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SOME CYTOLOGICAL AND MORPHOLOGICAL PROPER-
TIES OF OCTOPLOID SAINFOIN (ONOBRYCHIS VICII-

FOLIA SCOP.) INDUCED BY COLCHICINE 
B y 

I . B Ó C S A , R . K I S K É R I , S . H É J J Á 

R E S E A R C H I N S T I T U T E OF P L A N T G R O W I N G AND SOIL C O N S E R V A T I O N , K O M P O L T 

By treat ing t h e autote t raploid sainfoin varieties Mát ra and Kompol t i (2n = 
= 4 X = 28) with colchicine we ob ta ined octoploid sainfoin plants (2n = 8 X = 56). 
W e s tudied the m a j o r cytological and morphological propert ies of the two d i f fe ren t ploidy 
levels. The percentage of octoploid p l a n t s in the C, -— Cs generations was relatively 
c o n s t a n t (86—95%), a t the same t ime numerous aneuploid forms were also found , the 
f r e q u e n c y of which — though vary ing in the individual generat ions — was relatively 
h igh . The extent of re-regulation to t h e tetraploid level as well as the percentage of 
hexaplo ids were negligible. As to t he cytological characterist ics examined — the cell 
a n d s toma size, the chloroplasts found i n the guard cells of s tomata l pores, t h e pollen 
size — the octoploid p lan ts were superior to the tetraploid forms. The octoploid forms 
s tud ied surpass the te t raploid p lants in t he morphological properties of t he leaf- and 
f lower pa r t s too; so t h e cotyledons and t h e f i r s t simple and compound leaflets are larger, 
t h e leaf- and leaflet weight greater, t h e surface of the leaflet larger and the petiole thicker. 
T h e measurements of the flower pa r t s ( s tandard , keel, wings and staminal co lumn) in 
t h e octoploid sainfoin exceed those of t he tetraploid forms, too. There is a sh i f t in the 
phenophases , namely the growth and development of the octoploid forms are pro t rac ted . 

Introduction 

A l t h o u g h the c u l t u r e variet ies of cu l t iva ted sa infoin (Onobrychis vicii-
folia Scop. , Onobrychis sativa Lam.) in t he i r relat ively na r row zone of cul t iva-
tion genera l ly meet t h e r equ i rements expec ted of t h e m , it is a wel l -known fac t 
t ha t t h e s t a lks soon b e c o m e lignified, a re inclined to lodging, and t h e r a t io of 
leaf t o s t a l k is un favourab l e . The ava i l ab le ecotypes a n d cul ture var ie t i es do 
not r e p r e s e n t a higher genet ic va r i ab i l i ty in this respect e i ther , so t h e possibil-
i ty of se lec t ion is l imi ted . 

To increase the va r i ab i l i t y of t h e in i t ia l mater ia l t h e me thod of polyploid 
breeding was chosen, in spi te of t h e f a c t t h a t the au to t e t r ap lo id c h a r a c t e r of 
the va r i e t i e s belonging to the same morphological g roup as t h e Onobrychis 
viciifolia h a d been k n o w n for near ly f o r t y years . T h u s according to D A R L I N G -

TON—WYLIE (1955) R o m a n e n k o in 1939 a n d M a n d e in 1939 desc r ibed a ch ro -
mosome n u m b e r of 2n = 4x = 28 for Onobrychis viciifolia. Similar d a t a were 
publ ished b y T I S C H L E R (1950) and B A D O U X (1964). (The l a t t e r also l i s ted the 
diploid species.) Under such condit ions t h e aim was to p roduce octoploid forms, 
the 2n = 8x = 56 ch romosome n u m b e r of which m a y appea r to be beyond 
o p t i m u m . T o our knowledge such f o r m s have not been developed so f a r . 
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The p r e s e n t paper descr ibes some of t h e cytological a n d morphological 
proper t ies of t h e s e octoploid f o r m s . 

Material and Method 

The s ta te regis tered variet ies Kompol t i and M á t r a and their polycross progenies were 
u s e d in the colchicine t reatments . 

The t r e a t m e n t was applied t o 200 plants of each var ie ty . During the period of the t r ea t -
m e n t the germinated seeds were k e p t in a glasshouse of 18—20 °C, pro tec ted against sunshine. 
T h e first t r ea tmen t was performed b y dropping a 1 per cent colchicine solution between the two 
cotyledons. After t w o days the t r e a t m e n t was continued with a 0.1 per cent colchicine solution, 
a n d each subsequent t rea tment was followed by a one or two days in terva l . The period of t h e 
t r e a tmen t lasted 30 days including t h e intervals. On t h e basis of the cytological examinat ion 
32 of the 304 (C0) p l an t s raised p r o v e d to be octoploid. 

In the p r o g e n y of the octoploid plants the ploidy level was determined by various m e t h -
ods : the chromosomes were coun t ed , pollen measurements taken and the number of chloro-
p las t s in the guard cells of the s t o m a t a l pores determined. In the root t ip and leaf p r imord ium 
t h e chromosome n u m b e r was de t e rmined by the well-known cold shock me thod . Chromosome 
examinations in t h e C j — C5 genera t ions were carried o u t , p l an t by p lan t , in t he seed of mo the r 
p l a n t s varying in n u m b e r from y e a r t o year. The n u m b e r of chloroplasts in the s tomata were 
determined by t h e me thod of B U T T E R F A S S (1960). As i t is known there is a positive correlation 
between the ploidy level and the n u m b e r of chloroplasts in t he guard cells of t he s tomata , which 
c a n he successfully used to separate t h e tetraploid sainfoin plants f rom the octoploid ones. W e 
s tudied, fur ther , t h e number per m m 2 and size of s t o m a t a . The examinat ions were made on 
epidermis layers s t a i n e d with a 1 p e r c e n t silver n i t ra te solution. The pollen measurements were 
t a k e n in p repara t ions stained wi th carmine acetic acid. According to our previous invest iga-
t i ons there is a considerable di f ference between the te t rap lo id and octoploid plants as to t h e 
meristemic tissue cells of the root t i p , so the latter m a y provide a basis for the determinat ion 
of the ploidy levels. The number p e r m m 2 and size of cells were therefore determined in th i s 
p a r t of the growing t ip . The examina t ions were pe r fo rmed in friction prepara t ions made f r o m 
t h e root tips of t h e germinated seeds and stained with carmine acetic acid. Microscopic investi-
ga t ions were m a d e b y means of a N f p k 2 research microscope equipped with a phase con t ras t 
f i t t i n g and phase objectives, w i th 400 X magnif icat ion. 

In the t e t r ap lo id Mátra v a r i e t y (control) and in t he C3 and C5 generat ions 12 morpholog-
ical characters were studied. Inves t iga t ions were m a d e par t ly in the f ield, par t ly with p lan t s 
of the same age a n d development, ra i sed in culture po ts . The plants were examined for the fol-
lowing characteris t ics: 

Leaf examinations 

leaf weight 
weight of a pair of leaflets 
leaf le t surface 
length/width r a t io of leaflets 
member of leaf le ts per leaf 

Examination of flower part 

surface of s tandard 
surface of wings 
surface of keel 
length of s taminal column 
length /width ratio of s t andard 
length /width ratio of keel 
length of f loral axis 

Results 

Microscope studies. T h e m a j o r data of t h e two ploidy levels are p resen ted 
in Table 1. 

The s o m a t i c chromosome complement of t h e octoploid sainfoin is shown 
in Fig. 1. Bes ides t h e euploid f o r m s numerous aneuploid (hypoploid) forms were 
f o u n d . Of t h e m t h e form wi th 4 9 chromosomes was the most f r e q u e n t , b u t p l a n t s 
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Table 1 

Some data of tetraploid and octoploid sainfoin plants as determined by microscope 

Characterist ics examined 
Ploidy level Percentage propor t ion 

Characterist ics examined 
4n 8n 4n = 100% 8n 

Number of s tomata per mm 2 108 58 100 53 
Length/width ratio of s tomata 

(micron) 22 : 17 30 : 20 100 136 : 117 
Number of chloroplasts in the sto-

matal guard cells 14 27 100 192 
Cell number per mm2 1147 804 100 70 
Length/width ratio of cells 25 : 17 37 : 22 100 148 : 129 

Fig. 1. Somatic chromosome complement in octoploid sainfoin. Magnified: 9 0 x o b j ; 
6,3 : 1 p ro j 

with 52 a n d 54 chromosomes occurred as well. No hyperp lo id p lan ts h a v e been 
found so f a r ; though hyperp lo id cells occurred in mixoploid p lan t s . P l a n t s con-
ta in ing cells with d i f fe ren t number s of chromosomes are s u m m e d up u n d e r t h e 
n a m e : mixoploid . 

T h e d is t r ibut ion of t h e ploidy levels in t h e Cj—C5 genera t ions is seen in 
Table 2. T h e table shows t h a t t h e per cen tage of octoploid p lan t s is re la t ive ly 
cons t an t ranging be tween 86 and 95 per cent . Re- regula t ion to the t e t r ap lo id 
level p rac t ica l ly does n o t occur, and even t h e percentage of sexaploid p l a n t s is 
negligible. The percen tage of hypoplo id p lan t s , on t h e o t h e r hand , c o n s t a n t l y 
increased f r o m the Cx genera t ion onwards . Since their role — t h e consequence 
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T a b l e 2 

Distribution of C J — С J generations according to ploidy level 

Generation 
8n 
% 

6a 
% 

tu 
% 

Aneuploid 
% 

Mixoploid 
О/ 
/О 

n 

c , 9 0 . 2 8 3 . 9 5 0 . 0 9 5 . 4 2 0 . 2 6 2 2 5 3 

C 2 9 2 . 0 0 0 . 7 0 — 6 . 7 7 0 . 5 3 2 8 3 6 

C a 
8 8 . 3 7 0 . 5 7 — 9 . 5 8 1 . 4 8 2 0 8 9 

C 4 8 6 . 5 3 0 . 1 7 — 9 . 6 9 3 . 6 1 4 5 7 3 

C 5 9 5 . 0 0 — — 4 . 6 5 0 . 3 5 3 6 4 0 

of their presence in the p o p u l a t i o n and pa r t i c ipa t ion in t h e process of f lower ing 
— is unknown, all p lants s h o w n by t h e cytological e x a m i n a t i o n to con ta in 
t w o or more aneuplo id cells w e r e discarded in t h e C4 genera t ion . I t was sup-
posedly the r e su l t of this t h a t t h e propor t ion of aneuploid p l a n t s fell by some 50 
p e r cent in t h e C5 generat ion. A f l uc tua t ion in the f r e q u e n c y of aneuploids in 
t h e different y o u n g C-genera t ions was also repor ted b y A H L O O W A L I A ( 1 9 7 1 ) 

in rye-grass a n d b y J A R M O L Y U K ( 1 9 7 1 ) in sugar -bee t . This is w h y the fert i l iza-
t ion-biological a n d cytogenet ica l role p layed b y the aneuplo ids in t h e popula-
t i o n should b e m o r e t h o r o u g h l y invest igated in t h e f u t u r e . 

As to t h e o t h e r cytological propert ies , in the octoploid cockshead t h e cell 
measu remen t s in the mer i s t emic tissue of t h e root t i p a re larger and t h e 
n u m b e r of cells pe r mm 2 lower . I t s s tomata l measu remen t s a re also larger , a n d 
t h e number of chloroplasts i n t h e guard cells of the s t o m a is 90—100 per cen t 
h igher . I ts pol len m e a s u r e m e n t s exceed those of the t e t r ap lo id p lants consider-
ab ly , too, as in t h e la t ter t h e length of t h e pollen is 40 microns , its w id th 22.5 
microns c o m p a r e d to the 55.3 micron long a n d 29.4 mic ron wide pollen of t h e 
octoploid. T h e pollen m e a s u r e m e n t s found b y us in t e t r a p l o i d p lants are per-
f ec t ly identical w i th the r e su l t s of G Ö R G É N Y I ( 1 9 5 5 ) . 

Morphological studies. T h e ma jo r morphological d a t a of the two p lo idy 

levels ïu-e shown in Table 3. 

The oc toplo id sainfoin produced b y t h e redoubl ing of the n u m b e r of 

chromosomes h a s thicker a n d larger coty ledons . The f i r s t s imple and t h e f i r s t 

compound fo l ia r leaflets a p p e a r i n g almost a t t h e same t i m e in t h e two d i f ferent 

p lo idy level p l a n t s are also l a rge r . There is, however , a sh i f t in the pl ienophases; 

g rowth and deve lopmen t a re slower in t h e octoploid fo rm. Leaves of t h e fu l ly 

developed oc toplo id sainfoin a r e of a darker green colour, a n d the leaf measure-

m e n t s exceed t h o s e of the t e t r a p l o i d fo rm. T h e weight of t h e leaf and leaf le t 

as well as t h e sur face of t h e leaf le t are larger , t h e leaf let b lade is th icker and 

t h e petiole s t ronge r . The m e a s u r e m e n t s of t h e f lower p a r t s are also larger in 

t h e octoploid f o r m . The f lo ra l axis is longer, t h e s t a n d a r d , wings and t h e sur-
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Table 3 

Trends of some morphological properties in tetraploid and ocloploid sainfoin plants 

Properties s tud ied 
Ploidy level Percentage proportions 

of 8n p lan t s Properties s tud ied 

4n 8n 4n = 100 

Leaf weight , g 1.0963 1.4068 128.32 
Weight of a pair of leaf lets , g 0.0883 0.1164 131.82 
Leaflet surface, mm2 208.03 222.85 107.12 
Length/width ratio of leaflets , mm 31.93 : 8,84 25.70 : 12,73 80.48 : 144,00 
Number of leaflets per leaf 19.23 19.62 102.02 
S tandard surface, mm2 85.34 103.32 121.06 
Length/width ratio of s t andard 11.54 : 8.17 11.78 : 10.32 102.08 : 126.31 
Wing surface, mm2 5.36 : 5.36 6 : 6 111.94 : 111.94 
Keel surface, mm2 79.46 92.66 116.61 
Length /width of keel, m m 11.07 : 9.69 11.68 : 11.17 105.51 : 115.27 
Length of staminal column, mm 10.52 11.50 109.31 
Length of floral axis, m m 93.00 100.00 107.52 

Fig. 2. On the left a te t raploid , on the r igh t an octoploid sainfoin s tomatal guard cell and the 
chloroplasts in them. Magnified: 9 0 x o b j ; 6,3 : 1 proj 

f a c e o f t h e k e e l a r e l a r g e r , a n d t h e s t a m i n a l c o l u m n is l o n g e r t o o . T h e d i f f e r e n c e 

i n t h e t i m e of f l o w e r i n g is a b o u t s i x o r s e v e n d a y s , t h a t i s , t h e o c t o p l o i d p l a n t s 

b e g i n f l o w e r i n g s i x o r s e v e n d a y s l a t e r t h a n t h e t e t r a p l o i d s . 

F e r t i l i z a t i o n - b i o l o g i c a l a n d f e r t i l i t y c o n d i t i o n s of o c t o p l o i d p l a n t s a s 

w e l l a s t h e i r f o d d e r p r o d u c t i o n d a t a w i l l b e p r e s e n t e d i n a s e p a r a t e p a p e r . 
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