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Summary. Immature embryo explants taken 8 days 
after anthesis were used to establish callus cultures of 
spring barley. Two types of  calli were observed. A soft, 
watery callus produced a limited number of shoots and 
a harder, more compact, yellowish callus gave rise to 
numerous green primordia and shoots. Gamborg's B5 
basal medium supplemented with either 2,4-D (2,4- 
dichlorophenoxyacetic acid) or CI~ POP (2,4,5-tri- 
chlorophenoxypropionic acid) was found to give good 
callus growth and shoot initiation. Media containing 
2,4-D at 1.0 mg L -1 or C13 POP at 5.0 mg L -1 produced 
numerous cultures resulting in regeneration of plants. 
Plantlets developed roots on basal medium with C13 
POP at 1.0 mg L -~ or on auxin-free medium. Twenty 
genetically diverse genotypes were screened to deter- 
mine if these techniques were suitable for a wide range 
of spring barley cultivars. Regeneration of plantlets was 
obtained for 19 of the 20 genotypes approximately 
4 months after culture initiation. Lines differed in the 
ability to develop vigorously growing calli and in the 
ability of  calli to develop large numbers of shoots and 
regenerated plantlets. 
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(Sears and Deckard 1982; Ahloowalia 1982; Eapen and 
Rao 1982a), rye and triticale (Eapen and Rao 1982b), 
proso millet (Heyser and Nabors 1982a), oats (Heyser 
and Nabors 1982b), and barley (Deambrogio and Dale 
1979; Bayliss and Dunn 1979). A high rate of regenera- 
tion from callus cultures is a prerequisite for the use of  
tissue culture as a tool in crop improvement. 

Specific differences exist in the in vitro response of 
genetically diverse genotypes. Distinctions can be made 
among cultivars for their callus growth response, ability 
to initiate shoots and roots, and regeneration potential. 
Varieties and breeding lines have been identified for 
their ability to yield numerous regenerated plantlets. 
The identification of specific genotypes that are capable 
of  rapid callus production and high rates of plantlet 
regeneration is an important step toward the applica- 
tion of tissue culture techniques to agriculture. 

Results will be presented to substantiate the success- 
ful regeneration of a genetically diverse range of spring 
barley cultivars. Experiments were conducted to deter- 
mine optimal explant stage of maturity, growth regula- 
tor requirements, and distinct genotype responses. De- 
tailed explanations of culture responses at various 
stages of  callus growth and plantlet development are 
provided. 

Introduction 

Reproducible regeneration of plants has recently been 
reported for a number of cereal species including wheat 

* Contribution from Department of Crop Science, Oregon 
State University, Corvallis, OR97331. Oregon Agile. Exp. 
Stn. No. 7582 

Materials and methods 

Plants used in these experiments were grown under green- 
house conditions. Measures were taken to avoid environ- 
mental stress. Pots containing a greenhouse soil mixture of 
peat, leaf mulch, and soil were watered daily. A 15-15-15 
fertilizer was incorporated into the soil mixture at the time of 
planting and a one-tenth strength Hoagland's fertilizer solu- 
tion was applied one week prior to anthesis. Plants for 
hormone studies were kept at constant temperatures of 35 to 
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38 ~ with a 14 h day-length. Plants for genotype studies were 
held at temperatures ranging from 26 to 38 ~ and approxi- 
mately 14h daylight. The seed sources for all plants were 
acquired from breeders seed maintained as pure lines. 

Spikes were bagged a few days before anthesis. Immature 
spikes were collected 8 days after anthesis. The caryopses were 
surface-sterilized with 20-fold diluted Clorox (5.25% sodium 
hypochlorite) for 5 min and rinsed 5 times with sterile distilled 
water. Embryos were excised using a dissecting microscope 
under aseptic airflow conditions of a laminar flow hood. Three 
immature embryo explants were taken from individual spikes 
and placed in the same petri dish. 

Immature embryo explants were placed in 15 by 60 mm 
pre-sterilized petri dishes. Cultures were established and 
maintained on Gamborg's B5 basal medium with the addition 
of the following components (concentrations are mg L-l): 
NaH2PO4" H20, 150; KNO3, 2,500; (NH4)2SO,, 134; 
MgSO4" 7H20, 250; Ferric EDTA, 40; Gamborg and Wetter 
(1975) supplemented with 2% sucrose, and 0.7% to 0.8% Sigma 
agar-agar. The pH of the medium was adjusted to 5.5 with 
either NaOH or HCI before the addition ofagar. 

Any embryo explants that showed signs of precocious 
germination were discarded. Cultures were transferred every 3 
to 6 weeks. Once shoots began to develop cultures were placed 
in autoclaved glass test tubes or pre-sterilized baby bottle 
liners. All cultures were maintained in the same growth 
chamber. The controlled environment chamber was kept at 24 
to 26 ~ with a 12 h day-length. 

Hormone experiments 

A randomized complete block design consisting of six repli- 
cates, four treatment levels and three subsamples was used. Six 
plants of the cultivar 'Klages' were established in the green- 
house. Four randomly selected spikes were collected from 
each plant and labelled according to source for testing the four 
hormone treatment levels. The spikes were from both primary 
and secondary tillers. 

Three immature embryo explants were taken from a single 
spike and placed in a petri dish supplemented with a specific 
hormone concentration. These three embryos were subsamples 
of a replicate. The hormone treatments were 2,4-D (2,4-di- 
chlorophenoxyacetic acid) at 1.0 mg L -~ and CI~ POP (2,4,5- 
trichlorophenoxypropionic acid) at concentrations of 1.0, 2.5, 
and 5.0 mg L -a. Measurements were taken for callus gain in 
fresh weight, appearance of green primordia, shoot and root 
initiation, and plantlet regeneration. 

Genotype experiments 

A randomized complete block design consisting of five blocks 
and 20 genotypes was used. One spike was randomly selected 
from each of the 100 plants in the investigation. Three immature 
embryo explants were excised from the spike and placed in a 
culture dish. These three embryos were subsamples of the 
blocks. 

Cultures of 20 genetically diverse genotypes were initiated 
on Gamborg's B5 medium supplemented with 1.0 mg L -1 2,4- 
D. Cultures were maintained on this same medium from 
initiation of callus through plantlet regeneration stages. 
Regenerated plantlets were transferred to hormone-free media 
to stimulate root development. Evaluations of successful 
growth and regeneration were based on measurements of 
callus fresh weight gain, shoot and root initiation, and plantlet 
regeneration. 

Results 

No differences were  de tec ted  in callus growth,  whe the r  

the scute l lum was p laced  downward  in contact  wi th  the 

m e d i u m  or  facing up. There  were  obvious  differences in 

the response o f  embryos  taken  at var ious  deve lop -  
menta l  stages. Embryos  taken 7 to 8 days after  anthesis  
deve loped  into v igorously  g rowing  calli. This is the 

equ iva len t  o f  stage II in whea t  caryopsis  deve lop -  
men t  as descr ibed by Rogers  and Q u a t r a n o  (1983), 
when  the caryopsis  is at the mi lky stage. No t  only  were  

the n u m b e r  o f  days after anthesis impor tan t ,  but  the 
size o f  the explan t  had  a dist inct  effect on the success o f  

establ ishing cultures. E m b r y o  lengths  o f  0.5 to 1.0 m m  
were best for el ici t ing rap id  callus d e v e l o p m e n t  whi le  

avoid ing  the precocious  ge rmina t ion  o f  the embryo .  

Hormonal responses 

All auxin  concent ra t ions  tested were  sui table  for the 

ini t ia t ion o f  v igorously  growing  callus cultures.  Signifi- 

cant  differences existed in the effect o f  the g rowth  
regulators  on callus fresh weight  gains at both  4 weeks  
(Table 1) and 9 w e e k s  (Table 2) af ter  explants  were  

established.  Supp lements  o f  e i ther  2,4-D at 1.0 m g  L -1 
or  CI~ POP at 1.0 mg  L -1 caused the greatest  callus 

p roduc t ion  by exp lan ted  embryos .  

Table 1. Hormone treatment means for fresh weight of callus 
cultures 4 weeks after initiation for the cultivar 'Klages' 

Treatment (mg L -1) Fresh wt (g)a 

2,4-D 1.0 0.289 a b 
C13 POP 1.0 0.228 a 
C13 POP 2.5 0.149 b 
C13 POP 5.0 0.118 b 

Mean of six replications 
b Means with a letter in common are not significantly dif- 
ferent. LSD0.05 for comparison among these means = 0.078 

Table 2. Hormone treatment means for fresh weight of callus 
cultures 9 weeks after initiation for the cultivar 'Klages' 

Treatment (mg L -1) Fresh wt (g) a 

C13 POP 1.0 0.956 a b 
C13 POP 2.5 0.724 b 
2,4-D 1.0 0.633 bc 
C13 POP 5.0 0.483 c 

a Mean of six replications 
b Means with a letter in common are not significantly dif- 
ferent. LSD0.05 for comparison among these means = 0.182 



Green pr imordia  began to appea r  4 to 6 weeks after 
embryo explants were established. The addi t ion of  C13 
POP at 1.0 mg L -1 often resulted in the formation o f  
green roots from these p r imord ia  ra ther  than the more  
desirable init iation o f  shoots. Hormone  t reatments  did  
not differ in their  effect on green pr imordia  initiation. 
The ranking o f  hormone  t reatment  effects changed 
from evaluations at 9 weeks compared  with those mea-  
sured at 12 weeks. At  9 weeks, Cls POP at 1.0 mg L -1 
gave the greatest number  o f  green pr imordia .  The mea-  
surements recorded at 12 weeks show 2,4-D to be the 
better  t reatment  for green pr imord ia  initiation. Cul- 
tures exposed to CI~ POP at 5.0 mg L -1 consistently 
ranked lowest for format ion of  green spots. 

The best auxin treatments for induct ion o f  shoot- 
producing calli were Cls POP at 2.5 and 5.0 mg L -1. 
These growth regulator  t reatments resulted in the 
largest numbers  o f  shoots. Al though these results were 
not statistically different at the 0.05 probabi l i ty  level, 
the greatest mean  value for shoot emergence at  9 weeks 
was for cultures with Cls POP levels o f  2.5 mg L -1, and 
at 12 weeks for C13 POP levels o f  5.0 mg L -1. 

Plantlets were regenerated approx imate ly  12 to 
16 weeks after init ial  embryo excision. Plantlets 
developed for all hormone  levels tested. Analysis  of  
data  collected 6 months after culture establ ishment  
proved that significant differences existed for regen- 
erative capacity (Table 3). The greatest number  of  
plants were regenerated for those cultures with C13 POP 
concentrat ions o f  5.0 mg  L-1. 

Genotype responses 

Callus formed within the first 3 weeks. Genotypes  
ranged in their  relative cal lus-forming abi l i ty  when 
scored 6 weeks after culture ini t iat ion (Table 4). The 
cultivar 'Gus '  had twice the weight gain compared  to 
the mean  of  all twenty genotypes.  The cultivars 
'Klages~, 'Himalaya ' ,  'Tr iumph ' ,  and  'Morex '  ranked in 
the top 25% for the bar ley  popula t ions  evaluated.  

Table 3. Hormone treatment means for regeneration of plants 
6 months after initiation of cultures for the cultivar 'Klages' 

Treatment (mg L-1) No. of plants 

CI~ POP 5.0 1.6 a b 
C13 POP 2.5 1.1 a 
2,4-D 1.0 0.6 b 
CI~ POP 1.0 0.1 c 

a Mean of six replications 
b Means with a letter in common are not significantly different 
at 0.05 level of probability. LSD0.05 for comparison among 
these means = 0.42 
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Format ion  of  green spots was first noted four weeks 
after explanting. Shoots and occasionally roots arose 
from these green pr imordia .  Significant differences in 
shoot init iat ion from the green pr imord ia  were ob- 
served (Table 5). Cult ivars and advanced breeding  lines 
have been selected for their prolific shoot development .  
'Apam Dwar f '  and  'Advance '  were two cultivars that 
produced an average o f  more  than five shoots from a 
single culture. 'Mul tum '  and the breeding line 'OSB 

Table 4. Mean value for gain in fresh weight of callus cultures 
6 weeks after initiation for 20 cultivars of spring barley 

Genotype Fresh wt (g)" 

'Gus' 0.645 a b 
'Klages' 0.452 b 
'Himalaya' 0.450 b 
'Triumph' 0.410 bc 
'Morex' 0.403 bcd 
'Apam Dwarf 0.359 b -e  
'Or 7334-3' 0.341 b - e  
'Minn 66-102' 0.299 b - f  
'Diamant' 0.288 c - f  
'OSB 763390' 0.281 c - f  
'Multum' 0.235 d -g  
'Akka' 0.227 e -h  
'ORSS-2' 0.224 e -h  
'Karl' 0.205 e -h  
'Advance' 0.134 fgh 
'Short Wocus' 0.134 fgh 
'Benton' 0.116 gh 
'C2-79-198' 0.103 gh 
'Steptoe' 0.088 gh 
'Mex 79132-Hk' 0.071 h 

a Mean of five replications 
b Means with a letter in common are not significantly different 
at the 0.05 probability level. LSD0.05 for comparison among 
these treatment means -- 0.159 

Table 5. Treatment means for shoot development 12 weeks af- 
ter culture initiation for 20 spring barley cultivars 

Genotype No. of Genotype No. of 
shoots ~ shoots ~ 

'Apam Dwarf 6.1 a b 'Minn 66-102' 2.1 c - f  
'Advance' 5.3 ab 'Mex 79132-Hk' 1.6 c - f  
'OSB 763390' 4.5 abc 'Diamant' 1.6 c - f  
'Multum' 4.2 a - d  'Akka' 1.3 def 
'Karl' 3.7 a - d  'Benton' 1.1 def 
'Gus' 3.2 a - e  'Triumph' 1.1 def 
'ORSS-2' 2.9 b - f  'Morex' 0.3 ef 
'OR 7334-3' 2.9 b - f  'Short Wocus' 0.3 ef 
'C2-79-198' 2.9 b - f  'Steptoe' 0.1 ef 
'Klages' 2.6 b - f  'Himalaya' 0.0 f 

Mean of five replications 
b Means with a letter in common are not significantly dif- 
ferent. LSD0.05 for comparison among these means = 3.1 
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Table 6. Treatment means for regeneration of plants for 20 
spring barley cultivars 

Genotype No. of Genotype No. of 
plants ~ plants a 

'Multum' 2.1 a b 'Akka' 0.9 b -g  
'Apam Dwarf 1.8 ab 'Klages' 0.9 b-g  
'C2-79-198' 1.7 abc 'Benton' 0.8 b-g  
'Karl' 1.7 abc 'Diamant' 0.8 b-g  
'Mex 79132-Hk' 1.7 abc 'Steptoe' 0.7 c-g 
'OR 7334-3' 1.3 a - d  'Minn 66-102' 0.5 d -g  
'Advance' 1.2 a -e  'Triumph' 0.3 d -g  
'OSB 763390' 1.1 a - f  'Short Wocus' 0.3 d -g  
'ORSS-2' 1.1 a - f  'Morex' 0.1 fg 
'Gus' 0.9 b -g  'Himalaya' 0.0 g 

a Mean value of five replications 
b Means with a letter in common are not significantly different 
at the 0.05 probability level. LSD0.05 for comparison among 
these means = 1.00 

Table 7. Simple correlation coefficients between four tissue 
culture traits for 20 spring barley genotypes 

Shoots Roots Regeneration 
(12 weeks) (12 weeks) (6 month) 

Weight gain 0.06 0.38 - 0.37 
(6 weeks) 
Shoot initiation 0.56" 0.73 a 
(12 weeks) 
Root initiation 0.35 
(12 weeks) 

" Significant at the 0.01 level of probability 
b Each correlation coefficient is based on 20 means 

763390' from Oregon State University both yie lded an 
average o f  four shoots per  initial  explant.  

Regenerat ion of  plants was achieved for 19 of  the 20 
genotypes of  spring bar ley  investigated with Himalaya  
being the only genotype that p roduced  no plantlets.  
Genotypes  differed in their  capabi l i ty  to regenerate  
plants with both shoots and  roots (Table 6). Fifty 
percent  o f  the genotypes averaged one regenerated 
plant  from each initial  embryo explant.  The cultivar 
'Mul tum '  p roduced  two shoots per  explant,  the greatest 
mean regenerat ion value found in this study. 

Simple correlat ion coefficients were calculated for 
four tissue culture traits (Table 7). Correlat ions between 
weight gain o f  6-week-old callus cultures and shoot 
init iat ion were low and non-significant.  Root  init iat ion 
was posit ively correlated at the 0.10 probabi l i ty  level to 
weight gain at 6 weeks. A significant positive relat ion- 
ship was found between root and  shoot init iat ion at the 
0.01 level o f  probabil i ty .  The relat ionship for fresh 
weight gain at 6weeks  and plantlet  regenerat ion 

6 months after initial establishment was negative at the 
0.10 probabi l i ty  level. 

Discussion 

The physiological  maturi ty  of  immature  embryo ex- 
plants was found to be of  utmost impor tance  in 
attaining vigorous callus growth and avoiding pre- 
cocious germinat ion of  the explant. A specific size and 
number  of  days post anthesis were identified as being 
opt imal  for barley explant  materials.  Dale and Deam-  
brogio (1979) described the relationship between time 
after pollination and mean embryo length. They con- 
cluded that immature  embryos ranging in size from 0.7 
to 1.4 mm, corresponding to 10 to 13 days after poll ina- 
tion, were best suited for obtaining vigorous callus 
induction and higher callus yields. Embryos  excised 10 
to 13 days after anthesis from plants grown under  
greenhouse conditions in Corvallis, Oregon were found 
to be much larger than predicted by Dale and Deam-  
brogio. The result was precocious germinat ion of  the 
explant. Under  local conditions a narrower  window of  
7 to 8 days after anthesis was the opt imal  stage for 
excising embryos. The excised immature  embryo ex- 
plants in these studies were all 0.5 to 1.0 m m  in length. 
Callus growth from these embryos was vigorous, and 
rapid gain in fresh weight was measured.  

Two distinct callus types were observed. A soft, 
watery, translucent callus, and a second, yellowish, more 
friable callus. These two types o f  calli often appeared  
side-by-side in cultures derived from a single explant.  
More than two discrete classes of  callus types p robab ly  
exist in these cultures. Orton (1979) characterized five 
morphological ly  distinct categories o f  callus in bar ley 
exhibiting a range of  regenerat ion potentials.  The callus 
can be described according to Orton 's  system as being 
o f  type A or type E. 

Hormone experiments 

Barley cultures initiated on media supplemented with 2,4-D 
consistently formed calli with shoot development capability. 
Shoot initiation was stimulated by both auxin sources tested. 
Rooting was best accomplished by lowering the hormone 
concentration to 1.0 mg L -1 CI~ POP or by removing all 
growth-promoting supplements. 

Plant regeneration was obtained for all growth hormone 
treatments. The greatest capacity for regeneration was ob- 
served from cultures with C13 POP at concentrations of 2.5 or 
5.0 mg L -1 for the single cultivar evaluated. A similar response 
has been reported for the effect of CI~ POP on other cereal 
crop tissue cultures. Shoot bud regeneration was observed in 
primary cultures of rye and triticale after 3 to 4 weeks when 
C13 POP at 5.0 mg L 1 was used as a growth promoter Eapen 
and Rao (1982a). Eapen and Rao (1982b) also tested the effecc~ 
of C13 POP on callus cultures of 'Durum' and 'Emmer' wheat. 
Embryos initiated on Murashige and Skoog's medium supple- 



mented with 5.0mg L -1 CL~ POP were reported to demonstrate 
a superior callusing response. Shoot buds with leaves emerged 
from cultures with CI~ POP added as a growth promoting sub- 
stance. Further studies of barley shoot regeneration utilizing 
this auxin source are in order. 

Genotype experiments 

Cultivars can be selected for superior growth and development 
in tissue culture. Genotypes differed in their callus formation 
abilities. Genotypes that are capable of rapid and vigorous 
callus initiation have been identified. These cultivars and 
advanced breeding lines will be valuable sources of materials 
for selection studies involving callus screening techniques. 

Only one genotype surveyed formed callus cultures that 
did not produce shoots. The cultures derived from the cultivar 
'Himalaya' produced a single callus type that was watery and 
translucent. Some green spots or sectors appeared in 2 of the 
15 Himalaya cultures scored. However, no shoots or roots 
formed from any of these calli. Regeneration of Himalaya 
barley has been reported previously by Cheng and Smith (1975). 
The differing results of this investigation are due to the source 
of initial explant materials. Apical meristems were the source 
of materials for culture initiation in the research of Cheng and 
Smith. This would suggest the importance of selecting an 
explant source that produces a callus capable of regeneration. 

The other 19 genotypes were able to undergo shoot and 
root development. Fifty percent of the genotypes evaluated 
were capable of producing at least one plant per initial 
explant. The regeneration of plants for all but one of the geno- 
types is a noteworthy finding. The methods tested proved to 
be successful for the tissue culture regeneration of cultivars 
from genetically diverse backgrounds. A wide variety of barley 
cultivars not yet tested are likely to respond favorably to 
in vitro propagation methods. 

A number of chlorophyll deficient mutants were re- 
covered. The cultivars 'Akka', 'Klages', and 'Triumph' each 
yielded between 5 and 10 chlorophyll mutants. This is not 
uncommon in barley tissue culture populations (Dale and 
Deambrogio 1979; Saalbach and Koblitz 1977). 

There was a large degree of variability among observa- 
tions. A range of developmental responses was often observed 
among the three subsamples of a single replicate. Within any 
single replication, often only one or two calli generated 
numerous shoots. A predictable proportion of initial embryo 
explants would not be expected to demonstrate the capacity 
for regeneration. This variability must be anticipated when 
designing tissue culture experiments. 

Many investigators have previously reported that regen- 
erative capacity of barley cultures decreases during successive 
subculturing (Scheunert etal. 1977; Deambrogio and Dale 
1980; Jelaska et al. 1984). Their results are confirmed by this 
study. A decline in totiopotency was observed 6 months after 
culture initiation. Fewer green primordia appeared and shoots 
did not arise frequently. Callus growth did continue for most 
cultures with a few shoots still emerging 9 months after culture 
establishment. 

Cultures of four genotypes established 18 months earlier 
still demonstrated callus-forming ability. The calli were friable 
and often had numerous green sectors which no longer 
produce shoots or roots. This loss of totiopotency after several 
months in culture has been frequently reported for other 
cereal crops (Nabors 1983; Ahloowalia 1982; Heyser and 
Nabors 1982). 

The conflicting conclusions drawn from the determination 
of correlation coefficients is disappointing. Predictions of 
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regeneration potential based on callus growth and fresh 
weight gain does not seem to be possible. Negative correla- 
tions found between fresh weight gain and plant regeneration 
for the genotype survey are not encouraging. These studies do 
not support the conclusions of Nabors et al. (1983) suggesting 
a positive correlation between the presence of green spots and 
regeneration potential. 

Conclusions 

The present  data extend the informat ion avai lable  on 
the response of  bar ley  genotypes to par t icular  culture 
media,  hormone  supplements,  and cultural  growth con- 
ditions. Other  studies have focused on the source o f  
explant  tissue and the use of  a range of  concentrat ions 
of  2,4-D as a growth hormone.  A dist inguishing finding 
of  this study is the successful use o f  C13 POP as an 
auxin source for the product ion of  calli capable  o f  
shoot proliferation. This growth regulator  enhanced  
plant  regenerat ion as well. 

The source materials  used for this invest igat ion were 
collected with uniformity of  germplasm in mind. Plants 
were established from breeder  seed to ensure genetic 
puri ty and minimize sources o f  variation.  Cons iderable  
variat ion was found in these embryo  explant  cultures. 
Field populat ions  of  spring bar ley  would be expected 
to exhibit  greater genetic uniformity than what  was 
observed in these tissue culture populat ions.  Soma- 
clonal variat ion in regenerated p lan t  popula t ions  has 
been described repea ted ly  in cereal crop tissue culture 
l i terature (Larkin et al. 1984). 

Individual  genotypes have been identif ied for their  
rap id  callus ini t iat ion and super ior  callus y ie ld ing 
ability. Genotypes  that  have demons t ra ted  predic table  
shoot prol iferat ion and regenerat ion potent ia l  can be 
used for further appl ied  tissue culture studies. 

It was not  the intent  of  these studies to select and  
subculture callus types that developed large numbers  of  
green pr imordia .  I f  callus transfers had been  carried 
out in a selective manner  the number  o f  plants  regen- 
erated could have been increased. Specific genes for 
plantlet  regenerat ion are l ikely to exist. An  investiga- 
tion such as this which selects for genotypes with 
increased capaci ty  for regenerat ion will help identify 
the factors controll ing tissue culture regenerat ion.  
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