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Abstraet. Grains of Tritieum monococcum L. ear. sofianum KhaN. were treated with O.1 m~, 
0.2 m~ and 0"3 m~ solutions of N-nitroso-N-methylurea (MNtt), with 0.03 ~ solution of 
buthylmethane sulphonate (BMS) and with X-rays in doses of 5 000r and 10 000r. The germination 
and development of individual colors of chlorophyl mutants were observed by the system de- 
veloped by LA~PR~.CKT (1960). All the mutants induced were classified according to their color 
changes into three main categories-homogenous unicolor, homogenous multieolor and hetero- 
genous multieolor. In the last type the colors of individual leaves of the same plant varied. 
Anthoeyanin mutations "albina" and "albino.transvirgata" sometimes coincided with the 
chlorophyll mutations. Some chlorophyll mutations showing complicated groups of colors 
appeared which were beyond the scale of classification by ordinary systems. The largest pro- 
portion in the spectrum of chlorophyll mutations, induced by MNH and X-rays was occupied 
by mutations of the albina type. The broadest mutation spectrum in our experiments was 
induced by the application of 0.3 mM MNH. The doses of X-rays used induced relatively higher 
numbers of albina-type chlorophyll mutations than MNI-I and BMS. In our experiments we 
succeeded in inducing on medium size samples of Triticum monococcum L. ear. sofianum KbRN 
not only almost all types of chlorophyll mutations, induced by FuJH (1960, 1962) and I~IATSU- 
~URA (1960), but in addition also a great number of other even more complicated chlorophyll 
mutations, which have never been previously described in Triticum monococcum. L. 

E i n k o r n  w h e a t  c a n  be  c o n s i d e r e d  a m o d e l  species  of  t h e  g e n u s  T r i t i c u m  L . ,  

use fu l  i n  t h e  s t u d y  of  r a d i a t i o n  a n d  c h e m i c a l  m u t a g e n e s i s  c o n c e r n i n g  m a c r o -  
m u t a t i o n s  as well  as m i c r o m u t a t i o n s ,  o w i n g  to  i t s  h igh  s e n s i t i v i t y  to  t h e  
a c t i o n  of  m u t a g e n s .  I n  a d d i t i o n  t h e  c u l t i v a t i o n  of  t h i s  species  is v e r y  e a s y  
a n d  i t s  g e n o m e  is c losely  r e l a t e d  to  t h e  g e n o m e s  of  t e t r a p l o i d  a n d  h e x a p l o i d  
species.  

Mos t  of  t h e  v i s ib le  m u t a t i o n s  scored  in  t h e  X 2 g e n e r a t i o n  of  d ip lo id  m o n o -  
c o t y l e d o n s  (70 to  9 0 % )  affect  t he  p r o d u c t i o n  of  c h l o r o p h y l l  (SMITH 1939, 
1950 a n d  o thers ) .  P a p e r s ,  d e a l i n g  w i t h  t y p e  a n d  h e r i t a b i l i t y  of  c h l o r o p h y l l  
m u t a t i o n s  i n d u c e d  i n  T r i t i c u m  m o n o c o c c u m  L .  de a l t  m o s t l y  w i t h  m o n o f a c t o r i a l  
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recessive mutations, calculations of mutat ion frequencies and sometimes the 
additiveness of double recessive constitutions (FuJII  1962). 

The application of chemomutagens,  some of which can induce a relatively 
high proportion of point  mutat ions and a lower proportion of aberrat ions 
(SHAMA and SEARS 1964), opened new possibilities of at tacking this prob- 
lem. NILA~ and KONZAK (1961), EHREN~BERG et al. (1961) and N~A~r et al. 
(1964) induced chlorophyll mutat ions in barley by  ethylmethane sulphonate,  
diethylsulphate and ethylenimine and X-rays. All the alkylating agents used 
in comparison with radiation induced relatively lower proportions of  exter  
me types albina and higher proportions of xantha and viridis. Similar results 
were obtained by  RAo and GOPAL (1964) in rice. 

Chlorophyll synthesis is a complicated stepwise biochemical process, which 
is controlled by  a large number  of genes. The resulting phenotype  is con- 
siderably influenced by  external condition and the degree of influence varies 
in different mutants  during development of the plants. In our experiments,  
therefore, we observed the mutants  in regular intervals during their devel- 
opment,  from germination up to full ripeness. Our experiments on einkorn 
wheat  Triticum monococcum L. var. sofianum KSRI~'. were focused on the de- 
tailed s tudy  of quanti tat ive mutat ions induced. As far as we know, this 
technique of evaluating chlorophyll mutat ions induced by  chemical mu- 
tagens has not  been previously employed. 

Material and Methods 

Irradiation and Mutaoen Treatment 

We used Triticum monococcum L. var. sofianum KSR~. The grains were 
irradiated by  X rays in doses of 5 000 and 10 000 r]230 kV, 12 mA, filter 

0.2 mm Cu, coherent filtration -~ 1 mm of Cu, focus distance 20 cm, 
intensity 485 r (min.). The other grains were rinsed in the mutagen solu- 
tions of MNH 0.1 raM, 0.2 m ~  and 0.3 m~ and BMS 0.03 ~, the amount  
of which reached double the layer of the grains treated. The temperature  
of solutions was 2~ ~ to 25 ~ and the duration of t rea tment  was always 
24 hours. Irradiated as well as control grains were rinsed in distilled water  
for 24 hours. After another 24 hours of washing (in all varieties of experi- 
ments) all the grains were sown on the same day in the experimental field. 
M 1 grains were sown again to make the M 2 generation. 

Evaluation of Results 

The nature of our experiments did not require sowing of individual lines 
separately. The number  of grains of M 2 sown in individual variants, never 
exceeded 1800 grains. The frequency of chlorophyll mutat ions is expressed 
in relation to the overall number  of plants in M 2. The same number  of 
grains was sown from each of 100 M I plants in each variant  under s tudy,  
which ensures tha t  the sample used can be considered as a representat ive 
one. The germination of seeds was scored in 2 to 3 day intervals and within 

Abbreviagior~ used: M N H  = N-n i t roso-N-methy lurea  
BMS = b u t h y l m e t h a n e  su lphonate  
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intervals of the same length the development of chlorophyll mutations was 
observed. As there was a great variability in color changes of some mutants ,  
especially in those induced by  MNH and BMS the color classifier of LAM- 
PREC~T (1960) was used. 

Results 

Germination 

In tervar iant  differences, given in Fig. 1 (germination in percentage of 
the control), were most strongly expressed in the first days and later the 
relative numbers of germinating seeds approached tha t  of controls. The 
lowest relative number  of germinating seeds and the largest delay of ger- 
mination was observed after 0.03 ~ BMS, where after 17 days only 50% of 
plants germinated. Strong depression of germination activity was observed 
also after t rea tment  by 0.3 mM MNH (82% of control). After t rea tment  by 0.2 
mM MNH and 0-1 m~  MNH the delay of germination and the number  of 
germinat ing seeds was suppressed to a lesser extent  (90--93% of control). 

In  the early intervals after irradiation by 5 000 r there was enhance- 
ment  of germination (113%), but  on the 18th day the number  of ger- 
minating seeds was only 3% higher than in the controls. After  irradiation 
by  10 000 r the number  of germinating seeds approached tha t  of controls 
from the beginning, but  later it was fixed at 96~o of control. 

Chlorophyll Mutations 

The classification of chlorophyll mutat ions was in the early days after 
germination complicated by the presence of considerable amounts of antho- 
eyanine in the germinating plants which partially overshadowed the chloro- 
phyll mutations. In  addition mutat ions occurred which changed the genetic 
determinat ion of anthocyanine synthesis. 

The overall frequency of chlorophyll mutations is given in Table 1 and 
the percentage of relatively more frequent types of mutat ions is given in 
Table 2 The inexacti tude of the most commonly used classification can be 
illustrated in one of the mutations, induced by 0.2 m~  MNH (Fig. 3). After  
germination the plant was pale green with lighter vermilion leaves on its 
basis and apex. Later  transversal pale yellow to orange spots appeared on 
the first two leaves the next  leaves had pale yellow transversal strips 
with pale violet, unclearly limited spots. Even later, the green parts of  
leaves with transversal pale yellow strips became dark green and the violet 
spots remained only in a few sectors. One week later this mutan t  showed 
pale yellow transversal strips with pink-violet spots on the first two dark 
green leaves, the third leaf was yellow at the base and in the apical direction 
it had a light-green violet color, more apicaly light green with transversal 
yellow and green strips with violet spots on the strips. The violet spots later 
disappeared. The fourth leaf was yellow at its base, in the apical direction 
pink-violet and orange and bright green on the apex. The fifth leaf was 
white at the base, pink-violet in the middle and orange on the apex. In  the  
stage of 10--11 leaves the last ones were of bright yellow color with light 
violet to pink sectors and as the plants grew older, its youngest leaves were 
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TABLE 1 

F~EQUENCY OF C~LO~OP~YLL MUTANTS in Ms 

411 

Var ian ts  

N u m b e r  of seedlings 
in M2 

N u m b e r  of  m u t a n t  
seedlings in M2 

N u m b e r  of  m u t a n t s  
in percent  in M2 

Control 

1546 

0.1mM 
M N H  

1438 

48 

0 .2mM 
M N H  

1419 

0"3mM 
M N H  

1262 

77 83 

3.3 5-~ 6.6 

0"03 M 
BMS 

378 

66 

17.4 

5000r 10000r 

1698 1, k87 

42 93 

2-5 6.2 

white without any violet shade. The amount of chlorophyll gradually de- 
creased, all the plant grew white though at the time of  formation of the 
spike, green straw appeared, but the resulting ear was sterile and eventually 
the plant died (:Fig. 4). I t  is obvious that anthocyanine mutation interfered 
with the phenotype expression of complicated chlorophyll mutation. 

In some anthocyanine mutants of the albina type the anthocyanine was 
distributed in transversal strips and in addition the plants had violet to red 
growing strips (Fig. 5). Irradiation did not induce this type of change. In 

TABLE 2 

SPECTRUM OF CHLOROPHYLL MUTATIONS 

Mutan t s  

albina 
xantha 
lutea 
chlorina 
chlorotica 
f lavovir idis  
claroviriclis 
v i r id i s s imus  
viridalba 
caneoviren8 
albina virido aPicalis 
xantha virido apicalis  
aureo apicalis 
albino striata 
flavovirido striata 
albino.vario maculata 
albino . xantho, va rio- 

maculata 
others  (characteristic 

in text)  

Control 

in M2 (values in per  cent) 

0-1 m ~  
MNH 

16"7 
12"5 

8'3 
4"2 
0 
6"2 
4-2 
8"3 
0 
0 
0 
2'1 

10-2 
4"2 
6.2 
4"2 

0 
22.8 

0-2 mM 
MNH 

27.5 
19.5 

I 7.8 
5.2 
0 
1.3 
5-2 
5.2 
1.3 
2.6 
1-3 
3.9 
2.6 
2-6 
1.3 
2.6 

1.3 

28.8 

0"3 mM 
M N H  

28.7 
9-6 
7-2 
4.8 
1.2 
1.2 
1-2 
1.2 
2.4 
1.2 
2.4 
1-2 
2.4 
7.2 
9"6 
4.8 

I 1"2 

13"2 

0"03 M 
5 000 r BMS 

27"0 
18"2 
0 

45"5 
1"5 
0 
0 
0 
0 
0 
0 
0 
0 
1"5 
0 
1"5 

4"6 

33"6 
28"8 

4"8 
4"8 
0 
2"4 
4-8 
0 
2"4 
0 
4"8 
0 
0 
4-8 
0 
4"8 

2-4 

10 000 r 

41.5 
14.0 

I o 
6"5 
0 
6"5 
2.2 

~.4 
4.4 
2.2 
1.1 
0 
l ' I  

I 0 
2.2 

0 

14.0 
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the beginning of their development albina mutants  were either violet or 
eompletly white. 

We were able to classify most of the mutants  in agreement with other 
authors into two groups. The first group corresponds to the group of homo- 
genously unicolor mutants,  while the other group consists of mutants  with 
homogenouslym ulticolor in one plant. The mutations albina, xantha (Fig. 6), 

z _ _ - - : , - _  : ) - - - *  ~ o a 
o -  . . . . . . .  ~ -  o . . . . . . .  o . . . . . . . . . . .  / - 0 -  . . . . . . . . . . .  : . . . . . .  s : : =  _-_' -.c.-'-I 

- - . ~  ~ ~ : .~  ~ .  ~ .  --'- - : .8 - - - - :  -":" . . . . . . . . . . .  _ ..--.,~ 

. ~ 8 - "  , . . . . . .  o . . . . . . . . . . . . . . . . .  ~ - 

o " "  / "  I ~  
/ . f . !  

50 o< . ' "  . .................. ~ ....................... / o ~ .o  . . . . . . . . . . . . . . . . . .  ~ . . . . . . .  

. . . . . . . . . .  - -  - - - -  5 Q o o  R 
. ~ " "  - . . . . .  1 o O O O  R 

..'" . . . . . . .  0 - 2  . - ' ~  ~,r 

o . .~ ' "  . . . . . . . . . . . . .  0 0 3 . ~  B M S  

i i , I i , , , , i , i i , I I , i 

"I0 ~2 44 46 48 20 22 24 26 DAYS 

F i g .  1 .  T h e  g e r m i n a t i o n  o f  M 9  g r a i n s ,  e x p r e s s e d  i n  p e r c e n t a g e  o f  control .  

lutea (Fig. 7), chlorina, chlorotica, flavoviridis, viridialba, daroviridis, viridissi- 
mus, aurea, caneovirens and gri~eovirens belong to the first group; the second 
group consists of types  such as albino striata, albino-vario maculata (Fig. 8) 
albino-xantho-vario maculata, albino-virido apicalis, albino transvirigata, 
xantho-fusci vario maculata, aureo apicalis, chlorotica viridissimo-luteo-albino- 
ratio maculata, flavovirido striata, xantho-micromaculato striata, chlorotica 
viridissimo-luteo-albino-vario maculata. Other types characterized by  various 
colors on one plant, but  not  included in conventionally used categories were 
included in the third category of heterogenously multicolored plants 
(Fig. 3 and 9). 

In the first two groups, anthocyanine completly disapeared 1--2  weeks 
after  germination and in the later stages of ontogenesis it did not  interfere 
with the observation of  chlorophyll mutations. Mutations albina and albina 
xanthescens never survived longer than one month after germination. Muta- 
tions xantha,xantha albescens and xantha aurescens did not survive either as well 
as mutat ions lutea and lutea xanthescens. Mutation aurea appeared just  once, 
after t rea tment  by  0.3 mM MNH and very soon died. Chlorina mutations 
except  for chlorina albescens, survived. One of the induced mutat ions of the 
chlorotica type  died while the other one survived up to ripeness. Mutations 
flavoviridis, claroviridis and viridissimus survived while mutat ions viridalba 
and caneovirens did not. Bi- and mnlticolor mutat ions usually survived, but  
fertil i ty was depressed. Mutation albina virido apicalis died; mutat ions 
xantha viridio apicalis on the other hand grew into a green color and sur- 
vived till ripeness. All the mutat ions albino-vario maculata, albino-atriata, 
albino-transvirgata, albino-xantho-vario maculata, albino apicalis, changed 
~o albino striata, flavovirido striata, flavovirido vario maculata, xantho micro- 
maculato-striata, xantho costata, viridissimo costata, diffundere, viridissimo- 
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spurio maculata, viridissimo-vario maculata, flavorido-vario transvirgata and 
aureo apicalis survived to ripeness. 

On the basis of visual classification of all the mutat ions mentioned, except  
albino-striata, the green leaf area increased during ontogenesis. This phenom- 
enon was expressed especially in the two mutat ions xantho-fusci-maculata, 
which grew into a uniform yellowish green color. 

Of special interest among multicolor mutat ions are chlorina luteo-aureo- 
vario maculata, chlorina viridissimo-luteo-albino-vario maculata, flavoviridi8 
virido-striata, chlorina xantho-vario maculata and claroviridis albino-vario 
maculata. A few remaining mutants  differed from each other in the color 
of leaves within one plant  and it was impossible to classify b y  the scale of  
LAMPRECHT (1960). After t rea tment  by  0.3 m~ MNH there was a strong 
increase in the relative number  of uniformly multicolored mutants  (flare 
virido striata 9.6~/o, albino striata 7,2%, albino maculata 4.8~/o). After treat-  
ment  by  0.03 M BMS there was a strong relative increase of the chlorina 
mutat ions and after t rea tment  by  10 000 r a great proportion of mutat ion 
flavoridis (6.5%) was observed. 

Discussion 

In  the experimental plants t reated by  5 000r an enhancement  of germina- 
tion was observed which probably can be considered as the stimulating 
act ivi ty of  the irradiation of  M 1 prolonged to the next  generation. The 
stimulating act ivi ty of irradiation on M 1 was described by  a number  of 
authors (PIERRE 1959 et al.). The absence of stimulation in M 1 of our ex- 
periments (VAG]~RA, in press) can be explained by  the delay in germination 
of strongly damaged M 1 grains, which on the average masked the stimu- 
lation activity. The most strongly damaged material was eliminated during 
M 1 generation and the stimulation was evident as late as in M~; it could 
be explained as "hybridisat ion" by  radiation (Al~DREJEV 1963). 

Investigation of the spectrum of chlorophyll mutat ions confirmed tha t  in 
Triticum monococcum L. var. sofianum K 6 ~ .  X-rays, MNH and BMS induced 
also not  only all the types  of chlorophyll mutat ions described most com- 
pletly by  F u J I I  (1960, 1962) and MATSUMURA (1960) and those induced in 
Triticum monococcum L. var. flavescens K6~N, bu t  also any other types  with 
more complicated phenotype.  Especially the t rea tment  by  MNH and BMS 
influenced the production of anthocyanine. Chlorophyll synthesis is con- 
trolled by  a number  of genes (the est imated number in barley is over 200) 
and the phenotype expression of chlorophyll mutat ions depends on a great  
number  of additional factors, as mentioned by  NYBO~ (1955). For  this 
reason we compared our mutants  not only with the classification scale, bu t  
also with each other. 

F u J I I  (1960) divided his chlorophyll mutat ions into two main categories 
those showing one color and those showing more colors. On the basis of 
our results, however, we think tha t  it would be more comprehensive to 
divide induced mutat ions into three groups: Homogenously  unicolored, 
homogenously multicolored and heterogenously multicolored, where the 
colors of  individual leaves or groups of  leaves on the same plant  differ. 
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Mutants of the last group were induced only by the action of MNH and 
BMS. I t  seems to prove that  in accordance with observation of some 
authors working on barley (NIr.A~ and KO~ZAK 1961, EHR~.~B~aG e t a l .  
1961) and rice (Rxo and GOFAL 1964), chemomutagens act by a "finer" than 
radiation and they induce not only fewer extreme chlorophyll mutations, 
but  they also effect a much finer change of the complicated genetic system 
of Control of chlorophyll synthesis, which causes more complicated varia- 
bility of the color changes within individual plants, in some cases making 
possible gradual restoration of the original amount  of chlorophyll. 

With respect to the  presence of anthocyanine in individual layers of cells 
it was possible to divide the chlorophyll mutations into three groups: 
1) white, 2) uniformly violet, 3 ) w i t h  transversal violet strips. White 
plants constituted the smallest relativ~ proportion and they probably arose 
in the consequence of simultaneous mutat ive disappearance and antho- 
cyanine mutat ion of the albina type. Homogenously violet mutations were 
the most common category observed. They arose obviously in consequence 
of chlorophyll mutat ion alone and anthocyanine, which is normally present 
in the seedlings of Triticum monococcum L. var. sofianum K S ~ .  was syn- 
thesized without any change. The third type was found in our experiments 
only after t reatment  by MNH and BMS and it probably corresponds to the 
anthocyanine mutat ion "albino transvirgata". 

In  almost all the mutations studied anthocyanine disappeared dur ing  
7--14 days after germination, which is the normal situation, occuring also 
in non-mutant  seedlings of the var. sofianum. In some cases, however, 
anthocyanine did not disappear and it interfered with the expression of 
chlorophyll mutations, for instance, during development of the mutants,  
described in Results. In  this case the effects of two multicolor mutations 
chlorophyll and anthocyanine (ehloprohyll mutat ion was probably xantho- 
albino-vario-maculato albescens type, but anthocyanine mutat ion was un- 
identified) obviously overlapped each other. The differences in the colors of 
individual leaves on the same plant in this and some other mutations de- 
monstrated the more complicated nature of mutations induced by MNtt  
which interfere not only with the chlorophyll system, but  probably also 
with other lipochromes. 

According to recent data, the development of most surviving mutations 
of maculata type and some striata types can be characterised by a gradual 
reversion to the original chlorophyll content. In  our experiments this phenom- 
enon took place in later stages; early stages of the development of mutations 
albino maculata and albino striata were characterised by the change of 
original pale green or yellow colors to white, which was expressed to the largest 
degree two months after germination. As late as at the end of the vegetation 
period the white sectors partially disappeared. ~rom external factors, the 
greatest part  in increasing the chlorophyll content was played by elevated 
temperature at the begining of summer, as was already found before in 
similar chlorophyll mutations of Triticum monococcum L. var. flavescens KSR~. 
by FuJI I  (1960). 

The largest proportion in the spectrum of chlorophyll mutat ions induced 
by MNH and radiation consisted of albina mutations. The broadest mu- 
tation spectrum in our experiments was induced by the application of 
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0.3 m ~  MNH. The doses of X-rays used induced relatively higher numbers 
of albina chlorophyll mutat ions than  MNH and BNIS. I t  confirms the hypo- 
thesis of finer action of chemomutagens, which at  the same time induce 
a smaller number of lethal chlorophyll mutations. In  this connection it is of 
special interest tha t  after t rea tment  by 0-03 M BMS only a few plants sur~ 
viced as the dose strongly exceeded LDso , but  most of the mutat ions in 
M~ (45%) were of the chlorina type, while only 27% of them were of the 
albina type and 18% of xan$ha type. 

For  further experiments it  is advisable to use especially higher concen- 
t ra t ions  of I~INH -- 0-4 m~  and 0.5 mM and 0.01~0.02 ~ solutions of BMS. 

As far as we know, chlorophyll mutat ions in Triticum monococcu~n L. were 
never observed in detail during their entire ontogenesis and neither are 
such da ta  available for some mutan t  species. 
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J .  VAOF~tA, Pedagoffick~ fakulta ,  Palack6ho universita,  Olomouc: I ~ l n e k  Nonitroso-N- 
m e t h y l m o ~ o v i n y ,  bu thy lmethansu l fon~tu  a paprskfl  X n a  vzeh~zen i  8 typy eh lorofy iovyeh  m u ~  
taei  u p~enice | e d n o z r n k y  v M 2. - -  Biol .  P lan t .  11 : 408- -416 ,  1969. 

Obilky Tritic~rn monococcum L .  va t .  8ofianurn KSm~. byly ovlivn~ny 0,1 raM, 0,2 m ~  a 0,3 mM 
roztokem N-nitroso-N-methylmo~oviny (MNH), 0,03 I~I roztokem buthylmethansul fon~tu  
(BMS) a 5 000 r i 10 000 r paprskd.  X V M2 bylo sledov/mo vzch~zeni a byl zaznamen~v~n 
individu~lnf barevn~r v~voj v~ech indukovanych  chlorofylov~ch mutan t f l  klasifikaSnim syst6- 
morn podle LAM~P~CHTA (1960). Indukovan i  mu tan t i  tvo~ili podle typd  barevn~ch zm~n 3 sku- 
p iny  -- rovnom~rn~ jednobarevn6, rovnom~rn~ vicebarevn6 a nerovnom~rn~ vicebarevn~, kde 
se odliw zbarvenim od sebe i jednotliv6 listy t~ho~, individua. U n~kter~ch chlorofylov~ch 
m u t a n t d  typfl  s lb ina  se objevily anthocyanov6 mutace  typu  , ,albina" a typu  ,,albino trans.  
v/rgata".  N~kolik barevn~ slo~it~jw cblorofylov~ch m u t a n t 5  nebylo mo~n6 podle dosavad- 
nieh syst6mt~ klasifikovat. Nejv~t~i procentugdnl zastoupenl ve spektrech chlorofylov~ch mutacf  
indukovan~ch  MNH  a paprsky X p~ipadalo n a  mutac i  albina. Nej~irw muta~ni  spekt rum ze 
v~ech va r i an t  indukovala  0,3 mM koncentrace MNH. Pou~it6 d~vky paprsk~ X indukovaly 
relativn~ v&tw po~et chlorofylov~ch mutaci  a lbina ne~ MNH a BMS. V pr~ei se poda~ilo 
u ~ .  rnonococcum L.  var.  sof ianum KSRN. indukovat  n a  nep~fliw velik~m materi~lu nejen t ~ m ~  
vw t y p y  chlorofylov~ch mutac i  popsan~ Fuj i im (FuJII  1960, 1962) a Matsumurou (MAT- 
SUMU~, 1960) U ~. monococcum L. var.  f lavescens KSRN., ale i ~adu da]~ich, zejm~na slo~.it~j- 
~ich chlorofylov~ch mutaci ,  u T .  monococcum L. doposud nepublikovan~ch.  

The  plates  wi l l  be ]ound at the amd of  the issue.  
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Fig.  2. M u t a t i o n  albina, m a s k e d  by  a n t h o e y a n i n e .  

Fig.  3. He t e rogenous l y  mul t i co lored  m u t a t i o n  induced  b y  0'2 mM M N H  in the  s tage  of  three  
leaves .  
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Fig. 4. The last stage of heterogenous multicolored muta t ion  from :Fig. 3. 

Fig. 5. Albina mutat ion,  showing simultaneously anthoeyanine muta t ion  "albino tranavirgata." 
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Fig. 6. Xantha mutation.  

Fig. 7. Lutea mutation. 
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�9 'lg. 8. Albino-vario maculata m u t a t i o n .  

F ig .  9. P l a n t s  showing  ch lorophyl  a t  well as  a n t h o c y a n i n o  m u t a t i o n .  


