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Cytogenetic Studies in Trifolinm sp. Related to Berseem 

III. The  Relationships between the T. scutatum, T. plebeium and the echinata Group* 

E. PUTIYEVSKY and J. KATZNELSON 

Divis ion  of P a s t u r e  and  Fo rage  Crops, A g r i c u l t u r a l  Resea rch  Organ iza t ion ,  Newe Y a ' a r  E x p e r i m e n t  
S ta t ion ,  P. O. H a i f a  (Israel)  

Summary. In a cytogenetic s tudy of five annual Trifolium spp. the genetical relationships between (1) T. scutatum 
Boiss. and (2) T. plebeium Boiss., and between them and (3) T. carmeli Boiss., (4) T. echinatum M. B. and (5) T. latinum 
Seb., were studied in intra-  and interspecific F1 and F 2 hybrids.  Germination, seedlings development, pollen ferti l i ty 
and chromosome configurations during meiosis and seedset were recorded. All the T. scutatum x T. plebeium Fx were 
green, but  the hybrids between either T. plebeium or T. scutatum and T. carmel,, T. echinatum or T. latinum were 
mainly albinos. Those tha t  were green had a very high rate of mor ta l i ty  and the survivors produced many albino 
seedlings. Pollen fert i l i ty was about  60~o in scutatum • plebeium Fls, and one of their  eight bivalents  was hetero- 
morphic. Hybr ids  between either of these and T. carmeli, T. echinatum or T. latinum had 30-- 50% stainable pollen 
and had several multivalents,  suggesting the existence of a system of chromosomal translocations in these species. 
Seed set was roughly correlated with pollen stainabil i ty.  The nature of the isolation mechanisms operating between 
these species is discussed. 

Introduction 

A s t u d y  of c ro s sab i l i t y  among  twe lve  annua l ,  E a s t  
Med i t e r r anean  Tr i /o l ium species r evea l ed  t h a t  t h e y  
m a y  be d iv ided  in to  five groups  on the  bas is  of cross 
c o m p a t i b i l i t y .  Seed set  upon  h y b r i d i z a t i o n  is good  
in " w i t h i n  g r o u p "  species combina t ions ,  and  poor  or 
v e r y  poor  when the  crossed species be long  to d i f fe ren t  
g roups  ( P u t i y e v s k y  and  Ka tzne l son ,  1973). T. carmeli 
Boiss. ,  however ,  belongs to  two c ros sab i l i t y  groups .  
I t  p roduces  ample  seed when crossed wi th  I". echina- 
turn M. B. and  T.  latinurn Seb. The  b i o s y s t e m a t i c  
r e l a t ionsh ips  be tween  the  three ,  morpho log i c a l l y  v e r y  
s imilar ,  t a x a  have  been desc r ibed  elsewhere (Ka tz -  
nelson and  P u t i y e v s k y ,  t974).  T.  carrneli also pro-  
duces  anaple seed when crossed wi th  the  morpho lo -  
g ica l ly  v e r y  d i ss imi la r  T.  scutatum Boiss.  and  7.  ple- 
beium Boiss.  The  two l a t t e r  species  are,  however ,  
v e r y  s imi la r  to  each o the r  and  m o r p h o l o g i c a l l y  
i n t e r m e d i a t e  p l a n t s  are found in na tu re .  Moreover ,  
th ree  o the r  species,  7". alsadami Post ,  T. sa~mineum 
Mout.  and  T. [arayense Mout. ,  which  are v e r y  s imi la r  
to  T. scutatum and  T. plebeium, have  been  desc r ibed  
as endemic  to  S y r i a  a n d  Lebanon .  This  morpho log -  
ical  c o n t i n u i t y  be tween  T. scutatum and  T. plebeium 
sugges ts  t h a t  on ly  b i o s y s t e m a t i c  s t u d y  wou ld  c la r i fy  
the i r  t a x o n o m i c  pos i t ion  and  rank .  As well  as des-  
c r ib ing  the  r e l a t i onsh ip  be tween  these  two species,  
the  p re sen t  p a p e r  repor t s  the  resu l t s  of a s t u d y  of the  
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i so la t ion  mechan i sms  o p e r a t i n g  b e y o n d  the  cross- 
a b i l i t y  s tage  be tween  these  two species  on one hand ,  
and  T. carmeli, T.  echinatum and  T. la t inum on the  
other .  

Materials and Methods 
The origins of the lines used as parent  plants  as well as 

the two methods of obtaining hybrid seeds, i.e. manual ly 
(HH) and by the "na tura l  hybridizat ion programme" 
(NHP), have been presented by  Katznelson (1971) and 
Put iyevsky and Katznelson (1973). Altogether, four 
populations of T. plebeium (abbreviated in the tex t  and 
tables to Tple), one population of T. scutatum (Tscu), 
and three, four and two populations of T. carmeli (T car), 
T. echinatum ( Tech) and T. latinurn * * ( Tlat), respectively, 
were studied. The last  three species are referred to in 
the text  as group I I  species or the echinata group. In 
addition, two populations of Tcar and one of Tscu were 
used as pollen sources in NHP. 

A tota l  of 207 hybrid F 1 and 72 F2 seeds were sown and 
all except t2  were interspecific combinations. Each seed 
was germinated separately in a petr i  dish, transferred to 
soil in 3 kg pots, and kept  in a glasshouse. 

The methods employed in the cytological and pollen 
fert i l i ty studies were described by Put iyevsky and Katz-  
nelson (1970). Seed set upon selling, backcrossing (since 
the plants  are annuals, the hybrids were crossed to plants  
from the same source as their  parent  plants), and open 
pollination (with wide var ie ty  of pollen sources) was 
carried out as described earlier (Katznelson and Put iy-  
evsky, 1974) and was determined for all the F 1 and some 
F 2 plants.  

** There was no problem in identifying Tscu, Tple, 
Tcar and Tech, but  the populations of Tlat used in this 
s tudy differ from Sebastiani 's  description in having wider 
leaflets, so tha t  their  identification as Tlat may be 
erroneous. In this case they should be regarded as par t  
of the T. echinatum complex, and perhaps form a new 
species, 
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Table f. Germination and development of F 1 and F 2 hybrid seed 

t85 

Tota l  Green  b u t  
N u m b e r  Species n u m b e r  dead  of Albinos n u m b e r  

c o m b i n a t i o n  of before 
seeds seedl ings  f lowering 

Reached  f lowering 

% of 
g e r m i n a t i n g  
seeds 

Fl-intra 
Tple* • Tple 

Fl-inter 
Tscu • Tple 
Tscu •  
Tscu • Tech 
Tscu • Tlat 
Tple • Tcar 
Tple • Tech 
Tple • Tlat 

G 
(Tple • Tscu) 
(Tscu • Tcar) 
(Tech • Tscu) 
(Tlat • Tple) 
(Tech • Tscu) 

12 t 2  4 8 67 

55 53 27 26 49 
97 73 29 17 27 37 
25 16 13 2 1 6 
12 8 4 I 3 37 
55 45 t9 22 4 11 
6 6 6 0 0 
5 5 2 3 60 

• BC** 50 50 4 6 40 80 
• Tcar 19 t9 t3 5 1 5 
X Tech t I 1 1 O0 
x Tlat t 1 1 1 oo 
Selfed 1 t 1 t O0 

* Tple  - -  T .  p l e b e i u m  

Tscu  - -  T .  s c u t a t u m  

Tcar  - -  T .  c a r m e l i  

T ech  - -  T .  e c h i n a t u m  

T l a t  - -  T .  l a t i n u m  

** B ack  crosses to b o t h  pa r en t a l  species.  

Results  

a) Germination and Development 
All twelve T. plebeium intraspecific, and most  T. 

plebeium • T. scutatum interspecific F 1 hybr id  seed 
germinated,  compared with about  75% germination 
in combinations of ei ther Tple or Tscu with group I I  
species (Table t).  These values are much higher than  
those obtained in in t ra  and interspecific hybrids 
within group I I  (Katznelson and Put iyevsky,  t974). 

However,  m a n y  of the germinat ing seedlings were 
either white o r  cream-coloured and devoid of chloro- 
phyll. Albino seedlings were not found in intra-  
specific Tple hybrids,  or when they  were crossed to 
Tscu, but  only in hybrids between either of them and 
any of the group I I  species. They  were progenies of 
all populat ions studied. The frequency of albinos 
averaged 48% and ranged in species pair-combi- 
nations between 40- -100% of the seedlings. The 
highest occurrence of albinos was in combinations 
with T. echinatum (t9 from 22 germinating seeds). 
All the albino seedlings died, and no green plant  was 
obtained from Tech X Tple. Reciprocal differences 
in albino formation seem to occur ; most  of the albino 
seedlings occurred when Tscu-Tple were females --  
71 albinos from t 39 germinat ing seeds, as opposed to 
one albino from t9 in reciprocal combinations. 

Fur ther  mor ta l i ty  occurred in most  of the pair- 
combinations and Tplr •  F 1 seedlings died 
much more often than  the other combinations 
(P ~ 0.01), leaving only four flowering plants  from 
45 germinat ing seeds. Many of these seedlings died 
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of some disease tha t  was never observed in the parent  
plants, even in those growing adjacent  to infected Fls. 

b) Pollen Fertility and Cytology 

All eight Tple intraspecific hybrids were completely 
fertile, while the major i ty  of Tple • Tscu F 1 hybrids 
had  50--80% stainable pollen (Table 2 presents the 
frequency distributions of pollen s tainabi l i ty  for the 
various cross combinations).  A wide variat ion in 
pollen stainabili ty,  ranging from 10% to 80%, was 
found in F 1 hybrids between Tple -- Tscu and group 
I I  species; the few hybrids with T. latinum as a 
parent  were less fertile (30--35 %) than  those of either 
Y. carmeli (58%) or the one remaining plant  of 
Tech • Tscu (47%). 

Cytological observations revealed the following re- 
sults. Nine Tple • Tsc~, F 1 hybrids studied cyto- 
logically had 8 II,  except for one cell with 2 I, 7 I I .  
However,  one of the bivalents  was easily recognizable 
as heteromorphic,  a feature not  observed in the 
parents  (Put iyevsky and Katznelson,  t970) or in 
intraspecific hybrids.  This heteromorphic bivalent  
had one distinctly larger arm, which never  formed a 
ring bivalent  and was stained much darker than  the 
normal  bivalents.  Tple • Tscu hybrids had a lower 
chiasmata  frequency (11.7 per cell) than  did either 
the parents  (Put iyevsky and Katznelson,  t970) or 
the group I I  hybrids (Katznelson and Put iyevsky,  
t974). In contrast ,  F 1 hybrids between either Tple 
or Tscu and the group I I  species reveal a complicated 
chromosomal pa t te rn  (Table 3). 
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Tab le  2. Frequency distribution of pollen fertility of intra and interspecific clover hybrids 

Average 
Number  of plants with pollen fertility (%) Total pollen 

Combination number  
fertility 

0-10 11--20 21-30 31-40 4 t -50  51-60 61-70 71-80 81-90 91-100 plants % 

F1 
Intraspecific 
Tple  • Tple  8 
Interspecific 
Tscu  • Tple  2 9 9 2 2 2 26 
Tscu • T c a r  1 4 7 3 5 1 21 
Tscu • Teeh  1 t 
Tseu • T l a t  t I 1 3 
Tple  • Tca r  I I 1 t*  4 
Tple  • T l a t  t 2 3 

32 
(Tple • Tscu) • BC** 3 9 8 3 3 14 40 
(Tscu • Tcar)  • Tca r  1 1 
(Tech • Tscu) • Tech  1 1 
(T la t  • Tple)  X T l a t  1 1 
(Tech • Tscu) • (S)*** 1 1 

* A trisomic plant.  
* *  Back crosses to both  parental  species. 

* * *  Selfing. 

8 96.5 

64.8 
58.1 
42.0 
23.0 
53.2 
44.7 

73.5 
48.0 
33.0 
83.8 
37.O 

Tab le  3. Multivalent formation in interspecific F 1 and F 2 clover hybrids 

valents number  of cells with 
I 2 4 t 3 5 2 1 t 2 t I 

P lant  Species No. of N o . B  II  8 7 6 6 5 4 6 5 4 4 4 5 2 3 4 Average Pollen 
cells chromos. I I I  1 1 1 2 2 1 2 chiasma ferti- 

number  9 c~ exam- per cell IV 1 1 2 1 1 per cell litYo/ 
ined V I I /o 

VII  1 

F, 
t 075 / I  Tscu Tca r  30 --  16 14 t l . 4  40 

981/13 Tscu Tcar  20 --  18 2 t l . 7  72 
98 t /24  Tscu Tca r  30 --  30 10.0 51 
275/1 Tple  T c a r  30 --  30 t2 .2  67 

I 199/2 Tple  T c a r  10 --  2 2 I 1 4 t 2.6 25 
t068/1 T c a r  Tple  30 --  3 3 16 3 2 3 t2 .8  42 

986/1 Tech  Tscu 30 --  8 1 t l  4 3 I 2 t2 .8  47 
t081 /2  T l a t  Tple  12 2 5 6 t t2 .0  57 
t081/1 T l a t  Tple  21 2 4 3 1 11 2 t2 .6  58 
t 1 8 9 / t  T l a t  Tple  19 --  4 4 2 3 1 2 I 1 1 12.1 t9  
1191/1" T l a t  Tscu 22 --  1 2 2 2 I 5 1 t 11.8 10 
1193/1 Tscu T la t  2O --  1 1 2 1 t 2 3 2 5 2 12.0 44 
32 
t187  t081 /2  T l a t  18 16 2 13.0 83 

169 981/24 Tca r  18 t8  t4 .8  48 
977 986/1 986/1 15 7 t 2 5 t2 .8  37 

* In addition to tha t  mentioned above, p lant  1191/I also had one cell each with the following mult ivalent  formation:  3 II, 
2 III ,  IV; 2I,  3 II, 2 V; 3 I, 2 II, IV, V; 2 I, 3 II, III ,  V; 3 I, 1I, 2 III ,  V; 4 II, III ,  V; I, 3 II, 3 III .  

T. latinum d i f f e r s  f r o m  b o t h  T. plebeium a n d  T.  
scutatum b y  t h r e e ,  or  m o r e ,  c h r o m o s o m a l  t r a n s l o -  
c a t i o n s ,  as  s h o w n  b y  t h e  e x i s t e n c e  of P M C  w i t h  
s e p t a v a l e n t s ,  o r  p e n t a v a l e n t s  a n d  e i t h e r  t r i v a l e n t s  
o r  a q u a d r i v a l e n t  in  t h e  s a m e  cell .  O n e  cel l  (V + 
+ 2 I I I  + I I  + 3 I) i n d i c a t e s  t h a t  a t  l e a s t  f o u r  
t r a n s l o c a t i o n s  a r e  i n v o l v e d  i n  t h i s  c o m b i n a t i o n .  

Tech s e e m s  t o  d i f f e r  f r o m  Tscu b y  a t  l e a s t  t w o  
t r a n s l o c a t i o n s ,  a l t h o u g h  t h e  a p p e a r a n c e  of ce l l s  w i t h  
e i t h e r  V o r  2 III ,  a n d  o n e  cel l  w i t h  2 I V  m a y  

i n d i c a t e  t h e  e x i s t e n c e  of a t  l e a s t  t h r e e  t r a n s l o c a t i o n s  
Tcar d i f f e r s  f r o m  Tple b y  a t  l e a s t  one ,  p r o b a b l y  

t w o ,  t r a n s l o c a t i o n s ,  w h e r e a s  n o  m u l t i v a l e n t s  ( b u t  
m a n y  cei ls  w i t h  2 - - 4  u n i v a l e n t s )  h a v e  b e e n  o b s e r v e d  
in  i t s  h y b r i d s  w i t h  Tscu. A t r i s o m i c  (2 n = t 7 )  
T c a r •  Tple F 1 h a d  m o s t l y  8 I I  + I, b u t  6 o u t  of 26  
cel ls  h a d  I I I  + 7 1I. 

A n  i n t e r e s t i n g  c y t o l o g i c a l  f e a t u r e  f o u n d  in  t h i s  
s t u d y  is t h e  a p p e a r a n c e  of  t w o  B - c h r o m o s o m e s  in  
e a c h  of t w o  fu l l  s ibs ,  F 1 h y b r i d s  b e t w e e n  Tlat a n d  

Theoret. Appl. Genetics, Vol. 44, No. 4 
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Table 4. Seed formation in F 1 and F 2 clover hybrids 

Combination 
Number Seed set upon 

plants Selfing backcross to ~ backcross to C7 
examined I 2 3 1 2 3 1 2 3 

Seed weight in open 
pollination 
in grams % of 

plant 
weight 

F1 
lntraspecific 
Tple • Tple 8 1457 0 0 25 16 64 30 21 70 0.10 0.21 
lnterspecific 
Tple • Tscu 25 4542 98 2.1 396 129 45 322 t45 45 7.04 1.30 
Tple x Tcar 4 799 0 0 139 4 2.9 136 4 2.9 0.08 0.02 
Tple X Tlat 3 895 0 0 71 5 7.O 96 0 0 O.02 0.01 
Tscu • Tcar 20 4990 5 0.1 81 8 9.9 93 - 9 9.7 2.45 0.21 
Tscu • Tlat 3 303 0 0 63 0 0 73 0 0 0 0 
Tscu x Tech 2 706 1 0.1 32 2 6.2 - - * * -  -- 0.38 0.21 
F2 
Tple • Tscu BC*** 40 5381 1 0.01 . . . . . .  11.15 1.02 
(Tscu •  X Tcar 1 144 0 0 . . . . . .  0.13 1.09 
(Tech • Tscu) • Tech 1 88 0 0 . . . . . .  0.0t 0.01 
(Tlat • Tple) • Tlat 1 60 0 0 . . . . . .  0 0 
(Tech • Tscu) • (S) 1 180 0 0 . . . . . .  0.01 O.04 

* I - number of flowers pollinated. 
2 -- number of seed obtained. 
3 -- % of seed set. 

* *  not done. 
* * *  BC -- backcrosses to both parents. (S) -- Selfed. 

Tple whose parents  had the normal  2 n --: t 6 comple- 
m e n t  with no 13 chromosomes.  Meiosis in these two 
F 1 hybr ids  was superficial ly much  more  regular  t han  
in the th i rd  p lan t  of this combinat ion,  No. t t 8 9 / t ,  
which had  no B's.  This phenomenon  is fu r ther  dis- 
cussed elsewhere (Pu t iyevsky  and Katznelson,  in 
preparat ion) .  

c) Seed Set in Fls 
Altogether ,  64 F~ plants  of the  combina t ions  con- 

cerned in this paper  set seed, and the  results are 
presented  in Table  4. 

i. Selling. No seeds were ob ta ined  in 1457 selfed 
florets of intraspecif ic  T. plebeium. This is in accor-  
dance with the previous  observat ions  t h a t  all the  
species involved  are self- incompatible  (Pu t iyevsky  
and  Katznelson,  t970).  On the  o ther  hand,  98 seeds 
(2 . t% of the selfed florets) were ob ta ined  in the 
Tple x Tscu Fls. Most of these seeds, however,  
were p roduced  in three  of 25 F~ selfed hybrids ,  and 
mos t  were shrunken.  

Six more seeds were ob ta ined  in all p lants  of the  
o ther  combina t ions  s tudied here, five f rom one p lan t  
of Tcar x Tscu. The o ther  t3 p lants  of t h a t  com- 
binat ion did no t  produce a ny  seed. 

ii. Backcrosses. Seed set upon  backcross ing in the 
intraspecif ic  hybr ids  was ve ry  high (67%), even 
higher  t han  in the  p roduc t ion  of these hybr ids  
(about  45%, P u t i y e v s k y  and Katznelson,  t973).  

The Tscu x Tple hybr ids  p roduced  about  45% 
seed on backcrossing, bu t  seed set in hybr ids  between 
ei ther  of these species and  group I I  p lants  was much  
lower, especially when Tlat was the  o ther  parent .  
This is in accordance  wi th  F 1 hybr id  pollen ferti l i ty,  

and since the pollen used in the  backcrosses  was f rom 
fully fertile, non-hybr id  parents ,  the results  suggest  
t h a t  megaspore  fer t i l i ty  is similar to  pollen fert i l i ty.  

iii. Seedset upon open pollination. Seed set closely 
resembled the results  of backcrossing,  except  for 
Tcar X Tscu, where seed p roduc t ion  in a few plants  
was higher  t h a n  expected.  Since these p lants  have  
also shown reciprocal  differences in seed set upon  
backcrossing,  t h e y  are p robab ly  intraspecif ic  enti t ies;  
this is fu r ther  suppor ted  by  their  morpho logy  and 
pollen fert i l i ty.  

d) F2-Ptants 
The most  interest ing,  and as ye t  unexplained,  

feature  found  in F~ hybr ids  of the  combina t ions  
considered was the  complete  germina t ion  of the  71 Fz 
seeds sown, compared  wi th  50 - -80% germina t ion  in 
the parents  and  F 1 hybrids .  The same phenomenon  
was seen also in F 2 hybr ids  be tween group I I  species 
(Katznelson and P u t i y e v s k y ,  t974). 

Albino seedlings also appeared  among  F 2 p lants  
(i.e. progenies of green Fls, Table  1). There  were 
two kinds of albinos:  

a) The f i f ty  F~ seeds of Tscu x Tple t h a t  were 
sown were f rom twelve combinat ions ,  i.e. progenies 
of six F 1 plants  backcrossed in bo th  directions. The 
four  albino seedlings, toge ther  wi th  four green ones, 
were all f rom one plant ,  N Y T  (239 x 237) x 239. 
The backcross  of the  same F 1 p lant  to  237 resul ted 
in green seedlings only. 

b) Many  albinos appeared  in (Tscu x Tcar) x Tcar 
F~s. Here  the t9  F1 seeds were der ived f rom five 
different FlS, and backcrossed to  three Tcar sources. 

Theoret. Appl. Genetics, Vol. 44, No. 4 
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All five plants produced albino progenies so tha t  69% 
of the seedlings in F 2 were albino compared with 43 o/o 
in the F1. In addition, only one of the remaining six 
green seedlings survived to flowering stage. The 
other five died of similar causes as the Tscu • Tcar 
Fls described earlier. Thus, while 80~o Tscu • Tple 
F2s set seed, only 5% Tscu x Tcar reached tha t  
stage. 

Pollen ferti l i ty of F z plants was, on average, some- 
what  bet ter  than tha t  of their parents  (Table 2). 
Many of the Tple x Tscu backcrosses to both  
parental  species completely restored fertility. Other 
plants of this combination, and the other four F 2 
hybrids from other combinations, varied in their 
pollen fertility. 

Cytological observations in F~ were carried out on 
four (Tple • Tscu) • Tscu F2s, and three other 
combinations. The first four were similar to their 
parents  in not forming any multivalents,  but  had 
occasional univalents.  The heteromorphic bivalent  
was sometimes present;  in their F1 parents  all cells 
had this bivalent.  

Two of the other three F 2 plants analysed cyto- 
logically (Table 3), t 69 and 1 t 87, were similar to their 
parents,  i. e. there was either normal meiosis in the 
former, or appearance of univalents in the latter.  
Incidentally,  the lat ter  did not have B chromosomes, 
which were present in its t71 parent .  

The third F~ plant,  F 2 977, is interesting; whereas 
its parent ,  No. 986, probably  had three translocat-  
ions, the F 2 showed one tr ivalent  only. In spite of 
this "normal izat ion"  of meiosis, pollen ferti l i ty of 
this F~ was lower than of the parent ,  i.e., it was much 
more cytologically complicated. 

Seed set in F 2 (Table 4) upon open pollination was 
good in most  of the Tple • Tscu F2, and also in the 
one (Tscu • Tcar) •  hybrid.  The other F2, 
however, produced only 0--3 seeds, even in t t 87  
whose pollen stainabil i ty was above 80%. No seeds, 
not even shrunken ones, were formed in 5800 selfed 
flowers in the F 2 plants in contrast  to the many  
shrunken ones obtained in their Tple • Tscu F~ 
parents.  

D i s c u s s i o n  

The outstanding finding in this s tudy  is probably  
the systematic  appearance of albino seedlings in F~ 
and F~ interspecific hybrids. This serves as a powerful 
isolation mechanism between T s c u -  Tple on one 
side, and T c a r -  T l a t -  Tech on the other. They 
may  be regarded as Chl (Chlorophyll) groups I and I I  
respectively. No albino seedlings have been found 
in Tscu • Tple F 1 hybrids, and the appearance of 
albinos in the F 2 derived from this combination was 
sporadic. The la t ter  two species are part ial ly iso- 
lated from each other by  other devices, such as some 
pollen steril i ty and subnormal seed set in F 1 and F 2. 

This "mi ld"  isolation is also evinced by  some mor- 
phological intermediates which are found in the wild 
in the few locations in Northern Israel where these 
two species are sympatric .  These populations, how- 
ever, are exceptions to the major i ty  of monospecific 
stands, either of Tscu or Tple. Geographical and 
ecological isolation may  thus be more impor tant  than 
the decreased ferti l i ty and fecundity described ear- 
lier. This pa t te rn  also fits the distr ibution of the 
other closely related taxa,  T. alsadami, T. sannineum 
and possibly also T./arayense, all described from 
Lebanon and Syria. According to Mouterde (1970), 
T. alsadami belongs in fact to T. plebeium, whereas 
T. sannineum and T. [arayense, which he quite hesi- 
t an t ly  describes as two "good"  species, occupy diffe- 
rent regions and habitats .  These three endemic taxa,  
especially T. alsadami and T. sannineum, are inter- 
mediate between Tple and Tscu in various morpho- 
logical traits.  Considering the cytogenetical and 
morphological proximity  of Tple and Tscu, one 
wonders if there is a place for intermediate species 
between them. All the taxa  concerned may  actually 
be four or five subspecies which are somewhat diffe- 
rent morphologically, and are separated geographi- 
cally and ecologically, with some chromosomal he- 
terogeneity between the two extremes, Tscu and 
Tple. If  this is so, the group may  be easily regarded 
as one, somewhat heterogeneous species, T. scutatum 
Boiss. The answer to this question may  be obtained 
only by  a biosystematic  s tudy involving all the t axa  
involved in the T. scutatum complex. 

The isolation between this complex and the group 
I I  species is much more decisive and clear cut. I t  is 
here tha t  we find the albinism as an isolation mecha- 
nism. I t  is here also tha t  hybrids frequently die 
because of disease tha t  was seldom seen to a t tack  
their parental  species. Moreover, the surviving F 1 
plants had a very low seed set, par t ly  due to the 
existence of major  chromosomal translocations be- 
tween their parents.  Both albinism, disease sus- 
ceptibili ty and low fecundity appeared in F 2 plants 
even more drastically than in the F 1 plants. Very 
few seeds were formed in the few F 2 and BC 1 plants 
that  survived, out of hundreds of F 1 hybrid  seeds 
tha t  were obtained quite easily. Thus, the isolation 
mechanisms operating between the T. scutatum com- 
plex and group I I  s tar t  to operate mainly after F 1 
germination, but  then they affect almost every pos- 
sible stage, at least up to tha t  of F, seeds. 

Several forms of chlorophyll-deficient plants have 
been found in Tri/olium (see de Haan,  1933, for a 
review of early work). Williams (1939) found at least 
t 7 genes, either "a lb ina"  or "xantha" ,  in inbred lines 
of T. pratense L. Several albino mutan t s  have been 
isolated in inbred lines of T. alexandrinum L., a 
species related to those dealt with in this paper,  by  
Sawyer (t952). All of these were apparent ly  genic, 
not str ict ly cytoplasmic, and recessive, i.e. they corn- 
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prised up to 25~ of the progenies. The albinos ob- 
tained in our case are of a different kind, for the 
following reasons: Firstly, plants tha t  produced 
albinos when crossed with plants  of the other chloro- 
phyll group did not produce them when crossed with 
individuals of their own chlorophyll group (Katznel- 
son and Put iyevsky,  1974, and this work);  secondly, 
their  predominance, up to 100% of the germinating 
seed in some cases, rules out the possibility tha t  they 
are simple, Mendelian recessives. 

The appearance of white spots, or even complete 
albinos in interspecific hybrids, has been mentioned 
earlier (de Haan,  1933). Correns (t928) related the 
phenomenon to the "bas ta rd  nucleus". Two such 
cases have been reported in Tri/olium. The albino 
seedlings in a cross between T. repens and T. uni- 
]lorum reported by  Pandey (1957) m a y  be a regular 
albino mutan t ,  but  albinos obtained by  Newton et al. 
(t970) in T. pratense • T. di/ /usum hybrids seem to 
be similar to our albinos. There were too m a n y  
albinos to be considered as a chance segregation of 
a simple recessive gene. 

The appearance of albinos in inter-chlorophyll  
group-hybrids  may  result from various causes, 
genetic, cytoplasmic-genic interaction and cyto- 
plasmic, which may  operate together.  

A system built  on genetic factors only may  be 
explained by  different in termediary products  of chlo- 
rophyll  biosynthesis, or by factors responsible for tile 
formation of the chloroplast. As a result, the species 
concerned are not completely complementary  to each 
other genetically. In  this case one would not expect 
to have reciprocal differences, and the variat ion in the 
frequency of albinos will depend on the amount  of 
heterozygosi ty  in the two parental  plants. All pro- 
genies of a dominant  homozygote  in all of the non- 
complementary  loci will be green regardless of the 
genetic make-up  of the other parent .  But  75 Yo albinos 
are expected if each of the two plants  is heterozygous 
for only one gene in the non-complementary  par t  
of chlorophyll, or chloroplast, formation.  

A sys tem built  on purely cytoplasmic factors would 
result in clear cut reciprocal differences in albino 
formation,  and all seeds of a specific cross combi- 
nat ion would be either normal  or albinos, i.e. would 
not segregate. 

The reciprocal differences, accompanied by segre- 
gation within full sib seeds, m a y  indicate tha t  at least 
some of the albino formation in the combinations 
repor ted here is produced through interaction between 
the cytoplasms of Tple -- Tscu, and genes of Tcar, 
Tech or Tlat, but  non-complementary  cytoplasmic 
and genic factors m a y  also have their effects. Fur ther  
study, which is in progress, may  elucidate the nature  
of this chlorophyll deficiency. 

The genetical nature  of disease susceptibil i ty may  
be of the same type or types as tha t  of chlorophyll 

deficiencies. Both susceptibili ty and albinism are 
known to be usually recessives to disease resistance, 
and to normal chlorophyll formation.  Pathogen 
a t t ack  may  be common to all seedlings; most of the 
intraspecific entities are immune,  but  in some spe- 
cific cross combinations, this immuni ty  is lost. 

The cytological evidence, al though incomplete, 
suggests tha t  all five t axa  t rea ted  in this paper  
belong to one system of major  chromosomal trans-  
locations. The heteromorphic bivalent  in Tscu X 
Tple F 1 is a chromosomal rearrangement .  This is 
also shown by  the fact tha t  the hybrids of these two 
species with either Tech, Tlat or Tcar differ in the 
number  of translocations. The presence of fewer 
translocations in T. carmeli hybrids than  in Tech or 
Tlat further supports the view, published earlier on 
the basis of crossability da ta  (Put iyevsky and Katz-  
nelson, 1973), tha t  T. carmeIi forms a link between 
T s c u -  Tple from one side and the T. echinatum 
complex from the other. 

These facts m a y  have two taxonomic implications. 
First, it supports  our conclusion tha t  T. carmeli 
deserves specific rank, and is not a mere varietas  
of T. echinatum, as suggested by  Zohary (1972a). 

Second, it shows tha t  the separation of these species 
into two subsections, as proposed by  Zohary (1972b), 
does not fit the cytogenetic results given in this paper  
which show clearly tha t  the T. scutatum complex is 
closely related to the T. carmeIi -- T. echinatum com- 
plex, in spite of the morphological dissimilarity. 
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