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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 Iheobroma gLandiflorum 

I. Germplasm collection 

A trip to Brazil was made on September 17, 1987 in 0rder to 

collect germplasm and to establish cooperative arrangements betweer. 

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 

gr.'own. There ,yere no young fruits available but we collected seeded 

fruit. On October 19 we flew to Manaus wh~re we visited CEPLAC 

facilities and visited research plantings of cupuacu. WP. also made 

contact with the Tropical Research Institut~' at Manaus. We next visited 

Ilhaus, headquarters of CEPh~C where I presented a seminar on my 

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

graduat~ training of a CEPLAC employe~, 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 

matilre 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 propC!gation, mycorrhiza research, and explored 

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

embryogenesis \.,ras 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. Effpct of cotyledons on axillary bud break and shoot elongation 

An experiment w~s designed to determine if Thidiazuron-induced 

nodal shoot proliferation in seedlings was effected by the presence of 

cotyledons or nod2 splitting. There were three treatments: 

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

(3) cotyledons absent noie 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 spli~ than unsplit nodes, 

suggesting that wounding contributes to nodal bud break. Shoot 

elongation was only achieved in the presence ot ~.!tylcdons indicating 

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

Treatment 

Cotyledons attached 
Cotyledons detached 

node entire 
node split 

Budbreak (no.) 

3.1±O.B 

1.1±O.3 
2.3±O.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 contin~ed 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) , GA 3 • 

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

The most responsive stage for shoot proliferation in mature shoots was 

during leof 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 we~e synergistic in inducing bud break (see semi-annual report 2 

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

GA3 from 0.1 ':0 1.0 mg/liter. Results confirm previous studies: maximum 

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

but differences betw,~en 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 



Table 3. In liquir:1 mf."dtn, 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 

T,idiazuron 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 
GA3 -------------------------------------

(mg/liter) 0 ~M 0.01 ~M 0.05 ~M 0.1 ~M 

0 1. 6±0. 3 
0.1 1.. 8±0. 3 
0.5 2.0±0.6 
1.0 1. 2±0.1 

0 0.s±0.2 
0.1 0.7±0.2 
0.5 0.5±0.2 
1.0 0.6±0.2 

Budbreak (no.) 

1. S±O. 3 1. 7±0. 3 
1. 6±0. 3 2.3±0.s 
1. 7±O. 2 1. 9±G. 3 
1. O±O. 2 1. 4±0. 3 

Callt~s ratingZ 

2.0±0.2 2.l±O.2 
1. 3±0. 2 1. 9±0. 3 
1. 6±0. 2 1. 8±0.1 
1.7±O.2 1. 9±0. 2 

1. 3±0. 2 
1. 6±0. 3 
1.4±0.2 
1. 3±0. 2 

2.9±0.1 
2.0±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. 

Concn 

Carbon 

Sucrose 3 88 
Glucose 1.6 88 
Fructose 1.6 88 
Raffinose 5.2 88 
Sucrose + 3.0 88+ 
Stachyose 0.02 0.3 

Bud 
brellk 
(no. ) 

0 
0 
0.2 
0 

0 

% 

30 
50 
70 
30 

40 

Rooting 

No. roots / 
rooted explant 

1.3 
1.8 
2.4 
2.0 

1.0 
-------------------------------------_ ... _------------------

5 



budbreak or elongation. Thidiazuron increased budbreuk but these buds 

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

shout elongution (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. 

Components 

NH4N03 
KNO~ 

J 

Ca(N03)204H20 
K2SO/i 
CaCJ 2 
CaC1 2·2H2O 
NaH2P04, H2O 
MgS04 
MgS04• 7t!2 0 
KH 2P04 
FeNaEDTA 
FeS04· 7H20 
Na2EDTA 
H3 B03 
MnSOI/ H?O 
ZnS04'7H2O 
KI 
Na2Ho04'2H20 
CuS04' 511 2° 
CoC12' 6H2O 

Salt concentration (mg/liter) 

Murashige 
and Skoog 

1650.000 
1900.000 

333.000 

l8l. 000 

170.000 
36.700 

6.200 
16.900 

8.600 
0.830 
0.250 
0.025 
0.025 

Woody Plant Anderson's 
Mediwn Rhododendron Medium 

L~OO. 000 400.000 
480.000 

556.(100 
990.0UO 

96.000 440.000 
380.000 

370.000 370.000 
170.00U 

27.800 55.700 
37.300 74.500 
6.200 6.200 

22.300 16.900 
8.600 8.600 

0.250 0.250 
0.250 0.025 

0.025 
....... _--------------------------------------- .. -----_ .. _--

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

budbreak although differences 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 (\·JPM 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 
1/2~.J'PM 1.0 90 90 70 70 

ARt1 0.3 90 90 80 60 

Mature shootp 
MS 1.0 70 60 10 0 

1/2MS 1.1 60 20 0 
'.JPI1 2.1 90 80 70 60 

1/2\.JPM 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. 

Media 

WPM 
1/2WPM 

ARM 
1/2ARM 

WPM 
1/2WPM 

ARM 
1/2ARM 

Budbreak (no.) 

Thidiazuron 
0.0 pM 0.05 pM 

Nodal 

0.5 (10)z 3.5 (10) 
0.4 (10) 1.7 (10) 
0.2 (10) 2.3 (8) 
0.7 (10) 1.8 (10) 

Mature 

2.6 (5) 
3.0 (2) 
2.3 (6) 
2.3 (6) 

2.1 (7) 
0.6 (7) 
2.0 (7) 
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 llslf strength; all treatments c0ntained 

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. 

WPM 

IX 
1/2X 

IX 
1/2X 

Eudbreak (no.) 

Sucrose Fr.uctose 

Budbreak (no. axillary buds) 
2.8 3.8 
4.5 4.3 

Elongation (% explants) 
30 20 
10 10 

interpret. Fructose increased budbreak at r.alf strength WPM but there 

was little 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 elo~gation was deemed obvious enough to record. This 

experiment has been repeated a~d 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 

Thidiazuro~ 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 some 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 
(0.05jlM) 

+ 
+ 
+ 

IBA 
(1. OjlM ) 

-}-

+ 

+ 
+ 

IV. Somatic embryogen~sis of cupuacu 

Budbreak 
(no.) 

2.3 
5.8 
5.6 
3.5 
4.6 

Elongation 
(% explants) 

40 
40 
40 
50 
30 

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 ~mbryos we:-e 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). 

9 



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 
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CACAO 
S(lrfjio Xl!..!.£L~InJ JuI£..~Jonici:. Deportment of Horticullur~. 
Purdue Univcrui ry, \Jcot Lafllyetto. U; 47907 

COlyl~d0nery I,UUP9 of cocao (TI1~obromo caCuo L.) 
cultur(lJ in !J('clinoliJ meuilllrl b£lGPd~!rnuhi!:.~ and Skoo,.; 
!ilJltfl 5upple:DClltcd with vitamins, cunein hydrolysate, and 3% 
DUCrOGe increlltC'd axillary ulloot production in rcsponne lO 
i,.I. uH 6-hcnzyl:unipo purir.c (IlA) and 0.005-1.0 ulf 
tlddiCl2'.uron oftcr rt!C.ovlll of the Cluin choot, Thidio~uron 
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Lhcotfi p~r nodl'. Moin and axillary Cihoot!;; of caCllO 

~l~C'cliTlgD ~r~"11 in vivo rooted in B Goil-pc>rlite (1:1) 
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STO'W,[ t1[THOCS rOH oruo::s 
O,oy.l.c_.II.'.,5!l1itt.Le, Ucpartw'r:t of Horticl.lt'Jre, Coastal ~lain 
[xpcrir;l~nt Stution, Tifton, Gil 31793 

:;torage metilOd:; for cnion, M 1 iur:1 (t,pa L, cv, Granex 
i'lere ev"l uatcd during 19~;3, 1984"a'n'd"19,30",- Onions I'lere 
stor'ed in an ail' conditioner! roor~l; at 5-( in air. 5 (C

2
-

3 ~2-~2, N2 or' 10' CO:-3 O,,-1l7 11 0 ; and at I" ln £11' 0 

01') l.Il,,-3 0,,-9;' It,: f.:I'lttl\'e hlirlldlty of stc"ow' Jt G ( 
anrl I"C (las r::d~ntainc~ at 70-85, l1arkctable bulbs J~Ct"eel5ed 
12 to 25 PCI' ,,'onti! I'lhen stored at 1'001:1 tC'll1p(;r'iltul'C, .~bout 
99 (.f tl:l! onin'lS I'lore "'i1rketable ilftel- 21; l'lec:;,c cf stGI'a~l' 
at 1 "C in 5 (0,,-3 11 -S2 I;, ~'lol'(: U,an 92 of tiles': bulbs 
I'op;ained in a Ili~'-h~~:lhle con6ition after an additional J 
I'lecks in ail' elt rCOl1i temperature, 

Bulb quality as indicated by lower sugar ccncentl'Jtions 
and gl'eater iJl:ngcncy dLCI'C,'~cd GurinlJ storage, [llilb c:uality 
dCCI'",lSl'd ,:'Ost I'apil.qy I'liren onions I;('r( stol'l:d iI, ail' ilt I-C 
and lC'ast "ilnidl" 1~lh!'; onions l'121-e ston,d in hi~h CO2,10\'I 02 
aU",l'spIH'I'C'S Ilt r:ii.liC' 1" or SoC, 

"If 

'"" 
CIIA,;CE!; IN SIIOOT CIWWTII M'D lm:IR RU.ATlotISI!IP WIlH CO

2 
LEVEL MW pll OF TilE CELL SAP ltI ONION BUI.BS 
K.,;~. Y'.)()*L C.H. AII_I_lt·r·ll·II J :II_HI I..!':~ ~lih(', IJepa.rll1t~lIt. ol 

P,H't;,-,;lrt, ;;l-~c~;-l~:;~-t~;;-~··l~:~;-;;~-,\bM·IT,~(~~ r', i t Y I Co I i l~gt' 
S:.:lrioll, T~~ 77b4J 

Ch.lngt·h in ~;h(ll)r rrnwth Wl~rt.! rf~lat.l~d wi lit cu, l("J'~~ til 

intl'rll.11 .1L:lo)!.p!tpr,· and pJl of til .. c,dL 'lap 111 hlllf;H of <t 

~;h:)rt d:1Y onioll 'T,'~ . .1~; Gr~lI() 101'>1". Shnot growth \0:;1:'; 

t,l;,t'.':-.l at lJlIC but I.J;)~, llt'gliS~lblt' at 1° dlld )~oC. hU\.lc\'l~r, 
.11 l(?f bH. JS wl~rp friln~lerred to 21"C, ';hool gr\)\ • .'tL ill bulb" 
~;tored .". IJo ':111(1 ~(J°C was ~;ignific"l.llt Iv ',IIIP)r'·:''ll·J hut 1.1\;IL 

aL ,0 :Inti 1lfoc was promott!d. Hcspiral inn L·ll • .! W.1S hii,,fll"o.;t <ll 

13° .11HI 20
1
'C dtlrinr f,tlH,l~:C. S02 levtd in bulhs 1.J;j:] 

incrl.'.lspd with 5lur.lge tempt~r,ltl1n!:1 but not ,:lrI1<.:tlv r.d,llpd 
with rt~Spir.llion r.lle';. Shoot growth W.3:; lull illhlhitp,! hy 
I'l,~vilted CO lt~vel .1S hii!h .,,, Hi,; by se.1ting bulh" 'ill.1 a 
hypothe~i.s th'lt shoot growth W;JS slIpprl's'J"d hy !iq:h 0,) 
ll~vel in bulbs at high tl:mpel'lIturl' · ...... IS rl'j'!cted. iJII ill"'Uw 

!j,'P w~,~ not ndalt'd with CO.., COllt(!llt in inner fiC.l1f: II , bill 
W.1!1 increased by 0.2 lIni ts at 1°C comp3red to ]OfJ C in ~)lIt. I 
scale!;, It wns p,)ul1l1atl~d that pH ch.lng~ by 5to;a~c 

t~mpt!ratllre CIllltrollf!(i NllOOt growtll ~y modi(yin~ 
distrihuti0Tl of hf)nnlJne~; bptwcel1 cytopl<J!im and v,lcuolt".'i, [and 

CO
2 

ievl-l ill hulhs. 
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