing of chromosome at pachytene with 9 

bivalent (2n = 18), but different associations were observed at diakinesis in diseased and healthy plants at later stage 

of infection. In diseased plants multivalent configurations are more than healthy plants. Following configurations 

were observed in diseased and healthy plants. 

 

In meiosis I and meiosis II laggard chromosome were observed chromosome bridges at anaphase I and II were also 

observed in both diseased and healthy plants but their percentage varied. Details of the findings are presented in 

table-1. 

 

Details of the result obtained are presented in table no 1, 2 and 3. According to that the pollen viability was 96.60% 

and 73.96% on an average in healthy and diseased plants respectively. Two types of sterile pollens were observed: 

(a) empty  where only the wall reacted to the stain, indicating absence or only traces of cytoplasm; (b). Shrunken 

where both the wall and cytoplasm reacted to the stain, but a space was observed between the plasmatic membrane 

and the cell wall, accompanied by cytoplasm contraction. The pollen grains of empty type were found in greater 

quantity and were on average 58.22% in healthy plants and 64.5% in diseased plants of the total sterile pollen grains 

observed (table 1 and 2). The size of viable pollen grains varied from 56 to 70 micron. (60.20 ± 1.96 micron) where 

as size of sterile empty pollen measuring from 20 to 55 micron. (44.50 ± 8.22 micron) and shrunken sterile pollen 

size vary from 45 – 65 micron (53.26 ± 4.37 micron). 
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Discussion:- 
Kostoff (1933) reported nonfunctional pollen and ovule in some mosaic diseased tobacco varieties and Nicotiana sp. 

In the present investigation more nonfunctional pollens were found in diseased plants 22-32% infected by various 

strains of C.G.M.M.V. in comparison to healthy ones. In most severely attacked buds a few or many PMCs 

occasionally degenerated during diakinesis. This degeneration is due to abnormalities in the reduction division. 

Which is due to certain abnormal processes is caused by the virus. Similar observations earlier reported by Kostoff 

(1933) in some mosaic disease of tobacco and tomato. 

 

Cytological irregularities following virus attack on plants have been reported by some workers. Wilkinson (1953) 

found several cytological abnormalities in tomato infected with virus. Diaz and Pavan(1965) reported anomalies like 

increased cell and chromosome size associated with fragmentation of chromosomes. The increasing frequency of 

meiotic abnormalities in virus infected plants was reported by Kaul. (1986). 

 

The pollen sterility of virus infected plants was higher than that of normal plants. It may be due to the incidence of 

higher frequency of meiotic abnormalities in infected plants. Similar results were also reported by Reddy and Rao 

(1982) and Peterson (1958) in C. annuum. 

 

The pollen sterility of virus infected plants were higher than that of normal plants. It may be due to the incidence of 

higher frequency of meiotic abnormalities in infected plants. Similar results were also reported by Reddy and Rao, 

(1982) in C. annuum.The present investigation revealed a negative impact of virus infection on meiotic cell division 

of the Papaya plants. 

Table No.1:- Pollen viability in healthy plants of Carica papaya (L.).(P.G. = Pollen grains; PV = Pollen viability.) 

Replications  No. of viable 

P.G. 

 No. of sterile pollen grains P.V.% 

Total of P.G. 

counted 

Total Sterile 

P.G. 

Empty Shrunken 

01. 474 460 14 10 04 97.05 

02. 401 390 11 08 03 97.25 

03. 523 506 17 09 08 96.75 

04. 867 839 28 19 09 96.77 

05. 701 680 21 14 07 97.00 

06. 218 210 08 02 06 96.33 

07. 301 290 11 04 07 96.34 

08. 424 410 17 08 09 96.01 

09. 203 198 05 02 03 97.53 

10. 542 516 26 16 10 95.20 

Total 

 

4657 

 

4499 

 

158 

 

92 

58.22% 

66 

41.78% 

96.60 

% 

 On an average pollen viability is 96.60% in healthy plants. 

 

Table No. 2:- Pollen viability in Carica papaya infected by P.R.S.V.(P.G. = Pollen grains; P.V= Pollen viability). 

Replications  Total 

No.of 

viable 

P.G. 

 No. of sterile pollen grains  

P. G. 

P.V.% 

Total no.of 

P.G.counted 

Total no.of Sterile 

P.G. 

Empty (%) Shrunken 

(%) 

01. 636 475 161 116 45 74.68 

02. 819 630 186 135 54 76.92 

03. 480 376 104 68 36 78.33 

04. 544 418 126 80 46 76.83 

05. 722 536 186 128 58 74.23 

06. 832 605 227 132 95 72.71 

07. 467 348 119 78 41 74.51 

08. 1070 732 338 198 140 68.41 

Total = 

 

5570 

 

4120 

 

1450 

 

935(64.50) 515 (35.50) 

 

73.96 

 On an average pollen viability is 73.66% in diseased plants. 
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Table No.3:- Meiotic abnormalities and pollen sterility in normal and virus infected plant species. 

Plant type 

 

No. of 

cells 

studied 

 

Cell division 

Normal              Abnormal cell % 

Cell%        ( laggard,bridge,micronuclei, 

Fragments etc.) 

Pollen sterility 

No. of     Fertile cell      Sterile 

Cells         (%)               (%) 

 

Normal 388 96.39                                 3.61 199            99                1.00 

Infected 274 80.29                                19.71 317           83.60            16.40 

 

Conclusions:- 
The high pollen viability 96.60% in healthy plants and low pollen viability (73.96%) in disease plants suggests that 

probably there was checkpoint or nuclear restitution events during meiosis which leads to inviability.The defect in 

cell division shows that if normal division process deviated then plants cannot grow properly. The present 

investigation revealed a negative impact of virus infection on cell division. Deviation in pollen fertility immediately 

affected the fruit settings. Thus it establishes a basic cytological relationship between host and viral pathogen to 

understand the physiology of parasitism for disease management. 
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