A STUDY ON CROSSABILITY RELATIONSHIPS IN
THE GENUS BRASSICA :

A. REHMAN CHOWDHRY AND ARM. IHTSHAMUR RAHMAN®

Seven Brassica variefies belonging to five different
species were crossed in a diallel fashion to assess crossability
relationships among them. The results indicated a varyiog
degree of crossability among these varietiea with intre-and
imter-varietal combinations yielding greater success than inter-
specific roatings.  There appeared to ekist a direct-rélationship
between self-or cross-incompatibility and a slow pollen
tube growth.

INTRODUCTION

Very little information on the nature and extent of crossability within
oleiferous Brassicae js reported in the literature, though it appears some
intra-and inter-specific crosses have been attempted for genetic and eytological
studies. According to various reports, {(Mobammad e af 1931; Akhtar,
i932; Singh, 1958 and Ahmad, 195%) self-incompatibility (5 quite common
in toria, brown sarson and Japan rape.  In certainn self-fertile types sefilng
reduces, while crossing or open-pollination incremses, the seed yield us
reported by Sun (1937). Rehman (1%52) reported that intervarietal matings
were highly compatible while most species crossed alse among themselves to
differant extents. Chromosomal imbalaoce also. produces incompatibility or
sterility baorriere hatween species. Ahmad {1969} ohserved that crosses
between Brassica species having a different chromosame number were mostly
sterile and in some cases showed excessive vegetative growth.

There seems to eXist s relatfonship between the polien tube growth
rate and the extent of elf-or cross-compatibilitiez in plants. In Brassiea,
howewver, a few studies have been made on this subjecr.  The pallen tube
growth has been studied in situ by tracing it in the styler tissue directly by
dissection and indirectly by excision methods by different workers as. for
instance, Martin (1913} on Trfelium pratense East and Park (1917) on
Nicotiana; Kearoey &nd Harrison (1924) on cotion, Brink (1934) on
Melilotes, officinalis and Stout (1931}, Akhtar (1932) and Rehman (1952)
on the Brassica.
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A knowledge of this subject could be of great value in assessing the role
of allopolypleidy in the evelution of the existing Brassica specics and in
creating mew onss.  The present study was  therefore undertaken to
determine the nature amd degree of crossability relationships between, and
within the species and if possible. .to relate it to the polien tube growth
pattern, -

MATERIALS AND METHODS

The seven Brassica verieties included in the study - were Torfa A,
Brown Sarson A, L.G.L. (Brassica Cumpestris), Yellow Sarson [.-1 {Brassica
trilocularis), R.L. 16, and REL 18 {Bassica juncea) and D.G.L. { Brassica-napus).
These weore seifed and intercrossed in all combinations (tabtulated). Ohbserva.
tions were recorded at matutity on per cent ped-setting, pod length and
number of seeds per pod. The following year 49F's and 7 selfs were
arown in 10-foot lonp single rows; spaced one foot apart with the sama
distance between planta within rows,  Data were collected an the number of'
planis emerged, plant height, pod-leagth and the number of seeds per pod.

The pollen tube growth in vive was stodied b}r the c:mlSlol:l methad.
The stigmaw and styles of the pnllma:ed Howers were remuved by excision at
the summit of the ovary at suc-::csswa lul:r:nrals of 2, 4, 65 8, 10 and 12 huurs'
after pulhnahon AF after :xmsmm 8 pad with. swds developcd it was
assumged that the ]Jﬂﬂen tybe reached the ovary within the spnmﬂed time &nd
effected fertilization.

RESULTS AND DISCUSSION

The results of these studies indicated 2 varying degree of grossability
among the varictics; generally the percentage of pod and seed setting in
intra-and intervarietal combinations was-much higher than in the interspecifie:
crosses except for two species, Hrassica camnpestris and Brassicg trilpewlariy
As may be seen from Table 1, thers oeeyrred a great difference in pod-setting,
pod-dength and the number of secds per pod as a result of selfing aad
igtra-varietal crossiog ‘within the varlous species. Toria A, BSA, LGL and
DGL appeafed to- be selfsterile since, on selfing, they showed a shatp
decresse in per cent pod setting, pod-length and pumber of st¢ds per pod. as
compatred to intra-varietal crossing.  Other varicties, ie., RL 16, RL 18 .and
LI are selfforetile, vet they chowed a tendency to produce relatjvely reduced
pod-and seedset under bag as compared to intra-varietal ¢crosses or open-
pollinatinps. - The fact that soms of the Brassica varieties ke Toria, BSA.
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and DMGL are self-sterile and shy seed setters under bag has also besn pointed
out by Mohammad et 7 (1931), Akhtar (1932), Singh (1938) and Ahmad (1969}.

Ap expected, within s species the varicties were found to be highly
crossable as was shown by s high perceatage of normal pod and seed set
" {Table) 2), Also, the vacisties belonging to different specics were found to
intercross to a varying extent (Table 3), Iniecespacific crosses between
Brassice campesiris and Brassica trifocularis, both having the same chromo-
some number {In = 2o0) were quite successful and yielded a Jaige amount of
pod and seed setting. This compatibility may be ascribed to a greater
degres of chromosome bomology that may be present beiween these mpecies.
In crostes betweon other apecics with differeat chormoscme number the
percentage of pod and seed setting was much lower and the majority of the.
seads formed were shrivelled and did not germinate (Table4).  Appareotly,
the differenge in the chromosnme number appeared to affect the chances of
succass in crosses between apecies of this geous, as was also chyerved by
Rehman {1952) and Ahmad {1969) in similar studies.

Wide variation in seedling emergenes, plant height and pod and deed
sctiing was observed when selfed and crossed seeds weré plantzd in the
field (Table 4). Selfed sceds of the seli-stesile varieties mostly failed to
geeminate, while those of the sslf-fertile iypes gave a high percentage of
germination and produced normal fertile plants.  Seeds obtained from
intra.and intervarletal and ioterspeciBic crosses involving speciea with the
same number of chromosomes alge showed a high percentage of germination,
yielding plants with normal height, pod size and seed setting. Hybrid seeds
from other interspecific crosses mostly failed to germinate aod if at all they
did, the porcentage of germination was very low; the planis wers largely
sterile and did oot produce poda of normal sige with a good number of seeds.
Hybrid sterility in some interspecific crosse: was aiso observed by Abhmad
(1969) in oleiferous Brassica.

The results of the pollen-tube growth studies in sit are presented in
(Table 5). It was observed that in the compatible matings the pollen-tubes
traversed 1ho stylar tissue without any difficulty and effected fertilization, '
But in the solf-locompatible matings, the pollen-tubes apparently failed to
procesd through the conductig tissye of the style at the right spasd, which
pethwps was the reason that ssed selting in thess pollinations did not take
pace even after an interval of 12 hours. Onp the other hand, whean cros-
poltingtions were made, the growth of the pollen-tube was quick and resulted
in the union of the gametes before the avales lost their receptivity. In soine
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TAnLE |, Percent pod setting, pod length and mumber of sceds per pod in elf
pollinations and imtravarieral malings.

Prrcentape of Pod length No. of seeds
Pollination © pod sething {om) per podd.
Toria bagged 12.5 2.5 Bty
Tarin % Toria 5.0 4.5 12
BSA bagged 37 3.5 2
BSA x BSA 1005 4,7 1?
LGL bagged. 13,0 37 ]
LGL x LGL i 56.2 4.5 19
1-1 bagged 82.0 4.1 13
-1 X LA 95.6 4.4 16
RL 16 bagged 3 3.4 11
RL 186X RL Ié 926 8 14
RL 18 bagged ; 84.0 J:8 12
RL 18x RL 18 9200 LR 13
DGL bagged 18.0 4.0 -—
DGL x DGL 250 35 = 22

TABLE 2. Percent pod setting, pod lengtlt and number of seeds per pod in
Intraspecific matings.

- T ——

Pollination Percent of prod length No. of seeds
pod setting fom} per pod.
Toria x BSA 88.0 4.5 15
Toria x LGL 5.0 4.6 ' 16
B3A x Toria 3i.1 4.4 14
B5A x L.GL o0f.3 4.5 17
LGL x Toria 523 4.2 4
LGL x BSA 94.1 4.4 15
RL l6x RL 1% E8.0 3.3 11
RL 18 x RL 16 £4.0 3 10

—— . maa
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TABLE 3: Perceni pod setting, pad length, and number of seeds per pod in
interspecific matings,

Pollination Percentage Pod length No. of seeds
pod seting. &fem) per pod,
Totia x L-1 92.5 4.5 12
Toria x BEL 16 46.1 318 5
Toria x RL 18 44.0 346 4
Toria x DGL 1.5 d.6 1
BSA x 1-1 g86.4 4.4 10
BSA x RL 16 2.0 A5 4
BSA x RL 18 151 32 3
BSA x DGL 68.0 3.4 3
LGL x L-T BE.0 4.9 13
LGL x RL 16 433 3.2 3
LGL x RL 18 320 317 &
LGL x DGL 5.5 3.2 i
L-1 x Toria #7.5 4 11
L-1 x BEA 2.0 4.7 14
L1 x LGL : 7.5 4.5 15
L-1 x RL 16 25.0 4.1 4
L-t x RL 18 16.0 4.3 b
L-1 x DGL 40.0 : 4.1 o
RL 16 x Toria 24.0 ; 3.0 4
RE 156 x BSA .5 32 3
Ri 16x LGL 54.5 a0 3
RL 16 x L-1 8.5 2.9 2
RL 16 x DGL 75.0 34 7
RL-18 x Toria 42.5 ; 3.2 6
RL l& x BSA 350 il 4
RL I8 x LGL 323 : 1.0 5
RL 18x L-1 370 3.2 3
RL % x DGL 1.5 15 o
DGL x Toria 10.5 4.0 2
DGL x BSA 4.0 4.2 g
DGL x LGL . 22.5 4.5 3
DGE x L-1 42.5 4.6 |
DGL x RL 16 £3.3 4.5 G
8

DGL x BL I8 76.0 4.8
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TABLE 4: Percent seedling emeipence, plame height, and number of seeds
per pod following o digilel cross of 7 enrries.

Creigin of seed. Parcent 'Plant height Fod length  Wo. of seeds

COIETEENCE fem) {cm) per pod
Toria selfed, . — s -
Toria x Toria 100 117.3 4] la
Torie x BSA 100 I11.6 4.0 15
Toria x LGL 95 134.4 3.8 : 15
Torin x LI oG i71.0 4. 3 L4
Toria x RL 16 20 181.5 a7 L
Toria x RL 18 3% 197 .1 1.§ -
Toria x DG -— - —- —
BSA selfed - —_ - | o
BSA x HSA 9% 1098 4.2 Is
BSA x Toria 85 115.7 4.1 16
BSA x LGL 90 130.0 4.3 o
BSA x L I 80 168. 1 4.0 1
BSA x RL 16 3 & == =
BSA % RL IR — — — _
BSA x DGL 15 197 .4 29 1
LGL selfed ‘ s — — -
LGL x LGL %0 140.3 4.0 17
LGL x TForia 100 134 8 1.7 16
LGL x BSA 95 131.4 4.5 T
LGLx1 1 8S 173.0 4. 13
LGL x RL 16 — -— -— s

LGL xRL Ik — — — o
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’

Fod length

Origin of sted. Per cent Plaat height No. of seeds
cmergence (em) {cm) per pod
LGL x DAL 20 188.2 3t 2
L1 aelfed 20 186.1 4.0 14
LixL1 9% i93.9 4.2 15
L 1 x Toria L1, 175.4 4.5 15
L1xBSA 83 180.3 4.3 14
LlxLGL 20 179.3 4.4 14
L1xELIé 10 2122 2.9 =
Ll1xERL1§ — — — —
L1zDGL = — — —
RL 16 x selfed 95 208.9 3.7 12
RL 16 x RL 16 o0 211.5 iR 12
RL 16 x Toria 15 198.7 2.0 !
RL 16 x BSA i — — —-
RL 16 x LGL = —_ e e
RL_]G:{LI 15 115 .4 2.1 —
RL 16 x RL 13 25 221.3 1.4 14
RL 16 x DM3L ] 2431 1.5 1
REL 18 x pelfed % 211.3% i.8 13
RL 18 x RL I8 100 2141 1.6 14
RL 18 x Toria 20 07 .8 1.2 1
RL 18 x BSA - s g 2
RL 18 x LGL =22 — -
RLiSxL | - — o =
RL 18z RL 14 3G 230.2 3.5 14
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Dri-gTu- of seed. | Per ;mt Plant height Pt;::i length No. of seeds
EIErgencs {cm) (¢m) per pod

RL 13 x DGL 5 2414 2.2 3
DGL selfed — — — —
BGL x DGL 95 219.8 = P8 21
DGL x Toria — —_ - —
DGL x BSA 35 217.2 28 2
DL x DGL 0 223.5 33 3
DPGLxL! —_ — — —
~ DGL xRL 16 70 2591 1.7 2
DGL x I8 sc 265.7 2.1 3
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inter-speific crosses a relatively poor seedset was obtasined, which may be
attributed cither to u slower pollen-tube growth or to genetic incompatibility
of the gametes or to  both. ' :

It appears that the extent of success expected from selfing and
croseing depends upon the speed of the pnllen-tuh& traversion inside the
stylar tissue and/or the compatibility of the participating mele and femals
eametes, the latter, in turn, would evidenily depend upon phylogenetic
relationship of the parents inveived.

From the results of the present study, it may be concluded that
though intersperific crosses can be made among different Brassica species with
& varying degree of success, three specles, Brassica compestris, B. trilocularis
and Brassica napus show a closer relationship amongst themscives which
fact a breeder may keep in view in his efforts to improve his stocks.

LITERATURE CITED

Ahmad, M. Cytogenetic studies in Brassica species. 196%. M.Sc. thesis,
West Pakistan Agricuftural University, Lyallpur,

Akhtar, A, R. 1932, Studies Indian Baassicae. 1. Sterility and selective
polien tube growth- Ind. Jour. Agri, Scf. 2: 280-292.

Brink, R.A. 1934 Self-incompatibility in vellow swest clover. lour. Amer.
Soc, Agri. 26 307312,

Das, K., and 5.C. Varma, 1956, Effsct of selfing within cloth bags on
lengsh and number of seeds per pod in ral. Sci. and Cult. 21 : 673,

East. EM., and 1.B, Park. 1917. Studies on self sterility. L The
hehaviour of self sterille plants, Genetics 2@ 503-609.

Kearney, T. H., and G.T, Harrison, 1924,  Selective fertilization in cotton.
Jour, Agri Res, 27 : 325-30,

Mattie, J. A, 1913, 'The physiology of pellen of Trifolium pratense. Bot.
Gaz. 56 112-126.

Mohammad, A., R.D. Singh, and Z. Alam. 1931, Some breeding investi-
gation on toria and sarson. Ind. Jour, Agri. Sei. [: 109-136,

Rehman, A, 1952, A Study on selective fertilization and pollen tube growih
in come oleiferous Brassicae. M.Sc. thesis, Univ. of the Punjab.

Singh, S.N. 1958. S8elf incompatibility studies in toria. Tnd. Jour. Genet,
18 : 206.209, ;

Stout, A.B. 1931, Pollen tube behaviour in Brossice pakinensis with
special reference to self-incompatibility in fertilization. Amer,
Jout. Bot, 18 : 636-£95,

Sun, Y.G. 1937. Effcct of self pollination in tape. Jour. Amer. Soc.
Agron. 23 : 555-367.



