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I. Personnel
 

Sergio Filloy, graduate research assistant, left graduate school
 

for personal reasons in May 1987 after completing the academic year. He
 

applied for a Leave of absence and returned to Costa Rica. Although he
 

left the University in good standing and has the option to return I feel
 

the likelihood of this occurring is slight. Sergio was a good student
 

and I was pleased with his performance.
 

I have made arrangements to obtain a graduate student from Brazil
 

who will be working towards his MS and PhD degrees.
 

II. In vitro rooting of detached shoots from the cotyledonary node of
 

cacao
 

In the ist semi-annual report, we reported that cotyledonary
 

shoots of cacao produced in vivo were rooted in vivo, with maximum
 

rooting at 8000 ppm IBA. An experiment was devised to determine if in
 

vitro produced cotyledonary shoots could be rooted in vitro. Detached
 

shoots produced in vitro from cotyledonary nodes were dipped in a
 

solution of 8000 ppm IBA in 50% ethanol for 10 sec. and shoots were then
 

cultured in test tubes containing basal medium and were supported by
 

either vermiculite, perlite, agar, or Gelrite and evaluated after 1
 

month.
 

Rooting was optimal with agar (Table 1), but shoot appearance was
 

best with Gelrite. This experiment will be followed to see if shoot
 

growth in vitro is affected by the presence of roots.
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Table 1. 	The effect of support media on in vitro rooting

of shoots from cotyledonary nodes of cacao. All
 
shoots dipped in 8000 ppm IBA in 50% ethanol.
 

Support Avg no. Rooted shoots
 
roots (%)
 

Vermiculite 1.2 
 20
 
Perlite 2.6 
 60
 
Agar 	 2.6 100
 
Gelrite 1.6 	 40
 

III. 	 In vitro induction of axillary shoots from the cotyledonary node
 

of cacao
 

In semi-annual report 1, we reported that Thidiazuron increased
 

cotyledonary node shoot proliferation when the cotyledon was attached.
 

An experiment was carriej out 
to determine if the cotyledonary nodes
 

would continue proliferatLon after the cotyledons were detached.
 

Cotyledon-less nodes of cacao, previously cultured in Thidiazuron were
 

subcultured on basal medium with or without Thidiazuron.
 

After 1 month cotyledon-less nodes subcitltured on Thidiazuron
 

showed a 93% increrse in number of shoots as compared to only 13.6% for
 

nodes subcultured on Thidiazuron-free media (Tablc 2). This experiment
 

indicates that the cotyledonary node continues to proliferate in the
 

presence of Thidiazuron and that this effect is independent of
 

cotyledons. Proliferated shoots, however, remained stunted when
 

cotyledons were not present indicating that shoot growth requires the
 

presence of cotyledons.
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Table 2. 	The effect of Thidiazuron cn shoot proliferation
 
from cotyledonary nodes of cacao, cotyledons removed.
 

No. shoots
 

Thidiazuron After %
 
(,M) Initial 1 mo. increase
 

0 4.4 5.0 13.6
 
0.1 4.6 1.9 93.5
 

An experiment was devised to determine if cotyledonary nodes would
 

continue to respond to Thidiazuron after division. Cotyledonary nodes
 

were either left whole, or divided into 2 or 3 pieces. Divided shoots
 

continued to proliferate, suggesting that shoots could be multiplied by
 

subculturing (Table 3).
 

Table 3. 	The effect of cotyledonary node division on shoot
 
proliferation from cotyledonary nodes.
 

Total shoots
 

Node After %
 
treatment Initial 1 mo. increase
 

Undivided 10.9 12.4 13.8
 
Divided 11.4 14.4 26.3
 

IV. Shoot proliferation from seedling and mature shoots of cacao
 

A. Detached shoots from cotyledonary nodes
 

Previous results of Janick and Whipkey (Rev. Theobroma. 15(2) 125­

131; 1985), as well as results from our 1st annual report, have
 

indicated that detached axillary shoots do not elongate Gr proliferate
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in vitro. Usually shoots die after 6 weeks, although some shoots will
 

survive up to 10 weeks. Ascorbic acid and glycine have been suggested
 

to effect 	somatic proliferation in some woody crops. However, detached
 

cotyledonary shoots 	showed no response to ascorbic acid at 100 to 400
 

mg/liter or glycine 	at 20 to 80 mg/liter (Table 4).
 

Table 4. 	The effect of ascorbic acid and glycine on bud
 
break in shoots from cotyledonary nodes of cacao.
 

Concn Total
 
Treatment (mg/liter) no. buds
 

Ascorbic acid 	 100 0
 
200 0
 
400 0
 

Glycine 	 20 0
 
40 0
 
80 0
 

A series of experiments was carried out to determine if auxin
 

(NAA), gibberellic acid (GA3 ) or anti-auxin (7-azaindole) would interact
 

with Thidiazuron to increase bud break on detached cotyledonary shoots.
 

In the 1st experiment Thidiazuron at 0, 0.01, 0.05, 0.1 or 1.0 JM was
 

factorially combined with NAA (0.5 mg/liter), GA3 (0.5 mg/li.Rr) or
 

NAA+GA 3 (Table 5). The results indicated that with Thidiazuron alon-,
 

optimum budbreak is achieved at 0.1 pM. There is some indication that
 

Thidi.azuron+GA 3 may be synergistic in increasing bud break of detached
 

shoots. NAA inhibited budbreak in the presence or absence of GA3 .
 

http:mg/li.Rr
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Table 5. 	The effect of Thidiazuron, NAA and GA3 on bud break of
 
shoots from cotyledonary nodes of cacao.
 

Total no. 	of buds
 

Concn Thidiazuron (PM)
 
Trt. (mg/liter) 0.0 0.01 0.05 0.1 
 1.0
 

Thidiazuron alone 1.1 1.4 1.4 1.7 1.1
 
NAA 0,5 1.5 1.1 1.0 1.0 1.1
 
GA3 0.5 1.2 2.1 2.2 1.2 1.2
 
NAA+GA 3 0.5+0.5 1.0 1.2 1.1 1.0 1.1
 

In another experiment, 3 concentrations of Thidiazuron were
 

combined with 3 concentrations of 7-azaindole, an anti-auxin (Table 6).
 

Thidiazuron increased bud break at 0.05 and 0.1 MM with the greatest
 

response at 0.05 MM in respect to total number of buds and frequency of
 

multiple buds. There was no positive effect of anti-auxin in increasing
 

bud break. Usually single buds will develop over each leaf scar on a
 

shoot. in this experiment Thidiazuron-treated shoots exhibited a marked
 

tendency to produce multiple buds from each leaf scar. The heightened
 

response of shoots to Thidiazuron was greater than in previous
 

experiments which may be due either to the explants used or the fact
 

that shoots were in test tubes in a vertical pesition rather than in
 

petri plates with shoots in a horizontal position.
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Table 6. 	The effect of Thidiazuron and 7-azaindole on bud break of
 
shoots from cotyledonary nodes of cacao.
 

Shoots with
 

Thidiazuron 7-azaindole Total multiple buds
 
(PM) (mg/liter) no. buds (%)
 

0 0 	 2.3 0 
0.1 2.6 	 0
 

1.0 2.1 	 0 

0.05 	 0 4.5 70 
0oi 4.2 44 
1.0 3.2 44
 

0.1 0 	 3.9 50 
0.1 4.2 38
 
1.0 3.7 50
 

Finally, the effect of 2 standard proliferating media, P medium
 

and M medium, were examined.
 

P medium
 

Constituent 	 Concn (mg/liter)
 

Murashige and Skoog salts 4,300.0
 
folic acid 0.5
 
biotin 1.0
 
choline chloride 1.0
 
Ca-nantothenate 1.0
 
thiamine HC1 2.0
 

nicotinic acid 2.0 
pyridoxine HCI 2.0
 
ascorbic acid 50.0
 

cyanocobalamin 0.0015
 
riboflavin 0.5
 
BA 2.0
 
NAA 	 1.0
 
polyvinlypyrrolidone 	 300.0
 
FeSO 7H20 	 27.85
4 


sucrose 30,000.0
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M medium
 

Constituent 	 Concn (mg/liter)
 

Murashige and Skoog salts 2,150.0
 
para amino benzoic acid 1.0
 
folic acid 0.5
 
biotin 0.5
 
choline chloride 0.5
 
Ca-pantothenate 0.5
 
thiamine HCl 1.0
 
nicotinic acid 2.0
 
pyridoxine HCI 2.0
 
myo-inositol 00.0
 
ascorbic acid 20.0
 
BA 4.0
 
malt extract 400.0
 
glucose 25,000.0
 
coconut milk 40 ml/liter
 

Bud break 	was slightly lower in P medium (Table 7), this probably
 

reflects the presence of NAA which inhibits bud break (see Table 5).
 

Table 7. 	The -;ffect of media on bud break of shoots
 
from cotyledonary nodes of cacao.
 

Medium Total no. buds
 

P 	 1.2
 
M 	 1.6
 

B. Detached in vivo grown mature shoots
 

In semi-annual report 1 Thidiazuron was shown to increase bud
 

break and 	survival of mature shoots with the optimum concentration 0.05
 

or 0.1 pM. Shoots were cultured on basal medium with 0 or 0.1 yM
 

Thidiazuron in combination with 0.5 mg/liter GA3 or 0.5 mg/liter NAA.
 

Bud break 	was highest with 0.1 pM Thidiazuron but the response wa­

small. The addition of GA3 or NAA inhibited budbreak (Table 8).
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Table 8. 	The effect of Thidiazuron, GA3 and NAA on bud
 
break of shoots from mature cacao treeb.
 

Thidiazuron 	 NAAGA3 

(0.1 pM) (0.5 mg/liter) (0.5 mg/liter) Total no. buds
 

-
 -1.8
 
+ 
 2.0
 
+ + 
 0.7
 
+ + 
 0.3
 
+ + 	 + 
 0.8
 

An experiment was carried out to determine if a brief exposure 
to
 

a high concentration of cytokinin (6-benzyladenine or BA) would be
 

effective in inducing bud break. Shoots were subjected to a
 

pretreatment of 1.5, 3 or 6 hours in liquid basal medium with 1000 pM or
 

1.5 hours in liquid basal medium with no BA. Bud break was greatest
 

with a 1.5 hour BA pretreatment (Table 9).
 

Table 9. 	The effect of BA pretreatment on bud
 
break of shoots from mature cacao trees.
 

No. hours in Total
 
1000 pM BA no. buds
 

0 	 0.6
 
1.5 	 1.5
 
3 	 1.3
 
6 	 1.3
 

C. Proliferation and flushing cycle
 

It was felt that some of the disappointing results in shoot
 

proliferation might be due to bud stage. Two experiments were conducted
 



using in vivo-grown detached shoots at different stages in the flushing
 

cycle. Shoots were cultured on basal medium supplemented with 0.1 IM
 

Thidiazuron. Flushing cycle stages were determined from the scheme of
 

Greathouse et al. (Greathouse, Laetsch and Phinney. 1971. Am. J. Bot.
 

58:281-286).
 

F-1 Bud burst.
 

F-2 Leaf expansion.
 

I-i Leaf greening. No further leaf production
 

1-2 Leaf greening complete. Apex remains dormant.
 

In both experiments bud break was greatest in F-2 shoots (Table
 

10).
 

Table 10. 	 The effect of flushing cycle on bud
 
break of shooLs from mature cacao trees.
 

Total no. buds
 

Expt
 
Stage 1 2
 

F-1 1.2 1.2
 
F-2 2.8 1.7
 
I-i 1.6 1.1
 
1-2 - 1.5
 

V. Somatic embryogenesis in Theobroma grandiflorum
 

Results of research are included in a draft of a paper prepared
 

for publication (attached).
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Somatic Embryogenesis in Theobroma grandiflorum
 

Jules Janick and Anna Whipkey
 

Department of Horticulture, Purdue Upiversity, West Lafayette, IN. 47907
 

Abstract. Somatic embryogenesis was induced in cupuacu (Theobroma
 

grandiflorum) by culturing immature zygotic embryos in basal media
 

supplemented with 2,4-D and CW. Embryos proliferated by budding and
 

produced embryogenic callus. Cotyledonary embryos were maximized by
 

removal of 2,4-D and replacement of sucrose with glucose. Chemical
 

names used: buthionine sulfoximine (BSO) 

2,4-dichloropheno::yacetic acid (2,4-D), coconut water (CW), 

gibberellic acid (GA3 ) 

Cupuacu (T. grandiflorum) a relative of cacao (T. cacao L.) is a
 

potential new fruit crop for the tropics ( ). The edible pulp
 

arising from the outer layer of the seed integument is used for
 

beverages and frozen desserts. A seedless clone has been selected in
 

Brazil ( ). The objective of this study was to determine the
 

occurrence of somatic embryogenesis from immature embryos of cupuacu.
 

IReceived for publication
 

Journal Paper No. of the Purdue Univcrsity Agricultural Experiment
 

Station.
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Materials and Methods
 

The basal medium used for all cultures consisted of Murashige and
 

Skoog salts (1962) supplemented with 0.3 uM (G.1 mg/liter) thiamine-HCL;
 

2.4 MM (0.5 mg/liter) pyridoxine-HCL; 0.9 mM (100 mg/liter) i-inositol;
 

4 pM (0.5 mg/liter) nicotinic acid; 26.6 uM (2.0 mg/liter) glycine; 1
 

g/liter casein hydrolysate; 87.6 mM (30 g/liter) sucrose; and 6 g/liter
 

agar (Sigma, St. Louis, Mo.) with pH adjusted to 5.7. All explants were
 

cultured in plastic petri dishes 
(60 x 15 mm) or glass tubes (25 x 150
 

mm) with plastic closures (Kajuts) containing 10 ml of medium. Cultures
 

were maintained at 260 C under low-intensity illumination (45 p mol s "I
 

n-2 from cool-white fluorescent lamps) with a 16-hour photoperiod.
 

Initiation of somatic embryogenesis. Pods of T. grandiflorum,
 

obtained from CATIE, Turrialba, Costa Rica, were surface sterilized for
 

30 min in a solution of 0.5% sodium hypochlorite (10% Clorox v/v) with 1
 

drop/liter Tween 20, rinsed 3 to 
5 times in sterile distilled water, and
 

embryos excised. Immature (7 to 15 mm) and mature (25 to 32 mm) zygotic
 

embryos were cultured on semisolid basal medium supplemented with 1
 

mg/liter 2,4.dichlorophenoxyacetic acid (2,4-D) and 10% v/v coconut
 

water (CW).
 

Development of so,-atic embryos. Embryogenic callus and globular
 

emb.ryos, originating from a single zygotic embryo were explanted onto
 

basal medium supplemented with various combinations of 0 or 10% 
CW; 0 or
 

1.0 mg/liter 2,4-D; with or without 1.5% glucose (w/v) or 
3.0% sucrose;
 

0, 0.5 or 1.0 mg/liter gibberellic acid (GA3); or 0, 0.01 or 0.1 mM
 

buthionine si.ilfoximine (BSO) as described.
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Results
 

Jone of the 15 mature zygotic embryos cultured produced somatic
 

embryos in response to 2,4-D and CW while 10 out of 18 immature zygotic
 

embryos (56%) produced somatic embryos. These were produced via budding
 

as described by Pence et. al. (1979) for cacao (Fig. 1). Somatic
 

embryos were subcultured on the medium used for embryo initiation.
 

Seven clones continued to produce somatic embryos as well as embryogenic
 

callus.
 

Clumps of embryogenic callus produced in response to 2,4-D + CW
 

were subcultured onto basal media supplemented with factorial
 

combinations of 0 or 1.0 mg/liter 2,4-D and 0 or 10% CW. Globular
 

embryo production and number of cotyledonary embryos was greatest
 

without 2,4-D ur CW (Table 1).
 

Embryogenic cal'.us clumps were cultured on basal media with 3%
 

sucrose or 1.5% glucose, with or without 1.0 mg/liter 2,4-D + 10% CW.
 

Percent globular embryos was greatest without 2,4-D and CW and was
 

unaffected by carbon source. The number of cotyledonary embryos was
 

reduced by 2,4-D and was greater with glucose than sucrose (Table 2).
 

Embryogenic callus clumps were cultured on basal media
 

supplemented with 0, 0.01 or 0.1 mM BSO and 0 or 10 % CW. 
Percent 

globular embryos was highest at 0.1 mM BSO without CW; the number 

cotyledonary embryos was greatest with 0.1 mM BSO + 10 % CW (Tab) 

Initiation of somatic embryos was induced by culturing immature 
zygotic embryos of T gyandiflorum on medium supplemented with 2,4-D + 

CW. These embryos became habituated to medium without 2,4-D + CW and
 

continued to proliferate as in cacao (Pence et al., 1980).
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The glucose response of somatic embryos of cupuacu was similar to
 

that of cacao. Production of cotyledonary embryos was increased by the
 

substitution of glucose for sucrose as observed for cacao (Elhag et al.,
 

1987) and somatic embryo fresh weight was increased with glucose as the
 

carbon source (Kononowicz and Janick, 1984).
 

The addition of BSO to culture medium enhanced the development of
 

somatic embryos of Daucus carota L. (Earnshaw and Johnson, 1985), and
 

appeared to increase embryogenesis in cupuacu.
 

The ability of immature zygotic embryos to produce somatic embryos
 

introduces the possibility of propagating seedless clones of cupuacu
 

froia zygotic embryos rescued before they abort.
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Table 1. Effect of 2,4-D and CW on development of
 

somatic embryos of T. grandiflorum.
 

Cw
 
2,4-D
 

(mg/liter) 0% 10%
 

Globular embryos (% total area)
 

0 95.5+1.1 84.744.1
 
1.0 	 50.5+5.6 81.5+2.9
 

Cotyledonary embryos
 

0 4.2+0.8 2.7+0.8
 
1.0 0.0+0.0 0.4+0.2
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Table 2. Effect of carbon source, 2,4-D and CW on
 

development
 

of somatic embryo3 of T. grandiflorum.
 

Carbon source
 
1mg/liter 2,4-D Sucrose Glucose
 

10% cw 	 3% 1.5%
 

Globular embryos (% total area) 
- 86.2+3.7 83.8+4.9 

+ 	 67.0+5.4 73.0±5.8
 

Cotyledonary embryos
 

-	 3.1+0.6 5.0+1.1 
+ 	 0.4+0.2 0.0+0.0
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Table 3. Effect of BSO and CW on development
 

of somatic embryos of T, grandiflorum.
 

cw 
BSO
 
(mM) 0% 10%
 

Globular embryos (% total area)
 

0 90.6+2.2 85.6+3.1
 
0.01 94.2+1.1 91.6+2.0
 
0.). 86.8+3.5 82.0+6.0
 

Cotyledonary embryos
 

0 7.8+1.3 7.5+1.6
 
0.01 5.7+1.2 6.3+0.9
 
0.1 3.4+0.5 8.7+1.4
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I. Germplasm collection
 

II. 	In vitro induction of axillary shoots from the cotyledonary node
 
of cacao
 

III. Shoot proliferation from seedling and mature shoots of cacao
 

IV. 	 Somatic embryogenesis in Theobroma randiflorum
 

I. Germplasm collection
 

A trip to Brazil was made on September 17, 1987 in order to
 

collect germplasm and to establish cooperative arrangements between
 

Brazilian researchers at CEPLAC, the Brazilian research organization,
 

and Bioplanta, a private biotechnology company interested in tropical
 

agriculture.
 

I arrived in Belem on September 18 and was met by Paulo Alvim, a
 

director of CEPLAC and Marcos Paiva, my ex-PhD student who is an
 

employee of Bioplanta interested in both cupuacu (Theobroma
 

grandiflorum) and cacao. We -isited the research station and the
 

experimental germplasm collection of CEPLAC. We located Fazenda Itakii
 

where a 40 hectare farm of cupuacu including the seedless clone is being
 

grown. There were no young fruits available but we collected seeded
 

fruit. On October 19 we flew to Manaus where we visited CEPLAC
 

facilities and visited research plantings of cupuacu. We also made
 

contact with the Tropical Research InstitutA, at Manaus. We next visited
 

Ilhaus, headquarters of CEPLAC where I presented a seminar on my
 

research on cacao (in Portuguese) and made arrangements to sponsor
 

graduate training of a CEPLAC employee, Antonio Figueira. Figueira has
 

been accepted as a graduate student and will be working on cacao
 

propagation. He plans to arrive May 26, 1988. We located mature fruit
 

of the seedless clone of cupuacu. We reviewed the cacao research
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program as well as the tissue culture research at CEPTAC. I collected
 

mature fruits of cacao to bring back to the U.S.
 

I spent the last 3 days in Campinas at Bioplanta where I reviewed
 

tissue culture propagation, mycorrhiza research, and explored
 

Bioplanta's interest in cupuacu. A cooperative project on somatic
 

embryogenesis was initiated with Marcos Paiva on the basis of immature
 

embryos of cupuacu that we collected in Belem. I presented a seminar at
 

Bioplanta on my cacao research.
 

II. Effect of cotyledons on axillary bud break and shoot elongation
 

An experiment was designed to determine if Thidiazuron-induced
 

nodal shoot proliferation in seedlings was effected by the presence of
 

cotyledons or node splitting. There were three treatments:
 

(1) cotyledons present, (2) cotyledons absent node entire, and
 

(3) cotyledons absent nole split. Shoot proliferation was greatest with
 

cotyledons present; however with cotyledons absent there was some bud
 

proliferation, indicating that bud proliferation was not cotyledon
 

dependant (Table 1). Surprisingly, twice as many shoots per node were
 

produced in cotyledonless nodes from split than unsplit nodes,
 

suggesting that wounding contributes to nodal bud break. Shoot
 

elongation was only achieved in the presence ot u.tyledons indicating
 

Table 1. The effect of cotyledons and
 
node splitting on axillary budbreak,
 
semi-solid MS medium, sucrose.
 

Treatment Budbreak (no.)
 

Cotyledons attached 3.1+0.8
 
Cotyledons detached
 

node entire 1.1+0.3
 
node split 2.3±0.3
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that shoot elongation is cotyledon dependant. We consider the
 

cutyledonary factor responsible for shoot elongation the key to in vitro
 

propagation of cacao. The factor may be nutritional or hormonal.
 

III. Shoot proliferation from cotyledonary nodal shoots and mature
 

shoots
 

In semi-annual reports 1 and 2 we reported that Thidiazuron
 

increased shoot proliferation both from shoots derived from cotyledonary
 

nodes 	of seedlings and vegetative shoots of mature plants. Although
 

these 	shoots continred to proliferate in the presence of Thidiazuron,
 

shoots 	failed to gruw. We failed to get any response from a number of
 

treatments including, ascorbic acid, glycine, auxin (NAA), GA3 ,
 

7-azaindole, or brief exposure to high concentrations of cytokinin (BA).
 

The most responsive stage for shoot proliferation in mature shoots was
 

during leif expansion (F-2). Studies in this report concentrated on
 

interaction of GA3 and Thidiazuron, carbon source, and basal medium
 

salts.
 

A. 	Interaction of GA3 and Thidiazuron
 

In semi-annual report 2 there was some indication that Thidiazuron
 

and GA3 were synergistic in inducing bud break (see semi-annual report 2
 

Table 5). An experiment evaluated Thidiazuron from 0.01 to 0.1 AM and
 

GA3 from 0.1 :o 1.0 mg/liter. Results confirm previous studies: maximum
 

budbreak was achieved with 0.05 AM Thidiazuron plus 0.1 mg/liter GA3 ,
 

but differences between treatments were slight (Table 2).
 

B. Effect of carbon source
 

Cotyledonary nodal shoots were grown in MS semi-solid and liquid
 

medium with five sugar treatments without Thidiazuron as shown in
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Table 3. In liquid media, explants did poorly with essentially no
 

budbreak or rooting. In semi-solid medium budbreak was essentially nil
 

in all treatments, but rooting of shoots was affected by carbon source
 

with the greatest rooting achieved in fructose. Rooted explants from
 

these treatments were transferred to liquid media with sucrose and
 

Thidiazuron in order to see if the presence of roots would increase
 

Table 2. The effect of Thidiazuron and GA3 on
 
budbreak and callus growth of shoots from
 
cotyledonary nodes of cacao, semi-solid, MS
 
medium, 3% sucrose.
 

...............................................
 

Thidiazuron
 
G A 3 ------------------------------------­

(mg/liter) 0 M 0.01 M 0.05 M 0.1 PM
 
...............................................
 

Budbreak (no.)
 

0 1.6+0.3 1.5+0.3 1.7+0.3 ..3±0.2
 
0.1 1.8±0.3 1.6+0.3 2.3±0.5 1.6±0.3
 
0.5 2.0+0.6 1.7±0.2 1.9±0.3 1.4±0.2 
1.0 1.2±0.1 1.0±0.2 1.4±0.3 1.3±0.2
 

Callus ratingZ 

0 0.5±0.2 2.0±0.2 2.1±0.2 2.9±0.1
 
0.1 0.7±0.2 1.3+0.2 1.9±0.3 2.0±0.2 
0.5 0.5±0.2 1.6+0.2 1.8±0.1 1.9+0.2
 
1.0 0.6+0.2 1.7+0.2 1.9+0.2 2.3+0.2
 

Z 0 (none) to 3 (abundant)
 

Table 3. Effect of carbon source an budbreak and rooting,
 
10 explants per treatment evaluated after 45 days,
 
semi-solid, MS medium.
 

Rooting
 
Concn Bud ------------------­

--------- break No. roots /

Carbon % PM (no.) % rooted explant
 

Sucrose 3 88 0 30 1.3
 
Glucose 1.6 88 0 50 1.8
 
Fructose 1.6 88 0.2 70 2.4
 
Raffinose 5.2 88 0 30 2.0
 
Sucrose + 3.0 88+
 
Stachyose 0.02 0.3 0 40 1.0
 



-----------------------------------------------------------

---------------------------------------------

-----------------------------------------------

6 

budbreak or elongation. Thidiazuron increased budbreak but these buds
 

did not elongate, suggesting that the presence of roots did not induce
 

shout elongation (data not presented).
 

C. 	Effect of basal media salts
 

Five treatments (Table 4), based on three media were evaluated for
 

Table 4. Salt concentration of three media.
 

Salt concentration (mg/liter)
 

Murashige toody Plant Anderson's
 
Components and Skoog Medium Rhododendron Medium
 
.........-----------------------------------------------....
 
NH4NO3 1650.000 400.000 400.000 
KNO3 1900.000 480.000 
Ca(N0 3 )2'4H20 556.C00 
K2SO/1 990.000 
CaC]2 333.000 
CaC12"2H 20 
NaH2 PO4.H 20 

96.000 440.000 
380.000 

MgSO 4 181.000 
MgSO4 "7H20 370.000 370.000 
KH2PO4 170.000 170.000 
FeNaEDTA 36.700 
FeSO 4 -7H20 27.800 55.700 
Na2EDTA 37.300 74.500 
H3BO3 6.200 6.200 6.200 
MnSO4'H20 16.900 22.300 16.900 
ZnSO 4 "7H20 8.600 8.600 8.600 
KI 0.830 
Na2MoO4 '2H2 0 0.250 0.250 0.250 
CuSO 4"51i 20 0.025 0.250 0.025 
COC12'6H20 0.025 0.025 

budbreak on nodal and mature shoots. Full strength WPM was best for
 

budbreak although differen~ces between treatments were slight (Table 5).
 

Explant appearance was best with WPM and after four subcultures survival
 

was greatest with WPM.
 

D. Interaction of media and Thidiazuron
 

The interaction of media (WPM and ARM), salt strength, and the
 

presence or absence of Thidiazuron was tested with mature and nodal
 

shoots using sucrose as the carbon source. The response of nodal shoots
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Table 5. Effect of basal media composition and
 
concentration on budbreak and explant survival,
 
semi-solid medium, 3% sucrose.
 

Survival (%)
 

Budbreak Subculture
 
Media (no.) 1 2 3 4
 

Nodal shoots
 
MS 0.5 70 50 40 20
 

1/2MS 0.0 90 60 50 50
 
WPM 0.6 100 100 90 70
 

1/2WPM 1.0 90 90 70 70
 
ARM 0.3 90 90 80 60
 

Mature shoot" 
MS 1.0 70 60 10 0 

1/2MS 1.1 60 20 0 -
WPM 2.1 90 80 70 60
 

l/2WPM 1.1 60 50 30 30
 
ARM 1.7 100 90 50 30
 

was greatest with full strength WPM and Thidiazuron (Table 6). This
 

confirms previous experiments; cacao shoots respond best to full
 

Table 6. Interaction of basal media
 
and Thidiazuron, semi-solid medium,
 
3% sucrose.
 

.------------------------------------


Budbreak (no.)
 

Thidiazuron
 
Media 0.0 PM 0.05 pM
 

Nodal
 

WPM 0.5 (1 0 )z 3.5 (10)
 
I/2WPM 0.4 (10) 1.7 (10)
 

ARM 0.2 (10) 2.3 (8)
 
1/2ARM 0.7 (10) 1.8 (10)
 

Mature
 

WPM 2.6 (5) 2.1 (7)
 
I/2WPM 3.0 (2) 0.6 (7)
 

ARM 2.3 (6) 2.0 (7)
 
1/2ARM 2.3 (6) 1.8 (2)
 

z (no. uncontaminated shoots)
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strength WPM and that Thidiazuron increases budbreak. Half strength ARM
 

performed the same as half strength WPM. Results from mature shoots
 

were confounded by high contamination rates in this experiment, but
 

indicated no response to Thidiazuron
 

E. Effect of carbon source and salt strength
 

This experiment was designed to test an interaction between sugar
 

source and WPM media at full and half strength; all treatments contained
 

0.05 pM Thidiazuron. Gelrite was used based on the observation of
 

improved shoot appearance (see semi-annual report 1, Table 1). Budbreak
 

was very high in this experiment (Table 7). Results were difficult to
 

Table 7. Effect of salt strength
 
and carbon source on budbreak,
 
semi-solid medium.
 

.................................
 

Eudbreak (no.)
 

WPM Sucrose Fructose
 
.................................
 

Budbreak Cno. axillary buds)
 
IX 2.8 3.8
 

1/2X 4.5 4.3
 

Elongation (% explants)
 
IX 30 20
 

1/2X 10 10
 

interpret. Fructose increased budbreak at half strength WPM but there
 

was littl.e difference at full strength WPM. Half strength WPM was
 

better than full strength contrary to results in Table 6. WPM at full
 

strength seemed to promote shoot elongation. This was the first time
 

that stem elongation was deemed obvious enough to record. This
 

experiment has been repeated and results will be presented in the next
 

semi-annual report.
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F. Effect of Thidiazuron, GA3 , and IBA on bud elongation
 

Shoots from a number of treatments: WPM with and without
 

Thidiazuron, 1/2 WPM with and without Thidiazuron, ARM with and without
 

Thidiazuron, 1/2 ARM with Thidiazuron, and MS with fructose and
 

Thidiazuron were grown in five treatments: Thidiazuron alone, IBA alone,
 

GA3 alone, Thidiazuron plus GA3 , and Thidiazuron plus IBA. Elongation
 

was observed again but was not influenced by growth regulators
 

(Table 8). It would appear that WPM is inducing sowe stem elongation
 

but 	surprisingly there was no evidence of a GA3 effect on elongation.
 

Table 8. Effect of Thidiazuron, IBA, and GA3 on
 
budbreak and elongation, semi-solid WPM, 1.6%
 
fructose.
 

.....................................................
 

Thidiazuron IBA GA3 Budbreak Elongation
 
(0.05pM) (I.0pM) (I.OpM) (no.) (% explants)
 

- + 2.3 40 
- + - 5.8 40 

+ - 5.6 40 
+ + 3.5 50 
+ + - 4.6 30 

IV. Somatic embryogenesis of cupuacu
 

Previous studies had suggested that somatic embryogenesis in
 

cupuacu was improved when glucose replaced sucrose as the carbon source.
 

Embryogenic callus of cupuacu was grown on three concentrations of
 

sucrose and four concentrations of glucose. Data from Table 9 indicate
 

that embryogenesis can occur in cupuacu with either sucrose or glucose.
 

Cotyledonary 2mbryos were highest with 1% sucrose. Results from this
 

experiment were unexpected in that the number of cotyledonary embryos
 

was consistently higher with sucrose than with glucose, the opposite of
 

results reported in semi-annual report 2 (V Table 2).
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Table 9. Effect of carbon source and
 
concentration on somatic embryogenesis,
 
semi-solid, MS medium.
 

No. Percent
 
cotyledonary globular
 

Carbon % embryos embryos
 

Sucrose 1.0 8.9 92
 
3.0 5.6 94
 
6.0 5.3 97
 

Glucose 0.5 3.0 92
 
1.5 3.7 94
 
3.0 4.3 96
 
6.0 2.3 81
 



PROLIFEiRATIO) AND ROOTING OF COTLEDONARY NODAL 	 SHOOTS OF
CCAA\O 
Sergio .il..y And Jules Janick. Department of IForticul turp,.
Purdue Univeruity. Wust Lafayette. IN 47907 


Cotyledcnary t.ude of cacao (Theobroma 
 cacao L.)

cultured in 7emi,7olid medium based on raohie and 
 Skoog 
slnts 	suppleaented with coneinvitamins. hydrolysate. and 3% 
sucrose 
increased axillary shoot production in response to
4.4 t4 6-benzylamivo purine (BA) and 0.005-1.0 u2 
thldiazuron after removal of the main shoot. Thidiazuron 
was more effective than BA in increauting the number of 
!Ahootr. per node. Main and axilary shoots of cacao
771edl 7ng grown in viva rooted in a soil-perlite (1:1) 

me,dicon in response treatment tie base with IBA
to 	 of and/or 

2000-1000 in 10 
7777: , . rccc7 achitwed with IBA at 8000 ppm. Detached 
aolii r.; .I7uhocf derived from the cotyledonary node failed to 

N: it ppm 50Z ethanol for seconds with 

grow or prol iferate in vitro with standard mediamsnipulrtzion 	 itrclnding saltreduced concentration. BA. 

zntin, or th diazuron. gelrite or ago . or cotyledonary 

extractu, 
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RAIl) 	 IN vr7o ROO'ING1; OF APPI.E 
Kathr7v7 n A. i,7k'. Irrigit-. Agri(olture Research and Extn.v-
St7ll 'I77tut', 'Ili t on tatv t v,to in S Un i V(-rsi Prosse r, WA 9935 

In vi,) '00t i77. of 7 1dy p1i:1.t S I!; offt ll Slow W4771O 
variable r,ul t . 'Jon thot7, 'Iul l.osh , 'MIA' and 
'MMI06' pipp7v, wer, moltip7ied 177 a moli7ied l.llra.lligi. & 

Skoog WNS) r,'i-77. 'h7777. t ips 2.5 cm hog were placed 7777 a 

IRISCIENit'I 22(5) Oioiwi" 1917 if;'d ,jiL I{.0 11f'1 

mod if1 i MS iioliumin wit If IA at: o e ox the I o17 ', log 7'o77,,'en­
trat ion:: 0, 	 1, 2, il 4i 'gl" No otpe 	 p lait growil I'r,gu­
lators wi hde. wiek the 7, hill 

woe7 7.r 

After 	oie on ahov ollii, 
she sioots t'rall!;f.' lf;'ii dlo h l,7 7.7!7 root ing rltdili wit h ­
out IIIA. Four diay!; aftvi transfer, /!ain'y !diohh s; hog.7il pr,'­
7it7'ning 77urllrou; !A777o7g i,70 s. 'ot , I cfi Itri 7.' liBA

collt('con.r7r ion oniibuo 7nati11 - 7hihl O,'7 r0,,tiW7 . h,,lt. nor 
tIa;ier,i JlOc ab71dant;dprloduced l.u7 wit, 7lowr7. 
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,lot ,,77,7, aniii, 1 , ,l7 7it , .i.;h,'::,;Ii., , , 

._I: , . At l,l , (h2t A 
777771-<117' 3,.'.rd; . / l7711,,raul:,,,. %I i7;.' lii 

,77.lti,7lli',,7 a,7. l7,o t)7 7i.' l ''. 1':;- , 'h'1o77..o77. .ll 
it'ol t I7 .il I i777)7, t,777.: 77 01.t. ,:l, ( .', 7,77777.,) 

'o 1,7, 1,i : ,l, fli. , It u'.7 " 	 7777, 'I 

(cL'liI.' 777Oi 17717777,! 0 , , IV*[ . 71 7- , t '11,7 aI."717,77 71:,: 11~ It 
1 " 
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135 	 ORAL SESSION (Abstr. 734.-741)
VEGETABLE CROPS POST-

HARVEST 1I: STORAGE
 

S T CRAG[ ETlrmO oS FOR O N 10117
 
oyle A., .7711t~tle , UolartI.ler~t of ilorti ctIItt ro, Coastal l ain
 

[xpor i riatt Station , Tifton , GAI 3 1793
 
Stor-age orethods for cnion, 
 Al Ilium ceoa L. cv. Granex
 

we re eva 
 tiated du ri7ig 19K3, 19814alid -- a6. Onions werestored in an 	 ai condi tioned room; at 5 C in air, 5 CC -
3 02-92'' No 	 ot0'10C,.-3 0.,-17 N.,; and at I' in aic 2
 

0-9 .' e[iv hmi dity of st raq_ at 5C
or' 5 177 1 r N,,: 071~ 

and iC (las 7antaine8 at 70-85 . Mlarketable, bulbs 1.creased
12 to 25 per ,ont7 when stored at roori temperature, About 
99 of the oninns were ,!arketable after 2E wee;,C Cf storaqe

at "C in 5 C0.,-3 0 -92 N than 92
lore of these, bulbs
rerained in a ff7!4-Let'7le congitien after an additional 3 
wee2wks in air- at rcom teiperature.


ul77b(IuaI i ty as i ndi ca ted by I'we I- sugar ceone t rat ionls
arid greater pungerncy d(creafed during storage. Buil b c:ua Ii ty
 
decreased ,:ost ra7idly wher 
 onions %;erc stored if air at IC
 
and least ranidli I!7h,r, onions were stored in hiqh C -Iow 0
 

at eit:he- 1' 	 or 5"C. 
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CIANGES IN SHlOOT G1OWTII AND 71171R RELATIONSIIP WITH CO 

AND p7.EVELOI SAP m , 
pl 	 CELT, IN ONION BULBS ... 0.71. Aul7hr'oea7 and .. 5. ike, lepar.o.~o t :7
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77727177 777 i Pi 1, 1 pa r )1i l l cISi , , T e . a !; A & M 'ni v ,, I ~ , i t y . ! 7,. ,Co 1 
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Ch~iigos iul shoot prowth wre ri,lated wilh COW,I-.V4 1 11 

iteint. .rnilat,77,7ph .r' and pl or the c,1il sap ia h,i! 7 ; ,":;hart 17i17on ,71',V,'.: Girano 11 SY'. 	 a
0 ,7h),ot growth w71
 

. 't 1a t 13"IC7 ti e I i h)1v a L I I I 
0
 

34 C. 	 howev:r, 

!:.t ak7t7211ater1-1 rind 20"C Wl7,s to 21"C, ho7t inl bulh7;tored woer trantfrredwas 	 growths;ignificantly- '.op,)r- ,svd hilt ILhst 
t
 

at. 7o and7 34"C was promoted. Rlespira i i7a7t7 .7 ihe ;It
n l7 h7 t 
.1a7d 20"'C duin storage. Co2 level i bull):; Was

increased wit.7 sttr ge tetinpor,'turrel but r.t Ilr72cLl% r,slat-i 
with respirarstion rate';. Siot growth war; lnot inh 7 it7 ,! by
,l.vated CO Level as high a' P% by s atin, bulb,, in,1 

71t '10 d 

levl in bulbs at hig t 7p 'r.r '4was 


hypothe 7is 7t Lgrowth was supprt,, bv hi 0h, 
r.jlcte,., pit 	 in 7the 

sap was not rela.ed with CO, ciontent in inner scale1, hot 
wa740 iscticre lsed by 0.2 tini c i 7it I° C compared to 777C ill out, I 
scale!;. It was po t'll at-id that pll change hy storage 
temperature controlled shoot growth by modifying 
distribution of hormones between cytoplasm and vacuoles, and 
CO2 level ll 7hull7s. 

1139 


