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Abstract- The paper disk method of screening several plant growth regu-
lators was evaluated . Leaf explants of Vigna unguiculata (L) Walp. were
Placed on solidified Murashige and Skoog's minimal organics medium con-
taining 0 .5 mg/1 nicotinic acid . Hormones were tested, singly and in combi-
nations, on paper disks in large Petri plates (150 x 20 mm) . Hormones
tested were 2,4-D (2 ,4-dichlorophenoxyacetic acid), 2,4,5-T (2,4,5-tri-
chlorOphenoxyacetic acid), IAA (indole-3-acetic acid), IBA (indole-3-bu-tyr1c acid), Picloram (4-amino-3,5,6-trichloropicolinic acid), dicamba (3,6-dichloro-2-m- ethoxybenzoic acid), BA (6-benzyladenine), 2iP (2-isopen-
tenyl adenine), and kinetin [6-(furfurylamino)-purine] . Root formation was
stimulated by IAA and IBA ; dicamba, picloram, 2,4-D, and 2,4,5-T stimu-
lated callus formation. All cytokinins tested suppressed root formation .I)IcaMba in combination with either 2iP or kinetin induced the greatest
callus formation . Root formation was optimal with kinetin and either IAA
Or 113A . The disk method provided a rapid, nonquantitative evaluation of
callus and root formation from leaf disks .
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(Cooper forms which is related to toxicity and sensitivity of the organism
"OPer 1963) The method has been used with yeast (Saubolle and Howprich
1978) algae (Wright 1975), and higher plant cells (Strauss and King 1984,Strauss et al . 1984) . Both inhibition (Strauss and King 1984) and exhibition
zones (Strauss et al . 1984) have been observed with plant cells .

In vitro culture of plant tissue and cells may require testing of several growthhormones (auxins, cytokinins, etc .) in various combinations and concentra-
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Fig. 1 . Placement of filter paper disks and leaf disk explants on solidified medium .

tions. This is especially true if a new species or variety is to be cultured . The
growth hormone diffuses from the disk through the medium as a function of
time and establishes a concentration gradient . The disk method is rapid arid
provides good, qualitative indications of the tissue response . The objective of
this study was to examine the application of the disk method for evaluating
qualitative growth regulator responses ; that is, morphological and growth be'
havior .

Materials and Methods

Plant Material

Seeds of Vigna unguiculata L. var. Magnolia Blackeye were planted in plastie
or clay pots containing potting soil (5 seeds per pot) and placed in a growth
room (27 ± 3°C) . The first true, fully expanded leaf from l I-day-old plants Was
excised . The surface was then sterilized by immersion in 70% ethanol for 5

min, followed by 20% Clorox with l to 2 drops of Tween 20 for 5 min . Leave s
were then rinsed twice in sterile distilled water . Explants (9.0 mm) were cu t
with a cork borer and placed on the surface of the solidified medium .
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CONCN. 2,4-D (mg/I)
F'g . 2 . Callus proliferation from Vigna ungu lata leaf disks in response to various levels of 2,4-D
and kinetin . Callus production rated as

	

d shown as numbers in each block : 0, no callus ;
I' small

amount of callus ; 2, moderate ; and

Media

Medium used in all experiments was Murashige's minimal organics medium
(
Murashige and Skoog 1962) supplemented with 0 .5 mg/I nicotinic acid and
aultdi1ed with 8 g/l Bacto agar. The pH was adjusted to 5 .8 and the medium
autoclaved at 20 psi (1 .05 kg/cm 2 ) and 121°C for 15 min. It was dispersed (50ml)

into 150 x 20 mm sterile Petri dishes for leaf disk tests . Medium tests with
specific hormone concentrations used 25 x 95 mm culture vials (10 ml per vial)
covered with Bellco Kaput® caps .

Growth regulators tested were NAA (naphthylene acetic acid) from KC Bio-
logical Inc . ; IAA (indole-3-acetic acid), 2iP (2-isopentenyladenine), kinetin
~6 (fu~urylamino)-purine], and BA (benzyladenine) from Carolina Biological
Supply Co' IBA (indole-3-butyric acid) and 2,4-D (2,4-dichlorophenoxyacetic
acid) from Sigma ; dicamba (3,6-dichloro-2-methoxybenzoic acid) from Velsicol
Chemical Corp . ; and picloram (4-amino-3,5,6-trichloro-2-pyridinecarboxylic
acid) from Dow Chemical Co . Stock solutions of all but kinetin were prepared
in ethanol. Kinetin was dissolved in 1 N HCI. Final volumes were adjusted
With distilled, deionized water. Media with specific regulator concentrations
contained 2,4-D (0, 0 .3, 0.5, and 0 .7 mg/1) and kinetin (0, 0 .1, 0 .2, and 0 .3 mg/1) .
Tests consisted of 2.5 cm disks of Whatman No . 40 chromatography paper
saturated with a 1000 mg/I solution of the hormone. Saturated disks were auto-
claved as described above . Ethanol control disks were used ; no effect of eth-
anol-treated disks was detected .

5 9
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Fig. 3. Morphological response of Vigna unguiculara leaf disks to IAA and kinetin (A), and di'
camba and kinetin (B) . Each hormone disk originally contained 1000 mg/l .
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0 - 2,4,5-T

Fig . 4 . Callus proliferation
from Vigna unguiculata leaf
disks in response to various
auxins, Data presented as
callus production (1, small
amount of brown callus ; 2,
small amount of light brown
or green callus ; 3, moderate ;
and 4, abundant) as a function
of distance from the
impregnated filter paper disk .

Test Conditions
()Ptlmum auxin (2,4-D) and cytokinin (kinetin) concentrations necessary for
callus induction and maintenance were determined by testing the concentra-
tions listed above . Leaf explants were placed with the abaxial surface in con-
was with the medium and incubated in the dark (28±C) . After 4 weeks the tissue
was scored visually for callus production, color, and root formation . The ex-
periment contained five replicates and was repeated once .
Leaf explants were placed in a regular pattern with the abaxial surface in

Contact with the medium (Fig . 1). After all explants were in place, the growth
regulator impregnated paper disks were placed on the medium (Fig . 1). The
dishes were sealed and placed in a growth chamber (16-h photoperiod underC±ol

White fluorescent lights, 150 ftc, 28±C) for 2 weeks . After 2 weeks the
plates were scored for callus and root production (three replicates per experi-
ment, repeated once) .

Result' and Discussion

Callus growth was evaluated in culture vials of media containing varying con-
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ation and maintenance and is similar to that used previously in callus-p°
dooiog systems forcmvvpeu(Jba and Roy 1982 ; B&o1moharal975) .Ibuzomrpl1°
logical and growth response observed served as nzafereooe for evaluating ~h C
leaf disk responses .

Representative disk responses are shown in Fig . S . The plates shown mn~
tamed two disks, each impregnated with a different regulator. Root formatl°
was evident on leaf explants in response to JAA and kinetin (Fig . 3A). T1
growth response to kinetin and dicamba was primarily callus formation (1
3B). In the absence of a cytokinin, 2,4,5-T stimulated the most callus groWn
(Fig. 4). Cytokinins alone did not cause significant callus production (Fig . 5
IAA and IBA promoted root formation ; 2,4,5-T promoted limited root for
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Fig . 6 . Root formation from Vigna unguiculata
leaf disks in response to various auxins . Data
presented as rooting responses (1, 1 to 4 roots less
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tlon (Fig . 6) . Leaf disks did not form roots in the presence of picloram and
amba, and the rooting response to the cytokinins tested was similar to1 the

Zipl observed with 2,4,5-T. When the regulators were tested in combinations,
Zip or kinetin with dicamba induced the greatest callus formation . Kinetin or

With IAA or [BA induced the greatest root formation . Fig. 7 presents data
°btalned with kinetin and 2,4,5-T and is an example of tissue response to regu-
lator combinations. The variety Magnolia Blackeye responded similarly in
vitro to previously tested cultivars (Jha and Roy 1982, Matsubara 1975) . Ap-
~r0ximately the same regulator ratios and concentrations were optimal for
callUS production . Slight variations were observed which can be attributed to
~ultivar responses (Malmberg 1979, Sebastian 1983) . In each experiment, the
leaf disk responses were the same . This indicated similar gradients were estab-
llShed each time .
The disk method provided a way to quickly screen several concentrations

and Combinations of growth regulators . However, the actual concentrations of
the growth regulators tested cannot be determined by the disk method . The
t1urAose of this method was to identify favorable growth regulator combina-
tio ns for further study. An approximation of the optimal concentrations of the
regulators used in the disk method may be possible by comparison with a fac-
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CONCN . 2,4,5-T (mq/ 1)

Fig . 7 . Callus proliferation from Vigna unguiculata leaf disks in response to 2,4,5-T and kineti"
Numbers in each block reflect response as described for Fig . 4 . Double cross hatching is score far
brown callus .

tonal test of various concentrations of hormones . Optimal concentrations of

appropriate regulators and combinations for the desired growth response must
be determined quantitatively.

Several factors could influence the results obtained with the disk method'
The paper used for the disks should not contain soluble foreign substances .
The size, diameter, or thickness of the paper disk could be increased or de'
creased depending upon the amount of regulator to be tested . The solubility
and rate of diffusion of the regulator may affect the time during which a con'
centration gradient will exist in the medium .

Leaf explants were chosen for this experiment because of the uniformity of

size, and both differentiated and meristematic tissues could be tested ; that is'
mesophyll and vascular cambium, respectively . Other modifications of this
technique may include impregnating the paper disk with a known quantity of

growth regulator, varying the position of the paper disks, initially incorporating
other regulators into the medium, varying the number of explants per plate
and testing different types of explants .

The method described herein has several potential uses in plant tissue avd
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cell Culture. It could identify

	

regulators and their combinatiappropriate
Plants previously no t cultured in vitro A rapid screening of untested growth
regulators could be accomplished. An aliquot from a cell suspens ion could be
placed on the medium allowing grow th regulator sensitivity testing or identifi-
cation of cell colonies resistant to an inhibitory compound .
Acknowledgment . Contribution No . 2594 of the South Carolina Agricu ltural Experiment Station,
Clemson University,
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