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Souhrn  

V p~edlo~en6 prhei byla studovAna d6diSnost fl- i a-amylasov~rch aktivit 
je6mene. 

1. Potvrdilo se, ~e aktivita fl-amylasy je u je6mene d~di6n~ zalo~ena a vyka- 
zuje v jednotliv~ch leteeh pro p~isluw odrddu churakteristiek6 hodnoty. Vliv 
m~nleieh so vn~jw podmlnek na projev znaku v jednotliv~eh letech je zna6n~r. 
Individugdni variabilita znaku rnA v souborech normgdni rozd~lenl. V F1 generaei 
z k~ieni  odrfid o geneticky rfizn~ aktivit~ ms zpravidla p~ibli~n~ intermedi~rni 
charakter s mirnou p~evahou vyhhl aktivity. Reciprokt~ kH~enl nejsou shodng~ 
a projevuje so tu prflkazn~ vliv mate~sk6 odrfldy. Mezi velikostl zrna a aktivitou 
fl-amylasy je negativni korelace. 

2. Aktivita a-amylasy je r o v n ~  d~di6n~ zalo~ena. Jednotliv~ odrfidy po stejn~ 
dlouh6 dob~ kli6enl vykazuji za ts~ch~ podminek rfizn:~ stupefi aktivity. Tak~ 
dynamika p~irflstkfl 0r aktivity b~hem kli6eni za stejn~ch podmlnek 
je u jednotliv~ch odrfld rflzns a je v positivni korelaci s energii kli6eni. Taro 
vlastnost nemohla b:~t pro zdlouhavou metodiku studovhna v hybridnieh souborech. 

Summary 

During investigation of amylase activities as continuously variable bio- 
chemical features it was found that  they are very sensitive to changes in the 
intensity of vegetative factors. The results of analysis of variance indicate 
that  these characters not only tend to be inheritable themselves, but also the 
nature and intensity of their reactions to changes in the agro-ecological factors 
of the external environment show a similar tendency. The actual expression 
of these features in individuals belonging to a genetically homogeneous group 
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must be considered as the resultant of all reactions of the realisation process 
concerned, on stimulatory and inhibitory influences, both internal and ex- 
ternal. For the genetical analysis of hybrid groups it is necessary to have the 
most complete picture possible of this continuous modificabflity which masks 
the actual genetical variability. 

The results obtained in the present investigation provide evidence of com- 
plicated relations involved in the hereditary nature and formation of the 
features under consideration. In  further work on the later generations of  
reciprocal and back crosses it will be necessary to determine more exactly 
the relative participation of nuclear and plasmatic components both in the 
hereditary transmission and in the actual formation of these characters. 

The present results, although they are only preliminary, confirm the cor- 
rectness of the modern view in genetics that  genetical analysis should be 
linked with physiological analysis. 

Introduction 

The amylolytic act ivi ty of barley has been studied by a number  of authors,  bu t  for the  
most  par t  t hey  have devoted themselves to the technological aspects or to practical questions 
of improvement .  Little a t tent ion has  been paid as yet  to explaining the inheritabil i ty of these 
characters,  a l though their varietal differences have often been observed. The genetieal approach 
to the problem of the production of mal t ing  barley of high s tandard  as regards these properties 
has so far been limited for the most  par t  to determinat ion of the linkage groups and  the poss- 
ibility of selection according to other characters in later generations of hybrids.  In  view of the  
ra ther  more difficult procedure required, less a t tent ion has been devoted so far to t racing the  
actual  t ransmiss ion of characters f rom the parent  varieties to the hybrid offspring in earlier 
hybr id  generations. An a t t empt  to do this was made in the present work, bu t  unfor tunate ly ,  
a l though the work promised to be long-term, it had  to be ended a t  the F 1 generation, when 
genetical work was really in its first stages. 

Material and Methods 

Material. The original parent  varieties were two varieties of two-rowed spring barley, which 
are classified as high-qual i ty  mal t ing  barleys - -  Stupick~ full-grain (St) and D~tcnick~ hero 
(D), belonging to the  botanical species Hordeum distichon, two forms of six-rowed spring barley 
of the four-rowed type, denoted in this paper as (SoI) - -  glumed, and (SoII) - -  naked,  belonging 
to the  botanical  species Hordeum vulgare "form" tetrastichon and one six-rowed form of spring 
barley Hordeum vulgare var. brachyurum ( A L E F . )  - -  (H). 

For the sake of simplicity all the established forms will be referred to as varieties and  will 
be denoted by  the symbols given in brackets.  

Methods. In  both  years the land chosen for sowing had  been under  one crop and was prepared 
in the a u t u m n  and spring according to the usual  procedure adopted for barley. I t  was m a n u r e d  
with compost  and  artifical fertilisers in medium doses in accordance with the norms for spring 
barley. The grain was sown in 10 • 10 em. drills to a depth  of 3.5--4.0 cm. The crop was then  
left unti l  the  harves t  without  water ing or other cultivation. Harves t ing was manual ,  single 
plants  being taken  for individual analyses and  the whole of each replication for average samples.  

In  1955 crossing was carried out  in combinations as follows: 
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C o m b i n a t i o n s  of crosses  

No. h a r v e s t e d  p l a n t s  in F 1 

C o m b i n a t i o n s  of  crosses  

No. h a r v e s t e d  p l an t s  in F 1 

Combina t ions  of  crosses 

No. h a r v e s t e d  p l an t s  in F 1 

D •  H •  

39 81 

H •  S t x H  

62 107 

H x SoI SoI • H 

52 

D • Sol 

28 

St  •  

49 

H •  

51 

S o I •  D D • SoII  

39 86 

S o I •  S t •  

30 44 

SoI I  S o I I •  H 

38 

S o I I •  D 

74 

SoII  • St  

121 

D e t e r m i n a t i o n  o f  t o t a l  f l -amylase  ac t iv i ty .  The  m e t h o d  worked  ou t  b y  KASTNER a n d  JA- 
Ns (1956) was  used .  I t  was  worked  ou t  on  t h e  bas is  o f  SANDEGREI~I a n d  KLA~G'S (1950) 
m e t h o d  for t he  p r e p a r a t i o n  o f  ba r l ey  e x t r a c t s  w i t h  to ta l  f l -amylase  a n d  WINDISCH a n d  KOL- 
BACH'S m e t h o d  (according to PAWLOWS]~I a n d  DOEME~S 1938) for iodometr ic  d e t e r m i n a t i o n  
o f  increases  in r educ t ion  power  in a so lu t ion  of  s t a r ch  pa s t e  b y  a m y l a s e  act ion.  For  t he  p r e s e n t  
purpose  a n d  u n d e r  t he  g iven  l abo ra to ry  condi t ions  i t  was  nece s sa ry  to m o d i f y  the  m e t h o d  in  
ce r t a in  respec ts  b o t h  for ana l y se s  o f  ave rage  samples  f r o m  the  different  var ie t ies  a n d  for t h e  
d e t e r m i n a t i o n  of  i nd iv idua l  va r i ab i l i t y  in t he  var ie t ies .  

Some of  t he  changes  were e x p e r i m e n t a l l y  conf i rmed a n d  some  were carr ied ou t  on  t he  bas i s  
o f  conv inc ing  pub l i shed  da ta .  

A buffer  so lu t ion  (0.3 M Na2HP 04  a n d  0.15 M citric acid) was  u sed  for ex t rac t ion ,  because  
a f resh ly  p repa red  so lu t ion  o f  bas ic  cys te in  in  HC1 could no t  be neu t r a l i s ed  to the  p H  of  t h e  
e x t r a c t i o n  so lu t ion  in v iew of  t he  fac t  t h a t  t he  s t ab i l i ty  o f  cys te in  is too low a t  th i s  p H .  
The  nece s sa ry  op t ima l  p H  was  a d j u s t e d  a f te r  t he  add i t ion  of  the  ex t r ac t i on  solut ion.  

A l t h o u g h  l e n g t h y  a n d  d e m a n d i n g  m u c h  care,  t he  p r epa ra t i on  o f  cys te in  base  on each  occa-  
s ion  before use  ha s  ce r t a in  a d v a n t a g e s  as c o m p a r e d  wi th  t he  p r e p a r a t i o n  of  c y s t e i n h y d r o -  
chloride. Cys te in  base  can  be  be t t e r  s tored,  because  it  is less hygroscopic  a n d  is n o t  so l iable  
to  be spoi l t  b y  ox ida t ion  to cys t in .  

I n  f u r t he r  e l abora t ion  o f  t he  m e t h o d  in an  a d e q u a t e l y  equ ipped  l abo ra to ry  it will be n e c e s s a r y  
to follow the  s t ab i l i t y  o f  t he  r edox  po ten t i a l  of  t he  ex t r ac t i on  m i x t u r e  in the  same  w a y  as  
KASTN]~R a n d  J A l q ~ E K  (1956) fol lowed t he  s t ab i l i t y  o f  i t s  p H  du r ing  t he  whole process  o f  
ex t r ac t ion .  D u r i n g  r ap id  e x t r a c t i o n  t h e  m i x t u r e  is con t inua l ly  d i s t u r b e d  a n d  i ts  sur face  is 
con t i nua l l y  in con t a c t  w i t h  t he  air. 

The  e x p e r i m e n t  wi th  inc reas ing  cys te in  doses  showed  t h a t  g rea te r  a c t i v i t y  was no t  achieved .  

Table  1. Empi r i ca l  d e t e r m i n a t i o n  of  t he  effect iveness  o f  t he  cys te in  used  

W i t h o u t  cys te in  N o r m a l  dose 0"35 g./10 g. 11/2 no rm.  dose 2 no rm.  dose 
83.89 133.73 133-85 108.56 

The  va lues  are  g iven  in a c t i v i t y  un i t s  a n d  are  ave rages  o f  four  repet i t ions .  
The  double  dose r educed  a c t i v i t y  b y  p r o d u c i n g  over -ac id i ty  o f  t he  ex t r ac t i on  m i x t u r e .  The  

o the r  d a t a  show t h a t  a suf f ic ient  q u a n t i t y  o f  cys te in  is def ini te ly m a i n t a i n e d  in ac t ive  fo rm  
t h r o u g h o u t  t he  per iod o f  ex t r ac t ion .  

N a t u r a l  po ta to  s t a r ch  h a d  to be  u sed  as s u b s t r a t e  because  soluble  s t a r c h  was  u n o b t a i n a b l e  
a t  t h e  t ime .  Lower  va lues  are  ob t a i ned  w i t h  n a t u r a l  s t a r ch  t h a n  w i th  t h e  soluble.  For  la te r  
c o m p a r i s o n  six repe t i t ions  o f  c o m p a r a t i v e  d e t e r m i n a t i o n  o f  ac t iv i ty  were carr ied ou t  w i th  
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the  same sample both with na tura l  s tarch (average 142.89 activi ty units) and  soluble s tarch  
"Lachema"  (average 187.41 act ivi ty units). 

The p H  of the substrate  was adjus ted to 5.0--5.2 with acetate buffer. Mrm3;dCK and MY~- 
B:~CK (1933) demonst ra ted  tha t  this  pH is really the op t imum for fl-amylase and  tha t  a t  a pI-I 
of 4.3, which is used in technological analyses, only 80% of true act ivi ty is achieved. MYR~iCK 
and I~EUM~2LLE~ (1951) also ment ion pH of 5"0 to 5.2 as optimal. A lower pH is sometimes 
justified in tha t  it causes the inactivation of accompanying ~r Published work supports  
the fact, confirmed also in the present  work, tha t  this  amylase is present  only in traces in 
ungermina ted  barley. 

15- 

10- 

;0 ;'5 2'0 2'5 ~bm,~ 

Fig. 1. Influence of the time factor on 
fl-amylolytic reaction rate of  barley ex- 
tract.  Abscissa: reaction time in minutes  
ordinate: consumption of iodine solution 

in ml. 

The durat ion of the saccharising reaction was shortened to 15 minutes ,  because fig. 1, which 
shows the dependence of ~-amylolytic act ivi ty on the reaction time under  given conditions, 
shows clearly t h a t  this phase of the reaction curve is the  most  suitable for comparison of the  
different samples.  Saeeharisation took place a t  a temperature  of 25 ~ C. 

In  order to express the act ivi ty of total  E-amylase in the different barley samples uni ts  were 
used analogical to the activi ty uni ts  of Windisch and Kolbach (PAWLOVSKI and DOEMENS 1938), 
calculated according to the formula: 

Activi ty uni t  
( A - -  B ) .  f .  0.0171 . c .  100 

A ~ consumption ml. 0.1 ~T Na~S~03 in control (blind experiment) 
B ~ consumption ml. 0.1 N Na~S203 in actual  exper iment  
f = analytical factor 0.1 N Na~S~O 3 
e = conversion factor for conversion of amoun t  of extract  used to equivalent  of 100 g. barley 
s ~ ~o dry weight 
0.0171 ~ maltose equivalent  of one millilitre 0.1 iodine in g. 

The  conversion factor "c"  corresponds to the modifications in the method  already ment ioned 
and  has  no general validity. Thus  it is not  possible to compare directly the  active uni ts  ment ioned 
here with uni ts  obtained by  another  method.  They are, however, mutua l ly  comparable,  as 
shown by  empirical checking of the method,  which was carried out  24 t imes by  repeated analysis 
of  the  same homogenised sample. All values were within the  range 129.00--135.00 act ivi ty 
uni ts  when N = 131.76, s~ = 0.17 and Sx = 0.86. Thus  the  reproducibility of the method  when 
carried out  as described above in serial application is good. The analysis of variance, the results 
of  which are given in table 2, shows tha t  a greater par t  is played in the total  variabil i ty of values 
f rom repeated analyses of the  same sample by  differences between different series worked on 
eorieurrently t h an  by differences within these series. This is understandable,  for the whole 
analysis involves a number  of operations and it cannot  be expected t ha t  they  wifi all be repro- 
duced similarly in all details. The distr ibution of total  variability, caused by  the  above method,  
made  it possible to achieve a more reliable evaluat ion of the  results of genetical analyses. (For 

more detailed description of the method  see NE~AS 1957.) 
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I t  is realised tha t  a marked shortcoming has been the impossibility of carrying out a com- 
parison with the method using papain in combination with cystein as activator. These results 
would be required for a further confirmation tha t  the total quanti ty of fl-amylase is really 
determined and also for throwing light on the question whether varietal differences in activity 
are in fact caused only by differences in fl-amylase content or perhaps by differences in quality, 
Differences in proteases in the grain could also have their effect. 

Table 2. Analysis of variance of repeated analyses of the same sample on the activity of 
fl-amylase 

Variability N S (x--.~) V F s 

Between series 

V~'ithinseries 

Uncontrolled 
influences 

7'95 

3.85 

2.65 

0.77 

2-84 

0-83 

15 14.05 0.93 0.96 

Total 23 25- 85 

Determination of a-amylase activity. This determination was carried out only in average 
samples from the different varieties. The individual variability of this character could not  be 
established, because the method used did not allow of this owing to its lengthiness and the 
difficulty of getting reproducible results. The method used was tha t  of BLOM and BAK (1938) 
adapted for measurement with Ostwald's viscosimeter under the given laboratory conditions. 
Determinations were made of the dynamics of increase in s-amylase activity during the germina- 
tion of the different varieties and a-amylase activity following a 96-hour period of germination. 
(For a more detailed description of procedure see N~.6As 1957.) 

For the expression of a-amylase activities of the different samples of barley, activity units 
according to BLO~ and BAK (1938) were employed. 

Activity unit 
1000 

a .  ( t~  - -  t l )  

a ~ dry weight of barley to which the amount of lixlvinm used corresponds 
t 1 ~ time in which the enzyme-hydrolysed starch paste had a viscosity corresponding to an 

outfio~ period of 0.90 rain. 
t~ = time in which it had a viscosity corresponding to an outflow period of 0.40 min. 

The values t 1 and t 2 were obtained by mathematical interpolation of the series of values 
measured. 

The influence of differential thermal inactivity of s-amylase on the reduction in viscosity 
of the paste is shown in fig. 2. From this it is evident tha t  the method is not sensitive enough 
to record this influence. I t  was therefore decided to neglect the differential thermal inactivity 
of the extracts during the serial analyses. 

The increase in s-amylase activity during germination, indicated by curves of the reduction 
in starch paste viscosity, is recorded in fig. 3. 

Two sampleswere taken for analysis from each of the tested barley plants and each sample 
was measured three times. In  order to confirm whether the method is capable of registering 
varietal differences the analysis of variance was performed, the results being presented in table 3. 

From the results of this analysis it is evident tha t  varietal differences are recorded quite 
well by this method. The error of the method is higher than the error in the preparation of 
extracts.  
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Fig. 2. Influence of differential thermal  inact ivat-  
ion of fl-amylase in barley ext rac t  on decrease in 

~,~ i\ viscosity of s tarch paste. Continuous line: non-in- 
'~ act ivated extract ,  broken line: inact ivated extract .  

~-~.o ~ Abscissa: reaction time in minutes. Ordinate: period 
~ of flow of the reacting mixture through the vis- 

oeo " X  cosimeter in minutes. 
% 

0~0 "- .  ~ - -  

~4(  ~-. rain. [ 

Fig. 3. Inereases incc-amylaseae t iv i tydur ing  :011 1 ~  ~ ' '  
germination. Abscissa: reaction t ime in mi- 0.60| ~ \  ~ .  
Imtes. Ordinate: period of flow of the react- o.4o~ \\k....~ ".-....._ 48-.- 
in~ mixturo through the visr in 0201 ~ - ~ ~ - - ~ ~  ~::: 
minutes.  I ~ - - : - - : - - - "  ~, 2o--- 

0 I ] 4 I 6 7 8 ~; m,,~ 

Variabil i ty caused N S(x - -  ~ V F s 

by  varieties 
by  parallel samples 
repeated analyses 
uncontrolled 

influences 

4 
1 
2 

22 

14,442,529'96 
30,715"62 

335,999"56 

2,227,289.82 I 318"19 

Total  29 17,036,634.96 

3,610,632.5 
30,715.6 

167,999.8 

101,245.0 

35.66++ 
0-30 
1-65 

Table 3. Analysis of variance of repeated analyses of average samples of the varieties under  
invest igation 

f 

8 ,  

6 �84 

4- 

2" 

A 

,,,"--',, ( ",, ,,,x,, 
', : ", / \ 

; ',,, : ',, J 
/~.s,,1 "'.,, / s~ ',,,, / ~,,~ \ 

/ .'x'" / " - ,  ,/' ",. \ 
r" . . . . . . . . .  f" 't . . . . .  I , , "',r , , . I , . ' .  , 

127 131 135 139 143 147  151 155 159 163 167 171 175 179 
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R e s u l t s  

fl-amylase activity 

Tab le  4. Rev i ew  of  t h e  ave rage  f l -amylase  ac t iv i t ies  of  p a r e n t  var ie t ies  in b o t h  yea r s  f r om se ts  
of  i nd iv idua l s  

1955 1956 

Var i e ty  a c t i v i t y  u n i t s  a c t i v i t y  u n i t s  

n s x n s x 

D 
St  
SoI 
SoI I  
H 

50 
20 

5O 

x ~ 

104.24 1.02 
139.00 0"99 

155.64 1-04 

7.24 
4.44 

7.36 

36 
36 
35 
24 
36 

II 

X S~ 

158'38 0"44 
137-50 0,88 
173"17 0 '60 
130"43 0"71 
183"38 0"56 

I 

2.64 
5 '30 
3.60 
3 '50 
3.40 

Tab le  5. Rev i ew  of  ave rage  f l -amylase  ac t iv i t ies  of  p a r e n t  var ie t ies  in  1955, conve r t ed  to  d r y  
we igh t  w i t h o u t  g lumes  

Va r i e ty  

A c t i v i t y  un i t s  

Order  

D 

139.85 

3 

St  

117.42 

4 

SoI 

157.22 

2 

SoII  

110'7I  

5 

H 

179'83 

1 

Values  for var ie t ies  D a n d  SoI I  are  t a k e n  f rom average  samples .  

Tab le  6. Rev i ew  of ave rage  f l -amylase  ac t iv i t ies  of  p a r e n t  var ie t ies  in  1955, conve r t ed  to  d r y  
we igh t  of  ave rage  1,000 gra ins  w i t h o u t  g lumes  

Va r i e ty  D St SoI SoI I  H 

A c t i v i t y  u n i t s  60" I5 53"37 50"44 34.23 57.58 

Order  1 3 4 5 2 

Fig. 4. Var iab i l i ty  o f  f l -amylase  ac t iv i ty  in p a r e n t  var ie t ies  a n d  the i r  F 1 genera t ion .  For  a n  
exp l ana t i on  o f  t h e  m a r k i n g  o f  var ie t ies  a n d  the i r  crosses  see t ex t .  Abscissa :  a c t i v i t y  
un i t s .  Ord ina te :  f r e q u e n c y  in di f ferent  va r i a t i on  classes,  c o n v e r t e d  to  co r r e spond ing  
m a g n i t u d e s  o f  va r i a t i on  se ts .  
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The empirical d is t r ibut ion curve of  individual values for p lants  of  var ie ty  St were tes ted  
for agreement  wi th  normal  dis t r ibut ion by  Kolmogorov-Smirnov ' s  method  (MYsT.ZV~O 1957). 
The value of  funct ion k was here 0.37 and  P ~ 0.99. Thus,  the  individual variabi l i ty  of  fl-amylaso 
activities in a set  of  individuals of  the same var ie ty  is normal ly  dis t r ibuted and  s tat is t ical  
me thods  for normal  dis t r ibut ion can be used for the evaluat ion of  the series. 

Table 7. Analysis  of variance of fl-amylase activities of average samples of pa ren t  var ie t ies  
in bo th  years  

Year  1955 1956 

1 4 1 2 3 4 
V a r . ~ [  

D 
St 
SoI 
So I I  
H 

122-33 
112-97 
134-28 
121"23 
169'82 

2 3 

119.86 128-51 
109-88 107.42 
137.37 141.70 
105.15 l l0 .10  
157.47 158.71 

125-42 
111'12 
132"42 
106"38 
156-24 

151-76 
140"55 
171"61 
157"71 
180'50 

156.00 
146.29 
177.06 
168.26 
192.38 

155.39 
147.49 
178-57 
168"57 
183.88 

156-37 
149.92 
168"47 
162.02 
187.62 

Variabi l i ty  caused by  N S(x - -  ~:)~ V F s 

varieties 
years  
replications 
years  • rep. 
varieties • rep. 
varieties • years  
uncontrol led intl. 

4 
1 
3 
3 

12 
4 

12 

]0,256-06 
13,223.87 

37.22 
233.91 
367.43 
754.07 

98.54 

2,564.01 
13,223-87 

12.40 
77.97 
30.62 

188.51 
8.21 

312.30++ 
1,610-70++ 

1.51 
9-49+ + 
3.72+ 

22.96++ 
2.86 

Total  39 24,97 l- 10 

Analysis  of  variance in order makes  it possible to delimit the interaction components  of  th~ 
var ia t ion  of  values obta ined f rom analyses of  F z generat ion and  a picture was  obtained of  t he  
s tabi l i ty  of  characters  and  the influence of  some factors on their  actual  expression. 
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Tab le  8. R e v i e w  of ave rage  f l -amylase  ac t i v i t i e s  in  F 1 g e n e r a t i o n  

Combina t i on  

D •  

H •  

D •  

S o I •  D 

D • S o I I  

S o l I •  D 

S t x H  

H •  St 

St • SoI  

S o I •  St 

St • So I I  

S o I I x  St 

H X SoI  

S o I •  H 

H x SoI I  

S o I I  • H 

24 

24 

18 

6 

12 

12 

30 

36 

21 

6 

12 

12 

15 

4 

14 

12 

A c t i v i t y  u n i t s  

P I + P z l  - -  

I x 

178.25 0"58 
170.38 

185.00 0.61 

163'78 0.73 
165.77 

170.06 1.07 

140.84 0.62 
144.40 

148.67 0-40 

I71.66 i 0.47 
160.44 

172.84 0.63 

152'72 0"41 
155-33 

162"00 0"66 

137"66 0"70 
133"96 

140"00 0"73 

I84"53 0"56 
174'40 

I 6 4 ' 3 0 : 0 " 5 7  

155"85 + 0"65 
151"59 

147 '33 0'63 

Signif icance 
of differences 
in  rec iproca l  

c r o s s e s  

Sx 

Convers ion  
t a  d r y  

we igh t  of 
Order  1,000 g ra in s  

Pxq-P~ 

2 

2.86 
P = 10-9 

3.00 

3.12 
P = 10-9 

2.64 

2.16 
P = 10-9 

1-42 

2.62 
N 

3.80 

1.92 
P : 10-9 

1-62 

2.46 
P = 0.05 

2-56 

2.20 
P = 10-9 

1.14 

2.44 
P = 10-9 

2.22 

3 
58.86 

1 

8 
55.29 

6 

14 
47.19 

12 

4 
55.47 

5 

l l  
51.90 

9 

16 
43.80 

15 

2 
54.01 

7 

10 
45.90 

13 

X 

63.47 

58.80 

39.52 

37.45 

47.90 

41.29 

59.53 

56.71 

52.66 

45.25 

49.43 

46.66 

43.31 

37.94 

45.00 

39.20 

OrdeI: 

1 

3 

13 

16 

7 

12 

2 

4 

5 

9 

6 

8 

11 

15 

10 

14 
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'Table 9. I n t r a v a r i e t a l  cor re la t ion  coeff icients  of ave rage  g ra in  size a n d  ave rage  /~-amylase 
a c t i v i t y  

Var ie t i e s  1956 

V a r i e t y  n r F l u c t u a t i o n  r Signif icance 

D 
St 
SoI  
S o I I  
H 

24 
33 
24 
24 
33 

- - 0 . 0 8  
0.79 
0.04 

- -  0.04 
0.33 

0"52--0.92 
N 

P = 10-~ 
N 
N 
N 

F 1 gene ra t i on  1956 

D X H  
H x D  
D X SoI  
SoI  X D 
D X S o I I  
S o I I  X D 
S t x H  
I - IX  St  
St X SoI  
SoI  x St  
St  x S o I I  
S o I I •  St  
H x SoI  
H K S o I I  
S o I I  X H 

24 
24 
18 

6 
12 
12 
26 
28 
21 

6 
12 
12 
15 
12 
12 

- - 0 . 3 7  
- - 0 . 7 0  
- -  0.64 
- -  0.39 
- - 0 . 1 3  

0.55 
0.04 
0.06 

- - 0 . 0 3  
- -  0.64 

0.08 
0.02 

- - 0 . 1 6  
0.17 

- - 0 . 5 4  

I 0 . 2 3  a~ - -0 .91  
N 

P = 10-~ 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

T a b l e  10. I n t e r v a r i e t a l  co r re l a t ion  coeff ic ients  of  a ve r age  g r a i n  size (y) and  ave rage  f l -amylase  
a c t i v i t y  (x) 

Var i e t i e s  (n = 5) 

r - - 0 . 4 4  

f l u c t u a t i o n  r 
s igni f icance  
b x y  
b y x  

N 

F 1 gene ra t i on  (n = 16) 

r - -  0"64 

f l uc t ua t i on  r 
s ignif icance 
b x y  
b y x  

0"00 a~ - -  0'93 
P < 0"05 

- - 2 ' 6 3  
- - 0 " 1 6  
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~-amylase activity 

Table 11. Analysis of variance of a-amylase activities in average samples of varieties examined 
from five replications in 1955 

t Variety 
Paral. D St SoI SoII H 

sampl_____ e I 
l~epet. 1 2 1 2 1 2 1 2 1 2 

3156 
2842 
2802 
3839 
3686 

3298 
2867 
3015 
3739 
3822 

3390 
2715 
2875 
3421 
3067 

3330 
2707 
2969 
3287 
3140 

2812 
2805 
2947 
2914 
2694 

2739 
2690 
3096 
2943 
2693 

5712 
5747 
5994 
5666 
5810 

5924 
5870 
5912 
5643 
5910 

3721 
4053 
4017 
4261 
3925 

3851 
4416 
4428 
4258 
3860 

Variability caused by N S(x- -~)~  V F s 

varieties 4 58,261,900.98 14,565,475.24 225.57++ 
replications 4 557,512.78 139,378.19 2.15 
parallel determinations 1 44,999.91 44,999.91 0.69 
uncontrolled influences 40 2,582,812.01 64,570.30 254.1 

Total 49 61,447,225.68 

Table 12. Analysis of variation of average cr activities of average samples from all 
replications with single varieties in both years. 

Variety D St SoI SoII H 

1955 4615 3524 1238 4370 4175 

1956 3243 2455 1989 3853 2518 

Variability caused by N S(x - -  x) 2 V F s 

varieties 4 7,980,016 1,972,504 4"36 
years 1 1,493,049 1,493,049 3.30 
uncontrolled influences 4 1,807,992 451,998 672.3 

Total 9 11,I91,057 
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Table 13. Dynamics  of  increases in co-amylase act ivi t ies  dur ing  germina t ion  in bo th  years  

Hours  0 24 48 72 96 120 [ 
ge rmina t ion  / 

Year  1955 1956 1955 1956 1955 1956 1955 1956 1955 1956 ! 

Varie- 
t y  Order  

D 
St 4 
SoI 5 I 
SoII  1 
H 2 

58 
70 
64 
66 
85 

72 
57 
62 
66 
62 

96 
89 
96 

280 
246 

123 
68 
82 

235 
186 

704 
674 
495 

1543 
1039 

889 
478 
454 

1412 
682 

1800 
2223 
1081 
3968 
3398 

1706 
1459 
1278 
2600 
1651 

4615 
3523 
1238 
4370 
4175 

3243 
2455 
1989 
3853 
2518 

5198 
3514 
2805 
5472 
4431 

Discussion 

fl-amylase a~tivity 

Analyses of average samples of the different varieties chosen, carried out  
in four repetitions in both years, showed tha t  there are great differences in 
fl-amylase activities. Choice of the varieties was based on published results 
indicating that  six-rowed barley usually has a higher fl-amylase activity than 
two-rowed. ( B A ~ L ~  and ~V[YRB.~CK 1941, MYRB~CK and NEI.TMULLEB 1951). 
The range of barleys in Czechoslovakia had not so far been investigated f rom 
this point of view. The review of parent varieties in table 4 shows tha t  six- 
rowed H barley is in fact the most active when activity is related to the dry  
weight of the sample. Both the two-rowed varieties are much less active. The 
relation of activities of  both six-rowed barleys of the four-rowed type SoI 
and SoII is interesting. The first approaches the activity of the six-rowed H, 
while the second is still less active than little-active two-rowed variety St. 
In  1956 it showed a rather higher activity in average samples from selected 
grain, but  in analyses of individuals it is definitely the least active. In  general 
the parent  varieties can be divided into two groups: 1. highly active varieties 
showing in 1956 activity within the range 170 to 190 activity units (H, SoI); 
2. sligtrtly active varieties with activity in the same year within the range 
130 to 160 activity units (D, St, SoII). Both two-rowed varieties are also 
significantly different. In  both years D is more active than St. 

The evaluation of these two varieties will contribute ~ more exact know- 
ledge of the Czechoslovak range of barleys. Comparison of the two-rowed 
varieties originating from regional barleys and of varieties from the group 
"Kneifl barleys" will be important for the further improvement of  Czecho- 
slovak barleys as regards these characters. Both the newly-selected barleys 
SoI and SoII could be better evaluated ff their origin were known. H barley 
is not  cultivated in Czechoslovakia, it is probably a primitive form in the  
description of material of the botanical variety mentioned. 
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The low E-amylase activity found for SoII is interesting from two points 
o f  view. In  the type  Of its ears it belongs to the group of six-rowed barley, 
but  its activity is lower than that  of the two-rowed varieties. I t  shows high 
increases in ~-amylase activity during germination and reaches high values 
within a short time. Some authors have pointed out the possibility of a positive 
correlation between the activities of  the two forms of amylase, but  this variety 
does not bear this out. A new genetical s tudy of this correlation will be 
necessary. There is also the possibility that  this variety behaves like the American 

l 0  

8 :Fig. 5. Var iab i l i ty  of /~-amylase  ac t iv-  
i t y  in p a r e n t  var ie t ies  a n d  the i r  F 1 
gene ra t i on .  For  an  e x p l a n a t i o n  o f  t he  6 
m a r k i n g  of  var ie t ies  a n d  the i r  crosses  
see  t ex t .  Abscissa:  ac t iv i ty  un i t s .  Ordin-  
a t e :  f r e q u e n c y  in di f ferent  va r i a t ion  4 
~lasses,  conve r t ed  to  co r respond ing  

m a g n i t u d e s  o f  va r i a t i on  sets .  2: 

1 
t~ 

! ^ 

15~ 157 16~ l&5 173 ~77 18I. 186 /~9 ,~ 

variety Peatland as described by BENDELOW and MEREDITH (1955) and 
others, that  is, that  due to some as yet  unknown characters it shows a lower 
act ivi ty in the measurements than in fact exists. I t  is also necessary to take 
into consideration the fact that  from the crossing of highly-active six-rowed 
forms with slightly-active two-rowed forms there may be produced slightly- 
active six-rowed forms, as found by  DAY, Dow~ and FREt  (1955). These 
assumptions, or their more exact formulation, can only be achieved by  
further work. 

Analysis of the variation of values of E-amylase activities of parent varieties 
in both years showed that  the whole set of agroecological factors of the ex- 
ternal environment plays an important part  the formation of these characters. 
Their share in total variability is the highest. 1956 was a very unfavourable 
year, it was wet and therefore produced a strong deviation. The varietal 
component also plays an important part  in the total  variability and points 
to the genetic nature of the character. The variability component involved 
in the different replications is insignificant as compared with the others and 
thus does not interfere with the measurement of other components. Of the 
interactive components, the most important is the interaction of the in- 
fluences of varieties and years, which points to the varietal nature of the 
reaction to changing climatic conditions in the different years. Since the 
interactive component of variety and replication influence is greater than that  
of  replications alone, there would seem to be also a specific reaction of varieties 
to soil conditions. The interactive component of the influence of years and 
replications is also higher than that  of replication alone. This is due to change 
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in the quality of the plots on which the experiment was carried out in the  
different years. 

The modification of the method of individual analysis was found to be so 
sensitive tha t  it was able to record individual differences. I t  is, however, 
necessary to take into acount in relation to the values for each individual 
the range of fluctuation of values from repeated analyses of the same sample 

f 

J2 

tO 

8 

b. 

2, 

/", o~, /s 

153 157 161 165 169 171 175 179A 

:Fig. 6. Variability of fl-amylase activity in parent 
varieties and their F 1 generation.For an explanat- 
ion of the marking of varieties and their crosses 
see text.  Abscissa: activity units. Ordinate: frequ- 
ency in different variation classes, converted to 

corresponding magnitudes of variation sets. 

~o~ 

~000 

2D00 

�9 I) 

St 

Sol 

24 4~ 72 96 120h 

Fig. 7. Dynamics of increases in a-amy- 
lase activities in the varieties examined 
during germination. For marking of va- 
rieties see text.  Abscissa: germination 
time in hours. Ordinate: activity units. 

and the variation curve of the set and to regard this as an approach to the 
actual curve within the range of the known fluctuation of values caused by 
errors in the method. Comparison of the variation curve of one variety, ob- 
tained from analyses of 50 individuals, with the curve of normal distribution 
showed satisfactory agreement. I t  is therefore possible to state tha t  the 
individual variability of fl-amylase activities is normally distributed. 

Satisfactory agreement is also found when comparing the average values 
calculated from sets of indidividuals separately characterised for fl-amylase 
activity with the values for the activities of average samples of selected grain 
of the same varieties. A more marked difference is evident only for the variety 
SoII. Average samples of selected grain show much higher values than the 
average for individual analyses. This divergence can be explained as being 
due to a greater number of very undeveloped grains from lateral flowers in 
the harvest from single individuals. 

The standard errors of the averages are fairly low, so the significance o f  
differences is high. The values of the standard errors corresponded for both 
years. 

In comparing the standard deviations as a measure of variation range it 
was found tha t  in 1955 there was a greater variation range for the same 
species than  in 1956. I t  is not possible, however, to draw any conclusions 
from this, for the samples for individual analyses could not be taken com- 
pletely at random, but had to be limited to those plants with a total yield 
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of over 5 g. of grain. In  general, the values for standard deviations indicate 
that  the variation range of the character reaches values similar to those for 
other physiological characters. 

I t  follows from the above analysis of fl-amylase activity of parent varieties 
that  this character can be studied genetically. I t  has been possible to evaluate 
only the first filial generation of various combinations of crosses of parent  
varieties. 

I t  is interesting to note that  the F 1 generation from reciprocal crosses of 
the same combination are in most cases significantly conflicting. Their varia- 
tion curves are mutually shifted on the x axis in the direction of the maternal 
variety, as can be seen from the respective graphs. 

The results obtained must, however, also be judged from another point 
of view. In some cases, when naked and glumed barleys or barleys with differ- 
ent degrees of gluminess are compared, it is necessary in the interests of  
accurate measurement to ascertain the gluminess and convert the values of  
fl-amylase activity to dry weight of grain without glumes (table 5). In the 
present investigation it was only possible to make this convertion for the 
varieties in 1955, as' the determination of gluminess is very lengthy. From 
the above-named table it is evident that  the order of varieties is not changed, 
varietal differences are only more emphasised. A completely different picture 
is obtained, however, when the average activity of the different varieties is 
converted to the dry weight of 1,000 of their average grains. As can be seen 
from table 6, varietal differences are eliminated in this conversion and the 
order of varieties is fundamentally, changed. The need for this conversion 
resulted from the discovery of significant intervarietal negative correlations 
between the weight of 1,000 average grains and the average activity of  
fl-amylase. This indicates the advantage offered by  such a conversion for 
improvement work in certain cases. Selection according to activity, related 
to the weight of 1,000 grains, would at the same time provide selection 
according to two important characters and, because a negative correlation is 
involved, the material selected would be narrowed down considerably for 
further tests. I t  will, of course, be necessary to examine these relations further, 
both intra- and intervarietally and also in later hybrid generations. When 
applying this method of selection it must be borne in mind that  a good malt- 
ing barley can also be of a smaller-grained type, which would be unfavourably 
classified by  this method. 

A brief examination of the values converted in this way for the F 1 genera- 
tion shows that  not all combinations are similarly affected. There are funda- 
mental deviations in the order for all combinations in which variety SoI and 
the combinations of two-rowed varieties with SoII are involved. The re- 
mainder keep approximately within the same range of values. The reciprocal 
crosses maintain very significant differences and in the cases where parents 
are placed in an opposite order by the new evaluation, the F1 generations 
are usually similarly orientated. 

Examination of the correlation relations of fl-amylase activities and the 
average size of grains provided only two statistically significant correlation 
coeficients for intra-varietM correlation. Since, in view of the small range of 
the series examined, it was not possible to prove whether these selected series 
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also exhibit normal distribution of the average grain sizes and whether they 
correspond to the character of the original varietal series, their significance 
is reduced. 

Both for the varieties and for the F 1 generation a negative intervarietal 
correlation of both the characters examined was found. The correlation 
coefficients provide convincing evidence of the actual existence of this rela- 
tion. This is in agreement with the findings of other authors (A~])]~RSO~, 
SALLA~S and mEREDITH 1941, et al.). 

"%000 i OC ,-- . . . .  .--~---~H 
~C) / /  
80 ~I 
2C 
5(? 

2pO0 50 ,: 

3 C ,~ ," 
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0 1216 24 ]6  4,8 60 22 96 120 h, 

Fig.  8. Re la t ion  be tween  g e r m i n a t i o n  
ene rgy  a n d  t he  d y n a m i c s  o f  increases  
in 0~-amylase ac t iv i ty .  Fo r  m a r k i n g  o f  
var ie t ies  see t ex t .  Absc issa :  ge rmina -  
t ion  t ime  in hour s .  Ord ina te :  activity 
un i t s  a n d  pe rcen tage  o f  g e r m i n a t e d  
grains .  Con t i nuous  line: o~-amylase 
ac t i v i t y .  B roken  line: g e r m i n a t i o n  

e n e r g y  

~-amylase activity 

e-amylase activity could also be studied as a character typical for varieties. 
This was already confirmed by the analysis of variance made for the purpose 
of evaluating the method. Further analyses of variance of values relating to 
this character gave a highly significant share for varieties in the total variabil- 
ity. The variability component for replications is quite insignificant with regard 
to the varietal component, but higher than the methodical. It  is, therefore, 
also necessary to take into consideration the influence of variations in soil, 
even though the determination of activity is not yet sufficiently accurate and 
the extent of the experiment is not great enough to enable this influence to 
be accurately statistically delimited. The effect of changes in a whole range 
of agroecological factors in the different years is more evident from the ana- 
lysis of variance in table 12. Its extent is not sufficient to provide statistically 
significant values, but can be judged relatively. The influence of varieties 
preponderates over the influence of external factors. This is in agreement 
with the behaviour of germination energy with regard to these influences. 
As has already been demonstrated, the reverse is the case for fi-amylase, the 
behaviour of which in this respect corresponds more closely with grain size. 

Comparison of the different varieties as regards the activities of the two 
amylases is interesting. As has already been mentioned, the variety SoII 
achieves the highest e-amylase activities most rapidly and shows the lowest 
fi-amylase activity in the ungerminated grain. Variety SoI, which has the 
slowest development of ~-amylase activity during germination, takes second 
place as regards ~-amylase activity. The H variety shows a relatively high 
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activity for both amylases. Of both the two-rowed varieties, D variety has 
the higher activity of both amylases. Thus it would be possible to speak of 

positive correlation of the activities of both amylases only for the two 
two-rowed varieties and H variety. This correlation demands further and 
more thorough genetical study. 

From the technological point of view it would be interesting to ascertain 
whether it is possible to achieve the same malting effect in varieties with 
similar activities and in those with diverse activities. 

Further calculations for ~-amylase activities were not made, because the 
~ccuracy of the determinations is not great enough to allow of reliable opera- 
tion with such values. 

The relation between ~-amylase activity and germination energy, which 
was also ascertained in the course of this work, is shown for two varieties in 
graph 8. 
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HacJIe~CTBelIHOCTb aMHJIOJIHTH~IeCI{O~ aKTHBHOCTH HqMeHH 

l~i0 3 E (I) HELIAC 

OT~e~eH~e reHeT~n~4 ~a~e~p~ ~)l~I3140JIOr!4YI pacTe~nfi, M~poSgonorHg H reHeTni~ff 
I~ap~ona YH~nepc~weTa, Hpara  

Pe3mMe 

B ~anHofi pa60Te 5~tJia Hccne~onaHa HacJ]e~(CTBeHttOCTb aHTHBHOCTtI aMg~a3~ ffqMeH~I. 
~. EBI~O nOJ%TBep;~IeHo, qTO aKTI4BHOCT• fl-aMl~JIa3M HqMeH~/ 3a~o~eua nacJ~e~Icw~enHo 

qWO COOTBeTcwsyIomne ~aunhm ~ OT~eJIE,HUe r o ~  xapa~{wepnst ~ Ka~r copTa. B OV- 
~e~Hble r o ~  ~IaMen~I10~Hec~[ BHelUHI~Ie yCJIOBI4~I oI~aahIBalow oHent, CYffIbHOe l~YiH~lHge Ha 
npousneHne ~aHnoro npH3nai<a. H~;~nBn~yans~au ~3MCUqn~OCTS np~3Haua B naSopax 
pacnpe~eneHa nopManbHUM 05paaoM. B nouo~eHn~ F~ np~ cnpeL~n~a~u COpTOB C pa3- 
~Hq~ofi, reneTnqec~g 3a~o~eHHo~ aKTHBHOCTLIO, ~a~ npa~n~io, nMeeT MeCTO IIpH~JIH3H- 
TeJIhHO npoMemywo~g~fi xapa~wep ~Toro np~aHa~a co cnaSs~M upcoS~Ia~am~eM 60Jme B~- 
COHOI4 aHTIIBHOCTH.  P e ~ n p o s a ~ e  cKpemgBaggg He HB,TI~IOTCH CXO~HIaIMI4 I~I 3~eCla HBCTBeHHO 
npoun~ewc~  ~ a n ~ e  MaTepHHCI~O~ IIopo~hI. I ~ o p p e ~ u  Mem~y BeJI~Iti~IHOt~ 3epHa 
IT aKTE~HOCTI~IO fl-aMgJIa3~I oTpgKaweJlhffa. 

2. AI~TgBHOCTB a-aM~la3~ wa~U<e Hac~e~cTeeHHO 3aJ~o~eHa. Ow~ex[hH~e copTa, npopam~-  
naeM~e o~I~gaRonoe BpeMg npH O~HHaKOB~X ycnon~gx, o6na~IaIoT paa2inqnofi cTeneu~,~o 
aHTffBHOCT~I. Wa~r )~nHaMnI<a np~4pocTa aHTHBHOCTI~" a-aMHy~a3u n TeqeH~[e iipopacTaHti~ 
np~ O~rIHaI~OBBIX yCJIOBI4~IX y OT~eJI~HMX COpTOB pa3Ha~i I~ naxO~t~wca B owp~4i~awenhHO~ 
~r c a~eprnefi npopacTan~u. H3-3a ~YItITeYiI~HOfi MeWO)~rIHI4 3TO CBOI]CTBO He Morno 
6hIWh nccne;~o~ano y na50poB r~Spuno~. 


