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Introduction

Pachytene analyses in interspecific hybrids have proved to be an important tool in 

recent cytotaxonomic investigations in several taxa. Unfortunately, such studies in the 

genus Sorghum have largely been confined to diakinesis and later stages. Thus the 

conclusion that interspecific hybrids in Eu-Sorghums are not qualitatively or quantitatively 

different from those in the corresponding parents, arrived at by some workers (see Celarier 

1959) on the basis of their observations of normal bivalent formation at diakinesis and MI 

appears to be an over-simplification of the problem in the light of the results obtained in 

the present study and those reported by Magoon and his co-workers (see Magoon 1964 a and 

b).

In this study, several species of Sorghum, both cultivated as well as wild, were crossed 

in different combinations so that the knowledge thus gained regarding the nature of internal 

isolating mechanisms that may be operating could be utilized in better understanding of 

the ancestral relationships among the parents. A detailed account of the cytomorphological 

behaviour of various interspecific hybrids, not subjected to such an analysis before is 

presented below.

Material and methods

The materials used in the present investigation are listed below.

1, S. melaleucum Stapf. 2, S. vulgare Pers. 3, S. verticilliflorum Stapf. 4, S. 

sudanense Stapf. 5, S. nervosum Bess. ex Schult. 6, S. ankolib Stapf. 7, S. saccharatum 

(Moench.) Snowden. 8, S. Roxburghii Stapf. 9, S. basutorum Snowden. 10, S. arun

dinaceum Stapf. 11, S. caudatum Stapf. 12, S. nitens (Busse et pilger) Snowden. 13, 

S. cernuum Host. 14, S. drummondii (Steud.) Millspaugh et chase. 15, S. subglabrescens 

Schweinf et Aschers. 16, M. S. Kafir (Male Sterile). 17, S. melaleucum•~S. vulgare. 18, 

S. verticilliflorum•~S. vulgare. 19, S. sudanense•~S. vulgare. 20, S. nervosum•~S. ankolib 

21, S. saccharatum•~S. nervosum. 22, S. Roxburghii•~S. saccharatum. 23, S. basutorum

•~ S. arundinaceum. 24, S. arundinaceum•~S. basutorum. 25, S. arundinaceum•~S. caudatum 

26, M. S. Kafir•~S. nitens. 27, M. S. Kafir•~S. cernuum. 28, M. S. Kafir•~S. drummondii 

29. M.S. Kafir•~S. subglabrescens.

Seeds of the parent species were obtained through the courtesy of the Rockefeller
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Foundation, Division of Botany, Indian Agricultural Research Institute
, New Delhi. All 

cross combinations were made under controlled conditions. For study of microsporogenesis
, 

the simple propionocarmine smear method (Swaminathan, Magoon and Mehra 1954) was 

followed.

Observations

1. External morphology

The external morphological features of the parental species and their Fl 

hybrids were studied laying emphasis on some of the important quantitative 

as well as qualitative characters. The hybrids such as S. melaleucum•~S . 

vulgare, S. sudanense•~S. vulgare, S. saecharatum•~S. nervosum, S. 

basutorun•~S. arundinaceum and its reciprocal, M. S. Kafir X S. nitens, 

M. S. Kafir X S. drummondii were intermediate between the parental species 

with respect to the plant height. However, heterotic vigour for characters 

such as leaf number, leaf length and breadth was also noted in S. melaleucum•~

S. vulgare, S. nervosum•~S. ankolib, M. S. Kafir•~S. drummondii, M. S. 

Kafir•~S. cernuum and M. S. Kafir•~S. subglabrescens. The red tinged 

tip of the sessile spikelets in S. nervosum showed dominance over non-red 

tinged tip in S. ankolib and S. saccharatum. The prominant nerves on the 

outer glumes of the sessile spikelets in S. nervosum and the dense hairiness 

present on the sessile spikelets in S. melaleucum were found to be recessive. 

However, characters such as yellow stigmatic surface, awnless lemma and 

staminate condition of the pedicellate spikelets were found to be dominant 

over white stigmatic surface, awned lemma and non-staminate condition of 

the pedicellate spikelets respectively in most of the hybrids studied. The 

hybrid, S. basutorum•~S. arundinaceum exhibited reciprocal differences. For 

example, when S. arundinaceum was used as the female parent, the maturity 

of the Fl plants was considerably delayed. On the other hand, when S. 

basutorum was used as the female parent, the F, plants matured early. 

2. Cytology

a) Cytology of the parents. Observations on the pairing behaviour of 

homologous chromosomes in all the parental species revealed the presence of 

normal and complete pairing at mid-pachytene stage. 101, were also regularly 

present both at diakinesis and MI. The bivalents possessed one to two 
chiasmata, though the bivalents having two chiasmata appeared with greater 

frequency at diakinesis than at MI. The average number of chiasmata per 

cell was also determined at both these stages (see Table 1). Anaphase I 

and the later meiotic stages were usually normal. High percentage of 

stainable pollen and good seed setting were also recorded in all these parents 

except 'M. S. Kafir' which is male sterile.

b) Cytology of hybrids. The hybrids under investigation have been 

described into the following four categories based on the chromosome pairing 

at pachytene and pollen sterility.
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Table 1. Showing the chiasma frequency in parents and their Fl hybrids

(to be continued)
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(continued)

1) Normal pairing accompanied by high pollen fertility. The two 

hybrids, S. melaleucum•~S. vulgare and S. nervosum•~S. ankolib fall under 

this category. As in the parental species, the pairing of homologous chro

mosomes at mid-pachytene stage was normal and apparently complete along 

the entire length (Fig. 1). Diakinesis was normal with 1011. At MI, the 

frequency of rod bivalents was more than the frequency of ring bivalents. 

The mean chiasma frequencies determined at both these stages are presented 

in Table 1. In the case of S. melaleucum•~S. vulgare, the mean chiasma 

frequency value recorded at diakinesis showed a significant reduction from 

both the parents. However, at MI, the hybrid with the mean chiasma fre

quency value of 15.88/cell showed a significant reduction from the value 

observed in the male parent (S. vulgare), but it closely resembled the value 

obtained in the female parent. In the hybrid S. nervosum•~S. ankolib, the 

average chiasma frequency values observed both at diakinesis and MI showed 

a significant reduction only from the values noted in the male parent, S. 

ankolib.

Anaphase I was normal with regular distribution of 10 chromosomes to 

each pole. Subsequent stages of meiosis, from MIT to tetrad formation were 

usually regular. A high percentage of fertile pollen (94-95%) and good 

seed setting were recorded in these hybrids.

2) Normal pairing accompanied by partial pollen sterility. Hybrids 

under this category are M. S. Kafir•~S. drummondii, M. S. Kafir•~S. cernuum 

and M. S. Kafir•~S. subglabrescens. The pattern of pairing of homologous 

chromosomes at mid-pachytene stage was normal and complete. Usually 

1011, mostly of ring type at diakinesis and with varying number of rings and 

rods at metaphase I, were observed. Chiasma frequency was calculated at 

both these stages and the data are given in Table 1. The hybrid, M. S. 

Kafir•~S. drummondii was almost similar to the parents with respect to the 

mean chiasma frequency values observed both at diakinesis and MI. The 

mean chiasma frequency value obtained in the hybrid, M. S. Kafir•~S. 

cernuum, at diakinesis was almost equal to the female parent, but significantly 

less than the male parent, S. cernuum. However, at MI, it showed a 

significant reduction with respect to the value noted in S. cernuum and 

increase over the value recorded for M. S. Kafir. The hybrid M. K. Kafir•~
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S. subglabrescens with the mean chiasma frequency of 15.25/cell at MI 

showed a significant reduction as compared only to the value observed in

Figs. 1-5. 1, S. nervosum•~S. ankolib. Mid-pachytene stage showing normal synapsis of 

chromosomes. •~1,875. 2, S. basutorum•~S. arundinaceum. Pachytene stage showing 

non-pairing (•ª), loose pairing regions in several bivalents and terminal deletion in one 

bivalent (_??_). •~2,125. 3, S. arundinaceum•~S. caudatum. Pachytene chromosomes show

ing non-pairing, loose pairing regions and a loop like structure in one bivalent.•~1875. 

4, S. verticilliflorum•~S. vulgare. Pachytene bivalents showing terminal non-pairing 

regions (•ª). •~1,688. 5, S. verticilliflorum•~S. vulgare. Pachytene bivalent showing

 terminal deletion (•ª•ª).•~1,688.



1966 Cytomorphological Studies on Some Interspecific Hybrids in Eu-Sorghums 427

the male parent (S. subglabrescens). Anaphase I and the subsequent meiotic

 stages were generally normal. About 70-75% of pollen stainability and 

good seed setting were recorded in these hybrids.

3) Irregularities in the pachytene pairing followed by partial pollen 

sterility. Hybrids such as S. basutorum•~S. arundinaceum and its reciprocal
, 

S. verticilliflorum•~S. vulgare, S. arundinaceum x S . caudatuni, S. sac

charatum•~S. nervosum, S. sudanense•~S. vulgare and M . S. Kafir•~S. 

nitens fall under this category. In the case of S. basutorum•~S . arundin

aceum and its reciprocal and S. arundinaceum•~S. caudatum, most of the 

bivalents exhibited either terminal or interstitial non-pairing or loose pairing 

regions (Figs. 2 and 3). In addition, one bivalent showed a loop like struc

ture characteristic of duplication. Besides these abnormalities, a terminal 

deletion was also noted in one of the bivalents in S. basutorum•~S. arun

dinaceum and its reciprocal. Bivalents ranging from 1-2 exhibited small 

terminal non-pairing regions in S. verticilliflorum•~S. vulgare (Fig. 4). 

One more bivalent had a small terminal deletion (Fig. 5). Apart from this, 

a small loop like structure characteristic of duplication was also noted in one 

bivalent (Fig. 6). In addition to these structural differences, loose pairing 

was also observed in a few bivalents. In the hybrid S. saccharatunz•~S. 

nervosum, one bivalent showed terminal non-pairing region (Fig. 7) and 

another, probably the tenth (shortest in the complement) chromosome, had 

a small terminal deletion (Fig. 8). Again, in S. sudanense•~S. vulgare, 

bivalents ranging from 2-3 showed small terminal non-pairing regions. One 

more bivalent exhibited a small terminal deletion and further a small inter

stitial non-pairing region was also observed in one bivalent (Fig. 9). Besides, 

a few more bivalents also showed loose pairing at certain regions. Further

more in the hybrid M. S. Kafir•~S. nitens, one bivalent showed two loop like 

structures on its long arm (Fig. 10). The same bivalent also showed a very 

long non-pairing region along the entire lightly stained region of the short 

arm. Another bivalent exhibited both interstitial and terminal non-pairing 

regions on its short arm (Fig. 11). Apart from these, the 6th bivalent (most 

asymmetrical bivalent in the complement) also showed a small interstitial 

non-pairing region on its long arm (Fig. 10). In addition to these, a few 

more bivalents also showed either terminal or interstitial non-pairing regions.

In spite of the presence of such structural abnormalities at pachytene, 

the later stages, diakinesis and MI were usually normal with regular 101. 

However, in about 5-6°/ of the cells at diakinesis, 1-2 bivalents showed 

the tendency to separate precociously in S. basutorum•~S. arundinaceum 

and its reciprocal (Fig. 12). Similarly, at MI, univalents ranging from 2-4 

(probably due to precocious separation) were also observed in about 8-10% 

of the microsporocytes analysed in most of the hybrids (Figs. 13 and 14).

The average number of chiasmata per cell was calculated and the data 

are given in Table 1. The hybrids, S. basutorum•~S. arundinaceum and
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Figs. 6-16. 6, S. verticilliflorum•~S. vulgare. Pachytene bivalent showing duplication loop 

(•ª). •~3,125. 7, S. saccharatum•~S. nervosum. Pachytene bivalent showing terminal non

pairing region (•ª). •~2,375. 8, S. saccharatum•~S. nervosum. Pachytene bivalent showing 

terminal deletion (_??_). •~2,188. 9, S. sudanense•~S. vulgare. Pachytene stage showing 

non-pairing regions (•ª) and terminal deletion (It). •~2,125. 10, M. S. Kafir•~S. nitens. 

Pachytene bivalents showing non-pairing regions (see also loops in one bivalent). •~2,275.
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its reciprocal and S. sudanense•~S. vulgare showed significant reduction in 

the mean chiasma frequency values from either of the parents both at dia

kinesis and metaphase I. Again, in S. verticilliflorum•~S. vulgare, the 

mean chiasma frequency worked out at diakinesis showed a significant re

duction from either of the parental species. However, the value obtained 

in the hybrid at MI showed significant reduction only from the value observed 

in S. vulgare. The hybrid, S. saccharatunz•~S. nervosunz exhibited a 

significant reduction only with respect to the mean chiasma frequency value 

obtained in S. saccharatum at diakinesis. However, at MI, the values 

observed in both the parents and their F, hybrid were almost similar. In 

the case of S. arundinaceum•~S. caudatum, the mean chiasma frequency 

calculated at diakinesis showed a significant reduction from the value observed 

in the male parent (S. arundinaceum), but not from the female parent. 

However, the hybrid showed a significant reduction in the average chiasma 

frequency from either of the parents at metaphase I. Further, the hybrid 

M. S. Kafir•~S. nitens with the mean chiasma frequency of 18.05/cell at 

diakinesis showed a significant reduction from the values observed in both 

the parental species. However, the mean chiasma frequency value of the 

hybrid at MI was almost similar to the values noted in both the parental 

species.

Anaphase I and later stages of meiosis were usually normal. However, 

1-4 lagging chromosomes or bivalents, occasionally division of univalents, 

were also observed in about 8-10% of the microsporocytes analysed in S. 

basutorum•~S. arundinaceum and its reciprocal, S. sudanense•~S. vulgare 

and S. saccharatum•~S. nervosum (Figs. 15, 16, 17 and 18). Besides, the 

belated separation of 1-2 bivalents probably due to the arrest of terminali

zation of chiasmata were also noted in about 10-120/ of the cells in S. 

basutorum•~S. arundinaceum and its reciprocal and S. arundinaceum•~S. 

caudatum (Fig. 19). In the hybrid M. S. Kafir•~S. nitens, in addition to 

the division of univalent chromosome, unequal distribution of chromosomes 

(11/9) were also occasionally observed (Fig. 20). Again, in S. verticilliflorunz•~

S. vulgare chromatin bridges were noted in about 1% of the cells analysed 

(Fig. 21).

At MII, a few chromosomes frequently remained off the MII plates in 

S. basutorum•~S. arundinaceumn and its reciprocal. Anaphase II was like

wise irregular with a few lagging chromosomes in S. basutorum•~S. arun

11, M. S. Kafir•~S. nitens. Pachytene bivalent showing non-pairing regions (•ª). •~2,687. 

12, S. basutorum•~S. arundinaceum. Diakinesis with 9II+2I (probably due to precocious 

separation). •~1,250. 13, S. basutorum•~S. arundinaceum. Metaphase I with 9II+2I. •~

1,875. 14, S. basutorum•~S. arundinaceum. Metaphase I showing precocious separation 

of three bivalents. •~1,812. 15, S. basutorum•~S. arundinaceum. Anaphase I showing 

three lagging bivalents. •~1,688. 16, S. basutorum•~S. arundinaceum. Late anaphase I 

showing division of univalent chromosomes. •~1,250.
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dinaceum and its reciprocal and S. saccharatum•~S. nervosum. In addition 

to normal tetrads, dyads were also occasionally observed in S. basutorum•~

Figs. 17-23. 17, S. sudanense•~S. vulgare. Anaphase I with laggards. •~1,500. 18, S. 

saccharatum•~S. nervosum. Anaphase I with lagging chromosomes. •~1,688. 19, S. basu

torum•~S. arundinaceum. Anaphase I showing non-disjunction of a bivalent. •~1,688. 20, 

M. S. Kafir•~S. nitens. Anaphase I showing unequal distribution of chromosomes (11/9) 

and division of univalent chromosome (•ª). •~1,813. 21, S. verticilliflorum•~S. vulgare. 

Anaphase I showing chromatin bridge•~1,438. 22, S. basutorum•~S. arundinaceum. 

Dyad formation. •~1,438. 23. S. Roxburghii•~S. saccharatum. Pachytene stage showing

 terminal non-pairing region in one bivalent (•ª). •~1,625.

S. arundinaceum and its reciprocal (Fig. 22). Micronuclei ranging from 2-3 

were also present at this stage. About 20-40% of pollen sterility was
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recorded in these hybrids. Seed setting was fairly good in all the hybrids 

except S. basutorum•~S. arundinaceum and its reciprocal where the seed 

setting was comparatively poor.

4) Irregularities in the pachytene pairing accompanied by normal 

pollen fertility. The hybrid under this category is S. Roxburghii•~S. sac

charatum. The nature of pairing at mid-pachytene was studied in this 

hybrid. One bivalent showed a small terminal non-pairing region (Fig. 23). 

Apart from this, no other irregularities were noticed at this stage. Usually 

10II were present both at diakinesis and MI. The mean chiasma frequency 

values obtained in the hybrid at these stages closely resembled the values 

noted in the parents without any significant difference (Table 1). Subsequent 

meiotic divisions were usually normal resulting in about 93% of pollen 

stainability. Good seed setting was also recorded in this hybrid.

Discussion

Sharma and Bhattacharjee (1957), based on their observations on somatic 

chromosomes in 23 different 'species' of the genus Sorghum, reported 

marked differences in the idiograms between the 'species' concerned. On 

the other hand, Magoon and his associates (see Magoon 1964 b, Magoon 

and Shambulingappa 1960, 1961, 1962 c and d, Magoon and Ramanna 

1961 a and b, Magoon et al. 1961 a, b and c and Sadasivaiah and Magoon 

1965 a, b, c and d, 1966 a, b) studied the morphology of chromosomes at pachy

tene in a number of Sorghum species. These workers have demonstrated that 

the karyotype of different species do not show much variation. The size of 

the chromosomes of all these species is nearly the same as is evidenced by 

measurements made at pachytene in pollen mother cells and mitotic metaphase 

in root tips. Their studies have revealed the fact that most of the Arun

dinacea Sorghum species appear to be closely related to one another and 

they thus suggested that the species differentiation in the sub-section Arun

dinacea of Eu-Sorghum is largely due to genic and cryptic or small structural 

changes in the chromosomes. It is also evident from the results obtained 

in the present study that there is not much karyotypic variation between 

these species.

Again, Sharma and Bhattacharjee (1957) have predicted on the basis of 

the marked karyotypic differences noted by them, highly abnormal meiosis 

in the interspecific hybrids of the sub-section Arundinacea of Eu-Sorghum. 

In contrast to this, remarkably regular meiosis has been reported by several 

workers in the interspecific hybrids studied by them (Laubscher 1945, 

Krishnaswamy et al. 1956, Endrizzi 1957, Kidd 1956 and see review by 

Magoon 1961). Based on these observations, the species differentiation in 

Arundinacea Sorghums may be attributed largely to'modifier complexes' 

(Harland 1939). However, consistent reduction in the mean chiasma frequen

cy at diakinesis and MI in several of the above mentioned crosses may also
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suggest a significant role of small structural differences detectable only at 

pachytene stage (Stephens 1950). Furthermore, even if we agree with Harland 

(1939) that 'modifier complexes' do constitute species differences, this concept 

does not seem to be fully appropriate for the Sorghum group since inter

racial differences show simple Mendelian inheritance not normally expected 

out of differences based on 'modifier complexes'. The height gene (D) a 

polymetric character under the control of a few genes, in which all the 

genotypes except the extreme dominant and recessive are known to occur, 

is an example. However, the evidences for the presence of cytologically 

detectable small or 'cryptic' structural differences have also been clearly 

provided in several cases (Magoon and Shambulingappa 1962 a and b, 1963, 

Magoon et al. 1964 and Shambulingappa and Magoon 1963). Therefore, 

the advantage of the pachytene analysis is that even the 'cryptic' differences 

can be given a visual dimension and structural identity. Hence the studies 

on the nature of chromosome pairing at pachytene stage in the hybrid nuclei 

would thus appear to be of immense value under the circumstances.

If finer factors such as chromosome pairing at pachytene and pollen 

sterility are considered, all these 13 hybrids studied in the present investiga

tion could be classified, according to the classification first suggested by 

Magoon and Shambulingappa (1963) into the following four categories.

1) Normal pairing accompanied by high pollen fertility: The fol

lowing hybrids (S. melaleucum•~S. vulgare and S. nervosum•~S. ankolib) 

under this category show completely regular pairing at pachytene followed 

by high percentage of pollen fertility and good seed setting. This suggests 

that the species appear to be differentiated primarily at the level of genetic 

factors. Such species may retain identity only by geographic or physiologic 

isolation. The chromosome complements of these species may also differ by 

small structural changes which, however, do not lead to cytologically visible 

abnormalities-the so-called 'cryptic' structural differences.

2) Normal pairing accompanied by partial pollen sterility. Hybrids 

such as M. S. Kafir•~S. drummondii, M. S. Kafir•~S. cernuum and M. S. 

Kafir•~S. subglabrescens fall under this category. Although visible structural 

differences could not be demonstrated at pachytene and later meiotic stages 

are also usually regular, 25 to 30% of pollen sterility have still been recorded 

in these hybrids, though they showed good seed setting. Hence, the pollen 

sterility observed in some of these hybrids involving M. K. Kafir cannot be 

attributed to any visible structural differences but to gene action. On the 

basis of Goldschmidt's (1958) theory of the origin of mutation, a mutation 

of male fertile gene to male sterile gene involves a mere change in the 

chromosome structure and this, possibly smallest, change is so important as 

to bring down the viability of the male gametes. This suggests that the 

sterility is only confined to male side and this may perhaps be attributed to 

the influence of male sterile genes present in the M. S. Kafir parent .
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3) Irregularities in the pachytene pairing followed by partial pollen 

sterility. Hybrids under this category are S. basutorum•~S. arundinaceum 

and its reciprocal, S. verticilliflorum•~S. vulgare, S. arundinaceum•~S. 

caudatum, S. saccharatum•~S. nervosum, S. sudanense•~S. vulgare and 

M. S. Kafir•~S. nitens. Partial sterility and irregularities in pairing of 

homologous chromosomes in these diploid species hybrids can be attributed 

to structural differences in the parental genomes or to the action of different 

genetic factors which inhibit chromosome pairing. Structural changes may 

in themselves produce morphological variations and since these changes may 

also inhibit the production of fertile hybrids, they may provide further ac

cumulation of character differences by gene mutation.

4) Irregularities in the pachytene pairing accompanied by normal pol

len fertility. The hybrid S. Roxburghii•~S. saccharatum comes under this 

category. In spite of the existence of small though cytologically detectable 

structural differences (mainly non-pairing regions) in the hybrid under this 

category at pachytene, the later stages of meiosis were usually normal re

sulting in high percentage of stainable pollen and good seed setting. This 

suggests that the structural differences observed in these hybrids are probably 

not as important qualitatively as to affect the viability of gametes.

Stebbins (1938) did not observe any direct correlation between the extent 

of structural differences present in the chromosomes of two paeonia species 

and the sterility. On the other hand, Garber and Gorsic (1956) found a 

direct correlation between the amount of structural differences and sterility 

in Collinsia. Magoon and Shambulingappa (1962 a and b 1963), Shambulingap

pa and Magoon (1963) and Sadasivaiah and Magoon (1965 d) have also re

ported such a direct correlation in several of the interspecific hybrids studied 

by them. However, similar observations have also been made in many of 

the hybrids considered in the present investigation. Hence it would be 

evident from the results obtained in the present study that while there was 

a direct correlation between the extent of structural differences and pollen 

sterility in some hybrids, others did not show any such correlation. It ap

pears then that the type of structural hybridity observed in some hybrids 

may have little effect on the viability of gametes, while the structural dif

ferences observed in some other hybrids may have a marked influence on 

the viability of the gametes, suggesting the existence of qualitative differences 

among such structural changes (Magoon and Shambulingappa 1963). How

ever, it is to be emphasized again that high percentage of pollen sterility 

(25-30%/) observed in some of the hybrids involving M. S. Kafir cannot be 

attributed to any visible structural differences but to the gene action as 

described earlier. Hence in these cases, the differences even at genic level 

are of importance for the viability of the gametes (Shambulingappa and 

Magoon 1963).

Again, Stephens (1961) recognizes, in general, four distinct categories of
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hybrids based on chromosome pairing at meiotic metaphase. Category I, though 

interspecific in nature is almost similar to intervarietal hybrids while category 

IV represents the other extreme, the parental genomes showing complete to 

partial failure of pairing. In category II and III, chromosome pairing at 

meiotic metaphase in hybrids is normal though other evidences of genie 

differentiation are present; the two categories are distinguished by the fact 

that in the former the evidence of 'cryptic' structural differentiation is lacking 

while in the latter it can be shown to exist by the 'polyploidy test'. It is 

interesting to compare the above classification based on metaphase pairing 

with the present classification of Sorghum hybrids, first suggested by Magoon 

and Shambulingappa (1963), into four categories based on pachytene pairing. 

It is obvious, that our groups I and II can be considered to be equivalent 

to category I of Stephen's (1961), if we assume that the partial pollen sterility 

in group II might be a result of the presence of the male sterile cytoplasm 

which is probably not fully overcome. Again, the fact that some hybrids 

involving M. S. Kafir as the female parent, for instance M. S. Kafir X S. 

bicolor and M. S. Kafir X S. caudatum (unpublished), also show normal 

pollen fertility could, perhaps, be attributed to the greater efficiency in ferti

lity restoration of the respective male parents. Similarly, our group III with 

irregularities in pachytene pairing accompanied by moderate pollen sterility 

suggesting that the parents are structurally differentiated could be equated 

to some extent with category IV of Stephen's (l.c.), even though the meta

phase pairing is normal. But for the study of pachytene, these hybrids would 

have been grouped with category II of Stephen's since metaphase pairing is 

normal. The fourth group in our studies where irregularities in pachytene 

pairing are not reflected in the viability of the gametes, the pollen fertility 
being quite normal is, perhaps, the most interesting. This group has no 

counterpart in Stephen's scheme and would but for the pachytene analysis 

lumped in his category I. This group is also of interest in that the co

existence of structural differentiation sometimes with and sometimes without 

reduction in gametic viability suggests that qualitative differences exist be

tween structural differences.

The results obtained in the present investigation and also reported by 

some earlier workers (see Magoon and Shambulingappa 1962 and 1963, 

Magoon 1964 b and Shambulingappa and Magoon 1963) especially on the 

pairing behaviour of pachytene chromosomes in several hybrids, suggest that 

the majority of these Eu-Sorghum species are closely related. However, 

the degree of affinity between the species varies. Those species appear to 

be closely related where hybrids between them show normal pachytene 

chromosome pairing and high pollen fertility than those species where the 

hybrids between them show irregularities at pachytene pairing and also ex

hibit partial sterility. It is observed, in general, that the hybrids between 

Spontanea type and Sativa type of Sorghum species usually show some
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abnormalities at pachytene pairing in contrast to normal pairing observed in 

several hybrids between the species within either Spontanea or Sativa series . 

Hence, it is obvious that the species within the series may be more closely 

related, supporting the conclusion drawn on the basis of morphology to some 

extent. The recognition of taxa below the series level , however, would 
appear to need further consideration.

The results obtained so far in the Eu-Sorghum (Magoon and Shambu

lingappa 1963, Shambulingappa and Magoon 1963 and Sadasivaiah and 

Magoon 1965) as well as in the present investigation showed direct correla

tion to some extent between the amount of non-pairing at pachytene and 

mean chiasma formation. The hybrids in which the pachytene chromosome 

pairing was found to be normal showed generally no reduction in the mean 

chiasma frequency at diakinesis and metaphase I, a few others, however, 

showed a reduction. Considering only the hybrids which exhibited structural 

differences in the chromosomes accompanied by reduced mean chiasma fre

quency values, one may see a direct correlation between these two factors. 

The data obtained, therefore, suggest that while some hybrids show a direct 

correlation between the extent of structural differences in the chromosome 

and reduction in the mean chiasma frequency at diakinesis and metaphase I, 

a few other hybrids, inspite of the existence of small scale structural 

differences, do not show significant reduction in the mean chiasma frequency 

as compared to the parents.

In conclusion, it may be emphasized that from the taxonomic stand 

point, it is probably of little significance whether species distinctions are 

attributed to multiple gene substitution or to 'cryptic' and small structural 

differences, but from the economic point of view it is a matter of paramount 

importance since upon it depends the degree to which a Sorghum breeder 

can hope to transfer a useful character of great value from one species to 

another. If species differences are mainly due to multiple gene substitution, 

the problem is chiefly a matter of growing large enough progenies to secure 

the required combination whereas the success which the breeder can expect 

in transferring characters of economic value from one species to another 

will be inversely proportional to the frequency of small scale structural 

differences in his breeding material.

Summary

Important morphological features of 14 species and 13 hybrids were 

compared and it was observed that with respect to several metrical characters 

the hybrids were usually intermediate in some cases but in certain other 

cases, hybrid vigour was also met with. The dominant-recessive relationships 

of several qualitative characters in these hybrids have also been studied. 

Pachytene pairing was complete and apparently normal, followed by regular 

meiosis at later stages resulting in high pollen fertility and good seed setting
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in all the parental species except the male sterile 'Kafir' . The interspecific 

hybrids studied are classified with suitable explanations into four categories 

based on pachytene pairing and pollen sterility. 1) Normal pairing accom

panied by high pollen fertility, 2) Normal pairing accompanied by partial 

pollen sterility, 3) Irregularities in the pachytene pairing accompanied by 

partial pollen sterility, 4) Irregularities in the pachytene pairing accompanied 
by normal pollen fertility. Based on cytomorphological data, the interrela

tionships amongst the species are discussed.
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