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Abstract: 

. P~otocols were developed for the!.!!. vitro multiplication of 
Gaelina arborea and Pinus caribaea througn the culture of explants 
on full or reduced, strength MS, B~, SH or AE media. several 
factors e.g. activated-charcoal, carbohydrate source,. type and 
concentration of auxins and cytokinins, were screened for their 
enhancing ef/ects·on mult:ipleshoot·production., elongation and 
rooting. Shoot-regeneration poten~ial of induced callus was also, 
studied.-.' In G. arborea, · •ajor successes (up to 19 shoots/explant;> 
~e .,;acbieved using seeds_ and nodal seg•ent& as explants on BS 
supplemented wit~ 5-10 •g 1-1 &AP. Shoot elongation was enhanced 
by O.SS activated charcoal and ~ -sucros•o.r ••ltose'. .ilt\i:le rooting 
vas opti•al in supplements of O~OS-0.1 ag ;~i IBA or .Ji'AA. For p. 
caribaea, optimal aul tiple shoot production ( 1_7 /exp~ant) was on-

2SS strength AE •ediu•; elongation was enhanced by p.ss charcoal 
and ~ sucrose and rooting was best on 25~ strength AE •ediua 

supple•ented with 0.1 mg 1-1 IBA. 20-30S of the in vitro -produced 
shoots were successfully hardened and a pilot plo~of P. caribaea 
was established. -

.__ _________________ -- --
------- ------------



OBJECTIVES/METHODOLOGY 
(proposed at the time o( the submission or the a·esearch proposaQ 

The project was designed to produce ample tissue culture
generated vegetative propagative seedlings. to ensure the 
establishment of large-scale plantation of Pinus caribaea and 
Gmelina arborea, for the production of pulp and paper. The 
research was planned in three stages: 

i) Laboratory assay of the response of explants of Pinus 
&nd Gmelina cultured on various media. This would 
enhance the determination of callusing and budding 
pctentials, and plantlet regeneration on suitable •edia. 

11) Laboratory •ultiplication of plants and transfer into 
greenhouse nurseries as potted plants, and 

iii) e5tablishment of plants in adequately.fertilized pilot 
field· plots. 

G· arborea ls a recognised source of sh~-flbre pulp while 
the tropical coniferous plart p. caribaea, prowides long pulp 
fibre. Since neither of the t~. p}.an~s is grown in sufficiently 
large numbers to satisfy ~11 the industrial requirement (in fact, 
seed of P~ caribaea is scarce and very costly) the project was 
intended-to use tissue culture procedures to.raise pla~llets in 
order to maxiaise the provision of seedlings for establishing 
plantations· and .U.nimize the need' for iap0rtin9 wood pulp. . - - . 

TWo •ethods of raising plantlets .!.!! vitro vere·enYisaged. 

1) induction of aultiple shoot production through stimulation 
of: bud diff.§~~~~i~tion fro• eabryo and-other explants. 
such shoots would then be isolated·,_. elongated and roo_ted 

·in appcopriate media •• After hardening, t~e plants could 
be e6tablishe~ in nurseries and innoculated with 
aycorrhizal fungi •• "Thia •is necessary for fast and effective 

· developaent of the pine cplantlets- ·into treeh 
• · · · 6ljn9juc: .,, . · ···1· .1•·· "< 1-. • •• ; -•·• ~ . 

ii) 

... 
. •icropropagation through plantleL ~ege~~ra.ticrn- froa induced 
;callus. By ;suitable maniJ>ulatfon"of the cul-tuce!-dipa,: 
:somatic embry~genesis could be achieved·, whereby embryos 

•. 1 ., sl-9'.li.ab to t~ eexually-produced .(zygotic) ellbryos ace 
obt~l~ed in .culture ~r~ subcultur'd undifferentiated callus 
~el~s. Suc:h ~bryos·could then be; isolated, rooted, 
hardened and transferred into potted sail and grbwn air·-

.-

above, into aature plants. ;n• 

'-----·-- -----------------·- ----- --------------- --·-
. ?. 



RESUL':'S 
(compare ag:alnat the set objectives) . 

1. Plantlet Regeneration through Multiple Bud Proliferation 

During the first two years, research progressed faster than 
initially planned. Major successes were achieved in this part of 
study~ For G· arborea, seeds and nodal segments used as explants 
produced up to 19 shoots/explant on BS medium supplemented with 

the 

-1 5-10 mg 1 BAP while up to 17 shoots/explant ~ere obtained for P. 
--1 

caribaea on 2SS strength AE •ediu• supplemented with 0.1-0.S •9 l 
BAP. , 

- various factors were subsequently screened for their enhancing 
effects on shoot production, elongation and rooting. stunted shoots 
produced initially wee~ best elongated on as •ediu• (for G. arberea) 
or 25-SOS strength AE mediu• (for p. cadbaea) supplemented with O.S~ 
charcoal and either ~ glucose or iialto~.~In these •edia 9-fold 
elongation was·achieved within 4 weeks. Rooting of elongated s~oot!1 of G. arborea was best in BS •ediu•·supplemented with 0.08-0.1 •g 1 
IBA-or NAA where 80-10~ of the.shoots rooted without calluslft<J. 
~;i•llar results·were obtained for P. caribaea =in 25S streftC]th AE 

.:..1. . 
•ediu• supplem~nted with 0.1 ag 1 IBA. 

Initially, hardening of plantlets posed so11e probletbs with only 
2-SS success obtained~ By the beginning of the thira·~r, this had 
been increased to 20-JOS fer both plants. The increaa~-~as due.to 
two reasons: ( 1) i•prove-.ent in the control of dessi~'tbn in tile 
fragile plants while exposing the• to the outside environment fer 
the first tiae and (2) control 1ot fungal attack by sprayin' ~he~~ 
plants forthnightly w~th 19 1- benlate (active substance, beno•yl). 

After the establ~shment.of plantlets as pot.ted.plants in the 
nursery,.the plants ·were inoculated with •ycorrhizae fungi by -
adding infested so~l scooped fro• th~ surroundings of the roots •f 
mature pine plants to the culture bags. So•e of the inoculated 
plants have now.been established in a pilot plantation.located at 
the Universi~y of Nige~ia, Nsukka. 

2. Studies on·soaatic Embryogenesls 
. -- \. . 

Callus was induced in ~· arborea using seed and nodal segments 
' -1· . 

as explants in MS and 85 •edia supplemented with 2•9 1 kinetin, 

2mg i-
1 

2,4-o or 2•g 1-1 NAA + 2tag 1-l BAP. All types of explants 
(embryo, hypocotyl, root, cotyledon) tried in p. caribaea produced 
callµs ~ut the response varied with explant and type of hormonal · 
supplements employed. Thus for embryos, callus induction was best 

. -1 -1 . ' 
on MS supplemented .,with 2•g 1 2,4-D c.r 2119 1 NAA. Com~inatioas 

o! iNAA at 2mg 1-J and kinetin at 1mg 1-1 ; 2mg 1-l 2,4-D and7~~~i-1 
k " i -1 -1· ~net n; and 2mg 1 2,4-D and 1mg 1 BAP also gave good results 
for ~11 explants. Callus growth was best on MS and BS media 

.. 

supplemented with 2mg 1-1 kinetin; 2mg 1-l 2,4-D or 2mg 1-1 NAA + 

2111g 1-
1 

SAP. several transfers of calluses into factoria 1. 
combinations of the phy lo·-hormones failed to produce Plant lets 
although ~any of the calluses looked green and embryogenic especially 
foe P. caribaea. work is still_Erogressing in this di~~ti~"·--~~__. 

:s . 
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Work plan and time schedule 
(originally envisaged) 

The major constraint to paper production in Nigeria has be~n 
the provision of locally-sourced fibres especially long fibres. 
The resulting sh~rtage in wood pulp for newsprint and other 
purposes could be addre••ed·by....,proprlate planning, research and 
development. Gmelina arborea is a recog~ized source of short
fibre pulp while Pinus caribaea provides long-fibre pulp • 

. However, seeds needed for t~e establishment of plantations of 
these plants ar~ in short supply. 

It was intended, in this project, to use tissue culture -
procedures to raise numerous plantlets from £• caribaea and G. 
arborea. Micropropagation is widely used in •any countries for 
both mass propagation and as a tool for genetic conservation • 

. The technique is based on the.pioneering studies on so•atic 
embcyogenesis performed.in the late 1950s and early 1960s by 
steward and his collaborators at Cornell University and by Reinert 
and ~is co-workers in Ger•any. The ~orkecs·de•onstrated that the 
pheno•enon of totipotency 1 found in plant celi.s could be.exploited 
by inducing tissues and cells_ cultured. on, _.ppropriate nutrie~t 
•edia to for• large masses of uadifferentiated parenchyma tissue 
or callus. By suitable manipulation of the •edium, the callus 

·cells can be made to regenerate ase>.ual so••tic era~ryos ( eaabryoids) 
virtua~ly fro• every cell of the callus, whJch-develop into 
plantlets. Thus numerou~ e11bryoids could be produced from.a saall 
piece of plant callus obtained from ary part of the p~ant. The·se 
are then isolated, reared into plants, rooted, hardened and 
transferre_d into potted soil. 

. l 1 . 

The second aethod envisaged in the project ~as to raise 
plantlets from multiple shoots of pine'and Gmelina (organogenesis) 
induced through the sti•ulation of bud differentiation under 
approp~iate media.conditions. This •ethod·is recommended for 
forest plants especially trees since it e1i•inates the appearance 
of so•aclonal variants whose origin could be environmental. 
(epigenetic-induced by culture conditions); genetic (changes in 
nuclear genes) C_!ftoplas•ic or chremosomal (·producing polyploids 9 
aneuploids ilnd even structural chromosomal -variants · ~ ir1V.ersions, 
interchang_!!5, etc.). . . .. . . . . 

The project was envisaged to last for· three year.s, as .follows: 

Year 1: . The .collection of plant material and"the screening of 
explants on various tissue culture •edia :.and additives (auxins, . 
cytokinins, etc~) ~n order: to stb•ulate ·calU1.s or bud growth. 

·.:year- 2: The working out of protocols for. shoot elongation, 
·rooting and h~rdening and "transfer of rooted plants into greelllhoase 

nurseries as potted plants. 

Year 3: F~nalising of protocols and the establishment of pilot 
field 'plots. 

Postgraduate students were also to·be admitted and trained. 
as part of the project. 

. 1 . 



Work plan and time schedule 
(actual) 

Project ·a:11marks. duration of individual tasks (use bar charts): evaluation criteria (publications. 
palcnls. services. training) 

Host of the objectives of the pr~ject were achieved within the 
time frame envisaged. In fact, work progressea faster than planned, 
during the first two years. The ·actual ti•e-schedule is shown below: 

1. Collection 
~of plant 

>material 

2. Screening of 
explants and 

1991 1992 199~ 1994 
ONO JFHAMJJASONO JFMAMJJASOND JFHAM J 

+++ +++ + + + + ++ + 

111edia + + + + + + + + + + + + + + + 

3. studies on 
Micropropaga-
tion + + + + + + + + + + ++ + + + + + + + + + + + + + + + + 

4. Enhance .. ent 
of shoot pro
duction 

5. Elongation of 
plantlets 

6. Rooting of 
excused 
plantlets 

7. Hardening of 
plantlets 

8. NUrsery 
establishment 

9.. Pilot plot 
Establishment 

10. Compilation of 
~final .report 

·- . 

...... + + + + + + + + + + + + + + + + + 

+ + + + ++ + + + + + + + + + + + + + + + 

+ + ++ + + + + + + + + + + + + + + + + + 

++ + + + + + + + + + + + + + + + + + + 

+ +++++ +++++ ++++ 

++++ +++++ 

' . .. - + + + + 

- -:,'tie su••cir.y. ati'ove···ifpanS.·the· commenceRtent of work in Oct. 1991 with 
collection and screening of explant~ on four.media (NS; BS, SH and AE) 
used in variable strengths; .develQpaent of protocols for callus 
in~u~t.lon·and g~Qwtll·as well.as· for plantlet~producEi~n froia·iiultiple· 
shoots~ OpU.~al--:-addH:i 1es to the basal media which varied according 
to·requiremP.nts included v~tamina, casein'hydrolysate, my"aositol, 
phytohot'mone& (NAA, 2;4-0, IBA~ and IAA), gibberellins (GA and.GA ) 
and cyto1tinins ( Kinetln aAd -BAP). The studies on enhance•int and 3 
optimization of ·•ulttple shoot prolifera~ion, elongation, rooting and 
hardening were followed.with ·nursery and pilot plot ·establishments in 
the t~ird year. (including •y~rrh~zal inoculations) 
Training of Postgraduate Students and Investigators 

. ' 
Three postgraduate students have been sponsored under the 

project. 

The investigators also attended the following workshops/training 
(see attached): -------------- ·- --------------·------

, . 
. ,) . 



NETWORKING 

The project has enabled researchers•to establish 9ood working 
relationship with the following workers and laboratories: 

1. The Biotechnology Laboratory, International Institute of 
Tropical Agriculture (IITA), Ibad~n, Nigeria. 

2. ThE Laboratory for Tropical Crop Husbandry, The Katnolieke 
universiteit Leuven, B~lgiu~. 

3. or. E.B. Esan, cocoa Research Institute, Ibadan, Nigeria •. 

4. The Tissue culture L~boratory, 
Root crop Research Institute, umudike, umuahia, Nigeria. 

5. The Tissue culture Laboratory, 
National institute for Oil pal• Research (NIFOR), Benin City, 
Nigeria. 

..... · PUBUCATIONS . 
- . 

Ameh, G.I., Okonkwo, S.N.C., Okezie, C.E.A •. , Ene-Oboa9,·•&.E1.,and 
. - . Okoro, 0.-0. (-1992). - Response -of- Pinus--carlbaea-·explanhr-1-n--vitro 

Proceedings of the African Regional .symposium ;on Biotechnolo<Jy for 
Developme1:1t. ILRAD, Nairobi, Kenya. 1 

·- ' .;. • ·-

Ihemere, u.E., Okonkwo, s.N.c., Ene-Obong, E.E., Okezie,. C~.E:A •. ;iqd 
f, . I I • ; • • 

Okoro, o.o. (1992). In vitro studies of Gmelina arborea Roxb. 
through nodal segment.s:- Proceedings ,of ~he Afr:ican ~R.egi~nal. ;s·y~
.posium on 8iotechnology for De•elopment. ILRAD, Nair~bi, .Keriya. 

• • •, • • "!' ~ • • f J••I • • • • 

Ene-Obong, E.E., Ihe1r1ere, U.E., Ameh, G.I_., Okezie, ;C;.E.A~, :()lcoro,'. 
o.o.,anq Okonkwo, S.N.C. (1993). Mass clonal propagation'of 
trees for renewable reforestation in Africa: species studies of 
Gmelina arborea Roxb. and Pinus caribaea Mor. · Proceedings, 
semlnalre Regional sur L'Afrlque au def! des biotechnologies 
vegetables. IIRSOA, Abidjan, cote D'Ivoire. 

------------------------
. () . 



i) 

ii) 

iii) 

iv) 

Y) 

vi) 

workshops/training attended by Investigators: 

S.N.C· Qkonkwo, Ene-Obong 
and okezie 

E.E. Ene-Obong, Okezie, 
Ihemere, Ameh and Okoye 

c.E.A. Okezie 

s.N.c. okonkwo 

S.N.C. Okonkwo, Ene-Obong, 
okezie 

s.N.c. Okonkwo and 
Ene-Obong 

African Regional 
Sy•posiu• on •Biotechnology 
for oevelop•ent, Feb. 17-21, 
1992. Nairobi, Kenya. 

6th National conference of 
Bo tanical society of 
Nigeria. March, 1992. 
Jos, Nigeria. 

workshop on Enzy•e 
Engineering. Sfax, 
TUnisia (1992). 

4th General conference of 
TWAS. Nov. 1992, Kuwait. 

seainaire Regional sur 
L'Afrique au defi des 
biotechnologies vegetales. 
April 1993, Abidjan, 
Cote D'Ivoire. 

National Workshop on 
Biotechnology. April, 
1993, Lagos, Nigeria. 



Part 4 

[ STATEllrfENT OF EXPENDITURES 

To be filled by ICGEB To be filled by the Affiliated Centre 

Budgets as i-~r original proposal Summary of expenditures • 

l J Capital equ!pment USS ...................... l) Capital equipment US$ -~~-'-~~9.!.~9. 
21 consumables US$ ...................... 21 consumables US$ .19.,.999.!.99. 
31 training US$ ...................... 31 training USS .2.1.,.Q0 .•. 0.Q ... 

4) literaturc US$ ...................... 4) literature US$ .1.1 ~~~-'!-~~---
_,,.. 

SJ miscellaneous US$ ...................... 5) miscellaneous US$ .1.,.soo .•. 00 ... 

TOTAL GRANT US$ •••••...............•. TOTAL US$.~~.t.9.~9.:.~2 ... 

Please Itemize the followl~ bu~ct categories (If applicable) 
Capital equipment :-.- --· ..__ 

Qty 
oJli~nd Description ordered 

1. MKV Shaker C/W TACH0-300 1 1 
2. Plate form 42 x 250•1 2 2 
3. Fisher Benchtop Sterilizer 

10• 230 VSO H014 1 1 
4. Microtome Histocut 820-II 1 1 
s. oven 150 MDL 507G 230V 1 1 
6. Electronic Balance EL PM400 1 1 
7. Air pump P/V 230V 50HZ 1 1 

Training (provide names. duration of training, host laboratory) 

1. or. E.E. Ene-obong (Part airfare) Practical course on Plant 
Transforaation,ICGEB, New Delhi, 1991. (3 weeks). 

2. several Conferences and workshops by researchers and students. 
(Please see section on workplan - actual). 

3. Three postgraduate students sponsored. Two have completed the 
M.Sc. prograame. The third is still working for a Ph.o. 

Literature 

Nigerian Journal of Botany 3 years subscription. 

• Plc:-.1..,~ do not S<"Od Invoices. rerdpls ~Ir.; these should be kepi by lhc Affallalt"d Ccnlrt" for fultJre rrfnenrc ~nrl ~enl 
lo ICGEB !W.9nJ<"<lW~ . 

. 7. 




