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Genotype-Environment Interaction for Awn Development 
in Isogenic Lines of Barley 

CALVIN O. QUALSET 

Depar tment  of Agronomy, Universi ty of California, Davis, California 

Summary. Awn length of four isogenic lines of barley differing by two genes for awn development (A and B) and their 
short linkage blocks was evaluated at a wide range of plant densities (0.002 to 3.345 m2/plant) for two years. Awn de- 
velopment was reduced at high plant density. The quarter-awned genotype (gc~BB) became phenotypically awnless 
(aabb) at high plant density. Similar results were obtained each year and the genotype x plant density effect was the 
major portion of the genotype-environment interaction variance. Additive (c~A, c~B) and additive x additive (c~AB) gene 
effects were computed for each plant density for lateral and central floret awn length. For lateral awns O~AB was not 
affected, but ~A and c*B increased with decreased plant density. In contrast, for central awns C~A and c~AB decreased and 
c~B increased with decreased plant density. 

Central floret awns measured at each spike node showed that  high plant density reduced awn development most in 
the lower half of the spike. This is the zone of most rapid awn differentiation and since culm elongation and spike 
growth rates were greatly increased by high plant density, it was suggested that rapid growth invoked a stress on awn 
development and differentially altered the expression of A and B. 

Introduction 

Differential genotype response to environmental  
changes is an impor tan t  characteristic of plant, and 
to a lesser extent,  animal populations. Progress 
from selection on either population or individual per- 
formance is influenced by  the presence of genotype- 
environment  interactions. Considerable a t tent ion 
has been given to the analysis of genotype-environ- 
ment  interactions in plants (AI.LARD and BRAD- 
SltAW t964; MATZINGER t963; GARDNER 1963); 
however, in most instances the characters studied 
were governed by  many  genes with small effects. 
Such characters were evaluated because of econo- 
mic importance or ease of measurement.  Simply in- 
herited characters have not been used a great deal 
because changes in character expression are not 
usually subject to modification by  environmental  
influences and a measurement  scale is not conve- 
niently available. Clearly, the use of characters gov- 
erned b y  genes with large, but  quanti tat ive,  pheno- 
typic effects is advantageous because environmental  
effects can be readily defined and measured;  further- 
more, the environment  can be modified experimen- 
ta l ly  b y  chemical and physical means to induce the 
interaction effects. However,  a uniform genetic 
background is necessary to avoid complications 
from variat ion in other characters. With plants, such 
uniformity is obtained with isogenic lines derived by  
muta t ion  or through enforced heterozygosity by  
backcrossing or self-fertilization. 

The awn of barley (Hordeum w~lgare L.) is a linear 
extension of the Iemma of the floret and its develop- 
ment  is conditioned by  several genes (reviewed by 
SMITI~ t95 t ;  NILA:V t964). At least two dominant  
genes are required for long awn development.  Sev- 
eral physiological functions of tile awn are known; 
the most  notable is photosynthesis which contrib- 
utes carbohydrates  to the developing seed (GRur<D- 
t~AC~tER t963). The awn phenotype is suitable for 
experimental  s tudy of environmental  modifications 
because (t) several phenotypic expressions are pro- 
duced with various combinations of known genes, 

(2) the development of the awn is less complicated 
than for many  characters (BoNNETT t966; STEBBI~,TS 
and YAGIL 1966), (3) the character is repetit ive on 
each spike and m a n y  spikes m a y  be produced on 
each plant, and (4) the length of the awn can be 
accurately measured during development and, after 
growth is completed, its developmental  history can 
be charted by  noting its position on the spike. 

Variation in awn length due to temperature,  soil 
moisture, and nutri t ional effects has been noted 
(ENGLEDOW t924; HUBE~ t931; SCUULTE t955). 
WOODWARD and RASMOSSON (1957) found tha t  awn 
development was influenced b y  genes for dwarfness 
and spike density. In  the present s tudy isogenic 
lines differing by  two genes (Lk and Lk 1, referred to 
as A and B here) for awn development were utilized. 
The isogenic lines were derived b y  backcrossing and 
selection so tha t  the expected length of the linkage 
blocks associated with each locus is 5.6 crossover 
units. The isogenic lines were subjected to a wide 
range of environmental  conditions in a two-year  
plant density study. Variation in plant density re- 
sulted in large differences in tiller number,  plant 
height, seed size, and other characters (QuALSET, 
SCHALLER, and WILLIA)r t965). I t  was the pur- 
pose of this s tudy to investigate environmental  ef- 
fects on the quant i ta t ive action of the two genes, 
A and B, in isogenic materials and to illustrate the 
use of isogenic lines in the s tudy of genotype-environ- 
ment  interactions. 

Materials and Methods  
The isoge~ic lines: The awnless variety, C. 1.5631, 

was used to introduce awnlessness by  backcrossing 
into 'Atlas ' ,  a fully-awned type. MYLER (1942) found 
tha t  two genes conditioned awn length and tha t  the 
four homozygous types were phenotypically dis- 
tinguishable : 

'Ful l-awned'  (AABB), long awns on lateral and 
central florets 
'Half-awned'  (AAbb), short awns on lateral and 
central florets 
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'Quarter-awned' (aaBB) ,  awnless or very short 
awns on lateral and short awns on central florets 

'Awnless' (aabb), awnless lateral fiorets and very 
short awns on central florets. 

Seven backross and t 6 selfing generations were used 
to develop the four isogenie lines. Selection for awn- 
lessness and Atlas plant type was done for four or 
five generations after each backcross cycle. The deriv- 
ed awnless type was crossed with Atlas to initiate 
a new cycle. The four awn-type genotypes were ex- 
tracted in the Fa generation after the last backcross. 
Further details of the breeding history of these lines 
and illustrations of the phenotypes were given 
previously (QuALSET et al. 1965). 

Exper imen ta l  design: The four isogenic lines were 
grown in a split-plot field experiment for two years 
at Davis, California. Main plots were plant densities 
of 0.002, 0.023, 0.093, t.486, and 3.345 m2/plant and 
subplots were the four isogenic lines. These plant den- 
sities are equivalent to 0.t, 0.5, 1.0, 4.0, and 6.0 ft~/ 
plant. Three replications of 4-row plots 4.9 m long were 
used in the first year and four replications of 4-row 
plots 9.8 m long were used in the second year. The 
distance between rows was 30.5 em for the first 
three and 61.0 cm for the last two plant densities 
listed above. 

Measuremen t  of  awn  length: Ten spikes were taken 
at random from each plot in the first year and five in 
the second year. All unbroken awns on one row 
each of lateral and central Ilorets were measured. 
The measurements were made in sequence from the 
base to the apex of the spike so that  awn length 
could be related to its nodal position on the spike. 
Since the number of nodes per spike was variable, 
the center of the spike was taken as point of reference 
(labeled node 1). This labeling system also relates 
to the developmental sequence because floret differ- 
entiation begins in the center of the spike primor- 
dium (Bo~NETT 1966). A detailed analysis of awn 
length by nodes was done in the first year only and 
was based on a maximum of 30 spikes for each node. 
A second measure of awn length, called mean awn 
length, is the mean length of awns of either lateral 
or central florets for all nodes on the spike. This was 
computed in both years. 

Statist ical  analyses: Genotype-environmental in- 
teraction components of variance were computed 
from expectations of mean squares from a standard 
split plot analysis of variance. The analyses were 
performed on plot means. Orthogonal coefficients 
for the regression of awn length on plant density were 
calculated by the method of CARMER and SEIr (1963) 
for unequally spaced treatments. Additive (o~A,ae) 
and additive • additive (aAB) interaction effects were 
estimated from orthogonal comparisons among the 
four isogenic lines. These comparisons were given 
previously by QUALSET et al. (1965) but are presented 
here for reference: 

O*A = ( A A B B  + A A b b  - -  a a B B  --  aabb)/4 

~x B = ( A A B B  + a a B B  --  A A b b  --  aabb)/4 

oq4~ = ( A A B B  q- aabb --  A A b b  --  a a B B ) / 4  

The genotypic symbols refer to means for all repli- 
cations, either for a node or for the whole spike, 
The ~i effects are regression coefficients and the 
mean square used for tests of significance is 4c~. 

R e s u l t s  

Modi f ica t ion  of  awn length: As the space available 
per plant was decreased, awn development was reduc- 
ed for both lateral and central fiorets in all genotypes 
(Figure t). The decrease in awn length, as related 
to increased plant density, was curvilinear (Table t) 
and became essentially linear on the logarithmic 
scale as in Figure t. Differential response of the geno- 
types to changes in plant density was evident in 
Figure t and by the significance of the genotype • 
plant density interaction in Table 1. This was most 
obvious for Quarter-awned in which the slope for the 
reduction of awn length was much greater than for 
the other genotypes. In fact, Quarter-awned became 
phenotypically awnless at high plant densities (Figure 
2) and could not be distinguished from Awnless. 

The analysis of awn length by nodes for central 
florets showed that  the greatest awn development was 
in the lower one-half of the spike (Figures 3 and 4) 
and that  the effect of plant density on awn develop- 
ment was not the same throughout the length of the 
spike. This is borne out in the analyses of variance 
in Table 2 where the nodes • plant density inter- 

Table I .  Mean squares and estimated variance components for lateral and central floret awn length of iso- 
genic tines in a two-year plant density study 

Source of variation Degrees of 
freedom 

Mean square Variance component  

Lateral  Central Lateral  Central 

Years (Y) 1 4.23** 27.16"* 
Reps in Y 5 0.t7 0.08 
Plant densities (D) 4 4.87 * * 19- 79"* 

Linear 1 t6.16"* 63.38** 
Quadratic 1 2.13"* 1t.54"* 
Remainder 2 0.59 2.11 * 

D • Y 4 o.51 o.91 
Linear • Y 1 1.15" 2.52* 
Quadratic • Y 1 0.53 0,67 
Remainder • 5 / 2 0.17 0.23 

Error a 20 0.22 0.46 
Genotypes (G) 3 854.01 ** 957.59* * 
G • Y 3 0.73** 2.90** 
G X D 12 1.28"* 1.60'* 
G X D X Y 12 0.It 0.13 
Error b 75 0.15 0.20 

a~ 24.88 27.83 
~}y 0.03 0.16 
a~d 0.17 0.21 
O'~dy --0.0t --0.02 
~I 2 0,t 5 0.20 

* . o l  < P < . o 5 .  - -  * *  P ~ . O i .  
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TabIe 2. Mea~z squares for ce~r awn le,zgth by nodes for four isogonic lines attire plant densities 

Degrees of Full-awned Half-awned Quarter-awned Awnless Source of variation freedom 

R e p l i c a t i o n s  2 3.18 t .  38 2.70 i .98 
D e n s i t i e s  4 25,57 * ~ 6.36 § 54.27 * * 4.42* 
E r r o r  a 8 4.75 5.32 2.48 0.99 
N o d e s  10 7~ A 5** 22.98** 8-55** 0 .98** 
N o d e s  • dens i t i e s  40 111.03"* 0 .38** 0.55** 0 .12"*  
E r r o r  b 100 0.55 0.15 0.~ 2 0.04 

+ . 0 5 <  P < . t 0 ,  * .01 < 0 ~ . 0 5 ,  ** P < . 0 1 .  

action was significant for all genotypes. The plant 
density effect for Half-awned (Figure 3) was not as 
large as for the other genotypes;  this can also be 
seen for mean own length in Figure ~. 

For Full-awned and Half-awned the greatest  re- 
duction in awn development occurred at nodes on the 
lower one-third of the spike (Figure 3) and was mini- 
mal near the apex of the spike. The lower one- 
third of the spike was also most strongly affected 
for Quarter-awned and Awnless but  the awn length 
of upper  one-third was reduced relatively more for 
these two genotypes than for Full- and Half-awned. 
The difference in own length for the two extreme 
plant densities for Quarter-awned (4.0 cm) was simi- 
lar to the reduction observed for Full-awned even 
though its potential  own development was only one- 
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Fig. 1. ~{ean lateral  and central  own length o~ four isogonic 
lines of bar ley as affected by  p lant  densi ty  

Fig. 2. Awn development  of Quar ter -awned (aaBB) at five 
p lant  densities. F rom left: 3.345, 1.486, 0.093, 0.023, and 

0.002 m ~ per  p lant  

sixth as much. The awn length analysis by  nodes 
indicated tha t  Quarter-awned had the greatest  sensi- 
t iv i ty  to variat ion in plant  density. 

Compom~ts of phenotyp~c variance: The specificity 
of genotype response to variat ion in plant density 
was indicated by  the relative size of the components 
of the phenotypic variance (Table 1). As expected, 
the variance among genotypes (~) was the major  
component  of variance for awn length. The geno- 
type • plant density and genotype • year variance 
components were significant, but  the second order 
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Fig. 3. Length  of central  owns of Full-awned (AABB) and 
Half -awned (AAbb) for each node at five p lan t  densities. 
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Fig. 4. Length  of central  owns of Quar ter-awned (aaBB) and 
Awnless (aabb) for each node at  five pIant  densities (see 

Figure 3 for p lant  densi ty code) 
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Fig. 5. Add i t i ve  (aA, aB) and add i t ive  x ad- 
d i t ive  (0CA B) gene  effects  for m e a n  la te ra l  
and  cen t ra l  awn  l e n g t h  wi th  l inear  regres-  

s ion coeff icient  Oil log p l a n t  dens i t y  

T a b l e  3. M e a n  squares for  part i t ion of  genotypic and genotype • p lant  
density variance for  lateral and central f loret  awn length. Tests of  signif icance 

based on error terms in  Table s 

Source of va r i a t i on  Degrees  of 
f r e edom 

Mean squa re  

La te rM Cent ra l  

Part i t ion  of  genotypic variance 
A d d i t i v e  A (~A) 1 1 9 5 5 . 6 5 " *  2080.31 ** 
A d d i t i v e  B (~B) 1 325.43 * * 629 .26*  * 
A d d .  A • a d d .  B (lAB) 1 2 8 0 . 9 6 * *  1 6 3 . t 9 " *  

Partition of genotype • plant density variance 
aA • densities (D) 4 2.78** 1.02"* 

aA • D linear t 8.02** 3.37** 
C~A • D quadratic t 1.40"* 0.78 
0CA X J~) remainder 2 0.88"* 0.07 

C~B • D 4 0.98** 2.86** 
aB • D linear 1 2.39** 8.52** 
C~B • D quadratic i 1 . 0 4 " *  2 . 1 2 " *  
aB • D remainder 2 0.24 0.40 

O~AB X D 4 0.28 0 . 8 0 * *  
OCAB X D l i n e a r  1 0 . t 4  2 . 33**  
C~AB • D q u a d r a t i c  t 0 .64*  0 .62  
C~A B • D remainder 2 0. t 8 0.12 

* .01  ~ P ~ . 0 5 .  - -  * *  i ~  

interaction a~ey was not;  however, for several other 
characters ~ %e~ was sizable (QmALSE~ et al. t965). %e 
was 85 and 57 percent of the genotype-environment  
variance for lateral and central awns, respectively, 
and thus made the pr imary contribution to the geno- 
type-environment  interaction. 

Env i ronmen ta l  inf luence on gene effects: For mean 
awn length and for each node, comparisons among 
the four genotypes indicated tha t  the A locus had 
the greatest  additive effect ( ~ )  on development of 
both  lateral and central awns (Figures 5 and 6). The 
additive effect of the B locus (C,e) was more important  
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Fig. 6. Upper: C~A, C~B, and aAB gene effects for central awns 
at each node at two plant densities. Lower: Proportion of 
genotypic variance attributed to O~A, aB. and CAB ~or each node; 
0.002 and i .486 m 2 per plant for left and fight bars, respectively 

than the additive A • additive B interaction (o~A B) 
for central awns and was about equal to ~A B for lat- 
eral awns. 

The a~d variance component  was further parti- 
tioned as given in Table 3. This subdivision indicated 
tha t  (XA and a B interacted with plant density for both  
lateral and central awns and tha t  C~A B • density was 
significant only for central awns. The nature of these 
interactions can be seen from the second subdivision 
where the a~ effects were related to plant density on 
the original measurement  scale (m2/plant). The lin- 
ear and quadratic interactions accounted for nearly 
all of tile gene effect • density interaction. Transfer- 
marion to plant density on the logarithmic scale 
resulted in a linear relationship of the gene effects 
to plant  density and in Figure 5 the interaction of 
gene effects with plant density can be seen clearly. 
The analysis at the highest density (0.002 m2/plant) 
indicated tha t  ~n and c~AB was t3.4 and 8.3 percent of 
the total  variance for central awns, whereas at the 
lowest density (3.345 mS/plant) these effects were 
28.5 and 4.4 percent, respectively. ~A and aA~ de- 
creased and ~B increased as the space per plant  was 
increased for central awns. Similar relationships for 
lateral awns can be seen in Figure 5 and the variat ion 
in the sign of the regression coefficients shows tha t  
plant density affected the action of the A and B 
loci in quite different ways. 

The analysis of gene effects for central awns at 
each node showed the same curvilinear relationship 
to plant density as found for the average awn length, 
but  the data  are presented only for the two extreme 
plant  densities (Figure 6). The aa  effect was slightly 
smaller at the low plant density which resulted in 
max imum awn development.  In contrast,  o~B was 
greatly affected by  plant  density and its max imum 
occurred at  low plant density. The shape of the 
curve for ~B was different at these two plant  densities. 
The epistatic interaction effect, 0CA B, was about  the 
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same throughout  the length of the spike, but  was 
smaller at low plant density. The relative variances 
(Figure 6) indicated that  ~B and aA~ were similar 
at high density, but ~B was 5.0 times larger at low 
plant density. The results for average awn and for 
each node show that  the ~B effect was more greatly 
modified by environment than ~A and ~A B. The effect 
of plant density was greatest in the lower one-half 
of the spike for C*A and c~ B and at both ends of the spike 
f o r  C~A B. 

Discussion 
Isoge~,ic Analysis 

Isogenic lines differing mainly for genes affecting 
qualitative characters and their associated linkage 
blocks are useful in three basic types of genetic ana- 
lyses: (t) for developmental or biochemical s tudy of 
character expression and gene action, (2) quanti tat ive 
genetic s tudy of the character itself, and (3) for 
assay of quanti tat ive genetic variability in short seg- 
ments of chromosome marked by the genes governing 
qualitative characters. In each type of analysis geno- 
type-environment interaction can be evaluated and 
is important  to the interpretation of genetic param- 
eters. This was well illustrated in the present 
s tudy where relative gene effects were greatly af- 
fected by plant density. 

Since isogenic lines provide a model situation for 
the evaluation of quanti tat ive genetic parameters, it 
is useful to point out the general features of the pres- 
ent results. Genetic variation was present for two 
unlinked loci, each with two alleles, which had large 
phenotypie effects on awn development. Since most 
quanti tat ive characters are governed, by many genes 
with small effects, this represents an oversimplifi- 
cation of usual genetic popuiations. However, the 
fact that  the A and B loci had unequal effects and 
were modifiable by environment to the extent  that  
aaBB became phenotypically aabb qualifies these 
loci as suitable for quanti tat ive genetic study. Back- 
ground genetic variation for the character studied 
was minimal which was important  for the s tudy of 
modification of phenotypic expression, but  not a 
particularly desirable feature in at tempting to relate 
these results to selection response for fitness charac- 
ters where genetic variability is commonly present. 
Small, but  significant, amounts of genetic variation 
for other characters is generally found associated 
with linkage blocks marked by the major genes 
(FAsOULAS and ALLARD 1962; QUALSET etal. t965; 
QUALSET and SCHALLER 1966). 

Since only homozygotes for the two loci were studi- 
ed, dominance and dominance epistatic interaction 
effects could not be evaluated. Some results (e. g. 
MA'rZlI~GER t963) have indicated that  epistatic effects 
are more subject to genotype-environment interaction 
than additive or dominance effects. In the present 
s tudy ~A~ was not greatly affected by plant density 
or the position of the awn on the spike. This result 
is perhaps a function of the awn character which is 
basically more stable than many quanti tat ive char- 
acters. The use of heterozygotes is a necessary and 
simple refinement for the s tudy of quanti tat ive gene 
action with isogenic lines. An analysis of gene effects 
for awn length using heterozygotes, but  not account- 

ing for genotype-environnlent interaction, will be 
presented elsewhere. Equal gene and genotype fre- 
quencies and viabilities were attained because the 
four genotypes were identifiable. This is a major 
advantage of isogenic materials and by  the use of 
mixtures of various genotypes frequency dependency 
and fitness values carl be estimated for each locus. 

Plant densities introduced systematic variation 
in the environmental effects while years introduced 
a random, but  relatively unimportant,  element. Ap- 
propriate systematic variation of environmental 
variables can induce differential genotype response 
that  is only rarely identified and analyzed in random 
experiments such as stratification with years or sites. 
Genotype performance can then be studied as a re- 
sponse surface which might be less subject to sampling 
error than the variance component approach. Addi- 
tionally, causal relationships can be inferred and 
factors responsible for the interaction can be identi- 
fied. 

Awn Devel@ment 
During spike development  the awn grows very 

rapidly, up to 2 cm per day was observed by  WlJE- 
WANTI~A and STEBBI~'S (1954). In the analysis of 
awn length by  nodes presented here it was found that  
the longest awns were produced in the middle or 
lower one-third of the spike. This is also known to 
be the zone of most rapid differentiation (BoN~TT 
t966; NIC~tOLLS and MAY 1963; WIJEWANTUA and 
ST~BBINS 1964). Furthermore, awn development was 
reduced more in this portion of the spike than other 
parts at high plant density. Plants grown at high 
densities differentiate spikes having approximately 
the same length as plants grown at low densities, 
but  culm elongation occurs much more rapidly than 
at low density and fewer floret primordia complete 
differentiation. At high plant density rapid growth 
during culm elongation may result in intraplant 
competition for nutrients and thus reduce awn devel- 
opment. 

I t  is apparent that  conditions which promote rapid 
differentiation cause a reduction in awn development. 
In studies of moisture stress on plant development 
ASPINALL, NICI-IOLLS, and MAY (t964) and WILLIAMS 
and SHAPTER (19~5) found that  the organ growing 
most rapidly during a period of stress is most greatly 
modified. This was observed here where plant den- 
sity influenced growth rate and invoked a stress dur- 
ing awn development. The reduction in awn devel- 
opment observed by  other workers (ENcLEI)OW 1924; 
HUBEI~ t931 ; SCHULTE t955) occurred as a response 
to soil moisture stress and other conditions which 
affected growth rate. Their observations are com- 
patible with the suggestion that  conditions condu- 
cive to rapid growth cause a reduction in awn devel- 
opment. 

Zusammenfassung 
An 4 isogenen Gerstenlinien, die sich dutch zwei 

Gene fiir Grannenbildung (A und B) und entspre- 
chende kurze Kopplungsblocks unterseheiden, wurde 
zwei Jahre lang die L~inge der Orannen bei verschie- 
dener Standdichte (0,002 bis 3,345 m 2 je Pflanze) 
untersucht. Bei dichtem Bestand ergab sich eine 
Beeintr~ichtigung der Grannenbildung, der viertel- 
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b e g r a n n t e  G e n o t y p  (aaBB) wurde  ph~no typ i s ch  
grannenlos  (aabb). Die Ergebnisse  s t i m m t e n  in bet- 
den  J a h r e n  i iberein,  der  E f fek t  G e n o t y p  • S t and -  
d ich te  h a t t e  den H a u p t a n t e i l  an tier I n t e r a k t i o n s -  
va r i anz  G e n o t y p : U m w e l t .  A d d i t i v e  (c,A, aB) u n d  
a d d i t i v e  • add i t i ve  (~A e) Genwi rkungen  wurden  bet 
j eder  S t a n d d i c h t e  ftir die Orannen lgnge  der  Sei ten-  
u n d  Mi t te l~hrchen  er rechnet .  Bet den se i t l ichen 
Grannen  wurde  ~A B n ich t  beeinfluBt,  aber  aA u n d  ~B 
e rh6h ten  sich mi t  a b n e h m e n d e r  S t andd ich t e .  I m  
Gegensa tz  dazu  gingen bet den mi t t l e r en  Grannen  
C~A und  C*AB zuri ick,  w~ihrend fiirc~ B bet a b n e h m e n d e r  
S t a n d d i e h t e  ein Ans te igen  fes tzus te l Ien  war.  

lVfessungen tier m i t t l e r e n  Grannen  jeder  Ahre  
zeigten,  dab  hohe  S t a n d d i c h t e  der  Pf lanzen  die 
Gran..nenbildung a m  meis ten  in tier un t e ren  H~tlfte 
der  Ahre  reduzier te .  Das  is t  die Zone, in tier sich die 
Grannen  a m  schnel ls ten  differenzieren,  un4  d a  die 
H a l m -  u n d  A h r e n w a c h s t u m s r a t e n  durch  hohe  S t and -  
d i ch te  s t a r k  ges te iger t  wurden ,  sche in t  das  schnel te  
W a c h s t u m  auf die G r a n n e n e n t w i c k l u n g  h e m m e n d  
e inzuwirken  und  die Mani fes t ie rung  von A u n d  B 
un te r sch ied l i ch  abzu~indern. 
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