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A PLANT breeder of today needs no apology for attempting a discussi on 
on embr~ology , especially if we recall two important di~c?veries, 
namely , that of the pollen tube by Amici who was a mathematician and 
astronomer of ltaly , and of the laws of inheritance by Mendel , a theo­
logian of Austria who also taught mathematics. Apart from these 
facts of history, the advances in our knowledge of genetics and embryo­
logy have reduced to oblivion the gulf between these sciences and both 
have evolved from the narrow classical discipline .of the past into the 
wider experimental philosophy of today. It is proposed here to discuss 
briefly the application of embryological studies in an important aspect 
of plant breeding research, namely, distant hybridization, a field which 
is the meeting place not only for embryologists and geneticists but, as 
will be seen later, also for the physiologists and biochemists. 

The increase in our knowledge concerning the isolation mechanisms 
(Clausen, 1951) in plant species and the evolution of techniques to over­
come the barriers to species crossing, have further widened tbe spec­
trum of "variability available for recombination breeding. Jt will be 
proper, first , to consider the barriers to crossability between species and 
the techniques available for overcoming these. The application of 
embryological data concerning seed development in distant crosses \\'ill 
then be discussed briefly. 

BARRIERS TO CROSSABILl1Y-PROBLEMS AND TECHNIQUES 

Br~rndly these b~~rie~s can be divided into two kinds , (a) those 
appeanng before fert1hzatton, and (b) those occurring after fertilization. 
~he pre~fertilization barriers inclu?e, non-s)nchronization of flowering 
lime, failure of pollen of one species_ to germinate upon the stigma of 
a~other, lack of pollen tube growth 1n crosses between species having 
different lengths of style, and finally the failure of the fertilization process 
its~lf .. As regards tec~niques, flowering time can _be synchronized by 
adJustmg the photopenod and temperature, but w 1th present-d ay fac i­
lities of air transport, it is even possible to send pollen f1om one part 
of the worl.d to another or even store the pollen from one season to 
another, with the help of pollen- bank s which now operate on a co m­
mercial scale (An ties, 1951 ). Our knowledge of the physiology or 
pollen (Johri and Vasi l, 1961) anu the techniques for extending the 
storage life of pollen arc now fairly advanced and form an important 
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adjunct to plant breeding. Failure of pollen germination and bursting 

of pollen tubes has also been tackled s uccessfully in some crosses. 

Blakeslee (1945) could overcome the incompatibility between certain 
211 x 4n Datura crosses by the use of periclinal chimeras where the style 

layers were of 4n and 211 constitution so that the 4n epidermis prevented 
bursting of the pollen tubes of the 4n parent. Stylar a mputation wa s 
successfully employed by Mangelsdorf and Reeves ( I 93 l ) to effect th e 
cross between Zea and Tripsacum . Since the cut surface of the style 
may not be always as good a s the stigma , style-grafting tec hn iques ha ve 
been evolved by Buchholz et al. ( l 932) in Datu,a, by Yasuda ( 1931) 
in Petunia and by Hecht (1960) in Oenothera. However: s uch delica te 
operations are feasible only in plants having stout style s. A simpler 
method of replacing the naturai stigma by an artificial medium co n­
ta ining sucrose-agar-gelatin was employed by Swamin ath an (J 955) jn 
securing crosses between Solanum pinnatisectum and S. bulbocastanum 
and between the former and S. lanciforme, and by Swaminatr, an and 
Murty (1957) in the crosses, N. tabacum x N . rustica and N . tabacum 1/ 

N. debneyi. 

Stylar incompatibility may also be overcome ·in the future by wh a t 
is known as intraovarian pollination, a technique standard ized in the 
poppy by Kanta (1960). An offshoot of this tecbn jq ue js 
" test-tube fertilization" brought about by culturing ovules an d then 
landing pollen upon them or near them in the artificial medium 
(Kanta et al., 1962). It remains to be seen how far this fascinatjng 
technique will work in distant cross~s. 

Coming next to the post-fertilization barriers, these may appear 
in the form of zygotic lethality, premature cessation of growth jn the 
embryo and /or endosperm tissue, or sterility in the F 1 plant and so 
on. The precise location of the post-fertilization abnorma lity neces­
sarily calls for an investigation of the process of seed develop ment in 
crosses. We owe much of our existing knowledge on the mechan.ism s 
of seed failure in crosses to the excellent work of Brink and Cooper 
(1947) and of Blakeslee's school of Datura workers (see Avery et a/., 
1959) and of several others. The various investigations of dipl ontic 
sterility may be considered under four categories for the sa ke of 

convenience. 

(i) Abnormal endosperm. - . Embryologists consider the endosperm 
tissue as an evolutionary device in angiosperms that probably compe n­
sates for the highly reduced female gametophyte as compa red to a 
massive one in the gymnosperms, and al so confers upon the end os pt~rm 
the physiological s uperiority of hybridity ._ T_hi s cyt0g~netic equirme nt 
presumably enables the endosperm _ to !m1111ta in a_ certain agg ress iwnc~s 
over the maternal tiss ues surrounding 1t , so that ll' can se rve ~, s an em­
cient intermediary for the nutrition of the t: 111bryo. F rom this it will 

• - be evjdent tl1at any 1na1functioning of the en(losr,or 111 \·V()til,l lead to the 

starvation and dca lh of the embryo. Di(forcnt kind s of abnormalities 
have been reported in di stant crot-.ses, s uch a s <.h1111b0l- slrnpcd and giant-
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sized nuclei in the crosses A 11c 11a strigosa x A . f atua (Ki hara and 
Nishi ya ma. 1932), /-lordeu111j11batw11 x Seca/e cereale (Coope r and Brink , 
1944 ; seercviewby Brinkand Coopcr, 1947)n 1HJ in Gossypium arhoreum 

, G. hirsur1m1 (Weaver, l95~). Reusch (1959) tn his slLcly of the cross 
Loli11111 pere1111 e '< Feswca prare11sis noticed precocious wa ll fo rmation 
but further di vis ions were suppre sse d due to pycnosis of nuc lei and 
stickiness of chromosomes, a situation considered pa ra llel to th a t 
reported by Koller (1943) in tumorous ce ll s. Other cases of a bno ;-..::naJ 
endosperm reported include those by Sachet (1948) jn Datura , Johansen 
a nd Smith (l 956) in A rac/Jis , and by Grcen sb ield s ( 1954) and Shast ry 
(1958) in A1elirotus crosses. 

(ii ) Abnormalities in maternal tissues.-Since the maternal en velope 
forms an integral part of the nutritional mechanism in the seed , histo­
logica l changes in the cells of the nucellus and seed coat can often pro­
vide useful clues regarding the nature of the incompatibility reaction . 
Cooper and Brink (1940) have designated as "somatoplastic steTili ty ·' 
the phenomenon of over-growth or hyperplasia of the endo thelium 
lining the endosperm, in the cross Nicotiana rustica x N. giuLinosa . 
Similar cases of somatoplasia have· been reported by Sachet (] 948) in 
Datura, Beaudry (1951) in Elymus virginicus X Agropyron repens a nd 

Johansen and Smith (1956) in Arachis hypogaea x A. diogoi . 

Since abnormalities in endosperm may also occur coincidentally 
with somatoplasia, it is often difficult to establish definite relat ionship 
between cause and effect. Brink and Cooper (1947) consider the endo­
sperm as the primary cause of seed failure in crosses since it often 
precedes the somatoplasia of nucellus or endothelium . 

As regards the role of anti pod a ls in early post-fertiliza tion develop­
ment , opinions differ. Brink and Cooper (1944) attributed seed abor­
tion in a Hordeum jubatum x Seca/e cerea/e cross to the weak function­
ing of the antipodals ½hich occupy a vital position in the m1trient stream . 
Mabeshwari (l 950) stated that antipodals enlarge an d become glandu.l n..r 
after fertilization and thus offer a close analogy to tapetum of the 
anthers. Beaudry ( 195 I) also assumed that antipodals were secretory 
in function and their hypertrophy caused death of the endosperm. 
On the other hand , Thompso n and Johnston (l945) claimed that ~rnti­
podal s v-ere not different from normal to be of significance int he bre~k­
dov.n of th:e f!ordeum x Sec;a/c cro ss. Brock ( 1955) has shown that. 
breakdown in lily endosperm is no l caused by antipodals but by chrom\_). 
some a bnorma litic s. Morri son ( l 955) ha s u I.so sho" n that u nti po\.lnls 
a re not re1> pon ., ible for :Jhnorrna lities in endosperm in tho ~ros :- b~ lwe1:n 

1/ordeum mar /mun :.-< ll. vulµ,ar c, ,rnd in "hea t. 

(i ii) Abnormal embryo. - Greun shicld s ( l 954) fou11d differe11c ki11Js 
of abnormal cmbryogcny in Me/1/vtni crosS l;;}S rungi11 g fn..11T1 11 ,omplete 
inhibition of divi sion in lhu tygo t\j tn abortion ul lut~r stngcs. Huell 
(1953) ulso ultributcd tlw follt11c of llio cw ss Diw,tlws plu mnris 
X D. chinensls to LJw ubortiun uf tho ombryo. W~avcr ( 1957) nlso held 

the embryo respon ~iblc for scad failun, in th" cross Gossyplum lrir.rntum 

• 

., , ) 
' 

• 

r'. 
I 

; J 

-

• 



• 

/ 

a 

tMBRYOLOGY AND PLANT BREEDING 14S 

X G. arboreum , where the absen ce of zygotic di vision re sulted in 
"embryoless· · ov ul es. The imbalance bctVleen the endosperm and 
embryo ha s bee n ascribed to the prod ucti on nf an inhi bito ry substance 
by the embryo. Moa v a nd Ca mero 11 ( 196 1) postulate that the embryo 
is the site of hor mo na l upset lea ding la abno rmality in matern a l and 
endosperm ti ssue s in the cra ss Nico tiana rustica 1/ N. tahacum , and 
suggest that the cha ngin g of chromoso me number leve l in favour of the 
embryo partia l! ~ resto red viability . 

( iv) Abnormalities due fo dif{erellt chromosome numbers in the 
pare!lls of a cross.-Several cases of seed failure have been at tributed to 
an a lteration of the 2: 3: 2 ratio of the embryo, end osperm anc.l maternal 
tissues . In general the abnormalitie s resultin g from such matings 
have been more prominent when the seed-parent had a lowe r chrom o­
some number, as reported by Kihara and Ni shiya ma ( 1932) in A vena, 
Wakakuwa (1 934) in Triticum crosses, Boyes and Tt omprnn ( 1937) 
in a wheat x rye cross and Weaver (1957 , 1958) in Gossyp ium . 

THEORIES CONCERNING MECHANISM OF Sno F AllCR E 

Stephens ( 1942) used the concept of" genetic strength" of a genome 
to explain differences in seed-setting in crosses between autotetraploid 
Goss,r pium arboreum and diploid G. arboreum and several wild specie~ 
of Gossypium. He concluded that differences in compatibility are 
associated with quantitative but not qualitative differences in cytologi­
cal balance between endosperm and zygote, and that the extent of 
differences in "strengths" between different genomes would account 
for the success or failure of the cross. Hov. ard (1947) employed a simi­
lar hypothesis to explain his results on seed size in crosses bet ween di­
ploid and autotetraploid Nasturtium officina/e and allotetraploid N. un i­
seriatum. Valentine (1956) has assigned genetic values to ge norr.es of 
different Primula species, .:Jnd the ratio (R) between the endosperm and 
maternal tissue which in normal intraspecific combination s is 3/2. Th(' 
success or failure of a cro ss depends on the extent of deviat ion from 
the normal. R. Woodell ( 1960 a, b) suggests that differences in geneti<.: 
va 1 ues m3 y be analogous to differences in chromosome 11 u rnber ancl che 
rate of growth prompted by pollen at fertilirntion may be depend en t 
on genetic value. and m1.y co nditi on the co urse of seed devel opment . 

Prom a deta il ed study of fertili zation and seed deve lopment in 
cro~ses bct¼een the two jute species Iyer et al . ( 1961) have sugg,":st.~d 
a nuclear-cyto rl asrni c di '> hurmony as bein g resro11 sib l0 for seed ~,b~lr­
tion. The incomra ti bi Ii t y in th is cross was o vcrro rn~ hy th ~ 111, .. :L hlH.l 
of hormon e arr li cr1 tic ,11 by lb l.1n1 ,11H.I Ru shid ( 1960) n11 d hy th\: use ,.) r 
rcciprocci ll y grn ft c.; d 1Y1n.: 11 t c, :ind irr ;1dial cd plll li.;11 by Swu111i 1wt ltnn l'/ er/ . 
(1961) . 

With regard tu 0111 1,; r l ci..:l 1niq11 ui-. 1.1 111ployl:d l o uvcrL,.lllll' p~1sl-f1..·rt i­
.... ~ ~ lizat ion barr iers rrn.: nl ion mw,f hl' 11i:1d li ul' cinl> ryn Lldlu re . wh ic h is now 
( a wcH cstab li~hcd fi eld by il ~elf 1111d u 11 i111pl1rl1111t ai,J i11 pl.11 11 lir~1rd rng. 

M JO 
.J 



146 JJ. P. PAL 
Several workers have used embryo culture in obtaining distant crosses 
which normally fail due to premature abortion of the hybrid embryo. 
J mportant among th~se are the \\-ork of Skirm ( 194~) who o~tajne? 
several interspecific crosses in Pnmus and Lili um, Keim ( 1953) m Tn­
.f olium. Davies (1960) in H01deum , Brick et_ a/.r (!944) in the cross 
Hordeum x Secale , and Farquharson (1957) 111 Tnp.rncum X Zea cross. 

Embryo transplantation is another interesting method tried suc­
cessfully by Hall ( 19 54, 1956) in crossing wheat with rye . The cross­
ability of \,\heat with rye was enhanced by raising the wheat plants from 
embr)oS planted on rye endosperm. 

CONCLUDING REM AF KS 

From the above review, which by no means is comprehensive, it is 
sufficiently clear that the detailed studies on the process of seed-develop­
ment made by the embryologists and plant breeders in collaboration , 
have immensely enriched our knowledge concerning mechanisms of 
seed abortion. Success in this field of investigation largely depends ou 
the standardization of techniques~ and the skill of the wot ker. Though 
the custorrn.ry methods in embryological studies are lengthy and time­
taking, the availability of shorter and less cumbersome techniques such 
as the dissection squash technique (Morrison, 1955) and feulgen stain­
ing prior to embedding and sectioning (Newcomer, 1959), will prove 
extremely useful for the plant breeder for whom it would otherwise be 
hard to fit into his programme the lengthy processes of embryological 
methodology. Besides, there are more elegant techniques also avail­
able such as the radioactive tracer-method used by Linskens (1955 ) in 
Petunia, by Tupy' (1961 a, b) in studying changes in carbohydrate and 
amino acid levels in styles and ovaries of Nicotiana after compatible 
and incompatible pollinations: and by Polyakov et al. (1957) also in 
Nicotiana ct osses. 

As regards the mechanism of seed abortion, no single theory can 
explain all the different facts observed at the histological level. With 
increasing work on the biochemistry of the seed and on the changes 
following distant crossing, it may be possible to obtain deeper insioht 
into the observed processes in the seed. The fact that the plant breeder 
is now fully aware of the problems in distant hybridization in all its 
var_ious aspects has serve?, to alter the earlier belief of the embryo­
Jog1st that plant breeders merely put the pollen upon the stioma and 
pray for results in the ovary" (Maheshwari, 1962). 

0 

The writer wishes to express his gratitude to Mr. R . D. Tyer for 
assistance in the preparation of this article. 
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