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Abstract 

Twenty genotypes of mustard collected from diverse sources were grown and investigated for self-incompatibility at the Bangabandhu Sheikh 

MujiburRahman Agricultural University, Gazipur 1703, Bangladesh during rabi season of 1997-98.  Seed set analysis were used to identify the 

self- incompatibility mechanism which indicated that the genotype Safal, Binasarisha-3, SS-75, Vardon, Na- 8509, Dhali, Daulat, Seeta, Kranti, 

Rai-5, Nap-3142, Jun-3018, Jun-4008, Nap-3015 and PT-30 were classed as self-compatible; while intermediate fertility were observed for TS-

72, PT-303, M-27 and Tori-7 as those four genotypes showed more than 10 percent but less than 50 percent seed set ratio. Self-incompatibility 

study indicated that none of the genotypes under study was found full self- incompatible. 
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INTRODUCTION 

Mustard (Brassica sp) is a cross pollinated crop. It is an important source of vegetable oil supply in Bangladesh. Various groups of 

mustard are grown in Bangladesh. It covers about 70 per cent of the area under oil seeds production in this country (19). The 

brassica oil seed spB. napus, B. campestris and B. juncea are now the world’s third most important source of edible vegetable oils 

(7). In Bangladesh, mustard is cultivated in about 308 thousand ha of land and production of oil seed is about 219 thousand tons 

(4). Annual requirement of edible oil in Bangladesh is about 250 thousand tons against the local production of only 58 thousand 

tons (3). Thus a huge amount of foreign exchange is being spent to make up that shortage of oil deficit. To make up this shortage 

of oil seed in Bangladesh appropriate production program has to be considered. Among these, using modern varieties, improved 

cultural practices and increased oil extractions are worthy (6). The main problems in mustard production are the use of low 

yielding local indigenous cultivars, unavailability of locally developed hybrids and low management practices. The present seed 

yield per hectare of mustard in Bangladesh is far below the level attained in the developed countries of the world. Hybrid seed 

production using self-incompatibility involves the development of parents having homozygous self-incompatible but cross-

compatible lines and their maintenance. Information about the nature and extent of self-incompatibility in local mustard is scanty. 

Hybrid yield advantage of more than 100 per cent has been recorded in Brassica juncea (11,15). The hybrids in almost every 

investigation were tall, intermediate in maturity and had higher branch number. The most important goal in oil seed Brassica 

improvement is to increase seed yield (2,5). Considering the present status of mustard cultivars and scope of hybrid variety 

development, an experiment was conducted to estimate the nature of self-incompatibility mechanism in twenty local mustard 

genotypes. 

MATERIALS AND METHODS 

The experiment was conducted at the Bangabandhu SheikhMujiburRahman Agricultural University, Gazipur-1703, Bangladesh, 

during the winter season of 1997-98.  The soil of experimental field was silty clay loam texture, soil type gray terrace having PH 

5.8. The seeds of twenty mustard genotypes (13 cultivars and 7 advanced lines) were collected from Oil Seeds Research Center of 

Bangladesh Agricultural Research Institute (BARI) Joydebpur, Gazipur 1703. The genotypes were Vardon. Seeta, Daulat, Dhali, 

Kranti, Nap-8509, Nap- 3142, Rai-5, Tori- 7, PT- 30, PT -303, Jun- 4008, Jun- 3018, Jun- 2592, TS-72 (Kallanya), SS-75 
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(SonaliSorisha), M-27, Binasarisha-1 (Safal), Binasarisha-3. The seed of 20 genotypes were sown in the experimental field on 10 

November, 1997 and single row of 5m each constitute the experimental plot. The row spacing was 50 cm having plant spacing 30 

cm within the row. Fertilizers were applied at the rate of 120:80:60:40:4 kgha-1 of N, P2O5, K20, S and Zn respectively. Two to 

three seeds of the genotype were sown per hill. Seeds were planted at 0.2-0.5 cm depth. The seedlings emerged three to four days 

after sowing. Irrigations were applied before flowering and grain filling stages. The data were collected from seed set analysis 

method. Seed set analysis were used to identify the self- incompatibility mechanism. Hand pollination method was used in this 

experiment. To determine the incompatibility of mustard, selfing was done to compare the difference of fertility between flowering 

stage and bud stage. Data were collected through i) seed set analysis method and ii) pollen germination and pollen tube growth 

method. 

Seed Set Analysis 

To determine the incompatibility of mustard, selfing was done to compare the difference of fertility between flowering stage and 

bud stage. Hand pollination method was used in this experiment. Two flower stalks for each plant were selected for this test. Then, 

rest of the bloomed flowers was removed and the buds were covered with paper bags. Two days after bagging, more than 10 open 

flowers were selfed by means of fresh pollen from a different flower of the same stalk from the same flower. While for bud selfing 

about 10 buds were selfed using pollen from open flowers of the same stalk. The remaining small buds at the tip were removed. 

Since the determination of self- incompatibility is difficult, it is simplified by utilizing the “seed set ratio” (10,13,16,21). The 

number of seeds obtained from 30 selfings of each cultivar was recorded at harvest and the seed set ratio of the cultivar was 

determined as follows: 

Seed set ratio (%) =
selfs bud 30 from Seeds

selfsopen  30 from Seeds
100 

where; 

Self-compatible = If the ratio is 50% or above,  

Intermediate =If the ratio is than 10% but less than 50% 

Self- incompatible = f the ratio is 10% or less  

Pollen germination and pollen tube growth 

Fluorescence microscopy (8,10,22) was employed to test the self-incompatibility mechanism by observing pollen germination on 

the stigma and pollen tube growth in the style of each cultivar. Three type of pollination viz bud self, bloom self and cross 

pollination were performed on these cultivars. Ten flowers were pollinated in each treatment. Cross pollination was done by using 

pollen from PT 303. However, PT 303 was crossed with SS 75 as male parent. The pollinated flowers were removed from the 

plants after 24 hours of pollination. Pistils were fixed in acetic alcohol (1:3 v/v) for 24 hours and transferred into 70% ethanol. The 

pistils were placed in 1N NaOH at 600C for about 15 minutes to softening the tissues, and then stained overnight with 0.1% aniline 

blue following the method described by Kho and Baer, 1968 (14). The samples were smeared on glass slide and observed under 

fluorescence microscope. 

RESULTS AND DISCUSSION 

Seed Set Analysis  

The results of the seed set analysis are shown in Table 1. Number of seeds in open selfs ranged varied from 60 to 473.  The highest 

number of seeds in open selfs (473) were observed from SS-75 mustard genotype and lowest (60) were for Tori-7 genotype which 

was followed by Binasarisha -1 (442), Binasarisha-3 (406), Nap-8509 (335), Nap-3015 (319), Dhali (257), Jun -2592 (256), 

Vardon (247), Seeta (243), Daulat (221), Jun -4008 (210), Rai- 5 (207), Nap-3142 (185), Jun-3018 (183), Kranti (173), PT-30 

(169), TS-72 (143), PT-303 (130), M-27 (78), respectively. Number of seeds in bud selfs ranged varied from 185 to 572. The 

highest number of seeds in bud selfs (572) were observed from SS-75 mustard genotype and lowest (185) were for M-27 genotype 

which was followed by Binasarisha-1 (528), Nap- 3015 (463), Binasarisha -3 (462), Nap- 8509 (452), Rai -5 (399), Jun-4008 

(394), Seeta (376), Nap-3142 (371), Dhali (361), Jun-2592 (345), PT-30 (333), Kranti (328), Daulat (324), Vardon (322), TS-72 

(310), PT-303 (300),  Jun-3018 (268) and Tori-7 (264), respectively. Percent fertility ranged varied from 22 to 87. The highest 

percent fertility (87) were found from Binasarisha -3 and lowest (22) were for Tori-7 genotype which followed by Binasarisha-1 

(83), SS-75 (82), Vardon (76), Jun-2592 and Nap-8509 both genotypes have 74 per cent fertility, Dhali (71), Nap-3015 (69), Jun-

3018 and Daulat both genotypes have 68 per cent fertility, Seeta (64), Jun -4008 and Kranti both genotypes have 53 percent 
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fertility, Rai-5 (52), PT-30 (51), Nap- 3142 (50), TS-72 (46), PT-303 (43) and M-27 (42) respectively. From the percent seed set 

ratio genotype Binasarisha-3, Binasarisha-1, SS-75, Vardon, Nap-8509, Dhali, Daulat, Seeta, Kranti, Rai-5, Nap-3142, Jun- 2592, 

Jun -3018, Jun- 4008, Nap-3015 and PT-30 were classed as self-compatible. While the genotypes TS-72, PT-303, M-27 and Tori-7 

as intermediate because they showed more than 10 % but less than 50 % seed ratio. The number of seeds per pod was higher in bud 

self than that of bloom self. The results reported that out of 20 genotypes, 16 were self-compatible, four intermediate and none 

self-incompatible. In Brassica napus, Gemmell et al. 1989 (8) identified self- incompatible lines by seed set analysis and pollen 

tube counts of intra- and inter- line pollinations. They classified and lines as self-incompatible (seed set per flower from 0 to 0.40), 

fully cross- compatible (seed set of 20 or more seeds per flower) and cross- compatible (seed set per flower between 10 and 20). 

None of the genotypes in the present study was found self- incompatible indicating that the self-incompatibility in the mustard 

genotypes tested here is rather weak.  

In cruciferae, of 182 species examined, 80 were self-incompatible. The genetic combinations of S- alleles are numerous and 

complex among crucifers with the sporophytic SI system. For example, 25 to 34 different S- alleles have been estimated in 

population of Raphanusraphanistrum (20). In Brassica, Miah et al.1995 (18) observed that the number of pollen grain adhered on 

stigmatic surface, number of pollen grains germinated, number of pollen tubes in the stytar region and number of pollen tubes 

reached the ovary were higher in hand-pollinated flowers compared to naturally pollinated ones in most of the pollinated 

conditions. Hand pollination produced higher number of seeds per siliqua than the natural pollination conditions (19).  

Poor seed setting might be due to lack of proper pollination and fertilization. Many of the oilseeds and vegetable crops depend 

largely upon pollinating insects for their seed production (17). Unavailability of pollinating insects during blooming may result in 

poor seed yield of cauliflower (1). In rape seed, inadequate pollen transfer under open-pollination was found by Zuberri and 

Sarker, 1992 (22). Even if adequate and effective pollination take place, presence of large amount of self-pollen on the stigma may 

result in poor fertilization and ovule development (18). Thought the seed set results of self-pollination agreed well to the pollen per 

stigma interaction the latter should always be used as a reliable assay (21). In general, the seeds set after self-pollination were 

aborted and failed to germinate. Seed yield depends largely on the degree of pollen transfer, compatibility, and fertility of the 

gametes, successful pollination and fertilization. In absence of proper cross-pollination and inadequate pollen transfer, high yield 

cannot be achived and maintained (22).  

Table 1. Estimates of self-incompatibility in mustard genotypes through seed set analysis 

Genotype Number of seeds in open selfs * Number of seeds in bud selfs * Fertility (%) Judgment 

Binasarisha-3 406 462 87 Compatible 
Binasarisha-1 442 528 83 ,, 
SS-75 473 572 82 ,, 
Vardon 247 322 76 ,, 
Jun-2592 256 345 74 ,, 
Nap-8509 335 452 74 ,, 
Dhali 257 361 71 ,, 
Nap-3015 319 463 69 ,, 
Jun-3018 183 268 68 ,, 
Daulat 221 324 68 ,, 
Seeta 243 376 64 ,, 
Jun-4008 210 394 53 ,, 
Kranti 173 328 53 ,, 
Rai-5 207 399 52 ,, 
PT-30 169 333 51 ,, 
Nap-3142 185 371 50 ,, 
TS-72 143 310 46 ,, 
PT-303 130 300 43 ,, 
M-27 78 185 42 ,, 
Tori-7 60 264 22 ,, 

* Mean of 30 pollination 

The traditional method of detecting self-incompatibility is through seed set analysis. However, seed set analysis takes more than a 

month from pollination to harvest, inadvertent cross fertilization and seed-mixing at harvest are hard to eliminate completely, and 

environmental factors may further influence the self-incompatibility reaction. Therefore, several warders have developed possible 

alternatives to seed set analysis.  

Pollen germination and pollen tube growth 

The results of the pollen germination and pollen tube growth study are shown in Table 2. The data revealed that both the treatment 

and type of pollination had remarkable effects on pollen germination and pollen tube growth. The highest number of germinated 

pollen grains stigma-1 and pollen tubes style-1 were observed in the genotype Binasarisha-3 followed by Binasarisha-1, SS-75, 
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Vardon, Jun-2592, Nap-8509 and Dhali. On the contrary, thelowest number of germinated pollen grains stigma-1 and pollen tubes 

style-1 were counted in the genotype Tori-7. Based on the number of pollen tubes style-1 the genotype Binasarisha-3, Binasarisha-1, 

SS-75, Vardon, Daulat, Seeta, TS-72, Jun-4008, Jun-3018, Jun-2592, Kranti, M-27, Rai-5, PT 30, Nap-8509, Nap-3015 and Dhali 

were grouped as self-compatible; PT 303 and Tori- 7 were classed as intermediate. Thus these results are more or less accordance 

with those obtained by seed set analysis. In a study with Brassica, Zuberi and Sarker, 1992 (22) observed that only 15% styles had 

enough pollen tubes to be considered effectively pollinated. However, more than half of the pistils had no pollen tube at the stylar 

Table 2.  Estimates of self-incompatibility in mustard genotypes by observing pollen germination on the stigma and pollen tube growth in the style using 

fluorescence microscope 

Genotype No. of germinated pollen grains stigma-1 * No. of pollen tubes style-1 * Judgment 

Binasarisha-3 179.7 37.4 Compatible 
Binasarisha-1 166.6 27.1 ,, 
SS-75 159.9 26.3 ,, 
Vardon 99.5 19.1 ,, 
Jun-2592 90.3 18.1 ,, 
Nap-8509 86.7 15.8 ,, 
Dhali 72.1 14.6 ,, 
Nap-3015 69.4 14.2 ,, 
Jun-3018 65.0 14.0 ,, 
Daulat 60.6 13.6 ,, 
Seeta 68.0 13.6 ,, 
Jun-4008 54.0 13.2 ,, 
Kranti 65.6 13.1 ,, 
Rai-5 63.3 12.6 ,, 
PT-30 67.6 12.4 ,, 
Nap-3142 60.2 11.9 ,, 
TS-72 59.5 11.3 ,, 
PT-303 53.4 10.8 ,, 
M-27 46.0 9.5 Intermediate 
Tori-7 52.1 9.3 ,, 
Type of pollination 

Bloom self 13.52 4.97  
Bud self 111.09 20.90  
Cross pollination 121.58 21.90  

* Mean of 30 pollination 

Table 3.  Interaction effect of genotypes and type of pollination on the number of germinated pollen grains stigma-1 and number of pollen tubes style-1 in mustard 

Genotype No. of germinated pollen 
grains stigma-1 * 

No. of pollen tubes 
style-1 * 

Genotype No. of germinated pollen 
grains stigma-1 * 

No. of pollen tubes 
style-1 * 

Binasarisha-3 
 

BS 275.0 50.2 Seeta 
 

BS 147.5 31.0 
BLS 52.3 14.0 BLS 15.2 4.4 
Cross 212.0 48.0 Cross 32.3 6.7 

Binasarisha-1 
 

BS 158.0 29.0 Jun-
4008 
 

BS 122.7 25.7 
BLS 12.0 9.3 BLS Nil Nil 
Cross 330.0 43.0 Cross 59.3 15.3 

SS-75 
 

BS 295.2 45.0 Kranti 
 

BS 76.4 18.5 
BLS 10.0 7.0 BLS 7.2 3.1 
Cross 174.5 27.0 Cross 97.2 14.3 

Vardon 
 

BS 107.4 18.1 Rai-5 
 

BS 61.0 15.0 
BLS 64.0 17.3 BLS 11.2 4.0 
Cross 127.3 22.0 Cross 132.0 22.0 

Jun-2592 
 

BS 104.1 18.0 PT-30 
 

BS 57.7 12.3 
BLS 17.8 11.2 BLS 10.0 3.0 
Cross 149.2 25.2 Cross 94.5 24.2 

Nap-8509 
 

BS 141.3 24.0 Nap-
3142 
 

BS 129.0 21.1 
BLS 16.4 4.6 BLS Nil Nil 
Cross 102.7 19.0 Cross 68.0 18.4 

Dhali 
 

BS 68.8 15.2 TS-72 
 

BS 145.5 27.8 
BLS 12.5 5.8 BLS Nil Nil 
Cross 135.3 23.0 Cross 14.6 4.6 

Nap-3015 
 

BS 34.7 12.4 PT-303 
 

BS 38.4 5.7 
BLS Nil Nil BLS 10.2 4.0 
Cross 132.5 21.6 Cross 140.5 28.3 

Jun-3018 
 

BS 36.0 8.5 M-27 
 

BS 38.6 6.8 
BLS 6.5 2.3 BLS 2.0 1.3 
Cross 160.4 26.6 Cross 112.5 20.5 

Daulat BS 148.2 25.5 Tori-7 BS 36.5 8.7 
BLS 13.0 5.0 BLS 10.2 3.2 
Cross 47.3 12.3 Cross 109.6 16.0 

* Mean of 30 pollinations, BS= Bud self, BLS=Bloom self, Cross =Cross Pollination 
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region. Only 13 of the pistils (20%) were found to have more than 10 pollen tubes. Zuberi and Sarker, 1992 (22)also reported that 

many ovules in a pistil were found to have no pollen tubes and those ovuled were not developing further as indicated by their 

smaller size. 

It is clear from Table 2 that the type of pollination had a noticeable influence on the germination of pollen grains stigma -1 and 

number of pollen tubes style-1. The highest number of pollen tubes style-1 was observed in Binasarisha-3 (48.0) due to cross 

pollination, but was not much different to that recorded in bud selfing. Open selfing yielded the lowest number of germinated 

pollen grains stigma-1 and pollen tubes style-1. In the present study, the discrepancy in the number of germinated pollen grains 

stigma-1 and pollen tubes style-1 may be explained by the inhibitory action of large number of self-incompatible pollen on the 

stigma. Incompatibility was manifested by the inability of the pollen tubes to penetrate the stigmatic papilla. Fluorescence 

microscope revealed that penetration was inhibited by calluse deposits at the point of contact between the papilla and the pollen 

tubes (9). 

CONCLUSION  

Self-incompatibility study indicated that none of the genotypes under study was found full self- incompatible. For hybrid seed 

production in mustard using self- incompatible, an extensive collection program should be undertaken for local and exotic 

genotypes. Then testing for self-incompatibility should be made through seed set analysis to identify desired incompatible but 

cross compatible types.  
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