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C H A PTER  I 

INTRODUCTION

The genus Saecharum  belongs to  th e fam ily  G ram ineae and th e trib e  

A ndropogoneae. This genus exhibits a wide m orphological and cy to lo g ica l ran ge. 

The ran ge of diploid numbers in the Saecharum  genus extends from  40 to  1 2 8 . F ive  

sp ecies , S. officinarum  (2n=80), S. spontaneum  (2n=40 to  128), S. robustum  (2n=60 

and 8 0 ), S. barberi (2n=82 to  124 ), and S. sinense (2n=106 to  121) have been  

trad itio n ally  reco g n ized . The sixth  sp ecies , S. edule, is gen erally  not regard ed  as a 

se p a ra te  sp ecies because of its m orphological sim ilarity  to  S. robustum  (Stevenson, 

1965).

M ore re ce n tly  G rassl (1974) suggested a re c la ss ifica tio n  of sp ecies within the  

Sacchgirum genus. He would reco g n ize  S. o fficin aru m , S. spontaneum , S. robustum , 

and S. sanguineum as d istin ct sp ecies, but would re c la ss ify  S. barberi and S. sinense  

as h o rticu ltu ral groups b ecau se of evidence th a t the la t te r  tw o resu lted  from  

in terg en eric  hybridization. G rassl's suggestions, though ap parently  taxo n o m ically  

sound, have not re ce iv e d  any o fficia l recogn ition .

S. spontaneum  genotypes are  c h a ra c te riz e d  by thin and hard tille rs , norm ally  

pithy and fibrous, having long internodes, good rootin g and tillerin g  h ab it, but 

having low sugar co n ten t. The known genotypes within the S. spontaneum  sp ecies  

form  a highly com p lex group, undoubtedly the m ost com plex within the Saecharum  

genus. This sp ecies exten d s through the trop ics and subtropics from  th e P a c if ic  

islands through A sia to  the M editerranean  region. C lim a tica l e x tre m e s  range from  

the slopes of H im alayas to  the Indonesian tro p ics , thus p artially  explaining the  

e x tre m e  g e n e tic  d iversity  found within the sp ecies. Individual genotypes have  

widely varying lev els of re s is ta n ce  to  in sects and diseases and to le ra n ce  to  fro st, 

drought, salin ity , e t c .  (R aghavan, 1953). In f a c t ,  S. spontaneum  clones have  

varying heights from  18 inches to  30 fe e t . T here is a considerable range in the
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chrom osom e num bers in this sp ecies with 2n=64, 8 0 , 9 6 , and 112 being th e m ost 

typ ical acro ss  the m ajor eco lo g ical a re a s .

C hrom osom e number 2n=40 is the low est reco rd ed  so fa r  in this sp ecies (R ao  

and Babu, 1 9 5 5 ). In India, w here S. spontaneum  probably orig in ated , form s with  

low er chrom osom e numbers a re  c h a ra c te r is tic  of the north w estern  region. The 6 4 -  

chrom osom e type has the w idest distribution in India, but is co n ce n tra te d  m ostly  in 

the low er p art of th e  peninsula. Types with chrom osom e num bers higher than 64  

a re  re s tr ic te d  to  northern and m id-w estern  regions (Panje and Babu, 1960).

It seem s evident th a t the origin of sev eral of the d ifferen t chrom osom al 

types m ust have been by n atural hybridization within this sp ecies (G rassl, 1977). 

The value of S. spontaneum  in su garcan e breeding is widely recogn ized . N early  aU 

m ajor co m m ercia l su garcan e v arie ties  grown throughout th e  world co n tain  S. 

spontaneum  germ plasm , based on th eir pedigrees. C lones of S. spontaneum  are  

ch a ra c te r is tic a lly  m ale fe rtile  and have generally  been used as m ale p aren ts in 

hybridization program s. C ontinued e ffo rts  have been m ade to  c o lle c t  and m aintain  

S. spontaneum  genotypes due to  th eir recogn ized  p oten tial in breeding program s 

(H einz, 1965).

The p oten tial and com p lexity  of S. spontaneum  is alread y  recogn ized , but 

re la tiv e ly  l i t tle  work has been done on breeding behavior and chrom osom al stab ility  

within th e sp ecies. The overall o b jectiv e  of this study is th e re fo re  to  understand  

and a p p re cia te  the c h a ra c te r is tic s  of S. spontaneum  with p articu lar reg ard  to  

selfing. As S. spontaneum  is believed to  have evolved from  a com p lex and diverse  

g e n e tic  background, we would e x p e ct in terestin g  morphologiceil and possibly 

chrom osom al variation s am ong the progenies a f te r  one g en eration  of selfing. 

S p ecifically , th e ob jectiv es of this study are :

1 . To study th e  chrom osom al variab ility  in (firs t g en eration  selfing) progenies  

of sev era l S. spontaneum  clones.
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2. T o se a rch  for evidence of chrom osom al m osaicism  a t  m itosis in progenies.

3 . To study m orphological variab ility  in Si progenies.

3



C H A PT ER  II 

L IT ER A T U R E REVIEW

A . Evolution in Sugarcane

The su garcan e sp ecies a re  la rg e  tro p ical grass polyploids in n atu re belonging 

to  the trib e A ndropogoneae. D arlington and Jan ak i A m m al (1945) su ggested  th a t  

th e  basic chrom osom e num bers of A ndropogoneae w ere x  = 5 , 9 , 10 , and 1 2 , of 

which X = 5 was th e m ost com m on am ong th e genus. The b asic chrom osom e  

number of Sacch aru m  is su b ject to  a lo t of u n ce rta in tie s , assum ptions and 

discussions. B rem er (1 9 2 5 , 1 9 2 9 ), judging from  th eir resu lts  from  counting a  

number of Sacch aru m  clon es, considered x = 10 as th e  basic num ber. The basic  

number x  = 5 m ight be a  possibility judging from  the f a c t  th a t x  = 5 is the m ost 

com m on in the trib e  A ndropogoneae. Jan ak i A m m al (1936) ag reed  with B rem er, 

but she w ent on to  assum e th a t x  = 6 or 12 m ay be an oth er possibility. H er la te r  

work with D arlington (1945) and Subba R ao  (1947) stron gly  su ggested  th a t x  = 10 

and 12 w ere the m ost probable basic numbers of S acch aru m .

H ow ever, not all sp ecies and v arie ties  of S accharum  have chrom osom e  

number th a t a re  m ultiples of 5 or 10 or th eir aneuploids. Am ong S. spontaneum  

sp ecies only, num bers Like 4 8 , 56 , 6 4 , 7 2 , 9 6 , and 112 a re  m ore com m on. In f a c t ,  S. 

o fficin aru m , a m ore stab le sp ecies , has chrom osom e number 2n=80 indicating the  

basic number could be 8 or 1 0 . P ric e  (1957) considered x  = 8 as the m ost probable 

basic number of S. spontaneum  com p lex. D utt and R ao  (19 3 3 ) counted chrom osom e  

num bers in S. spontaneum  of India and found th a t the polyploidy developed larg ely  

as m ultiples of 8 .

F u rth e r a tte m p ts  w ere m ade to  involve o th er gen era  in determ ining th e basic  

chrom osom e number of Saccharum  species when hybrid of S. officinarum  x  

S cle ro sta ch y a  fu sca  w as b ack crossed  to  the m ale p aren t, 10 S. officinarum  

ch rom osom es, usually assum ed to  be one chrom osom e s e t , w ere fu rth er divided into
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tw o s e ts , each  possessing five chrom osom es (P a rth a sa ra th y , 1 9 4 8 ). One of these  

tw o se ts  was hom ologous to  one of th e th ree  genom es of S cle ro sta ch y a  fu sca  

(n=15). P a rth a sa ra th y  (19 4 8 ) th e re fo re  concluded th a t the basic chrom osom e  

number of Sacch aru m  was 5 . A sim ilar work was done by R aghavan  (1 9 5 1 ). In this 

study he observed th a t the tw o se ts  of five basic chrom osom es of S. officinarum  

w ere homologous with tw o se ts  of N arenga (n=15), thus making him a g re e  with the  

conclusion m ade by P a rth a sa ra th y  (1 9 4 8 ).

The analysis of genom es in Sacchetrum had been m ade by N ishiyam a (1 9 5 6 ). 

He studied the m eio tic  configurations of Saccharum  sp ecies and th eir in te rsp e cific  

hybrids. Based on hom ologies of chrom osom es in all th ese hybrids, he concluded  

th a t th e re  w ere tw o basic num bers, 8 and 10 , sin ce polypoloidy in Saccharum  

con sisted  of m ultiples and com binations of th ese tw o basic num bers.

In the middle of th e  19th  cen tu ry , as m any as 62 sp ecies w ere reco rd ed  under 

the genus S acch aru m  (Steudel, 1855). About a cen tu ry  la te r , th ey  w ere red u ced  to  

fiv e , E rian th u s, S c le ro s ta ch y a , and N arenga being tran sfe rre d  to  th ree  d ifferen t  

g en era . M ukherjee (19 5 7 ) had d em on strated  th a t th e  la t te r  th re e  gen era  w ere  

in te rre la te d  and in terbreeding and he term ed  them  as " S accharum  co m p lex."

Sacch aru m  extends through th e  tro p ics and subtropics from  the P a c if ic  

islands through A sia to  the M editerranean and A frica  (Panje and Babu, 1960). 

Erianthus is widely p resen t in the tro p ics and subtropics region (M ukherjee, 1957); 

S cle ro sta ch y a  and N arenga a re  mainly confined to  the humid tro p ics  of South E ast  

A sia. Thus th e m axim um  number of this com plex was ce n te re d  in th e Indo-B urm a- 

China border region.

M ukherjee (19 5 7 ) considered Saccharum  as the m ost advanced  genus in this 

com p lex for v e g e ta tiv e  propagation as it had well developed buds and having few  

row s of ro o t eyes in the nodal region com pared  to  the o th er gen era .
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M ukherjee (1957) hypothesized th a t Saccharum  genus m ight have evolved  

from  Ripidium (form erly  Erianthus) e ith er d irectly  or via S c le ro s ta ch y a . (Under 

new ch em otaxon om y, this includes N arenga g en era .) Panje and Babu (1960)  

rep o rted ly  had found S. spontaneum  sp ecies of 2n=40 ty p e , the low est within this 

g en era , in N orth W est India, w here both the above gen era  w ere p resen t. The 2n=80 

typ e happened to  co e x is t in the sam e a re a  w here 2n=40 typ e predom inated but they  

did not d iffer sign ifican tly  from  each  o th er (D aniels e t  a l ., 1975).

M ukherjee (1957) believed th a t S. spontaneum  2n=40 typ e m ight have arisen  

from  a  2n+n transm ission of S cle ro sta ch y a  (2n=30) x  Ripidium (2n=20). S ince S. 

spontaneum  2n=80 typ e appeared very  sim ilar to  2n=40 ty p e , G rassl (1977) 

considered th a t th e  2n=80 type m ight have originated  from  autopolyploidization of 

2n=40 typ e, and th e  hybridization betw een th ese  tw o types produced th e 60 

chrom osom es typ e. F u rth e r hybridization of all th ese types m ight have given rise  

to  50 and 70 chrom osom es typ es, and oth er in term ed iates  like 4 5 , 5 5 , 6 5 , and 75 

chrom osom es typ es.

F o r S. robustum  to  be considered as a m em ber of the genus S a cch aru m , it 

m ust have chrom osom es in com m on with th at of S. spontaneum . T h ere is an 

in crease  in s ize , co m p lexity , and polyploidy of S. robustum  as one m oves aw ay from  

the ce n te r  of origin of S. spontaneum  indicating th a t S. spontaneum  m ay be one of 

the an cesto rs  of S. robustum .

P a rth a sa ra th y  (1948) studied the 40 chrom osom e pairs of S. officinarum  and 

he found th a t five pairs of chrom osom es appeared in com m on with S c le ro s ta ch y a . 

This had led him to  believe th a t S clero stach y a  m ust be one of th e an ce sto rs  of S. 

robustum . Sim ilarly , Li e t  al. (1948) had found a few  chrom osom es which w ere  

com m on with th a t of M iscanthus floridulus, thus suggesting th a t M. floridulus 

m ight be another of its a n ce sto rs .
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G rassl (19 7 7 ) found it very  easy  to  hybridize M iscanthus and a few  sp ecies of 

Ripidium , th e re fo re  making him conclude th at Ripidium could re p la ce  M iscanthus 

in furnishing som e chrom osom es involved in th e origin of S. robustum . The 

S cle ro sta ch y a  group furnished genes for self in com p atib ility  and size .

S. officinarum  was gen erally  believed to  have origin ated  from  interhybrid

izatio n  of d ifferen t S. robustum  typ es. S. robustum , which was com m only found in 

m ouths of larg e  riv ers , was highly polyploid in n atu re and was n atu rally  cro ss

pollinated. This sp ecies , due to  its  robustness, was being used for sh elters and 

fen ces by the n atives of New G uinea. Two or m ore types m ight have com e  

to g e th e r due to  se lectio n  done by the n atives. These types m ight have in terb red  

with each  oth er fre e ly . The resulting progenies w ere found to  be sim ilar to  both  

p aren ts. N ot until the F 3 gen eration  w ere linkage blocks su fficien tly  broken to  

resu lt in new recom binations which m arked th e origin of a new sp ecies , S. 

officinarum  (G rassl, 1974).

B. Inbreeding and H eterosis

Inbreeding gen erally  re fe rs  to  the closer kinds of m atings such as b roth er and 

sister and paren t and offspring. Many wild as well as cu ltiv a ted  sp ecies a re  

natu rally  self pollinated and often  have sp ecial m echanism s to  prom ote selfing. 

Inbreeding seem s not to  have any injurious e f f e c t  in th ese  sp ecies in te rm s of vigor, 

p rod u ctiv ity , and ability  to  survive. H ow ever, m ost higher plants a re  n aturally  

cro ss poUinated and inbreeding depression is often  seen in th eir inbreds.

The inbreeding p rocess is of value in plant im provem ent to  plant breed ers in 

view th a t it can  elim in ate abnorm al, inferior re ce ssiv e  ty p es. Inbreeding follow ed  

by se le c tio n  m ay eventually  resu lt in com p lete rem oval of d eleteriou s genes e x ce p t  

if th ese  genes a re  linked with som e good c h a ra c te r . The developm ent of d istin ct 

inbred lines has b ecom e the basis of many m ethods of plant breeding in cro ss

pollinated crops.
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The m ost widely used of inbred m ateria ls  is the developm ent of high-yielding  

hybrids. The use of inbreeding (selfing and sibbing) in plant breeding has been  

follow ed by useful ad vances in yield and quality of m any plant sp ecies . A hybrid 

cro ss  betw een inbred lines resu lts  in progeny of g re a t  vigor, s ize , and productive

ness and gen erally  superior to  th a t of th e  original open pollinated s to ck . The yield  

and quality of the crop  produced a re  functions of th e  p a rticu lar com bination of 

se lf-fe rtiliz e d  p aren tal ty p e , and th ese qualities rem ain  the sam e w henever the  

cross is rep e a te d  (Shull, 1910).

Selfing rep resen ts  one of the tw o e x tre m e s  of breeding philosophy in 

su garcan e (S tevenson, 1 9 5 3 ). Selfing Saccharum  clones m ay resu lt in broadening of 

g e n e tic  base and derivation  of superior individuals. In f a c t ,  m any selfed  progenies 

of co m m e rcia l clones p erform ed b e tte r  than the p aren t. Many showed norm al 

vigorous grow th and sign ifican t im provem ent in sugar co n ten t (E th irajan  e t a l., 

1 977). R ep eated  cy cle s  of inbreeding of these co m m e rcia l clones have resu lted  in 

d ram atic  im provem ent in su crose p ercen t ju ice.

Loss of vigor m ay o ccu r in th e  early  s tag es of the selfed  lin e. Stevenson  

(19 5 9 ) se lfed  in te rsp e cific  hybrid of su g arcan e, and he n oticed  the ap p earan ce  of 

d e fe ctiv e  types in the selfed  population. These types m ight have abnorm al can e  

grow th, recu m b en t h abit, precociou s grow th of buds, freck lin g  or blotching of 

le a v e s , and w eakness of top grow th.

A ccord in g to  R agh avan  (1 9 5 2 ), th ere  w ere no S j seedlings produced due to  

the p resen ce of a  larg e  accu m u lation  of leth al genes when co m m e rcia l clones w ere  

selfed . H ow ever, Stevenson (1959) rep o rted  th at vigorous selfed  seedlings had been  

obtained from  selfin g  in te rsp e cific  hybrid v a rie tie s . Even a f te r  se v e ra l gen eration s  

of selfing, s a tis fa c to ry  vigor was m aintained for som e hybrids. C o n trad ictin g  

R aghavan (1 9 5 2 ), Stevenson (1959) believed th a t self s te rility  was excep tio n al; low

8



fe rtility  was infrequent and m o d erate , and good fe rtility  was com m on when th ese  

hybrids w ere selfed .

As a resu lt of progressive selfings, the inbreds approached  S. spontaneum  

c h a ra c te r is tic s  such as in grow th, production of thin sta lk s, narrow  le a v e s , and 

aggressive rhizom atous tillerin g  habit indicating a reversion  to  wild c h a ra c te rs .

M ale s te rility  was not proven to  be a  lim iting fa c to r  to  line developm ent, 

sibbing, and b ackcrossing. Stevenson (1959) observed th a t m ale fe rtili ty  was still 

re s to re d  in th ese  inbreds. He even rep o rted  in som e cases  mede fe rtility  

approached 100%.

In selfs of co m m ercia l clon es, chrom osom e losses seem  to  be the rule ra th e r  

than an excep tio n  (Li and M a, 1 951). It is very d ifficu lt, though, to  d eterm in e  

which chrom osom es w ere lo st (Stevenson, 1959). The g re a te s t loss of chrom osom e  

is in spontaneum -lik e  clon es, having high vigor, narrow  le a v e s , and rh izom atous  

tillerin g  habit. W ith su ccessiv e  selfing, th ere  will be progressive thinning of tillers  

but no red u ction  in grow th vigor. Selfed  hybrids having S. o fficin aru m , S. sinense, 

and S. spontaneum  germ plasm  su ffered  a la rg e  chrom osom e loss in f irs t  g en eration  

but tend to  be stab le  a f te r  progressive selfing. These losses w ere a resu lt of 

m eio tic  irreg u larities  in th e p aren t. U nivalents appear a t  m eiosis which la te r  

resu lted  in chrom osom e lagging a t anaphase and eventually  m ay or m ay not be 

included in the g am etes.

Selfed  clones of S. spontaneum  generally  resem ble th eir p arents in gross 

m orphology. Minor variations w ere observed but th ese w ere not a sso cia te d  with 

th e loss of vigor (Panje and E th irajan , 1959). Minor d ifferen ces in fe a tu re s  like 

grow th h abit, stooling h abit, stalk  co lo r, tillerin g  c a p a c ity , plant h eight, and le a f  

c h a ra c te r is t ic s  w ere observed am ong th ese selfed  progenies. A g re a t p erce n ta g e  

of th ese  progenies had higher su crose p ercen t ju ice  but low er dry m a tte r  yields as 

com p ared  to  the paren ts.
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A sim ilar study was la te r  m ade by Sank aran arayan a (1 9 7 7 ). The sam e  

phenom enon was observed, though a g en eralization  can n ot be m ade b ecause  

d ifferen t clones a c te d  d ifferen tly . He observed th a t for su cro se  p ercen t ju ice , only 

2% of genotypes of SES 108 have values above th e p aren tal m ean, in co n tra s t to  

80%  of SES 14 genotypes.

In co n tra s t to  S. spontaneum  and co m m ercial hybrids, th e re  was an o ccu r

re n ce  of inbreeding depression in selfed  clones of S. o fficin aru m . Selfed  clones of 

S. officinarum  usually have 80 chrom osom es. M eiosis was regu lar as was to  be 

e x p e cte d  in any polyploid sp ecies w here-duplicated chrom osom e se ts  w ere p resen t. 

Selfing resu lted  in loss of vigor and fe rtility  in the progenies. Selfed  progenies of 

S. officinarum  m ight not be able to  survive well possibly due to  th e  p resen ce of a 

la rg e  re se rv e  of leth al re ce ssiv e  genes in the g e n e tic  con stitu tio n  (R aghavan,

1951).

C . U tilizatio n  of Saecharum  spontaneum in S u garcane Breeding

C rossing of S. spontaneum  with co m m ercia l hybrids and S. officinarum  has 

been p ra c tice d  in sev eral cou n tries with the o b jectiv e  of tran sferrin g  sp ecific  

c h a ra c te rs  from  S. spontaneum  into th em . The firs t nobilization was done to  

tra n sfe r disease re s is ta n ce  c h a ra c te rs  into the S. o fficin aru m . As a  resu lt of this, 

it was d iscovered  th a t this hybrid had also ce rta in  ag ricu ltu ral stab ility  and 

superior yielding powers (P an je , 1971).

Many S. spontaneum  v arie ties  w ere co lle c te d  during The Spontaneum  Expedi

tion S ch em e, launched in India, in 1 9 4 7 . Since then observations on m orphological 

c h a ra c te rs , chrom osom e num bers, flow ering behavior, e t c . ,  w ere m ade on these  

co llectio n s.

S. spontaneum  v a rie tie s  a re  known to  be able to  survive under poor cu ltu ral 

conditions. Although th ey  tak e  a l it tle  tim e to  establish th em selves, th ey  can  keep  

oth er v eg etatio n  out by physical occu p ation  of sp ace  and soil. G enerally th ey  have
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underground stem s or stubble system s th a t a re  rep eated ly  reg en era tin g  th em selves  

(this co n trib u tes to  the ratooning ability  of sugarcan e).

G enerally S. spontaneum  v arie ties  can  be regrouped into 4 -5  e co ty p es (P an je,

1971):

a . T all, fo liaceo u s, th ick  stem m ed , long season, and hygrophilous plant. This 

type norm ally ex ists  and occupies m ost and well a e ra te d  sandy soil esp ecially  

along the riv er banks and fresh  w ater stream s.

b. M esophilous, medium s ta tu re , and fo liage. This e co ty p e  is m orphologically  

variab le. In som e cases  tillers tend to  grow outw ards a smaU d istan ce  

underground before em erging. Som e ex ist in sm all co m p a ct clum ps. This 

e co ty p e  occupies arab le farm ing a re a .

c .  T all or sh o rt, highly tu fted  plants with narrow  blades o ccasion ally  red u ced  to  

the m idrib. This eco ty p e  gen erally  is found in open, highly isolated  sand  

banks of perennial riv ers.

d. The weed eco ty p e , a dw arf plant having rod-like tuberous underground stem s  

for w ater s to ra g e . They have s c a tte re d  stem s bearing wing le a f  blades.

S. spontaneum  v a rie tie s  are  generally  not too to le ra n t to  w aterlogging but 

th ey  a re  m ore to le ra n t than S. o fficin aru m . H ow ever, th ey  a re  able to  co n tro l

tran sp iration  r a te  b e tte r  than o th er sp ecies (M allik, 1950) and th e ro o t cap  cells  

a re  only plasm olysed a t high co n cen tra tio n  of KNO3 (P an je , 1971).

T illering ab ility  in S. spontaneum  is asso cia te d  with the in cre a se  in the  

number of stalk s per h e c ta re  or per germ in ated  bud. It is "th e  c a p a c ity  of the can e  

plant to  respond, through tillering to  environm ental conditions w hereby the plant is 

able to  u tilize solar energy which otherw ise could not be u tilized ," (P an je , 1 9 71). 

This c h a ra c te r  is highly influenced by ce rta in  environm ental conditions such as 

la titu d e  d isp lacem en t (B randes, 1950) and in tensity  or duration of daylight.
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S. spontaneum  v arie ties  show the ability to  ro o t even a t low te m p e ra tu re , 

ability  to  tiller under long days, intense light and/or high te m p e ra tu re s . They have  

rapid elongation of stalk s under conditions of the monsoon, flow er early  under 

c e rta in  daylength, and have early  sen escen ce .

S. spontaneum  v a rie tie s  a re  fro st escaping plants due to  b rev ity  of life  cy cle . 

They rem ain  in activ e  during cold season and survive la te r . They a re  able to  grow  

weU under medium and low te m p eratu re .

In th e production of any co m m ercia l cu ltiv a rs  and in any nobilization  

p rogram , S. spontaneum  has gen erally  been em ployed as the pollen p aren t. It is 

v ery  seldom  being used as the seed p arent possibly b ecau se it is a  profuse producer 

of pollen and is known to  be self fe r tile . E m ascu lation  of individual flow ers is 

alm ost im possible. T h ere are  a  few  protogynous clon es, but th e  use of th ese  clones  

has not so fa r  been exten sively  utilized , for one reason  or an oth er (D utt and 

K rishnasw am y, 1 9 43).

The im p o rtan ce  of S. spontaneum  in su garcan e breeding is d em o n strated  by 

the f a c t  th a t alm ost all co m m e rcia l clones of today a re  descendants of S. 

spontaneum s. The ben efits derived from  in te rsp e cific  hybridization include  

in crease  in yield and disease re s is ta n ce , im proving ratoon in g ab ility , and ad ap ta

bility  for grow th under s tre ss . S. spontaneum  has been the m ost im p ortan t donor of 

th ese a ttrib u te s . S. spontaneum  clones have been found to  be able to  survive even  

if th ey  a re  exposed to  te m p eratu re  as low as -®4C (Irvine, 1977).

S electio n  within S. spontaneum  for sp ecific  c h a ra c te rs  seem s to  be m ost 

e ffe c tiv e  in any hybrid im provem ent program  ("nobilization"). Of th ese  a ttr ib u te s  

se lectio n  for p erce n ta g e  su crose  will be m ost e ffe c tiv e  in in creasin g sugar co n ten t  

of the subsequent F j  hybrids (R o ach , 1977). This is supported by th e f a c t  th a t h2 

for p ercen t su crose in S. spontaneum  is equal to  99%  (R o ach , 1 9 77). In f a c t ,  it was 

found th a t th e  p red icted  and a ctu a l responses w ere in good ag reem en t and a
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se lectio n  r a te  of about 30%  for p ercen t su crose would in crease  p erce n t su cro se  of 

progenies by about 1 .2  units. The second c h a ra c te r  th a t has a  high h eritab ility  

value is stalk  d iam eter.

M ost of the co m m ercia l hybrids of today a re  derived from  th e cross betw een

S. officinarum  and S. spontaneum . The red u ction  in th e proportion of S. 

spontaneum  chrom osom es in order to  lessen the undesirable c h a ra c te rs  like 

im purities in the ju ice , im p arted  by the S. spontaneum  p aren t along with desirable  

c h a ra c te rs  such as vigor and disease re s is ta n ce , is done through b ack crossin g to  the  

fem ale  p aren t; this p rocess is called  "nobilization."

Many studies have been m ade on the n ature of in h eritan ce  in S. spontaneum . 

The c a p a c ity  of su garcan e to  produce the reduced and unreduced type of egg  

g am etes  was weU d em on strated  in earlier work (K andasam i, 1961 ; P r ic e , 1963 ; 

R o ach , 1 9 7 7 ). The contribution  of diploid genom e by the p istilla te  p arent was firs t  

n o ticed  by B rem er (1923) in n atural hybrids of S. officinarum  v ar. Cheribon (n=40) 

and S. spontaneum  v ar. G lagah (n=56). A sim ilar ob servation  was also m ade by 

D u tt and Subba R ao  (1 9 3 3 ) in in tersp ecific  hybrids of S. officinarum  var. Vellai 

(n=40) and S. spontaneum  var. C oim b atore  (n=32), and by K andasam i (1 9 7 7 ).

The contribution  of diploid egg gam etes by S. officinarum  is not confined to  

the firs t nobilization cro ss , but can  also occu r in second and third nobilization  

cro sses (B rem er, 1 929). When S. officinarum  is used as a  fem ale , chrom osom e  

number in the hybrids is th e sum of the haploid numbers of p aren ts (n+n).

N ot all hybrids of in tersp ecific  crosses involving S. spontaneum  have a 2n+n 

chrom osom e transm ission (R oach , 1 977). Som e n+n hybrids w ere also found in the  

progenies of Tabonggo (S. spontaneum , 2n=80) and th a t of NG 5 1 -2  (S. spontaneum , 

2n=80). K andasam i (19 7 7 ) observed n+n chrom osom e transm ission in hybrids of (S. 

officinarum  x  S. spontaneum ) x S. spontaneum  and also hybrids of second  

nobilization can e  v a rie ty  x  S. spontaneum .
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B rem er (19 2 3 ) suggested  th at the doubling in p istilla te  p aren t o ccu rre d  in the  

egg ce ll during fe rtiliz a tio n . N arayanasw am y (1 9 4 0 ), while working on m egasp oro- 

genesis of S. officinetrum and S. sponteuieum, found a  fusion of the tw o inner 

m egaspore nuclei to  give rise  to  diploid m egaspores. The condition happened m ore  

o ften  in S. officin aru m . Unlike oth ers this condition norm ally arises due to  ab sence  

of pairing, double division of univalent and suppression of f irs t division, this 

condition of post m eiosis is unique for su garcan e.

R aghavan (1 9 5 1 ), when review ing work done in India, su ggested  the 2n+n 

n atu re  of in h eritan ce  will hold tru e only if the proportion of S. spontaneum  

chrom osom es is about 1 5 -2 0 % . When the proportion of S. spontaneum  

chrom osom es falls below this threshold the reduced  g am etes on th e  S. officinarum  

side are  seen to  function.

The haploid transm ission in S. spontaneum  in all its  progenies is beyond any 

doubt. In cro sses involving oth er sp ecies (e . g . S. robustum ) the sam e n atu re  of 

in h eritan ce  is also observed. When S. spontaneum  is hybridized with S. rob u stu m , 

w here S. spontaneum  is the m ale p aren t, both 2n+n and n+n transm ission are  

observed (P r ic e , 1968).

D. M eiosis in S. spontaneum

M eiotio irreg u larities  norm ally o ccu rred  in pollen m other ce lls . C ells with 

d ifferen t chrom osom e num bers co e x is t within the sam e an th er. M eiotic  

irreg u larity  is not a  new phenomenon. It was rep o rted  to  have o ccu rred  in the  

pollen m other cells  of m any crops such as in D atu ra  (Bhaduri and S h arm a, 1946), 

Lolium sp ecies (Em sw eller, 1 9 49), Gossypium sp ecies (M enzel, 1 9 5 2 ), T ritic in a e  

sp ecies (Sachs, 1 9 5 2 ), S e ca le  (M untzing, 1951 ; R ees and Thom pson, 1 9 55), F e s tu c a  

sp ecies (Malik and Thom as, 1 966), N arenga sp ecies (Je g a th e sa n  and Sreenivasan , 

1 9 6 7 ), and in terg en eric  hybrid of T riticu m  and Hordeum (N akam ura e t a l ., 1981).
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Aneuploidy and chim erism  in in tersp ecific  and in terg en eric  cro sses of T r iti-  

cum and Hordeum (N akam ura e t  a l ., 1981) w ere freq u en tly  d e te c te d  in th eir pollen  

m other ce lls . The co m p lete  s te rility  rep o rted  in th eir pollens m ay be due to  

m eio tic  breakdown caused  by chrom osom e instability . Brow n (1 9 5 0 ), in his study  

using gam m a rad ia ted  co tto n  plants, found th a t th ere  w ere frag m en tatio n , loss of 

whole ch rom osom e, tran slo catio n  of chrom osom e p arts , and possible in trach ro m o -  

som al changes in the poUen m other ceU s.

M eiotic irre g u la ritie s  in natursdly grown S. spontaneum  w ere rep o rted  by N air 

(1972b ). He studied m eiosis of tw elve v arie ties  of S. spontaneum  of varying  

chrom osom e num ber. In alm ost all th ese  v a rie tie s , he observed the o ccu rre n ce  of 

univalents a t  diakinesis and m etap h ase 1. T here w ere o ccu rre n ce s  of bridges and 

laggards (which m ay resu lt in losing of th ese chrom osom es) and unequal distribution  

of ch rom osom es. This ab n orm ality  was also found in N aren ga sp ecies (Jeg ath esan  

and Sreenivasan , 1967). T h ere w ere also persisting bridges and spindle abnorm ali

ties  as found in T ritic in a e  sp ecies (Sachs, 1952) in the second m eio tic  division.

Malik and Thom as (19 6 6 ) observed a high o ccu rre n ce  of univalents and 

m ultivalents in F e s tu c a  sp ecies . So fa r  m ultivalents w ere not being rep o rted  in S. 

spontaneum  y e t. Shahre and Shastry  (19 6 3 ) proposed th a t this g e n e tic  in stability  

m ight be due to  unequal n u m erical disjunction of m u ltivalen ts. E m sw eller (1949) 

observed a loss of one chrom osom e following doubling in Lolium sp ecies .

M ost of the above m e io tic  abnorm alities o ccu rred  in d ifferen t freq u en cy  in 

d ifferen t v arie ties  of S. spontaneum . All th ese m ay have resu lted  in pollen m other 

cells  of varying chrom osom e numbers within one flow er. F o r  exam p le, in the ca se  

of v a rie ty  Imp 212 (2n=61), 30n  + Ij and 29n  + 3i ce ll types w ere found (N air, 

1 9 7 2 a ). The univalents would m ove a t  random  in m ost of anaphase 1 cells  resu ltin g  

in 2 9 /3 2  and 3 0 /3 1  sep aration . This la te r  would give rise  to  pollen m other cells  

having slightly d ifferen t chrom osom e num bers.
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M ehta and Sood (1974) suggested th a t variab ility  in S. spontaneum  m ight be 

obtained due to  the p resen ce of floatin g  chrom osom es within this population. 

While studying m eiosis in pollen m other cells of six cy to ty p e s  of S. spontaneum , 

th ey  found th a t som e of the bivalents did not congress in the eq u atorial p la te . In 

one ca s e  (n=36 cy to ty p e ), som e of th ese  bivalents desynapsed in up to  30%  of the  

ce lls . In both th ese  ca se s , th e  u ltim ate  resu lt would be chrom osom es lagging  

behind as univalent or bivalents during anaphase. M ultipolar spindles w ere also  

rep o rted  in n=21 cy to ty p e s . They then concluded th at in the la te r  can es hyper- and 

hypo-aneuploid g am etes  could be produced and, if fu n ction al, would produce seed

lings with higher or low er chrom osom e numbers than the p aren t.

C hrom osom e elim ination 'en block' in Saccharum  sp ecies during m eiosis of 

th e  parents m ay resu lt in g re a t chrom osom e losses. Subba R ao  e t a l. (1960) n oticed  

a loss of 11 bivalents in the tw o types of seedlings from  C o 602 (2n=96 from  

2n=118). When a  study was m ade on the m ega and m icrospore m other ce lls  of the  

p arent clone by A lexander (1 9 6 5 ), th ere  was an o ccu rre n ce  of a cce sso ry  spindle and 

double-plate m etap h ase in 10%  of both types of ce lls . He n oticed  th a t the main  

group underw ent norm al firs t and second m eio tic  division but not the a cce sso ry  

group which m oved to  one pole w ithout undergoing any sep aratio n  and slow ly was 

d egen erated .

R aghavan (19 5 4 ) seem s to  ag ree  with B rem er (1 9 5 1 ) th a t this p rocess of 

elim ination was accom p an ied  by a doubling of chrom osom es through endom itosis of 

surviving group, thus resulting in the functioning of an egg having chrom osom e  

number n eith er haploid nor diploid. P ath en o g en etic  seedlings m ight have resu lted  

from  th ese  eggs. Such eggs w ere also shown to  tak e p art in fe rtiliz a tio n  thus 

giving rise  to  seedlings having sign ifican tly  higher chrom osom e num bers.
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M eiosis in S. spontaneum  v arie ties  is th e re fo re  very  com p lex and irreg u lar. 

As a  resu lt of th a t , we could e x p e c t a lo t of seg reg atio n  and irreg u larities  in the  

chrom osom e number of th eir offspring.

E . S o m atic  M osaicism  in Saccharum

Frankhauser (1945) defined chrom osom e m osaicism  as th e  co e x is te n ce  of 

cells  with d ifferen t chrom osom e num bers within th e sam e tissue.

Intrap lan t variation  in chrom osom e number within so m atic  tissues such as 

ro o t tips and ap ical m eristem s was rep o rted  in m any v e g e ta tiv e ly  propagated  

plants (S arm a, 1 9 5 6 ), in d icots (P artan en , 1963) including in N ico tian a  sp ecies , 

(C ooper e t . a l, 1964 ; N ishiyam a and T a ira , 1 9 66), Trillium  sp ecies (Huskins and 

C heng, 1 9 49), Allium cep a  (Huskins and Cheng, 1 9 50), H ym enocallis calathinum  

(Snoad, 1 9 55), Rubus sp ecies (B ritto n  and HuU, 1 9 5 7 ), O ryza s a tiv a  (Thakur, 1 9 78), 

and Sacch aru m  sp ecies (H einz and M ee, 1971 ; N air, 1 9 7 2 a , b, and 1 9 7 3 ; and 

Fern an d ez e t .  al, 1978).

In m ost of th ese  ca s e s , th ese variations w ere due to  ch em ical tre a tm e n t, 

exposure to  cold te m p e ra tu re , and ch em ical m utagens.

Work on Trillium  sp ecies by Huskins and C heng (1949) in d icated  th a t th ere  

was an o ccu rre n ce  of red u ction al division in m itosis although this o ccu rre d  in low 

freq u en cy (3 .9 % -5 .1 %  of the toteil ce lls  counted). They studied squashed ro o t tips 

tre a te d  with 4%  sodium n u cleate  for 3 -6  days a t  2°C . S egregation  of individual 

chrom osom e pairs into d ifferen t ra tio s  was observed. They proposed th a t this 

so m atic  m eiosis m ay be due to :

1 . sep aration  of chrom osom es into tw o num erically equal groups and,

2 . sep aration  of hom ologues to  th e  sam e side or being se g re g a te d  with g re a te r  

than random frequency.

C y to lo g ical behavior of m itosis in. onion was also studied by them  la te r  

(1 9 5 0 ). They tre a te d  onion bulbs for sev eral days a t  5° to  6°C and ro o t tips th a t
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grew  from  them  w ere squashed and studied. T hey found th a t th ere  w ere groupings 

of ch rom osom es a t  prophase and m etap h ase. A t anaphase and telop h ase, th ere  

w ere four se p a ra te  nuclei form ed , arranged  e ith er q u ad rilaterally  or lin early . In 

som e ca se s  th ere  w ere tw o se p a ra te  nuclei a t  one end of th e ce ll and a single fused  

nuclei a t  the o th er end possibly giving rise to  tw o haploid nuclei and one diploid 

nucleus. This m ay have con firm ed  th eir earlier proposal th a t tre a tm e n t with 

sodium n u cleate  or cold te m p eratu re  can  resu lt in red u ction al grouping sim ilar to  

th a t of m eiosis.

Wilson e t al. (1949) suggested  th a t disorganized m itosis which lead  to  m ito tic  

seg reg atio n  and red u ction  o ccu rred  in som e m a te ria l. Special tre a tm e n ts  such as 

ch em icals  and low te m p e ra tu re  only enhance the frequency slightly. T hey observed  

th a t , when th e re  w ere any red u ction al groupings, th ey  alw ays o ccu rred  a t  right 

angle to  the spindle. This so rt of m ito tic  ab erration  could easily  acco u n t for the  

loss of chrom osom es in the tissues resulting in so m a tic  m osaicism .

M enzel and Brown (1 9 5 2 ) and Shung-Jun Y an g (19 6 5 ) asso cia te d  m osaic  

form ation  in so m atic  ceUs to  d ifferen t ploidy levels. The earlie r w riters observed  

th a t so m atic  m osaicism  was exhibited  in ceUs of te trap lo id  through octoploid  

plants. T h ere  was no o ccu rre n ce  of so m atic  m osaicism  in diploid and triploid  

plants. They proposed th a t m osaicism  was m ore likely to  be due to  spontaneous 

changes in the chrom osom e com p lem en t in the a ffe c te d  areas  than to  changes in 

the genes th em selves. H ow ever, th ey  concluded th a t this phenomenon was due to  

ab erran t seg reg atio n al grouping a t  m itosis, and m ore ra re ly  resu lted  in a ty p ica l  

seg reg atio n al m ito tic  division.

The o ccu rre n ce  of irregu lar groupings of the chrom osom es during m itosis was 

also rep o rted  by Snoad (1 9 5 5 ). Chrom osom e number of squashed ro o t tips of 

H ym enocallis calathinum  w ere counted  a f te r  co lch icin e  tre a tm e n t. Som e cells  

w ere rep o rted  to  have tw o d istin ctly  se p a ra te  spindles and oth ers w ere a resu lt of
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fusion of th ese  irregu larly  d istributed daughter groups. Two or m ore groups 

b ecam e enclosed  within one ceU  wall thus resu ltin g  in the o ccu rre n ce  of ce lls  

having p rop ortion ately  very  high chrom osom e num bers. He proposed th a t m ito tic  

abnorm alities m ay not be the resu lt of co lch icin e b ecau se p ecu liarities  appeared  

unusually evident even if th e  spindle inhibiting e f f e c t  of co lch icin e  was taken  into  

a cco u n t.

B ritto n  and HuU (19 5 7 ) observed m ito tic  m osaicism  in squashed ro o t tips of 

hexaploid progeny (2n=42) th a t resu lted  from  selfing of a te trap lo id  plant of 

Eldorado of Rubus. They found th a t , though m any cells  had 42 ch rom osom es, a 

sign ifican t proportion of th ese cells  had chrom osom e num bers th a t ranged from  

2n=24 to  4 2 . M osaicism  was also m orphologically exp ressed  in th e leav es.

They suggested  th a t the d e crease  in chrom osom e number in th ese cells  was 

asso cia te d  with abnorm alities during m ito tic  division. They proposed th a t this 

d e cre a se  o ccu rre d  in the following sequence:

1. A t prophase, th ere  was evidence of irregu lar groupings of chrom osom es.

2 . A t m etap h ase, th ere  w ere tw o d istin ct p lates of ch rom osom es, o rien ted  in 

various w ays, each  having its  own spindle. The to ta l  chrom osom es in th ese  

p lates w ere equ«il to  the number in som e of the neighboring cells .

3 . A t anaphase, th ere  w ere four groups of ch rom atid s with tw o (or th ree)

spindles. The number of ch rom atid s going to  each  pole was dependent on the

chrom osom e number of each  grouped m etaphase.

4. A t telop h ase, phragm oplasts w ere seen betw een th e groups of ch rom atid s in

th e region of the spindles and when th ere  was no spindle, no phragm oplast

was form ed. In la te  telop h ase, th re e  ce lls  w ere form ed , tw o cells  having  

sm aller chrom osom e number and one binucleated  c e ll. In som e c a se s , when 

tw o groups of chrom osom es w ere in close p roxim ity , th ey  m ay be enclosed  by
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a single n u clear m em brane resulting in a p artia lly  b in u cleated  or lobed

nucleus.

F ra g m e n ta tio n  of chrom osom es can  also bring about an in crease  in chrom o

som e number (Sharm a and Sharm a, 1 9 59). This th eory  was firs t not reco g n ized , 

b ecau se frag m en ta tio n  in a  norm al chrom osom e with a lo ca lized  ce n tro m e re  m ay  

resu lt in frag m en ts lacking ce n tro m e re s . L a te r  it was shown th a t a chrom osom e  

frag m en t can  have its  own ce n tro m e re . The ce n tro m e ric  function  or the property  

of spindle a tta ch m e n t was diffused throughout the ch rom osom e. During m etap h ase  

and anaphase the tw o sister ch rom atid s w ere arran ged  on the spindle p arallel to  

each  oth er and regu lar m itosis will then tak e p lace .

C o lch ic in e -tre a te d  co m m ercia l can es also show so m a tic  m osaicism . Heinz 

and M ee (19 7 1 ) obtained so m a tic  variation  of 2n = 77-117 in one of the co lch icin e -  

derived clones of H 5 0 -7 2 0 9  and a ran ge of 2n = 25-118 in an oth er. T hey fu rth er  

rep o rted  th a t the p resen ce of m u ltinucleated  ceUs showed a  stro n g  indication of 

the p resen ce of asynchronous m ito tic  division, one w ay by which ce lls  with varying  

chrom osom e number can  be derived. They suggested th a t this m ito tic  instab ility  

• m ay have been due to  g en etic  com p lexity  of H 5 0 -7 2 0 9  b ecau se it  has germ plasm  

from  a t  le a st th ree  to  five sp ecies of Saccharum  due to  th e  f a c t  th a t one of its  

p aren ts originated  from  a  polycross.

Sim ilar study was done by Fern an d ez e t  al. (1 9 7 8 ), using n aturally  grown  

co m m e rcia l clones cu ltiv a ted  in N orth W est A rgen tin a. They found th a t aU the  

co m m ercia l v a rie tie s  under study showed a high degree m osaicism  and aneuploidy.

In traplant variatio n  in chrom osom e numbers of m ito tic  tissues of natu rally  

grown S. officinarum  clones was rep o rted  by N air (1 9 7 2 a ). E igh t out of eleven  

clones with 2n=80 and a  ty p ical form  of S. officinarum  showed chrom osom e  

m osaicism  in ro o t tip cells . Aneuploid chrom osom e num bers ranging from  73 to  85 

was observed with varying p ercen tag es in all the eight v a rie tie s .
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S o m atic  instab ility  was observed in chrom osom e counts of T ritic in a e  (Sachs,

1 9 5 2 ), and a d eriv ativ e  from  A groclym us tu rn eri (N ielsen and N ath , 1 9 6 1 ). Since  

th ese progenies w ere from  wide crosses it was p ostulated  th a t this so m a tic  

in stab ility  was due to  the in terg en eric  n ature of th e  cro sses.

The origin, im p o rtan ce , and g en etic  com p lexity  of S. spontaneum  was well 

understood. The idea of so m atic  m osaicism  was new in S acch aru m , and with this 

d iscovery , one would a p p recia te  m ore of its  n ature and in stab ility  in view of its  use 

in su garcan e breeding.
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C H A PT ER  III 

M ATERIALS AND METHODS

A. G eneral

This study was conducted  a t  the H aw aiian Sugar P lan ters ' A ssociation  

B reeding S tatio n  in the Maunawili V alley, Island of Oahu, H aw aii. The breeding  

sta tio n  is lo ca te d  a t a  la titu d e  of 21° 30' N and longitude of 157° 40' W. It is 

s itu ated  beneath  th e  Koolau M ountain R ange a t  an a ltitu d e of 150 m , w here 

frequent cloud co v e r and a  m ean annual rain fall of 2300  mm assure favorab le  

flow ering conditions.

A t this s ta tio n , th e flow ering season norm ally exten d s from  O cto b er through  

Jan u ary  and peaks in e a rly  D ecem b er. Most of th e  67 Sacch aru m  spontaneum  

clones presen tly  m aintained a t  the sta tio n  flow er early  in th e  season.

Selfing was a tte m p te d  on 17 pollen-bearing S. spontaneum  clon es. A 

minimum of 10 flow ering stalks of each  clone w ere co lle c te d , cu t from  the field  

nursery just prior to  an th esis, and isolated  in 3 .0  x 0 .7 2  m , clo sely  woven clo th  

lan tern s. L an tern s co v ered  m ost of the length of individual stalk s so th a t pollen 

con tam in ation  was assum ed to  be negligible. The cu t ends of th e  stalk s w ere kept 

in a tasse l solution (see III, B .) which norm ally assures tasse l survival from  anthesis  

to  seed  m atu rity .

T en of the 17 S. spontaneum  clon es produced viable seed . Seeds of tw o of the  

clones (SES113A  and Tabongo) w ere not tran sp lan ted  b ecau se th ey  had few er than  

10 seedlings. D a ta  on tw o oth er progenies (SES 192 and SES 197A ) w ere  

discontinued b ecau se a sam ple size  of £ 1 0  was thought to  be too  sm all to  ju stify  

fu rth er evalu ation . Six of th e  clon es, four originating from  India, one from  E gyp t, 

and one from  Indonesia, w ere used in this study b ecau se th ey  produced m ore than  

20  viable seedlings each .



B . D escrip tion  of the P a re n ta l S. spontaneum  Clones

Inform ation on the six  clones used for this study was published by Panje and 

Babu (19 6 0 ) and H aw aiian Sugar P lan ters ' Manual (unpublished).

a . SES 84A

Panje and Babu (1960) re p o rted  th at this clone has a so m a tic  chrom o

som e number of 6 4 . A con firm ation  of this count was m ade on ten  

m ito tic  ce lls  from  its ap ical tissue. The clone is drought to le ra n t, 

re s is ta n t to  red  ro t disease (Physalospora tucum anensis) but su sceptible  

to  sm ut (U stilag o  scitam in ea  Syd.). A t H SPA , this v a rie ty  is ra te d  as 

stron gly  m ale fe r tile  and heavy tasselin g . It is described as being able  

to  im p art its  vigor to  its  progenies. This v a rie ty  orig in ates from  

Madrsis s ta te  in India.

b. SES 106B

The so m atic  chrom osom e of this clone was con firm ed  to  be 2n=48, by 

counting 10 ce lls  from  its  ap ical tissu e. It is re sista n t to  red  ro t disease  

and sm ut. A t H SPA, this clone is ra te d  as heavy tasselin g . SES 106B  

orig in ates from  Andra Pradesh s ta te  in India.

c . SES 231

S o m atic  chrom osom e count was done on this clone to  confirm  a count 

of 2n=80. It is resistan t to  red  ro t disease and sm u t. T h ere is no 

incid en ce of m osaic disease from  inoculation or exposure. It has a very  

heavy stooling habit with short internodes. The exposed stalk s are  

brown in color but the unexposed internodes a re  green  or grey  in co lo r. 

It is found to  be to leran t to  saline condition. A t HSPA it is ra te d  as 

very sparsely  flow ering. This v a rie ty  orig in ates from  north Bihar in 

India.
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d. SES 2 3 9 /4 3

S o m atic  chrom osom e number of this clone was con firm ed  to  be 2n=72. 

It is re sista n t to  m osaic and to leran t to  w ater logging. It is believed to  

be a S. spontaneum  hybrid. It orig in ates from  N orth Bihar in India 

having a  la titu d e  of 27° 25' N.

e. A egyptiacum

This clone has a  so m atic  count of 64 chrom osom es which was con firm ed  

by m ito tic  counts on its  ap ical tissue. It is genereilly non-vigorous but 

ca rrie d  drought re s is ta n ce  genes. A t H SPA, it is ra te d  as a  weak m ale; 

the tassels  m ay be m a le -s te rile  or fe rtile  depending on environm ent. It 

tasse ls  heavily but has poor seed germ ination ab ility . It is com m on on 

stream  and can al banks and was co lle c te d  in E gyp t.

f . D ja tira to

A con firm ation  of this so m atic  chrom osom e count of this clone was 

m ade and found to  be 2n=112. A t HSPA, it is ra te d  as highly fe r tile ,  

very  heavy tassellin g , and sm all in stalk  size . This clone orig in ates  

from  J a v a .

C . T assel and Seed P reserv atio n

The flow ering stalk s of S. spontaneum  clones w ere c o lle c te d  from  th e field  

beginning in early  O cto b er and concluding in la te  N ovem ber 1 9 8 1 . Stalks w ere cu t  

2 -3  tim es per week to  assure an adequate seed sam ple for each  clon e. Stalks w ere  

con tain ed  in 1 8 -lite r  pails, filled with a tasse l solution consisting of 100  ppm SO2 , 

50 ppm H 3PO 4 , 25 ppm H2SO4 , and 25 ppm HNO3 . S to ck  solution was added to  

w ater which was natu rally  low in ionic p oten tial. Due to  volatilizatio n  of SO2 , 

c o n ce n tra te d  SO2 (3 .5% ) w as added to  the buckets w eekly (ev ery  Monday), and 

whole solution was rep laced  weekly (every  Thursday).
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The stalk s w ere kept in the solution until flow er ripening but not beyond 30 

days. T assels w ere cu t, put in se p ara te  paper bags and sto re d  in a  drying cham ber 

until germ in ation . The drying cham ber was m aintained a t  27-35°C  a t  n e a r-z e ro  

hum idity. Follow ing drying, th e fuzz (fluffy  appearing m at of seed) was stripped  

o ff the rach es  in p rep aration  for germ ination .

D. G erm ination

G erm ination  was done a t  the Breeding S tatio n  in M arch 1 9 8 2 . The fu zz was 

spread  uniform ly on the su rfa ce  of 0 .32  x  0 .55  m fla ts , using v erm icu lite  as a soil 

m edium .

The fu zz was then sprayed with w ater to establish  a clo se  c o n ta c t  betw een  

the tru e seed and th e v erm icu lite . G erm ination was done in the greenhouse, with  

te m p eratu res  th a t ranged betw een 38°C -  43°C and hum idity betw een 5 0 -1 0 0 % . 

A fte r  5 days, th ese fla ts  w ere m oved outdoors to  harden under norm al te m p e ra tu re  

and sunlight conditions.

E . F e rtiliz a tio n

A sto ck  solution containing the following was prepared:

pounds/ gallon
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1 . Diammonium phosphate 1 8 .5

2 . U rea  (4 6 -0 -0 ) 3 3 .0

3 . M uriate of potash (0 -0 -6 2 ) 5 .0

4 . F e  (G eigy S eq uestrene 10% ) 10.0

5. Z n ( " " 14 .2% ) 5 .0

6 . M n ( " " • 12 .0% ) 5 .0

7 . Cu ( " " 13 .0% ) 2 .5

130 ml of th e  above sto ck  solution was added to  a gallon of w a te r. This gave  

an N -P -K  ra tio  of 6 -3 -1 , 0 .41%  F e , 0 .29%  Zn, 0 .24%  Mn, and 0 .1 3 %  Cu for d ire c t  

fe rtiliz a tio n . A t sowing, a  single application  of 200 ml of diluted sto ck  solution



was added to  each  f la t . D exon and Panogen (fungicides) w ere also added to  co n tro l  

seedling diseases. A fte r  germ in ation , 200 ml of the diluted sto ck  solution and 

Panogen w ere added to  each  germ inating fla t w eekly. In ca se  th e seedlings turned  

yellow , e x tra  F e  was added.

F . T ransplanting

Seedlings w ere tran sp lan ted  to  the field in m id-M ay 1982 when th ey  w ere  

about 2 m onths old. Clones with a tran sp lan t seedling number of a t  le a s t 20 w ere  

s e le c te d  for this study. SES 84A , SES 106B , SES 2 3 1 , SES 2 3 9 /4 3 , A egyp tiacu m , 

and D jatiro to  had 4 6 , 4 7 , 3 8 , 23 , 4 2 , and 43 selfed  seedlings, re sp e ctiv e ly . The 

progenies w ere planted in row s, and the row s w ere random ized (see  Appendix A). 

Rows w ere sp aced  1 .6  m a p art, with 0 .3  m spacing betw een plants. A fe rtiliz e r  

application  consisting of a  m ixtu re of N -P -K  (1 -1 -1 )  was given a t  transplanting.

G. G row th P a ra m e te rs

The seedlings w ere allow ed to  grow with regu lar m ain ten an ce (as th at  

p ra c tice d  by HSPA) during th e period of d ata  co lle ctio n . In August (5 months of 

age) d a ta  on plant height and tiller number w ere taken . D a ta  on a stalk  d iam eter  

w ere taken  when th e plants w ere 9 m onths old. During F eb ru ary  1983 (11 months 

of ag e), o th er d ata  w ere tak en  which included le a f  width, midrib width, le a f  angle, 

stalk  d ia m e te r, and p ercen t re fra c to m e te r  solids. The survival r a te  was ca lcu la te d  

based on the number of available d ata  for each  progeny under study a t  d ifferen t  

periods, i. e . a t  5 m onths, 9 m onths, and 11 months of ag e .

a . P lan t height -  P lan t height was m easured from  th e base of the stalk s to

the top visible dewlap (the trian gle fe a tu re  sep aratin g  th e le a f sheath  

and le a f  blade) of the prim ary tille r.

b. T iller number -  E v ery  liv e , visible tille r for each  seedling was counted .

c . T iller size -  The d iam eter of the prim ary tille r  was tak en  a t th e  fourth

internode above ground lev el.
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d. L e a f  c h a ra c te r is tic s  -  L e a f  p aram eters  w ere taken  from  th e fourth  

fully visible le a f  from  the canopy top . Two tille rs  per seedling w ere  

m easured. L e a f  and midrib width w ere taken a t e x a c tly  on e-th ird  way 

from  th e tip of th e  le a f . A leaf:m idrib  width ra tio  was ca lcu la te d  using 

th ese  d a ta . The le a f  angle was taken as th e  angle m ade by th e fourth  

le a f while holding the stalk  v e rtic a l, and was m easured a t  the base of 

the le a f .

e . R e fra c to m e te r  solids % expressed  ju ice  -  P ro ced u res for ju ice  e x tr a c 

tion w ere outlined by T an im oto  (1 9 6 4 ). The m ost m atu re  can e  stalk s of 

each  stool w ere cu t into sm all p ieces and preserved  in a re fr ig e ra to r . 

The stalk s w ere then chopped into sm all a g g re g a te s  in a Buffalo  

chopper and a pressure of up to  105 k g/cm 2 was applied to  obtain  can e  

ju ice . Individual ju ice sam ples w ere co lle c te d  in te s t  tubes. A few  mg 

of m ercu ric  chloride cry sta ls  w ere added to  each  sam ple to  help 

p reserve it . Sam ples w ere frozen  if analysis was to  be delayed. Since  

the ju ice  obtained was badly co n tam in ated  with colloidal su b stan ces, 

the sam ples w ere cen trifu ged  prior to  analysis. P e rc e n t re f ra c to m e te r  

solids was read  on each  sam ple im m ed iately  follow ing cen trifu g atio n .

H. Mitosis

A pical m eristem s w ere co lle c te d  from  ten  random ly chosen selfed  progeny  

per p arent clone under study. M itotic  chrom osom e analysis continued from  August 

1982 through F eb ru ary  1983 .

P re tre a tm e n t p rocedures and ch em icals used for m ito tic  p rep aration  w ere  

outlined by A hloow alia (1 9 6 5 ). The grow ing and a c tiv e ly  dividing ap ical m eristem  

was p re tre a te d  with alpha-brom onaphthalene (sa tu ra te d  in w ater) for 2 hours 45 

m inutes. The shoot was fixed  overnight in C arnoy solution containing 1 p art of
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eth an ol, 3 p arts  of a c e t ic  acid , and 1 p art of ch lo ro fo rm . F iv e  p ercen t fe rr ic  

chloride was added to  the above m ixtu re in the am ount of 1 ml per 100  ml.

H ydrolysis was done in H C l a t  60°C for 25 m inutes. The shoot was then  

rinsed with 70%  ethanol for 2 m inutes. Staining was done in a c e to -o rc e in  se t a t  

38°C for 45 m inutes.

The shoot m eristem  was cu t into thin p ieces (about 1 mm th ick ), squashed in 

45%  a c e t ic  acid  to  a thickness of one ceU  la y e r, and spread using thumb p ressu re. 

Slight heating was n ecessary  prior to  sealing of th e  coverslip .

The chrom osom es w ere counted under (lOOX) m agn ificatio n . C hrom osom e  

cou n ts w ere m ade on a t  le a s t 10 ceU s from  each  plant exam ined. F o r progenies of 

SES 2 3 9 /4 3 , in which m osaicism  was observed, the freq u en cy of each  ceU  type was 

ca lcu la te d  by counting th e chrom osom es of 2 5 -5 0  cells  for each  plant exam ined.

1. M eiosis

M eiotic studies, outlined by A hloow alia (1 9 8 2 ), w ere a tte m p te d  during the  

flow ering sesison (O ctob er to  Jan u ary , 1 9 82). H ow ever, due to  failu re of alm ost all 

progenies (e x ce p t progeny of SES 84A ) to  flow er during th e season , this study was 

not continued.
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C H A PT ER  IV 

R ESU LTS

A . Survival R a te

Selfing was done on 17 S. spontaneum  clon es. The seed  s e t was gen erally  

very poor. Seven of th e 17 clones did not s e t viable seed a t all (Table 1). O verall 

281 inbreds w ere initially planted. Studies on 20 o th er inbreds (from  progenies of 

SES 192 and SES 197A ) w ere discontinued. Only 259 inbreds w ere evalu ated  a t  5 

m onths, 230 inbreds w ere evalu ated  a t  9 m onths, and only 220 inbreds could be 

evalu ated  a t  11 m onths of ag e.

B . C hrom osom e V ariability

Initially , all the chrom osom e numbers of the p aren tal clones w ere counted  

and con firm ed . Counts from  a t le a s t 10 ceUs per inbred seedling a re  shown in 

Appendix B . The values given in Table 2 a re  considered to  be th e probable diploid 

number of each  inbred seedling. The e x a c t  chrom osom e number was hard to  

determ in e due to  th e overlapping of chrom osom es, possibility of double counting, 

and som etim es due to  the stick y  n atu re  of chrom osom es. Thus assigning a  m ost 

probable number for each  inbred seedling was considered to  be reason ab le.

The chrom osom e range in th e inbreds of SES 84A  was 2n=64 to  78 and the  

m ean was 2n=71. One inbred had a  chrom osom e number equal to  th a t of the paren t 

and th e  rem aining nine had chrom osom e numbers m ore than th e p aren t. The 

chrom osom e range and m ean within the inbreds of SES 106B  w ere found to  be 2n=48 

to  64 and 2n=58, re sp e ctiv e ly . Sim ilarly , one inbred had a  chrom osom e number 

equal to  th a t of th e  p arent and the rem aining nine had chrom osom e numbers g re a te r  

than the p aren t.

In co n tra s t to  the previous tw o populations, inbreds of SES 2 3 1 , A egyp tiacu m , 

and D jatiro to  showed both an in crease  and a d e crease  in th eir 2n num bers from  

th a t of the p aren t. One inbred seedling of SES 231 had a 2n number g re a te r  than
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Table 1

INITIAL NUM BER AND SURVIVAL R A T E  

O F INBREDS OF 17 S. SPONTANEUM CLO N ES

V arieties

selfed

No. of inbreds No. (P e rce n ta g e ) of inbreds surviving a f te r *  

planted in field 5 m onths 9 months 11 months

1 . A egyptiacum 45 42(93) 42 (93 ) 42 (93 )

2 . D jatiro to 50 43(86) 37(74) 37(74)

3. G lagah K lo et. 0 — — —

4. M ol. 5801 0 — — —

5. M ol. 4009 0 — — —

6 . SES 84A 48 46(96) 46(96) 45(94)

7 . SES 106B 48 47(98) 44 (92 ) 37(77)

8 . SES 113A 0 — — —

9. SES 1 8 2 * * 10 10 (100 ) — —

10 . SES 186 0 — — —

11 . SES 1 9 7 A * * 10 10(100 — —

12 . SES 205A 0 —

13. SES 231 40 38(95) 37(93) 37(93)

14 . SES 2 3 9 /4 3 30 23(92) 23(92) 22 (8 8 )

15 . Tabongo 0 — — —

16. US 5 6 - 8 - 2 0 — — —

17. US 5 6 - 1 0 - 3 0 — — —

T o tal No. of Seedlings 281 259 230 220

♦ P e rc e n ta g e  ca lcu la te d  based on the number a t  planting. 
* *N o t studied



T able 2

CHROMOSOME NUM BERS (2n NUM BER) O F 10 IN BRED S* 

S ELEC T ED  AT RANDOM OF EACH PA R EN T

31

INBRED NUMBER

P aren ts  P a ren t 1 2 3 4 5 6 7 8 9 10 Ma Sb

SES84A 64 64 66 66 70 70 72 72 74 76 78 71 4 .5 4

SES106B 48 48 50 56 58 60 62 62 62 62 64 58 5 .4 8

SES231 80 64 72 72 74 76 78 80 80 80 82 76 5 .4 5

A egyptiacum 90 60 62 62 64 66 74 74 86 92 96 74 1 3 .3 3

D jatiro to 112 78 80 86 86 90 90 94 98 100 114 92 1 0 .5 7

* M ost probable diploid number from  th e counts of a t  le a s t 10 ce lls  for each  
inbred.

^ M ean.
Standard deviation.



the p aren t, th ree  inbreds w ere equal and six of them  had few er chrom osom es than  

the p aren t. The range of 2n number within this population was found to  be 2n=64 

to  8 2 , and the m ean was 2n=76.

Tw o of the inbreds of A egyptiacum  had 2n num bers g re a te r  than th e p arent 

and the rem aining eigh t, few er. The range and m ean in 2n number within this 

fam ily w ere found to  be 2n=60 to  96 and 7 4 , re sp e ctiv e ly . F o r D ja tiro to , only one 

inbred seedling had a chrom osom e number m ore than th e p aren t; the re s t  had 

few er. The range in 2n number within this population was found to  be 2n=78 to  114  

and the m ean was 2n=92.

C . S o m atic  M osaicism

The so m atic  chrom osom e count of S. spontaneum  v ar. SES 2 3 9 /4 3  was found 

to  be 2n=72 (Panje and Babu, 1960). To confirm  th is, ten  cells  w ere counted from  

the ap ical tissue of this v a rie ty  and its  so m atic  chrom osom e number was found to  

be con sisten t with the rep o rted  num ber. No so m a tic  m osaicism  was observed in 

the p aren tal clon e. H ow ever, all six inbreds th a t w ere studied exhibited  so m atic  

m osaicism , i .e . ce lls  having d ifferen t chrom osom e within one ap ical tissu e, in 

varying proportions, (see F ig . lA -F ) .

Inbred 1 from  v a rie ty  S E S 239 /43  showed a  regu lar distribution of so m atic  

chrom osom e num bers within one slide (F ig . lA ). Most of th e ceUs in the slide w ere  

single n u cleated  although occasion ally  m u ltinucleated  cells  w ere found (F ig . 2A , 

2B). A lm ost all countable cells  w ere counted , and th ey  exhibited  irregu lar  

chrom osom e counts (F ig . 3). The chrom osom e numbers ranged betw een 2 n = 25-84 , 

the highest freq u en cy being 2n=70. The m ean chrom osom e number was found to  be 

60 and the co e ffic ie n t of varian ce  was 24 .6%  (F ig . lA ).

Inbred 2 exhibited  a  p attern  sim ilar to  plant 1 (F ig . IB ). The chrom osom e  

num bers ranged betw en 2n=37 to  90 with the highest freq u en cy of o ccu rre n ce  being 

2n=44, the m ean was 2n=55, and the co e ffic ie n t of varian ce  was 20 .8 % .
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F ig . 2 . M u ltin u cleated  ce lls  of su g arcan e  plants from  so m a tic  tissu es of inbred 1 
of SES 2 3 9 /4 3 . F ig . 2A . = b in u cleated  c e ll . F ig . 2B . = quadruple  
n u cle a te d  c e ll .
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F ig . 3. M itotic m etap h ase in ap ical tissue of inbred 1 of SES 2 3 9 /4 3 . (L e ft  is 
the photograph o f  cell and right is its idiogram. The arrows on the  
idiogram s indicate chrom osom es not clearly  shown in the photograph.) 
F ig . 3A .= 2n = ca 4 4 . F ig . 3B .= 2n = ca 6 0 . F ig . 3C .= 2n = ca 7 2 .



Inbreds 3 and 4 exhibited  an other p attern  of chrom osom e distribution, i.e . 

into d ifferen t ce ll typ es. Inbred 3 showed th ree  ce ll typ es, i .e . (1) 2n = 40-45 , 

(2) 2 n = 50-55 , (3) 2n = 60-65 (F ig . 1C ), all in one slide. C hrom osom e number 2n=62 

was the m ost frequent diploid number of this inbred. Its m ean value was 2n=58 and 

the c o e ffic ie n t of varian ce  was 19 .0% . Inbred 4 also showed a sim ilar p a tte rn . The  

ce ll types w ere (1) 2n = 40-45 , (2) 2n = 55-60 , (3) 2 n = 6 5 -7 0 , (4) 2n = 75-80  (F ig . ID and 

4). The m ean value was 2n=66 and the m ost frequent diploid number was 2n=68. 

The c o e ffic ie n t of varian ce  was found to  be 1 4 /5 % .

A nother m osaicism  p attern  was found to  be th a t of m ixtu res of haploid/dip

loid/polyploid type of ce lls . Out of the 50 cells  counted from  one slide of inbred 5, 

17 cells  had so m a tic  count of 2n = 65-70 and 34 cells  had so m atic  count of 2n = 35-40  

thus approxim ating a 2 :1  ra tio  (F ig . IE ) . Most of the cells  in the slide w ere  

binucleated  ra th e r than m ononucleated although occasio n ally  th e re  w ere 3 -  or 4 -  

n u cleated  cells . The m ean value of this distribution was 2n=47 with a  co e ffic ie n t  

of variation  of 3 .5%  and mode of 2n=47.

Inbred 6 showed a  sim ilar p a tte rn . T w enty of the cells  counted have a 

so m atic  count of 2n = 35-40  and 40 cells had counts betw een 2 n = 60-65 , again  

approxim ating 1:2 ra tio  (F ig . ID ). When a thorough se a rch  was m ade under the  

m icroscop e th ree  cells w ere found to  have a t  le a s t 104 chrom osom es (a co n firm a

tion on the number was d ifficu lt b ecau se th e chrom osom es w ere not too  well 

spread) (F ig . 5). The m ean value for this distribution was 2n=60, with c o e ffic ie n t  

of variation  of 33 .4%  and mode of 2n=62.

D. M orphological V ariations

The inbred d erivatives of the S. spontaneum  clon es under study generally  

resem bled  th eir re sp e ctiv e  p aren ts and each  o th e r, so th a t th e re  was no basis to  

su sp ect th a t outcrossin g  m ay have accid en tly  o ccu rred . H ow ever, when d etailed  

observations w ere made on th ese inbreds, th ere  was a stron g  indication  th a t
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F ig . 4 . M ito tic  m etap h ase in ap ical tissue of inbred 4 of SES 2 3 9 /4 3 . (L eft  is the  
photograph o f  the cell and right is its idiogram . Arrow indicates  
chrom osom es not clearly  shown in the photograph.) F ig . 4A . = 2n=ca 40 , 
F ig . 4B . = 2n=ca 5 6 , F ig . 4 C . = 2n=ca 6 7 .
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F ig . 5. M itotic m etap h ase in ap ical tissue of inbred 6 of SES 2 3 9 /4 3 . (L eft  is the 
photograph and right is its idiogram . Arrow on the idiograms indicate  
chrom osom es not clearly  shown in the photograph.) F ig . 5A . = 2n=ca 37 . 
F ig . 5B . = 2n=ca 6 0 . F ig . 5C . = 2n=ca 104.



considerable seg reg atio n  was occu rrin g  for all tra its  m easured in this study. A lso, 

d ifferen ces in bud c h a ra c te r is tic s , ligule, dewlaps, hair group, au ricle  and le a f  

sheath  w ere ap parent within each  fam ily . These c h a ra c te rs  a re  under g e n e tic  

con tro l with l i t t le  a f f e c t  by environm ent and a re  frequently  used for id en tificatio n  

purposes.

a . T iller Number

T hese d ata  w ere taken  when the plants w ere 5 months old. The 

distribution p attern  of this c h a ra c te r  is p resented  in F ig . 6 . Inbred 

d eriv ativ es of SES 2 3 9 /4 3  showed the highest v ariation  in tiller num ber. 

H ow ever, th e  distribution in d icates skewness in th e p a tte rn . This 

population shows the highest degree of seg reg atio n  and also has the  

highest range of values. V ariations within th e inbred population of 

D jatiro to  w ere n ext highest foUowed by A egyp tiacu m , SES 106B , and 

SES 84A . Progeny of SES 231 had the le a s t varia tio n . Am ong all 

inbreds, the m ean values of A egyptiacum  progeny w ere the highest.

b. P lan t H eight

The inbred progeny of SES 106B showed the g re a te s t  ran ge of plant 

height values a t  5 m onths age. H ow ever, th e  selfed  population of 

A egyptiacum  had the highest co e ffic ie n t of varia tio n , follow ed by 

SES 2 3 9 /4 3 , SES 106B , D jatiro to  and SES 84A . The inbred population of 

SES 231 had the le a s t variation  (F ig . 7). Progeny of SES 84A  had the  

highest m ean.

c . Stalk  D iam eter

The m ean stalk  d iam eter values of SES 231 w ere the la rg e s t am ong all 

the inbreds a t 9 m onths age (F ig . 8 ). The inbreds of D jatiro to  had the  

highest co e ffic ie n t of variation  indicating th a t this fam ily had the  

g re a te s t  segregation  for stalk  d iam eter. The inbreds of SES 231 had
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n ext highest co e ffic ie n t of variation s follow ed by SES 106B , SES 84A , 

SES 2 3 9 /4 3  and A egyp tiacu m . In alm ost all e x c e p t SES 2 3 1 , the p attern  

genereiUy follow ed a  norm al distribution. The m ean values of SES 231 w ere  

the highest.

d. R e fra c to m e te r  Solids

These d a ta  w ere taken  when the plants w ere 11 m onths old. The inbreds 

population of SES 231 had the la rg e st variab ility  in this c h a ra c te r  follow ed  

closely  by inbreds of SES 2 3 9 /4 3  (Fig . 9). Inbreds of SES 231 had the highest 

c o e ffic ie n t of variation  follow ed by SES 2 3 9 /4 3 , A egyp tiacu m , SES 84A , and 

SES 106B . The distribution p a tte rn  alm ost follow ed a norm al distribution. 

The fam ily th a t had th e le a st variab ility  was th a t from  D jatiro to  although its  

m ean was high. Inbreds of A egyptiacum  had highest m ean values.

e . L e a f  Angle

The distribution p a tte rn  for le a f  angle (taken  a t  11 m onths age) in d icates  

som e skewness within the fam ilies of SES 84A , SES 2 3 1 , SES 2 3 9 /4 3 , and 

A egyptiacum  (F ig . 10). The inbred progeny of D ja tiro to  alm ost follow a 

norm al distribution p a tte rn , and have the le a st variab ility . The m ean values 

of th e  inbreds of SES 84A  com p ared  to  SES 84A  did not d iffer sign ifican tly  

(9 .1 °  versus 10.0°) (Table 3). The inbred progeny of SES 106B  d iffered  

sign ifican tly  from  th eir p arent (3 7 .4 °  versus 6 .0°). Thus, seg reg atio n  was in 

th e  d irection  of a drooping c h a ra c te r  ra th e r than an e r e c t  le a f . Sim ilarly , the  

inbreds of SES 2 3 9 /4 3  and D jatiro to  showed a m ore drooping c h a ra c te r is t ic  

(1 9 .8 °  versus 10 .0°; 7 .7 °  versus 5.0°) than the p aren t showed. In co n tra s t to  the  

above, th e  inbreds of SES 231 w ere gen erally  m ore e r e c t  than the p arent 

(5 .0 8 °  as com pared  to  10° of the p arent).
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T able 3

COMPARISON OF PA R EN T A L MEAN AND S i PR O G EN Y MEAN 

FO R  L E A F A N G LE (D EG R EES) AND LAMINA MIDRIB RATIO

Fam ily C h a ra c te rs P a re n ta l m ean S i Progeny m ean

1. SES 84A

2. SES 106B

3 . SES 231

4 . SES 2 3 9 /4 3

5. A egyptiacum

6 . D jatiro to

L e a f angle 

Lam in a midrib ra tio  

L e a f  angle  

Lam ina midrib ra tio  

L e a f angle  

Lam ina midrib ra tio  

L e a f angle  

Lam ina midrib ratio-  

L e a f  angle  

L am ina midrib ra tio  

L e a f  angle 

L am in a midrib ra tio

1 0 . 0

5 .5

6.0

11

10.0

4 .4  

10.0

5 .0  

1 0 . 0

6 .5

5 .0  

1 0 . 2

9 .1  

4 .4

3 7 .4  

11

5 .1  

3 .8

1 9 .8

4 .1

1 2 .5

5 .0  

7 .7

5 .0



f . Lam ina Midrib R a tio

L am in a midrib ra tio  is the ra tio  obtained a f te r  dividing le a f  width by 

midrib width taken  a t  11 months a g e . This ra tio  can  be used for 

id en tificatio n  purposes to  distinguish betw een v a rie tie s  in su garcan e. 

Inbreds of clone SES 106B  showed the m ost variatio n  (F ig . 11). Thus 

this population showed the highest d egree of seg reg atio n . Follow ing  

SES 106B  w ere inbreds of SES 2 3 9 /4 3 , SES 84A , SES 2 3 1 , A egyp tiacu m , 

and D jatiro to .

A m ong all inbreds, population of SES 106B had the highest m ean value 

(Table 3) and did not o ffer sign ifican tly  from  the p aren t. The 

population of D ja tiro to  had a  low er ra tio  com p ared  to  the p aren t (5 .0  

com p ared  to  1 0 .2  of the p aren t). The inbreds of SES 231 have a low er 

ra tio  com p ared  to  the p arent (3 .8  com p ared  to  4 .4 ) . S im ilarly this is 

also observed in the inbreds of SES 2 3 9 /4 3  (4 .1  com p ared  to  5), 

A egyptiacum  (5 .0  com pared  to  6 .5 ) and SES 84A  (4 .4  com p ared  to  5 .5 ).

g. Stooling H abit

The inbreds obtained in this study w ere grouped under tw o broad classes  

for this c h a ra c te r , i .e . e r e c t  and drooping. Seedlings of the e r e c t  type  

tended to  be ta ll and e r e c t .  The drooping type tended to  be bushy 

(Appendix C ).

The resu lts  for this classifica tio n  are presen ted  in Table 4 . M ost of the  

inbreds of SES 84A , SES 2 3 1 , and D jatiro to  had e r e c t  sto o ls . Inbreds of 

SES 106B  and A egyptiacum  w ere generally  drooping. Inbreds of SES 239  

w ere gen erally  w idespread, short and having drooping stooling habit.
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STOOLING HABIT OF INBREDS OF 

S. SPONTANEUM  CLO N ES

T a b le  4

Stooling habit

P a ren t

E r e c t Drooping

N o. % N o. %

1 . SES 84A 45 100

2 . SES 106B 1 5 21 95

3. SES 231 36 100

4, SES 2 3 9 /4 3 1 5 21 95

5. A egyptiacum 43 100

6 . D jatiro to 36 97 1 3



C H A PTER  V 

DISCUSSION

A . Survival R a te

In this study, a t  le a s t 10 stalk s of each  v a rie ty  w ere selfed , and the number 

of inbreds obtained from  each  v arie ty  selfed  was re la tiv e ly  very  sm all (Table 1). 

This is probably due to  th e  high production of non-viable seeds and possible 

e x iste n ce  of g e n e tic  self incom p atib ility . Perhaps the m ost predom inant reason  is 

the inability of th e  stalks to  rem ain  alive in th e solution m edia. S. spontaneum  

stalks a re  gen erally  very  sm all, low in su cro se , and th e re fo re  it is d ifficu lt to  keep  

them  alive to  seed m atu rity .

The production of viable g am etes  is dependent on m eiosis of the p aren t. 

R eview  of lite ra tu re  had ind icated  th a t m eiosis in m ost S. spontaneum  v a rie tie s  is 

highly irregu lar (N air, 1 9 7 2 a , 1972b ; M ehta and Sood, 1974 ; A lexan d er, 1965). 

T here a re  a  lo t of losses and gains of chrom osom es during th e anaphase sep aratio n . 

Probably this elim ination m ay have caused  the loss of som e essen tial genes th a t  

d eterm in e the survival of both m ale and fem ale g a m e te s . As a re su lt, only a  low  

proportion of all g a m e te s  m ay have been capable of producing viable seeds.

N ot aU of the inbreds planted m anaged to  survive tiU the end of the  

exp erim en t. As tim e progressed, m ore inbreds w ere lo st. In m ost of th ese  ca se s , 

the inbreds had low er r a te  of grow th and low er r a te  of tiller production. This is 

probably due to  the cu m ulative e f f e c t  of som e d eleterious genes or the ab sen ce of 

sortie genes essen tial for continued grow th. As a resu lt of th is, th ese inbreds did 

not memage to  co m p ete  during grow th. As th ese  inbreds w ere planted one foot 

a p a rt, the co m p etitio n  for sunlight, n u trition , and w ater b ecam e m ore sev ere  with  

tim e.
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B . C hrom osom e V ariability

V ariability  in the chrom osom e numbers am ong se lfs  of each  v a rie ty  m ay be 

due to  som e irreg u larities  during m eiosis of th e  p aren ts. The high o ccu rre n ce  of 

univalents in flow ers of alm ost all S. spontaneum  clones is beyond any doubt (N air, 

1 9 7 2 a , 1972b; M ehta and Sood, 1974 ; A lexan d er, 1 9 6 5 ). In all th ese c a se s , one 

would e x p e c t laggard s during anaphase thus resu ltin g  in chrom osom e losses in 

pollen m other ce lls . If this pollen fe rtiliz e s  a normeil haploid egg , and if it 

survived, the seedling will have a  low er chrom osom e num ber. A loss of a few  

chrom osom es is not abnorm al in all th ese cases as seen  in progenies of SES 231  

(2n=72 resu lted  from  th e loss of 8 chrom osom es), and A egyptiacum  (2n=86 resu lted  

from  th e loss of 4 chrom osom es).

Selfed  progenies of SES 84A  and SES 106B  did not seem  to  lose any 

chrom osom es a t  all. In all th ese progenies, a gain of 2 to  18 chrom osom es was 

observed in d icatin g  unequal distribution of chrom osom es during m eio tic  p rocess in 

the p aren t. A t anaphase sep aratio n , one g am ete  m ight have gained chrom osom es  

and the o th er had lost som e chrom osom es. G am etes having low er chrom osom e  

numbers m ight not be able to  survive to  fe rtiliz e  norm al haploid eggs.

C hrom osom e elim ination 'en block' in Sacch aru m  sp ecies (A lexan d er, 1965) 

during m eiosis of the p arents m ay be an a cce p ta b le  explanation of such g re a t losses  

observed in selfed  seedlings of D ja tiro to  (2n=78, 8 0 , 8 6 , 9 0 , 94 from  2n=112), 

A egyptiacum  (2n=60, 6 2 , 6 4 , 66  from  2n=90) and SES 231 (2n=64 from  2n=80).

A probable o ccu rre n ce  of a cce sso ry  spindle and double p late  m etaphase m ight 

have taken  p lace during m eio tic  division of the p aren tal typ es. The main group  

probably underw ent norm al f irs t and second m eio tic  division but not the a cce sso ry  

group. The a cce sso ry  group m oved to  one pole w ithout undergoing any sep aration  

and d eg en erated  slow ly. As a  resu lt of this, tw o g a m e te s  having few er chrom o

som es will be produced. Since th ese  elim inations w ere rep o rted  to  have o ccu rred
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both in m ega and m icrosp ore m other ce lls , one would e x p e c t la rg e  losses in th eir 

inbreds.

C . S o m atic  M osaicism

S. spontaneum  v ar. SES 2 3 9 /4 3  was believed to  be a  S. spontaneum  hybrid 

(Panje and Babu, 1 9 6 0 ). B oth  p aren ts w ere unknown, but since it origin ated  from  

N orth Bihar in India, we would e x p e c t th a t it is a hybrid of S. spontaneum  p arents  

having chrom osom e numbers of 2n=60 to  64 and 2n=80.

F ro m  th e resu lts , th ere  is a possibility th a t this instab ility  m ay be due to  

co m p lexity  in its  origin. The ceU s tend to  se g re g a te  into cells  having various 

chrom osom e num bers, possibly those of th eir earlier com ponents.

This p rocess of elim ination m ight be accom p an ied  by a doubling of chrom o

som es through endom itosis of the surviving group, thus resu ltin g  in the functioning  

of an egg, having a chrom osom e number which is n eith er haploid nor diploid. 

P ath en o g en etic  seedlings m ight have resu lted  from  th ese  eggs. Sub eggs w ere also  

shown to  tak e  p art in fe rtiliz a tio n  thus giving rise  to  seedlings having sign ifican tly  

higher chrom osom e num bers. Perhaps this phenomenon could explain th e signifi

ca n t gain in chrom osom es of selfed  seedlings of SES 84A  (2n=78 from  2n=64) and 

SES 106B  (2n=64 from  2n=48). Sim ilarly , N air (1972b ) also found pollen m other  

ceUs of S. spontaneum  v ar. SES 128A  have a  m axim um  of alm ost diploid chrom o

som e num ber.

Thus, if the poUen m other ceU s happen to  fe rtiliz e  a  norm al haploid egg, 

seedlings with alm ost the triploid number of chrom osom es wiU be obtained. It is 

h£u*d, how ever, to  d eterm in e the m echanism s involved but a d etailed  analysis of 

m eio tic  division of the p aren tal type is n ecessary  to  understand this behavior.

T here is evidence th a t 2n = 62-72 is the diploid num ber of m ost of the cells . 

This observation  of heteroploidy in th ese  selfed  clones in d icates th e  variation  and 

diversity  in the origin of the hybrid p aren t.
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The o ccu rre n ce  of irregu lar groupings of ch rom osom es a t  prophase as 

proposed by B ritto n  and Hull (1957) m ay be the m ost a c ce p ta b le  exp lanation  for the

v ariation  observed in inbreds 1 to  4 . As a resu lt of th is, m ultiple spindles a re

form ed  leading to  form ation  of ce lls  and cells  with variable ch rom osom e num ber. 

The o ccu rre n ce  of m u lti-n u cleated  cells and cells  with low, m edium , and high 

chrom osom e numbers as seen in inbred 6 , lead  us to  believe th a t asynchronous 

m ito tic  division as su ggested  by Heinz and Mee (1 9 7 1 ), m ight have tak en  p lace .

An ap p roxim ate  2 :1  ra tio  of th e  d ifferen t ce ll typ es was seen in inbreds 5 and

6 . The chrom osom e num bers exhibited  in cells  of this inbred e stim a te d  to

haploid/diploid relationship  as suggested by Huskins and C heng (1 9 4 9 ). This

red u ctio n al group and th e p resen ce of single, double, trip le , and quadruple 

n u cleated  cells  (F ig . 2) suggested  the presen ce of red u ction al grouping a t prophase 

and possible fusion of tw o haploids during the form ation  of nucleolar wall.

A nother possible m echanism  th a t helped to  explain this phenomenon is the  

stem lin e th eory  proposed by Makino (1 9 5 7 ). He p ostulated  th e possible e x is te n ce  of 

sev e ra l ce ll populations, each  with a  d ifferen t chrom osom e number n aturally  

co e x is t  within a p articu lar tissu e. The frequency of th ese  sub-populations would 

depend on th e environm ent in which th ey  a re  grow n. In this study so m atic  

m osaicism  was observed in seedling can es. T h ere is a possibility th a t this 

phenomenon wiU only be observed in seedling can es and not can es grown from  can e  

s e tts . A fu rth er study is suggested to  confirm  this.

K rishnam urthi and Tlaskal (19 7 4 ) suggested th e possibility of an irregu lar  

distribution of supernum erary chrom osom es during m itosis. In this study, a regu lar  

distribution was observed in inbreds 1 and 2 . This th eory  m ay help to  explain this 

phenomenon but is not solely responsible for the observed d ifferen ces as evidence  

from  th e f a c t  th a t the ran ge of chrom osom e numbers in all th ese  inbreds was very  

wide.
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In conclusion , th ere  a re  few m echanism s th a t w ere su ggested  to  have caused  

m osaicism  in so m a tic  tissu es. C hrom osom e b reak age and fusion, chrom osom e  

grouping, split spindles and non-disjunction of chrom osom es during the m ito tic  

p rocess, all or any one of them  m ay have con trib u ted  to  the observed m osaicism s in 

this v a rie ty .

It is hard, how ever, to  determ ine the e x a c t  m echanism  th a t is involved in this 

unique p a tte rn  of division within this fam ily. The re la tiv e  im p o rtan ce  of each  

th eo ry  su ggested  is unknown. F u rth e r d etailed  work is suggested  th a t requires  

m ore tim e.

D. M orphological V ariations

The resem b lan ce of th e  firs t gen eration  inbreds to  th eir re sp e ctiv e  p aren ts  

in d icated  th a t th ere  w ere no losses or gains of any m ajor genes th a t w ere to  upset 

the gen eral c h ra c te r is tic s  of a  v arie ty  and its progenies. When d etail studies w ere  

m ade on th ese  inbreds it was obvious th a t seg reg atio n  had tak en  p lace . Though 

m ost of th ese seg reg atio n s approxim ating a  norm al distribution p a tte rn  but th ere  

was skewness in som e c h a ra c te r is t ic s . The skewness th a t w as exhibited  in 

c h a ra c te rs  such as tiU er number per stool and le a f  angle probably was due to  lack  

of d a ta . In ca se s  like stalk  d iam eter and re f ra c to m e te r  solids p e rce n t, the  

coefficients of variation were generally low and the distribution pattern almost 

showed a  norm al cu rv e . These p articu lar c h a ra c te rs  had high h eritab ility  values 

(R o ach , 1 9 77). The segregation  th a t was exhibited  in all th ese c h a ra c te rs  can  be 

deduced as a ty p ica l F 2 seg reg atio n  p a tte rn . The distribution p a tte rn  exhibited  in 

c h a ra c te rs  such as plant height and lam ina midrib ra tio  in d icated  a  ce rta in  am ount 

of skew ness but gen erally  follow ed a norm al distribution cu rve.

The gen erally  low and non-significant co rre la tio n  values betw een chrom o

som e numbers and m orphological c h a ra c te rs  (Appendix D) suggests the in con sistent 

n ature of the chrom osom es lost or gained. V ariability in chrom osom e number

54



likely a f fe c ts  the grow th of th ese inbreds, but the ab sen ce, p resen ce , or duplication  

of ch rom osom es d irectly  a ffe c tin g  sp ecific  c h a ra c te rs  is probably m ore im p ortan t 

than to ta l  chrom osom e num ber, per se . The sign ifican t co rre la tio n  betw een  

chrom osom e num bers and tiU er number (SES 106B ), s ta lk  d iam eter (D jatiro to ) and 

le a f  angle (D jatiro to ) could be a ch an ce even t. A sim ilar trend was not observed in 

oth er fam ilies.

E . G eneral Discussion

G en etic  changes m ay be one of the possible explanations for the observed  

d ifferen ces in agronom ic p erfo rm an ces betw een the inbreds and th eir p aren tal 

clon e. The resu ltin g  inbreds could be of d ifferen t g e n e tic  com bination from  the  

original clone.

In su g arcan e , sm all gain or loss in chrom osom e num bers m ay not alw ays be 

su fficien t to  evoke a  la rg e  change in m orphology. P erh ap s, due to  high ploidy 

le v e l, the loss or gain of a  few chrom osom es or block of chrom osom es does not 

a lte r  th e  basic g en etic  com position of a clone. The duplicated genom es m ay be the  

ones th a t are  lo st. It is even possible th a t changes m ay have o ccu rred  w ithout 

being visibly exp ressed . To fu rth er verify  this f a c t ,  Babu (19 6 7 ) selfed  a  

co m m ercia l v a rie ty  Co 4 2 1 , and found th a t the inbreds w ere not so m orphologically  

d istin ct and the variation  was not so m arked in spite of the f a c t  th a t they exhibited  

a ran ge in chrom osom e num bers. Sim ilarly , Liu e t a l. (1977) eilso observed th at  

in creasin g chrom osom e numbers in callus derived plants had not a lte re d  the  

m orphology d rastica lly .

• In this study, it  was found th a t the inbreds w ere gen erally  sim ilar to  the  

p aren tal clones and to  each  o th e r. Selfing of Saecharum  spontaneum , th e re fo re , 

has no e f f e c t  on the basic genom e. The loss or gain of chrom osom es a re  from  the  

duplicated  genom es and th eir e ffe c ts  a re  re la tiv e ly  sm aU.
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Fig u res 6 , 7 , 8 , 9 , 1 0 , and 11 in d icate  th a t seg reg atio n  is taking p lace within  

th e  populations of Sacch aru m  spontaneum  clones under study. The seg reg atio n  is 

sim ilar to  th a t of any F 2 population. One can  safely  conclude th a t th ese  clones a re  

a ctu a lly  hybrids as suggested  by G rassl (1977). Selfing of th ese hybrids had given  

rise to  se g re g a te d  F 2 populations.

The stooling habit of a genus is highly g en etic  but also can  be a ffe c te d  by 

environm ent. Sugarcan e tillers m ay grow e r e c t  or th ey  m ay be spraw ling in th eir  

early  s tag es  of developm ent and bend upwards la te r . Brandes (19 4 8 ) found th a t the  

T urkestan  form  of S. spontaneum  planted near the eq uator tillered  profusely but 

looked like a bunch of grass which he considered due to  a  'daylength' e f f e c t .  Hole 

(1911) suggested  th a t th e quality and stab ility  of the soil, d irectio n  of wind and 

w a te r, and quantity  of available m oisture in the h ab ita t m ight a f f e c t  the stooling  

habit of a  genus.

In this study, changes in the phenotypic expression of c h a ra c te rs  a re  perhaps 

due to  th e f a c t  th a t th ey  a re  present in the h eterozygou s condition. Selfing resu lts  

in seg reg atio n  of this h etero zy g o sity  into plants having d ifferen t stooling habits.

The high chrom osom e number of a S. spontaneum  clone is ra th e r  unique. One 

of th e S. spontaneum  clon es under study has 2n = 112. This clo n e , D ja tiro to , is 

believed to  be a n atu ral hybrid of S. officinarum  x  S. spontaneum . Eighty of its  

chrom osom es co m e from  S. officinarum  p arent and 32 from  S. spontaneum  p aren t. 

P ric e  (1963) g en era ted  F 2 seedlings from  a  S. officinarum  x  S. spontaneum  hybrid 

(2n=112 ), and he obtained a  s e t of inbreds having variable chrom osom e num ber. 

The chrom osom e num bers.of F 2 plants occasion ally  exceed ed  but often  feU sh ort of 

the F^ so m a tic  num ber. Although th ere  was ap p roxim ate n+n chrom osom e  

transm ission, the so m a tic  numbers of F 2 plants re f le c te d  gains or losses of a few  

chrom osom es during gam etogen esis of the Fj  ̂ p aren t as discussed e a rlie r .
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The chrom osom e seg reg atio n  in D jatiro to  is alm ost sim ilar to  th a t of an F 2 . 

Nine of ten  inbreds had chrom osom e numbers less than th e p aren t. It is a  well 

known f a c t  th a t the losses in chrom osom es usually involved S. spontaneum  

chrom osom es and only ra re ly  those of S. o fficin aru m . The sim ilarities  observed in 

this study with th a t of P rice  (1 9 6 3 ), strongly in d icate  the hybrid n atu re  of 

D ja tiro to . It probably arose from  S. officinarum  x  S. spontaneum .

In su garcan e breeding, parents a re  chosen for fu rth er crossing on the basis of 

high sam ple m ean and/or high sam ple varian ce in the progeny for the tra its  under 

con sid eration  (Wu e t  a l ., 1 9 80). C rosses with low m ean but high v arian ce  a re  

re p e a te d . If sam ple v arian ce  is high, progeny size should be la rg e  b ecau se the  

sam ple v arian ce  flu ctu a te s  g re a tly  am ong smaU sam ples (Wu e t a l ., 1978).

The com parison for m eans and varian ces of all the inbreds under study is 

p resen ted  in T able 5 . Inbreds of A egyptiacum  show the highest m ean and v arian ce  

in tille r  number thus indicating th a t this is the b est progeny to  be chosen for 

cro sses for this t r a i t .  The inbred population of SES 84A  is the m ost ap p rop riate  

population if one is in te re ste d  in plant height, sin ce  it  has the highest values for 

both m eans and v arian ces for this t r a i t .  The inbred population of SES 231 should be 

chosen if one is in te re ste d  in in corp oratin g th e  t r a i t  of la rg e  tille r size in 

su garcan e cro sses . They have the best values for this t r a i t .  Inbreds of SES 84A  

have the m ost e r e c t  leav es.

In c o n tra s t to  o th er t ra its , le a f  lam ina to  midrib ra tio  t r a i t  will to ta lly  

depend on the in te re st of the b reed ers. Some b reeders a re  in te re ste d  in wide le a f  

lam ina for e ffic ie n cy  in photosynthesis but som e a re  in te re ste d  in narrow er leaves  

for re s is ta n ce  to  fro st dam age. If wide leaves a re  the main in te re s t , the progeny  

of SES 106B  is the m ost app rop riate . In co n tra s t, if one is in terested  in narrow er 

leav es , progeny of SES 231 would be the b est.
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The last tr a i t  under study is re f ra c to m e te r  solids p ercen t which is in d irectly  

also m easuring the proportion of su crose in the sam ple. F o r this t r a i t ,  progeny of 

SES 231 shows the highest m ean.
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C H A PT ER  VI 

SUM M ARY AND CONCLUSION

A . Sum m ary

a. Selfing of S. spontaneum  clones under study resu lted  in m o rta lity  of 

som e inbreds.

b. C hrom osom e variab ility  in all th ese  inbreds showed an in crease  in 

inbreds of SES 84A  and 106B , both a d e crease  and in crease  in inbreds of 

SES 2 3 1 , A egyptiacum  and D jatiro to .

c . C hrom osom e m osaicism  was observed in six inbreds of S. spontaneum  

v ar. SES 2 3 9 /4 3 .

d. M orphological variation s and distribution p attern s  of som e c h a ra c te rs  

ind icated  th a t th ere  was a  stron g g e n e tic  influence in p ercen t  

re f ra c to m e te r  solids and stalk  d iam eter. T h ere w ere both g e n e tic  and 

environm ental influence on oth er c h a ra c te rs  under study.

B . Conclusion

a . The death  of som e of th ese  inbreds m ay be due to  failu re  to  w ithstand  

co m p etition  and m ay be due to  the p resen ce of deleteriou s genes.

b. C hrom osom e seg reg atio n  exhibited  in aU th e inbreds in d icates the  

m e io tic  in stab ility  in the paren ts.

c . S o m atic  m osaicism  m ay have resulted  due to  g e n e tic  co m p lexity  of the  

paren ts.

d. The n atu re  of m orphological variation s resem b les th a t of any F 2 

population indicating the hybrid n ature of aU th e S. spontaneum  

v a rie tie s  under study.
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A PPEN D IX A 

FIELD  LA YO U T AT TRANSPLANTING

B lock 1.

P a re n t plant

SES 84A  P i
SES 2 3 9 /4 3  P i
SES 106B  P i
SES 231 P i
SES 1 9 7 A * *  P i
SES 1 8 2 * *  P i
A egyptiacum  P i  
D jatiro to  P i

Block 2.

P a re n t plant

? 2  ? 3
P 2 * P3
P 2
P 2
P 2
P 2
P 2
P 2 *

P3
P3
P3
P3
P3
P 3 *

P4
P4
P4
P4
P4
P4
P4
P4

Inbred plants

P s P 6
P 5 * Pg
P5
P5
P5
P5
P s
P s

P 6
P 6 ^
P 6
P 6
P 6
P 6

P 7 *
P 7 *
P7
P7
P7
P7
P7
P7

P 8
P 8
P 8
P 8
P 8
P 8
P 8
P 8

Inbred plants

Block 3. 

P a re n t plant Inbred plants

Block 4 .

P a re n t plant

A egyptiacum  
D jatiro to  
SES 231  
SES 106B  
SES 84A

Inbred plants

P9
P9
P9
P9
P9
P9
P9*
P 9 *

PlO
PlO
PlO
PlO
PlO
PlO
PlO
PlO

SES 2 3 9 /4 3 P i P 2 P3 P4 P s P 6 P7 P 8 P9 PlO
SES 84A P i P 2 P3 P4 P s P 6 P 7 * P 8 P9 PlO
A egyptiacum P i * P 2 P3 P4 P s P6 P7 P 8 P9 PlO
SES 231 P i P 2 * P3 P4 P s * P 6 P7 P 8 P9 PlO
SES 106B P i P 2 P3 P4 P s P 6 P7 P s P 9 * PlO
D jatiro to P i P 2 P 3 * P4 P s * P 6 * P7 P s P9 PlO

D jatiro to P i P 2 P3 P 4 * P s * P 6 P7 P s P9 PlO
SES 106B P i P 2 P3 P4 P s P 6 P7 P s P 9 * PlO
SES 84A P i P 2 P3 P4 P s P 6 P 7 * P s P9 PlO
SES 2 3 9 /4 3 P i P 2 P 3 * P 4 * P s * P 6 P 7 * P s * P9 PlO
A egyptiacum P i P 2 P3 P4 P s P 6 P7 P s P9 PlO
SES 231 P i P 2 P3 P4 P s P 6 P7 P s P9 PlO

P i P 2 P3 P4 P s P 6 P7 P 8 P9 PlO
P i P 2 P3 P4 Ps P 6 P7 P s P9 PlO
P i P 2 P3 P4 P s P 6 P7 P s * P 9 * PlO
P i P 2 P3 P4 P s * P 6 P7 Ps P9 PlO
P i P 2 P3 P4 Ps P 6 P7 Ps P9 PlO
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P a re n t plant Inbred plants

SES 106B  P i  P 2 * P 3 P 4 P 5 * P 0 * P 7 * P g*
A egyptiacum  P ^* P 2 P 3 P 4 P 5
D jatiro to  P^ P 2 * P 3 P 4 * P 5 * Pg P 7 Pg P g * P ig
SES 84A  P i  P 2 P 3 P 4 * P 5 Pg P 7 *

* = P lan ts th at rem ain ed  alive until the end of the exp erim en t.
* * = Studies w ere discontinued.

B lo ck  5.
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A PPEN D IX B 

Table 5

CHROMOSOME COUNTS OF 10 C E L L S /A P IC A L  TISSUE OF 
10 S i FO R  EACH  PRO G EN Y

a .  SES 84A

P lan t C ell Number

Most
probable

c .v .
No. 1 2 3 4 5 6 7 8 9 10 n o. Mean (% )

R 2P 3 56 57 59 59 64 65 66 66 66 71 66 63 7 .7
R 3P 1 58 60 65 68 69 69 70 70 70 70 70 67 6 .7
R 3P 2 70 70 71 71 72 72 72 72 72 72 72 . 71 1.2
R 3P 3 65 65 72 72 72 72 72 76 78 80 72 72 6 .7
R 3P 4 56 58 72 72 72 77 77 77 78 78 78 72 1 1 .4
R 3P 5 61 61 62 63 64 64 64 64 65 67 64 64 2 .9
R 3P 6 65 65 65 66 66 66 66 67 67 67 66 66 1.2
I^3PlO 48 53 70 70 73 73 73 74 74 74 74 71 1 2 .5
I^4PlO 55 56 74 74 74 75 75 76 76 76 76 71 11.6
R 5P 5 68 68 69 69 70 70 70 70 70 78 70 70 4 .0

b. SES 106B

P lan t C ell Number

Most
probable

c .v .
No. 1 2 3 4 5 6 7 8 9 10 n o. Mean (% )

R l P l 53 55 56 58 58 58 58 58 59 60 58 57 3 .6
R 1P 2 46 47 48 48 48 48 48 48 48 49 48 48 1 .7
R 1P 3 60 61 61 62 62 62 62 63 63 63 62 62 1.6
R 1P 4 48 48 49 49 49 50 50 50 50 51 50 49 2.0
R 1P 5 40 46 54 55 55 56 56 56 56 57 56 53 1 0 .5
R 1P 9 60 60 60 61 61 61 62 62 62 62 62 61 1 .4
R 3P 2 58 58 59 61 61 61 62 62 62 62 62 61 2 .7
R 3P 6 58 59 59 61 61 61 61 62 62 62 62 61 2 .4
R 3P 9 57 58 60 62 62 63 64 64 64 64 64 61 4 .2
■R3P? 58 58 58 59 59 60 60 60 60 61 60 59 1 .7
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P lan t
No.

C ell Number

M ost
probable

c .  V.
1 2 3 4 5 6 7 8 9 10 n o. Mean (% )

72 77 77 80 80 80 80 80 80 86 80 80 7 .6
77 77 79 79 79 80 80 80 80 84 80 80 2 .5
60 63 63 63 64 64 64 64 65 65 64 64 2 .3
60 72 72 72 72 72 72 72 72 87 72 72 8 .8
73 73 80 80 80 80 80 80 84 90 80 80 6 .1
70 71 71 72 72 72 72 72 73 76 72 72 2 .2
68 73 75 76 76 77 78 78 78 78 78 76 4 .2
68 69 70 74 74 74 74 74 76 78 74 73 4 .3
68 70 74 75 75 75 75 76 76 76 76 74 3 .7
80 80 80 82 82 82 82 84 84 86 82 82 2 .4

R 1P 2
R 1P 3
R 1P 6
R 1P 7
R lP g
R 1P 9
R 4P 3
R 4P 7
R 4P 8
R 4P 9

d. A egyptiacum

P lan t CeU Number

Most
probable

c. V.
No. 1 2 3 4 5 6 7 8 9 10 no. Mean (% )

R l P l 50 58 58 60 62 62 62 62 62 63 62 60 6 .5
R 1P 2 58 59 60 61 61 62 62 62 62 62 62 61 2 .4
R 1P 5 80 80 84 84 84 86 86 86 86 86 86 84 2 .8
R 1P 6 58 60 63 64 64 64 64 64 64 68 64 63 4 .2
R 1P 9 70 73 73 73 73 73 74 74 74 74 74 73 1 .6
R 2P 5 56 56 58 58 60 60 60 60 61 61 60 59 3 .2
R 2P 7 60 68 70 73 73 73 74 74 74 74 74 71 6 .2
P 3P 2 80 88 90 90 92 92 92 92 96 98 92 91 5 .3
'R 3P ? 64 64 65 65 66 66 66 66 68 69 66 66 2 .4
'R 3P? 90 95 95 95 95 96 96 96 96 98 96 95 2.1
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e .  D jatiro to

P lan t C ell Number

Most
probable

c .v .
No. 1 2 3 4 5 6 7 8 9 10 no. Mean (% )

R l P l 55 75 77 77 77 77 78 78 78 78 78 75 9 .4
R 1P 2 80 84 88 89 91 93 94 94 94 94 94 90 5 .4
R 1P 4 78 88 90 90 90 90 90 92 93 95 90 90 5 .1
R iP e 106 108 112 112 114 114 114 114 120 123 114 114 4 .4
i^sPa 80 86 90 98 98 99 99 100 100 100 100 95 7 .5
R 3P 5 75 80 90 90 98 98 98 98 98 100 98 93 9 .4
R 4P 3 80 80 84 86 88 89 89 90 90 90 90 87 4 .6
R 4P 7 74 74 75 76 80 82 86 86 86 86 86 81 6 .7
R 4P 8 73 75 76 80 80 86 80 86 867 86 86 81 6 .5
R 4P 9 78 78 79 79 80 80 80 80 82 82 80 80 1 .8

R 5P 2 * * 43 46 51 54 56 58 60 60 60 60
60 60 60 60 61 62 64 64 64 65 M ean = 73
67 67 68 72 73 76 75 80 80 80 c .v . = 24 .8%
80 80 82 84 86 87 88 90 91 95 Mode = 60
95 125 130

♦ P la n t number was unknown. 
♦♦M o saicism  was observed.
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A P P E N D IX  C 

STOOLING H ABIT O F S. SPO N TA N EU M  IN B R ED S

A . D roop in g h ab it

B . E r e c t  h ab it



A PPEN D IX D

T able 6

RELATIONSHIP BETW EEN CHROMOSOME NUM BERS AND 
M ORPHOLOGICAL C H A R A C T ER S O F A LL S i POPULATIONS

a. SES 84A

66

P lan t C hrom osom e P lan t T iller Stalk R e fra c to m e te r L e a f Lam ina
No. No. height No. d iam eter solids angle midrib

2n (cm ) (mm) (%) (degrees) ra tio

R 2P 3 66 68 21 94 7 .0 14 5 .4 7
R 3P 1 70 68 14 90 7 .6 4 2 .6 4
R 3P 2 72 60 9 90 5 .7 18 5 .5 9
R 3P 3 72 48 10 84 8 .6 3 4 .9 8
R 3P 4 78 83 11 72 5 .8 8 5 .4 4
R 3P 5 64 86 11 80 6 .2 4 2 .8 0
P 3P 6 66 65 5 64 6 .7 4 3 .7 5
I^3PlO 74 119 18 76 7 .3 5 4 .9 8
R 4P 1O 76 54 20 49 6 .2 7 5 .3 0
R 5P 5 70 65 36 .7 0 6 .7 3 4 .0 7

Mean 71 7 1 .6 1 5 .5 7 6 .9 6 .8 7 .0 4 .5
Std. dev. 4 .5 2 0 .3 8 .8 1 3 .8 0 .9 5 .1 1 .1
r values betw een 0 .0 7 0 .0 7 - 0 .3 6 - 0 . 1 3 0 .0 8 0 .5 8
ch rom osom e number
and m orphological
c h a ra c te rs .

b. SES 106B

P lan t C hrom osom e P lan t T iller Stalk R e fra c to m e te r L e a f Lam ina
No. No. height No. diam eter solids angle midrib

2n (cm ) (mm) (%) (degrees) ra tio

R l P l 58 5 11 55 1 2 .3 54 5 .7 8
P 1P 2 48 36 4 33 8 .6 22 1 1 .4 2
R 1P 3 62 72 8 40 5 .6 17 1 3 .0 1
R 1P 4 50 30 5 30 8.6 50 7 .8 4
R 1P 5 56 46 3 50 7 .3 10 1 1 .0 8
R 1P 9 62 64 11 45 8 .3 9 3 .1 2
R 3P 2 62 49 22 54 8 .4 10 4 .8 0
R 3P 6 62 70 16 46 . 8 .5 14 3 .4 2
P 3P 9 64 18 27 44 * * * 58 4 .6 6

Mean 5 8 .2 4 3 .3 1 1 .9 4 4 .1 8 .5 2 7 .1 7 .2
Std. dev. 5 .8 2 3 .3 8 .3 8.6 1 .9 2 0 .7 3 .7
r values betw een 0 .3 2 0 .7 3 * 0 .6 2 - 0 .1 7 - 0 . 1 5 - 0 . 5 1
chrom osom e number 
and m orphological 
c h a ra c te rs .
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P lan t C hrom osom e P lan t T iller
No. No. height No.

2n (cm )

Stalk R e fra c to m e te r  L e a f  Lam ina  
d iam eter solids angle midrib

(mm) (%) (d egrees) ra tio

R 1P 2 80 15 20 11 7 .0 13 4 .4 8
R 1P 3 80 33 12 84 1 2 .8 3 3 .6 5
R iP e 64 21 17 111 9 .8 6 3 .5 1
R 1P 7 72 26 7 105 9 .7 1 3 .3 3
R iP s 80 10 10 99 1 1 .7 11 2 .2 9
R 1P 9 72 23 18 85 7 .4 4 2 .9 6
R 4P 3 78 14 14 36 * * * 6 3 .6 2
R 4P 7 74 14 14 44 6 .9 2 2 .9 0
R 4P 8 76 35 8 28 * * * 1 3 .6 0
R 4P 9 82 14 9 30 8 .6 1 3 .3 0

Mean 76 2 0 .5 1 2 .9 6 3 .3 9 .2 4 .8 3 .4
Std. dev. 5 .5 8 .6 4 .5 3 7 .1 2 .2 4 .3 0 .6
r values betw een - 0 . 2 8 - 0 .2 6 - 0 .5 6 0 .1 6 0 .1 9 0 .0 8
chrom osom e numbers
and m orphological
c h a ra c te rs .

d. A egyptiacum

P lan t C hrom osom e P lan t TiUer Stalk R e fra c to m e te r L e a f Lam ina
No. No. height No. diam eter solids angle midrib

2n (cm ) (mm) (%) (degrees) ra tio

R l P l 62 21 14 74 1 0 .6 6 3 .9 9
R 1P 2 62 13 16 70 1 1 .2 5 4 .6 4
R 1P 5 86 70 28 49 1 0 .6 8 3 .3 0
R 1P 6 64 18 21 48 7 .3 21 4 .9 2
R 1P 9 74 24 3 60 1 0 .9 14 6 .0 9
R 2P 5 60 39 65 68 1 0 .6 6 4 .6 3
R 2P 7 74 22 31 50 1 0 .8 15 7 .0 0
R 3P 2 92 20 31 60 1 0 .2 7 4 .0 4

Mean 72 2 8 .4 2 6 .1 5 9 .9 1 0 .3 1 0 .3 4 .8
Std. dev. 1 2 .0 1 8 .4 1 8 .4 1 0 .2 1 .2 5 .8 1 .2
r values betw een  
chrom osom e num bers 
and m orphological 
c h a ra c te rs .

0 .3 7 - 0 .0 7 - 0 .4 8 0 .1 2 - 0 . 0 4 0 .1 8
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e. D jatiro to

P lan t C hrom osom e P lan t T iller
No. No. height No.

2n (cm )

Stalk R e fra c to m e te r  L e a f  Lam ina  
d iam eter solids angle midrib

(mm) (% ) (d egrees) ra tio

R l P l
R 1P 2
R 1P 4
R iP e
R 3P 3
R 3P 5
R 4P 3
R 4P 7
R 4P 8
R 4P 9

Mean 
Std. dev.

chrom osom e numbers 
and m orphological 
c h a ra c te rs .

* S ignificant a t  0 .0 5  level.
* *  Died.

* * * D a ta  unable to  be p rocessed  due to  in su fficien t number of tille rs .

78 42 3 89 9 .3 4 4 .7 5
94 19 1 * * * * * * * *
90 62 7 87 1 1 .1 3 4 4 .1 7

114 24 2 44 1 1 .2 3 15 4 .7 5
100 39 3 30 * * * 12 7 .0 0

98 27 4 * * * * * * * *
90 28 8 65 1 0 .6 4 6 8 .9 1
86 15 10 100 1 0 .8 0 10 6 .5 0
86 17 7 96 1 0 .6 5 9 9 .2 2
80 27 13 76 1 0 .6 1 4 7 .0 2

92 30 5 .8 7 3 .4 10.6 8.0 6 .5
10.6 1 4 .2 3 .9 2 5 .3 0.6 4 .2 1 .9

sen 0 .0 9 0 .5 8 0 .7 5 * 0 .6 5 0 .8 3 * 0.21
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