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ABSTRACT

Shoot tips of the interspecific cross Baccharis sarothroides 
x 13 • pilularis were cultured for 40 days on Murashige and Skoog 

medium supplemented with kinetin and naphthaleneacetic acid or zeatin 
and naphthaleneacetic acid alone or in combination.

Two selected hybrids9 one short and the other tall, were com
pared to determine their responses in culture. Fresh weight accumu

lation, numbers of roots, and numbers of shoots were significantly 
different; however, optimum levels of plant hormones for growth and 
differentiation in vitro -were consistently the same for these selected 
plants.

Zeatin alone at 30.00 mg/1 induced callus formation and differ

entiation of shoots, leaves, and green nodules, in both hybrid forms. 

Naphthaleneacetic acid at 1.00 mg/1 alone or in combination with 1.00 
mg/1 zeatin were most effective for root induction. The explants 
that formed callus, shoots, leaves, and nodules * did not differentiate 
into roots; those that formed callus with or without roots did not 
generate shoots or leaves.

The fact that the optimum stimuli for growth and differentiation 
were consistent for both selections suggests that when the system for 
in vitro propagation is refined, it would be applicable for the var
ious desirable hybrid forms of this promising ornamental shrub.

. x



INTRODUCTION

Baccharis, a diverse American genus of the Composite Family 

named after Bacchus 9 the Roman god of wine, consists of some 300 
species. Baccharis sarothroides Gray, commonly known as broom 

baccharis or desert broom, is an erect, resinous green shrub 2 to 4 
meters high. Its broomlike appearance is the result of the nearly 
leafless, angular-sulcate branches. The leaves are sublinear, entire 
rigid, and up to 2 cm long; heads are mostly solitary at the tips of 
numerous branchlets. Staminate heads are composed of 5-toothed male 
flowers with abortive ovary and scabrous, often scanty pappus often 
clavellate bristles. Pistillate heads consist of tubular-filiform 
truncate or obscurely toothed female flowers with copious pappus of 
capillary bristles. Achenes are 1.7 to 2.2 mm long, glabrous, 10- 
nerved, the pappus 6 to 11 mm long; 2n=18 (Munz, 1974).

Dese'rt broom is native to the Arizona Sonoran Desert, south
western New Mexico, southern California, northern Mexico, and Baja 
California, where it occurs on hillsides and bottom lands at eleva
tions between 300 to 1,700 meters. Not only is this species drought 
tolerant, but it is also found growing in the saline, alkaline soils 
characteristic of desert areas. Although most of the species are 

browsed at times, and some (e.g., B>. glutinosa) are recommended for 

erosion control, B. sarothroides is considered a pesky weed, espe
cially following.its flowering period during September ̂ through- 
February, when numerous pappus are released.

1
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A second member of this genus3 33, pilularis DC, ssp, consan- 
guinea (DC,) C,B, Wolf^ coyote brush, is restricted to the coast and 
coastal ranges of Baja California and California, where large popula

tions are common along hillsides and canyons below elevations of 900 

meters. Here, it is found growing as a much-branched erect or rounded 

shrub 1 to 4 meters high. Leaves are very numerous, oval or obovate, 

1,5 to 4 cm long, 5 to 15 mm wide, usually with 5 to 9 teeth, resin
ous, l-nerved. Heads, 1/4" high, are numerous in small axillary and 
terminal glomerules on the leafy branchlets, Involucral bracts are 
whitish, papery, and imbricated. Ripe achenes are 1,3 to 1,5 mm long, 

glabrous, 10-nerved, the pappus 6-10 mm long; n=9.
Although individual plants, of desirable form for ornamental 

use, can be found in natural populations, neither 33, saro thro ides nor 
33, pilularis can satisfy the requirements for use in desert landscapes 
33, sarothroides reaches an ungainly size for a shrub; however, even 
frequent prunings for height control cannot prevent the bareness 

that develops with age on the lower portion of the shrub. Of even 
greater deterrence is the large quantity of pappus produced which mats 

in unprepossessing clumps following rains, and becomes a fire hazard 
during hot, dry summers. Contrastingly, B. pilularis is a good poten
tial̂  ground cover, forming a dense mat with its evergreen shrubbery. 

And, although this species is used to some extent in California and 
Arizona, the even growth will develop holes and bare spaces in the 

less temperature-moderate desert areas.
Thus, an interspecific cross between desert broom and coyote 

brush was made in November, 1974, at the University of Arizona with
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the objective of combining the procumbent habit of the coyote brush 
with the hardiness and adaptability of the desert broom. The result
ant plants of this cross exhibit a wide variety of morphological 

forms; each possessing varying degrees of the described parental 
characteristics.

At this time, only these interspecific hybrids exist and are 
being field tested. Continued crosses will be made, and collective 

and selective studies conducted in order to produce a highly desir
able hybrid. Still, a known rapid method of -propagation of these 
plants, would be adventitious, if not necessary for this generation, 
then applicable for the eventual, anticipated germ plasm release.

In vitro culture of plant tissue is now recognized and used 
routinely, not only for the recovery of pathogen-free plants, but 
also for the rapid increase of new clones and cultivars. Therefore, 

even though vegetative propagation via shoot cuttings has been exam
ined and is relatively successful, the more advanced technology of 
tissue culture is necessary to produce the large volumes of plants 

implied for the introduction of this new ornamental.
Thus, the objective of this study was to establish the rela

tionship between the growth regulators naphthaleneacetic acid and 
furfuryladenine and between naphthaleneacetic acid and zeatin in the 
growth and organogenesis of 33. sarothroides x 33. pilularis shoot tips 

in vitro. In addition, the research was conducted with two selected, 

desirable hybrid plant forms in order to note the similarities and 
differences between their growth in culture.



LITERATURE REVIEW

The development of a tissue culture system for the purpose of 

plant propagation hinges upon that culture’s capacity to undergo mor
phogenesis 5 the evolution of singular cells or cellular groups into 
structural forms9 followed by regeneration of the whole plant. Mor
phogenesis begins with the transformation of the metabolism of a cell 
and results in the appearance of new biochemical properties. These 
biochemical properties then regulate the sequential events of cell 
proliferation9 cytodifferentiation, and the assembly of cells required 
to form structures of high complexity. Ever since the concept of 
totipotency was realized by Haberlandt in 19029 plant cultures have 

been studied with the hope of understanding these links between plant 
tissue exposure to morphogenetic stimuli and the appearance of differ

entiated tissue.
The most-studied stimuli are probably the plant growth regula

tors— a result of the report by Miller and Skoog (1953) on the impor
tance of the auxin:cytokinin balance on morphogenesis. They estab
lished that, generally, a high cytokinin-to-low auxin ratio is neces
sary for the induction of shoots. Lee, Skirvin, and Janick (1976) 
illustrated this standard with leaf disc cultures of Salpiglossis 

sinuata L. Maximum shoot numbers were realized on Murashige and 
Skoog1 s basal medium supplemented with 2.0 mg/1 kinetin and 0.1 mg/1 
napthaleneacetic acid. Corresponding findings for the enhancement of 
shoot development have been noted by authors working with

4
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Chrysanthemun mortifolium plantlets (Earle and Langhans 9 1974a), Glox
inia hybrida peduncles (Bigot, 1974), Lilium longiflorum stem sections 
(Sheridan, 1968), and many other herbacious and woody plant species»

However, the importance of auxins as a dominant factor in 
cytodifferentiation is equally substantiated by research with Haworthia 
turgida var. Pollidifolia ovary walls. Gladiolus hortulans conns, and 
Prunes amygdalus callus (Majumdar, 1970; Simonen and Hildebrandt, 1971; 
Mehra and Mehra, 1974). These studies not only invalidate Miller and 
Skoog's premise, but also provide evidence that, at this point in time, 
no one stimulus nor set of stimuli fulfills the requirements for morpho

genesis of all plant species. This point is well-illustrated by the 
shoot regeneration work of Power et al. (1976). Of the six species or 

hybrids of Petunia tested by these authors, each had a unique optimum 
hormone ratio and a requirement for a specific auxin and cytokinin for 

successful regeneration.

Because of the large variations in requirements for differen

tiation that often arise, researchers have attributed this variation 
to be caused, for the most part, by endogenous levels of hormones 
present in plant tissues. Lack of effective and efficient methods 
to evaluate these levels have prevented solid confirmation of this 
concept. However, indirect evidence does add support to this theory 
of endogenous hormonal regulation of differentiation. Constantin,
Henke, and Mansur (1977) have shown that activated charcoal can work 

in media to absorb auxins and cytokinins. Their evidence helps to 
interpret experiments such as Fridborg and ErikssonT s (1975), who 

showed that cultures of Glycine max and Haplopappus gracilis grow
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without the addition of auxin9 but that the inclusion of charcoal 
in the media inhibits growth. Apparently9 these two cultures each 
contain an endogenous supply of hormones to allow growth in vitro 

with no exogenous supply of plant growth regulators. Activated 

charcoal removed these endogenous stimuli9 thereby inhibiting growth. 
Knowledge of endogenous complexes would enable one to add external 

stimuli in sufficient amounts to induce morphogenesis.
Some researchers feel that sequential transfer of tissues in 

culture is the answer to control of induction processes (Anderson 
and Carstens, 1977; Miszke and Skucinska3 1974; Steward3 Kent3 and 
Mapes3 1967). Clonal multiplication of carnation (Dianthus caryo- 

phyllus L.) was accomplished by"Davis3 Baker3 and Hanan (1977) in 
three stages: shoot tip culture initiation stage, shoot multiplica
tion stage3 and rooting stage. Shoot tips (1mm high) were grown 
on modified Murashige and Skoog medium with lO^M kinetin and l^M 

naphthaleneacetic acid to counteract apical dominance and initiate 
shoot multiplication. Transfer of these cultures after four weeks 

to medium without agar and supplements, and with the kinetin concen

tration reduced to 2.5^M, resulted in multiple shoot development. 

These shoots were then rooted in BR-8 blocks or Jiffy-7 pellets under 
intermittent mist.

Interest has recently evolved for in vitro propagation of 
the difficult ornamental shrub and tree species, with much research 

being done by commercial enterprises (Bonga, 1976; Maysuyama, 1976; 

Strode and Ogelsby, 1977; Matsuyama and Murashige, 1977) along with 
academic institutions (Earle and Torrey, 1965; Cheng, 1975; Campbell
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and Durzan9 1976; Winton9 1970). Sequential transfers have proved 
helpful also on woody species9 as reported by Sommer, Brown, and 
Kormanik (1975) for long leaf pine and Durzan and Campbell (1974).

But before a newly developed system can be considered as an 
alternate method of propagation of a cultivar, Earle and Langhans 
(1974b) believe the following requirements should be met: (1) culture 

can be consistently established from a defined and readily available 
plant part; (2) culture can produce plantlets under defined condi
tions; (3) plantlets can be successfully transplanted to greenhouse 

and field; (4) ability to reorganize is retained after repeated sub

culturing; (5) plantlets develop into plants like the parents, both 
initially and after repeated subculturing; (6) rates of production 
are comparable to or better than rates for conventional propagation; 

(7) the system works for different cultivars without drastic modifi
cations; (8) transfer and manipulation required per plantlet produced 
is not excessive; (9) culture can be stored with a minimum of care.

Manipulations of endogenous hormones, however, are not always 
this easily done. Other factors which have a large effect on the suc
cess of a method include not only types and levels of growth regula
tors, but also plant part, age, conditions under which the source 

plant is grown, nutrients in the medium, light quality and intensity, 
daylength, day and night temperatures, pH of the medium, and other 

less frequently reported factors (Street, 1977).

Thus, all critical and associated factors must be considered 
in development and use of in vitro propagation systems, because they
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have a profound effect on the success of plant regeneration and com
mercial use of the system.



MATERIALS AND METHODS

Experiments I and II
• Three and one-half year old field-grown plants9 the resultant 

hybrids of the cross Baccharis sarothroides x _B. pilularis growing at 
the Campbell Avenue Farm at the University of Arizona campus, were 

used as a source of shoot tips in all experiments» Two desirable hy
brid plant forms were chosen for propagation research. Plant #296 

was one of the more, prostrate forms in the field, having a height of 

‘approximately 0.5 meter; the taller selected plant, #9, was approxi

mately 1.0 meter. They are herein referred to as "short" and "tall" 
plant forms respectively.

In June, 1978, vegetative shoots about 10 cm long were removed 
from both selections, placed separately in plastic bags along with 
moistened paper towels, and taken to the laboratory. Here, shoot tips 
consisting of the meristematic dome with one or two pairs of leaves 

(average 1 to 3 mm high, 1.5 mg fresh weight) were excised with a 
razor blade. The explants were placed within a cheesecloth bag in 
glass petri dishes, where they were sterilized in a 10% chlorox solu
tion (active ingredient 0.5% sodium hypochlorite) for 10 minutes.
After which, the explants were rinsed successively in three, 3-minute 
washes with autoclaved distilled water. The explants were immediately 

transferred asceptically to prepared Murashige and Skoog (1962) nutrient 

medium (Table 1), one explant per tube, ten replications per treatment.

9
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Table 1, Composition of the basic Murashige and Skoog nutrient 
medium.a

Major Salts^ mg/l Vitamins mg/l
NH3NO3 1650 Myo-inositol 100
KNO3 . 1900 Nicotinic acid 0.5
CaCl2'2H20 440 Thiamine • HC1 0.1
MgS04-7H20 370 Pyridoxine•HC1 0.5
KH P° 170

Carbohydrate

Minor Salts^ mg/l Sucrose 30 g/1

H3B03 6.2 Glycine 2.0 mg/l
MnSO.-4H„0 22.34 Z Agar 10 g/1
ZnS04-7H20 8.6
KI 0.83 pH 5.7
Na2Mo04'2H20 0.25
CuS04•5H20 0.03
CoC12.6H20 0.03

Soluble Iron 3̂ mg/l
Na2EDTA 37.3
FeS04*7H20 27.8

^Murashige and Skoog, 1962.
Obtained collectively from Gibco Murashige and Skoog salt mixture.



11

All media were adjusted to pH 5.7± .1 with 0.1 N KOH or HC1 
prior to addition of Difco Bacto-agar9 and were distributed in 25 ml 
aliquiots into 25x150 mm Pyrex culture tubes capped with polypropylene 

coverings. Sterilization was completed by autoclaving the tubes at 
121°C and 15 PSI for 15 minutes.

Additions to the media were done prior to autoclaving. For 
Experiments I and 11, cytokinin in the form of 6-furfurylaminopurine9 
kihetin, (Sigma Chemical Company) and auxin in the form of eC-napthalene- 

acetic acid, NAA, (Sigma Chemical Company) were added to the nutrient 

medium individually or in combinations. The kinetin and NAA levels 
used are as follows: 0.00, 0.01, 0.10, 1.00, and 2.0 mg/1. Experiment 
I consists of shoot tips from the short plants and Experiment II of 

shoot tips from tall plants, each growing on the above described media.
Following transfer, tubes were placed in a growth room under 

continuous light supplied by Sylvania Lifeline lamps providing 1,000±

100 lux of light at explant level. Temperatures were maintained at 
27°C; relative humidity was approximately 75%.

The explants were cultured under these conditions for 40 days, 
during which time contaminated cultures were removed. At the termina

tion of this period, test tubes with only callus, with callus and 
roots, with callus and shoots, or with callus, shoots, and roots were 

counted and the numbers recorded. Fresh weight measurements were col
lected by pulling out each explant, removing all,attached media, and 

weighing it after the 40 day course. Explants were then discarded.
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In November9 1978, shoot tips were excised from the same se
lected short and tall plant forms as in Experiments I and II. Exci

sion, sterilization, and media preparation were also identical, except 
for the plant growth regulators added to the nutrient media. For 

Experiments III and IV, cytokinin in the form of z eat in (Sigma Chemi
cal Company) was used with the auxin, NAA, and these plant growth 
regulators were added to the nutrient medium individually, or in com
binations as follows: 0.00, 0.01, 0.10, 1.00, 10.00, and 30.00 mg/1 

zeatin with 0.00, 0.01, 0.10, 1.00, 10.00 mg/1 NAA. Experiment III 

consists of shoot tips from the short plant and Experiment IV of shoot 
tips from the tall plant, both growing on the zeatin and/or NAA media 
described above.

Asceptic transfer, length of culture period, and data collec
tion were all identical to the previous two experiments.

Experiments III and IV



RESULTS

*

Experiments I and II

Fresh Weight of the Cultured Explants

Average fresh weights of explants grown for 40 days with 

different levels of kinetin and naphthaleneacetic acid are presented 

in Table 2 for the short plant form and Table 3 for the tall plant 
form.

For both the short and tall hybrids 9 no differentiation occurred 
without the addition of plant growth regulators (Figure 1). Fresh 
weights increase correspondingly with combinations of kinetin and 
naphthaleneacetic acid, but reach their optimum levels at 1.00 mg/1 
of kinetin with 2.00 mg/1 of naphthaleneacetic acid. Higher concentra
tions of kinetin result in a slight decrease in measurable weight as 
illustrated graphically in Figure 2.

Tissues treated with naphthaleneacetic acid at low concentra

tions showed only a slight increase in total fresh weight as opposed 
to higher concentrations. Figure 3 shows that the weight began to in

crease with the addition of 1.00 mg/1 of naphthaleneacetic acid; the 
optimum level of naphthaleneacetic acid was not realized in this 
experiment..

Comparisons of the short and tall hybrid forms in both Figure 
2 and 3 allows one .to visualize the growth rates between these two 
forms in the presence of growth regulators. In both graphs, kinetin and

13
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Table 2, Average fresh weight (g) of explants from the short plant 
after 40 days in the culture medium with different levels 
of kinetin and naphthaleneacetic acid, 10 tubes per treat
ment, one explant per tube.

_________ _____Naphthaleneacetic acid mg/1______________
Kinetin Average
mg/l 0.00 . 0.01 0.10 1.00 2.00 weight
0.00 .0344 .0386 .0560 .0935 .0751 .0595
0.01 .0357 .0448 .0675 .1888 .1481 .0970
0.10 .0335 .0423 .0855 .3822 ' .2229 .1535
1.00 .0544 .0677 .1230 .3457 .4201 .2022
2.00 .0503 .0572 .0685 .1499 .3181 .1288
Average
weight .0417 .0501 .0801 .2322 .2369 .1282

Table 3. Average fresh weight (g) of explants from the tall plant 
after 40 days in the culture medium with different levels 
of kinetin and naphthaleneacetic acid, 10 tubes per treat
ment, one explant per tube. ,

Naphthaleneacetic acid mg/1
Kinetin Average
mg/l 0.00 0.01 0.10 1.00 2.00 weight

0.00 .0322 .0273 .0586 .1465 .1855 .0869
0.01 .0396 .0341 .0733 .4106 .2807 .1677
0.10 .0443 .0213 .0488 .6363 1.2171 .3936

1.00 .1048 .0836 .0530 . 6660 1.4675 .4750

2.00 .0826 .0787 .1082 ,4694 .8593 .3196
Average
weight .0607 .0490 .0684 .4658 .8020 .2889
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Figure 1. Interspecific hybrid shoot tips extracted from short (left) 
and tall (right) plant forms and cultured 40 days on 
Murashige and Skoog medium with no plant growth regulators.



16
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Figure 2. Effect of kinetin levels on the average fresh 
weight of explants from both short and tall 
plants after 40 days in the culture medium.
Data were averaged from all treatments receiving 
from 0 to 2.00 mg/1 of naphthaleneacetic acid.
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Figure 3. Effect of naphthaleneacetic acid levels on the 
average fresh weight of explants from both 
short and tall plants after 40 days in the 
culture medium. Data were averaged from all 
treatments receiving from 0 to 2.00 mg/1 of 
kinetin.
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naphthaleneacetic .acid effect similar growth responses. However9 
the taller plant form grew at a faster rate and reached a greater 
fresh weight average than did the short plant form.

Analysis of variance conducted for these two experiments 
showed highly significant differences for kinetin treatments, naphtha
leneacetic acid treatments, differences between short and tall plant 
forms, and all interactions among these three variables concerning 
their effects upon fresh weight (Table 4).

The incidence of contamination for these experiments was 8.3 
per cent.

Root Differentiation
Using the plant growth regulators kinetin and naphthaleneacetic 

acid, root differentiation was minimal. After 40 days in the culture 
medium, 3.2% of the explants from the short plant had formed roots at 

the base of the callus while only 0.9% of.the explants from the tall 

plant form showed any indications of root formation. The number of 
roots per explant was between 1 to 3; the greatest length was approxi
mately 5mm. In most cases, the roots were positively geotropic.

Actual counts of roots were taken and averages were made over 
all explants. As the averages indicate in Tables 5 and 6, root differ
entiation is dependent upon the concentrations of kinetin and naphtha
leneacetic acid separately or in combination. In the absence of 
napthaleneacetic acid, none of the levels of kinetin were capable of 
inducing root formation. When naphthaleneacetic acid was added to the
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Table 4. Analysis of variance for average fresh weights of explants 
from short and tall plants grown 40 days on medium supple
mented with kinetin and naphthaleneacetic acid.

Source of variation

Degree
of

freedom
Mean
square

F

Main effect 9 2.446 **97.021

height 1 2.771 **109.927

kinetin 4 .985 39.059
naphthaleneacetic acid 4 3.948 **156.615

2-way interactions 24 .550 **21.802

height x kinetin 4 .272 **10.779
height x naphthaleneacetic acid 4 1.418 56.237
kinetin x naphthaleneacetic acid 16 .419 . **16.603

3-way interactions 16 .194 **7.694
height x kinetin x naphthaleneacetic acid 16 .194 **7.694

Residual 414 .025

Total 463 .105

Significant at 1% probability level.
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Table 5. Average number of roots per culture of explants from the 
short plant after 40 days in the culture medium with 
different levels of kinetin and naphthaleneacetic acid, 
from 250 tubes, 10 tubes per treatment.

________ Naphthaleneacetic acid mg/1______________________
Kinetin Average
mg/1 0.00 0.01 0.10 1.00 2.00__________ # roots

0.00
0.01
0.10
1.00
2.00

Average 
# roots

.40 .10 .10

.60, —  .12

.20 —  .04

.24 .02 .05

Table 6. Average number of roots per treatment of explants from the 
tall plant after 40 days in the culture medium with differ
ent levels of kinetin and naphthaleneacetic acid, from 250 
tubes, 10 tubes per treatment..

_____________ Naphthaleneacetic acid mg/1_______________ .
Kinetin Average
mg/1 0.00 0.01 0.10 . 1.00 2.00______  # roots

0«00 —  —  —  —  . 30 e 07

<!?'

Average
// roots —  —  —  —  .07 .01
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nutrient media without kinetin, the only incidence of rooting was at 

2.00 mg/1 naphthaleneacetic acid for the tall plant form.
Figure 4 illustrates that the highest incidence of rooting 

occurred with 1.00 mg/1 of naphthaleneacetic acid with low levels of 
kinetin. The influence of kinetin on rooting is reflected in Figure 
5; however9 its effect is erratic; High concentrations of kinetin 
do appear to inhibit root differentiation.

Analysis of variance for root formation appears in Table 7. 
Whether the explant was from the short or tall hybrid had no signif
icant effect upon rooting. Kinetin alone did not stimulate rooting; 

however, naphthaleneacetic acid added to the media did exert a signif
icant effect upon root formation.

Shoot Differentiation
No shoot differentiation-was observed for either.plant form 

with the addition of kinetin and naphthaleneacetic acid to the basal
nutrient media.
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Figure 4. Effect of naphthaleneacetic acid on the average 
number of roots on explants from both short and 
tall plants after 40 days in the culture medium. 
Data were averaged from all treatments receiving 
from 0 to 2.00 mg/1 of kinetin, from 250 tubes, 
10 tubes per treatment.
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Figure 5. Effect of kinetin levels on the average number 
of roots on explants from both short and tall 
plants after 40 days in the culture medium.
Data were averaged from all treatments receiving 
from 0 to 2.00 mg/1 of naphthaleneacetic acid, 
from 250 tubes, 10 tubes per treatment.
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Table 7. Analysis of variance for incidence of root formation for 
explants from short and tall plants grown 40 days on cul
ture medium supplemented with kinetin and naphthalene- 
acetic acid.

Source of variation ,

Degrees
of

freedom
Mean
square F

'Main effects 9 .190 **3.368
height 1 .125 2.210
kinetin 4 .069 1.215
naphthaleneacetic acid 4 .322 **5.701

2-way interactions 24 .134 **2.373
height x kinetin 4 .110 1.945
height x naphthaleneacetic acid 4 .248 **4.383
kinetin x naphthaleneacetic acid 16 .100 *1.767

j3-way interactions 16 .070 1.235
height x kinetin x naphthaleneacetic acid 16 .070 1.235

Residual 414 .057

Total 463 .064

Significant at 5% probability level. 
Significant at 1% probability level.
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Experiments III and IV 
Fresh Weights of the Explants

Experiments I and II were repeated using the short and tall 
plant forms as a source of shoot tips, however, zeatin was used as 
the cytokinin along with naphthaleneacetic acid as the auxin. Aver
age fresh weights of explants treated with zeatin and naphthalene- 
acetic acid are presented in Tables 8 and 9.

When zeatin was applied alone to the nutrient media, growth 
was increased up to 10.00 mg/1 of zeatin for the short plant form and 
up to 30.00 mg/1 for the tall plant form. These observations are 
illustrated graphically in Figure 6. The optimum level of zeatin for 
the tall plant form was not reached in this experiment.

Tissues treated with naphthaleneacetic acid at low concentra
tions showed a very high increase in weight which was not induced at 

higher concentrations (Figure 7). The optimum level of naphthalene
acetic acid occurs at 0.01 mg/1 for the short plant form and at 0 mg/1 
for the tall plant form.

When zeatin and naphthaleneacetic acid were added in combina

tion, there was a synergistic effect on the explants of the short plant 
form— optimum fresh weight gain occurred at 10.00 mg/1 zeatin with 
0.01 mg/1 naphthaleneacetic acid. However, no effect was induced in 
the tall plant form by adding these growth regulators in combination—  

optimum fresh weight gain was still highest with only 30.00 mg/1
zeatin.
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Table 8. Average fresh weight (g) of explants from the short plant 
after 40 days in the culture medium with different levels 
zeatin and naphthaleneacetic acid, 10 tubes per treatment, 
one explarit per tube.

Naphthaleneacetic acid mg/1
Zeatin Average
mg/l 0.00 0.01 0.10 1.00 10.00 weight

0.00 .0859 .7978 .4812 .5261 .3293 .4441
0.01 .0774 .7436 .6532 1.1792 .2867 .5880

0.10 .2862 1.4720 1.5744 1.2964 .4926 1.0243

1.00 1.9418 3.3902 .7559 .8422 .3888 ■ 1.4638

10.00 3.3800 4.9594 2.2505 1.0403 .4093 2.4079

30.00 2.8573 2.0944 2.2841 .9573 .4003 1.7187

Average
weight 1.4381 2.2429 1.3332 .9719 .3845 1.2743
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Table 9, Average fresh weight (g) of explants from the tall plant .
after 40 days in the culture medium with different levels 
zeatin and naphthaleneacetic acid, 10 tubes per treatment, 
one explant per tube.

________________ Naphthaleneacetic acid m g / 1 _____________
Zeatin Average
mg/l 0.00 0.01 0.10 1.00 10.00 weight
0.00 .0306 .0328 .4801 .4714 .1558 .2341
0.01 .0228 .0209 .3318 .7560 .0947 .2452
0.10 .0302 .0498 .4573 1.4056 .0403 .3966
1.00 .2538 .6311 .3072 .7094 .0571 .3917
10.00 1.3807 1.6028 1.4813 .8891 .3213 1.1350
30.00 4.0320 2.8163 1.9594 .8049 .2686 1.9762

Average
weight . 9584 .8586 .8423 .8394 .1563 .7303
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Short

Zeatin (mg/I)

Figure 6. Effect of zeatin levels on the average fresh 
weight of explants from both short and tall 
plants after 40 days in the culture medium.
Data were averaged from all treatments receiving 
from 0 to 10.00 mg/1 of naphthaleneacetic acid.
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Figure 7. Effect of naphthaleneacetic acid levels on the 
average fresh weight of explants from both 
short and tall plants after 40 days in the 
culture medium. Data were averaged from all 
treatments receiving from 0 to 30.00 mg/1 of 
zeatin.
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Comparisons of Figures 6 and 7 allows one to see similar 
growth trends of the short and tall plant forms in the presence of 
these growth regulators. However, in contrast to Experiments I and 
II5 the shorter plant form grew at a faster rate and reached a 

greater fresh weight average than did the taller plant form.
Analysis of variance for these two experiments showed highly 

significant differences for zeatin treatments 5 naphthaleneacetic 
acid treatments9 differences between short and tall plant forms9 and 
the interactions among these three variables (Table 10).

Root Differentiation

After 40 days in the culture medium, 8.9% of all explants from 
the short plant and 13.9% of the explants from the tall plant formed 
white roots containing many root hairs. The number of roots per ex

plant ranged from 1: to 6 for the short plant and from 2 to 13 for the 
tall plant; the greatest length was approximately 8mm. The roots 
were usually positively geotropic, originating from the base of callus 

or from the end of the shoot tip (Figure 8).

Root counts were made and averages taken as indicated in 
Experiments I and II. These averages establish the dependency upon 

zeatin and naphthaleneacetic acid, either separately or in combination, 
of the explants for root differentiation (Tables 11 and 12). In the 
absence of naphthaleneacetic acid, only an isolated incidence of root
ing occurred for the short plant form in nutrient media with 10.00 

mg/1 of zeatin.
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Table 10. Analysis of variance for average fresh weights of ex- 
plants from short and tall plants grown 40 days on 
culture medium supplemented with zeatin and naphthalene^ 
acetic acid. ............

Source of variation
Degrees

of
freedom

Mean
square F

Main effects 9 25.071 **117.821

height 1 56.267 **264.424
zeatin 4 29.575 **138.984
naphthaleneacetic acid • 4 13.430 **63.115

2-way interactions 24 6.519 A *30.635
height x zeatin 4 4.835 A A22.720
height x naphthaleneacetic acid 4 9.899 46.519**
zeatin x naphthaleneacetic acid 16 6.234 29.298**

3-way interactions 16 1.718 A A8.071
height x zeatin x naphthaleneacetic acid 16 1.718 A A8.071

Residual 405 .213

Total 452 1.092

Significant at 1% probability level.
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Figure 8. Rooted explants from the short (left) and tall (right) hybrid 
plant forms grown on Murashige and Skoog medium with 0.01 mg/1 
zeatin and 0.10 mg/1 naphthaleneacetic acid, after 40 days in 
the culture medium.
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Table 11. The average number of roots per culture of explants from 
the short plant after 40 days in the culture medium with 
different levels of zeatin and naphthaleneacetic acid, 
from 300 tubes, 10 tubes per treatment.

Zeatin 
mg/l

Naphthaleneacetic acid mg/l
0.00 0.01 0.10 1.00 10.00

Average 
# roots

0.00 '- 1.11 — .20 .26
0.01 -V 2.22 .20 — .48
0.10 •- — - ' .50 .38 — .18
1.00 —  — — 1.88 — .38
10.00 .20 ^ .—  — — — — .04
30.00 *- —  — — — --

Average
#•roots .03 —  «64 .41 .03 .22
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Table 12. Average number of roots per culture of explants extracted 
from the tall plant after 40 days in the culture medium 
with different levels of zeatin and naphthaleneacetic acid, 
from 300 tubes, 10 tubes per treatment.

Naphthaleneacetic acid mg/1
Zeatin
mg/1 0.00 0.01 0.10 1.00 10.00

Average 
# roots

0.00 — — 2.70 3.11 — 1.16

0.01 — — .38 2.44 .44 — .65

0.10 — — 4.00 3.38 . — 1.48

1.00 — — — .10 — .02

10.00 — ,- .25 — .05

30.00 — — — — — —

Average 
# roots .06 1.57 1.17 .56
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Figure 9. Effect of naphthaleneacetic acid levels on the 
average number of roots on explants from both 
short and tall plants after 40 days in the 
culture medium. Data were averaged from all 
treatments receiving from 0 to 30.00 mg/1 of 
zeatin, from 300 tubes, 10 tubes per treatment.



Figure 9 illustrates that root counts averaged over the range 
of zeatin treatment were highest at O d O  mg/1 naphthaleneacetic acid 
for both the tall and short plant forms • As the level of naphthalene- 

acetic acid increased beyond 0.10 mg/l5 the average number of roots 
formed became less. The influence of zeatin on root formation (Figure 

10) is not as clear as that of the auxin. However 9 high concentrations 

of zeatin do appear to inhibit root differentiation.
Statistical analysis (Table 13) shows that all three variables9 

the hybrid source plant9 the level of zeatin9 the level of naphthalene- 
acetic acid9 and interactions of these variables9 are all of significant 
importance on the incidence of root formation.

Shoot Differentiation
Although there was no evidence of shoot formation in Experiments 

I and II9 shoot differentiation in the form of new shoots9 new leaves and 
the presence of green, nodules9 was noted for Experiments III and IV.

After 40 days in the culture medium, 25.5% of the explants from the short 

hybrid and 12.5% of the explants from the tall hybrid produced some form 

of shoot differentiation (Figure 11).
Illustrated in Tables 14 and 15 is the fact that, over the range - 

of naphthaleneacetic acid treatments, root counts were highest at the 

highest level of zeatin (30 mg/1) for both hybrid forms. Graphically 

(Figure 12), one sees that number of shoots increased with increasing 
levels of zeatin, and that the full effect of zeatin was not realized in 

this experiment. Also, there was a high incidence of shoot differentia
tion with low levels of zeatin (0 to 0.01 mg/1) for the short form only.

36
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Figure 10. Effect of zeatin levels on the average number 
of roots on explants from both short and tall 
plants after 40 days in the culture medium. 

i Data were averaged from all treatments receiving 
from 0 to 10.00 mg/1 of naphthaleneacetic acid, 
from 300 tubes, 10 tubes per treatment.
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Table 13. Analysis of variance for incidence of root formation for 
explant from short and tall plants grown 40 days on cul
ture medium supplemented with zeatin and naphthalene- 
acetic acid.

Source of variation
Degrees

of
freedom

Mean
square

F

Main effects 9 22.021 **16.287
height 1 17.998 * *13.312
zeatin 4 10.037 -7.424**
naphthaleneacetic acid 4 35.337 **26.136

2-way interactions 24 7.079 5.236**

height x zeatin 4 9.584 7.089**
height x naphthaleneacetic acid 4 7.239 **5.354
zeatin x naphthaleneacetic acid 16 6.460 **4.778

3-way interactions . 1 6 4.829 **3.571
height x zeatin x naphthaleneacetic acid '16 4.829 3.571**

Residual 405 1.352

Total 454 2.187
-k-kSignificant at 1% probability level.
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Figure 11. Shoot tips, extracted from the tall hybrid plant and cultured 
40 days on Murashige and Skoog nutrient media with 30.00 mg/1 
zeatin, showing surface nodule formation.
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Table 14. Average number of shoots per. culture of explants from the 
short plant after 40 days in the culture medium with dif
ferent levels of zeatin and naphthaleneacetic acid, from 
300 tubes, 10 tubes per treatment.

Naphthaleneacetic acid mg/1
Zeatin
mg/l 0.00 0.01 0.10 1.00 10.00

Average 
# shoots

0.00 .10 § .22 — — .22
0.01 — — 00Is-• 

.

— — .16
0.10 — .11 .25 — — .07
1.00 1.22 .89 1.00 — — .62

10.00 3.00 1.50 1.88 — — 1.28
30.00 5.11 4.71 1.60 — — 2.29
Average 
# shoots 1.57 1.34 .95 — — .77 .
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Table 15„ Average number of shoots per culture of explants from the 
tall plant after 40 days in the culture medium with dif
ferent levels of zeatin and naphthaleneacetic acid, from 
300 tubes, 10 tubes per treatment.

Naphthaleneacetic acid mg/1
Zeatin
mg/l 0.00 0.01 0.10 1.00 10.00

Average 
# shoots

0,00 — — — — — —
0.01 — .13 — — — .03
0.10 — , — — — — —
1.00 .22 .67 — — — .18
10.00 . ' 1.11 .70 1.13 — — — .59
30.00 3.90 2.22 .88 .25 — 1.45
Average 
# shoots .87 .62 2.33 .04 .65
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Figure 12. Effect of zeatin levels on the average number 
of shoots on explants from both short and tall 
plants after 40 days in the culture medium.
Data were averaged from all treatments receiving 
from 0 to 10.00 mg/1 of naphthaleneacetic acid, 
from 300 tubes, 10 tubes per treatment.
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In the same respect. Figure 13 shows the highest presence of 
shoots over the range of zeatin treatments was found at 0 mg/1 of 
naphthaleneacetic acid for the short plant form. However, in the 

case of the tall plant form the greatest number, of shoots over the 

range of zeatin treatments was at G.10 mg/1 naphthaleneacetic acid. 
High concentrations of the auxin (1.00 to 10.00 mg/1) severely 
inhibited shoot differentiation in both plants.

Analysis of variance for shoot formation proved that the 
main effects of height, zeatin level, and naphthaleneacetic acid 
levels were statistically significant in their influence on shoot 
differentiation. Interactions among all three variables, however, 

were not significant (Table 16).
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Effect of naphthaleneacetic acid levels on the 
average number of shoots on explants from both 
short and tall plants after 40 days in the cul
ture medium. Data were averaged from all treat
ments receiving from 0 to 30.00 mg/1 of zeatin, 
from 300 tubes, 10 tubes per treatment.
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Table 16. Analysis of variance for incidence of shoot differentiation 
for explants from short and tall plants grown 40 days on 
culture medium supplemented with zeatin and naphthalene- 
acetic acid.

Degrees
of Mean F

Source of variation freedom square

Main effects 9 10.285 **23.992

height 1 12.216 •k'k28.496

zeatin 4 12.950 **30.208
naphthaleneacetic acid 4 7.355 17.156**

2-way interactions 24 2.544 5.934**

height x zeatin 4 1.549 * 3.614

height x naphthaleneacetic acid 4 2.028 . 4.731**
zeatin x naphthaleneacetic acid 16 2.901 6.767**

3-way interactions 16 .779 1.817
height x zeatin x naphthaleneacetic acid 16 .779 1.817

Residual 405 .429

Total 454 .748

Significant at 1% probability level.



DISCUSSION AND CONCLUSION

Fresh Weight of the Cultured Explants
Results from statistical analyses based on the average fresh 

weight of the cultures showed highly significant differences among 
the source of the explant, the different kinetin levels, the differ
ent naphthaleneacetic acid levels, and the interactions of these three 
variables in Experiments I and II. The variables in Experiments III 

and IV —  height of the source plant, the different zeatin levels, the 
different naphthaleneacetic levels, and the interactions among these 
variables —  also proved statistically significant in their influence 
on the fresh weight gain of explants during culture.

In the first and second experiments, the highest fresh weights 

were obtained by treatment of explants with 1.00 mg/1 of kinetin and
2.00 mg/1 of naphthaleneacetic acid. Comparisons of short and tall 
plant forms in culture revealed that kinetin and naphthaleneacetic 

acid at these concentrations elicited similar growth responses between 
these two forms. However, the taller plant form grew at a faster rate 
and reached a significantly higher fresh weight average than did the 
shorter form.

In the third and fourth experiments, 30 mg/1 zeatin alone was 
a sufficient stimulus to induce optimum firesh weight gain in the tall 

form; however, both zeatin and naphthaleneacetic acid at 10.00 mg/1 
and 0.01 mg/1 respectively were required for the greatest fresh weight

46
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gain of the short plant. Thuss zeatin alone was capable of meeting 

the tall hybrid’s differentiation needs, whereas a cytokinin and an 

auxin were required for the short hybrid. Most likely, the kinetin 
acted by inducing cell division while the naphthaleneacetic acid 
worked as a cell enlargement factor within the short plant.

By combining these two sets of experiments and conducting an 

analysis of variance of the fresh weight measurements, one sees that 

statistical significance exists between the use of kinetin and that 
of zeatin 'as the cytokinin (Table A-l, Appendix A). On could, there
fore, conclude that the zeatin treatment was significantly greater in 
inducing fresh weight gain than was the kinetin treatment. However, 
relationships between the two sets of experiments must be made with 
caution since the shoot tips for these experiments were excised and 

cultured at separate times. The kinetin experiment was conducted in 
the spring and the zeatin experiment in the fall during the shrub’s 

flowering period. Comparisons of Tables 2 and 3 with Tables 8 and 9 
reveal that without a cytokinin, the exogenously applied naphthalene- 
acetic acid in its ranges of 0.00 to 2.00 mg/1 had a different influ
ence in Experiments I and II than in Experiments III and IV. Differ
ences in endogenous hormone levels in the spring and fall may have a 
large influence on fresh weight gain and the differences between the 
two sets of experiments may be due to the endogenous hormone complex 
as well as the cytokinin used.
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Root Differentiation

In both sets of experiments3 kinetin alone did not induce root 
formation3 and when kinetin was added to the media in high concentra
tions along with naphthaleneacetic acid, it inhibited root development. 

Therefore, differentiation of roots appears to be a function of naphtha

leneacetic acid. This relationship is in agreement with the results 

of other workers (Kamineck, 1968; Fellenberg, 1969).
With kinetin as the cytokinin, most of the rooting occurred at 

0 to 1.00 mg/1 kinetin with 1.00 mg/1 naphthaleneacetic acid. The same 
general range also induced root formation when zeatin was used as.the 

cytokinin.
Still being aware of the differences in time between experiment 

sets, one can compare them statistically as in Table A-2, Appendix A.
The effect of kinetin on rooting is not as severe as are the three 

other factors —  height of source plant, naphthaleneacetic acid, and 
zeatin. The small influence of kinetin upon rooting can be expected; 
however, the reason for the importance of zeatin for the induction of 

roots is not clear. The zeatin itself may be boosting the rooting 
incidence of this hybrid in general, or it may be an attribute in 
cultures only when the source plant is undergoing anthesis at the time 
of shoot tip excision.

In no culture did an explant with callus and root differen
tiation produce shoots and leaves in a single treatment.
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Shoot Differentiation
As proved in Experiments I and. II s the use of kinetin as the 

cytokinin and naphthaleneacetic acid as the auxin in the nutrient 
media produced callus or callus with roots9 but in no culture did this 
interaction stimulate shoot differentiation.

Conversely9 when zeatin was used as the cytokinin in Experi
ments III and IV9 shoot differentiation in the form of shoots, leaves, 
or green nodules was evident. For both the short and tall plants 
within this experiment set, the highest average number of shoots oc
curred at the highest level of zeatin, 30.00 mg/1. As the level of\
naphthaleneacetic acid increased, generally, the degree of shoot dif

ferentiation decreased. Therefore, shoot differentiation of the cul

tured explants appears to be a function of cytokinin, a relationship 

well established by Skoog and Tsui (1948).
Table A-3, Appendix A shows that all main effects, height of 

source plant, kinetin level, naphthaleneacetic acid level, and zeatin 

level, are significant in their influence upon shoot differentiation.
In no case, however, did an explant that formed shoots, also produce 
roots within the same culture. Therefore, sequential transfer of this 
hybrid in culture might expose the plant to the proper stimuli to 
allow plant regeneration.

The best sequence of stimuli as determined by this research was 
as follows: (1) cell division, differentiation and subsequent formation 
of vascular nodules and shoots occurs best on medium supplemented with
30.00 mg/1 zeatin for both the short and tall plant form;
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(2) root differentiation was best initiated on medium containing 0 to

1.00 mg/1 zeatin plus 1.00 mg/1 naphthaleneacetic acid.

Howevers the incidence of root and shoot differentiation at 

these levels of plant hormones is very limited and zeatin is an expen

sive plant products prohibiting its usage in regeneration of these 
hybrids. Additional research to determine the stimuli necessary for 
further transformation of differentiated nodules to formed organs would 
make routine cultures feasible.

This research has indicated that development of stimuli for 
regeneration of these interspecific hybrids is close at hand and that 
once these stimuli have been determined, they will most likely work for 
regeneration of any selected hybrid form, as indicated by the trends in 

culture of the short and tall hybrid.
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Table A-l. Analysis of variance for the effect of plant source, kinetin, naphthaleneacetic acid
zeatin, and their interactions upon fresh weight of cultured explants.

Source of variation
Degree of 
freedom Mean square F

**Main effects 8 10.925 95.821**
height 1 • 12.836 112-576aakinetin 3 5.110 44.813**
naphthaleneacetic acid 3 4.535 39-772a*zeatin 1 47.188 413.859

2-way interactions 22 2.882 ft ft25.280**
height x kinetin 3 1.913 16.778**
height x naphthaleneacetic acid 3 3.351 29.387**
height x zeatin 1 17.072 149.727**
kinetin x naphthaleneacetic acid 9 1.846 16.193**
kinetin x zeatin 3 ' 3.290 28.857**
naphthaleneacetic acid x zeatin 3 2.070 18.156

3-way Interactions 24 1.476 ft ft12.946**
height x kinetin x naphthaleneacetic acid 9 .765 6.708**
height x kinetin x zeatin 3 2.169 ■ 19.027aaheight x naphthaleneacetic acid x zeatin 3 2.286 20.046**
kinetin x naphthaleneacetic acid x zeatin 9 1.887 16.554

4-way interactions 9 .698 A A6.124**
height x kinetin x naphthaleneacetic acid x zeatin 9 .698 6.124

Residual 522 ftft26.803
Total 585
A ASignificant at 1% probability level.
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Table A-2, Analysis of variance for the effect of plant source, kinetin, naphthaleneacetic acid,
zeatin, and their interactions upon rooting of cultured explants.

Source of variation
Degrees of
freedom . Mean square F

Main effects 8 20.696 its:-height 1 12.302
kinetin 3 4.889 4.579**
naphthaleneacetic acid 3 26.603 24.919**
zeatin 1 57.647 53.998

2-way interactions 22 7.483 **7.010**
height x kinetin - 3 7.435 6.964*
height x naphthaleneacetic acid . 3 3.808 3.567**
height x zeatin 1 16.055 15.039**
kinetin x naphthaleneacetic acid 9 3.959 3.708
kinetin x zeatin 3 3.835 3-593**

20.809■ naphthaleneacetic acid x zeatin 3 22.215

3-way interactions 24 4.397 3:4%:height x kinetin x naphthaleneacetic acid 9 3.647
height x kinetin x zeatin 3 7/182 6-727*
height x naphthaleneacetic acid x zeatin 3 5.501 5.153**
kinetin x naphthaleneacetic acid x zeatin 9 3.804 3.563

4-way interactions 9 3.426 * X3.209**
height x kinetin x naphthaleneacetic acid x zeatin 9 3.426 3.209

Residual 522 1.068

Total 585 1.750 .
*Significant at 5% probability level.
Significant at 1 % -probability level.



Table A-3. Analysis of variance for the effect of plant source9 kinetin9 naphthaleneacetic acid9
and their interactions upon shoot differentiation of the cultured explants.

Source of variation
Degree of 
freedom Mean square F

Main effects 8 2.005 13.612**
height 1 3.176 21.568**

. kinetin 3 1.538 10.443**
naphthaleneacetic acid 3 .847 5.750**
zeatin 1 6.469 43.927

2-way interactions 22 .707 4.803
height x kinetin 3 .445 3.024
height x naphthaleneacetic acid 3 .491 3.336**
height x zeatin 1 2.939 19.955
kinetin x naphthaleneacetic acid 9 .347 2.354**
kinetin x zeatin 3 1.674 11.369**
naphthaleneacetic acid x zeatin 3 .825 5.603

3-way interactions 24 .334 **2.265
height x kinetin x naphthaleneacetic acid 9 . .281 1.911
height x kinetin x zeatin 3 .394 2.672
height x naphthaleneacetic acid x zeatin 3 .470 3.192
kinetin x naphthaleneacetic acid x zeatin ■ 9. .351 2.386

4-way interactions 9 .287 1.947
height x kinetin x naphthaleneacetic acid x zeatin 9 .287 1.947

Residual 522 .147

Total 585 .204
In— ---------------------------------------------------------------------------------------------- -- 4>

Significant at 5% probability level.
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