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CHAFTER I
INTRODUCTICH

Most fruit trees are normally propagated by budding oxr
grafting desirable scion cultivars onto a rootstock (28).
This method of propagation is rather time consuming, labor
intensive and expensive. Other methods which could reduce
the cost of production and time spent in the nursery would
be of wvalue to the commercial propagator and grower.

Rooted cuttings can be used as a method for the propagation
of large numbers of plants with reductions in production
costs and time spent in the nursery (32). However, rooting
is often difficult to induce in many plants especially when
mature cuttings are used (10, 74).

Tissue culture is another method which could be of
tremendous value in the propagation of fruit trees (35).
Tissue culture methods could be used to produce large num=-
bers of plants within a relatively short period of time
while using little space for the storage of stock plants
(44), missue culture methods could provide plants for the
study of own-rooted trees of species which are normally
difficult to root (76). Tissue culture techniques could
allow for the rapid propagation of new cultivars (22) or

of seedling rootstocks which are adapted to adverse growing



conditions (46). Tissue culture techniques could be used
‘to produce disease-free plants (69). The benefits of
tissue culture methods in the propagation of fruit trees
would be of great value to the commercial nursery industry.

However, tissue culture of fruit trees is not problem
free. One problem associated with the in vitro propagation
of fruit trees is microbial contamination of explants (22,
46)., Source plants grown in the field are often infested
with fungal and bacterial organisms. When the explant from
a field grown plant is placed under the optimal growth
conditions offered by the test tube environment,'the con-
taminants will often overrun the explant causing death of
the explant. Explants are often internally as well as
externally infested by microbial organisms (45). Because
of this inherent contamination, explants are often diffi-
cult to disinfest.

A method for the disinfestation of pecan shoot tips
which are typically very difficult to disinfest involves
the use of a saturated, aqueous benomyl soak in combination
with ethanol and sodium hypochlorite soaks (9). However,
benomyl, which is a systemic fungicide, is very insoluble
in water (13), necessitating a relatively long exposure
time in order for the benomyl to penetrate the explant
tissue. Benomyl is soluble in many organic solvents and
has been used in conjunction with organic solvents as a sur-
face sterilization procedure for seeds (12, 53, 54). These

sclvents aid in the penetration of benomyl into the seed



coat and have aided in the increase of the germination
percentage of treated seeds (12, 53).

Seven solvents which are used to surface sterilize
seeds were chosen to find which solvent(s) were best suited
as a fungicidal solvent for surface sterilization of field
grown peach and pecan shoot tips. The objectives of this
study were: 1) to determine the practicality of using beno-
myl and various organic solvents for surface sterilization
of peach and pecan shoot tip explants, 2) to attempt to de-
termine the best solvent treatment in terms of control of
contamination, necrosis and survival of the explant as
compared to a saturated, agqueous benomyl solution (9),

3) to determine the optimum duration of exposure to the
benomyl solutions and 4) to determine the solvent-time com-
bination which best controlled contamination with optimum

survival of the explant.



CHAPTER IT
LITERATURE REVIEW
Tissue Culture

Plant tissue culture is a general term commonly applied
to the aseptic vegetative propagation of plants from plant
cells, tissues or organs. Tissue culture involves excision
of plant parts, placement of these tissues onto a nutrient
medium and exposure of the culture to favorable environmen-
tal conditions in order to achieve a rapid wmultiplication of
plants or plant cells in vitro (68). Any plant tissue can
serve as an explant for tissue culture purposes because each
plant cell is theoretically totipotent or capable of pro-
ducing a new plant (68). Plants can be derived from tissue
culture propagation of shoot tips, axillary buds, stem sec-
tions, leaf sections, pollen grains, embryos, ovules, seeds,
spores, isolated cells or protoplasts among other sources
(68).

Tissue culture methods have been employed in embryo
culture (17, 25, 89), germplasm preservation (2), and the
propagation of disease-indexed plants (34). Other applica-
tions include the production of useful secondary metabolites

for medicinal and other purposes (78). The production of



haploid plants from pollen and anther culture may be of
use in plant breeding (68). Plant tissue culture has also
been used in plant growth and development studies (55).

The possibility of the propagation of plants from cells
was suggested by the cellular theory stated by Schleiden
(66) and Schwann (67) independently in the late 1830's. A
portion of the cell theory states that cells are totipotent,
the cells are capable of regenerating an entire plant from
a single cell. It was on this theory that Haberlandt
based his work. He attempted to culture isolated plant
cells in a nutrient solution. He was able to keep the cells
alive for up to 27 days with an increase in cell volume
but with no cell division. ZFrom this and other work, he
postulated that cell division was controlled by two sub-
stances (21). This prediction was later proved true with
the discovery of auxins and cytokinins (47, 50).

A second major accomplishment in the new field of
tissue culture was the report of the in vitro culture of
excised tomato root tips over an unlimited period of time
(86). By 1939, Nobecourt (59), Gautheret (18) and
white (87) had achieved the successful culture of plant
tissues over prolonged periods of time using tobacco and
carrot tissues. These were the first reports of prolonged
culture of unorganized cell masses,

The beginning of tissue culture micropropagation
occurred in 1946 with the publication of a paper detailing

the meristematic regions of shoots which would give rise



to new plants (19). Another important development was the
proposal by Skoog and Miller (73) concerning the effects of
a balance between auxin and cytokinin on the growth and
differentiation of plant tissue cultures. In 1962,
ilurashige and Skoog (56) published a medium which has been
used in the tissue culture of a wide range of plants.

Since the early 1960's, advances in tissue culture
have become increasingly more numerous. Some of the major
developments are listed below. Morel, 1960, stimulated
commercial interest in the use of shoot apex culture as a
method of propagation for orchids (52). Tissue culture
propagation of orchids allowed for a more rapid multipli-
cation of orchids than traditional propagation methods.
Work by Vasil and Hildebrandt (84) showed that an isolated
tobacco cell was capable of forming a colony which in turn
regenerated a tobacco plantlet. Bourgin and Nitsch (3)
in 1967 published results of an experiment in which haploid
tobacco plants were produced from pollen grains.

Tissue culture is a fairly young field beginning with
the first commercial applications in the propagation of
orchids in the 1960's (11). More species are constantly
being added to the list of plants which are being produced
commercially by tissue culture methods and more are being
propagated for the first time within the scientific com-
munity (11). Although there have been great improvements in

tissue culture, much research has yet to be done.



Tissue Julture of “Woody Plants

ricropropagation of woody plants has developed more
slowly than tissue culture of herbaceous materials (69).
Cultures of woody vplants are typically more difficult to
establish than cultures of herbaceous plants (69). Several
reasons may explain the problems associated with in vitro
propagation of woody plants. Woody plants generally have
a prolonged life cycle. The genetic makeup of most woody
plants is often very heterogeneous which affects their
subsequent performance in vitro as well as their culture
requirements (77). Adult tissues are generally less respon-
sive to tissue culture techniques than are juvenile tissues
(77). This can be a problem because in most situations,
adult material is often the desired source of explants,
especially in the propagation of scion cultivars that have
been exclusively propagated vegetatively. Another problem
in the tissue culture of woody plants is the microbial
contamination normally associated with field grown plants
(40, 46). Standard surface sterilization technigues applied
to herbaceous materials are often not successful in the
disinfestation of explants from woody plants (20, 37).

Microbial contamination of explants has often been
a difficult problem for the tissue culture propagator.
There are many instances in which the most widely used
sterilization procedures are not successful in controlling

contamination (20, 22, 37, 81), Aimong the orchids, incor-



poration of fungicides including benomyl and bactericides
had no harmful effect on the germination of orchid seeds but
was injurious to the development of orchid shoot tip cul-
tures (4). Surface sterilization of flower stalk cuttings

of Phalaenopsis using an antimicrobial solution containing

10 ppm Benlate in conjunction with other antimicrobials

has proved effective in the control of microbial contamina-
tion. A longer immersion in the solution yielded better
control of contaminants but also resulted in a higher death
rate of the explants (81).

Among the woody plants, contamination of cultures
becomes a more difficult problem to deal with especially
when field grown plants are used as explant sources. An
early study using apparently healthy buds of Fraxinus,

Ginkgo, Magnolia, Populus and Robinia yielded cultures

which were contaminated after standard surface sterilization
treatments had been applied (40). A scanning electron
microscope study has shown pecans to be internally infested
with fungal organisms as well as with external contaminants
(45). This can serve as an explanation for the difficulties
associated with attaining aseptic cultures of pecan from
field grown plants (46). The difficulties encountered in
obtaining large numbers of clean cultures from field grown
sources has been reported for citrus (20), apple, (37) and
peach (22).

In many instances, seedling or greenhouse grown plant

materials are used as explant sources in order to eliminate



the contamination problems associated with the culture of
field grown explants (46). With some plants, especially
forest trees as well as other trees for which mature
characteristics are needed as selection criteria, green-
house culture may not be possible., In these situations,
methods for the aseptic culture of adult buds are needed.
Various methods have been developed for aseptic culture
of field grown explants. Giladi et al. (20) outlined a
method for the aseptic culture of citrus bud explants.
Cchatt and Caso (61) developed a method for the aseptic
culture of dormant buds of peach. Cotten (9) used a
4,5 hour soak in a saturated, aqueous benomyl solution
prior to an eight minute soak in 70% ethanol and a 15 minute
soak in 0.525% sodium hypochlorite to reduce contamination
of pecan shoot tip cultures collected in mid-December to
40% contamination.
Despite the limitations of woody plant culture, tech-
niques for in vitro propagation have been and are rapidly
being developed and used. A large number of woody plants

have been propagated in vitro including Bougainvillea (6),

Rhododendron (16), green and white ash (30), Liquidambar

styraciflua (79), dwarf Nandina (75), Douglas fir (7),

and several ornamental Rosaceous plants (60).

The application of mass in vitro propagation tech-
niques to the propagation of fruit trees will be of
tremendous benefit to the commercial nursery industry.

Most scion cultivars of fruit trees are budded or grafted
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onto a rootstock (28)., With the development of tissue
culture propagation methods, scion cultivars that are nor-
mally grafted onto rootstocks could be produced on their
own root systems (76). This would allow for the testing
of these cultivars on their own root system which has not
vet been accomplished because of the difficulty of rooting
cuttings of such plants, Tissue culture technigues could
also allow for the rapid propagation of newly developed
cultivars or rootstocks (22). Virus-free plants could also
be made available (69).

Apple was one of the first fruit trees to be success-
fully propagated in vitro. Jones et al. (35) described
a procedure for the production of M,26 apple rootstock
shoots. The medium detailed in this report has been useful
in the propagation of other fruit trees (36, 64), Several

apple scion cultivars have also been propagated from shoot

tips (1, 39).
Tissue Culture of Prunus spp.

Much tissue culture research has been done on the t
techniques of propagation of various Prunus species (29, 36,
64, 65, 69. 76, 80)., Early success produced cultures of

Prunus Spp. other than peach (Prunus persica). Peach cul-

tures could not survive on the same media which is
indicative of the differences in culture requirements among
the many species of FPrunus. Nekrasova (58), in a 1964 re-

port, announced the successful culture of Bessey cherry
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buds but was not as successful in the culture of apricot
buds, The apricot buds produced leaflet expansion only,
followed by a rapid yellowing, Differences in preference
for sucrose or sorbitol as the carbon source for callus cul-
tures of several species has been reported. Among the
Prunus spp., callus cultures of sweet and sour cherry and
plum produced a greater growth response on media supplement-
ed with sucrose whereas peach callus cultures showed a
greater growth response to sorbitol supplemented media (8).
'Montmorency' sour cherry shoot tip cultures required a
lower amount of vitamins in the rooting media as compared
to the requirements of 'Harbrite' peach on the same media
(71). These examples illustrate a few of the differences
‘in culture requirements found among the Prunus spp.
Micropropagation using shoot tips or bud explants has
been the main method of tissue culture propagation of sev-
eral Prunus species., Reports of successful cultures with
some rooting from shoot tip or bud explants have been cited
for almond (65, 80), apricot (72), cherry (36, 71, 72, 76)
and plum (36, 64, 72) as well as peach (23, 38, 51, 63, 85).
Some work has been reported on the use of callus cul-
tures among the Prunus species (24, 29, 65). TFrom three

Prunus spp. tested, only Prunus mahaleb was able to regener-

ate roots from callus cultures established from young leaf
explants, There was no report of shoot differentiation
(29). Progress has also been reported in the development of

methods for the suspension culture of almond (65).
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An area of study other than propagation which has
benefited from tissue culture of the Prunus species has
been the study of graft incompatibilities., Callus cultures
of two cherry rootstocks proved more sensitive to cyanide
than the callus culture of peach (31). Micrografting
techniques have been used as methods to study graft incom-~
patibilities as well as in the development of virus free
plants., Improvements in the methods for micrografting were
developed in a study utilizing shoot tips of two peach cul-

tivars and seedling rootstocks of Prunus persica, P.

armeniaca and P, cerasifera (33). The plum scion 'Victoria'

and rootstock 'Pixy' have been grafted onto the peach root-
stock GF305 with a success rate of 40-50%, a significant
improvement over that of previous work with Prunus (57).
Shoot tip and callus culture methods have been used to study
non-infectious bud failure, a genetic disorder of almond
(42). Tissue culture methods have been used to study a
variety of subjects as well as serving as a means of propa-

gation of many species of Prunus.
Tissue Culture of Peach

Peach (Prunus persica) trees for commercial production

are normally propagated by budding onto clonal or seedling

rootstocks (28). This process is time consuming and labori-
ous. A more rapid method of propagation which would produce
large numbers of plants is desirable. Rooted cuttings could

be used as a method for the propagation of large numbers of
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clones. Methods have been developed for the propagation of
peaches from hardwood and semi-hardwood cuttings (10, 15,
27, 32, 41).

Another method which could be of use in the propagation
of large numbers of peach trees is tissue culture. Tissue
culture methods could provide a means for the rapid multi-
plication of new cultivars and for the establishment of
disease free clones while utilizing a small amount of space
for stock plants and a relatively short propagation period
(22, 69).

lekrasova (58) was one of the first to study the cul-
ture of peach buds. He was able to produce a rosette of
leaves with no stem elongation from his cultures. In 1977,
Skirvin and Chu (69) reported the first successful produc-
tion of shoots from shoot tip cultures of 'Redhaven' peach.
No rooting of the shoots was obtained. Also in 1977,
Tabachnik and Kester (80) reported successful shoot culture
of almond-peach hybrids. Only limited rooting was obtained
in this study. In a 1978 report, Skirvin and Chu (70)
announced the successful shoot tip culture of 'Redhaven'
and 'Harbelle' peach.

Vertesy (85) was among the first to report successful
rooting of peach shoot tips in research on the production
of virus free plants utilizing a heat treatment of stock
plants. Skirvin, Chu and Rukan (72) reported in 1980 a
method for proliferation and rooting of shoot tips of peach,

plum, apricot and cherry. In a 1981 report, Skirvin, Chu
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and Xearnes (71) announced a success rate of 50% in the
rooting of in vitro proliferated shoots of 'Harbrite' peach.
Successful in vitro propagation of shoot apices of 'Nema-
guard' peach rootstock was reported in 1982 with a rooting
percentage of 95%. Seventy-three out of 120 plantlets sur-
vived transfer into the soil (51). In 1982, Hammerschlag
(23) reported the culture of twelve cultivars of peach with
variable success between cultivars.

The first successful culture of shoot segments of peach
was reported by Rodriguez (63). A rooting percentage of 60%
was obtained from stem segments from 5-7 month old green-
house grown plants. A 1983 report on the effects of media
and media pH stated that the best survival of 'Nemaguard'
stem section explants was obtained on an agar media with a
PH of 5.8 (62). Also noted was the gradual decline of the
cultures with time. Out of 180 initial cultures, only ten
shoots rooted with four surviving transfer to soil,

One of the difficulties associated with the successful
in vitro propagation of peach has been the attainment of
aseptic cultures. 1In a 1980 review on peach micropropaga-
tion, Hammerschlag (22) reported that culture of dormant
buds was almost impossible because of microbial contamina-
tion. In a later article, Hammerschlag (23) described
experiments which tested surface sterilization methods for
dormant peach buds. When dormant buds were cultured, conta-
mination ranged from 100% for untreated buds to a low of T0%

for buds subjected to a five minute soak in 70% ethanol
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followed by a 15-20 minute soak in a 0,525% sodium hypo-
chlorite solution. Further reduction of contamination
could be achieved with the use of forced shoot tips,

In 1983, Ochatt and Caso (61) reported the first
successful in vitro propagation of Red-leaf peach from
dormant buds., They noted an increase in fungal contamina-
tion of cultures as the growing season neared., Only limited

rooting of the cultures was obtained.
Tissue Culture of Pecan

Another tree which could benefit from the application
of tissue culture methods to its propagation is pecan

(Carya illinoensis) (44). Pecans are normally propagated

by grafting or budding desirable scion cultivars onto seed-
ling rootstocks (46). Seedlings of pecans are highly
heterogeneous in their genetic makeup which affects their
subsequent performance in the field., It would be advan-
tageous for the grower to be able to obtain rootstocks that
are genetically alike and adapted to specific growing condi-
tions. The selection of desirable rootstocks is complicated
by the fact that the prospective clonal parent must be in
the adult growth phase before evaluation of its characteris-
tics can be made, Propagation of adult material has proved
difficult for many woody plants including pecan. A method
for the rapid clonal propagation of rootstocks or self-
rooted scion cultivars is needed in order to provide large

numbers of desirable clones to growers,
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Rooted cuttings could be used as a method for the
rapid propagation of pecans. Attempts have been made to
root cuttings from pecan rootstocks and cultivars (74).

It has been difficult to stimulate the rooting of adult
cuttings. In research by Smith and Chiu (74), adult cut-
tings produced fewer roots and a lower rooting percentage
than juvenile cuttings. The greatest rooting percentage
for Juvenile cuttings was 71% whereas the largest rooting
percentage for adult cuttings was 33%, indicating a differ-
ence in the ease of rooting for adult and juvenile cuttings.

Tissue culture could serve as a means for the rapid
clonal propagation of pecan. Research has been conducted
on the use of tissue culture methods in the propagation of
pecan. Most of the tissue culture research on pecan has
involved the use of juvenile seedlings as explant sources
because of difficulties associated with the culture of adult
explants. Knox and Smith (46) produced rooted plantlets
from stem sections of 'Riverside' seedlings. Shoots have
been produced from axillary buds on nodal explants of
'Stuart' seedlings (88). Plantlets produced from juvenile
seedling pecans have been rooted and successfully trans-
ferred to soil in the greenhouse (26).

Little work has been done on the use of adult tissue
for explants. This can be partially attributed to the
difficulty of establishing cultures from adult sources.
Establishment of cultures from adult sources is often dif-

ficult when compared with the establishment of juvenile
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cultures in many woody species (77). Another reason for the
few publications of work on micropropagation of pecan using
adult explants is the difficulty encountered in obtaining
sterile cultures from adult explants. Adult explants taken
from field grown trees of the 'Riverside' cultivar often
produced contaminated cultures whereas explants from seed-
ling materials produced little contamination of cultures
(46). Research with dormant pecan buds has shown internal
fungal infestation of apparently healthy buds (45). The
presence of internal fungal infestation of adult pecan

buds makes the process of sterilization of adult pecan
explants for tissue culture more difficult.

In work with shoot tip cultures of field grown 'Mohawk'
pecans, Cotten (9) developed a method of surface sterili-
zation for pecan shoot tips. Using dormant shoot tips
collected in mid-December, she was able to reduce contami-
nation to 40% by exposing the shoots to a 4.5 hour soak in
a saturated, aqueous benomyl solution, followed by an eight
minute treatment in 70% ethanol which was then followed by

a 15 minute soak in a 0,525% solution of sodium hypochlorite.
Solvents

Microbial contamination has also been a source of
problems in seed propagation. Germination percentages are
often reduced due to death of the seedling caused by micro-
bial agents. Seed treatments which have effectively

controlled microbial contaminants have included fungicidal
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treatments (5) as well as fungicide-organic solvent combi-
nations (14, 53, 54).

Dichloromethane (DCM) has been extensively investigated
as a seed treatment and as a means of introducing chemicals
into the seed without the complications incurred from
imbibition when agueous solutions are used., Iettuce seeds
soaked in DCM for 24 hours displayed no decrease in germina-
tion or in oxygen uptake (49). Iettuce seeds which normally
require light for germination have been treated with gib-
berellic acid (GAB) in DCM and have achieved almost 100%
germination in the dark, which shows the effectiveness of
DCM in the introduction of chemicals into seeds (43).

The use of DCM as a solvent for fungicides has proved
effective with several seed species. The application of
pentachloronitrobenzene (PCNB) in DCM was effective in

increasing the germination of pea (Pisum sativum) seeds

(83). Several fungicides including benomyl have been intro-
duced into soybean seed in a DCM solution and have provided
protection from fungal organisms as shown by a high percen-
tage of germination following fungicide treatment (14, 54).
Dichloromethane has also been used as a solvent for use in
fungicide studies with snap beans and dry beans (12).
Another chemical which has been studied for its use as
a solvent for compounds with low water solubility is di-
methyl sulfoxide (DIISC). Iettuce seeds soaked for 24 hours
in DMSO failed to germinate (49). This could be a result of

the chemical's ability to penetrate the dry seed. It is
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possible that a shorter soaking interval would have been a
more appropriate test for DMSO. DMSO has also been used as
a solvent for indolebutyric acid (IBA) in rooting studies.
Cuttings of three juniper species were exposed to a five
second dip in a DMSO-IBA solution. Best rooting occurred
in two species when exposed to the DMSO-IBA solution., The
third species which failed to root is considered difficult
to root under established rooting procedures, DMSO used
alone served to inhibit rooting slightly but was not toxic
to the tissue (48).

Another chemical which has been used as a solvent for
the introduction of substances into seeds is acetone (ACE).
Lettuce seed soaked for 24 hours in ACE alone showed
enhanced germination over that of the control (49). Gib-
berellic acid (GAB) and abscisic acid have been introduced
into lettuce seed using ACE solutions (43). Acetone has
been used to introduce radioactive indoleacetic acid (IAA)
into seeds of squash, pear, lima bean and lettuce (82).
Acetone has also been used as a solvent for antibiotics in a
study on the effects of the antibiotics on aging of lettuce
seeds (83).

Ethanol has been studied for its use in seed treat-
ments., Tea seeds soaked in ethanol for 24 hours achieved a
germination percentage of 83% which was similar to the seeds
which were not treated (49). This would seem to indicate
that the ethanol was not toxic to the pea seed. Ithanol

has been studied as a solvent for several fungicides
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including benomyl, for use as a seed treatment of soybean
seeds (53). Ethanol can effectively penetrate the seed
coat allowing for accumulation of fungicide within the seed
coat. Even after washing of the seed, the fungicide still
effectively protects the seeds as evidenced by the higher
germination percentage of those seeds which were treated
with the fungicide over those that did not receive the fun-
gicide treatment (53).

Other chemicals that have been studied for use as seed
treatments include dimethyl formamide, dibromomethane and
dichloroethane, These chemicals all reduced the germination
percentage for lettuce and pea seeds as compared with the
control (49). One possible reason for the reduction in
germination could be that the chemicals were effectively
penetrating the seed coat but were toxic over time. A
shorter soaking time of less than 24 hours may have been
a more appropriate test for these chemicals,

Because of the difficulties encountered in establishing
aseptic cultures of peach and pecan explants, a new method
of surface sterilization is needed which would allow for
the year-long culture of these plants in vitro from field
grown adult material, Based on the surface sterilization
method which utilizes a 4,5 hour agueous benomyl soak (9)
and seed treatments using fungicides in organic solvents,
it was proposed that a surface sterilization treatment
utilizing a benomyl and organic solvent soak could be

established which would be of a relatively short duration.
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Thus, the aim of this research was to attempt to determine
the optimal combination of solvent and time in regard to
reducing contamination with reduced necrosis and good sur-

vival of the peach and pecan explants.



CHAPTER III
MATERIALS AND METHODS

Plant materials used in this research were collected
from 6 year old 'Redhaven' peach trees at the Oklahoma
State University Fruit Research Station near Perkins,
Cklahoma and from 15 year old 'Mohawk' pecan trees at the
Cklahoma Pecan Research Station near Sparks, Oklahoma.
Stem cuttings approximately 5 cm long were collected,
placed in plastic bags containing a damp cloth and were
transported in a portable cooler to the laboratory facili-
ties at the main campus in Stillwater, Oklahoma. After the
cuttings arrived at the laboratory, the shoots were kept
refrigerated until needed.

The cuttings were reduced in size to approximately
2 to 3 cm long. Under most circumstances, all buds sur-
rounding the terminal bud were removed; however, with the
pecan, axillary buds which were beginning to swell were also
used as an explant source. The bud scales were then re-
moved, leaving 4 to 6 leaf primordia to protect the apical
meristem. The shoots were then placed in a beaker of dis-
tilled, deionized (DD) water.

The surface sterilization procedure began with soaks of

varying length in a 1% weight to volume benomyl solution
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using various organic solvents. All organic’solvents were
reagent grade and were used without further purification.
Tor purposes of comparison, a soak in a saturated, agueous
benomyl solution was also performed. Following the benoumyl
soak, the shoot tips were rinsed 4 to 5 times with sterile
DD water. The shoots were then placed in a 0.525% sodium
hypochlorite (NaOCl) scak for 15 minutes during which time
the beaker was transferred to a laminar air £low hood where
all other operations occurred. Following thé& NaOCl soak,
the shoot tips were rinsed once with sterile DD water and
a few drops of Tween 20 and then rinsed 3 to 4 times with
sterile DD water only. The shoot tips were then socaked in
a 7T0% ethanol solution for 6 minutes for 'Redhaven' peach
tissue or for 8 minutes for 'Mohawk' pecan shoot tips.
Following the ethanol soak, the shoot segments were again
rinsed with sterile DD water with Tween 20 followed by
3 to 4 rinses with sterile DD water only.

After surface sterilization, the outer leaf primordia
were removed, exposing the apical meristem surrounded by
2 to 3 leaf primordia. The apical meristem with leaf
primordia was then excised and placed in a 25 mm x 150 mm
test tube on an agar slant. The agar solidified media used
in these experiments were variations of Murashige and
Skoog's (56) high salts medium (Table I).

The medium used for 'Redhaven' peach explants consisted
of one-half strength macronutrients with all other compon-

ents at full strength (29). Additions to the medium



TABLE T

MEDIA COMPOSITION

Peach(zg) Peoan(g)
Components (mg/1) (mg/1)
Inorganic Constituents
NH4N03 825 1650
KN05 950 1900
MgSO4.7H20 185 570
KH, PO, 85 170
NaZ-EDTA 18,65 3743
FeSO4.7H20 13.9 27.8
CaClz.ZHZO 150 150
H3803 6.2 6.2
MnSO4.4H20 22,3 22.3%
ZnSO4.4H20 8.6 8.6
Na2M004.2H20 0.25 0.25
KI 0.75 0.75
CuSO4.5H20 0.025 0.025
CoClz.6H20 0.025 0.025
Organic Constituents
Nicotinic Acid 1 1
Thiamine HC1 10 10
Pyridoxine HC1 1 1
Myo=-inositol 100 100
Ascorbic acid 50 -
sucrose 20,000 30,000
Agar 8, 000 6,000
Activated Charcoal 3,000 3,000

Growth Regulators
IBA 0.5 -
BA 0.8 1.0
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included sucrose (20 g/l1), Fhytagar (GIBCC) (8 g/l), acti-
vated charcoal (3 g/l1) and ascorbic acid (50 mg/l) (69).
Growth regulators that were used included indolebutyric
acid (IBA) at 0.5 mg/liter and 6-benzylamino-purine (BA)
at 0.8 mg/liter. Distilled, deionized water was added to
bring the medium up to volume,

The medium used for the 'Mohawk' pecan tissue consisted
of the Murashige and Skoog (56) components at full strength
with the following additions of sucrose at 30 g/liter,
Phytagar (GIBCO) at 6 g/liter and activated charcoal at
3 g/liter. BA was used as the growth regulator at 1.0 mg/
liter (9). Distilled, deionized water was used to bring
the medium up to volume.,

Growth regulators were dissolved in a small amount of
5N XKOH and then brought up to volume with DD water. The
growth regulators were dispensed into the medium as it was
being prepared.

The pH of the medium was adjusted after all components
of the medium were added with the exception of charcoal and
agar. The pH was adjusted to 5.8 using 1.0N KOH or 1.0N
HCl., After adjustment of the pH, the agar and charcoal were
added and the medium was brought to a boil. Twenty-five
milliliters of medium were then dispensed into 25 mm x
150 mm Pyrex culture tubes, The tubes were sealed with
Bellco Kap-uts. The tubes were then autoclaved at 121° ¢.
at 15 psi for 15 minutes. The agar medium was solidified at

a 450 slant.
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Once the explants were placed in the tubes, the test
tubes were transferred to and maintained in a growth chamber
for the duration of the experiment. Explants were exposed
to a temperature of 25 to 28° ¢. and darkness for the first
week of culture and then to 16 hours of 300-400 footcandles
of illumination at 25 to 28° ¢. for the remainder of the
experiment.,

Explants were evaluated for % contamination, necrosis
after one week of culture and survival over a period of
eight weeks., Necrosis was evaluated by use of a visual
rating index during the first week of culture:

O=No necrosis

1=1/5 of explant necrotic
2=2/5 of explant necrotic
3=3/5 of explant necrotic
4=4/5 of explant necrotic
5=Dead

A survival index was used in the visual rating of
explants for weeks 2 to 8,

O=Dead
1=Browning of explant
2=Chlorosis (yellowing) of explant
3=Chlorosis beginning to develop (pale green)
4=Green explant
5=Green with growth of explant

The experiments were set up as a completely randomized

design with factorial treatment combinations of solvents and
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time., The experimental results were analyzed using analysis
of variance tables and paired T-tests. The paired T-tests
were used to indicate the significant differences between
treatments and the controls., The least significant differ-
ence (ISD) was computed for comparisons between treatments.
Numbers within the tables represent the least squares means
for the data which consisted of 5 replications per treat-
ment. Contaminated treatments were treated as lost

replications.
Experiments

Peach

Experiment I - The Effect of Dichloromethane as a

Fungicidal Solvent on 'Redhaven' Peach Explants. Dichloro-

methane (DCM) was used as a test solvent to determine the
optimal duration of soaking time in regard to control of
contamination and survival of the explant. DCM was selected
for this experiment because of its wide usage as a fungi-
cidal solvent for surface sterilization of seeds. A
commercial preparation of benomyl was used to give a 1%
weight to volume solution of benomyl in DCM. Shoot tips
from 'Redhaven' peaches were used as explants. Tissues were
collected on Januvary 17, 1984, Following the benomyl soaks,
the tissues were subjected to a '"standard" sterilization
treatment of a 15 minute soak in 0.,525% NaCCl followed by

a 6 minute soak in 70% ethanol which was a slight modifica-
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tion of the procedure used by Cotten (9) in the
micropropagation of pecan. Treatments were replicated

5 times. The treatments consisted of DCM soaks of 0,25,
- 0.50, 0,75, 1.0, 2.0, 4,0 and 5.0 minutes and a 4.0 hour

saturated, agueous benomyl soak.

mxperiment II - The Effects of Various Fungicidal

Solvents on 'Redhaven' Peach Explants. Several organic

solvents were combined with benomyl to give a 1% weight

to volume solution of benomyl., Explants were subjected

to soaks of varying durations in an attempt to select the
time and solvent combination which gave the best results

in terms of control of contamination, necrosis and survival
of the explant. The solvents that were tested included
dichloromethane (DCI1), dimethyl sulfoxide (DMSO), N,N-
dimethyl formamide (DMF), 1,2-dichloroethane (DCE), dibro-
momethane (DBM), acetone (ACE) and 95% ethanol (ETOH).
Treatments consisted of 0.25, 0.50, 0.75 and 1,00 minute
soaks in each of the above benomyl-solvent combinations.
'Redhaven' peach trees were used as the source of explant
material. Dormant shoots were collected on February 8,
1984, Two control treatments were included in this experi-
ment. They consisted of a 4.0 hour exposure to a saturated,
agqueous benomyl solution and a treatment given no soak prior
to the NaOCl exposure, Following the benomyl soaks or no
soak, the tissue was exposed to a 15 minute soak in 0.525%
NaOCl followed by a 6 minute soak in 70% ethanol. There

were 5 replicates of each treatment.
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Fecan

Experiment IIT - The Effect of Dichloromethane as a

Fungicidal Solvent on 'Mohawk' Pecan Explants. Shoot tips

of 'Mohawk' pecans were exposed to a 1% weight to volume
benomyl solution with DCM for various durations in an
effort to find the soaking period which gave the best con-
trol of contamination and also, the best survival rating.
Shoots were collected on March 6, 1984, Shoot segments
received the "standard" surface sterilization procedure
consisting of an 8 minute soak in 70% ethanol and a 15 min-
ute soak in 0.525% NaOCl., Five replications were made of
each treatment. The treatments consisted of 0.50, 0.75,
1.00, 2,00, 4,00 and 5.00 minute soaks in the 1% benomyl:
DCM solution (w/v). A 4.5 hour soak in a saturated, aque-

ous benomyl solution served as a control.

Experiment IV - The Effects of Various Fungicidal

Solvents on 'Mohawk' Pecan Explants. Several organic

solvents and treatment times were combined in a factorial
treatment combination in order to select the optimal time
and solvent combination which best controlled contamination
with minimal necrosis and optimal survival of the explant.
The same solvents that were used in Experiment II with
'Redhaven' peach shoot tips were used. These included DCHM,
DMSO, DMF, DCE, DBM, ACE and ZTOH. IExplant tissues were
soaked for 0,50, 0.75, 1.00 and 1.50 minutes in each of the

above benomyl-solvent combinations at 1% w/v. Control
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treatments consisted of a 4.5 hour saturated, agueous
benomyl soak and no soak of the pecan tips. All treatments
including the controls were exposed to the "standard" ster-
ilization procedure which consisted of an 8 minute soak in
7056 ethanol followed by a 15 minute soak in 0.525% NaOC1l.
Apical meristems excised from 'Mohawk' pecan shoot tips
collected on March 6, 1984 were used as the explants. ZEach

treatment was replicated 5 times,

Ixperiment V - The Effects of Selected Fungicidal

Solvents at ILonger Time Intervals on 'Mohawk' Pecan Ex-

plants. Several of the solvents used in Experiment IV were
retained in this experiment to test the effects of longer
soaking periods on % contamination, necrosis and survival
of the explants. Those solvents that were discarded ap-
peared to be phytotoxic to the tissue. Shoot segments from
'Mohawk' pecan trees were collected on April 4, 1984, Shoot
tips were subjected to the "standard" surface sterilization
procedure for pecans following the benomyl-solvent soak,
Bach treatment consisted of 5 replications. Treatments
consisted of 1.0, 2.0, 3.0, 4.0, 5.0, 7.0 and 10,0 minute
soaks in 1% benomyl:DMSO, DMF, DBM, ACE and ETOH solutions.
The control consisted of a 4.5 hour soak in a saturated,

aqueous benomyl solution.



CHAPTER IV

RESULTS AND DISCUSSION

Peach

Experiment I - The Effects of Dichloro-

methane as a Fungicidal Solvent on

'Redhaven' Peach Explants

All treatments using DCM with the exception of the
0.5 minute treatment controlled contamination comparably
to the 4.0 hour benomyl soak (Table II). The 0.25 and
0.75 minute soaks did not differ significantly in necrosis
from the 4.0 hour agqueous benomyl soak. All other soaking
times gave a significantly higher necrosis rating after
one week of culture (Table III). After two weeks in cul-
ture, the explants were given a rating of survival in which
all treatments other than the 0.75 minute soak had a highly
significantly lower survival rating than the control. The
0.75 minute soak again was not significantly different from
the 4.0 hour benomyl socak (Table IV), This trend continued
throughout the experiment and was still apparent after
eight weeks of culture at the termination of the experiment
(Table V). A4l1ll of the explants with the exception of the

0.75 minute treatment were dead or dying. Those explants
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TA3 IT

5

THE INFLUENCE OF EXPCSURE TIME TO A 1% BENOMYL
SOLUTION IN DICHLOROMETHANE ON TOTAL
CCONTAMINATION OF 'REDHAVEN'

PEACH EYPLANTS

Exposure Time Contamination
(Minutes) (%)
0.25 0%
0.50 60"
0.75 20
1.00 ' 40
2.00 40
4,00 20
5.00 0

“Mean separation of rates, LSD 05=52,
LSD 01=7O. *

¥ Significant at 5% from 4.0 hour agueous
benomyl soak (0% contamination).
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TABLE ITI

THE INFLUENCE OF EXPOSURE TIME TO A 1% BENCMYL
SCLUTICN IN DICHLCROM=ZTHANE ON
NESRCSIS OF 'REDHAVEN'

PEACH EXFTLANTS

Exposure Time Necrosis?
(Minutes) (Index)
0.25 | 2,27
0.50 ' 3,00
0.75 1.0
1,00 3,00
2,00 2.5"
4.00 3,27
5.00 3,00

ZAfter one week of culture.

Jvean separation of rates, ILSD 05=1.2,
LSD =1.6, *
. 01
* %% Significant at 5% (*) or 1% (%%) from
4,0 hour aqueous benomyl soak (1.0-necrosis).



TABLE 1V

THE INFLUENCE CF EXPOSURE TIME TO A 1% BENOMYL
SOLUTION IM DICHLOROMETHANE ON
SURVIVAL OF 'REDHAVEXN'

PEACH EXPIANTS

Exposure Time Survival®
(Minutes) (Index)

0.25 2,477
0.50 ' 1,07
0.75 | 4.0
1.00 ' 1.0°%7
2,00 1,37 °%
4,00 w 1,2°%F
5.00 1.4%*%

ZAfter two weeks of culture.

Jyean separation of rates, ISD 05=1+2,
ISD 5q=2.1. )

®% %%% Significant at 1% (#*%) or 0,19 (%)
from 4.0 hour agueous benomyl soak (4.6-survi-
val).
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TABIE V

THE INFLUENCE OF EXPOSURZE TIME TO A 1% BENOMYL
SOLUTICON IN DICHLOROMETHANE ON
SURVIVAL OF 'REDHAVEN'

PEACH LXPTAITS

Exposure Time . Survival®
(Minutes) (Index)

0.25 0.6 7Y
0.50 0.0 %
0,75 2.2

1,00 0,07
2.00 0.,077°%
4,00 0.0
5.00 | 0.0

Z .
ATter eight weeks of culture.

Iean separation of rates, LSD 05=1.O,
Lol O1=1o4' *

#%¥% Significant at 0.1% from 4,0 hour aque-
ous benomyl soak (2.8-survival).
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receiving the 0.75 minute soak were beginning to decline
but were not significantly different from those explants
subjected to the 4.0 hour saturated, agueous benomyl soak.

Contamination was controlled with increases in the
duration of the soaks, However, with the increase in
soaking time, there was an increase in necrosis and a de-
crease 1n the survival of the explants., Dichloromethane
produced adequate control of contamination but appears to
be phytotoxic to the tissue especially under conditions of
long soaking time.

The best treatment time was 0.75 minutes which yielded
control of contamination, low necrosis and good explant
survival comparable to the 4.0 hour aqueous benomyl soak.
This would indicate that fungicidal solvents can be used to

treat explant tissues with good results.

Experiment II - The Effects of Various

Fungicidal Solvents on 'Redhaven'

Peach Explants

All treatment times for the solvents DMF, ACE and ETOH
gave significantly better control of contamination than the
controls. Other solvents yielded better control of contami-
nation at various times throughout the experiment. This
variation in times was unpredictable with some shorter
time period treatments producing less contamination than

longer time treatments within a solvent (Table VI).



TABLD VI

THE INFLUENCE OF EXPOSURE TIME TO A 1% BENOMYL
SOLUTION IN VARIOUS SOLVENTS ON TOTAL
CONTAMINATION OF 'REDHAVEN'

PEACH EYPLANTS

Gontamination (%)

Txposure Time (Minutes)

Solvent 0.25 0,50 0.75 1.00
DOM 407 0" 40 20"
DMSO 40 20" 75 40
DT 20" 20" 20" 0y
DOE 0. 40 20" 60
DR 40 20" 40 100
AOE 20" 20" 20" 20"
ETOH 20™ 0y 20™ Oy

“ean separation of rates within solvents or sol-
vents within rates are LSD 05=57, ISD g4=75.

*,%% Significant at 5% (%) or 1% (%%), Superscript
indicates significance from 4.0 hour agqueous benomyl
soak (67% contamination) and subscript indicates signif-
icance from no benomyl soak (60% contamination),

57
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When the effects of solvent and time interval are
analyzed in respect to necrosis of the explant, it appears
that treatments of DCM at all times except for 1.0 minute,
DCE over all times, and ETOH at 1.0 minute produced signif-
icantly more necrosis of the explant than did the 4.0 hour
benomyl soak and no fungicidal soak treatments. The ACE-
benomyl soak at 0.25 minutes gave significantly less necro-
sis of the explants as compared to the 4.0 hour benomyl
soak., All other treatments were not significantly different
from the 4.0 hour benomyl soak or from the no soak controls
(Table VII).

Survival of the explants was evaluated by the use of a
visual rating system based on a survival index of O to 5.

A high rating indicated growth and survival whereas a low
number indicated necrosis and death of the explant. DCM at
0.25 and 0,5 minutes and DCE at 0.25, 0,5 and 1.0 minutes
produced significantly lower ratings than the two controls
at the end of two weeks of culture., The solvents, DMSO,
DMF, DBM, ACE and ETOH, all produced higher survival ratings
at most times tested; however, these ratings were not
significantly different from the controls (Table VIII).
These results remained fairly consistent throughout the
experiment.

The time component for this experiment was difficult
to analyze because of the similarity of the means within a
particular solvent. It appears that there is for some

solvents, DBM and ETOH, a decrease in the survival of the



TABIE VII

THE INFLUENCE OF EYPOSURE TIME TO A 1% BENOMYL
SOLUTION IN VARICUS SOLVENWS O
WECROSIS OF 'REDHAVEN!

PEACH EXPLANTS

ecrosis? (Index)

Zxposure Time (Minutes)

Solvent 0.25 0.50 0.75 1.00
DOM 3,00 3.0 2.8" 2.0
DD’CSO 1.5 108 1.0 2.0
DT 2.0 2.5 2.2 2.0
DCE 2.6 3,00 2.6 3.0°°
DBE’I 107 2.0 1.8 1-0
ACT 1.0" 2.0 2.2 1.8
ETOH 1.8 2.0 1.5 2.8"°
Z

After one week of culture.

Viiean separation of rates within solvents or sol-

vents within rates, LSD 05=O.8, LSD O1=1’O'

*,%% Significant at 5% (%) or 1% (¥%) from 4.0 hour

agueous benomjl soak (1. S—necrosis). Treatments were
not significant from the no benomyl soak (2.0-necrosis),



TABLE VIIT

40

THS INFLUTICE CF TIPOSURE TIME TO A 1% BENCMYL

SOLUTION IN VARIOUS
SURVIVAL OF
PEAC

SOLVENTS ON
'REDHAVEN'
U EXPLANTS

Survival? (Index)

Exposure Time (Minutes)

Solvent 0.25 0.50 0.75 1,00
DI 100007 1,00y 2.7 3.2
DMSO 4.0 3.5 4.0 3.5
DU 4.0 3.8 2.8 4.0
DOE 1600 2.0% 2.5 1. 350
DB 4.0 3.5 3.3 -
ACE 4.0 4.0 3.5 3.8
ATOH 4.0 3.8 3.8 3.0

7,
After two weeks of culture.

Yiean separation of rates within solvents or sol-

vents within rates, ISD 05=1.O, LSD 5q=1.3.

#, %% ¥%% Significant at 5% (*), 1% (*%) or 0.1%

(#%%),

Superscript indicates significance from 4.0 hour

aqueous benomyl soak (3.3-survival) and subscript indi-
cates significance from no benomyl soak (3.5-survival).
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explants with an increase in the time of exposure to the
solvent-benomyl solution (Table VIII).

The main effects for solvents are more easily isolated
(Table IY). Those solvents which produced a significantly
lower amount of contamination of the explants in comparison
to the controls included DCM, DMF, DCE, ACE and ETOH. The
remaining solvents, DMSO and DBM, did not differ signifi-
cantly from the controls. When the necrosis and survival
ratings are taken into account, it appears that DCM and
DCE may be toxic to the explants while the other solvents
show no significant differences from the controls in terms
of necrosis or survival,

From this experiment, it appears that the use of fungi-
cidal solvents may be a viable alternative method for the
surface sterilization of peach explants, ACE, ETOH and
DMF are likely candidates for use in the surface steriliza-

tion of peach explants taken from field grown trees.
Pecan

Bxperiment IITI - The Effect of Dichloro-

methane as a Fungicidal Solvent on

'Mohawk' Pecan Explants

At all time levels tested, the DCM soaks gave signifi-
cantly improved control of contamination over the no soak
treatment. The 0.75, 2.0 and 5.0 minute treatments gave

significantly better control of contamination than the
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THE INFLUENCE OF VARIOUS SOLVENTS ON TCTAL CONTAMINATION,
PEACH EXFPIANTS

NECROSIS AND SURVIVAL OF

'REDHAVEN'

Contamination Necrosis® Survival’ Survival*®
(%) (Index) (Index) (Index)

Solvent
DCM 25™% 2.7 2,05 0.7°%
DMSO 44 1.6 3.8 2.0
DME 15, 2.2 3.6 1.7
DCE 30" 2.8"" 1800 0.8"
DBM 50 1.6 3.6 2.2
ACE 20™" 1.7 3.8 2.4
ETOH 10, 2.0 3.6 2.0
4,0 hour soak 67 1;8 3.3 2.2
No benomyl soak 60 2.0 3.5 2.0

ZAfter one week of culture.

yAfter two weeks of culture.

Xifter eight weeks of culture.

¥ %% ¥%% Significant at 5% (*), 1% (**) or 0.1% (¥**),
Superscript indicates significance from 4.0 hour agueous
benomyl soak and subscript indicates significance from

no benomyl soak,
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4,5 hour benomyl soak. However, for all time levels, DM
pears to be toxic to the tissue producing high necrosis
ratings and low survival ratings throughout the experiment.
Because of the severe toxicity to the explants, this data

has been omitted.

Exveriment IV - The Effects of Various

FTungicidal Solvents on 'Mohawk!

Pecan Explants

When compared with the no soak control, significantly
better results were gained in regard to the control of con-
tamination of 'Mohawk' pecan shoot apices with the following
time and solvent combinations: all time levels of DCHM,

0.75 minute soak in DISO, 0,5 minute exposure to DNF, 0.5
and 1.0 minute soaks in DCE, 0,75 and 1.5 minute treatments
with DBM, a 1,0 minute exposure to ACE and 0,5 and 1.0
minute soaks in ETOH. When compared with the 4.5 hour satu-
rated benomyl soak, only the 0.75 minute soak in DCM was
significantly better in the control of contamination. The
0.50 minute treatment with ACE resulted in 100¢% contamina-
tion of the cultures, which was significantly more
contamination than received with the 4.5 hour saturated
benomyl soak. All other treatments did not differ signifi-
cantly from the controls (Table ¥).

The solvents, DCM, DCE and DBM at all time levels and
ACS at all time levels except 1.0 minute, produced signifi-

cantly higher necrosis ratings when compared with the
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THR INTLUENCE OF EYPOSURE TIVME TC A 1% BENCMYL
SOLUTION IN VARIOUS SOLVENTS ON TOTAT
CONTAMINATION CF 'MOHAWK'

PRCAN. EXPLANTS
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Contamination (%)

BExposure Time (Minutes)

Solvent 0.50 0.75 1.00 1.50
DI 302 10, 30, 20,
DISO 68 28, 8s 82
DiP 28, 88 48 o8
DCB 28, 48 8ys 68
DBH 48 B 68 8yx
ACE 100" 68 28, 58
ZTOH 28, 48 28, 48

“lrean separation of rates within solvents or sol-
vents within rates, ISD 05—57, LSD 01—75

*,%% Significant at 5% (*) or 1% (*%). Superscript
indicates significance from 4.5 hour aqueous benomyl
soak (51% contamination) and subscript indicates Sl”nlf~
icance from no benomyl soak (92% contamination).
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4,5 hour aqueous benomyl soak (Table XI). DMSO produced
significantly less necrosis than the controls at 1.0 and
1.5 minute exposure times., All other results did not dif-
fer significantly from the 4,5 hour soak or the no soak
controls.,

From the week two survival ratings, it can be seen that

CM, DCE and DBM soaks produced significantly lower survi-
val ratings when compared with the 4.5 hour benomyl soak
(Table XII). The longer duration of DMSO and DMF at 1.00
minute resulted in significantly higher survival of the
explants., These trends continued into the final week of
culture (Table XIII). Three treatments produced a highly
significantly better survival rating than the 4.5 hour
soak, These treatments were the 1.0 and 1.5 minute soaks
in DMSO and the 1.0 minute soak in the DMF-benomyl solution.
All other treatments did not differ significantly from the
controls. These results were fairly consistent from week
two through week eight of culture, although other treatments
may have given significantly better survival ratings at
isolated weeks of culture.

Again, it was difficult to analyze the time component
of this experiment because of the similarity of the means
within a solvent.

An analysis of the main effects for the solvents
showed that DCM, DCE, DBM and ETCH gave significantly better
control of contamination in comparison with the no soak

control and DCM gave better control in comparison with the



TABIE XTI

THE INFLUENCE OF EYPOSURE TIME TO A 1% BENOMYL
SOLUTION IN VARIOUS SOLVENTS ON
NECROSIS OF 'MOHAWX'
PECAN BXFIANTS

Necrosis? (Index)

Exposure Time (Minutes)

Solvent 0.50 °~  0.75 1,00 1,50
DCH 3. 9%ns’  4eOnix 4.0y 3 Onan
DISO 1.6 1.4 0.9" 0.9
DM 2.4 1.4 1.7 1.4
DCE 2.7" 2.9, 2.9, " P
DEM 3 T 3.9 2,77 2.9,
ACE 2.9" 2.6" 2.1 2.6"
ETOH 2.4 1.6 1.5 2.2

ZAfter one week of culture.

N

vents within rates, ISD 05=O.7, LSD 01=O.9.

Mean separation of rates within solvents or sol-

¥, %% %¥%¥% Significant at 5% (%), 1% (¥*) or 0.1%

(#*%x%),

Superscript indicates significance from 4.5 hour

agueous benomyl soak (2.0-necrosis) and subscript indi-
cates significance from no benomyl soak (2.0-necrosis).
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TABLE XIT

SCLUTICH IN VARIOUS SOLVENTS ON
SURVIVAL OF 'MOHAWX'
PECAN EXPLANTS

Survival? (Index)

Exposure Time (Minutes)

Solvent 0.50 0.75 1,00 1.50
MSO 3.4 3.3 4.0 4.0"
DHF 2.8 3.5 3.7 4.0
e 1050 2,07, 1odos 1o T g
DEM 1.0 00 1,000 1,0, 0n 2.2,
ALCE 3.0 2.7 3.4 2.7
BTOH 3.0 3.4 3.0 3.0

ZAfter two weeks of culture.

Jiean separation of rates within solvents or sol-
vents within rates, ISD 05=O.8, LSD O1=1.O.

¥, %% %% Significant at 5% (%), 1% (**) or 0.1%
(##%), Superscript indicates significance from 4.5 hour
agueous benomyl soak (3.0-survival) and subscript indi-
cates significance from no benomyl soak (3.5-survival),



TABLE XITT

THE INPLUENCZ OF EXPOSURE TIME TO A 1% 3ENOMYL
SOLUTION IN VARIOUS SOLVENTS ON
SURVIVAL OF 'MOHAWX'

PECAN EXPLANTS

Survival® (Index)

Bxposure Time (Minutes)

Solvent 0.50 0.75 1.00 1.50
DCHM 0.05547  0.04nx 0.000n 0.0hnn
DHSO 1.0 2,07 3,00 3,00
HE 1.8 1.0 2.7 2.0
DCE 0,000 " 0.0 0udiex 0.0
DM 0.0 %* 0,05 %% 0.0%% Oudiy
ACT - 1.0 1.8 1.0
TTOH 0.5, 0.50x 1.5 2.3

Zrfter eight weeks of culture.

Tiean separation of rates within solvents or sol-
vents within rates, ISD 05=O.7, LSD O1=O'9'

¥ u% s%% Significant at 5% (#), 1% (#%) or 0.1%
(¥%%), Superscript indicates significance from 4.5 hour
aqueous benomyl soak (1.3-survival) and subscript indi-
cates significance from no benomyl soak (2.0-survival),
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4,5 hour benomyl soak (Table XIV). Other treatments did
not differ significantly from the controls in the control
of contamination. The DCM, DCE and DBV treatments produced
significantly more necrosis of the explants than both con-
trols. In regard to necrosis, the DMSO treatment produced
significantly léss necrosis and the ACE soak produced more
necrosis when compared with the 4.5 hour benomyl soak.

When survival ratings are compared for weeks two and eight,
it appears that the soaks with DCM, DCE and DBM consistently
produced lower survival ratings that are statistically dif-
fereﬁt from the controls. It also appears that the DMSO
soak produced a consistently high survival rating.

There appears to be a correlation between control of
contaminants and survival of the explant. In most cases,
DCM, DCE and DBM are effective in the control of contami=-
nants but are phytotoxic to the tissue. Other solvents
control contamination to a degree similar to that of the
4,5 hour benomyl soak and yet do not appear to be phytotoxic
to the explant. IZthanol appears promising due to its
effectiveness in the control of contamination (as compared
with the no soak control) and to its relatively low toxic-

ity to tissues.

Experiment V - The Effects of Selected

Fungicidal Solvents on 'Mohawk!

Pecan Explants

Because of the apparent phytotoxicity of DCM and DCE
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TABLE XIV

THE INFLUENCE OF VARIOUS SOLVENTS ON TOTAL CONTAMINATION,
NECROSIS AND SURVIVAL OF 'MOHAWK' PECAN EXPLANTS

Contamination Necrosisz Survivaly SurvivalX

(%) (Index) (Index) (Index)
Solvent
DCM 227 34O nn 1.2 0x 0.O%nx
DISO 66 1,25 3.7 2,2%%*
DMF 62 1.8 3.5" 1.8%
DCE | 38, 5.00 " 1T nen Ouliyrs
DBM 32, 303 1 300n 0utiny
ACE 65 2.6"" 3.0 -
ETOH 38, 2.0 3.1 1.2
4,5 hour soak 51 2.0 3.0 1.3
No benomyl soak 92 ' 2.0 3.5 2.0

Zifter one week of culture.

Yafter two weeks of culture.

fifter eight weeks of culture.

¥, %% %¥%% Significant at 5% (%), 1% (¥*) or 0,1% (*%x),
Superscript indicates significance from 4.5 hour agueous

benomyl socak and subscript indicates significance from
no benomyl soak.
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(Tables IX and XIV), these solvents were discarded. All
other solvents were retained for further testing at longer
exposure times. The solvents, DBM at all times except

3,0 minutes and ACT at all times except 3.0 and 4.0 minutes,
produced highly significantly greater control of contami-
nation as compared with the 4.5 hour benomyl scak. All
other treatments were not significantly different from the
control (Table XV).

Examination of the necrosis ratings showed that, at
most time levels, the two solvents which gave the best
control of contamination, DB/ and ACE, also produced sig-
nificantly higher necrosis ratings than did the 4.5 hour
control (Table {VI). The 3.0 minute treatment with DMSO
also produced a significantly higher necrosis rating than
the control. After one week of culture, the 3.0 and 4.0
minute treatments with DMF gave a significantly lower necro-
sis rating than the control., All other treatments were not
significantly‘different from the control.

The data for the second week's survival ratings in
Table XVII shows the apparent toxicity of DBM and ACE to
the pecan explant over most times tested., All times tested
for DMSO excluding those that were highly contaminated,
produced significantly higher survival ratings when compared
with the control., This way indicate a relatively low toxic=-
ity to the tissue. The 4,0 minute treatment with ETOH
also produced a highly significantly better survival rating

than the control., All other times and solvents tested,



THE INPTUBNCE OF BXPOSURE TIME TO A 1%
ON TOTAL COMTAMINATION OF

TABLL XV

Contamination (%)

Exposure Time (Minutes)

Solvent 1.0 2.0 3,0 4,0
DISO 924 72 92 92
DMRF 88 100 100 100
DB g" g* ¥ 68 48"
AOT 48" 307 % 68 88
wTOoH 100 88 88 100
“Mean separation of rates within solvents or solvents within rates,

LSD.05=41, IJSD.O1 =54.

%% *%% Significant at 1% (**) or 0,1% (***) from 4.5 hour aqueous benomyl

soak (92% contamination).

BENOMYL SOLUTION IN VARIOUS SOLVENTS

'"MOHAWK' PECAN EXPIANTS

2§



TABLE XVIII

THE INFLUENCE OF EXPOSURE TIME TO A 1% BENOMYL SOLUTION IN VARIOUS
SOLVENTS ON SURVIVAL OF 'MOHAWK' PECAN EXPLANTS

Survival? (Index)

Exposure Time (Minutes)

Solvent 1.0 2.0 3.0 4.0 5.0 7.0 10.0
DMSO - 0.0Y _—— e 3. 0%* 2.5** L
DIF 0.0 _— — _— - 1.0 —_—
DBM 0.2 0.0 0.0 0.0 0.3 0.4 0.0
ACE 1.0 0.0 0.0 0.0 0.0 0.0 0.0
ETOH - 2.0 2.0 - 2.0 2.0 _——

ZAfter five weeks of culture.

YMean separation of rates within solvents or solvents within rates,
L5SD 05=Oo7’ LSD O1=1.O.

*¥% Significant at 1% from 4.5 hour agueous benomyl soak (O,7-survival).

¢S



TABLE XVII

THE INFLUENCE OF EXPOSURE TIME TO A 1% BENOMYL SOLUTION IN VARIOUS
SOLVENTS ON SURVIVAL OF 'MOHAWK' PECAN EXPILANTS

Survival? (Index)

Exposure Time (Minutes)

Solvent 1,0 2.0 3.0 4.0 5.0 7.0 10.0
DHSO ——- 5.0 ——- ——- 4.0°7% 3,57 4.,07°F
DMF 2.0 - - 3.0 3.0 2.0 _—
DBM 1,27 1.0°7" 1,07 1.0 1,077 1,00 1.0°%
ACE 2.0 1,07 1,0% 2.5 1.0°" 1.0 1.2%
ETOH ——- 3.0 2.0 4.0°°% 3,0 5.0 -

zAfter two weeks of culture.

YMean separation of rates within solvents or solvents within rates,
LSD O5=O.6, LSD 01=O.8.

¥, %% %x% Significant at 5% (%), 1% (**) or 0.1% (***) from 4.5 hour aqueous
benomyl soak (2.0-survival).

¥4



excluding those treatments with high contamination rates,
did not differ significantly from the 4.5 hour benomyl soak.

Analysis of this experiment was terminated with the
data of the fifth week of in vitro culture because of the
high contamination rate and large amount of necrosis in
many treatments including the control. Results from week
five show that the 5.0 and 7.0 minute treatments with DMSO
produced highly significantly better survival ratings than
the control, All other treatments did not differ signifi-
cantly from the control; the ETOH treatwents, however,
displayed a relatively high survival rating in comparison
with the other treatments. DBM and ACE tended to produce
relatively low survival ratings when compared to the other
treatments (Table ZVIII).

Analysis of the main effect of the solvent alone shows
that DBM and ACE were effective in the control of contami-
nation when compared to the control treatment of a 4.5 hour
aqueous benomyl soak (Table XIX). Although these chemicals
were effective in the control of contamination, they also
produced a high degree of necrosis and a low survival of
explants in the following weeks. The other treatments which
were not different from the 4.5 hour benomyl soak in terms
of the control of contamination and necrosis but produced
better survival than the control, were DMSO and ETO0H. The
treatments with DVMF were similar to the control in terms of
control of contamination and survival of the explants.

Analysis of the results of this experiment was made



TABLE XVI

THE INFLUENCE OF EXPOSURE TIME TO A 1% BENOMYL SOLUTION IN VARIOUS
PECAN EXPLANTS

SOLVENTS ON NECROSIS OF

'MOHAWK'

Necrosis® (Index)

Bxposure Time (Minutes)

Solvent 1.0 2.0 3.0 4.0 5.0 7.0 10.0
DMSO 3,27 3.2 4,27 3.2 3.7 2.7 3.7
DR 2.8 2.8 2.5" 2,57 2.8 3.1 3.3
DBM 3.8 3.6 3.8 3.8" 3.8" 3.8 3.8"
ACE 3.5 3.8" 3.8 3.8 3.8 3.8 3.8"
LTOH 3.8 3.8 3.3 3.1 3.3 3.3 3.5

ZAfter one week of culture.

YMean separation of rates within solvents or solvents within rates,

LSD.OS——-O.B’ LSD. O1=Oo 70

¥ Significant at 5% from 4.5 hour agueous benomyl soak (3.2-necrosis).

96



TABLE XIX

57

THE INFLUENCE OF VARIOUS SOLVENTS ON TOTAL CONTAMINATION,

NECRCSIS AND SURVIVAL OF 'MOHAWK' PECAN EXPLANTS
Contamination Necrosis? SurvivalY Survival®
(%) (Index) (Index) (Index)
Solvent
DMSO 81 3.4 3,60 1.8"
DMF 100 2.8 2.5 0.5
DBM 28" % 3.8 1.07°% 0.1
ACE 37 3.8"" 1.4" 0.1
ETOH 96 3.4 3.0 2.0°"
4,5 hour soak 92 3.2 2.0 0.7

ZAfter one week of culture.

Yafter two weeks of culture.

XAfter five weeks of culture.

* %% *%% Significant at 5% (%), 1% (**) or 0.1%
from 4.5 hour aqueous benomyl soak.

(***)
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more difficult because of the high rate of contamination
of cultures., The high contamination rate can be expected
during the spring season with pecan when the buds are
beginning to expand and grow, This phenomenon of high
contamination during this season has been documented among

species of Ginkgo, Magnolia, Populus and Robinia (40).




CHAPTER V
SUMMARY AND CONCLUSIONS

It is often difficult to obtain clean cultures from
field grown adult woody plant materials with standard sur-
face sterilization technigues. Such tissues may be
internally infested with microbial organisms (45). Special-
ized surface sterilization techniques are needed in order
to obtain clean cultures from field grown woody plant
materials, Cotten (9) developed one such method which
utilizes an agueous benomyl soak. This research represents
an effort to modify this method by the use of organic sol=-
vents and benomyl solutions.

Dichloromethane was used as a test solvent in the
determination of the length of time intervals to be used in
subsequent experiments., Only the 0.75 minute treatment gave
adequate control of contamination with little necrosis of
peach explants only. The other time treatments produced
significantly higher necrosis and lower survival ratings
indicating the possibility of DCM being phytotoxic to both
peach and pecan explants.

The next experiment tested the effects of all seven
organic solvents at four time intervals on % contamination,

necrosis and survival of shoot apices of 'Redhaven' peach

59



and 'tohawk' pecan., DCM (peach and pecan) and DCE (peach
only) were effective in the control of contamination but
were toxic to the tissues as shown by high necrosis and low
survival ratings. D3I and DCE were also toxic to the pecan
explants but were similar to the‘control in contamination
control. DBM (peach only) was similar to the aqueous
benomyl soak in control of contaminants as well as survival
of the explants., AJE produced high necrosis but was similar
to the control in terms of survival and contamination con=
trol of pecan explants. DMF, BETCH and ACE (peach only) were
similar to the control in terms of necrosis and survival

but were superior to the controls in controlling contamina-
tion when used on peach explants. DMF was similar to the
control in controlling contamination of pecan explants but
produced improved survival while ETOH was similar to the
control in terms of the control of contamination and sur-
vival. DMSO produced lower necrosis and higher survival
than the control for pecan but was similar to the control
for peach explants with control of contamination being
gimilar for both peach and pecan explants.

Because of the high necrosis and low survival ratings
of DCM and DCE treated explants in earlier experiments,
these solvents were eliminated from the last experiment.
Time intervals tested with the remaining solvents were
lengthened in an attempt to find the time and solvent combi-
nation which best controlled contaminants of pecan with the

least amount of necrosis., DBM and AIE both produced better
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control of contamination but lower survival ratings when
compared to the 4.5 hour benomyl soak, DMSC, DMF and ETOH
produced results similar to the control in the areas of

% contamination,lnecrosis and survival of the explants.

The time portion of these experiments is difficult to
analyze because, in many cases, there is not enough differ-
ence between the time interval results within a solvent to
differentiate the effects of time on survival and contami-
nation of the explant. There are many instances in which
there is higher contamination or better survival with longer
exposures to a solvent, which is contrary to that which
would be expected. One would expect lower contamination
and lower survival with an increase in length of exposure
to the solvent.

There is a trend, in some cases, toward lower contami-
nation with higher necrosis as the time interval increases.,
Because of the similarities of responses to time intervals
within a solvent and the unpredictable behavior of some
responses, it would be difficult to suggest a time interval
which gives the most desirable results. However, it does
appear likely that a short scak time of a few minutes or
less in a bhenomyl=-organic solvent solution could be an ef-
fective method for the surface sterilization of woody
explants.

It is difficult to suggest a solvent which gives the
best results in terms of the surface sterilization of woody

tissue explants., Several factors need to be investigated
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in such a selection, Within these experiments, it was
apparent that there existed a difference between peach and
pecan explants in their tolerance of DBM and ACE. Treatment
of peach shoot tips with DBM and ACE resulted in similar or
better control of contamination, necrosis and survival rat-
ings when compared with the 4.5 hour control. Treatment of
pecan shoot tips with these solvents resulted in similar

or better control of contamination but lower survival rat-
ings in a comparison with the control.

For the peach explants, the solvents which produced
the best results were DMF, ACE and ETCH with improved con-
trol of contamination and similar necrosis and survival
ratings when compared with the control. The best response
of pecan explants was to DMSO and ETOH in combination with
benomyl which produced comparable contamination control and
necrosis but better survival than the control, The differ-
ences in responses between peach and pecan explants to a
solvent suggests that effective surface sterilization meth-
ods using organic solvents may need to be established for
each species.

It is also possible that the solvent or time interval
may need to be changed in accordance with the time of year
or physiological state of the tissue. Contamination of
cultures was high for the control treatment as well as for
other treatments of pecan shoots in April, All solvents
were better or similar to the control in % contamination.

Separation of solvents should be based on toxicity to the
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explant in such cases,

Under the conditions of these experiments, DCl and DCE
are probably not suitable for use in the surface steriliza-
tion of shoot apices because of an apparent phytotoxicity to
explants., DBM and ACE could possibly be suitable as sol-
vents for use in the surface sterilization of explants from
woody plants. Of all the solvents tested, DMSC, DMF and
ET0H appear to be the most promising because of their low
toxicity to the tissue as well as their effectiveness in the
control of contamination.

From these experiments, it appears that soaks of a
relatively short duration in a solution of 1% weight to
volume benomyl to organic solvent can be effective as a
surface sterilization procedure for woody explants. The
relatively short time intervals which can be used can serve
as a time-saving alternative to the 4.5 hour saturated,
aqueous benomyl soak., With further research, it is hoped
that more definitive combinations of time and solvent can
be established and proven useful in the commercial tissue

culture industry.



3.

4o

LITERATURE CITED

Almehdi, A. A. and D. B. Parfitt. 1983, Effect of
nutrient medium, pH, and stage of plant develop-
ment on the in vitro propagation of 'Lovel'! peach.
HortScience.,” 18:568. (Abstr.)

Bajaj, Y. P. S. 1979, Gstablishment of germplasm
banks through freeze-storage of plant tissue cul-
ture and their implications in agriculture, p.745-
774. In: .,R. Sharp, P.0O. Iarsen, E,F. Paddock
and V. Raghavan (eds.) Plant cell and tissue cul=-
ture: principles and applications. Ohio State
Univ., Press, Columbus, OH.

Bourgin, J. P, and J. P. Nitsch. 1967. Cbtention de
Nicotiana haploides a partir d'etamines cultivees
In vifro. Ann. physiol. veg. 9:377-382.

Brown, D, M., C. L. Groom, M. Cvitanik, M. Brown, J. L.
Cooper and J. Arditti. 1982, ZILffects of fungi-
cides and bactericides on orchid seed germination
and shoot tip cultures in vitro. Plant cell,
tissue and organ culture, ~1:165-180.

Chamber, M. A., and F. J. Montes, 1982, Effects of
some seeds disinfectants and methods of rhizobial
inoculation on soybeans (Glycine max L. Merrill).
Plant and Soil. 66:353-%60.

Chaturvedi, 4. C., A. XK. Sharma and R. N. Prasad.
1978. Shoot apex culture of 3ougainvillea glabra
'Magnifica'. HortScience. 13:56.

Cheng, T. 1979. Recent advances in development of in
vitro techniques for Douglas fir, p. 493-508.
In: W.R. Sharp, P.0, Iarsen, E.F., Paddock and
V. Raghavan (eds.,) Plant cell and tissue culture:
principles and applications, OGChio State Univ.
Fress, Columbus, OH,

Coffin, R., C. D. Taper and C. Chong. 1976. Sorbitol
and sucrose as carbon source for callus culture of
some species of the Rosaceae. Can. J. Bot,
54:547-551,



10.

11,

12.

13.

14.

15,

17,

18,

19.

20,

21.

Cotten, B. 1983, 1ilicropropagation of pecan. M3
Thesis., COklahoma State University, Stillwater,
klahoma, (Unpub.)

Couvillon, G. A. and A, Erez. 1980, Rooting, survi-
val, and development of several peach cultivars
propagated from sewmihardwood cuttings. HortSci-
ence. 15:41-43,

Debergh, P. 0. and L. J. Maene. 1983. Contribution
of tissue culture techniques to horticultural
research and production., Acta Hort. 131:23-37.

Dhingra, 0., D. and J. J. Muchovej, 1980, Dichloro-
methane, trichloromethane and carbon tetrachloride
as solvents for bean seed treatment with systemic
fungicides. Seed Sci, & Technol. 8:77-83.

Eckert, J. W. 1977. Control of postharvest diseases,
P. 269-352, In: M.R. Siegel and H.D. Sisler
(eds.) Antifungal compounds: discovery, develop-
ment, and uses. M. Dekker, New York,

Fllis, M. A., S. R. Foor and J. B. Sinclair. 1976,
Dichloromethane: nonaqueous vehicle for systemic
fungicides in soybean seeds, Phytopathology.
66:1249-1251,

Erez, A, and 7. Yablowitz, 1981, Rooting of peach
hardwood cuttings for the meadow orchard. Scientia
Hort. 15:137-144,

Zttinger, T. L. and J. B, Preece. 1983, Aseptic
micropropagation of Rhododendron 'P,I.M, Hybrids'.
HortScience. 18:617. (ADbstr.)

Feliciano, A. J., and M. de Assis. 1983. In vitro
rooting of shoots from embryo-cultured veach
seedlings. HortScience. 18:705-706,

Gautheret, R. J. 1939, Sur la possibilite de realiser
la culture indefinie des tissus de tubercules de
carotte. C.R., Acad. Sci. (Paris). 208:118-120,

Gautheret, R. J. 1983, Flant tissue culture: a
history. Bot. Mag., Tokyo. 96:393-410,

Giladi, I., A, Altman and R. Goren. 1979, A method
for aseptic culture of bud explants from citrus
trees, Scientia Hort. 10:357-362,

Habverlandt, 2. 1902, Xulturversuche mit isolierten
Pflanzenzellen, Sitzungsb. Akad. Viss VYein,
Math., Matur., ¥l. 111:69=72,



22,

23,

24,

27,

28,

29.

51,

32,

W
\N
.

Hammerschlag, ¥. 1980, ©Peach wicropropagation.
U.S. Dept. Agr. ARR-NE-11:48=52,

Hammerschlag, F. 1982, Factors affecting establish-
ment and growth of peach shoots in vitro.
HortScience. 17:85-86,

Hammerschlag, F. 1983, Tactors influencing the fre-
quency of callus formation among cultured peach
anthers. HortScience, 18:210-211,

Hammerschlag, ¥. and G. Bauchan. 1983. Regeneration
of peach plants from callus derived from immature
embryos. HortScience., 18:568. (Abstr.)

Hansen, X. C. and J. E. Iazarte. 1984, 1In vitro
propagation of pecan (Carya illinoensis)?
HortScience, 19:237-259,

Hartwann, H. T. and C. J. Hansen. 1958. Effect of
season of collecting, indolebutyric acid, and
pre-planting storage treatments on rooting of
Marianna plum, peach, and guince hardwood cuttings.
Proc. Am. Soc., Hort. Sci. 71:57-66.

Hartmann, H. 7. and D. ®. Kester, 1975. Plant propa-
gation: ©principles and practices., 3rd ed.
Prentice-Hall, Inglewood Cliffs, NJ.

Hedtrich, C. M. 1977. Differentiation of cultivated
leaf discs of Prunus mahaleb. Acta Hort.

Heimann, P. J. and J. E. Preece. 1983, Aseptic micro-
propagation of IFraxinus pennsylvanica Marsh., and
Fraxinus americana L. utilizing shoot tip explants.
fortocience. 18:617. (4bstr.)

Heuser, C. W. 1972, Response of callus cultures of
Prunus persica, P. tomentosa and 2. besseyi to
cyanide. Can. J, BOt. 50:2149-27527

Issell, L. G. and D. J. Chalmers, 1979. The growth
of clingstone peach trees (Prunus persica L.
Batsch) propagated from hardwood cuttings in rela-
tion to time of propagation and planting. J. Hort.
Scj—n 54:33—380

Jonard, R., J. Hugard, J. FMacheix, J. Martinez, I.
liosella-Chancel, J. L. Poessel and P. Villemur.
1983, In vitro micrografting and its applications
to fruit science, Scientia Hort. 20:147-159,



34,

57.

59.

40.

41,

42,

44,

67

Jones, J. B. 1979, Commercial use of tissue culture
for the production of disease-free plants, p., 441~
452, In: W,R. Sharp, P.0. ILarsen, E.F. Paddock
and V. Raghavan (eds.) Plant cell and tissue cul-
ture: Dprinciples and applications. Ohio State
Univ, Press, Columbus, OH.

Jones, O. P., M. E, Hopgood and D, O'Farrell. 1977,
Propagation in vitro of M,26 apple rootstocks.
J. Hort. Sci, ©5Z2:235-238,

Jones, C. P. and 1. B. Hopgood, 1979, The successful
propagation in vitro of two rootstocks of Prunus:
the plum rootstock Pixy (P. insititia) and™ tThe
cherry rootstock F12/1 (P, avium). J. Hort. Sci.
54:63-66,

Jones, 0. P., C. A, Pontikis and M. L. Hopgood. 1979.
Propagation in vitro of five apple scion cultivars.,

Jordan, W. S., W. C. Newall and R. Young. 1980,
Response of hybrid peach seedlings (Prunus persica
(L) Batsch) to in vitro propagation. HortScience,
15:415. (Abstr,)

Joung, H., R. M. Skirvin and M. Kouider, 1983, Root-
ing in vitro propagated 'Prairiefire' apple shoots.
HortScience. 18:858. (Abstr.)

Keener, P. D. 1945, 1lycoflora of buds. Science, 102:
383=-384,

Xester, D. E. and E. Sartori. 1966, Rooting of
cuttings in populations of peach (Prunus persica
L.), almond (Prunus amygdalus BRatsch.) and their
F, hybrid. Proc. Am. Soc. Hort. Sci. 88:219-223,

Kester, D. ®., L. Tabachnik and J. Negueroles. 1977.
Use of micropropagation and tissue culture to
investigate genetic disorders in almond cultivars.
Acta Hort., 78:95-101,

Xhan, A, A., XK. L. Tao and C., H., Roe. 1973, Applica-

tion of chemicals in organic solvents to dry seeds.
Plant Physiol. 52:79=81,

Xnox, C. A. and R. H. Smith. 1980, Advances in propa-
gation of pecans by tissue culture. Pecan Quarterly
14:11,



45,

46,

47.

48,

49.

50‘

51.

52.

53.

54.

55.

56.

58.

68

Knox, T. A. and R. H. Smith., 1980, A scanning elec~-
tron microscope study of healthy pecan tissues
showing the presence or absence of internal fungal
contamination, In Vitro. 16:651-654.

¥nox, <., A, and R. H., Smith, 1981, Progress in
tissue culture methods for production of
'Riverside' stocks, Pecan Quarterly. 15:27-34,

Xogl, F., A. J. Haagen-Smit and H. Erxleben. 1934,
Uber ein neues Auxin ("Hetero-Auxin") aus. Harn.
Z. Physiol. Chem., 228:90-103,

McKinnis, G. R. 1969, The effects of DMSO as a
carrier for IBA on the rooting of three juniper
species., Plant Propagator. 15(1):4-8.

Meyer, H. and A, M. Mayer. 1971. ©Permeation of dry
seeds with chemicals: use of dichlorowethane,
Science., 171:58%=584,

Miller, C. O., F. Skoog, F. S. OCkmura, M. H. Von Saltza
and F. M. Strong. 1956. 1Isolation, structure
and synthesis of kinetin: a substance promoting
cell division. J. Amer. Chem, Soc. 78:1375-1380,

Miller, G. A., D. C. Coston, E. G. Denney and M. E.
Romeo., 1982, In vitro propagation of 'Nemaguard'
peach rootstock, HortScience. 17:194.

lorel, G. M. 1960, Producing virus-free Cymbidiums,
Amer, Orchid Soc. Bull. 29:495-497.

Muchovej, J. J. and O. D. Dhingra. 1979. Benzene and
ethanol for treatment of soybean seeds with system-
ic fungicides. Seed Sci. and Technol. 7:449-454.

Vuchovej, J. J. and 0., D. Dhingra. 1979. Dichloro-
methane and tetrachloromethane as fungicide
carriers in soybean seeds, PFPhytopath., Z: 96:87-90.

Murashige, T. 1977. ©Plant cell and organ cultures as
horticultural practices, Acta Hort. 78:17-30,

Murashige, T. and F. Skoog. 1962. A revised medium
for rapid growth and bio-assays with tobacco
tissue cultures. Fhysiol. Plant. 15:473-497.

Negueroles, J, and O. P, Jones., 1979. Production in
vitro of rootstock/scion combinations of Prunus™
cultivars, J. Hort. Sci. 54:279-281,

lekrasova, T. V. 1964, The culture of isolated buds
of fruit trees. Soviet Plant Physiol., 11:107-113.



60,

61,

62,

63,

64.

65.

66.

67.

68.

69.

69

Nobecourt, P. 1939, Sur la perennite et l'augmenta-
tion de volume des cultures de tissus vegetaux,
C.R. Acad, Sci. (Paris). 130:1270-1271.

Norton, M. E. and A. A, Boe. 1982, In vitro propa-
gation of ornamental Rosaceous plants.
HortScience, 17:190-191,

Ochatt, S. J. and 0, H. Caso. 1983. Dormant meristem-
tips as a source for producing Red-leaf (Prunus
persica Batsch.) shoots in vitro. Phyton,
Argentina. 43:21-28,

Reeves, D. W., B. D, Horton and G. A. Couvillon.
1983, Effect of media and media pH on in vitro
propagation of 'Nemaguard' peach rootstock.
Scientia Hort. 21:353-357,

Rodriguez, R. 1982, 1In vitro propagation of Prunus

persica L. Phyton, Argentina. 42:109-1137

Rosati, P., G. Marino and C. Swierczewski. 1980,
In vitro propagation of Japanese plum (Prunus
salicina Lindl. cv. Calita). J. Awmer. Soc.
FBort. Sci. 105:126-129,

Rugini, E. and D. Verma. 1982. Micropropagation and
cell suspensions of a difficult to propagate almond
(Prunus amygdalus, Ratch) cultivar, p. 741-742.

In: A, FuJiwara (ed.) Plant tissue culture 1982,
Japanese Association for Plant Tissue Culture,
Tokyo.

Schleiden, M. J. 1838, B Beitrage zur Phytogenesis.
Muller Arch. Anat. und Physiol. 137-176.

Schwann, T. 1839, Mikroskopische Untersuchungen uber
die Ubereinstimmung in der Struktur und dem
wachstum der Thiere und Pflanzen., Nr. 176: Oswalds
Berlin,

Sharp, w. R. and P. O, Iarsen. 1979. Plant cell and
tissue culture: current applications and poten-
tial, p., 115-120, In: ¥.R. Sharp, P.0. Iarsen,
E.F. Paddock and V. Raghavan (eds.s Plant cell and
tissue culture: primciples and applications. Ohio
State Univ. Press, Columbus, OH.

Skirvin, R. M. and M. C. Chu. 1977, Tissue culture
may revolutionize the production of peach shoots.
I11l. Res, 19:18-19,



70,

1.

2.

3.

T4

8.

79.

80.

81.

82,

70

Skirvin, R. M. and M. C, Chu. 1978, Tissue culture of
peach shoot tips., HortScience. 13:349, (Abstr.)

Skirvin, R. M., M, T, Chu and H. Kearnes. 1981,
In vitro proliferation and rooting of 'Harbrite'
peach and 'Mlontmorency' sour cherry. HortScience.,
16:459-460,

Skirvin, R. 1., M. ¢, Chu and H. Rukan. 1980. Rooting
studies with Prunus spp. in vitro. HortScience.
15:415, (AbsIr.)

Skoog, F. and C. O, Miller., 1957. Chemical regulation
of growth and organ formation in plant tissues
cultured in vitro. Sym. Soc. Exp. Bio. 11:118-131.

smith, M. W. and H. Chiu., 1980, Seasonal changes in
the rooting of juvenile and adult pecan cuttings.
HortScience., 15:594-595,

Smith, R. H. 1983, ©Propagation of dwarf Nandina in
vitro., HortScience. 18:617. (Abstr.)

Snir, I. 1982, 1In vitro propagation of sweet cherry
cultivars., HortScience. 17:192-193.

Sommer, H., %, and L. S. Caldas. 1981, 1In vitro
methods applied to forest trees, p. 349=358.
In: T.A, Thorpe (ed.,) Plant tissue culture:
methods and applications in agriculture. Academic
rress, New York.

Staba, . J. 1982, Production of useful compounds
from plant tissue cultures, p. 25-30, 1In: A.
Fujiwara (ed.) Plant tissue culture 1982
Japanese Association for Plant Tissue Culture,
Tokyo.

Sutter, L. 1983, Micropropagation of mature ortets
of ILigquidambar styraciflua. Hort3cience. 18:617.
(Lbstr.)

Tabachnik, L. and D, E. Kester., 1977. Shoot culture
for almond and almond-peach hybrid clones in vitro.
HortScience., 12:545-547. ——

Tanaka, M., M, Kumura and M., Goi., 1983, Surface
sterilization for in vitro culture of Phalaenopsis
flower=-stalk cuttings using antimicrobials. icta
Hort. 131:3%21-3283,

Tao, X. and A. Xhan., 1974, ©Penetration of dry seeds
with chewmicals applied in acetone, Plant Physiol.
54:956-958,



84,

85.

86.

87.

88.

89.

71

Tao, K., Ae A, Xhan, G. L. Harman and C. J. Zckenrode.
1974, Practical significance of the application
of chemicals in organic solvents to dry seeds.

J. Amer, Soc, Hort. Sci, 99:217-220.

vasil, V, and A, C. Hildebrandt. 1965. Differentia-
tion of tobacco plants from single, isolated cells
in microcultures. Science. 150:889-892,

Vertesy, J. 1980, In vitro propagation of Prunus
persica and P. persico-davidiana shoot tIps in
order to get virus-free plants. Acta Phytopathol.
Acad., Sci. Hungaricae. 15:261-264.,

Yhite, P. R. 1934, ©Potentially unlimited growth of
excised tomato root tips in a liquid medium,
Plant Physiol. 9:585-600,

“hite, P. R. 1939. ©Potentially unlimited growth of
excised plant callus in an artificial nutrient.
Am. J. Bot. 26:59-64,

Wood, B. W. 1982, 1In vitro proliferation of pecan
shoots. HortScience. 17:890-891,

Yeung, L. C. and T. A. Thorpe. 1981. In vitro
fertilization and embryo culture, p. 253=-271.
In: T.A. Thorpe (ed.) Plant tissue culture:
methods and applications in agriculture. Academic
Press, New York.



»:_2//
VITA

Donna Rose Chrz
Candidate for the Degree of /

Master of Science

Thesis: THE USE OF FUNGICIDAL SOLVENTS IN THE SURFACE
STERILIZATION COF wWOCDY EXPIANTS OF PEACH
AND FECAN

Major Field: Horticulture
Biographical:

Personal Data: Born in Perry, Oklahoma, August 16,
1959, the daughter of Frank, Jr. and Dorothy
Chrz,

Education: Graduvated from Perry High School, Perry,
Oklahoma, in 1977; received the Bachelor of
Science degree in Agriculture from Oklahoma
State University in 1982 with a major in Horti-
culture, completed the requirements for the
Master of Science degree in Horticulture at
Oklahoma State University in July, 1984,

Professional Experience: Graduate Teaching Assistant,
Horticulture, Oklahoma State University, 1984.



